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Abstract 

 

Ethephon (2-chloroethyl phosphonic acid) is an effective chemical ripener which alters carbon 

partitioning within the cane stalk towards the storage of sucrose. Sucrose storage is favoured 

because the sink demand for sucrose for sugarcane growth is reduced when there is a reduction 

in stalk and leaf growth. The physiological and growth responses between different sugarcane 

varieties that are involved in attaining an increase in sucrose content are currently unknown. 

The aim of this study was to compare the Ethephon response in terms of growth, physiology 

and cane quality of three sugarcane varieties. The three sugarcane varieties were grown for one 

season, of approximately 12 months, at the South African Sugarcane Research Institute 

(SASRI), Mount Edgecombe. Growth measurements (stalk height and population, leaf length 

and width, and green leaf area) were performed once a month and physiological measurements 

(CO2 assimilation rate (An), stomatal conductance (gs) and transpiration (E)) were measured 

once before and after Ethephon application (at 1.5 L/ha) with a LiCor 6400 photosynthesis 

system. Sugarcane quality parameters (e.g. sucrose content, non-sucrose content and RV%) 

were determined at harvest. Ethephon suppressed leaf growth (in terms of leaf length) in all 

three varieties, which caused a reduction in green leaf area. All three varieties showed a similar 

reduction in An in response to Ethephon application. Sucrose content ranged from 9.04% (N51) 

to 10.92% (N42) in the control treatments, and although Ethephon increased the sucrose 

content of N47 and N51 by 10 and 17%, respectively, it did not have a significant effect on 

sucrose content of N42. Non-sucrose content (%) of N51 was significantly higher in both 

treatments compared with N42 and N47, and the sucrose benefit on recoverable value (RV%) 

from ripening of N51 was eroded by the high non-sucrose value. Application of Ethephon 

significantly increased RV% of N47 only. The data derived from the current study will be used 

to refine the sugarcane crop model to explain changes in structural plant processes such as stalk 

and leaf elongation rate and photosynthesis. 
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Introduction 

 

Ethephon (2-chloroethyl phosphonic acid) is a highly effective chemical ripener that is applied 

to immature, actively growing sugarcane to improve juice purity and recoverable sucrose from 

sugarcane stalks (Rostron, 1977). Ethephon alters carbon partitioning in the plant to favour the 

storage of sucrose. Carbon dioxide (CO2) is converted to sucrose during photosynthesis 

(source), but not all sucrose is available for storage in the stalk because it is utilised during 
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structural growth and development, as well as for plant maintenance (sink demand). Ethephon 

chemically suppresses new leaf growth, thus reducing the sink demand on sucrose (Rostron, 

1974). However, Ethephon may also cause a reduction in photosynthetic rates on a leaf area 

basis, but this reduction is generally assumed to be less than the resultant reduction in sink 

demand, thus facilitating an increase in sucrose storage (van Heerden et al., 2013). It is known 

that sugarcane varieties respond differently to the application of Ethephon (Donaldson, 2001), 

but the extent to which photosynthesis and new plant growth may be reduced by this chemical 

in different varieties is currently unknown. The aim of this study was to determine whether 

stalk growth, leaf growth and CO2 assimilation rates differ between sugarcane varieties before 

and after Ethephon application, and whether these differences could explain varietal 

differences in ripener efficacy. 

 

Materials and Methods 

 

Field trial details 

A field trial was established in 2010 at the South African Sugarcane Research Institute (SASRI) 

Mount Edgecombe research farm. The trial site had a soil clay content of 21%, a rooting depth 

of 60 cm and surface drip irrigation to prevent water stress. The crops were harvested on a 12-

month cutting cycle, and measurements were performed on the third ratoon, which was 

harvested in May 2014. Three dryland varieties N42, N47 and N51 (that were previously 

untested for ripener recommendations), were subjected to two different ripener treatments, a 

control (unripened) treatment and an Ethephon treatment. Ethephon was applied 12 weeks 

before harvest at the recommended rate of 1.5 L/ha with a hand-held spray boom. Each 

treatment was comprised of five replicated plots, and each plot consisted of five cane rows 

which were 8 m long and spaced 1.2 m apart. 

 

Growth and physiology measurements 

Crop growth measurements (stalk population, stalk height, leaf length and width) were 

determined every two weeks after emergence. Spot measurements of CO2 assimilation rate 

(An), stomatal conductance (gs) and transpiration (E) were taken on the third uppermost, fully 

expanded leaf with a LiCor 6400 (LiCor, Lincoln, Nebraska) photosynthesis system fitted to a 

LED leaf chamber that allowed leaves to photosynthesise at a stable light intensity (2000 µmol 

PAR/m2/s), while maintaining a constant CO2 concentration (400 µmol/mol). These spot 

measurements were performed on four replicate plants per treatment between 08h00 and 11h00 

before and three weeks after Ethephon application. At harvest, the third and fourth row of each 

plot was cut, bundled and weighed to determine cane yield (tons per hectare, t/ha). A sample 

of 12 stalks from each plot was analysed at the SASRI millroom to determine a range of milling 

quality characteristics, including sucrose %, non-sucrose % and recoverable value (RV %). 

 

Data analysis 

Variables were analysed using one-way ANOVA (Genstat v.14) after first testing for normality 

using the Shapiro-Wilk test.  

 

Results and Discussion 

 

Ethephon did not have a significant effect on stalk population and stalk height at harvest in any 

of the three varieties (Table 1). All three varieties reduced leaf length by up to 35% in response 

to Ethephon application, but leaf width was unaffected (results not shown). Green leaf area 

(GLA) was significantly reduced by Ethephon, particularly in N51, which showed a marked 

reduction in GLA of 40% (Table 1).  
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Prior to ripener application, no significant differences were found in An between treatments. 

However, Ethephon reduced An by approximately 20% in all varieties compared with their 

control treatments (Table 1).  

 
Table 1. CO2 assimilation rate (An), crop growth and cane quality parameters of sugarcane 

varieties N42, N47 and N51 in response to Ethephon application at the South African Sugarcane 

Research Institute Mount Edgecombe Research Farm (harvested in May 2014). 
 

Variety, 

Treatment 

Before 

applicatio

n 

After 

application 
At harvest 

An (µmol 

CO2/m2/s) 

An (µmol 

CO2/m2/s) 

Stalk 

populatio

n 

(stalks/m2

) 

Stalk 

height 

(cm) 

Green 

leaf 

area 

(m2) 

Sucrose 

% 

Non-

sucros

e (%) 

RV 

(%) 

N42 Control 26.80 25.00 125 225.1 379.4 11.0 2.0 10.4 

N42 Ethephon 28.18 20.10* 132 222.4 253.6* 11.9 1.8 10.8 

N47 Control 23.52 24.21 145 224.2 466.2 10.5 2.1 10.3 

N47 Ethephon 26.06 19.63* 140 230.5 330.8* 11.7* 1.9 11.6* 

N51 Control 24.81 25.26 154 219.1 390.6 8.9 2.3** 9.4 

N51 Ethephon 26.74 20.30* 132 215.9 234.4* 11.0* 2.1** 10.1 

 

*indicates significance at p≤0.05 between the control and Ethephon treatment of the same variety 

**indicates significance at p≤0.05 between varieties 

 

 

Ethephon application increased sucrose content (%) in all three varieties, but particularly, and 

significantly, in N47 and N51 (by 10% and 17%, respectively compared with the control). 

Ethephon treatment did not result in any significant changes in non-sucrose content (%). 

Furthermore, non-sucrose content (%) was significantly higher in both treatments of N51 

compared with N42 and N47. RV (%) was significantly increased by 11% by Ethephon 

application for N47 only.  

 

The primary mode of action by Ethephon, which facilitated a significant increase in sucrose 

content in N47 and N51, was a reduction in GLA. The percentage increase in sucrose content 

(%) was found to be positively correlated with the percentage decrease in GLA (%) (R2=0.69) 

(results not shown). The reduction in GLA of N47 and N51 resulted in more favourable carbon 

partitioning towards sucrose storage because the sink demand for sucrose for leaf growth was 

reduced. However, the high non-sucrose content in N51 did not result in a significant increase 

in RV%.  

 

 

Conclusions 

 

Despite the fact that N51 showed a significant increase in sucrose content in response to a 

significant reduction in GLA, the high non-sucrose content of N51 prevented translation into a 

significant increase in RV% and, hence, any recommendation for chemical ripening of the 

variety with Ethephon. It is therefore important that RV%, and not sucrose%, be used to 

determine chemical ripener recommendations (Ngxaliwe and van Heerden, 2015). The data 

Eksteen A et al Proc S Afr Sug Technol Ass (2015) 88: 421 - 424

423



derived from the current study will be used to refine the sugarcane crop model to explain 

changes in structural plant processes such as stalk and leaf elongation rate and photosynthesis. 
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