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Understanding the maturing canola
seed and the impact of frost

In the absence of stresses (heat, frost, drought), canola seed goes through a series of
changes as it matures. Sometimes the maturation process is divided into two phases: the
pre-desiccation stage, which is also called grain filling until physiological maturity; and the
desiccation stage, which is also called dry-down . The transition between phases begins
around 65% moisture and finishes in the 40% seed moisture range. This two-phase view is
perhaps too simplistic however, since there are a number of processes that occur at various
seed moisture contents and for different duration periods.

Major seed component (oil, protein) deposition happens between 14 and 35 days after
pollination (DAP) this is roughly 90% to 50% seed moisture.

Initially (from 7 to 14 DAP), the seed coat and endosperm dominate the seed composition

(dry weight, oil and protein contents, fatty acids). At this early stage, the fatty acid
. | proportions of linoleic, linolenic, oleic and palmitic acids differ significantly from mature seed.
From 14 to 21 DAP, the embryo and seed coat dominate seed components. The rapidly
growing embryo starts synthesizing oleic acid, and subsequently linoleic and linolenic acid.
Storage proteins (cruciferin and napin) begin building in the embryo. After 21 DAP, lipid
synthesis is rapid. The ratio of oleic to linoleic and linolenic acids will remain constant until
maturity. Protein synthesis continues relatively rapidly to about 70% moisture.

Chloroplasts are present in embryos with 65% moisture but are absent in mature, non-
green seeds. In early seed development stages, chlorophyll production appears to depend

8 > upon association with proteins called chlorophyll A/B binding proteins. As the seed matures,
‘\{ (\} the bond is destabilized, allowing the chlorophyll to degrade.
34 'ﬂ,' M Pigment contents in canola seeds reach a peak at about 75-80% moisture then decline
':2\,,, i o rapidly. Chlorophyll A and B pigment contents decline rapidly between 70 and 50%
Q‘ moisture, while their breakdown products increase. Chlorophyll degradation practically stops
‘ < at 35-45% moisture although the reasons are unknown. There are other metabolic processes
'/'f ¢ ( that continue to operate at very low water contents. Some experiments have measured slow
,:_ - \‘ \« chlorophyll breakdown past 35% moisture based on bulk seed samples this is likely due to
‘f > (r P 2 presence of higher moisture seed in the bulk sample. There is non-enzymatic bleaching of
‘7/.;& ’_“.‘}' green canola seed, but this has been measured to be very low.
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Temperature has a significant effect on de-greening of canola seed by affecting the rates of enzymes and
moisture loss. The de-greening enzymes likely follow the general response of doubling activity for every 10 C
increase in temperature. Extended cool conditions during dry-down can cause increased green seed content
since the de-greening rate is decreased much more than the rate of moisture loss. Conversely, hot, windy
conditions post-swathing can also cause elevated green seed since de-greening rates probably decline if seed
temperature rises above 25-30 C, while moisture loss continues at a rapid pace.

Variety differences in seed chlorophyll levels at harvest can be found. The differences cannot be explained by
maturity alone.lt appears that varieties can differ in the rate of chlorophyll breakdown.

Plant hormone levels also change with seed maturation. Abscisic acid (ABA) content in canola seed increases
during grain fill then declines during desiccation. The ABA levels in pod walls are much lower than in seed,

and the magnitude of change is lower as well. ABA and jasmonic acid (JA) appear to have similar roles in plant
development, including prevention of precocious germination and induction of protein synthesis in the embryo.
ABA inhibits germination by preventing cell wall loosening in embryos, and thus hinders water uptake.

The effect of frost on canola seed maturation

The effect of abiotic stresses during seed development depends upon the degree of stress and the moisture
content (maturity) of the canola seed. The major adverse effects of abiotic stresses include seed shriveling,
altered protein and/or oil synthesis, loss of germination ability, retention of chlorophyll and other pigments
(green seed), and precocious germination.

The degree and duration of frost and moisture content of the canola seed influences the type
and amount of damage. Canola seed drier than 20% moisture will not normally be damaged by
frost. Frost in excess of -5 C at high seed moisture contents is generally lethal, resulting in non-viable seed.
Such frosts are lethal due to formation of ice crystals that physically disrupt structures such as membranes

and enzymes. Pods of immature canola crops frozen at lethal temperatures have been observed to turn black,
whereas mild frost turns pods white or white-speckled. Lethal frost at seed moisture content greater than about
45% will cause seed shriveling since dry matter accumulation is not complete.

Mild, non-lethal frost damages canola seed by interfering with chlorophyll degradation, thus creating green
seeds. Initially, mild frosts were thought to damage the de-greening enzymes, but research has shown that
chlorophyllase activity is activated and synthesized following frost. Peroxidase activity is inhibited following
sub-lethal frost and could be partly responsible for degreening failure.

Research at the University of Alberta suggests however, that the main effect of mild frost is to
cause an accelerated desiccation, which forces a premature transition from the grain-filling or
pre-desiccation stage. After a mild frost, there is a rapid moisture loss from pod walls, followed by rapid
moisture loss from seeds. De-greening enzymes thus are not able to complete pigment degradation.
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For example, canola plants subjected to -5 C at 50-75% seed moisture dried rapidly to 12-15% in 8 days
whereas control plants lost little moisture over that time period (Green et al, 1998). Seed from the frozen plants
lost a little chlorophyll in the first 4 days after the frost, but none after that. In comparison, the control plants
lost 70-80% of chlorophyll in the 8 days. In some experiments, pigment synthesis was actually renewed for a
short period after a mild frost.

Green seed has been created by rapid drying in the lab or field which supports the desiccation by frost
theory. In addition, re-hydrating frost-induced green seeds to 20% moisture for 7 days led to 25% reduction in
total pigment content (Johnson-Flanagan et al, 1994). Germination was not stimulated since the active stage of
germination begins after the seed has imbibed enough water to reach 40% moisture.

ABA levels in seed and the pod wall tend to increase after a mild frost, but this increase usually is transient.
Seed ABA levels may increase 2 to 3 fold shortly after freezing, but drop back to original levels before the rapid
moisture loss occurs. A spike in ABA is often a stress response and it could somehow trigger the rapid moisture
loss after frost. The ABA effect diminished as the maturity of the seed and pod increased at the time of frost.
Precocious germination has been noted when frost occurs at moisture contents near the transition stage.

Freezing of immature canola seed causes subtle effects on oil and protein compared to pigments. If the seed
moisture content is higher than 55% at the time of mild frost, oil contents can actually be increased since
protein synthesis continues later than lipid.

Condensed Article by Murray Hartman, Alberta Provincial Oilseed Specialist, AAFRD
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