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Abstract: Research was conducted to examine the marketable yield and fruit weight of
six strawberry cultivars (Fragaria × ananassa Duch. ‘Festival’, ‘Fortuna’, ‘Brilliance’, ‘Red
Rhapsody’, ‘Sundrench’ and ‘Suzie’) over two years in subtropical Queensland, Australia.
In the first year, the transplants were planted on 30 March, while in the second year, they
were planted on 22 April. The average daily minimum temperature was 3 ◦C higher than
the long-term average for the area from 1965 to 1990, while the average daily maximum tem-
perature was 1 ◦C higher. Temperatures and solar radiation were similar in the two years
of the study. In contrast, it was wetter in the second year (478 mm) than in the first year
(332 mm). Average yield was lower in the second year (142 ± 10 g/plant) than in the
first year (330 ± 9 g/plant) (p < 0.001), possibly due to a later planting. Higher rainfall
in the second year may have also contributed to a higher incidence of rain damage and
fruit rots. Yield was lower in ‘Sundrench’ (176 g/plant) than in the other cultivars (235 to
252 g/plant) (p = 0.003). Fruit weight was lower in the second year (18.2 g) than in the first
year (23.8 g) (p < 0.001), and lower in ‘Festival’ and ‘Fortuna’ (18.2 and 19.4 g), intermediate
in ‘Brilliance’, ‘Red Rhapsody’ and ‘Sundrench’ (21.0, 21.3 and 21.8 g) and higher in ‘Suzie’
(24.3 g) (p < 0.001). These results demonstrate that yield and fruit size vary in cultivars
in Queensland. ‘Suzie’ had the largest fruit, favoring marketing. The low productivity of
‘Sundrench’ suggests that this cultivar is not commercially viable in Queensland. Yields are
expected to decline in the future under global warming, in the absence of better-adapted
cultivars and other mitigating strategies. Further evaluations of cultivars in Queensland
are required under different growing practices, including earlier times of planting, higher
plant densities, light shade and protected cropping.

Keywords: climate; cultivar; fruit weight; subtropical; yield

1. Introduction
Strawberry (Fragaria × ananassa Duch.) is one of the most important fruit crops grown

around the world and is the leading fruit in the berry catalogue [1]. Total production is
about 10 million tonnes, with the crop important in China, the United States, Mexico and
several countries in Europe [2,3]. The plants are adapted to a range of environments and
are grown in locations with a cool temperate climate (e.g., Norway), a warm subtropical
climate (e.g., Florida and Argentina) and a Mediterranean climate (e.g., Spain, Italy and
California) [4–6]. In tropical locations such as Malaysia and Indonesia, the crop is grown
at elevation above 1000 m [7,8]. Plant breeding has been active in the last 200 years,
with higher yields, better fruit quality and resistance to the major diseases affecting the
crop [9–11]. The plants are grown under different production systems, including protected
cropping and open-field cultivation. Plants under tunnels or in glasshouses can be grown
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in benches using soil-less technology. Tunnels are important in the United Kingdom and
Spain and in other areas in Europe, but they are less common in the United States and
elsewhere [12,13]. Most producers use conventional agronomy, although there is interest in
organic or similar low-input technologies [14].

Strawberry is an important crop in Australia, with growers producing 90,000 tonnes
of fruit worth AUD (Australian Dollars) 450 million each year [15]. Strawberries are the
second most important fruit after banana and are the most important of the berry crops. A
range in geography, climates, cultivars and production systems allows for cropping across
the whole year. The main production centers are in Queensland (42%), Victoria (36%) and
Western Australia (10%). There are smaller industries in South Australia (7%), Tasmania
(4%) and New South Wales (1%) [16]. No fruit is produced in the North Territory, where it
is too warm for commercial production. Most of the plantings are in the open field, with
less than 5% under protected cropping. ‘Red Rhapsody’ is the main cultivar in subtropical
areas, while ‘Albion’ is the main cultivar in temperate areas. Eighty-seven percent of the
supply goes to the retail sector and 13 percent to the food service sector [15]. There are
two principal areas in Queensland, each with a different production season. The winter
crop is produced from May to October on the Sunshine Coast, while the summer crop is
produced from October to May at elevation on the Granite Belt. A review of production
in Queensland and elsewhere indicated that increases in temperature since 1967 were
associated with a decrease in yield of 28% in southeast Queensland [17].

The profitability of strawberry growing depends on the yields of the plants, the costs of
production and the prices received for the fruit. Strawberries encounter competition during
winter across Australia from other popular berries, including blueberries, blackberries and
raspberries. Information collected on the throughput and prices for strawberries consigned
to the Brisbane Markets in southern Queensland from 2010 to 2020 indicated the strong
relationship between supply and demand during the main season in Queensland [15].
About 2000 to 4000 tonnes of fruit were sold from May to October each year from 2010 to
2020. Throughput increased from May to August and then decreased in September. The
average price decreased from AUD 3.37 per 250 g punnet in May to AUD 1.39 in August
and to AUD 1.17 in September. Average prices were close to the costs of production in
August and below the costs of production in September.

There is limited information on the yields of strawberry cultivars in the open field in
Queensland. Herrington et al. [18] grew five cultivars (‘Camarosa’, ‘Festival’, ‘Kabarla’,
‘Rubygem’ and ‘Selva’) over a single season in Cleveland. There were three repli-
cates/treatment and six plants/plot. Yields from June to August ranged from 347 to
700 g/plant. In a second study, Herrington et al. [19] grew four cultivars (‘Festival’, ‘For-
tuna’, ‘Red Rhapsody’ and ‘Suncoast Delight’) in Nambour from 2012 to 2018. There were
three replicates/treatment and 15 plants/plot. It was not indicated if all the cultivars were
grown every season. Yields from May to August ranged from 467 to 715 g/plant. Several
of the cultivars in these earlier studies are not grown in Queensland anymore. There is
also a problem with the estimation of productivity in these studies, with only data on
total yields presented. A review of productivity in strawberry indicated that marketable
yield had a linear, but inconsistent, relationship with total yield across different cultivars,
sites and years [20]. The slope from the regression between marketable and total yield
ranged from 0.25 to 0.99, with a median of 0.80, and a mean (± s.e. or standard error)
of 0.78 ± 0.01. Marketable yield could not be predicted from total yield. The results of
this review demonstrated that marketable yield is a better indicator of productivity than
total yield.

This paper examines the performance of six strawberry cultivars grown over two years
in subtropical Queensland, Australia. The main objective of the study was to determine the
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marketable yield and fruit weight of new cultivars available to the industry. The cultivars
chosen were the most popular of the current gene pool with commercial producers and
were readily available from the plant nurseries. Additional data were collected on the
weather during the experiment and how these related to long-term conditions for the area
under global warming.

2. Materials and Methods
2.1. Treatments and Experimental Design

Containerized transplants of ‘Festival’, ‘Fortuna’, ‘Brilliance’, ‘Red Rhapsody’, ‘Sun-
drench’ and ‘Suzie’ were planted on 30 March in 2023 and on 22 April 2024 in the open field
at Nambour in Queensland, Australia (latitude 26◦62′ S, longitude 152◦96′ E and elevation
29 m). The transplants were grown in 72 cell-trays with 41 cm3 cells sourced from a nursery
in Armidale, New South Wales (latitude 30◦30′ S, longitude 153◦39′ E and elevation 980 m).
The cultivars were planted in randomized blocks with six replicate blocks/cultivar and
20 plants/plot (120 plants/cultivar).

2.2. Plant Maintenance

The transplants were planted through plastic, in double-row beds 70 cm wide and
130 cm apart from the centers and grown at 30 cm between the rows and 30 cm within the
rows. This planting gave a density of 51,282 plants/ha. Irrigation was provided through
drip-tape under the plastic when the soil water potential at a 25 cm depth fell below
−10 kPa. The plants received a total of 117 kg/ha of N, 24 kg/ha of P, 165 kg/ha of K,
7 kg/ha of Ca and 13 kg/ha of Mg through the irrigation each year.

2.3. Climatic and Soil Conditions

Nambour has a subtropical climate, with cool, dry winters and warm, wet summers.
The average maximum and minimum temperatures in July are 21.6 ◦C and 10.6 ◦C, while
the average maximum and minimum temperatures in December are 29.1 ◦C and 19.5 ◦C.
Total annual rainfall is 1627 mm, and average solar radiation is 17.8 MJ/day. The soil at the
experimental site was a well-drained sandy clay loam.

2.4. Data Collection

Mature fruit were harvested weekly to assess marketable yield, the number of fruit
per plant and fruit weight from 21 June to 6 September in 2023 (12 harvests) and from
3 July to 18 September in 2024 (12 harvests). Fruit were harvested from 20 plants/plot, with
six plots/treatment (120 plants/treatment). Marketable fruit were at least 12 g fresh weight
and were not affected by rain or gray mould (Botrytis cinerea) or were misshapen or had
other defects. The non-marketable fruit were harvested and discarded. Daily maximum
and minimum temperatures, monthly rainfall and daily solar radiation data were collected
at the site from the Bureau of Meteorology (www.bom.gov.au), accessed on 30 October
2024. Average values for temperature and radiation for each month are presented along
with total values for rainfall. These data were compared with long-term values for the area.

2.5. Statistical Analyses

Data on yield, the number of fruit per plant and mean average seasonal fruit weight were
analyzed by two-way analysis of variance (ANOVA, two years × six cultivars × six blocks)
using GenStat (Version 24; VSN International, Hemel Hempstead, UK). Treatment means
were separated by calculating least significant differences (LSDs) from the ANOVAs. The
relationships between yield, the number of fruit per plant and average fruit weight were
analyzed by regression and fitted using the graphical software program SigmaPlot (Ver-

www.bom.gov.au
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sion 15; Systat, Chicago, IL, USA). The seasonal changes in cumulative yields were fitted to
linear or dose-logistic regressions.

3. Results
3.1. Weather

In the first year, the average daily maximum and minimum temperatures from April to
September were 24.3 ◦C and 12.8 ◦C (Table 1). Average solar radiation was 15.1 MJ/m2/day,
and total rainfall was 332 mm. In the second year, the average maximum and minimum
temperatures were 24.1 ◦C and 13.4 ◦C (Table 1). Average radiation was 15.2 MJ/m2/day,
and rainfall was 478 mm. Temperature and light conditions were similar in the two seasons,
whereas it was drier in 2023 than in 2024. During the experiments, the average daily
minimum temperature was 3 ◦C higher than the long-term average for the area from 1965
to 1990, while the average daily maximum temperature was 1 ◦C higher (Table 1). Radiation
levels were similar to long-term values, while it was slightly drier in 2023 and 2024.

Table 1. Daily temperatures, solar radiation, and total monthly rainfall at Nambour. Long-term
average temperatures (1965 to 1990), solar radiation (2004 to 2019) and rainfall (2007 to 2019) are
also presented.

Period April May June July August September Mean
or Total

2023
Mean daily max. temperature (◦C) 27.2 23.5 23.3 22.4 24.3 25.1 24.3
Mean daily min. temperature (◦C) 16.6 11.1 11.4 11.0 12.8 13.6 12.8

Mean daily solar radiation (MJ/m2) 16.1 14.5 12.9 12.8 15.5 18.9 15.1
Total monthly rainfall (mm) 59 103 32 65 36 37 332

2024
Mean daily max. temperature (◦C) 26.5 23.8 22.2 21.1 24.9 26.2 24.1
Mean daily min. temperature (◦C) 17.5 14.5 10.3 10.5 13.4 14.1 13.4

Mean daily solar radiation (MJ/m2) 16.2 13.7 13.2 13.3 15.4 19.2 15.2
Total monthly rainfall (mm) 142 68 23 52 172 21 478

Long-term average
Mean daily max. temperature (◦C) 26.1 23.5 21.3 20.8 22.3 24.6 23.1
Mean daily min. temperature (◦C) 15.0 11.7 8.5 7.0 7.4 9.8 9.9

Mean daily solar radiation (MJ/m2) 16.2 13.7 11.7 13.1 16.1 18.9 15.0
Total monthly rainfall (mm) 160 109 110 57 45 48 529

3.2. Yield and Fruit Weight

There was no significant interaction between year and cultivar on marketable yield, the
number of fruit per plant or on fruit weight (Table 2; p > 0.05). Hence, only the means of the
main plots are presented. Average yield across the cultivars was lower in the second year
(142 g/plant) than in the first year (330 g/plant) (Table 2; p < 0.001). Average yield across
the two years was lower in ‘Sundrench’ and higher in the other cultivars (p = 0.003). Fruit
weight was lower in the second year (18.2 g) than in the first year (23.8 g) (p < 0.001),
and lower in ‘Festival’ and ‘Fortuna’, intermediate in ‘Brilliance’, ‘Red Rhapsody’ and
‘Sundrench’ and higher in ‘Suzie’ (p < 0.001).
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Table 2. Variations in marketable yield, number of fruit per plant and mean seasonal fruit weight
in six strawberry cultivars over two years in Queensland. Data are the means of six replicates per
cultivar with standard errors (s.e.). Means in the two groups in a column followed by a common
letter are not significantly different by the Fisher’s least significant test at 5% level of significance.

Year and Cultivar Marketable Yield
(g/plant)

Number of Fruit
per Plant Fruit Weight (g)

2023 331 ± 9 b 13.9 ± 0.3 b 23.8 ± 0.4 b
2024 142 ± 10 a 8.0 ± 0.6 a 18.2 ± 0.4 a

Festival 249 ± 31 b 13.2 ± 1.3 c 18.2 ± 0.9 a
Fortuna 235 ± 31 b 11.5 ± 1.1 b 19.4 ± 1.0 a

Brilliance 252 ± 31 b 11.7 ± 1.0 b 21.0 ± 1.1 b
Red Rhapsody 244 ± 28 b 11.1 ± 0.8 b 21.3 ± 1.0 b

Sundrench 176 ± 37 a 7.6 ± 1.4 a 21.8 ± 0.8 b
Suzie 262 ± 34 b 10.6 ± 1.0 b 24.3 ± 1.1 c

3.3. Relationship Between Yield, and Fruit Number and Fruit Weight

Yield is dependent on both the number of fruit per plant and the size of the fruit. In
the present experiments, there were linear relationships between yield and the number of
fruit per plant and fruit weight (Figure 1). Yield was more strongly related to the number
of fruits per plant (p < 0.001; R2 = 0.88) than to fruit weight (p < 0.001; R2 = 0.54) across the
six cultivars and two years (Figure 1).
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Figure 1. Relationships between marketable yield and the number of fruit per plant and fruit weight
in six strawberry cultivars over two years in Queensland. Yield (g/plant) = Intercept + 25.5 × Number
of fruit per plant (p < 0.001, R2 = 0.88, n = 72). Yield (g/plant) = Intercept + 21.9 × Fruit weight (g)
(p < 0.001, R2 = 0.54, n = 72).

3.4. Seasonal Changes in Yield

Fruit production is related to flower initiation in strawberry. Changes in cumulative
yields over the season followed linear or dose-logistic models, with no fruit produced in the
first 70 to 90 days after planting (p < 0.001; R2 = 0.98 to 0.99) (Figures 2 and 3). These results
suggest that the transplants did not initiate flowers in the nursery or soon after planting.
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Horticulturae 2025, 11, 226 7 of 12

Horticulturae 2025, 11, x FOR PEER REVIEW 7 of 12 
 

 

60 80 100 120 140 160

0

50

100

150

200

250

60 80 100 120 140 160

M
ar

ke
ta

bl
e 

yi
el

d 
(g

/p
la

nt
)

0

50

100

150

200

250

60 80 100 120 140 160

60 80 100 120 140 160

0

50

100

150

200

250

60 80 100 120 140 160

Festival Fortuna

Brilliance Red Rhapsody

Sundrench Suzie

Day since planting  

Figure 3. Seasonal changes in cumulative marketable yield in six strawberry cultivars in Queensland 
in 2024. Data are the means of six replicates per cultivar with standard errors (s.e.). The changes in 
yield followed dose-logistic regressions (p < 0.001, R2s = 0.98 to 0.99, n = 12). 

4. Discussion 
The performance of the strawberry plants in Queensland was influenced by the cul-

tivar and the year. One cultivar (‘Sundrench’) had lower marketable yields than the other 
cultivars. Overall, ‘Suzie’ had the largest fruit. These results suggest that ‘Sundrench’ is 

Figure 3. Seasonal changes in cumulative marketable yield in six strawberry cultivars in Queensland
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4. Discussion
The performance of the strawberry plants in Queensland was influenced by the

cultivar and the year. One cultivar (‘Sundrench’) had lower marketable yields than the
other cultivars. Overall, ‘Suzie’ had the largest fruit. These results suggest that ‘Sundrench’
is not commercially viable in Queensland. Lower yields in the second year were associated
with a later planting and possibly a higher incidence of rain damage and fruit rots under
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higher rainfall. Temperatures were above the long-term averages for the area, and this
possibly affected productivity.

The yields of the plants varied with the cultivar. ‘Sundrench’ had lower yields than
the other cultivars across the two years (Table 2). Yield in strawberry depends on the
cultivar, time of planting and the environment (especially temperature). Researchers in
Florida collected data on the yield of three cultivars using different irrigation strategies [21].
Florida has a climate similar with that of southeast Queensland and produces berries
over winter and spring. The workers in Florida reported that mean marketable yield
(± s.e.) was 484 ± 23 g/plant in the first year and 567 ± 10 g/plant in the second year [17].
The nursery plants were planted on 18 October, which is equivalent to 18 April in the
southern hemisphere.

The yields of the plants were only half in the second year (planted on 22 April)
compared with the first year (planted on 30 March) (Table 2). This response was consistent
across the six cultivars. Previous research showed that time of planting affected the
productivity of strawberry in Queensland and Florida [22–27]. In some studies, yields were
higher with intermediate plantings, with lower yields with early or late plantings. In others,
yields decreased as planting was delayed, or there was no clear response. Low yields with
late plantings are associated with a short production season in the fruiting fields [22]. The
supply of transplants in Queensland varies each season with the weather and operational
issues in the commercial nurseries. The optimum time of planting for most cultivars is from
mid-March to early April, but sometimes plants are not supplied until after this window.

Lower yields in the second year compared with the first year were also associated with
higher rainfall (478 mm versus 332 from April to September). Higher rainfall in the second
year may have also contributed to a higher incidence of rain damage and fruit rots, as
previously demonstrated in Florida [28] and Queensland [29]. Menzel et al. [30] studied the
incidence of rain damage and fruit rots in strawberry over three years in Queensland. The
number of fruit that were affected by rain or disease or both was recorded. Fruit that were
affected by rain and disease were rated as diseased and were non-marketable. The main
disease affecting the crop in 2012 was gray mould, with less than 1% incidence of stem-end
rot. The incidence of stem-end rot in the water-treated controls was 11.3 ± 0.4% in 2013 and
5.6 ± 1.4% in 2014. The incidence of gray mold was 38.0 ± 0.5% in 2012, 18.8 ± 1.6% in 2013,
and 19.2 ± 1.8% in 2014. The incidence of disease increased after heavy rain or over-head
irrigation. There were strong negative relationships between marketable yield and the
incidence of unmarketable fruit (rain and disease) over the three years (R2s = 0.82 to 0.93).
The contribution of rain damage and fruit rots to low yields in some cultivars needs to be
explored in future studies in Queensland.

Strawberry plants develop new crowns, roots, leaves, inflorescences and stolons over
the growing season, depending on the weather (especially temperature and photope-
riod) [31]. The shoot apical meristem and the axillary meristems at the base of each leaf
initiate new growth [32]. When the terminal meristem produces an inflorescence, the up-
permost axillary meristem of the rosette produces an inflorescence-bearing branch crown.
Other axillary meristems produce more branch crowns or stolons or remain dormant,
depending on the environment. This pattern of growth results in cycles of flowering and
fruiting and increases in plant weight as the season progresses [33,34]. In the current study,
increases in yield followed linear or dose-logistic models, with no fruit produced in the first
70 to 90 days after planting (Figures 2 and 3). These results suggest that the transplants did
not initiate flowers in the nursery or soon after planting. The harvests ended in September
when average prices in Queensland are below the costs of production.

The pattern of cropping in strawberry varies with the cultivar and growing environ-
ment. Diel and colleagues [35–37] demonstrated that there were strong logistic relationships
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between accumulated yield and the accumulation of heat units over the season in several
cultivars in Brazil. Pinochet and Agehara [38] showed that early and mid-season fruit
production in three cultivars (‘Florida Radiance’, ‘Florida Brilliance’ and ‘Florida Beauty’)
in Florida followed a Gaussian distribution. This model had a symmetrical bell-shaped
curve, with the goodness of fit very high in the study (R2s = 0.93 to 0.96).

No information was collected on plant growth in the current work. Several studies
have reported on the relationship between fruit production and growth in Queensland
and elsewhere [39–41]. Typically, heavy flowering and fruit set or high yields reflected leaf
initiation or leaf area expansion. Menzel and Smith [40] studied the performance of ‘Festival’
over five years at Nambour. There were strong relationships between the growth of the
flowers and immature fruit and leaf expansion across the growing season (R2 = 0.81) and
across the five different years (R2 = 0.86). These results indicated that potential productivity
was strongly linked to the expansion of the leaves in this environment. Menzel [41]
investigated the growth of seven cultivars and breeding lines planted from March to
May from 2004 to 2016 in Queensland. Information was collected on the number of fully
expanded leaves and dry weight of the flowers and fruit (n = 23). Potential yield, as
indicated by the dry weight of the flowers and immature fruit/plant, increased up to 40 to
45 leaves/plant (R2 = 0.49 or 0.50), suggesting that the cultivars did not have excessive leaf
production. The results of this study suggested that the development of new cultivars with
more leaves/plant might increase cropping of strawberries growing in the subtropics.

The size of the fruit has a strong effect on the profitability of growing strawberries.
Cultivars with large fruit have a high proportion of marketable or First-Class fruit and
higher returns than cultivars with small fruit. In the current study, fruit weight ranged
across the six cultivars and the two seasons. ‘Festival’ and ‘Fortuna’ had small fruit and
‘Suzie’ had large fruit, and the fruit were larger in the first year than in the second year.
Fruit weight was not analyzed across the different harvests. Previous research in this area
has demonstrated that fruit weight decreases as the season progresses and the weather
warms up [42,43].

Climate change will affect strawberry production in many areas around the globe,
with lower yields, smaller fruit and lower concentrations of sugars in the fruit [44–49]. In
the current study in Queensland, the average daily minimum temperature was 3 ◦C higher
than the long-term average for the area, while the average daily maximum temperature was
1 ◦C higher (Table 1). Menzel [17] indicated that there was a negative linear relationship
between yield and temperature in strawberry in the published literature. The mean (± s.d.
or standard deviation) estimate of the slope from the regression was −0.14 (± 0.14), the
median was −0.11, and the range was from −0.51 to 0.11 (n = 14 studies). Increases in
temperature are associated with a decrease in yield of 28% in subtropical Queensland
from 1967 to 2021. Yields and quality are expected to decline in the future under global
warming, in the absence of better-adapted cultivars. Other possible solutions to global
warming include earlier times of planting, higher plant densities, shading and the use of
protected cropping.

5. Conclusions
The marketable yield and fruit weight of strawberry plants growing in subtropical

Queensland varied with the cultivar and year. ‘Sundrench’ had lower yields than the other
cultivars, while ‘Suzie’ had the largest fruit. The low productivity of ‘Sundrench’ suggests
that this cultivar is not commercially viable in Queensland. Lower yields in the second
year were associated with a later planting. Higher rainfall in the second year may have
also contributed to a higher incidence of rain damage and fruit rots. The average daily
minimum temperature was 3 ◦C higher than the long-term average, while the average
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daily maximum temperature was 1 ◦C higher. Yields are expected to decline in the future
under global warming, in the absence of better-adapted cultivars and other mitigating
strategies. Further evaluations of cultivars in Queensland are required under different
growing practices, including earlier times of planting, higher plant densities, light shade
and protected cropping.
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