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Abstract Fifty-eight spring malting barley crops
(Hordeum vulgare L. 'Triumph') were monitored
in the Rangitikei district, New Zealand (40°20'S),
over three seasons beginning 1987/88 and covering
a wide variation in soil moisture conditions during
grain filling but small deficits before anthesis. The
objectives were to: (1) document the range of
variability of grain yield among locations and years;
(2) determine if systematic patterns occurred in the
dry matter (DM) accumulation and nitrogen (N)
uptake; and (3) evaluate the effects these processes
have on the partitioning of DM and N between the
grain and the rest of the plant. Mean yearly grain
yields (14% moisture) were 6.85, 5.12, and 5.07
t/ha, respectively. Grain number/m2 accounted for
79% of the variation in grain yield. On average,
63% of the N in the above ground crop was derived
from soil reserves, and 87% of the total N uptake
occurred before anthesis. Pre-anthesis processes
had a major effect on crop characteristics at maturity.
For example, the level of crop N at anthesis
(indicative of pre-anthesis N uptake) was a good
predictor of the extent of post-anthesis partitioning
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of N to the grain (r = -0.75). Conversely, high post-
anthesis N uptake was generally not related to grain
N concentration. Therefore, under dryland
conditions, there is scope for improving yield by
late applications of N without causing grain quality
reductions. Management options for obtaining high
yields of malting barley under non-irrigated
conditions are discussed. These include the use of
crop N concentration at anthesis as an indicator of
crop N status.
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INTRODUCTION

Over the past five seasons production of malting
barley in the lower North Island, New Zealand, has
been about one-quarter to one-third of the 40 000
t/year capacity of the Canterbury (NZ) Malting
Company Plant at Marton. Therefore, there is
considerable scope to expand local barley production
provided that there are incentives for growers and
the development of export opportunities for malt.
Instability in yield and quality are major limitations
to expansion of production.

Growers often adopt conservative management
strategies that reduce potential yield in favour of
achieving acceptable grain for malting. However,
stable yields of c. 6 t/ha are essential for sustainable
returns to the farmer and can be consi stently achieved
in the dryland lower North Island environment.

From year to year the relationship between yield
and quality is often inconsistent. High yield and
high quality is rarely achieved and the relationship
between the two is dependent on soil fertility,
fertiliser management, soil water availability, and
weather patterns (Drewitt 1983; Cox et al. 1985;
Haslemore & Risk 1985). Earlier work by de Ruiter
et al. (1988) showed that high yields and high
quality were possible in dryland production of
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malting barley, and they concluded that nitrogen
(N) management during tiller formation was of
crucial importance.

A better understanding of the processes of
accumulation and partitioning of both dry matter
(DM) and N during whole crop development is
required to provide sound recommendations for the
management of N inputs of dryland malting barley.
These processes interact to control final grain size
and grain N concentration. N supply before anthesis
affects leaf expansion and tillering, and hence the
potential for carbon assimilation and the
establishment of potential grain number (Gregory
et al. 1981; Angus & Moncur 1985). N supply after
anthesis affects leaf longevity (Gregory et al. 1981),
and hence influences the supply of both carbohydrate
and N for grain growth (Austin et al. 1977). During
the post-anthesis period, the sources of both
carbohydrate and N for grain growth will, therefore,
depend strongly on the crop N status. Most of the
studies cited here have been based on a range of
genotypes, and there is little information to indicate
how pre- and post-anthesis sources of N or
carbohydrate affect grain yield development in a
single cultivar.

The fraction of DM and N partitioned between
vegetative parts and grain is also critical to yield
(Sadras & Connor 1991). Processes of N uptake,
partitioning, and re-mobilisation have been more
extensively studied in wheat than in barley, but
similar principles hold for both species. The timing
and amount of pre- or post-anthesis N uptake, or
remobilisation of stored N reserves has an important
influence on the final grain N concentration. An
understanding of the N dynamics may allow
opportunities for manipulation of grain N
concentrations. However, N dynamics are also
strongly influenced by the environment. In the
instance of DM, reduced contributions of pre-
anthesis assimilate to grain in dry years or during
water stress have often been reported (Aspinall
1965; Gallagher et al. 1975; Bidinger et al. 1977;
Austin et al. 1980; Lawlor et al. 1981).

This paper describes crop responses related to
DM and N accumulation and partitioning. The
objectives of this study were to document the range
of variation of grain yield amongst 58 crops grown
over three seasons under dryland conditions, and to
relate the variation to crop DM production, crop N
uptake, and the partitioning of both DM and N
during the pre- and post-anthesis periods of growth.
Aspects of grain and malt quality will be discussed
in a following paper.

MATERIALS AND METHODS

Twenty-one, 20, and 17 crops of malting barley
(Hordeum vulgare L. 'Triumph') were selected for
study in successive seasons beginning in 1987/88.
All were contract crops for the Canterbury (NZ)
Malting Company at Marton. Eleven paddocks
sampled in Year 1 were resampled the following
season and four of these were monitored in the third
season. An additional five paddocks selected in
Year 2 were again sampled in Year 3. Sowings in
the first 2 years were confined to a narrow period
(21 October-10 November). However, in Year 3,
seven crops were sown during a dry period before 3
October, but a sustained wet period in the following
2 weeks, during which 180 mm of rain fell, delayed
sowing of the remaining crops until late October-
early November. This provided a split season for
examining sowing date effects on crop development,
soil water availability, and effects on quality.

All crops were sown with Baytan IM (Bayer)
fungicide-treated seed, at a standard 15 cm row
spacing and were sprayed with glean plus brom-
oxynil (Du Pont), Buctril-M (Rhone-Poulenc), or
2, 4-D amine (DowElanco) orMCPA (DowElanco)
herbicide for weed control. Mean seedling
populations/m2 were 242,248, and 259 for Years 1,
2, and 3, respectively. Only one crop was irrigated
(Site 15, Year 2).

There was little problem with foliar diseases.
Fungicide (Tilt, CIBA GEIGY) applications, on
about one-half of the crops, were for disease
prevention rather than for specific diseasejncidence.

Measurements and observations
Daily rainfall, radiation, and air temperature
(maximum and minimum) were recorded at a site
central to the study locality. All sites were within a
10 km radius of the meteorological station. In Year
3, weather data were obtained from Ohakea, located
within 15 km of the trial sites. Crop water use and
soil water status were calculated from a water
balance (Kerr et al. 1986). Calculations were based
on an available soil water capacity of 87 mm and a
maximum rooting depth of 70 cm. Available soil
water capacity was defined as the water held between
field capacity and 1.5 MPa as determined by pressure
plate analysis on soil from Site 3.

At anthesis, four randomly selected 0.25 m2

quadrats were sampled for total biomass, plant
number, and number of fertile shoots for all sites,
except in Year 1 when only six of the sites were
sampled. At maturity, plant number, spike number,


