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Preface
To realize this report, we had the choice between 3 countries: Indonesia, Egypt and Kenya. In
one of these 3 countries we had to choose a culture to describe (crop managment, geology, water
managment...). After discussion in pairs, we decided to study tea in Kenya. Indeed, tea is a drink that
we both appreciate and we would like to know more about it (its origin, its characteristics, its
functions...). Finally, the choice of the country was made naturally since we simply searched on the
internet which was the country which produced the most tea among the three proposed, and it is
Kenya which stood out.
We would like to thank the professors of Aeres Hogeschool Dronten, for their lectures and their help
in writing this report. Thanks to them for the time they devoted to us and for sharing their knowledge.
We have learned a lot which has allowed us to be fully involved in our project. Thanks also to Lucas
Ben-Moura, a French producer who answered our questions about tea growing in France. He allowed
us to compare French and Kenyan cultures.
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Summary
Kenya it is the first tea exporter in the world that's why we chose this country. The region of
Kenya that we have chosen is in the south of the Rift Valley and is called Kericho, the rock that we find
in this region is volcanic rock. Kenya has three exceptionally diverse sorts of climate: tropical along the
coast, mild within the west and southwest, and finally torrid and bone-dry within the north and east.
Kericho County is characterized by undulating topography where the lowest altitude is at 1800 m. In
addition, the district has a dense river system with many rivers. The soil of the tea fields in Kericho is
completely sloping and is composed of clay and clay loam.
The region experiences a significant amount of rainfall throughout the year and an average
temperature of about 20°C but this has gradually changed due to climate change. There is also greater
climate variability and an increased risk of drought or, conversely, flooding.
Tea is an aromatic beverage prepared thanks to leaves of Camellia sinensis and is a member of the
family Theaceae. All types of tea are made from Camelia Sinensis. However, some types of tea are
fermented and oxidized, while others are not. The least precipitation that permits tea development
without water system is for the most part assessed at 1200 mm per year.
Pruning the beat of the tea plant to 1m from the ground encourages the gather and weeding is vital
when the bush is still youthful. The CTC (Cut, Tear, Curl) method is widely used in Kenya after harvest
and before marketing.
Kenya is the third country in the tea production. The average yield of tea fields in Kericho is 2114 Kg/ha.
In the field, yield of tea is influenced by different factors : the density of sowing, the number of
branches per shrub, the number of flower buds...
Principal abiotic stresses that can affect growth and productivity of the tea plant include the following
: wind, nutrient deprivation in soil, cold, heat, salinity… In addition, there are pests and diseases that
can affect the quality of tea.
The crop ideotype refers to model plants or the ideal plant type for a specific environment. The tea we
would like to create would have interesting properties such as good yield, large leaves, more resistant
to drought... To create it, we must use clones that meet our expectations
Kericho county located in the south-west part of the rift valley, is located in the Lake Victoria
catchment. Thanks to the water balance, it's possible to quantitatively evaluate water resources and
their evolution under the influence of human activities. We have determined that the water balance
is well balanced because the total precipitation accumulated during the year (Precipitation Total
=1768mm). Drainage is done naturally in Kericho county thanks to sloping ground but the steeper the
slope of a field and the longer the slope, the greater the risk of erosion.
Finally, concerning Climat Smart Agriculture The objective is to fight against climate change linked to
human activity in agriculture. There are techniques used by the farmers, their effects on the climate
and the solutions to reduce these effects.
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Introduction
Kenya is a country of the Middle East of Africa located on the Equator line. The capital of Kenya
is Nairobi. This city is located in the middle-south of the country. The country is boarded by various
countries of the Horn of Africa and has a coastline on the Indian Ocean at the south-east cost.
The country has many mountains. Three of the highest mountains in Africa are located in or near
Kenya. The summit of Mount Kenya is the highest region in Kenya (5200m). Kenya is also home to the
country's largest forest, the Mau Forest, and is heavily impacted by the Rift Valley in the center and
west of the country. The presence of rifts explains the presence of volcanic zones in the country. The
country is crossed by the Tana River.
Among the major characteristics of the country, it should be noted that more than 80% of the country
is arid land and only 18% is used as arable land. This cultivable area is mainly located in the Rift Valley
region. The western, central and coastal regions, which occupy less than 20% of the country, houses
nearly 90% of the country’s population, and includes productive agricultural land which is principally
rainfed.
Located at the equator, Kenya's climate is warm and temperatures vary little. The country has only two
seasons, the dry season from December to March and the rainy season from June to September. The
rainy season is very important especially between March and May and around November.
By its diverse topography, temperatures across the country vary significantly, with the highlands
experiencing much cooler temperatures than coastal and lowland zones. Little seasonal variation in
temperatures has been observed, with average temperatures ranging between 18°C at the higher
elevations to 26°C along the coast.
Rainfall varies considerably across the country (but not a lot in the different Regions), with less than
250 millimeters (mm) falling in the arid zones of north, to over 2,000 mm per year in the west annually.
This small variation in climate and rainfall in the Rift Valley for example, is favorable to tea growing. In
particular, it allows tea to be harvest throughout the year. As such, Kenya is the third largest producer
of tea of tea in the world behind China and India.
The Great Rift Valley west of Kericho is the largest tea producing area in Kenya with over 10,000 ha of
tea plants. Tea is grown by large plantations (Unilever, James Finley) but 60% of the production comes
from small estates. Kenya agriculture is characterized by both very small landholdings (0.3–3 ha) and
extremely limited irrigation (less than 0.16% of arable land). This poses the greatest challenge on
sustainably intensifying agricultural productivity.
Moreover, many such issues revolve around tea production, particularly in relation to climate change.
The purpose of this report is to present these issues, by implementing our tea crop in Kericho County.
The objective is to answer issue: How do tea crops in Kericho county implement climate-smart
agriculture by addressing current issues?
To answer this question, we will give you a general presentation of Kenya to show you that it is an ideal
region for tea growing, we will focus on the Kericho region. We will introduce you to the characteristics
of the tea plant and the issues involved in growing tea. These issues are usually related to water and
soil management, so we will elaborate on these parts. The aim is to provide answers to the main
questions and to make a comparison with tea growing in France.
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I.

Kenya : a country with an ideal geography
1) Socio-economical and geological approach
a) Presentation of Kenya in General

The country we have chosen is Kenya because it is the first tea exporter in the world. Kenya
has a tea history dating back to 1903 when tea seeds from India were first planted on a two-acre farm.
It is the world’s third largest producer of tea and is the world’s biggest exporter. Kenya produced 342.4
thousand metric tons of tea from January to October 2021. In 2020, tea production reached the highest
level, at 570.5 thousand metric tons. Tea in Kenya contributes 26% of foreign exchange and 4% of GDP.
Tea growing was made open to the local farmers. The crop has since spread across the country and is
currently an important economic mainstay for many small holder farmers [Simeon Hongo Ominde, Sep
28, 2021]. Some general information about Kenya:
Location

Area

Administrative Divisions

Population

(Figure 1: regions in Kenya)

Located on the
African continent,
Kenya is a country
of the Middle East
of Africa located on
the Equator line.
Kenya is boarded by
the Indian Ocean at
the south-east cost
crossed by the Tana
River.

Covers an area of 225,
000 sq miles (582, 646 Eight Provinces including the
sq km) approximately Nairobi area:
the size of Texas State,
U.S.A.
18% of the country has a
high
to
medium
agriculture
potential.
The rest is arid and semiarid land (ASAL).
The main Area of
production is in
south-west
of
country in the
Valley.

tea
the
the
Rift

According
to
the
national
population
and housing census
report of August 1999,
Kenya’s population is
estimated
to
be
28,808,658.
And in 2022, the
population of Kenya is
estimated
at 56,215,221.

Figure 1 : Regions in Kenya
[mdpi.com]

Kenya has invested in reducing child mortality. The country has also come
close to achieving universal primary school enrollment, while reducing the
gender gap in education. The unemployment rate was estimated at 3% in
2020.
Kenya's GDP is growing by almost 6% each year. It is currently 116.64 and is
expected to reach 124.68 by 2023.
In 2020, the COVID-19 crisis hit the Kenyan economy. Agricultural exports,
including cocoa, tea and flowers, were also negatively affected. Here is the
breakdown of economic activity by sector in 2022 (Figure 2 : Distribution of
Economic Activity by Sector (FOA)).
Figure 2 : Distribution of
Economic Activity by Sector
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b) Social-economic context and issues of the country about agricultural
Although Kenya has made considerable progress in its attempt to contain population growth
(+60% from 2000 to 2020), the current population growth rate of 2.3% per year remains beyond the
country's resources. In developing countries like Kenya, which are still struggling to meet the needs of
a rapidly growing population, a large proportion of the population is vulnerable to food insecurity,
water shortages, climate disasters and conflict. (UNFPA- 2013).
Kenya has, however, experienced a decade of strong economic growth, which enabled it to achieve
middle-income status in 2016. From 2015 to 2019, the Kenyan economy grew at an average of 4.7%
per year, leading to significant poverty reduction (World Bank - 2021).
Kenya is particularly advanced in the services sector and has pioneered innovations adopted on the
continent. However, agriculture is a major driver of Kenya's national economy, accounting for 40% of
the overall labor force (70% of the rural labor force) (International Trade Administration 2021).
Agriculture contributes directly to 26% of annual GDP. It provides livelihoods to millions of people and
the sector is key to Kenya's socio-economic transformation. (Akuka Boniface & co - 2021)
The agricultural sector employs exactly 8.6 million farmers, and 81% of whom are smallholders with
less than 1.21 ha of land. The country's main agricultural exports are tea, coffee, cut flowers and
vegetables. Kenya is the world's largest exporter of black tea and cut flowers. (International Trade
Administration 2021)
These products are grown on barely 20% of the total area of the country. And this is directly related to
the country's climate.
Indeed, Kenya’s high rainfall areas constitute about 10% of Kenya’s arable land and produce for
example 70% of its national commercial agricultural output. Farmers in semi-arid regions produce
about 20% of the output while the arid regions account for the remaining 10% of the output.
(International trade Administration- 2021)
Kenyan agriculture faces many challenges, especially in terms of productivity. Agricultural productivity
has stagnated in recent years. Small-scale farmers and agribusinesses continue to face difficulties in
expanding their operations and improving the quality of agricultural products. (Akuka Boniface & co 2021).
Productivity remains low in all regions due to weak and underdeveloped infrastructure and support
institutions. Traditional ways of closing yield gaps by applying more fertilizers and pesticides and
teaching farmers how to apply good agricultural practices are not enough. (Akuka Boniface & co 2021).
Similarly, existing challenges such as poor farming practices, low quality inputs and lack of access to
knowledge are amplified by new challenges such as climate change, changing pests and diseases, and
demographic change.
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II.

Geography and Geology of Kenya
a) Topography of Kenya

The topography of Kenya may for the most part be
gathered into the taking after five topographical
progressions: Archean (Nyanzian and Kavirondian),
Proterozoic (Mozambique Belt and Bukoban), Palaeozoic and
Mesozoic silt, Tertiary and Quaternary volcanics, Tertiary and
Quaternary sediments.
As we can see on the map (Figure 3 : The geological map of
Kenya) the three main ones are Proterozoic, Tertiary and
quaternary sediments, and Tertiary and quaternary
volcanics.
The proterozoic appeared in orange on the outline is
composed of the Mozambique Belt and Bukoban. The
Mozambique belt could be a basic unit inside which a
wide assortment of metasedimentary. In most of these
rocks, the degree of misshapening is strongly and is
of tall changeable grades.
Inside the Mozambique Belt essential molten complexes are
Figure 3 : The geological map of
found and extend in estimate from bosses to little dykes
Kenya [ResearchGate]
(= eruptive shake that influences the shape of a divider or
column).
Approximately the tertiary and quaternary silt (appear in yellow on the outline), they
are shaped of numerous stores of dregs in different parts of Kenya. They ordinarily happen at the
base of volcanic progression, intercalated with it or happening in structural troughs. The
more critical dregs of center Pleistocene are the Olorgesaillie lakebeds. Olorgesaillie beds and
Kariandusi silt are within the Fracture Valley.
Tertiary and quaternary volcanics shown in grey on the map. Volcanic rocks cover the central parts of
the country from south to north, occurring in the floor of the Rift Valley. Further eruptions
accompanied by faulting persisted and also gave rise to the Rift Valley and the volcanic piles of Mounts
Kenya, Elgon and Kilimanjaro. Quaternary volcanism was mostly within the Rift Valley and has given
rise to the craters [R. Murray-Hugues, 2007].
The Great Rift Valley bisects the highlands into an east and west
region forming a steep sided trench of 48 to 64.
Rift valley is a place where the earth's tectonic forces are presently
trying to create new plates by splitting apart old ones. In simple
terms, a rift can be thought of as a fracture in the earth's surface
that widens over time, the plates of the rift valley are thus
divergent.
It is the heat flow from the mantle that causes a pair of thermal
"bulges" in central Kenya. These bulges are easily visible as high
plateaus on the topographic map of the region (Figure 4 : Rift Valley
plate boundaries).

Figure 4 : Rift Valley plate
boundaries [Geology.com]
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As these bulges shape, the hull breaks
and flaws show up (Figure 5 : Rift Valley
faults East African). The width possessed
by trapezoidal zones experiencing
ordinary blaming and horst and graben
arrangement increments from best to
foot. Fractures are hence considered as
extensional highlights (mainland plates
are moving separated).The topography
in the bottom right of the image refers
to the yellow line on the actual rift
terrain. [James Wood and Alex Guth,
2022]

Figure 5 : Rift Valley faults East African [Great Rift Valley]

Earth movements have resulted in the formation of the major mountain blocks and Rift Valley
systems. These were went with by broad volcanic magma outflows, which cover a critical rate of the
country's arrive surface. As a result of volcanism and soil developments, the seepage has been
disjoined, interrupted and adjusted, and there's barely a stream that has not been influenced [Chales
Marina-Gichaba 2013]

b) Climat
Kenya has three exceptionally diverse sorts of climate: tropical, hot and muggy along the coast
(zone 1 on the outline), mild within the west and southwest, where there are mountains and levels
(zone 2 on the outline), and finally torrid and bone-dry within the north and east (3 on the outline).
About the Climate of Kenya in general, seasonal climates are controlled by the pressure systems of the
western Indian Ocean and landmasses.
From December to March even though rainfall can occur locally, these months are fairly dry. The rainy
season runs from March to May and from June to August there is only little precipitation. Most rain
falls during the March–June and October–November periods (Figure 6 : Rainfall in mm/day in Kenya).

Figure 6 : Rainfall in mm/day in Kenya [WorldData]
The sunniest months in Kenya are January-February-March and November-December. And the least
sunny month is July (Figure 7 : Hours of sunshine/day in Kenya).
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Figure 7 : Hours of sunshine/day in Kenya [WorldData]
In Kenya, as in all central nations, there's a tropical climate. There's no distinction between the seasons
as in Central Europe. The day length barely changes and the temperature contrasts between summer
and winter are moreover littler. Depending on the season, the normal every day most extreme
temperatures are between 26 and 31 degrees. In a few parts of the nation, temperatures reach 38
degrees amid the day. Amid the coldest months, the temperature drops at night to a month to month
normal of 16 degrees Celsius, depending on the locale. (Figure 8 : Average day and night
temperatures). [Nilmi Senaratna, Marie-Ange Baudoin. al , 27 january 2014]

Figure 8 : Average day and night temperatures [WorldData]
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I.

Rift Valley: zoom on Kericho Valley
1) Presentation of Kericho county

The region we have chosen in Kenya is the Rift
Valley. We choose this region because 46% of Kenya's tea
production is produced here. (Figure 9 : Main tea
producing regions in Kenya). The rift valley has several
areas (Figure: Kenya Great Valley Region).
The area we are interested in is the one shown in green
on the map as it contains Kericho which is the largest
town in Kericho County in the western highlands of
Kenya's Rift Valley (Figure 10 : Kenya Great Valley Region
[GoK, 2013]).
Kericho County is characterized by undulating topography
where the lowest altitude is at 1800 m while the highest
is at 3000 m above sea level (GoK, 2013), with a general rise
towards the east and the Mau Escarpment overlooking the
Rift. In addition, the district has a dense river system with
many rivers.

Figure 9 : Main tea producing
regions in Kenya [Monroy et
al.2012]

Located between Lake Victoria and the Rift Valley system, the district is very rich in soils of volcanic
origin. The county has fertile soils and reliable rainfall with low annual evaporation rates, making it
suitable for agricultural activities.
The county’s farming area represent 198 300ha and 80%
of the total area. Agriculture is the main source of
livelihood within the county and a major income earner
through production and employment creation. The major
source of income for the people of Kericho County is onfarm employment; which accounts for about 50% of total
employment in the county.
Tea is an important cash crop and source of income in the
county. Kericho has favorable ecological factors for tea
cultivation. With abundant rainfall, natural drainage
thanks to natural slopes, and temperatures ranging from
10°C to 29°C, with an average temperature of 17°C,
conditions are ideal for tea production.
Tea has been grown there since 1924. He is planted in an
area of over 157 720 hectares in rift valley (total area of
the rift valley = 17 385 400 ha), with production of about
345 817 tons made of tea. This equates to a yield of about
2 tons per hectare. Over 325,533 tons are exported
(MoALF -2017)
There are a lot of small holders who product tea in Kericho,
but employment by Multi-national Tea Companies such as
James Finlay or Unilever is also a significant income source

Figure 10 : Kenya Great Valley
Region [GoK, 2013]
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to Kericho inhabitants in form of wages earned by the high number of workers employed on contract
basis (MoALF -2017).
Nowadays, despite the good condition of tea production in Kericho, the county face more and more
hazards due to the climate change. The most relevant climatic hazards identified in the tea value chain
included moisture stress, drought and hailstorms.
These hazards resulted with in reduction in tea production. For example, the droughts experienced in
2011 and 2012 resulted in a 25% reduction in tea production. It was the case also in 2013 when
smallholder tea farmers lost 12,890 kilograms of tea in a single day as a result of hailstorms (MoALF 2017).
2) Geology and Type of soil in the Area
About the landforms in the rift valley, the region is very diversified. The four dominant
landform types include plains (29.2%), plateaus (17.8%), hills and mountain foot ridges (12.6%), and
mountains (10.4%). Kericho is generally located in the mountains area, with an altitude of about 2000m
above the sea level.
The lithology of the region is mainly dominated by igneous rocks around the mountainous terrain, with
sedimentary and metamorphic rocks occupying the northern and western parts respectively (Figure
11 : Geology of the Rift Valley). If we look at the rock and stone composition of the area, Kericho is
based on igneous rock, it means that the rocks are formed by solidification of magma. This is why the
region is considered a fertile area.

Figure 11 : Geology of the Rift Valley [MDPI]

11

About the landforms in the rift valley, the region is very diversified. The four dominant landform types
include plains (29.2%), plateaus (17.8%), hills and mountain foot ridges (12.6%), and mountains
(10.4%). Kericho is generally located in the mountains area, with an altitude of about 2000m above the
sea level.
The dominant soil categories include five soil type in the Rift valley. The tropical highlands of the Kenya
Great Rift Valley are mostly associated with Lithosols, Andosols and Nitisols soils that are developed
from volcanic material. Including a significant proportion of Lithosols (29.8%), this soil type are shallow
soils, less than 10 cm deep, formed over hard, continuous rock (ISRIC. We can find this soil type are
found in steep mountainous areas where the materials are so quickly eroded.
The dominant soil of the Kericho county are Nitisols and Cambisols. According to ISRIC data, a nitisol is
a deep, red, well-drained soil with a clay content of over 30% and a blocky structure.
The presence of Cambisols means that the parent material of the soil is still young. This seems logical
considering that the region is characterized by the rift valley, a zone of production of new mantle
layers.
Finally, of the six basins that can be found in the valley, Kericho is located in the Lake Victoria Basin.
The topography and landforms largely shape the region's river system. Several rivers branch off from
the central Kenyan highlands into the endoreic Great Rift Valley basin. This is called endoleic because
the waters do not connect to the sea but are lost inland. Indeed, the rivers in the western regions flow
westwards into Lake Victoria. (Figure 12 : Geology of the Rift Valley).

Figure 12 : Geology of the Rift Valley [MDPI]

12

To focus a little bit more
about the characteristic of
Kericho county, we made a
section. This 70 km section
goes from the South
Western
Mau
Forest
Reserve to the Lake Victoria
crossing Kericho city and its
tea's growing area (Figure
13 : The soil section from the
Mau Reserve to the Victoria
Lake).

Figure 13: The soil section from the Mau Reserve to the Victoria
Lake [ISLA, July 2017]

As we can see on the soil
section of the area obtained with the Google Earth application, the area is completely sloping as
described above. In 70 km,
we can observe a gain in
altitude of about 1300m, as
Lake Victoria is at 1141m
and the La Mau Reserve at
2441m. Kericho is at 1975m.
(Figure 14 : A slopy area)
In addition, at this altitude,
Figure 14 : A slopy area [via Google Earth].
we decided to make a depth
section in a tea field just next to Kericho, in order to find out the soil composition (Figure 15 : Depth
section in a tea field in Kericho). The depth section showed that the soil is composed of clay and clay
loam. Again, this characteristic has an impact on tea growing.
The soils of the minor valleys are well drained, moderately deep to deep, red to dark reddish brown,
friable clay loam to clay. They are strongly to moderately acidic and contain much organic matter in
the upper soil layer. The tea is soil specific, it needs acidic soil, a humid environment and does not
tolerate long droughts. So, these characteristics of the soil corresponds to the general needs of the
tea plant.
5 cm
15 cm
30 cm

60 cm

100 cm

Clay
loam
Clay

200 cm

Figure 15 : Depth Section in a Tea field of Kericho [ISRIC data]
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3) The impact of climate in the region
Due to the relief and geographical location of the region, Kericho's climate is warm and
temperate. The region experiences a significant amount of rainfall throughout the year and an average
temperature of about 20°C but this has gradually changed especially in the last 3 decades due to
climate change.
Indeed, rainfall in the county is high, with the eastern parts receiving an annual average of 1,000-1,250
mm, the central parts receiving 1,250-1,750 mm, and much of the southern part of the county receiving
over 1,800 mm of rainfall per year.
Although rainfall is high in the county, it remains highly vulnerable to droughts, dry spells and heat
waves, which threaten tea production in particular. The county also experiences severe hailstorms that
often cause significant damage to tea plantations, which is one of the greatest risks in Kericho.
Despite the relatively large increase in temperature, this has not been accompanied by an increase in
the number of heat stress days. This is probably due to an increase in rainfall, which over a 35-year
period (1980-2015) has shown that rainfall has increased by more than 50 mm in both the first and
second seasons. Year-to-year rainfall has become more variable.
There is also greater climate variability and an increased risk of drought or, conversely, flooding. For
the period 2021-2065, climate projections (RCP10) indicate a moderate increase in the risk of flooding
and an increase in the duration of the dry period from about 63 days to almost 80 days for both halves
of the year.
Due to climatic hazards, farmers in Kericho County have been experiencing climatic variations that
affect their farming activities for some time. Originally, farmers used to plant on specific dates, but
with climate change, planting dates have changed.
Farmers have experienced prolonged periods of drought, sometimes resulting in crop losses. This is an
emerging phenomenon in Kericho County, which is of concern to farmers who have been used to
reliable rainfall over the years.
Forest fires linked to rising temperatures and prolonged dry spells have also reduced forest cover.
These events have degraded water availability in the county and led to water shortages.
The main rivers and streams, which were initially permanent, are now becoming seasonal. This has a
negative impact on water availability in the county.
The late rains are often the cause of massive soil erosion and crop destruction too. Indeed, they are
very often the cause of torrential rains, mudslides and landslides. This was the case for example in
2013 and 2014, when flash floods destroyed and washed away crops
The cool temperatures and high rainfall make Kericho a suitable area for tea production. But increasing
climatic risks, especially water stress and drought, are the most important risks identified in the tea
value chain.
The Hight Rainfall area represent 15,5% of the Rift Valley area.
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III.

Specificities of tea growing
1) Identity card of tea crop

Tea is an aromatic beverage
prepared by pouring hot or boiling water
over the dried or fresh leaves of Camellia
sinensis, an evergreen shrub native to
China and other East Asian countries.
Camelia sinensis is an evergreen plant
that grows mainly in tropical and
subtropical climates. [Editorial, 16 June,
2021] Tea is known for its many nutrients
and benefits to the body (Table 1 : Tea
Quick Facts)

Table 1 : Tea Quick Facts [healthBenefitstimes.com]
Calories

Major nutrients

Health benefits

91 Kcal./cup
Carbohydrate (16.15%)
Calcium (2.60%)
Copper (2.11%)
Phosphorus (1.43%)
Potassium (1.38%)
Healthy heart, Prevention of
cancer, Lower chances of
diabetes, Digestive health,
Prevent bacteria

Tea is a member of the family Theaceae. It belongs to the dicotyledons as the seed has 2 cotyledons
and the leaves have a petiole and reticulate veins. Camellia sinensis, consisting of two main varieties;
var. sinensis and var. assamica generally known as the Chinese and Assam varieties, respectively. A
third variety considered a subspecies of Camellia assamica named Camellia sinensis var. Assamica spp
asiocalyx has semi-erect leaves and is classified as ologophite (leaf angle 50°-70°). The Chinese varieties
have small, upright leaves and are classified as erectophilous (leaf angle < 50°), while the Assam
varieties (considered small trees that originally grew in the forest) have horizontal, broad leaves and
are classified as planophilous (leaf angle > 70°). The tea can grow to a height of 20-30 m if left unpruned
and can have a very long life span of over 1500 years.
All types of tea are made from Camelia Sinensis. However, some types of tea are fermented and
oxidized, while others are not. To ferment tea, the leaves must be withered or bruised by hand. This
process allows the enzymes on the leaves to interact with the air, oxidize and change the chemical
compound and color of the leaves. The flavor of the tea can change dramatically depending on
temperature, humidity and other atmospheric conditions. (Table 2 : Types of tea and oxidization level).
Table 2 : Types of tea and oxidization level [Campbell Ronald Harler]
Types of tea
Oxidization level

Black Tea
Fully, or almonst
fully oxidized

Green Tea
Unoxided

White Tea
Slightly oxidized

Oolong Tea
Partially oxidized

Picture

Figure 16 : Black Tea [Teashop] Figure 17 : Green Tea [Teashop] Figure 18 : White Tea [Teashop] Figure 19 : Oolong Tea [Teashop]

2) Tea Groth condition and harvesting
The least precipitation that permits tea development without water system is for the most part
assessed at 1200 mm per year. To compensate for incidents due to evapotranspiration and to protect
a sensible soil hydration rate, tea in Kenya requires a slightest of 1400 mm of rain, similarly spread all
through the year.

15

Tea favors acidic soils with a pH around 5.0 and 5.6 in even if can create on a wide run of soils who
have no exceptional soil impediments. The soils of Kericho and the Fracture Valley locale are in a
perfect world suited to tea development as they are or maybe acidic, profound and well depleted
(permeable and loose).
We will now look at the different operations of a demanding crop (tea). The optimal average
temperature is 18°C to 20°C and should have small daily variations. The temperature should not exceed
30°C and should not fall below -5°C for all operations.
The growth cycle of the tea can be explained thanks to this scheme. (Figure 20 : growth cycle of green
tea)

Figure 20 : growth cycle of green tea [dreamstime.com]
At to begin with, in Kericho district, sowing slowly gave way to cuttings. The strategy is very
straightforward. But this operation keeps going approximately 1 year and one must use caution to
regard the limitations of shading, air circulation and fertilization exceptionally strict. The young tea
bushes are then replanted in tight rows to promote a higher rate of coverage and avoid harmful holes.
Indeed, a perfectly closed formation limits soil erosion and weed growth. The density considered as
the optimal situation to obtain good yields is about 1000 plants per acre (0.4 hectares).
Concerning the maintenance, at slightest three or four a long time are essential for the plant to ended
up develop and beneficial. Pruning the beat of the tea plant to 1m from the ground encourages the
gather. Weeding is vital when the bush is still youthful. When it is conceivable, chemical weed
executioners are utilized in inclination to manual activity to dodge harming, chemical weed
executioners are utilized in inclination to manual activity to maintain a strategic distance from harming
not to harm the roots. The hone of "mulching" is far reaching. The mulch is for the most part made up
of the weeds pulled out, as well as the dead clears out. Finally, regular inputs of nitrogen, phosphorus
and potash are strongly recommended.
Concerning the harvest, the manufacture of quality teas strictly forbids any mechanization. Harvesting
should be carried out every 7 to 14 days, in an uninterrupted manner. Pruning the top of the tea plant
to 1m20 from the ground facilitates the harvest. In Kericho, the growth of the plant takes place over
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the 12 months of the year, therefore the harvesting must take place continuously. Tea is a perennial
crop.
When harvesting, select only the new leaves at the top of the bush. The terminal bud and the youngest
leaves are taken (Figure 21 : drawing of the picking area). [Anne-Sophie Brouillet, 13 Jun 2016].
Newly planted tea bush requires three to six
years to mature and start yielding green leaves.
A mature tea plant does not usually live beyond
40 or 50 years when grown, however, some
varieties can live up to 100 years.
In this scheme, we can see the different plants
that make up the tea. Picking alone represents
more than half of the working time on the plot.
Every week, we have to go back to the same
bush to pick the new shoots. Desertification is
usually done 3 times a year. Every 3 years, the
planters cut all the branches at about 50 cm
from the ground, it is the pruning.
Figure 21 : drawing of the picking area
Concerning root function, tea has two main root
[Fundamental
Understanding of Tea Growth, 9 jun 2021]
types, structural roots and fibrous or feeder
roots. Structural roots have large woody structures providing support to what be a tree if left
unmanaged. These roots also store starch, which is mobilised in times of need. Fibrous or feeder roots
are (thin (< 2mm diameter), and white when young. They are important for nutrient and water uptake.
[Cambridge University Press, 15 December 2017]

There are 2 types of reproduction of tea: reproduction by seeds and reproduction by cuttings. Tea
crops start with selected plant seeds that produce quality tea. Reproduction by seed consists in soaking
the seeds for 24 hours in warm water before sowing them. Germination will take place 1 to 3 months
after planting the seeds. Reproduction by cuttings is done by cutting 3-4 years old adult trees. It
consists in taking cuttings and placing them in a propagator with root hormones until they produce
new roots. Propagation is the most widely used method to reproduce tea because it is the most
efficient technique. [Kaja Karwowska, Magdalena Skotnicka, April 2019].
The CTC (Cut, Tear, Curl) method is widely used in Kenya. Once quality is verified, the tea is transported
to huge tanks to begin wilting. This begins with chemical wilting where the enzymes in the leaves are
simply left to do their work [see our previous blog on oxidation]. This takes about eight hours. After
that, the leaves are released from the tank to enter the "physical wilting unit." This extremely timeconsuming machine is where the moisture content of the leaves is reduced in preparation for the next
"maceration" step. This is when the leaf passes through rotating toothed rollers that chop the leaf into
very small particles. These are then allowed to oxidize before firing (heating) stops this process and
stabilizes the tea. The finished tea is then sorted and packaged for shipment. [Allan Robson, April 10,
2017]
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3) Yield Gap
According to the FAO, Kenya is the third country in the tea production. With a production of
569 500 tones in 2020, the country is outpaced by India and China which produce 2,98 million and 1,42
million tons respectively.
However, while China is the largest producer, it is the worst in terms of yield (Figure 22 : Tea yields in
the four largest producing countries (2020)). Indeed, with a yield of 8867hg/ha or 886.7 Kg/ha, China's
yield is less than half that of Kenya or India (2262 Kg/ha in India and 2114 Kg/ha in Kenya).
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Figure 22 : Tea yields in the faur lorgest producing countries (2020)
Over the decades, production of tea in Kenya has increased a lot from 18,000 tons in 1963, 294,000
tons in the late 1990s, to a record 519,000 tons in 2020 (Francetvinfo – 2021).
The area under tea cultivation has increased in recent years. In 2010, the production area was about
188,000 hectares, while in 2020 it was 219,000 hectares in Kenya.
Kenya’s tea yield is 2110 Kg/ha over the last twenty years. The yield is constant but we can see that
2018 and 2019 are lowest yield years (around 1700 Kg/ha) whereas 2008 is a year with a higher yield
of around 2500 Kg/ha (Figure 23 : Tea's yield in Kenya during last twenty years (FAO). The main reason
for this low yield is poor market adaptation. Kenya produces mainly CTC (Crush, Tear, Curl) tea. Today,
although CTC has made the fortune of some Kenyan producers, it no longer corresponds to market
demand. And the price of this tea has collapsed. A fall estimated at 20% for the 2018-2019 harvest.
This low production is at the origin of the low yield over this period.
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Figure 23 : Tea’s yield in Kenya during last twenty years (FAO)
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In Kenya, tea is produced throughout the year. But the production changes every month or rather
according to the season (Figure 24 : Monthly volume of tea produced in Kenya in 2020). There are two
production periods, a period of high production from the end of October to the end of April and a
period of lower production during the rest of the year. Production seems to be linked to the rainfall
even though the production is very high in January and February whereas the rainfall is low.

Production in Ton (t)
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Figure 24 : Monthly volume of tea produced in Kenya in 2020
In the field, yield of tea is influenced by different factors. The density of sowing, the number of
branches per shrub, the number of flower buds,…are these factors.
In most countries which product tea, tea bushes are planted at intervals of 60cm by 120m and 90cm
by 150cm. It represents a density of 13448 or 7692 bushes per hectares respectively. (David M. Kamau2008). This difference depends if it’s seedlings planted or clonal planted. Until the 1970s, tea plots
were mainly planted at low density (<8000 plants per ha), today, with cloned tea plants, the density
has been increased (>13000).
For a long time, there were lower planting densities in Kenya, and this was generally due to by coasts
and managements problems with the idea that cultural practices such as pruning and moving tea
pluckers were expensive or difficult (David M. Kamau- 2008).
Tea production in Kenya amounted to a volume of approximately 27 million kilograms in the West of
Rift region (where Kericho is located), while the East of Rift accounted for roughly 8.8 million metric
tons. Kenyan tea growing areas are divided
between the west and the east side of the
Great Rift Valley, where climatic conditions
are ideal for the plantation. (Figure 25:
Volume of tea production in Kenya by region
(in kg))
There are several ways to get better yields. For
example, when plucking, tea bushes can
product higher yields if they are not limited by
harvesting practice. Yield of tea can change
depending on the types of plucking.
Figure 25 : Volume of tea production in Kenya by
Because we can pluck only the bud and the
(statista.com)
leaf, the bud and two leaves or the bud and the
three leaves. But generally, tea yield is determined by the number of shoots plucked at each harvest.
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Concerning genetics, yields can be increased by increasing leaf production at the expense of stems by
reducing the proportions of dry matter in the stems by keeping plucking tables low and using closer
spacing to maintain full canopy coverage.
Moreover, cultural practices such as tillage, weed control, fertility management, irrigation, plant
protection and harvest management can have a positive effect on yield even though tea quality may
be affected.
Finally, the closer spacings will give higher annual yields per unit area (ha) in the earlier years but the
yield differences will gradually diminish with age of the tea plantation. (David M. Kamau- 2008).

4) Crop and stress management
Here we will focus on the management of tea crops (biological, chemical and physical risk
management) with biotic and abiotic stress.
Abiotic stress is in fact the principal cause of the loss of crop productivity worldwide, reducing average
yields for various crops by more than 50%. Abiotic stresses cause losses worth hundreds of millions of
dollars each year due to reduction in crop productivity and crop failure. Principal abiotic stresses that
can affect growth and productivity of the tea plant include the following : wind (sand and dust particles
in wind), nutrient deprivation in soil, cold (chilling and frost), heat (high temperature), salinity (salt),
drought (water deficit condition), excess water (flooding), radiations (high intensity of ultraviolet and
visible light), chemicals and pollutants(heavy metals, pesticides, and aerosols), oxidative stress
(reactive oxygen species, ozone), nutrient deprivation in soil. Drought stress results in stomatal closure
and reduced transpiration rate, a decrease in water potential of plant tissues, decrease in
photosynthesis and growth inhibition... [Sanjib KUMAR Panda , Hrishikesh Upadhyaya, February 2013]
Fristly, to protect itself from the wind, the tea needs wind breaks. This wind breaks permits to stop
some sand and dust particles, to
reduce wind speed and decrease
moisture loss from the soil through
evaporation and from the plants
through evapotranspiration. The
height of the wind breaks must be
higher than 10m for them to be
effective.
Exemple of trees
recommanded :
Hakea saligna,
Grevillea robusta. (Figure 26 :
Grevillea robusta in tea field)

Secondly, to combat nutrient
deprivation in the soil, we must use
Figure 26 : Grevillea robusta in tea field
fertilizers.
[B. Mohan Kumar, january 2012]
When planting, it is advisable to use
fertilizer to supplement the tea with nutrients to improve their growth and increase their yield. In each
planting hole, it is advisable to use 15 grams of diammonium phosphates (DAP) or 15 grams of triple
super phosphate (TSP) or 30 grams of simple super phosphate (SSP). The fertilizer should be thoroughly
mixed with the soil.
A tea is still considered young 3 years after its first pruning (about 5 years). During these 5 years, the
plants need nutrients to maintain good health and fertilizer to help the development of roots and
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branches. Fertilizer should provide N (nitrogen), P (phosphate), K (potassium) and S (sulfur) in the
proportions 5:1:1:1, or more concentrated in P and K.
The mother bushes are more fragile because of lack of nutrients or because of parasites, diseases, hail,
drought... These bushes have a lower yield and grow more slowly. The mother bushes must then
receive 2 times more fertilizer per year than the other bushes. Fertilizer doses are usually done after
each pruning.
The amount of fertilizer varies according to the size and diameter of the planting holes. For standard
25cm long x 6.25cm diameter the sleeves the holes will be approximately 40cm x 25cm.
For
other sizes of shrubs, here are the quantities of fertilizer to use. (Table 3 : Fertilizer for different
planting hole).

Table 3 : Fertilizer for different planting hole
Use either
Planting hole (Depth x Width)
SSP
TSP
45cm x 22,5cm
30g
50cm x 25cm
40g
60cm x 30cm
54g
[Samson Kamunya, Simon Ochanda. Al, 28 february 2019]

15g
20g
27g

DAP
15g
20g
27g

Concerning biotic stresses, they can be caused by weeds, pests, diseases.
Tea fields can have weeds and it is important to pull them back. It can be done chemically or manually.
Weeding is important when the shrub is still young. When it is possible, chemical weed killers are used
in preference to manual action to avoid not to damage the roots (for example, we can use glyphosate).
In addition, the practice of "mulching" is widespread. The mulch is generally made up of the weeds
pulled out, as well as the dead leaves. By mulching the area around your plants, you keep the weeds
from getting the necessary nutrients that they need from the sun to grow. To retain this benefit, it is
critical that you remulch on a regular schedule.
Here is an example of pests (Table 4 : tea pests) and diseases (Table 5 : tea diseases) that can have
negative impacts on the plant :

Name of Pest
Crevice/ Scarlet Mite
(Polyphagotarsonem
uslatus)

Table 4 : Tea pests
Symptom
Management
Picture of pest
Recommendation
Affected leaves turn - Use of resistant clones
corky brown on the (for exemple : e.g clone
underside of leaves, 31/8)
premature leaf fall - when severe, spray with
occurs, during
omite (Propargite) at
Figure 27 : Crevice
severe drought young 3ml/litre of water
[Featured creatures]
leaves are attacked.
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Red spider mite
(Calacaruscarinatus)

Yellow tea
(Caccus spp.)

The upper surface of
mature
leaves
darkens, turns brown
and appears scorched
leading to defoliation

Mite Young leaves curl
inwards,
become
distorted and brown
corky

- Use of resistant clones
(for exemple : e.g.-BBLK
152)
- when severe, spray with
omite (Propargite) at
3ml/litre of water

Figure 28 : Red spider
mite [Biobet
sustainable crop
management]

- Use of resistant clones
- when severe, spray with
omite (Propargite) at
3ml/litre of water
Figure 29 : Yellow tea
Mite [Info net
biovision]

Table 5 : Tea diseases
Name of disease
Symptom
Management
Recommendation
Armillaria rot rot Reduction in growth, -Killing trees by ring
(Armillaria mellea)
yelloxing, premature barking, prior to
flowering, defoliation felling. This is best done
and eventually death. during primary land
At the collar region preparation.
longitudinal cracking
of the stem can be ‐Removal of roots and
observed.
stumps of
tree that
may
harbor
the
pathogen.

Branch and collar Decline of the bush
canker
of
tea occurs due to sectorial
(Phomopsistheae)
death of the primary
branches which may
result in the ultimate
death of the whole
bush. Canker lesions
develop at the base of
affected plant or on
the branches. Leaves
on
branches/whole
bush girdley by the
lessions turn yellow

Picture of disease

Figure 30 : Armillaria
rot rot [The daily
garden]

‐Within a field of tea,
infected bushes should
be
removed
by
thoroughly digging them
out as soon as they are
recognized.
- Minimize injuries on the
bark of
tea
by
mulching to avoid stress
due
to
soil
Figure 31 : Branch and
moisture deficit.
‐Pruning
off
badly collar [ResearchGate]
affected branches of
infected plants at least
10 cm below the
lesions.
- Pruned
bushes
should be treated with a
protectant fungicide such
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Leaf spot of tea
(Colletotrichumcam
elliaemassee)

and ultimately die.
Where the lesions
girdle the main stem
the
whole
plant
ultimately dies.
Attacks nursery plants

as the dithiocarbamates
or copper oxychloride.
‐Use of
resistant
clones
Outbreaks can cause
severe damage only in
the nursery
‐In
nursery,
use
fungicides
such
as
dithiocarbamates ‐Treat
or attend to the pre‐
Figure 32 : Leaf spot of
disposing causes.
tea [Crop protection]

[Sanjib KUMAR Panda, Hrishikesh Upadhyaya, February 2013]

5) Idiotype
The crop ideotype refers to model plants or the ideal plant type for a specific environment. In
a broad sense, an ideotype is a biological model that is expected to perform or behave in a predictable
way in a defined environment. More specifically, a crop ideotype is a plant model that is expected to
produce more grain, fiber, oil or other useful products when developed as a cultivar.
At the beginning, tea was grown from seed to produce naturally crossed tea plants. As a result, the tea
plants were heterogeneous. This heterogeneity led to a great variability in yield, quality and
fermentability. However, over the years, tea breeding programs have resulted in improved varieties
with higher yield, good stress tolerance and pest and disease resistance characteristics: so-called clonal
cultivars [David M. Kamau- 2008].
To produce clonal cultivars, young plants are propagated vegetatively. They were raised from cuttings
obtained from a mother bush, maintained in nurseries and then planted in the field.
The mother bushes were selected according to criteria such as bush vigor, even distribution of shoots
on the plucking table, shoot weight, fermentability, suitability for propagation by cuttings, tolerance
to drought and pests, etc… [David M. Kamau- 2008]
Therefore, tea plants contain rich and varied secondary metabolites (1), which are responsible for the
quality of the tea (color, aroma, taste...) and play an essential role in the response to biotic and abiotic
stress. Compared to several plants (kiwi, tomato, potato, cocoa...), the tea plant has disease resistance
genes, which contribute to the improvement of the tea plant's immune system and its adaptation to
different global environments.
Today, there are many clones with their own characteristics. The choice of clone is made according to
the farmers' expectations (high yields, high pH resistance, cold resistance...). Here is an example of
different clones that can be grown and their specific attributes (Table 6 : Attributes of breeder clones)
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Table 6 : Attributes of progenitor clones
Varietal type
Special attributes
EPK TN 14-3
Kenyan Chinary local
Tolerant to high soil pH and cold but susceptible
selection
to red crevice mites (Brevipalpus phoenicis)
with moderate levels of caffeine (2.7%)
TRFCA SFS150
Malawian Assam type
Drought, cold and pest tolerant with moderate
levels of caffeine (2.9%)
AHP S15/10
Assam type Kenyan local
High yielding, highly pubescent (3) but
selection
susceptible to water stress with moderate levels
of caffeine (3.0%)
TRFK 6/8
Assam type Kenyan local
High black tea quality (fast fermentability and
selection
high levels of polyphenols), low yielding and
susceptible to water stress with low levels of
caffeine (1.7%)
[S. M. Kamunya, F. N. Wachira et al. 20 April, 2009]
In general, young clonal tea plantations show higher yields than older seedling (2) plantations at lower
densities. This higher productivity also translates into slightly higher soil organic C contents due to the
return of leaf litter. In this context, it was found that uprooting and replanting old degraded tea
plantations with clonal cultivars would be cost-effective.
However, management practices that prevent degradation are the most cost-effective. Moreover, it
was shown that seedling tea plants acquire much higher stocks of C and N-P-K nutrients with age than
clonal tea plants [David M. Kamau- 2008].
Tea must also be able to adapt to its climatic environment which can be stressful. For example, studies
have been carried out on low temperatures which can cause damage to tea plants and affect the
overall development of the tea. We found than the gene coding for DNA methyltransferase was cloned
from a tea cultivar (4) and found to have a high level of expression in very cold conditions. In the future,
further DNA methylation projects should be carried out in relation to other aspects of tea plants to
understand the roles of these modifications in plant development, environmental adaptation, stress
responses and even variation and stabilization of genome structure. [En-Hua Xia, Wei Tong et al. 2019
Jul 10]
In Kenya, TRFK 31/8 has been found to have higher yield and quality than TRFK 6/8 (Tea Research
Foundation of Kenya). Therefore, it's the most widely used cultivar in Kenya. This cultivar has several
advantages: high yield, high adaptation rate, low rejection rate, high export price. The Tea Research
Foundation (TRF) has released two new clones with leaf yields at least 50% higher than commercially
available varieties. The clones, TRFK 430/90 and TRFK 371/3, are the result of 16 years of research and
could replace used TRFK 31/8 variety in the future.
Kenya currently produces and exports over 96% of its tea as black teas. This tea is sold on the world
market. As a result, it is sold at low prices, which reduces the income of tea producers in particular.
The situation of the world tea market therefore calls for more research into product diversification,
the development of tea specialties and the valorization of these. That why, Kenya need to develop and
use new cultivars (4) with a combination of new agronomic characteristics that will provide the raw
material for the development of appropriate products. [Tea Research Institute, 2022].
(1) Secondary metabolites: A molecule, often specific to a plant or fungal species, that is synthesized outside the essential metabolic pathways
by specialized cells, at certain times during development or in response to an aggression.
(2) Seedling: a young plant, especially one raised from seed and not from a cutting.
(3) Pubescent: Having reached puberty
(4) Cultivar: A plant variety that has been produced in cultivation by selective breedi
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The tea we would like to create would have interesting properties such as good yield, medicinal
properties superior to those of green and black tea, large leaves, more resistant to drought...
Among environmental stresses, drought is one of the most important limiting factors for the
agricultural growth of tea plants and the quality of tea products. The annual production of the tea
industry has been significantly reduced by up to 33% by drought in tea growing countries.
Drought stress causes wilting of the bud and the youngest fully developed leaf, resulting in irreversible
negative effects on tea yield and quality and thus great economic losses. Investigation of ionic
mechanisms towards drought stress tolerance of tea plant is therefore one of the objectives of this
study. [XianchenZhang, HonghongWu, et al, March 2019]
To create our tea plant, cuttings from old tea plants are grafted onto new plants with desirable genetic
traits. The cultivars TRFK 371/3 and TRFK 430/90, produce about 50% more and improve profitability
on better quality, they produce larger leaves than other cultivars and are well resistant to biotic and
abiotic stresses. In addition, they are known to have significant strength that is suitable for mechanized
harvesting.
Potassium plays an important role in the quality and yield of tea. It allows among other things the
activation of enzymes, the opening of stomata... It also allows to respond to abiotic stresses like salinity
and drought. The chosen cultivars have potassium and thus correspond to our expectations.
We will use these 2 cultivars to make our tea with the expected qualities. It is important to carry out
several trials and to wait until they produce the desired characteristics before harvesting and
marketing. [Mark Denge, March 7, 2011]

IV.

Water Mangement

1) Kenya water system description
Kenya is classified as a water-scarce country. The natural endowment of renewable freshwater is
currently about 21 BCM (billion cubic meters) or 650 m3 per capita per annum. A country is categorised
“water-scarce” if its renewable freshwater potential is less than 1,000 m3 per capita per annum. By
2025, Kenya is projected to have a renewable freshwater supply of only 235 m3 per capita per annum.
The Kenyan people are one of the most disadvantaged in the world. With a population of about 36.6
million and an annual population growth rate of about 2.6 percent, the country's poverty index has
also continued to rise steadily. In Kenya, 59% of Kenyans have access to safe drinking water and 29%
of Kenyans have access to improved sanitation. In 2020, UNICEF certified 1,765 villages as open
defecation free.
Water scarcity in Kenya has been a problem for decades, as only a small percentage of the country's
land is optimal for agriculture and the climate is mostly arid year-round.
Water pathogens are a huge health problem in Kenya, as the population is left unprotected from
sporadic outbreaks such as cholera and parasitic worms. Fortunately, a number of organizations are
picking up the slack for the Kenyan government by providing health care services and water supply
solutions. [Shannyn Snyder, 2021]
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The minimum rainfall that allows tea cultivation without
irrigation is generally estimated at 1200 mm per year. To
compensate for losses due to evapotranspiration and to
maintain a reasonable soil hydration rate, tea in Kenya
requires a minimum of 1400 mm of rain, evenly distributed
throughout the year.
As can be seen in the figure 2, precipitation in the rift valley
region is greater than 1500mm per m² around Kericho, so
irrigation is not necessary in these areas (shown in blue on the
diagram). For the areas represented in yellow (around Narok),
the rainfall is between 500 and 1500mm, so irrigation is
necessary. (Figure 33 : Rainfall in the rift valley)
Precipitation must be frequent, regular and abundant, so that
the shrubs can draw the amount of water they need from the
environment. The average rainfall for the different varieties of
tea plants is considered to be between 1100 and 1300 mm per
square meter. In the rift valley region, the average rainfall is
approximately 1000mm per square meter. To compare, in
France, this figure is about 600 mm

Figure 33 : Rainfall in the rift
valley [ResearchGate]

Topography and landforms largely shape the region’s drainage pattern. Several rivers branch from the
central Kenya highlands into the endorheic Great Rift Valley basin, rivers in the western areas flow
westward into Lake Victoria.

2) Kericho County: in the Victoria Lake catchment
a) Water availability in the Kericho area
In Africa, where much of the population relies on surface water as the main water source,
understanding water supply and quality is crucial to manage resources sustainably. However, the
hydrological functioning of tropical catchments is generally less well understood than that of
temperate catchments. This is specifically true for tropical montane forest catchments, as those have
received less attention in hydrological research compared to the tropical lowlands.
More than 30 million people in five countries share and effect the resources of the Lake Victoria basin.
Harmful activities in the catchment area have an effect on the lake and affect the livelihoods of people
throughout the basin. Human activities are already disrupting the current fishing activities in the area
and affect the livelihood of the local people.
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Kericho county located in the
south-west part of the rift valley,
is located in the Lake Victoria
catchment. Lake Victora is one of
the largest lake in the world. This
lake covers an area of 68,8 km2,
and is shared by three countries
including Kenyan territory which
represent only 6% of the total
area (Tanzania and Uganda have
51% and 43% respectively).
(Okungu, J.O. & al. -2022) but a
huge part of the total catchment
around the Lake (Figure 34 : Lake
Victoria and its basin)

Figure 34 : Lake Victoria and its basin [ResearchGate]

Indeed, the lake has a vast catchment area of 193,000 km2, which spans the three East African
countries as well as Rwanda and Burundi. The catchment is the area from which rivers carry water,
nutrients, sediment and pollutants into the lake. Kenya's catchment area in the Lake Victoria Basin
covers 42460 km2 (22% of the total catchment area). (Okungu, J.O. & al. -2022). If this lake is very
large, its volume is less that of other African Great Lakes.
Among the five drainage basins in Kenya, Lake Victoria drainage basin has special interest for the
country because early half of the country’s population lives in this basin, which is composted with
water for drinking, agricultural and industrial water use and other natural resources. Moreover, the
Kenyan basin has a high potential for hydropower development as most of its rivers have waterfalls,
hence a high potential for hydropower development. Today there are only two sites (one each on the
Sondu/Miriu and Kuja/Migori rivers) when there could be more. This potential seems to be underexploited (Okungu, J.O. & al. -2022).

About Kericho, located in the east part of the Lake Victoria and highlands of the Great Rift Valley like
we saw, has several river branches that flows in the
River Sondu-Miriu or in the Nyando River. This area
constitutes the Sondu-Miriu Basin. (Figure 35 : Lake
Victoria basin’s catchment).
The relief of the Sondu catchment area consists of low
plains near the lake shore and rises eastwards to
volcanic plateaus with deep gorges and V-shaped
valleys in the upper eastern parts of the catchment
area.
The elevation of the terrain in the basin varies from
about 1134 m above sea level at the edge of the lake to
about 2900 m above sea level at the top of the
mountains. This facilitates the rapid movement of
water downstream. The flat terrain near the lake
facilitates the spread of flood waters, inundating lowlying areas. This also implies, due to the steep slopes
of the Kericho area, a natural drainage of the soil.

Figure 35 : Lake Victoria basin’s catchment
(River Sondu and its Tributaries)
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The irrigated area in the Nile basin parts of Kenya (especially the northern catchments of Lake Victoria)
is about 47500 hectares, while the cultivated area averages 20000 hectares.
The irrigated part still represents only 5% of the irrigation potential of the Kenyan part of the Lake
Victoria basin (Irrigation Areas in Kenya- 2016).
The total estimated irrigation water demand for all systems is about 367 MCM and the actual
withdrawal estimates are 307.5 MCM, indicating a volumetric demand satisfaction rate of about 84%.
The reliability of water supply at the system level varies considerably from region to region (Irrigation
Areas in Kenya- 2016).
The main constraints and challenges to the accelerated development of irrigation and drainage in
Kenya are lack of public and private investment, and inadequate development of irrigation
infrastructure and water storage facilities. Almost all irrigation is carried out by run-of-river systems,
although water basins and small dams have been built, the former in areas of medium potential.
Basin, furrow and flood irrigation methods are used in most community irrigation systems, while
sprinkler and drip irrigation are used on some private farms, especially for flower and horticultural
crops (Irrigation Areas in Kenya- 2016).
While Kericho is attractive for tea cultivation because of the high rainfall in the area and the natural
slopes for soil drainage, the area also has a major erosion problem due to these same factors. The
composition of the soil (clay-loam) does not facilitate erosion control.

b) Water balance in Kericho County
Thanks to the water balance, it's possible to quantitatively evaluate water resources and their
evolution under the influence of human activities.
Water balance analyses are necessary to
calculate the drainable surplus of a region or
agricultural field. The water balance of a
location, whether it is an agricultural field, a
watershed or a continent, can be determined
by calculating the inflows, outflows and
storage changes of water at the Earth's
surface.
The main water inputs are precipitation and
the outputs are evapotranspiration (Figure 36
: Schematic of the water balance
[ResearchGate]).
As
a
reminder,
evapotranspiration is the sum of evaporation
from the soil and transpiration by the plant.
Evapotranspiration is highest when the plant
has the most leaves. Wind, sun, temperature
and air humidity are weather conditions that
can influence this phenomenon.

Figure 36 : Schematic of the water balance
[ResearchGate]
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In this context, we will calculate the water balance in a tea field in the Kericho county (Table 7 : Water
balance in a tea field in the Kericho county). Kericho is one of the highest rainfall areas in Kenya with
an average annual rainfall of over 1700mm. This characteristic is very favorable for tea cultivation.
Table 7 : Water balance in a tea field in the Kericho county

To do this, we found the monthly rainfall data for the region in question, we found the average monthly
evaporation (Epot) for the region (this is the region closest to Kericho: the Victoria Valley) and the
factor of tea plant. About evaporation, the Kericho County is located at a higher altitude and in a higher
humidity area, so it should normally be lower.
These data allowed us to determine that the water deficit in this region is generally during the first 3
months of the year. Conversely, the months of April and May are strongly surplus.
In case of a precipitation deficiency, the plant is dependent on the stock of soil moisture that is
available at that time. This depends on: the rooting depth, the amount of water available in the root
zone, the amount of capillary supply.
Tea is a plant with a deep root system that can reach a depth of 5m. This means that the plant is able
to fetch water from deep within the soil during critical periods. In Kericho, tea is grown in a clay-loam
soil that can be likened to a moderate heavy clay. Knowing this, we can calculate the adhesive water
(S) available for tea in this type of soil. In our case, we have calculated that the amount of water
available for tea is 600mm.
In the case of drought, the plant extracts water from the soil, so the stock will shrink. However, the
entire rainfall deficit will not be able to be extracted from the soil, as the plant has to suck harder and
harder to get water out of the soil. The plant is going to evaporate less than it would like.
In conclusion, thanks to the water balance, it is possible to determine interesting values. We were able
to determine the total evapotranspiration actual that occurs in a tea field in one year (Eact= 1507mm)
and the amount of water that is evacuated (Discharge = 261mm), i.e. the water that was not made
available to the plant and that ran off.
We have determined that the water balance is well balanced because the total precipitation
accumulated during the year (Precipitation Total =1768mm) is the sum of the values found above
(evapotranspiration and water discharge). Thanks to this calculation, we can estimate the percentage
of water lost, estimating the percentage of yield lost by knowing the surface of a field. This indicator is
very interesting for a tea farmer because tea cultivation requires a lot of water.
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3) Drainage and irrigation of the plant
During rain or irrigation, the fields become
wet. Water seeps into the soil and is stored in
its pores. When all the pores are filled with
water, the soil is said to be saturated and no
more water can be absorbed; when rain or
irrigation continues, puddles may form on the
soil surface. Stagnant water in canals and fields
encourages breeding of pests like mosquitoes
and snails which cause diseases. If not properly
controlled, irrigation water can cause
waterlogging and leaching of the soil. This
causes a lack of air and minerals in the soil. The
presence of irrigation water promotes the
growth of weeds that compete with cultivated
crops and this can lead to lower crop yields.
Drainage is therefore a necessity. (Figure 37 :
Drainage scheme)
Figure 37 : Drainage scheme [ResearchGate]
There are several types of drainage. The superficial drainage which corresponds to the elimination of
the excess of water of the surface of the ground. The shallow ditches discharge into larger and deeper
collector drains. In order to facilitate the flow of excess water toward the drains, the field is given an
artificial slope by means of land grading. And subsurface drainage which corresponds to the removal
of water from the root zone. It is accomplished by deep open drains or buried pipe drains.

As we have seen before, the tea fields in Kericho are sloping. Drainage is therefore done naturally.
Natural drainage means a soil’s capacity to naturally discharge, by runoff or by infiltration into the soil,
the waters brought by precipitations and the melting of snow.
Regarding irrigation on tea production in Kenya, a study was conducted on 4 tea clones (TRFCA PC81,
AHP S15/10, BBK35 and BBT207) to determine if drip irrigation had a positive effect on yield. Most of
the yields obtained exceeded those obtained from a sprinkler irrigation system (present for example
in Mufindi, Southern Tanzania, Kibena Estate...)
The results showed that drip irrigation of tea not only increased yields, but also saved up to 50% of
water through the application of 50% less water, and with a labor savings of 85% for irrigation. [Julius
M.Kigalu, Ernest I. Kimambo et al. november 2008]
In Kenya, to cope with the uncertain distribution of rainfall, irrigation systems are also encouraged,
including the introduction of a drip irrigation system. [Dr. Takeshi Takama, 2017]
In addition, tea yields are often limited by insufficient or inefficient supply of water and nutrients
needed for optimal growth and quality. Precision irrigation produces high yields and stable production
under all conditions. With drip irrigation, the expected yields are on average between 3.5 and 6
tons/ha.
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Using precision irrigation for tea addresses environmental challenges and reduces risks. Climaterelated risks are eliminated with this method of irrigation because the tea plant receives the right
amount of water and nutrients.
This technique also allows for optimal nutrition even during the rainy season, when nutrient leaching
(1) can be a real problem for tea crops. Most of them can be avoided by applying fertilizers through
the drip irrigation system directly in the root zone.
Drip irrigation can be applied to any terrain, whether it is flat or sloping.
With precision irrigation and modern farming practices such as fertigation (2) , mechanical harvesting
and intensive pruning, you can increase productivity per hectare and deliver a high quality product.
Economic calculations show that precision irrigation is the most sustainable system for tea plantations
in the long term, offering higher economic returns than other methods. [Netafim, 2022]
(1)
(2)

Leaching : Phenomenon of entrainment by water of substances fixed on fine particles through the soil.
Fertigation : Agricultural technique consisting of applying water-soluble fertilizers through an irrigation system.

4) Problems related to the ground (erosion and soil compaction)

Soil erosion is a serious threat to global
agricultural production with global average soil
erosion rates and total annual soil loss estimated at
12-15 t per ha. In agriculture, soil erosion refers to the
thinning of a field's topsoil by the natural erosive
forces of water and wind, or by agricultural activities
such as tillage. (Figure… : Erosion tea field in Kenya,
Ontario)
The Kenya Great Rift Valley region unique landscape
Figure 38 : Erosion tea field in Kenya, Ontario
comprises of mountainous terrain, large valley-floor
[ResearchGate]
lakes, and agricultural lands bordered by extensive
Arid and Semi-Arid Lands (ASALs). In Kenya, few
studies have quantified soil loss on a national scale and information on erosion rates. In the Rift Valley,
where 84.5% of the land is arid and semi-arid, the average erosion rates for 1990 and 2015 are 6.26 t
per ha per year and 7.14 t per ha per year respectively. Soil erosion is a serious threat to global
agricultural production with global average soil erosion rates and total annual soil loss estimated at
12-15 t per ha. [Georges Watene, Lijun Yu et al, 26 novembre 2020]
On sloping ground, water begins to run off the soil surface when excess water can no longer be
absorbed by the soil or when water is trapped on the surface. Runoff increases when the rate of
infiltration decreases due to frost, crusting or soil compaction.
The steeper the slope of a field and the longer the slope, the greater the risk of erosion. Water erosion
also increases with slope length due to increased runoff. This increases the rate of water flow and
sediment transport, resulting in increased risk of erosion and scouring. In Kenya, the majority of tea
crops are grown on sloping ground. The erosion in tea fields is therefore more important. (Figure 39 :
Erosion risk from topography). Heavy rains in Kenya are a source of erosion. Indeed, as we have seen
before, the rains vary a lot in Kenya and sometimes there are heavy rains that last a long time. The
erosion changes from one year to another depending on the rainfall. (Figure 40 : Changes in with time)
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Figure 40 : Changes in erodibility with time
(SciencesDirect)
Figure 39 : Erosion risk from topography [ReserchGate]
The irrigated area in the Nile basin parts of Kenya (especially the northern catchments of Lake Victoria)
is about 47500 hectares, while the cultivated area averages 20000 hectares.
The irrigated part still represents only 5% of the irrigation potential of the Kenyan part of the Lake
Victoria basin.
The total estimated irrigation water demand for all systems is about 367 MCM and the actual
withdrawal estimates are 307.5 MCM, indicating a volumetric demand satisfaction rate of about 84%.
The reliability of water supply at the system level varies considerably from region to region.
The main constraints and challenges to the accelerated development of irrigation and drainage in
Kenya are lack of public and private investment, and inadequate development of irrigation
infrastructure and water storage facilities.
Almost all irrigation is carried out by run-of-river systems, although water basins and small dams have
been built, the former in areas of medium potential.
Basin, furrow and flood irrigation methods are used in most community irrigation systems, while
sprinkler and drip irrigation are used on some private farms, especially for flower and horticultural
crops.
Soil compaction, means that the density of the soil increases when it is compressed. Soil compaction
also reduces water infiltration into the soil. This creates water saturation in the upper layers which, in
turn, can lead to a lack of oxygen for the roots. Water accumulation causes soil compaction. In addition,
the aeration condition of the soil affects the availability of various nutrients, such as nitrogen and
manganese. Under anaerobic conditions, denitration can cause severe loss of nitrogen in the form of
nitrogen oxide or nitrogen gas to the atmosphere. Soil compaction can therefore reduce the presence
of nitrogen in the soil. [Rhoda Ruto, Syphline Kebeney et al, 3. August 2019]
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V.

Our Farm and French system

We were unable to find the information we were looking for about a tea farm in Kenya. So we
decided to imagine our own farm. Most of the values we found came from the Chesumot farm near
Kericho.
Our farm is located 10 km north of Kericho and represents 400 hectares of tea. The soil in this
geographical area is volcanic soil.
Concerning the climate, the average temperature is 28°C during the day and 18°C at night and on
average, it rains 3mm per day and it is sunny 7 hours per day. To cope with the uncertain rainfall
distribution, water conservation and management options are planned, including the introduction of
cost-effective drip irrigation to improve soil moisture content and yields.
This farm has shade trees that protect the shrubs from burning and improve the soil. Every 4 years,
the branches are cut back to obtain a higher production later on.
The tea varieties used are TRFK 430/90 and TRFK 371/3, because after 16 years of testing and
experimentation, these varieties have proven to be more resistant to drought and disease in this area
(more resistant to Branch and collar canker of tea et Leaf spot of tea).
When planting, they use 15 grams of diammonium phosphates (DAP) and with each pruning, they add
30 grams of simple super phosphate (SSP).
As for chemical weed killers, they are used in manual action on young tea. The mulching technique is
also used to reduce the amount of weeds
Nature carries away about 9.3 billion tons of soil per year. But when humans intervene, the rate
increases to about 24 billion tons per year. A study was undertaken to reduce the huge loss of topsoil
by introducing better crop management coupled with simple terracing in erosion-prone areas. In order
to fight against soil erosion, an earthwork was therefore set up in the farm.
About 200 workers work on the plantation where 90% of the workers are responsible for picking the
tea leaves manually, and 10% of the workers are responsible for picking them with machines. Mainly,
they pick the leaves manually because the terrain where the plantation is located is very steep, which
makes it difficult for the machines to reach. Moreover, with a vertical terrain, if they cut the leaves
with a machine, they would damage a good part of the tea plants.
The field we are going to study on this farm is 1 hectare, the soil is sloped at 30° and has clay-loam.
This field is located at an altitude of about 2,100 meters and the average yield is estimated at 2,500
kg/ha. [FunTravel Kenya, February 21, 2020]
On our farm, we can imagine a water retention system upstream of Kericho that will be useful in times
of drought. It is a simple system to set up that allows us to maintain the water level in each terrace
and to limit water losses due to constant runoff. This easy to install system also helps to limit erosion,
a major problem in the region. Although it is not necessary to install drains in the region because it is
a sloping area, we have made some calculations. We didn’t find all information we need to do
calculation that why we did estimation sometimes.
On our farm, the soil is a moderate heavy clay, which contain some pores and cracks when the soil is
dry. The permeability of the soil is of 1mm (k). For the drain depth (dd), we take the value of 120 cm
which is associate with clay soil. For the value of “q”, which is design discharge of the soil, we took a
value of 0,007m. About the drain radius (ro), it’s a theory value to make the calculation for the drain
system.

q = 0,0014mm/etm
∆h = dd- ∆f = 120 – 70 = 50
∆f : 70 cm-mv fruit cultivation (minimum drainage level)
cm or 0,5 m
k = 1,5/day
ro = 0,05m
dd = 120 cm
La2 = (8*k*d*∆f) /q
=>
La2= (8*1,5*d*0,5) /0,014 = 857d
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Test 1 : La = 10m
La/ ro = 10/0,005 = 200
D/ ro = 2/0,05 = 40
d/ ro = 18,1 (table)
d= 18,1*0,05 = 0,905

Test 2: La = 20
La/ ro= 20/0,05 = 400
D/ ro = 2/0,05 = 40
d/ ro = 25 (table)
d= 25 *0,05 = 1,25

La2 = 857*0,78
La2 = 776
La = rac (776) =28

La2 = 857 * 1,25
La2 = 1071
La = rac (1071) = 32,7

The result we have found is 43 meters for La. To determine this value, we use graphical method
(Figure 41 : Estimation of distance between 2 drain). For our studied field, our ideal interurban seems
to be 43m.
Knowing that the maximum length of our field is 150m
we will need 3.5 drains so 3 drains. (Figure 42 :
Drainage scheme)
About the drain diameter,
•

Q= q*La*Ld (m3/s)
(Ld= 150; La= 43)
Q =0,014*43*150=90,3m3/etm
Q= 69,3/ (24*60*60) = 1,05*10-3 m3/s

•

∆m = 1/3*∆h = 1/3*0,7 = 0,23

•

2ri = 0,23*Q0,37*(Ld/∆m)0,21
2ri = 0,23*(1,05*10-4) 0,37*(150/0,23)0,21
2ri = 0,030m ou 30 mm

Figure 41 : Estimation of distance between 2 drain
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Figure 42 : Drainage scheme

We found a French farm of 1 hectare that produces tea. We contacted the producer so that he
could answer our questions and give us the necessary information to compare our farm to a French
farm.
The farm in question is located in the south of France, in the Pyrenees. (Figure 43 : location of Pyrenees
and Figure 44 : French tea farm in Pyrenées)

Figure 43 : location of
Pyrénées (Geneawiki)

Figure 44 : French tea farm
in Pyrenées (instagram)

During the year, it rains on average 1100mL. There is a dry wind coming from the South and a wet wind
coming from the North. The sunshine is quite important and the average daytime temperature of the
plot is 15°C. The exposure of the plot is South-East. In the morning, the sun avoids that the tea freezes,
then the sun passes behind the forest what allows not to dry too much the tea in the day. The first
trials were planted 1,5 years ago and every 6 months he plants because there are losses of some
cultivars.
Contrary to the tea cultures in the world (for example in Kenya), the tea cultures in France have
problems of late frosts. The French producers are therefore looking for late cultivars that could resist
to frost.
The farmer we interviewed has been using cuttings for production until now but will soon produce tea
from seed because cuttings are sensitive to drought which is a big problem in France. His farm is 100%
organic, so he does not use chemical weed killers. Weeding is done mechanically at the end of spring.
The density of his field is 9000 plants and he cultivates in single row to have thicker bushes (double
row = standard quality) on 4000 m².
The tea is in a forested environment and there are also trees in the plot that act as windbreaks and
provide shade and moisture. The climate is not too humid because the plot is located on a sloping
ground. There is a need for watering especially at the time of installation after the drainage is done
naturally thanks to the spring.
The land was sloping and the producer decided to make an earthwork and a source of water passes
under the land to go to the terraces and irrigate with a pump.
Finally, the producer makes a test of 4 varieties to see their adaptation to the climate and to see the
quality of the teas produced. The cultivars used here have names chosen by those who created them.
It can be for example Trevarez, Quimpert... For the moment, there are no diseases and pests because
he does not put fertilizer at the plantation but he straws and uses compost.
The objective of the French producer is not the yield but the quality. He would like to make his first
sale in 2 years with 20kg of tea. At the moment he is still at the stage of testing, the costs are important
and he cultivates every year but it is still to research which cultivar is the best. He harvests on April 1
for the early cultivars and on May 15 for the others. [Lucas Ben-Moura, 2019]
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VI- Climat Smart Agriculture
The term “climate-smart agriculture” (CSA) refers to production systems designed to increase
food security, improve the resilience of agriculture to environmental change, and mitigate climate
change (FAO, 2010; World Bank, 2011). Increased planning is vital in order to address tradeoffs and
synergies between the three pillars: productivity, adaptation, and mitigation.
Most of the focus of climate-smart agriculture has been on farm-based sustainable agricultural
management practices. Human activity is causing significant changes in global and regional climate
systems due to increased greenhouse effects. Negative impacts of climate change and variability on
agriculture further aggravate the food security.
Some of the activities that amplify the effects of climate change include:
- Clearing and burning plant biomass for agriculture exposes the soil and releases carbon stored in the
soil into the atmosphere.
- Burning firewood or charcoal releases carbon stored in the trees into the atmosphere.
- Tillage practices that turn over and expose the soil release carbon stored in the soil into the
atmosphere.
- Poor manure management results in increased biogas (methane) emissions to the atmosphere.
- Overcrowding of livestock leads to land degradation and consequently GHG emissions from the soil.
The objective is therefore to fight against climate change linked to human activity in agriculture.
When it comes to taking action on climate change, Kenya is a leader. It has a number of national
policies in place to combat its effects, and is actively engaged in several international initiatives. In
2018, a study has been done to develop a more strategic approach to climate change knowledge.
The damage caused by climate change is greater in Africa than in any other region of the world. Profits
from agricultural crops could fall by as much as 90% by 2100, with small farmers being the most
affected.
As part of the implementation of the Climate Change Action Plan the
African Development Bank (Figure 45 : logo of the African Development
Bank) plans to spend about $6.4 billion over the next five years, as it
intends to significantly increase financing in support of low-carbon and
climate-resilient development. climate change resilient development.
This funding will be in the areas of renewable energy, sustainable
transport, smart agriculture,… The African Bank aims to build resilience
to current and future climate variability by developing and
implementing cost-effective climate change adaptation strategies,
policies and measures that will improve agricultural production and
rural livelihoods. [Selena Ahmed, 25 March 2020]

Figure 45 : logo of the African
Development Bank (landPortal)

Climate change triggered by global warming is a major threat to agricultural systems worldwide. This
phenomenon is characterized by the emergence of pests and diseases, extreme weather events, such
as prolonged drought, heavy rainfall, hail and frost, which are becoming increasingly frequent,
ultimately having a negative impact on agricultural production.
There is an annual temperature increase of 0.016°C per year while annual precipitation has
decreased by 4.82 mm per year over the same period. This has led to a continuous increase in soil
water deficit over time. (Figure 46 : Projected in temperature and precipitation in Kenya by 2030)
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Figure 46 : Projected in temperature and precipitation in Kenya by 2030 [mdpi.com]
While the semi-arid and arid areas of the country will experience a sharp decline in agricultural
productivity due to water scarcity, some regions of Kenya may benefit from climate change. This is
particularly the case in the temperate and tropical regions, the Rift Valley and the highlands, as the
expected increase in rainfall and slightly higher temperatures are likely to increase crop yields
initially.
Rainfall is now erratic throughout the year and this affects both the long and short planting seasons.
Intense rainfall occurrence is also on the rise especially in the Second Season (July-December).
Extreme precipitation over short periods has caused flash floods that have destroyed crops
Here we can see the techniques used by the farmers, their effects on the climate and the solutions to
reduce these effects. (Table 8 : CSA in tea plant)
Table 8 : CSA in tea plant [CSA, October 2015]

The main climate risks associated with climate change are water stress and drought. Tea is a crop
that requires high and well distributed rainfall. A change in this area can have an adverse effect on
production. Water stress and drought can also have an adverse effect on yield because only limited
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amounts of fertilizer are applied as fertilizer needs sufficient moisture to dissolve and be absorbed by
the crop. Farmers are therefore encouraged to use irrigation.
The reliance on rain-fed agriculture makes farmers in Kericho County vulnerable to climate change.
of Kericho County are vulnerable to climate change and variability, particularly because irrigation is
virtually non-existent. Only 2% of the county's water is used for irrigation and less than 2.5 % of the
population irrigate some part of their land.
To minimize water loss, pruning is unavoidable and requires additional labor. On the other hand, this
leads to a decrease in demand for tea pickers due to reduced foliage because of low yields. The
marketing and transportation sector is also affected as low yields reduce the need for marketing and
transportation. Therefore, drought-resistant tea varieties need to be promoted to reduce these
impacts.
Farmers are able to cope with water stress through rainwater harvesting on roofs, water ponds and
dams. Poor farmers are more vulnerable because they do not have the financial resources to invest
in irrigation or water tanks to store water, and their houses have mostly grass roofs that make
rooftop rainwater harvesting impossible.
Farmers have embraced improved seed varieties such as seeds that mature early and are able to
withstand harsh climatic conditions. These improved seeds are more resistant to pests and diseases
compared to recycled varieties. [MoALF. 2017]
The practices used by farmers to CSA can be :
• Planting of trees on farms, including native species
• More efficient and targeted use of fertilizers based on regular nutrient analyses
• Integrated Pest Management practices
• Tea bush infilling to increase productivity and reduce erosion risk
• Tea plucking at more frequent intervals to increase productivity and quality

Climate change-induced stresses affect plant systems such as photosynthesis, respiration and water
holding capacity. The photosynthetic mechanisms of tea plants are damaged due to stresses, which
limits the stomatal conductance of leaves and ultimately leads to a significant decrease in net
photosynthesis and respiration rate. Using drought resistant and drought sensitive tea cultivars,
several studies have reported a significant difference in photosynthesis and respiration rate following
reduction in soil moisture content.
In addition, as water resources for agriculture become more limited, the need to develop droughttolerant cultivars is becoming more and more important. [CSA, October 2015]
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Conclusion
To sum up, after China and India, Kenya is the world’s 3rd largest producer of tea, and is the world’s
leading exporter of tea.
As we have seen in this report, the great rift valley is the most important tea producing region in Kenya
with more than half production of tea in Kenya. This is why we have focused on Kericho county which
is located in this area.
Kericho county is characterized by an interesting topography for tea production. Firstly, the region is
located in volcanic area with the Rift valley. The soil characteristics are ideal to produce tea.
Among other characteristics of the region, Kenya by its tropical climate, include high rainfall and
relatively stable temperatures. These characteristics are favorable for tea cultivation.
In terms of tea plant management, the tea plant is faced with abiotic and biotic stresses. Climate
change triggered by global warming is causing the emergence of pests and diseases in tea plants. There
are also abiotic stresses such as wind, erosion and drought. Planting windbreaks and better water
management are ways to avoid these problems.
By the way, Kericho County is facing major soil erosion problems due to heavy rainfall and steep slopes
in the area. Combined with climate change issues, particularly drought, the impact on tea yields is
significant.
To tackle these problems, it exists several ways of improvement.
With the help of innovation in terms of new species of tea plants, it can be possible to tackle the climate
change and maintain the productivity. Indeed, work on plant genetics seems to be common in tea
production. Indeed, in this sector, we work with many cultivars, which are adapted to each production
region in the world. These plants are developed with the aim of obtaining the best yields in a context
of drought for example.
But there are other ways to improve. For the Kericho region, for example, better water management
is needed. In this report we have proposed the idea of building water reservoirs that can be accessed
in times of drought.
In conclusion, if tea yields are affected too much by climate change, there will be many consequences
for Kenyan society, because we know that most tea is produced by smallholders and that several
million people in Kenya depend on this crop for their livelihood. Climate change will also have an
impact on the Kenyan economy as tea remains Kenya's main export.
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