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Abstract: Crop production plays a significant role in the Ethiopian economy. The sub-sector's output has, 
however, been very low partially due to the biophysical challenges constraining productivity in smallholder farms 
and inadequate technological interventions. Genetic modification of crops to improve productivity is preferred to 
the continual manipulation of the growing environment because of cost particularly to the large majority of 
resource-poor farmers who cannot afford for production inputs. Consideration of varietal selection vis-à-vis 
actual target production environment is vital to maximizing gains from breeding efforts. The tradition across 
most of the breeding programs in Ethiopia is to develop varieties under optimum management despite the fact 
that marginal management characterizes the ultimate target production environments. Whether selection under 
optimum management is likely to result in better productivity gain than under the actual target production 
environments is a crucial issue in varietal development. This paper discusses the logical framework for breeding 
success and the conventional approach to varietal selection and its challenges in Ethiopia. Based on the analyses, 
the paper proposes that the wheel of the current variety development schemes should be redirected and made 
more objective and focused towards better serving the major target beneficiaries, i.e. the resource-poor farmers.  
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1. Introduction 
Agriculture is the backbone of the Ethiopian economy. 
The sector contributes 85% of total employment, 46% of 
GDP and 92% of total export earnings (Beintema and 
Menelik, 2003). Crop production takes the lion's share of 
the contribution by agriculture as a whole in terms of 
employment, food, industrial raw materials and export 
earnings. For instance, more than 95% of the export 
earnings were contributed from exports of different crops 
and crop products in 2005, disregarding plant-animal 
mixed products (CSA, 2006). Despite the manifold 
merits, however, crop productivity has been very low due 
partly to a two-prong, the biophysical challenges 
constraining productivity under the smallholder farms' 
conditions on the one hand and inadequate technological 
interventions made to curb the culprit on the other. To 
bridge the widening gap between the radically increasing 
demand and the diminishing supply of food, industrial 
raw materials and export commodities, technological 
backing of production, among others, is absolutely 
essential. Among the important ways of confronting this 
challenge, the use of modern production inputs, better 
agronomic practices, and introduction of improved crop 
cultivars into the production system stand forefront.  
   Even though a good level of investment has been made 
in research particularly after the 1990's, the inception of 
formal crop breeding in Ethiopia may date back to the 
1940's with the establishment of higher learning 
institutions (Beintema and Menelik, 2003). As a result, 
over 400 improved varieties of different crops have been 
released for common production (MoARD, 2005). 
Nevertheless, it is hardly possible to say that most of these 
varieties have been readily accepted, properly utilized and 

boosted productivity at farm level as desired. On-station 
yields are usually attractive but the spillover effects in 
farmers' fields were often observed to be negligible 
(Franzel, 1992). Improved cultivars of most of the crops 
are not yet sufficiently put under production and more 
than 95% of the cultivated areas in the country are still 
planted with local seeds produced by the farmers 
themselves. For instance, out of the 10,887,953 ha of land 
cultivated to different crops in the 2004/2005, only 
346,522 ha (3.2%) was covered with improved seeds 
(CSA, 2005). The national average yields for most of the 
crops are low (Ethiopian Agricultural Sample 
Enumeration, 2002) and stagnant (Woldeyesus and 
Chilot, 2002) while yields of two to three folds of the 
respective crops have been commonly recorded from 
improved varieties with proper crop management and 
protection practices (EARO, 2000; Belay, 2004; Legesse, 
2004). The situation is also similar in many other African 
countries (Ceccarelli, 1997).   
   The main reasons for less research impact in Ethiopia, 
among others, have often been stated as lack of proper 
multiplication, dissemination and utilization of improved 
technologies including improved seeds (Belay, 2004; 
Adugna et al., 2006). The weakness, or sometimes even 
the irrelevance, of  �improved� technologies (including 
crop varieties) is also coming into picture, the main 
complaint being technology development processes 
including varietal generation often do not take into 
consideration the biophysical and the socio-economic 
situations of the target production systems (Franzel, 
1992). The purpose of this review paper is not, by any 
means, to argue that past breeding efforts were ineffective 
and the varieties developed were irrelevant. With due 
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respect to the efforts made and the achievements so far, 
the paper rather aims to challenge the conventional 
varietal development approach in Ethiopia based on some 
conceptual frameworks and available scientific evidence. 
That, I hope, would provoke critical discussion and useful 
dialogues among the scientific community on the need to 
revisit and redirect the scheme of variety development in 
order to make future breeding efforts in Ethiopia more 
objective and focused. 

 

2. Conceptual Frameworks and 
Conventional Approaches to Selection 
Progress in breeding depends on the magnitude of genetic 
variability among the germplasm, heritability of a given 
trait in a given environment and the level of selection 
intensity applied (Falconer, 1989; Singh, 2002). The 
higher the level of genetic variability, heritability and 
selection intensity for a given trait in a given 
environment, the higher will be the expected genetic gain 
from selection. This could be clearly revealed from the 
interrelationship between expected genetic gain from 
selection on the one hand and genetic variance, 
heritability and selection intensity on the other which will 
be discussed later in greater detail.  
   Environmental conditions and crop management 
practices interplay to determine the extent and pattern 
of genetic expression of different traits including yield 
potential. Therefore, the environment and the farming 
system for which breeding is undertaken, farmers� and 
consumers� preferences and characteristic to be 
modified under specific situations should be clearly 
defined and; accordingly, appropriate germplasm 
should be identified and proper breeding methods 
followed for a successful breeding program. The term 
environment in this sense refers to both natural 
components like climatic, edaphic and biotic (pests) 
factors and management and protection practices 
provided to crops (Annicchiarico, 2002). 
   The appropriateness of varieties for release in terms 
of performance consistency across a range of physical 
environments is confirmed by multi-location evaluation 
of varieties even if it is laborious, costly and time 
consuming. Hence, varieties are normally evaluated at 
few locations (primary breeding centers) at the initial 
stages when a large number of germplasm is handled.  
As the evaluation work is further kept on, at later 
stages, the number of varieties virtually gets smaller 
and smaller through selection while the number of 
locations is steadily increased over years. While 
planned specific breeding programs exist for potential 
and stress conditions in terms of physical environments 
like moisture and altitudinal regimes in different crops 
including cereals, pulses and oil crops (EARO, 2000), 
no such program exists for management levels despite 
the importance. The current conventional breeding 
approach in the tropics in general and in Ethiopia in 
particular is development of varieties under optimum 
management levels (favorable conditions) on 
experiment stations and release of the promising ones 

as registered varieties for inevitable production under 
marginal management levels (unfavorable conditions) 
in farmers� fields (Banziger et al., 1998; Gemechu et 
al., 2002). However, a number of varieties that 
performed better with optimal management on research 
stations could not consistently repeat the same 
performance under farmers' fields which are 
characteristically of sub-optimal conditions (Ceccarelli, 
1989; Ceccarelli and Grando, 1996; Banziger and 
Edmeades, 1997; Banziger et al., 1997; Banziger and 
Lafitte, 1997). The existence of genotype by 
management interactions reported from Ethiopia 
(Abdissa, 1996; Kenea, 2004; Getachew and Amare, 
2004; Amare et al., 2005; Balesh et al., 2005) has made 
doubtful whether genotypes that performed better with 
optimal management on research stations could 
consistently perform the same under farmers' fields. 
 

3. Why Develop Varieties Under Optimum 
Management? 
Breeders tend to develop varieties under optimum 
conditions for an ultimate use under marginal 
management, which prevails in the target production 
environments. Different possible reasons could be given 
why selection under optimum conditions is the most 
common approach.  
   The main reason for varietal selection under optimum 
management in the tropics in general and in Ethiopia in 
particular, could be not necessarily because it is the best 
approach but breeding methodologies in the tropics are 
generally influenced by experiences from breeding in the 
temperate areas (Banziger et al., 1998). The success 
stories from plant breeding as a science led the developed 
nations to technological breakthrough based not only on 
genetic manipulation of the crops but also on the 
integration of better management with improved 
genotypes that are responsive to such management 
options. The approach served best the purpose of 
developed nations because management levels applied on 
experiment stations could be afforded in farmers� fields 
whereas in the tropics, management levels applied on 
breeding stations are very different from those affordable 
by the farmers. The continued demand for food and the 
success of such efforts, in some parts of the world, as the 
Green Revolution, might be the main driving force for an 
ambitious approach to transform the whole farming 
system at once by adopting breeding methodologies 
which are successful in the developed nations without 
much modification. However, experiences from the Green 
Revolution did not repeat in a sustainable manner in most 
parts of Africa partially because the input level required 
along with the new varieties was too high for the 
resource-poor farmers (Singh, 2000).  One should not also 
overlook the role, in modeling our research approach, of 
expatriates from the developed nations who dominated 
the research system during the early days in Ethiopia 
(Beintema and Menelik, 2003).  
   Another reason for selection under optimum 
management might be the assumption that heritability and 
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expected genetic gains from selection are higher, and 
hence, there would be more success under favorable than  
under unfavorable management conditions (Simmonds, 
1991; Banziger and Edmeades, 1997; Singh, 2002). The 
importance of this concept may emanate from the 
assumption that superior genotypes under optimum 
management would also be superior under low 
management condition (Brennan and Byth, 1979; Rosielle 
and Hamblin, 1981). If this assumption was true, breeders 
could have efficiently evaluated cultivars under optimum 
management for both optimal and marginal levels and 
thereby save resources. It was also used to be assumed 
previously that farmers could afford for and decide to take 
up improved varieties along with recommended crop 
management practices as a �package� provided that the 
package as a whole is profitable, which was later proved, 
beyond doubt, to actually be unlikely (Franzel, 1992; 
Getaw and Girma, 2004).    
 
4. Challenges of the Conventional Approach 
to Selection  
Under farmers� conditions, the full genetic yield potential 
of crops may be rarely attained because of environmental 
limitations imposed not only by the natural environment 
but also by the sub-optimal management. There is no 
purpose in breeding pest-resistant genotypes in pest-free 
environments, drought-resistant genotypes in drought-free 
environments or frost-resistant genotypes in frost-free 
environments. Similarly, varieties selected under high 
yield potential on research stations should not be assumed 
appropriate under farmers� fields where very marginal 
management prevails (Banziger et al., 1998). Therefore, 
selection under optimum management conditions may not 
be the best approach for Ethiopia to boost productivity of 
all crops under marginal management conditions in 
farmers� fields.  
   Many studies claimed to have proved the concept that 
cultivars selected under favorable environments also suit 
to the unfavorable ones does not have sufficient scientific 
background (Ceccarelli, 1989; Ceccarelli and Grando, 
1996; Banziger and Edmeades, 1997; Banziger et al., 
1997; Banziger and Lafitte, 1997). Many of such varieties 
developed under potential conditions failed to succeed 
under marginal conditions (Ceccarelli, 1989; Reijntjes et 
al., 1992; Ceccarelli and Grando, 1996) because it is 
practically impossible to collect together genes 
responsible for superior performance in all environments 
into a single genotype (Annicchiarico, 2002). The reason 
for the poor performance of most of the modern cultivars 
developed this way in the tropics is widely attributed to 
the fact that they require management and input levels 
which most of the growers could not afford (Farrington 
and Martin, 1988; Franzel, 1992). 
   Some studies in Ethiopia report the existence of 
significant genotype by management interaction in a 
number of crops including sweet potato (Abdissa, 1996), 
chickpea (Kenea, 2004), faba bean (Getachew and 
Amare, 2004), field pea (Amare et al., 2005) and tef 

(Balesh et al., 2005). When the genotype by management 
interaction is a crossover type, it means that the two 
management levels are distinctly different and they do not 
represent one another in terms of variety generation (van 
Oosterom et al., 1993). It is not only the nature of the test 
genotypes but also the degree of similarity between 
selection and target production environments that 
influences the magnitude of genotype by management 
interaction (Cleveland, 2001). In cases of high genotype 
by management interaction to the extent that it causes 
rank order changes among the genotypes, there is no 
scientific base to select varieties under one management 
level to indirectly improve productivity under another 
(Ceccarelli and Grando, 1996). 
 
5. The Concept of Direct vis-à-vis Indirect 
Selection  
The concept of direct and indirect selection was suggested 
by Falconer (1960) and later used in several investigations 
related to the determination of optimum selection 
environments (Ceccarelli, 1989; Ceccarelli and Grando, 
1996; Banziger and Edmeades, 1997; Banziger et al., 
1997; Banziger and Lafitte, 1997). Accordingly, direct 
selection may refer to a kind of selection made directly 
under the target production environment or under 
simulated condition as the target environment. Indirect 
selection, conversely, refers to selection made under 
distinctly different environment from the actual target 
production environment but still to improve productivity 
under the latter; for example, selection under potential 
environment to improve productivity under marginal 
conditions.  
   Methods have been designed  (Falconer, 1989) to 
determine the efficiency of selection under favorable 
environments like research stations for improving 
performance under unfavorable target environments like 
farmers� fields. The procedure assumes a character 
measured in two different environments not as one but as 
two characters with genetic correlation between them 
since the physiological mechanisms and the genes 
required for high performance may be different. If the 
genetic correlation between them is high, then 
performances in two different environments represent 
nearly the same character, determined nearly by the same 
set of genes. If it is low, however, the characters are likely 
to differ to a great extent, and high performance requires a 
different set of genes. 
   Given genetic variances in a target environment (

g

2
 

(TE)), heritability in selection (h2
(SE)) and target (h2

(TE)) 
environments, selection intensity () and genetic 
correlation between the performances under the selection 
and target environments (rg), the expected response to 
direct selection (DR) in a target environment and the 
expected response to indirect selection in a selection 
environment (IR) can be determined as (Falconer, 1989): 

DR = .
g(TE) 

. h
(TE)

  (1) 
IR = . rg. g (TE). h(SE)  (2) 
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The relative efficiency (RE) of indirect selection under 
selection environment as compared to direct selection 
under target environment (DR) is calculated as: 

RE = rg.h(SE)h(TE  or IR/DR   (3) 
A value of 1.0 indicates that indirect selection under the 
selection environment to improve productivity under the 
target environment is predicted to be equally efficient as 
selection under the target environment itself. Similarly, a 

value of less than 1.0 indicates more efficiency of direct 
selection and a value of more than 1.0 indicates more 
efficiency of indirect selection (Banziger and Edmeades, 
1997; Banziger et al., 1997; Banziger and Lafitte, 1997). 
A simplified schematic presentation of the 
appropriateness of direct or indirect selection under 
different levels of genotype by management interactions 
is presented in Figure 1.  

                            

                                                                                                       

    

                                                                                                 

 

                                                                                                                 

                                                              

                                                                      

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic presentation of appropriate uses of direct or indirect selection where low or high genotype by 
management interaction prevail 
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6. Where Do We Stand? 
In countries like Ethiopia where resource-poor farmers 
dominate and crops are produced under marginal 
situations, it is not feasible to develop and universally 
utilize resource-demanding varieties. Although high 
inputs could boost productivity, high-input technologies 
may not be widely adopted by resource-poor farmers 
because such practices must be repeated each season and 
are hence expensive. 
   A variety may show outstanding performance at a 
research station under optimal management conditions 
and inferior performance under the target marginal 
management conditions prevailing in the farmers� fields. 
The specificities for management requirement among  

 
 
crop genotypes suggests that either varieties must be 
selected under representative management conditions or 
under management levels with which they are going to be 
extended. The success stories from varietal introductions 
during the Green Revolution were mainly based on the 
abilities of countries to manipulate their growing 
environments in such a way that the varietal requirements 
could be satisfied. On the other hand, the failure of 
technology introductions like the pure breeds of European 
livestock, particularly dairy cows, under small-scale 
production in Africa was at least partially related to 
inability of the farmers to provide the required 
management level (Tesfaye, 1988).  

 

Table 1. Comparison of selection and target production environments for different crops in Ethiopia 
 
Crops Parameter  

of comparison 
Selection environment Target environment 

All crops Farm implement for 
land preparation 

Tractor mounted (mold board, disc plow, 
etc.) 

Simple local implements (maresha*, 
hoe, etc.) 

Plowing frequency 2-3 plowings with local plow or one disc 
plowing followed by two disc-harrowing 

A single plowing plus another 
plowing to cover the seed in most of 
the cases 

Fertilizer Blanket   application   of   18-48 kg N-P2O5  
ha-1 at most of the locations and no 
fertilizer is added in some others  

Not added in most of the cases 

Weeding Twice hand weeding or sometimes weed 
free particularly in breeding blocks 

Not weeded in most of the cases or 
often late weeded once 

Cropping system Sole cropping Sole or mixed culture of faba bean 
and field pea 

Pulses  

Field selection  Mostly potential land for full genetic 
expression 

Mostly marginal land for fertility 
restoration 

Plowing frequency May be less frequent than in the target 
production environments but with tractors  

3-7 times depending on the type of 
crop 
 

Fertilizer Agronomic recommendation of each of N 
and P2O5 or sometimes even more 
particularly in breeding blocks 

Below the blanket recommendation 
in most of the cases, tendency to use 
more P2O5 than N 

Weeding Agronomic recommendation or even weed 
free in breeding blocks 

Weeded mostly later than 
recommended or use herbicide or 
hand weeding supplemented with 
shilshalo** 

Cereals 

Cropping system Selection under sole cultures Sole culture dominates but mixed 
culture is still important 

Plowing frequency May be as frequent as in the target 
production environment but with tractors  

0-2 times depending on the type of 
crop 

Fertilizer Agronomic recommendation of each of N 
and P2O5  

Not added in most of the cases 

Weeding Agronomic recommendation of each crops 
or even weed free in breeding blocks 

Not weeded in most of the cases 

Oil crops 

Cropping system Selection under sole cultures Both sole and mixed cultures are 
important 

Source: Personal observations, and extracted from Amare and Adamu (1994), Hauilu et al. (1994), Rezene (1994) 
and Hailu et al. (1996) 
*Maresha is a small iron point at the tip of a wooden plow used to crumble the soil 15-20 cm deep.  
** Shilshalo is inter-row cultivation with a local plow for weed control and thinning particularly in maize and   
sorghum.  
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   As noted, the crop management levels in varietal 
selection and target production environments in Ethiopia 
are very different (Table 1). Reasons for larger genotype 
by environment interaction include difference in varietal 
response and environmental distinctness in terms of 
biophysical and management factors (Annicchiarico, 
2002). From the apparent differences between selection 
and target production environments presented in Table 1, 
one can easily expect system incompatibility between the 
two as even a single or a few components of a 
management package with a few genotypes might result 
in a significant genotype by management interaction 
(Abdissa, 1996; Kenea, 2004; Getachew and Amare, 
2004; Amare Ghizaw et al., 2005; Balesh et al., 2005). As 
varieties developed for resourceful conditions may not be 
flexibly suited under resources-poor situations, so do 
those that are developed under researcher managed sole 
cultures for production under a more complicated target 
mixed cultures (Smith, 1986).  
   Among the key management inputs, for instance, 
commercial fertilizers are the most important but most 
expensive in Ethiopia.  The rate of fertilizer applied by 
Ethiopian farmers is very low compared to the rate used at 
research stations (Table 1). The main problem is not only 
the limited supply but also the higher price of the limited 
amounts availed to farmers. Unfortunately, the cost of 
fertilizer may continue to rise to the level farmers in 
developing countries in general may not afford to 
purchase (FAO, 1984). It is likely that fertilizer prices will 
rather rise in the future due to the dwindling oil reserves 
(Beem and Smith, 1997). Organic sources like farmyard 
manure are also limited (Quinones et al, 1997). Therefore, 
production is mostly based on the traditional approach 
although farmers realize the importance of using inputs. 
With the rising price of inputs, therefore, the breeding of 
genotypes that efficiently utilize resources, i.e. genotypes 
that are able to mobilize the limiting resources in greater 
amounts and yield better than a standard cultivar 
(Graham, 1988; Bowen and Zapata, 1991), instead of 
genotypes responsive to management, may be a 
dependable approach to address the problem of the 
majority of the resource-poor farmers in Ethiopia.  
   Apart from some variety evaluations made both under 
fertilized and unfertilized conditions during the 1980's 
and a number of genotype by management interaction 
studies conducted on different crops, systematic efforts 
made to establish optimum selection environments in 
Ethiopia are very limited. Among a few systematic 
studies include on faba bean to determine if selection of 
good genotypes under drained condition is also efficient 
for identification of appropriate genotypes for the 
undrained target environments on waterlogged 
Vertisols (Gemechu et al., 2001). Another similar case 
was a study done on barley to determine the 
effectiveness of selection under high soil nitrogen level 
for low nitrogen target environments (Woldeyesus et 
al., 2002). Both studies clearly revealed the relative 
advantage of direct selection under the target 
environments than if indirect selection were done under 
more favorable environments particularly as the level of 

marginality increases, although indirect selection as 
well may be useful in some cases to identify better 
genotypes. These indicate that if the breeders� selection 
environment does not properly represent the actual 
target production conditions, selection gains under the 
former may be of little or no help to improve yield 
under the latter. Verifying a few �finished� candidate 
varieties under the target condition at the final stage of 
variety evaluation can also not make up for the useful 
genetic variation that might have already been lost 
when large number of genotypes that would have been 
suited under marginal conditions were discarded on the 
station under breeders� own condition (Banziger et al., 
1998).  
   At times in the 1980's, it was almost a general trend to 
evaluate varieties under fertilized and unfertilized 
conditions. Analysis of the data showed existence of 
crossover types of genotype by soil fertility level 
interactions causing changes in rank orders among the 
performances of the genotypes of different crops 
including cereals, pulses and oil crops in most of the 
cases (Fig. 2). This clearly shows that the fertilized and 
the unfertilized soil environments were distinctly 
different and the genotypes responded differently to the 
different soil fertility levels. This could also be further 
confirmed from weak correlations between varietal 
performances under the two fertility levels in most of the 
cases (data not shown). Such weak associations indicate 
that selection of better performing genotypes for grain 
yield under fertilized could not identify better 
performing genotypes for unfertilized conditions 
(Banziger et al., 1997; Banziger and Edmeades, 1997). 
The production of varieties developed for fertilized 
condition might not, therefore, be recommendable 
under unfertilized condition and there may be a need to 
specifically bred varieties for the latter.  
 
7. Future Considerations 
In order to boost the productivity of crops in this 
country to the desired level, among other factors, the 
demand for varieties appropriate under farmer 
circumstances need to be satisfied. Therefore, the 
mismatch between selection and target production 
environments could be of paramount importance for 
future consideration. It does not mean that the existence 
of any level of differences between the selection and the 
target production environments necessarily indicate 
selection for one condition does not serve for the other. In 
case when relative efficiency of direct selection under 
one condition is proven superior over indirect selection 
under the other, it means that the two environments are 
exclusively independent. In such cases, we may need to 
separately address optimal and marginal management 
situations or to redirect the varietal generation process 
as a whole towards the vast majority of the resource-
poor farmers. To the less favored resource-poor farmers 
in Ethiopia, there is no doubt that a variety giving 
reasonably good yield under their own circumstances is 
more important than a high-yielding variety based on 
high investment for inputs. 
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Figure 2.  Grain yield performances of maize, Niger seed, taba bean and field pea genotypes across four locations each (L1-L4) 
under fertilized and unfertilized conditions showing the existence of cross-over type genotype by management interaction (data 
taken from IAR (1986) and re-manipulated by the author) 
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  (C) Faba bean 
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   Depending on the practical situations existing in a 
given farming system, several assumptions could be 
thought of in the process of generation of appropriate 
varieties suitable under the target condition in Ethiopia. 
The first assumption is that farmers would afford to take 
up the whole production packages along with the 
varieties. The ultimate goal of this option is yield 
potential based on the full exploitation of productivity 
improvements from genotype, management and any 
positive synergic interaction between them. However, 
the option did not widely apply for an obvious reason 
that the majority of the resource-poor farmers may not 
afford the cost of production inputs. With the rising 
price of inputs, therefore, the breeding of productive 
genotypes, which are suitable under low management 
levels and simulated farmers� circumstances, could 
prove one of the dependable approaches to address the 
problem of the majority of the resource-poor farmers in 
Ethiopia. Research and extension experiences over the 
last couple of decades in Ethiopia also showed that this 
assumption did not work and technology adoption may 
rather follow a step-by-step pattern where components 
of the same package may be adopted separately at 
different times (Franzel, 1992). 
   The second option is that breeders must recognize 
farmers' unique situations and develop varieties based on 
their socio-economic needs as ignoring farmers' practical 
situations may end up in shelving the varieties without any 
significant adoption to bring-up impact on agricultural 
development. Contrary to the first option, the ultimate goal 
here is not yield potential but resistance to biotic and 
abiotic stresses in farmers' fields including adaptation to 
marginal management. With this assumption breeding 
efforts should build on farmers� practices to complement 
them and not to substitute them. The process in which 
cultivars are adapted to fit the prevailing environment is 
encouraged instead of the environment being altered to fit 
the cultivars (Coffman and Smith, 1991; Wallace and Yan, 
1998). This option is normally more appropriate under 
very marginal production conditions where price ratios 
between external inputs and farm outputs do not allow the 
use of large quantities of purchased inputs (de Boef et al., 
1996). Landraces have considerable breeding values under 
these kinds of situations as they contain valuable adaptive 
genes to different circumstances (Ceccarelli, 1994; Bunder 
et al., 1996; Chahal and Gosal, 2002). Once appropriate 
varieties are made available this way their adoption may 
involve no additional expense apart from the initial seed 
cost, and the existing cropping system and soil and water 
management practices may not be affected (Buddenhagen 
and Richards, 1988). Experience also shows that seed 
based technologies are easier to transfer to farmers than 
more complex knowledge based agronomic practices 
(Edmeades et al., 1998). However, this approach has also 
its own limitations. We should not anticipate dramatic 
results from breeding efforts in marginal environments but 
only small gradual changes should be expected 
(Buddenhagen and Richards, 1988). The development of 
suitable genotypes to marginal management situations 

may not provide the required productivity levels as lower 
genetic gains expected from selection under such 
circumstances (Rosielle and Hamblin, 1981; Buddenhagen 
and Richards, 1988; Singh, 2002) may limit yield 
improvements, result in further depletion of soil nutrients 
and thereby put at risk the national desire to double or 
triple productivity in order to feed the increasing 
population (Woldeyesus and Chilot, 2002).  
   Thirdly, there could be a compromise between 
researchers and farmers in such a way that researchers 
may consider only those pertinent socio-economic 
backgrounds of the farmers while at the same time farmers 
also try to take up affordable packages. This option 
assumes that certain level of productivity could be 
achieved from a compromise between management levels 
and from appropriate genotypes that are capable of 
efficiently exploiting the limited management levels that 
could be affordably provided by the farmers. Some 
authors advise that the use of modest level of inputs or 
intermediate environment is feasible for small-scale 
farmers over both high and low yielding environments 
(Allen et al., 1978; Franzel, 1992). This approach seems to 
be socially acceptable but it does not concur with the 
concept of "agronomic optimum" advocated by 
agronomists. If we make this our choice, it is biologically 
true that we cannot achieve the maximum desired level of 
development we could have liked to see but it could at 
least be considered, compared to the second option, as a 
matter of "choosing the lesser evil when we are between 
two evils".   
  Fourthly, testing of varieties under both optimal and 
marginal or sub-optimal conditions could be one of the 
stable options to create alternative varieties that suit both 
conditions but the cost of germplasm evaluation would 
obviously be greatly increased. 

  
8. Conclusion 
It is obvious that if a variety developed for better 
agronomic performance by breeders is ultimately 
unacceptable to farmers for some reasons and is not 
adopted, all the resources invested to the development of 
that variety will be lost. I think that we do not have to 
oscillate among many choices but only two. The first is 
that the actual situation on the ground must be properly 
assessed, defined and appropriate varieties suitable under 
the real-life situations of our farmers must be developed, 
made available, accepted and properly utilized in 
production. Another choice, may be a more sound one, is 
that farmers must be enabled with policy supports (in 
terms of access to education, credit, input supply, markets 
and extension services, etc) to alter their growing 
environments through the application of improved inputs 
and agronomic practices that suit newly developed 
cultivars. Whatsoever the future may come with, we need 
to critically reassess and redirect the wheel of the scheme 
of variety development in order to make our future 
breeding efforts more objective and focused. To this 
effect, scientists and research institutions may be 
responsible at the technical level to decide on the 
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appropriate models to be followed in the future based on 
the prevailing circumstances or the national vision as the 
case may be. Above all, fundamental changes in this 
aspect, apart from research, must be expected from 
enabling policy and strategy directives that envisaged 
transforming crop production from a means of survival to 
a profitable business.  
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