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Abstract Maize production is expanding in the
South Island of New Zealand even though the
climate is cool and variable, and marginal for reliable
production of the crop. Its productivity in the region
was assessed in field experiments conducted at
Lincoln, Canterbury, during three contrasting
seasons—two warmer and one cooler than average
for the region. Three cultivars with different maturity
characteristics were sown on several dates in each
season. Even though the deviations from the long-
term mean seasonal temperature (14.5°C) were
quite small (-0.6 to +0.7°C) they had large effects
on crop development and yield. Silage and grain
yields were high (means 18.9 and 9.1 t/ha
respectively) for all sowing dates of all cultivars in
the warmest season, indicating good production
potential in favourable years. However, in the other
two seasons, yields were reduced in treatments that
were sown late or where late-maturing cultivars
were used. In the coolest season, some crops failed
to start grain growth before the first autumn frost;
their yields were low and they produced poor quality
silage. The climatic risk of growing maize in the
region was quantified by analysing historical
temperature records from eight locations together
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with a simple thermal-time phenology model.
Probabilities of failure to reach maturity were
calculated for combinations of five cultivar
maturities and four sowing dates spanning the ranges
likely to be used in the region. The analysis confirmed
that reliable maize silage or grain production is
marginal because of variability in temperature and
frost occurrence among seasons and the sensitivity
of crop development rate to temperature. Crop
failures are likely in cool seasons or when early
autumn frosts occur, especially with late sowing or
when late-maturing cultivars are used. Locations
differed in their suitability for maize production.
Areas in the north (represented by Riwaka and
Blenheim) were the least risky, and were the only
places where both grain and silage production appear
to be viable. At lower altitude, coastal locations in
central Canterbury (Rangiora and Lincoln), levels
of risk were acceptable for silage crops, but the area
was beyond the climatic limit for reliable grain
production. Although some crops completed grain
growth, they probably would not have reached an
ear moisture content low enough for commercial
machine harvesting of grain. Higher altitude, inland
locations and areas further south were not suitable
for reliable silage production because crops often
failed to complete grain growth, even when early-
maturing cultivars were sown early.
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INTRODUCTION

About 20 000 ha of maize are grown annually in
New Zealand, mainly for grain production in the
warmer North Island where yields average c. 9.0-
9.5 t/ha. However, production has increased recently
in the South Island, particularly in the Canterbury
region, to meet new market opportunities for both
grain and silage offered by the expanding beef
feedlot and dairying industries. This expansion has
occurred even though the climate in the region is
cool and variable, and traditionally has been
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considered marginal for reliable commercial
production of the crop.

Maize is best adapted to warm climates and is
intolerant of frosts. The greatest production is where
the warmest month isotherms range between 21 and
27°C and the frost-free season is 120-180 days
duration (Shaw 1988). Crops should not be sown in
spring until the soil temperature has risen above
10°C, and subsequent growth and development are
slow if temperatures are low (Meidema 1982; Shaw
1988). In Canterbury, mid summer mean temperature
varies from year-to-year, usually in the 16-18°C
range, and the time when the first autumn frost
occurs at the end of the season is very variable.
Thus, especially in cool seasons, the crop's potential
productivity is constrained by the combination of
low temperature and limited season length. Crop
development rate depends on temperature, so there
is also the risk of low grain yield or poor silage
quality as a result of crops failing to complete grain
growth. The risk could be reduced by growing
maize at warmer locations in the region, using
early-maturing cultivars and sowing as early as
possible. These strategies have been followed
successfully in other marginal climates. In Canada,
for example, maize production for both silage and
grain has expanded progressively into shorter-season
areas (Major & Hamilton 1978; White 1978).

This paper reports on aproject that was conducted
to estimate maize grain and silage production
potential in Canterbury, to determine the effects of
season, sowing date, and cultivar maturity on the
yield potential, to quantify the climatic risk of grow-
ing the crop in the region, and to identify locations
with acceptable levels of risk. The first two objectives
were achieved by sowing three maize cultivars with
different maturity characteristics on several dates in
field experiments at Lincoln in three contrasting
seasons. The crops were managed intensively, and
crop development and silage and grain yields were
measured. Phenological data was then used together
with historical temperature records from eight
locations in the region to assess the risk of crop
failure to reach maturity for a range of sowing dates
and cultivar maturities. Separate risk analyses were
conducted for grain and silage production.

MATERIALS AND METHODS

Experiment design and crop management
Three field experiments were conducted on the
research station of the New Zealand Institute for

Crop & Food Research Ltd at Lincoln, New Zealand
(latitude 43°39'S, longitude 172°30'E, altitude
11 m). The soil was a Templeton sandy loam (Udic
Ustochrept, USD A Soil Taxonomy). Three maize
cultivars were sown on a total of 11 dates from early
October to early December during three seasons: 20
October, 1 and 14 November 1989; 10 and 29
October, 12 and 26 November 1990; 22 October, 6
and 18 November, 5 December 1991. The cultivars
were the Pioneer hybrids 'P3902', 'P3901', and
'P3585', chosen to span the range of maturities
likely to be grown in the region. Relative maturity
ratings for the three hybrids were 87, 97, and 103
days respectively (Anon. 1993).

All experiments were sown in a split-plot design
with sowing times as the main plots and cultivars as
the subplots. In 1989-90 and 1990-91, plants were
0.15 m apart in rows 0.75 m apart (8.9 plants/m2)
whereas in 1991-92, plants were 0.19 m apart (7.1
plants/m2). Plots were 4.5 m long and either five
(1989-90), six (1990-91), or three (1991-92) rows
wide. There were three replicates in the 1989-90
and 1990-91 experiments. However, the experiment
in 1991-92 was grown mainly for a phenological
study, and treatments were not replicated because
of high uniformity of development among both
plants and replicates in the previous experiments.

Inter-plant uniformity and crop growth were
maximised in all experiments by intensive
management used to minimise stresses caused by
weed competition and water or nutrient deficits.
There were no pest or disease problems. Good weed
control was achieved by post-sowing, pre-
emergence applications of a mixture of cyanazine
(Blade-X) and alachlor (Lasso) herbicides at 2.5
and 7 litres/ha respectively. Irrigation was scheduled
on the basis of neutron probe measurements of soil
moisture deficits. Totals of 210, 200, and 200 mm
of water were applied in five, six, and four
applications in the three seasons respectively. Each
experiment received two fertiliser applications.
About 3 weeks after each sowing 150 kg/ha of
N:P:K = 12:10:10 was applied in bands along both
sides of each row, and c. 3 weeks later a side-
dressing of 120 kg N/ha was applied as urea.

Silage and grain harvests
1989-90
Samples were harvested from each plot on two
occasions. The first was timed to coincide with
silage maturity, which was assumed to be when ear
moisture content reached 45%. However, in


