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Differential Adoption of Technologies and its Implcations for
Policy choice between Equity and Growth

Beyene Tadesse
University of Hoheneim, Germany

Abstract

Government policies often attempt to create simelbais impact on economic efficiency
and equity. The Ethiopian government optimisticdiys targeted to simultaneously
achieve at improvement in agricultural efficiengydwth) and equitable distribution of
the benefits by all farmers in the whole part & dountry. However, many scholars most
often argue that growth and equity are inverselated in most development processes.
Thus, the main objective of the paper was to evaluhe interhousehold and
interregional technology adoption pattern (implidgoth growth and equity). The
conceptual relationship of growth and equity, axghexiences in adoption studies were
first assessed. Then three ecological potentials &0 sample size each (a total of 450)
were studied using Probit Model.

The study result has shown that only 35.5% of #mepe adopted. The beneficiaries of
the extension were relatively the resource richmfars of which the largest proportion
were concentrated in the high potentials areas. high potential areas benefited
remarkably higher net returns to land and managenfiremm the use of same technology
than the other areas. Thus, alike the previousrnsib® approaches used in the country
and as supported by lists of literature, the newersion system could not be also free
from such bias at least in the short-run. Conclekiydifferential adoption of technology
within a certain period of time can be regardedaasatural phenomenon. Hence, efforts
to enable both the poor and the rich to equally @tdagricultural technology would
rather imply substituting equity for growth at aryelow level of the economy status that
has immeasurable social cost. For countries likeidiia, which is at a very low level of
economic status, focusing on growth through inareaghe farm productivity of the
potential adopters in the short-run, and designspecial programs for the poor to
follow their footsteps is suggestible. Otherwisee tountry may remain behind while
pulling both the poor and the rich together.

Key Words: Technology Adoption, growth and Equity

1. Introduction

The principal economic policy presently implementgdthe Ethiopian governments is
the Agricultural Development-Led IndustrializatigADLI). The implication is rapid

agricultural growth to produce sufficient food ftme citizens, exports and releases
surplus of raw materials and labor to foster agahistralization. Hence the Five-year
Development Plan of the Government (EPRDF, 1996)ha special emphasis on the



development of the agricultural sector. It primaaktempts to transform traditional low
productivity agriculture into high productivity agualture, and to provide enough income
for the people; and secondly to raise the levehaf materials for industrial sector.

Naturally, there are two ways of increasing agtimal products: bringing more land and
labor under cultivation and introduction of improvéechnologies. A large bodies of
growth-accounting studies for developed econoniesvs almost unanimously that the
part of agricultural output growth which can be lexped by increase in the conventional
factors, specially land and labor, is minor relatito technological changes broadly
defined as a shift in production function relatogput and inputs (Peterson and Hayami,
1977). Due to consistent rise in population pressunused land resources have been
exhausted and cultivation frontier have been pudethe point where further land
opening endangers ecological balance seriouslydamihishes the marginal productivity
of labor (Hayami, 1983). Therefore, it has gengrélken agreed that a sustainable
increase in total factor productivity through teclugical change, resulting from an
organized effort to apply scientific knowledge toguction processes, underlay the rapid
increase in the national product (Kuznets, 1966 donsensus is that in order to achieve
agricultural output growth at a rate sufficientrb@et the needs of developing country, it
is imperative to develop and diffuse modern agtical technologies suited for their
resources endowments and ecological conditionstefdre, delivery of physical inputs
to farm households such as fertilizer, improveddse& high yielding varieties (HYV),
and improved cultural practices naturally becomparamount importance.

Through the diffusion of improved agricultural tedfogies, the Ethiopian government
policy attempts to create simultaneous progres®mih economic growth (efficiency) and
equitable distribution of the benefit (equity) byuseholds from the use of the transferred
technologies. For this purpose, in 1995 a new ext@napproach referred “Participatory
Development Training and Extension System (PADETE&s formulated. It mainly
comprises the delivery of improved seed, fertilizeesticide on a credit (at a Bank
official interest rate) with a 25% down-paymenheTnumber of extension participants
increases every year at a multiple of 10. TherefloeeGovernment then has ambitiously
launched massive technology diffusion processlipats of the country.

However, it is always argumentative that growth aqdity are positively related in many
circumstances. Although the direct effect of tedbgal progress on growth is apparent,
its effect on equity depends on the initial econorstatuesque of the economy,
individual's factor endowment and the nature of tdxehnology., and social and political
situation in the system (Hayami, 1983; Kuznets,6l%eter and Hayami, 191977). The
literature then concludes that it is often commorassume a trade-off between growth
and equity in the development and use of modermnt@ogies. Although such concern
has been accentuated with the advent of the “gregolution” in the 1960s, the

researcher still expects the problem to prevaittimopia too. The question is that within
the prevailing differences in social, econoraiad environmental circumstances farmers
face, is the new extension approach likely to enabth the poor and the rich farmers
equally access to improved technologies? Or doffereintial adoption persist as a



natural phenomena? If so, growth or equity shoale the first priority to focus on in the
development efforts of the economy given the ptegiconditions? Determination on
such fundamental issues seriously affects the propkzation of government budgets
and other sources of productive resources in theses of development endeavors. These
are the researchable issues that deserve attertiom®licy makers and economic
planners.

Therefore, it is worthwhile to look into the newtemsion approach whether it has really
eliminated or at least minimized the differencewssn the rich and the poor in

technology adoption and thereby the benefits. Thenrmabjectives of the study to assess
the level and determinants of adoption of techgiel® transferred by the extension
project, and then to identify and evaluate the beiagies of the project. The paper tries
to relate the results of the case study with thecypal relationship of growth and equity,

and extrapolate its implication for the governmenthoice between growth and equity.
In the next section, the paper presents a brielewe\of research evidences on the
conceptual relationship between growth and eqaityl experiences of adoption pattern
in technology. The third section presents a summeémesults of recent adoption case
studies in Ethiopia. Then the papers results aise study on the new extension project,
PADETES, in different agro-ecological zones, andhe last section some conclusions
and policy implications are incorporated.

2. Conceptual Analyses: research evidences
2.1 Equity and growth

Growth and equity are both components of welfaad te need to achieve in all possible
means. As mentioned earlier, growth can occur eliienoving from a less efficient to a
more efficient use of the existing resources (lisaby increasing the productivity of
resources). That is, more output can be produceublie resources are available and/or
level of technology of production is improved. Tlaéer, strongly influences the former,
since new technologies can both improve the prodtycbf existing resources and make
use of resources that may previously have been kleity, by contrast, refers to the
distribution of this total output between individsi@ar social groups within the society. A
simultaneous effect on equity change in technoligprogress undoubtedly results in
economic growth, but its varies. However, the peabl“who benefits from economic
development” is one of the most challenging forregnists since long ago and is both
complex and profound.

However, growth (efficiency) objective and equityjective may and often do in practice
conflict each other. Brewing and Johanson (198#%dcthat it is often impossible to
realize both objectives. Policy instruments dedigh® increase output growth always
have effects of varying importance on income disiion. Likewise, policy instruments
designed to improve income distribution (equityyays have direct or indirect effect on
output growth (Ellis, 1996). Ellis thus, underlindtat the pursuit of equity in the low
level of economic status results in potentiallyhhgacrifice of growth. A more detailed



analysis of the relationship between growth andtgqs documented in the works of
Kuznets.

Kuznets (1966) hypothesized that the distributidnincome tends to

worsen in the early phase of economic growth (iegmeed by GDP per

Capita) and to improve thereafter. On his subseqguesearch (Kuznets,

1972), he observed that the level of economic agweknt is a major

determinant of the extent of income inequality icoaintry. He noticed that

relative income inequality rises during the earlgges of development,

reaches a peak and then declined in the latteestakhis relationship is

illustrated graphically in the invertddishapedcurve.
Kuznets’'s analyses imply that as the economy optioe countries grow the income gap
of the residents gets wider.

KrtHOC00H

GDP per Capita

Fig 1: Relationship between Inequality and Growth

Further more, (Hayami, 1983) explains that theti@hship between growth and equity
differs from country to country (mainly becausetbéir level of development) and in
different periods of time based on the existindhtextogy, factor endowment and social
preferences.

Hayami and Kuznets (1983) has explained in detailrelationship between growth and
equity in the application of modern agriculturatheaologies in developing countries.
They have clarified the effects of important fastdike population pressure on land
resource and the interaction between technologioal institutional changes base on
positive economic analysis. If the cause of growpmverty and inequality is the

population explosion on land, a technological cleaedfective for the dual goals of

growth and equity should be land-saving and lalsomgy ; it increases the marginal
productivity of labor relative to that of land tleéy increasing labor's income share at
constant wage-rent ratio. Biological technologiashsas improved seeds are fertilizer
regarded as land saving and even neutral witreotdp scale of land (i.e., they can be
divisible into small units and can be used at akgible smaller quantities). Most

commonly, these inputs are applied at much largeowet than a traditional practices



together with greater agronomic care. On the olizgrd, some biological technologies
like herbicides are labor-saving and capital intemgechnologies.

When technological changes that involve labor isiten (labor using) and land and
capital saving diffused and adopted by the farméexe is no trade-off between growth
and equity. This is because both the resource @odrrich can access and acquire the
technological components. Conversely, when teclyiwedo transferred and capital
intensive but labor saving, then the new technelogienerate more growth but less
equity. Nevertheless, Gustav Ranis (1983) summaitied there are considerable
evidences, drawn from extensive empirical resedhdt,fast economic growth adversely
affects the distribution of agricultural incomesutBat least in the long run there is no
trade-off between growth and equity, rather theylte relate positively.

Believing the notion of improved technologies thgtaves the way to growth, adoption
of agricultural technologies obviously have a digant impact on growth and income
distribution. It is also unambiguous that Ethioamongst the poor countries and is at
its very early stage of economic growth. Even # thiffused technologies are not so
capital intensive, the severity of poverty in tlaion would remain to explain differential
adoption by households of different resougoedlowment and an increasing gap of income
distribution. Therefore, one can conclude from litexature that in Ethiopian economy
growth and equity seem to exhibit negative relaiop.

2.2 Technology adoption pattern

So many studies on the adopfi@f agricultural technologies have been made it bot
developed and developing countries. Roger (198d)has colleagues have clearly and
comprehensively summarized the nature of adoptroggss in relation to time. He has
shown that adoption rate has a time dimension. éldedl that an individual user of a
technology needs time to learn or understand ath@utechnology, evaluate and finally
decide to use it. This time dimension varies frowividual to individual depend on the
individual's socio-economic and ecological factd@s top of Roger's analyses, Girshon
F., et al (1985) and Robert, S.(1985) have indecdbat the_frequency distributioof
adopters over time follows bell-shaped 'normal’ curveand its_cumulative frequency
looks like the S-shape curveas depicted in figure 2a and 2b. Mansfield (1961),
hypothesized that the S-shaped adoptions curvefusdion of the extent of economic
merit associated to the new technology, the amofinitial financial requirement to
adopt, accessibility to information, and the degredsks, complexity and availability of
the technology. Thus, the S-shaped curve implias fiéw farmers initially adopt and
benefit from the new technologies. However, overeti an increasing number of adopters
appear. In the end, the trajectory of the diffustanve slows and begins to reach level of
attaining its apex (Mosher, 1979). The Author themphasized that such type of
adoption pattern results in a significant incomféedence between the early users and the
late or non users of the technology.

! Roger (1983) defined technology adoption as fashdgcision that new practices or ideas are good
enough for full-scale and continue to use.



Depending on time of adoption from the first to thst, adopters of new technology are,
therefore, categorized as innovators, early adsptearly majority, late majority and
laggards. The first two extremes are characteraedelatively resource rich, educated
and young while the last category, the laggard$yal@ completely the opposite features.
Accordingly, ability of these groups to afford iaitinvestment, level of risk aversion and
access to information, which ultimately influentiese of adoption, widely differs.

%
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IN = Innovator, EA = Early adopters,

EM = Early majority, LM = Late majority
LG = Laggards

Fig 2a:Cumulative frequency distribution of adoption  Fly Erequency distribution of adoption over time

Assefa, A and F, Heidhues (1996) has identified ftwaners who had adopted improved
technologies like fertilizer are superior in ecomnc efficiency than the non-adopter.
This has a direct implication for the growth of ational economy. In deed, it is
unquestionable that technology adoption resultsigher income for adopters and lower
real price of agricultural products for consumdisis kind of technological effects have
been experienced in almost every country includttigjopia at a certain degree. In this
regard studies by Beyene T, (1998) and Sara G, €1906) on impact of use of new
technologies have showed that output of maize asa@ to unprecedented levels with
significant income increases of the adopters coetptr the non-adopters.

Thus, looking into the time relationship with adoptrate, and the impact of technology
adoption on income, it is very transparent to peecéhat income differentiation would
likely to emerge. The income of the early innovatand the early adopters could shoot
up quickly while that of the rest groups lag behnegulting in increasing income gap
(worsening equity situation) at least in the short. In deed, the poor might be benefited
indirectly provided that the use of the technologyate change in the real income of the
society as a whole.

3. A Brief Review of the Country Experiences and he Current
Government endeavor

In Ethiopia, different extension systems were pcact one after the other before the
PADETES (will be explained below) program in thednii990s has been coming into
effect. In general , however, adoption studies mateifferent levels in different



locations indicate that technology transfer andpfida by farmers were highly hindered

by external and internal problems. These are ingrdesign of the extension approach,
poor research-extension linkage, low extension emf&rmer ratio, poor motivation and

multifarious activities of extension workers (Tessi@, 1985). As a result, no significant
change in farmers’ income could be perceived.

More over, the extension approaches of those days eondemned that they resulted in
undesirable social changes like worsening inconpe lgethis respect, the Comprehensive
Package Program (CPP), which was initiated in 1i86Chilalo and Walyta Provinces,
can be the best example. The CPP was tailorechéordsource rich farmers who were
able to provide collateral for credits offered fiwe extension program. Thus, all the
benefits accrued to the wealthy farmers (the thedlbrds) while benefit to peasants was
at best marginal. The program never met the neédseosmall-scale farmers because
they were unable to participate in the program. Seguently, CPP rather created rural
elite (income disparity) in those areas (Lele, tedaCohen, 1974; and Dejene A, 1995).
All the efforts and the consequent beneficiariealirthe previous extension approaches
were concentrated and limited to the main roadsiddk the successive extension
programs such as the Minimum Package Program (MBie),Peasant Association
Development and Extension Project (PADEP) and ¢lrerSasakawa-Global 2000 (SG-
2000) Extension projects were blamed for beinginém such biases towards benefiting
the resource rich farmers. In fact, the degredefitias varies (Legesse D, 1998; Beyene
T, 1998; and Lelissa, Ch. (1998). As a result,rdsmurce poor farmers reap little benefit
from the programs at least in the short-run .

Conclusively, many studies have shown that the fitefn@m technology adoption largely
depends upon socioeconomic and agro-ecologicar&aticing the farmers (Itana, 1985;
Chilot, Y. et. al, 1996 and Mulugeta, 1995) and stategies and design of extension
services (Gershon, et al, 1985). Beyene et.al, 1([18%0 identified that lack of cash
and/or credit, poor and insufficient input deliveamd low output price are the most
limiting factors for technology adoption.

In spite of these facts, the Ethiopian governmexs been attempting to eliminate such
differential benefits from the use of improved teclogy adoption through new
extension approach. The new extension approachfevasilated in 1995 as a hybrid
form of T&V and the SG-2000 extension systems, aeferred Participatory
Development Training and Extension system” (PADBTHRlay E, (1997). The
PADETES is advocated for that it gives both therpaod the rich farmers an equal
opportunity and access to improved technology. ginernment ambitiously expects the
PADETES to promote uniform adoption of a technolbgyall farmers thereby enabling
the nation to simultaneously achieve at both graavtti equitable distribution of income
and seemingly balanced development in all regiegandless of all social, economical
and physical circumstances.



4. The Effects of PADETES on adoption pattern andas implication for
Income distribution: A case study

In this section results of a case study taking meas from different regions and

ecological zones are summarized. This is to utaedswhether the PADETES is really
performing as expected to do so. The study focoseadoption differential with respect

to selected socioeconomic and physical factorsaBse of the difficulty to obtain data on
financial and non-financial resources committedtfa extension of technologies, cost-
benefit evaluation of the extension practice wasdone.

4.1 Data and the model

Maize was selected as a study unit since it hasrded the most breaks through in
technology advancement and intensive extension venwnts relative to other
agricultural products. Primary information was eoted from maize growing farm
households using a standardized questionnaire. I8a@jection was based on a stratified
two-stage random sampling design. First, agro-epcdd potentials for maize production
as_high, medium and low potentiahs considered. Localities like Bako (West Shemc a
East Wallaga), Aris Negel (South-East Showa) amndagsa were selected as a
representative of high potential areas, Bahirdad &walmso (West Hararge) areas
represented medium potential and Yeju (North Wo#oyl Babile (East Hararge) areas
represented the low potential areas.. Then peasstciations in the extension circle
were selected, and from each ecological zones fard@ers (which adds up the sample
size to 450 farmers) were chosen using a simphelam sampling method. Such
information on variety of seeds, seed rate, fedililevel and method of fertilizer
application were collected. In addition, indicatofshouseholds' economic status such as
area of land, human and oxen labor resources ovamedother household characteristics
were gathered. The researchers do not assumehthatree ecological zones have
received exactly the same extension services bigivies that in all areas much effort has
been made for considerable number of years thdtl anable one to roughly compare
some of the extensiachievements

Assuming that farmers face the same input andubuyipces, the technology adoption
decision function is defined as:

I* = B Zi+ 0
Where, the observed I* is defined as:
I =1iff I* >1if afarmeris adopter, and | =0 iff I* <0 otherwise.

Z; are exogenous variabIeB,is a vector of unknown coefficients adds a disturbance
coefficient.

The ability and willingness of a farmer to adoptaemended technologies depend on
his/her household characteristics, resource endoivraed on the socio-economic

environment he/she is faced with. The explanat@wyables hypothesized to influence
farmers' decision to adopt maize technologies amamed below. Then, the probit

model was employed for the analyses.



Dependent variable
Y =1 if farm household head adopted, 0 otherwise

Explanatory variables

HHAGE: The age of the farm household head. Agea igsroxy for experience with
farming. It affects decision to accept or rejectvnmterventions, but the
direction is not clear.

HHSZ: The household size. It represents the numibgotential active family members.
Use of improved technologies demand proper manageohiéarm operations.
Thus, higher endowment with family labor is expdcte adopt extension
recommendations more quickly.

HHEDUC: Education level of the household headf Dliferate, 1 if 1 to 6 years of
education, 2 if 7 to 8 years of education and $rdater than 8 years of
education. Education improves access to informatiomew ideas and inputs
provided by extension workers. Therefore, the mthre household head
educated the more likely he/she is to get imprampdts and use them in farm
operations.

TFRMSZ: Total farm size owned by the householdhectare. Farmers with larger
landholding are likely to participate in the extems and thus there is a high
probability to adopt.

NOXEN: Number of oxen owned by the household. Thenlber of oxen owned is
hypothesized to be positively related to technolaggption as it represents
the wealth status of the households.

DSROAD: Distance of the household's residence fifeermain road, in walking minutes.
The closer the household to the main road the nagpEss to extension
information would be, and thus positively relateddchnology use.

PMRKT: Proximity to the market center, in walkimginutes. Households nearer to
market center are likely to be access to inforrmata new inputs, and thus
positively related to use of improved technologies.

GETCRDT: Credit availability for down payment. 1 fdrmer has access to credit, O
otherwise. It is expected to have a positive impactechnology adoption.

WORKOFF: Participation in off-farm work. 1 if hods@ld-head work off-farm, O
otherwise. The higher the source of income fromfafin works the less
likely a household to participate in extension\ats.

ACCEXT: Access to extension service. Farmers wheeh&equent contact with
extension agents are hypothesized to be accesfotmation on new inputs,
and hence, are more likely to adopt than thoseavbmot do.

AVPAKG: Availability of the package. 1 if yes, Gherwise. Timely availability of the
package at a desired quality and quantity and wm&d enhance adoption.

Dummy: It represents the suitability of agroecglad the areas for maize production
such as soil condition, climate, pests and diseasegeneral. The more
favorable is the environment for growing a partcutrop, the more is the
benefit and the less are risks of loss and heémeenore is adoption rate by
the growers. 1 if low potential, 2 if medium and Bigh.



4.2 Results and Discussion

4.2.1 Characteristics of the sample farm householdsesource endowment and
technology adoption
Of the total sample size only 35.5% of farm howséH adopted the improved
technology of maize and the great majority (64.%%a¥ not. Considering the ecological
differences, relatively the largest portion of thigh potential areas (50%) adopted
followed by the medium potential (34%) and at thst lis the low potential areas where
only 16% of them adopted (Table 2). It is cleaerétfore, that the rate of adoption differs
from areas to areas with a diminishing proportisroae goes from the high potential to
the low potential areas. The household charadesisnd their resource endowment and
physical factors do have implications for such gmana.

Table 1 presents the descriptive statistics othihigsehold characteristics of the adopters
and the non-adopters of pulled data. Average agboofehold head of the sample
farmers is about 42 with standard of deviation ($D}3.50, which is almost the same
for both adopters and non-adopters. The level ah& education in the study area
appears to be low. Out of the total sample, 38.8pbnted that they had received formal
education, of which more than 90% had attended amigimary level. But there appeared
a significant difference between the adopters amel mon-adopters. The average
household size of the total sample farmers wag8rgons with SD of 4.14, and ranged
from 3 to 28 persons which is significantly diffetéat 1% level) for the two groups. The
average family size of the adopters was about Sopsrwith SD of 4.7, while that of the
non-participants averaged 5.5 with SD of 3.4. Mesgpthe adopters are identified to be
much closer to the main road relative to the noopéers, which is highly significant at 1
% level.

Table 1: Comparison of Adopters and Non-adopters wih Respect to Selected

Characteristics

Error! Mean
Bookmark not t-test for paired samples

defined.

Variable

Adopters Non-adopters

HHAGE 42.56 (10.66) 42.0 (14.8) 1.54
HHEDUC 1.04 (4.01) 0.73 (3.24) 1.86*
HHSZ 8.0 (4.70) 5.50 (3.41) 2.05*
TFRMSZ 2.26 (2.10) 1.22 (1.41) 3.55%%*
DSROAD 24.0 (15) 36.38 (26.03) -2.51%*
PMRKT 31.50 (28.40) 48.34 (33.00) -4.12%%*
NOXEN 2.50 (2.30) 1.05 (1.60) 5.56%*

10




* * and ** indicate significance level at 20, 5% and 1% respectively, and figures in the gheses are the
Standard of Deviations. Figures in parentheseStarmedard of deviation

Table 2 summarizes household resource endownrenglation to adoption rate for the
different potential areas. The main farm resoum@ssidered for this study were farm
size and number of oxen and farm labor owned by fasouseholds.

a) Farm land: Except in Bako area land is generally considei@doe short. The
difference in farmland owned between adopters amulatopters was so large; mean
farmland owned by sample adopters 2.26 hectareghatdf the non-adopters was 1.2
hectares, significantly different at 1% level (Taldl). Table 2 portrays that about 45% of
the sample household owned 2 or less hectarestethaining 39.6% of the sample
farmers owned 3 to 4 hectares, and 15.4% of themedvover 4 hectares. The sample
farmers were grouped into three classes basetieosize of land they owned, that is,
small (less than 2.0 hectares), medium (betweed @&1t1 4.0 hectares) and large (over
4.0 hectares). In Table 2, it is shown that thepprtion of sample farmers adopted the
extension recommendations increased with the la@dteey owned. Accordingly, about
22% of small farmers, 37% of medium sized farmerd @0% of the large farmers
adopted.

b) Draft power: Ox is the only source of draft power in the studgas. The average

number of oxen owned by adopters were 2.5 andothidite non-adopters was 1.05 oxen
(Table 1). Like the case of farmland oxen power alas short. In Table 2 it is indicated
that over 40% of the sample farmers owned one axrtough 60% of them owned two
and above oxen. Similar to farmland, the distributof oxen between the two groups
was also large. The proportion of households ppdimg in adopting the extension

recommendation was consistent with that farm si¥bile only 13% of sample farmers

with zero or one ox adopted, increasingly largepprtion of sample farmers with two to

three oxen (41%) and over three oxen (73%) addptetechnologies (Table 2).
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Table 2: Farmers' resource endowment and level ofdmption as percent of all
Farmers belonging to the indicated categories

Error! Bookmark not Farm size owned Number of oxen ownedl Farm labomedw
defined.
Farmer group 2 21 4 | >4 <1 23 >4 13 4 8 >8

=202 | n=178 | n=69 | n=180 | n=195 | n=75 | n=158 | n=188 n=104

Total Adopters: (35.5%) 22 37 70 13 41 73 33 47 17
High potential (50%)
64 48 45 65 44 48 50 39 40
Medium potential
(34%)
25 36 38 27 34 38 32 35 45
Low potential (16%)
11 16 17 8 22 10 18 24 5
Non-adopters (64.5%) 78 63 30 87 59 27 66 35 83
Total household 45 39.6 15.4 40 43.3 16.7 35.2| 41.8 23

c) Farm labor: Members of a household in the study areas, girtolany other part of
the country, are the largest source of farm labtgan of family size of adopters was
statistically significantly greater than that oethon-adopters at 1-% level. Basically, all
healthy family members between 12 and 75 yearscgaate in agricultural, though their
skill and efficiency could actually be differenthds, household members in this age
range were categorized as farm labor. Considehisggdategory, the average farm labor
of the adopters was 5.7 person with SD of 3.05thedfarm labor of non-adopters was
4.3 with SD of 2.15 persons. Similar to family siZarm labor of the adopters was
significantly larger than that of the non-adopteks.indicated in Table 2, about 35% of
the total sample had two to three farm laborersuald2% four to eight farm laborers
and 23% over eight farm laborers. In the same tidldeshown that a lower proportion of
sample household (33%) with small farm labors (tmn¢hree) were adopters, and much
more proportion of households (47%) with farm klabetween four and eight persons
adopted the extension recommendations. Househaldpgwith over eight laborers
comprised the lowest proportion of adopters (omYolof the group adopted). This could
be because of the limited capacity of their lanxkroand other farm resources to hold
large family size under the existing level of teglmgy. So this kind of families could be
financially so poor to afford cost of the improveghnologies.
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From the analyses of household characteristicstlagid resource endowments, one can
generalize that substantially more households laither endowments of farm land and
oxen power and reasonably large farm labor adopidtese groups of farm households
imply clearly economically the better ones. Appaticig the variations among the
ecologial potentials, Table 2 also depicts a ctiierences in adoption rate of among
them. The proportion of adopters in all ecologipalentials exhibit a similar trend in all
categories of household resource endowment. Theofadoption positively related with
the amount of resources farmers endowed. The haggnpal areas take the lions share
followed by the medium potential areas and the pmtential at the last. The difference
could be mainly because of ecological factors @aghoil and rainfall condition, diseases
and pests etc. It can be, therefore, extrapoldiedconsequence of such variation on
distribution of the benefits from adoption of tleehnology. The largest economic benefit
is geared to the high potential areas and/or adopted the lowest benefit to the low
potential areas and /non-adopters resulting in demwinterregional and intrahousehold
income disparity.

4.2.2 Econometric Analysis of the Determinants afaption differential

The idea of factors affecting farmers' adoptionssful since they are either the vehicles
or obstacles to extension systems to influence desirdecision making on the use of
agricultural innovations. A farmer's adoption demsis affected by the supply of

extension services in general. Farmers, howevere l@demand for adoption that is
governed by factors related to his/her householaradteristics, socio-economic and
agroecological factors. Then, some selected vasablypothesized to affect farmers'
decision to adopt maize technologies were fit ®@RIhobit Model.

In a cross-sectional data, socio-economic variahlesally have the problem of
multicollinearity that would result in unexpecteelationship between the explanatory
variables and the dependent variable. Hence, temntak estimates more reliable, all the
variables hypothesized to influence farmer's denisd adopt were first taken together
and were checked for multicollinearity. A bivariaterrelation matrix was computed to
test for high collinearity. Then variables that wld highly significant collinearity were
excluded from the model. Accordingly, PMRKT and WIKOB¥F were highly associated
with each other and to DSROAD. WORKOFF was alsmrgjfly and negatively
correlated with NOXEN and TFRMSZ. Hence, PMKT and®RKOFF were dropped
from the analysis. In the end, some selected irmpbxariables were used in the analysis.

The Maximum Likelihood Estimates of the probit mbde presented in Table 3. The
partial derivatives (marginal effects) of the vates on the probability of farmers'
adoption decision are also shown in the third colwhthe Table. The marginal effects
of the vector characteristics are computed at theans of the variables for all
observations. As indicated in the Table, all vdaalhave the expected signs. Out of the
10 variables entered into the analysis, only on@bkbe, HHAGE, was found to be not
significantly influencing farmers' decision to adlopSROAD has a negative sign
significant at 1% level with a marginal effect dicut 27% all other variables kept at
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their mean. It implies the farther the househokldence is from the main road, the more
he/she tends not to adopt the maize technologesndts who live far from the main
road could be less accessible to extension seraicgannot get sufficient information
on improved farm technologies, and hence are nalikaly to adopt.

The NOXEN and TFRMSZ have positive signs and sigaiitly affect the farmers'
decision to participate at 1% and 5% level, respelst This supports the notion that
oxen and farmland are among the most importantbasec farm inputs (assets) without
which farmers may not be able to smoothly operatar tfarm activities. The two
variables may also proxy the wealth status of as@bald. They can be sources of cash
and security against risks of crop failure. Thisuteis consistent with the result of Donal,
et al (1977) that indicated wealthy farmers aratnetly less risk averse and hence are
faster to use new technologies. All variables laltheir mean level, the marginal effect
of the NOXEN is about 10%, and that of TFRMSZ i84.3he change of TFRSZ of an
individual farmer from 0.5 to 2.0 hectares wouldrease the probability of adoption by
about 23%.

Table 4: Probit Maximum Likelihood Estimation of the Extension

Explanatory Parti  Means of
Variables Coefficients DerivativesVariables

Constant -2.0.36 (2.48)* -0.811  _
DSROAD  -0.416 (4.29)** -0.266 .92

HHSZ 0.498 (1.91)* 0.220 8.79
NOXEN  0.234 (3.17)***  0.093 2.55
HHAGE  -0.010 (0.91) -0.104  41.50
TFRMSZ  0.033(1.95)*  0.130  2.89
HHHEDU  0.377 (1,85) 0.150 0.88
GETCRDT 1.878 (2.91)** 0.328  0.39
AVPAKG 1.6 (2,1)* 0.401 0.45
ACCEXT  0.33 (2.5)** 0.130  0.34
Dummy 0.25 (3.0) 0210 2.0

Chi-square (10) =91
Log likelihood = -95
Restricted Log likelihood = -141
Sample Size =450

Figures in the parentheses are t-ratios; and **anhd * indicate significance levels at 1%, 5% and
10% respectively

HHEDUC and HHSZ have also positive signs as exped#HEDUC is statistically
significant at 5% level, and a change of farmetisosling from the lower to the next
higher level has a marginal effect of about 10%hsher probability to adopt. The other
important variable was the effect of the HHSZ (takes proxy for labor availability)
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which has a marginal effect of 22%. Increase insetiold size from two to ten would
increase the probability of individual farmer targp@pate in extension program by 15%.
GETCRDT was positively related to the farmers' sieci to participate in the extension,
and is highly significant at 5% level. The margiaahlysis also showed that other factors
held at their mean level, credit availability foowdh payment alone affected farmer's
probability to adopt by about 33%. Credit enabl@sniers to buy costly inputs such as
fertilizer and thereby promote the adoption of timeproved practices. Likewise,
AVPKAG and ACCEXT were also significantly affectedioption decision at 1% and
5%level and their marginal effects were 40% and 1@&¥pectively. The ecological
potential difference represented by the Dummy Wéeiavas strongly significant at 1%
level with a marginal effect of about 21%.

In general, the analyses suggest that availalmfitgchnological packages and access to
credit were the most important factors determiniagners' probability to adopt. The
result also showed larger farmers (in terms of lfatin area and number of oxen owned),
households with moderately large size were momdyliko adopt with further increase in
probability under favorable ecological zones, withanderestimating the impact of the
other aforementioned factors.

Table 3: Frequencies of Actual and Predicted Outcoes of adoption rate

Predicted
0 1 Total
Actual 0 225 (77%) 67 (23%) 292
1 41 (26%) 117 (74%) 158
Total 253 197 450

Table 3 reports the maximum probability of predicteutcomes. The probit model
correctly predicted 77% farmers as non-adopters 748 as adopters with the overall
efficient measure of classification indicated byuBoR'=76% (significant at 10% level).

4.2.3 Returns to Maize Production

The impacts of natural endowment and socioeconoatiaracteristics of farm
households are also reflected on the returns faaiiin from their farm activities. The
average Net return to land and management (neimacplus cost of land and
management) for the three ecological potentialsamgas estimated at respective local
average price (Table 3). It was observed that éarasing the same level of technology
of maze obtained quite significantly different mets; those which are in the high
potential areas obtained almost as large as tWitteedow potential areas.

15



Table 3: Average Net Returns to land and managememf maize production
(Birr/ha), 1999/2000

Ecological potential for Improved Traditional
maize production practice Practice
High potential 1260 386
Medium Potential 875 285
Low potential 643 140

Although the extension attempt is to create aroapthere whereby all farm households
obtain similar benefit from the use of improve teclogies, it has been noticed that
considerable number of them could not adopt andn ettse who adopt were

incomparably grasping different amount of beneftsch differential opportunities could

be regarded as a natural phenomena to exist asstpler which development programs
like agricultural extension may not provide a regnatlleast in the short run.

5. Conclusions and Policy Implications

In an economy where agricultural sector is the stay) the development prospect of that
economy is largely governed by growth the agrigeltinat policy makers need to always
pay attention for. With all due respect the, préseconomic policy of Ethiopia is
Agricultural Development-Led Industrialization (ADL that is, fast growth in
agricultural sector that would enable subsequetidtrialization. In attempt to improve
the growth of agricultural sector, the policy hésaeen endeavoring to simultaneously
achieve at interhousehold and interregional balhndistribution of benefits (equity
issue). For this purpose, a new technology extansystem termed PADETES has been
launched in the whole parts of the country andgite have been made to reach each and
every farm households since the mid 1990s irrespedf the differences in socio-
economic and natural circumstances. The extengstera said to be designed in such a
way that both the rich and the poor farmers getabgpportunity to participate in the
technology diffusion and adoption process.

In fact, agricultural extension should be diredte@ll social and economic segments of
the population. However, how the benefits from spicdgrams are distributed among the
various social groups in the process of growth ierabvays a challenge to economists
and policy makers. Therefore, the main argumestwaether growth and equity can be
simultaneously achieve or not. Although the di@ttof technological change on growth
is apparent, the direction of its effect on eqdgpends on the statuesque of the economy,
factor endowments and social developments. Theogerwf this paper is, therefore,
mainly to assess the extent of technology adogtr@hthe type of beneficiaries that imply
both growth and equity at household level and a&galical potentials. Data were
collected from three ecological potentials, higlegdmm and low with 150 farmers each
totaling 450 sample size. A two stage simple randiesign and descriptive and
econometric tools were employed.
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The result revealed that only 35.5% of the totahgle@ farm household adopted the
improved technologies of maize transferred by tkteresion. The extent of adoption and
the magnitude of benefits were appreciably differamong the different ecological
potentials. Of the total sample adopters, the Ergeoportion was concentrated in the
high potential areas( 50%) followed by the mediunteptial (34%) and lastly the low
potential (16%). The net return to land and managgnirom the use of the same
technology was remarkably different across theaggodl potentials. In the high potential
areas the average net return to land and managewasrdbout 1260 Birr per hectare, in
the medium potential was 875 Birr per hectare anthé low potential was only 643 Birr
per hectare (by half less that the first). Theitradal experience of farm income also had
similar pattern. This clearly indicates inequitablenefits even by the adopters of the
same technology mainly because of ecological piatetitference.

Both the descriptive and the econometric analyseshe characteristics and the
determinant of adoption decision support the figdinn the literatures. Household
characteristics, resource endowment and other smdoomic variables were identified
affecting farmers' adoption decision of the recomdssl maize technologies. Education
level of the household head, proximity to the nraiad, size of land and number of oxen
owned, availability of the technological packaged aoredit for down payment
significantly affected farmer's adoption decisiGarmers status of resource endowment
was the main factor. The adopters (beneficiarieshef extension) were found to be
relatively the resource rich farmers. The new tebbgies introduced to raise agricultural
productivity has remained limited in horizon, jus$ if the extension program was
addressed to the rich. It failed to spin off tleaéfits for the poor. Therefore, it is clearly
shown that the rich farmers were the fist groupreap the benefit from adopting
improved technologies which in turn creates a wighgy of income between the rich and
the poor (the likely non-adopters).

Therefore, it could be concluded that the desigexténsion strategy would not change
the adoption pattern of farmers that rest largalyheeir ecological endowment economic
background under the current level of technologhe Trich are always the first
beneficiaries and the poor may be at the end, allahe adopt. This is a universal truth
as supported by list of lists literatures unleshm®logies and an extension approach are
exclusively directed towards the poor, which intfaould be costly to do so. Therefore,
an attempt of extension to induce balanced teclgyadoption between the poor and the
rich would imply the substitution of equity for eemmic growth or efficiency.

In deed, as rightly put by Kuznets (1966) that meoinequality worsens at the lower
level of growth (adoption can proxy growth), buelaonce the economy reaches a certain
level of economic growth the inequality diminishegh increase in growth. While the
devotion of upgrading the living of resource poer general and ecologically
disadvantaged areas in particular is appreciabla the social point of view, it is worthy
as well to take in to consideration its opporturgst in terms of growth. Thus, in
formulating development strategies, like this tyfeextension of technologies, for poor
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countries like Ethiopia, planners and policy makesed not give equal focus for growth
and equity. It would be more beneficial at leastaamacro level to give priority for

fostering growth of the economy. Otherwise, the it of achieving higher economic
growth with balanced income among the household$ieapresent level of the country's
economic status may result in tremendous irreviersiicial costs.
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