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Drought influences on grain yield of barley, wheat, and maize
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Abstract The response of three grain crops to
drought was determined in a series of experiments
in amobile rainshelter at Lincoln, Canterbury, New
Zealand. For winter wheat and spring barley, the
critical potential soil moisture deficit (D) beyond
which yield was affected was independent of drought
timing, but was much smaller for barley than wheat.
Both crops showed similar yield responses to drought
above their D.. In contrast, D, for maize increased
as the season progressed, and yield was much less
sensitive todroughtonce D, was exceeded. Although
yield response was mostly associated with grain
number in wheat and barley, mean kernel mass was
also reduced as drought stress increased. Grain
yield in maize was correlated with mean kernel
mass, and uncorrelated with grain number.
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INTRODUCTION

In New Zealand, recurrent and variable drought is
one of the chief causes of season-to-season variation
in grain yield. Much of the cereal-growing area is
prone to summer drought. Most of New Zealand’s
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wheat and barley is grown in Canterbury, and there
isanexpanding area of maize. This area has summer
potential evapotranspiration approximately twice
its mean rainfall. The seasonal shortfall in rainfall is
exacerbated by its large variability, both between
and within years.

Much of the early arable irrigation research
done in New Zealand showed statistically significant
advantages from irrigation (Thompson et al. 1974;
Drewitt & Smart 1981; Carter & Stoker 1983, 1985;
Carter & Fitzgerald 1987). However, because a
quantitative measure of drought severity was seldom
calculated, it was difficulttoextrapolate these results
to other sites and seasons. The studies also produced
quite different results, mostly because of rainfall
variation among seasons. For example, Scott et al.
(1973) reported that irrigation increased wheat yields
by 0.5 t/ha, whereas Carter & Stoker (1985) gave
yield responses of 0-3.3 and 0-3.9 t/ha for spring
barley and wheat respectively. Unfortunately, the
expression of yield responses as an increase over
dryland production reflects variability of the
unirrigated yield among seasons more than anything
else. Advice to farmers based on these analyses was
of limited value.

Some progress has been made in the past 10
years in providing quantitative responses to drought
stress. This has been based mainly on the use of
“potential soil moisture deficit”, a measure of
drought stress developed by Penman (1971) and
expanded by French & Legg (1979). The scheme
has the following advantages: (1) it is readily
calculated from potential evapotranspiration,
rainfall, and irrigation data; (2) it has practical
meaning in that the potential deficit can be equated
with irrigation applications (or lack of them); and
(3) responses are given in terms of reductions in
yield below the much more stable, fully irrigated,
yield. It produces two values—a critical deficit
beyond which yield is reduced, and a reduction in
yield per unit of potential deficit when the critical
deficit is exceeded.






