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Abstract.
The advancement in biotechnology has been advodatedy many

scientists as carrying the ultimate cure to Afrscgoverty and food
insecurity. There is, however, another school outght opposed to this
advocacy; one that view biotechnology as a disastdre making to both
the environment and human livelihoods. This theskamines the
economic relevance of biotechnology to small séalemers amid growing
concerns that most Kenyan farmers are too poor daefit from

biotechnology. To find answers to the raised camgea total of 80 rice
farmers from Nyando in Kisumu County were sampled iaterviewed in

a bid to determine suitability and economic potntif biotechnology to
smallholder farmers. Whereas the 80 farmers reptedehe smallholder
farmers in general, the New Rice for Africa (NERICfepresented
biotechnology. The study employed both cost-benefitd linear

programming analyses. As part of the cost-benefdlysis, the Farm
profit model was used to generate data on thetpholity of the various

enterprises with each being analyzed separately.this regard,

conventional rice was found to generate the highgexsts margin per acre
followed by NERICA, maize and sorghum respectivelyp take into

account the resource constraints facing farmers,cthsts and benefits
associated with the various crop enterprises welgested to linear
programming (LP) analysis, where all the possibigemgrises were

evaluated jointly. The LP results showed that witle current vyield,



prices, input costs and resource availability, @monal rice is the most
competitive followed by NERICA, maize and sorghugspectively.
Turning to the economic potential of biotechnologyyas established that
the NERICA technology has capacity to improve shwtler farmers’
incomes by up to 300%. The sustainability of sudteptial benefits
however requires provision of adequate supporterms$ of credit and
yield enhancing research. Given the needs of thi#omaavailable
resources and the income generation capacity oftedhaology,
stakeholders should promote and effectively supp@velopment of
biotechnology. This will avail benefits to farmexnsd provide a solution to

one of the country’s headaches, food security.
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CHAPTER 1
INTRODUCTION

1.1Background Information
Agriculture remains the backbone of thdiamal economies of most

countries in Sub-Saharan Africa (SSA). Environmkdg&gradation, overreliance
on traditional methods of farming and unfavouradtieate that is also difficult to

predict are some of the factors that have adveedédgted agriculture leading to
persistent poverty and food insecurity. Thus ther@eed to raise the level of
commitment and involvement in fighting poverty afabd insecurity at both

individual and institutional levels.

In Kenya, Agriculture dominates the ecogasnd accounts for 26% of the
country’s GDP and 65% of export earnings, (GoK,®0The sector also plays a
very important role of providing markets for mantttaed products. In spite of
these contributions to the economy of the natian,still lacks modern
technologies that may fast track productivity immgment.

The government of Kenya has recognizedrtiportance of Agriculture in
economic development and has continuously promtitedsector through rural
development initiatives. Such efforts have howewsel a number of challenges
such as natural disasters, declining soil fertiliadequate capital and markets.
The United Nations report on world population (l@ditNations, 2011) indicates
that world population is rapidly growing and itegpected to reach 9.3 billion by

the year 2050 while the available farm land wilsisally remain the same. Africa



and Kenya in particular faces the same problem rofvopg population and
decreasing available farm land. To overcome thésdlenges, the government,
through the Ministry of Agriculture has spelt outem year (2010-2020) Strategy
for Agriculture Sector Development Strategy whowsgown is “A food secure and
prosperous nation (GoK, 2010). Specific strategretude empowering local
communities, promoting pro-poor agricultural resbainitiating priority projects
and training of farmers in agribusiness skills.this regard, the Ministry of
Agriculture through the Kenya Agricultural Researttstitute (KARI) has
realized that improving agricultural productivitg the only viable option to
ensure food security for all. KARI has thereforepiemented some of the
strategies especially those focusing on emergidgnt@ogies for improvement of
agricultural production. Improving such farm protivity while conserving the
natural resource base is a daunting task for wAgpcultural biotechnology can
be of significant help. The use of biotechnologyhei in isolation or in
combination with conventional breeding methodsiogrove food production by
tailoring crops to harsh environmental conditiomsl @&nhancing the nutritive
value of the food. Development of hardier cropd #ra resilient to these factors
may allow food production in low-potential areasdathus help ensure food
security. Kenya’s food security revolves aroundréasing yield and nutritive
content of the four most important cereal crops @lgnmaize, wheat, rice and

sorghum in that order.



Changes in employment patterns have consibechlanged food preferences
from traditional grains like Maize and sorghum avdur of the more easy-to-
cook foods like rice (Otsuka, 2006). Such changesansumption habits are
likely to call for production of more rice. Whereamize and wheat are mainly
rain-fed, over 95% of the domestic rice produci®unnder irrigation practiced in
Mwea, Bura, West Kano and Ahero irrigation schemb#e less than 5% is rain-
fed. Dependency on traditional irrigated rice v that are highly susceptible
to diseases and pests has led to low rice outptiteircountry leading to a large
deficit between production and consumption. Forghaod 2004-2010, national
rice production ranged between 21,881 to 64,848 vdmle national consumption
ranged between 210,000 and 410,000 tons for the gemod (GoK, 2011). Of
particular importance however, is the rapidness aodsistence with which
consumption is growing year after year relativdaw and unstable production.
National consumption of rice has rapidly ridemm 270,200 tons in the year 2004
to 410,000 tons in 2010 whereas national produdtemactually stagnated if not
reduced over the same period. Kenya produced 49@®)and 44,467 tons in
2004 and 2010 respectively which translates to at6&6 dropin production.
Table 1.1 below illustrates the national rice prtchn and consumption for the

period 2004 to 2010.



TABLE 1.1: RICE PRODUCTION AND CONSUMPTION IN KENYA 2004-2010

Kshs.)

Year 2004 2005 2006 2007 2008 P009  [010
Area (ha) 13,322 15940 @ 23,106 16,457 16734  [1,829 [20,181
Production
50 Kg bags 085,801 1,158,829 1,296,811 954,118 6287, |844,036 | 889,357
Tons 49290 57942 @ 64,840 47,256 21,881 42202 | 44467
Average Yield 7400 72.70 56.12 53 26.2 38.7 44
(bags/ha)
Consumption (tons) = 270,200 279,800 286,000 293,7220,000 | 410,000 | 410,000
Imports (tons) 223,190 228,206 196,000 203,000 OOE2, |398,000 | 398,000
Total Value (billion ; 4 0.90 45 25 33 ; 3.33

Source: GoK 2011 Economic Review of Agriculture

The large deficit is therefore met through rice artption that heavily drains the

badly needed foreign exchange. Food security iselhewnot just a supply issue

but also a function of income and purchasing powee low purchasing power

among many Kenyans therefore makes such imported very expensive thus

limiting its availability to the poor. This callsoff low cost rice production

techniques that will ensure better farm returns atelquate food supply to cater

for the local demand.

The advancement in Agricultural biotechmgichas enabled scientist to

come up with a new rice variety commonly referr@é$ the New Rice for Africa

(NERICA), which is seen as a big step in solvingi@e's food crisis (Carét al.,

2006).

According to Food and Agriculture Organiaati (FAO, 2004),

Agricultural Biotechnology refers to the applicatiof scientific research tools to

understand and manipulate the genetic makeup o&n@gs for use in




agriculture. This study adopts the definition abtbchnology as the latest
scientific tool for developing new crop varietieshish can help to improve
agricultural productivity by reducing productionst® and enhancing yields.
There are a number of such tools that are beind tseamprove agricultural
productivity in many parts of the world with thenosmon ones being genetic
engineering, embryo rescue, and tissue culture. INERice was developed by
the use of embryo rescue which involved crossingdpecies of rice; the African
rice oryza glaberrima with the Asian riceoryza sativa. Generally, it is a cross
between an ancient hardy African rice species ahigfayielding Asian species.
Being of different species the resultant embryo Moot have survived naturally,
hence the need to ‘rescue’ the embryo by cultuiing a suitable medium that
allowed its development to a viable plant. The naiton behind development of
NERICA rice was to come up with a type of rice tbatild do well under African
socio-economic and agro-ecological conditions o&dequate farm inputs,
frequent droughts and numerous diseases and pest.

Some of the already proven characteristics of NERIe include better
response to fertilizer, tolerance to low moisturess and higher protein content
(Jones, 2006). Many countries including Ivory Co&snin, Nigeria and more
recently Uganda have fully embraced NERICA rice foth income generation
and household food production with reports thus ifadicating impressive
performance of the new rice (Ateeh al., 2011). KARI in collaboration with

Japanese International Cooperation Agency (JICA)tae SACRED Africa has



been undertaking field trials for the crop in vasgarts of the country including
Bungoma, Teso, Mwea, Nyando and Busia with impvessiesults being
recorded. The yield show an average of 3.5 tonshgein the neighbouring
Uganda compared to the 2.8 tons per ha register@®06 for the conventional
rice in Kenya (Otsukat al., 2006). Successful release of NERICA rice to the
public is eagerly awaited but being a relativelyrtechnology, farmers may first
need some reliable information on the economic oy of the crop before
they change from their traditional rice.

1.2 Problem Statement

About 67.1% of the population in Nyando consistsmofll scale farmers “stuck”
on traditional farming methods that earn them agnmonthly income of less
than KSh 2500, (Hellert al., 2010). Going by the prevailing rates of morentha
KSh 85 per US dollar, 67.1% of Nyando farmers agéow the World Bank
poverty line of US$ 1 per day. Some of the cropsmmmmnly grown from which
Nyando farmers generate their income include comweal rice, maize and
sorghum.

The frequent harsh weather conditions such as $loadd droughts, high
incidences of crop pests and diseases as well ad tkegradation are
overwhelming the prevailing farming systems henagsening the already low
agricultural productivity and poverty among Nyanf@omers. Low productivity
especially in crops such as rice has lead to massoe importations, thus

depleting the scarce foreign exchange which wotieravise be used to import



say machinery that could spark the countries indiligiation and poverty
reduction. The government has in the recent pagporeled to the need to
increase rice production and improve fight povantyhe rice producing areas by
reviving rice producing irrigation schemes incluglilVest Kano and Bunyala.
This has however not alleviate the problem as ggusrstill high and domestic
demand rice is yet to be met with the country inipgrabout 90% of the rice
consumed in the year 2010, (GoK, 2011).

According to Carl et al., (2006), Africa’s poverand food insecurity can be
addressed by embracing Agricultural biotechnologycereal crops. There is
however, very limited information on the economigeriority of the various
agricultural biotechnologies over the type of famgipresently practiced in
Nyando District. Without adequate information onwhthe new agricultural
biotechnology could positively impact on their inoes, farmers would have no
motivation to change hence will continue engagimghieir traditional practices.
This study therefore was to determine the potemtigact of NERICA on farm
incomes given the profitability of the current fang systems and the prevailing
opportunities and constraints. Information obtaimédigo a long way in guiding
Nyando farmers to make informed farming choices ttwuld increase farm
incomes and alleviate poverty in the District.

1.3 purpose and Objectives

The purpose of this study is to evaluate the p@kmhpact of NERICA rice on

farm incomes of smallholder farmers in Nyando Destin Kenya.



The specific objectives are:

1.

2.

3.

4.

To identify opportunities and/or constraints facifagmers in Nyando
district

To evaluate the profitability of the maize, sorghwaonventional rice and
NERICA

To assess the competitiveness of NERICA rice inganmson to maize,
sorghum and conventional rice enterprises givenptieeailing resource
constraints.

To evaluate the potential impact of NERICA rice famm incomes in

Nyando District.

1.4 Hypothesis tested

The following hypothesis was tested:

1.

There is no difference in gross margins among the €rop enterprises

comprising maize, sorghum, conventional rice andRNEA

. NERICA will have no impact on farm incomes amongerifarmers in

Nyando District

1.5 Research Question

1.

2.

What opportunities and/or Constraints face ricemfns in Nyando
District?

Is NERICA more competitive than conventional riceize and sorghum?

1.6 Justification of the Study
This study established the comparative economitipoNERICA relative to the

common crops and the potential impact of introdgcih (NERICA) into the

prevailing farming systems. The information obtdine important in guiding

8



choice of enterprises and resource allocation niyt @among Nyando farmers but
for government, extension agencies and researahkes Data on constraints will
help in focusing development efforts on key isstieg limit the ability of the
people of Nyando to increase farm incomes and eegowerty. The information
on profitability and competitiveness of the varicersterprises will on the other
hand help farmers choose which crops to producehamdmuch of each in any
one given season.

With the right attention to prevailing constrairded opportunities, farmers in
Nyando will unlock their agricultural productivitgotential, earn more income
and reduce poverty. In so doing, more rice will deailable for domestic
consumption hence reduce or eliminate the highinngertation bills that deplete
the country’s foreign exchange. Availing more adfable rice will also make food
more accessible to poor households hence improwsti fsecurity. The
importance of this study cannot therefore be ovelrensized.

1.7 Organization of the Thesis

The rest of the thesis is organized as follows:g@#1a2 covers literature review of
the recent work done in this research area asaseheoretical premises on which
the study is based. By comparing the various methoetviously used, the
chapter further highlights the appropriate reseamproaches that should be used
in filling some of the existing knowledge gaps. @Otea 3 provides the
methodology used for this research by providing dbeceptual framework, the

empirical models, area of study and the data dodlecprocedures. Chapter 4



presents and discusses the results of the studys,devenue and gross margins
expected from the four crops are compared withnindes of choosing the most

profitable combination of crops. A number of cortggubased statistical

approaches such as descriptive statistics and Lpregramming are used and the
results thereof explained. Chapter 5 gives the samymand conclusions made
from the results of the study. The chapter in essenakes conclusions on the
hypotheses tested and gives answers to the resgaestions posed in the first
chapter of the this thesis. Chapter 6 providesmegendations aimed at making
agriculture more profitable by suggesting the nagpgiropriate farming systems in

terms of which crops should be grown and how. Tha&pter also recommends
remedial steps against other constraints such wsldeels of awareness and
limited credit facilities. The last section coveReferences and Appendices

respectively.
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CHAPTER 2
LITERATURE REVIEW

2.1 Agricultural Research and Poverty reduction inrural areas
Majority of the population in Africa are poor smdiblder farmers living and

farming in unfavorable agricultural zones such asl and semi arid areas,
(Christin et al., 2012). The call for more supptrtagriculture in most countries
in the sub-Saharan region is therefore warrantbd i§ so because farming is the
main source of livelihood to majority of the popida and supporting it will
mean supporting majority of the citizens. In faatWorld Bank report (2008)
indicates that growth in agriculture is vital fdinsulating growth in other sectors
of the economy.

Norton (2004) supports “the agriculture foevelopment” argument by
indicating that unlike manufacturing which is fouta reduce poverty only in
urban areas, an improvement in agricultural pradifgtreduces poverty in both
rural and urban areas. The study also points @dititiereased agricultural growth
was not only important in reducing rural povertyt lthat it is in fact, more
effective than industrial growth in reducing ur@wverty. One way of increasing
agricultural growth and farm incomes is by adoptmhnsuperior technologies
(Prakash et al., 2009). It is therefore importamt&griculture based countries to
invest in research aimed at delivering superioicafjural technologies in order

to enhance income generation and reduce poverty.
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2.2 Constraints affecting smallholder farmers’ abiity to benefit from new
technologies

Though agricultural research has benefited farnmsrd consumers in many
regions of the world, Bellon (2006), noted that mm@aoeor farmers in developing
countries have not shared in the benefits. AccgrttnBellon, one of the reasons
for poor farmers missing out on research bene$itsheir location in difficult
environment characterized by unreliable rainfalbop soils, heterogeneous
topography, and lack or poor infrastructural féig8 such as bad roads, limited
credit facilities and lack of irrigation facilitiegn addition, Aina (2007) identified
lack of adequate information on the available sipaechnologies as one of the
reasons why poor farmers usually miss out on timefits of research. Where the
new and superior technologies are comparativelyemexpensive than the
existing less productive technologies, lack ofatelie produce markets can also be
a discouraging factor to adoption (GoK, 2007).

It is therefore clear from the foregoing discusstbat although technological
change is beneficial to farmers, there are someenlyidg constraints which
should be addressed if small scale farmers arernefli from such technological
advancements. The superiority of each technologyldghtherefore be assessed
against the prevailing farm level opportunities aahstraints. In summary, the

prevailing socio-economic circumstances shouldakert into account.
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2.3 Agricultural Biotechnology: Is it innovative erough for Smallholder
Farmers?

Modern agricultural biotechnology, which F.A.O (20Qdefines as “a range of
different molecular technologies such as gene nudatipn and gene transfer,
DNA typing and cloning of plants and animal” is igicritically evaluated and
advocated as a tool to make crop research berwfit farmers in marginal areas
(Mauricio 2006). As mentioned earlier, small holdermers have unique
constraints that require really innovative techgae to overcome. In general
terms, Dillen et al., (2008) defined an innovati®ehnology as a marketable good
which allows farmers to surmount an agriculturalgem. The question that has
persisted on many peoples’ mind therefore is whidifegechnology is innovative
enough to handle these unique smallholder farntenstraints.

According to Gomez-Barbero (2006), farm-level paddility of biotechnology
crops is a function of some key variables such as:

« Differences in yield (Bt crops are expected tduee yield losses attributed to
pests);

» Reductions in insecticide costs (some Bt cropseapected to reduce insecticide
use);

* Reductions in weed management costs (HT cropsgpected to save costs
through simpler and more flexible weed managemegitres based on a single or
few herbicides);

« Differences in seed prices (GM seeds are moreresipe than conventional

counterparts);
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Given that biotechnology has the potential to dffiesth the cost and output
components of the production equation, farmers @oictymakers alike need to
understand the net effect of biotechnology adoptiorparticular, it is crucial to
determine whether biotechnology is innovative eiotm surmount production
constraints and deliver higher net returns to dmédler farmers. In search for an
answer, several studies have been undertaken,baéveloping and developed
countries and among small and large scale farrBergeret al., (2008) show that
modern agricultural biotechnologies, including Géeradly Modified (GM) crops,
have demonstrated high potential to provide sigaift benefits for developing
countries Such potential has been observed in China and Widere most of the
Bt cotton production is by small-scale farmers. &cipstudies in these countries
have shown that farmers benefit significantly fraaopting the Bt. technology
especially in terms of reductions in pesticide asd higher effective yields. On
average, Bt adopting farmers were found to reglzsticide reductions of about
40%, and yield advantages of 30-40%, while pradihg were estimated to be US
$60 per acre (Crost et al. 2007). Where nationwidrefits of biotechnology
adoption are to be evaluated, the extent of benefdy sometimes be affected by
the importance of the crop to the farmers and éwell of adoption. This was
observed by Demont et al., (2006) that reportedaselgains of between 0.8 and
16 million Euros in Hungary among three crops ngnielnsgenic maize, Sugar
beet and Oil seed rape. Adoption of biotechnologyai crop that is more

important in terms of size of production was fouadyive more welfare gains to
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the nation than its counterpart which is grown desser scale. Falck-Zepeda et
al. (2000) did an early attempt to estimate theneaac surplus generated by HT
soybean the year after its introduction in the WP{7). A two-region model was
used (US and Rest of the World) to estimate ecoa@uiplus generated for the
1997 season. Data source was limited to a small i@@resenting about 15% of
the total US soybean production. Total world susplaries between €884 million
and e364 million, depending on the assumptions t@edS supply elasticity. In
all cases, US farmers adopting the HT technologyturad the highest share of
total welfare created (76% of Euros 884 million &8% of Euros 364 million).
Though rice is rapidly gaining popularity in the oW of East Africa,
government’s statistics indicate that maize id $fie most important crop in
Kenya (G.0.K. 2007). Given the importance of makkARI has been conducting
trials on Bt maize in collaboration with the Intattonal Maze and Wheat
Improvement Center (CIMMYT). Trial data show that bdopting the insect
resistant Bt maize, Kenya stands to gain econonmgligs of $ 208 million over
25 years against a cost of $ 6.76 (De Groote £2@03). In addition to the direct
economic benefits, there are also environmentaéfiisrthat biotechnology has
potential to deliver. Increased adoption of geradiycengineered crops has shown
a significant effect in reducing the effective ambwf pounds of herbicides
applied in corn and soybean fields, (Alexandrd.e2808).

There are however, other cases where the sameclnaiegy application has

shown different results under small and large sfaataing conditions. Taking the
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adoption of Herbicide tolerant soybeans for examplernandez-Cornejo et al.
(2002) did not find statistically significant difeences in profits between
genetically modified and conventional soybean faswme the US. It was however
observed that adopting the HT soybean increasedefat profitability by an
average of 19 Euros per hectare in Argentina, sgoteng an increase of 8.5%
over the gross margin obtained by conventional saglfarmers. It also emerged
that the increase in gross margin was higher fergtioup of smaller farmers than
for larger farms in Argentina (Qaim et al., 200%his may be due to higher
efficiency among smallholder farmers.

Despite the apparent potential benefits, therecareerns with respect to the
sustainability of such benefits over time. It isarfed, for example that pest
populations might eventually become resistant tq Bgspecially when refuge
strategies are not enforced, as is often the casemallholder agriculture.
Moreover, secondary pests that are not controlle&tb might turn into primary
pests (Wang et al.,, 2006). Both factors could peay entail diminishing
pesticide savings and yield advantages over timadtlition, given that most GM
crops so far have been commercialized by privateosenultinationals, there are
fears that monopolistic market structures mighteasingly prevail. This could
lead to excessive prices being charged for biotaloigically produced seeds,
resulting in lower farm profits and restricted teology access, especially for
resource-poor farmers (Lalitha, 2004). Relatedht gower of multinationals is

the question of distributional equity. Concerns éhdveen raised regarding
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distribution of benefits arising from adoption oioBechnology. The question of
distributional equity is especially important noays since wealth distribution is
becoming an important measure of economic develapmeany society. Many
opponents of biotechnology have argued that muitinal seed companies will
take all, if not most of the benefits arising frdmotechnology. They argue that
biotechnology companies will use their monopoligtawvers to price products in
a way that makes the cost of crop production hirggreby lowering farm profits
as well as raising food prices. Such a scenarioldvoyure both farmers and
consumers economically. But empirical evidence sasbemont et al (2006)
revealed that 52 to 70% of these benefits go tméas and consumers while the
rest go to the seed companies.

Most of the studies on the impact of biotechnolagdicate more benefits than
cost. There are however, some concerns that dreuttito measure, for example
some people have raised questions regarding theaktorrectness in modifying
the God created organisms. Such may not be exlalyshiandled since they are

beyond the scope of this study.

2.4 Assessing the Impact of Biotechnology among Slinscale Farmers:

Given that a particular technology may have diffiérempact on different
communities depending on the unique socio-econoroiaditions facing the
community in questions. There for the conclusioredenabout the impact of
Biotechnology are highly dependent on the methogksd uSydorovych et al.,

2007). Whereas some studies that have focused errthironmental impacts
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(both negative and positive), some have restrithedhselves on the measurable
monetary benefits. In Kenya for example, De Groeteal, (2003) used the
economic surplus approach to estimate the potebeakfits of adopting Bt.
Maize in Kenya. His choice of maize was well infeasince it is one of the very
important crops in the country. By using the ecoiwosurplus, De Groote was
able to estimate how much the country as a whaledstto gain by adopting the
Bt. maize. Policy makers at national level woultbfisuch information important
for developing nationwide strategies but for farsnghe most important unit of
analysis is his or her farm business. Given tkeeising demand for bottom- up
approaches to technology development and adoptio®, economic surplus
model, which does not give farmers specific infotiota may not be the most
appropriate.

In appreciation of the fact that biotechnology nmaye both marketable and non
marketable impacts, Scatasta et al., (2004) cordbew®logical and economic
models to assess the sustainability of both GMO rasmd GMO farming taking
into account the economic and environmental asp&aatasta’ study however
does notput any figures to the expected welfare changenly described the
various crop farming systems as being preferaliegmable, regular, poor and
unacceptable. In order to develop a more convinaiage for or against
biotechnology, it is important that stakeholders ipéormed of the likely
guantitative gains or losses associated with thes nechnology. This is

particularly important in biotechnology since fammeare already using
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conventional technologies for which they know thalue of benefits. They
therefore need figures expected from biotechnoltmgye compared with the
current farming practices in order to make inforrschdices.

IFPRI (2000) applied Net present value techniqoesm tits comparison of costs
and benefits of research. Though this takes intowat the time value of money,
it may not appropriately apply to a situation whandividual farmers did not
directly contribute resources towards research .fiHuwlthermore, rate of return
may not be easily understood by the common farmpolicy maker with little or

no knowledge in economics. According to Smale €2@07), some fundamental
aspects that should be tested in economic impadtu&yon include changes in
yield, amounts and costs of inputs and profits.ebtimating the impact of
research on poverty reduction in Malawi, Alwang'at (2003) estimated the
potential change in farm incomes due to technolgihange. A farm income
model was applied in which change in incomes wemmohposed as coming from
cost reduction, yield increment, and price changgsentially capturing the
parameters suggested by Smale. To a profit motvamall scale farmer,
information regarding inputs costs, yield and grdfinamics is of essence.

Most of literature and government strategic plaasehconsistently identified
resource limitations as a major obstacle in smedlles farming. The resource
limitation has often been worsened by the fact thatlst small scale farmers
engage in multiple farming enterprises simultangoughis has sometimes made

farmers to allocate too little resources to eactergnise, there by loosing on
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economies of scale and suffering loses. It is foeee crucial that impact
assessment tools be tailored to capture this temdition of resource limitation
and multiplicity of farming enterprises. In mostses, farmers and policy makers
need know the most profitable way to allocate tteece resources.

Kalentiz et al., (2003) used linear programminglébermine the most profitable
resource allocation in broiler enterprises in Gee@bile Kearnev (1994) used the
same approach for pip fruit orchard. The two stsidigist like many other
resource allocation studies looked at how muchitpwoll be realized if resources
are allocated as suggested from the results oflitlear programming. The
farmer/entrepreneur will however not only be ingted in total net profit, but in
change in such net profit on changing from one rente mix to the other as
well. Where we already have some form of farmingtesyn and enterprises in
place, and a new enterprise has potential of heingduced, it is important that a
linear programming analysis is done on the exiséntgrprise to establish what
their total profit would be under optimal resouredocation before being

compared to what would be new profit with introdactof the new enterprise.
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 The Conceptual Framework:
The study conceptualized farmers as consumkisgricultural technology

with the objective of maximizing farm incomes bylueing costs of production,
increasing yields and improving quality of theirogduct. As farm income
maximizers, farmers are expected, to choose tkenalive technology that gives
them highest farm income. The effective adoptiom ofew technology is further
conceptualized as a behavioral response where farmaéonally evaluate and
chose different technologies based on the produatiouts at their disposal. In so
doing, farmers also put into consideration the @ilexg socio-economic and
agro-ecological conditions (constraints and oppuoties). This study assumed
that farmers put the following prevailing conditgoimto consideration:

» The agro-climatic requirements,

* Input requirements,

* Market potential

» Government policies and regulatory framework.

* The available farm level resources (land, labopitad.
In this case, agro-climate encompasses soil typgerwequirements, temperature,
humidity and pests and disease levels. For thegserpf this study, a given piece
of land only qualified as being available, if it htlee agro-climatic requirement of
the new technology ( which in this case is NERI@AY/or the existing farming

practices (Maize, Sorghum and Conventional ricedveenment policies and
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regulatory frame work is relevant due to the cordgreies surrounding
biotechnology. Important here is whether the paldic type of biotechnology
under study has been allowed for commercializationot.

After considering the prevailing conditions, a nexhnology is then assessed
against the existing practices to determine wheatheractually superior. In case
there is potential for positive change in farm imey farmers respond to the
availability of such superior technology by alldngt more resources to it. This
means changes both in the total farm income andellaéive contribution of the
various enterprises to the total farm income.

This interaction is illustrated in the figure below

FiG 3.1: CONCEPTUAL FRAMEWORK

( Physical Environment W
(Climate, Soils, Pests)
A 4 L J

A

Agricultural Policies Farmers’ characteristics,
(commerecialization and/or (Available land, labour,
non commercial [T T capital; Education, the
technology, land policies) existing farming

A 4 practices

New Agricultural technology
(E.g Biotechnology)

T

[ Increased Yields ][ Improved Quality ] [ Reduction in Costs]

\ 4 v ) 4
[ Increased household Farm Incomes ]
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3.2.0 Empirical Models:

From literature, it was clear that farmers are ipaldrly concerned with input
costs, yields and profits. But to capture this,eaeshers must take into
consideration some salient features such as resaarcstraints and the fact that
farmers engage in multiple enterprises at any omwengtime. In order to
incorporate the two requirements, this study usen rhodels, namely the Farm

profit model and the linear programming model.

3.2.1 Farm profit model:
The study used the profit function as suggebte Chiang (1984). The model

was used to estimate farm incomes (economic behefgsociated with maize,
sorghum, and rice. The profit model has revenustscand gross margin as its
components. Revenue and costs are the indepenaiesibles while gross margin
forms the dependent variable. Both revenue andscax® functions of total

output (Q) as indicated below:

Profit is estimated as the excess of revenuesanats, thus:

Profit () = R(Q) — C(Q).

(3)

The profit given the expression in equation 3 s éxcess of total revenue over
total costs for one enterprise. This is a generahfthat is applicable to all sectors

whether farming or not. For farming activities itwiag changes in acreage and
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yields in more than one farming enterprise, Alwar{@003) specified the
particular components forming both revenues antscisown with the following
expression:
;i = AYiP -ACi
............................................................................................... (4)
Where m; is profit (gross margin) from the™i farm enterpriseA; is acreage
allocated to the'l enterpriseY; is yields per acre of th&'ienterpriseP; isthe per-
unit price of the " enterprise, an@; is the per-acre costs of productionY®
therefore represents the total revenue componeite WIC; captures the total cost
component of the profit function. The Total profiom all the considered
enterg?ises may therefore be expressed as:
nr :_21 AYiP -AC

i=
For most farmers, it is difficult to precisely detene all the specific costs
incurred from agronomy to marketing. This is beeasimall scale farmers tend to
combine farm business activities with nonfarm atés. To exclude the nonfarm
activities and related cost from the direct farnivéiees, the total cost function
described in equation (2) above only considereddibect costs associated with
production up to farm gate level. The revenue @endtiner hand was arrived at by
determining the product of output and farm gateeg(output * farm gate price).

The implication is that the study focused on grosmgin rather than the net

profit. The difference between the two is that velaar net profit considers both
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the direct and indirect costs, the gross margiry aansiders the direct costs
incidental to the production process. Thus:

Gross Marginng) = R(Q) — G(Q), where G(Q) is the total cost up to farm gate.
The profit function as presented above is limitadthe sense that it does not

capture the resource constraints facing farmeasmers may not always have all

the resources they need in order to maximize th@im incomes. Another
weakness of the farm profit model is that it tetmlsletermine the profitability of
the various enterprises separately. Most farmengekier engage in more than one
farming enterprise simultaneously thereby distiimytthe limited resources
among a number of enterprises. In order to detarrthe competitiveness of the
various farm enterprises and the potential changgoss margins resulting from
technological change and optimal resource allonatibis important to capture
the prevailing farming systems and the resourcestcaimts facing farmers, thus

the need to use linear programming.

3.2.2 Linear Programming:
Linear programming is a planning methodolaged in optimization of an

objective function given relationships of factors production and their

constraints (Loukakis, 1994). In the case of Nyafatmers, the study will use
profit maximization as the objective function to maximized, thus the need to
estimate profit by use of the farm profit model eTltinear Programming model is

required for purposes of simulating the comparatdeantage of the various

25



enterprises in situations where a resource constilaiarmer is engaged in more
than one enterprise.

For multiple enterprises, Kalentiz et al., (2008ygests the linear programming
algebraic expression of the form:

Max. GX1+CoXo+...... +CXn (Objectiviainction)

S.t

aqXitaXo+ ... FaXn= by )
BiX+8Xo + ...+ aXn =Dy
.................. > (Constraints)

8miXy + anXe + . . .+ @nXn=bm .
X1, X2. .. % =0 (Non negativity requirement)

The study will adopt the above expression by lingtithe choice variables to
maize, Sorghum, Conventional rice and NERICA ritlee objective function on
the other hand has the profit estimated by groggimérst) as the component to

be maximized. The problem is therefore specified as

Max. et = g1X1 + TeoX2 + TeaX3 +rcaXy (Objective Function)

s.t

LiX1+LoXo + LaXg + Luxa < Lt (Land congtitai
K1X1+Koxo + KaXat+ Kgxs < K (Capital Constraint)

X1, Xz, Xgand X% >0 (Non-negativity constraint)
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Where:

nigT IS the sum of gross margins from the four entsgsriwhilenc; g2, g3 and
mc4 represents thenterprise gross margins coefficients for maizeghsem,
conventional rice and NERICA respectively.

X1, Xg, X3 and X represents the number of acres under Maize, Sorghu
Conventional rice and NERICA respectively.

L and K represent the units of land and capitgbeesvely, required for one acre
of an enterprise. One acre of each of the ent@prsquires one acre of land. The
L in the land constraint expression will therefaage the value of one (1) all
through. The L may therefore be removed withoutngirag the validity of the
land constraint, but will be retained for purpo$eansistence in the expression.
To determine the competitiveness of the four crofemprises, the study used a
linear programming analysis with all the four cr@¢psize, sorghum conventional
rice and NERICA rice). The crop that contributeght@st income is regarded as

the most competitive given the resource constrdatisg farmers.

To determine the potential change in farm inconths, study estimated the
amount of extra income expected after the intradodNERICA over and above
what the farmer used to get from the three ent@prilmaize, sorghum and
conventional rice) before the introduction of NERICThe resource base of the

farmer was held constant in the two scenarios.
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Assumptions of the linear programming model:
» Certainty: that the parameter values are known edttainty.

* The objective function and constraints exhdmhstant returns to
scale.

» Additivity: no interactiondetween the decision variables.

* The Continuityassumption: Variables can take on any value within

a given feasible range.

* Multiplication assumption: that an activity can beded to or
subtracted from the objective function without intug start up or

close down cost.

It is however important to note that it is diffitwr even generally impossible to
adhere to all the above assumptions in their stectse given the dynamism of
farming. The assumption of continuity however die@pplies to smallholder

farming since such farmers tend to subdivide thesources without adhering to
any specific measure. A rice farmer may, for examplant a fraction of an acre.

He or she does not have to plant all units of ajged his/her disposal.

3.3 Area of Study

The study was conducted in the former Nyando [Risimow part of Kisumu

County) in Nyanza Province of Kenya. For the puepos this study and there
being no any new administrative boundaries credtgdhe constitution that
would accurately represent Nyando district as iteaduring the study, this thesis

retained the former administrative boundaries haxmginue to refer to the area
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of study as Nyando district. Nyando district wae @f the 12 districts in Nyanza
Province curved out of the Kisumu District in 198&fore the recent change to
county governance. It borders Kisumu on the weatdito the north, Kericho on
the east and Rachuonyo to the south. The distastehsmall shore line on the
west where it touches L. Victoria. It lies betwdengitude 34’4’ east and latitude
0°23south and %0° south.

Nyando district has total land area of 1168.4kmand divided into five
administrative divisions namely Upper Nyakach, Lowdyakach. Miwan,

Muhoron and Nyando divisions.

TABLE 3.1: ADMINISTRATIVE DIVISIONS OF NYANDO DISTRICT

Division Area No. of | No. of Sub-| Pop. Density (2002)
(km?) | _ (No. of people per KM)
Locations | Locations

Upper Nyakach| 176 6 11 407

Lower Nyakach| 182.6 |8 17 299

Miwan 225.7 |3 14 284

Muhoron 3348 |6 17 210

Nyando 249.3 | 6 17 287

Total 1,168.4 | 29 76 284.6 (average)

Source Republic of Kenya, Nyando District Developmerari(2002-2008).
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Fic 3.2: MAP OF KENYA SHOWING NYANDO DISTRICT
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The district lies in the Eastern part of the lalg@ land surrounding the Nyanza
gulf, much of it in the Kano plains. It can be died into three main
topographical land formations namely the Nandishithe Nyabondo plateau and
the Kano plains. The Kano plains comprise predontlgdlack cotton clay soils
of moderate fertility and poor drainage with thetref the district having sandy

clay loam soils derived from igneous rocks.

The altitude ranges from 1800&:SL in Nyabondo plateau to 1100/SL along

the Kano plains experiencing bimodal rains withgomins coming between
March and May while short rains come between Selpéerand November. The
mean annual rainfall for the district ranges betw&80mm to 1630mm while

temperatures range betweer 2035c.

The district has two major rivers namely Somdiuu and Nyando Rivers. A
smaller river, Awach also forms part of the sowtwater in the district. Nyando
River drains from the Nandi hills where relativéligh rains are received to Lake
Victoria through Kano plains where it is a majousa of persistent flooding. The
Awach River is another source of floods in the atkaugh under normal

circumstances, the two rivers provide water foe gcowing by irrigation.

The climate and soils in the district are suitdblesugar cane growing especially
in Muhoron and Miwan while the swamps along rivBigando and Awach in
Miwan, Nyando and Lower Nyakach are suitable fagated rice farming. Kano
plains are however suitable for cotton growing wfte higher altitude Nandi

hills are good for coffee and dairy farming.
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According to the GoK, Nyando district plan, thetdc has approximately 68,400
households with average household size of 4.4 amd §izes of between 2ha and
10ha. The district still has over 27,550 ha of utated land available for
agricultural expansion with 7,400ha having potdrfba small holder irrigation.
Although Nyando has an apparently high potentiaifoome generation through

farming, absolute poverty in the area is still veigh at 68.9%, (GOK, 2006).

The main food crops for the district are maize,saaa, sorghum and sweet
potatoes while main cash crops are rice, sugarcatn and coffee. Due to the
importance of food, it is very rare to find a famweho only concentrates on cash
crops without any food crop. Maize is usually mixeith sorghum before being

milled into flour for domestic consumption, thustheed to have the two food

crops in the analysis.

Because of the suitable agro-climatic condg#i@and the knowledge of the
local people in rice farming, the district is sbi for growing NERICA rice.
Given that conventional rice is already being grawrthe area, introduction of
NERICA rice is likely to be seen as an improvementthe current farming
activities rather than a foreign technology bemmgaosed on the local people. This
is expected to boost acceptance and success ofO¥ERde in Nyando district.
Nyando district was chosen because of its longhystf rice production and high

Poverty levels.
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3.4 Sources of Data
The study used primary data from three maurces namely Rice farmers,

Lake Basin Development Authority and research tustins. Each of these
sources gave different types of data accordindnéwr areas of specialization and

knowledge. A Summary of data types and sourceséngn table 3.2 below.

TABLE 3.2:DATA TYPES AND SOURCES

Data
Source ]Data
types ]
Data types 1]
l

Farmersil.
Farming
System [][12.
Common
Constraints
facing
farmers]110]13.
Farmers
awareness about
NERICAI[1114

Factors
determining
enterprise
superiority /[

1. Farming
System![][12.
Common
Constraints
facing
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farmers][1013.
Farmers

awareness about

NERICAL 1114
Factors
determining
enterprise
superiority /[
112. Common
Constraints
facing
farmers]10]13.
Farmers

awareness about

NERICAI114
Factors
determining
enterprise
superiority /[
2. Common
Constraints
facing
farmers1113.
Farmers
awareness abol
NERICA[I[1[14
Factors
determining
enterprise
superiority /[
2. Common
Constraints
facing
farmers][11]3.
Farmers
awareness abol
NERICAI114

ut

ut

Factors
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determining
enterprise
superiority /[
11113, Farmers
awareness abol
NERICALI[1114
Factors
determining
enterprise
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From the above data, it was possible to come uih wi
information on the various enterprises practicedhia area,
resource availability and profitability coefficientfor the

various key enterprises

3.5 Sampling Procedure

Two administrative divisions were purposivedglected

with the objective of getting respondents whose omaj

agricultural activity is rice farming. The studyetiefore focused on Nyando and

Upper Nyakach Divisions. Lists of rice farmers time two Divisions were

obtained from the Divisional Agricultural officeh€& study used the two lists, one

from each of the Divisions as the sampling fran®stematic random sampling

was applied to each of the lists to get the 80aedpnts who were interviewed. It

is worth noting here that of the 80 respondentswgte from Upper Nyakach

while 49 were from Nyando Division. The inequaliyrespondents from the two

Divisions was occasioned by the higher number oé rfarmers in Nyando

division list which had 149 farmers compared to Wipper Nyakach Division list

of 94 farmers. Every third person was picked fdenmew. To get the experts’

opinions, three researchers drawn from KARI, LBD#ldhe National Irrigation

Board (Nyando, district) were interviewed sepasatel
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3.6 Data Collection
The process of data collection started with pratgstof the structured

guestionnaire with the assistance of one of thearet assistants recruited from
the area of the study. The research assistantifidensix farmers at Ahero
shopping centre. Though the six farmers were om tfefarm businesses, they
volunteered and answered all the questions in #rendrs’ section of the
guestionnaire. Minor changes were then made omgtiestionnaire to make it
more clear and precise. The research assistan¢salg® advised on how best to

pose the questions to farmers.

Data was then collected by use of structured quasaires administered to 80
farmers. Semi-structured interviews with KARI, NiEhd LBDA researchers

were also conducted to get experts opinion and fréhl data on costs and yields
for NERICA rice. Given that NERICA rice was yetlie commercialized as at the
time of study, the price of conventional rice wasd as proxy for the expected
NERICA price. This was guided by the opinion of tkeearch experts who have

been working on NERICA rice in the area.

In addition to the questionnaire and the semi stned interviews, direct
observations and informal discussions with farnass informed the research in
identifying production constraints and opporturstieThe study made some

deviations from the conventions on the followingrits in data collection:

Labour availability : Contrary to the conventional use of man hoursnfrihe

family as a proxy for the labour at the disposalaa¥ given farmer, the study
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sought to consider the two important realitieshe turrent labour market and

especially among rice farmers in the area of study:

That most of the labour used in rice farming is hired. Though most farmers
are small scale with less than four acres, theg terboth hire in labour when
it is time for attending to their farms and hiret dtlueir own labour once they
are through with a particular activity in their odiarms or as they await for

their crop to reach a given stage that requires #tiention.

Just like is the case in the rest of the courtdgour is readily available for

hire and anybody willing and able to pay will almosttaely get the required
amount of labour. Though most of the rice farmimgvaties requires some
skills and experience, such “semi-skilled” labosr available. This is so
because rice has been grown in the area for yearsrest if not all rural
based people have the necessary skills neededayoplanting, weeding or

harvesting.

Labour at the disposal of a given farmer was tlogesérrived at by estimating the

man hours provided by family members. Each adult jgimysically able family

member was assumed to provide seven man hourapend this applied to both

male and female members. The services of schoaggchildren were assumed

negligible due to holiday tuitions that took modt the holidays including

weekends. Any extra labour used in the farm otihan from family members was

assumed to be hired. Given the Kenyan situatiorreviadour is readily available
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for hire, it would be incorrect to take family lalroas the total labour available.
The study therefore found it more appropriate tmfietize” both the available
family labour and the enterprise labour requirermerntabour was therefore
treated as any other non land expense. To takeo€dne available family labour,

such labour was valued and added to capital alip®sal of the farmer.

CHAPTER 4
RESULTS AND DISCUSSION

4.0 Introduction
This chapter presents results obtained from arsalylsthe various types of data

collected from the field. The chapter further disses the reasons behind the
observed results both from a theoretical view aadsapported by additional
evidence/observations from the field. The first seltion covers profitability of
the four major farming enterprises. The secondsagtion presents and discusses
competitiveness of the various four crops. The igecfirst determines the
different resources at the disposal of the farnm@rsnvestment in the four crops
followed by linear programming which incorporate®gs margins and resource
constraints into the analysis to determine competiess. This is followed by the
production costs of the various enterprises. Tha& ERubsection covers the
Enterprise revenues and gross margins before pghegehe linear programming

results.
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4.1.0: Relative Profitability of Maize, Sorghum, @nventional rice and
NERICA

4.1.1 Production Costs, Revenues and Gross margins
In determining farm income, it is important thakt @bsts incurred be taken into

account.lt was however difficult to determine some of thests with certainty
since some were unique and specific to individwainiers. To reduce the
influence of the indirect costs which may not bdlyfuelated to the farming
activities, the study concentrated on direct cgstserally incurred by most if not
all the producers. These are cost directly attablgt to the production process at
farm level. As far as marketing costs are conceriitesvas found that most
farmers sell the produce at farm gate to the bok®uch brokers then proceed to
either add value through processing (milling) olt as is to other markets or
millers. Some farmers however sell part of theaduce at farm gate while part is
sold at the nearby markets, thus incurring addilia@ost such as transportation
and market levies. The additional marketing castaiin attract a better price for
the produce. To standardize measurement of retorfermers from each of the
three enterprises, the study considered only thecidcost incurred up to farm

gate. Farm gate prices were therefore used indimpuatation of revenues.

4.1.1.1 Production Costs of Conventional Rice
Nyando district is the biggest producer of ricé\iestern Kenya. Many farmers in

this area regard rice as a cash crop and theirebigmpncome earner. In the
production of rice, a number of activities conttéduo the cost of production as

summarized in table 4.01 below:
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TABLE 4.01:DESCRIPTIVE STATISTICS OF THE CONVENTIONAL RICE PRODUCTION COSTS

Descriptive Statistics

N Minimum Maximurr Mean IStd Deviation Skewness

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
Crop Acreage 80 .50 5.00 2.3062 1.1258 410 .269
Ploughing 80 3500.00 7000.00 4918.7500 758.7621 .608 .269
Seeds 80 800.00 1600.00 1169.9375 169.9227 .525 .269
Fertilizer 80 2000.00 4000.00 3176.2500 359.4101 -.166 .269
Pesticides 80 240.00 400.00 296.8750 34.4429 .720 .269
Nursery Pre 80 150.00 450.00 278.5000 70.1012 .532 .269
Irrigation 80 2000.00 3600.00 3042.5000 412.0879 -.585 .269
Transplanting 80 1000.00 3500.00 2073.7500 789.5671 .090 .269
Weeding 80 1000.00 4000.00 2372.5000 885.8915 .014 .269
Bird_Scaring 80 500.00 3000.00 1687.5000 594.7822 522 .269
harvesting 80 2000.00 3500.00 2857.5000 368.2923 -.159 .269
Total P.A Cost 80 17050.00 27050.00 (21874.06 | 2013.8656 .109 .269

TABLE 4.02: CONVENTIONAL RICE COST ITEMS BY PERCENTAGE

Expense Percentage (%)

Ploughing 22
Seeds 5
Fertilizer 15
Pesticides (Bulldock) 1
Nursery Preparation 1
Irrigation 14
Planting 9
Weeding 11
Bird Scaring 8
Harvesting 13

Source: Field data
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From the results, ploughing is the most costly poeduction expense. Ploughing
is mainly done by hired tractors but a few farmase ox-ploughs. According to
farmers, the cost of hiring a tractor is partlyettetined by the accessibility of the
farm relative to nearest road. For better respls,ghing is usually followed by
harrowing at a total cost averaging to Ksh 491& Mbhavy and sometimes water
logged soils make ploughing / rotavation a fairl§ficulty activity, thus the
farmers’ preference of tractors over ox-ploughsofd in cost was found to be
fertilizer followed by Irrigation, harvesting, weed, planting, bird scaring and
seeds in that order. Pesticides and nursery praparare the least in cost.
Fertilizer is mainly bought from retailers either 50Kg bags or two kg tins for
farmers who do not need or cannot afford the 5Gkg Planting is done by hand
and as pointed out by the National Irrigation Boafticer, one acre may be
planted by approximately 13 people for one dayelgtanting, weeding is the
other demanding exercise also done by hand. Thegddly involves uprooting
the weeds by hand because use of any sharp fartenmapts like a hoe would
damage the closely grown grassy-like stems of Hagvesting on the other hand
involves three basic steps; cutting of the ricenstestacking the cut stems and
beating/shaking such stems to separate grains fr@mrest of the biomass.
Unshelled rice is obtained which is then dried aottl to brokers. Farmers are
also free to take the unshelled rice for millingievhis done at the rate of KSh

2.00 per kg. Many farmers however do not take tpdibn since there is a ready
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market for their unshelled rice. Though less stoers compared to weeding,

harvesting is more expensive due to the many psesasvolved.

4.1.1.2 Production Costs of Maize:
Going by the amount of resource allocated to threoma crop enterprises, maize

is the second in importance in the area. It is fgaised for food but sometimes
sold as an alternative source of income. Below takalar presentation of the

various costs involved in maize production.

TABLE 4.03: DESCRIPTIVE STATISTICS OF MAIZE PRODUCTION COST

N Range Minimum Maximum Mean Std. Dev. Skewness

Statistic Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
CROP_ACR 80 2.75 .25 3.00 1.4563 .6460 .586 .269
PLOUGHIN 80 3200.00 400.00 3600.00 | 2746.2500 861.2537 -.946 .269
SEEDS 80 580.00 120.00 700.00 414.7500 137.2974 -.495 .269
FERTILIZ 80 3500.00 .00 3500.00 | 1634.7500 770.3492 -.178 .269
PLANTING 80 1400.00 600.00 2000.00 1077.5000 281.9350 .635 .269
WEEDING 80 1240.00 560.00 1800.00 1173.2500 305.2775 -.018 .269
HARVESTI 80 1600.00 400.00 2000.00 967.1250 334.3847 .569 .269
T.CPA 80 6600.00 4540.00 11140.00 | 8013.6250 | 1426.8007 -.420 .269
Valid N (listwise) 80

Unlike rice, maize has fewer expenses sinceiraber of activities such as
irrigation, nursery preparation and bird scaring aot necessary. Results in table
4.03 above however show that just like in the cafseice, ploughing had the
highest contribution to production costs. This éspite the fact that most maize
farmers plough only once and do not practice hamgwThe other similarity
between maize and rice is that fertilizer came 8é¢0 contributing to production

costs. Other costs were weeding, planting and Bange As can be noted,
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weeding was the fifth most expensive activity icerproduction while the same
takes third position in maize. The actual monetarst of weeding rice is however
about twice that of weeding an acre of maize. Thisecause of the difference in
the manner in which the two crops are weeded. Vseriee weeding involves
hand-picking of the weeds, a hoe is used in weerdiage. This makes weeding
maize faster and less strenuous compared to weedmgthus the lower cost of
weeding the former.

Table 4.04 below shows percentage shares takerthdyvarious expenses
mentioned above.

TABLE 4.04:MAIzE PRODUCTION COSTS BY PROPORTION (%)

Expense Percentage
Ploughing 34%
Seeds 5%
Fertilizer 20%
Planting 13%
Weeding 15%
Harvesting 12%

Source: Field Data.
As can be seen from the diagram below, ploughinthésmost costly activity

followed by fertilizer and weeding respectively.
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FiG.4.03:MAIZE PRODUCTION COSTS BY RELATIVE SIZE
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4.1.1.3: Production Costs of Sorghum
Sorghum is regarded as a hardy crop able to telara&ny of the agronomic

stresses especially drought and low soil fertilityis mainly grown for home

consumption and with no profit orientation, butiaghe case with other crops,
some of it is sold for cash. The limited profit mvet and the assumption that
sorghum is hardy has lead to less attention beand) o use of inputs and as such
most farmers ignore some of the important agrong@ractices that may improve
productivity . It was, for example, evident that shéarmers do not use fertilizer
on sorghum. It was also observed that majorityaofnlers do not buy improved
sorghum seeds from certified agro-input stockistest of the sorghum seed is
bought from the open air market, just the same w@ysumers buy grains for
consumption. The following is the analysis of tharious costs incurred in

sorghum production.
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TABLE 4.05:DESCRIPTIVE STATISTICS FOR SORGHUM PRODUCTION

N Minimum Maximum Mean Std.Deviation Skewness

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
CROP ACRERAGE 68 25 4.00 .9559 4404 4.751 201
PLOUGHING 68 800.00 3000.00 | 1941.1765 | 447.6257 016 291
SEEDS 68 .00 600.00 | 306.0294 | 105.9448 -.060 291
PLANTING 68 400.00 1500.00 | 943.3824 | 265.5471 -232 291
WEEDING 68 500.00 1600.00 | 1152.5000 | 280.0393 014 291
HARVESTING 68 500.00 1600.00 | 870.2941 | 263.1836 802 291
TCPA 68 3700.00 6800.00 | 5213.3824 | 568.9965 164 291
YIELD-BAGS/ACRE 68 2.00 5.00 3.4485 8514 -.003 291
UNIT PRICE 68 700.00 1500.00 | 1017.6471 | 172.5067 817 291
REV. /ACRE 68 1600.00 6000.00 | 3491.9118 | 1011.1177 670 291
GROSS MARGIN 68 -4100.00 850.00 | -1721.47 | 1133.9737 124 291
TOTAL_EN 68 -4100.00 850.00 | -1556.62 | 1095.2348 .004 291
Valid N (listwise) 68

A summary of the various activities and associatedts incurred in the

production of sorghum in the area of study is gibetow. The table gives the
average percentage costs of the various expemss. ite

TABLE 4.06: SORGHUM PRODUCTION COSTS

Expense Percentage
Ploughing 37%
Seeds 6%
Planting 18%
Weeding 22%
Harvesting 17%

As can be seen from both the analysis and sumndatadge above, ploughing
accounts for the highest proportion of farm levedduction cost. This could be
due to the limited tractors and ox-ploughs coupléti the fact that most farmers
start ploughing at the same time, thus exertingenpressure on the available
ploughing facilities. Weeding which is normally doonce and by use of hoes

comes second in cost. This is in line with the exg@gon since compared to

50



planting and harvesting, weeding requires morenatie, thus take more time per

unit area.

4.1.1.4 NERICA production costs of NERICA
Table 4.07 below shows the different costs incumneitie production of NERICA

TABLE 4.07:PRODUCTION COSTS FOR THENERICA

Rice Production Costing Per acre
ITEM \ COST (KSH)
Land preparation
Ploughing 1875
2" ploughing 1355
Harrowing 1250
Sub total 4480
Planting and disease control
Drilling 670
Seed 75kg 750
Fertilizer 1500
Insecticide 405
Sub-total 3325
Weeds and Bird Control
Weed Control 90 MDS 7235
Bird Control 3000
Sub- Total 10235
Harvesting

Cutting & stacking 25MDs 2125

Total 20160

Source: Field trial data (Lake Basin Developmenthauty, 2007).
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Important to note here is the absence of the @bstigation in production of
NERICA. This however does not mean that irrigathi§RICA will necessarily
cause damage. Incase NERICA is to be grown whénéalais not sufficient to
produce a good crop of maize, then irrigation mayabvisable depending on the
level of moisture available. In terms of relaticeagnitude, the various costs
incurred in production of NERICA are presentedigufe 4.05 below.

FiG.4.05:NERICA ProbucTION COSTS

W Land Prep.
M Drilling

m Seed

M Fertilizer
M Insectcides
m Weeding

M Bird Control

M Harvesting

TABLE 4.08:DESCRIPTIVE STATISTICS FOR NERICA PrRODUCTION COSTS AND REVENUE

N Minimum Maximum Mean Std. Deviation Skewness

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error
T.CP.A 22 20160.00 20160.00 20160.00 .0000 . .
YIELD/ACRE 22 14.22 27.26 21.6566 3.1289 -.650 491
UNIT PRICE 22 2120.00 2120.00 | 2120.0000 .0000 . .
REVENUE/ACRE 22 30151.11 57789.63 45911.92 | 6633.2906 -.650 491
G.MARGIN/ACRE 22 9991.11 37629.63 25751.92 | 6633.2906 -.650 491
Valid N (listwise) 22
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From figure 4.05 aboveyeeding constitutes the highest cost. This showseso
dissimilarity in agronomic practices between NERI@Ad the conventional rice.
Whereas farmers weed conventional rice once, NERI€4uires two hand
weedings. Land preparation still features amongntlost costly activities as it
come second in the production of NERICA. One ofreesons NERICA is being
promotes is that it is more suitable to the podlssand the low fertilizer use
characterizing farming in Sub-Saharan Africa. Timéhis claim, field trial data in
table 4.08 whose relative percentages are presamtiéglire 4.05 show that the
cost of fertilizer comes fifth in production of NEERA and it accounts for only
7% of the total cost. The crop therefore fairs wiellfertilizer requirement
compared to conventional rice and maize whoselifentirequirement accounts
for 15 and 20% of the total costs respectively. 2886 of the total cost of
producing an acre of NERICA, land preparation (glung and harrowing) has
consistently ranked high in all the crops. Thislddae an indication of the limited
availability of farm machinery in the area. It malgo be due to thdifficult-to-
plough soils that characterize most parts of Nyandoidtstr

Some farmers participating in the NERICA field Isipointed out that birds seem
to like the crop more than any other rice vari&ych a statement also appeared

on SACRED Africa’s website wiww.sacredafrica.orgAccessed October 1

2007) where one farmer, asked to comment on thetyjod NERICA, reported
that NERICA was so sweet that even birds had likedore than other types of

rice thereby causing serious damage to the crop.bifds’ damage was found to
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Ksh

be of economic significance in production of NERI@#h 15% of the total cost
going to bird control which is done through phy#icacaring ways the birds by
casual labour.

Comparison of production costs for the four crops

The cost of production is an important determiradrenterprise choice, especially
in a community with low resource base such as fesmmeNyando district. High
cost of production may make a given enterprise fonddible hence lock out
interested farmers.

FiG 4.06:CosT COMPARISON AMONG CROP ENTERPRISES
25000
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It is important to note here that though most gotil produce, conventional rice
still receives more attention than most of the srgmwn in the area. Taking land
for example, conventional rice takes up to 52%hef kand available for cereal
growing in this area. This represents more lanch thath maize and sorghum

combined. Favourable attention enjoyed by riceherdéfore mainly due to its
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superiority in income generation rather than afédmitity in terms of resource

requirement.

4.1.2.0: Enterprise Revenues and Gross Margins
In every enterprise, the gross margin realizechieyfarmers is directly dependent

on costs and revenue from sales. Revenue is, ariltke hand dependent on yield
and the price at which the commodity is sold. Titeriactions in yield, price and
gross margins for each of the four crops coverethénstudy crop are presented

and discussed in the following subsection.

4.1.2:1: Revenues and Gross Margins for Conventioh&ice
Conventional rice was found to generate an avegages margin of Ksh 29,700

against revenue and cost of KSh 51,574 and KSI¥21p8r acre respectively.

TABLE 4.09:GM, TCPA, YIELD AND PRICE CORRELATION ANALYSIS FOR THE
CONVENTIONAL RICE

G.M TCPA YIELD UNIT PRICE
Pearson Correlation G.M 1.000 -.282 .834 .453
TCPA -.282 1.000 -.022 =277
YIELD .834 -.022 1.000 -.086
UNIT PRICE 453 -.277 -.086 1.000
Sig. (1-tailed) G.M . .006 .000 .000
T.C.P.A .006 . 424 .006
YIELD .000 424 . .225
UNIT PRICE .000 .006 .225 .
N G.M 80 80 80 80
T.C.PA 80 80 80 80
YIELD 80 80 80 80
UNIT PRICE 80 80 80 80

G.M = Gross Margin, TCPA= Total Cost of Productpmer Acre
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The high gross margin is mainly due to its supésian yields compared to the
other three crops. The importance of yield on groasgins can be seen from the
correlation analysis presented above (Table 4.0Biclwindicates a strong
positive correlation between yield and gross magiAnother variable that
showed a positive correlation with gross margin wase per unit (75kg bag) of
rice. The correlation between price and gross masghowever weaker than that
of yield and gross margins. Improving yield mayréfere have a higher income
enhancing capacity than would an equivalent inegage.

The analysis however, revealed some unexpectedtgeatere the cost of
producing an acre of rice is negatively correlatgth both yields and Price at
which the crop is sold. Ordinarily, it would be egbed that the higher costs
imply more inputs and higher yields in return. Epparent anormally could point
to some form of inefficiency both at farm levelisittes and in marketing. It is
possible that some farmers are not adequatelynrddrabout the most efficient
and economical ways to acquire inputs and sell fieiduce. This may lead to
higher input costs and lower prices for the prodégeother possible cause could
less personal involvement of the farmer in bothdpation and marketing of the
crop. The casual employees may sometimes take &dye@anf the absence of the
farmer and engage in less efficient ways of pradacsuch as over pricing of the
inputs or generally not bargaining for better fayate prices. The low yield on the
other hand may have resulted from misappropriatibsome of the purchased

inputs by reselling or using on other crops, bubrding them as having been
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used in rice production. This could deny crops lecessary levels of nutrients
leading to lower yields. Though the above scenatmsd occur in a farming
system characterized by high levels of hired lakasuis the case in rice farming,
the study did not focus on such issues; hence miooaty is attached to the
suggestions. The phenomenon however warrants fuidhe more targeted
investigations to uncover the underlying probleniBelow is a graphical
presentation of the relative magnitudes of CostyyelRae and gross margin per
acre and the average gross margins from the whode enterprise. This last
component captures the average size of rice fanntisei area and its importance
lies in the fact that it gives an indication of tlreome generation capacity of
conventional rice in the area.

FiG 4.07:CosT, REVENUE AND GROSSM ARGINS FOR CONVENTIONAL RICE
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Note:
Gross margin (¥ last bar) refers to Gross Margin per acre whiléeEprise G. Margin refers to the gross
margin for the whole rice farm
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The above figure is a diagrammatic presentaticth@icost-benefit analysis in the
production of conventional rice. The Gross margiacond last bar from left) is
equal to Revenue per acre (second bar) minus Garstagre (first bar). The
enterprise gross margin (last bar from the left) tlee other hand is gross margin
per acre multiplied by the number of acres plamtiedce. Given a per acre gross
margin of Ksh 29,700, the whole enterprise grosggmaof Ksh 66,261 indicate

an average farm size of 2.3 acres.

4.1.2.2: Revenues and Gross Margin for Maize
Being one of the crops most grown in the countrgize plays an important role

in shaping the welfare of many subsistence farmafsrmation on net returns
from maize production is therefore crucial in makidecisions on any new
enterprise. Field data indicate that revenue pex @nged from Ksh 3,900 to Ksh
21,000, while gross margins ranged from Ksh -5,#bRsh 12,100 with a mean
of Ksh 1,370. The high instability in both revenussd gross margins among
different farmers may be due to lack of profit mes characterizing maize
farming in the area. Such subsistence approach disypurage farmers from
paying adequate attention to the recommended agricruractices. With little or
no attention paid to recommended practices, eaatefacomes up with their own
field standards hence highly varied and generallydverage yields.

The following table shows the average costs, rezeand gross margin
characterizing maize production in Nyando district.
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TABLE 4.10: AVERAGE COSTS, G. M ARGINS AND REVENUE FOR M AIZE PRODUCTION

Descriptive Statistics

N Minimum Maximum Mean Std.Deviation
Statistic Statistic Statistic Statistic Statistic
Crop acreage 80 .25 3.00 1.4563 .6460
Ploughing 80 400.00 3600.00 | 2746.2500 861.2537
Seeds 80 120.00 700.00 414.7500 137.2974
Fertilizer 80 .00 3500.00 | 1634.7500 770.3492
Planting 80 600.00 2000.00 | 1077.5000 281.9350
Weeding 80 560.00 1800.00 1173.2500 305.2775
Harvesting 80 400.00 2000.00 967.1250 334.3847
T.CPA 80 4540.00 11140.00 | 8013.6250 | 1426.8007
Yield 80 3.00 15.00 6.5875 2.2485
Av. Price per unit 80 1050.00 1750.00 | 1428.1250 156.2706
Amount 80 3900.00 21000.00 | 9383.7500 3332.8892
Gross Margin 80 -5450.00 12100.00 | 1370.1250 | 3482.1743
Valid N (listwise) 80

The capacity of any agricultural enterprise to gatee income is directly
determined by the costs, yield and output priceraymmther indirect factors. It is
therefore important to understand the relative irfgpwe of each of the three
factors affect the gross margins of an enterprise.

Table 4.12 below shows summary results of the t@irom between the gross

margin and yield, Cost and unit price in maize picibn.
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TABLE 4.11:CORRELATION ANALYSIS FOR COSTS, YIELD, PRICE AND G.
MARGINS IN M AIZE PRODUCTION

G.MARGIN |UNIT PRICE YIELD COST/ACRE
Pearson Correlation G.MARGIN 1.000 197 .875 -.307
UNIT PRICE 197 1.000 -.069 122
YIELD .875 -.069 1.000 .068
COST/ACRE -.307 122 .068 1.000
Sig. (1-tailed) G.MARGIN . .040 .000 .003
UNIT PRICE .040 . 271 141
YIELD (BAGS .000 271 . .276
COST/ACRE .003 141 276 .
N G.MARGIN 80 80 80 80
UNIT PRICE 80 80 80 80
YIELD (BAGS 80 80 80 80
COST/ACRE 80 80 80 80

Results show a strong positive correlation (0.8@&)ween yield and the gross
margin. It is also clear that as much as the prastively affect gross margin, it

does so to a lesser extent (0.197) compared t0.8¥% index observed for yield.

The effect of the high cost of production is alsadence by the negative

correlation between cost and gross margin. Thetigehowever not as strong as
that of yield. An improvement in yield may theredarause a much more positive
change in returns than would do a proportionatestoin in costs.

4.1.2.3: Revenues and Gross Margin for Sorghum

From an earlier analysis (Table 4.05), it was oleithat sorghum recorded an
average per acre loss of KSh 1721 against avemegnue of Ksh 3492. The
following table shows the correlation between cogftield, price and gross

margins for sorghum production.
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TABLE 4.12: CORRELATION ANALYSIS FOR THE COSTS, YIELD , PRICE AND
G. MARGINS IN SORGHUM PRODUCTION

GROSS_MA | AV._UNIT YIELD TOTAL_PE

Pearson Correlation GROSS_MA 1.000 .498 .641 -.455
AV._UNIT .498 1.000 -.121 -.029

YIELD .641 -.121 1.000 .069

TOTAL_PE -.455 -.029 .069 1.000

Sig. (1-tailed) GROSS_MA . .000 .000 .000
AV._UNIT .000 . .163 .408

YIELD .000 .163 . .289

TOTAL_PE .000 .408 .289 .

N GROSS_MA 68 68 68 68
AV._UNIT 68 68 68 68

YIELD 68 68 68 68

TOTAL_PE 68 68 68 68

The negative gross margins recorded by most sorgfammers show that
engaging in sorghum production at the current casis yield levels makes
farmers worse of economically. This is because dacmers usually do not
recover the all resources invested in sorghum pmtomu Though better
marketing strategies could add value to sorghumadtrdct better price, yields
recorded were considerably low. Looking at the @&bocerrelation analysis (table
4.13), it is clear that yield has a stronger pesittorrelation with gross margin
than is price. It follows, therefore, that improgimarketing to raise price without
considerably improving yield may not improve theffiability of sorghum in
Nyando by a significant margin.

Having looked at how each crop performs in termgross margins, it is clear
that conventional rice still tops the list with awerage gross margin of Ksh
29,696, followed closely by NERICA with Ksh. 2575Phe analysis showed a

big difference in margins between the first two pgaconventional rice and
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NERICA) and the last two crops (maize and sorghulMize recorded an
average gross margin of Ksh 1370 while sorghum skhow_negativegross
margin of Ksh 1,721. These results are graphicdliistrated in figure 4.09

below.

4.1.2.4: Expected Revenues and Gross Margins for RECA
Field trial data showed that NERICA generated agraye gross margin of Ksh

25,752 from average per-acre revenue and cost bf48s911 and Ksh. 20,160
respectively. It is important to point out herettbalike conventional rice where
prices were given by the farmers, NERICA is yeb&commercialized and so
there was no farmer-given market price for it. Té¢mnstant price used was
provided by one of the lead NERICA research insths, the LBDA as the price
at which they acquire the produce from the farnparsicipating in the field trials.

The same institution also provided the average pesthectardrom which per

acrecosts were derived.

TABLE 4.13:DESCRIPTIVE STATISTICS OF THE COSTS ANDG. MARGINS FOR

NERICA
G. Margin 22 9991.11 | 37629.63 | 25751.92 6633.2906
unit Price 22 2120.00 |  2120.00 | 2120.0000 .0000
Revenue 22 | 30151.11 | 57789.63 | 45911.92 6633.2906
Yield (bags) 22 14.22 27.26 | 21.6566 3.1289
TCPA 22 | 20160.00 | 20160.00 | 20160.00 .0000

From the above results, it can be seen that thesgrargin has a wide range of
KSh 27,638.52. As noted from the analysis of cotigeal rice, yield has a

strong influence on gross margins, especiallyae.rfThe NERICA data used was
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from various field trails where different varietiegere tried with varying yield
levels. The wide difference in NERICA yields thenef led to the wide range in
expected gross margins.

The following figure illustrates the comparativelues of revenues, costs and
gross margins per acre of NERICA.

Fic 4.08:REVENUE, COST AND G. MARGIN COMPARISONS FOR NERICA
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FiG 4.09:INTER CROP COMPARISON OF GROSSM ARGINS
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4.1.3: Comparison of Costs and Gross margins amortlge four
enterprises (Conventional rice, NERICA, Maize and 8rghum).
Accessibility of inputs is usually an important t@c in determining which

enterprise a farmer will chose. There are, theeefoases where lucrative
enterprises may be avoided by farmers simply be&caush enterprises are too
demanding in terms of required resource. Theream® some enterprises which
may attract investment due to their low input reguonent. It is therefore
important that in comparing profitability of diffemt enterprises, one should take
into consideration the resource requirement/praodaatosts for each enterprise.
This is particularly important in cases where reses are very limited as is the
case with many rural smallholder farmers commoafgnred to as “resource poor
farmers”.

Fig 4.09 gives a clear picture of both average aastgross margins per acre for
the four crops.
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FIG 4.10:CosT AND G. MARGIN COMPARISON FOR CONVENTIONAL RICE
NERICA, SORGHUM AND MAIZE
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From the above figure, it is clear that lucrativeegprises also require higher
investment. Taking production of sorghum and NERI@A example, it only

requires an average of KSh 5000 to produce oneai@erghum while one needs
Ksh 20,000 to produce an acre of NERICA. Whereandes with limited capital

may prefer sorghum because it is more affordabd@ tRERICA, such farmers
actually end up making losses. Approached from relpdinancial cost-benefit

assumption, sorghum, in its current productiorusté& more of a wealth-reducing
than a wealth-creating enterprise; that is, it cedutotal farm incomes thereby
increasing, rather than reducing poverty. In otherds, it would be better for a
farmer to do nothing than to engage in sorghum ythan at the current costs,

yield and price levels.
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TABLE 4.14: ANOVA FOR THE C0OSTS OFC. RICE, NERICA, MAIZE AND SORGHUM

Sum of

Squares df Mean Square F Sig.
Between Groups 1.35E+10 3 4508317000 | 2205.242 .000
Within Groups 5.03E+08 246 2044363.722
Total 1.40E+10 249

Table 4.14 above shows results of ANOVA test. Tes done to determine
whether or not there was a significant differenceaverage costs of the four
enterprises. The results show (as indicated thE btatistic of 2,205.242 as well
as the significance level of 0.000), that thera &gnificant difference in average
costs among the four crops. Likewise, table 4.1®wbeshows that there is a

significant difference in the gross margins obthlaedrom the four enterprises.

TABLE 4.15:ANOVA IN GROSSMARGINS

Sum of

Squares df Mean Square F Sig.
Between Groups 7.54E+10 3 2.512E+10 329.296 .000
Within Groups 1.88E+10 246 76278075.22
Total 9.41E+10 249

Though they show that there are significant diffierss in average costs and gross
margins, tables 4.14 and 4.15 above do not tell bigwificant such differences
are and which crop enterprises actually differ asts or gross margins. The two
tables only tell us that at least one of the averagsts and gross margins differs
significantly from the others. This necessitatdsiréher analysis in order to find
out between which crops there are significant céffiees in average costs or gross
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margins. Table 4.16 below compares average costaddf crop against the other

three crops, while table 4.17 compares the grosgingin a similar manner

TABLE 4.17:COMPARISON OF GROSSM ARGINS FOR THE FOUR CROPS

Dependent Variable: G. Margin, Independent Fa&@&®OP

95% Confidence
(D CROP | (J) Mean Std Sig. | Interval
CROP | Difference Error
Lower Upper
Bound Bound
Tukey 2 -9445.71* 2102.54 .000 | -14847.19 -4044.22
HSD 1 3 25815.67* 2102.54 .000 | 20414.18| 31217.16
4 29362.01* 2142.18 .000 | 23858.68| 34865.33
1 9445.71* 2102.54 .000 | 4044.22 14847.19
2 3 35261.38* 1380.92.000 | 31713.73| 38809.02
4 38807.71* 1440.56 .000 | 35106.87| 42508.56
1 -25815.67* 2102.54 .000 | -31217.16 -20414.18
31\ 2 -35261.38* 1380.92.000 | -38809.02 -31713.78
4 3546.34 1440.56.066 | -154.51 7247.19
1 -29362.01* 2142.18 .000 | -34865.33 -23858.68
4 2 -38807.71* 1440.56 .000 | -42508.56 -35106.87Y
3 -3546.34 1440.56.066 | 7247.19 | 154.51

The mean difference is significant at the .05 level

Table 4.16 compares the average costs of prodwriegacre of each crop. Each
of the crops is taken at a time (show in columanyl compared with the other
three crops listed in column J. To verify the résmvo tests (Tukey HSD and
Scheffe) are conducted for each crop. Any pair tia&t a significant difference is
indicated by an asterix (*) against the mean déifee, (I-J). For purposes of
analysis, crops were assigned numbers ranging fitttmmough 4. Conventional

rice is represented by the digit 1, NERICA by 2reépresents maize while

sorghum is represented by 4. From table 4.16 awléruthe Tuskey HSD, crop
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number 1 which is conventional rice has its costagared to that of 2, 3 and 4.
In all cases, there are * against 2, 3 and 4, meatiie cost of 1 significantly
differs from that of 2, 3 and 4. A different scapais found in the next table
(table 4.17) which has comparisons for the grossgms. Under the same
Tuskey HSD, there is a column named (I) CROP. DaWwat column, a
comparison between crop 3 margins and crop 4 maigiicate no significant
difference. There is no asterix (*) against 3546vd#ch is the measure of the
difference in average gross margins between crampd3rop 4.

From the foregoing analyses of costs and grossingndjis clear that contrary to
the traditional view that small scale farming iswmmofitable, the profitability or
otherwise may much depend on the type of enterpnsds engaged in.

To assess the competitiveness of NERICA over therotrop enterprises, it is
necessary that a further analysis be done to deterwhich enterprises are less
or more competitive than NERICA. A two tailed tite@gas used to evaluate the
competitiveness of the various crop enterprisesh vgtoss margins as the
indicator of competitiveness. Table 4.18 presdmsésults of the t-test where the
gross margin per acre of NERICA is tested agaimstaverage gross margins of

the maize, sorghum and conventional rice.
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TABLE 4.18:MAIZE , SORGHUM AND CONVENTIONAL RICE GROSSMARGINS AS

CoMPARED TO EXPECTED NERICA GROSSMARGIN (ONe-SampLE TeST)

Test Value = 25,751
Mean 95% Confidence Interval
t df Sig. (2-tailed) Difference of the Difference
Lower Upper
Maize -40.673 79 .000 -24381.00 | -25574.16 | -23187.84
Sorghum -105.301 79 .000 -27472.08 | -27991.36 | -26952.79
giocré"e”“o”a' 4692 79 .000 3949.13 | 227395  5624.30

Source: Field data

The above results indicate which crops have graagims greater than or lower
than that of NERICA. This can be pointed out frdma positive or negative mean
difference which is obtained by subtracting the tedue (Ksh 25,751) which is
the NERICA gross margins from the gross margingadh of the other three
crops shown on the far left of the table. As carséen the table shows negative
mean differences for maize and sorghum while cotweal rice has a positive
mean difference. This implies that by way of grosargins, NERICA is more
profitable than maize and sorghum but less prdététan the conventional rice.
Though conventional rice is the most profitablegich of a given enterprise not
only depends on the profitability but on its ove@mpetitiveness that captures

its resource requirement and availability of suetources as well.

4.2.0 Competitiveness of NERICA relative to MaizeSorghum and
Conventional Rice

4.2.1.0: Resource Availability and Usage:
The three basic resources that were considerethépurpose of the four crop

enterprises (Conventional rice, NERICA rice, Maeed Sorghum) were land,

labour and capital.
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4.2.1.1 Availability of Land
Nyando district is characterized by seasonal flogdespecially along river

Nyando which cuts across the region where thisystvas conducted. The almost
regular and predictable flooding has made it nergd®r the land in this area to
be informally categorized as either flood-pronenon flood-prone. Flood prone
land consists of parts of land that usually renflioded for a time long enough
to destroy other crops like maize and sorghum. fldwd-prone land is suitable
for conventional rice while the non flood-prone tgaof the land are suitable for
other crops like maize, sorghum and NERICA riceoBl prone land which in
most cases borders the river is therefore usudlbcaied to the growing of
conventional rice since the nearness to the riltewa irrigation. It is important
to note here that natural flooding is insufficiémiproduce a good rice crop and so
farmers engage in flood irrigation. This is acheugy blocking the river and
directing the water into communally dug tunnels abhihen lead water into the
fields. The blocking of the river is done at intalssrdepending on the stage of rice
and the moisture needs.

Figure 4.11 below shows the average size and typksd available to farmers

in Nyando district.
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FIG.4.11AVERAGE LAND SIZES

Land Availability and type
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In summary, land at the disposal of farmers wasdaio range from 1 acre to 14
acres. The average land holding was however foanget5.63 acres while the
mode was 5 acres. The average size of the seasfinaliied land was 2.3 acres
while the non-flood prone land average 3.33 acfssa percentage, the flood
prone land accounted for 41% while the rest oflémel available for other crops
accounted for 59% net of the homestead.

Whereas most of the flood prone was fully utilized the production of

conventional rice, the study found that the comnyuonly utilized about 50% of

the available non flood prone land. Some of thasoes advanced for the
underutilization were lack of enough capital ane kigh production costs. It was
however evident that the community put a lot ofu©n the production of the

cash fetching conventional rice and did not giveemattention to food crops.
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4.2.1.2 Labour Availability
It was established that most of the labour usethéanarea is hired. There are

however, some farmers who complement hired labati family labour. On

average available family labour totaled to 60 maysdper production season
lasting five months. The high level of unemploymemtd seasonality of the
labour requirement make casual labour (paid pen @aypetter option to the
farmers compared to salaried, long term employmdetre the farmer is required
to pay every month. Though labour is a distincttda®f production usually

treated as an input separate from capital and thedstudy found it appropriate to
combine labour with other non land expense. The obsabour was therefore
considered as a component of monetary capital redjyust like the cost of seed
or fertilizer. This was so because what determimdtether one will have

sufficient labor or not was the availability of neyicapital to pay for labour
rather than the available family labour. It is wnfant to note here that rice
production in the study area is fairly labour irdime and so it attracts many
labourers in the rural areas throughout the pradagieriod which lasts for about
five to six months. In the course of data colletti®@ was common to find

labourers moving from one farm to the other seekimgasual employment. The
applicable rate per day as at the time of studyK&is. 150 regardless of the type
of activity performed. Labour is however requiradhree major activities namely
planting, weeding and harvesting. To get the dalRksourers, farmers place

requests to fellow farmers stating the type of\dtotis they need the labour for. It
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is also worth noting here that most of the peoph® wrovide labour are actually
farmers who have either completed attending ta ttreps or are waiting for their
crop to reach a stage at which it should be atebnme Farm labourers
(employees) in one week may therefore be hirerpl@yers) of labour in the
following week. This has provided adequate supdiylabour throughout the

production period.

4.2.1.3 Capital Availability
Capital was ranked as the scarcest resource Igratgmicultural production in the

area. Farmers complained of insufficient creditiliées in the area and the
stringent requirement demanded by commercial bdefsre they (banks) can
avail credit. The most important source of agriat finance was proceeds from
the sale of produce. Some farmers however do asoess finance from self-help
groups to which they make savings. The two actelelelp groups in the area
are Sagga and Adok Timo. It was also found outhhakers/middlemen do give
some credit but on forward contract agreement witterdarmer agrees to sale all
or part of his/her produce to the lending middleragharvest.

For the purpose of this study, farmers’ own inpsigh as own labour were
valued at the market rates and added to the caglitalnable from other sources.
In summary, the available capital being the sumasings from sale of produce,
loan from self-help groups, advance payments maderdkers and the value of

available family labour averaged to KSh 62,350.
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The table below shows the average contribution dpital from the various
sources.

TABLE 4.19: SOURCES OF FINANCE

Source of Finance Average amount

obtainable KSh
Own savings from sale of produce plus advances 082,5
Family labour Valued at KSh 150 per man day 8,943.7
Sagga Self-Help group 14,050
Adok Timo Self Help Group 6,856.25
Total 62,350

FIG 4.12:SOURCES OF FINANCE BY RELATIVE SHARE

W Savings

B F.Labour
W Sagga

m Adok Timo

As noted earlier, there are only two credit ingitns in the area, a fact that has
made access to credit rather difficult to most $sedle farmers. Dependence on
farm proceeds for both farming inputs and othersebold needs has also limited

the amount of resources available for farming asdhea. This may create a cyclic
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phenomenon of capital insufficiency since mosthaf profit made from farming
is spent on nonfarm activities resulting in capaeficits year after year.

TABLE 4.20: SUMMARY OF RESOURCE AVAILABILITY

Type of | Land for Land suitable for Capital

Resource conventional rice | maize/sorghum/NERICA (KSh)
(Acres) (Acres)

Amount 2.3 3.33 62,350

Current Full 50% Full

utilization

4.2.2: Linear Programming
Having estimated both profitability and resourcesha disposal of farmers, the

study determined the competitiveness of the varenterprises. The four crops
(conventional rice, maize, sorghum and NERICA) waligointly subjected to a
linear programming analysis to determine theirtnedapositions under optimal
resource allocation scenario in which maximizing thtal gross margins is the
objective of the typical farmer. Results of theeln programming are presented in

table 4.20 below.
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TABLE 4.21:SUMMARIZED LP FOR THE FOUR CROPS

Opportunity Objectiv

Minimum Maximum

Number Variable Solution Cost Coefficient
Obj. Coeff. Obj. Coeff.
1 X1 +2.3000000 + 1759.2087 +29697.000 -
Infinity -27937.791
2 X2 +.59744054 0 +25751.0(
+3446.798 +27372.510
3 X3 0 + 8865.2559 +1370.0000 -
Infinity +10235.256
4 X4 0 + 8379.7285 -1721.0000 -
Infinity +6658.7285

Maximized OBJ Ksh. 83,687.8]teration = 2
Note:

X1=> Conventional rice

X2=> Nerica rice

X3=> Maize

X4=> Sorghum

Linear programming is applied in such a way thatllibcates more units of the
most limiting resource to the enterprise that getesrthe highest profit per unit of
such limiting input. In this analysis, four crop€opventional rice, NERICA,
Maize and Sorghum) and three inputs (capital, flpoohe land and non flood
prone land) were considered.

All the respondents stated capital as the mostihignifactor of production, while
conventional rice showed highest level of profiliépifrom the partial budgeting

carried out in cost and gross margin comparisorieerpreceding sections. More
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capital was therefore allocated to the most priofitaenterprise (conventional
rice) until the land available for the conventionige (2.3 acres) was exhausted.
The solution for the profit (gross margin) maxintiaa problem tackled by the
above linear programming is that a farmer with ager capital of Ksh 62,350
should produce 2.3 acres of conventional rice ab® @cres of NERICA rice.
With this type of plan, a typical farmer with cagdibf Ksh 62,350, flood prone
land of 2.3 acres and non flood prone land of &8s would realize a total
gross margin of Ksh 83,687.80 from farming. Thowginventional rice is more
profitable and should receive all the capital, ldod growing the conventional
rice is insufficient. From the partial budgetingsuéts, NERICA is second in
profitability after conventional rice. This is whgccording to the solution
obtained; some capital was allocated to the praoluaf 0.59 acres of NERICA.
In terms of capital consumption, conventional riweuld take most of the
available capital estimated at Ksh 50,310 out efttital Ksh 62,350 leaving only
Ksh 12,040. This “residual” capital of Ksh 12,04Gutd either grow
approximately 1.5 acres of maize or about 2.5 aofesorghum. The analysis
however indicates that using all this residual @b grow only 0.59 acres of
NERICA will be a better option in terms of revengeneration. Maize and
sorghum will therefore be eliminated from the fammisystem. It is therefore
clear that due to capital constraint, most of tha flood prone land suitable for
NERICA and other crops will remain highly undenziéld with only 0.59 acres

out of 3.33 acres being put under production.
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4.3.0To evaluate the potential impact of NERICA rie on farm incomes in
Nyando District

4.3.1: Simulation of Gross margins

To determine whether introducing NERICA will havayaimpact of farm

incomes in Nyando district, the study simulated amsnpared two farming
systems using linear programming. The first systess with four crops

(conventional rice, maize, sorghum and NERICA), tdde 4.20 above. This
represents how farm incomes would be like when NERIs introduced. The
second system simulated was the current situattt, is, before NERICA is
introduced. This means only three crops (conveatioce, maize and sorghum)

are considered. The results of this second lineagramming are shown in table

4.22 below
TABLE 4.22:THE LP SOLUTION FOR FARMING WITHOUT NERICA
Basis | C<J>| X1 X2 X3 S1 S2 S3 B<i>
29700| 1370 | - 0 0 0 B<i> | A<lj>
1721
S1 0 - 0 0.349| 1.000| 2.73 | -.000| 1.275 O
.0000
X1 29700 | 1.000{ O 0 0 1.000 0 (23 0
X2 1370 | 6E-17/ 1.000| 0.651| 0 -2.73 | 1E- 19950
04
C<J>-Z<J> |0 0 - 0 -XXX- | - 70368
*BigM 2612 0.171
0 0 0 0 0 0 0

<Max.> Optimal Objective Value = 70,368

78



Table 4.23 below compliments table 4.22 above leggmting a summarized

report for the linear programming without NERICA

TABLE 4.23:SUMMARY RESULTS OF THE LP witTHouT NERICA

Number | Variable | Solution | Opportunity| Objective Minimum Max.
Cost Co-efficient | Obj. Coeff | Objective
Coefficients
1 X1 +2.30000[ O +29700 +3739.845 +Inifinity
2 X2 +1.50255| 0 +1370 +0.000122 +10235.256
3 X3 0 +2612.2778| -1721 -Infinity +891.2778

Max. Objective KSh 70,368

From this second system and guided by the aboearliprogramming results, a
typical farmer having capital of KSh 62,350, 2.3eac of land suitable for
conventional rice and 3.33 acres of land suitabteniaize and sorghum should
produce 2.3 acres of conventional rice and 1.503mafze. Sorghum gets
eliminated from the farming system. With such anpléhe typical farmer would
earn a total gross margin of KSh 70,368.

The study however recognized the fact that simdlaesults may be different
from the actual results that may be observed bydes when they finally adopt
NERICA. It was therefore important that total grassmrgins obtained from
simulation of the four crops be moderated to reflelat would realistically be
achieved by farmers. To get the moderation fadto, actual results from the
immediate previous season involving three cropsyentional rice, maize and
sorghum were compared to what simulation of thedhorops obtained. It was
realized that simulation of the actual previousseeancomes were about 93.6 %

of simulated results involving the same three crops
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Given that introduction of NERICA may not in itséffduce smallholder farmers
to optimally allocate their resources in scientifitnear programming-like
manner, it was important to moderate the resuli;mnefr programming to reflect
the inequality that exists between observed anensfically simulated income
levels. To achieve the moderation, the gross maggiimates obtained from the
with-NERICA linear programming were lowered by 6.4¥he 6.4% used in the
adjustment was obtained after comparing the obdeguess margins which were
6.4% lower than the gross margins estimated by khéor the same resource base
and enterprise profitability. This put the with-NEF gross margin estimates at

Ksh 78,386 down from Ksh 83,687.80.

4.3.2: Comparison of differences in gross margins
To determine whether the introduction of NERICAoirthe farming system is

likely to significantly change farm incomes a tttems carried out to compare the
difference in actual mean gross margin of KSh 6%,8bserved by a typical

farmer in the previous season to the expected MERICA gross margins of

KSh 78,386 that a typical farmer is likely to obeaerif he/she produces

conventional rice and NERICA but drops maize angtsom. Results of the t-test
are as shown below.

TABLE 4.24:0NE-SAMPLE STATISTICS (WITH NERICA)

N Mean Std. Deviation Std. Error Mean

GMARG

IN 79| 65910.2722 51603.28762 5805.82346
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TABLE 4.25:0NE -SAMPLE T -TEST (WITH NERICA)

Test Value = 78386
Sig. Mean 95% Confidence Interva
T df | (2-tailed)| Difference of the Difference
Lower Upper
G. Margin -
-2.149, 78 .035| -12475.7278 24034.2345 -917.2212

The results of the second t-test show significaffiér@nce between the observed
gross margin and the estimated gross margins.

To verify whether the obtained difference in grosgrgins was due to
introduction of NERICA into the analysis and merélgcause of the improved
resource allocation that may come with linear paogning, a second t-test was
carried out. This was to compare the differencen@ans between the actual gross

margins with the simulated without-NERICAross margins. Results of the

second t-test are shown in tables 4.24 and 4.2wbel

TABLE 4.26:ONE SAMPLE STATISTICS (WITHOUT NERICA)

N Mean Std. Deviation Std. Error Mean

G. Margin | g 65910-2227 51603.28762 5805.82346

TABLE 4.27:ONE-SAMPLE T-TEST (WITHOUT NERICA)

Test Value = 70,368

Sig. (2- Mean 95% Confidence Interval of
T df | tailed) | Difference the Difference

Lower Upper

G. Margin | -.768| 78 445 | -4457.7278) -16016.2345 7100.7788
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The t-test in table 4.25 above which sought to tiestnull hypothesis that two
gross margins are not significantly different shawsignificance level of 0.445
against the rejection thresh hold of 0.05. We tioeeefail to reject the null
hypothesis, which in turn implies that there issignificant difference between
the actual gross margins obtained by farmers inptle¥ious season and what
would be obtained if resources were to be allocatede optimally among the
current three crops. In other words, the test tesdem to imply that farmers are
currently allocating their resources optimally. faréhe results, it seems like the
income-generating capacity of the three crops mlpeexhausted, and that for
any substantial increment in farm incomes to béized farmers may have to
consider different enterprises.

Though the two t-tests give different results, eindy change that was made to the
first linear programming is the inclusion of NERIGS an additional enterprise.
It is therefore likely that the change in significa of the difference in gross
margins was caused by inclusion of NERICA in the dralysis as one of the
possible enterprise. In other words, introducingRWCA will have a positive
impact of farm incomes.

4.4.0: Opportunities and/or constraints facing farners in Nyando district

In determining the prevailing opportunities and stoaints, the study used direct
guestions to farmers asking them to name consétaf@onstraints were also

inferred from other parameters such as producti@tscand resource availability.
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Table 4.28: Level of awareness about NERICA

Level of Awareness Number of Farmers | % no of farmes
Heard of Advantages of

NERICA 6 7.5
Ever heard of NERICA 16 20
Never Heard of NERICA 58 72.5

Of all the respondents interviewed, it was founal thnly 20% had heard about
NERICA.

The level of knowledge held by farmers about NERI@As, however, very
scanty. This was evidenced by the fact that magiaredents did not understand
the basic advantages or disadvantages of NERICA tiee conventional rice.
Only 7.5% of the respondents were able to mentibheast one advantage
NERICA rice has over the conventional rice varietit was further found that
the only advantage of NERICA which farmers knowifts drought tolerance.
An interview with the Lake Basin Development Autityi(LBDA) revealed that
Nyando was yet to receive targeted promotion of ¢hep due to scarcity of
NERICA seeds. The LBDA however indicated that itswast tracking seed
multiplication and commercial NERICA production wagpected in the near
future. Indrit et al (2005) holds awareness as a pre-requisite forctefée
technology adoption. The low level of awarenessetioee presents an uphill task
and challenge for extension officers tasked wigimsferring NERICA to farmers.
Despite the apparent ignorance, most farmers weegeisted in knowing more
about the new rice. Below are the responses freamefiss on their willingness to

grow NERICA.
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TABLE 4.29FARMERS WILLINGNESS TO GROW NERICA

No of
Attitude About NERICA farmers % no of farmers
Willing to grow NERCA 57 71.25
Not Willing 6 7.5
Undecided 17 21.25

The high willingness of the farmers to grow the NER is likely to create
conducive environment for adoption of NERICA. Thalingness will however
need to be coupled with the ability to grow the newe. Farmers’ ability
encompasses both production costs as well as msoawrailability at
farm/household level. Given the nature of resowaeailability summarized in
table 4.20 above, it is clear that capital is aitlimg factor. Although Nyando
farmers have more land to put under production BRMCA and replace the less
profitable maize and sorghum, lack of adequatetabpias made such a shift
impossible because after allocating capital to ri@st profitable conventional

rice, very little of it is left for investment inEBRICA.
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CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.2: Profitability of the four crops
It was established that the four crops have differesource requirements as well

as income generating capacities as measured bg gnasgins. Calculated per
acre, and one enterprise taken at a time, resultsated that conventional rice is
the most profitable crop enterprise in the areahwat gross margin of
approximately KSh 29700. Second in profitabilityssaund to be NERICA rice
at KSh 25,750, followed by maize but with a verywlgross margin of KSh 1,370
per acre. Sorghum was found to generate loosesdasaied by negative gross
margin of KSh -1,721 per acre.

5.3: Competitiveness of NERICA in the area

The evaluation of the farming system in the arelgugross margin as the
indicator of profitability placed NERICA in the smud place. The most
competitive crop as at the time of study was cotigaal rice. Conventional rice
was found to enjoy yield advantage hence a betpadty to absorb costs
compared to NERICA. Maize and sorghum would beniglated from production
system due to the less gross margin they geneeaiacpe of land.

5.4: Potential of NERICA on Farm incomes:

Results showed that an acre of NERICA has the patenf contributing KSh
25,751in gross margin to the farmers’ income. Usprgfit (gross margin)
maximization as the objective of engaging in famgpinonventional rice would

take up most of the capital and fully utilize theod prone land that is suitable
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production of conventional rice. The balance of dapital would be put into
production of NERICA but given the inadequacy opita, only a small fraction

of the non flood prone land would be exploited.rrthe analysis, it was found
that currently, total farm incomes as measured fmgg margins from the three
common crops (Maize, Sorghum and Conventional azeyages KSh 66,778. As
a form of sensitivity analysis, the study evaluateel likely results of rearranging
production resources (Using Linear Programmingkelyinating both sorghum
and maize from the farming system. This would miban farmers put to full use
the land available for conventional rice then Use Ibalance of capital to grow
some 0.5974 acres dOfERICA rice. With that kind of resource reallocatjmur

representative farmers would generate farm incoavesaging to KSh 83,687,
giving a net gain in whole farm gross margins ohKt%,908. This net increment
in whole farm gross margins may therefore be redlizy simply terminating the
production of maize and sorghum to eliminate tresés/inefficiencies suffered in
the production of the two crops. In the ideal ditrawhere affordable credit is
provided in adequate amounts such that all the tlaaidis suitable for NERICA is
also put under production, farmers would improveirttiarm income from the
current KSh 66,778 with three crop to KSh 167,85 wvo crops, representing
a nearly 300% increase in farm incomes. Realizatiothis potential is however
pegged on exploitation of opportunities and miiabf constraints prevailing in

the agricultural sector and particularly in theergub-sector.
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5.5: The prospects and Constraints of NERICA in Nyado
It has been argued that some farmers may geotain crops not for profit but

for subsistence or cultural reasons. The curresthaization is, however, rapidly
changing food systems such that many farmers are axknowledging the
importance of the market economy. It is now muckiezaand sometimes a lot
cheaper to buy than to grow certain types of fodche current very low and
sometimes negative profit realized by most of themers from maize and
sorghum in Nyando is a clear indication of the dismtage they have in
producing these two crops. It therefore makes @efit economic sense for
farmers in this area to concentrate on rice farmamg buy both maize and
sorghum from the market, which inescapably awags for acquisition of many
other goods and services that they cannot produttesir own farms.

The fact that most, if not all the farmeesd to produce less of both maize
and sorghum than they actually consume, and treat go to the market for
supplementation is an indication of the willingnégsthe community to go to the
market for what they do not have. This market-ddpeny culture may be
advanced, much to the benefit of farmers by engdgathem to concentrate on
rice, get more income and depend on the markehfoze and sorghum produced
from other regions that have a comparative advanitathe production of the two
cereals. In this regard, a number of strengthsamirtunities do exist for using
NERICA to enhance income generation and possiblepy reduction in the

area.
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5.5.1 NERICA Prospects
Availability of more land suitable for growing NERICA rice It was

established from the study that most of the landenily under maize and/or
sorghum could best be put under the increasingbulam NERICA rice that has
shown good prospects both in Kenya and the resifota. NERICA rice is
therefore likely to attract farmers who were presly locked out of the rice
subsector due to their geographical location, sagreas that do not have wet
lands or other forms of irrigation facilities. Sufdrmers may now diversify into
rice production instead of confining all their raseces in the less profitable maize
and sorghum.

Abundance of labour: In general terms, rice farming is a labour inteasi
activity and NERICA is not an exception. Kenya Basplus labour as evidenced
by the high rate of unemployment in the country.pfgpriate adoption of
NERICA as an economic activity has the potentigbitovide at least three major
benefits to the country namely, employment creationthe farm labourers,
income generation to the farmers and increased\soppice to counter the high
and fast growing deficit in rice production in tbeuntry.

Willingness to grow rice: It is clear that farmers in the study area appteci
the importance of rice farming as an economic &gtihis is evidenced by the
relatively more resources allocated to it as comeghaio maize and sorghum.
NERICA rice will therefore not be a very foreignterprise in the area and this is

likely to enhance its acceptance and fast adoption.
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Ready market for rice in the country: Unlike other cereals which have
disappointed farmers due to lack of attractive ratwkrice is on high demand in
the country. During the study, no farmer complainéthck of market for the rice
as opposed to maize and sorghum which were sgickgent marketing problems
especially during and shortly after harvesting.

The changing food systems: The last few years have witnessed a radical shift
food production paradigms. Patterns of food congionphave become more
diversified than domestic agricultural productidhanks to rising international
trade, Timmer, (2004). The period has also seegrafisant change in the eating
habits of people around the globe. Kenya has nan beft out and now
communities that used to regard rice as a poorceanir nutrients are accepting it
as an important component of their diet. Rapid nizsgtion is also increasing the
population of busy people who prefer rice becatise easier to cook. These
changes have a net effect of increased demand »qgath@ed market for rice in
the country.

Renewed interest in rice by both governmental and non-governmental
organizations. Several agencies such as the Alliance for theRevolution in
Africa (AGRA) and the Japanese government haveigyl#xpressed interest in
promoting rice production in the country. The goweent of Kenya has also
reassured the public of its commitment to increasegetary allocation to
agriculture. This is likely to avail the necessassources needed for the

commercialization of NERICA in Kenya as a whole &hdndo in particular.
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Despite the apparent opportunities and pakbenefits which farmers may
get from the production of NERICA, there are selvamanstraints that may
hamper exploitation of such opportunities.

5.5.2 Potential Constraints in NERICA production

Limited capital: Inadequacy of capital is a familiar song that hasained on
fashion, transcending both geographical and imepbral boundaries in most
agriculture-dependent countries. Kenya has longgmized the importance of
capital in agricultural production as indicatedtbg formation of institutions such
as the Agricultural Finance Corporation (AFC) wikie aim of providing capital
to farmers. It was however clear, both from thedinprogramming analysis and
the direct responses from farmers, that capitsiilisa major constraint to farming
in the country.

Low awareness among the potential beneficiaries: Despite years of trials of
NERICA in the country, results indicate that notnpdarmers understand the
potential costs and benefits of the new rice. Radbn of the benefits of this
technology will therefore remain pegged on how @ff® awareness creation
strategies will be.

Low profit motive in farming Practices. Like most of the smallholder farmers in
rural areas, farmers in Nyando still produce certaops as a show of consistency
with the norms. Maize and sorghum are considerdaettfoods” which one has

to produce whether he/she makes a profit or loss.
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Lower Yield: The NERICA yield is still lower than that of tleenventional rice.
Though this may discourage farmers from adopting rilew rice, it is worth
mentioning that compared to the conventional ribERICA is lower in
production costs. NERICA is also more suited faraarthat are drier and which
may not be the best for the conventional rice. &fee as far as land is
concerned, NERICA is more in competition with maidean it is with

conventional rice.

5.6 Policy Recommendations

Results indicate a high potential for erdement of farm incomes by
adoption of the NERICA rice. Though NERICA vyieldsedower than those of
conventional rice, the study shows that gross marfiom NERICA are much
higher than those of maize and sorghum. Farmershakie land that is suitable
for both conventional rice and maize/NERICA areréifiere strongly encouraged
to embrace NERICA rice as a pathway out of poveftyayd insecurity and
persistently worsening rice deficit in the count8uch a move will avail better
living standards to the farmers and also save dh&ign exchange the country is
spending on rice imports, thereby positively cdniting to the wider goals of
economic development in Kenya. However, for thenfers and the nation as a
whole to tap in the potential benefits held by HERICA rice, specific measures
need to be taken to achieve the twin objectivedafr@ssing the constraints and

exploiting the opportunities identified in this dju To achieve this and ensure
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that Kenya does not miss out on gene revolutiomaspened with the green
revolution, the following specific interventionsearecommended:

Create awareness on the existence, prospects and constraints of IBER
farming. Farmers, extension officers and policy arakshould be adequately
educated on the benefits of NERICA (highlightedtie justification of this
study), its growth requirements and the prevailocunstraints so that all the
stakeholders may, through inclusive participatimintly forge the way forward.

Enhance multiplication and distribution of NERICA seeds. The role of well
organized seed system cannot be overemphasizatyiagaicultural production
system. The best indicator of acceptance or otlseraf a given technology will,
in most cases be the willingness to buy that teldgyy which may be best
signaled by the quantity of seed purchased. Anynpter of a technology should,
as much as possible, reduce barriers to accedsngtchnology. Timely delivery
of good seed at the right price and place wouldabsgnificant step towards
enhancing adoption.

Yield improvement: Results show that there is a strong positive caticei
between yield and gross margin. Though yield may iferoved through
additional inputs such as fertilizers, the extratcassociated with additional
inputs may easily reverse the intended benefitsalsyng total costs which in turn
reduces farmers’ profits. It is therefore importdéinat researchers working on

NERICA pay particular attention to yield improvemehrough crop breeding.
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Such inbuilt yield enhancement is likely to be maffordable and accessible by
more resource poor farmers.

Enlighten farmers on the changing food systems and the rice deficit facing the
country. Knowledge on the nutritional value of rice isdii to enhance the value
of rice to the local people thus stimulating prague of more rice. On the other
hand, education on the economic relevance of cdraterg on areas of
comparative advantage in substitution of areasoohparative disadvantage is
likely to enhance the displacement effect that welease more resources from
maize and sorghum to the more lucrative NERICA. eBithe market access
constraints facing many maize and sorghum farnretisa country, knowledge of
the availability of a ready market for rice shouddke NERICA a crop of choice
for such farmers.

Enhance access to credit: Given the acute inadequacy of finance depicted by
the study, the government and the private sectowldhjoin hands in the
provision of affordable credit to existing and putal rice farmers. This will
facilitate full utilization of other production rearces such as land that is left
fallow due to lack of capital.

Improve supply of farm machinery, especially ploughing machines. Though
labour is readily available, some farm activitiegls as ploughing are usually
done by tractors. The cost of hiring a tractor ¥easd to be very high leading to
high cost of production. Increased availabilitytictors may reduce pressure on

the existing ones thereby lowering cost of hiringls machines. Adequate farm
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machinery will also allow timely preparation of thrand better utilization of
natural resources such as seasonal rains on whttI@®A is highly dependent.
This will go a long way in improving yields, redag exposure to some pests and
eventually improving returns to farmers. The goweent and/or private investors

should therefore be encouraged to invest in sugoitant machinery.
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APPENDICES

Appendix 1: The Questionnaire

The University of Nairobi
Determination of the Impact of Biotechnology on Fam Income

A Case of NERICA in Nyando district, Kenya

SECTION A: Farmer’'s/Respondent’s details:



Gender:

MalE/FEMAIE..... . e e e e e e e e et eaneeeerraanna
Relationship with household head............ceeiii s
L@ Lot o 0o = 11 0] o 1RSSR
SECTION B: Constraints, Awareness and Perception othe NERICA rice:

1) Have you ever heard of the New Rice for Africa (NER)? Yes

2) If yes, from where did you hear it firSt? ....cceeeooioiiiii
3) Have you ever grown it? YES /NO.......coiiiiieeeemmeiie e

4) What could be its advantages over the conventionate?

5) What could be its disadvantages compared to theecional rice?

6) If No in 3 above, would you be willing to grow it?

A.) YES/NO..uuiiiiiiiiiie ettt s

7) If yes in question 6 above do you think you havegagite resources needed to

grow NERICA? YES/ NO.....ouiiiii ettt es
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8) If no, what assistance would you need to profitajshyw the NERICA rice?

9) What constraints do you face in rice producéod which you would like the

new rice to solve?

SECTION C: Farming Enterprises

12. How much land do you use for livestock prdduc (if any)?

14. How much land do you use for crops? Pleasé¢he various crop enterprises
engaged in and acreage usually planted in the tadtav (Start with the largest

field).

Crop Enterprise Acreage

PlO|ONOO O~ WIN|EF

15. Of the crops listed above, which one do yousoter to be the most

important for you?
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a.) Please rank the crops starting with thasnost important one.

17. Would you like to specialize fully in the nuarlone crop stated above? Yes
N [ TSR

18. If yes, why are you not specializing?

20. Is it possible for you to change you acrealjecaion to the various
enterpriseS? (YeS/ NO)......oovuuuvuvunenn s

21. If yes, on what basis do you allocate your lemthe various enterprises?



22. If No in 20 above, what are the reasons fdexilbility in land allocation?

SECTION D: Resource Requirement and Production Cost Estimates

23.What type of expenses do you incur in productiothefvarious crops?

Expense | The per Acre Resource requirement for the varioup Enterprisesp{ease state total

ltem  per| acreage planted below each crop if not able to directly get the per acre cost)

acre Maize Sorghum Convention| NERICA
al rice rice
>SN D = | | 0| = D] = S| = D] =] > D =
2 8/E|€ 85/ £ 8 52852 2528 E
% = | 9 % = | 9 % = | 9 % = | 9 % = | 9 % = | 9
S| c| E| S c|l EgE| S| c|l&g| | c|g| 3|l Eg| S| | &
oD < | O | D <<|0O|D|<<|O0O|D|<<|O|D|<<| QO] D| <<
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SECTION E: Resource Availability and Potential Access

Land Availability:

Labour Availability:

27. How do you get your labour? (1). Family (2)irad labourers (3).
Others.......cococicciiiiiiiee

28. How many members of the family provide farmokaband for how long in a

season?

Family members Full Days Available Half Days Avaia

Adult

Non Adults

29. Do you experience labour shortages? Yes/No

30. If yes, for which «crops and during which morths

31. How do you usually counter such labour shosgage
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32. What is the labour usage among the differemp enterprises? Please fill the

table below.
Activities (e.g ploughing, planting, weeding, hastiag, etc)
n
o
Q o o o o o a &
< ) ) o) ) ) ) )
Crop rs) < 0 Ll |2l |ZlolX]|o << o | < 0
. 187|878 |m S " S8|m |8 |®|S | &
€ |©|5 |[o|c|oc|5 ||| |5 |5 |8 |5 |©
=] (@] (@] (@] (@] o (@] (@] (@] (@] (@] (@] (@] o @]
Z Z| 2 Z |l z|lz|z|z|z2z|z2|2 pd Z | 2 pd
Maize
Sorghum
Conventi
onal
Rice
NERICA
Rice

Capital Availability:
33. How do you finance your farming (Your source ahpital)?

34. Do you have access to credit finance for yarming from any credit

institution? (Yes/No).
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35. If yes, what are the potential credit instias in your reach and what is the
maximum credit you are likely to get from such ingions? Please fill in the

table below.

Name of credit Institution Maximum Amount of Credit Accessible Ksh

1.

2.

3.

Total

36. What percentage of such credit would you sparfarming?

(1). 0 -25% (2). 25-50% (3) 505%
(4) 75-100%
37. Approximately how much capital do you hope t ip farming this or next
] T: LST0] 0 SRR (KSh).
38. Do you usually save any income from farm reesnand use it for purchasing
inputs in the next season? Yes /No.
39. If yes, how do you save?

(1).Bank (2).Co-operatives (3).Others legge state).
40. Of the three main factors of production; ldahpur and capital, which one do

you find more constraining in your farmingease rank them on a scale of
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1to 3, where 1 is the most constraining and 3 dlastl constraining of the three.

SECTION F: Farm Productivity and Marketing
42. How much do you harvest from the various crapd what prices do the crops

usually fetch in the regional/area markets? PléHdbe table below.

Crop Yields (B) (90kg Bags) | Price per 90 kg bag(C) (Ksh)

During Surplus During Scarcity

1. Maize

2. Sorghum

3. Conventional rice

4. NERICA rice

43. Do you produce any of the above listed cropis intention to sale for profit?
Yes /No.
44. If yes, which ones and what proportion of tb&lt harvest do you usually

sale?
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Please fill in the table below.

Percentage Sold: (0-25%, 25-50%, 50-7384100%)

Crop 0-25% 25-50% 50-75% 75-100%

45. How do you sell your produce? (Cooperativemtans group, individually,)
other marketing

Channels please State..........cooi i
46. Where do you majorly sell your produce (locarket, farm-gate brokers,
172 103 (0] V0= (o)
47. Has market access, price regimes and/or quadyirements affected your
production in any way? If so, please briefly explaow such market dynamics
have affected:

a). the type Of Crop YOU grOW.......ccvviiiiiiieeee et e e e e e e e e e eeee e



48. What would you say are the major challengesdag your farming?
49. What would you recommend as solutions to tleblpms faced by farmers in
this region?
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SECTION G: RESEARCHERS (KARI & COLLABORATORS).
Details of the Researcher/Respondent:
Prof/Dr/Mr/Mrs/Miss

(0] o1 = ox o (1 =1 TR N o 1 PP PPRRPPPPRRRRN

1. What would you say is/are the main reason(s) Mdryya needs NERICA?

3. What are the average production costs for maaeghum, conventional rice

and NERICA? Please fill the in the table below.

Maize Sorghum Conventional NERICA rice
rice
Type of input
items) = 2 = = 2 o = S| 2|l =| s o
c c € c c e c S | Elc | S £
D> | D < D |D | < D |O|<«<|D |0 | <
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5. How available are the inputs for NERICA, especialhe planting
MALEHAI/SEEUS? ... e e e benees
6. Do farmers have the capacity to manage NERICAag® enable them

reap the potential benefits?

7. What should be to be done to enable farmers toawgon their field
management abilities especially as regards praolucti NERICA?

8. Given farmers’ abilities and Kenyan agro-ecologmatditions, what
would be the average yields for NERICA at farm |@ve

9. Are there any key quality differences between NERI@nd the
conventional rice that could significantly affeabnsumer tastes and
preference?

In your opinion, how would NERICA prices comparettwihe conventional rice

PIICES? .ttt ettt e et e e e e e e e e ettt ettt bbb e e e e e e e aaaaaaeeeaaaaaaeeeeearrnes
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