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Abstract

Fresh water is a finite and a vulnerable resource that sustains life, development, and the environment.
Approximately 80% of the world’s cultivable land depends on rainfall, interestingly rain-fed production
produces up to 70% of the global food supply yet it's the same system that has been threatened with
frequent dry spells and long term droughts. Estimates show that uncertain weather conditions and
insufficient water for irrigation could lead agricultural productivity in several countries to fall by up to
50% over the next decade, severely affecting their prospects of greater social and economic
development. Rainwater harvesting is the collection and storage of any farm water either runoff or
creek flow for irrigation use. Rainwater harvesting for supplemental irrigation is currently the best
practice to mitigate the escalating issue of water shortage caused by concurrent agricultural droughts.
One form of mitigating the negative effects of such droughts and dry spells is the establishment of small
scale simple low cost supplemental irrigation schemes in rain-fed agriculture. This is to reduce the
extent of crop failures and as well increase the water use efficiency WUE of crops. In a developing
country like Uganda where more than 80% of the population lives in rural areas and their lives depends
on rain-fed agriculture. Droughts and dry spells have greater consequences to the peoples’ survival and
development. This study presents a sustainable economic solution for the problem of crop yield
reduction due to short droughts during the rainy season, more particularly for maize as a staple crop. It
aims at reducing maize crop failures by supplying supplemental irrigation during the critical growth
stages of the plant. It employs FAQO’s water productivity model (Aquacrop) to estimate and predict the
potential economic benefits of supplemental irrigation as well as the cost benefit analysis to examine
the optimization of the supplemental system. Results show that applying supplemental irrigation in case
of low soil moisture during the critical stages of maize can have greater crop yield increments.
Optimization of the system is achieved when a farmer sacrifices about 5% of his hectare piece of land
to establish a runoff lined storage pond of 800 cubic meters by volume along with a diesel pump for
water lifting using furrow irrigation. Using such volume of PVC lined pond covered with a natural mat of
growing Azolla plant on the water surface can give optimum yields on a one hectare crop land. Azolla,
the aquatic floating fern has multi benefits, however, its primary importance in this study is keeping the
water pond environmentally safety. The proposed supplemental irrigation scheme has a payback period

of 6 years.
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Chapter 1. Introduction

Water is an essential element in socio-economic and environmental development (UNWater/FAO,
2007). Shortage of this finite resource has mega negative consequences to the lives of the people. It
poses crucial challenges on a global scale. Indeed dealing with water related issues like irrigation,
hydropower and watershed management is a very influential and sensitive matter in line with
sustainable development and global stability. It was reported by Rockstrom, et al. (2009) that in the
middle of the 21° century, more than half of the global population will have limited access to water.
Different researchers have reported the need to reduce and minimize water usage. Regardless of the
economic progress made by some countries in the developing world, almost all of the African countries
still lag behind compared to rest of the world in terms of water accessibility, management, consumption

and supply.

On a global scale, water has become an increasingly scarce resource, and in sub-Saharan Africa, it's a
potential threat to the regional security and development. Currently the African Continent is facing vast
challenges and amongst them is extreme poverty, diseases, population explosion and at a greater
extent the variability in climatic patterns. (Falkenmark & Rockstréom, 2006), (Pandey, Zaag, & Soupir,
2013) reported that by 2050, the world will need an additional 5,000km3/year of water for sustenance
and also to meet the increasing food demands brought about by the booming population. So many
researchers around the globe have suggested on the fact that supplemental irrigation to rain-fed
agricultural settings could be a potential solution to the increasing food demands (Rockstrém, Barron, &
Fox, 2003) (Rockstrom, 1997).

Food and Agriculture Organization (FAO) reported that almost three quarters of the fresh water
resources in sub-Saharan Africa are used for agricultural purposes. Estimates show that uncertain
weather conditions as well as insufficient water for irrigation could lead agricultural productivity in
several countries to fall by up to 50% over the next decade, severely affecting their prospects of greater
social and economic development (Freitas, 2013). Without water everything gets stagnant, peoples’
lives are constrained, productivity slows down and most importantly water shortage leads to disease
break-outs, poverty, extreme hunger and vulnerability. In 2006, the Human Development Report
documented that “1.1 billion people in the developing nations had no access to water...” (UNDP, 2006).
Making matters worse, almost all rural population in developing countries depend on agriculture for their
food and income; their lives have already been threatened due to the shortage in water for agricultural

production.

Indications from a study report conducted by the International Food Policy Research Institute (IFPRI)

showed that by the year 2020, developing nations most especially in Asia and Africa will have an



estimated food demand of about 400 million tons of food to be able to feed their entire population. This
will be the deficit amounts of food required above the total annual food production plus imports to cater
for the food demands of region’s inhabitants. Poverty plus hunger are so far the biggest challenges
faced by the two regions, this is so due to the fact that a big proportion of agricultural land is subjected

to recurrent dry spells and affected with water scarcity.

Statistics have shown that 65% of sub-Saharan population resides in rural areas and these are the
same people who rely on rain-fed agriculture (Worldbank, 2000). Aimost 94% of agricultural land south
of the Sahara desert depends on rainfall for crop production (Pandey, Zaag, & Soupir, 2013). For
instance all the 11 Nile Basin countries are considered underdeveloped and poor amongst other African
countries. Actually half of them are amongst the 10 poorest nations in the whole world (Yohannes &
Yohannes, 2012). In a bid to rectify the alarming poverty crisis in these regions, rapid industrialization,

education and investments in irrigation based agriculture should be priorities.

Agriculture, a main contributor to Uganda’s economy made up almost a quarter of the gross domestic
product (GDP) in 2013 (NPA, 2015). The sector’s pivotal role is further shown in the fact that it employs
more than half of the country’s population in addition to providing a foundation for the development of
other economic spheres such as services provision and manufacturing. In its second series, the
Ugandan national development plan aims to focus on a total of 12 agricultural initiatives, including
maize production. Among others, emphasis will be placed on supporting agricultural research,
adaptation of on-farm technologies and construction of water schemes for irrigation and livestock (NPA,
2015).

1.1: Problem Statement

Water shortage for irrigation is one of the main problems hindering agricultural production and
development in Africa in general and Uganda in particular. Lack of enough water to supplement rain-fed
agriculture in the region directly affects the region’s food security and can trigger disastrous calamities
like famine, diseases, drought and massive death. Sub- Saharan Africa for ages has been depending
on rain-fed agriculture since the past centuries and it proved efficient and dependable until the effects of

climate change twisted and changed the natural environmental conditions.

A study conducted by Falkenmark, et al. (2001) reported that an approximate 80% of the world’s
cultivable land depends on rainfall and this rain-fed production produces up to 70% of the global food
supply. However it's the same system that has been threatened with frequent dry spells and long
droughts. There is a significant change in rainfall patterns, intensities and distribution which is at a
larger extent due to the effect of climate change in addition to deforestation and the poor farming

practices (Falkenmark, Fox, Persson, & Rockstrom, 2001).



Food and Agricultural Organization (FAO) reported that in Sub-Saharan Africa, there is an approximate
42 Million hectares of land that require irrigation. However rainfall does not provide the required soil
moisture to support full production of crops (FAO, Irrigation in Africa in Figures, 1995). Historically there
has been no substantial irrigation practices south of the Sahara desert over so many years. This has
been partly because of the high investment costs of irrigation schemes and its related management
costs and also due to the fact that Sub—Saharan Africa was naturally gifted with abundant resources

like rainfall, fertile lands and enough human labor to work on farm lands.

Moisture stress to crops in Uganda has become the biggest challenge in the agricultural industry. So
many parts of the country have experienced the wrath of climatic effects. Ronald Kalali (Mugasha,
2014) an agricultural officer at Mobuku government prison, Western region of the country narrated how
drought drove their 300 acres of land to zero yields. “We were going to utilize all the rains because we
planted in time but unfortunately we stopped receiving rains in March immediately after we had planted.
We are expecting zero yields,” Figure 1.1 shows part of the 300 acres of a failed maize plantation due

to drought at the flowering stage.

A failed maize plantation due to drought in Uganda

Figure 1.1 Dried maize plantation due to drought (Mugasha, 2014)

Different authors have cited that the effects of climate change are believed to have caused this un-
uniform distribution of rainfall even within the rainy seasons. The maize crop requires an average
amount of water of about 500-800mm of water per season depending on several factors. In 2007, the
Intergovernmental Panel on Climate Change (IPCC) projected that in 2020, rain-fed agricultural crop

yields in Sub-Saharan Africa will reduce by 50% due to the effects of climatic change (Mubiru, 2010).



In their report, IPCC emphasized the benefit of supplemental irrigation mostly if applied during the dry

spell periods that occasionally appear during the planting season (Mubiru, 2010).

There are quite various techniques that can be applied to avail water for irrigation in rain-fed agricultural
system depending on the geographical location, soil type, rainfall patterns, crops under cultivation and
frequency of drought occurrence. Water can be accessed through rainwater harvesting, pumping or
diversion of water from a near-by stream into irrigation distribution channels, pumping from

underground wells, etc.

1.2: Research Goal, Aim and Objective

Goal - The intended goal of this research is to increase the maize productivity through reducing crop
failures during the moisture-critical growth stages. To a greater extent, these failures are due to low

moisture content in the soil along the crop growth cycle in Rain-fed agricultural systems.

Aim — The aim is to reduce the crop failures by supplying supplemental irrigation water to the crops
during the dry season and critical growth stages i.e. reproduction stage (flowering and grain formation).
This is achieved by developing a surface runoff harvesting system using a relatively cheap water
harvesting pond lined with a plastic liner to prevent the seepage losses. The pond is then covered with
a floating water fern (Azolla-) which is an aquatic crop that grows on the water surface. Azolla
suppresses mosquitoes by inhibiting ovi-positioning of the female mosquitoes that spread the malaria
virus and also acting as a physical barrier for mosquitoes to lay their eggs on the water surface. A
supplemental irrigation system under study is also tested using a crop water model developed by FAO

(Aquacrop).

Objectives - The principle objective of this study is to develop a supplemental irrigation scheme for
maize production under rain-fed agriculture. Maize is one of the major staple foods in Uganda and East
Africa as a whole. In Uganda, maize production had increased over the years as people changed their
consumption trends. It had started evolved from a purely subsistence to a successful commercial crop.
However this very important move has been greatly altered by the changing climatic conditions.
Changing rainfall patterns, uneven distribution and concurrent droughts have caused a tremendous

drawback of this important shift in the farmers’ lifestyle.

Maize in Uganda is sold mainly for food in schools, relief by World Food Program (WFP) or export to
neighboring countries such as Kenya, Rwanda and Burundi. The study’s objective is achieved through
several simulation trials using FOA’s Aquacrop water model and the cost benefit analysis to estimate
the optimal pond size for surface runoff harvesting and water lifting techniques. The model also
estimates the additional required amount of irrigation water to seasonal rainfall that should be supplied
during the critical and water sensitive growth stage of the maize crop to reduce crop failure under water

shortage.



This study is therefore a mitigation strategy for agricultural water shortage in the agricultural sector in
mostly all the Sub-Saharan African countries with efforts to reduce the increased pressure of food

security in the region.

1.3: Research Questions

What is the optimum pond size for surface runoff in supplemental irrigation that can maximize the net
benefit from the pond, i.e. the increase in crop production minus the cost of water harvesting and

supplemental irrigation?

How much additional crop yields (quantity) can be achieved by applying supplemental irrigation during

the critical maize crop growth stages under the rain-fed agricultural system?

When is the break-even point for a supplemental irrigation scheme in rain-fed agricultural systems?

1.4: Research Approach

Due to insufficiency of adequate scientific data regarding the economic feasibility of rainwater
harvesting for supplemental irrigation mainly in cereal production in Africa, this creates a big knowledge
gap in the field of agriculture. Yet most of the African population depends on agriculture for their food
demands. In particular, the rural farmers who are facing the huge effects of climate change such as
constant droughts, floods and erratic rainfall which leave both their crops and animals destroyed. This
research attempts to fill that knowledge gap by proposing a potential and feasible solution for the

problem of water shortage.

The study proposes a supplemental irrigation scheme that focuses on harvesting surface runoff during
the intensive rainfall events and uses the stored water during the periods of water shortage. The
proposed scheme relies on rainfall due to the fact that the Sub-Saharan Africa has abundant rains
though with changing patterns and distribution due to the effects of climate change. Another reason for
relying on rainfall is that supplemental irrigation is basically applied to crops that can do well with rain-
rain-fed agriculture, this means that even if there is a deficit in the irrigation water, the crops can still

survive to a certain extent.

The study also uses a water productivity model from Food and Agriculture Organization (FAQO) called
Aquacrop to simulate for the potential benefits of both rain-fed and supplemental irrigation system in
terms of crop yields. These benefits are used to make a comparison with the costs for the supplemental
irrigation scheme so as to establish a cost-benefit analysis. The model is simulated using data from a

study area in one of the Eastern districts of Uganda called Soroti.

Furthermore the study examines the economic feasibility of the proposed supplemental irrigation

scheme by comparing costs and benefits for the different water harvesting pond capacities along with
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different water lifting/application techniques. The system is more economical, easily adopted, and
requires locally available means to implement either on large or small scale farming. The study also
gives a detailed account on the collection, storage and application of surface runoff during the wet days

for supplemental irrigation during the dry periods to increase agricultural production in the region.

Regarding the content description, the research study is made up of 6 chapters of which they present a
detailed investigation of the potential of rainwater harvesting for irrigation under rain-fed agricultural
zones. Chapter one consists of the introductory part about the global water shortage problem, Africa’s
future water crisis, regional food insecurity and agricultural water shortage, it also includes the
statement of the problem, research goal, aim and the objectives of the study in addition to the research

questions under investigation.

Chapter two is devoted to literature review and a background overview on rainwater harvesting for
irrigation, important related terminologies, forms and types of rainwater harvesting and their application
in the agricultural industry. Chapter 3 gives a detailed description of FAO’s water productivity model-
Aquacrop. The model is used to simulate maize crop production under the function of water
consumption for rain-fed and supplemental irrigation. Due the fact that supplemental irrigation is
designed without a standard irrigation schedule, irrigation water is only applied if the soil moisture level

reduces to a certain extent that could have a negative impact on the growth of the crops.

This level can be different for different crops since there are plants which are water sensitive like rice
and maize and other plants which can still thrive under low soil moisture for some good time like
sorghum and millet for the case of cereals. The simulation model is well elaborated under of this study
giving a detailed account of its performance and input parameters. The chapter also introduces a cost
benefit analysis framework of the proposed supplemental irrigation scheme, and formulations used in

the cost benefit analysis.

Chapter 4 gives an account of the proposed supplemental irrigation strategy. It identifies some
commonly applied surface runoff harvesting techniques in Uganda, pros and cons of using excavated
water harvesting ponds and a detailed framework of the proposed water shortage mitigation scheme.
Chapter 5 focuses on the details of the study area in the Eastern part of Uganda called Soroti, data
collection and analysis. This chapter gives the scope of the study area’s physical environment, climate,
field study, soil sampling and laboratory analysis. It further presents the results from the model
simulation, cost benefit analysis and discussion of the results. Lastly but not the least, Chapter 6

presents the conclusion and the recommendations from the study.



Chapter 2. Background and Literature Review
2.1: Terminologies

Since the study deals with irrigation practices, it's of a greater importance to first familiarize with the

most commonly used terminologies related to irrigation.

Evapotranspiration
This is total amount of water lost into the atmospheres through two combined processes i.e.
evaporation which is water lost from both the soil and water surfaces and transpiration which is the

amount of water lost from the plant canopy more especially the leaves (Dusabimana, 2012).

Crop water requirements (CWR)
This is defined as the amount of water required to compensate the evapotranspiration loss from the
cropped field (Dusabimana, 2012)

Crop Water Need (ET crop)

This is the amount of water that is availed to the crop to fully compensate for the crop’s
evapotranspiration needs to reach an optimal growth and result into the crop’s potential production. It's
always referred to as a crop growing in a stress free zone i.e. no water stress, no heat stress, no

disease infection, active growth and favorable soil conditions (Brouwer & Heibloem, 1986).

Irrigation Water Requirements (IRW)

This is the extra amount of water supplied through irrigation required to fulfill the crop water
requirements for a particular crop supplementing the natural rainfall in a rain-fed agricultural system.
FAO describes IRW as the water difference between the CWR and the effective precipitation.IWR is
equal to zero when there is enough rainfall and the amount of rainfall is enough to satisfy the crop water
requirements resulting in optimum growth of the crop. IWR can also be equal to the crop water
requirements if there is no rainfall at all, meaning all the water needed by the crop should be supplied
by irrigation (Brouwer & Heibloem, 1986).

Reference Evapotranspiration (ETo)
This is the generic term referring to the potential of the atmosphere for evapotranspiration. It refers to
the evapotranspiration of a short green grass, and the grass should completely cover and shade the

ground surface. It should have a uniform height and the level of soil moisture in the root zone should be



enough to supply all the crop water needs. There are different methods to estimate the ETo, the

following are the main methods to calculate it (Brouwer & Heibloem, 1986).

¢ FAO Penman-Monteith equation — In 1990 FAO took its stance in deciding the most standard
and recommended method to calculate ETo from any area around the world and this is the
Penman-Monteith Equation that was originally developed by Penman in 1948. The equation
has been so far revised by different researchers for an easier application to different localities.
Penman-Monteith method requires different climatic parameters for the meteorological centers
to compute into the equation; among the parameters required are the sunshine or radiation
data, air humidity, air temperature, vapor pressure and the wind speed data. The equation can
be expressed as (Allen, Pereira, Raes, & Smith, 1998);

Penman- Monteith Equation
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Where

ET, = reference evapotranspiration [mm day'1],

R, = net radiation at the crop surface [MJ m? day'1],
G = soil heat flux density [MJ m™ day'1],

T = air temperature at 2 m height [°C],

u, = wind speed at 2 m height [m s™],

es = saturation vapor pressure [kPa],

e, = actual vapor pressure [kPa],

€s = e, - saturation vapor pressure deficit [kPa],

A = slope vapour pressure curve [kPa °C'1],

y = psychrometric constant [kPa °C'1].

e The Blaney — Criddle Method — this is also a theoretical method that only uses the
temperature data to estimate ETo. It's a simple method that is more recommended to be used
in areas with high relative humidity, non windy and cloudy conditions. In most cases, the Blaney

- Criddle method is not recommended to be applied in desert conditions.



The Blaney — Criddel equation is expressed as;

ETo =p (0.46 T mean +8) (2)

Where
ETo = Reference Evapotranspiration
p = Mean daily percentage of annual daytime hours

T mean = mean daily temperature (°C)

The value of p varies according to the latitude of the area (south or north of the Equator).
Different p values are given by FAO in their training manual number no. 3 (Brouwer &
Heibloem, 1986). This is the method which is used to calculate the ETo values in this research
due to the unavailability of the climatic parameters from the meteorological center which are
required by the more accurate method of Penman.

Pan Evaporation method — This method uses an evaporative pan filled with water in open
surfaces to measure the rate of evaporation in that particular area. Pan evaporation is not
recommended to be used with ETo calculations on an hourly basis rather from 10 days and
more. The amount of water lost from pan corresponds to the evaporative water demands of the
area. The evaporation method integrates almost all the climatic parameters like wind, radiation,

air humidity and air temperature (Allen, Pereira, Raes, & Smith, 1998).

Pan Evaporation Equation

ET, =K, Epan (3)
Where

ET, = reference evapotranspiration [mm/day],

K, - pan coefficient [-],

E,an = pan evaporation [mm/day]

Pan coefficients (Kp) vary according to the type, size, color, shape and the positioning of the
pan. FAO provides different Kp for different grass surfaces and varying climatic conditions
(Allen, Pereira, Raes, & Smith, 1998).

The method has a few constraints. For example the pans can store heat during the day that
may lead to loss of water during the night at a certain extent. This contradicts with the fact that

crops only transpires during day however still the method is considered valid for ETo



calculations. Also there is a possibility of water reflection on the sides of the pan during the hot

days and this may alter the accuracy of the results (Allen, Pereira, Raes, & Smith, 1998).

Crop evapotranspiration under Standard conditions (ETc)
Crop evapotranspiration is defined as the evapotranspiration from disease free, viable, well fertilized
crops, grown on a large scale with optimum soil water conditions which enables full production potential

of the crop under the given climatic conditions. ETc can be expressed as;
ET. =K. ET, (4)

Where
ET. = crop evapotranspiration [mm d'1],
K. = crop coefficient [dimensionless],

ET, = reference crop evapotranspiration [mm d'1].

Crop Coefficient (Kc)

The Crop coefficient Kc is basically the ratio between crop evapotranspiration (ETc) to the reference
evapotranspiration (ETo). Kc varies from crop to crop and it also varies at different stages of every crop.
It represents an integration of the effects of four main factors that distinguish a crop from a reference
crop. These are crop height, canopy resistance to vapor transfer, evaporation from the soil and the

reflectance of the crop soil surface (Albedo) (Allen, Pereira, Raes, & Smith, 1998).
2.2: Rainwater harvesting (RWH)

The idea of water harvesting which is generally referred to as rainwater harvesting has been under
existence for thousands of years back. (Helmreich & Horn, 2009) (AbdelKhaleq & Ahmed, 2007). RWH
is believed to have been first practiced in some areas of Iraq 5000years ago in the so called “Fertile
Crescent” (Falkenmark, Fox, Persson, & Rockstrom, 2001).For so many years ago, water harvesting
was used more frequently than rainwater harvesting, however, to so many authors, it has been defined
interchangeably with rainwater harvesting (Critchley & Siegert, 1991) (Siegert, 1993) (Boers & Ben-
Asher, 1982) (Falkenmark, Fox, Persson, & Rockstrom, 2001).

The term water harvesting was first defined by Geddes in the University of Sydney back in 1963 as “the
collection and storage of any farm water either runoff or creek flow for irrigation use”. It was also
defined by Currier in 1973 as “the process of collecting natural precipitation from prepared watersheds
for beneficial use”. The same term water harvesting was defined by Frazier (1983) in his handbook as
“the collection and storage of water from an area that has been treated to increase precipitation runoff”
(Ramamohan Reddy, Venkateswara , & Sarala, 2014). FAO defines water harvesting in its broad sense

as the collection of runoff for its productive use. Whereas rainwater harvesting is a type of water
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harvesting in the form of rainwater and its runoff that is collected and concentrated for both domestic

and agricultural use. Runoff may come from either roofs or ground surfaces (Critchley & Siegert, 1991).

Another relatively similar term is flood water harvesting which is the collection of discharges from
watercourses like streams, rivers etc. for dam storages. Although in the past the practice of water
harvesting was tailored and primarily designed for domestic purposes, scientists in Sub-Saharan Africa,
MENA region and South East Asia have made efforts to transform and modify the practice to suit
agricultural applications. So many techniques have been developed with a basis of the indigenous
knowledge to collect and store rainwater for supplemental irrigation during the dry spells (Oweis,
Hachum, & Bruggeman, 2004) (Humphreys & Bayot, 2009) (Biazin , Sterk, & Temes, 2012).

Rainwater harvesting is currently the best practice to mitigate the escalating issue of water scarcity in
the tropical developing nations, for both domestic water use and agricultural production during the dry
spell ( Baguma & Loiskandl, 2010). During the previous centuries, it was merely thought of as just a
strategy to complement domestic water usage during the dry spells. However, it's now re-thought as a
strategy to increase water supply for both domestic and agricultural uses in drought prone countries
(Boers & Asher, 1982).

In an attempt to increase water supply for domestic use at household level, governments and other
international organizations strongly suggest that poverty reduction measures should be conducted or
implemented alongside with water shortage mitigation plans. Far beyond the household level, water
harvesting helps to sustain the ecological system that in the long run brings about production in all
aspects of humanity (UNDP, 2006).

This practice has previously been applied in the arid and semi-arid regions to mitigate drought
problems. However it has also been adopted in humid and semi-humid regions (Sivanappan, 2006).
Very simple technology has been put into use for both catchment and storage processes. Catchments
processes may include rooftops, compounds, artificially prepared land surfaces, natural rock surfaces
or hill slopes and lined pits. Whereas Natural or artificial ponds, reservoirs and dams for the latter

process (Helmreich & Horn, 2009).

Figure 2.1 illustrates the different components of rainfall event (R) after falling on the earth’s surface.
Soil evaporation (Es) ranges between thirty to fifty percent of the total rainfall (R). Es can even be more
than 50% in semiarid regions in case crops are planted in a sparse pattern (Rockstrom, 1997). Sparsely
plated crops experience a high solar radiation, very high temperatures and stronger winds which may
all bring about a greater turbulence and low production. (Falkenmark, Fox, Persson, & Rockstrom,
2001).
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Rainfall Partitioning

R=100%

Ec=15-30%
Roff =10 -25 %

Figure 2.1 Rainfall Partitioning into flow components in Rain fed Agricultural Areas

The different partitioning illustrates Rainfall as it falls on the soil surface R represents Rainfall, Ec
represents Plant transpiration, Es for Soil Evaporation, Roff for Surface runoff and D represents Deep
percolation. Surface runoff is estimated to be 10 — 25 % and Deep percolation 10 — 30 % of the total

rainfall (Casenave & Valentin, 1992).
2.2:1: Major forms of Rainwater Harvesting (RWH)

1. Agricultural Rainwater Harvesting

Agricultural water harvesting is a practice where water is collected and stored mainly for agricultural

purposes including livestock and irrigation. It may be divided into;

» In situ RWH: this is the practice of collecting rainwater immediately in that particular area where
waterfalls and it infiltrates in the sub-surface soil layers (root zone) so as to be available for
plant roots.

= External water harvesting: this system has two particular components i.e. a collection area and
a storage facility. Where runoff from a faraway area flows to near-by low lying areas where it

can be tapped and stored for future use.

2. Domestic RWH (DRHW) is a system where water is collected for home use. It can be collected

from rooftops using gutters, courtyards, and other flat surfaces around home enclosures.
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2.3: Concept for Runoff Harvesting

Runoff Harvesting aims at mitigating the effects of dry spells in mostly rain-fed agricultural zones to
increase production as well as the water use efficiency (WUE) of the plants. However from the farmers’
point of view, water harvesting is just a potential tool to stabilize the availability of water to the crops for
a certain period of time. As illustrated from Figure 2.2, runoff harvesting is composed of 3 components
i.e. the catchment area, storage and the cultivable area (Falkenmark, Fox, Persson, & Rockstrom,
2001).

Basic Concept of Runoff Harvesting

Runoff scale:

- Field (sheet flow)

- Sub-catchment (rill flow)

- Catchment (gully, river flow)

Storage medium:
- Surface (e.g., tanks, dam
reservoirs, ponds)
'-.,‘; Sub-surface (e.g., soil, tanks)

Catchment

.
.
.
‘e

K Storage .+
* .

»
T
., .
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.
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Time scale:

- Instant (maximize infiltration)

- Minutes/Hours (concentrate local &
external runoff to crop)

- Days/Months (storage for dry spell
mitigation)

Figure 2.2 The Basic Principle of Rainwater harvesting for Agriculture

The runoff scale from the catchment area could be of different types. For example, the sheet flow or the
fields flow where excess runoff flows over an area in a form of a small sheet covering the land surface.
It's mainly caused by heavy downpour or storms. The most common storage medium for sheet flow is
the surface storage medium e.g. hedge rows, contours or stone bunds. These allow for instant or
maximized infiltration of water into the soil however they are not suitable for mitigating drought effects
since water can only be collected for a shorter period like minutes or hours and then it infiltrates into the

soil.
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The rill flow on the other hand does not cover the whole land surface, its only limited to some parts of
the catchment. Rill flow can be of smaller sized channels over the land’s surface (micro rills) or of
enlarged channels (gullies). These rills guide runoff into low lying areas or to water storage medium if
artificially established. Rills and gullies mostly guide water into sub-surface storage or low lying areas of
the cultivable land such as dam reservoirs, surface ponds etc.. They help in mitigation of drought and
dry spells since water can be collected for longer periods (Falkenmark, Fox, Persson, & Rockstrom,
2001)

2.4: Water harvesting systems and techniques

Due to variability in rainfall patterns and distribution in rain-fed agricultural zones, different water
harvesting techniques have been developed to help cope up with the changing growing seasons of
crops. Figure 2.3 gives an account of the water harvesting systems and techniques used in relation to

their water sources and storage time span.

2.4:1: Water collection systems
=  Within field RWH - This is the immediate collection of rain as it falls on that particular surface.

Through various formations such as pits, contour bands, barriers and others. Water stagnates,
infiltrates and percolates to the sub-surface soil layers where it becomes accessible to be taken
up by the plant roots.

* Flood/Gully WH - This system comprises of different shapes of gullies that are used to collect
or divert floods and runoff flow directly into a near-by field through bunds and terraces for a
shorter storage period. It can also be stored in a storage facility and used in the near future
during periods of water scarcity for long term usage.

» Rill/Sheet flow WH - In this system, the runoff collected from a smaller slope compared to the
gully flooding. The difference between Flood/Gully and Rill/Sheet flow WH is that the Rill/Sheet
flow slope is gentler and the catchment area is smaller.

= Ground WH - Pumping water from underground and at the same time storing it in
underground reservoirs elimin