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ABSTRACT

Despite apparent climatic and edaphic similarities with traditional growing areas in the Mediterranean
basin, durum wheat has not been grown extensively as a commercial crop in Western Australia. The
principal objective of this study was to develop some effective agronomic management practices as one
of the first steps in introducing durum wheat cultivation into Western Australia and to compare the
responses to those found in more traditional areas in the world where durum is successfully grown.
Twenty-seven experiments were conducted in 1998, 1999, 2000 and 2001 in the northern, central, and
southern wheat belt of Western Australia using treatments which included: two durum wheat cultivars
(Triticum turgidum L. subsp. durum (Desf.) Husn.) and two bread wheat cultivars (T. aestivurn L.); 3
sowing times; 5 nitrogen (N) rates and; 5 seeding rates. The experiments were conducted on a range of
soil types and the seasonal rainfall ranged from 70 to 347 mm. The average yield advantage for bread
wheat cultivars over durum wheat cultivars was 13 - 19% depending on site and season. The average
grain protein percentage for durum cultivars was between 0.8 and 1.5% greater than for the bread wheat
cultivars. Overall, it was concluded that durum wheat could be grown successfully in Western Australia
using the practices resulting from the experiments described in this paper but that the long term success
of the crop will depend on reducing the yield gap between bread wheat and durum wheat and on the
continued quality and price advantage for durum wheat.
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INTRODUCTION

The introduction of any crop that is new to an area requires, in addition to economic
considerations, an understanding of the basic agronomy required to grow the crop. Among
factors known to influence the adaptation of crops are rainfall amount and seasonal
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distribution, temperature during the growing season and the extremes of temperature, the
inherent soil characteristics and the nature of the existing farming system into which the new
crop is to be introduced.

The climatic conditions in the wheat belt of Western Australia are very similar to those in
the Mediterranean basin, the traditional home of durum wheat (Triticum turgidum L. subsp.
durum (Desf.) Husn.) production (Kassam, 1981). The rainfall pattern shows winter
dominance (>70% of annual rainfall, on average, falls during the growing season) and winter
minimum average temperatures are mild (typically 4 - 8 C in the coolest month). Extremes of
maximum temperature of greater than 30 C during grain filling or less than 2 C during
flowering do occur in some parts and can have a major impact on grain yields and quality in
some seasons. Despite the apparent similarity of the conditions compared to traditional
durum wheat production areas the crop was not grown commercially in Western Australia
until the late 1990s. Interest in producing durum wheat in Western Australia arose because
of its high value relative to bread wheat (www.awb.com.au; verified 27. Dec., 2011) and its
potential suitability for the local climate. The long-term prognosis for durum wheat in
international markets is favorable (Impiglia, 2000).

The main crop in Western Australia is bread wheat (T. aestivum L.) so it can be assumed
that much of what is already known for that crop can be compared to its close relative
durum wheat. Bread wheat is grown in Western Australia in crop/pasture systems that
often contain legume pastures such as subterranean clover (Trifolium subterraneum L.) or
medics (Medicago spp.), grain legumes such as lupin (Lupinus angustifolius L.) and field pea
(Pisum sativum L.), canola (Brassica napus L.), barley (Hordeum wvulgare L.), and oats (Avena
sativa L.). One of the major concerns for potential durum growers in Western Australia is
producing grain at a protein level that will qualify for a premium. The inherent fertility of
many soils is too low to produce high grain protein in most seasons unless the crop is rotated
with legumes and/or high rates of N fertilizer are used to improve the grain protein
percentage (Mason, 1975). This contrasts with soil conditions in more traditional areas such
as the Mediterranean basin where the soil pH is often alkaline and clays or clay loams
predominate (Kassam, 1981). Under these conditions rotations with legumes or the
application of high rates of N fertilizer are less common.

It has been well recognized however, that adoption of grain legumes in farming systems
can significantly increase cereal yields and grain quality in the following year in both the
traditional areas, where durum is grown (Lopez-Bellido et al.,, 1998), and in Western
Australia (Edward and Haagensen, 2000). The value of broadleaf crops, especially legumes,
in rotation with durum wheat has been described in other semi-arid situations (Gan et al.,
2003, Kirkegaard et al., 2004). The specific benefits of growing legume crops in a rotation
include weed and disease management, soil structural benefits, erosion control and N
nutrition for the following crops (Chatel and Rowland, 1982).

The agronomic practices previously found suitable on alkaline, red clay loam soils in
Western Australia for producing high protein in bread wheat (Anderson et al., 1995) can be
tested for durum wheat on less favorable soils, so that the potential area suitable for durum
production can be expanded and more farmers given the opportunity to grow the crop.
Durum wheat is often produced in countries with Mediterranean-type climates in rainfall
zones, which are drier than for bread wheat but wetter than for barley (Impiglia and Ryan,
1997). An equivalent zonation of crops according to rainfall zones does not exist in Western
Australia. This possibly reflects a different combination of economic and biological
conditions. There is 3 x 106 ha of land that is estimated to be suitable for durum wheat
production in Western Australia on the basis of soil type, soil depth and pH (Impiglia, 2000).

The yield of durum in the North African and West Asian regions can sometimes equal or
exceed that of bread wheat in well-managed crops in zones where the average rainfall is
greater than 350 mm, or with the use of supplementary irrigation (Srivastava et al., 1982).
The yield advantage of bread wheat in lower rainfall situations (annual rainfall <450 mm) in
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South Australia was attributed to a greater number of smaller kernels per unit area
compared to durum wheat (Zubaidi et al., 1999). Ketata (1987) reported a similar yield
advantage for bread wheat over durum wheat from an experiment in Syria and for Tunisian
national averages.

The reduction in grain yield of durum wheat, with later sowing, can be less than for
bread wheat in Mediterranean countries (Ketata, 1987) but the importance of early sowing
relative to the break of the season has been emphasized in Syria (Cooper et al., 1987) and
America (Bolton 1981). Response to fertilizers is less pronounced in drier compared to more
humid areas (Ohlsen and Kurtz, (1982), in America; Matar et al. (1992), in Mediterranean
countries). There are few references to optimum seeding rates, or plant populations for
durum wheat in the literature, but a population of about 250 plants/m? is common in
experiments in traditional durum wheat growing areas (e.g. Harris et al., 1987).

The main objective of this study was to develop effective agronomic management
practices for durum wheat so that farmers new to the crop would have a sound basis for
managing its production in Western Australia. A second objective was to compare responses
in an environment which was new to durum wheat to those found in more traditional areas
for the crop thus providing a wider understanding of the requirements of durum wheat and
the principles for transferring an old crop into a new area.

We recognize that there would be cultivar specific difference in agronomic responses to
the environment and management factors, as reported in bread wheat (Anderson et al., 2004,
2011; Sharma et al.,, 2008). However, this paper uses the comparison of the two most
promising cultivars of each of the durum and bread wheat to meet these objectives. The
effects of sowing time, plant population (seeding rate) and N rate on the yield and grain
quality of durum wheat, in comparison to bread wheat, were investigated in a range of
potential environments in Western Australia over a period of four years.

MATERIALS AND METHODS

Four series of field experiments were conducted from 1998 to 2001 at either research
stations or farmers’ properties in the low (300 - 350 mm) and medium (350 - 450 mm) rainfall
environments as follows: (1) Cultivar x N rate = C x N; (2) Cultivar x seeding rate = C x S; (3)
Cultivar x seeding rate x N rate x sowing time = C x S x N x T; (4) Cultivar x sowing time = C
x T; and (5) Split N applications on grain yield and protein = split N in 2001 only. Rainfall
was recorded at or near each experimental site. Site details are shown in Table 1 and site
locations in Figure 1.

BASAL TREATMENTS

The crop was sown each year and in all series as close as practical to the opening rains.
Where sowing time was a variable the second and third sowings were at about 14 - 21 day
intervals after the opening rains. Plots were 8 rows wide and 20 m long. To obtain the dual
benefits of a disease ‘break’ and possible residual N effects the experiments were sown
following a legume crop in the previous year (field peas, lentil, chickpeas or medic) or fallow
at one site. All N was applied as urea at seeding and was separated from the seed. Basal
phosphate was applied at sowing according to soil test at each site. Weeds were controlled
using appropriate pre-and post emergent herbicides.
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Table 1. Locations,
N=nitrogen rate, 5=

experimental series, factorial treatment combinations (C=cultivar,
seeding rate, T=time of sowing), sowing dates, rainfall and water
supply, 1998 to 2001. Pre-season rainfall (PSRF) refers to the amount of rain from 1. January
to sowing date, growing season rainfall (GSRF) to the amount of rainfall from sowing to
maturity. Seasonal water supply was calculated based on the formula (PSRF*0.2) +GSRF.

Year/Site Experimental Series Rainfall/water supply
Growing Seasonal
No. Name No. Treatment Sowing date Pre-season season supply
mm:
1998
1 Binnu 1 CxN May 27 84 272 289
2 CxS
2 Kalannie 1 CxN June 5 74 179 194
2 CxS
3 Merredin 1 CxN Junel6 49 199 209
2 CxS
4 York 1 CxN June 5 58 299 311
2 CxS
1999
5 Merredin 3 CxSxNxT June 8/22 186 155 192
6 Balla 2 CxS May 20 166 94 127
7 York 3 CxSxNxT June 4/18 158 347 379
2 CxS
8 Salmon Gums 2 CxS May 22 88 160 178
2000
9 Cunderdin 3 CxSxN«xT June 17/19 180 193 229
10 Merredin 3 CxSxNxT June 17/ July 6 219 119 163
11 Mullewa 3 CxSxNxT May 25/ June 177 82 117
2 CxS 26
1 CxN
12 Salmon Gums 3 CxSxNxT g/éay 11/ June 332 70 136
2001
13 York 1 CxN May 21 41 221 229
5 splitN
14 Mullewa 3 CxSxNxT May 14/ June 33 192 199
4 CxT 4/ June 22
15 Salmon Gums 3 CxSxN«xT May 15/ May 133 148 175
4 CxT 31/ Junel3
16 Merredin 3 CxSxNxT May 18/ June 197 174 213
4 CxT 5/ July 10
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Figure 1. Map of Western Australia showing average annual rainfall isohyets and locations
of the experimental sites.

EXPERIMENTAL TREATMENTS AND DESIGN

In Series 1 in 1998 and 2001, five experiments were conducted with two durum wheat
cultivars (Tamaroi and Wollaroi) and two bread wheat cultivars (Amery and Spear) and five
N rates (0, 20, 40, 60 and 80 kg/ha of N). Series 2, (9 experiments) from 1998 - 2000, included
the same durum and bread wheat cultivars and five seeding rates (50, 100, 150, 200 and 250
viable seeds/m?). Seeding rates were calculated using percentage germination and mean
1,000-grain weight to achieve the target plant population per m2. Series 3 experiments were
sown at 9 sites during 1999-2001 comparing Spear and Westonia bread wheat with Wollaroi
and Tamaroi durum wheat cultivars at 0 and 50 kg/ha of N, 100 and 200 viable seeds/m?2
and 2 sowing times. A complete factorial design was used. Series 4 (3 sites) in 2001, included
2 bread wheat cultivars (Westonia and Carnamah) and 2 durum cultivars (Tamaroi and
Wollaroi) and 3 times of sowing in a complete factorial combination replicated three times.

The durum wheat cultivar Wollaroi, used in these experiments, was selected for eastern
Australian conditions where rain falls mainly in the summer and the soils are deeper. They
thus have a greater plant available water capacity, and are more fertile. The cultivar Tamaroi
was selected in South Australia but was derived from the same breeding program as
Wollaroi. No locally bred durum wheat cultivars were available. The bread wheat cultivars
Amery, Westonia and Carnamah in contrast were bred and selected for Western Australian
conditions, where the rainfall has a winter dominance, the soils are shallower, less fertile and
with a lower water storage capacity. The cultivar Spear was bred in South Australia but is
well adapted to Western Australian growing conditions.

Split N applications were applied in one experiment using Westonia bread wheat and
Wollaroi durum wheat at the York site in 2001. The treatments were; (1) 0 N; (2) 25 kg/ha of
N at sowing; (3) 50 kg/ha of N at sowing; (4) 75 kg/ha of N at sowing; (5) 25 kg/ha at
sowing plus 25 kg/ha at tillering; and (6) 25 kg/ha of N each at sowing, tillering and
anthesis.

MEASUREMENTS

Soil samples were collected from all trial sites in all years prior to seeding. The samples
were taken at 0 - 10 cm depth from 10 - 20 positions at each site. The samples were bulked to
provide one representative sample per site and were analyzed for pH (in 0.01M CaCly). Soil
texture was assessed manually at each site over the full soil profile.
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Plant numbers were counted at two locations of 1m x two rows in each plot. Grain yield,
and grain protein (by near infrared reflectance calibrated against the standard Kjeldahl test)
were measured for all plots.

STATISTICAL ANALYSES

The experiments were laid out as randomized complete blocks for Series 1, 2 and 4 and
split plot designs were used for Series 3. Statistical analyses of variance were carried out
using Genstat® for Windows 5th edition. All differences discussed in the paper were
significant at P < 0.05 unless otherwise stated.

The optimum plant population was estimated for each cultivar x plant population data
set by the methods of Anderson et al., (2004). In short, an inverse polynomial curve of plant
population versus grain yield, forced through the origin, was fitted using actual counted
plant numbers by the method described by Del Cima et al, (2004). The optimum population
was defined as the point when the slope of the curve was 2.5 kg/ha of grain for each extra
plant/ma?. In cases where the initial slope of the fitted curve was negative, the smallest plant
population was used as the best estimate of the optimum. Where the estimated optimum
was larger than the highest experimental data point, the highest counted plant population
was used as the best estimate of the optimum.

Rather than using a “global” response curve to model the effect of plant population on
yield we divided the total number of records into groups of optimum population densities
using a regression tree analysis (S-PLUS 2000) similar to Del Cima et al. (2004). For the
purpose of grouping the sites annual rainfall was divided into pre-sowing rainfall (PSRF,
January to sowing date) and growing season rainfall (GSRF, sowing to harvest). Stored soil
water (SW) was estimated as (PSRF x 0.2).

The idea of regression tree analysis is similar to the multivariate technique of linear
discriminant function analysis where the within group variation is minimized and the
between group variation is maximized. The groups or nodes formed in regression tree
analysis follow a binary pattern. All records were initially placed in a single group (Group 1).
We then divided records in Group 1 into Groups 2 and 3 based on soil type, water supply,
and species. Group 2 was then divided into 4 and 5 and Group 3 into 5 and 6 until
homogeneous groups were achieved. In this manuscript Group 8 (Table 4) comes from the
partitioning of Group 1 => Group 2 => Group 4 => Group 8, which is a grouping of records
dominated by species ‘durum’, water supply “Water < 143mm’, and of soil type ‘loam’. In the
ideal case group means would be significantly different. Thus the t-test statistic for the
difference in optimum population density between Group 8 (durum) and Group 9 (bread)
equals (95-113)/SQRT(2572/21 + 2372/22) = -2.45, suggesting that there is a real difference
in the optimum population density between durum and bread wheat, i.e. bread wheat
requires a higher population density for maximum yield than durum wheat under these soil
and water conditions.

The optimum sowing time for each experiment of Series 4, where three sowing times
were used, was estimated by fitting splines to the yield data and estimating the time when
the maximum grain yield was achieved (Sharma et al., 2008). Where there were only two
sowing times, in the experiments of Series 3, the optimum sowing time was taken to be the
sowing time that gave the highest grain yield for each cultivar. The mean optimum sowing
period was then calculated for each experiment. The optimum sowing periods for the
northern (Mullewa, 3 experiments), central (Merredin, Cunderdin and York, 6 experiments)
and southern (Salmon Gums, 3 experiments) parts of the state were then calculated by
combining sites and years in each area.
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RESULTS AND DISCUSSION

The rainfall in the growing season varied from 70 mm to 347 mm and the water supply
for crop growth (including an estimate of stored soil water) varied from 117 to 379 mm
(Table 1). The soil tests (Table 2) showed that only one site (Binnu 1998) had soil with a
surface pH (CaCly) of less than 5.5. The soil at all sites was a loam or loamy earth except the
site at Balla, in 1999, which was a sand and the site at York in 2001, which was a heavy clay.

Table 2. Soil pH and texture assessed by hand texturing samples from 0-10 cm depth. Typical
mechanical analyses: heavy clay >50% clay, 40% sand; clay loam 10-30% clay, 40-60% sand;
loams and loamy soils 10-20% clay, 80-90% sand; deep sand ~90% sand, <10% clay. Previous
crops at the trial sites where lupin ( Lupinus angustifolius L.), Faba bean (Vicia faba L.), Medic
(Medicago spp.), Chickpea (Cicer arietinum L.), Field pea (Pisum sativum L.).

Year/ Site pH (CaCly) Soil texture Previous crop
1998
Binnu 4.5 Loamy earth Lupins
Kalannie 5.0 Red clay loam Long fallow
Merredin 8.0 Red clay loam Faba bean
York 7.8 Brown clay loam Faba bean
1999
Merredin 6.5 Loamy earth Faba bean
Balla 5.0 Deep sand Lupins
York 7.0 Loam Faba bean
Salmon Gums 6.5 Loam Medic
2000
Cunderdin 7.5 Loamy earth Medic
Merredin 7.8 Calcareous loamy earth ~ Chick pea
Mullewa 7.5 Loamy earth Field pea
Salmon Gums 7.7 Loamy earth Field pea
2001
York 59 Heavy clay Faba bean
Mullewa 5.5 Loamy earth Chick pea
Salmon Gums 6.0 Loamy earth Field pea
Merredin 6.5 Red clay loam Medic
NITROGEN RATE

The only significant increase in yield due to applied N was at the York site in 1999 (P <
0.05). There was no significant cultivar by N rate interaction at any site (Series 1 and 3).

In the N rate experiments of Series 1 (5 sites), the average amount of applied N required
to reach 13% grain protein in the durum cultivars was 23% (or 15 kg/ha) less than for bread
wheat (estimated from the relationships between grain protein and N applied at each site).
Durum wheat cultivars had higher protein content than the bread wheat cultivars even
where no N was applied (Table 3). On average, in the N rate experiments, the grain protein
of the durum cultivars was about 1% higher than in the bread wheat cultivars at any yield
level (Figure 2). The initial response of grain protein to added N fertilizer (data from both
Series 1 and Series 3) was about the same for both bread and durum wheat (~ 0.5% for 40 - 50
kg/ha of N). However, the profitability of applying N fertilizers to simply increase grain
protein is doubtful at current premium levels and fertilizer prices so it is more important to
emphasize selection of soil type and crop rotation. At the York site in 1999, the only site
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where yield was increased by the addition of N, the grain protein level was almost certainly
diluted by the increased yield.

Table 3. Average grain protein percentage at zero applied N and average amount of applied
N required to reach 13% grain protein (Estimated from experiments in Series 1, cultivar x N-
rate). Standard errors are in parenthesis.

Wheat species Avg.protein content at 0 N Avg. N required for 13% protein
--%-- --kg ha--
Bread 11.7 (0.62) 65 (13.5)
Durum 12.1 (0.60) 50 (13.4)
*  Bread wheat " Durum wheat
= Linear {Bread wheaty = = ~ Linear  Durum wheat}
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Figure 2. Relationship between grain yield and grain protein of bread and durum wheat
cultivars at ON in the N rate experiments (Series 1).

Previous studies on hard grain bread wheat in Western Australia (Anderson et al., 1995)
have shown that grain protein commonly exceeded 13% from crops grown on friable red
brown earth soils with medic or field peas as the previous crop. In the current study using a
wider range of soil types, the success rate of achieving high protein was less even though all
the sites were in a legume or fallow in the previous year. In all cases this series of
experiments was grown following legumes since it was assumed that grain protein in the
range suitable for high quality durum wheat was unlikely to be achieved economically in
other rotations. The relative importance of soil type selection and legume rotation for durum
wheat crops was greater in these experiments than shown in some other environments and
cropping systems (Ketata, 1987, Syria and Tunisia; Matar et al., 1992, Mediterranean basin;
Lopez-Bellido et al., 1998, Spain; Gan et al., 2003, America), but similar to that in others
(Gashawbeza et al., 2003).

Recent changes in the premium payable for protein have reduced the price penalty in
Australian durum wheat for protein of less than 13% (www.awb.com.au). Prices for durum
wheat can be higher compared to bread wheat when farmers achieve a grain protein of over

11.5% (APDR2 grade) or 13% (APDR1 grade), but similar to bread wheat where the protein
level is lower.
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At the York site, in 2001, where various split N treatments were applied, grain protein
was increased more in the durum cultivar using split N application at the same N rate when
grain yield was not changed significantly (Figure 3). This compares to experiments with
durum wheat in Syria where the grain yield response to added N was less when all the N
was applied at sowing compared to when it was all applied at tillering, but the percentage of
vitreous kernels (highly correlated with grain protein percentage) was greater (Anderson,
1985). The use of split N applications deserves further study as a means of meeting protein
targets in durum wheat. The yield and protein responses can be compared for this
experiment with the experiment at the same site in 1999 where the response of grain protein
to added N (50 kg/ha) was much less than in 2001. This was related to the increased grain
yield response in 1999 (7 kg of grain per kg of N compared to 4 kg grain of N in 2001). It is
possible that a strategy of split N application in the wet year of 1999 may have increased
protein more than applying all N at seeding.

Grain yield

B Bread whent B Durum wheat

1.0

Girain yield [tha]

05

o

.
n

v
.

Protein content

B PBread wheat ™ Dwruom wheat

L&

Protein content [ %)

Figure 3. Grain yield and grain protein responses of bread wheat cv. Carnamah and durum
wheat cv. Wollaroi to split N applications at York in 2001. S = applied at seeding, T = applied
at tillering, A = applied at anthesis. Vertical bars are standard errors.
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PLANT POPULATION

The range of optimum population (or crop density) in the experiments was between 93
and 160 plants/m?2. Farmers may use higher populations where competition with weeds is
likely. Our estimates should thus be viewed as minimum populations applicable to weed-
free situations.

The first grouping in the regression tree (Table 4) indicated that the only site with a very
heavy clay soil required more plants to reach the maximum grain yield (Group 3) than on the
loamy soils. Similar findings were reported by Del Cima et al. (2004) but are in contrast with
those of Anderson et al. (2004). The difference is probably a reflection of the soil type, which
can hold more water than the loamy soils to support a higher optimum plant population
(Table 4).

In the loamy soils, when water supply (SW + GSRF) was less than 143 mm, optimum
plant population to achieve maximum yield for the durum wheat cultivars was 95 plants/m?2
(Group 8) compared to bread wheat at 113 plants/m? (Group 9). This was the only grouping
where the durum and bread wheat cultivars responded differently. This discrimination is
based on regression tree approach which aims to maximize between inter-group variance
and minimize intra-group variance. The sites contained in Group 8 and in Group 9 were the
same (Cunderdin, Salmon Gums, Mullewa and Balla). These sites were located in the low
and medium rainfall zones in the South, Center and North of the cropping area. The sites
that fell into the remaining groups were also distributed across rainfall zones and latitudes.

Table 4. Optimum plant population as a function of soil type, water supply (0.2 PSRF +
GSRF) cultivar and N application as determined by a regression tree technique. Soil types
were Loam (Sandy loam to clay loam) and VHC (Very heavy clay). Durum wheat cultivars
used were Tamaroi and Wollaroi and bread wheat cultivars were Amerey and Spear.
Numbers in parentheses are standard deviations of the optimum populations.

Classification Criteria

Optimum
Soil Water Plant Group Mean Number of
type  supply Species = N-rate Population Number  sowing date sites/records
-- mm-- -kg ha'- -plants m?-
Loam <143 Durum 95(25) 8 26-May 4/21
Bread 113(23) 9 29-May 4/22
181-206 93(27) 20 24-May 3/22
> 206 126(39) 21 27-May 2/10
<181 0 129(42) 22 10-June 4/16
50 150(28) 23 29-May 3/16
VHC 160(29) 3 21-May 1/9

When the rainfall was between 181 and 206 mm the optimum plant population was 93
plants/m?2 (Group 20). However, when rainfall was > 206 mm, the optimum plant
population increased to 126 plants/m?2 (Group 21) and the mean grain yield was over 1 t/ha
more. This is qualitatively similar to the response reported by Anderson et al. (2004) who
found that the optimum population for bread wheat increased by about 40 - 50 plants/m?2 for
each ton of grain yield.

Application of N (50 kg/ha) increased the average grain yield and the optimum plant
population from 129 to 150 plants/m? when water supply was less than 181 mm (compare
Group 22 and 23). However, this was the only grouping where N application affected the
optimum population and it was not associated with a yield response at any of the sites.
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Under these circumstances it is unlikely that N fertilizer would be added in practice so the
recorded difference in optimum population is of doubtful practical significance.

The implication of these findings (summarized in Figure 4) is that durum wheat cultivars
required fewer plants than the bread wheat cultivars to reach their maximum yield in low
rainfall areas (< 143 mm water). When the seasonal water supply exceeded 143 mm both
durum and bread wheat required higher plant populations to reach their maximum yield.
This relationship is again in general agreement with Anderson et al. (2004) but the optimum
populations for a given yield level is somewhat higher. This was possibly due to the
predominance of loam and clay loam soils chosen for our experiments.
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Figure 4. Relationship between population and grain yield at the optimum plant population.
Numbers on the figure refer to the regression groups in Table 3, and the lines at a slope of 50
plants/m?2 for each 1 t/ha of yield, connect groups of sites described in the text.
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= 0.31%) of bread and durum wheat cultivars. Data are from the seeding rate experiments of
Series 2. Vertical bars are standard errors.
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The effect of increased plant population on grain protein was not consistent across sites.
There were only two sites where the grain protein was less than the delivery standard of
11.5% protein for the APDR2 Grade (Binnu 1998, 9.6 - 9.8% where soil pH was less than 5.5,
and Balla 1999, 10.1 - 10.6%, on a sandy soil). However, the average grain protein percentage
in the seed rate experiments (Series 2) was 11% higher in the durum wheat than in the bread
wheat cultivars when the yield was 19% lower (Figure 5).

Given that the average seed size of the durum wheat cultivars was larger than in the
bread wheat (40 - 45 mg for durum wheat vs. 35 - 40 mg for the bread wheat in our
experiments) and assuming a 75% establishment, the minimum seeding rate for durum
wheat for the range of optimum populations in Table 4 ranged from about 50 to 100 kg/ha.
Since reduced plant establishment is likely at high target populations (Del Cima et al., 2004)
it would be advisable to increase seed rates, above this range, when higher populations are
required (e.g. >150 plants/m?).

TIME OF SOWING

At eight of the twelve sites the earliest sowing gave the highest grain yields for all
cultivars. There was a significant effect of sowing time (P < 0.05) or an interaction between
cultivar and sowing time for grain yield in seven of the experiments (data from Series 3 and 4
used). The highest grain yields were obtained (Table 5) in the North (Mullewa) from sowing
dates between 14 May and 26 June. This is similar to the estimate of Kerr et al. (1992) in that
area for bread wheat. The length of the growing season in the North is about five months
and the average minimum temperature in the coolest month is about 7 C.

Table 5. Periods when the average grain yields at each site were maximum in the sowing
time experiments of Series 3 and 4.

Region/Location Sowing date
North

Mullewa 2000 May 25 - June 26

Mullewa 2001 (Series 3) May 14 - June 6

Mullewa 2001 (Series 4) May 14 - June 22
Optimum period May 14 - June 26
Central

Merredin 1999 8-June

York 1999 4-June

Cunderdin 2000 June 17 - June 29

Merredin 2000 June 17 - July 6

Merredin 2001 (Series 3) May 18 - June 5

Merredin 2001 (Series 4) May 18 - June 5
Optimum period May 18 - July 6
South

Salmon Gums 2000 10-May

Salmon Gums 2001 (Series 3) May 15 - May 31

Salmon Gums 2001 (Series 4) 15-May
Optimum period May 10 - May 31

In the center (Merredin, Cunderdin, York) the optimum period was 18 May to 6 July,
somewhat later than the period estimated for bread wheat by Anderson and Smith (1990).
The data were obtained from sites where the growing season is about six months and the
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average minimum temperature in the coolest month is about 5 C. In the South (Salmon
Gums) the optimum period was from 10 May to 31 May. This is a more restricted period
than estimated by previous authors (early May to early June, Shackley (2000) for a range of
southern locations, but our data were obtained from one, low rainfall site only. At this
location the average minimum temperature of the coolest month is 4.5 C and the growing
season varies between 5 and 7 months.

The significant interactions between variety and sowing time for grain yield (4
experiments) indicated that the short season durum cultivar Wollaroi lost less yield from late
sowings than the other cultivars (13 kg/ha/day compared to 22 kg/ha/day for Spear). This
is similar to the results of Ketata (1987) for countries in the Mediterranean basin. Generally,
bread wheat cultivars Spear and Westonia out-yielded the durum cultivars Tamaroi and
Wollaroi by about 16% at earlier sowings (1st week of June) and by 13% at later sowings (3rd
week of June). The yield advantage of the bread wheat cultivars was possibly due to superior
local adaptation.

GRAIN YIELD AND PROTEIN OF DURUM WHEAT RELATIVE TO BREAD WHEAT

Bread wheat cultivars out-yielded durum wheat cultivars in all cases of our experiments.
Given that the highest seasonal rainfall recorded for our experiments was only 347 mm (Site
7 in 1999) this result is similar to that of Zubaidi et al. (1999) in South Australia, where
durum wheat cultivars only equaled or out-yielded bread wheat in zones where the average
rainfall exceeded 450 mm. However, Ketata (1987) reported that in Syria, under seasonal
rainfall that ranged from about 150 to 450 mm, durum wheat out-yielded bread wheat and
responded more to increased seasonal rainfall.

The interaction between time of sowing and cultivars for grain protein was significant at
4 sites. The interaction showed that the durum wheat cultivars had more than a 1% higher
grain protein at both sowing times (Table 6). At these sites the average grain protein of the
durum wheat exceeded the minimum of 13% required for the Australian Durum 1 (ADR1)
grade.

Table 6. Average grain protein (%) for two bread and two durum wheat cultivars at two
sowing times. Data are the mean of 4 sites where the cultivar x sowing date interaction was
significant (P < 0.05). Standard errors are in parenthesis.

Sowing time

Wheat species Late May Late June
%
Bread 12.2 (1.32) 12.5 (1.31)
Durum 13.6 (1.45) 13.7 (1.22)
COMBINED RESPONSES

In the factorial experiments (Series 3) where a durum and a bread wheat cultivar were
compared for their responses to early sowing (May), N fertilizer (50 kg of N) and higher
plant population (50 vs. 200 plants/m?), in both cultivars early sowing gave the most
frequent yield increase. There were no consistent higher order interactions. There were 4
sites at which there were no yield responses to management practices and it is assumed that
either the rotation history and soil type at these sites were sufficient to achieve the rainfall
limited yield potential without changing the management, or that some unidentified factor
was limiting the response to plant population, sowing time or N rate.
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CONCLUSIONS

The currently available durum wheat cultivars tested in our experiments yielded about
16% less on average than locally adapted bread wheat cultivars. It appears that unless this
yield gap can be reduced or closed, as is the case in other areas, it will be difficult for farmers
in Western Australia to produce the crop profitably. However, the protein content of durum
was about 1% higher when compared at similar grain yields as bread wheat. The average
price advantage for durum wheat compared to bread wheat at 13% protein has been about
9% over the period from 1996 (www.awb.com.au; verified 27. Dec., 2011). This advantage
can be greater in some years. However, the reduced N requirement to achieve a high grain
protein in durum wheat should be considered when evaluating the potential profitability of
the crop compared to bread wheat.

The following agronomic practices appear to be suitable for the production of durum
wheat in Western Australia:

e Loam or clay loam soils were satisfactory for durum wheat production, where the crop
was grown after legumes. This combination of soil type selection and legume rotation is
probably more advisable in Western Australia than in more traditional areas of durum
wheat growing.

e When the crop was grown on clay or clay loam soils in a legume rotation there was no
yield response to added N fertilizer. This implies that N fertilizer will not be required at
the yield levels found in these experiments, provided that appropriate soil types and
rotations are chosen.

e The optimum sowing period for the durum cultivars tested was late May to early June in
the North of the state, in June in the Center and in May in the South. However, this may
change when locally adapted durum wheat cultivars of different maturity become
available. The growing season in the countries of the northern hemisphere is probably
slightly longer at 5 - 7 months than that indicated by these experiments in Western
Australia. This is possibly related to deeper soils that can hold more available water.

e The minimum plant population (crop density) to obtain the maximum grain yield of
durum wheat, in weed-free situations, was similar to that required for bread wheat (40 -
50 plants/m?2 for each ton of expected yield), except in lower rainfall situations where
lower populations were adequate.

e The grain weight of durum wheat cultivars is typically higher than in bread wheat
cultivars, so the average, minimum seed rate to maximize grain yield is about 25-30%
greater. Based on our experiments this gives seeding rates of about 50 - 100 kg/ha based.
Our experience is that local farmers are unlikely to use seed rates at the lower end of this
range since they rely on higher seed rates as part of their integrated weed management
systems. This is probably similar to commercial practice in traditional areas.

The major requirements for further research that are indicated by this research fall into
two areas. Firstly, there is a need to develop and test locally adapted durum wheat cultivars
that will close the yield gap to bread wheat and possibly extend the length of the growing
season through earlier sowing when rainfall allows. Secondly, it is desirable to test the
adaptation and agronomic requirements of durum wheat when grown on other common soil
types such as sandy or duplex soils, or even acid soils.
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