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ABSTRACT

Over dependence on rainfed agriculture is one ef imjor problems in Kenya’s

agricultural sector. One of the most promising 8ohs is upgrading rainfed agriculture
through the adoption of rainwater harvesting (RWard its management which will

improve water availability for productive purposemwever, what is not clear is the role
of rainwater harvesting on household food secuaitg the returns to the investment in
the water management systems in semi-arid lands Stady evaluated smallholder
farms in Matanya Location which is an area thafpisne to drought. The overall

objective was to document rainwater harvesting tm@g, cropping systems and crop
productivity by smallholder farmers in Laikipia Geal District. A survey was carried out

using a structured questionnaire on 100 househdld&a obtained was analyzed using
the Statistical Package for Social Scientists (§PSS

Adoption of rain water harvesting significantly reased crop yields. The average maize
yield in farms with RWH (259 kg/ha) was 14 timesmnsohan farms not having RWH
which was 18 kg/ha. For vegetable crops, the aeeyggds increased from 4.6 to 9.9
t/ha for spinach, 4.8 to 12.5 t/ha for kales arttitd.10.5 t/ha for garden peas. Though the
vegetable yields were more than double for farmé WRWH, it is only in garden peas
that the yield difference was significant (p valess than 0.05). All the 100% farmers
investing in on-farm rainwater storage preferredrigate vegetable crops during the dry
season while only 35% irrigated during the raingssm. The crops grown during the dry
season fetched a premium price in the market. Akdity of harvested rainwater for
irrigation from water pans had led to a shift frembsistence to commercial farming.
The survey found out that the waterpan capacitgednfrom 50 to 100tand 50%
suffered from seepage lossé&xue to the limited stored water; farmers were sigftfrom

the use of the furrow water application methodhe eéfficient drip irrigation method.
Farmers adopting the drip irrigation reported higiields for tomatoes and cabbages.
Few economically well-off farmers were lining themterpans with UV resistant plastic
material to reduce seepage losses which had beshas a drawback to the adoption of
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this technology. A farmer who invested in the Imiof their 100 capacity water pan
with UV resistant plastic material and installeé tiirip system had a net income of Ksh.
74,800 against Ksh. 17,900 for those without theestment. The return to investment
(lining and drip irrigation system) indicted thaetfarmer could recover the investment
cost within one season. Therefore; on-farm RW g®system was a viable investment
in Matanya. The up-scaling of RWH technologies $thaherefore be promoted and
supported through various interventions in Laiki@entral District as they were found to
significantly improve agricultural productivity.



CHAPTER ONE: INTRODUCTION

1.1 Background
Agriculture continues to be a fundamental instrumfor sustainable development,

poverty reduction and enhanced food security inetbgng countries. Agricultural
productivity growth is also vital for stimulatinga@wth in other sectors of the economy
(World Bank, 2007). Currently, agricultural prodwdly growth in Sub-Sahara Africa
(SSA) lags behind that of other regions in the diodnd is well below that required to
achieve food security and poverty reduction godé&gémeo, 2008). The first Millennium
Development Goal (MDG 1) is to eradicate extremeepty and hunger; this goal is the
backbone for achieving the other seven MDGs (W@&dahk, 2007). Today, there is a
global outcry over food insecurity. There is evidenfrom Food and Agricultural
Organization (FAO) that 850 million people in thend are affected by food insecurity,
of whom 820 million live in the developing counsi@Ngaira, 2009).

The agricultural sector in Sub-Saharan Africa isdmted to be especially vulnerable to
climate change because this region already endugts heat and low precipitation,

provides the livelihoods of large segments of tbpytation, and relies on relatively basic
technologies, which limit its capacity to adapt EHA, 2006). Rain-fed systems are
essential for improved food security because ofhiigly degree of reliance of the food
insecure population on these systems (Molden, 200Wreasing the crop water

productivity in smallholder farming is required s@nthe productivity is often low but has

the largest potential to be enhanced (Molden, 2007)

Agriculture accounts for about 70% for total glokbalter use with the abstraction being
highest in the least developed regions of the wfirndcencio et al., 2003). Sub-Saharan
Africa faces severe food security problems sinseedonomies cannot afford expensive
investments in water infrastructure like dams. Witkrease in both rural and urban
populations, the allocation of water for agricutwill have to give way to high value

urban (industrial and domestic) and domestic usthenrural areas. This will aggravate

the problem of food insecurity in most countriesSub-Saharan Africa (Inocencio et al.,



2003). The situation is worse in the semi-arid sire@lere the population is increasing

rapidly with decreasing land sizes.

In Sub-Saharan Africa rainfall is highly erratiodanormally falls as intense storms, with
very high intensity and spatial and temporal valitgb Severe crop reductions caused by
dry spells occur one to two out of five years, witibtal crop failures caused by annual
droughts occur once in every 10 years in semi-88d (Rockstrom, 2000). This means
that the poor distribution of rainfall rather thahsolute water scarcity, more often than
not leads to crop failure due to low cumulative @adrrainfall. Unfortunately, most dry
spells occur during critical crop growth stages hadce the need of dry spells mitigation
by improving water productivity in SSA.

In Kenya, growth of the national economy is hightprrelated to growth and
development in agriculture. The Government longatetevelopment blueprint for the
country, Kenya Vision 2030 has identified agricudtas one of the key sectors to deliver
the 10 per cent annual economic growth rate enetagnder the economic pillar
(Republic of Kenya, 2007). To achieve this growths critical to transform smallholder
agriculture from subsistence to an innovative, camumally oriented and modern
agricultural sector. This transformation will becamplished through, among others, the
development of more irrigable areas in arid andiserd lands for both crops and
livestock (Republic of Kenya, 2008).

Two-thirds of Kenya’s total land area has low, liatde and poorly distributed rainfall

with high evaporation rates leading to unreliabigiaultural production. Despite the
environmental limitation, the marginal areas ar@egiencing the greatest population
increase as land for agriculture becomes scartieeirwetter highlands (Orodho, 1998).
Consequently food production has lagged behind latipn growth in these areas to the
extent that majority of smallholder farmers canradequately provide for their

livelihoods (Republic of Kenya, 2010).



The Ministry of Agriculture has identified long terinterventions as a solution to chronic
food insecurity in the ASALS in its Strategy to Ralize Agriculture (SRA) (Kiome,
2009). Among the interventions is rainwater hanngsfor crop production to address
food insecurity (Kiome, 2009).

1.2 Problem statement
Small holder farmers in Laikipia Central Districedaced with a challenge of small farm

sizes in a semi-arid environment. Most of the nesdjtled areas are only marginally
suitable for rain-fed agriculture and the risk abg failure is very high. The food
requirements of the ever increasing population caiwe met by mixed farming alone.
Out of the entire population in Matanya Locatior$4642%, 65%, 40% and 40% had
been on relief food during the years 2005, 200892@®010 and 2011 respectively
(Caritas Nyeri, 2011).

Increased dry season abstraction of rivers by fesnupstream was already causing
periodic water shortages in the lower parts wheaikipia Central District lies. Water
abstraction assessment revealed that about 62%eadry season flow and 43% of the
wet season flow was abstracted from Naro Moru Ribefore its confluence with Ewaso
Ng'iro River (Kiteme et al., 2007). This shows hgautilization of river flows through
abstractions to support human, livestock and itiega Though the river is perennial,
over-abstraction, of which more than 70% was illdg@schbacher et al., 2005; Gichuki
et al., 1998), leads to drying up of the lower hredaring the driest months of February
and March, and under extreme conditions from Jegt&mnber. This has been a source
of conflict between smallholder farmers and pagisiga (Liniger et al., 2005) in this
region. The area has been experiencing the impacieanate change related to recurring
droughts leading to environmental degradation; ideq water resources; food

insecurity; and diminishing sources of househo@me.



1.2.1 Justification
Provision of water is in most cases accompanieimh¢rgased level of crop production. In

Zimbabwe Chimvi District, the adoption of the rawater harvesting (RWH)
technologies enabled the farmers to grow at leastcdrops on a rotational basis in one
calendar year, implying that the farmers were isitegly utilizing their land (Mutekwa
and Kusangaya, 2006). Increased crop productivéy lead to improved household food
security and incomes. More often, provision of wancourages the shift from
subsistence to commercial farming. A case studyiwéla District, Kenya indicated that,
with RWH, farmers had diversified crop productianihclude horticultural cash crops
and households earned US$735(per ha) from caghcorpared with US$146 normally
earned from rain fed maize (RELMA-in-ICRAF, 2004).

Ngigi et al. (2005) reported that a return to ireeEnt analysis for a farmer in Laikipia
who had invested in a 50°farm pond and a low-head drip irrigation systemd®.2 ha
plot of maize compared with a conventional systeithaut rainwater harvesting and

management (RHM) system had a payback period aftabseasons (two years).

Some smallholder farmers in Laikipia were curremlyesting in rainwater (RW) storage
systems for production of high value vegetable srepch as tomatoes and snowpeas.

However, data on the returns to this investmentauasently unavailable.

The study thus focused on the evaluation of smiglérofarms in Laikipia Central
District that had adopted RW storage systems ana Wwe production of high value
vegetable crops using furrow and drip irrigatioheTstudy was aimed at establishing the
role of rain water harvesting on improvement of $ehwld food security and income

status of the farmers in the study area.



1.3 Study objectives

1.3.1 Overall objective
The overall objective was to document rainwatevésting practices, cropping systems

and crop productivity by smallholder farmers inkipia Central District.

1.3.2 Specific objectives
a) To identify the current rain water harvestinggtices used in the area.

b) To document the type of crops grown and cropiysfems among the smallholder

farmers using rain water harvesting.

c) To assess crop productivity between householitts and those without rainwater

harvesting systems.

1.3.3 Research questions

a) What rainwater harvesting practices are beiegl usthe area?

b) What are the main crops grown and cropping systadopted in the area using

rainwater harvesting systems?

c) Is there a difference in crop productivity beténenouseholds with and without water

harvesting systems?



CHAPTER TWO: LITERATURE REVIEW

2.1 Small-scale farming in Kenya
The main feature of Kenya’s agriculture is domioatiby 3.5 million smallholder

farmers. Production is carried out on farms averg@gd.2—3 ha. Over half of the
smallholder farms are less than 1.5 hectares waideut one-third of the farms
nationwide are less than 1.0 hectares in size fhege2011). Though most of Kenya’'s
smallholder farmers reside in increasingly dengmpulated high rainfall areas, land
pressures has forced them to migrate to the mdrgmeas. In Laikipia the farm sizes

vary between 0.4 and 9 ha, with an average si2ehaf (Lewis and Ndung’u, 2006).

The small-scale production accounts for 75% ofl tagaicultural production and 70% of
marketed agricultural output. On average, smalles¢éarmers produce over 70% of
maize, and 70% of beef and related products. Homwealgout half of Kenya's total
agricultural output is non-marketed subsistencedypecton (Republic of Kenya, 2004).
Limited availability of productive land is a majeonstraint to increased agricultural
production due téand fragmentation and decreasing land-size pesdimlid. Survey by
Tegemeo (2008) showed that household land holdimgsarginal rain shadow agro-

regional zone registered a decline of 15% froma@res in 1997 to 4.4 acres in 2007.

Nationally, the average cropped land per housetietdined from 3.5 acres to 3.4 acres
with the marginal rain shadow agro-regional zorgistering a decline from 6.1 acres to
4.4 acres in 1997 to 3.4 acres in 2007 (TegemdaB)20The general decline in sizes of
landholding reflected the effects of increased pepan pressures and sub-division in
most areas of rural Kenya.Productivity would thasdéto depend on yield gains made

by wide-spread use of productivity-enhancing tedbgies.

Among these technologies are high yielding varsesigpplemented by other productivity
enhancing inputs, mainly fertilizer, to exploit th&ull productivity potential (Tegemeo,
2008) and increasing the water productivity. Nadiby, there was an increase in the

proportion of farmers combining fertilizer and higlelding varieties (HYV) for major
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food crops from 51% in 1997 to 61% in 2007. Farmattempt to raise solil fertility was
reflected by the proportion of households usingaaig fertilizer (farmyard and compost
manure) which increased from 44% in 2000 to 5090607 (Tegemeo, 2008). However,
in semi-arid regions the use of the combined feeiilHYV package declined from 14%
in 2000 to 11% in 2007 and that of organic fersite from 76% in 2000 to 68% in 2007
(Republic of Kenya, 2008). The major reason fos thias that since semi-arid regions
were only marginally suitable for crop productidhe returns to fertilizer use was low
and high risk of crop failure due to insufficieainfall.

Important strategies towards achieving increasedcwtural productivity include

availability of working capital to the farmers tocuire adequate productivity enhancing
inputs. Kibaara, (2006) demonstrated that farmeb® vaccessed agricultural credit
recorded higher level of maize productivity thawgé that did not. The other strategy
was access to irrigation water especially for valgiet crops to help stabilize incomes for
farmers in low potential areas (Tegemeo, 2008)c&iHYV seed tends to go hand-in-
hand with recommended fertilizer application ratesd with less stressful moisture
conditions, water availability is an important cmesation in raising productivity for

farmers in low potential areas.

2.2 Cropping systems
Most of the small-scale farmers in Laikipia praetsubsistence mixed farming with rain-

fed crop cultivation and livestock keeping. Cropsvgn here include maize, beans, Irish
potatoes and improved pasture. Where river, canastored water was available,
horticultural crops such as cabbages, tomatoesynenand carrots are grown under
irrigation (MoA, 2008-2011).

The increased small scale farm settlements anddbming horticulture sector upstream
have put increasing pressure on river water regutth competition and conflicts among
the different user groups. It has also grosslyremt¢d the area where water was reliably
available during dry seasons even to the extettieofirying of irrigation canals (Liniger
et al., 2005). In Kenya, intercropping maize wdther crops is common among the
smallholder maize farmers (Tegemeo, 2008). In [pgkiintercropping maize with beans

7



or Irish potatoes is the dominant cropping systemoray the small-scale farmers.
However, horticultural crops grown off-season uniegation from RWH are in pure
stands (Ngigi et al., 2005).

In ASAL, periods of severe water stress are comunwh often coincide with the most
sensitive stages of growth. Barron et(2D03) showed that in any year, there was a 70%
probability of a dry spell exceeding 10 days durftayvering for maize in semi-arid
Machakos(Kenya) and SaméTanzania) districts. Crop production is difficuit this
area; due to high evapo-transpiration losses aadssprainfall (Gichuki et al., 1998).
Maize faces the greatest risk owing to its lengghgwing period and its sensitivity to

unevenly distributed rainfall (Barron et al., 2003)

Despite the risk, Tegemeo (2008) reported thaethad been only a small decline in the
proportion of land allocated for maize in the maggiareas from 77.2% in 1997 to 74.9%

in 2007. To reduce the production risks, farmeasptrops with different water demands

during their growth period. Beans are not drougkgistant but they have a shorter
flowering and yield formation phase and are lessisige to moisture stress compared to
maize during this phase. Irish potatoes have bdterance to moisture stress than maize
or beans. Their critical phase is the tuber foramatwhich comes 20-30 days after

planting. On average, for beans and Irish potatwesout of three of all years allowed a

constraint free yield in the long rains growingipdr(Situma, 1997).

Land use changes, especially intensification offei agriculture, are driven by the need
to improve agricultural production and livelihoo@ne such land use change is adoption
of RHM systems, which aim to enhance soil moistarel runoff storage for food

production (Macharia et al., 2009).



2.3 Rainwater harvesting

2.3.1 Rainfed agriculture and water stress
The world is facing multiple challenges in the®a¥ntury and these are poverty, food

security, scarcity of water and, complex challenge®rging due to global warming and

climate change (Wani et al., 2003).

Most of the 852 million poor people in the worlgdiin the developing countries of Asia
and Africa, more so in marginal areas. Though ealnfgriculture constitutes 80% of
global agriculture and plays a crucial role in aeimg food security, increasing water
scarcity and climate change threaten to affectfedimreas and their peoples owing to
their vulnerability to drought during the crop-grogy season (Molden, 2007). However,
in dry regions, Rockstrom et al. (2007) reporteat thelds were constrained by long dry
seasons and strong weather variability rather thanfficiency of total annual rainfall.
During the rainy season, the combined effect othilgh rates of evaporation and runoffs
led to shortage and high variability of soil morstuvhich limited plant growth (Hatibet

al., 2006).

The importance of rainfed sources of food weighsvilg on women, given that
approximately 70% of the world’s poor were womenH®/ 2000). Agriculture plays a
key role for economic development and poverty céida, with evidence indicating that
every 1% increase in agricultural yields translatesa 0.6-1.2% decrease in the

percentage of absolute poor (Thirtle et al., 2002).

The importance of rainfed agriculture varies regibnbut it is the major source of food
for poor communities in developing countries. InbSaharan Africa (SSA) more than
95% of the farmed land is rainfed, while the cqooesding figure for Latin America is

almost 90%, for South Asia about 60%, for East A&%& and for the Near East and
North Africa 75% (FAO, 2002).

Rainfed agriculture is a risky business due to hsghatial and temporal variability of
rainfall. Rainfall is concentrated in short rairgasons (approximately 3—5 months), with

few intensive rainfall events, which were unreleabt temporal distribution, manifested

9



by high deviations from the mean rainfall (Coe#iai of Variation = 40% in semi-arid
regions) (Wani et al2004).

In Kenya, agriculture is mainly rainfed and is pbks in about 16 per cent of the
landmass which is of high and medium agricultuaeptial with adequate and reliable
rainfall. Of this potentially arable land, croplandcupies 31 per cent. The rest of the
country (84%) is arid or semi-arid and is not dulgafor rain-fed farming due to low and

erratic rainfall (Republic of Kenya, 2010).

2.3.2 Water harvesting for improved rainfed agricuture
The Kenya Meteorological Department (KMD) analysighe impacts of climate change

in Kenya over the last 50 years reported a chamgegard to rainfall patterns. Frequency
analysis of 16 years (1987-2002) by Ngigi et aD0&) daily rainfall and evaporation
data for Matanyaainfall station in Laikipia indicated that the pability of occurrence
of seasonal rainfall lower than the long term ager&s 60% for both long and short
rainfall seasons. One promising technology for Irlaad use systems is harvesting of
rainfall that otherwise causes floods and flastodk that lead to run-off, causing soil
erosion, destruction of infrastructure and pollatiof existing water resources (Ngaira,
2009). The management of this rainwater will helpmtitigate the effects of intra-and
inter seasonal dry spells that are common in tha-aeid area. Rain-water harvesting is
broadly classified into two groups:

1. Run-off collected from a micro-catchment andedofor consumptive use in the plant
root zone e.g. ridging, terracing

2. Run-off harvesting from a catchment using ch&oediversion systems and stored in

a surface reservoir (Rockstrom, 2000).

The potential contribution of rainwater harvesting the semi-arid areas include;
reducing the pressure to invest in high cost itfuasure development like dams and run-
of-the-river diversion schemes, cheap technology ithavailable to the poor farmers like

the manual pumps and environmental benefits wighrélaluced pressure on groundwater
10



resources exploitation like drilling of boreholels addition, rain-water harvesting,
conservation tillage and precision agriculture garease the effective rainfall use for

crop production (Inocencio et al, 2003).

One of the promising breakthroughs for upgradingfea agriculture in the semi-arid
lands remains on how efficiently small scale farsneain utilize practices such as RWH.
RWH for agriculture can be viable in areas with @adnrainfall of as low as 300 mm
(Ngigi, 2003). Besides increased vyields, Ngigi &t (2005) reports that rainwater
harvesting and management (RHM) is also aimedaailging variations in crop yields
and ensuring food security. Results from a studyramzania, Mutabazt al. (2004)
indicates that external catchment based rainwaterelsting assured significantly higher
and stable yields and economic returns comparednsgitu and rainfed systems,
particularly during below-average seasons. Theylkwed that an external catchment
based rainwater harvesting had eminent potentiamiigating rainfall-related crop

production risks in the dryland tropics.

Other benefits of rain-water harvesting are thahakes the water available at the point
of consumption and reduces the need to pump orihauér long distances thus saves on
time and human labour. The experience of rainwiadéevesting activities indicates that

they could be used as a catalyst for developmerdléviate poverty and to promote

socio-economic well-being of rural people (Mbugud &lissen-Petersen, 1995).

The role of small scale water harvesting systenuin-Saharan Africa is however yet to
be realized. This is despite the potential it hbaduressing spatial and temporal water
scarcity for domestic, crop production, livestockevelopment, environmental
management and overall water resources managengigi,(2003).

Large scale irrigation has been seen to be thatigolto all food deficit and water
shortages, but the considerable problems, botmieslhand social, has shown that most
of the large scale irrigation schemes can not zeatheir full potential (Amha, 2006).

Rosegrant et al. (2002) also reports that thoughateyjield under irrigated farming is
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much higher (1.71 ton/ha) than cereal yield undenfed (0.83 ton/ha) in SSA, the
overall production from rainfed agriculture is 93#dhe total production.

Because of the risk associated with climate vdiigbsmallholder farmers are generally
and rationally keen to start by reducing risk afpcfailure due to dry spells and drought
before they consider investments in soil fertilitpproved crop varieties and other yield-
enhancing inputs (Hilhost and Muchena, 2000).

Soil and water conservation or in-siater harvesting systems form the logical entry
point for improved water management in rainfed @adture (Hilhost and Muchena,
2000). Since in-sitwainwater management strategies are often relgtsledéap and can
be applied literally on any piece of land, they dobe optimized on any field before
supply of water from external sources is considd€kithost and Muchena, 2000). The
rainwater harvesting technologies that have bestedeand found suitable for increasing
crop productivity are those that retain rainwatesitu in the farms for crops (tied and
open ridges) or those that allow rainwater to b@imed on open furrows for longer
duration as the water infiltrates the soil. Altedmmealy, soil management techniques that
favour prolonged rainwater infiltration and retemtithus raise the overall soil moisture

retention and soil water holding capacity (Itatzard Wamuongo, 2003).

However, a number of RWH technologies are intedgratecombined by land users. For
example, fields under conservation tillage in Lpidti District also incorporate runoff
spreading from small external catchments such ad/faotpath drainage and adjacent
fields (Kihara, 2002). In-situ water conservatigralso combined with runoff farming on
farms with terraces, in which the terrace chanmehifly fanya juu and contour
ridges/bunds) collects and stores run-off from $nexternal catchments while the
cropland between the channels harvest and condeea rainfall (Kihara, 2002; Muni,
2002).

Run-off harvesting from a catchment using chanoeldiversion systems and storing it
in a surface reservoir-water pans/ponds (Rockst2000) have shown that the yields
and reliability of agricultural production can bersficantly improved with water

harvesting. In this system, surface runoff from Bro@achments or adjacent road runoff

is collected and stored in manually and/or mecladlyicdug farm ponds. Though this
12



technique requires relatively high investment costsnpared to in situ systems.
Evaluation of RWH in a surface reservoir in foure@rHorn of Africa (GHA) countries
(Ethiopia, Kenya, Tanzania and Uganda) revealet] ithaas slowly being adopted with
high degree of success (Kiggundu, 2002).

According to Macharia et al. (2009), run-off harweg from a catchment using channels
or diversion systems and storing it in surface mesewater pans/ponds was gaining
popularity in Matanya. Farmers have dug individuaterpans to harvest and store runoff
water that they use for farming. Runoff is collecfeom grazing land, uncultivated land,
cultivated land and road drainage and directedsmall manually constructed reservoirs
(50—200 ). Impact of rainwater harvesting as shown in @cady of Mwala District,
Kenya indicates that harvesting runoff water fopgemental irrigation was a risk-
averting strategy, pre-empting situations wherggrbad to depend on rainfall that is
highly variable both in distribution and amountsE(RMA-in-ICRAF, 2004). With
rainwater harvesting into underground tanks, fasmbave diversified to include
horticultural cash crops and the keeping of daimynals. This has contributed to food
security, better nutrition and higher family incogRELMA-in-ICRAF, 2004).

Studies of supplemental irrigation of maize andbeae using farm ponds in Kenya,
(Ngigi et al., 2000) found out that, improvedrfaponds provides one of the feasible
options of reducing the impacts of water deficéttlaffect agricultural productivity in

semi-arid environments in SSA.

Initiatives arising from a multi-stakeholder apprbafocusing on addressing the
challenges of sustainable and equitable water udasin and common resource level
were initiated in the Ewaso Ng'iro North Basin (gite et al., 2008). Among the most
successful initiatives were Water User AssociatiphJAs). The work of WUAs had

extended beyond conflict resolution and includethwater harvesting and improved
river water storage; and catchment protection thinowafforestation, among other

measures (Kiteme et al., 2008).
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2.3.3 Challenges in adoption of RWH
The use of on-farm storage reservoirs faces evéporand seepage losses and silting

(Thome, 2005). It is important to minimize the acbeeeffects of these problems in the
design of a surface-water storage facility. Siltmgy be minimized by arresting the silt
and sand on the catchment area itself, mainly tiirazontrolling catchment erosion but
also by installing silt-traps (Thome, 2005). Thehau continues to state that other than
minimizing the water surface area, there was na edfective way of eliminating

evaporation losses from open water bodies.

In Laikipia, loss of water through seepage has hidentified as a major drawback
(Kihara, 2002). The water losses were found to aeton average to 30-50% of the
stored water and worse still, in farms with sandyss most of the water was lost almost
immediately after the rains (Ngigi et al., 2005hu§ despite the positive impact realized
by this technology, its widespread adoption cowdchbmpered if simple seepage control
measures were not devised.

Concrete sealing seems to work well in Ng’aDiaision of Laikipiadistrict, but the cost
may be beyond the reach of many farmers. Farmens stél experimenting with various
seepage control methods, among them, plastic lifiilgara, 2002). The results from
plastic lining suggest that there are benefits @ased with controlling water losses and
improving irrigation water management (Ngigi et &005). The benefits include more
water for the crops especially to meet water demathating the dry seasons, which
sometimes coincide with critical growth stages.

Another challenge is that the RHM systems, to soeméent depend on rainfall
distribution. During extreme drought years, vetidican be done to bridge a dry spell
occurring during the vegetative crop growth stageoi runoff producing events occur
during early growth stages (Rockstrém, 2000).

Ngigi et al. (2005) reported that a situation mageawhere increased production can
reduce market prices and hence lower incomes, wimal then lead to a decline in
adoption rate of RWH technologies.
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2.3.4 Maximizing benefits of supplemental irrigatio
In SSA, water is a scarce resource and the amduwvaier available for supplemental

irrigation (SI) is generally limited. In such sitigns, an efficient application of water
was very critical as it could contribute signifitignto reducing water losses and
increasing water use efficiency (Fox and Rockstraf03). Broadly, the methods used
for application of irrigation water can be dividedio two types, namely surface irrigation
systems (border, basin and furrow) and pressuiizigation systems (sprinkler and drip)
(Rockstrom et al., 2001). The former is not verficednt and water losses through
seepage and evaporation are very high. The digatiron is the most efficient system for
the application of supplemental irrigation waténsimost effective in reducing the water
losses and increasing irrigation efficiency. Chelajp kits save water and labour, and

were increasingly adopted among farmers (Ngigl.e2800).

Compared with other irrigation systems (sprinkled &rrow irrigation), the drip systems
provide the most uniform and adequate moisturéégtants. The drip system is also the
most efficient in terms of water application eféiocy (90-98%), followed by sprinkler
(80-95%) and furrow (40-60%) (Sharma and Sharm&7RO0lt is also the most

economical system for high-value crops such asduttdral crops.

Although drip systems are very efficient, they davén some drawbacks. A reliable,
continuous water supply with good infiltration waescessary to run a drip system (Oweis
and Hachum, 2003; Rockstrom et al., 2007). Rotatrgps with different spacing
requirements could be problematic after a dripeystvas installed and could not be
practical for closely spaced annual crops. Thgsusie was very limited for most of the
commonly grown annual crops by resource poor fagrirethe SSA (Oweis and Hachum,
2003; Rockstrom et al., 2007).

Supplemental irrigation alone, although it allegtmoisture stress, cannot ensure
highest performance of the rainfed agriculturattesys It has to be combined with other
good farm management practices (Rockstréom et@D1R In experiments done in Kenya
(Machakos District) and Burkina Faso (Ouagouyag, tbsults show that the highest
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improvement in yield and water use efficiency wekiaved by combining supplemental

irrigation and fertilizer application (Rockstromadt, 2001).
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Description of study area
Matanya Location is one of the six locations inKiaia Central District. It is located to

the south west of Nanyuki town at longitude® 36" 12" East and latitude 8@3’ 12
South (Figure 3.1). It is at an altitude of 1840above sea level and it lies in the rain
shadow of the Mt. Kenya and Aberdare Ranges. lteowvan area of 121 square
kilometers and has a population of 14,848 in 4,00bseholds (KNBS, 2009). The
ecology of the area in respect to crop product®rdetermined on one hand by its
leeward position behind Mt. Kenya in regard to mheisture carrying eastern winds, and
on the other hand by its altitude which reducesaberage annual temperature to 18°C
(Jaetzold and Schmidt, 2006).

The annual rainfall received in Matanya area rarggween 650 and 750 mm p.a., most
of which is distributed in two rainy seasons: Laags (March to June) and Short rains
(October to January) (Appendix 2). The average oatgotential evaporation is 5.8mm
day* and 4.7 mm daYyduring the dry and wet seasons respectively (eini al., 1998)
(Appendix 4). The rains are locally and geograpltyanfluenced by Mt. Kenya and the
Aberdare Ranges (Jaetzold and Schmidt, 2006).
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The short rains are higher and more reliable thanldng rains. The lengths of the long
and short rainfall seasons are 55-90 days and 62a85 respectively. This means that
the lengths of the rainy seasons are shorter th@awmigg periods for most crops grown in
the study area: 125 and 75 days respectively forevend beans/irish potatoes (Situma,
1997). This coupled with occurrence of frequentargeasonal dry spells affected overall
agricultural production (Ngigi et al., 2005). Theam annual temperatures range between
16°C and 20°C. The soils in this plateau are vesgpd(120-180 cm) vetro Luvic and
luvic Phaeozem of imperfect to moderate drainage.

The farm sizes are small ranging from one to twatdres per household. Mixed farming
is the major land use where crops and livestoclewaised (Lewis and Ndung’u, 2006).
Under rainfed agriculture, intercropping systeme aredominant and they include
intercropping maize with beans, and maize with hirigotatoes. While cabbages,
tomatoes, kales, spinach garden peas and oniorgg@s® under irrigation. Only about
10% of farmers used farm yard manure and inorggmtdizers in the area (Ministry of
Agriculture, 2008). Amongst the local populatidopd shortages were common and
malnutrition was on the increase because of lowl fm@duction, a consequence of recent

poor rainfall and declining soil fertility (Minisgrof Agriculture, 2008-2011).

Matanya Location was selected for this study bexdhe area, besides being prone to
droughts, was one of the areas in Laikipia Distiict which RWH technologies
(mulching, conservation agriculture) and drougHherant crops were introduced and
promoted by a number of organizations includingjkipga Research Programme,
Ministry of Agriculture and Ol Pejeta Conservan&jirgistry of Agriculture, 2008-2011,
Schafer, 2008 ).
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3.2 Study approach

3.2.1 Survey
A survey was conducted between™ October to 23% December 2011 cropping season

using a pre-tested questionnaire with open-endetl cmsed questions. The survey
included interviews of 100 farmers. Selection afp@ndents was based on the population

distribution within the four identified blocks.

This was followed by another survey targeting tuenis that had waterpans to determine
their effectiveness in terms of retaining water #melr use during the January to March

2012 dry period in crop production and in particegetables.

According to Lewis and Ndung’'u (2006), 75% of helislds in Matanya were small
holder farmers. Thus out of the total 4,095 houkkEh@,072 were smallholder farmers.

Therefore, the sample size was determined accotdifgsher et al., (1991).
NZ (ZPANE e Equation 1

Where, n is the desired sample size, z is the atdntbrmal deviation, usually set at 1.96

which corresponds to 95 % confidence interval.

p is the proportion of the population estimatedhave a particular characteristic e.g.
proportion of households practicing rainwater hatvey (0.9). Small-scale farmers in
Matanya location being mixed farmers; will be ineoway or another be practicing

rainwater harvesting for production (crop and lteek) or even for domestic use.
g = 1-p, proportion of households not practicinig sater harvesting (0.1)

d = the degree of accuracy usually set at 0.05

n=[1.96/(0.9) (0.1)]/0.03

n=138.3 which is approximately 140.

The study used a sample of 100 farmers obtainedighr stratification of the population
So as to reduce variability and increase preci@o, 1996).
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The study population was stratified into two sulpylations i.e. with and without access
to canal water. The number of farmers served byc#mal was obtained from the water
management committee while for those not servethbycanal was obtained from the
Focal Area Development Committee (FADC) under NALHRe population data was

later cross checked with the local administratioont the 2008 pre-census data for
various villages (KNBS, 2009).

The households interviewed were allocated to tleesuwb-populations through purposive
multistage design (using the Probability ProportiorSize sampling design) where the
sub-population with more people got a higher proporof the sample size. Those not
served by the canal were then proportionately apped among the three FADC blocks
namely Thome, Kabanga and Matanya (Table 3.1).

The sample size per block was allocated proportédydo their respective populations.
The household study interval was determined byr#ti® of sample size to the total

number of farm holdings within a block.

Table 3.1 Target farm holdings in the four study bbcks

Block Number of Number of Samplesize Percentage of total Interview

households  farm holdings farm holdings interval
Tigithi 1,169 877 30 34 29
Thome 1,011 758 24 3.2 32
Matanya 965 724 23 3.2 32
Kabanga 950 713 23 3.2 31
Total 4,095 3,072 100

The type of data collected was on household chexiatits, farm characteristics, farm
enterprises, soil and water conservation technetogwater availability, extension
services availability, type of crops and their leweproduction, application of inputs, use
of farm implements, crop prices and marketing, famoome and expenditure (Appendix

1).
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The primary data was complemented with informatigathered through visual
observations and focused group discussions witltvtbecommittees (FADC and Tigithi
canal management committee) and key informantsigidival Agricultural Officer, area
Sub-Chief, Secretary of Naru Moru River Users Agsttin and Extension Officer Ol

Pejeta Conservancy Project).

3.2.2 Gross margin analysis
To determine the economic productivity of adoptiRMyH, with its related investments, a

simple gross margin (G.M.) analysis was done foizeydomatoes and cabbages. Maize
was chosen as it was the major food crop and wig lggown by 90% of the farmers
under RWH. For the commercial crops, tomatoes afibages were the major crops
(46% and 37% of the farmers respectively). The qteg market prices for farm
produce, inputs and labour were used in the G.Mlyais. Gross margin is equal to gross

output (G.0.) minus variable costs (V.0.).

The acreage of cropped area under irrigation wasdan the storage capacity of the
existing waterpans and water application methogra@®uctivity comparison was done to
show the benefits associated with investing inlitiiag of the water pan and drip system.
A return to investment was used as an analyticahookof guiding a farmer, in what

he/she stood to gain or loose by deciding eitheadopt or not to adopt the rain water

management system.

3.3 Data analysis
Data was analyzed using the Statistical Packag8doral Scientists (SPSS) Version 15.0

for Windows (Miller et al., 2006). Means, standadeviation, chi-square value,
coefficient of variance, graphs, percentages agguiency tables were used to explain the

various descriptive aspects of the study results.
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CHAPTER FOUR: RESULTS AND DISCUSSIONS

4.1 Rainwater harvesting technologies
Due to the rainfall shortage for crop producticarniers had developed various coping

strategies (Table 4.1).

Table 4.1 Coping strategies adopted by farmers agast rainfall shortage

Coping strategy Frequency Percentage
Rain water harvesting 44 31

Growing drought tolerant crops 36 25
Switching to livestock production 27 19

Change of planting dates 21 15

Use of river water for irrigation 11 8

Crop insurance 2 1

None 2 1

Total 143 100

Rain water harvesting for crop production had bieentified by the farmers (31%) as a
viable option. The rainwater harvesting practicesduby the farmers were those that
encompassed: (1) in-field soil and water manageraedt(2) surface storage i.e. water
pans/ponds. Under the in-field soil and water manant, the techniques used were
fanya juu, tied ridges/furrows, mulching, large pitsiibukiza), small pits fnategu), and
conservation tillage (Figure 4.1). Overall, the RVi#ldhnologies adopted by farmers in
the study area were small-scale in nature makiamttvell suited to farm operations by
individual households, which were the primary urdfsagricultural production in the

rural areas.
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Figure 4.1 Rainwater harvesting technologies in Manya

A similar study in Zimbabwe (Mutekwa and Kusanga2806) showed that farmers
adopted a wide spectrum of RWH techniques, withntost common techniques being
infiltration pits (61%) fanya juus (34%), tied ridges (27%), macro-catchments (1086l a
graded contours (7%). Infiltration pits were a pl@pwchoice as they seemed to retain
more moisture in the soil and allowed the growih@ @ariety of crops. The technologies
that encompassed in field soil and water managemerdg most popular with the farmers
as they were very compatible with the farmers cimogpsystems. These technologies
were also implemented using the common hand tbalsfarmers used in crop husbandry
practices right from land preparation, planting, edi@eg and earthling-up where
applicable. This was in agreement with Hilhost &hachena, (2000) who reported that
since in-siturainwater management strategies were often relatoleeap and could be
applied literally on any piece of land, they werefprred before supply of water from

external sources were considered.

The manure application supplemented these techieslogs it did improve the soll
structure and impacted positively on water inftiva and water holding capacity. This
ensured that much of the rainwater arising fromhéavy poorly distributed storms that
were characteristic of the ASAL areas were retaified use by the crop. Crop

productivity was also increased through soil manssd techniques that favored
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prolonged rainwater infiltration and retention thumised the overall soil moisture

retention and soil water holding capacity (Itatzard Wamuongo, 2003).

The furrows/ridges/tied ridges were very commonrhwvitte growing of virtually all the
crops that the farmers grew as they helped haamstretain the water around the crop.
Ridging was also an agronomic practice in irishapm#s production as it ensured more

lower stem nodes were covered with soil for maxintuber production.

Itabari and Wamuongo (2003), concluded that thewaier harvesting technologies that
had been tested and found suitable for increasimg (tied and open ridges) productivity
were those that retained rainwater in-situ in thens for crops or those that allowed
rainwater to be retained. However, during perioflsamtinuous heavy rains as was the
case during the 2011 short rains in Matanya, exe@$sr caused waterlogging leading to
tuber rot and poor vyields in irish potatoes. Tangliate this danger, Mmbanga and

Lyamchai (2001), recommended crest and side seegmplent.

The small pits rategu) were common in maize production as apart fronueng that
water was harvested and retained around each [lamas easily incorporated in hand
maize planting using fork/plaijembes. Incase where a dry spell occurred immediately
after crop establishment, or incase an early ra@mssn cessation, the crop was not
adversely affected unlike those not in pits oridges/furrows. Mati (2005) observed that
the required labour for digging the holes was lowd #hat crops usually survived even
during periods of severe rainfall deficits and geehad been noted to be triple.

Fanya-juu terraces were a common physical soil erosion obnteasure. The structure
had for a long time been promoted by the MinistnAgriculture as a soil erosion control
measure and was thus a common feature in highatbameas where the farmers migrated
from. The stabilized embankment also blocked themf@om running down slope giving
it time to infiltrate into the ground. The farmemsostly used napier grass as the
stabilizing vegetation and it therefore benefitemhf the retained moisture.

Run-off retention furrows harvested run-off fromtexal catchments like uncultivated

plots, roads and footpaths. The run-off was dikttethe field through furrows and once
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in the field it was allowed to spread into the qre@ area or infiltrated slowly into the
soil (Kihara, 2002). However, during periods of #weand/or continuous rains there was
a danger of flooding and waterlogging in the fieldsthe structures had no regulatory

mechanisms.

It was very common to find the farmers using a coafon of these RWH technologies
on their farms and even on the same crop(s). Kif082) observed that in Laikipia, in-
situ water conservation was also combined with flulaoming on farms with terraces, in
which the terrace channel (mainlgnya juu and contour ridges/bunds) collected and
stored run-off from small external catchments wiiie cropland between the channels
harvested and conserved direct rainfall. In sonstairces, farmers adopted more than
one RWH technique so that they were able to growencoop varieties (Mutekwa and

Kusangaya, 2006).
4.1.1 Characteristics of waterpans

The field evaluation revealed that on-farm rainwat@&face storage was common in the
study area. The farm pans/ponds harvested runmfi &ither natural catchment located
adjacent to the ponds or from road/natural watersms/footpaths/cattle-tracks. Runoff

was directed into the ponds by excavated ditches.

An analysis of the 22 waterpans captured in theesushowed a variation in terms of

shape, capacity and wall construction (Table 4.2).

Table 4.2 Characteristics of water pans in Matanya

Characteristics Frequency Percentage
Shape Rectangular 20 91
Round 2 9
Capacity (m°) 30-50 nt 6 27
50-100 ni 13 59
>100 n? 3 14
Wall Lined 2 9
Unlined 20 91
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The pans were of different shapes and sizes wiffaaties ranging from 30 to over
100nT but the majority ranged between 50 to 16@59%). According to Macharia et al.
(2009), run-off harvesting into pans/ponds was igginpopularity among individual
farmers in Matanya for farming. Runoff was collettieom grazing land, uncultivated
land, cultivated land and road drainage and dice@addo small manually constructed
reservoirs (50—200 r}).

The pans were also used in some occasions to thatdéivestock and more recently, fish
farming. Most of the farm pans were not performasgintended in terms of harvesting
and storing adequate runoff to meet the water dedman

The small capacity could mainly be attributed titason as the trenches directing the
water into the pans were rarely having silt trapd thus the runoff that was silt loaded
emptied its contents into the pan. Another caussiltation was the unstable walls that
were rarely sloped during construction/excavatidhese findings agreed with Thome
(2005) who reported that the reliability of thersige systems in Laikipia were reduced
by high seepage and evaporation losses, which erage accounted for 30-50% of the
total water stored and that this was one of th&ofadhat affected the adoption and up-

scaling of on-farm water storage systems.

The survey done in the study area one month diercéssation of the rains to the 22
waterpans found out that only 11(50%) had watet themers were using to grow
various vegetable crops. Therefore, apart fromr tb@pacity, the stored water was not
adequate to meet the crop water demand. Thome Y 20@®8rved that some farmers had
abandoned their farm ponds claiming they were rsatful as they only stored water
during the wet season due to seepage. The autported that ultra-violet resistant
plastic lining was one of the promising cost-effeetseepage control option as had been
evaluated and the results were encouraging, instefmeducing seepage water losses.

To curb the water loss through seepage, some farmdvlatanya had invested in lining

of the pans using ultra-violet polythene sheetatéP4.1). However due to the high cost
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of the lining materials, only a small proportionfafmers (9%) had invested in lining of
their waterpans. These materials were either nere@ycled from greenhouses. For the
latter, farmers sourced them from the nearby nuosetarge scale farms. The farmers
opted for the latter if they were in fair conditias they were cheaper. This agreed with
Cherogony (2000) who reported that the high cogjamid-quality plastic lining, which
often needed to be factory-made to measure, wasjar monstraint for smallholder

farmers.

Plate 4.1 A water pan lined with polythene sheet teeduce seepage loss

4.1.2 Benefits associated with the adoption of RWkechnologies
Both key informants and the interviewed farmeraagd to a number of benefits that had

resulted from the adoption of the RWH technologiEse benefits could be categorized
into socio-economic and environmental benefits @kuta and Kusangaya, 2006).
Within these categories both direct and indireaidfiés could be identified. Table 4.3
presents some of the socio-economic and enviroraheenefits brought about by the
adopted RWH technologies.
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Table 4.3 Benefits of rainwater harvesting

Type of benefit Frequency Percentage
Increased yields 63 79
Reduced soil erosion 18 23
Reduced production costs 11 14
Increased soil fertility 2 2

The farmers were able to identify advantages afigugine various rainwater harvesting
technologies that they used and these includecdased yields, increased soil fertility,
reduced production costs and reduced soil eroSoxy three (67%) of the interviewed
farmers were aware that the use of RWH technadoggsulted in increased crop yields
while 23% reported reduced soil erosion in thestd$ through harvesting runoff water.
However, only 2% of the farmers would link RWH taologies to improved soll

fertility. In Lare, Nakuru, Mati (2005) reportedaththe adoption of ponds had improved

livelihoods of the communities through increaseadfand water security.

Small scale farmers in Chimvi (Zimbabwe) reportadilar benefits of increased crop
production (89%), reduction of soil erosion (87%aintenance of soil fertility (82%)
and introduction of new crops (77%) (Mutekwa and&ugaya, 2006).

The choice of the technology to adopt by the fasrdgpended on various factors that
came out during the survey and group discussionb wxtension service providers,

farmer groups and development committees (Table 4.4
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Table 4.4 Factors influencing choice of RWH technolgy among farmers in
Matanya.

Factor Frequency Percentage
Ease of incorporation into the cropping system 83 93
Realize immediate benefits 28 32
Mitigate against water shortages 24 27
Incentives and/or disincentives offered 20 22
Conflict with farmers farming system 9 10

The ease of incorporation into the cropping systieenfarmers used was evident with the
use of ridges/furrows and small pits which were hhigadopted. These RWH

technologies were easily applied in the husbandactiwes of the three major crops
grown in the area i.e. maize, beans and Irish pesatHowever, Mmbanga and Lyamchai
(2001) found out that the cost of making tie ridgiwas estimated at 33% higher than
conventional land preparation using hand hoes inzaaia and thus small pits were

recommended to farmers with scarce resources.

Whether the farmers could easily identify the immatl benefits accruing from the use
of the technology like increased yields or soilseoa prevention ranked second. This was
the reason why terracing had gained popularityhasstructures prevented soil erosion
within the farms during times of high rainfall imgty that were common in the area. On
the contrary, farmers claimed that they were abammgp Conservation Agriculture
(CA)/Conservation Tillage (CT) after a season oro tafter realizing little or no
significance yields with those not practicing CA/CSteiner (2002) observed that though
CAI/CT systems had several advantages, it needath@erstanding of the concept and
required careful farm management practices to beessful. The conflict or competition
the technology posed to the farming system the desradopted was reported with CA.
Although mulching in CA/CT had an effect on evapiomra losses, the adoption by the
farmers was low due to the alternative uses forstowers as cattle feed in Laikipia
(Situma, 1997).
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The effectiveness of the technology in mitigatiogaiast the water shortages was
reported by farmers who had constructed waterpapart from being used to mitigate

against intra-season dry spells, the water was imssaime cases to water the livestock.

The incentives and disincentives offered by varimssitutions operating in the area were
reported to be an influencing factor. The incergtivecluded a free drip kit to cover a
guarter acre of land for riparian farmers who carted water pans, a subsidized water
tank for those investing in rooftop water harvegtby Naru Moru WUA and WRMA.
The disincentives included stiff penalties (Ksh.800) and confiscation of pumps if
found illegally abstracting water from rivers by \MR.

There was higher adoption of waterpans among th&rians farmers. Out of the 22

waterpans in the study sample, 11 were in the sgaged by the canal while the other 11
were outside the area. A Chi-square test on thetemoof water pans among farmers
indicated that there was a significant differeneen@en households who were previously
served by the canal and those outside the areaefiii 5). The calculated chi-square
value (4.2) was greater than the table value (3a8p¥.09evel of significance.

Some reasons for this difference include finanaihllity of the vegetable growing
farmers who were beneficiaries of the canal beitsreollapse. The incentives inform of
trainings and subsidized water tanks being offdrgdhe Naru Moru RUA could be
another reason for higher adoption. Kiteme et24l08) reported that the work of WUAs
extended beyond conflict resolution and includedewaonservation through better
irrigation practices such as drip irrigation, raater harvesting, and improved river water

storage; among other measures.

4.2 Crops grown and cropping systems under rain wat harvesting

4.2.1 Crops grown under RWH
The dominant types of crops that farmers in Matagnewv were the maize, beans and

potatoes. Small portions of the farm were devotedvarious vegetable crops like
tomatoes, cabbages, kales, spinach and garden-pease farmers occasionally grew
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drought tolerant food crops such as sorghum, mitligieon peas, cowpeas and dolichos
lab-lab (Table 4.5).

Table 4.5 Type of crops grown under RWH in Matanya

Type of crop grown Frequency With RWH Without RWH
Maize 99 90 9
Beans 90 30 60
Irish potatoes 77 40 37
Sweet potatoes 33 28 5
Kales and spinach 11 8 3
Cabbages 9 9 0
Tomatoes 8 8 0
Garden peas 4 4 0

A large proportion of the farmers, (81%) reportédttthey grew the crops for home
consumption while 19% reported it was for sale. 2dais a staple food crop where
household food shortage is synonymous with thetaberof maize grain hence 90% of
them grew the crop under RWH. In a similar studyZimbabwe (Mutekwa and
Kusangaya, 2006) where maize is a staple food ct6p% of the respondents grew
maize under RWH technologies. This is despite #uot that maize faces the greatest risk
owing to its long growing period and its sensifvilbo unevenly distributed rainfall
(Bachmann, 1995). Despite the risk, Tegemeo (288&)rted that there had been only a
small decline in the proportion of land allocated maize in the marginal areas from
77.2% in 1997 to 74.9% in 2007.

To reduce the production risks, farmers plantecpcrwith different water demands
during their growth period. The other major foodgs were potatoes and beans that were

grown by 40% and 30%, respectively, of the respotsle

The vegetable crops were mainly for sale and wererng by fewer farmers (between 4-
9%). In a case study of Mwala, in Machakos CoufRELMA-in-ICRAF, 2004) farmers

had diversified to include horticultural cash crogsd this had contributed to food
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security; better nutrition and higher family incam@imilarly in Zimbabwe farmers
introduced new cash crops such as sugar-cane (»%n% vegetables (77.4%) for
income generation. Nevertheless, only a few farngeesv cotton (16.1%) under RWH
because it was a ‘drought-tolerant’ crop that ugudbes well under rain-fed dryland

farming (Mutekwa and Kusangaya, 2006).

The farmers grew the various crops under diffeRWH technologies (Table 4.6). The

survey found out that all the crops were grown umdere than one RWH technology.

Table 4.6 Type of crops under different RWH technadgies in Matanya

RWH No. of Frequency of crops grown under each RWH technology
technology farmers
adopting Maize lIrish Bean Kales Sweet Napier  Others
potato s and potato  grass
spinach
Ridges/tied 59 21 31 17 1 22 14 12
ridges/furrows
Small pits 44 42 0 0 0 0 0 2
(mategu)
Fanya juus 32 3 6 2 0 10 8 5
Waterpans 22 11 12 9 12 0 0 8
Mulching/CA 10 5 4 0 3 0 0 3
Large pits 5 0 0 0 1 0 1 6
(tumbukiza)

The importance the farmers put on food securitgrimp production could be deduced
from the wide range of technologies adopted fortkilnee major crops (maize, beans and
potatoes) and the vegetables. Of the farmers iet®ed, maize was grown under all the
RWH technologies they had adopted except the lpitgegtumbukiza). The most popular
technology in maize growing was small pitsafegu) by 42% of the farmers or 96% who
had adopted the technology. For beans the farnasrsatiopted three of the technologies
while for potatoes and vegetables it was four edtle. ridges and furrows were used by
the farmers to grow virtually all the crops theyrev@roducing. The small pits had the
least range of user crops though popular for maiaduction.
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4.2.2 Cropping systems
The agricultural production of small holders in siaya was mostly mixed. The survey

found that 86 of the farmers grew crops and kemsliock while none had livestock

production only (Table 4.7).

Table 4.7 Descriptive statistics of small-holder faners in Matanya

Description Mean Std. deviation Min. Max.
Household size 6.8 2.2 2 13
Land size(acres) 3.42 3.99 0.25 34
Cropped area(acres) 1.32 0.7 0.13 4
Livestock units 2.71 3.28 0 21
Family labour 1.95 0.9 1 5

On average a farmer in Matanya had 1.3 acres df damailable for crop production out
of 3.4 acres of land. The farmers grew their creiiser as an intercrop or as a pure stand
(Figure 4.2).

Cropping systems

100
O i e
£
3 60 +----
S 40+----
2 20 f-
0
Intercropping Intercropping and pure Pure stand
stand

Type of system

Figure 4.2 Cropping systems prevalent in Matanya

In order to maximize on the limited land availabB®% of the farmers were

intercropping their crops and especially the thresgor food crops. The most common
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mix of intercrops was maize/beans, maize/irish joes and maize/irish potatoes/beans.
This concurred with a study by Tegemeo (2008) wieported that in Kenya,
intercropping maize with other crops was commonragbe smallholder maize farmers.
Only 9% of the farmers grew their crops in a puendg. Intercropping was very suitable
for labour intensive small scale crop productioitui@a, 1997) and it also contributed to
reducing the production risks because several pisducould be cultivated
simultaneously with higher total yields and betise of land i.e. acted as insurance for
smallholder farmers in Laikipia. This agreed witi$y et al. (2005) who observed that
commercial horticultural crops grown off-season emdrigation from RWH were in

pure stands.

Among the farmers who practiced irrigation, theveyr showed that there were three

main sources of water for irrigation (Table 4.8).

Table 4.8 Source of water for irrigation in Matanya

Source Frequency Percentage
Harvested rain water 17 45
Permanent river 11 29
Seasonal river/furrow 10 26

Total 38 100

Harvested rainwater into waterpans was the mosbitapt (45%) source of irrigation
water in the study area. The other two sources wergliable during the dry period when
the water was needed most. Trends in river flowlscated low flows corresponded with
the dry season and when irrigation water demandhigdeest (Aeschbacher et al., 2005).
The findings in this study agreed with the conaduasby Aeschbacher et al. (2005) that
increasing irrigation water demands could only bet nfi rainwater harvesting and
management (RHM) systems (on-farm storage and wmtisin of reservoirs along the
river) were considered. Ngigi et al. (2007) notédttexploitation of the potential of
RHM systems such as farm ponds/pans; earthdansstuimainwater conservation and
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flood diversion and storage would minimize dry seasvater demands and river
abstractions.

The field evaluations revealed that waterpans/pevele common in the study area and
were of different sizes and shapes (Table 4.2)pDeshe importance of the waterpans,
their use was limited to mitigation against intesson dry spells for the major food crops

and small scale off-season commercial vegetablgygatamn.

There were several factors influencing the choiterops farmers irrigated during the

rainy and dry seasons (Table 4.9).

Table 4.9 Factors influencing the choice of crop®tirrigate in Matanya.

Factor Frequency Percentage
Stabilization of yields 25 a7

Short growing/irrigation period 18 34

High value crop 7 13

Crop diversification 3 6

Total 53 100

The stabilization of food crop yields for food setudictated on what was to be irrigated
by almost half the respondents (47%) during theyraeason. Under this category, the
farmers would irrigate the three major food cropsely maize, potatoes and beans. The

same applied to bananas which were considered aontiaor food crop.

This was well collaborated by the type of cropg themers irrigated from both river and

water pans/ponds (Table 4.10).
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Table 4.10 Type of crops that farmers irrigate in Matanya.

Type of crop Rainy season ry3eason
Frequency Percentage Frequency Percentage

Potatoes 13 23 0 0
Maize 12 21 0 0
Beans 10 18 0 0
Kales and spinach 10 18 1 9
Cabbage 5 9 4 37
Tomatoes 3 5 5 46
Bananas 2 3 0 0
Garden peas 2 3 2 18
Total 57 100 11 100

Income generation was the sole goal of the farroerttie water stored in waterpans
during the dry season. Irrigation of the high vatoeps dominated during the dry period.
A follow-up done after the cessation of the 201drshains i.e. January to March 2012 in
the 22 farms that had waterpans captured in thggnati survey found out that farmers

were using the water to irrigate various vegetabdgs.

Vegetable crops grown ranged from tomatoes, calsh&gées, spinach, and garden peas.
Irrigation from the waterpans was a more relialdarse of water than from rivers and
canals. Vegetable crop production had become nitrective to several farmers because
of a ready market (at the local and major urbanreshand had a short irrigation period.
The farmers were able to plan their productionrudde in order to benefit from the prime

market prices.
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4.3 Crop productivity for households with and withaut RWH systems

4.3.1 Major food crops
Within a particular season, the in-situ RWH teclogaes seemed to be effective in the

stabilization of crop yields (Table 4.11).

Table 4.11 Average yields (kg/ha) for the major fod crops during the 2011 short
rains in Matanya.

Treatment Maize Beans Potatoes
With RWH 259 [20] 50.4 [14] 204 [14]
Without RWH 18 [5] 18 [6] 110 [5]

Number of farmers in parenthesis

The average yields for all the three crops forfdreners using RWH technologies were
higher than those without the technologi€bis is consistent with Mutabazi et al. (2004)
findings that farmers were more likely to experiengeld risks associated with significantly
reduced yields or total crop failure in below agerdhan in average rainfall seasor those
with RWH, the yields were 14 times, three times amal times higher than those without
for maize, beans and potatoes respectively. Theerlavas adversely affected by
waterlogging as the heavy seasonal rains were otmated within a span of seven weeks
(Appendix 3).

Evaluation of RWH systems in Laikipistrict (Kihara, 2002) revealed that maize under
conservation tillage did out-yield that under camvenal tillage by 20 to 50% at farmers’
fields. However, moisture conservation and yieldoliavement depended mainly on
seasonal rainfall amount and distribution, soil rabteristics and crop management.
Yields for maize were raised from 2.18 to 2.43 banin eastern Kenya with the use of
tied ridges (Itabari and Wamuongo, 2003).
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Table 4.12 Variability of maize yields among farmes practicing and those not
practicing RWH in Matanya

Number of Average Minimum Maximum Std. CoV
farmers maize vyields deviation
(kg/ha) yields(kg/ha) yields(kg/ha)
With RWH 20 259 135 630 106 41%
technologies
Without RWH 5 18 0 45 22 122%

technologies

Variability among those not practicing RWH (CoV 1i#2%) was about four times when
compared to those with RWH (CoV of 41%). This iradexd that the use of RWH assisted

in stabilization of crop yields.

The adoption of RWH technologies by the farmersteeemed to mitigate crop yields
against varying seasonal rainfall. These technetdielped to mitigate the effects of
intra- and off-seasonal dry spells through maxingzplant water availability (maximize

infiltration of rainfall), minimize unproductive wer losses (evaporation, deep
percolation and surface runoff), increase soil watdding capacity, and maximize root
depth) ( Rockstrom et al., 2001).

The implication of this difference in maize yiel@lsr those with and without RWH
technologies to the household food security wasbiet From the survey done, the
average family size in Matanya was 7 persons. k@maverage family, the 105 kg (from
0.4 ha) of maize would last for 40 days as compace® days for 7 kg (at 135
kg/person/year) for those with and those without RWespectively. It is notable that
production lagged behind population growth in theaato the extent that majority of
smallholder farmers could not adequately provide tfeeir livelihoods (GoK, 2004).
Therefore, RWH technologies would not entirely gate the impacts of persistent

droughts but they reduced their effects by imprg\and/or stabilizing crop yields.
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An analysis of the yields for the three major cro@s done to test whether the observed

difference in yields was significant (Table 4.13).

Table 4.13 Analysis of the yield differences for #three major crops in Matanya

Treatment Crop yields (kg ha®)

Maize Beans Potatoes
RWH 259 50.4 204
No RWH 18 18 110°
S.e.d 49.9 11.37 65.6
Lsdse, 103.1 24.00 139.1
P-value <0.001 0.011 0.170

Means followed by the same letter are not sigmifilyedifferent at p = 0.05

The vyield difference in maize and beans for thenfas with and those not practicing
RWH was significant as the p value was less th@b6.0T'he same was not the case for
irish potatoes. For the latter, the reduction ields for farms with RWH structures was
probably due to waterlogging witnessed during thantin of November 2011 and may
have been a contributing factor for the non-sigaifit difference in irish potatoes yields.
This concurred with Mutabazi et al. (2004) thatdnyland areas, too much rain (flood)
and too little rain (drought) do occur in the saanea in the same season. In this regard,
the major problem is lack of efficient means to aga the rainwater resources rather
than lack of rainfall as such. Similar observatiorese made by Kihara (2002) that where
run-off from an external catchment was directedhe field through furrows, it was
allowed to spread into the cropped area or inféglaslowly into the soil. However,
during periods of heavy and/or continuous raingehsas a danger of flooding and

waterlogging in the fields as the structures hadegulatory mechanisms.
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A gross margin analysis on maize production fomfwith and those not practicing
RWH indicated a negative net income for both (Tablet).

Table 4.14 Gross margin analysis for maize produatn with and without RWH
technologies

Value in Ksh.

Item per hectare With RWH Without RWH

Gross output (G.O.) 259 kg @ Ksh. 30 = 7,770 18 kg @ Ksh. 30 = 540

Recurrent costs:

Seeds 2,250 1,500

Manure 1,000 1,000

Land prep. 3,750 3,750

Planting 3,750 3,000

Weeding 3,000 3,000
Harvesting/shelling 750 300

Total recurrent costs (TVC) 12,250 10,050
Net income = G.O. minus TVC - 4,480 -9,510

The gross margin analysis indicated a negativeevdu both practices implying that it
was not economical to produce maize. However, Bamb al. (2003) argued that
although irrigating maize may be uneconomical,atl lbeen shown that supplemental
irrigation during flowering could substantially imgve grain yields. Again, being the
staple food, farmers would prefer to stabilizegteduction, even if only a small plot
would be irrigated. Low crop yields would persiser with increased soil moisture if
soil nutrients were inadequate. Fox and Rockstr2003) concluded that a combination
of RWH and nutrient management held key to highed gustainable agricultural
productivity in semi-arid areas. Farmers in thalgtarea would not realize the negative
returns from this maize production as the biggetigo of the cost was the opportunity

cost of the family labour (61% of the farmers spk&lied on family labour).
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4.3.2 Vegetable crops
From the survey carried out during the rainy seafmers grew vegetable crops mainly

for home consumption. The most preferred crops wieeekales, spinach and garden
peas. These crops were grown by those with ancethathout rainwater harvesting
systems. However, the productivity was higher far farmers with RWH systems (Table
4.15).

The values showed that the yields from farmers ®Wi¥H were more than double those
without RWH systems. The yields from RWH were aisore than double the district’s
average Yyields which were 5 t/ha for kales andt®ha for garden peas (MoA, 2008-
2011) (Appendix 6).

Table 4.15 Analysis of the mean yield differenceff the three vegetable crops in

Matanya.
Treatment Crop yields (td)
Spinach Kales Garden peas

RWH 9.9° 12.5% 10.90%

No RWH 4.6 4.80° 4.20°

Grand mean 7.25 8.65 7.55

S.ed 2.52 3.84 1.12

Lsdsy, 10.86 12.21 4.81
P-value 0.171 0.137 0.027

Means followed by the same letter are not sigmifilyedifferent at p = 0.05

Though in all the three crops there was an increageelds with the adoption of RWH, it
was only in garden peas production that the diffeeein yield was significant (p value
less than 0.05).

During the dry season, vegetable crop productios f@acommercial purpose. The most
preferred crops were tomatoes (46%), cabbages (¥f%b)garden peas (18%). The
farmers established the crops about a month befodeof the rainy season. Among the

factors that influenced the choice of these cropsewthe good prices, ready market,
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experience and easy water application methods. teblge production was more
economically viable due to higher returns, shogawing period and high demand in
semi-arid environments, which gave it preference.

In a case study of Mwala District, farmers practiciRWH were found to have
diversified their crops to include horticultural sta crops and households earned
US$735(per ha) from cash crop compared with US$iaitnally earned from rainfed
maize (RELMA-in-ICRAF, 2004).

Field experiments in Laikipia by Ngigi et al. (Z)0showed that supplemental irrigation
on cabbages on a 300 piot could yield 4.5 tonnes per season and valuddS$ 405.
This indicated that higher value vegetables suctormstoes and snow peas could even
result in more returns. With the waterpans, then&as would no longer regard their
pieces of land as small since RWH technologies ledathem to practice intensive
farming.

In order to maximize on the stored water in watang) the farmers were establishing the
vegetable crops about a month to the end of tlees@ason and only irrigated for about
two to three months (Ngigi et al., 2005). This eesuthat the crops came into production
during the dry period when the demand in the mavka$ very high. As the farmers
became more commercially oriented, they were adgptmore efficient water

conveyance and application methods in vegetabléuatomn (Table 4.16).

Table 4.16 Water conveyance and application methods Matanya.

Water conveyance method Frequency Water applicatiomethod Frequency
Motorized pump (piping) 8 Furrow/pits 9
Hand drawn (bucket) 3 Drip 2

In the study area, the conveyance of the water fteywater pans to the farm was either
through piping (73%) or bucket (27%). The water leapion methods were furrow

(82%) and drip (18%). The conveyance was advanitorg hand drawn bucket method
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to piping either directly into the field or intoraised water tank (Plate 4.2). Sharma and
Sharma (2007) reported that major water losses%>}4&hd poor uniformity in water
distribution occurred due to inappropriate surfaggation methods. They reported that
adoption of drip system had enabled regions fabtmged water supplies to shift from
low-value crops with high water requirements, saslcereals, to high value crops with

moderate water requirements, such as fruits anetablgs.

Plate 4.2 Tomato production from a low head drip irigation system installed next to
a water pan in Matanya.

Though the sizes of the waterpans varied from féonfarm, the water application
methods determined the cropped area. Due to thiéetinstored water, farmers were
shifting from the use of the wasteful furrow waagplication method to the efficient drip
irrigation method. From a 100°water pan, the farmers using furrows were irriggitin
area of about 400 while those using drip system had an area of @660 nf of a
tomato crop. This concurred with Ngigi et al. (2p®&o observed that improved water
management through incorporation of low-head drigation technology could improve
the reliability of RHM systems and encourage fasmir increase their acreage under

supplemental irrigation.
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The vyields were higher for those farmers adopting drigation from furrow water
application method. The drip system was earlieoreg as the most efficient in terms of
water application efficiency (90-98%), followed bprinkler (80-95%) and furrow (40-
60%) (Sharma and Sharma, 2007). It was also thé @osomical system for high-value
crops, i.e. horticultural crops. This was becatgedrip system provided a more uniform
and adequate moisture to the plants. Due to theger$, farmers reported that the crop
establishment under the drip system was higher {&@¥npared to about 60% under the

furrow system.

Though there was a yield increase with RWH and adomf efficient water application
methods, production was only possible in small @ges due to the limited amount of
water the farmers were able to store in the waterp&or instance, from a 108m
waterpan only an area of 400msing the conventional furrow water applicationttmoel
was irrigable. In a season, farmers were makingrmsetof Ksh.17, 900 and Ksh.6, 200
from tomatoes and cabbages respectively (Table).4This implied that from the same
volume of water, production of tomatoes gave bettirns. These returns were based on
the average farm gate prices the produce fetchadgdthe months of March and April
2012 (Ksh.30-50 per kg of tomatoes and 35-45 pad fier cabbages).
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Table 4.17 Gross margin analysis for tomatoes andibbages under furrow irrigated
from a 100n? water pan in Matanya.

Value in Ksh.
Item per 400 nf plot Tomatoes Cabbages
Gross income 720 kg @ Ksh. 40 = 28,800 740 kg @ Ksh. 20 =1@,80
Recurrent costs:
Seeds 400 600
Fertilizers 2,000 2,000
Pesticides 1,500 1,000
Staking 2,000 0
Labour 4,000 2,000
Fuel ( water) 3,000 3,000
Total recurrent costs 10,900 8,600
Net income 17,900 6,200

The effectiveness of this RWH system was affectethk low storage capacities, which
was constrained by high construction costs anddeshtow income. To control seepage,
Cherogony (2000) suggested that cheaper methods a&sicclay grouting should be
encouraged rather than the high cost of good-gqupldstic lining which was a major
constraint for smallholder farmers.

However, few financially endowed farmers in thedstarea were investing in ultraviolet
resistant plastic lining to reduce the seepagesfossich had been a major drawback to
the water storage structures in the area. They ithealled a low head drip system to

improve on the field water application efficiency.

The lining of the waterpan and the installationaoflrip irrigation system was a costly
undertaking for the resource poor farmer. Howeiterpenefits/output outweighed the

costs involved (Table 4.18).
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Table 4.18 Return to investment from a 100thwater pan for tomato production in
Matanya.

Item Value in Ksh. Value in Ksh. per
per 500nt plot 400nt plot

Investment costs:
Tank and drip system @ Ksh. 40,000 =40,000

UV resistant plastic lining: 120@ Ksh.85 per m =10,000

Loan interest rate @ 25% p.a. =12,500
Total investment costs 62,500 0
Recurrent costs:Seeds 400 400
Fertilizers 2,500 2,000
Pesticides 2,500 1,500
Staking 2,000 2,000
Labour 4,000 4,000
Fuel 3,000 3,000
Total Recurrent costs 14,400 10,900
Total cost 76,900 10,900
Production (kg) 2,230 720
Gross income @ Ksh. 40/= 89,200 28,800
Net income season 1 12,300 17,900
Net income per season in subsequent seasons (groseme 74,800 17,900

minus total recurrent costs)

A farmer who invested in the lining of their watarpand installed the drip system would
have a net income of Ksh. 12,300 against Ksh. D7fé0those without the investment
during the first season. However, during the subeetjseasons, the farmer would be
earning Ksh.78, 400 as compared to the constantlKs®00 per season for those not

investing. This was as a result of reduced watgsds through seepage thus a farmer was
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able to irrigate a bigger area and an efficientewatpplication method to the crop
resulting in higher yields.

Fox and Rockstrom (2003) reported that in Mwala ¢M&kos) with maize production,
depending on how labour cost was estimated, thuetsie and system of supplemental
irrigation and fertilizer were estimated to provigeusehold food self-sufficiency and net
income after 1-7 years with the most profitableneste was for no labour cost and thin
plastic sheeting as a sealant.

Therefore, on-farm RW storage system was a viaivestment in semi-arid areas, which
experience persistent crop failures, food shortagespoverty. The prices of vegetables
increased during the dry seasons, which meanwittatRWH, farmers could plan their
crop production to coincide with high market pric&is concurred with Sing{2007)
who reported that the water harvesting and suppiéhérrigation system was more
economically viable with vegetables, fruits andesthigh-value crops and that even at
14% interest; the entire initial investment couédrbcovered in a period of 2-3 years.
The higher net returns from crop production wouhdlde farmers improve their living
standards as well as invest in other income gdngraictivities. Some farmers in
Matanya had adopted the greenhouse technologye(RIl&). The greenhouses were a
water harvesting catchment into the waterpans waatld boost the amount of water
available for crop production. Such an investmentla also improve crop productivity,
as a crop would be in production for a long peribdyould be possible to have more

cropping seasons in one year and grow a wider rahgeps.
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Plate 4.3 A successful RWH technology farmer’s greehouse and water pan
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The study was carried out to document rainwatevdsding practices, cropping systems

and crop productivity by smallholder farmers inKipia Central District. The findings of

this study indicated that:

1. The major RWH practices adopted by smallholdemeérs in Laikipia Central District
were ridges/tied ridges/furrows, small piteafegu), fanya juus, waterpans/ponds,

mulching, conservation tillage/agriculture and &pits (umbukiza)

2. The crops grown under rainwater harvesting estare maize, beans, irish potatoes,
and sweet potatoes as the food crops while cabptgeatoes, kales, spinach and garden

peas are the main commercial crops

3. The most common cropping system among the soldéhs was intercropping (over
90%) as compared to 9% practicing pure stand cngppystem. The most common mix
of intercrops were maize/beans, maize/potatoegafpmtatoes/beans.

4. The average Yyields for the farmers using RWHtpres were at least two times higher

than those of farmers not practicing RWH for aét thajor food and vegetable crops.

5.2 Recommendations
1. RWH technologies should be promoted in Laiki@@ntral District as a strategy of
addressing food insecurity and income generatiothag were found to significantly

improve agricultural productivity.

2. Development agencies should mobilize and suppouseholds to ensure that they
invested in improved RWH storage systems suchaggliwith polythene sheet to reduce

seepage losses.

3. The use of rainwater management systems sudhpasrigation should be promoted

to ensure efficient utilization of available water crop production
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APPENDIX

Appendix 1 Questionnaire used in the study
Identification

Name of the ENUMEIAOr. ... .....cciviie it e e e e e
Name of the resSponNdent... ... ..o e

District......cooviiiiiiiiee e Division.................. Location..........cooevevvnnnnnne

Household characteristics

Age of the farmer.................

Gender (0) female (1) male

Marital status (1) single (2) married (3) widow/\wiger

Formal education level (years)...............

None (2) primary (3) secondary (4) college/univgréb) adult education
Total number of children....................

Total number of family members who work on the farm.......
Are there family members who work off-farm? (0) (19 yes

If yes, how many? .................

Farm characteristics

When did you start farming on this piece of land?......... years
What is the size of farm in acres? ..............

What is the ownership status: (1) Owner (2) leaset (3) Worker/ Labourer (4) Squatter (5) Others
(specify)

If own farm, how did you acquire it? (1) bought {@heritance (3) Others (specify)
What is the total available land for crop productio acres? ..............

Which crops do YOU grOW? ..........uueeeieiiimeiaeiiieeeeeeeee e eiiieeeeees

Are the crops in (1) pure stand (2) intercropped(gh?

Do you cultivate crops for sale? (0) no (1) yes

If yes, which ones and how much land is usuallycated to each?

Crop acreage yi@lderage year-short rains 2009)
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What is the total available land for the 3 majwod crops in acres?
Crop acreage yieldefage year-short rains 2009)

How long does the stored produce last? (1) One mafier harvest (2) 2 to 3 months (3) less than six
months (4) Six/ more than six months (5) all tharye

Apart from own production, how else do you obtaiod for your household? (1) purchase from the marke
(2) remittances from relatives (3) famine relief

If the answer to 2.12 is (1),what is the sourcenobme (1) sale of farm produce (2) off-farm emphant
(3) businessl/jua kali (4) Others, (specify)

Do you keep livestock?
If yes, which types of livestock for the past oz (2011)?

Type number  average production cowsl sold unit price

What is your source of livestock feed (2011)? (@hdarm (2) unsettled farms (3) leased farm (4)faffn
purchases

Do you use hired labor? (0) no (1) yes
If hired is it (1) temporary (2) permanent (3) both
What is the cost of labor per man-day? ............

Do you use fertilizers and/or manure in your far@p none (1) fertilizer (2) manure (3) fertilizendh
manure

If the answer to 2.20 is (0), why do you not usentR (1) lack of information (2) are not availab8 (
difficult to apply (4) expensive (5) other (spggif

What agriculture inputs do you use and for whiatpsf?

Crop type of input rate opépation price

1.

2.

3.

Soil and water conservation technologies

Do you practice irrigation or just rain fed agricuke? (1) irrigation (2) rain fed agriculture (3ptB

If irrigation, from what nature of water source? permanent (2) seasonal (3) harvested rain water
What size of land do you irrigate? ..............

What crops do you irrigate? ...........ccceeveeeae.

60



WHhyY theSe CrOPS? .. e e

How long does the water supply last; (i) less thanonth after the rains; (ii) 2 to 3 months (@imonths;
(iv) throughout the year

How is the water conveyed to the field? (1) furr@y piped-gravity flow (3) piped- motorized pump) (4
other (specify)

How do you apply the water? (1) basin (2) sprink®rdrip (4) furrows/ridges (5) other (specify)
If rain-fed, do you experience reduced yields apdailure? (0) no (1) yes
Do you practice rain water harvesting? (0) no @39 y

If yes, what method(s) do you use? (1) in-field | seind water management (2) surface
StOrage. .. .cecevivii e

If the answer to 3.11 is (1), what techniques do yse and on which crops and why?
Technique crops grown Reason(s)

(1) Fanya juus-

(2) Tied ridges/furrows-

(3) Mulching-

(4) Tumbukiza-

(5) Micro-catchments (pits)-

(6) Other-

If surface storage, how is the water drawn and eped to the field? (1) bucket (2) manual pump (3)
motorized pump (4) other (specify)

How do you apply the water in the field? (1) baé sprinkler (3) drip (4) furrows/ridges (5) othe
(specify)

What area of land is under rain-water harvestingcires? .............

If the answer to part 3.10 is no, why do you nat ten-water harvesting? (1) lack of informatiof khd
constraint (3) laborious (4) expensive (5) notriested (6) other (specify)

What are the benefits of using rain-water harve&tifil) increased yields (2) increased soil feyti(i3)
reduced production costs (4) reduced soil eroSdther (specify)

In how many seasons have you had crop failureterlast 4 seasons? (1) 1 season (2) 2 seasons (3) 3
seasons (4) 4 seasons

What coping strategies have you adopted in farrding to persistent crop failures ?(1) none (2) astbpt
drought tolerant crops (3) changed to livestockinga(4) lrrigation (5) rain water harvesting (6pp
insurance (7) change of planting dates (8) other($p
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What other challenges do you encounter in cropyrtioin and how do you cope? Fill in the table below

Crop production Challenges Coping Mechanism

(i) @0

Extension and social capital
Have you ever had contact with any extension se®/{©) no (1) yes
If yes, which organization(S)? .........cocvoviiiie i e e,

Have you received any information on rain-water vhating from any extension group?

If yes, what sort of information? ...

Have you been trained on how to practice rain-wladgvesting by any extension group? (0) no (1) yes
If yes, what method were you trained on? ....................

Which of the trained method do you practice?

Are you a member of any rain water harvesting fasngeoup? (0) no (1) yes

If yes, state the farmer group and its activitieS mum cevvevvecieeie e

Water availability

What is the main source of water for this houseP@lg piped (2) river (3) well (4) rain water (59re hole
How long does it take to collect water if its nathin the farm?................. hours

Do you use the water to irrigate your crops? (OfIj)o/es

If yes what Crops? ......ccoovvviiviiiie i e

If the answer to part 5.1 is 1 or 2, for how mamynths in a year is the water not reliable? .............
Farm production

List the most important horticultural crop enteggs in the year 2011

Short rains (mid oct.2011 to Jan. 2012)

Crop acreage total output price/kg total income

1.

2.
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3.

Farm implements/equipments

List the types of implements/equipments the farhees for rain-water harvesting practices
a)

b)

c)

Income and expenditure

Apart from farming what are the other sources afrybousehold income? (1) salaried employment (2)
casual labor (3) business/jua kali (4) other (dpci

What amounts are allocated to food and non-foadste

Type of item amount per month
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Appendix 2 Long term rainfall data (1943-2010) fromLengetia farm
MARCH APR MAY JUN JULY AUG SEPT OCT NOV DEC TOTAL

YR
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1969

JAN

16.5

24.9

51

39.4

42.7

149
125
39.1
65.3
53.8
66.5
22.9
142
94.7
8.6
102
16.5

29.5

81.3

FEB

15

17.5

25.7

17.3

13.2
14.2
57.9
52.8
254
13.7
28.4
22.9
52.3
47.5
8.6

31.2
29.5
150

148

6.9

83.8

315

197.4

58.7

64.3
76.7
61.7
76.7
60.7
131.8
138.4
59.7
56.9
57.2
46
142.2
1171
163.1

155.2

73.9

115
66.8

199

121

87.4
80
148
54.6
23.6
82.8
148
85.1
182
227
108
96
145
206
89.9

29

58
6.9

42

38

20
44
96
110
102
17
58
96
123
30
24
40
81
29

64

6.6 68.6

12.7 51.6

16.3 53.8

38.9 113

0 30.5

36 30.2
21.1 823
9.7 53

48 82.6
19.3 62.7

36 11.2

38.1 236
76 6.4

43.4 554
41.1 9.4

38.6 241
18.3 62.7
442 137

823 0

31

28

4.6

51

27

95
55
22
11
6.1
68
79
21
55
67
10
76
21
2.8
38

25

2.5

18

33

24

85
24
31
18
7.9
26
265

52

79

7.4

20

85

49.3

19.17

24.1

174

46.2

54.6
54.1

325

70.423 1 515.1

10197 717.8

8681.7 405.7

18957 1259

71.916 1 593.3

52101 7545
743749  800.1

20955 1 867

59.4 438167 783.9

69811
85.9
368
136
42.9
70.6
35.8
61.2
141
81.5

60.2

38.1 580.1
4796.8 649.6
343 2 101558

10322 9015
25710 2 1088
63518 866.9
76.2 .6 23492.3
108.3 635

136.4 805.8
198 2 11999.5

96.8.8 8 919



1970 942 O 129.5 139 46 21.8 20.3 14 12 185 1267 16395

1971 516 O 36.1 158 42 104 8.6 154 26 41.4 98.409 1 735
1972 59.7 716 40.1 241 44 69.6 8.9 11 42 103 5936.1 569.2
1973 498 323 432 747 7.1 69 404 30 61 33 1339.6 548
1974 282 396 66.5 147 20 0 439 76 2 30.2 118 4 26597.5

1975 29 43.4 1031 78.2 17 772 56.9 57 61 50 8830.5 690.8
1976 0 93.7 414 96.8 65 127 69.6 24 17 38.1 92830 680.3
1977 46 102 47.2 145 52 229 831 26 7.4 31.2 1671 6 790.9

1978 66.5 184 135.6 39.1 18 79 338 37 55 84.3 274214 948.1

1979 158 115 69.6 64 43 7.4 165 22 45 71.6 157 2 15784.5
1980 9.9 295 101.3 68.3 55 142 0 0 18 90.2 90.29.4 3 515.9
1981 396 488 56.9 475 133 0 135 22 37 747 67Bl6 777

1982 325 175 335 154 36 312 O 60 16 169 162 1 86797.9
1983 3.3 843 29.2 904 O 455 673 67 14 53.1 28104 586.4
1984 147 231 742 518 O 0 6.1 0 57 137 150 69383.5

1985 714 754 1339 69.9 24 0 368 O 72 131 86.61.3 5 752.8

1986 295 81 59.2 122 21 368 582 21 10 36.3 4077.2 8815
1987 384 315 434 112 47 66.3 4.8 13 27 33 153 .2 78646.9
1988 424 699 103.1 154 0 83.6 886 55 44 84.8 11979 1023
1989 31.8 78 91.9 154 0 0 78 31 40 89.7 140 94.7 8.882

1990 752 91.7 14838 111 93 46 41 14 12 612 61 22 1 798.9

1991 439 399 1173 114 25 975 6.1 106 O 15 5985.6 709.8
1992 59.2 432 229 110 12 0 0 0 0 48.8 110 120 .25
1993 197 80.3 455 185 34 66.8 3 8.6 0 104 103 1 56717
1994 0 13.2 106.2 111 20 419 279 50 25 69.6 2626.9 2 753.9
1995 145 404 904 747 75 373 282 28 50 72.6 .3 80111 702
1996 356 452 391 699 7.4 128 277 72 4.3 70.6/8 1 73.9 7514
1997 358 O 95.8 158 31 20.8 110 52 0 96.3 239 10845.9

1998 249 63.5 167.9 79.2 94 411 20.8 59 10 90.7 .7 4640.6 962.7
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1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
High

Low

52.3
37.5
73
59.8
49.5
133
76.7
54.9
72.5
71.8
54
56.2
249
0

Average 57.7

18.8

54.6

12
41.4

63.3

46.6

8.9

116
184

44.4

139.4
46.5
66.5
119.1
83.3
89
117.2
134.6
40.4
84.6

55.9
225.2
225.2

6.9

86.2

0 0
82 31
74 3.5
133 166
199 121
130 98
118 82
80.8 74
154 34
69.3 94
33.7 59
169 154
227 166
0 0
105.2 48.1

66

0 0

17 195
44 5.5
65 4
185 135
2 42.9
97 O
65 O
99.9 123
25 411
157 O

41 121
128 135

0
28.1 35

21
8.2

187
17
27
76
80
10

31
187

38.2

0 18.5
14 24.7
31 66.5
7.5 38.6
0 70.3
13 75.2
125 45
4.6 21.6
108 170
66 43.6
14 42.7
34 74.9
265 368
15
32.81.9

155 29 413
77.1 604B1.9
194 8 34655.6
136 857%8.9
1534 982
64.3 23 27.57
154 32.86 7
15034  799.5
1624 1103
14829 581.1
55 191 2526.
1584.3 1132

40214 1558

28.2 43 405.7

1259 86.3 759.6



Appendix 3 Daily rainfall (mm)for Matanya, 2003-20QL1

Rainfall date 2003.0 2004 2005 2006 2009 2010 2011
1/1/ 0.0 0.0 0.0 0.0 4.6 7.5
1/2/ 0.0 8.3 0.0 0.4 15.0 0.0
1/3/ 0.0 0.0 0.0 7.7 0.0 0.0
1/4/ 0.0 0.0 0.0 0.0 1.0 0.0
1/5/ 0.0 0.0 0.0 0.0 0.0 0.0
1/6/ 0.0 0.0 0.0 0.0 0.0 0.0
1/7/ 0.0 0.0 0.0 0.0 0.0 0.0
1/8/ 0.0 0.1 0.0 5.2 0.0 0.0
1/9/ 0.0 0.1 1.4 0.0 4.5 0.0
1/10/ 0.0 0.0 0.0 0.0 3.6 0.0
1/11/ 0.0 0.1 11 0.0 0.0 0.0
1/12/ 0.0 10.0 0.0 0.0 0.0 0.0
1/13/ 0.0 0.1 0.0 3.7 0.0 0.0
1/14/ 0.0 3.2 0.0 0.0 0.0 0.0
1/15/ 0.0 115 0.0 0.0 0.0 0.0
1/16/ 0.0 1.2 0.0 0.0 16.0 1.1
1/17/ 0.0 4.0 0.5 0.0 0.0 0.0
1/18/ 1.4 11 0.0 3.2 0.0 0.0
1/19/ 7.0 0.0 0.0 0.0 0.4 0.0
1/20/ 18.1 0.0 0.0 0.0 0.0 0.0
1/21/ 6.5 0.0 0.0 2.3 0.0 0.0
1/22/ 5.6 1.2 0.0 0.0 0.0 0.0
1/23/ 5.2 0.0 0.0 0.0 0.0 3.3
1/24/ 0.0 11.8 0.0 0.0 0.0 0.0
1/25/ 0.0 0.0 0.0 0.0 0.0 0.0
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1/26/
1/27/
1/28/
1/29/
1/30/
1/31/
1/2/
212/
2/3/
2/4/
2/5/
2/6/
2[71
2/8/
2/9/
2/10/
2/11/
2/12/
2/13/
2/14/
2/15/
2/16/
2/17/
2/18/
2/19/
2/20/
221/

2/22/

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.7

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.2

3.2

0.0

0.0

0.0

0.0

0.9

10.0

0.0

0.0

0.0

0.0

0.1

15

0.1

0.6

0.0

0.0

0.0

0.0

0.6

10.0
0.0
4.5
2.2
8.5
11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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0.0

0.0

0.0

0.0

0.0

7.4

0.0

0.0

0.0

0.0

0.6

0.0

0.0

0.0

0.0

7.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

7.5

9.5

4.7

0.0

0.0

0.0

0.0

5.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3.0

17.3

1.6

3.7

0.0

0.0

0.0

2.6

0.0

0.6

0.0

0.0

17.3

3.3

0.7

0.0

27.5

1.4

8.0

0.0

0.0

0.0

0.5

0.0

0.0

9.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6.8

0.0

14.7

2.0

0.0

0.0

0.0

0.0

0.0

0.0



2/23/
2124/
2/25/
2126/
2127/
2/28/
3/1/
3/2/
3/3/
3/4/
3/5/
3/6/
377/
3/8/
3/9/
3/10/
3/11/
3/12/
3/13/
3/14/
3/15/
3/16/
3/17/
3/18/
3/19/
3/20/
3/21/

3/22/

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3.0

0.0

0.0

0.7

2.5

4.8

2.0

1.3

0.0

0.0

0.0

0.6

0.0

0.0

0.1

14.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.6

0.1

0.0

0.0

0.0

0.0

1.4

0.0

32.5

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
9.0
0.0
0.0
0.0
0.0
7.2
23.0
0.0
0.0
0.0
15.4
1.0
16.0
1.4
2.6
8.5
0.5
13.7
2.2
0.0

15

69

0.0

0.0

3.0

0.0

0.0

0.0

35.8

4.3

51.0

0.0

0.0

15

0.0

9.2

0.0

0.0

3.2

14.9

0.0

0.0

1.4

0.0

0.0

2.0

0.0

0.0

0.0

15.0

0.0

15

0.0

2.1

16.3

2.3

0.0

0.0

11

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.6

0.0

3.4

0.0

11

17.6

3.4

0.5

21.0

0.0

0.0

7.5

0.3

0.5

0.0

0.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.2

0.0

43.4

3.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.6

22.5

4.1
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0.0

6.3

0.0



3/23/
3/24/
3/25/
3/26/
3/27/
3/28/
3/29/
3/30/
3/31/
4/1/
4/2/
4/3/
4/4/
4/5/
4/6/
417/
4/8/
4/9/
4/10/
4/11/
4/12/
4/13/
4/14/
4/15/
4/16/
4/17/
4/18/

4/19/

0.1

2.5

0.2

10.0

8.8

4.8

4.8

1.8

5.0

2.4

0.0

14.4

6.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.2

0.0

0.6

0.7

1.0

46.0

0.0

0.0

0.0

8.0

0.0

7.5

0.1

3.0

1.6

19.0

0.8

6.0

5.7

0.0

2.0

0.0

3.0

27.5

0.0

9.2

5.6

1.0

13.2

0.1

0.0

0.1

9.7

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.1
10.0
0.0
0.0
0.0
0.0
0.0
13.5
42.5
0.0
8.4
0.0
5.8
1.6
0.0
0.1
0.0
0.0
5.2
0.0
0.0

0.0
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0.0

0.0

155

3.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

7.0

18.0

15.0

14.5

20.0

6.2

3.1

10.6

4.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

25.5

1.9

53

0.0

0.0

0.0

11

0.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

6.1

11

0.0

7.8

1.2

0.0

3.7

2.9

6.5

1.8

0.0

20.6

1.8

15.7

44.9

12.4

0.0

1.4

1.6

0.0

15.5

0.0

0.0

0.0

0.0

0.0

0.0

4.0

2.6

0.0

1.8

0.0

0.0

3.5

0.0

3.0

0.0

0.0

0.0

6.5

0.0

11

0.0

0.0

0.0

3.2

0.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

7.7

0.0

0.0

0.0



4/20/
4/21/
4/22/
4/23/
4/24/
4/25/
4/26/
4127/
4/28/
4/29/
4/30/
5/1/
5/2/
5/3/
5/4/
5/5/
5/6/
5/7/
5/8/
5/9/
5/10/
5/11/
5/12/
5/13/
5/14/
5/15/
5/16/

5/17/

0.0

22.1

0.0

1.1

0.0

0.0

0.0

0.1

46.0

15.2

20.2

0.0

51

195

3.1

1.2

61.0

7.7

19.2

195

8.7

24.6

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0.0

16.3

0.0

0.0

0.5

1.6

0.0

0.0

0.0

5.2

4.0

0.0

1.4

254

9.5

1.0

12.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
8.3
0.1
0.0
0.0
0.0
0.0
0.0
9.2
24.0
7.8
0.0
0.0
0.0
0.0
0.0
0.7
0.0
0.0
10.3
0.0
0.0
0.0
11.8
0.0
0.0
0.0

0.0
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3.5

0.0

19.2

0.0

2.2

11

0.0

0.0

0.0

0.0

0.0

3.9

1.1

9.8

2.2

0.0

0.0

0.0

35.2

1.2

0.0

0.0

0.0

0.0

6.0

0.0

1.4

0.0

0.0

2.0

0.0

0.0

0.0

7.4

0.0

4.2

0.0

0.0

0.0

26.9

0.0

0.0

0.0

0.0

4.1

0.0

0.0

0.0

0.0

4.1

3.2

17.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.6

0.0

0.0

0.0

6.3

14.5

0.6

4.0

0.9

0.0

5.7

0.0

0.0

0.0

0.0

0.0

22.2

3.3

13

0.0

0.0

0.0

0.0

155

0.0

0.0

0.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

5.0

0.0

0.0

8.8

0.5

12.2

8.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



5/18/
5/19/
5/20/
5/21/
5/22/
5/23/
5/24/
5/25/
5/26/
5/27]
5/28/
5/29/
5/30/
5/31/
6/1/
6/2/
6/3/
6/4/
6/5/
6/6/
6/7/
6/8/
6/9/
6/10/
6/11/
6/12/
6/13/

6/14/

0.0

0.0

0.0

0.0

15

0.0

0.0

3.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.5

9.6

0.0

0.0

0.0

27.0

0.0

8.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.4
25.6
0.0
35
0.0
19.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.5
0.0
9.2
0.0
0.0
0.0

0.0
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6.0

2.4

0.0

0.0

0.0

0.0

0.0

0.0

21.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.3

19.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.0

10.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

26.7

15.5

34.5



6/15/
6/16/
6/17/
6/18/
6/19/
6/20/
6/21/
6/22/
6/23/
6/24/
6/25/
6/26/
6/27/
6/28/
6/29/
6/30/
7/1/
712/
7/3/
7141
7/5/
7/6/
7171
7/8/
7/9/
7/10/
7/11/

7112/

0.0

0.0

16.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0.0

3.5

1.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
5.0
4.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

10.1

0.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

21.3

0.0

0.0

0.5

0.0

0.0

9.0

0.0

0.0

0.0

0.0

5.0

0.0

0.0

0.0

0.0

0.0



7/13/
7/14/
7/15/
7/16/
7/17]
7/18/
7/19/
7/20/
7/21/
7122/
7/23/
7124/
7125/
7/26/
7127/
7/28/
7/29/
7/30/
7/31/
8/1/

8/2/

8/3/

8/4/

8/5/

8/6/

817/

8/8/

8/9/

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.0
0.0
0.0
1.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.0

2.5

0.0

0.0

0.0

11

0.0

0.0

0.0

28.7

15

24.7

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.9
3.5
0.7
0.0
0.0
6.8
0.0
0.0
0.0
0.0
1.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.8
0.0
0.0
0.0
0.0

0.0
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0.0

0.0

0.0

0.0

0.0
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Appendix 4 Pan evaporation (mm) data for Matanya Mé Station: 2009-2010

MONTH
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OoCT
NOV
DEC

0.0

0.0

0.1

5.4

2009
152
157
304
262
246
329
361
367
328
246
220
175

2010
224
204
236
204
220
244
308
265
225
243
166
250

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2011

201
308
281
259
287
288
254
259
306
239
198
236
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Appendix 5- Chi-square test on adoption of water pas in the study area.

Category Observed (O) Expected (E) O-E (B-E) | (O-EfIE
With RWH 11 6.6 4.4 19.6 29
Without RWH 11 154 -4.4 19.6 13
X=4.2
Appendix 6 Crop Production Statistics for Laikipia Central
Crop 2006 2007 2008 2009 2010 2011
Ha Bags | Ha Bags | Ha Bags | Ha Bags | Ha Bags | Ha *Bags
or Or or or or or
Tons Tons Tons Tons Tons Tons
Sorghum - - 35 7 47 2 90 9 71 7 25 17
f.millet - - 10 8 4.5 4 0 0
P. peas - - 8.5 35 10.6 1 6 6 14 7 30 8
wheat 255 2422 | 16.5 2600 2.3 750 14 1420 3.5 1808
maize 1500| 5 2600, 13 247( 2.5 1650 13 2400 8 27106 1
beans 1196 1 1666 5 2400 0.2 1060 15 1450 2.8 2000
i.potatoes 1427 3T 1360 9T 1220  0.3|T 300 7T 40107 T 1450 | 0.8
S.potatoes - - 5.5 20T 4.8 48T 3 10T 5.6 6.48 15T
dolichos - - 9 10 20 4 10 10 17 8 14 6
G.peas 51 iT 110 6.4T 150 05T 40 6T 4( 6T 78.9
tomatoes 63 30T 100 20T 58 2T 10 15T 150 15T 40 9T
cabbages 35 40T 45 21T 50 10T 35 15T 35 18T 60 10T
kales 17 5T 25 2T - - - - 9 8T
French 90 8T 65 64T | 95 5T 50 5T 50 5T 75 4T
beans

Source: Annual reports DAO Laikipia East and Laiki@entral *Forecasted in December, 2011.
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