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Abstract 

Using the CSIRO Controlled Environment Facility, the discrete effects on the rate 
and extent of sucrose accumulation in sugarcane of four significant 
environmental parameters (daily light integral, radiation levels, temperature and 
humidity) have been investigated. These experiments have attempted to address 
some existing industry problems and have provided some basic understanding of 
sugarcane physiology, a platform from which to launch a more detailed 
investigation of the metabolic processes that control the rate and final level of 
sucrose accumUlation. 

Summary 
The first CEF experiment investigated whether or not the observed April/May 
plateau in stalk sucrose concentrations is a function of decreasing daily light 
integral (OLl- a function of daylength and radiation input). Growing 0117 under 
3 different OLi regimes found no support for the theory that the autumnal 
decrease in OLi might increase partitioning of carbohydrates to latent or real 
reproductive systems at the expense of sucrose accumulation. No significant 
differences were observed between the stalk masses, the organ contributions to 
total mass, or the sucrose contribution to dry mass. The novel and useful 
information from this trial has been conveyed to plant growth modellers, who now 
have a scientific basis not to include such factors in their models. 

The second CEF experiment explored the biological basis for the lower CCS 
values of sugarcane grown in the wet tropics. There has been debate as to 
whether the lower CCS resulted from a higher moisture content of the harvested 
cane or from decreased total fixed carbon due to the extensive cloud cover 
during summer in the wet tropics. Growing plants of varieties 0117 and 0138 at 
irradiance (PAR) levels of 250, 375 and 500 Ilmoles m-2 

S-1, it was shown that 
lower irradiation levels decreased both total biomass at harvest and the 
proportion of biomass which was stored as sucrose. These observations are 
consistent with the theory that lower irradiation levels in the wet tropics contribute 
significantly to the observed lower CCS levels. Whilst this result was not 
unexpected, the particularly significant result to come from this trial was that 
sugarcane plants growing under low irradiation regimes have a significantly 
higher radiation use efficiency (RUE) than do plants growing at higher radiation 
levels. We believe that these unexpected results about altered RUE may indicate 
that sugarcane growth is not only controlled by source strength (how much 
carbon is being fixed in the leaves), but also by sink strength ( is there enough 
room to store the carbon which has been fixed?). This hypothesis, which needs 
further testing, will have a substantial impact on our understanding of sugarcane 
growth and would be incorporated into both empirical and process-based crop 
models, which at this stage assume a constant RUE for field-grown sugarcane 
and consider only source strength as the limiting factor in yield accumulation. 



The third CEF experiment examined the effects of different ambient temperatures 
(14,18,22,26°C) on growth and sucrose accumulation in 0117 and 0138. The 
experiment identified for the first time that the base temperature for sugarcane 
growth (leaf appearance) was approximately 7.5 °c, significantly lower than had 
previously been thought. This basic plant function has been incorporated into 
plant growth models and has enhanced growth prediction in the colder areas of 
the Australian sugar industry. A positive relationship was also observed between 
temperature and the rate of stem elongation, which is a prime contributor to the 
development of stalk volume, hence carbohydrate 'sink' strength. This 
relationship, which shows that at cooler temperatures stem elongation slows and 
fixed carbohydrates are stored in the stem as sucrose rather than being used for 
stem growth (so called 'ripening') is consistent with field data. For example, 0117 
is more sensitive to cool temperatures than 0138, thus slows its stem elongation 
earlier in autumn. As stem elongation slows, sucrose storage is increased and 
0117 'ripens' before 0138 (field data show that 0117 has earlier high CCS than 
0138). It is suggested that cool sensitivity, as a phenotypic marker for early CCS, 
could be investigated in greater detail or considered within the scope of 
screening breeding populations. 

The fourth CEF experiment further considered the question of low CCS of cane 
grown in the wet tropics, by investigating the effects of ambient humidity on the 
growth and sucrose accumulation of 0117 and 0138 (that is, could lower CCS, 
higher moisture content of the cane, be driven by high atmospheric humidity?). 
No differences in sugar concentrations or composition, plant growth rates or final 
dry matter accumulation between plants grown at daytime humidities of 45, 55 
and 65% were observed. 

As well as the core physiology experiments described, staff from CTA017 have 
completed a number of smaller experiments which have significant implications 
for ongoing and future sugarcane research. Considerable effort was also put 
towards optimising the culture and growth of sugarcane in the CEF and then 
establishing through comparison with field data that sugarcane growth rates in 
the CEF were the same as growth rates in the field. Several trials have also 
investigated the effects of glycinebetaine on cane and sucrose yield, although 
data from these trials is equivocal. 

Background 

CC17S (renamed CTA017) was developed as a strategic research project by 
CSIRO and the SRDC in 1993/94. The SRDC Research and Development Plan 
(1995-2000) defines strategic research as work "where the output of R&D is 
likely to be used as the input to further project( s) before a direct industry benefit 
may accrue". The goal of this project was to produce outputs (understanding, 
defined parameters, scientific papers, technologies) which will eventually lead to 
the outcome of more profitable sugarcane production, specifically higher sucrose 
yield. 



A key role of CTA017 research has been to facilitate vertical integration with the 
ongoing research of both (a) agronomy/crop modelling projects, and (b) 
metabolic molecular manipulation projects. To date, experiments have sought to 
clarify the nature of existing (or perceived) industry problems, allowing the 
development of new knowledge whilst remaining industry-relevant. All problems 
addressed have investigated the biological limitations of sucrose yield. 

Objectives and Achievements 

This project was reviewed in October 1997, the panel consisting of ES Wallis, PH 
Moore, JC Baird, JH King, RJ Troedson, W Martin and A Heidke. In December 
1997, Dr James Campbell, the Research Scientist employed on this project 
resigned from CSIRO. Thus the bulk of the research achievements, outputs and 
delivery of benefits to the industry/community of this project were detailed in the 
document prepared for the review which is attached to this final report. The 
science conducted was adjudged to be of an excellent standard by the Review 
Panel. 

The remainder of the project funding was utilised to appoint a post-doctoral 
scientist for a 12 month period. A 6 month gap however, ensued between James 
Campbell's departure and Peter Albertson's commencement. The primary aim 
during the final 12 month period was to begin the development of methodology to 
permit the identification of limiting metabolic steps in the process of sucrose 
accumulation and therefore identify potential target genes for transgenic 
manipulation or for application as biochemical and molecular markers. 

A state-of-the-art HPLC system similar to that described by Papageorgiou et at. 
(1997), had been set up in the final phase of this project to accurately measure 
hexoses and sucrose concentrations in sugarcane tissues. Furthermore, 
methodology to measure the in vitro activities of the key enzymes involved in 
sucrose metabolism, namely three different isoforms of invertase, sucrose 
phosphate synthase (SPS) and sucrose synthase was also being established. 

The development of tools for the efficient measurement of sugars and key 
enzymes has been an important bridging step towards the development of a new 
proposal entitled The transfer of high CCS traits from wild relatives to sugarcane 
using biochemical markers (CTA048). The new project represents a biochemical 
approach to identify traits which determine the final level and rate of sucrose 
accumulation (maximal CCS and timing of CCS) in wild accessions of sugarcane. 
The utility of the tools developed will be tested in progeny populations derived 
from wide crosses between sugarcane varieties and previously unused S. 
officinarum clones. 

Papageorgiou J., Bartholomew H. C., and Doherty W. O. S. (1997) HPAE-PAD: A rapid and 
precise method of sugar analysis. Proceedings of Australian Society of Sugar Cane 
Technologists. 
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REVIEW OF CC17S 

PHYSIOLOGY OF SUCROSE ACCUMULATION IN SUGARCANE 

OCTOBER 9, 1997 

Staff: Dr James Campbell & Mr Peter Tuckett (1994-current), Dr John Wilson 10% (1994- Jan 1997) 

Background: 

CC17S was developed as a strategic research 
project by CSIRO and the SRDC in 1993 around 
the model at right (Figure 1). The SRDC Research 
and Development Plan 1995-2000 defines 
strategic research as work "where the output of R 
& 0 is likely to be used as the input to further 
project{s) before a direct industry benefit may 
accrue". The goal of this project is to produce 
outputs (understanding, defined parameters, 
scientific papers, technologies) which will 
eventually lead to the outcome of more profitable 
sugarcane production, specifically higher sucrose 
yield. 

A key role of CC17S research has been to 
facilitate vertical integration with the ongoing 
research of both (a) agronomy/crop modelling 
projects, and (b) metabolic molecular manipulation 
projects. To date, experiments have sought to 
clarify the nature of existing (or perceived) 
industry problems, allowing the development of 
new knowledge whilst remaining industry
relevant. All problems addressed have 
investigated the biological limitations of sucrose 
yield. 

Funding commenced in January 1994, and will 
continue until January 1999. 

Strategies: 

"CORE AREAS" 

Sugar Accumulation Processes 

,'" ......... -----:. ~,----
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Figure 1. Original model for research scope. 

The experimental approach has linked physiological (photosynthesis measurements, biomass and yield 
accumulation trends, growth rates) and biochemical techniques with the use of the CSIRO controlled 
environment facility (CEF). Using the CEF, sugarcane plants can be grown to 'maturity' with rigid control of the 
environmental inputs which affect the physiological and biochemical processes involved in sucrose 
accumulation. The initial strategic plan identified three environmental parameters for investigation; 
photoperiod, radiation flux and temperature. Subsequent work has considered the effect of ambient 
humidity on sugarcane growth, and future work will attempt to manipUlate the source-sink balance of 
sugarcane, attempting to manipulate sucrose levels beyond existing biological limits. 

Objectives: 
1 . Develop assay systems for sugar determinations of large numbers of experimental samples. 
2. Compare the growth of sugarcane in the CEF with growth in the field. 
3. Ascertain the role of decreasing photoperiod on rate of sucrose accumulation. 
4. Determine the effect of decreased radiation levels on sucrose accumulation. 
5. Clarify the relationship between temperature, plant growth and sucrose accumulation. 
6. Ascertain the role of ambient humidity on sugarcane growth and sucrose accumulation. 
7. Identify limiting processes in the metabolic sequence which leads to sucrose storage. 
S. Attempt manipulation of source-sink balance to increase stalk sucrose content. 
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Achievements: 

1. Develop assay systems for sugar determinations of large numbers of experimental 
samples. 

Quantification of non-structural carbohydrates in plant tissues is central to the understanding of whole plant 
carbon allocation and general physiology. This is usually achieved by either hplc or enzymatic assays for 
specific sugars. The need for reliable and cost-effective assays of large numbers of samples led us to 
compare microtitre plate-adapted enzymatic assays for sucrose, glucose and fructose with current, industry 
standard hplc protocols. The enzymatic assay techniques were modified without loss of precision or accuracy 
when compared to the original protocols. Application of hplc and the modified enzymatic assay to a range of 
sugarcane stem extracts found no difference in assay sensitivity (Figure 2). The enzymatic assay had 
considerable advantages in terms of sample throughput and cost effectiveness, and was adopted for 
analysis of samples arising from CEF experiments. 
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Figure 2. Plots of sucrose (0), glucose (0) and fructose (Ll.) determinations obtained using the 
microtitre plate-adapted enzymatic assays against determinations achieved by hplc. 

Outputs: A poster-paper on the development and accuracy of the sucrose protocol was presented at 
'Sugar 2000' and a paper describing the three assays has been submitted to The Joumal of the Science of 
Food and Agriculture. 

Impact: Since development these protocols have been used to determine the sucrose, glucose and 
fructose content of approximately 8000 sugarcane stem samples from CEF and field experiments of CC17S. 
These protocols have also been used for analysis of glucose and fructose in sugarcane juice from North Qld 
(Muchow), and have been sought by both domestic (University of Qld) and international (Texas A&M 
University) researchers. 
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2. Compare the growth of sugarcane in the CEF with growth in the field. 

Controlled environment facilities (CEFs, also called phytotrons) are useful tools in the study of plant 
physiology and biochemistry. They enable the identification of factors, often discrete environmental 
parameters, which limit plant growth, development or productivity. Such limits, once defined, can potentially 
be overcome by altering management practices, by specific breeding or by molecular manipulation. Modern 
CEFs allow the control of temperature, radiation, daylength, humidity and CO, concentrations within tightly 
set limits. They also yield data which has low levels of experimental variability arising from plant-to-plant 
variation. There is however a need for caution when extrapolating results from controlled environments to 
field situations, and a need to compare the controlled growth of plants with field growth to ascertain the 
relevance of the experimental data being collected and analysed. 

Comparisons of fresh and dry matter accumulation and percentage dry matter between the CEF and field 
were made using both time and thennal time, the latter being more appropriate as it overcame major 
differences in thennal input between the CEF and the field (Figure 3). Thennal time was calculated using a 
base temperature of 14' C, an optimum temperature of 32' C and a maximum temperature of 45' C. Millable 
stalk fresh weight accumulation for both varieties was faster in the CEF than in the field (Figure 3a), although 
these differences can be explained by the greater water content of CEF-grown plants of both varieties 
(Figure 3b). The rate of biomass dry matter accumulation was the same for CEF- and field-grown plants 
(Figure 3c), indicating that sugarcane grown in the CEF shares some important growth trends with that grown 
in the field, arid that the CEF is a useful tool for investigating sugarcane physiology. . 
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Figure 3, Millable stalk (a) fresh weight accumulation, (b) % dry matter, and (c) biomass (dry matter) 
accumulation for sugarcane varieties Q117 (0 , e) and Q138 (0 , .) grown in the field (North 
Queensland, irrigated) (0 , 0) and in the CEF (e , .). Data are plotted against thennal time 
(base temperature 14·C). 

Sugarcane growth and development 
of CEF-grown sugarcane at the tissue 
level is also consistent with field
grown plants. Figure 4 shows the 
gradient down the stem of internode 
sucrose content of Q117 (e) and 
Q138 (.). These data agree both with 
previously reported sugar gradients 
and maximal sucrose contents of the 
varieties Q117 (53%) and Q138 
(generally 3-5% lower) (Robertson et 
al., 1995 ASSCT pp. 155-161) 
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Figure 4. Sucrose gradients (sucrose as % of total dry 
matter) along mature stalks of CEF-grown Q117 and Q138. 

Outputs: Two poster-papers, one on the development of culture procedures for growing sugarcane in 
the CEF, and the other comparing CEF- and field-growth of sugarcane were presented at 'Sugar 2000'. Parts 
of this work were presented at the Australian Controlled Environment Working Group 1996 Meeting (invited 
presentation). A paper describing these data has been submitted to the journal Sugar Cane. 

Impact: Confirmation of the utility of the CEF as a valuable tool for the investigation of sugarcane 
physiology has allowed its use for four major "core activity" experiments in CC17S. tt has also given support 
to other sugarcane research being undertaken in the CEF, the respiration research of Scott McNeil 
(University of Qld) and several CSIRO projects on biochemistry and molecular manipulation. 
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3. Ascertain the role of decreasing photoperiod on rate of sucrose accumulation. 

The first CEF trial sought to identify the cause of the April/May plateau in stalk sucrose which had been 
reported in the field. Some researchers had tried to explain such observations as a "ripening" response to 
decreasing daily light integral (DLI - a function of daylength and radiation input). To test this hypothesis. Q117 
plants were grown in the CEF under 3 different DLI regimes. Figure 5 shows the three treatments. 
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Figure 5. 

Time 

Daylength (--) and daily light integral (DLI) ( ••• ) variations against time in the three rooms of 
the first major CEF experiment; 'normal' north Queensland (500 Ilmoles m' s"), continuous 
summer solstice (500 Ilmoles m" s"), and solstice daylength w~h decreasing radiation input. 

Plants were grown under constant conditions and sampled immediately prior to the imposition of treatments. 
Plants were then sampled every 5·6 weeks, and analysed for, leaf, cabbage and stem fresh mass, dry matter, 
water content and sugar concentrations. Figure 6 shows that plotted either against time or cumulative DLI, 
there were no significant differences between the responses to any of the treatments imposed. 
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Biomass accumulation plotted against time (days) and summed daily light integral (DLI) for 
Q117 plants grown under 'normal' N Qld conditions (0), 'endless solstice' cond~ions (~), or 
solstice daylength, decreasing DLI cond~ions (0). 

~ was possible that whilst the different DLI treatments imposed in this experiment had not affected total 
biomass accumulation, they had altered the carbon partitioning within the plants. Such an alteration of 
partitioning might have resulted in earlier "ripening" of sugarcane, as had been hypothesised. Detailed 
analysis of the contributions to dry matter content made by sucrose, glucose and fructose did not reveal 
such differences however. Figure 7 shows a comparison of sucrose and glucose contents within stem sub
sections (of 5 internodes) at the final harvest of the experiment. There were no significant differences which 
could be attributed to DLI regime. Data for fructose content are not shown but were very similar to those for 
glucose content. 

In summary, this experiment found no support for the hypothesis that sugarcane growth and/or partitioning 
were affected by seasonal differences in daily light integral. It was observed that plant yield, organ 
contributions to total mass, sucrose content and sucrose yield identical were under the three different 
daylengthiradiation regimes investigated. 
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Contributions of sucrose (a) and gluCOSQ (b) to the total dry matter of stalk sub-sections of 
0117 plants grown under 'normal' N Old conditions, 'endless solstice' conditions, or solstice 
daylength, decreasing DLI conditions (described as the 'combination' treatment). ' 

Outputs: The information from this trial is novel and useful. tt has been conveyed to plant growth 
modellers, who now have a scientific basis not to include such factors in their models. A paper describing 
these data is in preparation for submission to The Australian Journal of Experimental Agriculture. 

Impact: This work provides the first clear evidence that the commercial Australian varieties 0117 and 
0138 are not sensitive to variations in DLI, indicating that other environmental or developmental factors must 
effect late season perturbations to gro\o\1h. 
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4. Determine the effect of decreased radiation levels on sucrose accumulation. 

Despite the favourable conditions for growth (high 
temperature and humidity), sugarcane grown in 
the wet tropics often has lower levels of CCS than 
cane grown in the dry tropics. Figure 8 shows a 
comparison of annual CCS values from 1986 until 
1995 for the Mossman (e) (wet tropics), Macknade 
(0) (intermediate) and Kalamia (~) (dry tropics) 
mills in North Queensland. 

~ is unclear as to whether the lower CCS values 
observed in the wet tropics reflect (a) lower sugar 
content due to cloud cover during summer (-
50% of dry tropics radiation levels), or (b) dilution 
of sugar (hence decreased CCS) by the higher 
water content of cane grown in the wet tropics. 

The second major CEF experiment tested 
whether lower radiation levels cause lower final 
sucrose levels in the sugarcane varieties Ql17 
and Q138. 
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Figure 8 Seasonal CCS data for Mossman, 
Macknade and Kalamia mills 1986-1995. 

Plants were grown at three different photosynthetically active radiation (PAR) levels; 500 j.lIllOl m' S·l (which 
had previously been shown to simulate field growth in the dry trpoics), 3751!fTloi m" s", and 250 J.l.mol m' s·'., 
and harvested throughout their growth for biomass, carbon and sugar partitioning. Figures 9 and 10 show 
that radiation flux significantly altered both biomass accumulation and partitioning to sucrose in developing 
stalks. These trends were also true for Q138 (data not shown). 
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Figure 9. Plots of biomass accumulation against 
time (days after planting) for Ql17 plants growing 
at PAR levels of 500 (0), 375 (e), and 250 (~) 
J.l.mol m' S·'. (n=4). 
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Figure 10. Plots of sucrose contribution to total 
stem dry matter against time (days after planting) 
for Ql17 plants growing at PAR levels of 500 (0), 
375 (e), and 250 (~) Ilmol m" s·'. (n=4). 

Interestingly, whilst radiation levels could explain the lower CCS values observed in the field (perhaps in 
combination with higher water content at harvest), a detailed analysis of these data revealed a surprising 
result about the way in which sugarcane plants growing under low radiation levels use the radiation they 
receive. Figure 11 shows that when plotted against input radiation rather than time, it is clear that plants 
growing at the lower radiation levels use what radiation they receive more efficiently that do plants growing at 
higher radiation levels. That is, plants growing under limiting radiation have a greater radiation use efficiency 
(RUE) than plants with more available radiation. Table 1 shows this difference in RUE's determined from the 
gradients of graphs such as Figure 11 . 
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Figure 11. Plots of biomass accumulation 
against total input radiation (moles of photons) for 
0117 plants growing at PAR levels of 500 (0), 
375 (e), and 250 (~) flmol m·2 s·'. (n=4). 

PAR flux RUE RUE 
().unol m·2 s") gkmol" gkmol" 

0117 0138 
250 31 50 
375 26 40 
500 22 23 

Table 1. Radiation use efficiencies (RUE) of 
0117 and 0138 growing at three different levels 
of PAR. 

We believe that these unexpected results about altered RUE may indicate that sugarcane growth is not only 
controlled by source strength (how much carbon is being fixed in the leaves), but also by sink strength (is 
there enough room to store the carbon which has been fixed?). This hypothesis, which needs further 
testing, will have a substantial impact on our understanding of sugarcane growth, and would be incorporated 
into both empirical and process-based crop models, which at this stage assume a constant RUE for field
grown sugarcane, and consider only source strength as the limiting factor in yield accumulation. 

Outputs: Data from these analyses has been conveyed to plant growth modellers, who are 
considering the inclusion of these results in their models. The output that sink, rather than source, might limtl 
biomass accumulation forms one of the principles of planned work of CC17S to manipulate sucrose 
accumulation above the apparent 53% plateau. A paper describing these data will be submtlted to The 
Australian Journal of Plant Physiology. 

Impact: The observations from this trial are of high value for a range of reasons. tt is has been 
demonstrated that lower radiation levels (as encountered in the wet tropics during summer) limtl sugarcane 
growth and sugar partitioning and thus must contribute significantly to decreasing CCS. Having identified this 
parameter as being limiting, there is now scope for both traditional and molecular breeders to work towards 
plants which are less sensitive to low levels of PAR. The second observation of these data, that RUE's do 
vary, indicates that there should be scope to breed plants which make greater use of incoming radiation than 
do current varieties. 
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5. Clarify the relationship between temperature, plant growth and sucrose 
accumulation. 

The third CEF trial examined the effects of different ambient temperatures on growth and sucrose 
accumulation of sugarcane. The experiment was designed after consultation w~h modellers in order to attain 
detailed data on base temperatures for growth to be incorporated into process·based and empirical models 
(no relevant data were available in the literature). As a major contributing factor to internode elongation, 
hence stem volume and sink strength, an understanding of the effects of temperature on sugarcane growth 
and sucrose accumulation was v~al. 

Plants were grown under constant condition for two months, then subjected to one of four different ambient 
temperature regimes (14, 18, 22 or 26·C). Plants were harvested prior to the impos~ion of the treatments, 
then at monthly intervals for biomass, carbon and sugar part~ioning. Figures 12, 13 and 14 show that ambient 
temperature significantly altered the rate of internode appearance, total stalk length and biomass 
accumulation respectively. These trends were also true for 0138 (data not shown). 
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Figure 12. Internode number 
against time for 0117 growing at 14 
(0),18 (+), 22 (0), and 26 (A) ·C. 
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Figure 13. Stalk length (cm) 
against time for 0117 growing at 14 
(0), 18 (+), 22 (0), and 26 (A) ·C. 
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Figure 14. Stalk biomass (g) 
against time for 0117 growing at 14 
(0), 18 (+), 22 (0), and 26 (A) ·C. 

Analysis of data similar to that shown in Figure 13 allowed determination of the rates of stem elongation at 
various temperatures, and facil~ated estimation of the base temperatures for stem growth as shown in Rgure 
15. ~ was observed that the base temperatures for both stem elongation and leaf appearance (not shown) 
were lower than had previously been supposed (10'C for 0138 and 12'C for 0117, rather than 14'C for both 
varieties). 

Figure 15 shows the obvious varietal differences 
in the responses of the varieties 0117 and 0138 
to temperature. Interestingly, 0117, which is more 
sensitive to cooler temperatures, attains maximal 
CCS levels earlier in the season that 0138 (data 
not shown). This may be because 0138 
undergoes more stalk elongation and achieves 
less sucrose storage as ambient temperatures 
cool. 

If, as previously hypothesised, sink strength limits 
sucrose accumulation under some conditions, 
then temperature, which clearly lim~s the rate of 
stalk elongation (thus volume) should be a 
significant contributor to limiting sucrose 
accumulation in sugarcane. 
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Figure 15. Rate of stem elongation 
versus ambient temperature for 0138 (0) 
and 0117 (e). 

Analysis of the effects of the different ambient temperatures on sugar partitioning yielded some of the most 
illuminating data to come form CC17S. Figure 16 (0117 data) shows that at the time of the imposition of the 
temperature treatments, sucrose accounted for approximately 13% of the total plant dry matter in aI plants. 
However, 6 weeks after the imposition of the temperature treatments, there were significant differences in 
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the sucrose contents of plants in the four CEF rooms. The colder the temperature. the higher the sucrose 
contribution to the plant dry matter. This effect was short term. as there were no such differences at the next 
sampling (5 weeks later) or at subsequent samplings. 

We propose that these data indicate the key role 
that temperature plays in the development of a 
sink for fixed carbon. At sampling 1 an plants were 
of the same size. and sucrose content was 
common between rooms. Following the 
imposition of the temperature regimes. stems in 
the cooler rooms expanded more slowly. This 
slower expansion meant that (a) there was going 
to be less volume to store fixed carbon in the long 
term. but (b) there was an excess of fixed carbon 
in the short term which was not being used to 
elongate stems. This excess carbon was stored as 
sucrose. as evidenced by the higher sucrose 
content in stalks grown at lower temperatures. 

Later in the experiment. the decreased stalk 
volume. hence sink strength become major 
limitations. and plants return to a form of steady 
state as observed at samplings 3 and 4. 

These trends were also observed for Q138. 
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Figure 16. Sucrose contribution to total 
dry matter against time for Q117 growing at 
14 (0). 18 (+). 22 (0). and 26 (A) "C. 

This hypothesis is supported by an examination of sucrose content of individual intemodes at samplings 1 
and 3 (Figures 17 and 18 respectively) which indicate that least sucrose is being stored in mature internodes 
in the plants growing at the highest experimental temperature (26"C). 
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Figure 17. Sucrose contribution to total dry 
matter against internode number for Q117 
growing in rooms soon to be set at 14 (0). 18 (-¢-). 
22 (0). and 26 (ll) "C. Sampled 72 days after 
planting 
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Figure 18. Sucrose contribution to total dry 
matter against internode number for Q117 
growing at 14 (0). 18 (-¢-). 22 (0). and 26 (ll) "C. 
Sampled 120 days after planting 

Outputs: Data from these analyses have been shared with plant growth modellers (APSIM Sugar). who 
have incorporated them into models for both leaf appearance and stem elongation. A paper using this data. 
field data (Bonnett) and crop and model data (Robertson) is near completion for submission to The Australian 
Journal of Plant Physiology. 

Impact: The observations from this trial are of high value in that they provide the first sound evidence 
for the determination of base temperatures of leaf appearance and internode elongation in sugarcane. That 
there are varietal differences in these parameters. and that these are consistent w~h the timing of maximal 
CCS in the field could be utilised by both trad~ional and molecular breeders. Evidence for temperature
driven assimilate partitioning. though preliminary. is novel and significant. 

9 



10 



6. Ascertain the role of ambient humidity on sugarcane growth and sucrose 
accumulation. 

Whilst the original validation of the CEF for sugarcane studies clearly indicated that dry matter accumulation in 
the CEF was the same as that in the field, CEF-grown cane had a much higher water content than field-grown 
cane. This was presumed to be due to either the high daytime humidities in the controlled environment or 
the high amount of N applied as fertiliser to the CEF-grown plants. A CEF trial was performed to ascertain 
whether different ambient humidities affected sugarcane growth, sucrose accumulation and CCS. Whilst 
sugar data are still being analysed, there were no significant differences in either growth rates or dry matter 
accumulation noted between 0117 or 0138 plants grown at 45%, 55% or 65% ambient daytime humidity. 

Outputs: When analyses are finalised, these data will be conveyed to crop mod ellers, and be 
published. 

Impact: This work indicates that daytime humity does not significantly affect sugarcane biomass 
accumulation. 

7. Identify limiting processes in the metabolic sequence which leads to sucrose 
storage. 

Assays for a range of key metabolic enzymes 
have been developed in conjuction with Dr 
Christopher Grof. These assays are currently 
being employed to screen noble canes and 
elfte hybrids to ascertain if variations in 
growth and/or sucrose accumulation can be 
explained by the activities of specific, key 
limiting enzymes. In the first instance we are 
developing and applying assays for sucrose 
phosphate synthase (SPS) and the three 
isoforms of invertase. 

Figure 19 shows that there is significant 
variation among genotypes (grown in the 
CEF) for leaf SPS activITy. These variations 
will be compared with sucrose accumulation 
trends among genotypes. 
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Figure 19. Leaf SPS activities for a range of sugarcane 
genotypes. Data are mean ± SEM (n=3) 

Outputs: A paper describing the modification of the SPS assay for sugarcane leaf tissue, and its 
application to screen a range of genotypes is in preparation. 

Impact: The capacity to measure the activity of SPS and other key metabolic enzymes is critical if we 
are to identify how varietal differences in sugar metabolism are effected. This assay is also being used by Dr 
Grof in the screening of several lines of transgenic sugarcane. 

8. Attempt manipulation of source-sink balance to increase stalk sucrose content. 

An experiment combining the understanding of the effects of radiation and temperature on the development 
of sink volume and hence sink strength is being planned for the remainder of this project. This trial will seek to 
ascertain if wild type 0117 and 0138 sugarcane can be grown in such a way that the maximal sucrose levels 
are greater than the plateau values previously referred to. 

Outputs: Strategic understanding of sucrose accumulation limitations, scientific publications. 

Impact: ~ is imperative that we ascertain the potential of sugarcane to attain a sucrose content of 
more than -53% of total dry matter. This trial should clarify significant questions, and the results should 
impact on both traditional and molecular breeding programs into the future. 
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