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Abstract

Water scarcity is a major factor limiting food production, In an environment of water scarcity,
formulation of strategy for the effective, efficient allocation among sectors and utilization of
scarce water resources is required, and water productivity can be used as indicator in comparing
the various uses of water. This study was conducted during the dry season and aims at
quantifying agricultural (crop and livestock) productivity of stored water in small reservoirs in
the White Volta Basin in Burkina Faso. Primary data was.collected through focus group
discussions, interyviews, feld observation and measurement. Seven reservoirs were selected. The
results show that crops grown during the dry season are mainly vegetables namely cabbage,
onion, pepper, and tomato, Cabbage was the most productive. Cattle was found to have the
highest productivity followed by donkey, sheep and goat. The study concluded that crop water
productivity is low compare to the productivity computed based on FAO standards for good
yields in semi — arid and arid regions and attempts to improve erop water productivity must

recognize controlled application of water to crops.

Keywords: Crop, Livestock, water productivity, White Volta Basin, Burkina Faso.

Vignon Quinsou Houenou = vi MSc Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

Table of content

e N o e e e e e

L N LTy o raitio s s o b S B B S e W SN VS FO GRS s a5 e Tl s e i s S A e AR B A m A AR W
T T L e ee ey . o WA R A R B T A SR N P M RN O Ce A e e R e s d VL
e L e g e e o RS e e R S e e TR S R St S R R SR T |
A T [T T ] L ST P YTy 11 o0 N O Ao S P OSSNt SO S .
T B L e R L e IR S 8, |
R O L L vl sk o 4 4w A B AN UMM 4 e g s a0

T Ly S PR T N I [

List of Abbreviations and ACTONYIMIS ......cocicirimi i iisio s sratasns s imbanassviinrss s s sussns srnses s ssssnansssssrassssssranmsn X

1.1 BABKHENIIE S0 et vernr rsine sianr sinss A OO ... . e e PR B S T B el 1
J2 Problem Stalemnent.. ...y o TRINTT T T TTRr PRI . . .o svades siaasssini svassenion s s s RRT PRI TAY) 3
RS JuSICAOaIE i R v £ e W - -5 4ot s b s s s ph o by 4

1.4 ()3 1T 7] T N SR, . v oSO .. ..~ . a8 e ATEE gl E s e o 4

CHAPTER TWO winrimmminin e M e ol s os o giimenmetie: onsssonssssoesses ssrssssss vies
2ul baiiysle [V ar, | EXS— — R A o T SO N I 6
2.2 Small TeServoirs . .......couiusieis iy R 3 KRR v - s¥ow v s ¥ i s i s 6
23 WRED Productivity R amn K it ii: A or e evemiias  tiesss < axsss iivs gos SR B o1 ioxassbiawanvaasanirivas 6

2.3.1 Crop water producieCl W R I cremrermererrsmmereersgy: :-sfeo g afr s +1v 14 s has v ss s rass visan 8
232 Livestock water produclivity (LWP) ..o tivimmsa s "t S e O 10

24 Water use afficieney.. .. e e R R T L i e e 10

3.1 White‘v’gjta RN A B IV BN G L o L TNy 2o e i i B R et o s ano LY
3.2 . VoltaBasin Overview . .. N s U I o e e el S Lt T PR 16

3-2.1 LﬂCatiDTl BiSERpAiRA R IR AR R R RT AR E e L R 1?

Vignon Ouinsou Houenou vil MSc Thesis 2010

TT"!‘FI;‘ "y

WE- N Biine. .

ip L I.-.._I'I_‘_.
T m



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

3.3 SIPTICTIENTE 15 BT WIATBRO . ucorivs v o ciond 5o oy 0 S5 s s AU i G SN P TR Y 20

4 WMETHODOLOHEY i i iiivmsiavee s s e ik nss
4.1 HOICHIN. 1 L, ot drmbs it srmms rrmtien
4.2 Selection of some SMAll rESEIVOIrS TOr The STULY «...c.ciiicimiiiimimiiyismesirsiasssssnsssrreses hasssinsborysias 22
4.3 Data collection ....cuisiiiisins e R S e e e e 24

4.3.1 Focus group discussions and questionnaire ........co.ooevevemeveessveens R A T et Fh e 24
4.3.2 B N e e s b m i e s S R B S s A s R 25
433 Cbzervation and secondary datl. i i i e T 25
4.34 Water productivity quantificatiofd.... 8. % 8. B L. Je . B .. i 26

4.3.5 T AT P R e e £ i et e R B e TR 30

b L e L ey . T T ey A S s I oo eS|
5  RESULTS AND DISCUSSIONS .o uiiiniaimenssailiasit siamiansmes ol sss sassssssansissasasassssssomsssmsssiassrgsvirys o 1
el Nearions uges BlThe selociod 1EsorVOITs. mo N PTIIEINE. ... vxrrvens s he e rsn s enrs s o prsicsmbs v 31
5.2  Crop water productivities......uviveeieises e R S 33
5.3 © Physical water praductivity and wateruse effiCiBREY. ... ... .ocoinvs i cr it st s se s irssneiains 39

58 Livestock water product vty st -0 it  sos E0 rri¥ s s miannragprrseing I nlial) 41

6.1 ] § 0] D11 L) o T PR S -l e A e TR L e R, e 43

6.2 LNl et s LR e O, R, S o R L e 44

Vigrnon Ouinsou Houenou wiifl MSc Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

Acknowledgement

I am grateful to:

The Almighty God for his guidance and wisdom that accompany me through this

experience successfully.

My father Augustin Ouinsou, my brother Marx, my sisters Elsie and Sprancia and my friend

Angele Marandet.

My supervisors Prof. Samuel Nii Odai and Mr. Frank Ohene Annor for their invaluable

contributions.

Mr. Emile Tonde, Mr. Soumaila Kabre and Mr. Alidou Kongo for their support on the field

during my data collection process.

My friends and course mates especially Mr Adu-Dankwa Eric, Mr Ephraim Sekyie-Annan,

Mr Mark Amo-Boateng and Mr Samuel Barnie.

The International Water Management Institute (IWMI)

Vignon Cuinsou Houenou — ix MSc Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

List of Figures
Figure 3.1: Location of the Volta Basin and the White Volta Basin..................cocee0nn 15
Figure 3.2: Geology of the Volla Basin. ......oevveeieineriniesiissssrssseassnsn .16
Figure 3.3: Soil map of the Volta Basin. ...........c.ccciiiiiiinnnnn. w17
Figure 3.4: Land cover distribution in the Volta Basin........c..eevieieeneesseesssnieseesrssnssnen, 21
Figure 4.1: Map showing locations of the Selected reServoirs......occ.covrvieviianionrenen.ndd
Figure 5.1: Cabbage physical water productivity and water use efficiency...................39

Figure 5.2: Onion physical water productivity and water use efficiency............cceeerune.

A0

Vignon Ouinsou Houenou - X

M5c Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

List of Tables
Table 2.1: Some definitions Of SMAIl PoS eIV OIT, ... vvveerivreessnsssssessssssessesssssssssossnesnd
Table3.1: Main tributaries of the Volta Basin and characterization. . ......ocoooooooooo . 18
Table 4.1: List of the selected reservoirs with their JoCalIoN. . ..cvvviieesisnsrresserrorsrenen2d

Table 4.2: FAO range for good yield for crops studied under irrigation in semi-arid and arid

climatic conditions under high level of crop and water management..........................28
Table 4.3: Water productivity computed based on FAO range for good yield. ..............28
Table 4.4: Computation of livestock water productivity.i..........c..oooevviiiiniiiviinnnn 30
Table 5.1: Classification of the selected reservoirs based on the vegetables grown........32

Table 5.2: Range of yields abtained at the selected reservoirs............ .
Table 5.3: Physical water productivity at the selected reservoirs.............c.ocvvvevnnnnn 35
Table 5.4: Economic water productivity at the selected reservoirsee...............ocoo00002.35
Table 5.5: Crop waler use efficiency at the selected reservairs... . v venioiiiiniieen 36
Table 5.6: Crop yields obtained at eachreservoir: ..o s i cciinie e 37

Table 5.7: Range of physical and economic water productivity, and average economic land

productivity for the selected reservoirs...........cociiiieiinniinn,

A

Table 5.8: Tomato producﬁﬁft}wun—:parcd to productivity obtained in some other African

Mﬁlri-li-ia-lrllnlil

wed?

Vignon Quinsou Houenou = xi MSc Thesis 2010



Productivity of stored water in small reserveirs in the White Yolta Basin, Burkina Faso

List of Plates

Plate 4.1: Focus Group Discussion with some farmers at Kierma........ooovveiiinnens 1380

Plate 5.1: Livestock drinking water from a reseryoir at Kagamzinse..........cooviinieens 31

Plate 5.2: Farmer operating a pump at Kagamzinse..........c..cceveceininsiiasiansssieneses 32



Productivity of stored water in small reservolirs in the White Valta Basin, Burkina Faso

CPWEF:

CWP:

ELP:

EWP:

FAO:

ITCZ:

LWP;

PWP:

UNESCO:

UNDP:

USGS-GLCC:

VBRP:

WUlell:

List of Abbreviations and Acronyms

Challenge Program on Water and Food

Crop Water Productivity

Economic Land Productivity

Economic Water Productivity

Food and Agriculture Organization of the United Nations
Inter-Tropical Convergence Zone

Livestock Water Productivity

Physical Water Productivity

United Nations Educational, Seientific and Cultural Organization
United Nations Development Programme

United States Geological Survey-Global Land Cover Characterization
Volta Basin Research Pruje::? 2

Water Use efficiency

Vignon Ouinsou Houenou - = Xifi MSc Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

CHAPTER ONE

1 INTRODUCTION

1.1 Background

Burkina Faso is located in the Sudano-Sahelien Zone, where the climate is semi arid; rainfall
is low, erratic and characterized by strong inter-annual and space variability and its volume
also decreases from the south-west to the north. The temperature varies largely with the
seasons and characterized by high ranges.at night, particularly in the north of the country

(Sivakumar et af., 1994).

Burkina Faso has a quite dense hydrological network, however most of these rivers are not
pénnanent (Ouedraogo er al., 2006). As much as 16% of the rainfall infiltrate the soil that
contains few agquifers and a further 4% find its way into the rivers which stream rapidly to
Ghana and end up in the Gulf of Guinea. An important guantity of rain water is lost through
leaching and run-off into major rivers (Abdou-Salam, 2006). According to the World
Meteorological Organization, annual water demand in Burkina Faso surpasses available
water resources by between 10% and 22% (Abdou-Salam, 2006). These conditions call for

action, in particular for increased investment in water resources (ie: infrastructure).

The Burkina Faso government’s efforts are therefore directed toward construction of small
reservoirs. Burkina Faso has over 2000 storage reservoirs (including small, medium and

large dams) with_ a total storage capacity of 6 km®. The stored water is mainly used for

e T  —
irrigation, livestock watering, domestic water supply and hydropower, The total renewable

water—fesources is estimated at 17.5 km® (CIA World factbook, 2001) and freshwater

withdrawal is estimated at 0.8 km® per year with domestic needs representing 13%,

Wignon Ouinsou Houenou 1 M5c Thesis 2010
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industrial representing 1%, and agriculture representing 86% (CIA World factbook, 2000).
During the dry period of the year, most of the people living in the rural areas in the semi-arid
environment depend mainly on the water stored in the small reservoirs for the sustenance of
their livelihood (Liebe et af., 2005; Poolman, 2005; Balzacs, 2006)) resulting in the use of
the water for various activities such as domestic use, dry season irrigation, livestock
watering and other beneficial uses (Rusere, 20035). However, the overdependence on some
of the small reservoirs associated with inadequate capacity and high evaporation cnable the

stored water to last for a complete dry season (Manzungu; 2002);

In the future, an expected consequence of water scarcity will be an increased competition for
water berween agriculture and other sectors such as the environment and urban water
demand (Tropp et al.. 20006). Irrigated agriculture which accounts for aboul 80% of blue
water withdrawal in developing countries will be more affected by water scarcity than other
sectors (UNDP, 2006). Moreover, the incapacity of irrigated agriculture to compete
economically with other sectors for water compound the preblem of water scarcity in
irrigated agriculture, However, in most of the developing countries where the economy is
agriculture-based, water supply plays and will continue to play an essential role in meeting
demands for food for the growing population and in supporting the livelihood of the poor
majority. Water development and management through the development of new and
innovative approaches is essential to feed more than 800 million hungry people in the world,
and ensure safe drinking water for more than 1.1 million people who have currently no
access o it (@E'_afﬂ,lzmz; [nrnﬁ,;rg_algjg_es_af.-, 2003). Increasing productivity of stored water in
small reservoirs will lead to making more water available for other human and ecosystems

e
uses (Sharma, 2006).

Wignon Quinsou Houenou . M5c Thesis 2010



Productivity of stored water in small reservairs in the White Volta Basin, Burkina Faso

This thesis aims to quantify agricultural productivity of stored water in small reservoirs in
the White Volta Basin in Burkina Faso. The need for this study arises from the facts that in
such an environment of economic water scarcity, formulation of strategies for the effective,
efficient allocation among sectors, crops and even regions, and ulilization of scarce water
resources is required (Molden ef al,, 2001) and water productivity can be used by decision

makers as an indicator in comparing the various uses of stored water (Cook er af., 2006).
1.2 Problem statement

Similar to most of the sub-Saharan African countries, Burkina Faso is characterized by
economic water scarcity (Molden, 1997)). Per capita water availability is declining (i.e.
1,517 m’/capfyear in 2000 to an estimated 378m’/cap/year by 2050) (The Atlas of Water,
L;'jﬂ-’-l] due mainly to population growth and climate change, Moreover, demand for the
scarce water resource [rom the nonagricultural seectors (domestic, industrial and
envirenmental) is rapidly increasing (Rosegrant ef @/, 2002). In the past, new investments in
irrigation and water supply systems and improvement in management was used to meet the
growing demand for the scarce water resources (Rosegrant, 2003). Therefore, considerable
attention was given to the supply-side management. However, because of the rapid growth
in the demand for water and the dwindling pe-r capita water availability and the high cost of
developing new water infrastructure (i.e. reserveirs), shifting from supply-side to demand-

side management is now viewed as a viable option in water management policies.

The rising role of demand management is partly related to the increased role of economics
g :  m— =

-

which provides means to evaluate and foster both equity and efficiency in water resources

mumagement.

Vignon Cuinsou Houenou 3 MSc Thesis 2010
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1.3 Justification

According to Cook er al., (2006), estimates of water productivity can be used to identify the
level of water-use efficiency of a system under study and to provide understanding into the
opportunities for better water management towards increased water productivity for the
scale under consideration. By improving water productivity in agriculture, the demand for
scarce water resources will be reduced, environmental degradation will be lessened and food
security will be enhanced simply because by providing more food with less water makes the
saved water available to other natural and human uses (Rijsberman, 2001). Additional
freshwater withdrawal needed to feed the world’s growing population can be reduced to zero

with an increase of water productivity in agriculture by 40% (Molden er af., 2001).

Improving water productivity is one important strategy for addressing future water scarcity
which is driven particularly by population growth and potential changes in climate and land

use.
1.4 Objective

The main objective of this research is to determine the agricultural productivity of stored

water in small reservoirs in Burkina Faso.
The specific objectives of the research are 10:

¥ Select small reservoirs

» Estimate water consumption for their agricultural purposes
..-—"'"'--_

» Quantify agricultural water productivity (physical and economic) of the stored water in

—1he selected reservoirs

Vignon Quinsouw Houenou 4 MSc Thesis 2010
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~» Quantify the crops water use efficiency
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CHAPTER TWO

2 LITERARURE REVIEW

2.1 Introduction

The purpose of this literature review is to present brief understanding of small reservoirs and

water productivity.
2.2 Small reservoirs

Various world organizations and countries define small reseryoirs in terms of height of the

dam wall and/or storage capacity of the reservoir (Table 2.1).

Table 2.1: Some definitions of Small Reservoir

Organization / Country Height (m) Capacity (m”)
World Bank' -— <15

World commission on Reservairs' <15 50000 - 1 x10°
United State of America {_I_}Ehﬁap]\r <6 0.123 x 10°
Government of Zimbabwe" | =8 <1 x10°

Sources: !Senzanje and Chimbari (20024, *Mamba (2007)

2.3 Water productivity

Productivity is a measure of system performance expressed as a ratio of output to input.
Productivity may r’c_:_le used to assess the whole system under study or parts of it. Also,
pt:nductivity uuu;d account for-aflor one of the inputs of the production system (Molden,

1997):

—

Vignon Oulnsou Houenou b MSE Thesis 2010
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» Total productivity: ratio of total tangible outputs to total tangible inputs
* Partial or single-factor productivity: ratio of total tangible output to input of one factor

. within a system.
This study uses the concepl of single factor productivity,

Water productivity was introduced to implement existing measures of the performance of
irrigation systems, mainly the classic irrigation and effective efficiency (Keller et al., 1996).
Ciassic irrigation efficiency focuses on establishing the nature-and-extent of water losses and
included storage efficiency, conveyance efficiency, distribution efficiency and application
efficiency. Effective efficiency is the amount of beneficially-used water divided by the
amount of water used during the combined processes of conveying and applying water

(Keller et al., 1996).

According to Molden er @l., (2003), water productivity is a single-factor productivity that
measures how a system converts water into goods or servieces. Water productivity can be
used to compare water use systems in space and time. There are two possible ways to

ex-press water productivity:

e Physical water productivity: the mass of output per unit of water applied

* Economic water productivity: the value of output per unit of water applied

The unit of water is important in computing water productivity of a system and can be

expressed as water delivered to a use (i.e. crops) or water depleted by a use (i.e. livestock).

- —_—

Vignon Ouinsou Houenou i} MSc Thesis 2010
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2.3.1 Crop water productivity (CWP)

The common measure of crop water productivity has been the amount of output per unit area
such as yield in tons per hectare. But, since water becomes scarcer. water productivity that

considers the output per unit of water has become more relevant.

Crop water productivity (CWP) is generally defined as the amount or value of product over
volume of water delivered during the crop’s entire growth period. Physical crop water
productivity (PWP) is obtained by dividing the crop yicld by-the-velume of water delivered
during the crop’s entire growth period and\the economic crop water productivity (EWP) is
computed as the income from sale of the crop wield divided by the volume of water

delivered during the crop’s entire growth period.
Crop water productivity can be considered at different spatial scales (Cook er al., 2003):

e Crop scale: is of interesL to crop physiologists to assess how efficient a particular crop or

~ cultivar of a crop is in converting water into biomass. At this scale the output can be

quantified either as total biomass or crop yield (harvestable produce). The water input
that is relevant for this assessment is the water used in transpiration.

e Field scale: is of interest to the farmer, agronomist and water specialist to assess how
efficient a particular cropping system converis water intd beneficial output and the
opportunities of saving water lost through non-beneficial use (e.g.: evaporation). At this
scale the output can be quantified as total biomass or crop yield and the water inputs are
the ammuu::}-;vatt'r that was-detiverad to the crop.

. Irrigalt_iun system scale: is of interest to the irrigation system manager in assessing how

——
productive the water available to the irrigation system is being used. At this scale the

Vignon Ouinsou Houenou 8 MSc Thesis 2010
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- manager takes into consideration both the amount of water delivered to the crops and
that which 1s recaptured for re-use downstream. The output can be guantified in physical
and economic terms and the water can be accounted for in either volume or in value

terms.

Physical crop water productivity is also defined as the crop yield divided by the cumulative

amount of transpiration or evapotranspiration (Mdemu, 2008)

In this study, crop water productivity. will_be considered. at field scale. The formula
described by Lemoalle (2006) will be adopted: for. the .computation of the crop water
pr.n}duc:tivity in which the denominator will be considered as the volume of water applied or
delivered to the crop, not the amount of transpiration or evapotranspiration. Computation of
crop water productivity based on the amount of transpiration or evapotranspiration may not
reflect the productivity of the stored water in the reservoirs. It puts more emphasize on the
volume of waler used by the crops rather than the volume of water applicd to the crops or
used by the farmers to irrigate the crops. The computed productivity is then based on the
amount of water used by the crops, not the amount of water used in irrigating the crops

which is the centre of interest in this study,

Crop Yield[kg]

CWP =

kg/m’ {Lemuoalle, 2006)
Water Applied |m’ | tg/m)
Or
__EWP:' Revenﬁgbtallleé fmrnl Lrop:!:’lald [Euro] [Euro ]
= Water Applied|m”|
—

Vignon Ouinsou Houenou 9 MSc Thesis 2010
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2.3.2 Livestock water productivity (LWP)

Livestock water productivity in agricultural sysiems is the ratio of the sum of animal
products and services produced to the amount of water depleted in producing them (Peden

and Tadasse, 2003).

Water used by livestock for drinking is relatively small, less than 2% of the total water used,
as compared to the amount utilized in producing the feed that they consume. The total water
used by livestock is assumed to include gnly water cither directly-consumed by the animals
or used for cleaning and other services functions during the processing of animal production.

The sources of livestock water consumption may be ¢cited as (Zinash et al, 2002);

#. Drinking water

« Water contained in feeds

Livestock services and products include among others meat, milk, hide, manure, ploughing
and transport. In this study, livestock water productivity will be computed using the formula
by Peden and Tadesse (2003):

Livestock Product [Euro]+ Livestock Services [Euro]
Water consumed [m” |

LWP = [Euro /m’]

This study takes into consideration only the amount of water consumed by livestock because

the feed are produced under rainfed agriculture.
2.4 Water useefficiency —

Wateruse cfficiency (WU.q) is the ratio between the net crop irrigation water requirement

(NIR) and the volume of water that reaches the irrigation plots and that is effectively applied

Vignon Ouinsou Houenou 10 MSc Thesis 2010
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to the crops (Vapp) (Oweis er al., 2003, Kijne et al., 2003). Water use efficiency is also
called consumed fraction (Willardson er al., 2002; Clemmens and Burt, 1997: Molden,
1997),

~ NIR

WUeff
Vapp

The net crop irrigation requirement can be computed using the CROPWAT model.

The CROPWAT model was initially developed by the FAO in 1990 for the purpose of
planning and managing irrigation projects. CROPWAT4W, the latest version, under
windows interface was formulated by the FAQO, together with Southampton University of

UK, and National Water Research Center (NWRC) of Egypt.

CROPWAT model by Food and Agriculture Organization (FAQO) is used to estimate net
crﬁp irrigation water requirements (NIR). NIR is defined as the amount of water in addition
to available soil moisture from precipitation that crop plants on irrigated land must receive
to grow without water stress. The CROPWA'T model used the equation below to compute

NIR.
NIR = k¢ X ET,— Perr (1)

where, NIR = net irrigation requirement [mm/d]; k. = Crop eoefficient [dimensionless],

ET, = potential evapotranspiration [mm/day]; Pey = Effective precipitation [mm/day|

Crop coefTicient, kc is a function of the crop type and the period of the growing season. Pegy

is the fraction of the total precipitation, {_f;) that is available to the crop and does not run off.

Aegording to Smith (1991), effective rainfall can be calculated using common empirical

methods:

Vignon Cuinsou Houenou 11 MSc Thesis 2010



Productivity of stored water In small reservoirs in the White Velta Basin, Burkina Faso

* Fixed percentage of rainfall
PE.n=a x Py

Where PE.y is the effective rainfall; a is a fixed percentage coefficient (specified by the
model user), with a typical range of values from 0.7 to 0.9; and Py is the measured or

generated total daily rainfall,

. Dependable rainfall

The FAO developed this empirical formula to estimate dependable rainfall. This method

may be used for design purpose where 80% of probability of exceedance is required,
Fq_r P <70 mm: PE.g= 0.6 Piu— 10

For Py =70 mm; PE.r= 0.8 Poi— 24

e USDA Soil Conservation Service method

P:F:-gf]‘ =P X (125 — 0.2P,,)/ 125 for P =250 mm

PEesr = 125 + 0.1 X Pyt for Pio=2 50 mm

where,

PEqrris effective rainfall (mm) and Py, is total rainfall (mm)

Potential evapotranspiration, ET, is calculated using FAO Penman-Monieith equation (Allen
et al., 1998) bilﬁw with parametess-eftemperature, relative humidity, sunshine hours, and

wind speed.
_—--__._.
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+ pﬂﬂp
ET = A

A4 yﬂ[l +i]
rld

where ET, is potential evapotransipiration [mmd™'], R, is the net radiation [MJm™d"'|, G is

soil heat flux [MJm'zd"]. (€s-€a) represents the vapour pressure deficit of the air [kPal, p, is
the mean air density at constant pressure [kgm™], Cp is the specific heat of the air
[MJkg' °C"'], A represents the slope of the saturation vapour pressure-temperature
relationship [kPa°C’'], A, is the latent heat of vaporization TMJkg™'], y. = psychrometric

constant [kPa®C™], 7 is crop resistance [sm™'|, and ry is acrodynamic resistance [sm™'].
To compute the net crop irrigation requirement CROPWAT mode! requires the data below:

e Climatic data — mean monthly maximum and minimum temperatures (°C), monthly

rainfall (mm), relative humidity (%), sunshine duration (hours) and wind speed (m/s}
e Crop data — the crop type and planting date

The climatic data can be exported from CLIMWAT 2.0 which is a climatic database that is
used in combination with CROPWAT., CLIMWAT allows the calculation of crops water
requirements, irrigation supply-and irrigation scheduling for varous crops for a range of

meteorological stations worldwide (FAQ, 2009).

CLIMWAT offers long-term (at least 15 years) monthly mean values of seven climatic

parameters, namely: — —

—

i i i i O o
e ° Mean daily maximum and minimum temperature in "C
————
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e Mean relative humidity in %

Mean wind speed in km/day

Mean sunshine hours per day

., Mean solar radiation in Mjfmzfday

Monthly rainfall in mm/month

Reference evapotranspiration calculated with the Pennan-Montheith method in mm/day
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CHAPTER THREE

3 STUDY AREA

The study was conducted within the White Volta Basin, which is a sub-basin of the Volta
Basin (Figure 3.1). Due to data unavailability, this chapter provides a short description of the

White Volta Basin complemented by a general description of the Volta basin.

Togo, 8.4 Barin, 4.1%
Ml 3, T - A

Burkina
Foase, 47.8%

Cote d'lvoire S

Y
| cate o aire.
3 0%

% of Basin Aras Shared by the Countries

0 100 200 Kilometars A Total Basin Area= 400,000 sq. km
E—

White Volta basin
Volta basin
Matienal boarders
Figure 3.1: Location of the Volta Basin and the White Volta Basin (Rodgers et al, 2007.

Modified).
e — -FH_FH_________.—
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3.1 White Volta Basin Overview

The White Volta Basin (94,044 km®) which is located upstream of Lake Volta in Northern
Ghana and Burkina Faso, has very flat topography particularly in the southemn part (<0.1%)
(Wagner ef al.,2006). Guinea savannah and Sudan savannah are the most predominant land
use types respectively in the southern and northern part. Precambrian platform and a
sedimentary layer are the main geological systems of the basin. The predominant soil types
are lixisols. Annual rainfall in the White Volta Basin ranges from 600 mm in the north to
1,200 mm to the south (VBRP, 2002). Figure 3.2 and Figure 3.3 show respectively the
geology of the Volta Basin and the soil map of the Volta Basin (including the White Volta

Basin)

[_1White Volta Basin

MNational Boarders
[] Velta Basin
Geology

Birimian
Buem
Dahomeyan

Lowear Voltaian
Middle Vakalan (Otl)
Middle Voitaian (Obusum)
Other formation
. 1 Recent formation

S dhanes. Il Togo series

: - Upper Voltaian
I Zone Sedimentaire

continental termin

N
0 100 200 Kilometers A

Figure 3.2: Geology of the Volta Basin (including the White Volta Basin) (Source:

e =

Obuobie, 2008)
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[ White Volta basin
[] Volta basin
£/ National Boarders

Cote d'lvolre

Luvisnols
Mitosols
Fanosols

0 100 200 Kilometers R
—a

l‘;;igure 3.3: Soil map of the Volta Basin (including the White Volta Basin) (FAO, 1995)

3.2 Yolta Basin Overview

3.2.1 Location

The Volta Basin, one of the eighty (80) internationally shared lakes and river basins in
Africa (Obuobie, 2008), (Figure 3.1) lies in West Africa, within latitudes 5"30 N and 1430
N and longitude 2°00 E and 5°30 W. It covers an area of 400,000 km", shared by six (6)
countries: Benin (4% of the total basin surface area), Burkina Faso (43%), Cote d'lvoire
(3%), Ghana (40%)., Mali (4%) and Togo (6%). The main channel of the Volta River
stretches over a distance of about 140,000 km (Andah et al., 2005). Draining of the basin I
achieved by_l?:_lr_t_li}ous ﬁhuw_gﬂ. of which are ephemeral. These tributaries can be

grouped into four main river systems: the Black Volta, White Volta (Nakambe), Lower

i

Vignon Ouinsou Houenou e 17 M5c Thesis 2010
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Volta and Oti River, The tributaries drain various portions of the basin in the riparian

countries (Table 3.1),

Table 3.1: Main tributaries of the Volta River Basin and Characteristics

Main
tributaries of Source of River Drainage coverage Drainage area
the (km?)
Volta River
Western Burkina Faso
Black Volta Mali and small areas in 147,000
. Mali and Cote
d’lvoire
Northern and Central
White Volta Burkina Faso Burkina Faso and 106,000
Ghana
North-western Benin
Oti Burkina Faso and Togo, south- 72000
eastern Burkina Faso
and Ghana
Lower Volta Ghana Middle to southern 73,000
parts of Ghana

Source: Rodgers et al., 2007 (modified)
3.2.2 Climate

The climate of the Volta Basin is controlled by the movement of the Inter-Tropical
Convergence Zone (ITCZ). The ITCZ is the int;r—phm of the hot, dry and dusty northeast
trade wind that blows over the sea from the south Atlantic. The movement of the ITCZ is
characterized by strong frontal activities, which influence the amount and duration of

rainfall over the basin (Amisigo, 2005; Andah er al., 2003),

—

The Volta Basi_rL-is characterized by-two major climatic zones: the humid south with two

distinct seasons of rainfall that peaks in June and September, and the tropic north with one
i |
rainfall season that peaks in August/September. The rainfall in the humid south zone is
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evenly distributed over the year while in the tropic north it is poorly distributed and very
much skewed towards the month of June to September during which over 79% of the total
annual rainfall occurs (Amisigo, 2005). Average monthly temperatures in both zones are

most typically above 25°C.

Although the periods of the rainfall seasons are known, the beginning of the rainy season is
unpredictable, making rainfed agriculture a highly risky source of livelihood (Obuobie,

2008).

The mean monthly temperatures decrease from 36°C in-March to 27°C in August in the
northern parts of the basin and from 30°C in March to 24°C in August in the south
(Qguntunde. 2004). The daily maximum emperatures vary rom 32°C o 44°C, usually
rcc;:urded in March to April; while daily minimum temperatures are recorded in December to
February and can be as low as aboul 14°C in January (FAQ, 1997). Temperatures increase in

a south-north direction.
3.2.3 Land cover and land use

The dominant land cover type in the Volta Basin is savannah (grassland and shrubs). It
consists of grassland interspersed with shrubs and trees. The savannah covers about 86% of
the entire basin. The other land cover types are (WM, 2003): croplands and natural
végelation (10.4%), wetlands (4.6%), forest cover (0.7%) and urban and industrial coverage

(0.5%).

—

The dominant Tand use in lhem;grieuhurr:, which includes the cultivation of annual
crops, tree-crops, bush fallow and unimproved pasture (FAQ, 2000). Agriculture in the basin

is" largely rainfed and essentially manual with the use of very few external inputs like

Vignon Ouinsou Houenou 19 IS¢ Thesis 2010
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tractors and fertilizers. A large part of the land in the basin is degraded and less suitable for
crop production. Figure 3.4 shows land-cover distribution in the Volta Basin (including the

White Volta Basin).
3.3 Agriculture in Burkina Faso

In Burkina Faso, agriculture may be seen as exclusively extensive and dominated by the
rainfed system. It is food crop agriculture with low productivity, dependent on climatic
hazards and mainly practiced on small scale family farms~Only-one third of the total
country’s arable land are cultivated per year. The main crops.arc cercals (sorghum, millet,
maize, rice and fonio), legumes and tubers (cowpeas, sweet potatoes, yam, and cassava),
cash crops (sesame, groundnuts and soybeans), vegetables (tomatoes, onions, cabbage, okra,
pepper, green bean and potatoes) and fruits (citrus and bananas) (Ouedraogo et al., 2006).
According to Barry et al. (2005), the cropped area in the Volta Basin represents 82.5% of the

total cropped land in Burkina Fase.

The economic and social development of Burkina Faso is mainly based on the agriculture,
which occupies nearly 86% of the working population and contributes 30% of the GDP.
Also, livestock contributes approximately 10% of the GDP and employs around 6% of the

active population (Ouedracgo ef al., 2006).
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White Volta basin
Volta basin

/57 National boarders
Land coverluse

Wetland Woody
Water body
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Shrubland
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Grassland
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Figure 3.4: Land-cover distribution in the Volta River Basin (including the White

Volta Basin) (USGS-GLCC, 2007)
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CHAPTER FOUR

4 METHODOLOGY

4.1 Introduction

The study was undertaken in the White Volta Basin, focusing on the southern part of
Burkina Faso. In order to identify the multiple uses, quantify the volume of water consumed
by the various uses and 10 delermine the water productivity for the various uses, data were
collected through focus group discussions, interviews, observation, field measurement and

use of secondary data.
4.2 Selection of some small reservoirs for the study
The selection of the small reservoirs for study was achieved through 2 stages.

Dpring the first stage, through desk study and literature review, locations in term of
coordinates (longitude and latitude) of some reservoirs in the southern part of Burkina Faso
were collected. Using Google Earth, the coordinates were plotted (for about 60 reservoirs) to
have an idea of where there is a concentration of reservoirs in the southern part of Burkina
Faso in the White Volta Basin. [t was found that more than 50 percent of the reservoirs
(prlmted coordinates) were located in the town of Kombissiri and its neighboring towns such

as Koubri, Koudougou, and Ouagadougou,

During the second stage, a trip to the town ol Kombissiri was undertaken to survey some

reservoirs’ sites-in-order to have-emidea of the reservoirs® uses, the method of irrigation and

the crops grown. This was done to make the selected reservoirs representative of the study
s i

arca,
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Seven reservoirs were selected for the study and they are located in the White Volta Basin in
the southern part of Burkina Faso, precisely in the towns of Kombissiri and Ouagadougou.
The criteria for the selection of these small reservoirs took into account the definition of
small reservoirs adopted by the World Bank (dam wall height < 15 m) and the multiple uses
of the reservoirs particularly dry scasons farming and livestock watering. The selection of
the small reservoirs was based on the dam height because data available does not include the
reservoirs capacity. Table 4.1 shows the selected reservoirs, their respective province and
the town in which they are.

Table 4.1: List of the selected reservoirs with their location

Reservoirs name Province Town
Konioudou Bazega Kombissiri
Kierma Bazega Kombissiri
Pissi Bazcga | Kombissiri
Kagamzinse ' Bazega - Doulougou
Naba-Zarma Kadiogo Koubri
Kamboinse Kadiogo Kadiogo
Yamicnga \ Radiogo Kadiogo
’ P —
=
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[Zoundweogo)
I mm
B Sarega

Figure 4.1: Map showing the location (province) of the selected reservoirs

4.3 Data collection

4.3.1 Focus group discussions and guestionnaire

Through focus group discussions, questionnaire was administrated orally mainly to dry
season farmers of all the selected reservoir sites and livestock owners in the areas. The
questionnaire was administrated with the help of a translator who understands French and is
able to converse in the local language (i.e. ‘’More’"). The questions were asked to the
translator in French who asked the farmers and livestock owners in the local language. The
— _'_'_,_..--—'—"--_'_
data collected included the various uses of the reservoirs, the various crops grown, the crops
growing period, the crops yield, the irrigation method, the imrigation frequency, livestock

watering method and services, and prices of crops and livestock.
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B
&

Plate 4.1: Focus group discussion with some farmers at Kierma
4.3.2 Interviews

Interviews were conducted with some extension officers delegated by the Centre Regional
de Production Agro-pastorale (Regional Center of Agriculfural Production). The interviews
were conducted (after the focus group discussions) to obtain more understanding of the
practices and the history about the reservoirs. The interviews were also necessary to confirm
the information collected through the focus group discussions and questionnaires held with

the dry season farmers and livestock owners.
4.3.3 Observation and secondary data

Observations were done at the reservoir sites to confirm the information collected through

- — .,-'—"'_"-._._-_-_—

focus group discussions.

——

Vignon Ouinsou Houenou . 25 MSe Thesis 2010



Productivity of stored water in small reservairs inthe White Valta Basin, Burkina Faso

Also, in addition to the primary data, secondary data were collected from some institutions
such as the Ministry of Agriculture and Water Resources, the Head Office of Water
Resources, the Head Office of Agriculture Statistics, the Head Office of Planning and

development of Irrigation, the group 2ie-EISHER.

The secondary data included among others water demand and projection of water uses, some
reservoirs locations, storage volume and arca, studies done on agricultural uses of reservoirs

which show livestock water consumption and water requirements for some crops.

It has been found that farmers at the rcservoirs sites.usc pumps to irrigate hence, the
pumping rates for some pumps were determined through measurements using a container of

known capacity and a stopwatch. Also, cropping areas were measured using measuring tape.

4.3.4 Water productivity quantification

(a) Crop water productivity

Physical crop water productivity was computed using the following formulae:

CWP = Crop ‘r’ield[kgj__ [kg/m?| (Lemaoalle, 2006)

Water Applied [m]

Crop yield was collected through interviews and focus group discussions. Farmers estimated
th;a yield in terms of weight (kg), bags and crates. However, bags and crates filled with crops
were weighed, and values obtained were found to show no difference with the values said by
the farmers. This—--i.ﬁ-"dtié to the faetthat during the selling process, farmers® products were
weighed and weight is known by the farmers. Also extensions officers were able to give

i
information about crops yields, which helped to confirm information given by farmers.
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Water applied to the crop was computed based on the measured pump rates, the crop growth
period, the frequency of irrigation and the duration of irrigation obtained through field

measurement, interviews and focus group discussions. Water applied was then computed as:

Water applied (cu.m) = No of irrigationdays (days) x Duration of irrigation(second) x Pump rate (cu.m/s)

Using a calendar, the number of irrigation days was calculated based on the crop growth

period and the irrigation frequency (i.e. every 3 or 4 days)
Economic water productivity was computed using:

Revenue obtained from Crop Yield [Euro]

EWP =
Water Applied|m” |

[Euro/m”]

In using this formula, the numerator was computed as:

Revenue obtained from crop yield (Eure) = Crop yield (kg) x price of crop (Euro/kg)
Knowing the crops water productivity is impertant but it will also help more to know how
good the crops’ water productivity is and if there is a possibility to increase it. In this study,
FAO ranges for good yields (in t/ha) in semi-arid and arid regions for crops considered in
this study, under irrigation under high level of crop and water management were compared
to the yields obtained from the study arca. And to obtain a common background in
cr;mparing the crops water preductivity, FAQ ranges in yields were converted into physical
water productivity by dividing the minimum value of the range by the net crop water
requirement (that is__a_;_ssuming 100% crop water use efficiency). The physical water
productivity was—t-ﬁen rﬁultipliedﬁr"lﬁ'ﬁ?ﬁ_p price to obtain the economic productivity. In
addition 1o that, economic land productivity was also obtained by multiplying the minimum

e

value of the range by the price of the crop price obtained in the field. Table 4.2 and Table
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4.3 below show respectively the FAO range for good yields and water productivity

computed based on the FAO range for good yields.

Table 4.2: FAQ range for good yield for crops under irrigation in semi — arid and arid

climatic conditions under high level of crop and water management.

Crops FAOQ yield range (t/ha)
Cabbage 40 - 60
| Onion 3545
Pepper 15-20
|'omato 45-65 M |

Sowrce, FAQ

Table 4.3: Water productivity computed based on the FAO range for good yield.

Productivity Cabbage Onion Pepper Tomato
PWP (kg/m’) 7.9 7.2 2.23 5.53
EWP (€/m") 0.7 1.4 0.49 0.74
(b) Livestock water productivity
Livestock water productivity was computed using:
LWP = Livestock Product [Euro] + Livestock Services [Euro] (Euro/m’]

Water consumed [m*]

Cattle, donkey, goat and sheep were considered in this study. The selling price of cattle,

donkey, goat and sheep were-considered as their respective product revenue. The cost of

using cattle for ploughing activity for an entire growing season was taken as cattle services.
—

For donkey, in addition to the cost of using it for ploughing activity, since donkey is used for
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transportation, the average revenue of servicing donkey as means of transportation was also
taken into account while computing revenue obtained from donkey services. In summary,
goat and sheep product and service were considered only as their sale, cattle product and
services were taken as their sale and their use for ploughing and donkey product and
services took into consideration the sale of donkey, the use of donkey for ploughing and for

transportation,

The average livestock ploughing and transportation cost considered were for the entire dry
scason. For the selling price. the cost of a mature livestock was considered. Considering a
maturity age of 5, 5.5 and 1.5 years respectively for cattle, donkey and goat/sheep. To
ensure that the water productivity computed reflected that for the dry season and also to
ensure an equal base for comparison with the crop water productivity, the price of selling the
livestock was divided by its maturity age (in terms of months) and multiplied by the duration

of the dry season. Table 4.4 shows the computation of livestock water productivity.

Estimates of the volume of water consumed by livestock, per day were obtained from
secondary data, The secondary was obtained from ONEA (National Board of Water and
Sanitation). The institution has estimated among other water demand sector. livestock water
consumption specifically for Burkina Faso. Water consumption was estimated for cattle,
donkey, goat and sheep per head and per day (39.2 Liday/head for cattle, 23 L/day/head for

donkey and 4.3 L/day/head for both goat and sheep).

— e
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4.3.5 Water use efficiency

In order to compute the crop water usc efficiency, in addition to the volume of water applied
(Vapp) to the crop, the net crop irrigation requirement (volume of water required by plants

throughout the evapotranspiration process) (NIR) also is also required.

To compute the net crop irrigation requirement, the CROPWAT model was used. The
climatic data was collected from the two nearest meteorological stations (Boromo and
Quagadougou stations) near the reservoirs, areas. The crop water use efficiency was

computed as:

NIR

Wile _.f f = VHPP

WUeff: Water Use efficiency
NIR: Net Irrigation requirement

Vapp: Volume of water applied

Vignon Ouinsou Houenou = 31 MSc Thesis 2010



Productivity of stored water in small reservoirs in the White Volta Basin, Burkina Faso

CHAPTER FIVE
5 RESULTS AND DISCUSSIONS

5.1 Various uses of the selected reservoirs

Information collected through questionnaire, interviews and focus group discussions
indicated that all the selected reservoirs were built for livestock and domestic purposes.

They were built not by the Burkina Faso government but by an individual (private person).

Plate 5.1: Livestock drinking water from a reservoir at Kagamzinse

It was only some years later that communities served by the reservoirs decided to start using
the stored water for farming during the dry season. This may explain the reason for the
absence of irrigation canals and the use of pumps by the farmers to draw water from the

resenuiﬂm'miii'g is done-both opsiream and downstream.
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Plate 5.2: Farmer operating a pump at Kagamzinse

The main crops grown for dry season farming were vegetables such as onion, cabbage,
pepper and tomato, and fruits such as pawpaw, banana, citrus and orange. This study takes
into account only the vegetables. Table 5.1 below shows the classification of the selected

reservoir based on the vegetables grown.

Table 5.1: Classification of the selected reservoirs based on the vegetables grown

Crops | Cabbage | Onion | Pepper | Tomato
Reservoirs
Konioudou + + + =
Kierma + + - +
Pissi + + + -
Kagamzinse + + - +
Maba-Zarma + + + -
~ Kamboinse E + a +
+ Yamtenga—| + + . +
—F Vegetable grown
- Vegetable not grown
= MSc Thesis 2010
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In addition to farming, domestic uses and livestock watering, the stored water in the selected

reservoirs was also used for fish farming and brick making.
3.2  Crop water productivities

Table 5.2: Range of yields obtained at the selected reservoirs {t'ha)

Yield of the seven selected sites FAO yield range
Crops (Minimum - Maximum) (t'ha) (t/ha)
Cabbage 13.5 — 30 40— 60
Onion 4-16 3545
Pepper J 56 1520
Tomato | §-20 45— 65

Table 5.3: Physical water productivity for the selected reservoirs (kg/m®)

Reseryoirs Cabbage | Onion | Pepper | Tomato
Konioudou 3.08 0.4 0.3 -
Pissi 186 | 0.56 0.28 -
Niba-zarma 4.53 1.82 0.59 -
Kierma 2.63 1.66 - 0.88
Kagamzinse 2.3 112 - 2.04
Kamboinse 2.14 0.%4 & 124
Y amtenga 1.94 AW - 1.68
FAO based physical
water productivity ' .
with WUeffl = 100% 7.9 7.2 2.23 5.53
—_— _'_,_,--'—""---_'__
i
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Table 5.4: Economic water productivity for the selected reservoirs {Efms}

Reservoirs Cabbage | Onion | Pepper | Tomato
Konioudou .28 0.08 0.08 -
Pissi 0.16 0,1 0.06 -
Naba-zarma 0.4 0.35 0.16 -
Kierma 0.26 0.32 - B.12
Kagamzinse 0.2 0.22 - 0.28
Kamboinse 0.2 0.16 - 0.16
Yamtenga 0.17 | 05 = 022
FAO based
economic water
productivity with
Wleff= 100% 0.7 1.4 0.49 0.74

Table 5.5: Crop water use efficiency (WUeff)for the selected reservoirs (%)

Reservoirs Cabbage | Onion | Pepper | Tomato
Kaonioudeu 52.16 50.02° | 69.36 -
Pissi _ 47.32 4538 | 6292 -
Naba-zarma 85.82 74.7 80.87 -
Kierma 76.86 | 72.98 - 14572
Kagamzinse 70.98 68.08 - 83.74
Kamboinse 51.76 49.66 - 60.78
Yamtenga a0.48 78.98 - 119.16

Wtleff = ﬂ-{:—p ¢ NIR: Net Irrigation requirement, Yepp: Yolume of water applied

‘The physical and economic crop water productivity (Table 5.3 and Table 5.4) were observed

to differ from one crop to another at each site. This may be related to the fact that the crops

do not prgdy_'é_;; the same yicld and-the amounts of water applied are not the same. Also the

crops’ market prices are not the same. Considering the crops water use efficiency

S
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(Table 5.5). it was observed that some of the crops may be experiencing water stress through

mostly over-irrigation.

Cabbage was observed to have the highest physical water productivity at most reservoirs
sites (6 of the 7 selected) (Table 5.3). Even though cabbage water use efficiency was close
to the remaining crops’ water use efficiency, sometimes was less than the other crops water
use efficiency (Table 5.5). Physical water productivity of cabbage was mostly the highest.
This may be explained by the fact cabbage may ‘be-less sensitive to over-irrigation,
Considering Table 5.5 showing crop water use efficiency, it is'observed that the crops have
been applied more water than they needed and according to literature from FAO (2009),
pepper, onion and tomato are described as crops sensitive to both over-irrigation and under-
irrigation, but cabbage is described as only sensitive to water deficit but not specifically as
sensitive to over-watering. Pepper and onion produce high yield of good quality under
controlled irrigation; onion requires frequent supply of water throughout the total growing
period; over-watering of onion leads 1o reduced growth and semetimes causes spreading of
diseases such as mildew and white rot; tomato performance is sensitive to the irrigation
pfacticr:s. In order to obtain high yield and good quality, tomato needs a controlled supply of
water throughout the growing period: excessive water during the flowering period has been
shown to increase flower drop and reduce fruit set; high humidity leads to a greater

incidence of pests and diseases and fruit rotting.

Onion was found to have water productivity higher than cabbage at only one site, Yamtenga
(Table S.Eﬁn fact, at tham reservoir, cabbage yield was the lowest and onion yield
__was-the highest compared to the rest of the reservoirs selected (Table5.6). The reason can be

that contrary to onion, cabbage may be experiencing unfavorable agronomic conditions
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since considering both crops water use efficiency (Table 5.5), cabbage is observed having
hel*tter water application than onion (ie: cabbage water use efficiency than onion’s one),
Conditions that may be due to the different farming practices such as fertilizers inputs, types
of pesticide used, etc and also the soil type. Cabbage was found to have the highest
economic water productivity at four reservoir sites followed by onion, at two reservoir sites
and tomato at one reservoir site (Table 5.4), although cabbage was the one having the
highest physical water productivity at most selected reservoir sites (6 of the 7 selected). This

is due to the fact that tomato and onion have higher selling price than cabbage.

Table 5.6: Crops yicld at the selected reservoirs in t/ha

Naba-
Crops | Konioudou | Pissi | Kierma | zarma | Kagamzinse | Kamboinse | Yamtenga
Cabbage 30.0 20.0 17.5 27.0 16.5 23.0 13.5
Onion 4.0 6.0 1138 12.0 8.0 9.0 16.0
Pepper 6.0 3.0 - 3.0 - - -
Tomato : B 50 N 200 figo | 128

Based on the crops water productivity at all the selected reservoirs (Table 5.3 and Table
5.4), cabbage was found to have the highest physical water productivity, followed by onion,
tomato and pepper; and onion was found to have the highest economic water productivity,
followed by cabbage, tomato and pepper. Comparing the crops waler productivily at the
selected reservoirs (Table 5.7) with the one estimated based on FAO range for good yield
(Table 4.3), it was observed that productivities at the selected reservoirs are low. This may

be explained-by the fact that-vields obtained at the selected reservoirs are low, below the

FAO range (Table 5.2). Over-irrigation may be seen as the reason for low yields and

_-—-_--._'_

productivities values obtained at the sites. Considering the crop water use efficiency, the
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amount of water applied to the crops varies with respect to the net crop waler requirement.
However, tomato water productivity at the selected reservoirs is close to the one obtained in

some other African countries (Table 5.8)

Table 5.7: Range of physical and economic water productivity from the selected

reservoirs

P'rc'.~tll.u;:l‘i*|ifit§fr Cabbage Onion Pepper Tomato
PWP (kg/m’) | 1.86-4.53 0.4 +2.57 0.28-0.60 0.88-2.04
EWP (E/m’) | 0.16-028 | 0.08-035 0.06-0.08 | 0.12-0.28

Table 5.8: Tomato productivity compared to productivity obtained in some other African

countries
Indicator Field values Ethiopia’ Ghana’ Tanzania'
Tomato PWP 0.88-2.04 1.54 0.86-1.72 1.47-2.4
(kg/m’)

Source: ': Mamba (2007), °: Productivity conmpuled based on theMinistry of Food and
Agriculture (Ghana) averages range (assuming 70% water use efficiency).
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5.3 Physical water productivity and water use efficiency

CABBAGE

W Ueff (%)
——PWP (kg/m3) |

WUeff (%)

Figure 5.1: Cabbage physical water productivity and water use efficiency for the

selected reservoirs

 \WUeff (%)
=4=PWP (kg/m3)

Wueff (%)
ob888833388

Figure 5.2: Onion physical water productivity and water use efficiency for the selected

_h-'-.-_
reservoirs
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For each crop considered, water productivity differs from site to site. The difference in
physical water productivity observed from site to site may be related to the difference in the
volume of water applied to the crop. The number of pumps available for farmers differs
from site to site. Therefore sites where there is not adequate number of pumps, the pumping
lime may be reduced leading to a diminution of the volume of water applied compare to

sites where there is sufficient number of pumps.

Considering Figure 5.1 and Figure 5.2,itris observed that with' the exception of Ya'tenga
and Kon’dou, a higher water productivity valye corresponds to a better water use efficiency
value. Considering the crops’ water use efficiency, it means that when quite adequate
quantity of water is applied, quite higher productivity is obtained. This may be explained by
the fact that application of adequate quantity of water may lead to higher yield. Considering
the formula used for the computation the productivity, higher vield with less water will give

a higher productivity value.
5.4 Livestock water productivity

Through questionnaire and interviews, livestock were found to be cattle, donkey, goat and
sheep. The cattle were bred only for commercial purpese (selling of cattle). They are not
hired for labor activity. It was found out that farmers who need cattle for labor activity get
them from friends or relatives al no cost but Jater may give to the livestock owner some of
the produce in appreciation of the service rendered. It seems to be like some kind of trade
without ﬁxeii_'gﬁnditicns.rs’@g_penple also take milk from the cattle but it is mostly for their
own consumption and il- is not frequent. To compute cattle water productivity, this study

“Takes into account enly the revenue obtained from selling cattle and also the price farmers
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will be willing to pay for cattle if the cattle used for labor activity was not free of charge.
Because of the great number of reservoirs in the area and also of the feeding of the cattle,
cattle travel a lot and it was difficult to atiribute cattle productivity for a particular reservoir
since it was not possible to point exactly from which reservoir they drink. Also, cattle are

sign of prestige and wealth; more cattle one has more respect accorded him.

Concerning donkeys, they are used for only transportation. Goats and sheep are bred just for
selling; goats and sheep do not provide-any other services, Cattle, donkey, goat and sheep
water productivities were found to be respectively-30.33€/m>. 25.78 €/m>. 16.09 €/m’® and
19.29 €/m’. As it is observed, even though sheep and goat have the same water
consumption, their water productivities are not the same. This may be explained by the fact
that sheep has a higher sale price than goat, due to its bigger size compared to goat and to

the fact that it is more preferred than goat by the Muslim community.

Livestock water productivitics in this study show significant differences compare 1o
livestock water productivities in Upper East Region of Ghana. Higher productivity values
for cattle and donkey in Ghana compare to the results of this study are due to the higher
values placed in using cattle and donkey for ploughing in Ghana than in Burkina Faso (more
than two times the value placed in using livestock for ploughing in Burkina Faso). Also
transportation service provided by donkey in Ghana costs more than in Burkina Faso (about
three times the cost of using donkey for transportation in Burkina Faso). This due to the fact
lh_at in the study area, farmers are mostly the onc using donkey for transportation and most
of them have -théir-uwn dm;and sheep productivity in Ghana is the same, while in

__Buskina Faso it is higher and differs. This is due to the fact that goat and sheep show same

selling price in Ghana while in Burkina Faso, Sheep selling is higher than the selling price of
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goat. However, livestock water productivities are higher than crops water productivity in

both studies.
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CHAPTER SIX

6.1 Conclusions

Crop water productivity at the selected reservoirs is low compare to the FAO range, but

close to productivity values obtained in sarme other African counties.

e Considering livestock and crops, it is mare productive to invest water in livestock than in
~ crops, however an optimal benefit from using both should be explored

* Among crops, it is physically more productive to use water to grow cabbage.

e Among livestock, il is more productive to use water for cartle

* Crop water use efficiency values show that the crops studied may be experiencing water

Iﬂgging.: -’Ii"hari: may be-thel an opportunity to improve crops water productivity through

controlled application of water,
e
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6.2 Recommendations

Considering the outputs of this study, | recommend that:

* Subsequent research should
* Take into consideration factors such as labour, soil fertility, types of fertilizer
used, energy, etc.
= Use optimization to determine the most efficient water allocation.
¢ Since there is an opportunity to enhance erop water preductivity through controlled
water application, extensions officers should enhance farmers’ knowledge about the

+ amount ofwater the crops need and ways to apply close to the exact quantity.
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