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ABSTRACT

Low sugarcane productivity has persisted in Western Kenya where most of the crop
is grown. A study conducted by Kenya Sugar Research Institute in January 2011 at,
Nyando Sugar Zone indicated that sugarcane yields were varied based on fertilizer
type applied to the crop. Average sugarcane yield was 64 tones/ha as opposed to a
potential yield of more than 100 tones/ha under rain-fed conditions. Declining soil
fertility and lack of critical nutrients in fertilizer formulations applied to the crop
were key reasons for the declining yields. The provision of well formulated
fertilizers to sugarcane growing areas has been a challenge, yet sugarcane has
extremely high demand for elements particularly NPK. There is therefore need to
formulate fertilizers with an aim to provide the required nutrients in appropriate
quantities. The aim of the present study was to provide formulations of sugarcane
fertilizers targeting critical nutrient requirements to improve on the crop response in
terms of nutrient uptake, growth, yield and cane quality. The study was conducted in
2013 in Mumias Sugarcane growing zone at Mumias Sugar Nucleus estate situated
0°21'N and 34°30E at 1314 meters above sea level. The treatments under experiment
were as follows; T1 (DAP + Urea), T> (DAP + MOP + Urea), Tz (NPKCaMg) and T4
(No fertilizer — Control). A randomized complete block design (RCBD) was used
with 4 treatments each replicated 4 times to give 16 experimental plots, each
measuring 10x6 meters (60 m?). Data was collected on tiller count, growth rate and
yield. TCH, P01% cane, foliar potassium, nitrogen and phosphorus were also
determined. The soil chemical analyses were carried out before and after cane
growth. Data collected was subjected to analysis of variance (ANOVA) using R
software version 3.4.0 and treatment means separated using the Tukey's HSD post
hoc test at 5% level of significance. Where there was significant difference, the
mean separation was done using LSD. The NPKCaMg (T3) formulation elicited the
highest plant height of 4.2 cm at the time of sampling compared to control which
was 1.5cm, the differences were statistically significant. The NPKCaMg (T3)
formulation was superior in Po1% cane (14.1), followed by DAP + Mop (T>) (13.3)
followed by DAP (T1) (12.0) and control (10.5). The difference between control and
DAP were not statistically different. The cane yield followed the % Pol values, only
that in this case there were significant differences amongst all treatments. The
NPKCaMg (Ts3) and DAP + Mop (T>) treatments led to higher soil pH values ranging
between 5.0 to 5.5 while the control and DAP had values less than 5.0. In correlation
and regression analysis different fertilizer formulations were observed to affect
development and sugarcane yields. Therefore, from these findings farmers at
Mumias Sugarcane growing zone should be encouraged to adopt blended fertilizer
formulations to improve cane sucrose content, soil chemical properties and overally
improve sugarcane yields in the long run.



CHAPTER ONE: INTRODUCTION

1.1 Background to study

Sugarcane (Saccharum officinarum L.) is cultivated crop important for sugar and
ethanol production. This crop originated from South East Asia and Western India
(de Matos et al., 2020). The crop was important in Asia at around 327 B.C, it was
later introduced to Africa, in Egypt by around 647 A.D and into Europe in Spain at
around 755A.D. Later, the crop was introduced to many tropical and subtropical
regions, where it tis commonly cultivated (Blume, 1985; la S and Dlamini, 2012;

Bhatt, 2020; de Matos et al., 2020).

Worldwide sugarcane production covers about 20.42 million hactares and the total
production is about 1333 million metric tons. Several countries produce sugarcane in
the world, the major producers comprise of Brazil, India, China, Thailand, Mexico,
Cuba, Columbia, Australia, USA, Phillipines, South Africa, Argentina, Myanmar,
and Bangladesh (la S and Dlamini, 2012; Bhatt, 2020). In Africa, the top sugarcane
producing countries are South Africa and Egypt. Egypt is one of the oldest African
countries known for sugar production (Ali et al., 2020). Other major sugarcane
producers in Africa comprise Sudan, Kenya, Kingdom of Morocco, Swaziland and

Mauritius (Hassan, 2008).

Total world production of sugar in 2007 was 147.7 million tones and Africa ranked
fifth among other continents, however, there has been a sharp decline in cane
productivity in Africa compared to other regions such as South America and Asia. It

is likey that the causes of the decline in in productivity is due to unreliable



precipitation, since sugarcane production in Africa is mainly rainfed, as well as poor
soil fertility among other challenges. Soil fertility is very important in Sugarcane
production since, the plant has high demands for nutrients for good development
and high yields (Bhatt, 2020). The crops require adequate supply of Nitrogen,
Phosphorus, Potassium as well as micronutrients such as zin and magnesium. Soil
pH should also be in a good range since it has an influence on the available of these

elements.

Different elements have different roles, in sugarcane development (de Oliveira et al.,
2018), but some of the fertilizers used by farmers may comprise one or two macro
elements, furthermore, there is less research on the soil properties and soil fertility
status which results on poor decision making in terms of soil fertility management.
For example, since inception of sugarcane cultivation in MSC cane growing zones in
western Kenya, farmers in these zone have utilized various crop nutrition
formulations to boost sugar cane yields, these fertilizer formulation have mainly
comprised of Urea, TSP, SSP and DAP. The selection of these fertilizer types was
guided by the cost of formulation and ability of the individual fertilizers afford them
rather than the actual soil fertility status. Furthermore, the above fertilizer
formulation lacked potassium, which is also critical for sugarcane nutrition
responsible for uptake of other nutrients, enhanced growth rate and yields (Ali et al.,

2018).

Apart from plant nutrient components in the fertilizer, the amount of these nutrients

is also important for good development of sugarcane, for example, P deficiency



leads to reduced metabolic rate and photosynthesis which then affects cane yield
quantity and quality. Although most soils contain a high proportion of total P
reserves, most of it remains relatively inert and less than 10 % of the soil P is
utilized by the Plant (Mbene et al., 2017). On the other hand, there is also high
variability in the soil phosphorus especially in regions with drastic variation in soil
characteristic such as the MSC sugarcane growing zone (Muindi et al., 2015; Mbene
et al., 2017). It is also known that soluble phosphates added to soil tend to become
unavailable to plants in varying degrees, and that ultimately there is a gradual
accumulation of these largely unavailable forms in soil (Muindi et al., 2015; Mbene

etal., 2017).

Given that variability of soil properties affect nutrient uptake by plants and the
existing challenge of poor use of fertilizers in MSC sugarcane growing zone, there is
a need for research to evaluate the influence of different fertilizer formulation on
growth and yields of sugarcane in these zones. This could help in development of
appropriate recommendations for farmers on measures to adopt for efficient
management of the native and applied nutrients in the soil for enhanced sugarcane

production.

1.2 Statement of the problem
The sugar industry is a source of income for over 260,000 farmers, 11,700
employees, and directly or indirectly supports over 6 million Kenyans (Oyugi,

2016). The Kenya Sugar Research Institute (SRI) has been mandated to research on



technological solutions to low sugarcane productivity reported in all sugarcane

zones in western Kenya.

Declining cane yields in the sugarcane zones is a major area of concern in Kenya
sugar industry (Amolo et al., 2017; Mati and Thomas, 2019). In MSC sugarcane
zone, sugarcane yields per unit hectare have continued to decline overtime (MSC,
2012; Mutonyi et al., 2014a). Good sugarcane development and productivity is
highly dependent on good soil fertility and well distributed rainfall especially in
MSC sugarcane zone, since sugarcane production in this zone is rainfed with limited
fertilizer applications. Moreover, soil analysis results in this zone indicate below
threshold levels of the critical cane nutrient requirements (Kirungu, 2011; MSC

2012; Amolo et al., 2017).

Adequate and balanced supply of plant nutrients in nutrient deficient soils such as
MSC sugarcane zone would enhance growth and vyields of cultivated crops,
however, this can only be achieved by considering the soil properties, soil nutrient
status and plant nutrient requirements while making decisions on fertilizer

applications to be done (Gopalasundaram et al., 2012).

Modern agricultural systems largely depend on the fertilizers, this has increased
demand for mineral fertilizers which has also resulted in high diversity of mineral
fertilizer formulations (organic, synthetic, quick release, slow release, solid liquid or
gaseous) (Dave et al., 1999;Trenkel, 2010; Timilsena et al., 2014). Research on crop

performance under different fertilizer formulations have been limited in Kenya,



therefore, there is scanty information regarding use of these fertilizers in Kenyan
settings such as the MSC sugarcane zone. Recent research endeavours, to a great
extent are focused in assessing and addressing health and environmental impact of
fertilizers. Consequently, various advances are being made on development and
selective use of chemical fertilizers (Yue et al., 2016). However, there is a need to
better understand crop responses to different fertilizer formulation in unique Kenyan
settings. This is even more critical to sugarcane since it is has a high demand for
nutrients, particularly K, which is important for the re-translocation of sucrose
(Mutonyi et al., 2014b). This gap in the knowledge was the driving force for the

current experimental work.

1.3 General objective
To assess the effect of selected fertilizer formulations on the nutrient uptake, growth
rate and yields of sugarcane and identify appropriate fertilizer formulation for

Mumias sugarcane growing zone.

1.3.1 Specific objectives

I. Assess the growth rate and yield of sugarcane crop by selected fertilizer
formulations.

ii. Evaluate effect of different fertilizer formulations on cane quality.

iii. Analyse the effect of different fertilizer formulations on soil chemical changes.



1.4 Hypotheses

i. There are significant differences in growth and yield of sugarcane with different
fertilizer formulations.

ii. There are significant variations in cane quality as affected by different fertilizer
formulations.

iii. There are significant differences in soil chemical properties as affected by

different fertilizer formulations.

1.5 Justification for the study

Whereas there is already reported research findings about sugarcane nutrition
requirements, nitrogen and phosphorus suitable forms, there is scanty information on
suitable fertilizer formulation that meet all recommended nutrient requirements of

cane in the Kenya sugarcane zones and particularly in MSC sugarcane zone.

Declining sugarcane production per unit area in MSC sugarcane zone is worrying.
The trend must be reversed for the survival of the sugarcane industry. Therefore,
there is need to identify a fertilizer formulation that is all inclusive of the nutrients
required by sugarcane crop. One of the major causes of declining cane yields is use
of fertilizer formulations that are general and not specific to the needs of sugarcane

crop despite the variations in soil types.

Various fertilizer formulations exist in Kenya. Agrochemical industries can
formulate fertilizer with various nutrient ratios. There exists an urgent need to

provide scientific information that can be used as a reference by manufacturers to



come up with fertilizer formulations that would guarantee availability of all fertilizer
nutrient elements in the amounts that commensurate with the sugarcane nutrient

requirements.

The cost of chemical fertilizers has increased. There is need to improve fertilizer use
efficiency by identifying a cost-effective fertilizer formulation that can cause
significant increase in cane nutrient uptake, increase in growth rate and increase in
yields. This will bring about increase in productivity and increased economic
growth. One of the reasons for the extension of COMESA period is the high cost of
production factors in sugarcane production in the region. Having cost effective
sugarcane production brought about by all-inclusive nutrient dense fertilizer will
help the sugar industry in Kenya to become more competitive even with the onset of

COMESA.

1.6 Conceptual framework

Fertilizer formulations are critical in soil fertility management process. Fertilizer
application rates depend on soil fertility level, crop nutrient need and the percent of
nutrients in the specific fertilizer. This study sought to determine the effect of
various NPK formulations on sugarcane nutrient uptake, tillering, growth and

resultant yield in terms tons of cane per hectare and sugar content (Figure 1.1).
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Figure 1.1: Conceptual framework




CHAPTER TWO: LITERATURE REVIEW

2.1 Economic importance of sugarcane

Sugarcane (Saccharum officinarum L.) is a perennial grass cultivated in many
tropical and subtropical regions of the world for sugar, ethanol, alcohol and other
industrial uses (Plaut et al., 2000; Priya et al., 2016; Matos et al., 2020; Shi et al.,
2020; Yang et al., 2020). The crop has substantial contributed to industrial growth in
many countries (Moraes et al., 2015; de Castro Assumpgéo et al., 2020). These
sugar industries used in processing of sugarcane have contributed to employment
opportunities for many people as well as created opportunities for farmers,
smallholder farmers who are engaged as sugarcane growers in parts of Kenya (Mati

and Thomas, 2019).

2.2 Sugarcane nutrition

Overally, the nutrient requirements of sugarcane especially nitrogen, phosphorus and
potassium are high compared to other crops. Each of the major fertilizer elements,
Nitrogen N, Phosphorus P and Potassium K, has a role in development, nutrient
uptake and resultant sugarcane yield. On average, a hectare of sugarcane needs
about 80 to 100 kg of N, 50 kg of P (P.Os), and 168 kg of K (K20). Each of the
fertilizer elements has a role in development, nutrient uptake and resultant sugarcane
yield. The combination of these critical nutrient elements should be balanced to
enhances internode formation, internode elongation, increase in girth size, nutrient

uptake and weight (Tsado et al., 2013; Bhatt, 2020).
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Sugar cane has essentially four growth stages; germination phase, tittering phase,
grant growth phase and finally maturity and ripening phase (Wiedenfeld et al., 2005;
Bonnett, 2013; Glassop et al., 2020) (Figure 2.1). Understanding the growth phases
would help in better formulation of fertilizer elements to meet the requirements of
each growth phase. Nutrient requirements of sugarcane have significant roles at
different crop stages. Nitrogen (N) requirement of sugarcane is high at tillering (30-
45 days after planting), hence a need of adequate N during this stage of development
(Bachchhav, 2005; Gopalasundaram et al., 2012; Chandiposha et al., 2014) (Figure

2.2).

Establishment Vegetative Grand growth | Ripening

Figure 2.1: Sugarcane growth stages
Source: Wiedenfeld et al., 2005
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Figure 2.2: Relative requirement of NPK at different crop growth stages of

sugarcane (Bachchhav, 2005)

2.3 Need for fertilizer use in sugarcane nutrition

Low soil fertility is a causal factor for declining sugarcane yields in Kenya (Amolo
et al., 2017). The low soil fertility has been attributed to low inherent soil fertility
and loss of nutrients through erosion and crop harvests with little or no nutrient
replenishment through organic and in-organic sources. Soil productivity in the
densely populated Western province is low and, on the decline. Deficiencies of N, P
and K are widespread in Western province leading to low and declining crop yields

(Jaetzold et al., 2005; Amolo et al., 2017) (Figure 2.3).
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Figure 2.3: Declining sugar yields in sugarcane growing zones in Kenya

Source: Kenya Sugar Board, 2010

K depleted soils are poor in N utilization efficiency even if recommended doses are
applied. This is because, K plays has a role in N metabolism,and transport in the
plant (Krauss, 2004; Chen et al., 2017). Potassium also plays a key role in sugarcane
metabolism and is known to be actively involved in the translocation of sucrose
(MSIRI, 2000; Romheld and Kirkby, 2010; Chen et al., 2017). Therefore, balanced
application of all the required plant nutrients can help improve cane productivity and

enhance sugar recovery.

In S.E Asia, Haerdter and Fairhurst (2003) reported an increase of 16% N recovery
when traditional N and P were applied to maize. The crop’s N recovery improved to
76% in plots treated with N, P and K. Phosphorous and K recoveries also improved

respectively from 1 to 22 % in P and from 13 to 61 % in balanced N, P and K
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application. Nitrogen is essential in sugarcane metabolism affecting essential
physiological processes. It is one of the main building blocks of proteins and
essential for photosynthesis and sugar production (MSIRI, 2000; Chen et al., 2017).
Balanced application of N fertilizers in sugarcane fields also enhances the sucrose
content in the in canes. However, excess N can lower sucrose content and
discolouration of sugar crystals, since good quality sugar requires a balance of N use
with K, to maximum sugar conversion (Meyer and Wood, 2001). The response to N

rate varies with variety.

2.4 Fertilizers used in crop production

Soil fertility varies from one region to the other and sometimes the amount of Macro
and microelements present in the soil may not be sufficient for plant growth and
development, hence a need for fertilizer application (Tisdale et al., 1966; Cai et al.,
2019). There are both organic (from decomposing organic matter) and inorganic
(synthetic), however, the percentage content of nutrients in organic fertilizers (such

as manures) is relatively low compared to inorganic fertilizers (Wang et al., 2018).

Organized research into fertilizer technology began in the early seventeenth century.
The first, inorganic fertilizer was developed by Glauber which comprising saltpetre,
lime, phosphoric acid, nitrogen, and potash (Bora, 2017). However, over time, the
chemical needs of plants were discovered, resulting to improved fertilizer
compositions. Sir John Lawes was instrumental in development of the modern
chemical fertilizer industry, over time there has been development of fertilizer

industry which has resulted in diversity of synthetic as well as organic fertilizers.
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However, dangers of environmental pollution have increased with increased use of
fertilizers in agricultural activities. This has promoted research on the harmful
environmental effects of fertilizer use, as well as discovering new, less costly

sources of fertilizers (Chen et al., 2018; Irfan et al., 2018).

2.5 Fertilizer type, composition and role in cane nutrition

Di-ammonium phosphate DAP (NH4)2HPQOg4) is type of inorganic fertilizer that
supplies the plant with N and P. When use in the farm, this fertilizer temporarily
increases the soil pH, however, it’s usage of over longer periods results in acidic
soils. N is essential in sugarcane metabolism affecting physiological processes. It is
one of the main building blocks of proteins and essential for photosynthesis and
sugar production. Nitrogen helps provide strong productive growth and high
yielding, high dry matter production leading to cane with high sugar contents.
However Murate of potash (MOP) on the other hand is an inorganic fertilizer which

supplies Potassium K, there are several sources of K (Table 2.1).

Table 2.1: Sources of Potassium (K)

Material ChemicalSymbol | Typical K20 Analysis
Potassium ChloridePotash | KCl 60-62%

Potassium Sulfate K,SO; 50-53%

o= Magnesmm K:SO:2MgSO: | 22%

Potassium Nitrate KNOs 44-46%

Manure (not applicable) 0.4-1.0%
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Although K is a major nutrient and required by plants in large quantiles some
compared to others, sugarcane is among such crops. They have high a demand for K

since their K need is slightly higher than other crops (Table 2.2).

Table 2.2: High response crops to K

Eruit crops Cereals and Legumes and Tuber crops
P Grasses Vegetables P

Citrus Alfalfa SP# mpkins/Squa Sweet Potatoes
Beans

Apples Clover (Phaseolus) Sugar beets

Bananas Corn Silage Peppers

Grapes Bermudagrass Tomatoes

Palm Sugar Cane Pears

Pineapple Cotton Tobacco

Peaches Rice Soybeans

Celery Sorghum Silage Vetch

2.5.1 Role of potassium in Sugarcane nutrition

Potassium (K) in sugarcane Potassium plays a key role in sugarcane metabolism. It
is the most abundant cation accumulating in the cell sap of the plant. By acting
mainly as an enzyme activator, K is fundamental to the synthesis and translocation
of sucrose from the leaves to the storage tissues in stalks (Ali et al., 2018).
Sugarcane is able to mine the soil of its K reserves, therefore, responses to K
fertilizers may not observed in plant over a short period since this can de delayed to
the second ratoon stage and is likely to result in delayed K amendments especially

when soil fertility is monitored using plant tissue analysis ( Halpin et al., 2019).
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In general sugarcane responds to K fertilizers by an increase in cane yield without
any change in sucrose concentration in the cane, while excess K lowers the sucrose
recovery from canes, therefore, K fertilizer application should be maintained at
adequate levels (Kwong, 2000; Ali et al., 2018). Accumulation of K by sugarcane is
most rapid during the first 6 months. The nutrient is subject to luxury consumption
by sugarcane; therefore, it is important to find the optimum level of fertilization.
Potential K uptake by sugarcane is in the range of 145-480 kg/ha K20 (Kwong,
2000; Ali et al., 2018). Potassium deficiency effects in sugarcane are localized with
mottling or chlorosis; leaf borders and tips show yellow-orange chlorosis, and
necrotic lesions are located between veins along margins and leaf tips. Older leaves
may become entirely brown or ‘fired’. Red discoloration of upper surfaces of the
midrib may occur. Under moderate K deficiency, young leaves remain dark green
and stalks become slender. Extended K deficiency results in spindle distortion other

developmental abnormalities (MSIRI, 2000; Karthika et al., 2018).

Under potassium depletion, utilization of N by the plants is also impaired hence an
increase in crop development impact (Krauss, 2004). Therefore, it is important to
have sufficient potassium available to utilize the assimilated nitrogen in the cane to
to unsure that during maturation the reducing sugars are converted to sucrose. In
terms of quality, K promotes sugar synthesis and its translocation to the storage
tissue. So adequate potassium nutrition is important for high sugar yields. Yield
response curves from most countries (India, Brazil, Pakistan and Guatemala) where

K is used commonly show that rates per annum range from 150-250 kg K/ha (180-
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300 kg/ha K20) (Rossetto et al., 2004). On crop quality, Phonde et al. (2005)

observed that adequate potassium supply ensured a higher sugar yield.

K leads to improved Pol quality and reduced fibre content (Malavolta, 1994;
Mahamuni et al., 1975; Khosa, 2002). Juice purity is also improved; however,
extremely high levels of potassium reduces sucrose levels (Perez and Melgar, 2000;
Meyer, 2013). The improvement in juice quality is thought to be due to an increase
in activity of sucrose synthesizing enzymes which also help increase the sucrose
yield Mahamuni et al. (1975) observed that maximum sucrose extraction required
low levels of reducing sugars (commonly 0.5%) and higher K use could help secure
this at the same time as increasing yield. However, luxurious uptake of K affect the
crystallization of sugar leading to poor recovery of raw and refined sugar as well as
higher sugar losses in molasses. On the other hand, excess K increases the ash

content in sugarcane juice (Singh et al., 2008).

2.6 NPK. composition and role in sugarcane nutrition

NPK is a compound fertilizer containing some or all the Macroelement required by
the plant, these comprise of Nitrogen (N), Phosphorus (P) and Potassium (K). Apart
from provision of all the major plant nutrients, NPK fertilizers may also serve

improve chemical, physical and biological properties of the soil.

2.6.1 Effect of NPK on sugarcane yield and quality

Balanced sugarcane nutrition results in better crop growth rate. In S.E Asia, Haerdter

and Fairhurst (2003) reported a 16% N recovery when traditional N and P were 28
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applied to maize. The crop’s N recovery improved to 76% in plots treated with N, P
and K as K is involved in N metabolism. Phosphorous and K recoveries also
improved respectively from 1 to 22% in P and from 13 to 61% in balanced N, P and
K application. Potassium can be applied as a straight fertilizer or as part of a blended

or compound fertilizer with N and P.

Use of NPK fertilizers, many enhanced easy balancing of Macroelements, especially
were the general soil fertility is low this will also avoid the detrimental effects of an
excess of one of these elements. Since it is known that excess K has a highly
negative correlation with sucrose content in juice of sugarcane (Kawamitsu et al.,
1997). This has been attributed to the possibility that the chloride ions (CI") as well
as K itself, are related to the decrease in sugar content. On the other hand, excess, N
prolongs vegetative growth, delaying maturity and ripening. Late application of N
lowers the juice quality hence sugar quality characteristics, including sugar purity,
colour and clarification (MSIRI, 2000). When applied in in-adequate doses, N limits
sugarcane productivity while when excessively applied may contaminate
underground waters as it is also liable to losses such as leaching, volatilization and
de-nitrification. Nitrogen cycle terms are the major contributors to the acidification
under cropping systems, and N fertilizer management is likely to be the most critical
acidification factor (Moody and Aitken, 1997). Studies (Perez and Melgar, 1998)
have shown that crop response to nitrogen fertilization is varied and complex, and
often linked to availability of nitrogen held in soil organic matter. Correct N
nutrition not only increases cane yield, but also improves the sucrose content in the

harvested cane. This response to N rate varies with variety. It is important though to
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balance nitrogen use with potassium, so as to maximize sugar conversion, content

and juice quality (Meyer and Wood, 2001).

N responses also vary with region, temperature, number of sunny days and watering
regime. In Australia's dry sunny region of Burkedin N application significantly
raised yields compared to other rain fed regions. Used in excess, nitrogen prolonged
vegetative growth, delaying maturity and ripening. Late nitrogen also reduced sugar

quality characteristics, including sugar purity, colour and clarification.

In Brazil, 120-150 kg/ha N is a common application rate in ratoon crops in both
burnt and green cane. Responses are only slightly lower if vinasse (ethanol distillery
stillage) has been applied. However, in other sugarcane producing countries up to
200 kg/ha of N is commonly applied particularly from the third ratoon onwards.
Plant and ratoon crops will also benefit from higher rates of N fertilizer when grown

in sandy soils or where natural soil nitrogen supplies are low (Malavolta, 1994).

Potassium plays a key role in sugarcane production, there is need to optimize K
supply, uptake and utilization by the sugarcane crop to achieve desired yield and
sugar accumulation. Excessive K uptake from soil may depress sucrose recovery

(Malavolta, 1994) (Figure 2.4).
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Figure 2.4: Effect of K supply on sucrose yield, sucrose and fibre content
(Malavolta, 1994)

2.7 Nutrient uptake and fertilizer formulations

Potassium salts in nutrient culture have an acidifying effect on nutrient solution and
are capable of dropping pH as low as 3.2. This acidifying effect, which is known for
nutrient solutions has been found to improve iron nutrition in calcareous soils which
cause iron deficiencies. Evidence point to an alteration in the cation anion uptake
balance by encouraging greater uptake of potassium and subsequent efflux of
protons from the roots into the immediate root environment. Minerals affect the
dynamics of potassium in soils by ion adsorption at their surfaces as well as by

release of lattice potassium (Yadav and Sidhu, 2016).
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Transport in soil is an important link in the processes involved in supplying
potassium to the roots. The most important transport mechanism for potassium is
diffusion. Grimme (2012), claims that transport by diffusion can be rate limiting if
either the potassium concentration in the soil solution or soil water content or both
are too low. He further argues that in a dry soil transport it is impeded because the
cross-sectional area for diffusion is reduced. This effect can be counteracted by a

higher K concentration in the soil solution.

A field with a given K status availability may vary greatly during a growing season.
It may drop below the optimum level for limited period even if the K status is
apparently high enough because K diffusion may have become limiting. Where K
becomes deficient, efficiency of applied N fertilizer declines but as it is a slow and
gradual decline, it often remains unnoticed resulting in financial losses to farmer, the

company and national economy.

A study conducted by Quemener (1986), on states of potassium in the soil and
consequences for plant nutrition concludes that, keeping the K level in the soil
solution more or less high whilst the roots are drawing potassium from it is of great
importance for the feeding of the plant. It was noted that buffer capacity varies
considerably between soils, and with richness in potassium for a given soil.
Addiscott (1970) had shown that the buffer capacity is a function of the ratio,
exchangeable K/cation exchange capacity. Anything that can affect this ratio will

thus react upon the buffer capacity.
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2.8 Sugarcane production at MSC sugarcane zone and potential of fertilizer
inputs on yields

The MSC sugarcane zone average cane yields of 50 tonnes per hectare and sugar
recovery (9.46%) is much lower than the other sugarcane growing countries of the
world. Isherwood, (2006) estimated that less than two percent of the farmers apply
potash whereas 92 percent apply nitrogen and 83 percent apply phosphate.
Therefore, it is imperative to supplement required plant nutrients at proper time, in
proper amounts and balanced proportions to harvest the maximum potential of the
existing sugarcane varieties. The present study was therefore planned to evaluate the
effect of NPK applications on the nutrient uptake, growth rate, yield and quality of
sugarcane and also to determine optimum NPK level for getting maximum economic
returns from the same genotype under agro-climatic conditions of MSC sugarcane

Zone.
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CHAPTER THREE: MATERIALS AND METHODS
3.1 Study Area

The study site was in Mumias Sugarcane growing zone, headquartered at Mumias
Sugar Company. The specific site is in MSC nucleus estate situated 0° 21’ N and 34°
30 E at 1314 meters, mean maximum and minimum temperature of 29.9°c and
14.4°C respectively, mean daily temperature of 22.1°C, evaporation of 1665 mm per
year with radiation of 23.7 mjm per day. The scheme receives on the average 2000
mms of rainfall. The rainfall regime is bimodal with long rains occurring between
February to July and short rains between September and November. The scheme
comprises of a Nucleus estate of about 3,600 hectares and the out-grower farms of
about 59,000 hectares with 104,000 small holder farmers spread out in four counties
of Kakamega, Bungoma, Busia and Siaya. Based on FAO system of soil
classification, the major soils are Ferrasols and Acrisols in western province and
Cambisols, Planosols, Vertisols and Phaoezems in Nyanza province (Jaetzold et al,

2005).

The dominant soil type in Mumias Sugar Scheme is Acrisols (60%) followed by
Ferrasols, Nitosol, Cambisols, and Planosols (40%) (MSC, 2012). The experiment
was located on the principal soil type of Acrisols and Ferrasols. The major varieties
planted in MSC sugar zone are C0945, KEN 83-737, Co421, EAK 73-335 and

Co61.
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Figure 3.1: Sugarcane growing zones in Kenya are as indicated on the map

3.2 Study design and layout

The experiment was set up in a Randomized complete block design with 4
treatments each replicated 4 times to give 16 experimental plots, each measuring 10
X 6 meters (60 m?). Each plot had 4 rows of cane spaced at 1.2 m. The total
experiment area including guard rows was 529.20 m? Different fertilizer
formulations used for treatment F1, F2 and F3 were sourced from different
agrochemical companies, four treatment combinations that was used at planting and

topdressing are outlined below (Table 3.1):



Table 3.1: Treatment components
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Treatment | Planting fertilizer | Topdressing fertilizer | Source
formulations formulations
F1 DAP 18:46:0 | Urea 46:0:0 | MSC
4bags per ha 4bags per standard
hectare
F2 DAP + | 18:46:0+ | Urea + MOP 46:0:.0 | MEA
MOP 0:0:60 (3bags + 2bags) | +
(3bags + Per ha 0:0:60
1bag)
per ha
F3 NPKCaMg | 12:30:7: | NPKCaMg 26:0:20: | ArthRiver
5bags per ha | 7:2 3:1 Mining
F4 No fertilizer | No No Fertilizer No None
formulati formula
on tion
Note: 1bag is equivalent to 50 kgs
Table 3.4: Trial layout
R4 R3 R2 R1
E3 F2 F4 F>
Fl E5 F2 F3
F4 F3 E5 Fl
E2 Fl E3 F4
E> F4 Fl F2
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3.3 Experimental layout and data collection
Cane sets were planted in a Randomized complete block design (RCBD). The main
treatments were four fertilizer formulations with one cane variety. The treatments

were replicated four times, giving a total of 16 plots.

3.4 Agronomic practices

3.4.1 Field preparation and management

A seedbed was prepared by use of a disc plough at a depth of 25 cm. At about one
month later, harrowing was undertaken at a depth of 20 to 22 cm. This operation
breaks the clods in order to make the land even. Furrowing operation then followed
immediately after harrowing of the field. This entailed opening furrows for
placement of seed setts at 15-30 cm depth. The spacing between the furrows was 1.2

m.

3.4.2 Choice of sugarcane variety

Sugarcane variety KEN 83-737 of 2002 release series was used as the test crop. This
is an early maturing sugarcane variety that matures in 16 months. It is agro-
ecologically suited to western Kenya and MSC cane zone in particular, (Kenya

gazette notice (Jamoza 2005; Jamoza et al., 2013; Shikanda et al., 2017).

3.4.3 Planting and crop management

The seed cane stalks of the variety were cut into sets of 3 eye buds and laid in the

furrows at a depth of 15 cm. The sets were placed at 30% overlap to attain a seed
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rate of 8 tons per hectare. The treatments were then applied in the furrows as per the
design. The planted sets were covered with 5 cm depth of soil to mark the end of
planting. The research trial management entailed weed control by use of both
manual and chemical weeding uniformly applied across all the treatments, disease

and pest control was done based on occurrence and economic injury level.

3.4.4 Data collection procedure

Plant growth parameters for measurement were subjected to quantitative

measurement and data collected included.

i. Cane germination / emergency count

ii. Tiller count done at 30, 45 and 60 day

lii. Plant height / growth measurement was done at 3, 5, and 7 months using a
tape measure

iv. Cane sucrose accumulation determined at harvest

v. Projected yield in terms of TCH and Pol% cane was based on cane yield

parameters

3.5 Sampling strategy

3.5.1 Soil sampling and analysis

Topsoil samples (0-15 cm depth) were obtained from the experimental site at the
start of the experiment just before planting and at the end of the experiments
following harvesting. Core samples were collected randomly and mixed inside a

plastic bucket and used for obtaining the composite sample. The soil samples were
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air-dried, crushed and sieved through a 2 mm sieve. The samples were analysed in

the laboratory for physical and chemical properties.

The target soil nutrients parameters were Phosphorus, Potassium, Calcium,
magnesium, and Cation exchange capacity. Composite soil samples were obtained at
soil depth of 25 cm from each of the experimental plots before applying treatments
and at the end of experiment. The soil samples were clearly labelled according to the

treatments and replications.

3.5.2 Diseases and pests

Diseases and pests were observed monthly from 3-9 months after planting. Smut
was scored on percentage of tillers infected versus overall tiller population per ha in
accordance with the International Society of Sugarcane Technologists (ISSCT)
rating (MSIRI, 2000). Sampling for insect pests was done following methods
described by Thomas et al. (2018), this was done for pests such as Pink sugarcane
mealy bugs (Saccharicoccus sacchari (Cockerel) and scale insects (Eulacapsis
tegalensis Zehnt.) due to their occurrence in the zone and the likely negative effect

on juice quality.

3.5.3 Soil analysis procedure

i. Extraction of soil cations using ammonium acetate

Ammonium acetate was used due to its ammonium ion being higher in the

reactivity series, and hence capable of displacing cations in the reactivity series.
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Materials: 250 ml beakers, 300 ml measuring cylinder, 250 ml conical flask,
1000ml measuring cylinder, Plastic funnels, Rubber corks, Percolation tubes,

Percolation rack, 2000 ml volumetric flask, pH meter, weighing balance.

Procedure: Weighed 10 Gms of the well dried and ground soil sample in a 250 ml
beaker. Added 60 mls Acid washed sand and mixed the soil and sand thoroughly.
Percolation rack was set by fixing percolation tubes on the rack and funnels on the
percolation tubes. Added cotton wool at the lower end of the tubes and fixed bored
rubber corks after cotton wool, poured sand through the funnel to a depth of 2 cm on
top of the cotton wool, transferred the soil and sand mixture through funnel on to the
2 cm layer of sand, added sand to cover the sample content in the tube. Using the
ammonium acetate solution as the extractant, poured 250 mls of 0.5N ammonium
acetate solution via the funnel to the sample. Collected the filtrate in a 250 ml
conical flask, added 150 mls 70% isopropyl alcohol to the sample to wash off the
excess unreacted ammonium acetate solution after collecting the filtrate, added the
250 mls of 0.05N hydrochloric acid through the funnel to extract the ammonium
ions used to displace the cations. Preserved the two percolate solutions for cations
determination and cation exchange capacity (CEC) determination. Ensured that a lab

check and a blank sample are included in the series of samples run.
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Cations determination: This was determined from the first percolate by reading
directly on BWB-1 Performance plus Flame Photometer for group one elements and

Magnesium was determined by AA7000 atomic absorption spectrophotometer.

ii. Soil cation exchange capacity determination

Materials: Distillation unit, conical flask, beakers.

Reagents; Sodium hydroxide, methyl red bromocresol green mixed indicator,

distilled water, boric acid.

Procedure: 20 mls of the second percolate solution was pipette and transfer into the
test tube of the semi-automatic distillation unit. The distillation unit which is
programmed to deliver specified amount of reagent to the sample was switched on
and the steam distillation commenced for 3 minutes while the distillate was collected
in the conical flask with 10 mls 2% boric acid and methyl red bromocresol green
mixed indicator. The distillate was transferred to the titration rack for titration
against 0.00714N sulphuric acid solution and titre recorded on reaching the end

point.

iii. Soil phosphate determination
The Troug’s extractant of 0.02N sulphuric acid and Molybdenum blue method were
used for Mumias soils. When phosphate was reacted with molybdenum a
phosphomolybdenum complex was formed in the oxidation state giving a colourless

solution. A reducing agent, stannous chloride was used to alter the oxidation state of
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the solution to blue coloured complex. The blue coloration was directly proportional

to the concentration of the phosphate.

Materials: 200 plastic containers, 50 ml pipette, shaker, funnels, Whitman filter

paper N0.91, UV Spectrophotometer.

Reagents: 0.02N Sulphuric acid, molybdic acid, stannous chloride (tin chloride)

Procedure: Weighed 4.0 gms of a soil sample into a 300 ml plastic container, added
200 mls of 0.02N sulphuric acid and transferred to a shaker for 30 minutes, filtered
the sample using Whatman filter paper No. 91, pipette 50 mls of the filtrate, added
2.00 mls of acid molybdate solution and shaken. Added 1.0mls of stannous chloride
solution for coloration, the coloured sample solution was read on the UV

Spectrophotometer, P ppm = p reading x 50.

iv. Soil CEC analysis method

The apparatus used were distillation unit, conical flask and beakers. The reagents
were sodium hydroxide, methyl red bromocresol, green mixed indicator, distilled

water and boric acid.

The procedure was as follows; pipette 20 mls of the second percolate solution and
transferred into the test tube of the semi-automatic distillation unit. The distillation
unit which is programmed to deliver specified amount of reagent to the sample was
switched on and the steam distillation commences for 3 minutes while the distillate

was collected in the conical flask with 10 mls 2% boric acid and methyl red
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bromocresol green mixed indicator. The distillate was transferred to the titration
rack for titration against 0.00714N sulphuric acid solution and titra recorded on

reaching the endpoint.

3.5.4 Cane analysis procedure

Juice quality determination

Materials: Jeffco/cane crusher, Wet disintegrator WDO02, Balance, Measuring
cylinder 1.0-liter, Oven, Trays, Buckets, Funnels, 250 ml conical flask, Whatman

filter paper No.91, Refractometer and Polarimeter.

Procedure: sampled sugar cane stalks as per the treatments then chopped into small
chips, crushed it by a Jeffco cutter into bagasse state and weighed accurately 1.0
kilogrammes of the crushed bagasse and transferred it in the digester bowl, added
2.0 litres of distilled water and raised the bowl then ran the machine for 20 minutes.
Collected the juice by sieving the digested sample on the sieve provided and
determined the Brix and Polarimeter readings by using Refractometry and

Polarimeter machines respectively.

Calculation:

Pol% cane = 3.0 — (0.0125 x fibre %) x Pol % extract)

pol% extract x 100

Puri
ty Brix
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Used the smith table to determine pol% Extract which is equal to

Apparent density of sugar X polreading  0.26 X pol reading
1.0 B 1.0

Cane fibre % determination

Procedure: 100 gms of the cane bagasse was weighed in a container and dried in the
oven for 4 hours at 105 degrees centigrade. Weight of the container = a gms, weight
of the container + 100 gms wet sample bagasse = b gms, weight of container +
weight of dry sample bagasse = c gm, weight of the moisture = (b-c) hence moisture

% since it’s out of 100 gm bagasse.

3.6 Data collection

3.6.1 Germination assessments
The assessment was done at 30, 45 and 60 days to ascertain the amount of cane

seedlings emerged.

3.6.2 Tiller counting
This was done at 3, 5 and 7 months, the instrument used was a tally Counter. All

lines were counted and recorded based on the layout as guided by the MSC —

Agronomy cultural operations work instruction (form 6).



34

3.6.3 Foliar assessment

3.6.3.1 Sugarcane foliar sampling

Foliar samples were obtained from fully opened leaves emerging from the Top
Visible Dewlap (TVD) or 3™ leaf below the TVD at 3, 4, 5, 6 and 7 months after
planting. Leaf samples were collected randomly in the morning, placed in polythene
bags and later subdivided into laminae and mid ribs before drying. The leaf fractions

were oven dried for 24 hours at 80° C to constant weight and analysed for NPK.

3.6.3.2 Method of Foliar NPK and CEC analysis

Apparatus used were, 200 ml test tube, analytical balance to four decimal place i.e
0.0001 gm, block digester with a scrapper, 100ml volumetric flasks, 5 ml pipette, 20

ml pipette.

The reagents included distilled water, hydrogen peroxide, concentrated sulphuric
acid, catalyst (selenium dioxide and sodium sulphate). Procedure of analysis
involved; 0.25 gms of foliar sample was accurately weighed on the analytical
balance and transferred in 200 ml test tube, 3.0 mls of the sulphuric acid was added
and allowed to stand for at least 30 minutes, 2.0 mls of the Hydrogen peroxide was
added drop by drop after which 1.0 gms of the catalyst (selenium dioxide and
sodium sulphate) was added. The sample was transferred in a programmed block
digester and properly covered with the scrapper assembly for fume extraction. The

wet washing continued for 60 minutes after which the sample were allowed to cool.
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The cooled digest was transferred to 100 ml volumetric flasks and made to the mark
by distilled water. The digest was used to analyse potassium, phosphorous and
nitrogen. Nitrogen in the sample was determined using the CEC method with a

semi-automatic distillation unit. N% = (T — Blank) x 0.392.

3.6.3.3 Method of Potassium analysis in foliar

The apparatus used were Pipette 5.0 mls of the aliquot into 100 ml volumetric flask
and brought to the mark with distilled water. Determination was by method of flame
photometry in parts per million (ppm). The calculation was as follows; K % = (R —

BLANK) X 0.8 Where R is the direct reading from the flame photometer in ppm.

3.6.3.4 Method of Phosphorus analysis in Foliar

The procedure was as follows; Pipette 20 mls of the digest aliquot into 100 ml
volumetric flask. 5 mls of Scheel one and 5mls of Scheel two were added and left to
stand for 30 minutes followed by 10 mls of Scheels three. Distilled water was added
to the mark and read the sample for phosphate on UV-Spectrophotometer.
Calculation was as follows; P% =(R - Blank) x 0.2, P205 % = (R —Blank) x 0.2 x

2.29.

3.6.3.5 Method for cane juice quality (Pol %) analysis

The apparatus were Jeffco /cane crusher, wet disintegrator WDO02, balance,
measuring cylinder 1.0 litre, oven, trays, Buckets, funnels, 250 ml conical flask,
Whatman filter paper No.91, refractometer and polarimeter. The procedure for the

analysis was as follows; sugarcane stalks sampled from the trial treatments were
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chopped into small chips, crushed by a Jeffco cutter into bagasse state, weighed
accurately 1.0 kilogrammes of the crushed bagasse and transferred into the digester
bowl, 2.0 litres of distilled water added and raised the bowl, the machine was run for
20 minutes then stopped to collect the juice by sieving the digested sample on the
sieve provided. Brix and Polarimeter readings were determined by using
Refractometry and Polarimeter machines respectively. The calculation was as
follows; Pol% cane = 3.0 — (0.0125 x fibre %) x Pol % extract), Purity = pol%
extract x 100. For Brix we used the smith table to determine pol% extract which is

equal to apparent density of sugar x pol reading = 0.26 x pol reading.

3.7 Statistical analysis and graphics

Data collected was subjected to analysis of variance (ANOVA) using R software
version 3.4.0 (R Core Team, 2013). A one-way analysis of variance (ANOVA) was
used to determine whether the various NPK treatment combinations have
statistically significant impact on cane tillering, uptake, elongation and resultant
yield. Statistical significance was determined at the 0.05% level of significance
using the Tukey’s HSD post hoc test. The data was further subjected to spearman’s
correlation and regression analysis to check the relationships in growth and yield
parameters. The results were presented in tables and graphs generated in both excel

and R software.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Initial soil properties

At the start of the experiment there was no drastic differences in the soil properties
at the study site, the soil types were clay loam, with a clay % ranging from 38 to 41,
silt % was 12.0 to 12.4, sand % was 17.9 to 18.4. The range of soil pH was 5.4 to
5.5. CEC levels ranged from 12.0 cmol(+)/kg™ to 12.4 cmol(+)/kg™. The soil bulk

density was 1.6 gcm-3, while the level of soil organic carbon ranged from 1480 mg

kg™ to 1488 mg kg* (Table 4.1).

Table 4.1: Initial characteristics of the experimental soils

SOIL PROPERTIES F1 F2 F3 F4

Clay (%) 39 41 38.2 38.8

Silt (%) 12.2 12.2 12.4 12

Sand (%) 18 18.4 18.1 17.9
Textural class Clay loam Clay loam | Clay loam | Clay loam
pH (1:2.5) 5.5 5.4 5.5 5.5

CEC (cmol (p+) kg 12.4 12.2 12 12.4
Bulky density (gcm-3) 1.6 1.6 1.6 1.6
Organic carbon (mg kg?) | 1480 1485 1488 1482
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4.2 Effect of fertilizer formulations on growth and yield of sugarcane

4.2.1 Growth

The different fertilizer formulation differed significantly (P < 0.05) for sugarcane
growth (stalk height and stalk girth). The highest 4.2 m growth was recorded in
treatment F3 (NPKCaMg) followed by treatments F2 (DAP + MOP) + (Urea +
MOP), with 2.9 m and then F1 (DAP+Urea) 2.5 m (Figure 4.1). Lowest height of
1.5 m was recorded in treatment F4 (Control). On stalk girth the highest 13.1 cm
was recorded in F3 (NPKCaM followed by 10.1 cm in F2 (DAP + MOP) + (Urea +

MOP), then 7.2 cm F1 (DAP+Urea), and lastly 5.5 cm F4 (control) (Figure 4.1).
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Figure 4.1: Effect of fertilizer formulations on stalk height and girth

From these results, it is speculative that the significantly high stalk height and girth
obtained in NPKCaMg was a result of balanced availability of nutrients, which

enhanced the crop growth (Figure 4.1). This result corroborates with those of
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Soomro et al. (2014) who observed maximum cane thickness and cane height ha™

under a balanced NPK application at the recommended levels.

The F3 treatment could have enhanced the sugarcane growth due to the presence of
macro element K. This agrees with the findings as reported by Flores et al. (2020),
that potassium (K) has positive effect on sugarcane stalk development. Potassium
has a positive effect on uptake of phosphorus and nitrogen and consequently the
growth rate by ensuring appropriate balance of nutrients. K plays a key role in
increased photosynthesis in the plant, root development and in enhancing uptake of
other plant nutrients (Rawat et al., 2016), this directly and positively impact on plant
growth, plant height and cane girth are the major contributing factors for high cane

yield (Khan et al., 2012).

4.2.2 Yield (tillers)

Significant (P < 0.05) differences were recorded in number of tillers among all the
treatments and the highest tiller numbers were observed in treatment F3
(NPKCaMg) + (NPKCaMg) followed by F2 (DAP + MOP) + (Urea + MOP), then
F1 (DAP) + (Urea), respectively, while the poorly performed treatment was F4 (NO

Fertilizer) Control (Figure 4.2).
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Figure 4.2: Effect of fertilizer formulations on cane yield (tiller count)

An increase in balanced fertilizer nutrients had a marked effect on the number of
tillers (Figure 4.2). According to Mahar et al. (2008), application of NPK fertilizer at
the rate of 225-112-168 kg ha* was more effective in production of significantly
greater plant height, more tillers, and high cane yield ha. Similarly, NPK rates of
68-112-112 NPK kg ha* was observed to increase the quantity of millable canes as
well as the total yields (Wains et al., 2012). The number of tillers an important

component of yield which correlates positively with quantities of millable canes.

4.2.3 Sugarcane yield in tonnes canes per hectare (TCH)
Significant (P < 0.05) differences were recorded for cane yields among all the
treatments and the highest cane yield (99.7 tonnes/ha) was observed in treatment F3

(NPKCaMg) + (NPKCaMg) followed by (61.4 tonnes/ha) observed in F2 (DAP +
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MOP) + (Urea + MOP), then (50.1 tons/ha) and (37.6 tonnes/ha) for treatments; F1

(DAP) + (Urea) and F4 (NO Fertilizer) Control, respectively (Figure 4.3).
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Figure 4.3: Effect of fertilizer formulations on cane yield (TCH)

The maximum yield was recorded in treatment F3 (NPKCaMg). This result
corroborates with those of Soomro et al. (2014) who reported that through
application of balanced NPK fertilizers, a higher yield of was obtained. Furthermore,
treatment F3 had K macro element which is key in sugarcane production. According
to several research findings, fertilizer formulations with different K rates have effect
on cane yield (Filho 1985, Malavolta, 1994; Rawat et al., 2016; Flores et al., 2020 ),
this agrees with the research findings on effect of fertilizer formulations on cane
yield reported in this work. Lastly, Wains et al. (2012) revealed that sugar yield

differed significantly at varied levels of NPK, hence a need to use recomended
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amounts in sugracene production. Good performance of NPKCaMg also indicates
that addion of microelements to the fertilizer blends would enehce surgancae
productivity in MSC sugarcane zone. Overally stalk height, stalk girth and tiller
number were found to influence cane yields in termss of TCH. This agrees with
findings of Junejo et al. (2010) who reported that cane girth, cane height, cane

internode and millable canes are most important yield contributing parameters.

4.3 Influence of selected fertilizer formulations on sugarcane quality

4.3.1 Polarization measurement (Pol%b)

The fertilizer formulation differed significantly (P < 0.05) in the available Pol %.
The treatment F3 (NPKCaMg) + (NPKCaMg) recorded the highest 14.6 recoverable
(Pol%) followed by F2 (DAP + MOP) + (Urea + MOP) with 13.0 available Pol %.
Treatments F1 (DAP) + (Urea) and F4 (NO Fertilizer) Control did not differ
significantly (P < 0.05) for pol % available, with Pol% values of 10.5 and 9.8 ,

respectively (Figure 4.4).
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Figure 4.4: Effect of fertilizer formulations on available Polarization

measurement (Pol%o)

Pol% increased significantly in F3 (NPKCaMg) + (NPKCaMg) treatment. Source of
Potassium (K) in the treatment increased Pol% since its associated with sucrose
accumulation in the plants. For instance, high K demand by sugarcane is associated
withe the role of K in several physiological and metabolic processes comprising
photosynthesis, osmoregulation, nutrient transport, nitrogen absorption and synthesis
of proteins and starch (Hawkesford et al., 2011). Its reported tha K which is
absorbed as K+ is the most abundant cation accumulating in the cell sap of
sugarcane it functions in transport and storage of carbohydrates,through depolarizing
the plasma membrane of the plant (Hawkesford et al., 2011). Low K supply slows
the rate of transport of sugars to the storage organs, therefore, the low sucrose levels
observed in treatment F1 (DAP) + (Urea) was associated with the high N levels and

low K levels in the formulation (Humbert, 1962).
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4.4 Effect of different fertilizer formulations on soil chemical changes
Fertilizer treatments had significant effects at P < 0.05 on CEC, Ca, K, soil pH and P

after cropping for two years (Table 4.2).

Table 4.2: Final soil chemical properties after application of fertilizer

formulations

Fertilizer type CEC Ca K pH P ppm
DAP + Urea 12.37c 1.07c 0.30c 4.85¢C 27.25a
DAP+MOP+Urea 16.55b 1.83b 2.14b 5.00b 23.65b

NPKCaMg +

NPKCaMg 20.50a 2.29a 3.21a 5.50a 18.97c
Control 12.26¢ 1.12c 0.13d 4.98c 10.72d
P Value <0.001 <0.001 <0.001 <0.001 <0.001
SED 0.1671 0.0452 0.1463 0.0412 0.642

Means followed by the same letter within the same column are not significantly
different (P <0.05).

On CEC, the highest (20.50) was recorded at F3 (NPKCaMg + NPKCaMg)
treatment, while the lowest (12.26) was recorded at in the control treatment. These
observations are consistent with Brady and Weil (2007), and Partey et al. (2014),
who observed that inorganic fertilizer application significantly (p < 0.05) increased
CEC of soils. High 5.5 pH was recorded in F3 (NPKCaMg + NPKCaMg) treatment.
The increase in soil pH in F3 treatment can be attributed to the addition of large

quantities of inorganic fertilizer. This is consistent with the findings of Chuwku et
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al., (2012) who noted that application of 300 kg/ha of NPK fertilizer lead to increase
in soil pH. Furthermore, Partey et al. (2014) also observed a slight increase in soil
pH for soils where inorganic fertilizer was applied compared to soils where no

fertilizer was applied.

The total K status of the soil increased with increased application of NPK fertilizer,
a build-up of available P was observed with the application DAP + Urea fertilizer,
similar findings of increase in K as well as other elements upon application of
fertilizers have also been reported by Adeniyan and Ojeniyi (2003) and Cui et al.,
(2018). On the other hand, the depletion in total K observed in the control plots may
be attributed to nutrient uptake by component crops and absence of K fertilizer
application. Similarly, the available P was depleted in the control plots which may
be attributed to uptake of the nutrients by sugarcane and probably due to fixation of
the element that usually occur at low soil pH (Brady and Weil, 2007; Muindi et al.,

2015).

The soil nutrient balances were significantly different (P < 0.05). Treatment F3
NPKCaMg + NPKCaMg had high CEC, Ca, and K nutrient balance though on P the

highest 11.11 ppm was observed in F2 DAP+MOP+Urea (Table 4.3).
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Table 4.3: Soil nutrient balance at the end of the experiment due to fertilizer

formulations

CEC Difference Ca Difference K Difference P Difference

DAP + Urea -2C -0.26b 0.16¢ 14.95a
DAP+MOP+Urea2.25b -0.23b 2.02b 11.22b

NPKCaMg +

NPKCaMg 6.16a 0.69a 3.08a 6.68c

Control -2.06¢ -0.45¢c 0.005d -1.62d
P Value <.001 <.001 <.001 <.001
SED 0.1708 0.1145 0.1457 0.73

Means followed by the same letter within the same column are not significantly
different (P <0.05).

4.5 Correlation analysis

In DAP+Urea blended fertilizer treatment there was a positive correaltion between
the plant height and cane yield ( r = 0.38) and plant height with available Pol% (r =
0.46). The correlation of stalk girth and available Pol% was negative but weak (r = -
0.11), while the correaltion of the stalk girth and cane yield was strongly negative (r
=-0.90). In this treatment, tiller count at three months had a positve correaltion with
cane yield (r = 0.43). However, the correlation of the tiller count at three months to

the stalk girth was strongly negative (r = -0.62) (Figure 4.5.1).
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Figure 4.5.1: Correlation matrix of growth and yield parameters of Sugarcane
under DAP+Urea blended fertilizer
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In DAP+Urea, the weak negative correlation of cane girth and Pol% as well as that
of number of tillers and Pol% may be due to the limited supply of K, other studies
had already indicate that K is very key for tillering, general development and
sucrose yields in sugarcane (Bhatt, 2020; Flores et al., 2020). However, the above
observations may also indicate luxurious use of N and P by the plant or inability to
utilize these nutrients that were in excess supply, since K is very important in
Uptake of other nutrients (Ali et al., 2018), hence its absence may have resulted to
less accumulation of sucrose. However, in this treatment, increase in cane stalk
height was positively correlated with Pol%, that as the quantity of millable canes

increase there is also an increase in sucrose yield, this is expected in any scenario
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with fertilizer application (Meyer and Wood, 2001; Alimohammadi et al., 2020;

Bhatt, 2020).

In DAP+MOP+Urea blended fertilizer treatment there was a very weak positive
correaltion between the plant height and cane yield (r = 0.06) and plant height with
available Pol% (r = 0.03). The correlation of stalk girth and available Pol% was
positive but weak (r = 0.27), while the correaltion of the stalk girth and cane yield
was strongly negative (r = -0.88). In this treatment, tiller count at three months had a
weak negative correaltion with cane yield (r = -0.09). Similarly, the correlation of
the tiller count at three months to the stalk girth was negative (r = -0.30) (Figure

4.5.2).
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Figure 4.5.2: Correlation matrix of growth and yield parameters of Sugarcane
under DAP+MOP+Urea blended fertilizers
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A strong negative correlation of Pol% and tillering, in DAP+MOP+Urea blended
fertilizers is an indicator of poor utilization of N and P. Furthermore, there is also
weak negative correlation of Pol% withe the cane stalk height, therefore it may be
possible that high amounts of N and P enhanced vegetative growth of the sugarcane
but due to limiting levels of K, the sucrose accumulation was inhibited. There is
Knowledge that sugarcane is able to mine K form soils with low supply as reported
by Halpin et al. (2019), as such the positive correlation of cane girth and Pol%
indicate that there was some level of N mining which promoted accumulation of
sucrose in this treatment. , the weak negative correlation of cane girth and Pol% as
well as that of number of tillers and Pol% may be due to the limited supply of K,
numerus studies had already indicate that K is very key for tillering, general
development and sucrose yields in sugarcane (Meyer, 2013; Ali et al., 2018; Bhatt,

2020).

In NPKCaMg blended fertilizer treatment there was a strong positive correaltion
between the plant height and cane yield (r = -0.89), while the correaltion of plant
height with the available Pol% was positive but weak (r = 0.12). The correlation of
stalk girth and available Pol% was negative (r = -0.31), while, the correaltion of the
stalk girth and cane yield was positive (r = 0.36). In this treatment, tiller count at
three months had a positve correaltion with cane yield (r = 0.63). Similarly, the
correlation of the tiller count at three months to the stalk girth was positive but weak

(r =19) (Figure 4.5.3).
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Figure 4.5.3: Correlation matrix of growth and yield parameters of Sugarcane
under NPKCaMg blended fertilizer

K has been shown to promote tillering resulting in higher yields (Ali et al., 2018); in
sugarcane it also has role in increasing the accumulation of sucrose (Meyer and
Wood, 2001), in NPKCaMpg, there was a positive correlation of tillering and cane
yield. High yields could have translated to high sucrose recovery, however, it is
likely that the amount of K in this treatment among another elements were in
abundance and hence low sucrose accumulation as observed in the negative
correlation of Pol% and tillering and well as Pol% and cane girth, since during high
supply of some nutrients the sucrose recovery level is usually low (Watanabe et al.,

2016; Roberts, 2017 ).

In Control, where there was no fertilzer application, there was a negative correaltion

between the plant height and cane yield (r = -0.45), while the correaltion of plant
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height with the available Pol% was strongly positive (r = 0.51). The correlation of
stalk girth and available Pol% was strohgly negative (r = -0.67), while, the
correaltion of the stalk girth and cane yield was positive (r = 0.42). In this treatment,
tiller count at three months had a weak positve correaltion with cane yield (r = 0.19).
However, the correlation of the tiller count at three months to the stalk girth was

strongly positive (r = 0.54) (Figure 4.5.4).
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Figure 4.5.4: Correlation matrix of growth and yield parameters of Sugarcane

without fertilizer application

*-significant relationship between variables at P <0.05

In control, there was a weak positive correlation of tillering and the cane yield. In
this treatment nutrient supply was limited, therefore, the positive correlation
observed between Pol% and tillering may indicate enabled nutrient use efficiency as

well as nutrient mining from the soil. Furthermore, this treatment was observed to
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have a very strong negative correlation between the stalk height and girth compared
to all the other treatments, this is a indicator of competition for nutrients such that
affected balanced development of the canes. therefore, such cases limited nutrient
supply is associated with poor sugarcane yields are reported by other researchers

(Meyer and Wood, 2001; Oyamo et al., 2017).

4.6 Regression analysis

Under DAP+Urea blended fertilizer treatment, the polynomial realtionship between
cane height with the Pol% was positive (R?> = 0.21). However, the polynomial
reationships for the girth, tillering and cane yield with Pol% was negative (R? =

0.01, 0.001, and 0.08, respectivey) (Figure 4.6.1).
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Figure 4.6.1: The exponential polynomial for the relationship between plant
height, girth, tillering and cane yield with Pol% in DAP+Urea
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On the other hand the polynomial relationship between cane height and tillering with
cane yield was positive (R? = 0.21 and 0.19, respectively). However, the polynomial

reationships for the girth with cane yield was negative ( R? = 0.81) (Figure 4.6.2).
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Figure 4.6.2: The exponential polynomial for the relationship between plant
height, girth and tillering with cane in DAP+Urea

Under DAP+MOP+Urea blended fertilizer treatment, the polynomial realtionship
between cane height with the Pol% was negative (R?> = 0.001). However, the
polynomial reationships for the girth was posive (R? = 0.01). In this treatment, the
polynomial relationship for the tillering and cane yield with the Pol% was negative

(R? =0.80 and 0.002, respectiveyl) (Figure 4.6.3).
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Figure 4.6.3: The exponential polynomial for the relationship between plant
height, girth, tillering and cane yield with Pol% in DAP+MOP+Urea

The polynomial relationship between cane height with cane yield was positive (R? =

0.004). However, the polynomial reationships for the girth and tillering with cane

yield was negative (R?= 0.78 and 0.01, respectively) (Figure 4.6.4).
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Figure 4.6.4: The exponential polynomial for the relationship between plant
height, girth and tillering with cane in DAP+MOP+Urea

Under DAP+MOP+Urea blended fertilizer treatment, the polynomial realtionship
between cane height with the Pol% was positive (R? = 0.02). However, the
polynomial reationships for the girth, tillering and cane yield with Pol% was

negative (R? = 0.09, 0.78, and 0.07, respectivey) (Figure 4.6.5).
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Figure 4.6.5: The exponential polynomial for the relationship between plant

height, girth, tillering and cane yield with Pol% in NPKCaMg

The polynomial relationship between cane height with cane yield was negative (R? =
0.81). However, the polynomial reationships for the girth and tillering with cane

yield was positive (R?= 0.12 and 0.40, respectively) (Figure 4.6.6).
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Figure 4.6.6: The exponential polynomial for the relationship between plant
height, girth and tillering with cane in NPKCaMg

Under no fertilizer application, the polynomial realtionship between cane height and
tillering with the Pol% was positive (R? = 0.26 and 0.04, respectively. However, the
polynomial reationships for the girth and cane yield with Pol% was negative (R? =

0.46 and 0.31, respectivey) (Figure 4.6.7).
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Figure 4.6.7: The exponential polynomial for the relationship between plant

height, girth, tillering and cane yield with Pol% in No fertilizer application

The polynomial relationship between cane height with cane yield was negative (R? =
0.22). However, the polynomial reationships for the girth and tillering with cane

yield was positive (R?= 0.19 and 0.04, respectively) (Figure 4.6.8).
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Figure 4.6.8: The exponential polynomial for the relationship between plant

height, girth and tillering with cane in No fertilizer application

In general, from the regression analysis blended fertilizers appear to result to high
influence of sugarcane development in terms of height and girth on the sugarcane
yields and sucrose recovery, since as observed above, height increase appeared to
have a neglible influence >10% to the Pol% in a relatively balanced fertilizer
application of DAP+MOP+Urea and NPKCaMg compared to No fertilizer and
DAP+Urea fertilizer application where the influence was very high >20%. It is
likely that under limited plant nutrients the case of no fertilizer and F1 (DAP+Urea)
treatment, the supply of nutrients was limited and indicating poor general
productivity, however, in such scenarios an increase in plant heigh would ultimately

correspond to increase in cane yields, and this may indicate enhanced mineral
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mining from the soil. This especially the case for F1 treatment, since it had addition
of P and N, although K was missing it is already known that an increase in fertilizer
would likely lead to higher sugarcane cane height and yields as reported in other

studies (Meyer and Wood, 2001; Alimohammadi et al., 2020; Bhatt, 2020).

From the regression it is possible that there was excessive tillering in
DAP+MOP+Urea and NPKCaMg, hence the negative influence on Pol% compared
to No fertilizer and DAP+Urea, these was indicate of luxurious development due
high amounts of plant nutrients. However, the higher tillering in appeared to
positively influence cane yields. these observations agree with Meyer, (2011) who
indicate that under excess supply of nutrients in sugarcane there reaches a point of

diminishing returns.

Although the influence of tillering on cane yield at No fertilizer, NPKCaMg,
DAP+Urea was positive this was not the case with DAP+MOP+Urea and it indicates
that increase in N, P without K would not enhance tillers. In fact, it is documented
that K has a key role in sugarcane tillering (Flores et al., 2020; Vijayakumar et al.,
2020). Therefor the observation of a very strong positive influence of number of
tillering on cane yields observed in NPKCaMg was due to a the inclusion of K
alongside other major plant nutrients N and P as well as addition of Ca and Mg in
the treatment, this is in agreement with many other research findings where balanced
fertilizers results to increased sugarcane yields (Mayer and Wood, 2001; Tsado et

al., 2013: Roberts, 2017; Bhatt, 2020). In general, the above observed support a need
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for a balanced nutrient supply to for enhanced sugarcane productivity in MSC

sugarcane zone.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion
I.  There were significant differences in cane growth and yield when different

fertilizer formulations were applied to sugarcane in the target study area.

ii.  Conversion of reducing sugars to sucrose (Pol% cane) was enhanced when K

containing fertilizers were applied on sugarcane.

iili.  There were changes in soil chemical properties with different formulations

with NPKCaMg having higher positive impact on soil chemical properties.

5.2 Recommendation
i.  The research recommends that farmers use fertilizer blends as opposed to

acidic fertilizers that have traditionally been used in this area.

ii.  For increased sucrose and sugar cane quality farmers are advised to use
blends/formulations containing K (if companies pay as per Pol%). However,

they should consider use of more N if payment is as per biomass.

iii.  There is need to further conduct NPK field response studies in the varying
sugar growing agro ecological zones in Kenya to ascertain specific
formulations for improved longterm soil chemical properties and optimum

sugarcane growth, yield and sucrose recovery.
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APPENDICES

Appendix 1: Field activities and sugarcane crop development

(A) Preparation of seedbed for planting; (B) Planting of seed cane; (C) Fertilizer
application during planting; (D) Sugarcane growing in a neatly weeded field; (E)
Mature sugarcane ready for harvesting; (F) Weighing of harvested sugarcane.
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Appendix 2: Normality and homogeneity of variance checks for the data
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(i)Normality check QQ plot, (ii) The residuals versus fits plot. A) Stalk height (m);
B) Stalk girth (cm); C) Cane yield t/ha; D) Tiller counts/number at three months; E)
Available Pol (%).



