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Abstract 

 

Flowering in sugarcane is a physiological process that can affect cane yield and quality. 

Pithing is a phenomenon in sugarcane stalks whereby dry cavities are formed within the 

internodes, which can affect sucrose extraction during processing. The aim of this study was 

to investigate the effect of selected climatic factors on the extent of sugarcane flowering and 

pithing, and the effect of these phenomena on cane yield and quality in southern Africa. 

Weather, the extent of flowering, pithing, cane yield and quality data for selected cultivars 

from Dwangwa Estate (Malawi) and Nakambala Estate (Zambia), were analysed over five 

(2008-2012) and three seasons (2008-2010), respectively. Flowering was more profuse in 

2008 and 2009 at Dwangwa and 2010 at Nakambala, and the extent of flowering was 

significantly influenced by cultivar choice (p<0.001). Pithing was observed to range from 

5.88-19.46% and 9.00-19.41 % at Nakambala and Dwangwa, respectively. The extent of 

flowering was well correlated with pithing (R
2
=0.69; p<0.01). Flowering and pithing also 

appeared to be significantly influenced by daily minimum temperature (Tmin) during the 

flower initiation stage at Nakambala only (p<0.001) and daily maximum temperature (Tmax) 

during the flower initiation stage at both Nakambala and Dwangwa. Flowering in sugarcane 

ensures a very high chance of pithing in cultivars with a high propensity for flowering. No 

relationship was found between flowering and sugarcane yield, and pithing and sugarcane 

yield, which indicates that post-flowering harvest management was well scheduled. Further 

investigation into the management factors that affect pithing is required. 
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Introduction 

 

Flowering in sugarcane is an economically important process known to affect crop yield and 

quality, and plant selection against flowering has been shown in tropical sugarcane breeding 

programmes (Berding and Hurney, 2005). Flowering acts as a natural ripener because it 

inhibits further stalk growth and can improve cane quality in the short term (Berding and 

Hurney, 2005). Flowering can be divided into five stages (induction, initiation, development, 

emergence, and opening of the panicle) each of which have a specific photoperiod 

requirement (Moore and Berding, 2013). 
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Flowering in sugarcane cultivars with a medium to high propensity for flowering takes place 

between March and June in the southern hemisphere. With decreasing latitude toward the 

equator, the propensity for flowering increases because specific climatic conditions that 

initiate heavy flowering occur more frequently. The climatic conditions known to cause 

profuse flowering include: an average decreasing day length starting at 12.5 hours (Coleman, 

1968), an average optimum day temperature (Tmax) of 28°C (Berding and Hurney, 2005) and 

an average night temperature above 18°C (Tmin) for at least 15 uninterrupted nights during the 

flower initiation stage (Coleman, 1963; Gosnell, 1973), little or no soil moisture stress (Nuss 

et al., 1999) and physiological maturity of the sugarcane stalks (Coleman, 1968). Flowering 

impact of yield and sucrose content depend on the time between flowering and harvesting, 

and the temperature experienced during post-flowering (Gosnell and Julian, 1976; Hardy et 

al., 1986). 

 

Pithing (pithiness) in sugarcane is a physiological condition that occurs in sugarcane stalks 

which causes dry ‘pith’ or cavities within the internodes, instead of being filled with 

sugarcane juice. Pithiness is also of economic importance because it affects sucrose 

extraction in the milling process. There is very little information available on the extent of 

pithing in the southern African sugarcane industry although pithing has been thought to be 

associated with flowering. This association is thought to be genotype-specific (Deren, 1992). 

The climatic or management factors that contribute to pithing are not well known. 

 

The aim of this study was therefore to investigate the effect of selected climatic factors on the 

extent of sugarcane flowering and pithing, and the effect of these phenomena on cane yield in 

selected sites in southern Africa. 

 

Methods and Materials 

 

Site and measurement detail 

Data were analysed from two sites, Nakambala Estate in Zambia (15°52’S; 27°46’E) and 

Dwangwa Estate in Malawi (12°29’S; 34°8’E). Climatic conditions at both sites are 

characterised by warm, wet summers, and cool, dry winters (average maximum temperature 

(Tmax) of 29.3°C and 29.9°C and average minimum temperature (Tmin) of 15.9°C and 18.7°C 

at Nakambala and Dwangwa, respectively). The long-term average rainfall is 696 mm 

(Nakambala) and 1181 mm (Dwangwa), and at both sites sugarcane is irrigated primarily 

with furrow irrigation. The milling season typically stretches from April to November, and 

cane is harvested on a 12-month cutting cycle. The sugarcane floral initiation period occurs 

during February (4 to 25 February at Dwangwa and 15 February to 8 March at Nakambala), 

followed by flower emergence in April, and full flowering during May of each year. 

 

The extent of flowering (number of stalks with flowers, expressed as a percentage of the total 

number of stalks counted per field), pithing (number of internodes with dry pith expressed as 

a percentage of the total number of internodes per stalk), selected cultivars, final yield (t/ha) 

and sucrose content (%) were collected for selected fields from 2008-2012 (Dwangwa) and 

2008-2010 (Nakambala). Selected cultivars (N14, N23, N25, N32, N35) with a medium to 

high propensity for flowering were chosen to correctly compare the extent of flowering in 

each season.  

 

Data analysis 

The average extent of flowering (%), pithing (%), yield (t/ha) and stalk sucrose content (%) 

were reported for selected cultivars at each site, and for each season. A linear regression was 
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used to analyse the relationship between the extent of flowering and pithing, and yield and 

sucrose content in response to flowering and pithing, using Genstat, v.14 (provided the data 

were normally distributed). 

 

Results and Discussion 

 

The propensity for flowering was highest in cultivars N14 and N23 at Dwangwa, and N23 at 

Nakambala (Table 1), and pithing was greatest in N14 (Dwangwa), and N23 (Nakambala) 

(Table 1). Flowering and pithing in sugarcane were found to be significantly influenced by 

cultivar type (p<0.001), which confirms that the propensity to flower in sugarcane is a 

genetically determined trait (Moore and Berding, 2013). Flowering was less profuse in 2010 

and 2012 at Dwangwa because there were seven and 13 days, respectively, where the daily 

Tmax was higher than 30°C, which is not considered optimal to initiate heavy flowering. 

Flowering was considerably more profuse in 2010 at Nakambala because there were more 

than 10 uninterrupted nights during which Tmin was greater than 18°C, compared with 2008 

and 2009, which had less than five uninterrupted nights in which Tmin was greater than 18°C. 

 

The proportion of internodes found to contain dry pith ranged from 9.00 to 19.41% and 5.88 

to 19.46% at Dwangwa and Nakambala, respectively. Pithing peaked in 2008 (Dwangwa) 

and 2010 (Nakambala), the seasons in which the highest annual Tmin and lowest rainfall 

(January to March) occurred.  

 
Table 1. Average extent of flowering, pithing, yield and sucrose content of selected sugarcane 

cultivars, and over five seasons (2008-2012) at Dwangwa and Nakambala Estates. 

 

 
Dwangwa, Malawi Nakambala, Zambia 

Cultivar 
Flowering 

(%) 

Pithing 

(%) 

Yield 

(t/ha) 

Sucrose 

(%) 

Flowering 

(%) 

Pithing 

(%) 

Yield 

(t/ha) 

Sucrose 

(%) 

N14 71.92 19.41 124.51 14.96 - - - - 

N23 60.21 12.65 111.79 14.69 59.75 22.52 124.16 15.09 

N25 39.62 9.00 103.95 14.86 42.80   5.07 128.41 15.43 

N32 47.73 13.75 110.35 14.06 - - - - 

N36 52.98 13.08 120.74 14.98 - - - - 

Year 
  

2008 63.44 16.81 114.81 15.17 23.34 17.19 125.71 14.09 

2009 61.06 14.72 117.01 15.34 45.87   5.88 119.97 14.34 

2010 56.92 13.12 117.60 14.88 56.18 19.46 120.88 14.58 

2011 59.64 16.53 116.02 14.83 - - - - 

2012 51.21 11.35 108.32 14.92 - - - - 

 

 

There was a highly significant correlation between the extent of flowering and pithing in 

sugarcane at both sites (R
2
=0.69; p<0.001). Tmax was found to significantly affect both 

flowering and pithing (p<0.05 at both sites), whereas Tmin affected flowering and pithing only 

at Nakambala. Tmin at Nakambala was more variable between seasons during the flower 

initiation phase, compared with Tmin at Dwangwa, where Tmin was continually above 18°C 

and would not limit the extent of flowering and pithing in each season. 

 

Flowering and pithing were found not to affect sugarcane yield (t/ha). Gosnell and Julien 

(1976) showed that flowering may increase, decrease or have no effect on sugarcane yield 

depending on temperature, and post-flowering harvest interval. If post-flowering harvesting is 
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managed correctly then sugarcane is harvested before reduced yields can occur as a result of 

side-shooting and stalk senescence. Sucrose content (%) had a weak but significant negative 

relationship with pithing (p=0.032) and the extent of flowering (0.023).  

 

Conclusion 

 

Flowering in sugarcane ensures a very high chance that pithing will occur because this 

condition is caused by the process of flowering. The fact that flowering and pithing did not 

have a significant or negative effect on final sugarcane yield at either Dwangwa or 

Nakambala Estates suggests that post-flowering harvest management is well scheduled 

However, pithing would have an impact at the mill because of slightly reduced sucrose 

content. Further investigation of the management factors affecting pithing (e.g. fertiliser 

application and irrigation scheduling) is required, as well as investigation of the relationship 

between pithing, flowering and climate at other sites in southern Africa. 
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