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Introduction 
 
Sugarcane growers are currently having difficulties producing and maintaining high sugarcane 
yields due to poor crop stand establishment in their plant cane and subsequent ratoons. Yields 
from sugarcane are dropping and farmers are reluctant to invest in sugarcane cultivation due 
to the increased cost of production and decrease in profits. The industry statistics as presented 
by Swaziland Sugar Association (SSA, 2016) showed that, despite an increase in the area 
planted from 2012 to 2016 of about 4000 ha, there has been a decline in cane yield from 105 
to 88 tons/ha (SSA, 2016). This has consequently reduced the sugar yield per area from 12.3 
to 10.5 tons cane/ha harvested (SSA, 2018). There is thus a need to increase productivity in 
Swaziland using various agronomic practices that reduce the cost of production and improve 
yields. This has necessitated that researchers come up with solutions to increase plant 
population so that yield decline is minimised. One of the strategies has been to increase the 
number of sugarcane plants per unit area. The innovation of planting three lines in a single 
row as opposed to the conventional single or tram line, has sparked a debate on whether there 
is a need to also increase the fertiliser rates (Figure 1). This research project investigated the 
effects of plant density and fertiliser rates on growth (i.e. canopy cover, plant diameter and 
height, number of leaves and plant population), sucrose yield (tons sucrose per hectare), 
sugarcane yield (tons cane per hectare) and quality (brix, fibre, moisture, purity, sucrose per 
cent) of sugarcane. 
 

Materials and Methods 
 
The trial was set up using a randomised complete block design (RCBD). It was a 2 x 4 factorial 
experiment with four replicates having 8 treatments each (Table 1). This was used to reduce 
the effect of heterogeneous factors in the field. Gross plot size consisted of 6 rows, each 18 m 
long with an interrow spacing of 1.9 m. The total land area used for a plot was 205.2 m2. The 
net plot size was 4 rows, with a length of 15 m. Total net plot size was 114 m2. Treatments 
consisted of two different plant densities with different rates of fertiliser applied. The plant 
densities were tram lines at a seed rate of 10 t/ha and three line rows at a seed rate of 15 t/ha 
(Figure 1), with rates of fertiliser as 80% recommended rate (216 kg/ha of 60:40:0 - N:P:K and 
104 kg/ha of urea 46% N), 100% recommended rate (270 kg/ha of 60:40:0 - N:P:K and 130 
kg/ha of urea 46% N), 120% recommended rate (324 kg/ha of 60:40:0 - N:P:K and 156 kg/ha 
of urea 46% N) and 140% recommended rate (378 kg/ha of 60:40:0 - N:P:K and 182 kg/ha of 
urea 46% N) (see Table 1). Potassium was applied uniformly in all plots at a rate 8929 kg/ha 
using stillage straight fertiliser (0.0.250 – N.P.K). Soil and leaf threshold values for essential 
nutrients have been determined experimentally (RSSC, 2018). Summary statistics (mean, 
maximum, minimum and coefficient of variation) was computed. This used the means 
procedure (PROC means) of Statistical Analysis Systems (SAS) (SAS Institute, 2010).  
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Figure 1. Three line and tram line row planting methods. 

 
Table 1. Description of treatments for a 2 x 4 factorial experiment  

in a randomised complete block design. 

 

Treatment 
combination 

code 

Planting 
density 

Fertiliser % of 
recommended 

rate 

Quantity applied per 
plot (basal dressing 

of 60:40:0 N:P:K) 

Quantity applied per 
plot (side dressing 

of urea 46%) 

1 Tram line row 80% 216 kg/ha 104 kg/ha 

2 Tram line row 100% 270 kg/ha 130 kg/ha 

3 Tram line row 120% 324 kg/ha 156 kg/ha 

4 Tram line row 140% 378 kg/ha 182 kg/ha 

5 Three line row 80% 216 kg/ha 104 kg/ha 

6 Three line row 100% 270 kg/ha 130 kg/ha 

7 Three line row 120% 324 kg/ha 156 kg/ha 

8 Three line row 140% 378 kg/ha 182 kg/ha 

 
Growth measurements were done non-destructively. Data was collected every four weeks. 
 
Soil profile sampling 
 
Soil sampling was conducted per plot and each plot had three sampling stations that were run 
diagonally across the net plot. Sampling was conducted at two different soil depths (0-30 and 
30-60 cm) using a Beater auger.  
 
Canopy cover 
 
Canopy cover was measured using a 1.5 m long modified Cackett (1964) frame. The frame, 
which has two horizontally aligned bars, with corresponding holes, was placed along the cane 
row. The readings were taken by looking at corresponding holes. At the end of the data 
collection, the number of holes seen with sugarcane leaves were summed out of a total of 11 

Tram line planting Three line planting 
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and a canopy factor for that month was determined. Canopy cover was measured both along 
and across the cane rows. 
 
Plant diameter 
 
Plant diameter was taken using a vernier caliper at 15 cm above the ground. Five plants per 
plot were used to measure plant diameter, which were selected sequentially within the net 
plot. 
 
Stalk height 
 
A calibrated iron rod was used to measure the plant height. The plant height was measured 
from the ground level up to the first leaf lamina where the joining with its sheath is visible, i.e. 
the top visible dewlap (TVD). 
 
Number of leaves 
 
Before the counting was conducted, the old dried leaves were carefully removed, such that 
only green, photosynthesising leaves were counted. The counting was based on the 
assumption that the leaf lamina beginning to unroll is leaf number one. Counting was 
conducted downwards according to the Swaziland Sugar Association method. 
 
Number of internodes 
 
The number of internodes was counted starting from the first internode being below the first 
leaf sheath up to the last internode visible at ground level.  
 
Plant population 
 
Plant population was determined by physically counting the number of stalks in each cane row 
of the net plot. This was expressed in terms of number of stalks per hectare using the 
relationship below:  
 

Stalk population =  
2

2

m area Sampling

m 000 10 x stalks ofnumber 
                                                                (1) 

 
Sucrose yield and quality 
 
Sugarcane stalks were taken to Mhlume laboratory for the determination of the following 
sucrose yield and quality measurements: (i) brix percentage, (ii) fibre percentage, (iii) moisture 
percentage, (iv) purity percentage, (v) sucrose percentage, (vi) tons cane per hectare (TCH), 
and (vii) tons sucrose per hectare (TSH). 
 
Planting and weed control man-days 
 
Labour was calculated by measuring the number of hours taken to complete planting and 
controlling weeds in each plot multiplied by the number of labour used divided by 8 hours. The 
relationship is shown in equation 2. 
 
Labour usage (man-days/plot) = No. of hours for planting each plot x No. of labour used      (2) 
                                      8 hours 
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Economic analysis 
 
Partial budget analysis was used to determine the treatment giving the highest net benefit, 
which was after the procedure of Beyene (2006). The cost of varying inputs was compared 
with the cost of output for each treatment. The following input costs were collected, i.e. 
seedcane (E/ha), labour (E/ha) and fertiliser (E/ha), while the output is sucrose tons per 
hectare (E/ha). The costs were computed after industry standards (RSSC, 2018).  
 

Results and Discussion 
Soil analysis data 
 
Results showed that available K and soil exchangeable K were below the level recommended 
for optimum and sustained cultivation of sugarcane (Table 2). Data for exchangeable Ca and 
Mg when compared to the critical levels were noted to be higher than that required for 
sugarcane (Table 2). The concentration of Zn was found to be sub-optimal when compared to 
the critical level for sugarcane. 
 

Table 2. Soil nutrient and texture analysis for experimental site for 2010/2011 
and 2016/2017 cropping season. 

 

 2011 2017** Critical values 

Texture Units 

Coarse sand % ND 24 NA 

Fine sand % ND 29 NA 

Silt % ND 17 NA 

Clay % ND 30 NA 

Textural class Clay loam 

pH-water  7.48 7.33  

Av. P mg/kg 31.59 17.72 31.0 

Exch. Ca mg/kg 3761 3248 150 

Exch. Mg mg/kg 1250 1286 25 

Exch. K mg/kg 147 108 250 

Micronutrients (mg/kg) 

Fe mg/kg ND* 5.46 ND 

Mn mg/kg ND 57.62 ND 

Zn mg/kg ND 1.93 2.0 

Cu  ND 10.76 ND 

**Values at planting season at depth of 0-30 cm; *ND= Not determined; Source: RSSC (2018). 

 
Table 3 shows that the results were not significantly different with respect to plant density 
(Factor A) in terms of phosphorus (P) and potassium (K) contents at both sampling depths 
except for P at 60 cm depth, where P in the three line planting method was significantly higher 
than treatments with tram line planting. A closer observation of Table 3 showed that both P 
and K were higher in treatments planted using the three line method as compared to those 
planted with the tram line method, although not significantly. Also, tram line had higher K than 
the three line planting method. An observation of Factor B (fertiliser rates) in Table 3 showed 
that both P and K were not significantly different in the different fertiliser rates. However, a 
closer observation of Factor B showed that P and K increased with an increase in fertiliser 
rate, though not significantly. These values were found to be higher than the critical values 
(Table 2). However, K was below for all treatments when compared to the critical values. 
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Table 3. Soil sampling data for the experimental field at seven weeks after planting. 
 

 Plant nutrient (mg/kg) 

Planting density Depth (cm) P K 

Tram line 
0-30 19.24a* 167.74a 

30-60 17.71b 140.44a 

Three line 
0-30 26.98a 197.57a 

30-60 35.62a 132.27a 

Fertiliser (% recommended rates) 

80%   (216 + 104 kg/ha) 
0-30 18.56a 189.53a 

30-60 16.11a 129.09a 

100% (270 + 130 kg/ha) 
0-30 23.25a 167.07a 

30-60 34.13a 138.00a 

120% (324 + 156 kg/ha) 
0-30 20.46a 193.37a 

30-60 21.39a 137.56a 

140% (378 + 182 kg/ha) 
0-30 30.17a 180.65a 

30-60 35.03a 139.34a 

*Means with the same letter in the same column are not significantly different at 5% (DMRT). 
P= Phosphorus  K= Potassium 

As anticipated, treatments planted using the three line row planting method which has a higher 
plant density, recorded higher canopy cover in all weeks (Tables 4 and 5). The results were 
similar to those recorded by Singels and Smit (2002), who found that canopy development is 
influenced by row spacing when water and nutrients are not limiting. In their experiment, 
canopy closure was 26% faster when row spacing was narrow at 0.5 m as compared to 1.5 m. 
These results were in agreement with those of Yadav et al. (1991), who recorded higher 
population density from triple rows compared to double and single rows. These authors, 
however, found that at maximum tillering stage, the single row crop produced the highest 
number of tillers. This might have been caused by uniform light distribution in canopy profile 
as compared to double and triple row crop geometrics.  
 

Table 4. Effect of plant density and fertiliser rates on canopy cover along cane rows of 
sugarcane, 2017/2018 cropping season from 9 to 14 weeks after planting. 

 Weeks after planting 

 9 10 11 12 13 14 

Planting density Factor A 

Tram lines 5.14a 5.94a 7.53b 8.76b 9.53a 10a 

Three lines 5.82a 6.70a 8.28a 9.24a 9.55a 10a 

Fertiliser % recommended rates Factor B 

80%  (216 + 104 kg/ha) 5.71a 6.65a 7.96a 9.19a 9.58a 10a 

100%  (270 + 130 kg/ha) 5.35a 6.10a 7.96a 8.90a 9.52a 10a 

120%  (324 + 156 kg/ha) 5.54a 6.23a 7.81a 8.81a 9.48a 10a 

140%  (378 + 182 kg/ha) 5.31a 6.29a 7.90a 9.10a 9.58a 10a 

*Means with the same letter in the same column are not significantly different at 5% (DMRT). 

 
Table 5. Effect of plant density and fertiliser rates on canopy cover across lines of  

sugarcane, 2017/2018 cropping season from 9 to 14 weeks after planting. 

 Weeks after planting 

 9 10 11 12 13 14 

Planting density Factor A 

Tram lines 3.20a* 3.60b 4.91b 6.20b 7.05a 10a 

Three lines 3.65a 4.32a 5.65a 6.73a 7.20a 10a 

Fertiliser % recommended rates Factor B 
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80%  (216 + 104 kg/ha) 3.13a 3.72a 5.03a 6.36a 6.84c 10a 

100%  (270 + 130 kg/ha) 3.40a 3.98a 5.35a 6.29a 7.04bc 10a 

120%  (324 + 156 kg/ha) 3.59a 4.05a 5.23a 6.34a 7.21ab 10a 

140%  (378 + 182 kg/ha) 3.57a 4.11a 5.50a 6.88a 7.43a 10a 

*Means with the same letter in the same column are not significantly different at 5% (DMRT). 

 
Increasing fertiliser recommended rates resulted in decreasing canopy cover across weeks; 
however, not significantly. This was in agreement with the findings of Wains et al. (2012), who 
reported that there was no significant difference in germination as influenced by NPK fertiliser 
rates. These was attributed to the inherent germination potential of sugarcane. Results of the 
experiment showed that the three line planting method treatments seemed to be higher in 
terms of canopy cover across lines compared to the tram line planting method across all 
weeks. The results were in agreement with those of Singels and Smit (2002), who recorded a 
higher response time to reach 80% canopy per 1 m reduction in row spacing. These authors 
reported that the response time to reach 80% canopy was reduced by 26% when row spacing 
was decreased from 1.5 to 0.5 m. 
 
This study showed that 140% recommended fertiliser rate (378 kg/ha) appeared to be better 
than the other treatments (i.e. 80%, 100% and 120% recommended fertiliser rates) across 
weeks in terms of plant diameter (Table 6). These results are contrary to the findings of Wains 
et al. (2012), who reported that there was no significant difference on plant diameter as 
influenced by NPK fertiliser rates. In addition, results of the study showed that tram line 
planting method seemed to be better than three line row planting across all months. This was 
in agreement with the findings of Ehsanullah et al. (2011) who found that row spacing 
significantly affected sugarcane diameter. In their study, the maximum stalk diameters (2.26 
and 2.27 cm, respectively) were recorded from single row spacing and double row spacing, 
while the minimum sugarcane diameter was recorded in triple row spacing. These authors 
noted that lower cane diameter at higher plant density was due to more competition at higher 
plant population/unit area. Results showed that the 140% recommended fertiliser rate seemed 
to be better than all others in terms of plant diameter. This trend corresponds with a study 
done by Sreewarome et al. (2007), where five nitrogen levels (0, 47, 93, 140 and 186 kg/ha) 
were applied. The study revealed that increasing fertiliser rates resulted in an increase in plant 
diameter. Also, in a related study by Dev et al. (2011), three nitrogen levels (150, 180 and 210 
kg/ha) recorded significantly different results (i.e. 2.53, 2.80, 2.84 cm, respectively). However, 
results from this study are contradictory to those recorded in this experiment.  
 
Table 6. Effect of plant density and fertiliser rates on plant diameter (cm) of sugarcane across 

months, (2017/2018 cropping season) from January to July (17 to 43 weeks after planting.) 
 

 Months 

Jan Feb Mar April May June July 

Planting density 
Factor A 

Plant diameter (cm) 

Tram line 2.49a* 2.57a 2.72a 3.02a 3.13a 3.23a 3.34a 

Three lines 2.44a 2.52a 2.70a 2.98a 3.07b 3.19b 3.28b 

Fertiliser rates (Kg/ha) 
Factor B 

Plant diameter (cm) 

80% of recommended rates  
(216 + 104 kg/ha) 

2.46a 2.54a 2.70b 3.00ab 3.10ab 3.20ab 3.31ab 

100% of recommended rates 
(270 + 130 kg/ha) 

2.46a 2.53a 2.68b 2.95b 3.06b 3.17b 3.26b 

120% of recommended rates 
(324 + 156 kg/ha) 

2.43a 2.54a 2.71ab 3.00ab 3.11ab 3.21ab 3.31ab 

140% of recommended rates 
(378 + 182 kg/ha) 

2.50a 2.57a 2.76a 3.04a 3.13a 3.25a 3.36a 

*Means with the same letter in the same column are not significantly different at 5% (DMRT). 
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Higher number of leaves were recorded in the tram line treatment as compared to the three 
line treatments across all months (Table 7), which was in agreement with the results of Gulati 
et al. (2015) and Ombase et al. (2017). These authors attributed this to the availability of light, 
space and moisture, which led to more available land per shoot for growth and development. 
Furthermore, Marchiori et al. (2014) stated that increasing plant density resulted in self-
shading. A reduction in light availability determines the CO2 uptake by sugarcane. The low 
number of leaves can also be attributed to what was called a row spacing induced competition 
effect, as observed by Singels and Smit (2009). In terms of the effect of fertiliser rates on the 
number of leaves, there was no significant difference across treatments (Table 7), which is 
contrary to the findings of Bezuidenhout and Singels (2003). These authors reported that a 
well fertilised crop will have a high leaf efficiency with a strong canopy. Singels and Smit (2002) 
noted that canopy development is influenced by row spacing only when nutrients and water 
are non-limiting.  
 

Table 7. Effect of plant density and fertiliser rates on number of leaves of sugarcane, 

2017/2018 cropping season at 17 to 43 weeks after planting. 

 Months 

Jan Feb Mar April May June July 

Planting density Factor A 

Tram lines 9.95a* 8.19a 7.72a 9.49a 9.49a 10.90a 7.85a 

Three lines 9.68a 8.78a 7.72a 9.45a 9.45a 10.38a 8.20a 

Fertiliser rates (kg/ha) Factor B 

80% of recommended rates 
(216 + 104 kg/ha) 

9.59a 8.13a 7.78a 9.43a 9.43a 10.45a 7.82a 

100% of recommended rates 
(270 + 130 kg/ha) 

9.87a 8.23a 7.69a 9.51a 9.51a 10.33a 7.76a 

120% of recommended rates 
(324 + 156 kg/ha) 

9.85a 8.32a 7.76a 9.46a 9.46a 10.33a 8.74a 

140% of recommended rates 
(378 + 182 kg/ha) 

9.97a 9.26a 7.65a 9.48a 9.48a 11.45a 7.78a 

*Means with the same letter in the same column are not significantly different at 5% (DMRT). 

 
In terms of internodes, there were no significant differences between the two planting 
densities, although, the tram line treatments had a higher number of internodes compared to 
the three line row treatments (Table 8). These results are in agreement with Ehsanullah et al. 
(2011), who found that row spacing had no effect on the number of internodes. These authors 
reported that a single row, double row and triple row spacing recorded 18.31, 18.15 and 17.88 
internodes, respectively. Furthermore, in this study, there were no significant differences in 
the number of internodes in all the treatments, as both plant density and fertiliser rate did not 
have an effect on number of internodes (Table 8). This study is in agreement with the results 
of research by Soomro et al. (2014) where the authors reported that the number of internodes 
per plant was not significantly different between treatments applied with 100% and 125% of 
the recommended fertiliser rate. Seema et al. (2014) reported in their study that the number 
of internodes increased with an increase in fertiliser rate, up to a point where additional 
fertiliser resulted in a decrease in the number of internodes. Similarly, Dev et al. (2011) 
reported that three nitrogen levels (150, 180 and 210 kg/ha) recorded significantly different 
numbers of internodes (i.e. 30.47, 37.21 and 40.8 internodes, respectively).  
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Table 8. Effect of plant density and fertiliser rates on number of internodes of sugarcane, 
2017/2018 cropping season at 21 to 43 weeks after planting. 

 Months after planting 

Feb Mar Apr May June July 

Planting density  Factor A 

Tram lines 3.60a* 5.73a 7.50a 7.56a 8.80a 11.54a 

Three lines 3.51a 5.77a 7.43a 7.48a 8.75a 11.07a 

Fertiliser rates (kg/ha)  Factor B 

80% of recommended rates 
(216 + 104 kg/ha) 

3.66a 5.75ab 7.50a 7.54a 8.75a 11.14a 

100% of recommended rates 
(270 + 130 kg/ha) 

3.61a 5.80ab 7.42a 7.45a 8.82a 11.65a 

120% of recommended rates 
(324 + 156 kg/ha) 

3.47a 5.61b 7.37a 7.44a 8.77a 11.27a 

140% of recommended rates 
(378 + 182 kg/ha) 

3.48a 5.85a 7.57a 7.64a 8.77a 11.18a 

   *Means with the same letter in the same column are not significantly different at 5% (DMRT). 

 
Stalk height was not significantly different across all months except March and July, when 
plant height was significantly (P< 0.05) different (Table 9). The results were contrary to the 
results of Maqsood et al. (2005) and Ehsanullah et al. (2011), who found that increasing the 
plant density in sugarcane results in higher stalk length. In studies done by Khan et al. (2005) 
and Dev et al. (2011), these authors reported an increase in fertiliser rate resulted in an 
increase in stalk height, however, in this study, results showed that stalk height ranged 
between 227.03 cm (80% recommended fertiliser rate) to 225.64 cm (140% recommended 
fertiliser rate). Furthermore, results from this experiment were in agreement with reports of 
Hussain et al. (2003), where increasing the fertiliser rate of nitrogen and phosphorus resulted 
in an increase in stalk height up to a maximum point and thereafter, increasing the fertiliser 
rate resulted in reduced stalk height. However, a study conducted by Soomro et al. (2014) is 
in agreement with results recorded from this experiment, where it was found that applying 
fertiliser at 125% of the recommended rate was not significantly different from 100% 
recommended fertiliser rate in terms of crop growth rate. On the contrary, in a study by 
Sreewarome et al. (2007) where five nitrogen levels (0, 47, 93, 140 and 186 kg/ha) were 
applied, increasing fertiliser rates resulted in an increase in stalk height. Thus, the results of 
the study by these authors partly agrees with those recorded in this experiment where, beyond 
a certain fertiliser application rate, plant height did not increase.  
 
It was observed that the plant population was always higher in treatments that were planted 
using the three line row planting method as compared to those planted using tram lines 
(Table 10). These results are in agreement with those of Singels and Smit (2002), who found 
out that the initial rate of increase in tiller population was directly related to the amount of 
seedcane used. This showed that competition for light had almost no effect on tiller production 
during the early stages of growth. EL-Geddawy et al. (2015), stated that plant density is a 
function of inter-row and intra-row spacing. Higher density planting resulted in a high 
sugarcane population with weak and thinner stalks. The high number of plants in treatments 
with high seeding rates is attributed to the high density planting that came about with the three 
line row planting method. Singels and Smit (2002) also observed that tiller senescence is 
strongly related to an imbalance between sink and source, such as when the sink is larger 
than that which could be maintained by the source, tillers senesce at a higher rate. During this 
experiment, after reaching a peak, tillers senesced inversely proportional to the row spacing. 
This showed that the number of tillers was dictated by the sink size.  
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Table 9. Effect of plant density and fertiliser rates on plant height of sugarcane, 2017/2018 cropping season. 

 Months 

Nov Dec Jan Feb Mar April May June July 

Planting density Factor A: Height (cm) 

Tram line 14.0a* 40.9a 77.7a 282.3a 258.1a 260.6a 378.2a 371.0a 367.2a 

Three lines 14.5a 41.9a 76.7a 284.7a 251.9b 266.6a 363.2a 369.6a 364.7b 

Fertiliser rates (kg/ha) Factor B: Height (cm) 

80% of recommended rates 
(216 + 104 kg/ha) 

14.3a 41.7a 78.3a 285.0a 260.7a 263.9a 362.2a 370.4a 366.9a 

100% of recommended rates 
(270 + 130 kg/ha) 

14.3a 41.4a 77.0a 283.3a 254.7ab 281.4a 361.5a 370.4a 365.6a 

120% of recommended rates 
(324 + 156 kg/ha) 

13.8a 41.8a 73.8a 279.1a 251.4b 253.6a 395.0a 370.2a 366.2a 

140% of recommended rates 
(378 + 182 kg/ha) 

14.7a 41.7a 79.7a 286.9a 253.1ab 255.3a 364.2a 370.2a 365.0a 

*Means with same letter in same column are not significantly different at 5% (DMRT) 

 
Table 10. Effect of plant density and fertiliser rates on population of sugarcane per hectare,  

2017/2018 cropping season from 6 to 38 weeks after planting. 

 Weeks after planting (WAP) 

6 10 14 18 22 26 30 34 38 

Planting density Factor A: Plants/ha 

Tramline    49274b* 113555b 225219b 145998b 118161a 112596a 112637a 113039a 113501a 

Three lines 70916a 164611a 276192a 163021a 123492a 116913a 116954a 116483a 115913a 

Fertiliser Rates (kg/ha) Factor B: Plants/ha 

80% recommended rates 
(216 + 104 kg/ha) 

65406a 143147a 261979a 153755a 122862a 117626a 117626a 116283a 117379a 

100% recommended rates 
(270 + 130 kg/ha) 

59019a 135992a 255647ab 155263a 123054a 114693a 114776a 116283a 114282a 

120% recommended rates 
(324 + 156 kg/ha) 

55263a 134101a 232072b 149973a 116584a 110088a 110088a 108662a 110471a 

140% recommended rates 
(378 + 182 kg/ha) 

60691a 143092a 253125ab 159046a 120806a 116622a 116694a 117352a 116694a 

       *Means with same letter in same column are not significantly different at 5% (DMRT) 
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Results showed that there were no significant difference in brix percentage in all the 
treatments. However, the tram line planting method seemed to be better than the three line 
method (Figure 2). Results were in agreement with those of Mui et al. (1997) who reported 
that row spacing does not affect brix. In another study done by Bhati et al. (2014), sugarcane 
quality (sucrose %, brix % and commercial cane sugar %) was not affected by crop geometry. 
However, results of this author’s experiment showed a general reduction in brix as row spacing 
increased, though not significantly. This trend was in line with those obtained from this 
experiment, where the tram line planting method seemed to be better than the three line 
method. In addition, there was no significant difference in brix percentage between the fertiliser 
application rates. The non-significant difference in brix was not in line with work done by 
Koochekzaden et al. (2009) who stated that high nitrogen levels results in reduced brix. In this 
project increasing the fertiliser rate did not reduce the brix percentage. However, an 
observation of results further revealed that 80% recommended fertiliser rate appeared to be 
better than the 100%, 120% and 140% rates in terms of brix. Koochekzaden et al. (2009) also 
reported that increasing nitrogen rate resulted in a decrease in sugarcane purity, fibre, brix, 
sucrose, cane and sugar yield. These authors concluded that low application rates of nitrogen 
could be applicable in highly fertile soils and in plant crops. Furthermore, the authors attributed 
this decline in sugarcane yield to the possibility that high level nitrogen application may result 
in an imbalance in uptake of other crop nutrients such as phosphorus and other micronutrients 
which may reduce cane yield. Furthermore, the results of the experiment showed that there 
were no significant difference in fibre percentage between the two plant densities (Figure 3). 
However, fibre percentage was generally higher in treatments that were planted using the 
three line row compared to those planted using the tram line method. However, treatments 
that were applied with 140% and 120% recommended fertiliser rates had higher fibre 
percentage than the other treatments. This result was contrary to the study by Seema et al. 
(2014), where fibre percentage decreased with an increase in fertiliser rate. In a study done 
by Soomro et al. (2014), results were similar to this study where he reported that fibre 
increased with an increase in fertiliser rate. 
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Figure 2. Effect of plant density and fertiliser rates on brix percent of sugarcane,  
2017/2018 cropping season. 

 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 
 

Figure 3. Effect of plant density and fertiliser rates on fibre percent of sugarcane,  
2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 
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In terms of moisture percentage, result showed that there were no significant differences in 
moisture percentage between the two plant densities (Figure 4). Interestingly, it was observed 
that moisture percentage was almost at par in treatments that were planted using the tram line 
as compared to those that were planted using the three line row planting method (i.e. 68.83 
and 68.84, respectively). Furthermore, there were also no significant differences in moisture 
percentage between the different fertiliser rates (Figure 4). However, it was observed that 
moisture percentage was decreasing with an increase in fertiliser rate. Treatments applied 
with 120% (324 + 156 kg/ha) and 140% (378 + 182 kg/ha) recommended fertiliser rate had 
the lowest moisture percentage (68.14 and 68.78%, respectively) while those that were 
applied with 100% (270 + 130 kg/ha) recommended fertiliser rate had the highest moisture 
percentage.  

 

Figure 4. Effect of plant density and fertiliser rates on moisture percent of sugarcane, 
2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 

 
There was no significant difference in purity percentage between the two plant densities 
(Figure 5). However, purity percentage was generally high in treatments that were planted 
using the tram line method, compared with those that were planted using the three line rows. 
According to Bull and Bull (2000), high density planting may result in severe lodging, which 
may negatively affect the quality of the sugarcane plant as it has done in this experiment. In 
another experiment done by Bhati et al. (2014), sugarcane purity was also not significantly 
affected by plant density; however, higher purity was recorded in low density planting, which 
is similar with results recorded from this experiment where tram line treatments recorded 
higher purity (92.64%) than three line treatments (92.08%). In addition, there were no 
significant differences in purity percentage between the different fertiliser rates (Figure 5). 
However, purity percentage showed a decrease with an increase in fertiliser rate, though not 
significantly. This results are similar with those obtained by Seema et al. (2014) and Dev et al. 
(2011), where purity percentage decreased with an increase in fertiliser rate. However, these 
results are dissimilar with work done by Vered (2017), who found that high rates of phosphorus 
applied to a plant crop may increase yield, sugar concentration, pol % and purity.  
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Figure 5. Effect of plant density and fertiliser rates on purity percent of sugarcane,  

2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 

 
When the sucrose contents were examined as influenced by the treatments applied, there 
were no significant differences in sucrose percentage between the two plant densities 
(Figure 6). However, sucrose percentage was recorded high in treatments that were planted 
using the tram line row planting method, compared with the three line method. The results 
from the experiment are dissimilar with those recorded by Maqsood et al. (2005), where it was 
found that increasing the plant density in a sugarcane crop results in an increase in sucrose 
percentage. Dissimilar results were also recorded by Bhati et al. (2014) who reported an 
increase in sucrose percentage with an increase in plant density, although not significantly. 
Furthermore, there were no significant differences in sucrose percentage between the fertiliser 
rates (Figure 6). However, increasing the fertiliser rate resulted in a decrease in sucrose 
percentage. Studies conducted by Koochekzaden et al. (2009) and Dev et al. (2011) also 
reported that increasing nitrogen rates resulted in a decrease in sugarcane purity, fibre, brix, 
sucrose, cane and sugar yield. These authors concluded that low application rates of nitrogen 
could be applicable in highly fertile soils and on plant crops. Furthermore, the authors 
attributed this decline in sugarcane yield to the possibility that high level nitrogen application 
may have resulted in an imbalance uptakes of other crop nutrients such as phosphorus and 
micronutrients which may reduce cane yield. 
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Figure 6. Effect of plant density and fertiliser rates on sucrose percent of sugarcane,  
2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 

 
There were no significant differences in sugarcane yield (tons sucrose per hectare - TSH) 
between the two plant densities (Figure 7). However, sugarcane yield was higher in treatments 
that were planted using the three line compared with the tram line planting method. These 
results are similar with those obtained by Omoto et al. (2013) and Bull and Bull (2000), who 
recorded higher sugarcane yield in high density planting. According to Bull and Bull (2000), 
high density planting could increase yields of sugarcane by 20 to 60 tons cane per hectare 
without additional fertiliser or irrigation. In terms of the effect of sugarcane yield as influenced 
by different fertiliser rates, results showed that increasing the fertiliser rate resulted in a 
decrease in sugarcane yield (Figure 7). These results were in agreement with the study 
conducted by Bull and Bull (1999), who recorded higher sugarcane yields with an increase in 
nitrogen rate up to a point where an additional nitrogen rate resulted in a decrease in yield. 
Skocaj et al. (2013) stated that an increase in the rate of nitrogen raises yields of stalk and 
sugar until yield reaches a maximum. After the maximum point, sugar may drop. This result 
was in agreement with the results of Asokan et al. (2005), who reported that increasing N 
application rates above 100 kg/ha did not show any significant increase in cane yield.  
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Figure 7. Effect of plant density and fertiliser rates on tons sucrose per hectare  
of sugarcane, 2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 

 
The results of the effects of plant densities on cane yield (tons cane per hectare) when planted 
(i.e. tram lines versus three lines), showed that there were significant differences in cane yield 
(Figure 8). Sugarcane yield was higher in treatments that were planted using the three line 
compared to the tram line planting method. Results from this study agrees with the experiment 
conducted by Bull and Bull (2000) who reported that high density planting can significantly 
increase light interception by the crop before full canopy, hence giving better water and 
nutrient use efficiency. These authors reported an increase of 20% and 60% in tons cane per 
hectare when dual and close rows (0.5 m apart) were used, respectively. In addition, results 
of this experiment showed that there were significant differences in sugarcane yield as 
influenced by different fertiliser rates (Figure 8). Generally, the trend showed that increasing 
the fertiliser rate resulted in a decrease in sugarcane yield. This results are similar to those 
stated by Skocaj et al. (2013) who pointed out that an increase in the rate of nitrogen raises 
yields of stalk and sugar until yield reaches a maximum, thereafter, sugar production may 
drop. In a different study done by Sreewarome et al. (2007), conflicting results were recorded 
where an increase in nitrogen fertiliser rate resulted in an increase in sugarcane yield. The 
study had five nitrogen levels (i.e. 0, 47, 93, 140, and 186 kg/ha) which yielded 96.5, 134.0, 
160.8, 203.0, and 201.4 tons/ha, respectively. A study done by Koochekzaden et al. (2009) 
also reported that increasing nitrogen rate resulted in a decrease in sugarcane purity, fibre, 
brix, sucrose, cane and sugar yield.  

21,00

22,00

23,00

24,00

25,00

26,00

27,00

28,00

Tram Three 80% RFR 100% RFR 120% RFR 140% RFR

24,43a

27,12a

25,80ab

27,89a

25,88ab

23,52b

T
o

n
s

 s
u

c
ro

s
e

/h
a

Dlamini MM and Olaleye AO Proc S Afr Sug Technol Ass (2019) 92 : 179-199

193



 

Figure 8. Effect of plant density and fertiliser rates on tons sucrose per hectare 
 of sugarcane, 2017/2018 cropping season. 

RFR = Recommended fertiliser rate 
80% RFR = 80% recommended rates (216 + 104 kg/ha) 
100% RFR = 100% recommended rates (270 + 130 kg/ha) 
120% RFR = 120% recommended rates (324 + 156 kg/ha) 
140% RFR = 140% recommended rates (378 + 182 kg/ha) 

 
 
There was a significant difference in planting man-days for the two planting densities used 
(Table 14). The tram line planting method had less labour than the three line planting row 
method. Ayele et al. (2014), stated that high density planting results in high cost to the grower 
since more seedcane is used per unit area. This challenge was also realised in this project. 
On weed control man-days, there was also a significant difference in weed control man-days 
at 10 weeks after planting. The tram line planting method required more labour per unit area 
than the three line row planting method. Results recorded from this project are in line with the 
findings of Sajjad et al. (2014), who concluded that increasing plant population results in close 
and thick crop canopy, which discourages weed infestation and would lower weed control 
activities. Similar results were recorded by Singels and Smit (2002), who concluded that row 
spacing has an impact on weed control costs. 
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Table 14. Effect of plant density and fertiliser rates on planting and weed control man days of 

sugarcane, 2017/2018 cropping season. 

 Weed control man-days/ha Planting man-days/ha 

Planting density Factor A 

Tram line 0.21a* 3.26b 

Three lines 0.12a 4.88a 

Fertiliser Rates (Kg/ha) Factor B 

80% of recommended  
rates (216 + 104 kg/ha) 

4.07a § 

100% of recommended 
rates (270 + 130 kg/ha) 

4.08a § 

120% of recommended 
rates (324 + 156 kg/ha) 

4.08a § 

140% of recommended 
rates (378 + 182 kg/ha) 

4.04a § 

*Means with same letter in same column are not significantly different at 5% (DMRT). 
 § - Same number of man-days used for fertiliser application. 

 
Net benefit was higher in treatments that were planted using the three line planting method 
compared to those planted using the tram lines (Table 15). This is dissimilar to the findings of 
Ayele et al. (2014), who mentioned that a very high plant population density may result in very 
strong competition among the main shoots, which may result in reduced number of tillers per 
planting material. Furthermore, it may result in high cost to the grower, since more seedcane 
will be required per unit area. Sugarcane has shown a high compensating ability to maintain 
potential yield under different plant densities and spacing. 
 
Net benefit showed a decrease with an increase in fertiliser rate. Adding more fertiliser does 
not benefit the farmer economically. This result is similar to that recorded by Seema et al. 
(2014), where net benefit decreased with an increase in fertiliser rate. These authors recorded 
a net benefit of R191 648, R157 837 and R120 262 in treatments applied with 150N:80P:100K, 
200N:120P:150K and 250N:160P:200K, respectively. These results are, however, dissimilar 
to those recorded by Ullah et al. (2016), where a higher benefit to cost ratio was observed with 
an increase in fertiliser rates.  
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Table 15. Partial budget analysis of sugarcane at different fertiliser rates and plant density. 

 Tram 
line 

Three 
line 

216 + 104 kg/ha 
(80% RFR) 

270 + 130 kg/ha 
(100%RFR) 

324 + 156 kg/ha 
(120%RFR) 

378 + 182 kg/ha 
(140%RFR) 

Average yield (TSH) 24.43 27.12 25.80 27.89 25.88 
23.52 

 

Gross value  
(@ E3151.52/ton) 

76 991.63 85 469.22 81 309.22 87 895.89 81 561.34 74 123.75 

Costs that vary 

Weed control labour 
(@ E100/Man day) 

21.00 12.00 407.00 408.00 408.00 408.00 

Planting labour (@ 
E100/Man day) 

326.00 488.00     

Fertiliser – basal (E/ha) N/A N/A 662.06 827.58 993.10 1 158.62 

Fertiliser – topdressing (E/ha) N/A N/A 760.00 950.00 1 140.00 1 331.00 

Seedcane (E/ha) 6 689.50 10 034.25     

Total 7 036.50 10 534.25 1 829.06 2 185.58 2 541.10 2 897.62 

Net benefit 69 955.13 74 934.97 79 480.16 85 710.31 79 020.24 71 226.13 

                    *RFR = Recommended fertiliser rate 
                     1 Emalangeni (E) = 1 South African Rand (R) 
                     1 ton of sucrose = E3151.52 
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Conclusions 
 
The following conclusions can be drawn from the study: 
 
1. The vegetative growth of sugarcane, especially canopy cover along cane rows, number of 

leaves, number of internodes and plant height were not influenced by plant density and 
fertiliser rates, as non-statistical differences were obtained when comparing the two plant 
densities at four fertiliser application rates. However, canopy cover across lines, plant 
diameter and plant population gave significant (p<0.05) differences when plant density and 
fertiliser rates were compared. 

2. The yield and quality of sugarcane, especially brix, estimated recoverable cane (ERC), 
fibre, moisture, purity and sucrose percentage were not influenced by both plant density 
and fertiliser application rates, as non-statistical differences were obtained when comparing 
the two planting densities and fertiliser application rates. However, tons sucrose per 
hectare (TSH) and tons cane per hectare (TCH) gave significant (p<0.05) differences when 
both plant density and fertiliser application rates were compared. 

3. The study has shown that yields of sugarcane can be increased by using high density 
planting, while maintaining the recommended fertiliser rates. There is no yield benefit to 
increasing the fertiliser rates beyond the recommended application rate in sugarcane. 

 
Recommendations 

 
The following recommendations were drawn from the study: 
 
1. Higher yields may be obtained from higher planting density in sugarcane. 

2. Increasing the fertiliser application rate beyond the recommended rate is not beneficial to 
growers. 

3. Growers should be encouraged to use the three line row planting method and apply fertiliser 
at the recommended rate for better yields and maximum economic returns. 

4. Further research in subsequent ratoons is needed to fully understand the effects of high 
density planting in sustaining yields in sugarcane. 
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