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- Abstract During our climate smart agriculture training in Dronten, we were asked to produce a final report. This
report is about Kenya and its sugar cane production. Indeed, the values learned in this training on soil
management, water management and the plant adaptation fits well in this type of country where
agriculture is still in full development and is often faced with production difficulties.
This report, you will read it, begins with a very general description of Kenya, its geology, its climate...
Then we zoomed in on a particular region : the planes of Kano in Kisumu county area that contains the
most productive sugarcane fields in the country and we set out to describe it too. After that you will
find a cultural files of the sugar cane in this region we will present the different aspects of this perennial
plant. Indeed, Sugar cane has become the second source of biofuel and the main source of sugar in
the world. It is recognized worldwide for its ability to synthesize and store an exceptionally high
concentration of sucrose. It is a major crop of social, economic and environmental importance in many
tropical countries. Genetic modifications have been made to improve yields, for example, or to create
species that are resistant to certain diseases or meet consumer expectations. At ground level, the type
of soil is also important, installing drains is a technique favored by farmers to reduce losses. The study
in the Kisumu region, which we recall is in Kenya in a context where small producers (less than 1 ha)
produce 70% of agricultural resources, showed that the plantation of sugar cane is a sustainable crop
which increases over time. over the years. Sugar cane is a crop of the future and will be used more and
more in the future, both to feed the population and for the increased production of biofuels.We have
studied the soils, the climate, the adaptation of these plants, but also the economic aspects of
sugarcane in Kenya.
In the last part of our report you will find a diagram of a hypothetical farm that we have created
according to the cultivation of this crop and in respect of the environment and its territory, the idea is
to discuss and find the possibilities of improvement (water management, soil management, plant
adaptation...) of this crop according to its territory.
We would like to remind that all the sources of the images and information are in the bibliography

Keywords : Sugar cane, Kenya, Kisumu, Kano-plains, geology, climate, environment,
climate smart agriculture, soils, clay, genetics, drainage
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1) Geographical approach
a. General information about Kenya
Figure 1 Two Kenya’s map with different scales

The Republic of Kenya is a country in
East Africa, crossed by the equator and
bordered to the north by Sudan and
Ethiopia, to the east by Somalia and to
the south by Tanzania. Kenya, whose
capital is Nairobi, covers an area of
582,646 km² and the country has a
population of 54,685,051. This country
has more than 400 km of coastline
bordered by Indian Ocean. Kenya is
divided into eight administrative provinces : Centre, Coast,
East, North East, Nyanza, Rift Valley, West and Nairobi district (Figure
n°2). Each of them is managed by a advisory board whose members
are appointed by the President of the Republic. Only the Nairobi region
has of a special status.

• Political history and some statistics in
Kenya
In 1960 the Kenya African National Union (KANU) created an
independence project which became a reality in 1963. President Jomo
Kenyatta was the strong man of the young country, which relied on
foreign capital to accelerate its development. Faced with the economic
crisis of the 1980s, Kenyatta's successor, Daniel Arap Moi, took a hard
line against dissent and formalized KANU's one-party status. Pressure
led to the introduction of a multiparty system in 1991. President Arab
Moi and KANU continued to dominate political life until 2002, when he
was succeeded by Mwai Kibaki, marking a clear advance in the
country's democratic life, notably with the 2010 Constitution. Kenya is
still marked by inter-communal conflict, corruption and deep economic Figure 2 Different administrative districts of Kenya
inequality. For example, since 1945, the country has been marked by
clashes with a military faction (Hezekiah Ochuka's forces) that have resulted in at least 25 deaths per
year during the periods indicated. In terms of the organisation of powers, this is a unitary state. The
political system is presidential ; the president governs without necessarily having the support of the
legislative branch. The electoral system is a first-past-the-post system and women's right to vote was
recognised in 1963.
Figure 3 Gross domestic product (GDP)

Figure 4 evolution of the total population

Figure 6 Level of economic inequality (%)
Figure 5 Human Development Index (HDI)
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• Geology and topography in Kenya : A wide variety of sites
Kenya's relief ranges from sea level to slightly
over 5000 meters at Kenya's summit. This
relief range, together with its tropical
latitudinal location, offers a diverse physical
environment with practically equatorial
characteristics that contrast dramatically with
semi-arid and arid areas.
The country is divided by the great eastern rift,
which separates the Nubian plate to the west
from the Somali plate to the east and divides
the western third of the country from the rest
of the territory from south to north. The major
mountain blocks and Rift Valley systems were
formed as a result of Earth movements,
particularly in the late Tertiary, Pleistocene,
and recent times. These were accompanied by
widespread volcanic lava emissions, which
covered a sizable portion of the country's land
surface. The drainage has been dislocated,
interrupted, and modified as a result of
volcanism and earth movements, and there is
no river that has not been affected. Many
lakes have formed in areas that have been Figure 7 Geology in Kenya
down warped or downfaulted. Kenya's drainage pattern began when a massive oval dome of rock
emerged in the country's west-central region, forming the Central Rift. This dome created a prehistoric
watershed from which rivers once flowed east to the Indian Ocean and west to the Congo River system
and the Atlantic Ocean. The Tana and Galana rivers, which spring in the eastern highlands and flow
roughly southeast to the Indian Ocean, continue to follow this old pattern. However, west of the
Central Rift, the primary streams now drain into Lake Victoria. The Nzoia, Yala, Mara, and Nyando rivers
are among them. The rifting of the dome's crust between the eastern and western systems has formed
a complicated pattern of internal streams that feed the major lakes. There are no major groundwater
basins, and, with the exception of the Tana River, most of Kenya's rivers are short and typically dry up
during the dry season. Lake Victoria, with a surface size of 69,484 square kilometers is Africa's largest
lake.
For the soil, lava deposits in the Lake Victoria region have formed fertile and sandy loam soils in the
plateaus north and south of Winam Bay, while Mount Elgon's volcanic pile generates exceptionally
productive volcanic soils widely renowned for coffee and tea production. The Rift Valley and
surrounding mountains are made up of fertile dark brown loams formed by newer volcanic deposits.
The sandy soils of the semiarid regions between the coast and the Rift highlands, on the other hand,
are the most common in Kenya. To the north of the Rift, extensive tracts of red desert soils, primarily
sandy loams, cover vast areas. Kenya's soils are prone to widespread erosion, owing mostly to a lack
of forest cover; overgrazing and farming, particularly in dry and semiarid regions contribute to the sol
loss. (Akech, Norbert Opiyo, Christine A. Omuombo, et Moses Masibo)
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Mounts Olengarua, Oloolkisailie, Suswa, Longonot,
Kipipiri, and Mount Lopokino border the eastern rift
from south to north. Mounts Londiani, Eldalat, and
Tinderet guard the entrance to the Kavirondo rift, while
Mounts Homa, Nyamaji, and the Rangwe caldera form
the southern bench of the latter. Mounts and extinct
volcanoes Kenya and Elgon, which are offset from the
eastern rift, are also the country's two highest peaks.
From south to north, there are several lakes in this rift:
Magadi, Naivasha, Elementaita, Nakuru, Bogoria,
Baringo, Turkana, and so on. When compared to the
western rift lakes, the eastern rift lakes have a relatively
shallow maximum depth, with Lake Turkana reaching
109 m. The Gulf of Winam constitutes the western part
of the western lineament called the Kavirondo rift.
Topography has been described as both simple and
complex. Its simple form is demonstrated by the ease
with which the relief can be divided into lowlands and
Figure 8 Relief in Kenya
uplands, while diversity is demonstrated by the
presence of various landform types such as Equatorial, Savannah, Aeolian, Glacial, Volcanic, and
Tectonic. The Kenyan landscape, with its diverse forms, is inextricably linked to factors such as climate,
microclimate, water supply, soils, vegetation, and agricultural potential.
Some of Kenya's landscape's sharp contrasts are caused by significant differences in the ages of the
component landforms. The altitude rises in a weak and regular gradient from the Indian Ocean in the
south-east to the Aberdare mountain chain before falling in the west and north.
The Chalbi Desert, which stretches east from Lake Turkana and into Ethiopia, and the Nyiri Desert,
which lies east of Lake Magadi, are the two main deserts. Kenya's coast is bounded by several coral
reefs that cover an area of 621 km2.
An example of a fissure in the ground probably caused by earth movement. Near Nairobi, several
hundred meters long and 15 meters deep. This crack is located in the heart of the Great Rift Valley.

Figure 9 Example of a crack du to the earth movement near Nairobi
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• A diverse climate
It is well acknowledged that climate has a significant impact on agricultural productivity, which is the
backbone of the Kenyan economy. Latitude, altitude, wind characteristics, water exchanges,
topography, vegetative cover, and pressure belts are all factors that influence climatic features.
The large-scale pressure patterns of the western Indian Ocean and neighboring landmasses govern
seasonal weather fluctuations. From December to March, north winds prevail north of the Equator,
while south to southeast winds prevail south of it. These months are relatively dry, though rain may
fall locally. The rainy season lasts from late March until May, with easterly winds blowing in both
hemispheres. There is little precipitation from June through August, and southwest winds prevail north
latitude. As you will read below in the "geology and topology" section, the both of theme in Kenya are
very diverse. This leads to climates that can be very different depending on the region you are in.
In this way we can differentiate four different climate cycles depending on the location studied : (For
each of theme refer to the different map available)
•

•

•

•

Annual precipitation in the Lake Victoria basin (Kisumu county : Muhorini, Kisumu, Chemili)
ranges from 1,000 mm near the lakeshore to even more than 1,800 mm in higher elevations
in the east. The shoreline has high agricultural potential due to average annual rainfall of 500
to 900 mm. Maximum daily temperature varies from 27 degrees Celsius in July to 32 degrees
Celsius between October and February.
Average temperatures in the Rift Valley range from around 84 °F (29 °C) in the north to just
over 61 °F (16 °C) around Lakes Nakuru and Naivasha in the south. The surrounding highlands
are generally mild, with global temps ranging from 56 to 65 °F (13 to 18 °C). The Rift Valley
bottom is normally dry, but highland parts receive more over 30 inches (760 mm) of rain per
year. The Mau Escarpment's consistent rains and good soils provide the foundation for a
robust agriculture sector.
Annual precipitation in most regions of the eastern plateau region ranges from 20 to 30 inches
(500 to 760 mm), while agriculture is impeded by severely erratic precipitation. High
temperatures but sporadic precipitation characterize the dryland and arid regions of northern,
northeastern, and southern Kenya. Most regions have typical temperatures of 29 °C or higher,
whereas yearly precipitation in the north is only about 250 mm and less than 500 mm in the
south.
Average temperatures in most places of the coast surpass 27 °C all year, and relative humidity
is high. Precipitation reduces westward to around 500 mm per year from the wet coast, where
annual precipitation ranges between 760 and 1,270 mm. Only along the southern coast is
precipitation consistent enough for thriving agriculture.

Figure 10 Too examples of climate in south coast (1) and north coast (2)
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Figure 11 Forcasting of climate change

Africa, including Kenya, is particularly affected by climate change, and the estimates are not reassuring
(fig 11). While Africa is responsible for only 4% of global greenhouse gas emissions, 65% of its
population is directly affected by climate change.
Twenty years passed between the severe droughts of 1964 and 1984, then 12 years before the one in
1996. Two more followed in 2004 and 2006. They became annual from 2007 to 2009, forcing the
government to distribute 528,341 tons of food aid.
In May 2018, torrential rains in East Africa displaced 260,000 people in Kenya and affected 500,000
people in Somalia. The floods hit people who were just recovering from earlier drought and famine in
the region. This has slowed agricultural production in Kenya, led to higher food prices and inflation,
and severely constrained economic growth. Deteriorating environmental conditions and increased
extreme weather events have contributed to a resurgence of hunger after many years of progress.
Today, about one-fifth of Africa's population, or 257 million people, are undernourished.
Past and future agricultural production and food security in Kenya under a variable climate highlight
the country's already experiencing episodes of climate change, manifested in seasonal changes in
rainfall and temperature of varying severity and duration, despite an over-reliance on rain-fed
agriculture. Climate change will also continue to have a severe impact on agricultural production and
food security in already vulnerable communities in arid and semi-arid areas, according to the findings.
Climate variability is also expected to affect cropping patterns and yields in various places in the future,
according to forecasts. With the country experiencing rapid urbanization and high population growth,
agricultural production and food security systems must be more adaptable to the uncertainties of
expected climatic variability and change.
So we can understand than the biggest challenge of global warming in Kenya is to innovate on an
sustainable agri-development. Like that local agriculture can continue to feed the population, keep
theme healthy and support there finances
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• Agriculture in Kenya, the main source of income for rural
populations
Kenya's agriculture is critical to tackling the difficulties of feeding a growing population, creating
income, reducing poverty, and managing natural resource degradation. The agriculture industry is an
important economic and social driver of development.
Overall, the industry contributes approximately 25% of Kenya's GDP directly and approximately 27%
indirectly through links to agro-based industries and the service sector. The sector accounts for more
than 65 percent of overall exports, 75 percent of total employment, and more than 80 percent of the
rural population.
Crops, livestock, fisheries, and forestry are the four major sub-sectors of the agricultural sector. The
crops sub-sector is critical to the nation's agricultural development and industrialization. Overall, the
crops sub-sector accounts for 77.6 percent of the agricultural GDP (AgGDP).
Industrial, food, and horticultural crops are included in this sub-sector. Kenya's principal industrial
crops include tea, coffee, sugarcane, cotton, sunflower, pyrethrum, barley, tobacco, sisal, coconut, and
bixa, which account for around 55 percent of agricultural exports. Cereals, pulses, roots and tubers,
fruits and vegetables are the principal food crops, accounting for around 32% of AgGDP and 0.5 percent
of export earnings.
Most grain crops have seen major decreases in production in recent years. During the same time
period, the crops subsector's performance was enhanced by increased output of paddy rice and wheat.
During the same time period, bean production declined while Irish potato production increased
significantly.
Horticulture (including sugarcane) is an important sector in the country, which has had exceptional
export-driven growth over the last decade. It is now the largest sub-sector, accounting for around 33%
of AgGDP and 38% of export revenues. Fresh horticulture exports totaled 21 million USD.
Many Kenyan communities rely heavily on livestock for economic and socio-cultural reasons. Cattle,
camels, poultry, sheep, goats, bees, developing livestock, and their products are among the most
important animal resources. According to the 2009 national census, Kenya's animal resource base
included 17.5 million livestock, 27.7 million goats, 17 million sheep, 3 million camels, 31.8 million
domestic birds, and 1.8 million mules. Around 60% of Kenya's livestock herd is found in the arid and
semi-arid regions, which cover more than 80% of the country. The livestock sub-sector accounts for
around 19.6 percent of AgGDP and approximately 4.9 percent of Kenya's GDP. The sub-sector employs
half of the agricultural labor force and provides a living for approximately 10 million Kenyans who
reside in ASALs.
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Agriculture is the engine of the Kenyan
economy. More than 80% of the
Kenyan population lives in rural areas
and lives, directly or indirectly, from
agriculture. This sector is important for
poverty reduction as the most
vulnerable groups, such as herders,
landless people and subsistence
farmers, depend on agriculture as their
main resource.
Agricultural growth can therefore be
expected to have a significant impact
on a wider section of the population
than any other sector. Over the past
two decades, there has been a decline
in productivities in the agricultural
sector, which has had significant Figure 12 Little farm exemple
consequences for employment, wage
inequalities and food security.

Kenya has therefore put in place a new agricultural policy around these points:
- Increasing agricultural productivity and income, especially for small farmers.

- Increased food aid and equity and increased productivity and farm incomes, especially for farmers
hunger.

- Commercialization and intensification of smallholder production of smallholders , diversification
into non-traditional agricultural products could increase and stabilize agricultural production

- Implementation of an agricultural revitalization strategy

On the following page, you will find :
- A model published by GreenLife summarizing important information and solutions about Kenyan agriculture.
Available on : https://www.greenlife.co.ke/
-

A map of the geographical distribution of agricultural production.
Available on : https://www.cosmovisions.com/Kenya-Carte-Vegetation.html
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Figure 13 Legend to the front page
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• A great biodiversity to preserve
Kenya is one of the most ecologically rich countries in the world in terms of biodiversity. Indeed, the
alternation of different landscapes, topography, microclimate and geology have contributed to the
diversification of the fauna and flora.
As an example for vegetation the distinctive terrain of the highlands between elevations of 2,100 and
2,700 meters consists of areas of evergreen forest separated by broad plains of short grass. Where the
forest has resisted human invasion, it contains economically useful trees like cedar (Juniperus procera)
and podo kinds. Above the forest, a bamboo zone stretches to about 10,000 feet (3,000 meters),
beyond which there is mountain moorland with tree heaths, tree groundsel (a Senecio genus
foundation timber), and gigantic lobelia (a widely distributed herbaceous plant). Forests give place to
low trees distributed through an even layer of short grass east and west of the hills. Baobab trees grow
in semidesert locations below 900 meters.
For the wildlife, there are a lot of animals in Kenya. There are large animals such as : lion, buffalo,
elephant, rhinoceros, cheetah, wild dog, Grevy's zebra and reticulated giraffe.
But there are also small animals such as snakes (black and green mamba or rattlesnake) also a lot of
birds and fish species all around the country and specially in the Kisumu County near the Victoria lake.
In fact the number of animals is too huge
to mention them all, the Kenyan
government has financed a large census
of these animals, and has allowed 30
different species of animals to be
counted on the 59% of the territory
studied since May.
Long threatened by poaching and climatic
hazards, Kenya's animal species have
experienced population declines.
To combat this, the government decided
to build protected areas for the animals :
Twenty-six parks, four of which are
marine. Thirty-five natural reserves,
including six marine reserves and five
sanctuaries, have been created.
Five of these areas are listed as UNESCO
World Heritage sites:
-

Figure 14 Map of some natural animal reserve

Mount Kenya National Park (since 1997)
The three Lake Turkana National Parks (since 1997) : Sibiloi National Park, Central Island
National Park and South Island National Park
Lake Nakuru National Park (since 2011)
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• Plastic pollution still too present
Many developing nations, such as Kenya, are still establishing their plastic industries and frequently
bear the weight of the western world's waste via the latter's plastic exports. Plastic pollution has
flooded several part of the country, obstructing roads, choking waterways, causing flooding,
destroying fields, and becoming intricately mixed into animal feeds because they lack the means to
manage the waste or the funds to ship it elsewhere. Despite having strict rules in place to combat
plastic pollution, Kenya is nonetheless plagued by this non-biodegradable kind of waste throughout
the country. Producing, selling, or using plastic bags is now outlawed in Kenya, with a four-year prison
sentence or a $40,000 fine. Prior to the implementation of this prohibition in 2017, the country
produced approximately 4000 tons plastic per month, with supermarkets alone offering 100 million
bags. This had disastrous consequences for the indigenous fauna, with three out of every ten animals
finding with plastic in their stomachs in Kenyan abattoirs.
One solution to this would be to copy Rwanda's innovation in this area. Rwanda has linked public
policies to ban plastic with local actions to clean up plastic. Indeed, the population of this country,
increasingly aware of the impact of plastic on the environment, has largely participated in stopping
and cleaning plastic in nature.

Figure 15 Plastic Pollution
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b. More locally : Kisumu county and Kano Plains in Nyanza province,
producer of sugarcane
We chose this area because it is the region in Kenya that specializes in growing rice and sugar cane in
a special place : Kano-Plains, which is the crop topic in this report. As with the general study of Kenya
in the first part of this report, we will describe this region in the same way, but more locally, in order to
understand the strengths and threats of the sugarcane-producing region.
Kisumu County is one of Kenya's 47 devolved
counties. It arose from Nyanza former
administrative provinces. Homa Bay County
to the south, Nandi County to the northeast,
Kericho County to the east, Vihiga County to
the northwest, and Siaya County to the west
border the county. The county has a total
land area of 2009.5 km2 and a water area of
567 km2. Its capital is the city of Kisumu,
which is the third largest city in Kenya after
Nairobi and Mombasa on the coast.
Kisumu, on the beaches of Lake Victoria, has
historically served as a significant commerce
center in Western Kenya. The area is perfect
for fishing and fish processing due to its
location along Africa's largest lake. The lake
has also benefited the region by creating a
microclimate and soil suited for cultivation.
Kisumu County also has distinctive
characteristics such as the previously
observed Lake Victoria shoreline, Kit Mikayi,
Ndere Island National Park (home to an
astounding variety of wildlife), and Impala
Park, among others, which make Kisumu a Figure 16 Kisumu County, Kenya
popular tourist destination. Kisumu International Airport may now welcome international tourists
directly into the country. Furthermore, Kisumu was established as a terminus for the railway station,
thus linking to other towns along the railway line. The lake also connects the county not only to three
other counties along the lake, but also to the countries of Tanzania and Uganda.
Kisumu County has a
population of 1,155,574
people, according to the
2019 national census. The
population density is 550
persons
per
square
kilometer, which is quite
high for the country.
Kisumu County is, in fact, a Figure 17 Kisumu City, see from the lake
fairly bustling place in Kenya. The county has 158 secondary schools.
Three universities, five university campuses, one national polytechnic,
one medical training college, and the Kenya Utalii College Kisumu
Campus are among the other educational institutions in the county.
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• Geology and topography of a site with agricultural interest : the
Kano plains in Kisumu County !
The Kavirondo Rift is the area's most
prominent geological feature. This rift
is a branch of the larger East African
Rift Valley system, which runs northsouth. The rift was formed in two
stages: a Miocene (22-6 million years
ago) downward deformation stage
connected with the development of a
shallow basin, and a Pliocene rift
faulting phase (6-2 million years ago).
The fissure allowed a heavy layer of
Pleistocene sediments to accumulate.
Figure 18 Kisumu geology
Alluvial debris has now covered these
deposits. Sheet eruptions of phonolite lavas were found north and northwest of Kisumu town, along
the Tertiary faults.
Kisumu County's geology is made up of Nyanzian (Precambrian) to Eecent rocks and sediments. The
area is covered by the Nyanzian rock system, which is characterized by granites formed mostly from
volcanic activity. Syenites, granodiorites, dolerites, and rhyolites are among the granite's variations,
which include syenites, granodiorites, dolerites, and rhyolites. They are exclusively found in a few
localities in Kisumu County, such as Miwani and Kibigori. Scree accumulations of recent age can be
seen all along the escarpment. The majority of the research area is covered by alluvial deposits and
lacustrine sediments genetically connected to the Gulf of Winam.
The following topographic and physiological are distinguished in 6 units like this :
1 - Main escarpments : At the northern
end of the research area, the main
escarpments are visible. They are part of
the Nyando Escarpment, a fault scarp
with steep slopes of around 30%. The
escarpment's bedrock is mostly granite,
with some rhyolites and syenites thrown
in for good measure.
3
2 - Foot slopes : The slopes extend with
3
gently undulating to rolling topography
along the escarpment's margins, with
slopes of more than 30% undulating to
rolling, with slopes of 3 to 16% in a few
places, particularly between the Little
and Great Oroba rivers, and in the northeast of the area, the slopes have given
way to foothill plains immediately after
the escarpment. Lower slopes display
moderate to severe gully erosion and are Figure 19 Topography of Kisumu's lake Victoria shore
mostly colluvium generated from granites and rhyolites.

2

4
3

1
3
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Kano-Plain

3 - Piedmont plains : The piedmont plains are located between the sedimentary plains on one
side and the lower slopes on the other. They have a low relief intensity at the foot of the
piedmont plains, with slopes ranging from 2 to 6 percent. They are mostly made up of alluvial
and colluvial deposits formed by granites and rhyolites.
4 - Sedimentary plains : The majority of the research region is covered by sedimentary plains.
They have flat to mildly undulating ground with slopes ranging from 0 to 3 percent. They are
made up of recent alluvial and lacustrine sediments.

5 - River terraces and floodplains : Some rivers have fluvial terraces and floodplains produced by
recent alluvial material. They have a flat topography save from the Nyando Escarpment, which is a
fault scarp with high slopes of more than 30%. The escarpment's bedrock is mostly granite, with
rhyolites and syenites thrown in for good measure.
6 - Minor valleys : The minor valleys have flat to steep slopes with moderate gully erosion. They are
made up of soils derived from various original materials.
As we saw in the first section on Kenya, the geology and especially the topography are highly diversified
here, with alternating rock and soil types, plains and valleys, but also signs of river terraces left by lakes
and rivers and volcanic activity. The plain is the most important, as it is a very rich terrain and a subject
of research, but also of agricultural possibilities! Following Lake Victoria, the terrain creates a huge
stretch of plains with surrounding slopes and hill/mountain zones, as shown on the topography map.
This terrain forms a bowl around the plains, resulting in the Kano Plains, an intriguing geological
feature.
Having painted a very general picture, we will now look at an even more local level and understand
what the Kano-plain is, which is the most productive area for rice and sugarcane.
- The Kano-Plains –
The Kano plains are from the paleocein, before they was a part of the Victoria Lake. They are divided
into three sections : Lower Nyakach, Nyando, and Miwani of Kisumu County's Nyando Sub-county.

16

The Nyando Sub County of Kisumu County is located in the Lake Victoria Lowlands and Floodplains
region, which is bounded by Lake Victoria and harsh hills. It is bordered by Nandi South in Nandi County
to the north, Rachuonyo Sub County to the south, Kisumu East Sub County to the west, and Kericho
Sub County to the east. In the southwest, Nyando Sub-County features a small stretch of Lake Victoria
shoreline. The lowest elevation is 1,134m above sea level, which corresponds to Lake Victoria's surface.
A huge area of plain, known geographically as the Kano Plain, spreads through the heart of the subcounty, with mountainous topography to the north-east and south. The Kano plains, which are located
in a depression, are part of a broad plain area that serves as the Nyando River's floodplain. It is bounded
by the Gulf of Winam, a projecting arm of Lake Victoria, at the southern end of which sits the town of
Kisumu.
The Kano plains are a unique site in Kenya, and are of interest to us because of their agricultural
production of sugar cane, the subject of our dossier. From here on in the dossier we will talk about
these plains, we will see their soil type, the richness of the mineral elements. But also why this
geographical area is sensitive to flooding and why rice and sugar cane are grown here.
Ancient rivers, volcanoes and soil movements have brought a diversity of organic and mineral matter
to this "bowl". Thanks to the Mindat.org website we can get information about the mineral
composition and bedrocks occurring in the Kisumu region and more specifically the town of Muhorini
(an example we will use again) which is located at the edge of the Kano plains. This information is
shown in the table below.
Indeed, with about 20 mineral compounds and 5 source rocks over a 20km diameter, we can see the
great mineral diversity of these lands.

Figure 21 List of mineral composite, 20km around Mu4horini
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• Specified example of soil type in Muhorini and methodology
To make this more concrete we have selected the town of Muhorini, in which we will calculate the soil
types. Muhorini is a town with a population of about 15,200 and an altitude of 1,290 meters. It has a
sugar cane processing company, and is located at the end of the Kano plains (the furthest part of Lake
Victoria), which will not distort the information (you can see it on the topographic map). Thanks to this
proximity to the Kano plains, the fact that it is far from the lake and next example we cover the whole
territory of the plains.
- Methodology To make a cut to know the composition of our soil in Kenya we first selected an area. With the help of
Google Earth, we made a screen capture on which we made a cut of about 4 kilometers. This will allow
us to make the altimetric profile (image 1) of the selected area. We can notice that in this area, the
altitude varies between 1268m and 1313m.

Figure 22 Cut of selected area, Muhorini

To know the composition of the soil in Kenya, we used the ISRIC data site. ISRIC - World Soil
Information, legally known as International Soil Reference and Information Centre, is an independent,
science-based foundation. The institute was founded in 1966 following a recommendation of the
International Society of Soil Science (ISSS, now International Union of Soil Sciences (IUSS)) and the
United Nations Educational, Scientific and Cultural Organization (UNESCO). It has a mission to serve
the international community with information about the world's soil resources to help addressing
major global issues.
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By taking a point on the section carried out on Google Earth we will thus determine the content of the
element of the soil, here the clay, the silt and the sand in g/kg. These measurements are carried out
on various depths to know:

-

0-5 cm
15-30 cm
30-60 cm
60-100 cm
100-120 cm

We thus obtain a table (Tab 1) like this one :

Figure 23 Table 1 representing the content of elements (sand, silt, clay) according to the depth

With these different values we have calculated the percentage of clay, sand and silt present in the
different layers of our soil (Tab 2).

Figure 24 Table 2 representing the percentage of the different elements present in the soil

By having the percentage of these different elements in the
soil we can determine the type of soil. To do this we will use
the texture triangle. Soil texture is a classification
instrument used both in the field and laboratory to
determine soil classes based on their physical texture. Soil
texture can be determined using qualitative methods such
as texture by feel, and quantitative methods such as the
hydrometer method based on Stokes' law. Soil texture has
agricultural applications such as determining crop suitability
and to predict the response of the soil to environmental and
management conditions such as drought or calcium (lime)
requirements. Soil texture focuses on the particles that are
less than two millimeters in diameter which include sand,
silt, and clay for that we use a soil type triangle.
Figure 25 Soil type triangle
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With the information collected we are
able to establish a soil type diagram by
soil layer. We can be seen from this
diagram that the soils in the region are
mainly clay. Indeed we can see that the
first 60 cm of soil is clay loam and the
next 60 cm is clay or heavy clay.

A

B

Below you will find a table with the
limits and advantage of clay-loam soil.

•

Advantage and limits of this soil
Advantage and limits for clay-loam soils

Advantage
- Soil with partial water retention
- Alkaline tending soil

Limits
- Soil that when waterlogged becomes heavy
and difficult to work
- Soil sensitive to erosion by water and wind

- Soil that often works well
- Soil that sometimes reacts badly to climate
- Fertile soil
- Soil that facilitates calcionic exchange
capacity

change if it is not covered
- Risk of crusting
- Soil with risk of asphyxiation when it contains
too much water which will favor the runoff

- Soil that facilitates humic clay bridge

- Sometimes too alkaline tending

Loamy soil is a mixture of sand, silt and clay that are combined to avoid the negative effects of each
type. These soils are fertile, easy to work with and offer good drainage. Depending on their
predominant composition, they can be either sandy or clay loams.
Here we are on a clay-loam soil which becomes heavier and benefits from a high nutrient content. The
high clay content allows the soil to stay moist and cold in winter but dry out in summer. Because of
the small spaces between the clay particles, they retain a greater amount of water. On the other hand,
these soils drain more slowly and take longer to warm up in the summer, but the loam content means
that they dry out and crack less quickly in the summer.
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•

Soil Management in Kano plains

(This part is according to the final part of this report with the way of improving)
We will now focus on the soil management of the kano plains. With alluvial and colluvial parent rocks
derived from granites, this area is rather gently undulating to hilly, slopes 3-6%.
This area's land use is primarily rice irrigation and sugarcane farming.
Planosols and Vertisols are found on moderately undulating to flat terrain, primarily in rice growing
areas, such as Mwea in Krinyaga District and the Kano plains in Nyanza Province. They can be found in
semi-arid and sub-humid climates. This layer of the B horizon is impermeable (diagrame sol) because
to the high clay content of the subsoil (greater than in the topsoil), resulting in very slow vertical and
horizontal drainage as well as poor soil workability. These soils are permeable in general and tend to
break up into very fine, fine, and medium sub-angular blocks. Their chemical fertility is described as
"modest". They are dark in color and extensively cracked, with a range of shades ranging from deep
reddish brown to dark brown. The blackness of these soils, however, is not owing to a high
concentration of organic components. The topsoil contains just a small fraction of organic nutrients,
and the characteristic blackness of the soils is due to the presence of unoxidised minerals caused by
protracted waterlogging of the plains during periods of flooding, when there is little free air in the soil.
The low relief aggravates the issue. Furthermore, wherever clay soils are found in the region, they are
generally impermeable at depth; as a result, during the rainy season, from March to May, the surface
soils absorb water like a sponge until they are saturated, which greatly facilitates flash floods that roll
down from the hills after heavy rains and is a major contributor to soil erosion and leaching. Rivers can
surge to a meter or more over their dry season level in a matter of hours, immediately overflowing
their banks and natural dykes.
The soils in the area are really various but in fact we can finde sand silt loam but with a major part of
clay. As a result a part of these soils are said to be "loamy", meaning that they tend to crust over with
rainfall and watering, making them impermeable to water and air. They also clog up very easily,
suffocating plant roots and living soil organisms. The heavy rains of the kano plains and the bare soils
have a tendency to form ridges, which makes the work harder (remember that Kenya is not a highly
motorized country and most work is done manually) and the soils less and less fertile.
Moreover, the "abused" soils have a high carbon emission potential. Indeed, the carbon stock stored
in the soil - organic matter - can no longer be transformed in the soil and is therefore released into the
atmosphere. Let's remember that the organic matter participates mainly to the fertility of the soils,
this problem raises two impacts: One environmental and one social with the share of soil potential.
The use of agricultural land and the lack of knowledge about the environmental impact of production
in the Kano plains raises some concerns :
1/ The use of inorganic fertilizers is minimal among the basin's farming populations, and primary
productivity is strongly tied to the soil's intrinsic productive ability. On farms, moderate soil erosion is
associated with significant nutrient losses, resulting in negative nitrogen, phosphorus, and potassium
balances. Soil fertility depletion due to biofixation, tillage (which is not numerous but often deep, does
not improve the erosion of the soil and the organic matter by oxygen), subsequent crop harvesting,
grazing, depletion of soil organic matter, and/or biomass burning exacerbate these problems and will
not be solved without the use of inorganic fertilisers, but the same fertilisers will spill into the lake and
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pollute the soil if washed down during rainfall. The frequency of land degradation, as demonstrated
by the trend in soil deterioration, is perhaps the greatest danger to primary output. The main causes
of erosion include deforestation of headwater rivers and overexploitation of huge areas of fragile land,
both on the slopes and on the plains, as well as the loss of catchment filtering functions due to wetlands
invasion and riverine vegetation loss.
In addition, shallow soils that are often left bare or under slash-and-burn cultivation tend to erode
first, greatly reducing the fertility of some farms. For example, soil erosion reduced exchangeable bases
by 39-47% and soil organic carbon stocks by 17-25% compared to intact sites. Where gully erosion has
occurred, the impacts are even more dramatic. In addition, soil phosphorus deficiency, a fundamental
constraint to agricultural productivity, is prevalent in high potential agricultural areas. We can see that
the soils have lost a lot of their potential!
2/ The Nyando River watershed contributes significantly to Lake Victoria's silt and phosphorus levels.
The Nyando River Basin, which is directly linked to the Kano Plain, has the highest average gradient
and sediment transport capacity of the eleven major rivers flowing into Lake Victoria, and there has
been massive soil movement into the lake over the past 50 years, primarily due to gully erosion of the
lake plain.
3/ As a result of all this, the impoverishment of the land in terms of vegetation, growing on the slash
and burn, soil pollution and life and water pollution results in a decrease in biodiversity.
We conclude that unsustainable land management is the proximate cause of both the lake's
environmental problems and the communities' main livelihood concerns. Satellite imagery and river
water quality monitoring have provided evidence of accelerated sediment and phosphorus inputs to
the lake. There is also quantitative evidence of the effect of land use and vegetation cover on erosion
and soil quality, in fact, depending on the region, 25 to 80% of the soil can be considered severely
degraded (UNEP, 2008). Available watershed studies suggest a link between degraded areas, increased
runoff and flash flooding. The decrease in plant resources and soil productivity will directly threaten
people. The return of a major rainfall event could be catastrophic and preventive intervention
strategies must be put in place now.
Below is a table listing the causes and impacts of bad soil actions.
Figure 26 Table of soil problem
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Figure 27 Photo of soil problem
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• A fairly rainy climate
The climate is tropical in Kisumu County, it is
modified throughout the region by the presence of
the lake Victoria and the “bowl” of the Kano plains,
which creates a micro-climate that extends over
the whole region. The county has an annual
rainfall that varies between 1200 mm and 1300
mm in different areas which is very high. The rain
falls mainly in two seasons. Kisumu is known for its
thunderstorms, which are the main type of rainfall
and which normally occur in the mid-afternoon
during the rainy season. Kisumu is a warm region
of Kenya all year round with an average annual
temperature of 23.0°C, the temperature varies
between 20°C and 35°C but rarely falls below 19°C.
Figure 28 Climat chart in Kisumu
Humidity is relatively high throughout the year.
Below you will find a breakdown by month of the year including temperature, rainfall and rainy days,
humidity and sunshine hours. This gives a more visual idea of the meteorological variation in Kisumu
county. Please note that these figures are for one year only. Indeed, the temperatures are increasing
and the rainfall too but the figures (water balance below) are older but are average values and
therefore more representative. For the studies we will use the bibliographic values.

Figure 29 Weather by month, Kisumu

As can be seen above, rainfall varies by 194 mm between the driest and wettest months. Over the
course of the year, average temperatures vary by 2.2°C. The month with the highest relative humidity
is April (73.51%). The month with the lowest relative humidity is February (54.00%). Here we can see
that the region is rather very humid. We can also see there is no big gap of temperature between
summer and winter like in Europe country, this type of weather forecast is typically in equatorial’s
country.
The month with the highest number of rainy days is April with 20 days and 288mm of precipitation,
followed by May with 19 days and 213mm of precipitation. September and November are also very
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wet months with both having over 200mm of rainfall. The month with the lowest number of rainy days
is February with 12.97 days. (Figure 11)

• Water management of Kano plain
(This part is according to the final part of this report with the way of improving)
Lake Victoria is the second largest lake in the world. It is a reserve of water and biodiversity that
benefits three countries and 30 million people live in the basin.
Programs such as ISWC (Integrated Soil and Water Conservation) has been working with communities
to promote better land use practices aimed at improving soil fertility, increased and sustainable
agricultural production, through advocacy, awareness raising and education as well as initiatives to
reduce the flow of nutrients and sediments into Lake Victoria.
Most of the people living in these areas are rural and live mainly from agriculture and fishing. It is
therefore quite obvious how important water management is, given the high demand for agricultural
production. And despite the fact that the climate, thanks to the lake, brings a lot of water to the
agricultural land, some problems remain.
For example, as mentioned above, erosion and poor soil texture are degrading too quickly or its too
compact for good drainage, water gathers on it and ore are too and are bringing pollutants into the
region's waters.
- Ground Water The ground water plans in Kano
are quite complex (you can
imagine it when youy see the
pedology in the area), and
additional research is needed.
The faults of both the Nandi and
Kendu escarpments separate an
upland groundwater system
from a Kano Plains groundwater
system. The groundwater
divide between the Nyando and
Nyamasaria rivers that cross the
Kano Plains is blurred, implying
that their lowland groundwater
systems are the same. The Kano
Plains features both shallow
and
deep
groundwater
systems, which exist in Figure 30 Map of water in kano plains
relatively heterogeneous aquifers; bedrock is more than 250m below ground level here. The geography
drives groundwater flow towards Lake Victoria in general, however it is unclear whether it discharges
here. Rainfall has a negligible impact on groundwater variations over time. As groundwater levels do
not change significantly over time, steady-state groundwater flow occurs on the plains.
- Evaporation Although evapotranspiration is the most essential physical mechanism that returns water to the
atmosphere, it can only be predicted because it is dependent on several factors. The Woodhead
model was used to calculate potential evaporation (Eo) (Woodhead, 1968). The predicted
evapotranspiration (Et) was 2/3Eo. The number are really old there but is the result of a serious study
with quoted sources and using averages (J.R.Rachilo, A.M.AH and G.O. Mochiemo), however we have calculated
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a water balance of the area according to the sugarcane in part 3 (Cultivation of sugarcane)
following this numbers.
The months depicted in the Water balance were chosen to represent the primary seasons that prevail
in this region. January is the dry period preceding the long rainy season in April. July is the cool, dry
month following the long rains, while October marks the start of the short rains. The short rainy season
begins in October. The potential evaporation for the four locations evaluated in January is greater than
170 mm, with Kisumu having the highest value of 201 mm. During April, temperatures range from
154mm to 16lmm. This month's highest value is lower than January's minimum value. The lower the
value, the lower the evaporative demand.
Between Kisurau and Miwani, the annual potential evaporation falls towards the east, with 1992mm
in Kisumu and 1931mm in Miwani. After that, it rises slightly to 1951mm at Kibigori. Potential
evaporation and evapotranspiration both follow the same trend.
The simplified water balance on a 3 area in kano plans is shown below.

Figure 31 Simple Water Balance

- Irrigation –
As we have seen, this part of Kenya is well supplied with water. Thanks to rainfall but also to
underground water resources. However, the evapotranspiration is sometimes too high, the rainy
season is sometimes too far apart and the drainage of water is not very good, so that some crops such
as rice, peas or sugar cane sometimes need more water and therefore require irrigation.
The issue is that irrigated rice or sugarcane agriculture does not allow for many other uses on the same
piece of land, which limits the rice and sugarcane grown areas to a monoculture zone. Trees and shrubs
near rice fields, for example, are not valued.
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A West Kano irrigation project, on the other hand, was developed in 1974 and became active in 1976.
It is in Kisumu County, in the Kano lowlands between the Nandi escarpment and the Nyabondo plateau,
on the shores of Lake Victoria. The project includes 837 farmers and a total area of 4396 acres. The
total agriculture area is 2230 acres, with each farmer owning 2-4 acres. Irrigation water for the project
is taken by pumping from Lake Victoria or the Nyando River and the water is also pumped back to the
lake. 30,000 people depend on the project. Irrigation techniques are diverse, from sprinklers, to drip
irrigation, to simply digging ditches on the sides and inside the fields and diverting water when it is
needed.
Irrigation water for the project is taken by pumping from Lake Victoria or the Nyando River and the
water is also pumped back to the lake. 30,000 people depend on the project. Irrigation techniques are
diverse, from sprinklers, to drip irrigation, to simply digging ditches on the sides and inside the fields
and diverting water when it is needed.
In addition, there are many small streams and ditches in these areas that are smaller tributaries of
Lielango, Nyangeta and Oroba. The water follows the topography the escarpment across the study
area to the Kano plains which are partially flooded seasonally.
We say it again but external drainage of the sedimentary plains is poor due to the flat topography and
waterlogging. topography and seasonal waterlogging is common. These conditions are particularly
evident as one moves southwards across the Kano Plains.
- Water pollution –
Economic activities in general are polluting, as we know.
In the basin, and on the shores of the lake, there is no exception to this rule, especially as wastewater
treatment plants are rare (only some Kenyan factories seem to be equipped with treatment systems)
or no longer function.
The expansion of industrial and food-producing agricultural land, as well as the increased usage of
fertilizers, has resulted in the use of pesticides. All analyses suggest that discharges are growing and
that numerous components have levels that exceed WHO health criteria. Furthermore, a high nutrient
load adds to a decrease in the ecosystem's oxygen concentration.
The principal sources of mercury in the Lake Victoria region appear to be natural. The amounts
detected in water or soil, on the other hand, are relatively high but stay within acceptable health levels.
Heavy metal concentrations in water (cadmium, iron, lead, manganese, and zinc) frequently exceed
the criteria necessary for "drinking water" or "protection of aquatic life."
Studies on water pollution by nitrates, a direct result of intensive agriculture and poor soil
permeability, are hard to find. I did find a well done study on the subject and here is its conclusion :
"A triple isotope approach indicated that NO3− contamination of groundwater in Kisumu city and its
surrounding is largely driven by inadequate sewage infrastructure and animal manure application from
either farming or free-range livestock keeping in the rural areas. However, in situ NO3− attenuation by
denitrification and/or dilution concurrently helps to minimize the NO3− loading. On the other hand
partial nitrification is likely responsible for accumulation of NO2− in the groundwater system. It is
however, necessary to develop more process-based research for an in-depth understanding of
groundwater N fate in the area. Expansion and improvement of waste-water sanitation should urgently
be implemented in the region to avoid further deterioration of groundwater sources.” (Benjamin Nyilitya,
Stephen Mureithi, et Pascal Boeckx, 2020)
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- Flooding -

Figure 32 Flooding on Kano Plans

Due to their flat topology, the
presence of lake victoria and the
partial drainage of the kano plains.
These plains are often flooded. This
destroys all the agricultural production
in the region, which is the main source
of income and food for the population.
Moreover, the flooding is sometimes
catastrophic and often forces the
population to leave and take refuge
elsewhere while waiting for the water
to recede. For example, by 8 April 2020, approximately 1,500 people had been displaced in an area
that had experienced consistent heavy rains since November 2019. Nevertheless, the floods are a
social disaster but they have the effect of depositing fine elements such as clay and organic matter on
the Kano plains, helping to increase the fertility of the soil.

• Conclusion on a rather specialized agriculture
As you may have guessed, the Kano plains in Kisumu County and elsewhere is a good area for
farming. Indeed, the soils of the region are fertile and suitable when erosion is not too high, water is
available fairly close by and the rainy season brings enough water for some crops. Despite some
farming methods that make the area lose production, such as poor soil and water management, it is
still a very productive area. It remains one of the most productive areas in Kenya, supporting and
feeding a large population.
In the Kano plains, rice is farmed under irrigation. The majority of irrigation water comes from the
Nyando River and Lake Victoria, whose periodic floods not only displace a significant number of
people but also drop a lot of fertile silt across the plain. The Kano plains' northern and eastern
outskirts are also home to some of Kenya's most productive sugarcane fields. Sugarcane production
centers include Kibos, Miwani, and Chemelil. Maize, beans, sweet potatoes, chicken, and fresh
vegetables are also produced in Kisumu County.
To feed the population and produce revenue, agriculture in this area is frequently combined with
fishing. Kisumu County, which is located on the beaches of Lake Victoria, has the potential to be an
important fishing center. However, the use of old technology hinders the full development of the
industry. In addition, the recent threat of water hyacinth on the lake has significantly reduced the
fish catch. The new county government is committed to combating the water hyacinth problem
which is undermining the aquatic biodiversity of Lake Victoria and the Nyando River which are
essential to the survival of rural people in Kenya.

Figure 33 Some Farming pictures, easy find on Google
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1) The cultivation of Sugarcane
Sugarcane is a grass belongs to the grass family. Sugar cane has been known since prehistoric times
(Neolithic), and is thought to be native to New Guinea or Indochina.
Sugarcane, Saccharum officinarum L., was first grown in Southeast Asia and Western India as a source
of energy for humans and, more recently, as a replacement for fossil fuel in motor vehicles.
Sugarcane agriculture has spread to practically all tropical and sub-tropical locations since then. Early
in the sixteenth century, it was brought to the New World by Portuguese and Spaniards. Sugarcane is
a member of the Andropogonae tribe of the Gramineae family, order Glumiflorae, class
Monocotyledoneae, subdivision Angiospermae, division Embryophita siphonogama in botany.
The world's sugarcane-growing countries are located between 36.7° north and 31.0° south of the
equator, spanning tropical and subtropical zones. This map displays the global distribution of
sugarcane. Sugarcane is a sustainable, natural agricultural resource since it produces sugar, as well as
biofuel, fiber, fertilizer, and a slew of other by-products and co-products, all of which are
environmentally friendly.
Sugar cane can meet more than half of the world's sugar
needs since it can grow in any country where it is not
exposed to the sun. The saccharose is the main product of
the sugar cane harvest, accounting for around 10% of the
total. Saccharose is a delicious food and an excellent
edulcorant, but it may also be used to preserve other
foods. It also serves as the foundation for a variety of food
and beverage products. Because of its sweet cellulous
juice, the sugar cane is grown in all producing countries.
The sugarcane juice is made by pressing sugar canes and
is mostly used to sweeten foods, however it can also be
consumed as a fresh or fermented juice. The by-product
of sugar manufacturing, melasse, is used in the distillation
of ethanol and as a key ingredient in livestock nutrition. Figure 2.6 Geographical distribution of Sugarcane in, FAOSTAT
Sugar cane can also be used to produce alcohol for motor
vehicles or ethanol, as is the case in Brazil. Currently, the global theme is biofuels, with sugar cane
being one of the most prominent competitors. Cane fanes can be used as a source of nutrition for
livestock. Organic sugar cane is primarily grown on tiny farms of 0.1-3 hectares. The task is done by
hand or with the assistance of animals. During the harvest, only ripe sugarcane is cut down. Unripe
plants and cut leaves are left on the allotment. The field is never removed in this manner, and the
earth is always covered in a thick layer of mulch. Sugarcane can be grown sustainably in such systems,
even on slightly sloping ground.
In 2014, the entire area under sugarcane production in Kenya was 72,181 hectares, with a total sugar
yield of 6,477,651 tons (FAOSTAT, 2014). Kenya's 11 sugar factories have a production capacity of
600,000 tons, compared to a national need of 800,000 tons. Kenya's shortage is mostly due to outdated
sugarcane technology, which results in high production costs, and this is why Kenya cannot compete
with Sudan. Sudan is the world's largest sugarcane grower and Africa's number one.
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White sugar, brown sugar, and ethanol are all
made from sugarcane juice. Bagasse and
molasses are the two main byproducts of the
sugar industry.
Molasses, the most important by-product, is
the primary source of alcohol and
consequently of alcohol-related industries.
The paper industry is currently using excess
bagasse as a raw material. Furthermore, most
sugar mills believe that co-generation of
power using bagasse as a fuel is viable. It
represents one of the most efficient cropping
systems for the conversion of solar energy
into biomass, which can provide both a solid
fuel for combustion to produce heat, steam or
electricity and an easily fermentable juice that
can yield ethanol for use as fuel.

a. What is sugarcane ?

Figure 2.7 Ethanol production from sugarcane

• Crop characteristics
Sugar cane is a cultivated plant belonging to the genus Saccharum (family Poaceae or grasses,
subfamily Panicoideae), cultivated mainly for the production of sugar (whole cane sugar or not)
extracted from the stalks (or culms).
Sugarcane is a tall perennial plant, she is a large, tropical, herbaceous grass (Poaceae) with a reed-like
habit, ranging in height from 2.5 to 6 meters. The stalks, with a diameter of 1.5 to 6 centimeters, are
solid.
The plant is composed of four principle parts, the root system, the stalk, the leaves and the
inflorescence.
- Root system –
The root system is fibrous and consist of two types of roots namely,
« self roots » and « shoot roots ». When sugarcane selt is planted in the
soil and covered with moist soil, the root primordial situated at the base
of every cane joint is activated and produces roots. These roots, « selt
roots » and are mostly temporary. These are thin and much branched
and function for a limited period. These roots provide moisture and
nutrients for the growing primary shoot until it forms roots of its own.
Later on these roots cease to function and die. Those formed, first goes
downwards, whereas those formed near the soil surface grow in upper
layer of the soil for providing anchorage for the plant. These roots Figure 2.1 The root system of sugarcane
produced from shoot are known as 'shoot roots'. These are permanent roots, are fleshyand white in
color. New roots are continually produced from tillers.
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- Stalk Sugarcane steak is cylindrical and composed of many district nodes and
internodes, it is above ground portion of the plant which bears leaves and flowers.
The rootstock corresponds to a small art of the stem lying underground. At each
node there is a bud, sometimes known as an « eye » appearing on opposite side
of the cane. These buds are protected by the leaf sheath, which is folded around
the internode. Below the bud is raised portion known as leaf scar, a point of
attachment of the leaf sheath to the stalk. Internodes of most varieties are coated
with waxy material. This coating is located just below the node, some translucent
structures resembling points are called primordial roots, they appear in the root
band. These roots give rise to « selt roots ». At the apex of the stalk is an apical
bud that is responsible for the elongation of the stalk. Sugarcane produces
branches that grow from below the surface of the soil. The underground portion
of the stem tapers rapidly and from the lateral buds of this region and shoots
develops, called tillers. Single cane may produce as many 20 to 40 tillers
depending upon variety and environmental conditions.

- Leaves -

Figure 2.2 Stalk of sugarcane

The leaves of the cane plant grow alternately on opposite sides of the
cane stalk from the nodes. Leaf of sugarcane consists of a sheath and
the blade with the ligule in between. A ligule is a thin outgrowth at
the junction of leaf and leafstalk. The sheath is attached to the stalk
by basal ring and completely clasps the stalk. The leaves are normally
a light green and the outer surface of sheath is often hairy. The leaf
blade is long, flat structure about 1 meter long and 2 to 10
centimeters wide, weighing about 300 grammes and more. They are
ten in number on actively growing plants, with the lower part of the
stem becoming bare as the lower leaves dry out. The color of blade
varies from yellowish green to dark green depending on both the Figure 2.3 Leaf of sugarcane
variety and nutritional status of the plant. The leaf edges are
generally serrated.
- Inflorescence It is a terminal panicle fifty centimeters to one meter long. In culture,
the cane is generally cut before flowering.
The inflorescence of sugarcane caked the arrow is an open panicle, it
is long (30 centimeters or more) and tapering. The spikelets are
arranged in such a way racemose, that is, the oldest flowers are at the
bottom and the youngest at the top. The flowers of sugarcane open in
succession over a number of days. Flowers have both male (stamens)
and female (gynoecium) organs, but not all produce fertile pollen.
Sugarcane usually flowers at the age of 10 to 12 months, but some
varieties in north India do not flower at all. Due to this fact cane has so
long been propagated vegetatively by cuttings of sugarcane. Cane
Figure 2.4 Inflorescence of sugarcane
produced from seed is not so vigorous, but it is important for breeders.
Sugar cane is a perennial plant that grows back after each harvest. After five or six regrowths, the old
plants are pulled out and a "virgin cane" is replanted. The sugar cane is multiplied by cuttings of
portions of stems that are planted horizontally.
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Figure 2.5 Growth cycle of sugarcane

Five phases occur in the growth of sugarcane :
• Germination : where the plant is established and tillers are initiated
• Early growth : where the leaf canopy is established and maximum growth or elongation of the
storage organ (the stalk) occurs;
• Maturation : where stalk elongation slows down and sugar storage or ripening dominates;
• Flowering : where vegetative growth ceases and an arrow (flower) is produced;
• Ratooning : where stalks are harvested and crop re-growth occurs from underground buds on
the severed stalks
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b. Need of the plant
• Climate conditions, soil and water management
Sugarcane has the ability to grow for a long period of time. It can continue to grow in warm, humid
circumstances unless flowering stops it. The age of the crop and the season, however, have a significant
impact on its height. Temperatures exceeding 50 degrees Celsius halt its growth; temperatures below
20 degrees Celsius significantly slow it down, and severe frost is lethal. The crop thrives in tropical
climates with rainfall ranging from 750 to 1,200 mm and pH levels are 5.0-7.0. It can also be grown in
sub-tropical places, however where the temperature is more extreme and the dry season is longer, the
crop's growth time is limited to just four months each year, and yields are significantly lower than in
the tropics. It requires a cool, dry season to ripen; however, where rainfall is excessively heavy and
protracted, the juice quality suffers, and where the temperature remains fairly warm and damp
throughout the year, it does not ripen well. Drought causes the crop to become a little fibrous, and
only the hardier and more fibrous kinds may be produced in arid places.
A well-drained loamy soil with neutral soil response (pH 6.5 to 7.5) and appropriate nutrients, as well
as no soil compaction, is optimal for sugarcane production. Despite this, it tolerates a wide range of
soil types, pH levels ranging from 5 to 8.5, and even mild salt, which affects yields as it grows. The
agricultural practices, diversity, and quality of the soils, as well as the technical level of monitoring of
the nutrients present in these soils, all influence the amendments made to its production.With a
minimum depth of 45 cm, the soil should be loose and friable, free of hazardous salts and nutrient
deficit. The physical qualities of the soil have a big role in culivation procedures. Preparation of the
land for sugarcane production would be relatively easier in loamy soils with stable and crumb
structure, confined to typical ploughing and development of ridges and furrows at the required
spacing.
Before forming furrows, more elaborate preparatory
cultivation procedures such as deep-ploughing or chiseling
would be required where the soils are hard due to clayey
structure. Sugarcane has the ability to deep root to a depth of
over 5 meters, and it has a high drought tolerance when grown
in deep soils. The soil should have a bulk density of less than
1.4 mg/m3 and a porosity of around 50%, with air and water
occupying almost equal amounts at field capacity. The growth
and spread of roots would be hampered in soils with bulk
densities more than 1.5 mg/m3. Rain or irrigation water should
be absorbed quickly, and any excess water should drain away
Figure 2.8 Sugarcane field in Kenya
quickly, therefore the soil mass should have rapid surface
penetration rates and free internal drainage. The ground water table should be at least 1.5 to 2.0 m
below the surface in ideal conditions. A rising water table can obstruct drainage, resulting in anaerobic
conditions that will harm the roots. Sugarcane prefers damp soils but cannot tolerate standing water.
When soil conditions aren't ideal, more sophisticated soil management measures must be
implemented. Sugarcane can be grown in both coase and clayey soils with the right management
techniques.
Average temperatures of 20 to 28°C and little variation between night and day are ideal site conditions.
A drought occurs during harvesting, and the appropriate quantity of rainfall is roughly 1500-1700 mm
per year. Harvesting in wet weather creates a slew of transportation issues. Deep, humus-rich, wellaerated, and well-drained soil is ideal. Cambered beds and ditches may be required on black cotton
soils.
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The start of the sugarcane planting season is frequently delayed due to sub-optimal temperatures for
germination. The crop is exposed to adversely high temperatures during the tillering phase if you wait
for the natural rise in soil heat. The growing season of
crops is limited by the occurrence of growth-inhibiting temperatures throughout the winter months.
As a result, efforts have been made to chemically treat the cane in order to keep it growing. For this,
gibberellic acid (GBA) has been employed. However, the initial stimulation wears off fast, and the
increase in elongation comes at the expense of girth, with no improvement in cane tonnage.
Sugarcane's terminal growth is halted when it blossoms. The cane's capacity to collect sugar is harmed
as a result of this. Maleic hydrazide has been shown to inhibit flowering and growth.

Figure 2.9 Average of rainfall, sunshine, temperature and humidity in Muhoroni in Kenya

Sugarcane is known as a short-day plant because nighttime disruptions cause flowering to be delayed.
However, for flower initiation, it requires a photoperiod with a high length larger than 10 hours and a
day length greater than 11 hours. As a result, it's a type in the middle.
Cane without a protective leaf canopy is particularly vulnerable to rain. Sugarcane thrives under strong
winds. Wind damage causes stalk growth to stop, metabolic depletion, and limited assimilation until a
new canopy emerges.
Kisumu has a humid subtropical climate. Kisumu receives significant rainfall throughout the year, even
during the driest months. The climate is classified as Af on the Köppen-Geiger climate map. The
average annual temperature in Kisumu is 23.1°C. The average annual precipitation is 1966 millimeters.
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In order to have precise data we have calculated a new water balance according to the culture of sugar
cane, here it is below:

The water balance shows us that all the inputs and outflows of water together lead to a reduction in
production of 10%. However, this figure is subjective because sugar cane is an annual plant. The main
irrigation method is drip irrigation and does not need to be improved. We will place a drip to drip
irrigation system during our hypothesis (parts 3 on the report).

• Ideotype
Many agronomically valuable features
were initially introduced into cultivated
species through the selection of good
clones and interspecific hybrids. Through
genetic introgression, wild relatives played
a significant role as donors of the most
desirable features. The production of highyielding noble cane has been aided by preselection procedures and intergeneric
hybridization.
Other
desirable
characteristics of grown sugarcane are
high fiber content, high fermentable sugar
content, and resistance to biotic and
abiotic stress.
Despite sugarcane's genetic complexity,
impediments to crossing within the genus,
extended breeding and selection cycles,
and other factors, tremendous progress
has been made in generating a wide range
of cultivars, hybrids, and mutants adapted
to various agroclimatic conditions.
Germplasm collection, preservation, and
application in the formation of an ideotype
with desirable features have all become Figure 2.11 In vitro mutagenesis and downstream screening strategies in sugarcane crop
research priorities. In vitro culture, improvement
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somaclone isolation, induced mutagenesis, and transgenesis have all contributed to the creation of
new genetic variability.
Years of extensive and rigorous cross-hybridization and selection for intergenic and interspecific
hybrids began the improvement of sugarcane agriculture, which finally resulted to a multi-fold rise in
world sugar production.
Sugarcane variants today are complex interspecific hybrids (ISH) created by crossing two or more
Saccharum species. Because of the presence of S. spontaneum characteristics, they exhibit great
production and adaptability. The most powerful wild sources for sugarcane breeding are Saccharum
spontaneum and Erianthus arundinaceus; S. spontaneum is a main source of high yield, adaptability,
and pest and disease tolerance. It also has a built-in ability to tolerate extremes of temperature,
salinity, drought, and waterlogging.
If sugarcane varieties are to be found for additional applications, such as ethanol production, breeding
and selection procedures should focus on clones with high total fermentable solids (TFS), or high Brix.
Clones with high fiber content are required if the goal is to choose kinds appropriate for cogeneration.
The process of creating a mutation is known as mutagenesis. In vitro mutagenesis is a viable and
alternative method for sugarcane crop development. This approach has been used to isolate several
agronomically beneficial mutant germplasms throughout the previous decade. Attempts have been
attempted to combine in vitro regeneration and induced mutagenesis to improve elite sugarcane
cultivars for various agronomic features, cane quality, and qualities of increased tolerance to biotic
and abiotic challenges in an effort to use technical and scientific knowledge.
The creation of innovative in vitro cultivation and regeneration technologies, as well as transgenic
plants with desirable features, are currently the focus of research. Transgenic research has progressed
from the lab to outdoor testing. Sugarcane biotechnology advancements could be significant in the
next years, both in terms of plant production and commercial profits. Furthermore, the particular
characteristics of sugarcane as a renewable resource for biofuel production might help existing
sugarcane breeding programs meet the difficulties and opportunities associated with energy cane
breeding.

c. Cultural and phytosanitary technical itineraries
Planting is undertaken between April and September due to the bimodal rainfall received in western
Kenya, maturity lasts between 14 and 18 months, while harvesting is conducted throughout the year
depending on rainfall, variety and crop cycle (for first planted crop) or ratoon (regrowth after each).

Figure 2.12 Growth season of sugarcane

• Soil preparation
Crossed subsoiling (30 to 50 cm deep)
Pseudo-cross tillage, preferable to ploughing to avoid the brutal turning of the soil.
Hersage: refining the soil, working depth 5 to 15 cm
Furrowing
Most recommended: Tilling the soil with a rotovator and then furrowing, or minimum tillage
(depending on soil conditions).
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• Propagation and planting
Sugarcane is usually grown vegetatively through mature stalk
cuttings, and true seed is only utilized for breeding new varieties.
Typically, each cutting or seed sett has two or three buds. The
cuttings are laid down horizontally and a thin coating of soil is
applied on top. In the field, the leaves and top ends of seed cane can
be removed, and the buds can then sprout on the standing cane
stalk. The cane is cut into setts and planted when the fresh shoots
reach a specified length. These pre-germinated setts are excellent
planting material, but they are delicate during handling and
Figure 2.14 Sugar cane stem cuttings
transportation and require a lot of labor to create.
Healthy and strong cane seedlings from nurseries are cut and planted in rows under a layer of 3, 5, or
up to 10 cm of soil, depending on the soil moisture level and taking into account soil quality,
permeability, and rainfall level in commercial cane agriculture. Because the shoots from the lower
portion of the cane develop less properly and more slowly, the sections should be taken from the
higher part of the cane. The canes are planted flat or in raised beds in a furrow up to 0.5 meters deep
(depending on the drainage quality of the soil). Cane requires a lot of water, yet it doesn't tolerate wet
soils, thus drainage is frequently given. To allow space for machinery, employees, and irrigation
channels, the furrows or rows are normally 1.5 to 2 meters apart. This strategy results in low
agricultural density, while higher densities can produce higher yields but complicate mechanization.

• Crop rotation and intercropping
In contrast to perennial sugarcane field production,
nursery fields must adhere to a stringent crop rotation
schedule to avoid infestation by soil-borne diseases and
pests such as nematodes, sugarcane smut (Ustilago
scitaminea), and sugarcane red rot (Glomerella
tucumanensis). In some circumstances, treating the
seedlings with hot water can solve the problem. A 20 to
30-minute hot water treatment at 52 degrees Celsius can
successfully handle sugarcane smut (Ustilago scitaminea),
black rot (Ceratocystis paradoxa), and worms. Only
nursery stock can afford to be treated with hot water. Even
when done correctly, heat treatment reduces germination
percentage, and the amount of reduction varies according Figure 2.15 Sugarcane field
on the variety being treated.
Heat-treated cane cannot be planted directly into commercial fields for two reasons: germination is
likely to be poor, and the treatment would be prohibitively expensive due to the large amount of cane
needed. As a result, heat-treated setts are planted in nurseries and harvested a year later to provide
planting material for commercial fields.
The seedlings are planted in rows in furrows that have been prepared ahead of time (furrow depth
about 40 cm). The typical space between rows in normal sugarcane farming is 150 cm (120 cm - 180
cm). Double rows have produced the finest results in organic sugarcane cultivation (40-50 cm gap
between 2 single rows and 110-180 cm distance to the next double row). On newly developing organic
plantations, it is vital to sow legumes between rows of sugarcane.
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Organic material should be used to fertilize each new plantation. The organic fertilizer must be well
degraded in order to prevent fires. It should be applied as close to the plants as possible so that all
nutrients produced are available to the plants' roots right away. The seeding of legumes takes place in
the wide central gap between the rows of new plants. Common bean or cowpea or other Vigna species
can be used on farms with enough labor for hand harvesting. In drier places, cowpea or other Vigna
species can be used. White clover, on the other hand, is a good nitrogen fixer and covers the soil well,
covering most weeds.
Beans are not only a source of nitrogen, but also a significant source of food, making them beneficial
to the plantation's economics. For the best nitrogen benefit, bean or legume foliage should be
absorbed into the soil surface. Seed setts are planted in a narrow planting furrow with adequate tillage
in a narrow planting furrow. A thin layer of dirt from the inter-row is applied to them. On flat land or
at the bottom of an irrigation/drainage furrow, these planting furrows can be dug. Planting can be
done on the top of the ridge between the furrows in wetter areas. Water for irrigation is frequently
applied before or shortly after planting. To plant 8 to 10 ha of cane, a nursery of one hectare is
required.

• Husbandry
With inefficient irrigation systems, the cane crops demand a lot of water, roughly 13,000 to 15,000
cubic meters per hectare per year. For example, the first irrigation is done the same day or the next
day after sowing, then a week later, then every three weeks until the cane matures and requires water
stress. Irrigation is usually done by gravity, with a
conduit pierced with holes pouring vast amounts
of water into each irrigation furrow. The water
then travels to the field's end, which for large
farms is often more than a kilometer away.
Drip irrigation techniques for the surface and
subsurface have also been developed. If wellmanaged, these systems can minimize water usage
by up to 90% while also allowing for the supply of
nutrients in the form of liquid or soluble fertilizers.
They do, however, necessitate a high level of
technological
expertise,
soil
moisture
management devices, equipment to ensure the
system's good performance (filters, regulators,
pumps, automated systems, and so on), and Figure 2.16 Irrigation of sugarcane
regular maintenance operations to assure the system's upkeep and extend its life. They also have the
disadvantage of concentrating the plant's root system at the drippers, underdeveloping the remainder
of the root system, and so rendering the plants particularly vulnerable in the event of irrigation system
failure, which necessitates a high level of regularity.
A subterranean drip irrigation system, as opposed to an overhead drip irrigation system, enables for
pre-harvest slash-and-burn, increased irrigation yields (10-40%), and automated operation of the cane
fields for harvesting, fertilizer, pesticide, and herbicide spraying, and weed management via weeding.
It requires fewer repairs when properly maintained and has a life lifetime of 5 to 10 years, which is the
maximum life span of a sugarcane plantation.
Controlling weeds is done by hand. Weeding is done at 3-4 week intervals with 3-4 weedings per
season when enough labor is available. Sugarcane produces a lot of plant material, thus the soil under
continuous ratoon crops needs a lot of fertilizer to keep yields up. Phosphorus in the form of rock
phosphate or single super phosphate (SSP) should be sprayed in large quantities at planting (40-50
bags/ha) and for each subsequent crop. In organic systems, nitrogen must be obtained either naturally
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through legume nitrogen fixation or in the form of compost/manure or slurry, which is also required
in heavy applications.
If necessary, irrigation water is delivered every 2-4 weeks to the cane rows in furrow irrigation and to
the cane on flat terrain or in small furrows in sprinkler irrigation. More water must be applied as the
cane grows longer, although the intervals between treatments do not necessarily need to be
decreased. The cane rows are earthed up 1-2 times by hand in most cane fields. Finally, the cane is
supported by ridges separated by furrows. On thick clay soils, this approach encourages root growth,
consolidates cane stools, and improves drainage. It can assist reduce erosion and early lodging of cane
on lighter textured soils (if the direction of the furrows is along the contours of the land)

•

Harvesting

The planted sugarcane crop in Kenya is ready for
harvest at 14 months (coast) to 22 months
(higher altitudes), and the ratoon crop at 12
months (coast) to 18 months (higher altitude).
Because the butt is the sugar-richest part of the
cane, cut it as close to the ground as possible. In
order for new shoots to form well from their
own roots, the stems must be cut down to
ground level in preparation for a ratoon crop.
The cane is manually chopped and loaded, hand
cut and grab-loaded, or loaded in bundles by
tractor chains. Because sucrose decomposes
rapidly inside the sugarcane, it must be treated
as soon as possible after harvesting.

Figure 2.17 Sugarcane harvesting

Controlled burn-off of sugarcane fields is practiced in several sugarcane growing regions. The foliage
of the sugarcanes is lit alight before the harvest. After the harvest, the sugarcane is frequently burnt
down again to make the field simpler to work. However, if the fire spreads out of control, there will
be an overabundance of cane ready for the factory, which must be delivered within 72 hours of
harvest. Burn-off supporters believe that :
• It improves sugarcane cutting efficiency by roughly 30% (work is mainly done by casual
laborers at piece rates)
• Non-burned sugar cane contains more foreign compounds, making sugar processing less
efficient.
• The mulch layer does not prevent you from cultivating the soil. Shoots are hampered by the
mulch layer, especially in damp conditions.
• The fire kills pests and illnesses
• Nutrients in the ash are easily accessible.
A « green harvest » of sugarcane, on the other hand, is when the cane is harvested without being
burned off, which is done in some sugarcane-growing locations. The burning-off procedure is
deliberately avoided in organic sugarcane production in favor of a "green harvest" for the following
reasons:
• Long-term sugar cane farming is based on the sugar cane biomass that remains after
harvesting.
• Mulch promotes nitrogen fixation.
• Mulch prevents unwelcome development.
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• When used in conjunction with the procedures indicated above, this approach aids in
improving the soil's humus content and structure.
• The burning-off procedure results in a significant loss of nutrients and energy due to the
escape of carbon and nitrogen component gases.

• Regrowth
On the foot of the cut cane that will yield shoots, a manure or compost amendment is customarily
made. A cane field is harvested for two to ten years before being replanted. To avoid production loss,
large and highly productive farms replant after two or three cuts. Despite the loss in production, family
or traditional farmers harvest the field for the entire 10 years and cuts of its life. Some well-managed
farms are able to harvest five, seven, or even ten harvests without experiencing significant production
loss, and in some cases, even an increase in yield during the first few cuts.

• Micronutrient
Nitrogen (N) requirements are moderate and concentrated during the period of vigorous intermediate
growth, with lower requirements for young plants or ripening canes. These requirements are usually
addressed by adding manure or compost to the soil before sowing and after cutting for future shoots.
A nitrogen deficit is characterized by bright green leaves that turn yellow and the early demise of older
leaves. Although sugar cane can store absorbed nitrogen, additions at the end of the crop cycle result
in an increase in moisture content and reduced sugars, lowering sugar output.
Sugarcane requires a lot of phosphorus (P), which is normally treated as manure before planting at a
rate that will last two harvests. Thin dark green leaves that turn blue, old leaves that turn yellow and
have dry tips, and underdeveloped roots are all signs of phosphorus deficit in sugarcane.
Sugarcane has high potassium (K) requirements, particularly during maturity and flowering, and crops
frequently require supplementary potassium to maintain good yields. Yellowing of the leaves around
the edges and tips indicates a potash deficit, which leads to rapid leaf browning. The stems are thin
and limp, and the number of leaves is reduced. Potash additions are normally given in small, regular
doses since they are quickly absorbed and leached by rainfall.
Calcium is found in sugarcane cell membranes and juice, but due to its difficulty of mobility, it tends to
accumulate more in older tissues. Young leaves turn yellow, while older leaves develop yellow patches
that turn brown, indicating calcium shortage. Calcium insufficiency is uncommon since it is abundant
in most soils; yet, its ionic form interacts with organic matter and is quickly washed away by rain.
Magnesium shortage is indicated by a light green tint and yellowing on young leaves, as well as yellow
dots that develop orange-brown on older leaves. Magnesium deficiency is uncommon and is
dependent on the kind of soil.
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• Fertilization
Crop requirements (units or kg/ha) :
N —> 120
P—> 80

K—> 160

PERIOD OF APPLICATION AND LOCATION

QUANTITIES (kg/ha)

BOTTOM AND TOP DRESSING MANURE
• During soil preparation, before covering, at the bottom of the furrow
• If splitting is possible: 2nd application 21 days after planting
MAINTENANCE FERTILIZATION

800 kg to 1 t/ha according to
formula

• Every year in the row on the shoots.
• If possible, split the application in 2 times
Figure 2.18 Fertilization of sugarcane

d. Sensitivity to crop stress
• Pests
- African armyworm (Spodoptera exempta) The African armyworm is capable of wreaking havoc on crops.
Armyworms can injure the taproot indirectly by cutting stems
and/or eating foliage above ground.
What to do to avoid them :
Field edges, low regions where plants have lodged, behind plant
waste at the base of plants, on the ground, and beneath the plant
leaves should all be checked on a regular basis. If the pest is known
to thrive under certain conditions, inspect young crops on a daily
basis.
Neem and pyrethrum extracts, for example, can be sprayed. When
the caterpillars are little, spray them. When caterpillars reach
maturity (approximately 3 to 3.5 cm long), they may have caused
significant damage, and treating the crop may no longer be costeffective.

Figure 2.19 Spodoptera exempta

- Stemborers Stemborers are the most common sugarcane pests. Sugarcane is attacked by several types of
stemborers. The African stemborer is the most important.
The adult moth has a 30 to 40 mm wingspan. It has whitish hind wings with a short fringe and elongated
pale brown forewings with two little spots in the center. Because adult moths are drawn to light and
assemble on the cane canopy at night, populations can be sampled using light traps. Female moths lay
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batches of yellow, oval eggs in the creases of fallen leaves
or below the leaf sheath. Before hatching, the eggs turn
pink. Windowing occurs when young caterpillars feed on the
leaves, chewing away at the upper layers of the tissue. They
eventually enter the stalks. Caterpillars burrow into single
internodes most of the time. Caterpillars push their waste
outside when burrowing in the stem.
Prior to pupation, caterpillars often leave a large amount of
frass hanging from their departure hole. Caterpillars range
in color from light brown to dark grey, with brown markings
that are quite minute. Pupation occurs in plants, either in
the stem or on the leaf sheath. The moth leaves a big
emergence hole in the stalk when it emerges. Plants that
have been attacked are stunted, and in severe cases, they
may dry up and die. When extremely young plants are
harmed, they develop a "dead heart," which is followed by
the plant's tillering.
Internodes are drilled in older plants or ratoon cane. Crop
losses are difficult to calculate since they fluctuate
depending on the age of the cane. Borers may be present in
large numbers in unstressed, developing cane without
causing substantial crop loss, but if infested, stressed cane
is let to stand from one season to the next, the loss may be Figure 2.20 : Stemborer
total. Maize and sorghum are also attacked by this stemborer.
What to do to avoid them :
The most effective control techniques for the African sugarcane borer
are crop management changes. Check the planting material for signs of
stalk perforation, which indicates the presence of caterpillars and/or
pupae, for this purpose.
It's also important to avoid putting stress on the plants, such as dryness,
because stressed crops are more vulnerable to stem borer attack. Borer
numbers increase as the cane ages, especially after around nine
months, therefore cut the oldest cane as soon as possible after 12
months.
Figure 2.21 Stemborer
Fertilization is critical; nitrogen fertilizers, in particular, have been proven to impact stem borer assault.
In South Africa, where the African sugarcane borer is an issue, nitrogen fertilizer rates should be
reduced from 50 to 30 kg per hectare. However, while selecting whether or not to restrict N supply,
the yield outcome should be addressed; while N fertilization promotes borer development, it also
enhances plant tolerance to borer assault, and the yield outcome may be favorable.
For stem borer management, it has been suggested that waste be removed. Control of the spotted
cane borer was recommended by removing debris from sugarcane crops throughout the 5th, 7th, and
9th months of growth. The number of African sugarcane borers is reduced by 30 percent or more when
ripe sugarcane is pre-milled.
Although it is occasionally stated that burning of afflicted fields at harvest or burning of leftover cane
is more likely to kill pests than crushing, there is concern that it may cause more harm than good by
destroying natural enemies.
African sugarcane borer caterpillars, such as Cotesia sesamiae, are attacked by parasitic wasps and
carnivores.
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- Sugarcane scale (Aulacaspis tegalensis) Females have pear-shaped scales, whereas males have elongated scales (males). Figure 2.22 Aulacaspis tegalensis
The scale primarily attacks stalks and leaf sheaths, but due to crowding on the
stalks, it can also be seen on leaves. Scales cover the cane stalks almost totally in
cases of severe infection. The female's body is 1.8 mm length and 0.9 mm wide
while she is pregnant. The female shrinks and loses her pink coloration after egglaying. Under the female's scale, eggs are placed. When the crawlers (young
immature mobile stage) hatch, they go on the hunt for a food location. They suck
plant sap with their needle-like mouthparts and then stop moving. They grow a
thick, waxy scale layer as a result. Crawlers can be dispersed across long
distances by wind, vegetation movement, field workers, and transportation. This
scale is a significant sugarcane pest that reduces output (both in terms of canes
and sugar content) and necessitates considerable replanting.
What to do to avoid them :
The development of the mealy bug population can be slowed by using clean planting material. Scale
insects can be killed by washing or treating with hot water.
Plant sanitation should also be practiced by trimming infested plants. In many circumstances, pruning
equipment or infested cuttings that are not properly disposed of might transfer the caterpillar stage
(spread stage) from one plant to another. Cleaning pruning equipment and destroying contaminated
cuttings is a wise practice before going on to fresh plants. Sugarcane plants that have been badly
infested should be uprooted and burned.
Parasitic wasps commonly attack mealybugs; afflicted plants should be rotated to allow these wasps
to thrive and develop. Spraying white oils (foliage and stems) on immature scale insects is beneficial.
Mineral oils, on the other hand, can be phytotoxic, so exercise caution.
- Rats (Rattus spp.) Every 5-6 years, the rat population explodes, primarily targeting
food crops and sugarcane.
What to do to avoid them :
Mongoose, snakes, owls, and other birds are excellent
predators of rats and should not be killed.
To keep rodents from digging tunnels directly into their fields,
some farmers dig a deep ditch around the edge of their fields.
A mixture of cow dung and pepper is produced in Western
Kenya, then placed in the burrows and burned to drive the Figure 2.23 Rat
rodents out.
- Termites (Amitermes spp. , Ancistrotermes spp. , Odontotermes spp. , Pseudacanthotermes spp. ,
Macrotermes spp) Termites can cause damage to seedlings, as well as the roots and stems of
existing plants. Yield losses can be significant. Losses of 5-10% are
common in Central Africa, for example. Plant germination failure of up to
28% has been documented in Nigeria. The destruction of the planting
material is the most common type of damage to sugar cane (setts).
What to do to avoid them :
The number of pests in the crop can be reduced by using deep tillage or
cultivation to expose termites to desiccation and predators. Termite
tunnels are destroyed and foraging activities are limited when soil is tilled
Figure 2.24 Thermites
before planting.
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Dig out the mounds and kill the queen to accomplish this.
Mounds can be demolished as well. To suffocate and exterminate the colony, they might be drowned
or burned with straw. Natural adversaries such as ants should be preserved since they are key termite
predators. Place protein baits in the field near the plants to attract ants to the field. leftovers from
earlier grain plantings should be removed (sorghum, millet and corn). Termites feed on plant residues
left in the field, which can then infest the new crop.
- Pink sugarcane mealbug (Saccharicoccus sacchari) Pinkish in color, the adult female is elongated, oval to spherical in shape, and measures around 7 mm
in length. This mealybug lives in colonies beneath the sheath on the stem, although it can also be found
on the stem just below ground level, on the root crowns, on the stem buds, and beneath the leaves.
Mealybug infestation causes the leaves to turn crimson at the base. In severe infestations, sooty
moulds commonly form, and ants feed on the honey dew shed by mealybugs. This mealybug is
frequently found in huge numbers and excretes a significant amount of honeydew. When mealybugs
are present in large numbers, the insect draining the plant sap can cause stunting and yellowing, thin
canes, mortality of new shoots, and decreased growth, however direct damage rarely causes yield loss
in sugarcane. Honeydew secreted by mealybugs and gums released from wounded sections inflict the
most damage, since they interfere with the synthesis of raw sugar juice, resulting in filtration and
clarifying issues, lower syrup quality, and diminished crystallisation. Severe attacks reduce the plants'
overall vigor, making them more prone to illness.
What to do to avoid them :
The best strategy to control this pest is to utilize cultural methods such as the elimination of crop waste
and litter, clean cultivation, and the use of non-infested planting material.

• Diseases
- Sugarcane mosaic potyvirus (SCMV) It infects the sugarcane plant systemically, infecting the entire plant, including the
roots. On the leaves and occasionally the stems, the symptoms (mosaic and/or
necrosis) can be seen. The entire plant can be stunted at times. Contrasting colors
of green over a background of milder green to yellow chlorotic patches are the
characteristic signs. It is spread by aphids as well as infected plant debris.
What to do to avoid them :
Efforts to remove SCMV by rouging diseased plants have had mixed results. If the
level of infection is less than 5%, rouging by digging out may be effective in
Figure 2.25 Sugarcane mosaic potyvirus
maintaining mosaic-free seed plots of cane.
Sugarcane mosaic virus vectors ants and aphids have a strong association. Aphids can be carried by
ants from one sugarcane plant to the next, as well as from grass to cane and cane to grass. Ants are
likely to limit natural aphid predators and parasitoids, which would have provided greater control.
Because aphids that transmit the sugarcane mosaic virus can be found both outside and inside the
sugarcane crop, it's important to keep the vector species in the area under control. Corn and sorghum
crops are hosts to the vectors and should not be grown near infected sugarcane crops.
An effective solution is to modify planting and harvesting times so that they do not coincide with high
vector aphid populations.
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- Sugarcane common rust (Puccinia melanocephala) Elongate golden leaf patches, 1-4 mm long, are the first signs of
sugarcane common rust. The spots on sensitive plants grow in size
and turn a reddish-brown color. On the leaves, typical rust pustules
appear. The elongate pustules are 2-20 mm by 1-4 mm and are
parallel to the leaf venation. From a distance, many pustules on
leaves give plants a reddish color.
What to do to avoid them : Sugarcane rust is controlled by planting
resistant cultivars. Rust management with fungicides is neither Figure 2.26 Sugarcane common rust
practical nor cost-effective.
- Red rot of sugarcane (Glomerella tucumanensis / Colletotrichum falcatum) Any component of the sugarcane plant might be infected by the fungus. It's most damaging as a rot of
standing cane stalks, seed cuttings, and/or stubble pieces left in the ground after the cane has been
harvested. It causes lengthy lesions on the midribs of the leaves. The lesions on the midribs of the
leaves are black or red. They might be brief and sporadic or lengthy and continuous, extending the
entire length of the leaf. With time, the centers turn straw-colored and are eventually covered in a
black powdery mass of fungus spores. The leaf lesions, on the other hand, do not harm the plant but
are vital in the disease's life cycle since they are sources of the spores that infect the stalk.
Plants that are affected become yellow, shrivel, and lose their upper leaves. The generally white or
creamy-white internal tissues of the stalk or seed cutting become crimson when split, and the
reddened portion is cross-barred with white or light patches. Any type of wound causes the stalk
tissues close to the wound to redden, but when the stalk is sick, the characteristic red discoloration
extends beyond the location of the wound. The interior of the stalk darkens and the tissues shrink in
advanced stages of rotting, leaving a hollow that may be filled with fungus mycelium (growth). Wind
and rain are the main carriers of the disease. It's also spread by planting contaminated seed cuttings,
and sugarcane borers and sugarcane weevils make it worse.
What to do to avoid them :
Planting disease-free cuttings, resistant cultivars, and reducing the risk of borer harm are all part of
disease control.
A 20-30 minutes hot water treatment at 52°C for the seedlings can be useful.

Figure 2.27 Red rot of sugarcane
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- Pineapple disease (Ceratocystis paradoxa) The disease is named after the rotting cuttings' characteristic odor,
which is similar to that of decaying pineapples. Seed pieces that have
been impacted develop a sooty black interior. The vascular bundles
(tissues that conduct fluids in the plant) eventually turn into fibrous
strands in a hollow blackened core.
Pineapple disease is most harmful when cane is grown in dry soil, as
opposed to red rot (which is favored by high soil moisture). The red
rot fungus is not soil-borne and infects plants before they are planted,
unlike the pineapple disease fungus dwells in the soil.
Figure 2.28 Pineapple disease

What to do to avoid them :
Best management options include planting resistant varieties and rotation.
- Sugarcane smut (Ustilago scitaminea) A long whip-like shoot covered in black spores encased in a silver-colored
membrane is the prominent sign of smut. It takes the place of the inflorescence
at the top of the stem. Stunting and the formation of narrow horizontal leaves
are two more indications. Infected cuttings and spores produced from the whiplike shoot spread Smut. Infection occurs by seed fragments and axillary buds on
the growing plant.
What to do to avoid them :
Planting resistant cultivars and treating planting setts with hot water are two
management strategies (500C for 2 hours or 52°C for 20 minutes).
Figure 2.29 Sugarcane smut
- Ratoon stunting disease (Clavibacter xyli) This disease has obvious indications, such as a reduction in plant vigour and a fall in yields, both of
which may be seen in ratoon crops. Occasionally, red spots can be noticed in vascular tissues,
particularly in the nodes. It spreads through infected planting material as
well as mechanical processes.

What to do to avoid them :
Its management entails the planting of resistant types as well as the
treatment of planting material with hot water (50°C for 2 hours or 52°C
for 20 minutes). Because of its poor germination, heat-treated cane
Figure 2.30 Ratoon stunting disease
cannot be planted directly into commercial fields.
Second, in a commercial setting, cane treatment would be prohibitively expensive for direct planting.
As a result, heat-treated setts are planted in nurseries and harvested a year later to provide planting
material for commercial fields.
- Gummosis (Xanthomonas campestris pv. vasculorum) It is a vascular disease first and foremost. The slimy gum that oozes from the cut ends of diseased stalks
gave it its name. On the leaves near the tips, yellowish streaks, generally speckled with red or brownish
dots, appear. These dots frequently spread into a V-shape as they approach the leaf tip. When the
terminal bud is injured, the lateral buds may shoot, resulting in top rotting. Infected seed cuttings,
knife cuts, and other physical contact are all ways for the illness to spread.
What to do to avoid them :
Management measures consist of use of disease-free planting material, resistant varieties and
sterilization of cutting tools.
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- Leaf scald (Xanthomonas albilineans) It's a vascular condition, but unlike gummosis, there's no gum pouring from the severed ends. Leaf
streaks caused by leaf scald are also distinct: they start as sharply defined, narrow white pencil stripes
that can stretch the full length of the leaf.
The stripes tend to broaden and become more dispersed as the leaves age. A leaf may have only one
or numerous streaks. Instead of distinct streaks, the entire shoot can become chlorotic and virtually
white. Plants that have been affected become stunted, and in the advanced stages of the illness, some
shoots or the entire stool may wilt and die.
What to do to avoid them :
Leaf scald disease management is similar to gummosis disease management. Also heat treatment of
planting for 3 hours at 50°C provides effective control.

Figure 2.31 Leaf scald

• Yield
Yield is a unit of measurement that measures production against a standard. The overall area harvested
in 2020 was 89,803 hectares, up from 71,935 hectares in January-December 2019, a 26 percent
increase. Due to better availability of mature cane for harvest, most private mills were operating near
to their maximum capacity, Munya explained.
According to him, the sugar sector recorded average cane yields of 61.64 tons per hectare in 2020, up
from 51.26 tons per hectare in 2019, a 20% rise.
There are a variety of strategies for increasing performance that have been demonstrated to work in
the past. From an agronomic standpoint, the grower has a lot of options for increasing sugarcane
productivity. Crop nutrition is a key component in achieving this. Nutrients that increase sugarcane
output also improve the sugar content and quality of the harvested crop in a substantial majority of
cases.
Most required nutrients have specific roles to play in improving yield. High yields necessitate the use
of nitrogen. It promotes crop development and growth, resulting in vigorous tillering. Phosphorus is
particularly critical for root formation, early shoot growth, and tillering, as well as boosting internode
length and enhancing early productivity. Like nitrogen, potassium promotes robust cane development,
lengthy internode growth, broader cane girths, and higher yield. Along with the supplies of N, there
must be a balance. Magnesium, sulfur, and iron boost photosynthetic activity, allowing for healthy
development and excellent yields. Calcium maintains plant strength by protecting root, leaf, and stalk
production, allowing early crop architecture and yield to be maintained. Any micronutrient that isn't
available will stifle growth and, as a result, yield. Boron and zinc, on the other hand, are rapidly being

47

recognized as important micronutrients in the cane crop, as they aid in strong roots and early shoot
growth. Sugarcane yield is influenced by a variety of other factors and crop management strategies.
Sugarcane yields are highest on fertile soils with plenty of water, especially during the tillering and
grand growth stages of development. Good tillering and harvest management (less soil compaction
and stool damage) help to retain the soil in good condition for a more fruitful ratoon crop. Maintaining
an ideal soil pH ensures that nutrients are easily available and that growth is maximized. Sugarcane
output is influenced by nutrient consumption and recycling, hence mechanical harvest is important.
Fertilizer nitrogen efficiency is heavily impacted on green cane production, and other nutrients, such
as K, are recycled and returned to the soil/plant system.
Necrosis and chlorosis of older sugarcane leaves can indicate potassium deficit. Dark streaks on the
midrib are another sign of potassium shortage. Planting in acidic soils, in places with high rainfall, in
soils with poor potassium reserves, dryness, excessive irrigation, or growing in magnesium-rich soils
can exacerbate potassium deficit.
Phosphorus deficiency symptoms differ from one sugarcane plant to the next. For example,
discoloration on the stem can occur, while discoloration on the ends of older leaves can occur in some
plants.
The purple discoloration on the stem is caused by a weaker root system, which can be caused by a
variety of causes, including poor soil structure, infections, and salt.
Phosphorus insufficiency can be caused by a variety of factors, including:
•
•
•
•
•

Planting in low-Phosphorus-Reserve Soils
Planting in soils high in iron
Phosphate-rich soils are ideal for growing.
Conditions are wet and cold.
Soil with less organic matter

Phosphorus is important because it boosts sugar yield, tillers, root mass, canopy closure rate, and stalk
development.
Looking at the sugarcane leaves is the easiest way to tell. You'll need to add nitrogen if the leaves shift
from light green to yellow.
Also, if the plants are not growing as they should (have stunted development), you might consider
adding more nitrogen to the soil.
High or low pH soils, drought, excessive irrigation, little organic matter in the soil, and producing
sugarcane on land with high quantities of non-decomposed organic matter are the most common
causes of nitrogen deficit.
Examine the leaf tips for signs of boron insufficiency. If you notice necrotic leaf tips on your sugarcane
plantation, you should fertilize it with boron-based fertilizer.
•
•
•
•
•

Alkaline soil exacerbates boron shortage
Sugarcane cultivation in sandy soil
Planting on land with high nitrogen levels
Drought
The weather is cold and rainy

Despite its benefits, most farmers prefer to overlook the importance of boron. One of the most
important benefits of boron is that it promotes cell integrity and aids in the development of young
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shoots and roots. It's also worth noting that boron aids the sugarcane plant's ability to successfully
utilize calcium, potassium, and nitrogen.

• Cost of implantation
Sugar cane takes 18 to 24 months to grow in western Kenya. Some early maturing cane cultivars, on
the other hand, mature in as little as 14 months. Sugar production prices, on the other hand, have
risen from around US$ 676 per ton in 2014 to US$ 1007 per ton in 2018.
Per season, the area is 174 900 per acre. This means that farmers might earn 174 900 Kenyan Shillings
(KES) per acre of sugarcane field over the course of a 14-18-month season.

• A good nutritional value
Sugarcane is a tropical grass grown all over the world for the production of
refined sugar, sugarcane juice, and therapeutic remedies for a variety of
ailments. Sugarcane is used to make a variety of sugar products, including:
• White sugar that has been refined
• Brown sugar is a type of sugar that is used
• Molasses
• Jaggery
Sugarcane juice, aside from the plant stalks itself, is one of the purest forms
of sugarcane, retaining the largest quantity of the plant's inherent vitamins
and minerals.
Sugarcane has very little fat, protein, or cholesterol, but it is high in minerals
including iron, magnesium, calcium, potassium, salt, zinc, thiamine, and
riboflavin. Sugarcane juice is a natural cure for a variety of health ailments
and is an instant energy booster due to its high sucrose content.
Sugarcane juice has a lot of skin benefits that aren't widely known. Glycolic
acid and other alpha hydroxy acids are found in sugarcane juice. These acids
are crucial in skin care because they help exfoliate and moisturize the skin.
Sugarcane juice can also help with blemishes, dark spots, and acne. Figure 2.32 Nutritional value of sugarcane
Sugarcane juice mixed with honey is applied to the face to soften and supple
the skin.
Protecting the liver from injury is one of the most essential sugarcane juice advantages for the liver.
Sugarcane juice is frequently prescribed for persons suffering from jaundice in India since it helps to
maintain normal bilirubin levels. It possesses hepatoprotective qualities as well as anti-inflammatory
and hypoglycemic characteristics.
Its low glycaemic index and natural sugars are beneficial to diabetics. In diabetic patients, this prevents
a sharp rise in blood sugar levels. Diabetic people, on the other hand, should take sugarcane juice in
moderation. It's also a good idea to talk to your doctor before including the juice into your usual diet.
Sugarcane juice has the extra benefit of providing energy without adding calories to your diet. The
soluble fibre in the juice helps you lose weight by binding to fat and preventing it from being stored in
your body. Fibre also helps to give you a feeling of fullness, which keeps you from nibbling or
overeating. Sugarcane juice's alkaline nature assists fat burning and keeps acidity levels from rising.
The juice is also believed to help the body eliminate harmful cholesterol.
Sugarcane juice is a diuretic, which means it helps the body get rid of excess fluids and salts by acting
on the kidneys. Sugarcane juice preserves the kidneys in good working order and allows for quick and
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clean urine flow. The juice also helps to avoid kidney stones and reduces the burning sensation
associated with urinary tract infections. Sugarcane juice contains potassium, which helps to keep the
body's pH balanced and encourages the release of digestive juices. Sugarcane juice contains laxative
effects (due to the fiber), which helps to improve bowel motions and prevent constipation. The juice's
alkaline characteristics also help to reduce acidity. Sugarcane juice has a number of advantages,
including avoiding stomach infections and alleviating cramps, gas, and bloating.
Vitamin C (one of the most powerful immunity boosters) and antioxidants help fight a variety of
diseases, including those of the stomach, respiratory tract, and liver. It also protects against common
diseases like the common cold and fever. As a result, sugarcane juice aids in the development of a
strong immune system. Studies have claimed that drinking sugarcane juice lowers the risks of
developing certain types of cancers, particularly breast and prostate cancer.

e. A little bit of processing
• Sugarcane processing in Muhorini, Kisumu County
It is important to make a small point on the processing of sugar cane because it is a major part of the
industry of the latter in fact very little sugar cane is sold directly sold to the green consumer and it
needs to be transformed and refined.
The sugar cane cannot be stored for a long time in green, so it is necessary to start processing it into
sugar cane quickly. That's why refineries and processing plants had to be grouped near where the sugar
cane was produced. The factories were distributed as follows: Chemelil, Muhoroni and Kibos. One in
each town relatively close to the Kano plains, there are plans for a fourth factory. These factories were
built by the state to support the sugar production of this area and most of the factories are still owned
by the state.
- Muhorini Sugar Enterprise Limited Muhoroni Sugar Enterprise Limited is a sugar manufacturing company that cultivates, processes, and
markets sugarcane. The company was founded in 1964 and began operations in 1966, with a capacity
of 800 tons of cane per day (TCD). In 1978, the crushing capacity was increased to 1,800 TCD, then in
1990, it was increased to 2,200 TCD. The corporation is owned by the Kenyan government (82.78 per
cent), UKETA Ltd. (16.86 percent), and private shareholders (0.36 percent). Despite the hurdles given
by the sugar industry's deregulation and aged gear, the company has achieved exceptional develop
ment since its start. As a result of these difficulties, the company was placed in preventative receiver
ship in 2001.
The receivership has enabled the corporation to turn its fortunes around. The company has a set up
Cane crushing capacity of 2,200 tons per day by obtaining and implementing the ISO 9001:2008 quali
ty management system, the company has strived to strengthen its management system and maintain
its continuity. The sugar cane processing company works with about 16,000 farmers who supply mor
e than 90% of the sugar cane. The company manufactures brown sugar, which is available in more th
an 70% of the country and in the majority of sales outlets in both the capital and the country.

Figure 2.33 Muhorini sugarcane proccesing
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The Muhorini factory is not the
biggest but still represents a good
surface. On the satellite picture you
can see the storage area (circled in
green) from where the sugar cane is
sent to the mill. If you look around you
can also see some cultivated plots (in
yellow) and you can also see the
proximity to some houses. The latter
is also located next to a water point
which seems to be a reserve (in blue).

- The processing of sugar cane -

Figure 2.34 Location of the compagny

Sugar cane can be
transformed into several
products, such as sugar
cane juice, raw sugar,
refined sugar, molasses,
anhydrous ethanol and
many others. We will
focus here on the
transformation into raw
sugar because it is the final
product of the sugar
industry in Muhorini.
Just there, you have the
diagram of transformation
of the sugar cane :

Figure 2.35 Diagram of sugarcane proccesing
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The goal of the method is to isolate the sucrose by gradually removing the plant's other components.
To take the sugar from the plant cells, it must be separated from the contaminants and the water in
which the sugar is dissolved must be removed.
The sugar has been extracted, refined, concentrated, and crystallized without any alteration or
chemical transformation at the end of these operations (as shown in the diagram). Sugar plants must
be treated promptly in order to retain all of their sugar richness.
Kenya was until recently a country with little environmental regulation, and the impact of sugar
processing can be catastrophic. Indeed, once a year, for the cleaning of sugar cane factories, the
effluents are discharged into the waterways. Rich in organic matter, their decomposition decreases
the level of oxygen present in the aqueous environment, and affects aquatic species and their natural
habitat, we speak of eutrophication. In addition, these effluents contain other waste such as oil, grease
and cleaning products.

• What’s happen in France ?
France is the leading producer of white sugar in the European Union. It is also the world's second
largest producer of beet sugar. As a major player in European and world sugar production, France has
produced 3.4 million tons of sugar in the 21 sugar factories located in mainland France (beet sugar)
and 217,624 tons of sugar in the 5 sugar factories in the French overseas departments (cane sugar) for
the 2019-2020 campaign. With beet and sugar yields among the best in the world.
The production of cane sugar is done in the overseas departments which sometimes have a climate
similar to that of Kenya. Moreover, cane sugar does not represent the largest quantity of sugar
produced. As a comparison we will focus on sugar cane which represents a good alternative.
Beet sugar (white flesh) is naturally white. It represents almost all the white sugar sold in France.
Because of the colored pigments in sugar cane, cane sugar, commonly called brown sugar, is naturally
brown. However, the sugar (sucrose) stored in the root of the beet and the stem of the sugar cane is
the same as that found in white sugar (beet) and brown sugar (cane).
Brown sugar has a slightly lower caloric content than white sugar (389 kcal/100g for brown sugar
versus 399 kcal/100g for white sugar). It also contains more minerals (1.23% versus 0.02%).
Each year, an average person consumes about 25 kilograms of sugar, which is equivalent to over 260
food calories per day. Most plants produce sugars in their tissues. However, they are found in high
concentrations in sugar cane and sugar beets. Sugar obtained from sugar cane is called cane sugar,
while sugar derived from sugar beets is called beet sugar. The basic distinction between beet sugar
and cane sugar is the following. Sugar cane is a member of the genus Saccharum that has been
cultivated in tropical regions. In colder climates, sugar beet (Beta vulgaris) is grown as a root crop and
became the cornerstone of sugar production in the 19th century.
Sugar beet accounts for 20% of the world's sugar production.
The fleshy, white taproot of sugar beet has a flat cap. It is grown entirely in the temperate zone, unlike
sugar cane. Sugar beets weigh about 1 kg on average. The foliage of the sugar beet is bright green and
reaches a height of about 35 cm.
The sugar processing for sugar beet is almost the same as for cane sugar with the only difference being
that there is no need to refine it! Sugar is naturally refined.
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Sugar (including vergeoise) and beet syrup are produced from sugar beet, and alcohol and fuel ethanol
are also produced from it. Molasses, which still contains 50% sugar and is used for animal feed, is one
of its by-products. The residue of sugar extraction, beet pulp, is commonly dried for the same reason.
The root has a methanogenic capacity of 250 m3 of biogas per ton of raw material; the tops and leaves
are used as animal feed or returned to the soil; the root has a methanogenic capacity of 250 m3 of
biogas per ton of raw material.

Figure 2.36 Sugar beet

Figure 2.37 Sugar beet proccesing
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2) Way of improvement and conclusion
In this section, we will look at how to improve sugarcane cultivation in Kenya and more specifically in
the Kano plains of Kisumu County. For each point discussed, whether it is soil, water or other
management, we will try to place an example close to the process of climate smart agriculture.
Furthermore we will try to make our speech and explanation more visual by creating a fictitious farm
which will be the theatre of our improvement proposals.

a. Mains problems about territory / sugarcane cropping
• Mains issues of this crop on his territory
In a context where small farms (less than 1 hectare) produce 70% of the country's agricultural
resources, the slightest problem can have serious consequences for the population.
In order to show the problems that intersect between sugar cane cultivation and the territory of the
Kano plains, we have created a table that groups the different problems that have been put forward
the dossier. You can find it just below :

Problem’s list of the culture and territory
Where does this come from?

Impacts

Start of solutions

Territory : Poor soil and
water management

- Soil erosion (water and wind)
- Poor drainage
- Loss of organic matter and fertility
- Rainy season spaced in time
- Water pollution
- Release of carbon into the air
(pollution)
- Loss of biodiversity
- Flooding

- Installation of a drainage system
- Insertion of a better water and soil
management with a practical aspect
- Installation of agroecological
infrastructure
- Change of some cultivation
practices

The cultivation of sugar
cane

- Pollution with cultivation on burnt
land
- Does not harvest the first year
- Promotes monoculture and soil
erosion
- Climate dependencies
- A huge need for water only at
certain times
- Perennial crop but still a lot of pest
and sensitivity
- Perennial crop but still a lot of pest
and sensitivity
- Need to be close to a processing
company

- Change of some cultivation
practices
- Insertion of crop assistants
- Insertion of agroecological process
(bio control agricultural practice)
- Better soil cover
- Planting a diversity of species &
reasoned crop cycle
- Drainage system and better water
and soil management
- Association of the crop with a
livestock
- Ensured an income to the farmer by
eliminating some intermediaries

Despite these problems and the lack of awareness of some producers, sugar cane remains an asset for
this population. In fact, the demand for sugar cane has increased by more than 60% over the last 5
years and it is a quite resilient and tolerant crop. Moreover, it is easy to reinstall several years in a row
without additional costs.
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• An genomic improvement ?
In this part we will see the various ways of improvement at the level of the genetics of the plant.
The creation of segregating offspring populations, produced by crossing two or more contrasting
individuals, is followed by ongoing selection and replication of superior clones for successful sugarcane
breeding. Attempts have been made to combine in vitro regeneration and induced mutagenesis to
improve elite sugarcane cultivars for various agronomic traits, cane quality, and attributes of enhanced
tolerance to biotic and abiotic stresses sinense and S. barberi have been used for sugar production in
China and India, respectively, in order to utilize technical and scientific knowledge. These are clones
that are well adapted to subtropical environments and have a high resistance for harsh temperatures,
drought, and waterlogging, ensuring their use in these locations until recently. Several studies have
demonstrated that wild relatives are key stores of genes for resistance to a variety of biotic and abiotic
stresses that have accumulated over time through evolution and natural selection. Several important
genes for disease or pest resistance have been discovered in sugarcane wild relatives and can be
introduced into cultivated varieties using traditional plant breeding techniques. Sugarcane is a plant in
its own right, despite its complex polyploid genetics.
The utilization of wild species such as Saccharum spontaneum in selection has been a big breakthrough
in sugarcane breeding. Sugarcane variants today are complex interspecific hybrids (ISH) created by
crossing two or more Saccharum species. Because of the presence of S. spontaneum characteristics,
they exhibit great production and adaptability. The most powerful wild sources for sugarcane breeding
are Saccharum spontaneum and Erianthus arundinaceus; S. spontaneum is a main source of high yield,
adaptability, and pest and disease tolerance. It also has a built-in ability to tolerate extremes of
temperature, salinity, drought, and waterlogging. Hybrids have showed promise as commercial types
with improved abiotic stress tolerance. Erianthus spp. are sugarcane-related wild perennial grasses
(Poaceae). Because of their huge and deep root system, they produce a lot of biomass and are resistant
to drought and infertile soils. Furthermore, ratoon germination after harvest is superior, and multiple
ratoon culture is conceivable. As a result, Erianthus spp. are key breeding material for improving and
developing new forms of sugarcane that can increase food and energy production under adverse
environmental conditions.
To satisfy the needs of farmers and sugar mills, varieties that have evolved to be ideal for sugar
production have high cane yield potential with high sugar content, as well as strong disease and pest
resistance. If sugarcane cultivars for additional purposes, like as ethanol production, are to be found,
breeding and selection tactics must be oriented toward clones. It is vital to select cultivars capable of
producing high biomass with high fiber and total sugar content in order to facilitate cogeneration and
ethanol production. These types must also be able to adapt to a variety of conditions. Saccharum
spontaneum and the allied Erianthus arundinaceus have high fiber content and low sucrose content;
E. arundinaceus can generate a big quantity of biomass in a short length of time, has multi-ratification
capability, and is pest and disease resistant.
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Fiber content is high in clones of S. spontaneum, S. robustum, and Erianthus spp. S. spontaneum clones
have about 25-30% fiber, whereas cultivars bred for sugar production have about 12-14 percent fiber.
Fiber content ranges from 20 to 25 percent in interspecific hybrids involving S. spontaneum and
cultivated cultivars.
In the 1960s, biotechnology was first applied to sugarcane improvement with the development and
refinement of in vitro culture and regeneration techniques. Following that, advancements in molecular
marker technology, structural and functional genomics, and genetic engineering for the introduction
of novel traits were made. In sugarcane biotechnology, significant progress has been made in crop
breeding and improvement, primarily in the areas of in vitro cultivation and regeneration,
transgenesis, molecular diagnostics, genetic mapping, and understanding the molecular basis of
sucrose accumulation.
Induced mutagenesis has been important in introducing desirable genetic variability that would
otherwise be difficult to attain using other methods. Induced mutagenesis addresses the limitations of
traditional breeding, such as a limited gene pool, vigor loss, poor fertility, genomic complexity, and a
long breeding/selection cycle, all of which restrict further progress. To date, approximately 3200
recognized mutant varieties of various crops have been released for cultivation around the world.
Despite the fact that induced mutagenesis has only resulted in the development of 13 mutant types in
sugarcane, this illustrates the effectiveness of the technique and the necessity for continued attempts
to improve sugarcane. For crop enhancement, in vitro cell culture, tissue culture, and regeneration
techniques are frequently used. They've proved useful for acquiring disease-free planting material,
collecting and storing germplasm, and so on, in addition to their ability for rapid clonal multiplication.
In vitro mutagenesis is a viable and alternative method for sugarcane crop development. On vegetative
cuttings and seeds, gamma-induced mutagenesis produced some mutant types (see table).

Figure 3.1 produced mutant types table
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b. Better performance with agroecology ?
• The invention of a new farm near Muhoroni Sugar Enterprise Limited
As we said, we imagine a farm producing sugar cane in order to make our improvement tracks more
concrete. This is a kind of model that needs to be adapted of course. For the needs of these innovations
the farm must be rather large and have a stable economy. We chose Muhorini for the location of this
farm. Indeed, as it has a direct access to the processing of the company in the area. Moreover we have
already taken this example in the file that will be more concrete. For simplicity we decided to describe
only the field cultivated in sugar cane.
- Location -

Figure 3.2 Location of the farm

Red Dot --> Sugar Belt / Red circle --> Sugar factory / Green circle --> Hypotic location of the farm
- Characteristic of the farm and first schema - Plot of sugar cane rectangular: 3Ha
- Dwelling of the farmer
- Flocks of 15 to 20 sheep
- Forage production area

Flock ship area

Figure 3.3 First scheme of the farm
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• A new drainage system
As we have seen, the soils of the Kano Plains are generally poorly drained. In order to solve this problem
we decided to install a drainage system in the soil of our hypothetical farm. This system will have the
particularity to lead the drained water in a water tank located on the farm, indeed, the rainy seasons
are spaced out the idea is thus to have a stock of water on the farm for the irrigation or the needs of
the live stock. This system must be accompanied by a light water filtering system, this kind of system
is very present in France but is quite expensive, that's why this is for farms with economic means of
innovation (large size farm).
- Methodology drain deep q →Design discharge
K → Permeability
Δf → Minimum drainage level
We chose a Homogeneous soil, because we have a clay for the type of soil until 2 m of depth. We
have taken the following formula :
La2=

8 .K .d .Δf
q

Top soil (clay): 120
Land use: Arable land
D → the distance between average drain depth and an impermeable layer
La → the drain distance
ro → drain hydraulic radius of the drain
q= 14 mm/etm
Δf=50 cm-mv
K= 1 m/day
Optimal drain depth: dd = 120 cm
Δh = dd - Δf = 120 - 50 = 70 cm = 0,7 m
La2=

8 . 1 .d . 0,7
0,014
5,6

La2= 0,014 d = 400 d
D + dd= 18,9 m
D = 18,9 - 1.2 = 17,7 m
Ro = 0,05 m
Test 1 : La = 10m
La/ro = 10 / 0,05 = 200
D/ro = 17,7 /0,05 = 354
d/ro = 18,9 (see table)
d= 18,9 X 0.05 = 0,945

Test 2 : La = 20 m
La/ro = 20 / 0,05 = 400
D/ro = 17,7 / 0,05 = 354
d/ro = 32,40 (see table)
d = 32,40 X 0,05 = 1,62

La2 = 400 X 0,945
La2 = 400 X 1,62
La2 = 378
La2 = 648
La = √378 = 19,44 m
La =√648 = 25,45 m
After having obtained these results with the help of the formulas we made a graph to know the
length of our drain. According to the graph we obtain a length of drain of 36 m
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- Methodology drain diameter Q= q X La X Ld (m3/s)
Q= 0,014 X 33 X 150
Q= 69,3 m3/ etm = 8,02 X 10-4 m3/s
Δm= 1/3 X Δh (m)
Δm= 1/3 X 0.7
Δm= 0.23
2𝑟𝑖 = 0,23 𝑋 𝑄 0,37 𝑋 (Ld/ Δm)0,21
150 0,21
2𝑟𝑖 = 0,23 𝑋 (8,02 X 10^ − 4)0,37 𝑋 (
)
0,23
2ri = 0,0641 m = 64,1 mm
After having obtained these results with the help of the formulas,
we obtain a drain diameter of 64.1 mm.
- Drain benefice In most cases, drainage is used to quickly remove excess water
from a deep, impermeable horizon. Drainage thus limits runoff,
maintaining infiltration and bringing the soil back to its field
capacity more quickly when it is exceeded.
Figure 3.4 cut soil with drains
Drainage maintains a favorable environment for the development of plants that will allow a higher
yield and will be better able to withstand the climatic hazards.
Water circulation and solute transfers are modified by drainage. The reduction of runoff in drained
plots contributes to limit water erosion. The transport of suspended matter in water decreases
significantly, and with it the transfer of solutes such as phosphorus or phytosanitary products.
As far as nitrogen is concerned, two processes are involved depending on the environmental
conditions: mineralization and denitrification. The proper functioning of a soil, in particular its state of
aeration, maintains the microbiological activity at the origin of mineralization and thus of the
production of leachable nitrogen. On the other hand, in a waterlogged soil, mineralization stops and
gives way, in the absence of oxygen, to denitrification. This phenomenon leads to losses into the air in
the form of nitrous oxide, a gas with a strong greenhouse effect.
Drainage allows to limit the export of polluting matter.
- Associated drains with other systems –
The idea on our fictitious farm is to associate the drains with three other water systems. We are going
to install a drip irrigation system to have the best possible irrigation management (this system must
have a good irrigation potential anyway) and to rationalize the artificial introduction of water.
To this we add the drains that we have calculated at 1.20 meters deep and 36m apart, the drains are
also 64.1mm in diameter. But we add faults on the sloping side of the plot to avoid runoff during heavy
rains, the drains will flow into a ditch that will flow into a water storage where it will first be filtered to
make the water clean. (Shema of the farm and photo of the system).
By reasoning like that, we limit to the maximum the export of water and matter out of the plot and we
function in closed circle because the water is again used for the irrigation and for the herd of sheep.
At least it is not sure that the storage of water is enough for all the year without studies.
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- Scheme of the water system –

Water
filtration
system

Figure 3.5 full scheme of farm and water system
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• A better soil management and impact on the water
The idea of this part will be to propose agroecological solutions to improve land use. We will seek to
have more covered and more diverse soils to improve its texture and limit its erosion. In addition, we
will try to increase the intensivity and therefore the production of the available surface, so we will have
less need for land and more amplitude to set up projects.
- A bit of mechanics ? –
To implement this change on such a large surface, the purchase of machinery is necessary. In
intercropping, tillage is very important in the fight against weeds. It destroys sugar cane volunteers
and weeds that have developed after harvest. It favors the germination of the seeds which will be
destroyed by passages of the usual tools (harrow, milling cutter, furrower). The mechanization does
not need to be very heavy and must be passed on the surface in order to preserve a life of the soil in
states. In order to control weeds we will use the technique of false sowing, this makes it possible to
reduce the stock of seeds on the surface of the soil. It consists of preparing the soil in order to allow
the seeds of weeds to germinate on the surface. This technique must be carried out well before
planting in order to avoid the emergence of weeds at the same time as the emergence of the sugar
cane.
Steps :
✓ Cultivate the soil superficially: the soil must be cultivated between 1 to 5 cm maximum
otherwise the seeds will be too deep buried and will not germinate.
✓ Wait: you have to wait at least one month to allow the seeds to germinate.
✓ Destroy: you must destroy the weeds that have grown by a tillage of the superficial soil, at a
maximum of 3-4 cm in order to avoid rising of other buried seeds.
We will therefore draw up a list of equipment that should be purchased in order to carry out these
changes. All the materials below are not necessary but can also complement each other depending on
the problems and the vegetative stages. This purchase makes it possible to lower the costs of
treatments by controlling the pressure of weeds, each of these materials has these advantages and its
economic or practical limits. We will propose possibilities of technical itineraries of cultures after in
this part of the report
- The hoe The hoe is used to cut or uproot weeds present in the inter-row. The tillage is low: about 3 to 6 cm
deep. The hoe allows to intervene quite late in the crop cycle and on developed weeds.
- The rotary spade Intended to work the surface of the soil, it works like a manual spade loosening the clods and throwing
them back rear cover of the tool.
- The brushcutter The brushcutter can be used with cords more or less rigid against plants with stems fairly soft or with
a metallic disc against harder stems.
Figure 3.6 The hoe

Figure 3.8 rotary spade
Figure 3.7 Brush cutter
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- Diversification strategies The optimum way is to plant sugarcane in a crop rotation system, although this is sometimes
problematic due to cost considerations. Sugarcane's high self-tolerance, legume planting, the
construction of appropriate compensatory tracts and niches, and a complete fertilization management
system must all assist compensate for the lack of crop rotation on organic farms.
- Green manure plants in existing sugarcane crops A covering layer of legumes can be easily obtained on older plants by seeding immediately after
harvest. After 3 months, the seeds and re-growing sugar cane will create a compact, green mass that
can be lightly pushed into the soil before the seedbed for the new sugar cane is prepared. It may be
advantageous to plant a second type of fast-growing green manure plant at places where weeds are
abundant. Breaking over the sugar cane and then sowing one or two sowings of green manure plants
can aid with sowing. Green manure plants should be competitive and capable of suppressing any
weeds that emerge. They must be non-climbing kinds, as climbing varieties are hazardous to
sugarcane.
- Green-cutting Green-cutting sugar cane consists of pulling the dry leaves from the base of the stems by hand to
facilitate the ripening and cutting of the canes. These leaves are left on the ground as mulch. In general,
we practice 2 thinnings before harvesting. This leads to the abandonment of the burning of sugar cane,
a practice which in the past was generalized to all of the cane sole. The green cutting of sugar cane
makes it possible to restore part of the biomass produced by the plant during its cycle to the soil. 25%
of the nutritional needs of sugar cane can be covered by this practice.
- Sowing legumes in the middle rows Rapid-growing legumes can be seeded in between rows just after the harvest. After the sugarcane
appears, they will die off. Cane is intercropped with maize, peanuts, or soybean in locations with light
soils and adequate irrigation water. The intercrops are planted on the ridges in this example, and the
cane is planted in the furrows 3-4 weeks later. For hand-cultivated cane, irrigation furrows with a depth
of 25-30 cm and a spacing of 1.10-1.30 m are constructed if necessary. The change in root type and
crop cycle will bring diversity to the fields and allow greater production and better soil structure. this
also improves the infiltration of water into the soil and limits its erosion.
This association can provide ecosystem aids such as the fixation of nitrogen by legumes, the supply of
organic matter or the better structure of the soil. But its can also serve as a support for the herd of
sheep with fodder species.
- Organized longer rotations ! Rotation must take place during the campaign harvesting sugar cane. Also you must have sufficient
equipment and personnel to prepare the soil just after the harvest of the plot to be replanted. Hence
the importance of the reorganization of work within exploitation. Rotation with legumes such as
rattlesnakes (Crotalaria juncea, Crotalaria spectabilis), or pigeon pea (Cajanus cajan) can be a way
forward. For a rotation with legumes, these must be left for a minimum of 3 months and then mowed
before cane planting. This rotation can be, for example, sown in multicultural meadows with legumes
(alfalfa, clover, etc.). The work of the soil carried out by the roots of the legumes is not destroyed and
will benefit the cane during its growth. In addition, a meadow allows you to leave a clean and healthy
soil. It allows once again to be coupled with the herds of sheep which will be able to graze and fertilize
the plot.
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Sugarcane Harvesting

Rapid sowing of multispecies forage and legume
pasture

pastures mowing, tillage
and planting directly sugar
cane

Sugarcane Harvesting

Rapid sowing of
Leguminous or forage
croping

Mowing and directly
planting sugar cane

Figure 3.9 two examples of rotation

Advantages :
- Reduction of the potential of weed and pest emergence
- Decreased of input of chemical product
- Pressure reduction weeds
- Improved fertility biological, chemical and ground physics
- Soil protection against erosion
Rotations with banana or fodder and maize silage are also possible. With this new weed management,
the use of herbicide should reduce.

• Example of itinerary cultures
Once these solutions are clear we can offer you new cultivation methods based on this latest
information. We are going to propose twoo of them with the tools described before. We will only be
interested in the technical route of sugar cane and we will opt for superficial work when implementing
a fallow croping period.

Planting in straight lines

Hoeing under the sugarcan lignes 1 week after the planting
Pre-emergent herbicide, one week after the hoe on bare soil
Hoe or rotary spade for finishing

Catch-up if necessary (herbicide or brushcutter)
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Cutting of green stems with leaves on the ground
Brushcutter at first weed emergence (1 to 2 passes in 15 days)
Pre-emergent herbicide, one week after the rotobèche on naked soil
rotary spade or herbicide for a clean finishing
New propagation of sugarcan
Figure 3.10 Two examples of new itineraries

• Association with sheep ?
Weed control with a herd is also possible. This technique is inexpensive and not dependent on the
environment.
Sheep grazing between the rows of sugarcane is a practice that has made it possible to stop using
herbicides. The cane is planted or in offshoots for 3 to 4 months on a previously fenced plot. Sheep are
introduced into the plot when the cane is about 3 months old (when the young cane is sufficiently
high). The sheep eat the most appetent grasses first. They should not be left inside the plot for too
long. In order to manage the grass cover on the plot, the sheep should be introduced 2 to 3 times, at
intervals of about 3 weeks to a month. Between each passage, the few refusals are eliminated
manually. The sheep will also fertilize the plot at their own level and provide organic matter.

• Pest management ?
The solutions put in place before have an effect on the control of weeds or diseases. Indeed the
lengthening and diversification of the rotation cuts the cycle of the latter. Better tillage also contributes
to this. In addition, you will find in part two of this dossier a section listing the pests of sugar cane and
explaining how to get rid of them. We will see here what innovative track there is against of persistent
pests in a more preventive way.
- Bio-control It might be interesting to turn to this method of prevention. The idea is to introduce into the area
natural predators of the pests present. To do this you need to identify which pests are present on your
plot and assess the risk they pose (using sticky insect traps). The predators once present will regulate
the pest population naturally and without chemicals. For example, in France, releases of borer
parasitoids such as the Cuban fly (Lixophaga diatraeae), the Asian wasp (Apentheles fl avipes), the
Amazon fly (Metagonystilum minense), have reduced the infestation rate of the stems to less than 6%.
- Insertion of agro-ecological infrastructure Agroecological infrastructure such as hedges, walls, grass strips, trees or insect shelters are a source
of crop support that will ensure the biocontrol of certain pest species but also the pollination of plants
and the support of biodiversity. In addition, hedges and vegetation are a lever against soil erosion.
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A better soil cover will keep the soil cooler and wetter for longer and will also help to cool the stream.
In addition, the structure and life of the soil will be improved, which will produce more organic matter
and therefore more fertility! It is important to think holistically and sustainably to improve the
resilience and sustainability of the farm.
In this way, the use of insecticides is replaced or reduced. Insecticides are very harmful to health and
reducing the use of these products, which like Kenya do not have strict safety regulations, is a good
thing.

Figure 3.11 Agroecology infrastructures

•

A more rewarding economy for the producer

To talk a little bit about economics, all the measures that are put in place in this hypothetical farm are
intended to improve the system in phase with the ecosystem services and the environment. By
improving the system with a holistic vision it leads to a decrease in inputs and expenses but also a
better management of the latter. The economic gains are also in the more intensive productivity of
the vegetable production surface (and the coupling with the sheep) which allows to improve the
autonomy of the farm and its robustness.
In addition, the recovery of co-products resulting from the transformation sugar cane are possible!
Such as stillage from potassium-rich distilleries is spread after lagooning, hence a recovery both for
fertilization and for field irrigation. The bottoms of the tank, the ashes, candy skimmings or cakes, rich
in raw materials organic matter, calcium and phosphorus, also constitute an interesting organic and
mineral source for fields.
As for the sugar cane, a solution could be to transform a small part of its production directly on the
farm by pressing it to obtain juice that can be sold directly on the farm eliminating the intermediaries
on this type of products and valorizing the farmer directly. This method is already used by some
farmers in Kenya.
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c. Conclusion
In this report, we have explored in detail the characteristics of Kenya and the Kano plains territory, we
have also described the cultivation of sugarcane as a food crop. We have also tried to highlight the
different problems faced by the farmers and the different linkages they have with the water and soil
management of the area in which they operate.
The reflection part was interesting, indeed we had to think about improvement of cultivation and
practices, through a new drainage system, new practices and new ways of innovation I hope we have
brought a beginning of reflection on promising solutions. The aim was to prove that with a little
innovation the less developed countries could build new productive and sustainable trends.
Countries like Kenya are very dependent on climate and very fragile in the face of these changes. This
is why every farm must think of improving the self-sufficiency, resilience and sustainability of their
farms with new solutions as we have proposed in this report.
We will end by saying that while new and innovative local practices are appreciated and lead the way,
public policies must follow suit and provide support and training to reduce the lack of knowledge that
leads to certain environmentally disastrous practices.
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