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Abstract
PRODUCTION PEAKED IN the Herbert River mills in 2005 but since then productivity has
declined. Analysis of mill data in the Herbert has successfully identified groups of
farms with similar productivity over time and the major factors associated with these
groupings. The major finding of the study was that those growers who have adopted
new farming systems had significantly higher productivity than those who use
traditional practices. The impact of the Pachymetra resistance of previous varieties on
yield of the current crop was also significant, suggesting this may be a major factor
contributing to poor ratooning in the Herbert. In the small farm size groups, low and
high performing growers had similar levels of % plant, % young crops, % old crops
and % old varieties. However, the low and high performing groups varied significantly
in terms of new varieties, suggesting that the small farm size low performing group
were not adopting the new, more productive varieties to the same extent as the small
farm size high performing group. Manager’s age was also an important factor associated
with cane yields. Growers who regularly (five or six years out of six) obtained clean
seed had more than 10% higher yields than growers who never or infrequently obtained
clean seed and greater than 6% higher yields than growers who only obtained clean seed
in three or four years out of six. Results from this research has allowed the Herbert Cane
Productivity Services Limited (HCPSL) to design targeted extension strategies with the
region. This will result in better variety recommendations and increase productivity.
Introduction
Long term average cane and sugar yields in Herbert River mill area are 80 and 11 t/ha
respectively (Garside et al., 2014). However, since 2005 tonnes delivered to the mill has declined
from 5.5 to 4.2 Mt in 2014. Cane and sugar yields during this period have also been below average,
particularly in 2011.
Although some of this regional variation can be explained by extreme weather events or
disease incursions it is important to identify those causes which can be controlled in order to increase
production/profitability for industry. As part of this process the Herbert Cane Productivity Services
Limited (HCPSL) launched an initiative to increase productivity to 85 t/ha (Target 85) in 2014.
Previous research by Garside et al., (2014) to identify issues affecting productivity in the
Herbert examined the impact of varieties, season conditions and crop management had on
productivity. They found that water management, various aspects of harvesting and season length
were the main factors influencing productivity in the Herbert.
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This paper reports on innovative tools to analyse and summarise Herbert River mill data to
identify production units performing below potential and the factors associated with this.
Extension and advisory service companies could then design strategic adoption strategies for
targeted audiences. This will result in increased production by optimising extension programs and
variety recommendations.
Materials and methods
Cluster analysis
Rake data from the Herbert River mills for 2005–2014 from Wilmar Sugar Australia was
used in this study. Exploratory data analyses were undertaken on cane yield versus farm size to
identify any potential outliers. Across all ten years there were only three values of cane yield that
were greater 160 t/ha. These very high values were identified as outliers and were removed before
any further analyses were conducted.
To identify and understand the key factors affecting productivity in the Herbert, an
exploratory data mining tool called cluster analysis was used. This method groups a set of objects
in such a way that objects in the same group (cluster) are more similar to each other than to those in
other groups (Tabachnick and Fidell, 2013).
Previous research by Garside (2013) and Larsen (unpublished data) in the Herbert suggests
that between 25–30% of the variation in cane yield is due to weather. Hence, prior to cluster
analyses the effect of season was removed by a fixed effect in the linear mixed model. These
analyses were performed using ASReml (Gilmour et al., 1996).
Hierarchical agglomerative clustering using Ward’s method was undertaken on the data
(Ward, 1963). Three sets of clustering were undertaken:
1.
2005–2013 for cane yield and hectares harvested
2.
2006–2014 for sugar yield and hectares harvested
3.
2010–2014 for cane yield and hectares harvested
These different clustering sets were needed as the factors which were used to relate to the
groupings were not across all years.
The rake data from 2005–2014 contained 1029 unique FarmSplits. Note that in the Herbert a
FarmSplit is equivalent to a FarmNo in other mill regions. FarmSplits < 10ha were omitted prior to
analyses.
In the analyses, a FarmSplit must have data across all years to enable the major trends to be
identified. Hence, if a grower was farming in the early years but not now, or only recently joined
the industry, they would not be included.
In the second set of clustering undertaken on sugar yield and hectares harvested, 2005 was
dropped as this contained a higher than normal amount of plant crop due to the large expansion in
this year. Analyses were undertaken using SAS 9.4 User’s Guide (2013).
Factors associated with clusters
The objectives of the study were to identify the factors associated with clusters and then
develop different extension programs for farms within the clusters, with the aim of optimising
variety recommendations and increasing productivity. Some of the factors associated with the
clusters which have been considered are:
•
districts
•
demographics
•
management practices/farming systems
•
effect of Pachymetra resistance of previous variety on Pachymetra levels and yield
•
variety performance and management
•
clean seed.
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Results
Cluster analysis
Results of the cluster analysis undertaken on cane yield and area harvested are given in
Figure 1. The number of clusters that have similar productivity over time is somewhat arbitrary.
You can have as many or few as you like.
With eight clusters there seemed to be quite good differentiation within each group
distinguished by a different colour in Figure 1. Each cluster contains a different number of
FarmSplits. The highest performing cluster in 2005 (cluster 4) was still the highest performing
group in 2013 and similarly for the low performing group (cluster 2).

Fig. 1—Performance of clusters for cane yield from Herbert River mills from 2005–2013.

The performance of the eight clusters versus area harvested for cane yield from 2005–2013
is given in Figure 2. The different colours in the graph are for the eight clusters. To maintain
confidentiality for the small number of growers who harvest greater than 400 ha per FarmSplit, their
performance has been hidden in Figure 2.
The number of FarmSplits in each cluster is identified in Figure 2. Cluster 1 is the high
performing small farm size growers and contained 125 FarmSplits while Cluster 4 is the poor
performing small farm size growers and contained 169 FarmSplits. The FarmSplits circled in dark
blue lie just below the HCPSL Target 85. It is possible that with tailored extension practices these
FarmSplits could increase productivity to above 85 t/ha.
The performance of the eight clusters versus area harvested for sugar yield from 2006–2014
is given in Figure 3. As for Figure 2 the different colours in the graph are for the eight clusters. To
maintain confidentiality for the small number of growers who harvest greater than 400 ha per
FarmSplit these have been hidden in Figure 3.
In the analysis of data from 2010–2014, ten clusters were needed to obtain good
differentiation between the small sized low performing group and the small sized high performing
group. The performance of the 10 clusters versus area harvested for cane yield from 2010–2014 is
given in Figure 4. As for Figure 2 the different colours in the graph are for the 10 clusters. To
maintain confidentiality for growers who harvest greater than 400 ha per FarmSplit these have been
hidden.
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Fig. 2—Performance of 8 clusters versus area harvested for cane yield in
the Herbert from 2005–2013.

Fig. 3—Performance of eight clusters versus area harvested for sugar yield
in the Herbert from 2006–2014.
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Fig. 4—Performance of 10 clusters versus area harvested for cane yield in
the Herbert from 2010–2014.

Factors associated with clusters
Districts
Within the Herbert River mills areas there are six districts which tend to reflect different
climatic zones to some extent (Garside, 2013). The average cane yield for the six districts from
2005–2013 and proportion of total area are given in Figure 5. Approximately 70% of the area is
designated ‘wet’ and 30% ‘dry’.

Fig. 5—Average cane yield from 2005–2013 and proportion of total area for six Herbert districts.

In Figure 6, a map of the clusters with Figure 2 positioned in the bottom right hand corner as
a reference is shown. The colours in the map and cluster graph correspond, so cluster 1 (royal blue)
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in both is the small sized high performing FarmSplits and cluster 4 (brown) is small sized low
performing group. Examination of Figure 4 reveals that there is no association between cluster
group membership and district.

Fig. 6—Map of the clusters in relation to cluster grouping.

Cane yield (t/ha)

Demographics
HCPSL has data on age of the managers of FarmSplits in the Herbert from 2008–2012. The
data were broken up into ages of <40, 40–50, 50–60, 60–70 and > 70. Figure 7 gives the cane yields
for the five different age groups together with the proportion of FarmSplits in each group. Highest
productivity was noted for managers in the 40–50 age group and this represents 33% of the area in
the Herbert.
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Fig. 7—Age categories for managers of FarmSplits and cane yield in the Herbert.
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The proportion of each age group in the eight clusters is given in Figure 8 with Figure 2
positioned in the top right hand corner as a reference.

Fig. 8—Demographic data (% of cluster in each age group) for 62% each
cluster for cane yield from 2005–2013.

Age of the managers of the FamSplits was an important factor affecting cane yields. In
cluster 1, which is the high performing small farm size group, 76% of the managers of the
FarmSplits were < 60 years of age. In contrast to this was the small farm size low performing
cluster 4 which had 62% < 60.
Management practices/farming systems
The 863 FarmSplits in the 2014 season were categorised into two groups:
•
NT (new technology) FarmSplits that have adopted a combination/parts of the
following:
•
matching row spacing with machinery wheel tracks
•
mound or double disc opener planting methods
•
zonal tillage.
•
TM (traditional management) FarmSplits that use traditional farming practices.
Of the 863 FarmSplits, 149 were designated NT and 714 TM.
The NT and TM groups were compared for cane yield and sugar yield in plant (P), plough
out replant (RP) in 2013 and first ratoon (1R) in 2014. This was done over all districts and by
district. Results are given in Tables 1 and 2.
Over all districts for cane and sugar yield in both P/RP and 1R crops the mean yields for the
new technology adopters were significantly higher compared to the group using traditional
management practices (p < 0.05). This difference was also significant for many of the districts
although not for the Wet Belt (p > 0.05).
Effects of previous variety on Pachymetra level
Levels of smut susceptible (S) varieties have decreased substantially from 91% in 2005 to
2% in 2014. However, the level of intermediate (I) varieties for Pachymetra has increased
dramatically from 4% in 2005 to 90% in 2014 (Figure 9).
This increase was of major concern and prompted two courses of action: 50% population of
seedlings planted from resistant crosses (R×R) and an updated Pachymetra survey to be undertaken
in the Herbert by HCPSL in 2014–2015.
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Table 1—Comparions of users of new technolgy (NT) and traditional management (TM)
practices in Herbert for cane and sugar yields for plant and plough out replant in 2013.
Comparisons were undertaken for the six districts and overall.
District

Cane
yield
(t/ha)

Sugar
yield
(t/ha)

New
technology
(NT)

Traditional
management (TM)

Difference

Means
significantly
different
(p < 0.05)

Overall

92.7

86.6

6.1

y

Abergowrie

95.4

92.9

2.5

n

Central
Herbert

104.2

93.9

10.3

y

Ingham Line

89.3

78.1

11.2

y

Lower
Herbert

94.2

84.2

10

y

Stone River

92.3

86.1

6.2

n

Wet Belt

85.2

81.7

3.5

n

Overall

12.7

12.1

0.6

y

Abergowrie

12.6

12.3

0.3

n

Central
Herbert

14.5

13.4

1.1

n

Ingham Line

11.9

11.1

0.8

n

Lower
Herbert

13.2

11.8

1.4

y

Stone River

12.9

12.1

0.8

n

Wet Belt

11.6

11.3

0.3

n

Table 2—Comparisons of users of new technolgy (NT) and traditional management (TM)
practices in Herbert for cane and sugar yields for first ratoon in 2014. Comparisons were
undertaken for the six districts and overall.
District

Cane yield
(t/ha)

Sugar yield
(t/ha)

Overall

New technology
(NT)

Traditional
management(TM)

Difference

Means
significantly
different
(p < 0.05)

87

80.2

6.8

y

Abergowrie

93.2

86.1

7.1

n

Central
Herbert

89.7

76.2

13.5

y

Ingham Line

82.5

73.2

9.3

y

Lower
Herbert

92.9

86.7

6.2

n

Stone River

86.7

72.4

14.3

y

Wet Belt

79.6

79.5

0.1

n

Overall

11.6

10.7

0.9

y

Abergowrie

11.9

11.4

0.5

n

Central
Herbert

11.6

10.2

1.4

y

Ingham Line

11.5

10.5

1

y

Lower
Herbert

12.4

11.4

1

y

Stone River

11.8

9.8

2

y

Wet Belt

10.2

10.5

–0.3

n
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The levels of Pachymetra spores in each of the 26 productivity zones is given in Figure 10.
In 51% of the samples, the Pachymetra levels exceeded the economic threshold of 40 000 spores. In
the Fairford-Trebonne (Central Herbert) and Forest Home (Lower Herbert) areas, levels exceeded
100 000 spores/kg and are likely to cause significant yield losses in intermediate varieties. Further
details about the Pachymetra survey are given by Holzberger et al. (2016).

Fig. 9—Pachymetra ratings for varieties in the Herbert 2005–2014.

Fig. 10—Pachymetra survey results in the 26 productivity zones in the Herbert
conducted during 2014–2015.
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Cane yield expressed as a % of resistant
pachymetra rating for previous crop cycle

The survey found that the previous variety grown on a block had a significant effect on
ratoon cane yield (Figures 11). Up to 15% reduction in cane yield was found if a susceptible variety
was planted following a susceptible variety, compared to industry best practice.
105%

100%

PC 2014

95%

1R 2014
2R 2014

90%

3R 2014
85%

R

I

S

Pachymetra rating of variety in previous crop class
Fig. 11—Effect of Pachymetra resistance of the variety in the previous crop on the yield of the
current crop. The values are the average of all blocks planted with R, I, S following previous
crops of R, I, S averaged over all crop classes.

Variety performance and management and crop class
Another important factor which may discriminate cluster groups is variety performance and
proportion of different crop classes. Varieties released prior to 2000 were classified as old. Old and
new varieties considered were:
•
Old varieties: Q138, Q157, Q158, Q164, Q174A , Q186A
•
New varieties: Q190A, Q200A, Q204A, Q208A, KQ228A
Using the results of the second set of clustering (Figure 3) undertaken on sugar yield and
area harvested from 2006–2014, cluster groups 1 – small farm size low performing group (royal
blue) and Cluster 3 – small farm size high performing group (green) were compared in terms of:
•
% plant: including plough out replant (RP)
•
% young crops: P, 1R, 2R and RP
•
% old crops: 3R, 4R, 5R and > 5R
•
% new varieties: Q190A, Q200A, Q204A, Q208A, KQ228A
•
% old varieties: Q138, Q157, Q158, Q164, Q174A, Q186A
The results are given in Table 3.
Table 3—Comparison of small farm size high performing and small farm size low performing
clusters based on sugar yield from 2006–2014.
Comparison

Cluster

% plant

% young crops

% old crops

Small low performing
Small high
performing

1

18.5

52.5

45.8

% new
varieties
40.8

3

17.2

51.9

47.4

53.1
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The proportions for clusters 1 and 3 were very similar for % plant, % young crops, % old
crops and % old varieties. The two clusters varied significantly in terms of proportion of new
varieties (p<0.05).
Approved seed
HCPSL approved seed records from 2009 were made available. FarmSplits were classified
on their usage pattern of clean seed over a six-year period:
•
Never
•
Infrequent – 1–2 times
•
Frequent – 3–4 times
•
Regular – 5–6 times
The cane yields for the four categories are given in Figure 12. Regular users of approved
seed have a significantly higher cane yield than those who never use it or use it infrequently (p <
0.05).

Fig. 12—Average cane yield from 2010–2014 for different categories of users of approved seed.

Using the results of the third set of clustering (Figure 4) undertaken on cane yield and area
harvested from 2010–2014, the small sized high performing FarmSplits (cluster 3) was compared to
the small sized low performing group (cluster 2) in terms of their usage of approved seed (Figure
13).
In Figure 13 the cluster graph is included to aid in interpretation. Larger sized growers are
clearly the most frequent users of approved seed (clusters 6–9).
Overall the smaller growers have poor adoption of approved seed but the small sized high
performing Cluster group 3 has more than double the adoption of approved seed (35% usage)
compared with the small sized low performing cluster 2 (14% usage).
Discussion
In this paper, we have analysed and summarised Herbert River mill rake data by using
innovative techniques to identify some of the key drivers affecting productivity.
The recently conducted Pachymetra survey by HCPSL (Holzberger et al., 2016) has enabled
an analysis to be conducted that found that the previous variety grown on a block had a significant
effect on ratoon cane yield.
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Fig. 13—Clean seed data (% of cluster in each usage group) for each cluster
for cane yield from 2010–2014.

Attention should be given by Herbert River farmers to the Pachymetra resistance of
varieties they select for commercial production, not only taking into account the current crop, but
when planning varieties to be grown in their fields into the future.
This observation is consistent with known yield effects of the disease (Magarey, 1994) and
with the effect varietal resistance on spore populations (Magarey and Mewing, 1994). The majority
of the current crops are planted to intermediate varieties (90%). These intermediate varieties are
suffering significant yield losses when they follow susceptible varieties. There is less of an effect if
they follow intermediate varieties.
The impact of previous crop cycle Pachymetra rating on cane yield highlights the
importance of rotating varieties based upon Pachymetra rating to better manage the disease. The
data also highlight that the impact is much greater in older ratoons and that Pachymetra may be a
major factor contributing to poor ratooning in the Herbert region. Further analyses are being
conducted to better understand the impacts of Pachymetra when intermediate varieties such as
Q208A and Q200A are planted following previous crops of Q208A or Q200A.
High Pachymetra spore levels have been recorded under some crops of Q208A and other
intermediate varieties in the Herbert and other regions (Holzberger et al., 2016). Growers have
reported poor growth when Q208A is planted following a crop cycle of Q208A. Analysis of the mill
data may allow the effect of previous variety on the current crop to be investigated.
Age of the managers of the FamSplits is also an important factor affecting cane yields.
HCPSL is now using demographic data to develop targeted extension strategies in the Herbert
region. It has made investments through its Target 85 program into training and additional
extension support to those growers under 40 years of age.
This study is the first time the industry has been able to quantify the impact of new
technologies and farming systems. Data analysis suggest that growers who adopt new technologies
and farming systems have generally seen the benefits from making the change. It also allows
HCPSL to target its extension strategies within the region.
This study has found that the small farm high performing cluster of FarmSplits had a
significantly higher uptake of new varieties compared to the small farm low performing group. This
suggests that the small farm low performing group were not adopting the new, more productive
varieties to the same extent as the small farm high performing group.
Clean (disease-free) seed assists growers to manage systemic diseases, especially ratoon
stunting disease, leaf scald and chlorotic streak (Croft et al., 2000). Increasing the adoption of clean
seed could significantly increase productivity for the whole region. This was particularly evident in
the small size low and small size medium performing clusters who had the lowest adoption of clean
seed with 85–86% of these clusters never obtaining clean seed.
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New varieties are distributed from the clean seed plots and these figures would confirm that
these lower performing clusters are slower to adopt new varieties. In some cases, small growers
access clean seed and new varieties from neighbours but because this may mean the clean seed is
propagated for a number of years on-farm before they obtain the planting material it would be at a
higher risk of being re-infected with diseases.
This study has identified a number of factors associated with farm performance. Regularly
obtaining clean seed, adoption of new varieties and new farming systems were the factors most
associated with better farm performance.
Some of the factors in this study are clearly interrelated, for example, growers who adopt
new varieties usually obtain supplies of these new varieties from the clean seed plots so they are
regular users of the clean seed plots. Early adopters of new technologies are often growers who
adopt new varieties quicker, obtain clean seed regularly and may also be better at other farm
operations not included in this study, such as weed control and timeliness of operations. The study
clearly shows that productivity in the Herbert River district can be improved and has highlighted
some areas where extension programs could have a big impact. The potential maximum cumulative
advantage from all the major controllable factors is estimated to be > 20 t/ha.
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