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Effects of frost during grain filling on wheat yield and grain structure
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Abstract A late frost occurred in the Southland re-
gion of New Zealand in November 1995 when many
winter wheat (Triticum aestivum L.) crops were at
early grain fill, and resulted in a large number of
insurance claims for frost damage. In this study, frost
damage was characterised. Spikes in affected crops
were sharply tapered from a point half to two-thirds
from their bases. Grains were as much as 80% lighter
in upper parts of affected spikes. Overall yield losses
as a result of frost of between 13 and 33% were
calculated in affected crops. Grains were sectioned
and examined with a scanning electron microscope.
Whereas in healthy grains, the layers making up the
pericarp and testa were compressed, in frosted grains
these layers comprised loosely compressed and un-
structured networks of cells. The aleurone layer was
less ordered in frosted than in normal grains, and was
not always readily distinguished from the starchy
endosperm. Rehydration of frosted grains was ac-
companied by expansion of pericarp and testa cells,
whereas little cell expansion occurred in normal
grains. Blisters were common in frosted grains,
where the outer layers were detached from the re-
mainder of the pericarp.
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INTRODUCTION

Wheat {Triticum aestivum L.) is grown under a wide
range of environmental conditions, and winter injury
can be the most serious hazard for winter wheat
(Lamb 1967). Frosts and snow are most frequent in
winter, and the effects of freezing damage to young
plants have been well documented (Lamb 1967).
Frosts can also occur during spring, and occasion-
ally during summer. At these times, damage to flow-
ers or developing grains is most likely.

The immediate injuries resulting from exposure
of cereal plants to low temperature are caused by the
formation of ice crystals in plant tissue, the level of
stress depending on the location and rate of ice for-
mation (Lamb 1967). Mechanical disruption of the
protoplasm resulting from the formation of ice crys-
tals within the cells causes their death. Hardy plants
can survive the formation of some extracellular ice,
death occurring only at lower temperatures as a re-
sult of external pressure or severe cell contraction
(Lamb 1967).

Plant tissues are not equally susceptible to freez-
ing damage. The wheat grain is a complex structure,
made up of a single seed (comprising an embryo and
endosperm enclosed by a nucellar epidermis and a
seed coat) surrounded by a fruit coat, or pericarp,
which merges with the seed coat during maturity
(Bradbury et al. 1956).

Frost damage to wheat at flowering is usually
straightforward to identify. A frost of-2°C at flow-
ering may result in a few missing grains, because of
non-fertilisation of flowers. Lower temperatures and
frosts of long duration can result in fewer grains
being formed and even none at all in some spikes.
Frosts at early flowering will kill the anthers and
embryos on both sides near the centre of spikes.
Later in flowering, grains will be killed near the top
and bottom on both sides of spikes.

Frost during grain filling may result in death of
formed grains or reduced grain weight. Marcellos &
Single (1984) demonstrated disruption of mem-
branes of recently emerged ears of wheat at tempera-
tures below —4°C. Grains affected by frost during
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grain filling may be small, shrivelled, shrunken, or
merely have a blistered appearance on the back of
the grain (Newton & McCalla 1935). However, in
every crop there are missing or shrivelled grains
caused by factors other than frost. The most com-
mon problem to be confused with frost is drought,
although many other physical, biological, or chemi-
cal factors are possible causes of grain damage.

A compulsory wheat frost insurance scheme in
New Zealand insures crops against losses as a result
of frosts which occur after 1 November. Mostly,
damage is the result of late frosts occurring during
anthesis (Wright unpubl. data). Blair & Morrison
(1949) reported that late frosts in November could
be responsible for considerable losses in New Zea-
land winter wheat crops. He suggested that a heavy
frost at anthesis could result in complete ear steril-
ity, but that frost at early milk could result in up to
80% shrivelled grains.

A late frost occurred in the Southland region of
New Zealand on 22 November 1995, when many
winter wheat crops were at early grain fill (c. 2 weeks
after flowering), and resulted in a large number of
frost damage claims for winter wheat. The last time
in New Zealand a frost at grain fill resulted in a sig-
nificant number of claims was in 1982, again in
Southland (Wright unpubl. data). Published studies
of frost damage to wheat have focused on frost
within 2 weeks of full maturity (Newton & McCalla
1935; Dexter et al. 1985). In our study, the effects
of frost at early grain fill are characterised. The dis-
tribution of damage within spikes is determined and
grain damage in naturally frosted and artificially
frosted spikes is characterised using scanning elec-
tron microscopy (SEM).

MATERIALS AND METHODS

First reports from growers of damaged spikes in
Southland winter wheat crops were received in Janu-
ary 1996. A survey of 20 winter wheat crops (includ-
ing affected and unaffected crops) was carried out
in February 1996 to determine the likely cause of the
damage. Plants were uprooted and assessed for dis-
ease or pest damage to spikes, leaves, stems, and
roots. Spike damage not attributable to diseases or
pests was also noted.

Representative samples (made by local frost as-
sessors under the terms of the frost insurance
scheme) of spikes from the 183 crops where claims
had been lodged, were received. Most samples were
of the predominant Southland winter wheat cultivars

'Hunter', 'Apollo', and 'Brock'. All samples were
assessed for frost damage as part of the insurance
claim procedure, but samples from 10 crops (includ-
ing 'Hunter', 'Apollo', and 'Brock') affected by frost
at grain fill were examined in detail. These crops,
along with three apparently healthy crops not sub-
mitted as frosted, form the basis of the study reported
here.

Grains were removed from five spikes per crop,
weighed, and their positions in spikes and spikelets
noted. Healthy spikes were used to develop a stand-
ard weight distribution pattern for unaffected spikes.
Mean weight for each position formed a reasonably
smooth distribution, so curve-smoothing procedures
were not applied to the data. The standard weight
distribution pattern was applied to samples from
frosted crops to determine aberrations from the re-
lationship for healthy spikes of position on spike to
relative grain weight. The placing of the distribution
pattern on frosted crops was determined using the
mean weight of the lowest seven positions of a crop
sample compared with the equivalent weight from
the healthy crop. Grains were also examined by eye
and using a stereomicroscope, and surface features
noted.

Frost damage was induced by subjecting glass-
house-grown wheat plants ('Karamu') at early milk
in pots to a range of freezing conditions, including
natural freezing (outdoors in frost or snow overnight)
and artificially by placing spikes for 2-10 h in a
freezer at c. -2°C. Half of the spikes on each plant
were left out of the freezer and acted as controls.
Plants were returned to the glasshouse, following
treatment, until ripe. The glasshouse temperature
was c. 20°C.

Scanning electron microscopy was used to com-
pare the grain structure of plump grains from unaf-
fected crops, shrivelled grains from 10 Southland
crops assessed for potential frost damage, and shriv-
elled grains from crops from the Canterbury region
affected by water stress. Grains from ears artificially
subjected to freezing were also examined.

Freshly cut sections of dry grains were mounted
on 13 mm diameter aluminium stubs using conduc-
tive carbon paint. Stubs were sputter-coated in a
vacuum desiccator with 60 run gold. Specimens were
examined in a Cambridge S250 Mk II SEM at an
accelerating voltage of 20 kV, and photographed on
Ilford FP4 film. The surfaces of whole grains were
also examined.

Another set of grains was steeped in water for
24 h. They were then sectioned as before, and pre-
pared for cold-stage SEM. Samples were fixed to


