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ABSTRACT
The effects of temperature on reproductive development in cereals are reviewed in relation to the developmental
phases of leaf primordia production, spikelet primordia production, floret primordia production, floret
development/ death and grain filling.
Each phase can be quantified in terms of rate and duration, allowing genotypic and environmental comparisons
to be made. Both the rates and durations of each phase are affected by temperature, and in some cases there is a
clear overall optimum temperature for the phase. For small grain cereals (wheat, barley, oats), these optimum
temperatures are quite low for all phases, whereas those for current maize varieties may be higher. The consequences
of seasonal temperature changes are discussed in relation to yield components and grain yield, and it is suggested
that more emphasis should be placed on screening genotypes for temperature response during-floret development
and grain filling.

INTRODUCTION
Cereal grain yields depend on many interacti11g
factors, including genotype, agronomic treatment,
and environment. Temperature is but one of the
environmental parameters, and this review will
attempt to summarise its influence on inflorescence
and grain development.
Virtually all of the data available has been
obtained from glasshouse or controlled environment
studies, and caution must be used in extrapolating to
the field crop. Different workers have used either
constant or fluctuating temperature regimes, and
often there has been no attempt to control soil
temperature. The latter point is important, as the
shoot apex is at or below the soil surface for the
initial stages of cereal development, and soil
temperature exerts a major control. It is only after
stem elongation has raised the apex well above the
soil surface that air temperature exerts a more direct
control of development.
This review will concentrate on temperature
effects on wheat development as more data is
available. Relevant data for maize will be included
where it is available.
In order to analyse yield development, it is
convenient to break grain yield down to its
components, namely:
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Plant number is the only component which can
be fairly directly controlled, by means of planting
density. The remainder are affected by environment,
as well as genotype and planting density.
The cereal life cycle can also be conveniently
partitioned into "growth stages", which aids the
determination of temperature effects on more
discrete events. In the past, much use has been made
of the "double ridge" stage to separate vegetative and
reproductive growth phases. However, as pointed out
by Kirby (1974), and as evident from Fig. l, this is
hardly a satisfactory marker for quantitative analyses.
Instead, it appears more logical to consider

development in terms of the processes involved,
namely:
a) Leaf primordia production
b) Spikelet primordia production
c) Floret primordia production
d) Floret development/death and
e) Grain filling.
Each of these processes (except floret death) has
defined limits (Figs. 1,2) and is amenable to
quantitative analysis in terms of rate and duration.
Genotypic and environmental comparisons can be
made, and each process can be related to final yield
components. Grain number is largely a consequence
of the pre-anthesis events a) -d), as the sum of these
processes determines the number of potentially fertile
present
at
anthesis.
Events during
florets
anthesisjfertilization determine final grain number
through effects on floret fertility, and grain weight is
influenced mainly by the post-anthesis environment.
Thus it is convenient to discuss temperature effects
on cereal development in terms of pre-anthesis and
post-anthesis events.
PRE-ANTHESIS DEVELOPMENT
Tiller production
Small grain cereals rely on their tillering ability to
determine ear number per plant. Although tillering
ability shows wide species and varietal variation, tiller
production and survival is favoured by relatively low
temperatures. Friend (l965b ), investigating the range
10-30° C, found fertile tiller production to be greatest
at 10° C in Marquis spring wheat, and Rawson (1971)
obtained more fertile tillers in spring wheat at a mean
temperature of l2°C compared with l8°C. Tiller
numbers in the field usually reach a maximum at the
onset of stem elongation, so presumably soil
temperature exerts the major temperature control on
tiller production. With spring soil temperatures in the
range of 10-l5°C in New Zealand, temperature per se
should not impose any limitation to tiller production
in autumn or spring-sown cerals. Increasing air
temperatures during stem elongation may, however,
influence the survival of these tillers.

65

Proceedings Agronomy Society of New Zealand 9; 1979

Figure 1: Developmental events in the life cycle of a vernalized winter wheat, Cappelle Desprez, grown in a glasshouse (Brooking, unpublished data).
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Most commercial maize varieties are non-tillering,
and ear number per plant is dependent on prolificacy.
Furthermore, prolificacy appears to be more affected
by genotype (Duvick, 19 74) and density (Russell,
1968) than temperature.
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temperature to a maximum at 20-25°C, and the
duration decreases with increasing temperature to a
minimum at 25-30°C (Friend, 1965a; Halse and Weir,
1974; Rahman and Wilson, 1978). This results in
little overall effect of temperature on spikelet number
over the range 10-20°C, if vernalisation responses are
first taken into account (Halse and Weir, 1974;
Kolderup, 1979; Rahman and Wilson, 1978; Smika,
1974; Wall and
Cartwright,
1974). Higher
temperatures tend to decrease spikelet numbers.
Genotype, photoperiod, and vernalization response
are the major interacting factors which affect this
temperature response.
At the time of spikelet initiation, the shoot apex is
near or below the soil surface, and development rate
would be controlled by prevailing soil temperatures.
For spring and autumn-sown small-grain cereals in
New Zealand, spike let development generally occurs
between September and mid-Octo ber, when soil
temperatures are around 10-15° C. Temperature per se
should not therefore be limiting spikelet number
production under New Zealand conditions.
For maize, little information is available on
spikelet development, and scarcely any on
temperature effects_ Spikelet production in the maize
ear occurs as the stem is elongating, and would
presumably be influenced more by air temperature
than soil temperature. Hunter et al., (1977) observed
a greater number of spikelets on ears of plants grown
at constant 20°C compared with 30°C, and some
work on tropical maize (CIMMYT, 1974) indicates
that the rate of spike let initiation increases with
temperature, while the duration decreases. Of
relevance to the New Zealand environment, however,
is the genetic variability which apparently exists for

Leaf primordia production and floral initiation
Temperature can influence the time of floral
initiation directly, through affecting the rate and
number of leaves initiated, or indirectly through
vernalization responses. When the vernalization
response is absent or satisfied, leaf initiation rate
increases with temperature, while leaf number also
tends to increase (Friend et al., 1963; Coligado and
Brown, 1975; Quinby et al., 1973). As a
consequence, the time to floral initiation tends to
decrease with increasing temperature, but may
increase again at high temperatures (Halse and Weir,
1974; Rahman and Wilson, 1978; Coligado and
Brown, 1975; Quinby et al., 1973). However, the
exact pattern is modified by the interacting effects of
genotype, photoperiod and vernalization response.
Spikelet production
Although there is a large body of information
dealing with temperature effects on spikelet number
per se, there is little accurate data concerning rates
and d urations of spikelet initiation. This is largely a
consequence of using double ridging and terminal
spikelet formation to define the spikelet production
period, and as is evident from Fig. 1, this leads to
inaccuracies in determination of both rate and
duration.
From what data is available, it appears that in
wheat, the rate of spikelet initiation increases with
66

Figure 2: Developmental events in the life cycle of a lowland tropical maize, Tuxpeno planta baja (C6), grown at Tlaltizapan,
Mexico (Brooking, unpublished data).
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this response. When grown under cool (high altitude)
environments, highland varieties show a higher rate of
spikelet initiation, and develop more spikelets, than
lowland varieties (CIMMYT, 1974). The hybrids
currently used in New Zealand are more closely
related to tropical lowland maizes (Brown and
Good man,
197 7),
whereas our temperature
environment during the growing season is more
closely related to that of the tropical highlands than
either the tropical lowlands or the U .S. corn belt
(Eagles, 1979). Thus, incorporation of highland
germplasm into local hybrids could possibly increase
or at least stabilize, grain number potential in maize.
Floret production
In maize and 2-row barley, there is a consistent
relationship between spikelet and floret production,
as each spikelet produces only one fertile floret, even
though 2 or 3, respectively are initiated per spikelet.
In 6-row barley, all 3 of the initiated florets per
spikelet produce fertile florets. Wheat, however, has
an indeterminate meristem in each spikelet, and
generally at least 8-1 0 floret primordia are initiated
per spikelet (Kirby, 1974; Langer and Hanif, 1973).
Some genotypes can initiate at least 14 primordia
(CIMMYT, 1978).
Little is known of how temperature or any other
environmental parameter influences floret initiation
in wheat, and as 8-10 floret primordia per spikelet are
commonly observed, the number initiated may be a
fairly fixed genetic character.
Floret development and death
Overproduction of floret primordia is a common
occurrence in all cereals. Small grain cereals produce
reproductive tillers which never reach anthesis, maize
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produces secondary ears which abort on fertilization
of the primary ear, and in all cases, spikelets and
florets are initiated which never produce fertile
florets. Therefore, it would seem logical that the
processes involved in floret development and death
are important, as the number of fertile florets present
at anthesis sets the maximum potential grain number.
However, this remains one of the most neglected
areas of research into the reproductive development
of cereals, presumably due to the technical
difficulties
involved
in
quantifying
floret
development.
No data is available for the effects of temperature
on floret development per se, as treatments have
generally commenced at double ridging or terminal
spikelet formation. If it is assumed that temperature
has little effect on the number of florets initiated per
spikelet in wheat, data of Warrington et al. (1977)
indicate that floret development was favoured by low
(15/l0°C) temperatures. Similar results were
obtained by Bagga and Raw son (1977) for two
varieties of wheat, but a third variety was relatively
unaffected over the temperature range 15/5 25/l0°C. No comparable data is available for maize.
Floret development in all cereals occurs
concurrently with rapid stem elongation, so that air
temperature would provide the major temperature
control. As development is rapid at this stage,
assimilate supply is also an important interacting
factor. Brooking (unpublished data) has shown that
the numbers of floret primordia initiated in a dwarf
(Hobbit) and tall (Cappelle Desprez) wheat were
identical, but that subsequent partitioning of dry
matter during floret development favoured the
67

development of more fertile florets in the dwarf
variety.
POST-ANTHESIS DEVELOPMENT
Anthesis and fertilization
Temperature per se can affect fertility, with grain
set in Gabo wheat being greater at 15/10° than either
21/16 0 or 27/22 0 C ( Wardlaw, 1970). Kolderu~
( 1979) observed a similar response over the range 12
- 24° C, with 15° or 18° being generally the most
favourable, although significant varietal differences
occurred. High temperatures at anthesis (>32 ° C)
have been reported to induce complete sterility in
wheat (Owen, 1971 ).
Grain filling
Of all the periods in reproductive development,
grain filling has been the most intensively studied,
and a useful summary of temperature effects on
wheat, rice, sorghum has been provided by Chowdhury and Wardlaw (1978). An increase in temperature
generally causes an increase in the rate of grain.
growth, whilst decreasing the duration. As with
spikelet production, these changes are not complementary, resulting in an optimum temperature range
for grain size. For wheat, this temperature is relatively low with Chowdhury and Wardlaw (1978) and
Sofield et al., (1977) obtaining maximum grain
weights at 15/10 - 18/l3°C, while maximum grain
weights were obtained at a constant 10°C by Spiertz
(1977). In contrast, sorghum exhibited maximum
grain weight at 27 /22°C (Chowdhury and Wardlaw,
1978). Little data is available for maize, but Hunter
et al. (1977) obtained heavier grains for plants grown
at 20°C compared with 30°C.
Summer temperatures in New Zealand during grain
filling are therefore generally above the optimum for
development of maximum grain size in small grain
cereals, and may be below the optimum for current
maize varieties. In both cases, water supply would be
the major interacting factor with temperature during
this period.
CONCLUSION
For small-grain cereals, the New Zealand
temperature environment is favourable for the initial
phases of tiller and spikelet production, and floret
primordia initiation. In fact an over-abundance of
floret primordia are initiated. The subsequent rising
temperatures during floret development, anthesis and
grain filling then serve to cumulatively reduce yield
potential through reductions in the number of fertile
florets produced, numbers of grains set and grain size.
As genetic variability for temperature sensitivity of at
least two of these processes exists (Bagga and
Rawson, 1977; Kolderup, 1979) it may be
worthwhile to screen breeding material for
temperature response during development, in
addition to
the
more commonly accepted
photoperiod and vernalization responses.
The temperature response of reproductive
development in maize is far less clearly understood,
and further work is required. This is particularly
relevant for maize growth in New Zealand, where the
temperature environment could be regarded as
sub-optimal, at least for current varieties. It would be
useful to know whether temperature does limit floret
development and/or grain filling in New Zealand,
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either directly, or indirectly through effects on lea:
area development. If this proves to be the case
highland material may provide a suitable source o:
genetic variability to overcome this limitatior
(Duncan and Hesketh, 1968, Eagles, 1979), anc
hence stabilize yields.
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