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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 a mobile rainshelter at Lincoln, Canterbury, New
Zealand. For winter wheat and spring barley, the
critical potential soil moisture deficit (Dc) 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 Dc. In contrast, Dc for maize increased
as the season progressed, and yield was much less
sensitive to drought once Dc 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
is an expanding 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 snowed 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 difficult to extrapolate 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.
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Untimely rainfall makes it difficult reliably to
impose and regulate irrigation treatments and, unless
there is very little rainfall, experiments must be
repeated over several sites and/or seasons to obtain
sufficient data for the results to be meaningful.
French & Legg (1979) analysed the results of a
series of irrigation experiments at Rothamsted, and
their results showed considerable scatter. Much of
this was probably associated with variations in
weather and fertility among years. In contrast, data
presented by Day et al. (1978), where a single
experiment was conducted in a mobile automatic
rainshelter, showed considerably less scatter. It is
clear that in field experiments, considerable
advantage can be gained by using a mobile shelter
to exclude rainfall from experimental plots, which
are exposed to otherwise normal weather, so that a
range of drought treatments can be reliably imposed
(Arkinetal. 1976;Dayetal. 1978;Foaleetal. 1979;
Innes & Blackwell 1981).

A rainshelter at Lincoln (Martin et al. 1990) has
been used for a series of experiments designed to
provide quantitative responses of various crops to
drought stress. Treatments in each experiment were
designed to expose the crops to droughts of varying
timing and duration, and in particular to determine
whether any phase of growth is more sensitive in its
response to drought. In this paper, we examine the
differences and similarities in the responses of
spring barley, maize, and winter wheat to imposed
drought.

Crops
Barley experiment 1988/89

'Triumph' barley was sown at 188 kg/ha on 7
September 1988 with 100 kg/ha 15% potassic
superphosphate (P:K:S, 6:15:7) applied through the
drill with the seed. The area had been in a ryegrass
and clover pasture for 5 years before the experiment.
The crop emerged on 20 September, and 50 kg N/ha
as ammonium sulphate was broadcast by hand on
26 September. Plant population, measured in four
0.1 m2 quadrats in each plot on 26 September, was
uniform across the site at 291 ± 6 plants/m2.

Maize experiment 1990/91

Seed of the hybrid maize cultivar 'P3902' was sown
on 6 November 1990 with two seeds in positions 15
cm apart in rows 75 cm apart. These were later
thinned to one plant in each position. Each plot
consisted of seven rows of 24 plants, with rows
running across the plots. Pre-emergence sprays of
Cyanazine (Blade-X, 125 g a.i./ha) and Alachlor
(Lasso, 3360 g a.i ./ha) were applied for weed control.
The entire area was irrigated with 70 mm
immediately after sowing. The area had been in
field peas the previous year, after 7 years in ryegrass
and clover. Basal fertiliser (N:P:K:S, 11:14:6:3) at
a rate of 120 kg/ha was applied on 27 November. All
plots received a further 96 kg N/ha as urea supplied
through the trickle irrigation system in a split
application on 3 and 10 January.

MATERIALS AND METHODS

The site
The experiment was located on the New Zealand
Institute of Crop & Food Research experiment
station at Lincoln in Canterbury (latitude 43°38'S,
longitude 172°30'E). The mobile rainshelter (55 m
x 12 m) automatically covers the experimental crop
during rainfall, but was otherwise positioned 50 m
away. Therefore, apart from when it was raining,
the crop was exposed to a near normal field
environment. The working section of the rainshelter
was divided into twenty-four 3.6 x 5 m plots. Two
strips c. 10 m wide immediately adjacent to the
rainshelter were planted in crop to minimise edge
effects. The soil is a deep (> 1.6 m) Templeton sandy
loam {Udic Ustochrept, USDA Soil Taxonomy)
with an available water-holding capacity of c. 190
mm/m of depth. Physical characteristics of the soil
are given in Martin et al. (1992).

Wheat experiment 1991/92

'Batten' wheat was sown in the rainshelter on 8 June
1991 to establish a plant population of 300 plants/
m2. Seed was treated with triademenol plus imazalil
(Baytan IM). DAP (diammonium phosphate, N:P,
18:20) was applied through the drill at an equivalent
rate of 30 kg N/ha. The site had been in ryegrass and
clover, ungrazed but mown, for 3 years following a
potato crop. Soil N tests (M. Craighead pers. comm.)
indicated that a total of 180 kg N/ha was required
for a 10 t/ha potential yield. The additional 150 kg
N/ha was applied through the irrigation system as
urea dissolved in the irrigation water. Applications
of 100 kg N/ha were made on 16 August and 50
kg N/ha on 26 September. Good weed, disease, and
insect control were achieved with applications of
chlorsulfuron (Glean) and clopyralidamide
(Versatill) herbicides, Pirimicarb (Pirimor)
insecticide, and triadiminol (Cereous) fungicide on
17 September 1991.


