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Suitable Biomass for a Sustainable
Sugarcane Industry

This project is supported by CRC for Developing Northern Australia, Far Northern Milling Pty Ltd, Sugar Research
Australia, and The University of Queensland.

Yield and composition of the sugarcane plant crop

Introduction

A challenge facing all sugarcane mills that wish to diversify their income
streams is to use the processing capacity for most of the year. The crushing
season in Australia generally lasts about 22 weeks. For the Far Northern
Milling Company, the problem is exaggerated by the fact that there is
already a shortfall in available biomass during the short crushing season.
For year-round operation, and to address the current shortfall in total
biomass availability two options should be considered. Firstly, if sucrose
is no longer the main emphasis then alterations to the sugarcane cropping
cycle can be considered [4]. This approach led to a farming system aimed
at maximum biomass mass production i.e., “Energy canes”. Alternative
sugarcane varieties can be developed that have superior growth rates and « Metabolome

biomass yield [7, 6, 10]. Energy canes might also be the ideal feedstock J
for a farming system aimed at biomass yield rather than sucrose yield.

Worldwide there is an interest in further developing the energy cane concept. Broadly sugarcane can be classified
into three groups [10] :

» Traditional sugarcane varieties containing about 75% water, 12% fibre, and 13% sugar. This raw material
provides juice for sugar and ethanol production, and fibre for electricity production,

* Type I energy cane—cane varieties bred to maximise sugar and fibre yield. This type of cane, conceptualised by
[3, 41, has lower water content (65%), fibre ranging from 13% to 17% and small reduction of the sugar content.
This raw material, in addition to providing juice for sugar and ethanol production, contributes with more fibre
for the greater production of electricity, lignocellulosic ethanol, as well as other derivatives of economic value
for the sugarcane industry,

* Type II energy cane variety selected to maximise fibre yield (fibre> 30%), with insignificant sugar content
and lower water content (60%). This raw material is not of interest to the current sugarcane industry, being
required by other agro-industry sectors that need biomass for the energy generation.

In Update 3 we presented the crop composition of all the sugarcane varieties in the two trials at Mossman and the
Tablelands. This update describes the plant crop performance of the sugarcane genotypes at the two trail sites.

In this Update

e Introduction
*Biomass Yield
*Primary Quality Traits

*Biomass composition

Biomass yield

There was more than a 45 TCH difference between
the varieties in the Mossman trial (Fig 1). However,
this can be largely attributed to the poor establishment
and slow growth of QN12-512 and QN12-520 (Update
3). Three of the other varieties, Q240, QS08-7370 and
QN13-609, also performed worse than Q208 at Mossman.

The top four clones for TCH were experimental clones

QN12-512, QN13-609 and QS08-7370 also performed
poorly at the Tablelands site. At this site three clones had
yields significantly higher than Q208 namely, QS10-8770,
WSRA24 and QS08-8662. Unfortunately the yield of four
clones were extremely variable and this confounded sta-
tistical analysis.

Noteworthy is that this variation was not observed at
the Mossman site and probably reflect site rather than
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Figure 1: Crop yield (TCH) of the cane genotypes
included in the field trials in Mossman and
Tablelands. The crop was harvested 10 months after
planting. Genotypes were sorted with the highest
value on the right.

These reported yields reflect cane mass at the time of
harvest. As typical energy canes have a lower water con-
tent than Q208 [10, 3]. However, this pattern does not
seem to hold for most of the experimental clones that
were included in the trial as potential type I energy canes
(fig. 2). Seven of the "energy canes" in the Mossman trial
had a water content higher than the commercial stan-
dards. In the tablelands trial 6 of the experimental "en-
ergy canes" had a water content higher than Q208 (Fig
2)
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Figure 2: Moisture content at harvest of the cane
genotypes included in the field trials in Mossman and
Tablelands. The crop was harvested 10 months after
planting. Genotypes were sorted with the highest
value on the right.

Evidently much of the apparent biomass gain ob-
served (Fig. 1) is merly due to a larger water content in
the tissue. It is also evident that cane produced at Moss-
man has a higher water content than in the Tableland
production system. For this reason all further yield data
in the project will be presented as TCH on a dry weight
basis.
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Figure 3: Biomass yield on a dry weight basis of the
cane genotypes included in the field trials in
Mossman and Tablelands. The crop was harvested 10
months after planting. Genotypes were sorted with
the highest value on the right.

When expressed on a dry weight basis yields between
Mossman and Tablelands are similar. There seven and six
of the experimental clones had a higher biomass yield
than the commercial standards at Mossman and Table-
lands respectively (Fig. 3). Noteworthy is the very good
biomass yield of Q200 at Mossman.

Primary Quality Traits

In a breeding program focused on the development of
type I sugarcane [10], Brix, Pol, purity and fibre content
are routine measured as the primary quality components
of sugarcane [5].

Six culm samples were taken from the field plots at
two time points during the season approximately six and
twelve months from planting or ratooning (see data for
details). Samples were analysed with a modified method
[5]. Culm samples were disintegrated using a Dedini lab-
oratory disintegrator and then processed using the Spec-
traCane™ automated NIR-based system [5]. At the end
of each harvesting season, SpectraCane™ is re-calibrated
against the conventional laboratory data. In addition, ev-
ery tenth sample through SpectraCane™ is automatically
saved and processed through the conventional laboratory
where juice is squeezed from the shredded cane using
a hydraulic press. The remaining fibre is then dried and
weighed to calculate the fibre content.

There is a highly significant variation (p<0.001) in fi-
bre content between the genotypes at both locations (Fig.
4). Seven of the genotypes in the Mossman, and 8 geno-
types in the Tablelands trails have fibre levels indicative
of type I energy canes [10]. It is important to note that
for most of the tested genotypes higher fibre levels were
recorded at Tablelands than Mossman. For example com-
pare the fibre content of WSRA24 grown at the two dif-
ferent locations.

Frikkie Botha, Crop Science, Queensland Alliance for Agriculture & Food Innovation The University of Queensland, St Lucia QLD 4072

& (+61) 048 840 0074 = f.botha@ugq.edu.au

Page 2


mailto:email@email.com

Mossman Tablelands

20 T T

Fibre %
Fibre %

|
v

2

S+

QS08-8662
Q240
QN13-609
WSRA24
QN13-173
QS10-8770
Q208
QS09-8348
QS07-9185 4=
Qs10-7123
QN12-512
Q200
QN12-520
QS09-8404
QS08-7370
QS08-8662
QN13-609
Q240
QN13-173
Q@S10-8770
Q208
KQ228
QS09-8348
QS10-7123
QS07-9185
WSRA24
QS09-8404
QS08-7370
SRA3
QN12-512

Figure 4: Fibre content (% FW) of the cane
genotypes included in the field trials in Mossman and
Tablelands. The crop was harvested 10 months after
planting. Genotypes were sorted with the highest
value on the right.
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Figure 5: Sucrose content (CCS) of the cane
genotypes included in the field trials in Mossman and
Tablelands. The crop was harvested 10 months after
planting. Genotypes were sorted with the highest
value on the right.
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Figure 6: Brix (%) of the cane genotypes included
in the field trials in Mossman and Tablelands. The
crop was harvested 10 months after planting.
Genotypes were sorted with the highest value on the
right.

When variation between genotypes is due to a range
of variables it becomes very difficult to visualise and in-
terpret the data. A principal component analysis can be
used to extract the important information from a multi-
variate data table and to express this as a set of few new
variables called principal components. These new vari-
ables correspond to a linear combination of the original
variables [1].

In order to do a PCA analysis of the performance and

composition of the genotypes in the trial variables were
standardised by normalising parameters against that of
variety Q208.

Principle component (PC)1 explains 65% of the vari-
ation between the genotypes in the Mossman trial (Fig.
7A), and the three most important factors in PC1 is Brix,
purity and water content (Fig. 7C). PC2 explains >25%
of the variation and the main factor in this component
is fibre content. PC3 describes 11% of the total variation
and the main factor is TCH (p<0.001). The three main
principle components describe more than 98% of the to-
tal variation in the Mossman trial.
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Figure 7: Principal component analysis (PCA) of
the yield and mill room components of the 15
varieties in the Mossman trial. Principal component
analysis (PCA) of the observation (A) and the
variables main variables (B). The three main
contibutors to PC1 (C) and PC2 (D).

Evidently, the three main factors differentiating the
genotypes are fibre, sucrose and moisture. Most of the ex-
perimental genotypes fall well into the definition of Type
I energy canes [10].

Biomass composition

A major challenge for the effective utilisation of to-
tal biomass is the great innate variability between differ-
ent biomass types and within individual species and va-
rieties. This inconsistency arises from genetic variability,
varied growth, and harvesting conditions. This variabil-
ity in biomass composition presents major challenges for
processors as conversion processes require physically and
chemically uniform materials.

In contrast to the extensive knowledge base about su-
crose, reducing sugar and bagasse content of commer-
cial sugarcane varieties, little is know about the chemical
composition, and variability in chemical profiles within
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sugarcane germplasm.

There has been considerable interest in the sugarcane
lignocellulosic fraction which is typically rich in cellulose
(44%) and hemicellulose (28%), lignin (21%) and ashes
(5%) [2, &, 9]

A major objective of the current research project is to
develop a comprehensive chemical profile of sugarcane
tissues for both current commercial varieties and atypical
germplasm that are well suited for biomass production
and diversification opportunities.
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Figure 8: Principal component analysis (PCA) of
the yield and biomass composition components of the
15 varieties in the Tablelands trial. Principal
component analysis (PCA) of the observation (A) and
the variables main variables (B). The three main
contibutors to PC1 (C) and PC2 (D).

Table 1: Composition of the lignocellulosic fraction of 15 sugarcane genotypes grown in the Mossman mill production area.

Genotype Fibre Glucan Xylan Other sugar! Uronic acid? Lignin3
% of total biomass (Dry weight)

KQ228 44.1 -45.4 16.7 - 18.2 11.5-10.2 1.2-14 0.4-0.5 10.3-11.0
Q208 46.7 - 48.7 18.9 - 20.6 11.0-11.4 1.2-14 0.6-0.8 104-11.4
Q240 42.9 -45.9 15.7-17.9 9.2-10.8 1.0-1.3 0.4-0.5 8.8-10.2
QN12-512 46.1 - 49.2 17.2-18.6 10.2 - 10.9 1.4-1.5 0.4-0.8 9.9-11.2
QN12-520 47.8 - 52.2 16.3-18.4 10.2 - 10.7 1.2-1.6 0.5-0.7 9.8-12.1
QN13-173 47.2-49.4 17.8-18.4 10.5-11.6 1.2-14 0.7-0.9 10.8 - 11.5
QN13-609 44.5 - 46.5 17.6 - 18.3 10.9-11.1 1.3-14 0.7-1.0 10.7 - 11.0
QS07-9185 45.4 - 46.9 16.6-17.8 9.7-9.8 1.1-1.2 0.4-0.5 10.6-11.4
QS08-7370 47.8 - 52.2 18.2-21.1 12.2-13.6 1.5-1.5 0.6-0.8 11.3-11.7
QS08-8662 43.0 - 50.2 16.5-18.5 10.0-11.1 1.2-1.5 0.6-0.7 9.6-11.1
QS09-8348 42.2-49.4 15.7-19.6 10.2-12.7 1.3-1.3 0.4-0.6 10.2-11.7
QS09-8404 48.1-52.9 17.5-19.3 12.3-12.7 14-1.5 0.5-0.6 11.0-12.2
QS10-7123 46.2 - 50.7 17.3-19.7 10.5-11.5 1.3-1.5 0.4-0.6 9.9 -10.9
QS10-8770 46.1 - 48.2 17.0- 18.1 9.5-12.1 1.1-1.3 0.4-0.7 11.4-11.5
SRA3 48.5-50.4 18.5-19.5 10.1-11.4 1.3-14 0.5-0.8 10.6 -12.1
WSRA24 47.8 -49.3 18.7 - 19.7 11.0-11.6 1.1-1.5 0.7-0.9 11.0-12.1

1Reducing sugars, glucose and fructose
2Qrganic acids, amino acids, protein and lipid
3Total mass per internode

Metabolome

To determine the polar metabolite profile of sorghum
tissue was sequentially extracted with methanol and then
water. The resulting extract was dried under vacuum and
the pellet methoximated and trimethylsilylated prior to

GC-MS analyses. Two internal standards were included
in all analyses (*3Cs,'® N Valine and '3Cy Sorbitol. We
routinely identified 135 metabolites in the sugarcane tis-
sue.

Of these 24 metabolites are present at levels > than
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Table 2: Soluble sugars of 15 sugarcane genotypes grown in the Mossman mill production area.Values represent the minimum and
maximum levels present in the culm tissue.)

Genotype Total sugar Sucrose Glucose Fructose Other!
% of total biomass (Dry weight)

KQ228 42.9 - 42.4 25.6 - 26.2 7.8-8.6 3.7-48 0.2-0.5
KQ228 42.4-42.9 25.6 - 26.2 7.8-8.6 3.7-4.8 0.2-0.5
Q200 40.3 - 42.2 22.0-29.0 54-6.8 2.7-4.6 0.3-0.6
Q208 42.3-43.1 23.0-26.5 7.0-8.4 3.9-58 0.2-0.5
Q240 39.7-40.6 25.3-26.7 6.2-7.2 2.1-4.6 0.2-0.5
QN12-512 39.3-41.1 20.5-26.5 53-7.2 4.1-6.1 0.2-0.5
QN12-520 36.7 - 40.5 19.4 - 26.3 7.3-7.7 3.8-54 0.2-0.5
QN13-173 37.6-42.4 16.8 - 25.9 6.6 - 8.7 4.0-6.2 0.1-0.4
QN13-609 36.0-42.3 17.8-27.0 55-7.6 4.5-5.9 0.2-0.5
QS07-9185 35.4-39.0 18.0 - 23.3 6.2-7.8 3.1-54 0.1-0.5
QS08-7370 32.9-37.5 16.6 - 22.1 53-75 3.3-5.8 0.1-0.4
QS08-8662 43.0 - 44.6 23.5-27.3 7.0 -8.6 3.3-5.7 0.2-0.5
QS09-8348 37.0-39.3 18.5-22.7 55-7.8 3.3-5.7 0.2-0.5
QS09-8404 40.2 - 42.7 24.5-25.2 53-7.4 3.5-48 0.3-0.5
QS10-7123 40.0 - 41.8 21.7-23.1 8.5-8.8 5.0-6.1 0.2-0.5
QS10-8770 40.6 - 43.0 24.0 - 26.0 58-7.4 3.6-44 0.1-0.4
QS10-8770 36.8 - 36.8 16.4-16.4 10.7 - 10.7 9.6-9.6 0.2-04
QS10-7123 37.4-39.4 16.4-18.4 11.1-11.1 9.7-9.7 0.2-0.4
QS10-8770 37.2-37.2 17.6-17.6 10.4-10.4 9.1-9.1 0.3-0.5
SRA3 39.3-41.2 20.4-21.3 8.9-9.4 6.6-7.7 0.2-0.5
WSRA24 37.1-39.9 24.0 - 26.5 6.6-6.8 3.3-35 0.2-0.5

ITrehalose, mannose, galactose, arabinose, sorbitol, rhamnose and xylose

0.05% of total dry mass and could potentially be recov-
ered from the tissue (Table ??). An assessment of the
potential commercial value of these metabolites has not
been done yet.
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