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Abstract 

To make operationa l on-farm crop genetic conservation strategy in Ethiopia, we have 

to understand the factors that determine fa rmers' for managing portfo lios of crop 

vari eties. Id enti fy ing farmers ' derived demand for sorghum varieties and drawing 

policy implication for on-farm genetic resOLll'ce conservation in Ethiopia is the main 

objective of this paper. Farmers ' preferences for varieties conditioned on diffe rent 

preference parameters are the theoretical basis for thi s study. Count index and 

Shannon index are used to measure the on-fa rm sorghum genetic diversity of the 

stud ied area. Poisson and Tobit regression mode ls are estimated using a rura l 

household survey data collected from 205 households in Tehuledere Woreda, Amhara 

Nationa l Regional State of Ethiop ia . 

The findings of empirical estimation shows that family size of the household, land 

characteri st ics, concern factors , number of oxen ownership and access to cash crops 

are promoting factors for variety richness of sorghum genetic diversity in farm 

household. On the contrary, the most important factors detaching the link between 

fa rmers surviva l strategy and sorghum genetic diversity are access to extension 

services, experience on using improved varieties, access to road infrastructure and 

access to market services. The results imply that on-farm crop genetic resource 

conservation will be negatively correlated to the over-all agricultural development in 

a specific region. Therefore, there is a need for flexible incentive structures to 

maintain CGRs divers ity at a soc ia l optimum and to off-set the negative effect of 

development interventions. 

Key words: crop genetic reso urce, derived demand, on-farm conservation, in situ, ex 

situ, survival strategy, Poisson regress ion, Tob it regress ion mode l. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

The Iri sh potato famine and the Southern corn leaf blight epidemic in USA are only 

two examples of food crises caused by wide-scale cu ltivation of genetically 

homogenous varieties. Even after these hi storica l events, the importance of Crop 

Genetic Resource (CGRs) diversity had only got popular acceptance when the spread 

of green revolution ' -cross crops threatened the conservation of land races (Turrent et 

aI., 2004). Consequently, the Consu ltative Group of International Agricu ltural 

Researches (CIGAR)2 initiated gene banks and research centres of domesti cation for 

conserv ing CGRs. The FAO sponsored International Treaty on Plant Genetic 

Resources(ITPGR) and UN-sponsored Convention on Biological Diversity (CBO) are 

international agreements that recogni ze the important role that genetic diversity 

conservation plays in current and future food and agriculture production (Smale et 

al.,2002). 

Initially, 155 parties at the Earth Summit held in Rio de Janeiro signed CBO in 1992. 

This signaled the intention of the world community at large to forming a global 

alliance to protect habitats, spec ies, and genes, to shift to sustainable modes of 

resource use, and to make the necessary policy, economic and managerial adj ustments 

I Green revolution technologies introduced improved crop va ri et ies that have higher yields, and it was 
hoped that they would increase farmers ' income. 

2 Some crops (center for domestication): maize (Mexico), wheat and barely (m iddle! near East and 
North Africa) , rice (North China) and potatoes (Peru) for further see http:// www.cigar.on:z 
leenter/index.html. 



to guarantee that the benefits to be gained from the use of components of biological 

diversity is equ itably shared across local, regional , and global soc ieties (!BC, 2000; 

!BC, 2005). The number of parties that have ratified the convention has now reached 

187 (IBC, 2005). 

Ethiop ia signed the CB O in 1993 and ratified it in May 1994 (Proc.98/1994). Article 

6 of the convention on CBO demands the preparation of National Biodiversity 

Strategy and Action Plan (NBSAP) for each signatory country. Ethiopia as a party to 

the Convention, and in fulfillment its obligation, prepared its NBSAP document in 

December, 2005 . This document defines the current status of, pressure on, options for 

priority actions to ensure the conservation, sustainab le use, and equitable share of 

benefits accrued from the use of biologica l diversity in Ethiopia (IBC, 2005) . 

The Federal Environmental Policy focuses on directing envi ronment and related 

activities that are be ing undertaken by the Environmental Protection Authority and 

various institutions. Article 3.3 of Environmental Policy, which is entitled as "genetic, 

spec ies and ecosystem biod iversity" includes the policy elements which aims to 

promote in situ conservations as priori ty measure and ex situ conservation as a 

complement inc luding a number of laws which shou ld be as guide lines for 

biodiversity conservation practice in Ethiopia ( EPA, 1997). 

Legislation SUppOlt is required for the implementation of many of the art ic les of the 

CBO. Ethiop ia has a wide range of laws relat ing to the conservation of the different 

components of biodivers ity (forests, land, wild life, seed etc) . With regard to the 

conservation of species a serious weakness in the relevant law is that it deal s 

excessive ly animal species and no provision is made for the protection of threatened 

2 



and endangered plant species (IBC, 2005). 

The CBO recognizes also in-situ conservation as a primary approach to biodiversity 

conservati on (Artic le 8). Of particu lar importance is the balance to be struck between 

conservation between conservati on measures wi thin Protected Areas (PAs) and 

meas ures for sustainable use of natura l areas outside of PAs in the wider country side. 

It is genera lly recognized that activi ti es, wh ich occur in areas adjacent to PAs, may be 

criti ca l to the viabi li ty of the PAs themse lves. If local people are involved in the 

management of PAs and other form s deve lopment compatible with the goa ls of the 

protected area are promoted in adjacent areas, then the protected areas long term 

viabili ty is likely to be enhanced (EPA,2004). 

In Ethiop ia, institutions involved in on-farm conservation of biodiversity include the 

Institute of Biodiversity Conservati on (!BC), the Ethiopian Agricu ltural Research 

Organization (EA RO) . Among these, the IBC is the foca l poi nt to CBO since July, 

2005 (!BC, 2005) . 

Ethi opian Biodivers ity Conservati on and Reasearch Policy was approved in Apri l, 

1998 w ith the view to prov ide for po licy guidelines towards the effective 

conse rvati on, rational deve lopment and sustainable utilization o f the country's 

biod iversity. There were a number of specific objectives and directi ons towa rds the 

rea li zation of to be fo llowed for the stated overall objecti ves (!BC, 2000, IBC, 2005). 

The genera l obj ective of the !BC is to undertake conservation and promote th e 

bio logica l reso urces, traditi ona l knowledge and ecosystems. Ethi opia has set a clear 

national poli cy directive on the nationa l biological reso urces. In the past, conservat ion 

efforts focused on the plant genetic resources and priority was given field crops. Since 

/
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( 

1998, the institute was given a wider mandate of conservation and susta inable 

utilization all forms biological resources including plants, animals and microbial 

genetic resources. Ecosystem management is also recognized as one of the areas to be 

given highest priority (IBC, 2000). 

!BC continues to implement the conservation and sustainable utilization of Ethiopian 

biodiversity. The existing strategies has been improved and refined in view of new 

development objectives and strategies of Ethiopia. International standards are adopted 

and special efforts are being made to tackle the enormous qualitative and quantitative 

dimension of conservation problems unique to Ethiopia. In addition to seed storage, 

the institute has been undertaken a major effort to increase in situ conservation in 

relevant ecosystems. A major component of these plans will be the conservation of 

species where many of the wild and weedy relatives of cultivated crops species will 

exist. On-site conservation of indigenous and local breeds of animals, both domestic 

and wild has been enhanced. New and appropriate conservation techniques and 

methodologies are going to be adopted for aquatic and terrestrial biodiversity. The 

rich indigenous knowledge associated with biodiversity had been studied and used for 

biodiversity conservation and promoting sustainable utilization ( Fasil K. , and Girma 

B., 2004). 

In biodiversity conservation, basically there are two pillars of conservation ex situ and 

in situ systems. The conservation of crop genetic resources in areas where crops are 

grown is referred to as in situ conservation. The other method of keeping CGRs is in 

the gene banks which are referred to as ex situ conservation. Conservation in gene 

bank is increasingly complemented by on-farm conservation, the feasibility of which 

has been investigated by a variety of studies (Doss, 2003; Be ll on and Smale, 1998, 
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Ed ilegnaw, 2003). On-farm conservation is the willingness of farmers in their 

communities to continue cultivating diverse crops, in the agro-ecosystems where the 

crops have evolved hi storically through processes of human and natura l se lection. 

Farmers as economic agents, make choices about private goods. However, when these 

goods also have public attributes, the relationships among farmers in communities, as 

we ll as institutional considerations, affect their utilization. Economic theory predicts 

that, as far as CGRs is an impure public good, we wou ld therefore predict that 

farmers as a group will choose to maintain fewer of the diverse crop genetic resources 

in their field s than society might find optimal. [n that case, institutional structures are 

needed to compensate for the inab ility of markets to provide sufficient incentives for 

fa rm ers (Van Dusen and Taylor, 2005). 

Therefore, minimizing the 'trade-off' between economic development and on-farm 

conservation of CGRs is challenging for designing on-farm CG Rs policy for 

deve loping countries like Ethiopia . For implementing on-farm conservation CGRs in 

Ethiopia, identifying locations and farmers those who could derive benefit fro m 

conserving loca l land races of sorghum is one of the main objectives of thi s thesis and 

to draw policy implication for on-farm crop genetic reso urce conservation programme 

in Ethiopia. 

1.2. Statement of the Problem 

Ethi opia is among those countries that are economica lly poor but still rich in 

biological diversity. It is a centre of diversity and one of the eight Vavil ovian gene 

centres of the world for cereals such as barley, wheat, sorghum, finger millet, and teff 
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(Harlan, 1992; Vivi lov, 1956). The genetic diversity found in Ethiop ian landraces3 has 

been used world wide in developing new crop varieties and address ing acute yie ld 

constraints. For example, the number of crop access ions' of Ethiopian origin that have 

been introduced to various international crop improvement program and seed 

companies is enormous: more than 1800 for wheat and more than 4500 for sorghum, 

around 2500 for bare ly and more than 900 and large numbers also reported for 

ch ickpea, lentil and fi nger millet (lCPPGRlFAO, 1997; Cavatass i e l al., 2006). 

Much of thi s crop diversity is fo und in small fields of peasants who, a ided by nature, 

have played a central ro le in the creation, maintenance, and use of these invaluable 

reso urces. Peasant fanners in Ethiopia translate the ir deep understand ing and use of 

di fferent plants and an imals, or the genera l biology of their surroundings, to fa rming 

systems that are best adapted to their own circumstances (Worede el aI. , 2000). 

The genetic diversity a lso allows fa nners to explo it the full range of the country's 

highly varied micro-environments differing in characteristi cs such as so il, water, 

temperature, a ltitude, slope, and fe rtili ty (Demisse, 1999; Smale, 2006). Such 

di versity is also crucial to susta in current producti on systems, improve human diets, 

and support biological systems essentia l for the live lihood of local communities . 

Maintenance of species and genetic diversity in fa rmers' fi elds is, therefore, crucia l to 

susta inab le agricu lture, especia lly fo r resource-poor fa rmers practicing agriculture 

under low-input conditi ons in marginal lands. 

J The land races (traditional varieties) are varieties of crop plants whose genetic compositi on is shaped 
by household agronomy practices and natural selection pressure over generations cultivations (Smale 
et al.,2001) while modern varieties that have been developed by professional breeders (Hintze,2002) 

4 Access ions are a sample ora crop variety collected at a specific location and time (Heywood, 1995). 
6 



Despite Ethiopia has made a national comm itment to conserve genetic resources on 

farms and in gene banks over the past two decades (Worede et ai, 2000), their 

continuous survival is, however, threatened by natural and human driven factors . In 

Eth iop ia, the most drastic change has occu rred in the natural high forest and their 

biological resources that once covered more than 42 million hectares(35% of the tota l 

land area), are now less than 3% (Getahun T. , and Sh iberu T. ,2003) Together with 

thi s, animals, microbes and the assoc iated indigenous knowledge are being lost before 

we know the benefit. 

This threat has induced the need fo r designing conservation measures. Among the in­

silu and ex silu conservation options ava ilab le to conserve crop genet ic resources, on­

farm conservation has got the attention of concerned organizations since these crop 

genetic access ions contribute not only to farmers' survival first strategy but also used 

for internat iona l crop development program (Smale , 2006; Ed il egnaw, 2003). 

Hence, to make on-farm conservation operational, wh ich is the focus of this paper, 

placing incentives (that lin k conservation with utilization) and removal of perverse 

incentives are believed to be cruc ial so that landraces conservation a llocation on off -

farm and on-farm conservation will be made efficiently (Ed ilegnaw, 2003) . However, 

before designing sound incentives and / or removing perverse incentives, we have to 

understand the factors that determine for managing portfolio of crop varieties . 

1.3. Objectives of the Study 

The general objective of the study is to identify farmer' s derived demand (determine 

the factors) fo r managing a portfolio of local varieties of crops draw implication for 

7 



on.farm CORs pol iey in Ethiopia. The specific objectives uro: 

I . To analyze fa rmers' 'surv ival motives' 5 that could promote sorghum diversity at 

fa rm household level. 

2. To examine the fa rm househo ld contextual factors inducing fa rmers to mainta in 

multiple loca l vari eties of sorghum. 

3. To examine factors those detach the link between de fac Io sorghum genetic 

diversity conservation and farmers' survival strategy. 

1.4. Research Questions 

This thes is will give expl icit account of farmers' heterogeneity (in terms of resource 

endowment, sensitivity to risk, concerns, objectives and constraints) and examine 

their in-buil t incentives6 and in-buil t dis incentives for managing portfolios of loca l 

varieties. The research question to be addressed is therefore: 

I . What are the soc ia l and economic profi les of the farmers who are most likely to 

maintain higher level s of sorghum crop biodiversity compared with those who 

likely to spec ialize? 

2. What are the incentives of farmers to ma inta in on-fa rm sorghum crop genetic 

diversity? 

3. What is the re lationship between access to development in frastructure and crop 

biodive rsity? 

SSur"vival motives is the survival strategy of farmers in which farmers used crop biodiversity to 
minimize environmental ri sk to sustain food security at house hold leve l. In thesis, crop diversity used 
for farmers as ex ante strategy as copping mechanism for food security. 
6 In bui lt incentives are farmers incentives to produce crop diversity derived from with in their house 
hold concerns, endowments and constraints while in buil t dis-incentives arc house hold re lated 
contextual factors that detach the link between crop diversity and farmers survival strategies. 
(Edilegnaw,2003) 
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1.5. Justification and Significance of the Study 

Though Eth iopia has an enormous genetic resource stock, agriculture is still unable to 

generate sufficient food and fibre for the population. The ava il able stock is dwindling 

ma in ly due to changes in incentive structures in agricultural production (Ed ilegnaw, 

2003). Conservation of crop genetic resources, therefore, safeguards agriculture from 

potential losses through its future use va lue. As a result , the economy wi ll be on a 

more sta ble footing since by enab ling crops to adapt to variations in climate and 

degraded land ; conservation decreases the probab ility of crop fai lure that is occurring 

more frequen tly in recent times than in the past decades. 

Sorghum is c lose ly linked to fo od and livelihood security for farmers in the semi-arid 

trop ics across Africa and As ia. [n Ethiopia, approximate ly a million hectares are 

sown to sorghum, mak ing it the third most important crop (CSA, 2006), and a majo r 

stap le in the diet. Ethiopia is a centre of divers ity for sorghum, and the extremely 

diverse sorgh um types found in the country are of globa l significance (Stemler el 01., 

1977; Ayana et 01., 2000). 

Ethiopian farmers have shaped and managed th is genetic diversity, and continue to 

maintain a wide array of sorgh um types on their farms (Teshome el 01., 1999; Tunstall 

et aI. , 200 I). According to CSA (2006) report, adoption of improved varieties of 

sorghum is minimal which is below 0.5 percent overa ll Eth iopia. Th is indicates that 

the contribution of loca l land races of sorghum still at significant level for food crop 

production in Ethiopia. Therefore, adequate ly dealing the incentives of farmers to 

maintain crop genetic reso urce of the sorghum is a critica l aspect of increasing farm 
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level productivity and meeting the food security objectives of the nation. 

In conclusion, their importance from the perspective of conserving agricultural 

biodi versity, and the crop's importance to household subsistence is justifiable taking 

this crop and the area as focu s of the study in th is thes is. Therefore, the outcome will 

have policy implication for genetic resource conservation of sorghum in Ethiopia and 

gu ide future research areas on crop genetic diversity in different settings. 

1.6. Scope and Limitation of the Study 

The interdisciplinary nature of the subject was a challenge and sometimes a source of 

frustrat ion when try to catch up the main concepts of the area . It is a challenge and at 

times an opportunity to think beyond economics to get into important elements of the 

topic. Moreover, the number of local vari eties that fanners identi fy does not inform 

about the precise levels of diversity maintained as diversity definition used in this 

thesis is not reflecting any genetic information. It rather reflects farmers' variety 

identification which is the best option for measuring genetic resource diversity of a 

given locality. Therefore, data that are used in the thesis are all farmers' 

nomenclature' in which similar studies had been undertaken by Teshome e l al., 

(1999), Brush el at., (1992) and Ed ilegnaw, (2003) in a number of case studies. 

1.7. Organization of the Paper 

The remainder of the research report structured as fo llows. The second chapter deals 

with reviewing relevant theoretical literature and empirical findings of different 

, Nomenclature is the identification of farmers of their seed using agro-morphologica l 
characteristics. 
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scho larly pa pers are presented. The thi rd chapter deal s with the methodologies, 

theoretica l and empi rical frameworks with description of the variables are d iscussed. 

The fourth chapter of the paper is the empirica l analysis and discuss ion of the 

emp iri ca l findings. The fifth chapter summarizes the major findings and the policy 

impli cat ions and indicating future re search areas of the topic. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Crop Genetic Resource Literature Related To Ethiopia 

Agricultural intens ificat ion wi ll be the primary sou rce of crop production growth 

globally over th e next 25 years (Bruinsma, 2003). Based on Bruinsma (2003) 

findings, there is a substantial gap exists between actual and attainable y ields, which 

is approximate ly 2.8 tons/hectare for Eth iopia. Understand ing thi s fact, currently the 

Ethiopian government plans with its PASOEP five year Program (2004/05 to 

2009/10) to increase the over a ll average productivity of crops from the existing 1.44 

tonslha to 3.49 tonslha during the plan period (MoFEO, 2006). [n doing so, the 

government pursues fa rmers to adopt and provision of an extended and improved 

supply of agricu lture inputs including improved seeds, fertilizer, effici~nl pest contro l 

and better management practices. 

However, the problem is especially modern crop varieties have been developed 

primarily for high potential production conditions and such varieties are often not 

suitable for low income farmers in marginal production areas facing highly variable 

production cond itions (Evenson and Goll in, 2003). Land races or traditiona l varieties 

have been found to have higher stability (adaptation over time) in marginal 

environments, and thus thei r culti vation may contribute farm leve l res ilience in face 

of production shocks (FAO, 1998; Ceccarili and Grando, 2002). Th is is especially 

true in some palt of Ethiopia where agro-climatic conditions are challenging, 

technolog ica l progress is slow, and market in stitutions are poorly deve loped (Oi Falco 
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et aI., 2006, Bruinsma, 2003). 

In view of thi s, it is a challenge and an opportunity for policy makers to design a 

complementaril y poli cies between on-farm crop genetic resource conservati on and 

economi c deve lopment poli cy options in Ethiopia. The fo llowing sections di scuss the 

ro le of CGRs to fanners and to the soc iety including Ethiop ian experience crop 

genetic resource conservation strategy in detail. 

2.1.1 Agricultural Productivity and Crop Genetic Resources in 
Ethiopia 

Ethi op ia is the second most populous nation in Africa and one of the poorest country 

in the world w ith an est imated pop ulati on of over 77 milli on of wh ich 40 to 50 

percent is estimated to be food- insecure (USDA, 2005; CSA, 2006). The hi gh density 

of the popu lation together with the practice of dividing hold ings between offspring, 

leads to land fragmentat ion and small fi e ld sizes (frequently less than one hectare) 

(Unru h, 200 I). The resul t ing increased intensification, characterized by absence of .­
i 

fallowing, lack of technical change, absence of conservation practices and drought, is I 
'. 

creating a high degree of land degradation and , therefore, a decline of land and grain 

prod uctivi ty (Shiferaw and Holden, 1997). 

The major food crops grown by the small-farm sector include cereals (teft', maize, 

wheat, barley, so rghum, mill et, and oats), pul ses (faba beans, field peas, lentils, 

chickpeas, and haricot beans), and oi l crops (flax and noug) (CSA, 2006). Table 2. 1 

shows that the nati ona l cerea ls crop production fo r the cropp ing season 2006/2007. [n 

terms of volume of production, mai ze accou nts fo r 29.32% of tota l cerea l crops 

production, whil e wheat accounts 19.12%, teff and sorghum took 18 .93% and 17.98% 
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of the total cereal crops produced in Ethiopia respectively. In terms of yield, as shown 

in the Table 2.2 maize prov ides the highest productivity (2.23 tons/hal. Teffyie lds the 

least among the cerea l crops (1.0 I tons/hal though teff has been cultivated the highest 

in terms of area coverage of cul tivation among cereal crops and the principa l staple 

fo od crop in Ethi opia. 

Table 2.1 Estimated Areas, Production and Yield of Cereal Crops for 2006/2007 

in Ethiopia. 

Cereals Area Prod uction Production 

( in hectares) (tons) share (%) 

Cerea ls 8,471 ,920 12,879,792.6 100 

Teff 2,404,674 2,437,749.5 18 .93 

Bare ly 1,011 ,3 14 1,352, 158 10.50 

Wheat 1,473,9 17 2,463,063.9 19. 12 

Maize 1,694,522 3,776,439.7 29.32 

Sorghum 1,464,3 18 2,3 16,040.9 17.98 

Finger mill et 374,072 484,408.9 3.76 

Oats 49,103 49,93 1.7 0.39 

Source: CSA (2006), Agricultural Sample Survey for the Year 2006/2007 

(September-December, 2006) Volume I 

Yield 

-

1.0 I 

1.33 

1.67 

2.23 

1.58 

1.30 

1.02 

Livestock production also plays a crucial role in Ethiop ia's economy, contributing to 

about one-third of agriculture's share of GOP. The combination of, high population 

pressures, poor agricultural policy making, conflicts and environmental degradation 

have left Ethiop ia a country with low agricu ltura l productivity, high rates of food 

insecurity and hi gh rates of dependency on external food source (USDA, 2005). At 

present, the grai n productivity of Ethiopian agriculture is among the lowest in the 
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world - around 1.2 tons per hectare (USDA, 2005). 

Increas ing the productivity in the intensive margin is the main means by which 

Ethiopia can increase domestic production due to a lack of new lands to bring into 

agricultural production (MoFED, 2006). Improv ing the productivity of crop genetic 

resources and their accessibility to farmers is a key aspect of the government strategy, 

particularly the promotion of improved technological inputs and practices in order to 

raise agricu ltural productivity (USDA, 2005). 

2.1.2 Public and Private Values of Crop Genetic Diversity in the 

Ethiopian Context 

As mentioned above, Ethiopian CGRs not only provides a private benefit to the 

farmer but also have a social value through contributing to the conservation and 

evolution of genetic resources and crop breeding improvement programme to the 

society. This dual role may give rise to confli cts between public and private interests 

in terms of keeping the desirable level of diversity at the country and global level 

(Smale and Bellon, 1999). 

The public goods nature of CGRs in Ethiopia is always associated with its role for 

crop genetic divers ity conservation to the society. In thi s regard, the contribution of 

Ethiopian farmers in generating and maintaining the diversity of many crops has been 

indispensable for the three main reasons. 

First, Ethiop ia is considered as the primary gene center for field crops such as Noug 

(Guizotia abyssinica), Teff (Eragrostis te!) , and Ethiopian mustard (Brassica 

carinala) (Vavilov, 1956). Introduced field crops have also deve loped wide developed 
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wide range of ge11etic diversity under local eco logical conditions and agricu ltural 

practices, 

Second, the tremendous variation in altitude, temperature, rainfall, soil type and 

ecologica l settings, as well as the diverse social and cultural conditions together with 

different levels of market integration are also some of the poss ible explanations for 

the existence of remarkable genetic variation of crop varieties in the country (Worede 

et aI., 2000; McGuire, 2005), 

Third , crop genetic diversity present in Ethiopian farmers ' fields is the result of 

severa l thousands years of fanning, sometimes under very harsh conditions, 

Landraces (farmer varieties) represent often the only source of agricultural 

production, Difficult fa rming conditions are one explanation fo r why Eth iopian 

landraces contain genetic properties such as drought to lerance and pest res istance of 

great value for breeding purposes, For example germplasm capable of res isting the 

gene of the Barley Yellow Dwarf Virus, was obtained from the Ethiopian barley 

co ll ection and introduced into the genetic material of the Californ ia barley in the 

1960s (Cavatass i e/ aI. , 2006), 

Studies have also indicated that the private values of landrace varieties to Ethiopian 

farmers (Gebremariam, 1992; McGuire, 2005; Unruh, 200 I; Mulatu, 2000), Attributes 

such as yield under stressed or marginal production conditions, as well a desirable 

consumption characteri stics are primary drivers of the demand for landraces, Unruh 

(2001) discusses the importance of land race varieties in managing risk in the 

Ethiopian highlands, However, these private benefits are not equally we ighted to all 

farmers and it varies fro m farmers to farmers ; from location to locations (Edi legnaw, 
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2003). This indicates that there is a variation between private optimal level of CORs 

and the soc ially desirab le diversity level by the community wh ich justifies public 

intervention for effective ly conserving crop genetic diversity. 

2.1.3 Crop Variety Use in Ethiopian Agriculture 

Ethiopia is st ill heavily dependent on FYs for its national food production (FAO, 

1996; cited on Edilegnaw, 2003 ; McGuire, 2005). According to CSA (2006) report, 

only 3.80% of tota l cu ltivated crops used improved seeds, for the year 2003/2004. Of 

total cultivated cereal crops, 4.91% used improved seeds for same crop season in 

Ethiopia. The adoption rate of improved seed for sorghum is only 0.47% while the 

largest adoption rate is maize (20.15%), and wheat (4. 13%) for each respective total 

cultivated land, in the 2003/2004 season. This low adoption rate of improved 

varieties cereals crops especially to sorghum crop wi ll imply how de fac Io 

conservation is still at significant level on small holder fa nners of Ethiopia. 

2.1.4 What are the Threats of Crop Genetic Erosion in Ethiopia? 

The broad range of genetic diversity existing in Ethiopia, particularly the primitive 

and wild gene pool, is presently subject to serious genetic erosion and irreversible 

losses. The most crucial factors include the displacement of indigenous land races by 

new, genetically uniform crop cultivars, changes and development in agriculture or 

land use, destruction of habitats and ecosystems, and drought. The drought that 

preva iled in region of Wollo, parts of Shewa, and Northern Eth iopia, has directly or 

indirectly caused considerable eros ion, and at times has even resulted in massive 

destruction of both animals and plants (!BC, 2005). The fa mine that pers isted in some 
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parts of the country has fo rced fanners to eat their own seed in order to surv ive or to 

sell seed as a food commodity. This has resul ted in mass ive displacement of native 

seed stock (mostly sorghum, wheat, and maize) by exotic seeds prov ided by relief 

agencies in the fo rm of food grains (Worede, 199 1; !Be, 2000). The extent to which 

the di splacement of native seeds by exotic or im proved materials occurs in Ethiop ia 

has not been fully documented. Rates of di splacement vary depending on regions and 

crops. In many cases, farmers sti ll plant both native and exotic types interchangeably 

or a long s ide, each other, at t imes in mixtures, depending on their particu lar need, 

market demand , or other preva iling factors (Worede et at., 2000). 

In general , native barely and durum wheat among the crops threatened by new 

varieties and / or by other crops spec ies such as teff and bread wheat ,which are 

expanding withi n the cerea l growing highlands of Shewa, Ars i, and Bale regions 

(Worede et at.,2000) large ly because of market demand . 

With sorghum and millet, exotic varieties do not pose any immediate threat because 

expansion of such material is at present some what restricted. In the case of sorghum, 

however, genetic erosion is progress ing on account of extensive se lection and 

breeding of the native population. The di stribution of these material s results in 

grad ual di splacement of the ori ginal farmer' s seed stock, espec ially in the regions of 

Wello and South East Shewa (Woerede et at., 2000). The next sections briefl y di scuss 

about crop genetic resource conservation strategies practi ces and potential of 

Ethiopia. 
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2.1.5. On-Farm Crop Genetic Conservation and Its Potentials in 
Ethiopia 

On-farm conservation ventures are of recent innovations in Ethiopia and they are little 

tried (Demissie, 2001; Edilegnaw, 2003). On-farm conservation in Ethiopia is yet at 

its infancy. Desp ite the country's huge potential in its genetic resource, stock, the on-

farm conservation activities are of limited nature in both coverage and scope. This is 

mainly due to the limitation in resource capacity. Lack of experience and absence of 

well establi shed principles are the forefront hurdles. The dominant on-farm activities 

in place are yet in a pilot project form that can not necessarily proceed more than the 

project life (Edilegnaw, 2003). As they are not estab lished with the understanding of 

farmers' motivations, expectations, endowments, and the institutional setting, they are 

no more important than learning from trial and error. Most of the on-farm 

conservation models suggested in Ethiopia is of dubious acceptability to farming 

communities (Demissie, 2001; Edilegnaw, 2003). Thus, one of the main objectives of 

thi s thesis which is supposed to inform policy makers about farmers concerns, 

household characteri stics, market related characteri stics and the agro-ecology 

characteristics where and when cou ld on-farm conservation wi ll be more feasible and 

efficient in Ethiopia. 

2.1.6. Conservation on Farmers' Fields 

Farming itself is the original method of conservation linked with utilization (Engels 

and Wood, 1999). On-farm conservation is a process managed by farmers themselves 

and not one to be imposed by institutions (We ll s, 1998). Farmers are custodians of 

genetic resources and always retain some seed stock for security unless circumstances 

dictate otherwise (Worede, 1988). They have always been doing so well ahead before 
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the gene bank came into the picture . Taking farmers as custodians of crop diversity, 

the history of on-farm conservation can, therefore, be traced back to the history of 

farming. 

According to some studies, the concern of losing their local varieties and breeds has 

a lways ex isted among farmers. There are multipl e exam ples of farmers who maintai n 

crop and anima l genetic di vers ity for their own present and future use (Mugwara and 

Gebreegz iabher, 2002). However, one shou ld not lose sight of the fac t that farmers do 

no maintain local varieties for diversity sake in a way requ ired by the public agency 

dealing with conservation. 

Farmers' knowledge is believed to be important not only for retain ing crop diversity 

in its natural environment but also in integrat ing sc ientific knowledge to their life 

styles. The Ethiopian fanners are said to be not only an adj unct to conserving and 

enhancing but key actors in maintaining ge netic diversity (lORe , 1995). 

2.1-7. Ex Situ and On-farm Crop Genetic Resource 
Conservation: Why Complements? 

The purpose of this section is to exp la in the complementarit ies between on-farm 

conservation and ex situ conservation strategies. Ex situ strategies generate stock 

information for future decis ion making. While on-farm conservation strategies supply 

a flow of in formation (Swanson and Gosch l, 2000a). On-farm conservation is 

basically prod uct ion (or utilization) a long with conservation whereas ex silu 

conservation in the gene bank is purely meant for static conservation involving only 

the use of the germplasm fo r breeding purpose. Both have some common outcomes 

depending on factors li ke the rate at whi ch ex situ co llections are done, the 
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communal iti es of the genetic resources considered for conservat ion on-farm and ex 

situ, and the rate at which evolution in the field occurs. 

To utilize both options effi ciently and to capitalize on the dynamic features of on­

farm, one has to ask ' how fast is crop genetic variability occurring under the natural 

environment?' the faster the rate of variability, the more on-farm conservation is 

justified. If it takes 50 years for a geneti c material to change its attribute, there is little 

economic and biological gro und to justify on-farm conservation of the genetic 

material as this duration is so long and beyond the public decision horizon of the 

present generation (Swanson and Goschl, 2000a; Edilegnaw, 2003). If the rate of 

change in genetic structure of certain crops changes so fasts , on-farm conservation of 

that crop will be sounder. This is because the different between the stock and the flow 

of information wi ll be high enough to justify the costs (Edilegnaw, 2003) 

Most authors agree that ex situ conservation should serve as a back-up for on-farm 

conservation and they should be considered as complementary (Shands, 1991; 

Brookfield and Stocking, 1999; Brush, 2000; Hawkes et aI. , 2000, Edi legnaw, 2003). 

Even though both ex situ and on-farm conservation ventures are expensive, they are 

both necessary in order to approach an effic ient method of resource conservation 

(Swanson and Goschl , 2000a). Their complementary emanates from the fact that they 

are serving different conservation purposes: conservation at a point in time and 

conservation over time. Having this in mind, the two systems are adopted into the 

conservation strategy of Ethiopia (Demiss ie, 200 1). Above all , establishing the 

linkage between on-farm conservation and ex situ conservation is the most crucial and 

challenging task ahead (Demiss ie and Arega, 2000). This can help to avo id redundant 
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conservation options (Edilegnaw, 2003). 

Mostly, the question of optimum combination of on-farm and ex situ is raised 

(Swanson and Goschl, 2000a). However, the question should rather be as to how to 

make their outcomes supportive and non- redundant. How much should a country 

invest in conservation strategy depends on the type of genetic resource it is dealing 

with and its resource endowment. This is mainly because each strategy needs different 

types of crop diversity depend ing on the nature of the crop. 

For all the above reasons, policy makers have to recognize that ex situ and on-farm 

conservation are neither substitutes nor mutually exclusive in outcomes. Based on the 

features of the genetic resources and scarcity of the resources required to undertake 

the different conservation strategies, the country needs to capitalize on the 

complementarily of these strategies. 

From the assessment of crop variety use in Ethiopian agricu lture, it has becn c lear that 

loca l land races play an important role not only for livelihoods and for survival 

strategies, its global public attribute for the international world should consider that 

how the system is complex and dynamic . As far as the role of CGRs concerned, its 

high private benefit to farmers and public attribute to the soc iety have pay the 

attention of nationa l and international institutions to implement on-farm crop genetic 

resource conservation in Eth iopia. This is an opportunity for implementing on-farm 

crop genetic resource conservation in Eth iopia. However, the government ambition to 

increase productivity and ach ieve food security through improving the constraints of 

access factors and di sseminating improved varieties of crops with improved 

technologies cou ld increase the opportun ity cost of on farm CG Rs; this has been a 
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challenge to pursue conservation strategy on farm in this country. The coming section 

wi ll discuss the ex isting empirica l li teratures regard ing 'what are the exogenous 

factors that determine CG Rs on fa rmers dec ision model?' 

2.2. Empirical Literature Review 

The choice to continue growing trad itional varieti es is not merely the oppos ite of 

adopting modern varieties. Different models have been developed to explain why 

fa rmers grow more than one local variety simultaneously that provides insights and 

background of the study. Summaries of thi s literature are found in Feder e/ al. , (1 985), 

Feder and Umali (1993), Meng (1997), Smale et aJ. , (1994), Ed ilegnaw (2003), Van 

Dusen (2000) and Van Dusen and Taylor (2005). 

If on-farm conservation of crop genetic resources becomes a po li cy concern, it will be 

important to understand the factors that influence household decis ions to paltially 

adopt new agricultural innovations and to understand how adoption dec isions 

influence on-farm diversity. 

In this section, theoretica l and empirica l research regarding technology adoption and 

on-farm conservation of crop genetic resources are reviewed . It begins with reviewing 

the main determinants of crop choice of farmers. Following this, the diversity 

measures and on-farm divers ity empirical studies are examined. 
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2.2.1. Risk Aversion 

Households potentia lly face production and consumption risk after the planting 

dec ision has been made, and risk aversion has been the most widely cited theory to 

explain why households continue to cultivate landraces (Meng, 1997; Hintze, 2002; 

Ed ilegnaw, 2003). 

A risk-averse household is willing to trade-off higher expected yield in return for 

lower yield variance. To make this trade-off, a risk-averse household can diversify its 

crop portfolio by choosing among available alternatives that could include modern 

and traditional varieties (Smale et aI. , 1994). The household has expectations about 

the yield of the land races through years of cu lt ivation experience. Although the 

expected yie ld of land races may be lower than modern varieties in optimal growing 

conditions, they are viewed as less ri sky by the household because the household has 

more information about their y ields through experience. The higher-yie lding modern 

varieties may have larger expected ga ins in y ie ld, but they may al so present more risk 

because they are less known to the producer (Feder, 1980). 

Feder ( 1980) di scusses ri sk aversion and the choice between modern and traditiona l 

varieties. Using the expected utility model, the risk-averse househo ld is theoretically 

shown to plant less area to modern varieties as risk aversion increases. Similarly, an 

increase in yie ld variab ility of modern varieties, ceteris paribus, leads to less land 

a llocated to modern varieties. In addition, as landholding increases, area planted to 

modern varieties increases, though Just and Zi lberman (1983) theoretically 

demonstrate that the proportion of land a llocated stays fi xed as farm size increases if 
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relative risk aversion is constants. Risk aversion is represented in both studies as a 

farmer's decision to adopt a modern variety given modern or traditional varieties ' 

mean yields, variances, and the cova riance, and given that households can red uce risk 

by planting land races. 

All the above mentioned studies, however, focus extensively on production risk. 

Finke lshtain and Cha lfa nt ( 199 1) theoretica lly extend the concept of risk to include 

consumption risk s ince many agricu ltura l househo lds in develop ing co untries 

consume part of the ir production. The authors find that traditional univariate ri sk 

model s that solely consider production risk do not apply to agricu ltural households in 

develop ing countries because most face production and consumption risk from their 

on-farm agricu ltura l production. 

2.2.2. Socio-economiclHousehold Indicators 

Socio-economic/househo ld characteristics that influence the wealth perception of a 

household, such as asset wealth and li vestock holdings, can also influence technology 

adoption. Other determinants, such as ed ucation, farm experience, and the number of 

dependents in the househo ld have a lso been shown to affect technology adoption rates 

in agriculture . 

Perrin and Winkelmann (1976) empirica lly study the effect of farm size on 

technology adoption. They found that fa rm size plays a significant rol e in adoption 

rates, with large farmers more like ly to adopt a modern variety before sma ll farmers , 

though small fa rmers eventua lly catch up in adoption rates. They postulate that this 

can res ult for several reasons. One is that large fa rms poss ibly benefit from economies 

& This conclusion is empirically demonstrated in Brush, Taylor, and Bellon (1992) 
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of scale in transactions costs. Second, large farmers are probably able to reduce the 

ri sk of experimenting w ith new crops much more eas ily than small farmers 

experim ent. A large farmer can dedicate a small cropping area to a new crop with less 

risk rel ative to a small farmer who is dependent on a small er amount of land for 

consumption and market production. [n addition, large farmers may have lower per­

unit input costs relative to small farmers. If they can obta in quanti ty discounts, they 

are more like ly to choose to experiment with the intensive technology 

Brush et al., ( 1992) empirically examine the effects of on-farm fragmentation on the 

adoption of technology. Fragmentation refers to the number of separate plots that a 

household cultivates per unit of cultivated land . As the number of separate plots 

increases, so does the leve l of fragmentation . As fragmentation increases, the authors 

argue that environmenta l heterogene ity also likely increases because the plots can be 

spread out ove r severa l agro-ecological zones. This could make it risk ier to cultivate 

only one crop because the plots of the farm may vary drast ically in terms of overa ll 

land qua li ty. The authors argue that more fragmented farms are likely to contain more 

diversity because severa l variety types cou ld be needed to match the varying agro­

eco logica l conditions. Although the authors conclude that fragmentation does not 

have a signifi cant effect on area planted to improved varieties, it does have a 

significant positive effect on the leve l of on-farm diversity. 

Other household characteristics that have been empirically shown to influence land­

use dec isions include education (Lin, 1991 ; Meng , 1997), asset wealth and li vestock 

holdings (Meng, 1997; Winters et al., 2005), years of experience fanning and the 

number of dependents living on-farm (Edmeades et al., 2005), and livestock holdings 
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(Kurosaki.1996; Edmeades el al., 2005). 

Previous empiri ca l studi es of technology adoption by agrarian households in 

deve loping cou ntries have shown these factors play significant roles in land-use 

decisions and crop choices for the househo lds make. Thus, on-farm diversity model in 

this thesis includes socioeconomic/household characteristics. 

2.2.3. Agro-ecological Heterogeneity 

Another important set of determinants that could influence variety selection at the 

household level is that of agro-ecological constraints. The quality of the land that a 

household cultivates can strongly influence the decision to adopt a new technology or 

to continue to plant a landrace . 

Households ' cu ltivated land characteristics can vary from one plot to another (e.g., 

so il quali ty, rockiness and the slope of the plot). This can affect land-use decisions 

because modern varieties typica lly perform better than traditional varieties under 

optimal farming conditions (Feder, 1980; Bellon and Taylor, 1993). 

Perrin and Winkelmann (1976) empirically examine agro-c1imatic cond itions and 

topography (degree of slope of the plot) as explanatory variables in their study of 

adoption rates between large and small farmers. They conclude that, " relatively subtle 

agro-climatic changes in grad ients can lead to dramatic changes in farmer behaviour" 

Heterogeneity in land quality can lead to large variation in expected yield for 

households within a small geographic area . Hence, the rate of technological adoption 

of a farmer is depending on the quality of a given household 's land. 
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Jansen 01 at (1990) empirically test agro-ecological constraints in their study of 

adoption ce ilings ( i. e., upper limit of adoption within a population of households) in 

India fo r coarse cerea l cu ltiva rs. They fi nd that agro-ecologica l variables have 

significant explanatory power in adoption rates. 

Meng ( 1997) finds that hi gh quali ty so ils are less like ly to be planted to landraces, but 

highly sloped plots of land (degree of topography) are assoc iated with land race 

culti vation. Van Dusen (2000) fi nds that increas ing degrees of topography and 

elevation correlate pos itive ly w ith the number of vari eties planted. 

2.2.4. Market Access 

Another determinant of land-use dec isions is market access and how it infl uences a 

household 's ability to parti cipate both in the market for seed and input acquisit ion and 

in the market to sell output. Households in less developed countries may be 

confro nted with markets in which not all inputs are available or in which they may not 

be able to se ll the ir output, and at times with no market structure at a ll. Thi s could 

infl uence the quanti ty of tradit ional and modern varieties the households decide to 

cul t ivate. 

Along with risk avers ion, soc ioeconomic/househo ld characteri stics, and agro­

eco log ica l constra ints, Meng ( 1997) uses market access to empiri cally explain the 

crop choice of farmers. Distance to market and road quali ty both influence the variety 

choices of households. Omamo ( 1998) empirically finds that high transport costs 

di rectly influence househo lds and result in the dec ision to plant low-return food crops. 

Hintze (2002) also empirically tests road quali ty as an ind icator of transacti ons costs 
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and fi nds it to be positive and significant for modern maize variety adoption. 

Distance to market, road quali ty, and access to input and output markets have been 

shown to affect households' land-use dec is ions. Thi s thesis includes variab les to 

measure the effect of market access on crop variety choice by househo ld s. The next 

section briefly di scusses the re levant research about the factors determines the link 

between crop choices of farmers and on-fa rm divers ity outcomes . 

2.2.5. On-farm Conservation 

As di scussed in cha pter one, ex situ and on-farm conservations is practi ced by gene 

banks and house holds respective ly . Ex situ conservation depends on the wi llingness of 

research institutions to take on caretaker roles for crop genetic resources by managing 

gene banks. On-farm conservation, on the other hand, is the result of production 

dec isions of household s. That is on-farm conservation currently continues without 

po licy intervention does not ensure that the pract ice will continue in the future. 

The study of technology adopt ion model s is key to gai ning an understanding of on­

farm conservation and if and to what extent it will continue. Many empi ri cal 

techno logy adoption studies have been used to study levels of on-farm diversity a nd 

how the introduction o f modern varieties has affected this diversity. 

2.2.5.1. Diversity and On-Farm Conservation 

Van Dusen (2000) empiri ca lly tests soc ioeconomi c/household ind icators, agro­

eco logica l condit ions, and market access on land-use dec isions that households make 

and then links these va riables to on-farm diversity outcomes within cropp ing systems. 
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He uses a Variety Count index and the Shannon index of morphological traits to 

measure divers ity. His results show that the land-use determinants in his empirica l 

mode l have varying effects on the levels of diversity for individual crops within 

cropping systems and that the factors are jointly significant in explaining on-farm 

diversity. He also shows that the Variety Count and Shannon indices produce 

statisti ca lly different diversity outcomes for the same indiv idual variables estimated, 

showing that linking land-use decisions to diversity outcomes can be sensitive to the 

type of divers ity index chosen for the study. 

Smale e l al. , (2001) incorporate the use of variety characteristics into the agricultural 

household model to explain diversity outcomes. They empirically show that increases 

in consumption characteristics positive ly influence on-farm diversity. 

Edmeades el al., (2005) link demand for banana cultivars to diversity levels in 

Uganda. They empirica lly test the importance of consumption and production variety 

attributes soc ioeconomic/household characteristics, market access, and agro­

ecologica l heterogeneity on diversity outcomes using the variety Count index and the 

Shannon index. Production characteri stics of banana cu ltivars are found to increase 

on-farm diversity, yet consumption attributes do not significantly impact diversity 

outcomes. Livestock holdings increase diversity, but cash income decreases diversity. 

Off-farm characteristics, both plantation age and stock of village cu ltivars positively 

impact diversity outcomes, but high rainfall tends to reduce diversity. Also, banana 

sa les in the market have a positive influence on diversity outcomes. 

Winters el al., (2005) examine the determinants of on-farm diversity levels of 

potatoes in Peru with a specific focus on the household's decision to diversify 
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agricultural income sources, in this case with mil k production. They measure diversity 

using the Variety Count, and Shannon indices and empirically test diversity outcomes 

on human cap ita l variab les of the household, agro-ecological variables of the farms, 

and rural development variables, including a wealth index, milk production , non-farm 

income share, access to cred it and potato markets, and household palticipation in 

programs to reduce blight by planting new, blight-resistance tubers. Area of land 

owned, fragmentation, and altitude all have a s ignificant, positive effect on on-farm 

d iversity, while the cultivation of potatoes in only black soils negatively affects 

divers ity outcomes. An increase in the number of harvests is associated with a 

decrease in diversity. The wealth index is found to be positively assoc iated with 

diversity, as is access to an output market. Milk production and off-farm income both 

negatively affect diversity outcomes. Participation in programs assoc iated with 

planting cultivars that are res istant to late blight is found to be positively assoc iated 

with diversity. 

Gauchan el al. , (2005) empirica lly examine the determinants of rice diversity at the 

household leve l in Nepal and how the land-use determinants used to investigate 

diversity outcomes affect the probability that a landrace is cultivated. The authors use 

the Variety Count, Berger-Parker, and Shannon indices as measures of diversity. The 

education of the decision maker and availability of on-farm labor both positively 

affect rice diversity. Likewise, distinct land types and irrigation on-farm both 

positive ly contribute to divers ity . Distance to market positively influences diversity 

outcomes, yet the sa le of modern varieties on the market negatively affects diversity . 

Edilegnaw (2003) a lso found that access to extension and market, experience in using 

improved varieties (IVs) and growi ng cash crops and "chat" are the most important 
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factor that declines sorghum poly-variety for East Hararge zone farmers in Eth iopia. 

The implication of study is that, there is a policy trade-off between productivity, 

deve lopment and CGRs in Ethiopia 

Gebremedhin el al., (2005) empirically test household characteri stics, agro-eco logica l 

heterogeneity, market access, modern variety adopti on, and village and regional 

factors on inter- and intra-specific crop diversity9. In addition to use the household as 

the unit of ana lys is, the authors use aggregate, village-level associations in Amhara 

and Tigray regions. The diversity metrics used are the Variety Count, Berger-Parker, 

and Shannon indices. The results of the regress ion analyses depend heavily on the 

crop of study, as maize, wheat, and barley are a ll used. The results showed cultivation 

of modern varieties of maize and wheat has no statica lly sign ificant impact on genetic 

diversity leve l of crops grown at househo ld level. Factors that are significant differ 

markedly between the highlands of Amhara and those in Tigray. These findings 

reveakd that the location spec ific nature of any policies or programmes that are 

des igned to encou rage the maintenance of diversity, and the danger of drawing 

genera lizati on from any single case study. The following chapter discusses the 

theoretica l formulation of the model, model specification and the methodology of the 

research. 

9 Inter-specific crop diversi ty is genetic diversity among variet ies of more than one crop. Intra-speci fic 
crop diversity refers to genetic divers ity found between varieties of the same crop. 
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CHAPTER THREE 

THE CONCEPTUAL FRAMEWORK, MODEL 
( 

SPECIFICATION AND METHODOLOGY 

3. The Conceptual Framework 

r As noted in the previous chapter, no cohes ive theoretica l models provide hypothes is 

predi cti ons due to complex ity nature of the model and therefore definitive 

comparative sometimes is difficult to make at priori . In thi s chapter, however, 

theoretical models regarding on-fa rm crop genetic divers ity have been reviewed and " 
one cohes ive model is deri ved and then testab le hypothes is will be formulated. 

;' ,. 
i.-

3.1. Microeconomic Theory of the Farm Household 

The farm household is the basic uni t of management where decisions and actions are 

taken together which affect crop divers ity. The household is a consum er, consuming 

goods produced by its members on the farm and goods purchased with income from 

the farm or wage labou r. Basica lly, there are two basic versions of the farm household 

model , which are referred to as the separable and non-separable cases Van Dusen 

(2000) and Van Dusen and Taylor (2005) . 

In the separable model, the market in effect separates production from consumption 

dec is ions. This model assumes that there is no risk, i.e. ne ither production nor prices 

are stochastic, and the household fa ces perfect markets (i.e . exogenous prices) for all 

consumption goods and variable inputs. Family labour is a perfect substitute for hired 
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labour and the household is indifferent between on-farm and off-farm labour. In these 

settings, the household is a perfect neoclassica l farm household, and farm decis ions 

are so lved recursively; that is, farm input and output dec isions are made first and the 

resulting income is used to solve the consumption decisions (Smale et aI. , 2002) 

In such scenario, farmers should be indifferent between using own produced and 

bought crop varieties (perfect substitution). Their input endowments should be 

equally suitable for all varieties (absence of asset fix ity) . Had profit been farmers 

single househo ld objective and had there been constant returns to sca le fo r every 

variety, specialization wou ld have been the rule and spec ies diversity on each farm 

wou ld have been zero (Ed ilegnaw, 2003) 

Unfortunately, these conditions do not hold in almost all the cases. Market 

imperfections are endemic in rural areas of less developed countries (LDCs). Missing 

or incomplete markets result from high transactions costs in factor or output markets 

(Stiglitz, 1989; De Janvry et al. , 199 1; Van Dusen and Taylor, 2005). For thi s reason, 

most fa rmers are managing a portfolio of varieties to address the ir livelihood 

concerns. Hence, one coherent model that incorporates each of the explanatory 

variables is taken into consideration and consequently testable hypotheses are derived 

from thi s mode l. 
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3.1.1. The House Model 

As noted in the prev iously, theory suggests that there are different factors that 

motivate fa rm ers to diversify the portfoli o of the ir variety and crop choice . The 

poss ible factors under play are market orientation or subsistence, income 

diversification, heterogeneity of farm ers' resources (mainly land), resource 

endowment (education, labour, and wea lth), multiplicity of farmers' concerns 

(livestock ownersh ip, poverty and risk) and the impossib ility to address them with a 

single variety. As far as des igning incentive mechanisms for on-farm conservation of 

crop genetic resource conservation (CGRs) is concerned, partial analysis does not 

generate adequate information (Edilegnaw, 2003, Van Dusen, 2000; Van Dusen and 

Taylor, 2005). Thus, a change in any single economic factor is unlikely to cause 

fa nners to change their variety and crop choice behaviour (Smale el.al. , 1994; Meng, 

1997; Smale, 2006; Edi legnaw, 2003). 

Farmers in Ethiopia both produce and consume their cereal harvests, and they grow 

modern varieties of wheat, maize, and teff simultaneously with their own traditional 

varieties (or landraces), as well as barley, sorghum, millet, and finger millet (8ennin 

el al., 2003). Our conce ptua l approach is based on the theory of the household farm 

(Singh ef al. , 1986; De Janvry el al., 199 1) and the literature on partial adoption of 

agricu ltural innovations (Feder et al. 1985; Feder and Umali 1993; Smale el al., 

1994) . 

Economi c mode ls of crop biodiversity that are based on either or both of these 

theoretical approaches and applied with econometric analysis of survey data are found 

in Meng (1997), Brush ef al. (1992), Smale ef al.,(200 1), Van Dusen (2000), Bennin 
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Where the choice variables are area shares (ex ) planted for sorghum crop (in our case 

only one crop) for va rietiesj= l, 2 ... n. When all relevant markets function perfectly, 

( farm production decisions are made separately from consumption decisions. The 

househo ld max imizes the net farm earnings subject to constraints and then allocates 

these with other income among consumption goods. Farm production decisions, such 

as crop and variety choices, are driven by net returns, which are determined only by 

wage, input and output prices (w, p and Px) and farm physica l characteri stics 

(represented by vector o.f as referred to in equation (2)). A diverse set of crops and 

varieti es is sti ll poss ible when land quali ty is heterogeneous and yie lds depend on 

land quality (Be llon and Taylor, 1993; Smale, 2006). 

The production and consumption decisions of the household cannot be separated 

when labour markets, markets for other inputs, or product markets are imperfect. 

Then, prices are endogenous to the farm household and affected by the costs of 

transacting in the markets . The spec ific characteristics of farm households 

(represented by vector o.HH) and physical access to markets (represented by vector 

o.M) influence the magnitude of transactions costs and hence, the effective price 

govern ing the households choices. 

The reduced form equations (5) can be derived and then express optimal area 

allocations sorghum crop and varieties as functions of a vector of the following 

variab les. 

a = a' (P A 0 Y 0. D. . 0. D.). . 
, , , HH' "', M' R ....... optImum area allocatIOn (6) 

Where a,*, P, A o. , Y, o. f/H, o.FO, 0.,./, o.R refers to the optimum land allocation of 
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sorghum crop among varieties, price including wage, total land area they farm in each 

growing season, vectors of farm household characteristics, farm physical, market and 

regional specific characteristics respectively. Eq uation (6) defines the basis for the 

econometric estimation to examine the factors affecting diversity of sorghum crop on 

hose hold farms. 

Reduced form of equations estimated econometrica lly takes the fo ll owing conceptual 

form, as in Van Ousen (2000), Vandusen and Taylor, (2005), Bennin et ai., (2003). 

The divers ity of the crop is an outcome of choices made in a constrained optimization 

problem rather than an exp licit choice. 

DD = DD(a' (P, A, O"" ,OF,OM ,01/) .. ......... On- farm diversity (7) 

Where 00 is on farm diversity index at house hold level in which is the interest of 

this paper assume that household do not directly derive demand for diversity, their 

demand diversity depend on optimal a llocation and variety choice of each farmer 

which in turn depend on household characteristics, farm characteristics, market 

related characteristics and agro-ecological variables. These factors are the main 

determinants of crop biodiversity on the house hold farms. Having specified the basic 

frame work, the next section will briefly describes the dependent and independent 

variab les that are used in econometric analysis. The econometric method and structure 

of the regression models are then discussed. 
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sorghUin crop among varieties, price including wage, total land area they farm in each 

grow ing season, vectors of farm household characteristics, fa rm physical, market and 

reg ional spec ific characteri stics respective ly. Equation (6) defines the basis for the 

econometric estimation to examine the factors affecting diversity of sorghum crop on 

hose ho ld fa rm s. 

Reduced fo rm of equations estimated econometrically takes the fo ll owing conceptual 

form, as in Van Dusen (2000), Vandusen and Taylor, (2005), Bennin et ai. , (2003). 

The diversity of the crop is an outcome of choices made in a constrained optimization 

problem rather than an explicit choice . 

DD = DD(a ' (P, A ,O IlH , 0 F> 0 M ,0. ) ... .. , ..... On- fa rm diversity (7) 

Where DO is on farm diversity index at house hold level in which is the interest of 

thi s paper assume that household do not d irectly derive demand for diversity, the ir 

demand diversity depend on optimal a llocation and vari ety choice of each fa rmer 

whi ch in turn depend on household characteristics, farm characteristics, market 

re lated characteristics and agro-eco logica l variables. These factors are the main 

determinants of crop biodiversity on the house hold farms. Having specified the basic 

frame work, the next section will briefly describes the dependent and independent 

variables that are used in econometric analysis. The econometric method and structure 

of the regress ion models are then discussed. 
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3.2. Description of Variables Included in the Model 

The dependent vari able represents the extent of adoption and continued use of 

conservation structures implemented on farmers' plots and it is a function of social, 

institutiona l, phys ica l, economic and attitudinal factors. The defi nitions of the 

explanatory variables are presented in Table 3.1. 

Formation of the model was influenced by a number of formulated hypotheses. Based 

on the li terature reviewed, it was hypothesized that a farmers' decision to maintain on 

farm conservation at any point in time is influenced by combined effect of a number 

of factors related to the farmers and farm characteristics . The following section 

describes both dependent and the explanatory variables that used in estimation of the 

model. 

3.2.1. Dependent Variables 

The dependent variables are diversity indices. Diversity at the farm level can be 

measured by the number of indices, depending on the mode of reproduction of the 

crop, the type of data available to the researcher and diversity concept (Meng et aI. , 

1998; Benin et al., 2003). Some methods to measure divers ity examine morphologica l 

traits (phys ica l characteristics observable to scientists and farmers), wh ile others 

molecular analysis to di scern variation across crop populations. Economic studies that 

link between the crops choices to the levels of on-farm diversity vary in methods that 

are quantify diversity. 

Spatial diversity refers to the amount of genetic diversity found over a given 

geographical area. It is the most commonly used indicator of divers ity, measures the 
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number of species with in the region. The number of species can be measured as 

sim ply the number of named variet ies provided by farmers. For thi s study, two spatial 

divers ity ind ices used the Count Diversity index and Shannon index, using varie!)' 

names of sorghum and frequency of distribution obta ined from the surveyed 

households. 

Count index simply shows the richness of the crop whi ch is the number of varieties 

planted in the household. A compromise between categorical choice and a diversity 

index that can be continuously measured is a count model. The dependent variable in 

thi s model is the number of varieties or the number of crops planted. In the ecological 

literature the count is ca lled species richness. While limited in explanatory power for 

complex ecological processes, a count variab le has the sim plest data requirements, 

especia lly when the underlying population distributions are unknown. Certa inly, 

knowing the number of varieties or crops planted is among the most basic of 

information collected in a survey. In add ition, it is relatively closely linked to the 

behavioural model. 

In the interpretation of the count diversity index, it is relatively straightforward to 

look at the signs of the coefficients as the increase in the probability that a household 

will grow an additional variety of a given crop. The count process can also be simpler 

than a linear specification because moving from zero to one variety can be modelled 

in the same way as moving from one to two varieties. If there is reason to beli eve that 

a different process governs whether a household plants a given crop and whether it 

plants mUltiple varieties, a mixture model can be adapted to the count mode l. 

Shannon index measures both the number of varieties cultivated and their frequency 
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oV0r the study area. Thi s is an index that combines both richness (co unt) and re lative 

abundance (or evenness) concepts and sometimes ca lled heterogeneity index for th is 

reason (Magurran, 1998). It is constructed by first mUltiplying the percentage of each 

variety grown on a single farm by the natura l log of that proporti on. The prod ucts of 

each variety grown on a single farm are then summed and multiplied by negative one 

(see Table 3. I). For those households who grow one variety of sorghum, the Shannon 

index takes the value of zero and the maximum value will increase to positive rational 

numbers depend ing on the number of varieties grown and their frequency of 

d istribution over the fi xed land of a household . Genera lly, the higher the index 

indicates the higher on-farm genetic diversity in a given local ity. Table 3. I describes 

how each index is computed. 

Table 3.1: Spatial Diversity Indices Used for Diversity Regression Analysis'o. 

Index Concept Construction Explanation 

n is number of sorghum 

Count Richness D=n varieties grown in the 

farmer. 

Shannon Evenness, eq ui tabil ity, Where a, area share of 

proportional 

D=J> ian a I , 
sorghum crop variety 

abundance(both richness 
D :2 0 occupied by a farmer. 

and re lative abu ndance) managed unit of 

diversity. 

Source: Meng et aI. , (1998) and Smale, (2006) 

10 Table 3. 1 is adopted from Mcng el al ( 1998) and Smale, 2006. A farm er- managed unit of dive rsity 
in thi s analys is is va ri ety of sorghum , regardless of the intra-variety diversi ty it may exhi bit. 
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3.2.2. Independent Variables 

As we discussed in the theoretical model, it is assumed that the household decision is 

non-separa ble that is the d iversity of sorghum crop is affected by not only by farm 

physica l characteri stics, but a lso by household specific characteristics. The 

independent variab les that are taken from the right hand sides of eq uation (7). 

);> Farm characteristics such as farm size (A 0), farm characteristics (O,,;! and fa rm 

fragmentation factors are phys ical factors that explain the divers ity level of 

crop. 

);> Endowment factors (o'HI-d. which is prox ies by education leve l of household 

head, tota l house hold labor endowment, age of the household, and access to 

oxen will be examined. 

);> The access factors (access to nearby market, access to extension services, 

experience using improved seeds, access to credit services and access to non­

farm income) . 

);> Risk factors, cash constra ints and concern factors, these are food income gap 

(the number of months that is house hold is food deficit in a year), access to 

cash crops and concern factor the number of purpose of the sorghum used for, 

and cash constraints are used for our next analys is. 
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3.3. Econometric Method 

The general structure of th e regression eq uation is expressed in si mple form by; 

DD, = (30 + (3,H, + (3,L, + (3,R, + 6, .................... . .. ..... ........... (8) 

Where DO;. measure of sorghum diversity index of household i; which either 

measured in count index or Shannon index 

H;= Househo ld variables of i farmer (age of the house hold head, head 

education, household size, oxen ownersh ip, the food security status of the 

house holds) 

L;= Natural capital and agro-eco logical variables of the house hold (A rea of land 

owned, number of plots owned, the type of soils do have in plots on farm ). 

R;= Variables assoc iated with rural development of the household (wealth index, 

non-farm income share, cred it access, experience in usi ng improved seeds, 

access to fertilizer app lication, access to market, access to nearby weather 

road , access to town and kebeles dumm ies ). 

f, = error term 

Having specified the regression model, the methods of econometric estimation are 

Poisson regress ion mode l and Tobit regression mode ls based on genet ic di versity 

measures of sorghum (count index and Shannon index). The next secti on discusses 

thi s in deta il. 

3.3.1. Poisson Regression Model 

As noted in eq uation (7) and the reduced form of the regression equation specified in 

equation(8), the Poisson regress ion model is j ustified fo r count diversity index whi ch 

was used in many ways fo r crop diversity analys is (Van Ousen, 2000: Benin et a I. , 
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2003, Edllegl,aw, 2003). The Poisson regression models are often used for count dutn 

that take non- negative integer values and where the out come zero fo r at least some 

member of the population (Woodridge, 2002) . Despite count data a lternative ly be 

modelled using discrete choices methods like multi nominal logit as surveyed in 

(Maddala, 1983), its application often not suitable as far the outcome is naturally 

ordered. A lternative ly ordered probit or logit model can be used but assumes that the 

data generat ing process is a continuous one. By contrast, the Poisson model treats 

the data generating process di screte that is as result of point process resulting from 

direct observation, considered to stationary and homogenous (Cameron and 

Trevid, 1998). Since we assume that the count process is discrete one, we employed 

Po isson regress ion mode l. The brief econometric structure of Po isson regression 

model is presented in Appendix A 

3.3.2. Tobit Model 

The choice of diversity index can play an important role to r key policy re lated 

questions regarding on-farm conservation of (CG Rs) who should be targeted for on­

fa rm conservation? Is it those mainta in ing more number of tradit ional varieties (count 

index), or those allocating their land dominantly to a single variety (Edilegnaw, 

2003)? 

The problem of the count diversity index is that it assumes that all landraces 

contribute eq ually to diversity which is not the case . Among the available diversity 

ind ices meant to address this problem, the Shannon index, inculcat ing both richness 

and re lat ive abundance, is given as (Magurran, 1988, Edilegnaw, 2003) and used fo r 

this analys is. As thi s index expected to have many zeros or censored to the left, it is 

plausible to lise Tobit model in our empi rica l analysis (see the structure of the mode l 
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on Appendix A.2) . 

Amemia ( 1984) has shown that the Tobit maxImum likelihood estimator remains 

consistent under serial correlation but not under heteroscedastic ity or non-normali ty. 

We need to estimate Tobit both with heteroscedastic ity and without heteroscedasticity 

and in a ll cases the Likelihood ratio test for checking, the correct standard errors wi ll 

be reported. Its decomposition, a marginal derivative and log likelihood derivative is 

presented in Appendix A-2. The fo llowing section discusses sampling procedure, the 

structure of the household survey, data source and finally the methodology of the 

study will be reviewed. 

3.4. Sampling Procedure, Data Collection and Analysis 

Approach 

3.4.1. Sampling 

Sampling in practice is a compromise between the ideal and the affordable. From the 

study wo reda, for this research purpose, four kebeles from the three agro-ecological 

Zones have been se lected in consultation with the offices of woreda agriculture and 

rural development, woreda administration, and woreda Agri-Service Ethiopia. The 

criteria considered for the se lection of kebeles were: representativeness, accessib il ity, 

affo rdability (in time and cost), and possibility of getting data both from the peasants 

and development agents. 

The samp ling process has been multi-stage sampling. At stage one, based on the set 

criteria, four kebeles (Wahilo, Mutebeleg, Oudegudet, and Sebelen) from Woinadega 

and Kola agro-eco logies respectively have been se lected. At the second stage, three 

villages from these kebeles have been se lected in consultation with the Kebele 

46 



() 

development agents and kebele administrators following the aforementioned criteria. 

The initia l plan of the researcher was to se lect vill ages randomly from the selected 

kebeles; however, the situation in the field made me to shift from random se lection 

technique to purposive se lection, in consultation with the said parties. The reason for 

this shift is the fact that a single kebele consists of two or more of the agro-eco logical 

zones; hence, it is impossible to se lect villages random ly for they are heterogeneous. 

Based on th is, four vi llages are se lected at each kebeles. At stage three; households 

have been se lected from these villages based on proportionate stratified random 

sampling techniq ue. Tn the study communities, household heads have been stratified 

in to two: male headed and female headed. The purpose of this stratification is to 

thoroughly investigate the gender effects of on-farm genetic resource conservation 

and to increase the heterogeneity of the data and then to find out the reason(s) for thi s 

variation. 

For household survey, over al l 205 ( 158 male household heads and 47 household 

heads) have been se lected rand omly. The sampli ng frame was done with the 

respective development agents of woreda agric ul ture and Agri-service development 

agent offices. 

Regarding the distribution of sample taken among diffe rent kebeles, Gugudet Kebeles 

takes the largest that is 78 househo lds are interviewed due the fact that its 

accessib ility for our sample survey. In general we take adequate care to distribute the 

sampled househo lds to different villages with in each kebele for representness of the 

sample to the popu lation parameter. Table 3.4.1 .shows the distribution of samples 

taken in each sampled household survey. 
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Table 3.2: Total Number of Household Heads, Sex Distribution and Samples 

Drawn at each Kebels 

Kebeles Tota l household head Sampled draw n 

Male Female Total M ale Female Total 

headed headed headed headed 

Segelen 1203 401 1604 38 9 47 

Wahilo II 12 3 12 1424 26 14 40 

Mutebe leg 1305 2 14 15 19 32 8 40 

Gudegudet 1468 509 1977 62 16 78 

Tota l 5088 1436 6524 158 47 205 

Source: TW ARDO, 2005and Own survey, 2007 

3.4.2. Structured Household Survey 

Household survey is the commonly used approach in various enquiries. The structured 

household survey has been mainly used, basically to collect quantitative data. The 

survey consists of fo ur parts: demographic inform atio n; access to reso urces (land, 

labour, dra ught power, credit, extension package); livelihood activities/sources (crop 

prod uction, livestock reari ng and non-farm activities) and number and type of crop 

diversity particu larl y to sorghum variety at the househo ld level had been ra ised and 

discussed. The order of the question had been revised after presetti ng with 10 

household survey responses. Questions such as household income and food securi ty 

conditions were asked towards to the fi nal section of questionnaire as they were too 

sensiti ve to be answered eas ily. 

The survey has been conducted on the se lected 205 househo lds. It has been handled 
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by five development agents of the respective kebe les after tak ing appropriate tra in ing. 

One day trai ning was organized and appropriate orientation was provided for these 

fi ve enumerators and discuss ions were also made with them so as to make the 

questi onnaires c lear. Development agents have been preferred fo r many reasons. First, 

they are a ll di ploma hold ers in agricul ture; second , they do have a li st of households 

of each category that co uld be included in the survey and making sampli ng frame 

could be easy; third, they do have knowledge and experience on the subject matters 

and can eas ily understand the questi onnaire; fO Ult h, they are more familiar with the 

comm unity thereby co mmunicat ion and getting rel iable data could be easy Whi le the 

survey has been handl ed by the enumerators, the researcher has been inspecting the 

enumerato rs, and s ide by side undertaking in-depth interviews with the selected 

households. 

Focus group di scuss ion he lps to generate data on group dynamics, and allows a sma ll 

group of respondents to be gui ded by a skilled moderator, to foc us on key issues of 

the research top ic. The foc us group discussions were held with the households of the 

respecti ve selected gotts. At each kebeles igO/lS, one focus group disc uss ion was hold 

with the communi ty (consisting of adu lt men, fe male headed households, and landless 

youth). The main purpose of focus group di scuss ion was to c learly understand the 

livelihood opportunities and cha ll enges which are more of communal in nature. 

The maj or discussion topics were : constraints to production and productivity (both 

crop and livestock), environmental protection practices and challenges, ava ilabili ty of 

loca l va rieties of sorghum, morphological characteristics of each local varieties of 

sorghum, avai lability of im proved varieti es of sorghum in area, productivity 

perform ance of modern vari eties in the ir area etc. At each foc us group disc uss ion 
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panels a total of e ight to ten households were involved. 

3.4.3. Data Analysis 

The objectives of the study are various. To address the various objectives described 

above, the framework has an inherent character to encompass all variab les that have 

direct and indirect influence on the issue of crop genetic resource conservation in 

general and sorghum crop genetic resource conservation in particular are considered. 

Both descriptive as we ll as econometric analysis has been employed to address the 

objective of the paper. Freq uency, means, ratios and percentages were computed for 

different variables. With regard to econometric analys is as noted above, Poisson 

regression and Tobit are employed to ana lyze the data. The key empirical question 

was what factors are assoc iated with farmers ' on-farm conservation of sorghum 

genetic resource in the study area? The explanatory variables inc luded in the Tobit 

and Poisson regression mode ls will be discussed under the following chapter. The 

data analysis was ca rri ed out using the Sata version 9 sand Limdep 8 software 

packages. 

Data have entered in to the computer after coding the variables and descriptive 

stati stics such as: percentages, mean and standard deviation have been computed 

through the above mentioned so ftware program and results have been presented in 

tables and interpreted accordingly. Similarly, qualitative data obtained through 

interviews and focus group di scuss ion, so that the real picture of the crop genetic 

resource situation of the community is revealed which supplement the regress ion 

output. Various archival and policy documents have also been reviewed and app lied 
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to substantiate the primary data. Data on agricultura l production, natura l resource 

degradation and conservation and farm household characteri stics were co llected. To 

complement the quest ionnaire and to have a deta iled insight into crop biodiversity 

conservation practices in the area, a discuss ion covering different topics with 

agric ul tura l experts and farmers have been conducted. Th is he lped to capture some 

points that were not clearly obta ined from structured household interview. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1. Description of the Study Area 

The study was conducted in Tehuledere woreda, South Wo ll o zone, Amhara National 

Regional State (ANRS). It is among the 18 woredas of so uth Wo llo Zone of ANRS. 

The woreda is situated in th e Northern part of South Wollo Zone. The woreda is 

bordered by Worebabu and Ka lu woreda in the East, Kutaber woreda in the west, 

Ambase l woreda of North Wo llo Zone in the West, and North West, Habru woreda 

North Wollo Zone in the North, and Dessie Zuria woreda in the South and South 

West. T he woreda is crossed by the Add is- Mekel road. The capital of the woreda, 

Haik, is s ituated 430 km away from Addis Ababa . Haik is 30 kms away in the 

Northern direction from the South Woll o Zone capita l c ity, Dess ie. 

The study area is characterized by diverse topography. The major relief features are 

mountain, undul ate, plane, and valley. The co mmon topographic features that cover 

up to 48% of the woreda is undulate. Of the woredas total area land mountains 

account 26.4%. Plane is the thi rd major total area relief fea tures as takes up 13.3% of 

the study area. The share of the va lley 12.3% of the total area of the woreda 

( TWAR.DO) 

Another good indicator of the areas topographic characteri stics is the range of 

elevation. The highest elevated spot of the woreda reaches 2,928 m.a.s.1. The lowest 

e levated point has an a ltitude as hi gh as 1,400 lll .a.s. 1. 
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Cl imatically, the study area is divided into three regions nam ely, Dega, Woinadega, 

and Ko lla (TW ARDO). The agro-eco logical zone that carries the highest population 

and the la rgest area with 74. 1 % and 72% respectively is woinadega. Area wise, Kolla 

is the second largest agro-eco log ica l Zone . However, there is more number of peop les 

in the dega than kolla (see Tab le 4. I). The annual temperature varies from IS CO to 

20co The Average annual rainfall is 1030 mill imetres (TWIO). 

Table 4.1: The Agro-ecological Pattern of the Studied Woreda 

Agro-ecological Zones Area Share (%) Population Share (%) 

Dega 13 .0 13.4 

Woinadega 72.0 74. 1 

Kolla 15.0 12.5 

Total 100.0 100.0 

Source: TWARDO, 2005 

The land use features that cover the area are forest and bush land, built up area, barren 

land , agricultural land, and water covered land. The land use features that takes up the 

largest Palt of the study area is agri cultural land with a total area of 2 1,539 hectare 

and a share of 47% out of the total area. The second major land use is forest and bush 

land as it accounts 3 1.2% of the total area (See Table 4.2). 

The average land holding of the woreda, indicates the shortage of land in the wo reda 

among the inhabitants. The average land holding of the woreda is 0.29 ha (TWIO). 
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Table 4.2: The Land Use Pattern of the Study Worcda 

Land Usc types Area(ha) Percent 

Agricultural land 2 1,539 47 

Forest and bush land 14,308.20 31.2 

Built up Area 4,490.80 9.8 

Water Covered 3800 8.3 

Barren Land 1000 2.2 

Grazi ng 662 1.4 

Total 45,800 100.0 

Source: TWARDO, 2005 

The area is a predominantly rural woreda as 88% of the total population resides in 

rura l areas. Only 12% of the total population li ves in urban areas (see Table 4.3) . The 

woreda posses 24,890 households, in which on the average 5 people live in each 

household. 

Table 4.3: The Population Pattern of the Study Woreda With Respect To Area 

and Population Share 

Location of Settlement Population Size Population proportion 

Rural 133 ,802 88.0 

Urban 18,305 12.0 

Total population of the woreda 152, 107 100.0 

Source: TWA ROO, 2005 

As the largest portion of the woreda is rural, most of inhabitants of the woreda re ly on 

farming. As much as 9 1.25% of the total population rely on farming. The second 

major income source is dai ly labour as 3.6% of the total population relay on it. The 

third major economic activity is livestock production as it accounts 3.5% of the total 
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population. Petty trade (1.8%) and craftsmanship (0.15%) are also among the 

economic activi ties under which the inhabitants of the woreda use as a source of 

li ve lihood (TWARDO). 

In the study area, the major types of crops grown are cerea ls such as tef, barley, 

sorghum, bread wheat, finger millet, and others pulses, oil crops, root crops such as 

fababean , , linseed, noug and potato. Doub le cropping and crop rotation are widely 

practiced. Crop production is mostly rain-fed and subsistence-oriented. As to the 

discussion of the farmers and agricultural experts most of the discussants confirm that 

the productiv ity of the crop is very low and most of farmers had the experience of 

failure of crop production. Environmenta l problems taking the primary cause for the 

fai lure of the crop production wh ile crop diseases and pest have al so a s ignificant 

share for the loss of production and productivity. 

Tab le 4.4 and Tab le 4.5 show South Wollo Zone and Tehuldere woreda prod uction 

and productivity of sorghum as complied fro m CSA (2003) agricultural sample 

enumeration stati stica l reports and Sirin ka Agriculture Research Centre respectively. 

According to these reports, the zonal average productivity of sorghum crop is 1.36 

tons per hectare while in the study woreda (Tehuldre Woredea), the average 

productivity of sorghum is 1.48 tons per hectare which is more by 0. 12 tons per 

hecta re than zonal average productivity. While Sirinka Agricultural Research Centre, 

have been doing research on the productivity of sorghum improved varieties at 

research station and on-framers' field. They fo und yield gap between the research 

station and farmers' field . At the research station the highest is 9 tons per hectare 

wh ile yield on farmers field the highest y ield is 6.6 tons per hectare (taking the 

highest range). Comparing the productivity of local varieties of sorghum to that of 
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productivity of improved varieties even at farmers fie ld, according to th is report, a ll 

improved varieties provides an average productivity of (1.65 tons per hectare) than 

the woreda average productivity of ( 1045 tons per hectare) wh ich is less by 0.2 tons 

per hecta re (See Table 4.5). 

Table 4.4 Statistical Report on Area and Production of Sorghum for 2001/02 

Geographica l Number of Area in Production Yield 

Area hold ers ( hectares) (tons) (tons/ha) 

South Wollo 185,600 59,588.38 809,902.98 1.34 

Zone 

Tehu ldere 16,577 5,544,.33 81,846.03 1045 

Woreda 

Source: CSA (2003) EthIop Ian Agn cultural Sample EnumeratIOn Reports 200 1/02 
(PART ll-A). 

Table 4.5 Report on Sorghum Yield at Research Station and On-farmers' Land 

in Tehulder Woreda. 

Modern variety name Yie ld at Resea rch Station Producti vity range on 

( tons/hal fa rmers' land (tons/ha) 

Yedu 5-9 2-6 

Techale 5.5-9.5 2-6.6 

Berhan 4. 1-8 1-1 04 

Hormat 2.3-3 1.6-2.2 

Source: Slrnka Agncultural Resea rch Centre, Research out put (2005/2006). 

The statisti c reported in Table 4.5 indicates that loca l varieties of sorghum prov ide a 

comparab le productivity to that of improved ones in Tehu ledere Woreda . However, it 

is diffi cult to make comparison and arriving at conclusion based on thi s aggregate 

leve l of data which were taken for different cropping season, different plot 

characte ri stics and farming practices. Since data on y ie ld comparison between loca l 

vari eties relatives to modern varieties could not be found in the area, it is difficult to 
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make conclusion and recommendation now. Therefore, the only purposes of this 

(re ported Ta ble 4.4 and Tab le 4. 5) is to provide an ins ight on the yield of sorghum of 

loca l varieties vi s-vis modern varieties not to make a perfect and complete y ie ld 

comparison between local varieties and modern varieties. The com ing section 

describes the soc io-economi c characteristi cs of the sampled house holds that are used 

for regress ion model s. 

4.2. Data Description of Sampled House Hold Survey 

Almost a ll (98.5 percent) of the sampled farm households are Muslim . About 79.08 

percent of the sampled households are ma les and 64.88 percent of the head 

households are able to read and write in the sampled survey. Among the sampled 

farm households 45.85 % (94 fanners) are participating in extension package and 

about 34. 15 % (75 farmers) of the sampled households have access to radio. About 

79.8 percent of them have been rearing livestock with crop prod uction (for deta il see 

Appendix B). 

As far as the ir income so urces are concerned, 43.9 percent (90 farmers) of the 

sampled farm households have other income sources outside agricu lture. They are 

invo lved in diverse set of non-farm economic activities including firewood and 

charcoa l sell ing, dai ly labourer, bl ack smith, local trading, handicrafts, se lling bricks 

and guard . In the study area people are vulnerable to drought and natural cal amities 

hence it is a food insecure area. About 43 .1 % (89 households) from sampled survey 

are reported the ir own agricultura l output could cover the fami ly food req uirement 

only for six months in a year. Thus 14 percent of househo lds have reported that they 

are partic ipating in safety-net program as the second most important so urces of 
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income to supplement the food shortage months of the household. Selling fixed 

assets, off- farm work, migration to c ites, se lling fuel wood and charcoa l, government 

aid are a lso the most means for farmers to survive when the crop fail. Most of these 

activiti es revea l to what extent farmers survi val strategies are directly affecting the 

natural resource base. 

Regarding the crop biodiversity, in the study area has shown a wide variety crops 

fou nd. About 34.1 5 % (70 farmers) of the total sampled household had grown three 

cro ps for 2005/2006 cropping season. The maximum crop diversity mai ntained in the 

sampled is 10 crops (see Appendix B). Almost all respondents used loca l varieties for 

the past two consecutive cropping seasons. The proportion of farmers who so lely used 

loca l varieties is 96.4%. Fanners reported that when climatic hazards such as hi gh 

rainfall , low rainfall, eros ion, erratic ra infa ll and hailstorm are occurred, loca l 

varieties have better performance than improved ones. Another 3.6% use loca l 

varieties together with the improved ones. Through the household survey, houscholds 

were asked to identify the major bottlenecks for crop production that constrain the 

food availabi li ty; accordingly, insufficie nt landholding is the top problem followed by 

erratic ra infall d istribution, drought, shortage/lack of fa rm oxen and poor so il ferti lity 

in descending order. 

The di versity purpose of growi ng a crop has a direct impact on the number of 

varieties to be used on-farm as surviva l of the household members wi ll heavily 

depend on the crop. Fanners have reported s ix major benefits of sorghum (food, cash, 

anima l feed , fuel wood , house construction and fence construction) of growi ng 

sorghum in the study area. Among the sampled households 48 .7 percent and 39.5 

percent of them have been producing sorghum for three and four purposes of the farm 
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household respectively (see the Appendix B). 

4.3. Data Description of Variables Included in the Model 
and Their Hypothesis Effect 

As noted above, the dependent variab les are count index and Shannon index were 

used in the regress ions explaining sorghum crop variety diversity in the study area. 

For count index the mean val ue is 1.98 with a min imum of 0 and maximum of 6 

varieties per household in the sampled households. Among these, 6.83 percent of the 

sampled households did not grow sorghum (See Append ix B; Tab le 2). Whil e for 

Shannon index (expressing the concept of evenness) is censored at 0 for 82 sampled 

households with mean values of 0. 509, fo r a minimum value of 0 and a maximum of 

1.39 in the sampled survey. 

The definitions of each explanatory variab les included in each independent variab les 

category are presented in Tab le 4 .6. Formation of the mode l was influenced by a 

number of working hypotheses. Based on the literature reviewed above, it is 

hypothesized that a farmers' dec ision to mai ntain on farm conservation at any po int in 

time is influenced by combined effect of a number of factors related to the farme rs 

and farm characteris tics . 

Below are the summary statistics of dependent and independent variab les. 
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Table 4.6: Data Description of Dependent and Independent Variables Used in tbe Empirical Analysis 

Variable name Description Mean Standard Minim um Maximum Hypothesized 

Dependent Variables Error effect 

Count The number of traditional varieties 1.98 1.20 0 6 NA 

cultivating in the household 

Shannon The number of varieties and abundance of 0.509 0.472 0 1.39 NA 

sorghum crop varieties in the household . 

Independent Variables 

House hold characteristics 

Age Age of household- head (years) 42.9 11.93 22 85 (+) 

Sex Sex of the household head 0.790 0.408 0 I (+,-) 

(=0 females;l =male) 

Educat Education status of the house hold head 0.649 0.478 0 1 (+,-) 

(0= illiterate; 1=literate) 

sizeh Number of household members 5.20 1.99 1 14 (+,-) 

Farm characteristics 

sizeland The average land size allocated to all 1.17 0.848 0.125 5.5 + 

crops in (Hectares) 
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Numbsolt Number of different soil type in all 1.85 0.729 0 4 + 

cultivable lands 

Numbplot Number of plots operated by the 2.44 1.14 0 7 + 

household 

Market characteristics 

and information 

constraints 

Access to extension services (experience 

Exteension in using improved seeds, fertilizer and 

formal credit services) =1 access; =0 not 

have access 0.459 0.499 0 I -

The average walking time taken to reach 

the nearby market ( in minutes) 102.4 58.6 5 300 + 

Acessmarket 

The average walking time taken to reach 

Acessd the development agent office (in minutes) 28.65 25.41 I 180 + 

Risk proxy 
. _ . 

"""'. "" . 
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Fdefictmon The number of months in wllich tile 

household is expected to be food deficit 

In a year 

nonfarminco The amount of income generated in non 

farm activates in a year 

Acesscashcro The amount of income generated m 

sell ing chait, coffee and fruits in a year 

noo The number of oxen in the household 

The number of purposes In which 

Nposor sorghum used in the household 

Note: NA refers to not applicable 

Source: own survey 

4.32 2.56 0 9 + 

494.09 755.59 0 4802 -

-
214.21 663.30 0 800 

1.20 0.96 0 4 + 

3.29 0.728 0 S + 
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Household charactel'istics affect crop biodiversity both through preferences and 

household -specifi c costs of market transactions as we ll as through labour stocks and 

opportunity costs, The average age of the sam pled household head is 42 ,9 while the 

mean size of a househo ld is 5,29 in the sampled survey which is similar to Woreda 

stati stics of 5 people per household, Age, education, the gender compos ition and 

family s ize of the household are expected to influence the set of crop varieties chosen 

for cultivation through the preference of household members and their fanning 

expenences, 

The age of the production decision makers may have pos itively related to sorghum 

divers ity si nce older fanners are more likely to have experience and knowledge about 

cul tivati ng a range of varieti es, and particular to land races, Similarly active adult 

labour on-farm is hypothesized to have positive effect on sorghum diversity s ince 

more labour a llows households to engage in the cultivation of a larger set sorghum 

varieties with different management req uirements , The educational leve ls of the 

deci sion makers (production or consumption) may have either a positive or negative 

influence on sorghum diversity, For one thing it may relate to acquire information and 

be able to experiment with diverse varieties, or it may be assoc iated with a preference 

for modern va riet ies, In our case, due to collinearity problem of sex with education, 

the ed ucation variable is dropped from our model estimation, 

With regard to the descripti ve stati stics of livestock assets, exogenous income and 

food income gap variables in the sampled house household survey, we found the 

average oxen in a household to 1,29 with a minimum of 0 and a max imum of 4 oxen 

in the house hold (see Appendix B Tab le-3), Whi le for income other than agri culture 
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is on the average 494.0 birr in the year in the sampled household survey to the 

minimum va lue of 0 and for maximum of birr 4802 in the year. To the variable food 

income gap, the household is reported that they were in food deficit on the average for 

4.32 months in year. For the variable access to cash crops, the area is min cultivation 

of cash crops such as coffee, chaat and other perennial fru its which like ly to generate 

cash income for alleviating their cash constraints in the study area. We found the 

mean income that likely to generate in cash crops is birr 2 14.2 1 per annum with in 

one household . 

Livestock assets, exogenous income and food income gap are wealth related variables 

hypothesized to affect variation in crop diversity levels through the ir association with 

ab il ity to bear production risks. Households owing a larger number of oxen and 

an imals are expected to grow more diverse sorghum varieties through increased 

access inputs or beca use of greater demand for fodder . Ownership of oxen also induce 

fa rmer to maintain diverSity because these allows for timely land preparation, 

threshing and harvesti ng of products". Cash income might be either positively or 

negatively assoc iated with diversity . On one hand cash income enhances farmers' 

capac ity to hire labour and purchase inputs in order to engage in a wider range of 

act ivities. On the other hand, it may simply that households are allocating household 

labour to non-farm activities or spec ializing in the production of a few modern 

varieties for the market. 

Descriptive stati stics of a proxy informat ion constraints and development re lated 

variables were used: among these the average time taken to reach the nearby market 

and development agent offi ce shows that on the average 102.4 minutes and 28 .65 

II The number of live stock unit is dropped from the model as coll inearity problem with number of 
oxen ownership in the estimated model. 
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minutes respecti vely. This provides insight how the sampled house holds far from the 

market and information access prob lems. These are one of the most determinates of 

crop genetic diversity which is tested empirically in the next regression model. 

Market related variables affect diversity through the extent to which the household 

trade their sorghum crop and purchase inputs, foods and other households' needs in 

the market. The distance of the household from the market is a major component of 

engaging in the market transactions. The more removed a household from a 

household from a local market centres, the more likely it will be rely on its own 

production to meet its cons umption needs. Consumption needs may include a range of 

food products as well as fodder. 

4.4. Estimation Results and Related Discussions 

To test the relationships outlined in the theory, we have estimated the Po isson model 

with a robust covariance matrix. Based on the descriptive stati stics presented above, 

the independent variables included are categorized as household characteristics, 

market-related characteristics, farm characteristics and the risk and concern factors. 

The variables Wahilo, Seglen, and Gudegudet are all the kebeles dummy variables 

meant to capture any village differences not accounted by the other variables. The 

vi ll age Mutebeleg is left randomly as a reference. Table 4.7 reports the parameter 

estimates of the Poisson model and the importance of the different variables 

considered to its marginal effects. 
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Table 4.7: Poisson Regression Resnlts to Explain Farmers ' Motivations to 

Diversify On Traditional Sorghum Varieties (Count Index). 

Variable Coefficient Marginal effects: 

Dy/dx 

Age -0.00 14 (-0.72) -0.0043 

Sex" -0 .0685 (-1.07) -0.2122 

sizeh 0.02634**(1 .89) 0.0799 

sizeofland 0.0724* **(3.13) 0.2198 

Numbsolt 0.0826** (1.70) o .2506 

Noxen 0.0448*(1 .35) 0.1360 

Exteension •• -0.1 762*** (- 3.07) -0 .5422 

Acessmarket 0.00084 (1.14) 0.0026 

Acesscashcro 0.000091 * **( 3.09) o .00027 

Fdefictmon -0.0086 (-0 .68) -0.026 

Nop urpo 0.1073 **(2.72) o .3257 

nonfarminco 0.0000145(0.48) 0.000044 

Wahilo" 0.4225 *** (5.41 ) 1.46 

Gugudet .. 0.1645** (1.78) 0.5097 

Segelen •• 0.0902(0.68) 0.2806 

Constant 0.2077( 1.08) 

Dependent variable is count index Number of obs - 205 

Wald Chi2(15) = 175 .02 Prob chi2 = 0.00 

Loglikelihood = -340.43 Pseudo R2 = 0.0611 

Goodness-of-fit chi2 = 76.4 1172 

Prob > chi2(189) = 1.0000 

NOTES: *** -Significant at 1%; "- Significant at 5% and ' - Significant at 10%. 

Values in parenthesis are the ratio of the coefficient to the estimated asymptotic 

standard error. The method of estimation is Stata's robust option fo llowing 

Huber/White standard errors and covariance. ( .. ) dy/dx is for discrete change of 

dummy variab le from 0 to I. 

Diagnostic static for goodness of fit (Goodness - fit-x2 =76.41 and Prob> X2 (189) 
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~ 1.00 indicating that the Poisson is appropJ'iate model to explain count diversity. The 

Wald (Chi2 (15) = 175.02, Prob chi2 = 0.000) has been used to check significance of 

the inclusion of a set of variables. This test fail s to accept Ho in all cases implying that 

all set of variables are important in explai ning farmers' demand for variety 

diversification . The variables cons idered were classified into household characteristics 

(Age, sex and sizeh), fa rm characteristics (sizeland, numplot and Numbsolt), access 

factors (Noxen, Extension, acesscashcro, Acessmarket), risk factors (Fdefict and 

nonfarminco) and agro-eco logical heterogeneity dummy variables (Wahilo, 

Gudegudet and Seglen)12 . Because the alternative explanations are not mutually 

exclusive and as there is no single theoretical argument fully explains farmers' land 

allocation decisions (Smale, el.at, 1994, Ed ilegnaw, 2003), fa ilure to estimate a 

comprehensive model overstates the significance of an ind ividual explanation. 

Hence, misspecification tests had been practiced for the adeq uacy of the mode l before 

any hypothesis testing of individual variables. These variables overa ll therefore, are 

fully explaining the Poisson regress ion of count divers ity index of the study area. 

In order to test for dispersion of Poisson model, check ing in our data set using 

regress ion based tests for over and under dispersion suggested by Cameron and 

Trivedi ( 1990) and Wooldridge (2003) fo r testing equi-dispersion of the variance of 

the error term. Consequently, we found that mean variance ratio of the model which is 

represented by 8 (finally, we found that 8 is less than one) indicating that our data set 

is under di spersion. The eas iest way to so lve this problem is to use the Poisson model 

with robust (sandwich) covariance matrix because the Po isson model is consistent 

under violat ion of the eqi-dispersed assumption (Winkelman n, 1995 ; Edilegnaw, 

12 For their operational definitions and data descriptive of these explanatory variables were presented 
in table 4.6 
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2003) . For thi s reason, the robust methods of estimating Poisson model have been 

used to compute the Huber (White robust sta ndard) reported in Table 4.7. 

Most of the results confirm a priori expectations. The factors such as diversity of 

fanners ' concerns being met by producing sorghum concern factors (sorghum 

purpose), fa rm ers' endowment factors (access to oxen, famil y size of the household), 

farm characteri stics (land size, and type of soil type) are the key factors fo r variety 

di versification . These factors are factors that encourage farmers to produce diversity 

by managi ng a portfolio of traditional sorghum varieties. On the contrary, access to 

extension services is the key factors that significantly dissociating factor for managing 

a pOltfolio of so rghum diversity at a household leve l. 

A simple way to interpret the regress ion resu lts is by using the concept of factor 

change (Long, 1997, Edi legnaw, 2003). From the househo ld characteristics, as size of 

the household increases by one more person, the exp~cled count indcx of sorghum 

var ieties increase by 2.6 % holding a ll other variables constant. This result is si milar 

to the empirica l works of Smale el al (200 1), Winters, el al (2005) and Ed ilegnaw 

(2003). 

In the farm characteristics, as size of the land for a farmer increases by one more 

hectares, the expected va lue of on farm diversity increases by 7.24%. Large fa rmers 

can experiment with unknown varieties or trade off yield for consumption attributes 

such as taste with less production and consumption risk than small farmers (Smale, 

2006). Therefore, a household who have a greater area of farm land will grow more 

types more crops and varieties of crop than a household who have smaller land area. 
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The number of so il type that a household has on their plots of land is a proxy for 

unifo rmity of lands holdi ngs and it is the incentives for farmers to match varieties to 

di ffe rent agro-eco logical cond itions. Accordingly, fo rm the regression resul t, if types 

of so il s in the farm increase by one more units, on-farm sorghum diversity increase by 

8.26%. Hence, as the type of so ils that a household cult ivate is more than one type, 

the more the probabil ity of planting more than one vari ety of sorghum. 

As to endowment factors, when the farmer has one more number of oxen, the 

expected richness of on fa rm diversity increases by 4.48%. Our empirica l result 

confirm, oxen ownership is expected to contribute pos it ively to d ive rsity among 

cerea ls through ensuring draught power for ploughing when it is needed. 

When a fa rmer yearly cash crop income increase by one more birr, the expected va lue 

of on fa rm diversity index increased by 0.009 1 %. That is access to cash crops resu lts 

shows a pos it ive and a significa nt effect on sorghum on-farm genetic divers ity at a 

househo ld level. This imp li es that where intens ity of cash crops is minimal, it 

supp lements the on-farm sorghum crop genetic diversity as far as ri sk exposure and 

market imperfectio n is dominantly preva iling in the study area. This resul t 

contradicts the previous result of Edilegnaw (2003) who fou nd that there is a negative 

assoc iation between cash crop and on-farm genetic resource divers ity in Harereghe. In 

that case, the income generated fro m cult ivating ' chaa!' crop and coffee crops is 

s ignificant and the li ke lihood that the replacement of financially rewarding crops by 

financ ially non-rewarding sorghum crop is hi gh. The implication is that the cost of 

intervention for on farm genetic resource conservation as on-farm strategy is too 

expensive to implement in those areas while in our case cul tivating cash crops will 

motivate to grow mu ltiple varieties of sorghu m. To this end, cost of intervention for 
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on-farm conservation is cheap where cultivation of cash crop is not as extensive as to 

replace important food crops such as sorghum. 

Finally, for concern factors, when the number purposes for sorghum crop increases by 

one more units, the expected value of on farm diversity for the crop increase by 

10.73%. This implies a single variety does not satisfy multiple purposes of to which 

farmers wish to place for sati sfying multiple objectives of the fa mily. According to 

the results above, farm ers are not able to get mUltiple attributes they want from a 

single variety and the increase in the relative importance of sorghum to household 

utility is one of the mot ivating factors for diversification of trad itional sorghum 

varieties. 

For the disincentive factors , access to extension factors which is dummy variables, 

being a farmer have been practicing extension packages ,decreases the on farm 

sorghum diversity by a factor of 1.1 9 (=exp(. 1762) or decrease by 19 percent ( 1.19-

I), holding all other variables constant. Farm households with better access to 

extension and improved seeds have reported less number of sorghum on their fa rm. 

The utility that farmers derive from growing multiple varieties declines with the 

availability of these public goods. This result confirm that using improved seeds and 

fertilizer package wi ll dec li ne the number of land races cultivated on the farm which 

warns the long term potential of improved varieties will likely replace local varieties. 

The resul t is similar to Edilegnaw (2003) findings. 

For kebeles dummy variables, a household located in Wahilo kebele increases on­

farm sorghum diversity richness index by a factor of 1. 53 or increase by 53% as 

compared to Mutebeleg Village. Similarly being on Gudegudet kebele increases 
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sorghum richness (count) index by a factor of 1. 18 or increases by 18% holdi ng other 

va riables constant. 

The estimated coefficient for age of the household head variable is negative and 

insignificant in the above Poisson regression result. This implies that cu ltivation of 

more varieties and its derived demands less and less as age increases. The reason is 

that cu lti vation of more varieties demands for more labours or input intensity of those 

varieties such as oxen ownership, timely cultivation, weeding, and other farming 

practices. This is particularly true in areas where the di ssemination of modern 

varieties is minimal and technological progress is low and labour market is imperfect. 

The result is similar to Bennin et ai , (2003). However it contradict the previous 

empirical work of Edil egnaw (2003) who got a significant and pos itive relation 

between sorghum land race cultivation and age of the house hold head. 

Result of Tobit regress ion mode l with LIMDEP 8, on variety richness and abundance 

of sorghum crop has shown in the Table 4.8. 
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Table 4.8: Tobit Estimation Results to Explain Sorghum Farmers' Variety 
Diversification (Shannon Index) 

Variable Coefficient Marginal effects Mean value of independent 

variables 

Sex" 0.0725 (1.194) 0.09436 0.79 

sizeh -0 .00503(-0.366) -0 .0 1482 5.2 

size land -0.00146 (-0.039) -0 .09370 1.16 

Noso lt 0. 1204 •••• (3.649) 0.15 194 1.8 

Nooxen 0.0629"(2.24) 0 .06053 1.19 

Extension·· -0.10786 **(-2.11 2) -0 .00041 0.43 

Acessmarket 0.000038 (0.061) 0.000441 102.4 

incomecoffe 0.000045 (1.241) 0.000056 2 14.2 

Nonfarminc 0.00004 (1.1 79 ) 0.000053 494.09 

Nopurpo 0.1006*** (3 .74 1) 0.0842 3.29 

Segelen 00 -0.0424(-0.353) -0.50013 0.22 

Wahilooo 0.407····(5. 187) 1.703 0.20 

Gudegudetoo 0.041629 (0.541 ) -0.6821 0.38 

Constant 0.1 979(0.602 ) 

Dependent variable is Shannon Index 

N umber of obs. = 205 

LM(l3) = 69.875[ 13] 

Log likelihood = Log li kelihood 

functio n -74.47 

NOTES: ••• -Significant at 1%; .* Significant at 5% and ' - Significant at 10%. 

Values in parenthesis are the ratio of the coefficient to the estimated 

asymptotic standard error. 

(00) df/dx is for discrete change of dummy variable fro m 0 to I. Partial 

derivatives are the expected value with respect to the vector of independent 

characteristics. They are computed at the means of the independent variables. 

Source: Own survey 

72 



Diagnostic test shows that the LM test for over all specification test of the model {LM 

69.875 [ 13] } is rejecting the null hypothesis that shows the inc lusion of a set 

variables is important to explain the Shannon index of the sorghum. Regarding the LR 

ratio test for the model, the LR ratio test was under taken without heteroscedasticity 

and with heteroscedasticity . The ca lculated stati stics is significantly rejected the null 

hypothesis which indicate that the mode l is heteroscedasticity problem. Thus, the 

standard errors reported in Table 4.8 are with heteroscedastici ty or with robust 

standard errors. 

Referring to the results of Table 4.8, household characteristics such as sex' 3 variable 

and househo ld size do not s ignificantly affect on the variety richness and abundance 

of sorghum crop variety. 

The most im portant factors positively affect ing sorghum richness and abundance are 

so il heterogeneity or the existence different so il types, number of oxen ownership and 

the number of purposes in which the household used sorghum in the household . 

Regress ion results are reported in Table 4.7 and Table 4.8 are almost similar implying 

that the soil heterogeneity, the number of purposes of sorghum and oxen asset are 

statically s ignificant and positively related to a ll measures of divers ity; producers with 

more types of land, number of purposes and oxen asset are likely to be growing 

varieties of a crop that are more evenly di stributed in terms of land area. These 

findings are consistent with those reported in the deve loping countries. [n the northern 

Ethiopia, Bennin ef aI., (2003) a lso found that land crop area and so il types were to be 

positi ve ly associated with the crop biodivers ity. 

1l The age variable is dropped due as soon as we recogn ized that the log maxim um likel ihood is 
di fficult to converge or singll lUl'ity of matrix. 
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On the negative side, the factors under play are accesses to extension and accesses to 

market are negatively affecting sorghum genetic di versity not only the variety 

richness but also the variety abundance of sorghum crop in the study area, Thi s resul t 

confirms that maintaining the crop biodiversity on the shoulder of the poor 

marginali zed farmers who have no access to market and far from extension services, 

The similarity of results of Table 4,7 above and Table 4,8 also indicate that variety 

count is a very good proxy to study fa rmers' derived demand for on-farm crop 

diversity , In addition, most of the factors are significant in explaining the richness 

(count) and both richness and equitability (Shannon) among varieties growing for 

sorghum crop that are consistent in sign, In this setting, a program that conserves the 

variety richness of the crop is not li kely to have a negative impact on the evenness in 

land allocated to among the varieties on the representative farms, 
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CHPATER FIVE 

CONCLUSIONS AND POLICY IMPLICATIONS 

5.1. Conclusion 

The purpose of the empirical work in this thesis is to answer the fo llowing questions: 

I) what are farmers' factors that maintain the on farm sorghum crop genetic diversity? 

and 2) what is the relationship between access to development infrastructure and crop 

biodiversity? In attempting to answer these questions, relevant literature and theory 

have been reviewed, description of the survey data has been provided, and empirical 

testing has been conducted. 

This paper has been about the key variables that characterize and induce farmers 

(individual members of local community) to contribute for 'de facto' conservation of 

CGRs. Characterizing them and studying their 'survival first' motives for undertaking 

on-farm conservation is crucial to design the best mechanisms of influencing their 

behaviour regarding variety management. 

Overall, the empirical results have shown that 'de facto' conservation is mainly 

fa rmers' undertaking with no access to markets, credit, and extension. CGRs diversity 

is mainly produced by subsistent and marginal farmers as a positive externality of 

their 'survival first' strategies. These farmers are maintaining non-optimum level of 

crop diversity through their farm-specific production system according to the 

individual optima of the decision-making process at the farm level. While some level 

of conservation is produced to soc iety for free through 'de facto' conservation, 

moving to the soc ial optimum needs designing an incentive framework. 
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The res ults further confirm that more risky (in terms of freq uent occurrence of disease 

and pests) and more di verse fann ing systems are less vulnerable to crop uni formity . 

Accordingly, maintaining a diverse set of varieties is a poor, subsistent and 

margina lized farmers' undertaking with limited access to markets, roads and 

extension servi ces . These farmers seem to have recognized various benefits of po ly­

va riety of sorghum for risk red uction, food tastes, tolerance to environmental stress 

(weather, pests and weed), add ressing their multiple concerns, and asset spec ify 

benefi ts. 

Access to market and extension detaches the link between de Jacto conservat ion and 

fa rmers surviva l first strategies. In sorghum growing farmers, cash crops fa rming are 

found to have positive effect on its dive rsity unlike to the prev ious empiri cal work of 

Edil egnaw (2003) conclude that access to chaat is a negative effect on sorghum 

richness of the household . In our case study, cash income may enhance farmers' 

capacity to hire labour or purchase inpuLs Lo partic ipate a wide range of activities 

including mu lti vari eties of sorghum crop. 

In general , farm ers ' multiple objectives and concerns, risk and yield considerations, 

land heterogeneity, labour endowment, and lack of access to market have been the 

factors inducing the production of sorghum diversity. On the contrary, access to 

extension and market integration and experience in using improved varieties are 

detac hing the link between 'de Jacto ' conservati on and farmers' economic decisions. 

The most important factors positive ly affecting sorghum richness and abundance Cas 

measured by Shannon index) are the number of purposes of growing sorghum, land 

holding with type of so il heterogeneity. On the negati ve s ide, the factors under play 
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are distance from market and extens ion services and experience in growing improved 

varieties. These factors di ssoc iate farmers' surviva l strategy and de facto sorghum 

genetic conservation in the household economic dec ision making process in the 

stud ied area. 

5.2. Implication 

The key policy question regarding on-farm genetic conse rvation is ' Which areas and 

whom to target? To thi s end, we have examined the most important factors affecting 

fa rmers' derived demand for sorghum diversity. 

Economic deve lopment, poverty reduction and income distribution argue that the 

economica lly and ecologica lly marg ina lized areas, in which most ofCGRs divers ity is 

produced until now, need extern al investment in in frastructure and technology to 

im prove the prod uction, marketing and distribution limitations. However, as rural 

development interventions are put in place (improved access to extension and market 

integration, and experience in using improved varieties), the amount of area util ized 

by traditional varieties and the amount of varieties per fa rm and therefore the level of 

diversity wi ll shrin k. This trend implies a potentia l ri sk of losing traditional varieties. 

Here there is a need for fl exib le incentive structures to ma intain CG Rs diversity at a 

social optimum and to off-set the negative effect of development interventions. Po licy 

should start with creating awareness and rewarding farmers who have mainta ined 

unique trad itiona l varieties of crops. As long as farmers ' contribution to agro-d iversity 

is not valued and as long as CGRs are not valued for their own sake, the level of crop 

diversity produced mainly by farmers will be negatively correlated to the over-all 
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agricultural deve lopment in a spec ific region, lead ing to an uncontrol led loss of 

CGRs, 

If our point of interest is to target farmers who have higher propensity to plant 

multiple traditional varieties, then those farmers who are using sorghum for many 

purposes, those who access to oxen ownership, with less potential in using improved 

varieties, and less market orientation and more importantly those who access to chaat 

and coffee are wOlth targeting, Our results imply that on-farm conservation gives 

more sense with farmers who are using crop variety portfolio as a ri sk management 

strategy, On the other hand, if our objective function is to target areas with high 

probabil ity of losing traditional varieties, localities and farmers with better market 

access and better comparative advantage in improved variety use are the priority for 

action, In th is scenario, in-situ conservation can be more costly as it wi ll be harder to 

convince these farmers to stick to traditional varieties for the sake of diversity, 

5.3. Future Research 

Most of the works cited in th is paper have provided a base of evidence that soc io­

economic/household characteristics, agro-ecological heterogeneity, market access, 

and risk factors impact technology adoption decisions that agrarian households make 

and can affect diversity outcomes, Yet the estimation of diversity outcomes can be 

strongly influenced based on the measure of diversity used, Several of the papers cited 

above showed differing results for diversity outcome estimation based on the type of 

index chosen to measure diversity, This research, on the other hand, shows a 

considerable amount of homogeneity between the diversity outcomes estimated, 

which results from a large corre lat ion coefficient between the count and Shannon 
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indices. 

Hence, one direction for further research into technology adoption and diversity 

studies could be the imp lementation of better diversity metrics. If the on-farm 

conservation of crop genetic resources from landraces is important, for example, 

indices co ul d be constructed to give weight to landraces over modern varieties. 

An additional direction for future research is the use <>f panel data to test changes Qvel' 

time in the importance of land-use determinants and di versity levels as modern 

technologies become increasingly ava ilable. Most of the studies cited in this paper 

were done using cross-sect ional data. While these studies provide insights about land­

use determinants and diversity outcomes, changes over time may reveal important 

trends in technology adoption and diversity outcomes, and may help to fo rmulate 

stronger policy prescriptions to prolong landrace cu ltivation and maintain or increase 

on-farm genetic diversity. 

79 



APPENDICES 

Appendix A: Brief Description of the Poisson and Tobit Regression 

Model. 

Appendix A-I The Poisson Model 

The Poisson regression model assumes that yi given xi is Poisson distributed with the 
following density function: 

e -A, X Y• 

fey , / x, ) = " y , = 0, I, 2 .................. Poisson di stribution (I) 
y ,! 

The mean parameter, E[yilxi] = Ai = exp( x;fJ) = exp(130) + exp(131 x I i) + exp(132x2 i) + 
... + exp(l3kxki). 

Having independent observations, the model to be estimated is: 

,p, 
ri ==e +E

j 
=e(Po+PI

X
I/+P2

X
ll + ... +{Jt

X
kl ) + £/ ......... ... ".,., Poisson regression model (2) 

lany, = fJo + fJ,x" + fJ,x" + fJJx" + ...... ·fJ.x" 
Where the count index of diversity in the spatial crop genetic resource conservation 

and xi the variab le that determine the type of sorghum crop varieties of the house 

hold its operational definition and expected sign will be presented in the next 

chapter. 

fJ - aE[y, I x, ] I _ 810gE(y, I x,) 

Since J - ax j , E[y, I x,] - aXji the coefficients of the Poisson 

model can be interpreted as the proportionate change in the conditional mean if the jth 

regressor changes by one unit (semi-elasticity). The marginal effects in Poisson are 

computed as: 

aE[y I x ] . 
, ' = exp(x,) x fJ

j 
.... ......... ...... ..... ......... Marginal effects in Poisson (3) 

aXjl 
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The Polss()n model is, h()wever, typically restrictive as it imposes the restriction that 

the variance of the data is equal to the condi tional mean (i.e. var(yi/x i, P) = E(yi/x i,B) 

(Cameron and Trivedi ,1990). Accordingly, the variance-mean eq uality has been 

rejected in numerous applications (Woold ridge, 2003) the statistical inference is 

depend on rejection or accepting the variance of the data is equal to the conditiona l 

mean. 

Our data set is tested based on thi s, if it is fo und over dispersion problem, the negative 

binomial estimation method would be used. However, we found the data set has under 

dispersion problem, thus covariance-variance sandwich estimation of the asymptotic 

standard error is reported in Table 4.7 (Wooldridge, 2003). 

Appendix A-2. The Tobit Model 

The stochastic model underlyi ng Tobit may be expressed by the following 

relationship: 

Y; = x;{J + G; ; if x;p + G; > 0 

= 0 ; if x;fJ + G; < O. 

where Y; refers to either of the variables reported in Table I, X; is the vector of the 

regressors, P is a vector of parameters to be estimated, and G; is an independently 

distributed error term ass umed to be normal with zero mean and constant variance 
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The log like lihood function for the Tobit is: 

where <P is the cumulative density distribution (CDF). The first part is the probability 

that Yi =0 (given Xi). The second part is the distribution of Yi given that it is positive . 

The Tob it mode l, therefore, measures not only the probabi lity that diversity on-farm 

wi ll be greater than zero but al so the leve l of diversity as measured by the Shannon 

diversity index. 

Amemiya (1984) has shown that the Tobit maximum like lihood estimator remains 

consistent under serial correlation but not under heteroscedastic ity or non-normali ty. 

We have estimated Tobit both w ith heteroscedasticity and without heteroscedastic ity 

and in a ll cases the Likelihood ratio test do supports the Tobit with heteroscedastic ity. 

The Tobit results we presented in the paper (Table 4.8) are, therefore, with lim ped 

heteroscedasticity or robust estimation results. 

The Tobit model has an advantage in that its coefficients can be further di saggregated 

to determine the effect of a change in the / " variable on changes in the probability of 

having a non-zero Shannon index and the s ize of the index (McDonald and Moffit, 

1980). The decomposition is given as: 
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r/I(x,fJ ) x,fJ 0' 

5HkIIX"Y; J ... opl'f!b(y>O) Hr I • oj 
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-lY, X,.y, > 

Where r/I is the probability density function? From the decomposition, one effect 

works by changing the conditional mean of the diversity index, given that it is 

observed (greater than zero) and the second by changing the probability that an index 

will be pos iti ve. While the first is about the effect of a unit change in any of the 

regressors on the level of diversity (once it is positive), the second is about the effect 

of a uni t change in any of the repressors on the probability of having a positive leve l 

of di vers ity. 

Appendix B: Descriptive Statistics of Data 

Tables 1: Frequency of the Count Index Variables for Annual Crops Cultivated 

in the Sampled Household Farms 

Count index for all Freq. Percent Cum. 

annual crops 

I 16 7.80 7.80 

2 54 26.34 34.15 

3 70 34. 15 68.29 

4 38 18.54 86.83 

5 10 4.88 9 1. 71 

6 14 6.83 98.54 

7 2 0.98 99.5 1 

10 1 0.49 100 

Total 205 100 
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Ta ble 2: Frequencies of the Count Index Variable for Sorghum Crop in the 
Sampled Household Survey 

Count index for Freq, Percent Cum, 

sorghum crop 

0 14 6,83 6,83 

I 67 32.68 39.51 

2 63 30.73 70.24 
. "r 

3 38 18.54 88.78 /-' 
''\~\ 4 18 8.78 97.56 . . ( 
<fr ... ~ 5 3 1.46 99.02 

6 2 0.98 100 

Total 205 100 

Source: own survey 

Table 3: Frequency of Discrete Variables Employed in the Regression in the 

Model 

Variables Description Value Freq Percent. 

Ed ucat. Education level of the 0 72 35.12 

house hold head 

(iJl iterate; O and ; 1 literate) I 133 64.87 

Sex Sex (- 0 female - I male) 0 47 23 

I 158 77 

Education Number of educated 0 16 7.80 

household members in the I 43 20.98 

household 2 47 22.93 

3 46 22.44 

4 30 14.63 

5 II 5.37 

6 9 4.39 

7 2 0.98 

8 I 0.49 
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35. 12 

100 

20.98 

100 

7.80 

28 .78 

51.7 1 

74.15 

88.78 

94.1 5 

98.54 

99.5 1 
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Workers Number of workers in the I 12 5.85 5.85 

household 2 57 27.80 33.66 

3 31 15.12 48.78 

4 40 19.51 68.29 

5 28 13.66 81.95 

6 18 8.78 90.73 

7 9 4.39 95. 12 

8 7 3.41 98.54 

9 I 0.49 99.02 

10 I 0.49 99.5 1 

II I 0.49 100 

Num plot Number of plots operated 0 I 0.49 0.49 

in the household I 67 32.68 33. 17 

2 101 49.27 82.44 

3 34 16.59 99.02 

4 2 0.98 100 

Oxen owner The number of oxen owner 0 63 30.73 30.73 

in the house hold I 51 24.88 55.61 

2 82 40.00 95 .61 

3 6 2.93 98.54 

4 3 1.46 100 

Cattle The number of cattle units 0 48 23.4 1 23.4 1 

owned in the household I 25 12.20 35.6 1 

2 35 17 .07 52.68 

3 32 15 .61 68.29 

4 26 12.68 80.98 

5 15 7.32 88 .29 

6 10 4.88 93 .17 

7-1 4 14 6. 83 100 

Acessextension The household access 0 II I 54.15 54.15 
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I 94 45.85 lOO 

Owner radio The access of rad io of the 0 135 65.85 65.85 

dummy household (=0 not have I 75 34. 15 100 

access, = 1 have access) 

Food defic it The number of months in 0 40 19.5 1 19.5 1 

which the household 2 9 4 .39 23 .90 

reported that under food 3 13 6.34 30.24 

shortage in a year. 4 3 1 15.12 45.37 

5 4 1.95 47.32 

6 89 43.4 I 90.73 

7 8 3.90 94.63 

8 4 1.95 96.59 

9 7 3.4 1 100 

Source: Own survey 
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Appendix C: Summary of the Questionnaire Used 

I. Basic Household Characteristics 

I. Date of interview 2. Kebele name 

3. Name ofhousehold(head) 4. Gott name 

5. Sex a) Male b) Female c)Youth 6. Age a) 20-30-------------b )31-60-------------

c »60-----------------------

7. Marital status a) Single------------- b) Married --------------- c) Divorced -------------- d) Widowed--------------

e) Separated--------------------

B. Place of birth Kebele Wereda Zone 

9. Continuous duration of stay at current place of res idence / year 

I I. Educational status a) ------------ b) --------- c) ----------- d) Other ( speci fy ) 

12. Is the head economically active? I a) yes b) no 

13. Ifin active, why? a) ----------- b) ----------- c) ----------- d) ----------- e) Other (specify) 

14. Number of permanent household members at the time of survey Male ----------------------

Fern al e--------------------

To ta 1-------------------------

15 . The roofofthe house for the household is made of a) ----------- b) ------------ c) Other 

16. Age of permanent household members at the time of o <5 years -----------------------

survey 5- 10 years ----------------------

11- 16 years -------------------

17- 55 years -------------------

> 55 years -------------------------

17. Educational status of permanent household members Illiterate ------------- Church school --------------

Read and write --------- Other ( speci fy ) -----------

lB. How many of them are economi call y active? -------------------

19. Relat ions of the household members with the head. a) Spouse-----------b) Son/daughter-------------c) Non-relati ve-

---------------------d) Grandch i I d-----------------e) Hired as labourer-----------------------
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II. Access to Natural Capital and Land Tenure Situation 

a) Do you have access to land for agricultural use? a) yes b) no 

b) Total sizes of the following land yo u use pattern 

Land type In timad In hectare 

Cultivated land 

Fallow land 

Grazing land 

Settlement land 

Other 

Total 

c) Would you tell us abut the characteristics of your farm plots? 

Soil 

Topography Plot agro ecology Type soils Fertility status 

Plot a) Plain 3 Woinea dega a) Black a) Poor 

identification b) Moderate 4 Dega b) Red b) Moderate 

c) Sloping 5 Kolla c) Brown c) Fertile 

d) Have you ever share cropped out your plot to other peasants? a) yes--------­

b) no------------------

e) If yes, on what type of crop do you share cropped out? If so, did you have any 

influence the type of crop and varieties grown in your land a) yes b) no 

f) Have you ever been share cropped in land from other people? a) yes b) no 

g) If you share cropped in, did the preference of the owner of the land have any 

influence the type crop and varieties grown? a) yes b) no 
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III. Access To Draught Power 

I. If your household cultivated the farm during the last season, how did you 

plough? 

a) Us ing an imals--------------- b) Us ing hand hoe------------------

2. If you ploughed with animals, what type of animals you use? 

a) ---------- b) ----------- c) -------- d) Other (specify) 

3. If you used animals, did you own, borrow or hire them? 

a) -----------b) ------------- c) ------------ d) ------------ e) ----------- f) ---------

4. If you used hand tillage, what is/are the reason (s)? 

a) ----------- b) ------------ c) -------------- d) ------------ e) Other (specify) 

IV. Access To Agricultural Extension Package, Market Characteristics, 

Credit Services 

I. In the last 3 years, how many times has your household received agricultura l input 

package from Development Agent? None------------- once---------------twice---------­

three times-------------more than three times----------------

2. [f you used once or more times, did you use modern varieties tor any crop you 

received it? 

a) yes b)no 

3. How long you have an experience using modern varieties of crops in yoUI' farm 

land? 

a) one year b) two years c) three yea rs d) four years e) five years f) more 

than five 

4. Have you ever been used credit fac ilities in your hose hold affair? 

a) yes. b) no 

5. [f you used credit facilities, for what purpose did you use your credit scheme? 

a) Purchasing fertilizer c) purchasing improved seeds d) purchasing househo ld 

consumables. 

6. The average t ime requ ired to reach (on foot) to the extension agent---------------

7. The average time required to reach (on foot) to dry weather road----------------------

8. The average time required to reach (on foot) local market---------------
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V. Question Regarding Sorghum Traditional Varieties 

1. How is important sorghum crop to the house hold? 

a) Very important b) important c) not so important 

2. For what purpose do you use sorghum in your household? 

Purposes of sorghum crop to the household a) Yes b)No 

For food consumption of th e house hold 

For a so urce of cash income 

Us ing as anima l feed 

Using for fuel wood, hose construction, and fence 

Others please spec ify 

3. Sorghum varieties you have grown in the year 2006( 1999) crop season? (Proxy 

for diversity indices) 

1998 E.C 1998 - 1999 

Belg Meher 

No Type of sorghum Farm Amount of ha rvest Farm size Amount of harvest 

varieties size 

4. What is yo ur most important reason to maintain local variety (ies) of sorghum on 

fa rm as compared to modern varieties? 

a) yie ld b) yie ld stabili ty c) disease resistant d) tolerance to environmental stress 

e) food quality f) others 
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VI. Questions Regarding Your Over All Attitude Towards Sorghum 

Diversity 

I. What is the trend of sorghum varieties that you have gown in your farm? 

a) Increasing b) decreasing c) remain as it is 

2. If it is increasing why? --"""""""---""-""-"""-"""""""-"""""-"""-"--""--""""" 

3. if it is decreasing why----"""""""""""""--""""""""""-"""""""""""""-""-""""""""""_""" 

4. What do you think the main reason each those varieties are treated to be lost? 

a) Cl imate change b) disease and pest problems c) replaced by modern varieties 

d) others 

5. Would you please mention the mechanisms to conserve sorghum varieties not be 

lost in your com m un ity? """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 

6. Suppose you have two options. One is a single variety of sorghum with a yield of 

10 quintals per hectare and the other is three varieties with the same yield. I. Which 

one would you choose? (a)three varieties (b)one variety Why?"""""""""""""""""""""" 

7. Suppose you have two options. One is a single variety of sorghum with a yield 

potential of 12 Qt.lHa and 6 Qt.lHa in good and bad season, respectively. The other 

is three varieties with a yield potential of 10 Qt. IHa and 8 Qt. IHa in good and bad 

season, respectively . Which one would you choose? Why?"""""""""""""""""""""""""""""" 

VII" Crop Production and Livestock Rearing 

1) Would you tell us the size of farmlands and the amount of crops you harvested 

during the Belg season of 2006 (1998 E.C) and Meher season (2006 " 2007) (1999 

E. C). 
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1998 E.C 1998 - 1999 

Belg Mchcr 

No Crop type Farm size Amount of harvest Farm size Amount of 

harvest 

2) Tell us about your perennia l crops, fru its and vegetables and the income you earn 

from them. 

No Crop type Number/stand Monthly Annual 

income income 

3) Wou ld you te ll us the number of livestock you own? 

Type Number Possession 

Cows 

Oxen 

Heifers 

Calves 

Sheep 

Goats 

Mules 

Horses 

Donkeys 

Ch icken 

Beeh ives 
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VIII. Non-Farm Employment Opportunities 

I) Did any of yo ur household members work in activities apart from crop production 

and livestock rearing? a) yes b) no 

2) If yes, wou ld you tell us about the types of activities, persons engaged in, amount 

of income from the job, and the purpose for which you used the money? 

Activity Member Time spent 011 Estimated annual Cash 

type participated work per income from the joh equivalent 

month Cash III kind 

IX. Food Security 

I) Do you meet the all-year round food requirements of your household members 

from own? a) yes b)no 

2. If you are not se lf - sufficient, for how many months do your own production cover 

the food requirements at home? (Mention name of months) --------------------­

Three---------fa ur ---------fi ve-----------s ix -------e ight --------n i ne----------ten-----­

e leven --------twe I ve---------

4. Does the income you earn from non-farm activities enable you to buy food for 

bridging the deficiency? a) yes b) no 

5. According to your own se lf-assessment, is your household: a) Food secure------­

b) Food insecure------------------- c) Varies from one year to another ----------------­

d) Do not know----------------------

6. What do you think the role of sorghum for being food secure for your household? 

a) very much b) much c) poor d) very poor 

7. If it is important, what have been the main constraints to expanding your sorgh um 

crop production , as wel l as for keeping sufficient numbers of varieties in order to 

become se lf-sufficient in food year round? 
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X. Constraints to Sorghum Production 

Droul!ht Yes No 

Frost 

Water logging 

Pests and di sease 

Erratic ra infall distribution 

Weeds 

Shortage/ lack of fa rm oxen 

Poo r storage 

Insufficient land holding 

Poor so il fertility 

Lack of access to appropriate technology 

Limited know - how and skill s 

Shortage of cash 

Inadequate extens ion serv ices 

Inabili ty to apply suffic ient modern farm inputs 

Dependency on rain - fed farming 

Failure to utilize irri gation 

Lack of access to post - harvest technology 

8. If you sorghum crop is lost by drought, pests and disease, what is your copping 

strategy and surviva l strategy during the crop season? 

a) Replanting by another crop b) leave as it is for fallow land c) rent out the land 

d)used for gazing for cattle's e) any other mechanism please spec ify---------------

Any other suggestion (s); please tell us about not menti oned regarding your day to 

day agriculture works 

Thank you too much for prov iding thi s va luable experience in your faming practice . 
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