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SUMMARY 
 
The Australian sugar industry invests millions of dollars annually on sugarcane breeding 
programs and associated research.  Improved selection efficiency as a result of more 
accurate estimates of commercial cane sugar (ccs) will greatly enhance returns on this 
investment. 
 
Sugarcane breeding and research programs use hand cut sound whole-stalk samples for 
determination of ccs and other quality components.  Whole-stalks provide a biase+d 
sample of the material harvested for milling from experimental plots as they are free from 
extraneous matter and inferior quality cane.  The small mill has low efficiency of juice 
extraction from whole-stalks, extracting only 26-50% of the absolute juice, and this also 
leads to bias. 
 
The bias in processing billet and whole-stalk samples through a small laboratory roller 
mill and a hydraulic press with higher levels of juice extraction was quantified in 
experiments at Tully, Burdekin, Bundaberg and Broadwater.  The use of sound 
whole-stalk samples processed through a small laboratory roller mill with low levels of 
juice extraction seriously biases the accuracy of estimation of sugar content of sugarcane. 
 
Bias for whole-stalk samples was quantified and compared with samples of commercially 
harvested cane in selection experiments at Broadwater and Tully.  A bias of more than 
seven units of ccs was measured in badly lodged, heavily suckered and deteriorated cane 
harvested green at Tully.  A bias of three units of ccs was less serious in burnt cane at 
Broadwater.  Despite these biases and the inaccurate over-estimation of sugar content of 
harvested cane from experimental plots, sound whole-stalk samples are usually adequate 
for ranking of clones for selection purposes.  However, billet samples provide a far more 
accurate estimate of commercial ccs and are preferable for predicting the true responses of 
commercial varieties to various agronomic treatments. 
 
There is a need for an automated method of sampling harvested cane from experimental 
plots for the unbiased collection of samples.  The use of unbiased samples should greatly 
improve the accuracy of ccs assessment and provide a direct measure of the commercial 
value of the harvested material.  Automated sampling of billets should be more efficient 
than the manual collection of whole-stalk samples and, with appropriate strategies, will 
result in greater genetic gain for sugar content.  The acquisition of an automated billet 
sampler will greatly improve labour use efficiency and workplace safety.  Information 
collected in project BS118S has resulted in SRDC funding project BS156S and the 
construction of an automated sampler. 
 
 
BACKGROUND TO RESEARCH 
 
Sugar content and yield of cane are the major characters measured in sugarcane breeding 
and other research programs for evaluating the commercial worth of an experimental 
clone.  The performance of clones in trials, based on small laboratory mill estimates of ccs 
using whole-stalk samples, may not reflect their commercial performance or genetic 
potential.  Whole-stalk samples provide a biased sample of the material harvested for 
milling from trial plots, because they sample only sound stalks which are free from 
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extraneous matter and inferior quality cane.  Processing of whole-stalk samples through 
the small laboratory roller mill also introduces further bias, as the small-mill has low 
efficiency compared to a commercial mill, extracting only 30-40% of the absolute juice. 
 
Unbiased samples for determination of ccs will improve the accuracy of estimates of 
clonal performance for use in breeding, agronomy and other sugarcane research programs.  
Genetic improvement alone, through more objective assessments of clonal potential, is 
expected to result in productivity increases.  An improvement of 0.5 units of ccs for the 
Australian sugar crop (39.5 Mt) harvested in 1996 would be equivalent to an annual 
increase of 198,000 tonnes of raw sugar or $60 M. 
 
The Australian sugar industry invests millions of dollars annually on sugarcane breeding 
programs and associated research.  Improved selection efficiency, as a result of more 
accurate estimates of ccs, will greatly enhance returns on this investment.  Additional 
savings and benefits include the thousands of dollars spent each year by BSES and CSR in 
labour costs to manually cut whole-stalk samples.  Further, as whole-stalk samples are 
often hand cut during harvesting operations, ground staff are at risk of injury while 
working in close proximity to harvesters, weigh trucks and haulout equipment.  The 
acquisition of an automated mechanical billet sampler will significantly reduce this 
danger. 
 
 
OBJECTIVES 
 
�� Assess the bias in processing billet and whole-stalk samples through a small roller mill 

and a hydraulic press. 

�� Assess the bias in sampling billets and whole-stalks for ccs determinations. 

�� Study the nature and dynamics of cane flow through the harvester and delivery into the 
weighing unit. 

�� Design, build and test an automated cane billet sampler. 

�� Develop a strategy to utilise billet samples for routine laboratory determinations of 
sugar content and other quality components. 

 
The project has successfully achieved the first three objectives.  The bias in processing 
billet and whole-stalk samples through a small roller mill and a hydraulic press was 
quantified in experiments at Tully, Burdekin, Bundaberg and Broadwater.  The bias in 
sampling billets and whole-stalks for ccs determinations was quantified in experiments at 
Tully and Broadwater.  SRDC funded project BS118S on the basis that the research 
program addressed particular issues and the research methodology be progressively 
modified to incorporate the research findings.  SRDC requests included: 
 
�� Determine the extent and type of possible extraneous matter bias in sampling, before 

building a sampler. 

�� Quantify as necessary the variation in extraneous matter distribution. 

�� Quantify the important design specifications necessary to allow for variable sampling 
strategies. 
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This represented a major change in research emphasis, and the development and funding 
of SRDC Project BS156S ‘Production of an automated cane billet sampler for research 
trials’.  It is the objective of project BS156S to build and field test an automated cane 
billet sampler and to develop a strategy to utilise billet samples for routine laboratory 
determinations of sugar content and other quality components. 
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1.0 INTRODUCTION 
 
Mechanical harvesting of the Australian sugarcane crop produces billets of cane for 
factory processing.  In contrast, sugarcane breeding and other research programs 
conducted by BSES and CSR continue to use hand cut sound whole-stalk samples for 
determination of sugar content (ccs) and other quality components.  The efficient and 
accurate determination of sugar content of harvested cane from small experimental plots is 
essential for estimating the relative potential of a new clone to produce sugar, and to 
predict the responses of commercial varieties to various agronomic treatments.  Currently, 
whole-stalk samples provide a biased sample of the material harvested for milling from 
trial plots, because they sample only sound stalks which are free from extraneous matter.  
Inferior quality cane such as suckers and damaged, dead or dried-out stalks, trash, tops 
and dirt are never included.  Levels of extraneous matter in cane supplied to the factory 
can reach as high as 8-12%, and are usually higher with green cane harvesting compared 
to burnt cane. 
 
Presently, subjective ‘visual appearance grades’ are used as an adjustment to penalise 
clones for characteristics such as damaged stalks, suckering or lodging, which could 
reduce sugar content far below the estimate provided by the whole-stalk sample.  These 
undesirable characteristics, like sucrose content, are genotype dependent.  Adjustment 
using visual assessment is highly subjective, operator dependent, and difficult to apply in 
lodged trials.  In lodged and/or 2-year crops similar to those grown in northern New South 
Wales, unbiased sampling of whole-stalks is often impractical, severely limiting the 
effectiveness of a plant breeding program. 
 
The small laboratory roller mills presently used to extract juice from sound whole-stalk 
samples for analysis have very low efficiency, extracting only 30-40% of the absolute 
juice compared with around 75% for first expressed juice in a commercial sugar mill.  
Juice quality depends on the extent of extraction, and also on the part of the sugarcane 
plant from which it is derived.  For example, juice extracted from extraneous matter and 
inferior quality cane is of lower quality compared to juice extracted from sound stalks, 
and extraction rates will be much lower.  Consequently, current whole-stalk samples 
provide a doubly biased result compared with a truly heterogeneous sample of harvested 
billets including extraneous matter as processed through a commercial mill.  Clonal 
characteristics, such as stalk diameter and fibre content, may also influence extraction 
rates.  BSES routinely deduct 1.5 units of ccs from small-mill estimates in a crude attempt 
to adjust for some of this bias and more closely approximate the ccs of equivalent cane 
processed through a commercial sugar mill.  The mean difference between small-mill 
estimates and commercial mill ccs of cane sourced from the same field will vary greatly 
among fields and districts. 
 
In a study in North Queensland, Skinner (1976) indicated that taking billet samples from 
selection trials should provide a direct measure of the harvested material with less 
systematic bias and fewer assumptions.  However, a lower heritability associated with 
billet samples, as a result of increased sampling error, made this method inferior to whole-
stalk sampling for selection purposes.  Unfortunately, in this study the billet samples were 
also processed through the small-mill with relatively low levels of juice extraction, and 
this may have led to an underestimate of the bias. 



 2

While the existing whole-stalk sampling method is rapid, it is likely to be biased and not 
an accurate predictor of sugar content of commercially harvested material.  The collection 
of samples is also highly labour intensive and ground staff are at risk of injury while 
working in close proximity to harvesters, weighing trucks and haulout equipment.  An 
automated method of collecting samples during the routine weighing and harvesting of 
trial plots should be more efficient than the current highly labour intensive method. 
 
 
2.0 EXPERIMENTS 1-4 
 
The bias associated with the processing of whole-stalk samples of sugarcane through a 
small laboratory roller mill was quantified in selection trials at Tully, Ayr, Bundaberg and 
Broadwater.  The influence of extraneous matter in samples of cane for determination of 
ccs was also evaluated. 
 

2.1 Research Methodology 
 
Samples for determination of ccs were taken from replicated plant breeding trials located 
at Bundaberg (25�S,152�E), Ayr (20�S,147�E), Tully (18�S,146�E) and Broadwater 
(29�S,153�E).  Each trial was a randomised complete block experiment with two 
replicates.  In Bundaberg, 25 unselected clones grown in single-row 10 m plots were 
sampled green as plant cane in October, 1994.  In Ayr, 40 clones grown in three-row 10 m 
plots were sampled as burnt third ratoon cane in June, 1995.  In Tully, 40 clones grown in 
four-row 8.6 m plots were sampled green as first ratoon cane in June, 1995.  In 
Broadwater, 33 clones grown in two-row 14.5 m plots were sampled as burnt first ratoon 
2-year cane in August, 1995.  Clones sampled in Ayr, Tully and Broadwater had 
previously undergone selection, and included the major commercial varieties for that 
district. 
 
Two samples of six sound whole-stalks were hand cut from each clonal plot, lightly 
topped and stripped of trash and leaves.  Juice was extracted from one sample by crushing 
the stalks through a small laboratory roller mill (SMill).  The second sample was shredded 
using a Dedini or Jeffco cutter-grinder and a 1 kg sub-sample hydraulically pressed at 25 
MPa for 1 minute to extract juice (Press).  To study the influence of extraneous matter on 
level of juice extraction and ccs, an additional 6-stalk sample including tops and trash was 
sampled in Bundaberg.  In Tully and Broadwater, 1.0 m and 0.75 m of row of above 
ground biomass, including tops, leaves, suckers and damaged stalks, was sampled from 
each plot, respectively for comparison with the whole-stalks.  The samples were shredded, 
sub-sampled and juice extracted using the hydraulic press (Press+EM).  Fibre content was 
estimated on a clonal basis for whole-stalk samples, with and without extraneous matter, 
using the bag-fibre method (Skinner, 1969).  Brix and pol of juice were measured, and ccs 
(Anonymous, 1991) calculated. 
 
At Bundaberg, treatments also included samples of six sound whole-stalks crushed 
through the small roller-mill (standard gap) after stalks were ‘pre-cracked’ in a first pass 
through cracking rollers (SMillCracked), and samples of six sound whole-stalks crushed 
through the small roller-mill using a wide gap to achieve a very low level of juice 
extraction (SMillWide).  Samples of fibrated whole-stalks were also hydraulically pressed at 
25 MPa for three minutes (industry standard) to extract juice (Press3min) for comparison 
with pressing samples for one minute.  This comparison was necessary to justify the use 
of a one minute extraction in later experiments.  In order to examine the influence of stalk 
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thickness on juice quality and extraction levels, stalk diameter was measured on whole-
stalks processed through the small-mill using a standard gap. 
 
Statistical Analysis 
 
The data were subjected to analyses of variance and covariance.  Broad sense heritabilities 
and genetic, phenotypic and environmental correlations between traits were calculated.  
Direct and correlated responses to selection were estimated using standard formulae 
(Falconer 1981).  It was assumed 15% of the population would advance to the next 
selection stage, giving a standardised selection differential of 1.55. 
 

2.2 Results and Discussion 
 
Juice quality depends on the extent of juice extraction.  For each location, estimates of ccs 
(Table 1) for juice extracted from whole-stalks using the small-mill (ccsSMill) were higher 
than estimates based on juice extracted by the hydraulic press method (ccsPress).  Mean 
levels of juice extraction for the small-mill and press were 26.4 and 82.7% for Tully, 39.4 
and 86.0% for Ayr, 44.2 and 81.9% for Bundaberg, and 49.5 and 79.9% for Broadwater, 
respectively.  In general, estimates of broad sense heritability on a clonal basis for ccsSMill, 
ccsPress and ccsPress+EM were medium to high as expected for ccs. 
 
Table 1: Influence of extraction levels and extraneous matter on ccs at four 

locations.  Means, heritabilities (h2), genetic correlations (rg � SE), direct 
(R) and correlated response (CR) to selection for whole-stalks processed 
through small-mill (ccsSMill) and hydraulic press (ccsPress), and whole-stalks 
with extraneous matter and pressed (ccsPress+EM). 

 
  Location 
Statistic Character(s) Tully Ayr Bundaberg Broadwater 

Mean ccsSmill 
ccsPress 
ccsPress+EM 

12.57 
12.02 

9.37 

13.44 
12.72 

16.83 
16.13 
12.90 

12.60 
12.48 
11.49 

h2 ccsSmill 
ccsPress 
ccsPress+EM 

0.84 
0.68 
0.68 

0.30 
0.65 

0.87 
0.70 
0.75 

0.41 
0.42 
0.37 

rg ccsPress and ccsSmill 
ccsPress+EM  and ccsSmill 
ccsPress+EM  and ccsPress 

1.09 � 0.10 
0.94 � 0.12 
1.09 � 0.14 

0.86 � 
0.33 

1.07 � 0.07 
0.86 � 0.09 
1.04 � 0.13 

0.97 � 0.36 
0.79 � 0.32 
1.41 � 0.57 

R ccsSmill 
ccsPress 
ccsPress+EM 

1.94 
1.22 
1.24 

0.74 
1.33 

1.55 
1.09 
1.03 

0.96 
0.70 
0.68 

CR 
(Character 
selected) 

ccsPress (ccsSmill) 
ccsPress+EM (ccsSmill) 
ccsPress+EM (ccsPress) 

1.36 
1.30 
1.24 

0.77 1.21 
0.96 
1.00 

0.67 
0.57 
0.72 
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The genetic correlation (rg) between estimates of ccs using the press and the small-mill 
(ccsPress and ccsSMill) were high and not significantly different from unity at each location 
(Table 1).  This suggests, that despite an absolute difference in ccs, differences in level of 
juice extraction between the press and small-mill for samples of whole-stalks were 
relatively unimportant for selection purposes.  At Tully, Bundaberg and Broadwater, 
correlated response (CR) for press ccs, based on indirect selection using small-mill ccs, 
resulted in greater or similar predicted gains compared with direct selection (R) for press 
ccs (Table 1).  In contrast, indirect selection using small-mill estimates was less effective 
than direct selection for press ccs at Ayr, resulting in lower predicted gain.  Therefore at 
Ayr, selection based on small-mill estimates would slow genetic gain for sugar content.  
Although this result is of concern, it may be a product of sampling error as there was a 
lack of significant genetic differentiation among clones for small-mill ccs and heritability 
was low.  The genetic correlation between small-mill and press ccs was also subject to a 
large standard error (Table 1). 
 
When comparing the efficiency of the two extraction methods, relative costs must also be 
considered.  It is more expensive in terms of cost/sample to extract juice using the current 
hydraulic press method, and this would impact on selection efficiency.  Substantial 
improvements in the press method would be needed if it was to be used for the routine 
screening of clones. 
 
Extraneous matter in samples of shredded cane and processed through a hydraulic press 
resulted in a decrease in mean ccsPress+EM (Table1).  As expected, the difference from 
press ccs of whole-stalks (ccsPress) was greater for the trials sampled green at Tully and 
Bundaberg.  The Broadwater trial was burnt prior to sampling, and this would have 
resulted in the removal of some leaves and trash.  The trial at Ayr was only sampled for 
whole-stalks as few suckers and little extraneous matter were evident following burning.  
Despite a marked reduction in mean ccs due to the inclusion of extraneous matter, the 
genetic correlations of ccsPress+EM with ccsSMill and ccsPress were high and not significantly 
different from unity at Tully, Bundaberg and Broadwater (Table 1). 
 
At each location, predicted gains from indirect selection for ccsPress+EM, based on selection 
for ccsSMill, were similar to gains from direct selection for ccsPress+EM.  The correlated 
response for ccsPress+EM based on selection for ccsPress, also resulted in similar gains to 
direct selection for ccsPress+EM (Table 1).  Extraneous matter in samples did not 
significantly alter predicted gains from selection.  Therefore, the current practice of 
estimating sugar content from the juice of whole-stalks crushed through the small-mill 
would seem adequate for selection purposes.  The levels of extraneous matter included in 
these hand-harvested whole biomass samples were set at a maximum for each clone, and 
overall levels were much higher than would be expected if these trials were harvested with 
a commercial harvester. 
 
In contrast, differential removal of extraneous matter by commercial harvesters may occur 
among varieties and this may affect the ranking of clones for sugar content.  Further 
studies were done to compare samples of whole-stalks with samples of harvested cane. 
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 2.3 Conclusions 
 
�� The processing of whole-stalk samples through a small-mill with low levels of juice 

extraction seriously biases the accuracy of estimation of yield of cane sugar from 
sugarcane. 

�� In general, the method of juice extraction does not significantly alter the ranking of 
clones for selection purposes. 

�� The inclusion of extraneous matter in samples of shredded whole-stalks markedly 
decreased mean ccs, but did not alter predicted gain from selection. 

�� There is a need for an automated method of sampling harvested cane from trial plots 
for a more accurate estimation of sugar content.   

�� The current practice of estimating sugar content from the juice of whole-stalks crushed 
through a small-mill is adequate for selection purposes in a cane breeding and selection 
program. 

 
 
3.0 EXPERIMENTS 5 AND 6 
 
The bias associated with the processing of whole-stalk samples of sugarcane through a 
small laboratory roller mill was quantified and compared with samples of commercially 
harvested billets in trials at Broadwater and Tully. 
 

3.1 Materials and Methods 
 
Samples for determination of ccs were taken from replicated plant breeding trials located 
at Broadwater (29�S,153�E) and Tully (18�S,146�E).  Each experiment was a randomised 
complete block design with two replicates.  In Broadwater (Rodgers farm at Hermans 
Lane), 30 clones grown in two-row x 12 m plots were sampled in November 1995 as 
burnt first-ratoon cane with two years of growth.  In Tully (Sugar Experiment Station), 30 
clones grown in four-row x 9.2 m plots were sampled in December 1995 as green second-
ratoon cane.  The experiment at Tully was badly lodged and heavily suckered.  Clones 
sampled in both trials previously had undergone selection, and included the major 
commercial varieties for the district. 
 
Random samples of harvested billets were collected manually from a weigh truck during 
the routine harvest and weighing of experimental plots.  Extraneous matter and inferior 
quality cane were included.  At Broadwater, billet samples of 2.5, 5, 10, 20 kg (row 1) and 
20 kg (row 2) were taken from each clonal plot.  Samples of four (row 1) and ten (row 2) 
sound whole stalks were also hand cut from each clonal plot. At Tully, billet samples of 
2.5, 5, 10, 20 kg (row 2) and 20 kg (row 3) were taken from each clonal plot.  Samples of 
six (3 stalks from rows 3 and 4) and 15 (row 3) sound whole stalks were also hand cut 
from each clonal plot, lightly topped below the growing point, and stripped of trash and 
leaves. Yield of cane was estimated by weighing the cane in 2-row plots at Broadwater 
and the middle two rows (rows 2 and 3) at Tully, prior to removal of billet samples.  Plot 
weights were adjusted for the weight of whole-stalk samples removed. 
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Billet samples were individually shredded using a Dedini shredder and then thoroughly 
mixed.  At Broadwater, a 1 kg sub-sample was taken from each sample of shredded 
billets, whereas at Tully, duplicate 1 kg sub-samples were taken.  Each sub-sample was 
sealed in a plastic bag with 1 mL of chloroform to prevent microbial activity.  Liquid CO2 

was used to rapidly cool/freeze samples which were then kept at �20�C during transport 
and storage.  Samples were processed at Mackay Sugar Experiment Station.  Shredded 
samples were removed from storage, thawed to room temperature and hydraulically 
pressed at 25 MPa for 1 minute to extract juice.  Brix and pol of expressed juice were 
measured in duplicate.  Wet plugs from the hydraulic press were oven dried (70�C) to 
constant weight.  Dry plug weights adjusted for residual brix (Tanimoto, 1964) were used 
as an approximate estimate of fibre content.  Yield of cane sugar as ccs (Anonymous, 
1991) was calculated.  Juice was extracted from whole-stalk samples by crushing the 
stalks through a small laboratory roller mill.  Brix and pol of expressed juice were 
measured.  For the determination of ccs for whole-stalk samples, fibre content  was 
estimated on a clonal plot basis by sub-sampling the 20 kg (row 2) fibrated samples of 
billets and using the bag fibre method (Skinner, 1969).   At Broadwater and Tully, plot 
means of the two 20 kg billet samples from different rows (Mean20kg) were used as a 
‘best’ estimate of the commercial potential of test clones.  Net merit grade (NMG), an 
economic index based on sugar yield relative to standard cultivars (Skinner, 1965), was 
calculated and used as an estimate of the commercial worth of clones. 
 
Statistical analysis 
 
The data were subjected to analyses of variance and covariance using the appropriate 
statistical models.  For Broadwater, the following linear statistical model was assumed: 
 
 Yij = �  + Ri + Gj + Eij 
 
For each observation, � is a term for the general mean; Ri is the random effect of the ith 
replicate; Gj is the random effect of the jth genotype; and Eij is a random error term.  For 
Tully, the following linear statistical model was assumed: 
 
 Yijkl = �  + Ri + Gj + Eij + �ijk + �ijkl 
 
For each observation, �, Ri and Gj are as above; Eij, �ijk and �ijkl  are terms for 
experimental error, sampling error and sub-sampling error, respectively. The degree of 
genetic determination on a replicated plot basis, and genetic, phenotypic and 
environmental correlations between traits were calculated.  Direct and correlated response 
to selection were estimated using standard formulae (Falconer, 1981).  Advance of 15% of 
the population to the next selection stage was assumed, giving a standardised selection 
differential of 1.55 (Becker, 1984).  Predicted responses from direct and indirect selection 
may have low precision as a result of large sampling errors, and estimates should be 
treated with a degree of caution. 
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3.2 Results and Discussion 
 
Broadwater Experiment 
 
At Broadwater, estimates for ccs (Table 2) for juice extracted from whole stalks using the 
small mill were approximately 3 units higher than estimates based on juice extracted from 
billet samples using the hydraulic press method.  Billet samples usually contain some 
extraneous matter and inferior quality cane including suckers.  Juice quality depends on 
the extent of juice extraction (Saranin, 1985) as well as the part of the sugarcane plant 
from which it is derived, and this would also contribute to the differences.  The 
experiment at Broadwater harvested burnt as first ratoon 2-year cane contained on average 
116.8 stalks per plot of which 6.4% were suckers or 1-year stalks.  The presence of 
suckers and immature stalks would reduce ccs relative to sound whole stalks, as 1-year 
stalks have lower ccs (Cox et al., 1994).  These findings are consistent with McRae et al. 
(1996) where the inclusion of extraneous matter in samples of whole stalks decreased ccs 
by almost one unit in a trial at Broadwater.  For selection trials, the Bureau of Sugar 
Experiment Stations (BSES) routinely deduct 1.5 units from small-mill estimates in an 
attempt to adjust for this bias and more closely approximate ccs of a commercial sugar 
mill.  An adjustment of 1.5 units would be inadequate for trials harvested early in the 
season at Broadwater. 
 
The ccs of 10-stalk samples was 0.68 units lower than ccs for routine 4-stalk samples 
(Table 2).  This result may be due to sampling error or sampling bias.  Mean sample 
weight of 10-stalks was 12.3 kg.  Field staff sampling as few as four sound whole stalks 
usually avoid suckers and 1-year stalks in a 2-year crop, but are not as reluctant to sample 
inferior quality cane in a larger sample of 10-stalks.  This bias may also explain the higher 
coefficient of variation for 10-stalk samples.  Automated collection of billet samples, if 
available, would avoid such bias.  As expected, the coefficient of variation for whole-stalk 
samples was lower than for the more heterogeneous billet samples of similar size.  
Increasing the sample size for billet samples from 2.5 to 20 kg reduced the coefficient of 
variation to more acceptable levels (Table 2).  Larger 20 kg samples of billets, which are 
more variable in content, provide similar levels of precision to smaller samples of whole-
stalks.  A higher level of extraction of absolute juice from billet samples using an 
hydraulic press would also contribute to a lower ccs relative to the small mill (McRae et 
al., 1996). 
 
Table 2: Means for level of extraction (%), quality components and coefficient of 

variation (CV%) for commercial cane sugar (ccs) measured on different 
size billet and whole-stalk samples at Broadwater. 

 

Method Sample 
Level of 

extraction % Brix Pol% Fibre % ccs CV% 

Billets  2.5 kg 74.22 19.57 16.55 17.02 11.54 12.08 
Hydraulically  5 kg 73.34 19.35 16.27 17.59 11.23 11.45 
Pressed  10 kg 74.48 19.44 16.56 17.09 11.59 11.08 
 20 kg (row 1) 74.43 19.51 16.68 17.06 11.70 7.42 
 20 kg (row 2) 74.52 19.55 16.49 16.95 11.48 7.17 
Whole-stalks 
small mill 

4-stalks 
10-stalks 

�� 
�� 

21.38 
20.58 

19.98 
19.13 

16.88 
16.88 

14.85 
14.17 

6.86 
9.10 

There was a lack of significant genetic differentiation among clones (Table 3) for smaller 
samples of billets (2.5 and 10 kg).  The degree of genetic determination (g2) for 2.5, 5 and 
10 kg samples was low to intermediate.  For larger 20 kg samples of billets, the degree of 
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genetic determination was higher and similar to estimates for 4-stalk and 10-stalk 
samples.  Predicted response from direct selection for Mean20kg ccs, assuming 15% of 
the population were selected for further testing in later stages of selection, was 1.16 units.  
Given the large error variances and lower degree of genetic determination for billet 
samples of smaller size, predicted correlated responses from indirect selection using 2.5 
kg (0.73), 5 kg (0.95) and 10 kg (0.65) samples were less than gains from direct selection 
for duplicate 20 kg (1.16) samples.  Thus, billet samples of 10 kg or less are not 
recommended for routine screening purposes.   
 
Table 3: Genetic (�2

g) and error (�2
e) variances, and degree of genetic 

determination (g2) and predicted responses to direct selection (R) for ccs 
of different size billet and whole-stalk samples at Broadwater. 

 
Sample 

Billets hydraulically pressed Whole-stalks small 
mill Statistic 

2.5 kg 5 kg 10 kg 20 kg 
(row 1) 

20 kg  
(row 2) 

4-stalks 10-stalks 

�
2

g 
�

2
e 

0.40 
1.95 

0.81* 
1.95 

0.25 
1.65 

0.87** 
0.76 

0.85** 
0.68 

1.09** 
1.04 

1.80** 
1.66 

g2 

R 
0.29 
0.53 

0.50 
0.99 

0.23 
0.37 

0.70 
1.21 

0.71 
1.21 

0.68 
1.33 

0.68 
1.72 

Significance of appropriate F-Ratios, * P ≤ 0.05 and ** P ≤ 0.01, are given with the respective variance 
components. For calculation of  g2 and R, two replicates were assumed. 
 
Predicted correlated response for Mean20kg ccs from indirect selection using whole-stalk 
samples would be 1.01 and 1.11 units for 4-stalk and 10-stalk samples, respectively.  
Therefore, despite a difference of three units in mean ccs between whole-stalk and billet 
samples, whole-stalk samples gave reasonable gains from indirect selection.  However, 
billet samples will provide more accurate estimates of commercial ccs and are preferable 
for predicting the responses of commercial varieties to various agronomic treatments. 
 
A change in the ranking of genotypes with the use of different selection techniques is 
important for genetic gain.  At Broadwater, Spearman’s coefficients of rank correlation 
(Table 4) for ccs for different whole-stalk and billet samples with ccs for Mean20kg 
indicated there was a change in the rank of clones.  Changes in ranking were more 
pronounced with smaller whole-stalk and billet (2.5 kg) samples.  A change in ranking of 
clones may be due to sampling error and/or genotype x sampling method interaction.  
Despite rank correlations deviating from unity, the correlations are intermediate to high, 
and many elite clones selected using whole-stalk (4 and 10-stalks) and billet (2.5, 5, 10 
and 20 kg) samples would be in common with selection based on ccs for Mean20kg. 
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Table 4: Spearman’s coefficients of rank correlation for commercial cane sugar 
(ccs) and net merit grade (NMG) for different size billet and whole-stalk 
samples with estimates for Mean20kg billets at Broadwater. 

 
Sample 

Billets hydraulically pressed Whole-stalks small mill Trait 
2.5kg 5 kg 10 kg 20 kg 

(row 1) 
20 kg 

(row 2) 4-stalks 10-stalks 

ccs 
NMG 

0.69 
0.95 

0.76 
0.94 

0.75 
0.96 

0.88 
0.98 

0.86 
0.95 

0.64 
0.92 

0.73 
0.88 

 

The BSES use NMG as a selection index to evaluate the potential commercial worth of 
clones.  Net merit grade considers not only ccs, but also cane yield and undesirable 
characteristics such as lodging, flowering and suckering, which are incorporated into a 
highly subjective adjustment factor called appearance grade (Skinner, 1965).  Net merit 
grade for billet samples is independent of appearance grades, as the influence of 
undesirable characteristics such as suckering are manifested in juice quality and ultimately 
ccs.  Since ccs is only one component of NMG, the impact of changes in ranking of clones 
for ccs will be less important in a combined selection index, where cane yield also makes 
a major contribution.  In the Broadwater experiment, where subjective appearance grades 
were not used as an adjustment for small-mill estimates, the coefficients of rank 
correlation for NMG for whole-stalk and billet sampling methods with NMG for 
Mean20kg (Table 4) are high and do not seriously depart from unity.  Therefore, the use 
of whole-stalk or billet samples are adequate for ranking of clones for selection purposes 
in trials grown under similar conditions.  The coefficients of rank correlation between 
cane yield and NMG for Mean20kg billet samples were also high (0.94) suggesting that 
cane yield alone would be just as effective for screening purposes.  This also suggests that 
the selection index currently used by BSES may be too heavily influenced by cane yield 
and lack sensitivity for predicting the commercial worth of individual clones for sugar 
production. 
 
Tully Experiment 
 
At Tully, mean ccs of whole-stalk samples (Table 5) was more than 7 units higher than 
ccs of billet samples.  Differences of this magnitude were expected as the experiment was 
badly lodged, heavily suckered, contained some damaged and deteriorating cane, and was 
harvested green during the last week of the crushing season.  Billet samples, as opposed to 
whole-stalk samples, were also subjected to much higher juice extraction levels and this 
would influence juice quality.  The lower the juice extraction, the higher the purity of the 
extracted juice relative to the absolute juice (Saranin, 1985).  The ccs for the variety 
Q117, which was harvested commercially during the same week and processed through 
Tully mill, was 9.0 units.  Small-mill estimates for Q117 (mean 15.7) were more than 8 
units above estimates for billet samples of Q117 (mean 7.4) in the same experiment, and 
6.7 units above the commercial mill for similar cane.  Clearly, billet samples subject to 
higher extraction will reflect far more accurately the true commercial potential of clones 
for ccs.  That is, small-mill estimates using sound whole stalks are inaccurate and 
seriously overestimate the commercial potential of clones.  McRae et al. (1996), also 
found the inclusion of extraneous matter in samples reduced ccs in a trial at Tully which 
was harvested earlier in the season.  The ccs for 6-stalk samples was slightly higher than 
15-stalk samples (Table 5), and this may be a result of sampling error or sampling bias.  
Mean sample weight was 5.8 and 13.6 kg for 6 and 15 stalks, respectively.  In a larger 
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sample of 15 whole stalks, field staff are more inclined to sample some stalks of inferior 
quality which they otherwise avoid in smaller 6-stalk samples.  Mean ccs of billet samples 
was consistent among the various sample sizes of 2.5, 5, 10 and 20 kg.  Increasing the size 
of billet samples at Tully from 2.5 to 20 kg did not significantly reduce the coefficient of 
variation, reflecting the highly heterogeneous nature of the harvested cane in the Tully 
experiment.  As expected, the coefficients of variation for whole-stalk samples were much 
lower than for the more heterogeneous billet samples of similar size.  
 
Table 5: Means for level of extraction (%), quality components and coefficient of 

variation (CV%) for commercial cane sugar (ccs) measured on different 
size billet and whole-stalk samples at Tully. 

 

Method Sample 
Level of 

extraction % Brix Pol % Fibre 
% ccs CV % 

 2.5 kg 78.08 16.29 11.28 13.96 6.94 24.71 
 5 kg 77.20 16.30 11.38 13.97 7.05 27.86 
 10 kg 77.18 16.45 11.30 13.95 6.89 21.14 
20 kg (row 2) 76.99 16.37 11.27 13.83 6.90 25.21 

Billets 
Hydraulically 
Pressed 

20 kg (row 3) 77.22 16.02 11.05 14.06 6.77 27.42 
Whole-stalks 
small mill 

 6-stalks 
15-stalks 

26.24 
28.70 

19.76 
19.69 

18.52 
18.18 

13.22 
13.22 

14.42 
14.04 

13.34 
11.30 

 

Although there was significant genetic differentiation among clones for ccs (Table 6) for 
billet samples of sizes 2.5 and 10 kg, differences were not significant for 5 and 20 kg 
samples.  This is of concern and reflects the highly heterogeneous nature of billet samples.  
In general, the degree of genetic determination was higher for whole-stalk samples.  
Predicted gains for ccs from direct selection for Mean20kg billet samples, assuming 
replication, no sub-sampling of shredded samples, and 15% of the population were 
selected for further testing in later stage trials, was 0.87 units.  Correlated response for 
Mean20kg ccs, from indirect selection using whole-stalk samples was 1.08 and 1.16 units 
for 6-stalk and 15-stalk samples, respectively.  Therefore, greater genetic gains for billet 
ccs will be made using whole-stalk samples as an indirect selection criterion, because of 
reduced sampling error and higher degree of genetic determination for whole-stalks.  
Despite processing billet samples with a hydraulic press to achieve higher levels of juice 
extraction (Table 5) relative to the small mill, the results essentially support the findings 
of Skinner (1976). 
 
Variance components for genotypes (0.78), experimental error (1.33), sampling error 
among 20 kg billet samples from adjacent rows within a plot (1.83) and sub-sampling 
error among duplicate 1 kg sub-samples from within each 20 kg sample of shredded 
billets (0.42) were estimated by fitting the full linear statistical model.  Sampling of billets 
from adjacent rows within a multi-row plot will improve precision and is more important 
than taking duplicate 1 kg sub-samples of shredded material.  However, there will be 
increased costs associated with collecting twice the number of samples in the field. 
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Table 6: Genetic (�2
g), error (�2

e) and sub-sampling (�2
s) variances for commercial 

cane sugar (ccs), and degree of genetic determination (g2) and predicted 
responses to direct selection for different size billet and whole-stalk 
samples at Tully. 

 
Sample 

Billets hydraulically pressed Whole-stalks small mill Statistic 
2.5 kg 5 kg 10 kg 20 kg  

(row 2) 
20 kg  

(row 3) 6-stalks 15-stalks 

�
2

g 
�

2
e 

�
2

s 

2.25* 
2.94 
1.15 

�0.11 
3.86 
0.66 

2.00** 
2.12 
0.30 

0.88 
3.03 
0.42 

0.57 
3.44 
0.41 

2.92** 
3.70 
�    

3.11** 
2.52 
�    

g2 

R 
0.56 
1.81 

� 
� 

0.64 
1.78 

0.35 
0.88 

0.24 
0.59 

0.61 
2.08 

0.71 
2.31 

Significance of appropriate F-Ratios, * P ≤ 0.05 and ** P ≤ 0.01, are given with the respective variance 
components.  For calculation of g2 and R, two replicates and no sampling or sub-sampling were assumed. 

 

Coefficients of rank correlation (Table 7) for ccs measured using different whole-stalk and 
billet samples with ccs for Mean20kg were significantly less than one.  This change in the 
ranking of clones for ccs may be due to sampling error and/or genotype x sampling 
method interactions.  Genotype x sampling method interactions are more important for 
selection purposes as whole-stalk sampling may not accurately reflect the genetic 
potential of genotypes for sugar content (ccs) in the commercial environment.  Despite a 
significant departure of rank correlations from unity, many elite clones selected using 
whole-stalk (6 and 15-stalks) and larger billet samples (5, 10 and 20 kg) were still in 
common with selection based on ccs for Mean20kg. 
 
Table 7: Spearman’s coefficients of rank correlation for commercial cane sugar 

(ccs) and net merit grade (NMG) for different size billet and whole-stalk 
samples with estimates for Mean20kg at Tully. 

 
Sample 

Billets hydraulically pressed Whole-stalks small mill Trait 
2.5kg 5 kg 10 kg 20 kg  

(row 2) 
20 kg  

(row 3) 6-stalks 15-stalks 

ccs 
NMG 

0.54 
0.68 

0.66 
0.88 

0.68 
0.80 

0.80 
0.89 

0.88 
0.91 

0.74 
0.72 

0.70 
0.76 

 

Although the rank correlations for NMG (Table 7) between Mean20kg and whole-stalk or 
billet samples departed from unity, they were intermediate to high.  This suggests many 
elite clones selected on NMG will be in common and generally independent of the 
sampling method used to estimate ccs.  In practice, few trials are sampled and harvested in 
such a heterogeneous state as the Tully experiment, which was badly lodged, heavily 
suckered and contained damaged and deteriorating cane.  Thus, the use of whole-stalk or 
larger billet samples should be suitable for ranking of clones for selection purposes.  
However, billet samples, rather than samples of sound whole stalks, will provide far more 
accurate estimates of commercial mill ccs. 
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When comparing the efficiency of whole-stalk and billet sampling methods, relative costs 
must also be considered.  It is far more expensive in terms of cost/sample to extract juice 
using the current hydraulic press method, and this would impact on selection efficiency.  
Substantial improvements in the press method would be needed if it was to be used for 
routine screening purposes.  More importantly, the manual collection of billet samples is 
impractical for routine purposes and is subject to operator bias.  The development of an 
automated cane billet sampler to collect a random sample of harvestable material during 
the routine harvest of selection trial plots is desirable.  The acquisition of an automated 
method of sampling billets would also greatly improve labour use efficiency and 
workplace safety relative to the current method of sampling whole-stalks.  Greater genetic 
progress should occur with the use of more efficient sampling methods. 
 
 3.3 Conclusions 
 
�� The use of sound whole-stalk samples processed through a small laboratory roller mill 

with low levels of juice extraction seriously biases the accuracy of estimation of sugar 
content of sugarcane. 

�� Whole-stalk samples provide a biased sample of the material harvested for milling 
from trial plots, because only sound stalks which are free from extraneous matter and 
inferior quality cane are sampled. 

�� The bias associated with the use of whole-stalk samples (more than 7 units of ccs) is 
unacceptable in trials in north Queensland which are harvested green, badly lodged, 
heavily suckered and contain deteriorated cane due to adverse conditions, pest and 
disease damage. 

�� The bias is less serious in trials in northern New South Wales which are harvested 
burnt and where extraneous matter and inferior quality cane are less abundant. 

�� Despite these biases and the inaccurate estimation of sugar content of harvested cane 
from experimental plots, the use of sound whole-stalk samples is usually adequate for 
ranking of clones for selection purposes. 

�� Under conditions where lodging, suckering and deteriorated cane are important, 
greater genetic gains for billet ccs will be made using whole-stalk samples as an 
indirect selection criterion, because of reduced sampling error and higher degree of 
genetic determination for whole-stalk samples. 

�� Large billet samples will provide a more accurate estimate of commercial ccs and are 
preferable for predicting the true responses of commercial varieties to various 
agronomic treatments.  Small-mill estimates of ccs using sound whole-stalks are too 
inaccurate for this purpose and seriously overestimate the commercial potential of 
clones to produce sugar. 

�� There is a need for an automated method of sampling harvested cane from trial plots 
for unbiased collection of samples. 

�� The automated collection of samples would further improve labour use efficiency and 
workplace safety. 

 



 13

4.0 GENERAL CONCLUSIONS 
 
�� The ultimate objective of this work was to develop an automated billet sampler to 

collect a random sample of harvestable material during the routine harvest of 
experimental plots. 

�� The acquisition of an automated billet sampler will improve labour use efficiency and 
workplace safety. 

�� The use of unbiased samples should greatly improve the accuracy of ccs assessment 
and provide a direct measure of the commercial value of the harvested material. 

�� Automated sampling of billets should be more efficient than the manual collection of 
whole-stalk samples. 

 
 
5.0 DIFFICULTIES 
 
There were no difficulties encountered that adversely impacted on the experimental phase 
of this research.  The collection of random samples of billets was difficult without an 
automated billet sampler.  This limitation will be overcome by the production of an 
automated cane billet sampler in SRDC Project BS156S. 
 
 
6.0 IMPLICATIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 
 
�� Apply to SRDC for construction of an automated billet sampler.  Project BS156S 

‘Production of an automated billet sampler for research trials’ has resulted in the 
construction of a sampler which is ready for field testing. 

�� Automated sampling of billets will be more efficient than the manual collection of 
whole-stalk samples. 

�� Broad sense heritability for billet ccs can be improved simply by taking larger and 
more samples.  This will result in improved genetic gain for sugar content. 

�� BSES and CSR should purchase and deploy automated billet samplers for use in 
research programs in all districts. 

�� Billet samples should be adopted for routine use, particularly in north Queensland, 
where there is a concern by industry that ccs is declining. 

�� There needs to be a review of small-mill technology within BSES and CSR.  In 
general, small mills are antiquated, badly worn and used without standard procedures 
(gaps between rollers and extraction levels vary widely). 

�� A strategy must be developed to process billet samples efficiently after collection.  
This process should be fully automated and include the infield preparation of samples 
(shredding and juice extraction), labelling, rapid measurement of quality components 
(brix, pol, fibre content, conductivity and in future colour and floc levels) and infield 
data capture.  Near Infra-red Spectroscopy (NIR) technology has been developed and 
must now be considered for infield determinations. 
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