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Abstract The risk of sweet corn (Zea mays L.)
crops failing to reach harvest maturity as a result of
climatic variability among seasons was quantified
for four locations on the east coast of New Zealand's
South Island. Results of field experiments in the
region showed that three representative cultivars
had thermal time requirements from planting to
maturity ranging from 1215 to 1320 °C days above
a base temperature of 6°C. In simulations, crop
success or failure was estimated for combinations
of five hypothetical cultivar maturities and four
planting dates spanning the ranges likely to be used
in the region. Calculations used temperature records
that ranged from 17 to 25 seasons depending on
location. A crop was judged to fail if either its
thermal time requirement was not met by 30 April
or it was frosted before the requirement was met.
Allowance was made for the fact that some "failed"
crops were sufficiently close to maturity to be
harvested successfully. Risk was negligible at
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Blenheim, the most northerly location, where
seasonal mean temperature between 15 October
and 30 April was 15.8°C and the first autumn frost
occurred late. Timaru, the most southern location,
had earlier frosts and a 13.7°C mean temperature,
and risk of failure was high except for early plantings
of early-maturing cultivars. Lincoln, representing
the intermediate area of central Canterbury, had a
mean temperature of 14.6°C and a high risk of
failure for late plantings of late-maturing cultivars.
This location is probably at the climatic limit for
commercial sweet corn production with an
acceptable level of risk, using currently available
cultivars. A warming trend since 1928 has resulted
in a substantial decrease in risk over the period. The
analysis highlighted the marginal nature of the
Canterbury climate, the effect on risk of the
sensitivity of the crop's development rate to
temperature, and indicated the potential benefit of
any further climatic warming.
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INTRODUCTION

Sweet corn {Zea mays L.)is best adapted to warm
climates, and substantial areas of the crop are grown
successfully for processing in New Zealand's North
Island (Brooking & McPherson 1986). Commercial
production is increasing in Canterbury, on the east
coast of the South Island, even though the climate is
cool and variable and therefore likely to be marginal
for reliable production of the crop (Wilson 1991).
About 250 ha were grown in Canterbury in 1991—
92, and the area increased substantially in 1992-93.

In warm seasons, sweet corn crops have
performed well (Wilson 1991), but in cooler seasons
a substantial risk of poor yields or crop failure is
likely, especially in crops that are planted late. Risk
can be minimised by using a combination of early-
maturing cultivars and early planting. However,
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later-maturing cultivars are usually preferred
because of their higher yield potential, and because
the market often demands established cultivars such
as 'Jubilee' by name. Also, commercial consider-
ations require that crops are planted over an extended
period during spring to maximise the length of the
harvesting and processing period in autumn
(Brooking & McPherson 1989; McPherson &
Brooking 1989). This practice increases the risk
that some of the later crops will not reach harvest
maturity before the first frosts in autumn. Thus, an
economic balance must be found between exposure
to risk of crop failure and the needs of growers and
processors to use a range of cultivars, planting
times, and locations to achieve acceptable yields
and a harvesting period in autumn that is long
enough to make the processing operation viable.

In this paper we quantify the climatic variability
and associated risk of crop failure caused by cool
seasons and/or early frosts in production of sweet
corn in Canterbury. Our aim is to identify locations
where risk is lowest, and to determine combinations
of planting date and cultivar maturity with acceptable
levels of risk. The paper consists of three parts. The
first is an analysis of experimental observations of
crop phenology to determine the thermal time
requirements of cultivars for development from
planting to maturity. This is followed by an analysis
of medium-term temperature records from six
locations to determine the risk of failure to reach
harvest maturity for several combinations of
location, cultivar maturity, and planting dates
spanning the ranges likely to be used in the region.
The final part is an analysis of the reduced risk of
crop failure resulting from the climate warming
trend that has occurred in the region during the last
70 years.

MATERIALS AND METHODS

Crop phenology
Three hybrid sweet corn cultivars with maturities in
the range likely to be grown in the region were
planted on several dates in experiments during two
seasons at Lincoln (43° 39'S) and Ashburton (43°
55'S). Two of the cultivars, 'Jubilee' and 'Rival',
were planted on 29 October, 15 November, and 11
December at both locations in 1990 and on 22
October, 6 and 18 November, and 5 December at
Lincoln in 1991. 'Reward', an early-maturing
cultivar, was planted on one date (mid November)
in each experiment.

All experiments were planted in a split-plot
design with planting times as the main plots and the
cultivars as the subplots. Seeds were planted 0.25 m
apart in rows 0.75 m apart, to produce a plant
population equivalent to 53 300/ha. There were
three replicates in the 1990 experiments but, because
phenological development was very uniform among
both plants and replicates, treatments were not
replicated in 1991.

Good inter-plant uniformity was aided by
intensive management to minimise stresses caused
by weed competition and water or nutrient deficits.
Good weed control was achieved in all experiments
by post-planting, pre-emergence applications of a
mixture of cyanazine and alachlor herbicides at 2.5
and 7 litres/ha respectively. Irrigations were
scheduled on the basis of neutron probe
measurements of soil moisture deficits. Each
experiment received two fertiliser applications.
About 3 weeks after each planting, 200 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 200 kg N/ha was applied as urea.

Plant emergence and silk dates were recorded in
all treatments. Emergence was taken as the date
when the first leaf was 25 mm tall and silking as the
date when 50% of plants in a plot had produced
silks. Harvest maturity (72% kernel moisture
content) dates were determined from regular
measurements of moisture content during kernel
growth.

Air temperature was logged in a standard
meteorological screen at each site, and the daily
mean temperature was calculated as the average of
the maximum and minimum values each day. The
results were used to determine the most appropriate
base temperature during each of the phases from
planting to silking and from silking to harvest
maturity for each cultivar. The base was found as
the intercept with the temperature axis of the linear
regression between mean development rate (recip-
rocal of the duration of the phase) and mean temper-
ature during the phase. Then the thermal time
requirement was calculated for each phase. Thermal
time was calculated daily as the mean of the maxi-
mum and minimum temperatures minus the base
temperature, and daily values were accumulated.

Climate risk analysis
Climate analyses were performed for Blenheim,
Rangiora, Lincoln, Winchmore, Ashburton, and
Timaru. These locations represented a wide
geographic distribution of areas in the north-eastern


