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Introduction

The southern highlands of Ethiopia are home to some of the
planet’s oldest agricultural systems, dating back 10,000 years
(Brandt et al. 1997), and are considered a global center of crop
diversity (Vavilov and Chester 1951). The highland landscape
is made up of a patchwork of small, diverse subsistence farms,
grasslands, and forests where the lines between ‘human’ and
‘natural’ are indistinct, and the actions of farmers are a driving
force in the distribution of biodiversity. Crop diversity serves
both to buffer the global food supply against environmental
change and pest and disease outbreaks, and to maintain the
sustainability of traditional small-scale agricultural systems
(Gepts 2006). These diverse crops and varieties are created
and maintained through seed exchange among farmers, and
the scales and strengths of these pathways have enormous
influence on agricultural biodiversity. In order to understand
patterns of diversity, it is therefore useful to explore the
patterns of farmer seed exchange that influence farmers’ use
of and access to agricultural biodiversity, and the ways in
which cultural, demographic, and agricultural changes have
the potential to enhance or erode that diversity. Our research
focuses on four related questions: 1) How the scales and
mechanisms of seed exchange affect diversity; 2) How those
practices differ among locations, agroecological zones, and
individual farms; 3) How and why those practices are chang-
ing; and 4) What the effects of those changes on diversity in
this agroecosystem may be.

Farmer Seed Systems in Centers of Crop Diversity

Around the world, centers of crop diversity lie in regions where
evolution of crop species has occurred through millennia of
interacting natural and human selection pressures, heteroge-
neous habitats, isolation, migration, and farmer exchange.

Farmers in these regions select crops for a range of attributes,
including yield in low-fertility conditions, resistance to pests
and disease, interannual stability of production, and a suite of
dietary, cultural, and economic needs (Zeven 1998). The fre-
quency of seed turnover and sources of seed heavily influence
the diversity accessible to farmers (Pressoir and Berthaud
2004). Molecular analyses have in many cases shown tight
links between patterns of seed exchange and the distribution of
genetic diversity (e.g., vom Brocke et al. 2003; Hadado et al.
2010). Genetic diversity of crop varieties has the potential to
increase productivity, regulate nutrient cycling and microcli-
matic conditions, reduce temporal variability, and maintain
resistance and resilience in the face of socioeconomic or envi-
ronmental change (Altieri 1999; Shennan 2008). Securing ap-
propriate seed is crucial for small-scale farmers (Almekinders
et al. 1994). Farmers in traditional agricultural systems acquire
seed from four primary sources: their own saved seed, gifts or
exchanges with other farmers, purchase in local markets, or
through government agricultural extension services.

In Ethiopia, as much as 90 % of seed planted each year is
drawn from farmers’ own saved seed (Kebebew et al. 2001;
Lipper et al. 2005). Benefits from the use of saved seed
include adaptation to local conditions, known seed quality,
and reduced monetary and social costs (Badstue et al. 2007).
However, maintenance of diversity requires seed exchange,
as does unexpected seed loss and the desire to experiment
with new crops or cultivate new fields (Dennis et al. 2007).
While seed exchange generally takes place within commu-
nities, long distance exchanges may be more common than
previously thought, and traditional agricultural systems are
not isolated with respect to the flow of genetic material
(Perales et al. 2003). Non-monetary seed exchanges among
farmers, either within or between communities, are often
mediated by social institutions (Dennis et al. 2007).

Another source of seed is via local markets where farmers
who are both producers and consumers sell surplus produce,
grain, and seed to other farmers. Market acquisition of seeds
has traditionally been seen as an action of last resort for seed-
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insecure farmers. However, recent research has shown that
local markets in fact play a key role in farmer seed sourcing
(Sperling and McGuire 2010).

The final source of seed in traditional systems is the
network of government research, production, and extension
that make up the formal seed system. In Ethiopia, the formal
seed system continues to play only a small role in seed
acquisition habits of small subsistence farmers, and in
2002 improved seed made up less than 3 % of the total
cultivated area in the country (Belay and Degnet 2004).

While conventional wisdom suggests that land-use intensifi-
cation, increased market integration, and cultural or environ-
mental change are associated with the loss of crop genetic
diversity (e.g., Bellon 1996; Teklu and Hammer 2006) in many
cases traditional andmodern varieties co-exist (Brush andMeng
1998), and may even enrich diversity (Vadez et al. 2004).

Study Site

The Gamo highlands, among the world’s oldest agricultural
landscapes, rise from the Ethiopian Rift Valley to elevations
over 4,000 m in a chain roughly 100 km long and 30 km
wide (06° 02–27′N, 37°10–37′E). Native vegetation
includes mixed deciduous woodlands, dry evergreen mon-
tane forest, and alpine grasslands. Annual rainfall is bimod-
al, and mean annual temperatures range from 10 °C to 25 °C
(FDRE 2000). The remote and rugged terrain has precluded
widespread industrialization or modernization; two vehicle-
accessible dirt roads cross the southern and northern rea-
ches, while the central areas have little to no road access.
The population is close to one million people (FDRE 2008).

The Gamo is dominated by small-scale subsistence agri-
culture, made up of farms of less than one hectare. Nationally,
95% of agricultural output comes from subsistence farms, and
69 % of households farm on one hectare or less (CSA 2003).
Agriculture in the Gamo highlands is based on a diverse
combination of annual and perennial crops, agroforestry, and
livestock management. Enset (Ensete ventricosum), a
clonally-propagated perennial tree crop in the Musaceae, or
banana family, serves as a staple starch, and enset plantations
along with root, vegetable, and tree crops are clustered around
a central homestead. Crop fields are beyond this ring, and
sometimes spread over a large area. Barley is the most impor-
tant cereal crop in the region, especially at high elevations,
along with wheat, and maize and sorghum at lower elevations
(Samberg et al. 2010).

The Gamo highlands are spread across five districts, each
of which is home to a market and government extension
office, all within the Gamo-Gofa Zone, within the Southern
Nations, Nationalities, and Peoples Region (SNNPR) of
Ethiopia. Agricultural communities generally comprise
500–800 household farms.

Methods

Selection of Communities

In order to investigate the effects of farmer seed networks on
crop diversity in the Gamo highlands, household interviews
were carried out in 12 communities in the region over
6 months during the main growing season in 2008–2009.
Drawing from prior research in the region (Samberg et al.
2010), we stratified our sample communities based on char-
acteristics of elevation and location. First, we drew four sites
from from each of three elevation zones, defined as ‘low’
(<2,400 m), ‘mid-elevation’ (2,400–2,800 m) and ‘high’
(>2,800 m). Second, we split these evenly between the two
northern and three southern districts in the range. Given
logistical and political constraints to randomization, we met
with district administrators in each of the five districts to select
sample communities that met these requirements. The result-
ing list of 12 sample communities represents four low, four
mid-elevation, and four high-elevation communities, two each
in the northern and southern portions of the Gamo (Table 1;
Fig. 1). All communities share Gamo ethnicity, tribal affilia-
tion, and language, and are of comparable size.

Selection of Farms

In each community, households were selected for interviews
and on-farm surveys through discussion with the communi-
ty chairman and community elders. The lack of a formal
listing of community residents precluded randomization.
Therefore households were stratified by socioeconomic sta-
tus, as described by the chairman and elders, identified as

Table 1 Sample communities in the Gamo Highlands, Ethiopia. Iden-
tified by location in the northern or southern portion of the study area,
elevation class (Low: 1,800–2,350 m above sea level, Mid: 2,400–
2,800 m, High: 2,800–3,100 m), and mean altitude of farms in the
community. Site number corresponds to the map presented in Fig. 1

Site Community North/
South

Elevation
class

Mean altitude
(m)

1 Hanika S Low 1,849

2 Weyza N Low 2,184

3 Kogo N Low 2,207

4 Bula S Low 2,339

5 Choye S Mid 2,565

6 Boko S Mid 2,628

7 Lisha N Mid 2,666

8 Sete N Mid 2,734

9 Zute N High 2,844

10 Gena Kare N High 2,939

11 Gughe S High 2,987

12 Chosha S High 3,012
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‘large,’ ‘medium,’ and ‘small’ farms. Rankings are designed
to capture overall resource level and generally correspond to
farm size; however the non-contiguous nature of farms in
the region made specific measurements of farm size imprac-
tical. This methodology has possible shortcomings; percep-
tions of socioeconomic status may differ between
communities, and rankings of a given household may be
skewed by several factors, such as a household head’s status
in the community. However, observations by the field team,
including members local to the region, indicated that neither
of these was evident to a problematic degree. Three to four
households were sampled opportunistically from each of
these wealth rankings, for a total of ten households in each
community.

Household Interviews

A total of 121 household interviews were administered to
the head of each household by the principal investigator and
primary research assistant, who was native to the region, as
well as other short-term research assistants. Interviews were
conducted in the local language and dialect, and the survey
instrument was pre-tested on farmers in a non-sample com-
munity prior to the start of the study.

Interviews were divided into three sections:

1. A farm inventory of all crops and varieties present,
including a farm walk and visual assessment, and quan-
tification of livestock ownership.

2. A structured questionnaire on seed acquisition and ex-
change comprising a series of questions discussing sour-
ces of planting material, frequency of acquisition, and
mechanisms of exchange for each crop. Most questions
were presented in a multiple-choice format, and
responses were assessed through several related ques-
tions in order to evaluate consistency, including the
initial source of seed for each crop grown, the approx-
imate time since acquisition, the reason for acquisition,
and the rationale for selecting the source. These
responses were coded for statistical analysis.

3. A semi-structured questionnaire with open-ended ques-
tions addressing changes to seed exchange practices,
crop diversity, livestock management, and other
changes in agriculture in the region as perceived by
farmers.

Data Analysis

Responses to the structured survey were compared across
elevation class, north/south location, and farm resource lev-
el. Mean values were compared using a full-factorial
ANOVA approach, and proportional responses were com-
pared using Pearson’s chi-squared tests. Statistical analysis
was performed in JMP software.

The similarity of barley and enset varieties cultivated at
the community scale was assessed for each pair of commu-
nities using a Bray-Curtis similarity index in the EstimateS
software package. Similarity matrices created for barley and
enset varieties were correlated with the distance and eleva-
tion difference between each pair of communities using a
Mantel test in XLSTAT.

Key Informant Interviews

Unstructured key informant interviews were conducted in
English with the chief agricultural extension officer in four
of the five districts included in this study, as well as with the
rural development officer at the larger zonal level. These
interviews were designed to gather a broad understanding of
the policy context, and were not analyzed in a quantitative
manner.

Results

Crop Diversity

The farm survey identified 34 food crop species across the
study area, excluding spices and oil crops, and farms culti-
vated 11 food crop species on average. Several of these
crops were represented by numerous farmer-identified vari-
eties. Farmers identified a total of 33 named barley varieties

Fig. 1 Map of sample communities in the Gamo Highlands, southern
Ethiopia. Inset shows location in southwest Ethiopia (06° 02–27′N, 37°
10–37′E). The 12 sample communities are numbered in order of
increasing elevation, and labeled according to Table 1. Coloration
represents elevation class (Low, Mid, and High)

Hum Ecol (2013) 41:477–485 479



and 77 enset varieties, with an average of 2.3 barley varie-
ties and eight enset varieties per farm.1 The identity and
diversity of crop species on farms is strongly related to
elevation and agroecological conditions and is also affected
by location and farm size.

Elevation

The range’s steep elevation gradient is a primary factor in all
aspects of production in the Gamo, creating different growing
conditions in communities only short distances apart (CSA
2003; Tesfaye 2008). In addition, farmers described the high-
lands above 2,400 m as traditionally more extensively culti-
vated. Crop diversity decreases significantly with increasing
elevation (p<0.0001) across the range from fewer than eight
species per farm at the highest elevations to more than 16 at the
lowest (Table 2). Conversely, the diversity of barley varieties
per farm is significantly lower at low elevations, with 1.4
varieties per farm on average (p<0.0001; Table 2). Barley is
a more important part of the cropping system and diet at high
elevations, as fewer crop species are productive on these farms.

Location

Farms in the northern half of the range have, on average, a
significantly greater number of enset varieties than those in
the south, 9.53 vs. 6.63, independent of elevation or farm
size (p<0.001; Table 2).

Farm Resource Level

Across all elevations and locations, small farms cultivate
fewer crop species than medium or large farms, with an
average of 9.14 crops per farm (p<0.05) and fewer barley
varieties, with an average of 1.6 varieties (p<0.0001; Table 2).

Seed Exchange Mechanisms

The majority of farmers surveyed get most of their seed from
their own previous year’s harvest. Of the 302 barley fields
analyzed, 55 % were planted with the farmer’s seed from the
previous year (Table 4), and 70 % of farmers had not acquired
enset clones from an outside source in the past 3 years.
However, every farmer surveyed was an active participant in
seed exchange and acquisition: 45 % reported acquiring new
seed for cereal crops in the past 3 years, and 62 % reported
acquiring seed for root and vegetable crops in that time. Of
farmers’ most recent seed acquisitions, a greater proportion
was acquired to experiment with new crops and varieties
(58 %) than to replace inadequate or failed seed (42 %).

Markets

Local markets are the most common source of seed acqui-
sition, making up 46 % of recent acquisitions, and 46 % of
farmers identified markets as the most important seed source
(Table 3). On average, farmers in the Gamo attend four
different markets each week, often traveling to communities
of different elevation and agroecological regime. A quarter
of barley fields were planted with seed purchased in local
markets (Table 4).

Government Extension

The second most common source of seed is the formal
government agricultural extension service; 43 % of respond-
ents indicated that their most recent seed acquisition was
from government extension (Table 3). Seed from extension
offices is present throughout the Gamo, most commonly
maize, wheat, peas, beans, root crops, and garden vegeta-
bles. Thirty-four percent of farmers reported receiving seed
from government extension in the previous year, and 43 %
reported having at some point received cereal seed from
extension offices (Table 3).

The formal seed sector is accessed as a source of seed
largely for more recently introduced crops; only four farmers
reported planting barley from government extension. Though
there is one extension-run enset nursery, none of the surveyed
farmers had planted enset from government channels.

Neighbors as a Seed Source

Though 33 % of farmers claimed that neighbors were the
best source of seed, citing local adaptation, accessibility, and
good information, only 11 % of recent acquisitions came
directly from neighbors (Table 3) as a result of what they
described as their reluctance to ‘beg’ for seed. They also
noted that their neighbors are often unable or unwilling to
donate more than a very small quantity of seed. For enset
cultivation, however, exchange with family and neighbors is
the primary source of new material, and was the source for
nearly all of the farmers reporting planting new enset in the
past 3 years. Discussion of enset sourcing elicited the stron-
gest positive attitude toward social networks of farmer ex-
change. This is borne out by the fact that 63 % of farmers
say they have given or sold enset clones to other farmers.

Geographic Patterns of Seed Exchange

Based on a Bray-Curtis similarity index, distance between
communities is closely correlated with similarity of enset
varieties (p<0.0001), and, to a lesser extent, with barley
varieties (p<0.01). This pattern indicates a patchwork of
diversity at a scale larger than the individual community.

1 See Samberg et al. (2010) for more detailed information on crop
diversity in this system.
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Inter-community exchange causes cropping decisions made
by farmers in one community to affect the diversity avail-
able to farmers in neighboring communities.

Communities also share crop varieties in common with
communities of a similar elevation, implying that seed ex-
change is less likely to occur across large elevation gra-
dients. Barley stands out as an especially elevation-
dependent crop, as the similarity of varieties between com-
munities is strongly correlated with similarity in elevation
(p<0.0001).

Differing Seed Exchange Practices

Differences in seed security, access to extension, and ability
to experiment with new crops create a gradient of seed
exchange practices across the region.

Elevation

Farmer seed sourcing systems can vary by elevation (e.g.,
McGuire 2008), and this is seen clearly in the Gamo. In
addition to growing fewer barley varieties, farmers at low
elevations are less seed secure for barley; only 39 % of
barley fields at low elevations were planted with the farm-
er’s own saved seed, significantly lower than the 61 % and
58 % at high and mid elevations (p<0.05; Table 4).

The second major effect of elevation on seed sourcing
systems in the region (and in others; e.g., Tunstall et al.
2001) is that government agricultural extension plays less of
a role at high elevations. Overall, 27 % of farmers at high
elevations have received cereal seed from extension, lower
than the 50 % and 54 % at mid- and low elevations (p<0.05;
Table 3). Many of the crops provided by extension offices

Table 2 Farmers’ responses regarding crop diversity in the Gamo
Highlands, Ethiopia. Drawn from 121 household surveys in 12 com-
munities. Responses are compared between farmers in different

elevation classes, in the northern and southern portions of the study
area, and between farmers identified as having large, medium, or small
farms. Values represent average per farm

Average per farm Total
N=121

High
N=44

Mid
N=38

Low
N=39

North
N=60

South
N=61

Large
N=37

Medium
N=35

Small
N=42

# of crops 11.4 7.52* 10.71 16.59* 11.22 11.67 12.23 11.53 9.14*

# of barley varieties 2.27 2.77 2.55 1.43* 2.28 2.26 2.94 2.56 1.63*

# of enset varieties 8.09 7.57 8.21 8.58 6.63* 9.53 8.53 9.06 7.43

*Significantly different from overall mean value based on full-factorial ANOVA (α=0.05)

Table 3 Farmer responses regarding seed exchange practices in the
Gamo Highlands, Ethiopia. Drawn from 121 household surveys in 12
communities. Responses are compared between farmers in different

elevation classes, in the northern and southern portions of the study
area, and between farmers identified as having large, medium, or small
farms. Values represent percent of respondents within those groupings

% of respondents Total
N=121

High
N=44

Mid
N=38

Low
N=39

North
N=60

South
N=61

Large
N=37

Medium
N=35

Small
N=42

Most recent seed acquisition

From markets 46 53 35 50 56* 35* 30 31 67*

From extension 43 29 59 42 33* 54* 63* 54 28*

From neighbors 11 18 6 8 12 11 7 15 12

Due to loss/out of necessity 42 44 41 41 53* 30* 35 17* 63*

Preferred seed source

Market 44 55 42 38 45 46 52 33 45

Government 20 13 24 26 13 25 29 33 5*

Neighbors 33 33 30 34 42 24 19* 31 48*

Extension services

Received cereal seed 43 27* 50 54 33* 52* 43 63* 26*

Received seed/cutting; fruit, veg, root crop 31 34 32 28 38 25 46 37 14*

Seed in the past year 34 27 34 41 27 41 43 54 12*

Barley seed security

Acquire barley seed every year 18 16 14 25 19 17 6 3 44*

Most recent acquisition due to loss/necessity 74 64 69 85 72 75 38* 67 100*

*Significantly different from overall percentage based on Pearson’s chi-squared tests for proportions (α=0.05)
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are lowland crops, while the highland areas are not suitable
for many improved crops. Similar research on sorghum in
Ethiopia found that farmers in the highlands were less
positive about formal seed provision than those in lowland
areas (McGuire 2005).

Location

Though ethnically homogeneous, topographically contiguous,
and of similar elevation, the northern and southern halves of
the Gamo highlands showed markedly different patterns of
seed exchange. Farmers in the south tend to be more active
participants in seed exchange institutions. The average farmer
in the south attends more markets each week than those in the
north (4.66 vs. 3.38; p<0.0001) and new seed acquisitions are
less likely to be due to necessity (30 % vs. 53 % of recent
acquisitions, p<0.05; Table 3).

Farmers in the south are also more likely to have
received cereal seed from extension (52 % vs. 33 %
p<0.05; Table 3). We observed variability in the extent
to which agricultural extension offices are staffed, funded,
and engaged with farmers. Offices in southern district
tended to be staffed with younger agents who appeared
more interested in active outreach, which may have impli-
cations for seed sourcing preferences across the region. In
addition, the southern half of the range is more directly
connected to lowland markets in neighboring regions, and
this historical contact with foreign products may have led
to greater comfort with experimentation and adoption of
new planting material.

Farm Resource Level

Within communities, there is variation in seed sourcing
strategies at the farm scale. Poorer or smaller farms are far
less likely to get seed from extension or to have a favorable
opinion of extension seed. Only 12 % of respondents from
small farms reported getting seed from extension in the past
year, significantly less than the 56 % from medium-sized
farms and 44 % on large farms (p<0.0001; Table 3).
Relatedly, only 5 % of respondents from small farms listed

extension as the most important seed source, compared to
31 % and 28 % on medium and large farms (p<0.01;
Table 3). These results are consistent with previous findings
on seed sourcing in Ethiopia, which indicate that extension
agents provide a greater range of products and services to
wealthier farmers (Belay and Degnet 2004).

Small farms are far less likely to be seed secure, with
44 % reporting planting barley from off-farm sources every
year, significantly more than the 6 % and 3 % among
medium and large farms (p<0.0001; Table 3). They are
significantly more likely than medium or large farms to
acquire both barley seed (p<0.0001) and seed of all kinds
(p<0.01; Table 3) out of necessity rather than for experi-
mentation, and barley fields on small farms are more likely
than those on other farms to be planted with seed from
markets (p<0.0001; Table 4).

Discussion

Farmers’ ability to cultivate diverse crops and varieties
depends largely on elevation and agroecological zone.
Farmers’ decisions about diversity and seed acquisition,
their perceptions of change in the landscape, and the
extent to which they adapt or maintain the diversity of
their agricultural systems differ in significant ways
among farms at different elevations, farms in the north-
ern and southern portions of the study area, and farms of
different size. Together, these responses provide a per-
spective of changing seed exchange in this landscape,
and the potential consequences of those changes for
agricultural biodiversity.

Increases in Human Population Density

The population of Ethiopia’s Southern Nations, Nationalities,
and Peoples Region grew at a rate of 2.9 %/year between 1994
and 2007, with 48% of the current population under the age of
15 (FDRE 2008). Population growth in the Gamo highlands
appears to be substantially higher than this, although changes
in census methodology prevent an accurate calculation.

Table 4 Seed sources for 302 barley fields found on 121 surveyed
farms in the Gamo Highlands, Ethiopia. Sources compared between
fields in high, mid, and low elevation classes, in the northern and

southern portions of the study area, and between farms identified as
large, medium, or small. Values represent percent of fields within those
groupings

% Barley fields planted with Total
N=302

High
N=137

Mid
N=101

Low
N=64

North
N=142

South
N=160

Large
N=111

Medium
N=93

Small
N=72

Farmer’s own seed 55 58 61 39* 62* 49* 64 51 49

Seed from market 25 21 24 38* 20* 31* 14* 23 43*

Seed from neighbors 16 14 14 25 13 19 17 20 8

*Significantly different from overall percentage based on Pearson’s chi-squared tests for proportions (α=0.05)
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Political barriers to land sale and lack of off-farm employment
opportunities have led to a rapid decrease in farm size from
2 ha to less than 0.5 ha per household.

In all 12 surveyed communities, farmers identified pop-
ulation growth as the most pressing threat to the agricultural
system in the Gamo highlands. Farmers report diverse
effects of increasingly limited availability of land, including
shortened fallow periods, detrimental effects on crop pro-
ductivity and soil health, reduced availability of grazing
land, and abandonment of crops. Of the farmers surveyed,
40%reported decreasing their livestock holdings due to
shortage of pasture, 46 % reported decreases in crop pro-
ductivity due to continuous cultivation of fields and lack of
manure for fertilizer, and 20 % reported abandoning specific
crops entirely due to land or manure shortage.

Replacement of Traditional Crops

While many farmers in the Gamo maintain that little change
is occurring to their way of life, changes are occurring in the
decision-making processes that determine crop diversity. In
the highlands, the most noticeable change is the ongoing
replacement of barley with improved wheat or Triticale, a
wheat-rye hybrid. These varieties were introduced through
extension, NGOs, and missionary organizations, and are
now exchanged in local markets. A number of farmers
report the replacement of at least some barley with wheat
over the past several years due to its higher productivity and
market value, though only a few claim to have entirely
abandoned barley varieties.

For the time being, there appears to be little danger of the
replacement of traditional barley varieties with improved
barley, as national research stations have yet to produce
adequate barley seed for smallholder farmers (Bishaw et
al. 2008). In 2005, only 16 % of the national demand for
barley seed was met by government extension (Alemu and
Spielman 2006), and on-farm trials have shown that farmer
varieties outperformed improved varieties under all but the
highest-input conditions (Abay and Bjornstad 2009).

Cultural and Political Pressures

Farmer and key informant interviews also identified chang-
ing cultural and political factors affecting social networks,
and thus possibly affecting seed exchange and crop diversi-
ty. Recent government interventions in the region have been
in the form of work-for-food programs, through which farm-
ers work on government-mandated soil and water conserva-
tion or construction projects in return for grain and input
packages. The conservation measures implemented are of-
ten not locally appropriate, and enforced participation can
lead to the breakdown of traditional communal labor insti-
tutions, as farmers need all remaining time for their own

farms. In addition, a recent survey has shown that such
programs have not had significant effects on food security
in Ethiopia (Gilligan et al. 2008).

In addition, farmers identified both Protestant and
Ethiopian Orthodox churches as applying strong pressures to
change traditional institutional structures, including pasture
and forest management systems, labor-sharing institutions,
and cultural practices that place value on traditional crops.
Church affiliation provides access to new networks of seed
provision, labor, and food aid, and many farmers report plant-
ing seed received from their church and abandoning commu-
nal institutions for church institutions. These weakening social
ties can increase transaction costs for the necessary informa-
tion and knowledge that accompanies crop diversity.

Effects of Changing Seed Exchange Practices on Crop
Diversity

Changes in farmer seed sourcing systems due to increased
use of markets, dismantling of traditional social institutions,
or the ability of farmers to save seed can all affect crop
diversity. Conventional wisdom suggests that these changes
are associated with the loss of crop genetic diversity, a
decrease in the number of farmers growing landraces, and
the area of landrace cultivation on farms (Bellon 1996;
Teklu and Hammer 2006). However, an overarching trend
seen in these data is that greater interaction with seed supply
institutions and greater participation in seed exchange activ-
ities is correlated with higher levels of on-farm diversity at
both variety and species scales. For example, attending a
greater number of markets each week is correlated with
cultivating a greater number of barley varieties, and farmers
who list government extension as the most important seed
source have higher levels of overall crop diversity than those
who do not (p<0.05).

Conclusion

The patterns of seed exchange and crop diversity seen across
Gamo farms indicate that increases in market access and
extension presence can have positive effects on crop diversity,
at least in the short term. However, the pressure of human
population growth in this system threatens on-farm diversity,
as farms become smaller and farmers are forced to abandon
crops and varieties. In this situation, farmers are increasingly
likely to choose high productivity crops, such as improved
wheat, over their preferred traditional crops.Weakening social
ties within communities due to the fracturing effects of reli-
gious conflict and cultural change may increase the depen-
dence of farmers on outside sources for seed.

In light of these changes, there are reasons to believe that,
in the long term, the trend of increasing diversity with
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market and extension access will reverse itself. First, studies
in similar systems have identified a time lag between adop-
tion of new crops and varieties, and abandonment of old
ones (Brush 1992). As farms become smaller, this eventual
crop abandonment appears increasingly likely. Second, the
most prevalent early adopters of new technologies, in this
and other systems, are farmers with greater access to land
and resources. These farmers are able to add new crops and
varieties while maintaining traditional ones, while smaller
farmers who adopt new crops will by necessity replace other
crops on the limited land they have available. Third, even if
varieties are not abandoned, greater seed turnover and
smaller plots of traditional varieties increase the potential
for erosion of genetic diversity, leaving crop populations
(and thus farmers) increasingly vulnerable to variable con-
ditions (Tunstall et al. 2001).

Seed sourcing and exchange decisions made by farmers
in the Gamo highlands create a safety net protecting against
the loss of crop diversity, allow for adaptation to specific
agroecological conditions, and create avenues for resilience
in the face of change. Farms in the region currently display a
spectrum of attitudes and practices that shape their seed
systems, with more conservative approaches in the north
and at higher elevations, while in the south and at lower
elevations there is a greater embrace of new seeds and seed
sources. Within these communities, better-off farmers have
greater access to the formal seed supply, and the ability to
augment, rather than replace, crops and varieties. It is likely
that this trend toward greater integration of new planting
material and dependence on outside sources represents the
direction of change in the Gamo region in the years to come.

Local seed systems are efficient, however they are not
designed to adapt to rapid change (Almekinders et al. 1994).
Since it appears that increased exchange of seed and informa-
tion among farmers has the potential to increase on-farm
diversity, successful conservation efforts are likely to be those
that bolster farmer seed networks and access to genetic mate-
rial, while maintaining the value of diversity among farmers.

Creating stronger linkages between the formal seed system
and farmer exchange networks will allow new genetic material
to be vetted by farmers and disseminated appropriately (Aw-
Hassan et al. 2008; de Boef et al. 2010). Facilitating efficient
exchange of seed and information may allow farmers to main-
tain higher levels of on-farm diversity (Stromberg et al. 2010).
Potential interventions include establishing local seed banks,
holding seed fairs and other venues for farmer exchange of
seed and information, supporting key farmers or communities
that maintain a higher degree of diversity, and documenting
farmer knowledge of variety attributes, use, and management
(de Boef 2008; Sthapit et al. 2008). Finally, local ecological
and cultural knowledge and traditional beliefs can dovetail
closely with agricultural practices (Bishaw et al. 2008), and
supporting these practices through local cultural organizations

and expositions can also strengthen seed exchange networks
and act as a mechanism for the conservation of crop diversity
in the face of shrinking farms and changing conditions.
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