
Journal of Scientific Research and Studies Vol. 8(1), pp. 1-8, March, 2021 
ISSN 2375-8791 
Copyright © 2021 
Author(s) retain the copyright of this article 
http://www.modernrespub.org/jsrs/index.htm 

 
 
 
 
 

Full Length Research Paper 
 

Determination of peak maturity of sugarcane ratoon crop as 
influenced by nitrogen rates at Kibos and Awendo, Kenya 

 

Omoto George*, Otieno Victor, Kasisi Carolyne and Omututi Anne 
 

Kenya Agricultural and Livestock Research Organization, Sugar Research Institute, P.O. Box 44-40100, Kisumu, Kenya. 
 

*Corresponding author. E-mail: georgeomoto@ymail.com or george.omoto@kalro.org 
 

Accepted 22 February, 2021 
 

In Kenya, farmers’ payments for sugarcane delivered at the mill are based on tonnage delivered, without 
considering the quality of the cane. In 2000, Kenya put in place structures for paying farmers based on quality as 
measured by sucrose content. The trial was planted in the Kibos and Awendo sugar zones in September 2015 
with the aim of determining the peak maturity of the sugarcane varieties influenced by nitrogen rates. The 
experimental design was 11 x 3 factorial laid in a randomized complete block design. The treatments consisted 
of 11 varieties; KEN 98-367, KEN 98-530, KEN 98-551, KEN 98-553, KEN 00-13, KEN 00-3548, KEN 00-3811, 
KEN82-121, KEN82-493, KEN82-601 and EAK 73-335, and three nitrogen rates; 0 kg Nha-1, 80 kg Nha-1 and 160 
kg Nha-1. Pol% cane was determined from 11 to 17 months on first ratoon crop. The data were analyzed by 
ANOVA. The results showed that pol% cane and nitrogen rates differed significantly (P ≤ 0.05) between the 
varieties in both Kibos and Awendo. In Kibos, all 11 varieties peaked at 14 months. In Awendo, 2 varieties peaked 
at 14 months, 8 varieties at 15 months, and one variety at 16 months.  The highest pol% cane was recorded by 
KEN82-601 (15.4) in Kibos and EAK73-335 (15.0) in Awendo. The nitrogen rate of 80 kg Nha-1 showed the best 
pol% cane in both sites. Kibos recorded higher pol% cane than Awendo by 5%. A 30-day delay in harvesting the 
cane after peak maturity resulted in a 4% drop in sucrose% cane. 
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INTRODUCTION 
 
Sugarcane (saccharum spp. hybrid) is one of the most 
important industrial crops in Kenya (KESREF, 2013). The 
sugar subsector directly or indirectly provides livelihood for 
about 8 million Kenyans. Sugarcane is grown 
commercially in four regions: western Kenya, Nyanza, 
Nyando and the coastal region of Kenya. Currently, 
sugarcane production in Kenya occupies a total of 220,997 
ha of land with a yield of 57tch and a total annual 
production of 520,000 tons of sugar having a consumption 
demand of over 1,000,000 tons (AFA-Sugar Directorate, 
2018). The major commercial sugarcane varieties grown 
are both imported and locally bred viz; KEN 83-737, 
CO945, CO421, N14, KEN82-601, EAK 73-335, KEN 98-
530, D8484, etc. 

Quality sugarcane production is the ability of best 
agronomic practices to achieve potential yields. It is 
closely related to stem biomass accumulation, which in 
turn positively  affects  sucrose  accumulation  in  the  stalk. 

Best agronomic management practices are a key 
requirement for the profitability of this system. Almost all 
cultivated varieties of sugarcane have characteristics of 
adapting to all regions. Consequently, yield fluctuates with 
variations in management practices.  

In Kenya, farmers sell their sugarcane to sugar factories, 
where they are paid by the weight of their harvest. In order 
to improve the profitability of sugar mills and to avoid 
paying too much for crops with low sugar content, sugar 
factories are beginning to install a payment system based 
on sugar content/yield. Besides the financial benefits of 
performing a quality analysis of the incoming crop, the 
quality data also helps to improve the processing quality in 
the factory. This system was designed to use the sucrose 
content as a quality indicator.  

Several standard analytical methods are available to 
determine peak maturity so that the cane is harvested at 
the right time. Without such analysis,  cane  growers  would  
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harvest cane based on the age and appearance of the 
crop. Some factories will even give growers cutting orders 
based on the age of the crop. This is not a scientific 
method because planting time, crop management 
practices and weather conditions can influence maturity. 
Yellowing and drying of the leaves, metallic sound of 
mature canes when the tops of sugar crystals appear and 
glistening when a mature cane is cut are some of the visual 
indices for assessing the maturity of cane. The important 
sugarcane quality parameters for assessing cane maturity 
are Brix %, Sucrose (Pol) % cane and Purity %. Most 
researchers focus on the percentage of sucrose (Calderon 
et al., 1996). In the milling operation, a Pol % cane value 
of at least 12.5, a Brix % value of 18 and a purity of 80% 
or more are commercially acceptable (Clements, 1980). 
Several factors affect sugarcane quality, among them are 
the varieties planted, agronomic factors during production, 
time of harvest, soil fertility, sugarcane pathogens, and 
other environmental factors (Grisham and Legendre, 
2000; Muchow et al., 2006; Gilbert et al., 2006). 

Since sugarcane farming began in Kenya back in 1900, 
farmers have always been paid on the basis of tonnage. In 
2001, an Act was enacted in the National Assembly with 
the aim of streamlining the   sugar industry. In it, a cane 
price formula was prescribed. The formula factored in the 
sucrose content as the main determinant of the price paid 
to farmers. In 2013, the Kenya Sugar Board (KSB) initiated 
a cane pilot testing unit in Nzoia Sugar Company (NSC) 
with the aim of investigating the reliability of the sucrose-
based cane payment system in a bid to implement the Act. 
Premature and over mature harvesting of sugarcane 
results in less sucrose accumulation in the harvested cane 
than the optimum harvesting age. Sugarcane grown in 
warmer areas has a higher yield and sucrose content than 
cane grown in cooler areas (Gilbert et al., 2006). 
Varietal/genotypic variation has a great influence on the 
sucrose content in sugarcane and is a key aspect in 
breeding programs. 

In most sugarcane producing countries of the world, 
NPK fertilizer ratios of 2:1:3 or 2:1:2 or 3:1:5 are commonly 
used (Wood, 1990). Although N strongly stimulates 
growth, fields with poor yields usually tend to have high N 
(Humbert, 1962). Improving cane quality is one of the most 
important means of maximizing profitability in the sugar 
industry. Juice quality is important because it determines 
the maximum sucrose yield.   

High nitrogen supply can decrease the sucrose 
concentration in fresh millable stalks and consequently 
decrease the commercial value of the stalks. Among the 
major nutrients, nitrogen plays a great role not only in 
increasing the yield, but also in influencing juice-quality. 
Excessive application or late application of nitrogen 
(usually beyond 90-120 days) decreases the sucrose 
content in the juice and increases the non-sugar 
components of the juice, leading to poor recoveries 
(Wiedenfeld and Enciso, 2008). High tissue nitrogen leads 
to continued vegetative growth and thus delays maturity; it  

 
 
 
 
produces late tillers and water shoots; it increases sheath 
moisture and soluble nitrogen content in the juice. Thus, 
low sucrose, high reducing sugar contents and lower 
purities are common under excess nitrogen, which 
ultimately leads to higher molasses (Wiedenfeld and 
Enciso, 2008). Thus, determining the appropriate nitrogen 
rate is economical for the recovery of juice sucrose.   

Little work has been done to ascertain these rates and 
only blanket rates have been used in the trials. It is 
therefore important to determine the peak maturity of 
sugarcane varieties affected by nitrogen rates to obtain the 
maximum sucrose content for better payments and 
improved livelihoods. 
 
 
MATERIALS AND METHODS 
 
Experimental site 
 
A field experiment was conducted in Kibos and Awendo in 
September 2015, during the short rainy season. Kibos is 
located 15 km northeast of Kisumu city, along the Kisumu-
Miwani road, at a longitude of 0° 24’ N and a latitude of 34° 
48’ E, at an altitude of 1185 m asl (Figure 1). The mean 
maximum monthly temperatures ranges from 28°C to 
32°C, with an annual rainfall of 1490 mm. The minimum 
temperature ranges from 14°C to 17°C. The daily 
evaporation varies throughout the year with a mean value 
of 5.1 mm/day. The mean relative humidity is 70.4% 
(KESREF, 2010). Awendo is situated in Migori County, 
which has a warm and humid-like climate with a mean 
annual rainfall of 1661 mm. Both sites have two main rainy 
seasons, namely a long rainy season from March to June 
and a second rainy season from August to October. 
Although the effects of climate change have changed the 
pattern of the rainy season, the next few months are 
expected to be slightly drier, with the start of the dry 
season from November to the end of January.  

A chemical analysis of the experimental soil was 
conducted before planting the crop for each experiment. 
The procedures used for chemical analysis of all the 
aforementioned soils are given in the “Soil Analysis 
Manual”, as shown in Table 1.  

The treatments consisted of 11 sugarcane varieties; 
KEN 98-367, KEN 98-530, KEN 98-551, KEN 98-553, KEN 
00-13, KEN 00-3548, KEN 00-3811, EAK73-335, KEN 82-
121, KEN 82-601 and KEN 82-493, and 3 levels of N 
fertilizer rates; 0 kg N/ha, 80 kg N/ha and 160 kg N/ha as 
top-dress at five months after planting and at four months 
for the ratoon crop. 

The experiment was laid out as an 11 x 3 factorial, thus 
using 11 varieties and three N rates as a top-dress in a 
randomized complete block design (RCBD) with three 
replications having a gross plot size of five rows of 6 m 
long and spaced at 1.2 m apart. Clean seedcane of the 11 
varieties aged 10 months was used, and 24 of the three 
budded   setts   were  planted  in  each  furrow.  At  planting,  
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Figure 1. Map of the study area. 

 
 
 

Table 1. Chemical soil properties of the study area. 

 

Treatment Kibos Awendo 

Phosphorous (P) ppm 12.77 12.48 

Total nitrogen (N) m.e 0.09 0.11 

Carbon % 0.98 1.01 

pH 5.0 5.2 

 
 
 
phosphorus (P) was applied at 80 kg ha-1 in the furrows in 
the form of TSP (Triple Supper Phosphate), while N 
fertilizer was applied in the form of urea, depending on the 
treatment. Confidor @ 2L ha-1 was applied at planting to 
control termites. Weeds in the crop were controlled 
manually. The crop was harvested at the age of 17 months  
 
 
Cane quality determination 
 
Cane quality (sucrose content or Pol % cane) was 
determined at monthly intervals by estimation method in 
the laboratory using a saccharimeter (at 330, 360, 390, 
420, 450, 480 and 510 days). 
 
 
Data analysis  
 
These data were analyzed by standard analysis of 
variance (ANOVA) using the GenStat package with means 
separated by Turkey at 0.05 level of significance. 

RESULTS AND DISCUSSION  
 
The effect of nitrogen rates on peak maturity of 
sugarcane in Kibos 
 
Significance differences (P ≤ 0.05) in peak maturity were 
noticed at the 14th month (420 days) in the first ratoon crop 
among the varieties (Figures 2, 3 and 4). The sucrose 
content (pol % cane) of the 11 varieties rose steadily from 
the 11th month (330 days), peaked at 14 months (420 
days) and then began to gradually decline (Figures 2, 3 
and 4). Generally, the variety KEN82-601 showed the 
highest pol% cane of 15.4, followed by EAK73-335 with 
14.8 and then KEN00-13 showed the lowest pol% cane of 
13.2.  

The Pol% cane among the nitrogen levels differed 
significantly (P ≤ 0.05). The nitrogen rate of 80 kg Nha-1 

showed the best pol% cane, followed by 160 kg Nha-1, and 
the nitrogen rate of 0 kg Nha-1 showed the lowest pol% 
cane. 

At a nitrogen rate of 0 kg Nha-1, the sucrose  content  (pol 
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Figure 2. Peak maturity of varieties as affected by 0 kg Nha-1 in Kibos. 

 
 
 

 
 
Figure 3. Peak maturity of varieties as affected by 80 kg Nha-1 in Kibos. 

 
 
 
% cane) of the 11 varieties rose steadily, peaked at 14 
months, and then gradually declined. The variety KEN 82-
601 showed the highest sucrose content of 14.6, while 
KEN00-13 showed the lowest sucrose content (Figure 2). 
This was the lowest compared to the nitrogen rates of 80 
and 160 kg Nha-1 (Figures 3 and 4). However, the best 
pol% cane among the three nitrogen rates (0, 80 and 160 
kg Nha-1) was recorded at 80 kg Nha-1, with KEN82-601 
being superior, while KEN00-13 still showed the lowest 
value. Similarly, at a nitrogen rate of 160 kg Nha-1, KEN 82-

601 recorded the highest pol % cane value and KEN 00-
5811 recorded the lowest. 

Improving cane quality is one of the most important 
means for maximizing the profitability of sugarcane 
production. However, nitrogen strongly stimulates growth, 
but also influences juice quality. The high nitrogen supply 
of 160 kg Nha-1 decreased the sucrose concentration of 
the varieties more than the nitrogen rate of 80 kg Nha-1 in 
fresh millable stalks. This is in agreement with Wiedenfeld 
and Enciso (2008). The decrease in pol % cane  at  160 kg
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Figure 4. Peak maturity of varieties as affected by 160 kg Nha-1 in Kibos. 

 
 
 

 
 
Figure 5. Peak maturity of varieties as affected by 0 kg Nha-1 in Awendo. 

 
 
 
Nha-1 is attributed to the application of a high rate of 
nitrogen that depressed the sucrose content of the juice 
and increased the non-sugar component of the juice, 
leading to poor recoveries. Other researchers found the 
same in Brazil (Monalisa et al., 2016). 
 
 
The effect of nitrogen rates on peak maturity of 
sugarcane in Awendo 
 
Significance differences in maturity peaks were  noticed  at 

the 14th month (420 days), 15th month (450 days) and 
16th  month (480 days) among the varieties (Figures 5, 6 
and 7). The sucrose content (pol % cane) of the 11 
varieties rose steadily from the 11th month (330 days) 
onwards, with some peaking at 14 months, while others 
peaked at 15 and 16 months (420 days, 450 days and 480 
days) and then began to gradually decline (Figures 5, 6 
and 7). 

Generally the variety EAK73-335 showed the highest 
pol% cane of 15.0, while the variety KEN00-13 showed the 
lowest pol% cane of 12.0.  
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Figure 6. Peak maturity of varieties as affected by 80 kg Nha-1 in Awendo. 

 
 
 

The Pol% cane among the nitrogen levels differed 
significantly (P ≤ 0.05). The nitrogen rate of 80 kg Nha-1 

showed the best pol% cane (Figure 6), followed by 160 kg 
Nha-1 (Figure 7), and the nitrogen rate of 0 kg Nha-1showed 
the lowest pol% cane (Figure 5). The same trend was also 
observed in Kibos. 

At 0 kg Nha-1, varieties KEN 82-601, KEN98-530, 
KEN98-367, KEN82-121, KEN98-531, KEN82-493, 
KEN00-3811, KEN00-13, KEN00-3548 and KEN98-533 
peaked at 15 months, while EAK73-335 peaked at 16 
months. At 80 kg Nha-1, varieties KEN82-610 and KEN 00-
13 peaked at 14 months. Varieties KEN98-530, KEN98-
367, KEN82-121, KEN98-531, KEN82-493, KEN00-38, 
KEN00-3548 and KEN98-533 peaked at 15 months, while 
EAK 73-335 peaked at 16 months. 
 At a nitrogen rate of 160 kg Nha-1, the peak maturity was 
longer than at a nitrogen rate of 80 kgNha-1. This was 
attributed to a high tissue nitrogen content that led to 
continued vegetative growth and thus delayed maturity; it 
produced late tillers and water shoots; it increased sheath 
moisture and soluble nitrogen content in the juice. Thus, 
low sucrose, high reducing sugar contents and lower 
purities are common under excess nitrogen, which 
ultimately leads to higher molasses.  This  is  in  agreement 

with Wiedenfeld and Enciso (2008).  
Peak maturity in Kibos of the 11 sugarcane varieties was 

14 months (420 days). This was the opposite in Awendo, 
where some varieties peaked at 14 months (420 days), 
while others peaked at 15 months (450 days) and 16 
months (480 days). Temperature and humidity play an 
important role in sucrose synthesis and accumulation in 
C4 plants such as sugarcane. In C4 plants, the formation 
of phosphoenolpyruvate carboxykinase is sensitive to low 
temperatures. During low temperatures and high humidity, 
juice acidity increases, probably due to the formation of 
organic acids, which are formed by the conversion of 
stored sucrose in the stalk. This prolongs the peak maturity 
of sugarcane, which was observed in Awendo for 10 
sugarcane varieties, with a peak maturity of more than 14 
months (420 days). This concurs with Mebrahtom et al. 
(2017) where the average temperature at Awendo is lower 
than that at Kibos. Furthermore, sugarcane maturity is 
genotypic and environmentally dependent. Kibos is in a 
sub-humid state, while Awendo is in a humid region. 

Proper fertilization is an important management function 
in sugarcane production. Nitrogen deficiency may 
decrease sugar yield, while excessive nitrogen availability 
during  the  ripening  period  or  during  application  reduces  
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Figure 7. Peak maturity of varieties as affected by 160 kg Nha-1 in Awendo. 

 
 
 
juice quality. The results obtained showed that 80 Kg Nha-

1 indicated the best sucrose content in the 11 varieties 
when compared to 0 KgN ha-1and 160 kg Nha-1. This is in 
agreement with the findings of Australian sugarcane 
(2017). 

The limitation/shortcoming of this trial was that rainwater 
was fed and established in the field; therefore, the weather 
conditions cannot be controlled as expected in the green 
house. 
 
 
Conclusions 
 
The preliminary results of this study have established that: 
(1) Peak maturity in Kibos of the varieties; KEN82-610, 
KEN 00-13, KEN98-530, KEN98-367, KEN82-121, 
KEN98-531, KEN82-493, KEN00-3811, KEN00-3548, 
KEN98-533 and EAK 73-335 is 14 months (420 days). 
(2) In Awendo, the varieties KEN82-610 and KEN 00-13 
peaked at 14 months (420 days). Varieties KEN98-530, 
KEN98-367, KEN82-121, KEN98-531, KEN82-493, 
KEN00-3811, KEN00-3548 and KEN98-533 peaked at 15 
months (450 days), while EAK 73-335 peaked at 16 
months (480 days). 
(3) The application of a nitrogen rate of 80 kg Nha-1 showed 
the best pol% cane in both Kibos and Awendo. 
(4) Kibos recorded an average of 5% higher pol % cane 
than Awendo.  
(5) Variety KEN82-601 recorded the highest pol % cane of 
15.4 in Kibos and EAK73-335 recorded the highest pol % 
cane of 15.0 in Awendo. 

(6) A 30-day delay in cane harvesting after peak maturity 
resulted in a 4% drop in sucrose content of cane. 
 
 
Recommendation 
 
This study recommends that studies on peak maturity of 
sugarcane as affected by nitrogen rate be conducted on 
other improved sugarcane varieties in Western and 
Coastal regions of Kenya. 
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