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Abstract 
 
It is predicted that atmospheric CO2 concentration could double by 2100. Sugarcane may 
respond favourably to elevated CO2 by increased water use efficiency (WUE) and biomass, 
although contrasting reports exist. 
 
The objectives of this study were to (1) determine the effects of elevated CO2 on the physiology 
and yield of two sugarcane varieties; and (2) assess the simulation capability of the Canesim 
model to predict CO2 effects on sugarcane. 
 
Varieties NCo376 and N31 were grown for seven months in 12 open-top chambers under 
ambient (400 ppm) and elevated (750 ppm) CO2 concentrations at Potchefstroom (South 
Africa). The effects of elevated CO2 on stomatal conductance (gs), CO2 assimilation rate (A), 
WUE and stalk dry mass (SDM) and sucrose yields were assessed. The Canesim model was 
used to simulate the experiment in Potchefstroom, and the long-term (over 20 years) mean 
response of SDM yield to elevated CO2 under rainfed (La Mercy) and irrigated (Komatipoort) 
conditions. 
 
Under elevated CO2 concentrations, gs was significantly reduced by 30-40% in both varieties, 
while A was not affected. WUE was significantly higher in both varieties under elevated CO2 

conditions, with increases of up to 71%. No significant increases in SDM or sucrose yields 
were found for either variety as compared with the control, and this was corroborated by the 
Potchefstroom Canesim simulation. Canesim predicted a SDM yield benefit only in response 
to elevated CO2 under rainfed conditions at La Mercy. These findings warrant further research 
into the impacts of elevated CO2 and water deficit on sugarcane productivity. 
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Introduction 
 
Atmospheric CO2 concentration has been predicted to double by 2100 (IPCC, 2013). C4 
plants, such as sugarcane, form a four-carbon compound during photosynthesis in order to 
minimise the energy losses associated with photorespiration. This internal CO2 concentrating 
mechanism allows attainment of maximum photosynthetic capacity at current CO2 
concentrations, and C4 plants are therefore less likely to be responsive to elevated CO2 

conditions compared with C3 plants.  
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Contrasting reports exist regarding the response of sugarcane to elevated CO2 conditions 
because the photosynthetic stimulation and reduced stomatal conductance observed in CO2 
rich environments may be variable and subject to environmental changes (Ainsworth & 
Rogers, 2007; Stokes et al. 2016). In the presence of elevated CO2 levels, plants tend to 
regulate an increase in stomatal closure and it has been suggested that secondary benefits 
such as increased water use efficiency may be induced under elevated conditions (Stokes et 
al. 2016). The direct benefits of elevated CO2 on sugarcane growth in South Africa requires 
further investigation in order to improve crop modelling capabilities and predict the effects of 
elevated CO2 on future sugarcane growth and production. 
 
The objectives of this study were (1) to determine the effects of elevated CO2 in the absence 
of soil water deficit on the growth, physiology and yield of two South African sugarcane 
varieties; and (2) to assess the simulation capability of the Canesim® model (Singels & 
Paraskevopoulos 2017) to predict CO2 effects on sugarcane. 
 
 

Materials and Methods 
 

A fully-irrigated pot trial was established at Potchefstroom (26.6905°S, 27.0932°E), in 
collaboration with North West University, from September 2015 to May 2016. Two varieties, 
namely NCo376 and N31, were grown for seven months in 12 open-top chambers under 
ambient (400 ppm) and elevated (750 ppm) CO2 concentrations. Measurements of leaf-level 
stomatal conductance (gs), transpiration rate (E) and CO2 assimilation rate (A) were conducted 
on two occasions (February and April 2016) between 10h00 and 13h00 using a portable 
photosynthesis system (CIRAS-2, PP Systems, USA). Single leaf water use efficiency (WUE) 
was calculated as the ratio between A and E. Variety x treatment interactions of gs, A and 
WUE were tested using ANOVA (p=0.05). Stalk dry mass (SDM) and sucrose (SUC) yields 
were measured at harvest.  
 
The Canesim® crop model was used to simulate (1) the different treatments in Potchefstroom, 
and (2) the long-term (over 20 years, 1974-1993) mean response of SDM and SUC yield to 
elevated (750 ppm) CO2 under rainfed (La Mercy, 29.6380°S, 31.1138°E) and irrigated 
(Komatipoort, 25.4510°S, 31.9587°E) conditions. 
 
 

Results and Discussion 
 
Experiment results 
 
Both varieties showed a significant decrease in gs of 30% and 41%, and in E of 27% and 34% 
for NCo376 and N31, respectively, in response to elevated CO2 (Table 1). A did not differ 
significantly between any of the treatments. As a result of the significant decrease in E when 
[CO2]=750 ppm, WUE increased significantly by 57% and 71% for NCo376 and N31 
respectively, relative to that of the control treatment. These results are in agreement with those 
reported by Vu & Allan (2009), where gs and E of sugarcane decreased by 34% and 25% 
respectively, and WUE increased by 35%, under elevated CO2 conditions. 
 
Despite the noteworthy response in terms of water use, no significant differences in SDM or 
SUC yield were found between treatments (Table 1). Stokes et al. (2016) also showed no 
increase in sugarcane biomass under elevated CO2 conditions, and argued that the elevated 
CO2-induced increases in sugarcane yield observed in other studies were most likely due to 
indirect mechanisms, where elevated CO2 alleviated water stress during unintentional periods 
of soil water deficit. 
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Table 1: Experimental results of varieties grown under control (400 ppm) and  
elevated (750 ppm) CO2 conditions. Parameters include leaf-level CO2 assimilation 

 rate (A, µmol/m2/s), stomatal conductance (gs, mmol/m2/s), transpiration rate  
(E, mmol/m2/s) and water use efficiency (WUE, mmol CO2/mol H2O), as well as 

 stalk dry mass (SDM, kg/pot) and sucrose yield (SUC, kg/pot). 

 

Variety Treatment 
Parameters 

A gs E WUE SDM SUC 

NCo376 Control 15.4a 130.5a 2.68a 5.62a 1.91a 0.67a 

Elevated 17.3a   91.4b 1.95b 8.83b 1.66a 0.63a 
N31 Control 13.4a 125.0a 2.54a 5.15a 1.32a 0.49a 

Elevated 14.5a   74.0b 1.67b 8.81b 1.42a 0.56a 

 
Simulation results 
 
The Canesim® model mimicked the observed response to elevated CO2 conditions in 
Potchefstroom, with simulated crop water use (CWU) decreasing by approximately 7% for 
both varieties relative to that of the control treatment (Table 2). The measured reduction in gs 
and E (Table 1) supports the simulation by the model that crop water use would decrease 
under elevated CO2 growing conditions. Scaling up from the single-leaf WUE to crop-level 
WUE in species with complex canopies like sugarcane is difficult (Grantz, 2014). Although the 
measured increases in single-leaf WUE were significant, there was a much smaller decrease 
in crop-level water use when [CO2]=750 ppm in model simulations (4 and 8% reduction under 
rainfed and irrigated conditions, respectively). Small differences (2%) in simulated SDM and 
SUC yield were also found for both varieties between ambient and elevated CO2 
concentrations.  
 
Under irrigated conditions in Komatipoort, the long term simulated SDM and SUC yield were 
found to increase marginally (<2%) for [CO2]=750 ppm, compared to [CO2]=440 ppm.  Under 
rainfed conditions in La Mercy, larger increases of 10-13% were found for simulated SDM and 
SUC yield for [CO2]=750 compared to [CO2]=400 ppm. 
 

Table 2: Simulation results of varieties simulated at three sites under control (400 ppm) 
 and elevated (750 ppm) CO2 conditions. Parameters include stalk dry mass (SDM, kg/pot), 

sucrose yield (SUC, kg/pot) and crop water use (CWU, mm). 

 

Variety Treatment 

Potchefstroom 
(irrigated) 

La Mercy 
(rainfed) 

Komatipoort 
(irrigated) 

SDM SUC CWU SDM SUC CWU SDM SUC CWU 

NCo376 Control 23.3 11.0 840 21.8 9.8 703.5 42.0 21.1 1236.7 

Elevated 23.8 11.3 780 24.0 11.1 677.0 42.6 21.4 1138.8 
N31 Control 20.2 8.7 878 18.9 7.8 713.5 35.8 16.4 1280.2 

Elevated 20.6 8.9 819 20.8 8.8 686.6 36.2 16.6 1173.6 

 
Conclusions 

 
Despite significant measured increases in single-leaf WUE in both varieties at Potchefstroom, 
there was no yield benefit in response to elevated CO2 under irrigated conditions. These 
results were corroborated by model simulations which showed that there was no yield benefit 
in response to elevated CO2 with a small reduction in crop water use at the crop canopy-level, 
but only at irrigated sites (Potchefstroom and Komatipoort). Stalk and sucrose yield, when 
simulated in a rainfed environment at La Mercy, was shown to increase (10-13%) indirectly 
from elevated CO2-mediated increases in crop water use efficiency as supported by Stokes et 
al. 2016. These findings therefore warrant further research into the interactions of elevated 
CO2 and water deficit on sugarcane physiology, growth and yield in order to increase the 
mechanistic understanding of future climate change impacts and to verify current model 
predictions. 

Hoffman N et al Proc S Afr Sug Technol Ass (2017) 90: 131-134

133



Acknowledgements 
 

Jitesh Mohun and Sivuyile Ngxaliwe of SASRI are acknowledged for their technical assistance 
with this research. 
 

REFERENCES 
 

Ainsworth EA and Rogers A (2007). The response of photosynthesis and stomatal conductance to rising 
[CO2]: Mechanisms and environmental interactions. Plant, Cell and Environment 30: 258-270. 

Grantz DA (2014). Water, transpiration, and Gas Exchange. In: Moore PH and Botha FC (eds.) 
Sugarcane: Physiology, Biochemistry and Functional Biology. John Wiley & Sons Ltd, Chichester, 
UK. 

IPCC (2013). Climate Change 2013. In: Stocker TF, Qin D, Plattner M, Tignor SK, Boschung J, Nauels 
A, Xia Y, Bex V and Midgley PM (eds.) The Physical Science Basis. Contribution of Working Group 
I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA.  

Singels A and Paraskevopoulos AL (2017). The Canesim Book: Scientific Documentation of the 
Canesim Sugarcane Crop Model. Published by the South African Sugarcane Research Institute, 
Mount Edgecombe, 4300, South Africa. 

Stokes CJ, Inman-Bamber NG, Everingham YL and Sexton J (2016). Measuring and modelling CO2 on 
sugarcane. Environmental Modelling and Software 68: 68-78. 

Vu JCV and Allen LH (2009). Growth at elevated CO2 delays the adverse effects of drought stress on 
leaf photosynthesis of the C4 sugarcane. J Plant Physiology. 166: 107-116. 

Hoffman N et al Proc S Afr Sug Technol Ass (2017) 90: 131-134

134


	Cover page
	Contents
	Search
	Disclaimer 2017
	Officers-SASTA 2017
	SASTA Instructions to Authors 2017
	Prize Award Winners 2017
	Editorial Panel 2017
	Sponsors and Exhibitors
	Plenary Session (Chair: Carolyn Baker)
	Review of South African sugarcane production in the 2016/2017 season: light at the end of the tunnel?
	Ninety-second annual review of the milling season in Southern Africa (2016/2017)
	A financial estimation of the mill area-scale benefits of variety adoption in South Africa: A simplistic approach

	Agriculture Session 1: Entomology (Chair: Des Conlong)
	Cacosceles (Zelogenes) newmani (Thomson) (Cerambycidae: Prioninae), a new pest in the South African sugar industry
	The effect of an improved artificial diet formulation on Eldana saccharina Walker rearing, growth and development
	Estimating the potential economic benefit of extending the harvesting cycle of dryland coastal cane by chemically suppressing eldana levels
	A cellular automaton model for simulating Eldana saccharina infestation in sugarcane
	Timeframe for the development of borer resistant genetically modified sugarcane
	Towards optimising crop refuge areas in transgenic sugarcane fields

	Agriculture Session 2: Soils and Nutrition (Chair: David Sutherland)
	The fertility status of soils of the South African sugar industry – 2012 to 2016: an overview
	Mass and composition of ash remaining in the field following burning of sugarcane at harvest
	Effects of surface-applied lime and gypsum on soil properties and yields of sugarcane ratoon crops
	Prediction of soil nitrogen mineralization to crop fertiliser nitrogen requirements
	Factors controlling the solubility of phosphorus in soils of the South African sugarcane industry

	Agriculture Session 3: Agronomy (Chair: Sanesh Ramburan)
	Analysis of long term rainfall in the Felixton Mill supply area and investigation of  Derivatives as a hedging mechanism against drought
	An experimental and crop modelling assessment of elevated atmospheric CO2  effects on sugarcane productivity
	The investigation of a suitable summer breakcrop after Imazapyr application for integrated management of Cynodon dactylon
	Nitrogen use efficiency of selected South African sugarcane varieties
	A web-based decision support tool for analysing monthly sugarcane growth rates in South Africa
	Mycanesim® Lite: A simple web-based sugarcane simulation tool
	Optimum harvest age of sugarcane at Kilombero Sugar Company under high minimum temperature

	Agriculture Session 4: Plant Breeding I (Chair: Kerry Redshaw)
	The effect of Eldana saccharina damage on  sugarcane breeding populations and the implications on sugarcane breeding
	Identifying elite families for the Midlands sugarcane breeding programmes in South Africa
	Molecular phylogeny of sugarcane: Discovering a new species
	Effect of self-trashing on Eldana  saccharina Walker damage in sugarcane and implications for resistance breeding

	Agriculture Session 5: Plant Breeding II (Chair: Derek Watt)
	Performance of imported genotypes and implications for utilisation in SASRI breeding programmes
	The agronomic performance of tissue culture (NovaCane®) versus  conventional seedcane under rainfed conditions
	An investigation into stored seed viability
	A new origin of sugarcane: The undiscovered species

	Agriculture Session 6: Engineering (Chair: Peter Lyne)
	Modified "Twin-stacker" cane loading system
	PBS vehicles in the South African sugar industry: opportunities and limitations
	A simple spreadsheet-based irrigation electricity cost calculator
	Yield variability mapping for a cut and stack system

	Agriculture Session 7: Crop Management (Chair: Rowan Stranack)
	Irrigation scheduling demonstration trials are an effective means of promoting  adoption: Pongola case study
	Positive influence of Demonstration Plot Extension Methodology in a rural sugarcane community
	Here, there or everywhere? An investigation into nematode trial sampling

	Agriculture Session 8: Economics (Chair: Kathy Hurly)
	Determining the cost of post-harvest deterioration in a South African sugarcane supply chain
	CaneTEC®: An economic conversion tool for sugarcane experimental and commercial production scenarios
	A new decision-making framework for developing variety-specific chemical ripening recommendations
	Cost benefit analysis of a herbicide tolerant and insect resistant genetically modified sugarcane variety under coastal conditions
	Biogas from sugarcane - a system for sustainability
	A time-series analysis of large-scale grower input costs in the South African sugarcane industry: 2000/2001 - 2014/2015

	Factory Session 1: Energy (Chair: Nico Stolz)
	A strategy for monitoring and reporting continuous energy consumption in a typical raw sugar mill
	Experiences of reducing the steam consumption in sugar plant
	Solar live steam generation and solar bagasse drying for South African sugar mills

	Factory Session 2: Milling and Diffusion (Chair: Warren Lawlor)
	"Sleeve-Kamal" an innovative three piece sugar mill roller for high performance and lower operating cost
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a laboratory scale
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a plant scale
	Experiences with the millability of drought-affected cane varieties for the 2016 season

	Factory Session 3 papers do not appear in the Proceedings as they were non-refereed commercial talks
	Factory Session 4: Rawhouse (Chair: Paul Schorn)
	An investigation into the viscosity of c-massecuite using a pipeline viscometer
	Dynamic simulation on a spreadsheet as a tool for evaluating options for mixed juice flow control
	Are gums produced in the factory? Quantification of gums isolated from mixed juice and final molasses

	Factory Session 5: Posters (Chair: Dave Love)
	Can NIRS detect quaternary ammonium compounds in refined sugar?
	A benchmark energy indicator
	Analysis of sulphites in sugar by ion chromatography
	An effective viscosity modifier for improved production output
	Analysis of Vitamin A in fortified sugar
	Factory control using NIRS: Are we there yet?
	The effect of rotoclone bacterial slime on the refined sugar turbidity increase experienced at the Noodsberg refinery 

	Parallel Session: Sugarcane Biorefinery and Downstream Products (Chair: Anne Stark)
	Lignocellulose biorefineries as extensions to sugar mills: Sustainability and social upliftment in the green economy
	The development of a partial equilibrium economic model of the South African sugar industry in a biorefinery scenario
	An economic analysis of the potential bio-polymer industry: the case of sugarcane
	Economic recovery of biobutanol - A platform chemical for the sugarcane biorefinery
	Reactive extraction and reactive distillation: A new recovery process development for levulinic acid from fermentation broths
	Nitrogen-doped carbon nano-tubes synthesis from biorefined sugarcane bagasse
	Organic acid treatment of sugarcane residues for the production of biogenic silica
	The development of a screening tool to identify new products for the South African sugarcane industry
	Inclined perforated drum dryer and separator for cleaning and drying of sugarcane bagasse
	Conversion of sugarcane bagasse into carboxymethylcellulose (CMC)
	Preparation and characterisation of cellulose nano crystals (CNCs) from sugarcane bagasse using ionic liquid (1-butyl-3-methyllimidazolium hydrogen sulphate)-DMSO mixtures
	Sugar cane juice concentration and separation with hydrate technology

	Factory Session 6: Refinery I (Chair: Steve Davis)
	Energy footprint and operating costs, a comparison of ion exchange resin and activated carbon in the application of sugar decolourisation
	Automation of white pans at the Tongaat Hulett refinery
	Powdered activated carbon (PAC) with membrane filter press for secondary decolourisation system to produce refined sugar in backend refinery
	Where do you go to (my saccharides)? A preliminary saccharide analysis of refinery streams

	Factory Session 7: Refinery II (Chair: Stephen Walford)
	The transfer of non-sucrose species into sucrose crystals: can it be useful?
	Optimisation of white sugar colour management through the utilisation of on-line colour cameras
	Learnings from the 2015 Pongola silo failure 
	To bee or not to bee (stung): Hulref's intervention in reducing bee stings




