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Abstract 

Ethnoarchaeological research on traditional farmer knowledge in Eastern Tigrai, Ethiopia 

reveals adaptations that farmers employ in the face of environmental change, most 

notably from climate, soil erosion, increasing demographic pressures, and the practice of 

fire ecology. Within an historical ecology framework, information from farmer consultants 

is integrated with an analysis of the archaeological and palaeoenvironmental literature to 

elucidate potential human-environment interactions in the development of the first 

complex societies in the Horn of Africa during the Pre-Aksumite and Aksumite (1600 

BCE- CE 700) periods.  The drought and famine of 1984/5 had a significant impact on 

both the environmental and agricultural systems, and farmers stopped cultivating many 

crop varieties after this period.  A cycle of accumulating cultivated varieties and 

practices, and then environmental and societal events shifting the systems potentially for 

decades, perhaps was experienced by farming communities during the development of 

the Pre-Aksumite and Aksumite civilizations. 

 

Keywords:  Ethnoarchaeology; Traditional farming knowledge; Environmental 

change; Tigrai, Ethiopia; Drought; Adaptation 
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መግቢያ 

ይህ የኢትኖአርኪዎሎጂ ፕሮጀክት በትግራይ ክልል ውስጥ የሚኖሩ በዘልማዳዊ የእርሻ ስራ ላይ የተሰማሩ ገበሬዎች 

በኣካባቢያዊ፣ አየር ፀባይ፣መሬት ለምነት፣ህዝብ ብዛት አና አሳትን ለርሻ መሬት ለምነት እና ምንጣሮ አጠቃቀምን ተከትለዉ 

የሚከሰቱ ለዉጦችን ለመቛቛም የሚያደርጉትን የመኖር ትግል እና እስትራቴጂ ለመገንዘብ የተከናወነ ጥናት ነው። ጥናቱ 

ባብዛኛዉ ታሪካዊ ክስተቶቺን ባገናዘበ መልኩ የተካሄደ ቢሆንም ከገበሬዎች ጋር የተደረገን ጥልቅ ዉይይት እና መረጃን 

ከኣርኪዎሎጂ እና ፓሊዎኢንቫይሮንመንት ሳይንሳዊ መዛግብቶቺ ጋር በማጣመር ጭምር የተካሄደ ስራ ነዉ።ጥናቱ በዋናነት 

ኣሁን ስላሉት ገበሬዎቺ ቢሆንም ዉጤቱ ግን ወደሓላ ዘመን ተሻግሮ በቅድመ-ኣክሱም እና አክሱም ዘመን (1600 አአ - 

700 ዓም) ይኖሩ ስለነበሩ ገበሬዎቺ፣ካካባቢያቸዉ ጋር ስለነበራቸዉ ሁለንተናዊ መስተጋብር እና በጊዜው ስለተመሰረቱ 

ማህበረሰባዊና ባህላዊ እድገቶች እና የመንግስት ኣስተዳደር ግንባታ ሂደት ጭምር ግንዛቤ ያስጨብጣል ተብሎ ይገመታል። 

በ1977 ዓም የተከሰተው ድርቅ እና እሱን ተከትሎ የተከሰተዉ መጠነ ስፊ ረሀብ በገበሬዎች ያስተራረሰ ዘይቤ እና 

በሚኖሩበት ኣካባቢ ላይ ከፍትኛ ተፅኖ ጥሎ ኣልፋል። ለምሳሌ ከዚህ ድርቅ እና ረሃብ በሓላ ገበሬዎች የተለያዩ የኣዝርት 

ዝርያዎችን ከማምረት ትቆጥበዋል። ከዚህ ጥናት ዉጤት በመነሳት የተመረጡ ኣዝርት ዝርያዎችን የማምረት ሂደት፣ 

ተለዋዋጭ የህብረተሰብ እና ኣካባቢያዊ ሁነቶች እና እነዚህን ተከትለዉ የሚከሰቱ ለዉጦች በቅድመ-ኣክሱምም ሆነ በኣክሱም 

ዘመን ስልጣኔዎች ጊዜ ይኖሩ የነበሩ ገበሬዎች ያሳልፋቸዉ ልመዶች ሊሆኑ እንደሚችሉ ይገመታል። 

 



vi 

Dedication 

 

To the people of Gulo Makeda, who shared their time and traditions. 

 

To my parents and sister, whose support and encouragement was 

exceptional and essential for this thesis. 



vii 

Acknowledgements 

I am very grateful for the help and support of the following people.  To the residents of 

Gulo Makeda, for sharing their expertise, experiences, time, and so much t’um buna 

(delicious coffee).  I am mindful that in sitting down to talk, I was distracting them from 

the very activities that I wanted to discuss.  Keshi Tsegay Abraha in Menebiety, Waizoro 

Gerima Demoz in Etchmare, and Ato Abraha Girmay in Mezber, for their kindness and 

guidance in their communities.  Dr. Catherine D’Andrea for her support as my supervisor 

for this project, whose practice of community engagement in archaeology is inspiring.  

Yemane Meresa, for his invaluable skills of translation and communication.  The Eastern 

Tigrai Archaeological Project (ETAP) members for their research recommendations and 

feedback.  Habtamu Mekonnen Taddesse for his translation of documents and advice.  

Abraha Hadush of the Gulo Makeda woreda office and Azeb Kassa of the Tigrai 

Agricultural Research Institute for sharing their time and expertise.  Dr. Ross Jamieson 

for being a part of my committee.  The Archaeology department office, Merrill Farmer, 

Jovanna Sauro, and Kristina Pohl, and fellow graduate students in the department, for 

their support.  SSHRC and the Simon Fraser Archaeology department for funding. 



viii 

Table of Contents 

Approval .......................................................................................................................... ii 
Ethics Statement ............................................................................................................ iii 
Abstract .......................................................................................................................... iv 
Dedication ...................................................................................................................... vi 
Acknowledgements ....................................................................................................... vii 
Table of Contents .......................................................................................................... viii 
List of Tables .................................................................................................................. xi 
List of Figures ............................................................................................................... xii 
List of Acronyms............................................................................................................ xiii 
Glossary: Tigrinya terms .............................................................................................. xiv 
Glossary: Crops cultivated in Gulo Makeda, Tigrai ........................................................ xv 

Chapter 1. Introduction .............................................................................................. 1 
1.1. Traditional Agriculture in Northern Ethiopia............................................................ 1 
1.2. Research Objectives ............................................................................................. 4 
1.3. Thesis Overview .................................................................................................... 5 

Chapter 2. Background .............................................................................................. 6 
2.1. Environmental conditions in Northern Ethiopia ...................................................... 6 

2.1.1. Geography..................................................................................................... 6 
2.1.2. Climate .......................................................................................................... 9 
2.1.3. Ecology ....................................................................................................... 12 

2.2. Study site ............................................................................................................ 13 
2.3. Palaeoenvironmental conditions and the development of subsistence practices in 
Horn of Africa ................................................................................................................ 15 

2.3.1. Cultivation of crops prior to 1st millennium BCE: Potential evidence............. 17 
2.3.2. Earliest Archaeological evidence for cultivation of plants ............................. 19 
2.3.3. Environmental conditions in mid-1st millennium BCE ................................... 21 
2.3.4. Potential drivers for palaeoenvironmental change ....................................... 22 
2.3.5. Changing subsistence patterns and landscape ............................................ 23 

2.4. Aksumite Period: Landscape stability and Subsistence practices ........................ 25 
2.4.1. Subsistence practices during the Aksumite period ....................................... 26 
2.4.2. Early Aksumite environmental conditions and subsistence activities............ 28 
2.4.3. Aksumite Period: Subsistence practices and land stability ........................... 29 

2.5. Post-Aksumite to Modern conditions ................................................................... 31 
2.6. Traditional agriculture in Modern Ethiopia: Landraces and crop diversity ............. 32 
2.7. Chapter summary ................................................................................................ 35 

Chapter 3. Theory and Methods .............................................................................. 37 
3.1. Introduction.......................................................................................................... 37 
3.2. Theory: Historical Ecology ................................................................................... 37 

3.2.1. Development of historical ecology ............................................................... 39 
3.2.2. Historical Ecology in Tigrai .......................................................................... 42 



ix 

3.3. Methods: Ethnoarchaeology ................................................................................ 43 
3.3.1. Ethnoarchaeology and Human-environmental interactions .......................... 44 
3.3.2. Background to Ethnoarchaeology ................................................................ 45 
3.3.3. Challenges in Ethnoarchaeology ................................................................. 46 

3.4. Analogy ............................................................................................................... 48 
3.4.1. Challenges to Analogy ................................................................................. 49 
3.4.2. Strengthening Analogies .............................................................................. 49 
3.4.3. Analogy: Traditional farming and Pre-Aksumite/Aksumite civilization........... 50 

3.5. Interviews and Observations ............................................................................... 51 
3.6. Chapter Summary ............................................................................................... 53 

Chapter 4. Results .................................................................................................... 55 
4.1. Introduction.......................................................................................................... 55 
4.2. Basic agricultural practices .................................................................................. 55 
4.3. Land use ............................................................................................................. 58 
4.4. Characteristics of the environment in the past ..................................................... 60 
4.5. Crops currently cultivated .................................................................................... 62 
4.6. Crops that are declining in use or no longer cultivated ......................................... 67 
4.7. Adaptations to environmental change .................................................................. 73 
4.8. Fire Ecology ........................................................................................................ 76 
4.9. Chapter summary ................................................................................................ 81 

Chapter 5. Discussion .............................................................................................. 83 
5.1. Introduction.......................................................................................................... 83 
5.2. Traditional farming: adaptations to environmental change ................................... 84 

5.2.1. General adaptation strategies ...................................................................... 84 
5.2.2. Soil Fertility .................................................................................................. 86 
5.2.3. Fire Ecology ................................................................................................ 89 

5.3. Cultivation strategies: Landrace diversity in Gulo Makeda ................................... 91 
5.4. Ethiopian Drought conditions ............................................................................... 94 
5.5. 1984/5 drought: societal and environmental conditions ..................................... 100 
5.6. Modern Agricultural trends and effects of drought.............................................. 103 

5.6.1. Drought/eating seeds ................................................................................ 103 
5.6.2. Increase in Bread Wheat ........................................................................... 104 
5.6.3. Impact of 1984 drought .............................................................................. 106 

5.7. The impact of drought and agricultural cycles .................................................... 107 
5.8. Agriculture in Pre-Aksumite/Aksumite times ...................................................... 108 

5.8.1. Pre-Aksumite/Aksumite: Interpretations ..................................................... 110 
5.8.2. Evidence in the palaeoenvironmental and archaeological record ............... 111 
5.8.3. Past Fire Ecology ...................................................................................... 113 

5.9. Chapter Conclusion ........................................................................................... 114 

Chapter 6. Conclusion ........................................................................................... 115 
6.1. Research Objectives ......................................................................................... 115 
6.2. Traditional knowledge and environmental change ............................................. 119 



x 

6.3. Research potential............................................................................................. 122 

References ................................................................................................................. 124 

Appendix A. Interview Questionnaire ...................................................................... 138 
 



xi 

List of Tables 

Table 1.  Typical seasonal schedule of plant cultivation activities in Gulo Makeda 56 
Table 2.  Crops cultivated in Gulo Makeda, Tigrai ................................................. 63 
Table 3.  Crops no longer cultivated in Gulo Makeda, Tigrai ................................. 68 
Table 4.  Crops increasingly rare or recently discontinued in Gulo Makeda, Tigrai 71 

 



xii 

List of Figures 

Figure 1. Northern Ethiopia with Gulo Makeda study area ...................................... 2 
Figure 2. Terraces in landscape, Gulo Makeda, Tigrai ............................................ 8 
Figure 3. Study area: Villages and archaeological sites ........................................ 14 
Figure 4. Landscape of Gulo Makeda with view of Amba Fekada, Tigrai............... 15 
Figure 5.  Sites of archaeological and palaeoenvironmental research, Northern 

Ethiopia .................................................................................................. 20 
Figure 6.  Farmer consultant with a handful of finger millet (Eleusine coracana), 

Etchmare, Tigrai ..................................................................................... 27 
Figure 7.  Farmer consultants Waizoro Zewdu Hadgu and Ato Ar-aya Tesfay in 

Etchmare, Gulo Makeda, Tigrai .............................................................. 53 
Figure 8.  Farmer consultant Ato Tesfay Hailemarian ploughing with oxen in 

Etchmare, Gulo Makeda, Tigrai .............................................................. 56 
Figure 9. Oxen ploughing in Etchmare, Gulo Makeda, Tigrai ................................ 57 
Figure 10.  Farmer consultant Ato Tekele Desta sowing grass seed, Etchmare, Gulo 

Makeda, Tigrai ....................................................................................... 59 
Figure 11.  Farmer consultant Ato Tekele Desta sowing grass seed after ploughing, 

Etchmare, Gulo Makeda, Tigrai .............................................................. 60 
Figure 12. Piece of kitcha on top of injera ............................................................... 66 
Figure 13. Injera with shiro sauce ........................................................................... 66 
Figure 14.  Farmer consultant Waizoro Lemlem GebreAbihear with tsa-ada sernay 

(white wheat) seeds, Etchmare, Tigrai ................................................... 73 
Figure 15.  Farmer consultant starting a fire, Mezber, Gulo Makeda, Tigrai ............. 79 
Figure 16.  Farmer consultant burning on cultivation land, Mezber, Gulo Makeda, 

Tigrai ...................................................................................................... 80 

 

 



xiii 

List of Acronyms 

BCE 
C 
CE 
ENSO 
ETAP 

Before the Common Era 
Celsius-temperature measurement 
Common Era 
El Niño–Southern Oscillation 
Eastern Tigrai Archaeological Project 

ha 
ITCZ 
kg 
LSA 
m asl 
ml 
mm 

hectare: unit of land measurement 
Inter-Tropical Convergence Zone 
kilogram weight measurement 
Later stone age 
meters above sea level 
milliliters 
millimeter measurement for rainfall: one liter/square 
meter 

q 
SOM 

quintal: volume measurement used for grains 
Soil organic matter 

TARI Tigrai Agricultural Research Institute 
TOC Total organic carbon 
  

  

 



xiv 

Glossary: Tigrinya terms 

amba An elevated plateau in the landscape (mesa) 
bega The dry season that typically lasts between August and 

February 
belg The shorter rainy season that typically occurs between 

February and May 
cha’a Acacia tree (Vachellia tortilis), farmers burn on farmland 
embasha Leavened wheaten flatbread 
injera  Amharic word for a fermented pancake-like bread (taita in 

Tigrinya) 
kitcha Unleavened wheaten flatbread 
kollo Roasted grains (such as barley) 
kremt The long rainy season which typically occurs between 

May and August 
leveda The practice of cutting vegetation, and then burning it on 

cultivation land 
maresha Ethiopian plough 
mokta Insect pest that is said to attack t’ef crops 
quete-quate eshok Small thorny plant farmers burn on farmland 
shiro Chick-pea based sauce typically served with injera 
sua Fermented beverage typically made from finger millet, 

sorghum or barley 
woreda An administrative district in Tigrai, similar to a county 

 
 



xv 

Glossary: Crops cultivated in Gulo Makeda, Tigrai 

 
Common Name Crop Species 
tsa-ada sernay White wheat Bread wheat, Triticum aestivum 
sasa Barley Hordeum disticho 

wagi Wheat Durum Wheat, Triticum durum 

hanfets  
Mix of barley (Hordeum) and 
wheat (Triticum) 

Maize Zea mays 

Sorghum Sorghum bicolor 

Finger Millet Eleusine coracana 

legwa Sorghum bicolor 

t'ef Eragrosis tef 

Lentil Lens culinaris 

Linseed/Flax Linum usitatissimum 

dem-hay barley  Hordeum sativum 

Chickpea  Cicer arietinum 

Small pea Pisum sativum 

Flat pea Lathyrus sylvestris 

Grasspea  Lathyrus sativus 

 

 



1 

Chapter 1. Introduction 

1.1. Traditional Agriculture in Northern Ethiopia 

Traditional agriculture in Tigrai, Ethiopia (Figure 1) has characteristics that are 

common to traditional farming around the world; these include diversity of crop species, 

flexibility in practices, and the ability to adapt to environmental change (Butler and 

D’Andrea 2000; Meze-Hausken 2004; Shewayrga and Sopade 2011; Li et al. 2013; 

Limantol et al. 2016; Palframan 2015; Pant and Ramisch 2010). While definitions for 

traditional agriculture can vary, in northern Ethiopia it can be defined as non-mechanized 

farming practices, where ploughing and other essential tasks rely on human and animal 

labor.  Although Tigrai regularly experiences droughts or irregularities in rainfall, farmers 

largely practice rain-fed agriculture instead of using irrigation (Butler and D’Andrea 2000; 

Gebreegziabher et al. 2016; Hadgu and Tesfaye 2013).  Agriculture provides the vast 

majority of the economic productivity and employment in Tigrai, and in Ethiopia. (Butler 

2002; Butler and D’Andrea 2000; Meze-Hausken 2004; GMWA 2008 E.C., 2017; Central 

Statistical Authority (CSA), 2011; Gebreegziabher 2016). 
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Figure 1. Northern Ethiopia with Gulo Makeda study area 

Credit: Modified from maps by (D’Andrea et al 2008) and Shannon Wood. Reproduced with 
permission. 

Communities have practiced agriculture in the Horn of Africa for at least three 

millennia, and the region is known for the diversity of Near Eastern and African crops 

cultivated, and for the variety within the cultivated species (D’Andrea et al 2008b; Barnett 

1999; Worede 1991; Engels and Hawkes 1991; Tesfaye et al. 1993; D’Andrea and 

Wadge 2011; Ehret 1979).  The development of these subsistence practices reflects the 

characteristics of the environment, and the practices had a distinctive impact on the 

landscape (Butzer 1981; Harrower and D’Andrea 2014; McCann 1995; D’Andrea and 

Wadge 2011).  The presence of agricultural practices in the 1st millennium BCE likely 

played a role in the development of the Pre-Aksumite and Aksumite civilizations in Tigrai 
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(1600BCE-700CE) (Harrower and D’Andrea 2014; D’Andrea et al. 2008; Boardman 

1999; Butzer 1981; Bard et al. 2000; Fattovich 2004).  In the last 3-4 millennia, farmers 

shifted from resource strategies that mainly consisted of pastoralism, to ones that 

increasingly used plant cultivation, which farmers still rely upon today (Barnett 1999; 

McCann 1995; Finneran 2008; Harrower et al. 2010). 

Globally, there is a decline in traditional agricultural practices due to 

environmental factors such as soil degradation, loss of vegetation, and human caused 

climate change, and cultural processes including urbanization, the application of 

technological developments on agricultural practices, and a singular focus on 

productivity (Enete and Amusa 2010; Bewket 2012; Savo et al. 2016; Mubaya et al. 

2012; Nandwa and Bekunda 1998; Fairhead and Leach 1996; Teklu and Hammer 2006).  

Therefore, there is an urgent need to focus on traditional farming knowledge, not only to 

provide a clearer understanding of how modern farming communities can adapt to 

environmental change, but also to aid in the investigation of past human-environmental 

relationships. 

 Ethnoarchaeological research completed in the study area has provided 

historical links between these civilizations and modern farming communities (D’Andrea 

2008; Nixon-Darcus and D’Andrea 2017; D’Andrea and Wadge 2011; Lyons and 

D’Andrea 2003).  Traditional knowledge can serve as a bridge between 

palaeoenvironmental and archaeological evidence.  In this study, I use the results of 

ethnoarchaeological interviews in three villages in Gulo Makeda woreda (administrative 

zone) (Figure 1), and a review of the archaeological and palaeoenvironmental literature, 

to investigate farmer adaptations to environmental change in Tigrai, Ethiopia.   
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1.2. Research Objectives 

This study aims to investigate traditional farming knowledge, in order to elucidate 

human-environment interactions in modern farming communities and in early complex 

societies in the Horn of Africa.  It represents one component of a broader project known 

as ETAP (Eastern Tigrai Archaeological Project) which employs the research framework 

of historical ecology to understand the relationship between farming communities and 

the landscape over different time scales.  Within this larger project my research 

questions are addressed through ethnoarchaeological fieldwork, an archaeological and 

palaeoenvironmental literature review, and an integration of the resulting data.  My 

research aims to address the following questions: 

1. How do farmers adapt to environmental change?  Through ethnoarchaeological 

fieldwork, this study attempts to identify practices and decision-making frame-

works for adapting to environmental change. 

2. What is the role of fire ecology in traditional agriculture in the Horn of Africa?  

Through ethnoarchaeological fieldwork, and an analysis of the 

palaeoenvironmental literature, this study attempts to investigate the role of fire in 

modern traditional farming communities in Tigrai, and the role that it potentially 

played in agricultural practices in Pre-Aksumite and Aksumite times. 

Palaeoenvironmental studies have discovered evidence for burning from Pre-

Aksumite and Aksumite times (Gebru et al. 2009; Terwilliger et al. 2011) and 

there are also current investigations into past fire ecologies in the study area.  

Through these investigations and ethnoarchaeological research, there is a 

possibility of gaining a greater understanding of modern fire ecology in Tigrai, 

and the extent to which modern fire practices can play a role in explaining 

aspects of the palaeoenvironmental record. 
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3. How can traditional agricultural practices elucidate human-environment 

interactions in early complex societies in the Horn of Africa?  An examination of 

the archaeological and palaeoenvironmental record, and the integration of the 

ethnoarchaeological results within this analysis, can illuminate aspects of early 

farming communities’ interactions with the landscape in the Horn of Africa, and 

potentially assist in forming new hypotheses regarding farmer decision-making. 

1.3. Thesis Overview  

This investigation attempts to contribute to a more comprehensive understanding 

of past interactions between farming communities and the environment, through an 

examination of how farmers adapt to environmental change today, and in the past 

through living memory.  Following this introduction, the second chapter presents an 

overview of the cultural and environmental conditions of the region over the last three 

thousand years, and an analysis of the development of agriculture in the Horn of Africa, 

within the context of palaeoenvironmental changes.  The description of Tigrai’s 

environmental conditions includes an analysis of the palaeoenvironmental evidence, 

including geography, climate and ecology.  The geographical and agricultural conditions 

of the study area of Gulo Makeda are also described.  The third chapter details the 

theory and methods that were used in this study.  Historical ecology provides the 

research framework, while ethnoarchaeology and its theoretical fundamentals of analogy 

provide the methodological basis for the fieldwork.  Chapter four consists of the 

ethnoarchaeological fieldwork results.  The fifth chapter contains a discussion and 

analysis of the ethnoarchaeological fieldwork, and places it in the context of the literature 

on agricultural and environmental conditions.  The concluding chapter presents an 

overview of the findings, along with potential paths for future research.    
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Chapter 2. Background 

2.1. Environmental conditions in Northern Ethiopia 

2.1.1. Geography 

Northern Ethiopia’s Tigrai plateau has a diverse landscape (Terwilliger et al 

2011; McCann 1995: 40).  It is the most concentrated mountainous topography in Africa, 

with stark differences in elevation; the plateau is marked by gullies that are carved by 

streams (Gamachu 1988; Terwilliger et al. 2011; Bard et al. 2000).  The Ethiopian 

designations for different elevation-ecological zones vary slightly across the country.  

Kolla signifies the more tropical lowlands, with the lower kolla zone generally below 

900m asl, and the upper kolla zone is typically between 900 and 1700m (Gamachu 

1988: 66; Hurni 2015: 140).  Between 1700 and 3400 m asl, the woina dega zone 

consists of sub-humid to humid highlands and the dega zone is more temperate 

highlands (Gamachu 1988: 66; Hurni 2015: 140).  The woina dega and dega are 

significant elevation zones for crop production in Ethiopia, and these zones cover 26% of 

the country (Gamachu 1988; 66-67).  In Tigrai, woina dega and dega covers 32.8% of 

the province, upper kolla covers 26.7%, and lower kolla 40.6% (Gamachu 1988: 69).  

The elevation range of 2,000 to 2,500m (woina dega) is perhaps a transition zone in 

terms of temperature and moisture in the landscape, and the rates of soil loss on 

farmland is generally 4.3 mm/year (Holt and Lawrence 1993: 3; Gamachu 1988: 68). 

The region is affected by the tectonic activity of the East African rift system 

(Terwilliger et al 2011).  The elevated plateaus, known as ambas, were formed from 

volcanic activity, tectonic uplift, and cycles of erosion, which altered river networks and 
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affected climate patterns (Abbate et al 2015).  The current geology of the northern 

highlands consists of highly folded sediments with intrusions of igneous rocks and a 

variety of soil types (Billi 2015: 5; Friis 1992).  Vertisols are soils that tend to be fertile, 

have a high clay content, and are commonly associated with cultivated land (Nyssen et 

al. 2008).  When there is water in the system, vertisols swell and absorb the water, and 

then shrink during arid periods (Nyssen et al 2015a: 179; Frankl et al 2015: 198).  The 

structure of vertisols leads to pieces of rock appearing on a field surface that originate 

from underlying deposits (Nyssen et al. 2015a: 179).  When the vertisols are dry and 

shrink, deep cracks and gullies can appear (Frankl et al. 2015: 198; Nyssen et al. 2015b: 

378).  These gullies and cracks in the landscape impact the processes of water run-off 

and surface and sub-surface erosion (Frankl et al. 2015: 198).  

Partly due to the geography, the region is particularly susceptible to human 

impact. This is reflected in the increased levels of erosion from agricultural activities 

such as ploughing (Nyssen et al. 2015b: 376; Terwilliger et al 2011; Billi 2015: 5).  Soil 

erosion is a significant issue throughout Ethiopia, and high levels of erosion are 

particularly recorded in the northern highlands (Figure 2), which experience elevated 

amounts of runoff during rainfall (Fazzini et al 2015: 80). Throughout the modern 

Ethiopian landscape, terraces are constructed at almost all elevations as a way to 

prevent soil erosion and control the movement of water (Fubelli and Dramis 2015: 364).  

In Gulo Makeda, farmers have constructed terraces on 46,559.5 hectares of land, in 

order to prevent soil erosion (Figure 2) (Gulo Makeda Woreda Administration (GMWA 

2008 E.C., 2017).  Farmers also prevent erosion through certain ploughing strategies, 

such as leaving stones on up to 25% of the farmland (stone mulching), in order to 

prevent soil and moisture loss (McCann 1995: 58).   
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Figure 2. Terraces in landscape, Gulo Makeda, Tigrai 

 

The amount of vegetation on a landscape is the most significant factor controlling 

erosion that occurs during precipitation.  If the vegetation covers at least 65-70% of the 

ground, then there is only a limited amount of runoff (Girmay et al. 2009; 

Descheemaeker et al. 2006).  Other factors that control the amount of soil runoff include 

soil organic matter, type of vegetation, and slope of the land (Descheemaeker et al. 

2006).  Erosion and runoff occur substantially more on cultivated land, compared to land 

that is used for different purposes, such as grazing (Girmay et al. 2009).  Building 

exclosures, where land is protected from grazing and other activities are limited (Girmay 

et al 2009; 71), and re-planting can significantly control runoff and general loss of soil 

fertility (Girmay et al 2009).  Girmay et al (2009) illustrated that it may be possible for 

land that had been used for grazing or cultivation to return to a state of soil ecology that 

is seen in land with pre-existing vegetation, and therefore argues that soil degradation is 
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not permanent (Girmay et al 2009).  Another study demonstrated an increase in soil 

erosion once a plot of land was abandoned, compared to when it was used for 

cultivation.  Therefore, while cultivation causes an increase in erosion, it is possible that 

farmers have developed ways to prevent erosion and preserve soil fertility.   

2.1.2. Climate  

 The climate in northern Ethiopia is highly variable.  Due to the country’s proximity 

to the equator, the average monthly temperature does not vary significantly, however 

there can be significant changes in temperature throughout a single day (Friis 1992: 18).  

In the town of Adigrat, which is the largest population center near the study sites, the 

average annual temperatures vary between 4.84C and 42.7C (Terwilliger et al. 2011: 

131).  Moisture is seasonal and in the past there have been periodic floods (Butzer 

1981). The Inter-Tropical Convergence Zone (ITCZ) and its movement shapes the 

region’s climate (Terwilliger et al 2011; Fazzini et al 2015: 68; Friis 1992: 18).  Winds 

from the northern and southern hemispheres converge in the ITCZ, where rising moist 

air produces substantial rainfall that moves north and south depending upon the 

monsoon season (Rasmusson 1987: 5). 

There are two main periods of precipitation in Ethiopia.  The shorter rainy season 

typically occurring between February and May, known as belg, is the result of winds that 

originate in the Indian Ocean (Degefu 1987: 23-4).  The longer rainy season, referred to 

as kremt, generally lasts between the end of May until August and is the result of the 

ITCZ’s placement over the Horn of Africa (Rosell 2011; McCann 1995: 29; Friis 1992; 

18).  There is greater variability in the shorter, belg, rainy season than the kremt 

(Rasmusson 1987; 5).  When the ITCZ moves south each year around the end of 
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August, the dry season comes to northern Ethiopia, which is called the bega (Friis 1992; 

18; Degefu 1987: 23-24; McCann 1995: 29).  

The annual range of rainfall in northern Ethiopia is 400-800mm per year (Fazzini 

et al., 2015: 77), and 619 mm is the average annual precipitation in Adigrat (Terwilliger 

et al. 2011: 131).  According to an average of the years 1980 to 2009 in Adigrat, kremt 

constituted 62% of the annual rainfall, while the belg contributed 29% (Hadgu and 

Tesfaye 2013: 164).  The proportion of the belg is decreasing; within the last few years 

in Adigrat, the kremt generally contributed about 80% of the annual rainfall, and the most 

amount of rain recorded in a 24-hour period was 49mm (Fazzini et al 2015: 77).   

Rainfall, and its timing, is a crucial part of crop cultivation.  Moisture added to the 

soil prompts seed germination and grasses for grazing can regrow in about two weeks 

(McCann 1995; 29).  In Ethiopia during the second half of the 20th century, crops planted 

during kremt constituted 85-95% of food produced, and crops that take longer to mature 

are planted in the belg and constituted 5-15% of crops (Degefu 1987: 23-5).  In the 

Eastern zone of Tigrai within the last decade, 97.6% of the cultivated land was dedicated 

to crops planted during kremt, while 2.4% of the land was used in the belg (CSA, 2011: 

39).  Belg rains are also significant for agricultural production, pasture grass, and water 

in the system; if the rains are late, the lack of water can have significant impact on the 

agricultural system and lead to animal deaths (Seleshi and Camberlin 2006; Rosell and 

Holmer 2007; Degefu 1987: 25).  Harvests take place in the dry season, and although 

the bega is much drier than the belg and kremt, contact between winter systems in the 

northern hemispheres and tropical systems can produce some rainfall during this season 

(Degefu 1987: 23-4).  This moisture, however minimal, can be particularly significant for 

grasses for cattle grazing (Degefu 1987: 25).   
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Any changes to precipitation regimes impacts agricultural production.  Crops can 

fail because the rains are delayed, the season is not long enough, or the amount of rain 

is deficient (Degefu 1987: 27).  The start of rains is usually an indication for planting, but 

if they stop suddenly, the plants likely will not survive (Rasmusson 1987: 8).  The 

quantity of water that crops can use also depends upon how much evaporation or runoff 

occurs.  There is less water in the system when the rain is less frequent but occurs in 

high quantities.  The high level of variability in rainfall in Ethiopia (Degefu 1987: 27) plays 

a role in the formation of droughts, which are frequent throughout semiarid areas of 

Africa.  Drought can be characterized as an “extended or significant negative departure 

in rainfall, relative to the regime around which society has stabilized (Rasmusson 1987: 

8).”  Therefore, what is a drought changes based on location and a variety of identifiers.       

Since the 1970s, the shorter rainy season, belg, has declined especially in 

northern Ethiopia, temperature and evaporation increased, and there was a greater 

inconsistency in rains overall (Rosell 2011).  Changes in the El Niño–Southern 

Oscillation (ENSO) likely play a role in shifting precipitation patterns in Ethiopia 

(Rasmusson 1987: 11; Seleshi and Demaree 1995).  While the ability to grow cereals 

during the longer season has been relatively stable, it has been increasingly difficult to 

grow in the ever-decreasing short season (Rosell 2011).  An analysis of Ethiopian 

climate over the last five decades indicates an increase in temperature, decrease in 

annual precipitation and a significant decrease in the shorter rainy season (Fazzini et al 

2015: 65).  Yearly meteorological data has not indicated a significant change in the long 

rainy season over the last three decades (Alemayehu and Bewket 2017). 

In Ethiopia, there has been an average increase in the temperature of 1.1 C from 

1981 to 2010, with includes both the minimum and maximum temperatures (Fazzini et al 

2015: 83).  Predictions for future climate change indicate that the belg will become 
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increasingly shorter and less predictable (Fazzini et al 2015: 84).  While there are overall 

trends of decreased rainfall and increased temperatures, due to the high levels of local 

variability across the Ethiopian highlands (Seleshi and Demaree 1995), local 

environmental conditions will likely change in different ways (Alemayehu and Bewket 

2017).   

2.1.3. Ecology   

Vegetation in the highlands of northern Tigrai consists of a variety of species that 

are significantly affected by elevation.  Juniper forests (Juniperus procera) are presently 

found above 2200m asl (Ebru et al 2009; Friis 1992:20).  Eucalyptus (Eucalyptus 

globulus) is the most numerous tree species in Ethiopia and was introduced to the 

country in the end of the 19th century (Billi 2015: 10).   The current landscape is 

dominated by farmlands and grasslands used for grazing, however patches of mature 

forests, often limited to areas around churches (Terwilliger et al 2011), cover about 3% 

of the landscape (Friis 1992: 26, 35).  Forests likely covered about 30% of the landscape 

within the last century (Friis 1992: 26).  In general, forests tend to be more diverse in 

regions with higher precipitation (Friis 1992: 67).  However, partially due to the varying 

levels of altitude and rainfall, the arid forests of Ethiopia contain a higher number of 

species and endemic varieties compared to similar arid forests in eastern Africa (Friis 

1992: 67, 77).  

There are currently almost no detectable natural fires in Tigrai (van Breugel 

2016: 376).  Although natural fires are usually directly related to climatic conditions 

(Daniau et al 2012), the number of natural fires is not expected to increase with the 

future development of climate change (van Breugel 2016: 376).  This could be partially 

due to the absence of extensive natural vegetation, since there is also a clear 
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connection between natural fires and the presence of certain vegetation (van Breugel 

2016: 369).  

2.2. Study site 

The study sites consisted of the villages of Etchmare and Menebiety, and the 

area of Mezber (Figure 3).  Although the consultants from Mezber lived in the villages of 

Tsedahamed, Membro, Abyi Adi, Soboya, this thesis will use the term Mezber to refer to 

the study area because this is how these consultants first identified where they resided.  

All study villages are located in the Gulo Makeda woreda (39°15’ - 39°30’E, 14°15’ - 

14°30N), which is 140km north of Mekelle, the capital of Tigrai, in the Eastern Tigrai 

Administration Zone in northern Ethiopia (GMWA 2008 E.C., 2017; Wilson and Pavlish 

2005:1).  The woreda is bordered by the country of Eritrea to the north, the woredas of 

Ganta-Afeshume to the south and west, Aheforom to the west, and Erob and Saesi-

Tsaedaemba to the east.  Gulo Makeda has 19 tabias and 72 kushets, and a total 

population of 161,406 people (GMWA 2008 E.C., 2017).  Because the elevation of Gulo 

Makeda ranges between 2100 and 2900 asl (Wilson and Pavlish 2005: 1), the 

environment is characterized by 99% woina-dega, and 1% dega (GMWA 2008 E.C., 

2017).  The annual temperature ranges between 16 and 25C (GMWA 2008 E.C., 2017).  
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Figure 3. Study area: Villages and archaeological sites 
Credit: modified from Google earth and (D’Andrea et al 2008) 

Tigrinya is the dominant language of Gulo Makeda.  Currently, 87% of the 

population is engaged in agriculture, and 13% in non-agricultural employment activities.  

Wheat (Triticum aestivum, T. durum), barley (Hordeum sativum) and maize (Zea mays) 

are the main harvested crops.  The total area of the woreda is 59,143.0 ha: 11,623.75 ha 

(19.65%) is arable land, almost all of which is used for rain-fed agriculture, 39,318.75 ha 

is protected forest, 22,662.92 ha consist of settlements, and reforested areas cover 

963.50 ha (Figure 4).  Of the arable land, 95.1% is cultivated for cereal crops.  Property 

use is controlled by the government, as the government officially owns all the land, and 

gives farmers the rights to use.  A single farming household cultivates an average of 

0.68ha of farmland. Within the last decade, farmer use of chemical fertilizers (DAP-

phosphorous and potassium, and UREA-nitrogen) in Gulo Makeda has increased, from 

1356 quintals in 2008, to 4648 q in 2016 (GMWA 2008 E.C., 2017: 24). Through farmer 
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labor, 26559.5 h of land is protected by terraces (GMWA 2008 E.C., 2017: 14).  The 

government considers the quality of the arable land degraded or low fertility, when 

compared to other woreda in Tigrai (GMWA 2008 E.C., 2017: 8).   

  

Figure 4. Landscape of Gulo Makeda with view of Amba Fekada, Tigrai 
 

2.3. Palaeoenvironmental conditions and the development 

of subsistence practices in Horn of Africa 

Between three and four thousand years ago, communities in the Horn of Africa 

likely started to developed subsistence practices that farmers still rely upon today.  From 

the 2nd to 1st millennium BCE, communities in Tigrai shifted from practices that were 

largely based on pastoralism, to ones that increasingly involved the cultivation of plants 

(Barnett 1999; McCann 1995; Finneran 2008; Harrower et al. 2010).  While arid 

conditions in the Horn perhaps impacted subsistence practices, the increased cultivation 

of plants does not appear to be definitively connected to climate change (Harrower et al 

2010).  According to Curtis (2008), arid conditions in the first half of the 1st millennium 
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BCE contributed to the development of agropastural practices that centered around 

settlements (Curtis 2008: 335).  Curtis (2008) argues that the decreased forest 

coverage, due to both increased aridity and human clearance of vegetation, might have 

made the landscape more conducive for agropastoralism and perhaps more difficult to 

hunt and gather wild species. 

However, to date there is no substantial evidence for increasing arid conditions in 

the beginning of the 1st millennium BCE, and that the change in flora and fauna was due 

to aridity.  Curtis (2008) cites data that indicates colder and more arid conditions started 

in 1000 BCE (Mohammed and Bonnefille 2002: 89).  However, the data consisted of 

pollen samples from the Arsi and Bale Mountains in southern Ethiopia (Mohammed and 

Bonnefille 2002).  While this evidence can provide insights into the ecological conditions 

of those mountains, it perhaps is not an accurate indicator of climate conditions in Tigrai.   

In researching past environmental conditions, it can be challenging to determine 

and separate indicators of past vegetation and climate.  There also remains the question 

of scales of interpretation.  Local-scale environmental reconstructions using the 

proportions of C4 and C3 plants (δ13C) of soil organic matter (SOM) are frequently used 

as indicators of climate, with a greater amount of C4 typically indicating more aridity.  

However, land use, such as intensive livestock grazing, can also affect these values.  An 

analysis of Nitrogen (δ15N) isotope values of SOM can provide a more precise indicator 

of climate, because values increase with aridity, and precipitation has the largest impact 

on δ15N.  Therefore, if δ13C is used with another indicator of climate, it can help 

elucidate past land use (Terwilliger et al. 2008).  While the region was still in an arid 

phase that started around 3600BCE, from about 1200BCE to 500BCE the climate was 

perhaps instead slightly wetter (Terwilliger et al 2011: 141).  An increase in C4 plants 

during this period can be associated with the practices of land clearance, and the 
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concurrent decrease in δ15N indicates a rise in precipitation (Terwilliger et al 2011: 141; 

Gebru et al 2009: 78). 

Another investigation into past vegetation indicates that after 1300 BCE, there 

was an increase in C4 plants and an increase in the total organic carbon in soils (Gebru 

et al. 2009).  The timing for these environmental changes corresponds with the presence 

of early complex societies in the Pre-Aksumite period (D’Andrea et al. 2008; Bard et al. 

2000; Fattovich 2004; Phillipson 2014).  Communities in the Horn of Africa had an 

increased need for resources, which likely contributed to land clearance and a change in 

plant species (Terwilliger et al 2011; Gebru et al 2009).  Therefore, an increase in C4 

plants is more likely due to the expansion of agricultural activities, such as land 

clearance through fires, rather than a decline in vegetation due to arid conditions 

(Terwilliger et al 2011; Gebru et al 2009).  Also, valley deposits in Tigrai show a period of 

soil degradation that starts around 1500 BCE and lasted for about a thousand years 

(Machado et al 1998).  While this period of soil degradation could be attributed to a more 

arid climate, it also could indicate changing agricultural practices. 

2.3.1. Cultivation of crops prior to 1st millennium BCE: Potential 

evidence 

Plant cultivation in the Horn of Africa potentially developed before current 

evidence indicates, and early cultivation perhaps consisted of local domesticates 

(Harrower et al 2010).  In general, societies adopt new foods and practices when similar 

ingredients already exist (Lyons and D’Andrea 2003).  While further investigations into 

sites that date before the 1st millennium BCE (LSA and early Pre-Aksumite sites) are 

needed (D’Andrea and Wadge 2011), there are signs that other factors might be 
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involved which has led to the absence of t’ef (Eragrostis tef) and other indigenous grains 

in the archaeological record, and not their lack of cultivation (D’Andrea 2008).  This 

includes the fact that indigenous grains are generally smaller in size compared to Near 

Eastern grains, and Near Eastern grains preserve better during high temperatures 

(D’Andrea 2008).  The way that indigenous grains, such as sorghum and finger millet, 

were processed might also have led to a lack of evidence (Young and Thompson 1999: 

67).  An examination of traditional crop processing found that winnowing practices are 

different from Near Eastern or European practices, and instead may reflect influence of 

African and/or South Asian agricultural technology (D’Andrea and Mitiku 2002).  

Research into grinding stones also illustrates the potential early use of indigenous grains 

(Nixon-Darcus and D’Andrea 2017).  

An analysis of the linguistic evidence and an investigation of the origins of 

agricultural terms indicates that cultivation likely first developed in the highlands as early 

as 4,000 BCE, and farmers in the highlands began to cultivate crops from the Near East 

by 2000 BCE (Ehret 1979; Ehret 2011).  A study that incorporates this linguistic 

evidence, along with archaeological and morphological evidence, discusses how 

pastoralists from the Ethiopian/Eritrean highlands potentially first domesticated t’ef 

before the 1st millennium BCE (D’Andrea and Wadge 2011).  Evidence of barley and 

lentils (Lens culinaris), which date to about 1000 BCE, were recently uncovered in 

Mezber (D’Andrea et al in prep).  Based on historical sources, McCann (1995) argues 

there is evidence of early plough use and perhaps plough-based agriculture preceded 

the current timeframe for plant cultivation that is based on archaeobotanical evidence 

(McCann 1995: 39).  While many indicators point to an earlier timeframe for plant 

cultivation, there is no direct archaeological evidence for crop domestication in the Horn 

of Africa until the 1st millennium BCE. 
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2.3.2. Earliest Archaeological evidence for cultivation of plants 

The Ancient Ona culture of Eritrea, near Asmara (Figure 5), which was 

contemporary to the Pre-Aksumite period, contains the earliest published archaeological 

evidence for the cultivation of cereals in the Horn of Africa, which date from at least the 

9th century BCE.  Sites across the Asmara plateau revealed evidence for emmer and 

durum wheat, lentils, and linseed.  Hulled barley was the most common grain found, and 

the earliest evidence of domesticated t’ef dates to the 4th century BCE (D’Andrea et al 

2008a).  At Mezber, there is not only evidence of barley and lentil that can be dated to 

the initial Pre-Aksumite phase, but also emmer wheat (Triticum diccocum) was identified 

in the early Pre-Aksumite phase (D’Andrea et al. in prep).  In Ethiopia, emmer was the 

earliest wheat cultivated (D’Andrea and Mitiku 2003: 184; Engels and Hawkes 1991).    
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Figure 5.  Sites of archaeological and palaeoenvironmental research, Northern 
Ethiopia 

Credit: Modified from maps by (D’Andrea et al 2008) and Shannon Wood  

By the mid-1st millennium BCE, there is evidence of a dryland agricultural system 

that is based on the use of a plough, ox and annual crops (Boardman 1999).  From 

Mezber, there is early evidence of domesticated chicken, which date to around the 9th 

century BCE (Woldekiros and D’Andrea 2017).  In the area around what is thought to be 

the political center of Aksum, the Pre-Aksumite period at Kidane Mehret (Figure 5) 

contains a few indicators for domesticates, with two specimens of wheat (Triticum) that 

date between 800-470 BCE and 770-400BCE, and one specimen of barley (Hordeum) 

that dates between 390-120 BCE (Phillipson 2000: 504).  During the Late Aksumite 

period, there was an increase in the number of African crops, without a decrease in the 

quantities of Near Eastern crops grown (Boardman 2000).  Excavations at Aksum also 

revealed that these subsistence practices relied heavily on animal labor; there was little 
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evidence of wild species and cattle constituted the majority of identified faunal remains 

(Cain 2000: 372). 

A stable carbon isotopic analysis of a human skeleton at the site of Etchmare in 

Tigrai, which dates to roughly 300 BCE, can assist in determining the relative amounts of 

Near Eastern versus indigenous crops in late Pre-Aksumite diets.  Indigenous cereals, 

such as t’ef, are C4 plants while grains of Near Eastern origins (emmer wheat, durum 

wheat, barley, chickpea, lentil, linseed) are C3 species.  The proportions of C4 or C3 

plants consumed can be identified through stable isotopic analysis.  The analysis 

indicates that the individual’s diet consisted mainly of C3 plants, with less than twenty 

percent C4 plants, and was strongly vegetarian (D’Andrea et al 2011).  This isotope 

analysis, along with archaeobotanical evidence, and linguistic and historical analyses 

can provide a clearer understanding of the development of agricultural practices during 

this period.    Evidence from these sites across the Horn of Africa indicates a significant 

increase in the use of and reliance on the cultivation of crops as a subsistence practice 

during the Pre-Aksumite and following Aksumite period.    

2.3.3. Environmental conditions in mid-1st millennium BCE  

During the mid-first millennium BCE, there is evidence for a potential change in 

vegetation, climate and soil conditions in the highlands.  An analysis of pollen and 

charcoal indicates that at around 500 BCE, there was a significant decline in juniper 

forests (Darbyshire et al. 2003: 543).  This decrease coincided with an increase in shrub 

vegetation that is able to survive animal grazing and is common in modern agricultural 

lands in the region (Darbyshire et al. 2003: 543).  However, the report by Darbyshire et 

al. (2003) might be over-stating the prevalence of juniper forest, as a study by Gebru et 

al (2009) argued that while juniper forests have been fairly continuous at elevations over 
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2200m in Tigrai, there is no evidence there they were the primary vegetation in past 

millennia. 

There is also evidence of a change in soil conditions, as seen through valley 

deposits in the Aksum-Adwa area (Machado et al. 1998), the May Tsimble (Figure 5) 

catchment south of Mekelle (Lanckriet et al. 2015), and the Mai Maikden and the Tsabati 

Mariam sequences north of Mekelle (Dramis et al. 2003).  From evidence of soil 

aggradation, researchers concluded that a wetter period started at 1500BCE and lasted 

for about one thousand years (Machado, et al. 1998; Lanckriet et al. 2015; Dramis et al 

2003). This shift is also seen in indicators of overall climate, where starting at 500BCE, 

isotopic analysis of carbon and nitrogen suggest a drier climate (Terwilliger et al 2011). 

Overall, vegetation, soil and climate indicators all point towards a shift in environmental 

conditions in the mid-1st millennium BCE.   

2.3.4. Potential drivers for palaeoenvironmental change 

 A number of environmental factors contributed to the condition of Tigrai’s 

landscape in the 1st millennium BCE.  According to Machado et al. (1998), a general 

shift in climate is the most significant cause for the change in soil conditions, however it 

is difficult to differentiate between human versus environmental instigators for change in 

terms of climate and land use (Machado et al. 1998; Terwilliger et al. 2008).  According 

to Darbyshire et al. (2003), the general replacement of juniper dominant forests with 

brush vegetation is due to a migration of South Arabians to the Tigrayan highlands in the 

mid-1st millennium BCE, and the subsequent increase in population and change in land 

management practices (Darbyshire et al. 2003; Ullendorff 1960; Bard et al. 2000).  There 

are potential issues with the attribution of the environmental change to a change in 

population, both in terms of the relative presence of the South Arabians in the Pre-
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Aksumite period, and the source for the actual deforestation.  Evidence for South 

Arabian influence in Tigrai during this period includes monuments, inscriptions, and elite 

material culture (Curtis 2008; Fattovich 2004; Finneran 2008; Phillipson 2009).  Some 

have asserted that the immigration of South Arabians to the Cushitic-speaking region 

had a significant impact and led to an urban society with agriculture (Bard et al., 2000; 

Fattovich 2004, 2010).  Others have argued for a lesser degree of impact on the Horn of 

Africa, with a limited number of immigrants arriving in Tigrai and quickly integrating into 

the existing society (Phillipson 2009, 2012; Finneran 2008: 118; Curtis 2008).  Fattovich 

(2012) and Phillipson (2012) effectively argue that there is inadequate evidence for a 

significant population movement from South Arabia that could have then resulted in such 

a significant change in vegetation (Fattovich 2012: 4; Phillipson 2012). 

2.3.5. Changing subsistence patterns and landscape  

While the extent and nature of South Arabians’ impact on the region of Tigrai is 

unclear, in the Pre-Aksumite period, as seen through archaeobotanical evidence, there 

was a shift in subsistence strategies, and therefore likely changes in the way that the 

societies interacted with the landscape.  Altering the landscape for subsistence 

strategies likely involved land clearance, and charcoal evidence indicates that forest 

clearance involved the use of fire (Terwilliger et al 2011; Darbyshire et al. 2003: 543).  In 

the Pre-Aksumite period forest conditions varied and depended upon location.  Forests 

regularly burned, species were modified by fire, and were quickly replaced by less fire-

tolerant species when fire was not present (Terwilliger et al 2011).  There were two 

discrete forest environments.  One consisted of species associated with wet and/or 

cooler climates and are generally considered to be less fire-tolerant.  The other forest 

contained species that are typically connected to hotter and/or drier climates, and also 
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grow where fires are prevalent (Terwilliger et al., 2011). In general, natural fires can be 

directly connected to climate (Daniau et al. 2012), and there is usually a clear connection 

between fire and types of vegetation on the landscape (van Breugel et al. 2016).   

However, the relative quantities of gymnosperms and angiosperms at different times and 

places indicate the sporadic and irregular presence of fires, rather than a trend in the 

climate (Terwilliger et al., 2011).  This could therefore indicate the use of fire to modify 

the landscape for subsistence practices.  

Settlement strategies and population levels also reflected a reliance on 

agriculture as a subsistence strategy.  Researchers argue that there were low population 

levels before the Pre-Aksumite period (D’Andrea et al. 2008b).  Settlements in the Pre-

Aksumite era were based around the agriculturally most productive and best-watered 

land (Harrower and D’Andrea 2014). The overall population also increased during the 

Pre-Aksumite period, as reflected in the increasing numbers of settlements in rural areas 

and site size from Pre-Aksumite period to Aksumite times (Harrower and D’Andrea 

2014).  However, these population increases were inconsistent during this period and 

across the Horn of Africa.  There was also a contemporary decline and some 

abandonment of Ancient Ona sites during the later Pre-Aksumite period, as well as the 

eventual abandonment of Pre-Aksumite sites such as Kidane Mehret (Curtis 2008: 331; 

Phillipson 2000).  The development of political structures through the Pre-Aksumite 

period can be seen as having a pattern of societal growth and diminution through the 1st 

millennium BCE (Finneran 2008: 145).  There is evidence for an overall decline in power 

structures in western Tigrai through the second half of the 1st millennium BCE (Fattovich 

2004: 73; Finneran 2008).  However, large settlements of Eastern Tigrai experienced 

continuity in occupation and likely in societal and political conditions (D’Andrea et al. 

2008b).  Although the population increase was not continuous or uniform throughout the 
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region, the overall increase in population from before the Pre-Aksumite period through 

the Aksumite, likely had an impact on the environment, and the extent of the expansion 

of subsistence practices.  

2.4. Aksumite Period: Landscape stability and Subsistence 

practices 

The development of the Aksumite state was slow and perhaps did not follow the 

expansion of the city of Aksum’s political influence (Phillipson 2014).  Around Aksum, the 

Proto-Aksumite period demonstrates little continuity in material culture from the Pre-

Aksumite period (Fattovich 2004: 74).  The early development of the city of Aksum 

illustrates that interactions between the society and the environment, and availability of 

resources had a significant impact on its development (Butzer 1981). The city of Aksum 

started as ceremonial center in 100 CE, and then grew to a population over 10,000 

(Butzer 1981).  The Aksumite kingdom developed into a territorial state in the early to 

middle 1st millennium CE (Fattovich 2010: 167). 

From settlement patterns, there is evidence of population increase in the region 

of Aksum during the Early Aksumite period.  In Early Aksumite times, settlements were 

mainly built on agriculturally productive soils.  However, in Middle Aksumite times, 

settlements are found on land that had less agricultural potential (Bard 2000: 79-80).  In 

regions that were more distant from the center of Aksum, such as Gulo Makeda, there 

was also an increase in population and numbers of settlements from Pre-Aksumite 

period to Aksumite times.  Most of the large settlements established during the Pre-

Aksumite period were also occupied through the Aksumite period (Harrower and 

D’Andrea 2014). By later Aksumite times, the population around Aksum significantly 
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decreased (Bard 2000: 79-80).  In the late 1st millennium CE, the Aksumite kingdom 

deteriorated due to migrations, control of trade routes by Arabian traders, and perhaps 

environmental conditions (Fattovich 2010: 167).   

2.4.1. Subsistence practices during the Aksumite period 

Subsistence activities during the Aksumite Empire (400 BCE- 700CE), consisted 

of many of the agricultural practices that were relied upon in the Pre-Aksumite period, 

along with the addition of new cultivated crops (Phillipson 2014: 115).  There is evidence 

for a general expansion of types of food plants used, which not only included new 

cereals, but also legumes, plants used for oil and fiber, and fruits and vegetables 

(Boardman 1999).  African crops also significantly increased in Aksumite times, notably 

the indigenous grain t’ef (D’Andrea 2008).  This increase in the scope of plants cultivated 

potentially indicates specialization and the intensification of agriculture in general in the 

Aksumite Empire (Boardman 1999; Boardman 2000: 368).  The variety of crops also 

perhaps reflects the development of an agricultural system in which small-scale 

dissimilarities in geographies and environmental conditions led to many differences in 

local adaptations of crops (Boardman 1999: 145).   

Archaeobontanical investigations at Aksum revealed that there was an addition 

of thirteen new crops during the Aksumite period, and while there was an increase in the 

number of African crops, there was not a commensurate decrease in Near Eastern crops 

(Boardman 2000, 1999).  There are also few remains of edible wild plants (Boardman 

2000). The new crops, which were likely adopted during the 5th century CE, include the 

African crops of noog (Guizotia abyssinica), sorghum (Sorghum bicolor), and finger 

millet (Eleusine coracana) (Figure 6) and the Near Eastern crops of bread wheat, pea 

(Pisum sativum), grass pea (Lathyrus sativus), fava bean (Vicia faba), and chick pea 
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(Cicer aurietinum) (Boardman 2000, 1999).  The start of more intensive cultivation of 

legumes was potentially significant, because they can contribute to sustaining soil fertility 

(Boardman 2000, 1999).  In modern traditional agriculture, legumes are significant 

because they are nutritious, mature quickly and provide a potential for continuous 

cropping (Boardman 1999).   

 
Figure 6.  Farmer consultant with a handful of finger millet (Eleusine 

coracana), Etchmare, Tigrai 

While there is an addition of new crops during this period, there also may be a 

decline in the cultivation of emmer wheat (Boardman 2000).  While it was the earliest 

wheat cultivated in the highlands, it declined in use throughout the highlands, and at 

Mezber, where there is little evidence for it by the end of the Aksumite period (D’Andrea 

and Mitiku 2003; Boardman 2000; D’Andrea et al in prep).  In contrast, durum wheat was 

continuously cultivated from Pre-Aksumite through the Aksumite era, and bread wheat 

was first cultivated during the Late Aksumite period (D’Andrea and Mitiku 2003: 184; 

Engels and Hawkes 1991).  

Domestic animals continued to have a significant role in the agricultural 

economy, and in excavations at Aksum, domestic animal bones constituted a high 
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proportion of assemblages, compared to wild species (Cain 2000).  Two domestic 

animals provided essential labor in Aksumite agricultural economy: cattle were used for 

ploughing and threshing, and donkeys for transport (Cain 2000: 372; Phillipson 2014: 

110-115).  Overall, there was a continuation from the Pre-Aksumite era in the growing of 

barley, lentil and flax (Linum ussitattissimum). Changes include perhaps a shift to a more 

market economy in the mid to Late Aksumite period and diversification of crops grown 

(Boardman 1999). 

2.4.2. Early Aksumite environmental conditions and subsistence 

activities 

In the Early Aksumite period, it can be difficult to discern between the sources for 

palaeoenvironmental conditions, what role these conditions played in the development of 

the civilization, and how and to what extent the civilization impacted the landscape.  The 

factors include a potential shift in the climate around the turn of the millennium, and a 

potential shift in soil conditions and vegetation through the development of the Middle 

Aksumite period.  In the early first millennium CE, there is evidence for an environmental 

shift.  An analysis of lake diatoms concluded that there was an increase in wet 

conditions during the early first millennium CE (Marshall et al. 2009: 125).  According to 

Butzer (1981), a rise in wetter conditions permitted the expansion of Aksumite 

agricultural activities.  Machado et al (1998) concluded that increased soil deposition 

during the Aksumite period was primarily due to climate, and according to Butzer, while 

there is evidence that landuse impacted the movement of soils, climate was the primary 

instigator for changes in the environment during this period (Butzer 1981).  This 

perceived change in palaeoenvironmental conditions led these researchers to conclude 
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that a change in climate conditions had a larger impact than landuse on the 

palaeoenvironment (Butzer 1981; Machado et al. 1998; Marshall et al. 2009). 

There are a variety of perspectives on the relative impact of climate versus 

landuse in the palaeoenvironmental record.  According to Bard et al. (2000), population 

rise led to more intensive land use, which therefore led to increased erosion (Bard et al., 

2000: 81).  Nyssen et al. (2004)’s review of changes in sediments and types of species 

present argues that more intensive land use had a larger impact on the landscape than 

increased precipitation (Nyssen et al. 2004).  This approach coincides with the study by 

Terwilliger et al. (2011), which concluded that during this period there were generally dry 

conditions with perhaps short periods of higher precipitation, but there was no major shift 

in climate until 800 CE.  Therefore, the Early Aksumite period was likely more affected 

by land clearance rather than changes in climate (Terwilliger et al. 2011).  However, due 

to the difficulty in distinguishing between evidence of between land use and climate, both 

factors likely played roles in creating the palaeoenvironmental conditions.  This coincides 

with Butzer’s theory that an increase in precipitation led to an increase in agricultural 

practices (Butzer 1981), which in turn would have impacted the landscape.   

2.4.3. Aksumite Period: Subsistence practices and land stability 

There is continuing debate on the scale of environmental change during the 

Aksumite period, and the sources for the change.  Another potential shift in 

environmental conditions occurred in the second half of the first millennium, as seen 

through evidence of soil degradation between 500 and 1000 CE (Machado et al. 1998), 

and while this was interpreted as a sign of drier conditions, it could also indicate 

intensified land use.  However, there is some evidence of stable vegetation conditions 
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from 500 BCE through the first millennium CE, and only after 900 CE does forest 

clearance increase (Darbyshire et al 2003: 543).  

French et al (2009)’s investigation into the development of soils north and 

northeast of Aksum provided evidence of gradual deposition of colluvium and alluvium, 

which demonstrates that during and prior to the Aksumite Period, there was relative 

landscape stability and resilience (French et al. 2009).  According to French et al., 

severe erosion and land degradation only occurred within the past four to five centuries 

(French et al. 2009).  While French et al. state that this evidence contradicts studies that 

characterize the period as one of significant erosion and land instability (cf. Butzer 

1981), it actually measures a different aspect of past soil conditions.  French et 

al.(2009),’s study mainly examined organic brown earths and denoted a difference 

between soil qualities which reflect fertility, and general aggradation on the landscape, 

which is usually due to the movement of soils through erosion.  Also, Butzer noted that 

while there is evidence of significant erosion and soil aggradation around 300 CE, there 

is no evidence for a change in soil fertility (Butzer 1981). 

French et al. found a fairly consistent and minimal aggradation of organic brown 

earths throughout the Aksumite period, while Butzer measured different soil parameters.  

Therefore, French et al.’s study is not necessarily incompatible with the other soil 

studies; there could have been a stable level of organic brown earths through the 

Aksumite period, while at the same time an increase in erosion of other soils.  Part of 

French et al.’s argument is that the process of transforming a landscape with natural 

vegetation to land for cultivation actually did not necessarily result in land degradation, 

but it does affect soil fertility.  However, in this analysis, there is not an adequate 

discussion on what qualifies as land that is well-managed, and how to quantify soil 

degradation.   
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Overall, there is evidence that land use impacted the environment during the 

Aksumite period, and Butzer’s analysis that wetter conditions instigated an intensification 

of cultivation is supported by a modern study of relative wet and dry conditions in 

Ethiopia (Butzer 1981; Ali et al. 2011).  In wetter conditions, land that was devoted to 

cultivation significantly increased and took over land that had been barren or used for 

grazing.  In areas that were consistently dry, there were minor changes in agricultural 

intensification and land use (Ali et al. 2011).  The Aksumites’ spread and intensification 

of the subsistence practices in the 1st millennium CE had an apparent impact on the 

landscape and was likely at least partially instigated by an increase in precipitation. 

2.5. Post-Aksumite to Modern conditions 

Since the Aksumite period, there have been fluctuations in landscape conditions 

and changing societal conditions.  After 1800 years of substantial human impact on the 

landscape (500BCE-1300 CE), forests regrew due to a decrease in populations at 1300 

CE (Darbyshire et al 2003).  Historical accounts from the centuries after the Aksumite 

Empire described highly productive agricultural conditions that were able to effectively 

sustain farming communities (McCann 1995: 3).  Although farmers in Ethiopia practiced 

ox-plough agriculture from Pre-Aksumite times, the practice was not ubiquitous, and 

continued to grow over the last two millennia and rapidly into the 16th through 20th 

centuries (McCann 1995: 70). 

The rate of alluvial deposition increased significantly in the past four to five 

centuries; over half of the sediment in the valleys and lower slopes north of Aksum are 

due to this recent erosion, which reflects a growing population and intensified use of 

arable land (French et al 2009).  Historical records describe environmental degradation 
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and episodes of severe famine over the past 400 years, and a shift towards even greater 

environmental instability into the 20th century (McCann 1995: 3).   In the last three 

centuries, there was a substantial increase not only in soil erosion, but also in 

deforestation (Darbyshire et al 2003).  The modern landscape of lightly forested acacia 

grassland developed in the last few centuries (McCann 1995: 120), with many 

gymnosperm species disappearing about 150 years ago (Terwilliger et al. 2011).  This 

landscape change reflects human activity, rather than increasing aridity (Terwilliger et al. 

2011).   

A significant population increase in Ethiopia in the mid-20th century impacted 

agricultural conditions, including reducing the amount of fallow land (McCann 1995: 57).  

In the 20th century, Emperor Haile Selassie (1930-1974) attempted to modernize the 

country’s agriculture (Clay and Holcomb 1986: 16).  However, due in part to actions such 

as land seizures for commercial agriculture, poverty in farming communities increased 

during his reign (Clay and Holcomb 1986: 16).  The extensive opposition to these 

policies played a role in the rise and then governance of a revolutionary organization, 

which became known as the Derg (Clay and Holcomb 1986: 22).  The Derg government 

also conducted agricultural reforms and nationalized all land in the country in 1975 

(Dejene 1991: 37; Clay and Holcomb 1986: 22). 

2.6. Traditional agriculture in Modern Ethiopia: Landraces 
and crop diversity 

 

Traditional agriculture is largely the intersection of environmental conditions and 

farmer decisions.  The agricultural history of Ethiopia reflects environmental shifts across 

millennia, and daily and seasonal conditions, and was shaped by general societal trends 
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and farmers’ choices (McCann 1995: 6-7).  In the Ethiopian highlands, farmer flexibility 

in adaptation is a crucial aspect of this process, and through this flexibility farmers create 

strategies to address periods of resource stress or changing conditions (Finneran 2008: 

70, 72).     

Crop resources are especially varied in the highlands (Finneran 2008: 70, 72), 

and local and small-scale decision-making played a significant role in the development 

of the agricultural system.  Geographical conditions in Tigrai that vary on a small-scale 

have led to a multitude of local crop adaptations (Boardman 1999: 145).  Through the 

millennia, local decision-making also shaped the development of traditional agriculture 

due to household-based organization of farmland and soil resources (Sulas et al. 2009).  

Local environmental conditions and farming decisions led to the development of crop 

genetic diversity, which not only occurs between different areas of Tigrai, but within 

individual farmer fields (Demissie 1991: 202-3).  Due to these factors, crop production 

can vary greatly year-to-year, and between neighboring areas (Holt and Lawrence 1993: 

35; Butler 2002: 180).  Therefore, farmers’ decisions and the varied and local nature of 

their farming conditions played a major role in the development of traditional agriculture 

in Gulo Makeda and are reflected in the adaptations that farmer consultants currently 

employ.  

The diversity of landraces has been a significant part of traditional farming 

throughout Ethiopia (Shewayrga and Sopade 2011; Belay et al. 1993; Tesfaye et al. 

1993), and in other semi-arid and arid regions, such as Somalia (Manzelli et al. 2006), 

the Himalayas (Pant and Ramisch 2010; Li et al. 2013), and Iran (Mohammadi et al. 

2015).  Crop diversity is partially the result of and perpetuates farmers’ cultivation 

strategies.  Crop selection based on environmental conditions reinforces desired 

characteristics of those species, and varieties within a species.  Crops in the Ethiopian 
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highlands that do not have local progenitors still tend to have a large variety of landraces 

(Finneran 2008: 69).  A landrace can be defined as varieties of a cultivated species that 

have “distinct identities and lack formal crop improvement, as well as often being 

genetically diverse, locally adapted and associated with traditional farming systems’ 

(Villa et al 2005)”.  Along with variety in species, the multiplicity of landraces that farmers 

cultivate is a significant part of crop genetic diversity in Ethiopia (Villa et al. 2005).   

  Studies from a variety of farming traditions illustrate that landraces are able to 

produce in extreme local environmental conditions, compared to grains developed in 

laboratory conditions and then introduced to the environment (Tiwari et al 2012; Manzelli 

et al 2006).  When durum wheat landraces were studied at their source locations, the 

research found significant differences in yield, the weight of the seed crop, and the 

length of growing time (Tesfaye et al. 1993).  Compared to other provinces, a larger 

number of landraces in Tigrai were particularly tolerant of drought and resistant to rust 

(Pecetti and Damania 1995: 405; Tesfaye 1991: 290).  These landraces typically are 

able to produce a low yet dependable yield in unfavorable conditions (Tesfaye 1991: 

290).  Diverse landraces have different levels of resistance to various environmental 

events, such as soil fertility or disease (Dejene et al 2015).  In these conditions, wheat 

diseases seldom lead to complete crop failure due to the combination of resistant and 

vulnerable varieties in the crop population (Tesfaye 1991: 292).  These adaptations of 

Ethiopian durum wheat landraces are generally not applicable to other regions and 

instead reflect local environmental conditions (Tesfaye 1991: 290). 
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2.7. Chapter summary 

The development of agricultural practices in Tigrai was shaped by geographical 

and environmental factors.  The landscape of Tigrai is diverse and is bisected by large 

differences in elevations, with plateaus carved by streams.  Soil erosion easily occurs 

and is partially the result of the geography of the landscape, extensive agricultural 

practices, and the low levels of natural vegetation.  The agricultural system is shaped by 

two rainy seasons; a longer season that provides most of the agricultural production, and 

a shorter and more inconsistent season that is still agriculturally significant. 

While there is indirect evidence that cultivation occurred earlier in the Horn of 

Africa and likely involved indigenous grains, the first archaeological evidence for grains 

consist of Near Eastern domesticates and does not appear until the Pre-Aksumite 

period.  There was a noticeable shift in environmental conditions during the mid-1st 

millennium BCE.  Changes in environmental conditions, including vegetation, soil and 

precipitation, likely reflect a combination of a general shift in climate, and the spread and 

intensification of new subsistence activities.  This reliance on new crops, modification of 

the landscape, including the use of fire, along with the intensification in practice, as seen 

through settlements and population levels, would have affected the way that people 

interacted with the environment.  

The Aksumite period continued the subsistence patterns developed during the 

Pre-Aksumite period, however there was a significant expansion of settlements, 

population increases, and an intensification of agricultural practices.  The agricultural 

intensification and specialization involved a significant increase in the variation of 

species.  This change in subsistence practices had a noticeable effect on the landscape, 

however the extent and timeframe for the impact can be difficult to determine.  Overall, a 
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connection between the development of cultivation practices and certain climate 

conditions are not easily apparent, however, there does seem to be a potential 

connection between the development and intensification of subsistence practices, and a 

resulting impact on the environment. 
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Chapter 3. Theory and Methods 

3.1. Introduction 

The research program of Historical Ecology provides a suitable analytical 

framework to study farmer adaptation to environmental change in Gulo Makeda.  The 

research program emphasizes long-term human-environmental interactions in the 

formation of past and current conditions, values human agency, and has a 

transdisciplinary nature that promotes the inclusion of palaeoenvironmental, 

archaeological and traditional knowledge within this project (Balée 1998, 2006, 2013; 

Hayashida 2005; Erickson 2008; Davies 2013). 

3.2. Theory: Historical Ecology 

There have been a variety of definitions proposed for historical ecology.  This 

study approaches historical ecology as a research program that interprets the current 

landscape as reflecting a long series of conversations and back and forth between 

culture and the environment (Balée 1998). Historical Ecology is transdisciplinary and 

investigates the relationships between human societies and the environment, across a 

large range of spatial and temporal scales.  In discussing this research program, it is first 

important to review the concept of the ‘environment’.  The meaning behind this term has 

transformed over time and is culturally relative.  Historically in western cultures, and into 

the 20th century, the environment was considered passive and served as a background 

to human and societal actions (Davies 2013; Evans 2003).  This approach is exemplified 

by the theory of Cartesian duality, where ‘natural’ was defined in contrast to human 
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culture and the built environment, and the cultural impact on the natural environment 

was considered negligible (Davies 2013: 4).  With the advent of the Industrial revolution 

and European imperialism, Western societies believed that they were able to transcend 

nature, and portrayed Indigenous peoples as in continual conflict with the natural world 

(Davies 2013). 

 The concept of the environment shifted through the 20th century (Davies 2013; 

Evans 2003).  In the 1960s, with the rise in multidisciplinary investigations, ecological 

concepts were applied to archaeological and anthropological research (Evans 2003; 

Harris and Thomas 1991). Concepts that described energy flows and communities of 

organisms were particularly relevant to multidisciplinary research (Butzer 1982).  

Researchers applied the theory of ecological niche to human societies, developed 

varying capacity and population pressure models, and with the principle of co-evolution, 

re-analyzed the development and spread of agriculture (Harris and Thomas 1991).   

 The theory of cultural ecology was a result of the integration of ecology and 

anthropology, and “focused on the process of how societies adapt to their physical 

environments (O’Brien et al 2007: 81).”  Within this approach, a society was more or less 

effectively adapted to the environment, and the society could be described based on 

these adaptations (Davies 2013: 6; Johnson 2010: 173).  Proponents of cultural ecology 

often assumed that societies used resources ‘rationally’, and therefore the theory was 

criticized for depriving individual societies of agency (Johnson 2010: 173), and in 

projecting environmental determinism (O’Brien et al 2007: 81).  The development of 

cultural ecology involved the idealization of past cultures and modern Indigenous 

groups, with the belief that these peoples existed in balance with the environment 

(O’Brien et al 2007: 80).  In this theory, environments were only severely altered and 

exploited with Western societies (O’Brien et al 2007: 80).  Historical ecology partially 
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formed out of these past interpretations of human-environmental interactions (Balée 

2006: 76). 

3.2.1. Development of historical ecology 

Historical ecology developed through increased collaboration between 

archaeological evidence and an ecological approach, and through other factors. These 

included an increased focus on processes in the past that had a role in shaping the 

modern landscape, and new investigations into the role that humans play in landscapes 

that seem only ‘natural’ (Hayashida 2005: 44).  The development of historical ecology as 

an approach reflects the interaction between policy and historical and ecological 

research, and examines interactions between humans and ecological systems 

(Armstrong et al. 2017; Balée 2006) in "specific temporal, regional, cultural, and biotic 

contexts” (Hayashida 2005: 44).  Other concepts that are significant in this theory are 

individual agency, and the relevancy of Indigenous ideology, beliefs and cultural 

perceptions of the environment (Erickson 2008; Davies 2013).     

 The majority of researchers in historical ecology approach modern landscapes 

as the result of a yearly to millennial long accumulation of interactions between societies 

and the environment (Armstrong et al 2017; Balee 2006: 73; Hayashida 2005).  The 

impacts of long-term human actions, or “land-use legacies” can only be investigated 

through a long-term historical perspective to understanding ecosystems and 

environmental change (Hayashida 2005: 45). Long-term human-environmental 

interactions, and the generation of landscapes, relate directly to how societies create 

and manage resources (Erickson 2008; Davies 2013).   
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Historical ecology maintains that human societies have impacted all landscapes 

in some form, which challenges the common perceptions of areas that might appear 

solely natural but have actually been modified by human action (Hayashida 2005: 45; 

Balee 2006: 76.).  Because this historical framework emphasizes change that occurs 

over time in a landscape, the goal of restoration is not to fix an environment to its pre-

human state, but instead to promote “traditional cultural practices that reinforce 

ecosystem health and sustainability (Hayashida 2005: 45).”  Through history, ecologists 

can understand these practices of past cultures (Hayashida 2005: 45).  

Long-term exchange between human societies and the environment challenges 

the previous sharp divisions between cultures and the environment, and the 

transdisciplinary approach attempts to reduce the scientific borders between nature and 

human societies (Armstrong et al. 2017).  Researchers in this program approach human 

societies as a part of the environmental system, and as being able to substantially 

change the nature of the environment (Davies 2013).  There perhaps are conflicting 

aspects within the research program, whereas the interdisciplinary nature and analytical 

approach attempts to reduce the defined boundaries between the cultural and natural 

spheres, there is also a significant push within the program to address and remediate 

the effects of negative human actions (Balée 2013).   

Historical ecology can challenge existing interpretations of human-environmental 

interactions and the nature of landscape formation.  The Amazonian landscape contains 

a multitude of landscape modifications, such as the agricultural fertile Amazonian Dark 

Earths, which contradicts the approach of colonial societies who largely interpreted the 

landscape as pristine (Balée 2013; Erickson 2008; Hayashida 2005: 45).   In studying 

these landscapes, the relationships between humans and the environment are 

understood in highly diverse ways (Hayashida 2005: 56).  Historical ecological 
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investigations of local resource management illuminate practices such as coppicing and 

pollarding trees in Europe, “culturally modified trees” in the Pacific Northwest and 

northern Scandinavia, and the use of fire in landscape management (Hayashida 2005: 

49-50).  Indigenous societies also frequently shape environments in ways that promote 

species diversity (Balée 2006: 77). 

Analyzing long-term local and culturally based human-environment interactions 

can challenge previous theories about the processes that shape a landscape, and how a 

landscape transforms over time.  One such landscape in Guinea consists of a mixture of 

dense forests and open savanna, and researchers assumed that “social dynamics” of 

the local culture were responsible for deforestation that led to increasing savannas, 

where the patches of dense forests were remnants of past landscape conditions 

(Fairhead and Leach 1996: 1).  However, after interviewing local farmers, the 

researchers found instead that the forests were the result of past actions by the 

communities and are increasing in the landscape (Fairhead and Leach 1996: 2).  This 

illustrates the still common and often oppositional, distinctions placed between nature 

and cultural actions, which is not as prevalent in Indigenous communities (Fairhead and 

Leach 1996: 5-6).  A more comprehensive understanding of the landscape should be 

based on multiple perspectives, and significantly involve farmers’ point of views and 

lived experiences of land (Fairhead and Leach 1996: 9-16).  Misconceptions of 

landscape dynamics can lead to worse conditions for farmers through a policy-based 

mismanagement of resources (Fairhead and Leach 1996: 279). 

Historical ecology can also be applied to larger-scale regional and global human-

environmental relationships.  Definitions of historical ecology frequently note the 

relevancy of the research in addressing modern day environmental conditions 

(Armstrong et al 2017; Balée 2006).  Paleoclimate research and the study of past 
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climate changes has long been a part of archaeological practice, although there are 

some challenges to using archaeology within the climate change debate.  Archaeological 

research tends to be conducted on a fairly small-scale and provides results for local 

occurrences. However, understanding past and modern adaptations can increase the 

“adaptive capacities” of modern societies that are confronting a changing environment 

(Van de Noort 2011: 1041).  The development of environmental archaeology and 

archaeology has also been impacted by the growing popular interest in societal collapse 

from environmental change.  This can be deceptive because it “reduces complexity of 

social collapse to mainly environmental factors and in relation to predictive power of 

archaeology” (Davies 2013: 19).  However, archaeology can contribute to modern 

environmental debates because it frequently operates on similar time scales (Davies 

2013). 

3.2.2. Historical Ecology in Tigrai 

Historical ecology can be aptly applied to the interactions between Tigrayan 

farmers and the environment.  In the Horn of Africa, with the advent of pastoral and 

agricultural practices and the development and decline of Pre-Aksumite and Aksumite 

civilizations, the past and current landscapes are the results of at least three thousand 

years of interactions between people and the environment.  Processes such as soil 

erosion, the impact of livestock on the landscape, and the diversity of local landraces 

and crop species all reflect long-term interactions between cultures and the environment.  

Farmer knowledge of the diversity of crop land races can be interpreted through 

historical ecology (Balée 2006: 91); both human choices and actions over many years, 

along with environmental conditions, played roles in the development of those crops.  

Farmers in the past and present have chosen certain plants to cultivate based on valued 
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characteristics, and personal and cultural preferences.  How those plants were able to 

grow and whether or not the farmers decided to continue their cultivation depended upon 

certain environmental, and usually quite localized conditions.   Human actions can be 

seen as having a multiplicity of effects on the environment, and it can be difficult to 

provide value judgements for those actions.  Therefore, within the entangled nature of 

farming in the Horn of Africa and the characteristics of geography and climate, it can be 

difficult to distinguish singular causes and effects for events and therefore they can there 

be seen as a “total phenomena” (Balée 2006).  The drought of 1984/5 can be seen as an 

example of this concept.  The event was a confluence of cultural and environmental 

processes that spanned decades and even centuries, along with short term societal and 

climatic impacts. 

 While the concept of more singular human-environment events is central to 

historical ecology, the research framework also values human agency and the actions of 

individuals.  Farmer opinions and actions in responding to environmental change is 

central to this study in Gulo Makeda.  Finally, historical ecology as an approach reflects 

the integration of multiple disciplines, research into Gulo Makeda farming conditions 

reflected not only traditional knowledge of farmers, but also palaeoenvironmental and 

archaeological work in the local area.  The archaeology and palaeoenvironmental 

research not only played a formative role in research design, but the researchers also 

provided feedback and offered expertise during the fieldwork process.   

3.3. Methods: Ethnoarchaeology 

Ethnoarchaeology is a research strategy which can be described as “the 

ethnographic study of living cultures from archaeological perspectives (David and 
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Kramer 2001:2).”  Because the behaviors that produced the archaeological record have 

long since disappeared, being able to create models based on direct observations for 

how materials are generated can be highly valuable (David and Kramer 2001: 4; London 

2000: 7).  Ethnoarchaeology can be applied to a variety of research scenarios; it can 

focus on a particular material culture, study certain parts of a living culture, or examine a 

culture in its entirety (David and Kramer 2001:9).  Ethnoarchaeology is a component of 

“actualistic studies”, which includes forms of research that can be used to construct 

analogies (David and Kramer 2001:13).  The use of analogy is particularly intrinsic to the 

practice of ethnoarchaeology.  Through using analogies based on the connection 

between the past culture (source) and the modern culture (subject) under examination, it 

is possible to interpret the types of information that is gathered from ethnoarchaeological 

studies (David and Kramer 2001:50). 

3.3.1. Ethnoarchaeology and Human-environmental interactions 

Ethnoarchaeology can be used as an investigative tool to understand the 

relationship between cultures and the environment; it can potentially illuminate aspects 

of past landscapes, and the role that cultures played in shaping them.  According to 

David Friesem, there are significant benefits to using ethnoarchaeology to investigate 

geoarchaeological contexts (Friesem 2016: 147).  Frequently the materials that 

palaeoenvironmental scientists analyze are microscopic, such as chemical residues, and 

their formation process can be unclear. Through ethnoarchaeology, researchers are able 

to reconstruct human activities that lead to depositional processes.  These activities 

ultimately form the archaeological record and therefore particular activities can be 

connected to specific geoscientific data (Friesem 2016:146).  This directly relates to the 

research of this thesis on fire ecology in the past and present.  Palaeoenvironmental 
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researchers uncovered charcoal evidence in Pre-Aksumite and Aksumite contexts 

(Terwilliger et al 2011; Gebru et al 2008), and my ethnoarchaeological investigation of 

modern fire can be relevant to palaeoenvironmental interpretations.     

Using the archaeological record to examine past agricultural activities can be 

challenging.  Due to taphonomic biases, physical evidence of agricultural activities 

generally do not preserve well in the archaeological record (D’Andrea 2008; Stone 1994: 

317).  Given these constraints, ethnoarchaeological research in Ethiopia has 

demonstrated that it is possible to illuminate aspects of the agricultural past through this 

research method.  An ethnoarchaeological investigation of the practice of transplanting 

wild yams to domestic spaces in SW Ethiopia revealed the social and environmental 

conditions that potentially shape modern and past domestication strategies (Hildebrand 

2003).  Ethnoarchaeological research into the Ethiopian grain t’ef illustrated that past 

farmers potentially cultivated grains for their ability to produce under environmental 

stress (D’Andrea 2008).  Through studying specific agricultural activities, 

ethnoarchaeological investigations can uncover the restrictions and defining factors to 

the human-environment interactions.  Effective investigations note the social systems in 

place that play a major role in mediating reactions to the environment, such as 

determining the modern societal reactions to agricultural stresses in the study on t’ef 

(D’Andrea 2008), or determining the social structures involved in the transplanting of 

yams (Hildebrand 2003).   

3.3.2. Background to Ethnoarchaeology 

While a defined practice of ethnoarchaeology only developed within the past few 

decades, the practice of studying modern cultures in order to illuminate past ones has a 

long tradition.  Jesse Walter Fewkes was the first person to identify as an 
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ethnoarchaeologist in his work with the Hopi in the American Southwest (Fewkes 1900; 

London 2000: 2).  Ethnoarchaeology formed as a sub-discipline of anthropology with the 

1956 paper by Maxine Kleindienst and Patty Jo Watson, which advocated for 

archaeologists to study living cultures and gather information through the lens of their 

own theoretical perspectives (Kleindienst and Watson 1956; David and Kramer 

2001:6).  Subsequently, Richard Gould used the term “living archaeology” to describe 

the work of archaeologists doing fieldwork in living communities, with a special note on 

how archaeologists identified behaviors within those communities (Gould 1968, 2011; 

David and Kramer 2001:6-7).   

While ethnoarchaeology solidified as an academic term in the 1970s, there still 

remain notable disagreements on the order, inclusion and/or combination of the terms 

‘ethnography’, ‘archaeology’, ‘anthropology’, and ‘science’, over the terms’ relative 

meanings, and how the concept should be practiced (David and Kramer 2001:9). 

According to Hamilakis (2016), the future of ethnoarchaeology should involve a change 

in terminology, a different relationship between the archaeologists and the research 

subject, and a change of responsibilities of the researcher.  Archaeologists should 

acknowledge the effects that they have on the subject and therefore approach the 

project more as a dialogue, in order to shift from colonial archaeology to postcolonial 

archaeologies, which actively work on the process of decolonization (Hamilakis 2016: 2-

4).  

3.3.3. Challenges in Ethnoarchaeology 

Ethnoarchaeology faces challenges.  The individuals that developed the field, 

and the majority of researchers who practice it today are from Western academic 

traditions, while the vast majority of communities that are the focus of the research are 
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non-Western.  These communities also frequently experience significant inequalities in 

wealth and political disenfranchisement compared to researchers (Lane 2011: 8).  The 

practice of archaeology in sub-Saharan Africa developed due to the colonial European 

presence on the continent, and the archaeologists that followed colonial administrations 

established research that damaged “pre-existing ontologies and epistemologies” (Lane 

2011:8).  Therefore, archaeology played an active role in the ‘colonization of 

consciousness’ that occurred throughout Africa (Lane 2011:8).   

 Research in Africa served as the foundation for some of the earliest work in 

ethnoarchaeology (MacEachern 1996: 243).  However, the practice of African 

archaeology can still be highly problematic.  There is a threat that research conducted 

solely as a way to illuminate the past promotes “the ‘analysis’ of African communities as 

specimens of a vanished past” (MacEachern 1996:244).  Western researchers have 

frequently approached African communities as ahistorical and static, where both the 

people and landscape of Africa are unchanging entities (MacEachern 1996:245-246; 

Stahl 1993: 244-5).  While this issue might exist in any ethnoarchaeological 

investigation, in Africa the “conceptual relationship between past and present is 

especially laden with Western cultural baggage and preconceptions….”(MacEachern 

1996:244). Therefore, information that is discovered through studying African 

communities should be applied with extreme caution to the archaeological record 

(MacEachern 1996:250). 

Ethnoarchaeology formed through Western modernist and positivist theoretical 

traditions.  Inherent in these philosophies is the agreement with “linear temporality, the 

metanarrative of evolutionary development and ‘progress’”(Hamilakis 2016:2).  In this 

philosophical perspective, the communities that are outside the Western sphere of 

modernity are deemed worthy of being study subjects. This dichotomy is both inaccurate 

and has a negative effect on ethnoarchaeological research (Hamilakis 2016: 
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2).  Disregarding the modern context of the culture, such as not taking into account the 

extent and impact of the modern system of globalization (David and Kramer 2001:48), 

can also have a detrimental effect on the validity of the ethnoarchaeological research 

(Stahl 1993: 244-5).  Researchers can fail to adequately account for the effects of the 

spread of European cultures starting in the 15th century (Stahl 1993: 253). 

3.4. Analogy 

Analogy plays a substantial role in the practice of ethnoarchaeology (Stahl 

1993).  The process of creating an analogy involves constructing conclusions based on 

similar properties between certain entities (Dias 2014: 205). In basically every 

explanation of the past, archaeologists use their knowledge of contemporary cultures 

(Hodder 2012: 12).  An essential aspect of a project is identifying an appropriate 

community to study (London 2000: 6).  Analogies have been used extensively by 

antiquarians since the sixteenth century, as Europeans encountered cultures they 

determined to be primitive and compared the new ethnographic evidence to European 

prehistory.  Analogies were used increasingly in the nineteenth century, as theoretical 

explanations became more prevalent. These initial uses of analogies considered the 

past to be a direct replication of the present (Dias 2015:206).  There are two types of 

analogies, ‘formal’ and ‘relational’.  Formal can be a weaker form of analysis because it 

is based on observational associations, while relational analogies focus on determining 

natural or cultural links between the different aspects of the evidence (Hodder 

2012:16).  Relational analogy is the center of much of archaeology in general and 

ethnoarchaeology in particular (Hamilakis 2016:2).  While it may not be possible to test 

an interpretation based on an analogy (Hodder 2012:22), through a number of 

strategies, it is possible to strengthen analogical claims (Hodder 2012:27).  
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3.4.1. Challenges to Analogy 

Even though analogy is ingrained in archaeological practice and theory, 

archaeologists have long been suspicious of its use. Critics have argued that analogical 

inference should be employed mainly as a source of formulating hypotheses that could 

also be created through other methods, and that analogical inference misrepresents and 

restricts what archaeologists can understand about the past (Wylie 1985: 64). While 

some aspects of an artifact may be similar to a contemporary item, it does not expressly 

indicate similarities in other, perhaps more meaningful ways (Hodder 

2012:12).  According to Wylie, analogical inferences are 'ampliative'; they assert the 

presence of more similarities in the results than could be proven at the start, which can 

lead to incorrect results (Wylie 1985:80). 

3.4.2. Strengthening Analogies 

Certain requirements for the subject and source of the research project can 

strengthen analogical arguments (Wylie 1985:65).  According to Wylie, analogies can be 

improved through strengthening the two sides of source and subject in the analogical 

relationship, finding the determining structures of the source and subject connections, 

and developing tests that can discover the appropriateness of the subject-source 

relationship.  The process of moving from a simple analogy towards one that is created 

on a relational basis involves developing a fuller understanding of both the source and 

subject, and in creating requirements for forming connections between the two (Wylie 

1985:101).  The most effective relational associations determine that the subject and 

source not only have common characteristics, but also share comparable “determining 
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structures,” which play a role in shaping the connection between those characteristics 

(Wylie 2002: 148).   

One of the most challenging aspects of forming analogies is identifying whether 

or not the source is an appropriate comparison for the subject.  By expanding 

background knowledge and clearly constructed hypotheses, it is possible to test through 

“the search for (or identification of) anomalies that establish the limits of presumed 

relational similarity” (Wylie 1985:104).  Discovering limits to the compatibility between 

the source and subject can perhaps provide greater confidence in similarities that are 

known, which can have a significant impact on the information that is discovered from 

ethnoarchaeological studies.   

Ethnoarchaeologists generally focus on expanding the source-side of the 

analogical framework (David and Kramer 2001:48).  Because researchers frequently 

focus on non-western societies as sources, thereby assuming that they do not 

experience historical processes, it emphasizes the importance of making a direct 

historical link between source and subject cultures (Stahl 1993: 244-5).  While a culture 

changes over time, it does not contradict continuity in other aspects of the culture, 

therefore there is value in identifying which aspects are consistent, and not assuming 

that traditional cultures are static (Stahl 1993: 246).  

3.4.3. Analogy: Traditional farming and Pre-Aksumite/Aksumite 

civilization 

Past ethnoarchaeological studies into traditional farming communities in Tigrai 

have demonstrated that they can be an appropriate source for elucidating past 

agricultural conditions (Butler and D’Andrea 2000; D’Andrea and Mitiku 2002; D’Andrea 

2008; Nixon-Darcus and D’Andrea 2017).  Within the ethnoarchaeological investigations 
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into agricultural practices in Gulo Makeda, many similar components that shaped the 

nature of the human-environment interactions exist with both the source and subject 

cultures.  This includes direct historical links between communities and descendent 

communities, similar species of animal and plant domesticates, and tools, and similar 

interactions with the landscape through cultivation practices.  While many differences 

exist, they have varying amounts of relevancy for ethnoarchaeological research.  

It is important to recognize the main differences between Pre-Aksumite and 

Aksumite era culture and modern farming communities in Tigrai.  The culture and 

practices of farmers in Tigrai have been influenced by the historical processes of the last 

two millennia.  One of the main differences consists of the impact of exogenic influences 

on agricultural practices in Tigrai, whether from the global economy, regional 

developments in developing new grain varieties, or the local implementation of 

fertilization policies.  Understanding recent historical events, such as the Ethiopian Derg 

government’s resettlement policies and the environmental-cultural events of famine in 

the 1980s, and investigating the impact of these events on communities can illuminate 

ways that societies reacted to major events in the past.  

In this thesis, connections between the subject culture of the Pre-Aksumite and 

Aksumite and the sources of modern farmers is also strengthened through relying on 

multiple forms of evidence, consisting of traditional farming knowledge, governmental 

agricultural representatives, and archaeological and palaeoenvironmental literature.   

3.5. Interviews and Observations 

The ethnoarchaeological work was practiced through the perspective of historical 

ecology, which noted the farmers’ agency with their actions and decisions, along with 

identifying how farmers respond to environmental conditions, and how their actions 
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impact the landscape.  Questions for farmer consultants (Appendix 1) were constructed 

with the intention of understanding modern agricultural conditions, and long-term 

interrelationships between farmers in Gulo Makeda and the local environment.  The 

farmers’ responses were written down by hand at interviews, and then typed-up 

generally within a day.  Five of the farmer consultants were in the process of ploughing 

before the interview occurred, and therefore demonstrated the practice.  One farmer was 

also observed sowing grass seeds, and another farmer demonstrated burning on his 

cultivation land.  Apart from these cases the information obtained in this research came 

from interviews. 

The villages in Gulo Makeda were chosen due to their proximity to the ongoing 

archaeological investigations into the agricultural past, and because the farming 

practices are non-mechanised and rely on traditional agriculture as a central part of their 

economy. Fieldwork was completed in one 6-week field season in the spring of 

2017.  An average of two interviews were completed per day.  Since the consultants and 

I do not share a common language, an interpreter, Yemane Meresa, was necessary for 

the interviews and was an essential part in coordinating interviews with the 

farmers.  Ethnoarchaeological interviews were mainly scheduled by walking through 

villages and agricultural land and approaching farmers to ask for an interview.  

Consultants also referred other farmers who they considered to be experts, and farmers 

who were previously involved with ETAP were also interviewed.  Between May 3rd and 

June 8th 2017, interviews were conducted with 51 farmers in the villages of Etchmare, 

Menebiety, and Mezber (Figure 7).  The interviews were conducted in the consultants’ 

homes, their courtyards, or in fields and usually lasted between 1-2 hours.  The 

interviews started with informing the consultant of the research design and intentions for 

the project, that they should not feel pressured to answer any question and were able to 

end the interview at any time.  Farmers often paused or ended interviews due to the 
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need to complete an agricultural activity, such as ploughing, or due to the activity of 

livestock, such as managing cattle.  The interviews were semi-structured, where 

prepared questions were frequently the starting point for further discussions. With the 

farmer’s permission, photographs were taken at the interview location, along with photos 

of seeds, and farming equipment.  All prepared questions were not asked in every 

interview, and instead were chosen based on time constraints, and the consultant’s 

interest and knowledge.  Research questions were modified through the field season, 

reflecting the issues and topics that farmers discussed and introduced.   

 
Figure 7.  Farmer consultants Waizoro Zewdu Hadgu and Ato Ar-aya Tesfay in 

Etchmare, Gulo Makeda, Tigrai 

3.6. Chapter Summary 

Historical ecology provides an effective research framework through which to 

study traditional farming practices and farmer decision-making through analyzing long-

term human-environmental interactions. The ethnoarchaeological work in Gulo Makeda 

engaged the research program of historical ecology.  In creating the research design for 
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this thesis, and in analyzing the results, sources from multiple disciplines were utilized.  

Ethnoarchaeological research, conducted with effective analogies, can contribute to the 

understanding of human-environmental interactions.    
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Chapter 4. Results  

4.1. Introduction 

This chapter presents the results of ethnoarchaeological research conducted in 

the three villages of Etchmare, Menebeity and Mezber, in Gulo Makeda administrative 

zone, Eastern Tigrai.  A total of 51 farmer consultants were interviewed, consisting of 21 

women and 30 men.  The disproportionate number is likely due to the fact that men 

usually have the job of ploughing and other tasks related to fields, and interviews were 

frequently scheduled by meeting a farmer while he was in the field.  The youngest 

consultant was 39 years old, the oldest 87, and the average age was 62. 

When describing agricultural and environmental conditions, consultants often 

used the concept of “the past”.  This usually entails descriptions from the consultant’s 

lifetime if there were older, and stories from their parents’ generation if they were 

younger.  Consultants would sometimes not be more specific regarding how far into the 

past.  This could partially be related to the role of the government in attempting to shift 

farming practices, specifically regarding the use of fertilizer, types of crops grown, and 

burning practices. 

4.2. Basic agricultural practices 

 Consultants had fairly uniform responses regarding agricultural schedules. 

Farmers typically plough 3 to 4 times per year, and the most common responses for 

ploughing periods are August, January and May (Figure 8 and 9).  If a plot of land is 

fallow before sowing, then the farmers plough it more frequently.  Consultants stated that 
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they sow seeds in April if there is rain, and the rest in June, regardless of whether or not 

it rained (Table 1).  According to all respondents, harvesting for almost all crops occurs 

between October and December.  Four consultants noted that barley is sometimes 

harvested earlier, at the end of September.  Threshing and winnowing occur at the same 

time as harvesting.    

Table 1.  Typical seasonal schedule of plant cultivation activities in Gulo 
Makeda 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rain seasons             

Ploughing             
Sowing             

Harvesting             
Threshing             

 

 
Figure 8.  Farmer consultant Ato Tesfay Hailemarian ploughing with oxen in 

Etchmare, Gulo Makeda, Tigrai 

Almost all farmers attested to using both animal dung and chemical fertilizer 

promoted by the government.  Although consultants typically prefer dung to DAP and 

urea, farmers are increasingly using these additives due to the lack of dung.  The dung 

is typically mixed with soil before sowing begins, and the fertilizer is typically applied 
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while seeds are sown.  The manure is a mixture of dung, usually loose, small pieces that 

are spread in piles throughout the field, and then mixed into the dirt through ploughing.  

Larger pieces of manure are typically formed into large disks, sun-dried and used as fuel 

inside the home. Manure is used not only as a regular additive to the cultivation 

schedule, but also as a way to adapt to degraded environmental conditions.  A number 

of farmers stated how they would add extra manure to areas of soil that were less 

productive, and one farmer described how if any area of land has become denuded of 

almost all soil, manure can help rebuild the soil.    

 
Figure 9. Oxen ploughing in Etchmare, Gulo Makeda, Tigrai 

Oxen are essential to agricultural activities, and farmers own at least two cattle, 

borrow cattle, or rent out their land to be cultivated by people who do have cattle.  

Donkeys are used to transport water and products to and from market.  Almost all 

farmers also own chickens.  All consultants noted a decline in the amount of livestock in 

Gulo Makeda over their lifetimes.  This decline in livestock, and especially cattle, impacts 

how farmers in Gulo Makeda manage soil fertility.  
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4.3. Land use 

 The amount of land cultivated per household, and current management of that 

land, varied slightly between villages.  In Etchmare and Menebeity, the amount of land 

that farmers cultivate is fairly consistent: 12 out of 17 respondents own 1.0 ha of land 

and all farmers leave half of their land fallow every year.  Other consultants in these two 

villages own between 0.5 and 1.5 ha.  In Mezber, almost all consultants have 0.5 ha and 

cultivate all of it every year, leaving none fallow.  The majority of farmers interviewed in 

Mezber stated that they left land fallow in the past, but the practice stopped between 25 

and 40 years ago due to a shortage of available land.  

 All respondents’ land is dispersed, in 2-4 different locations, and the majority of 

respondents said that land is more dispersed today than it was in the past. One woman 

in Mezber described how she owns land, and her husband owns another piece of land, 

and each land has the same amount of fertility and produces the same amount of crops.  

This was the main reason given for such dispersed land, in order to equally distribute 

soil fertility.  Farmers in Etchmare and Menebiety attest that each village coordinates 

which areas they will leave fallow each year, in order to create areas for grazing.  A few 

farmers in Mezber stated that farmers in the past would coordinate and leave certain 

areas fallow for grazing, however they stopped the practice when no land was left for 

fallow.  

A relatively recent land management practice is the preservation of land by the 

local government, which farmers had previously used for grazing.  The preserved areas, 

which exist adjacent to Etchmare and Menebiety, and in the valley near Mezber, cannot 

be used for cultivation or grazing, but farmers are able to cut grass from these areas and 

carry it back to their homes.  A few farmers noted that these practices minimally started 
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about 10 years ago, however in the last few years, the preservation area has been 

increasingly implemented.  One farmer was in the process of sowing grass seeds for the 

preserve area and paused for an interview (Figure 10).  

 

Figure 10.  Farmer consultant Ato Tekele Desta sowing grass seed, Etchmare, 
Gulo Makeda, Tigrai 

 
The farmer consultant stated that the practice was the same as sowing seeds for 

crops.  The farmer distributed seeds by broadcast, throwing handfuls over the ground 

that his son was in the process of ploughing (Figure 11).  The overall perspective from 

farmers on the creation of these preserves was positive.  Many farmers approved of it as 

a place to grow food for their animals, however one farmer noted how it was worse for 

the animals to be kept at home, instead of out grazing.  The creation of these preserves 

is an example of a number of general shifts in landuse over the lifetimes of the 

consultants.   
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Figure 11.  Farmer consultant Ato Tekele Desta sowing grass seed after 
ploughing, Etchmare, Gulo Makeda, Tigrai 

4.4. Characteristics of the environment in the past  

All respondents described how there was more land, for cultivation and grazing in 

the past.  These changes occurred over the lifetime of the older consultants, as “the 

past” to them almost always involved their parents’ experiences, or experiences from 

their youth.  A few consultants stated that each farmer in the past owned between 0.5 

and 4.0 ha, and wealthy individuals had more.  In the past there was more variability in 

the amount of land people owned.  Consultants also noted how there was not enough 

land to plant the preferred quantities of crops.  One consultant described how in the 

past, a farmer’s time would be the limiting factor in crop yields, now it is the amount of 

land available.  There is a consensus amongst the responses that there was significantly 

more land left fallow in the past.  Instead of leaving half their land fallow, farmers would 

only cultivate a third or less of their land every year. 
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The consultants described how there was not only more land available for 

grazing and cultivation, but the land itself was different.  The past environment, as 

described as at least 30 years ago, was mainly described as stories that were conveyed 

to people in their forties, and experienced in the youth of the consultants in their 

seventies and eighties.  This landscape was described as being thickly covered with 

vegetation, including stands of trees.  Different species were present than what currently 

grows.  Farmers noted how there used to be different species of trees, and long grasses, 

which no longer grow.  There has also been a change in the soil and landcover, as areas 

that had fertile soil are now barren and rocky.  The majority of Gulo Makeda farmer 

consultants noted a steady decline in the soil fertility over the years.  One farmer 

described how in the past, a farmer would sow 10 kg of wheat seed for 1 ha of land, and 

currently he needs 20 kg of wheat seeds to for 1 ha.  These farmers stated that the main 

reason for the reduction in the crop’s ability to grow was soil erosion. 

 The consultants also uniformly noted a change in precipitation regime over their 

lifetimes.  There has been a significant decrease in the amount of rain, and unlike today, 

in the past they experienced heavy rains that would last for 2-4 weeks.  Consultants who 

are in their 60s and 70s describe particular downpours, where the rains were so heavy 

that people were afraid their houses would collapse and so went to stay in nearby caves.  

Some lands became marshes.  The rains would start regularly in March, with substantial 

early rains, instead of the recent experiences of little or nonexistent early rains.   

There was variety of responses regarding potential drivers for changes in the 

environment.  One consultant described the environment as a human being, and like 

herself, the environment was getting old.  A number of consultants attributed the current 

conditions of less vegetation to villagers cutting trees and shrubs for fuel and building 

materials.  One farmer in Menebiety said that humans made a desert, and it would not 
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be possible to regrow the vegetation because the land had changed so much.  The shift 

in the landscape, to intensified use and division of plots, was ascribed to increasing 

pressures for buildings (residential mainly), and rises in population.  One farmer who is 

in his late seventies noted a significant increase in population of Etchmare during his 

lifetime, from about 100 people in his youth, to around 400-500 today.  Population 

increase was a consistent note of importance in discussing not only the changing 

landscape, but the future of traditional agriculture. As pressures for farmland increase, 

farmers are concerned that there is not enough land for their children, who instead are 

forced to look for work in cities. 

4.5. Crops currently cultivated 

A form of bread wheat (Triticum aestivum), which is supplied by the government, 

dominates the crops that are currently grown in Etchmare, Menebeity, and Mezber.  The 

consultants referred to this grain as “white wheat” (tsa-ada sernay).  The farmers 

typically buy updated versions of the seeds every three years.  All consultants stated 

that at least 50% of their crops consist of white wheat.  There are a variety of responses 

for what constitutes the rest of their crops.  Sasa barley (Hordeum distichon), wagi wheat 

(Triticum durum) and hanfets (intercropped wheat and barley) were stated as the most 

popular crops beside white wheat.  Farmers consider hanfets not simply to be a mix of 

wheat and barley, but it is a different type of crop.  There is no other intercropping 

besides hanfets.  The varieties of barley and wheat used in hanfets are also significant, 

and farmers described two different types.  The barley used most commonly in hanfets is 

called atsa barley and it is mixed with wheat, and a few farmers described atsa as 

having stronger stems and therefore providing support for the wheat.  Atsa barley is not 

cultivated independently.  The wheat that is intercropped with atsa could either be the 
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common bread wheat, or a local landrace of durum wheat.  Atsa barley was described 

as similar to the sasa barley that is monocropped, however the awns are longer.  The 

second type of hanfets is a mix of what farmers called the typical (sasa) barley and wagi 

wheat.  The wagi wheat was described as supporting the barley.    

The results listed in Table 2 are a compilation of responses to questions 

regarding the current use of crops; this includes what farmers have grown in the recent 

past and consider to be able to grow in the near future.  Table 2 illustrates that while 

consultants cultivate fourteen different species, there is limited variety within a single 

species.  There are only two landraces of barley (sasa and dem-hay) and sorghum 

(typical and legwa) were described.  However, when consultants where asked what 

crops were planted in the previous year, and what crops are being planted this year, the 

results varied.  White wheat increased in use and was the sole crop for a few farmers.  

Farmers usually planted only one or two other crops, most commonly barley and/or 

maize.  Fieldwork was conducted in May and June, which was after the first sowing 

season and before the second.  That year, there was an early rain, and therefore the 

majority of farmers had already sown some crops.  Maize constituted the majority of 

early crops planted this year, however some farmers also planted sorghum and millet.      

Table 2.  Crops cultivated in Gulo Makeda, Tigrai 

                                             Etchmare      Menebeity            Mezber             Total 
Population:                            450-500         370-400             950-1000       1770-1900 
Consultants:                               21                 19                       19                    51 
 
Crops Cultivated                               Percent % of farmers cultivating crops   

White wheat (Bread wheat, 
Triticum aestivum) (50% or 
more) 100 100 100 100 
Sasa Barley (Hordeum 
distichon) 91 90 94 94 

Wagi Wheat (Triticum durum) 86 91 82 89 
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                                             Etchmare      Menebeity            Mezber             Total 
Population:                            450-500         370-400             950-1000       1770-1900 
Consultants:                               21                 19                       19                    51 
 
Crops Cultivated                               Percent % of farmers cultivating crops   

Hanfets (Barley and wheat) 81 100 82 88 

Maize (Zea mays) 62 55 100 74 

Sorghum (Sorghum bicolor) 71 45 18 47 
Finger Millet (Eleusine 
coracana) 38 82 82 47 

Legwa (Sorghum bicolor) 43 27 42 39 

T'ef (Eragrosis tef) 52 36 18 37 

Lentil (Lens culinaris) 48 36 12 33 
Linseed/Flax (Linum 
usitatissimum) 29 27 18 25 
Dem-hay barley (Hordeum 
sativum) 0 9 12 6 

Chickpea (Cicer arietinum) 48 36 0 29 

Small pea (Pisum sativum) 33 18 18 25 

Flat pea (Lathyrus sylvestris) 10 18 12 12 

Grasspea (Lathyrus sativus) 14 18 0 10 
 
 

Main reasons for planting strategies 

In developing planting strategies, crop productivity, usefulness for fodder, and 

preference for certain foods, all play roles.  According to the vast majority of farmers, the 

most important factor in choosing which crops to sow is productivity.  When asked if 

maintaining diversity of crops was significant, all farmers agreed, but said it was less 

important than productivity.   White wheat is considered to be the most productive, and 

five farmers noted that they would not be able to continue farming if they were not able 

to grow white wheat.  However, when asked which crop is best if there are drought 
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conditions or less rain, half the farmers stated barley, less than half noted white wheat, 

and two farmers would plant sorghum in those circumstances.  Barley and wheat were 

said to be more productive when planted together in hanfets (white wheat and atsa 

barley), however, productivity was lower when sasa barley and white wheat were mixed. 

The crops that provide the best fodder also play a role in the planting strategy of 

a majority of the farmers, however fodder is not as important as productivity.  According 

to 12 out of 49 farmers, fodder was highly significant in decisions for planting.  Hanfets, 

barley, and wagi wheat were repeatedly noted for producing decent fodder.  White wheat 

was considered mediocre for fodder, and harder for the animals to chew.  There was a 

consensus amongst the farmers that the crops that are generally grown if there is an 

early rain, notably maize, did not produce ample fodder.  The pulses and crops that are 

sown only later if there is no rain until July, which include chickpea, also do not produce 

sufficient fodder.  A few farmers noted how crops such as lentils, chickpea, maize and 

sorghum are considered healthy, but because they do not produce adequate fodder for 

animals, they are only grown in limited amounts.   

When asked specifically about why a farmer decided to grow the selections for 

this year or the past, the crops’ usefulness in food and drink was always mentioned.  A 

reason why white wheat comprises a significant proportion of farmers’ crops is because 

it can be used for many different staples in their diet, most notably in breads including 

injera, embasha and kitcha (Figure 12 and 13).  When describing a crop a consultant 

seemed to have a particular affinity for, the farmer prefers it because “it can be many 

things.”  One farmer described in detail all of the different ways that he can eat maize, 

since he devoted almost half of his land to it.  Although maize is not good for injera, it 

does not need much labor to process, is easy to roast and also grind for ingredients in 

other foods.  No one else shared this farmer’s enthusiasm for maize.  
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Figure 12. Piece of kitcha on top of injera 

A number of the older consultants described wagi wheat as being more nutritious 

than other wheats, and gave it as a reason why it was still cultivated.  One farmer said 

how when he travelled, he would carry kitcha made out of wagi wheat, and other people 

would be surprised by how sweet the bread tasted.  Diet and food preferences are also 

reflected in the management of the two different hanfets.  The hanfets with atsa barley 

can be made into injera, however, according to a number farmers, the hanfets with what 

they referred to as “real” barley (sasa) and wagi wheat can only be made into sua.  

Therefore, personal and family preferences for different ingredients and foods also likely 

play a role in planting strategies. 

    
Figure 13. Injera with shiro sauce 
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4.6. Crops that are declining in use or no longer cultivated 

Across all interviews, farmers described a substantial shift in the crops that are 

planted; a significant reduction in the variety of species has occurred over the last few 

decades.  Farmers in the three villages investigated have discontinued growing eleven 

varieties of wheat and three varieties of barley, and a number of other crops have 

substantially declined in use, from featuring prominently in their diet, to being rarely, if 

ever grown.  There is a distinction between crops that are described as not cultivated for 

decades (Table 3), which almost all younger farmers in their 40s did not know the names 

for, and crops that some farmers stated are no longer grown and others assert are still 

cultivated (Table 4).  There is, however a consensus that there has been a gradual 

decline in the use of these crops within the last two to four decades.    

In Table 3, the different landraces are associated with a crop species name.  

However, it can be difficult to provide definitive species identifications of crops that have 

not been cultivated for decades, and, with the exception of chiraferes, there exist no 

remaining samples.  These identifications are based on the consultants’ descriptions of 

the crops, and consultation with the Tigrai Agricultural Research Institute (TARI) in 

Mekelle.  The two varieties of bread wheat (petros and shahane), were introduced to the 

region within the last half-century; petros from catholic missionaries, and shahane from 

North American food aid (Azeb Kassa, personal communication 2017).  Five of the 

seven landraces of durum wheat were described as providing similar ingredients in food 

and were discontinued for similar reasons.  There were additional reasons why the 

durum landraces chiraferes and gar-ie are no longer cultivated.  Seeds from these two 

crops can be easily picked and eaten in the field, and in the past farmers would 

coordinate planting, so that no one farmer would feel a significant loss from people 
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eating their seeds.  However today, there is less coordination and no one farmer is 

willing to risk sowing the seeds because their crop will likely be consumed before 

harvest.  During fieldwork, we met a farmer who other farmers described as the only 

man in Gulo Makeda who has chiraferes seeds, but he does not intend to sow them any 

time in the future.         

Table 3.  Crops no longer cultivated in Gulo Makeda, Tigrai 

Local crop names       Farmer descriptions      Reasons for disuse      Total Responses 

Durum wheat 
(Triticum durum) 

   

Waldo  

Red/white, taller than 
new white wheat 

-Few seeds per plant 
-Needs more 
precipitation 
-New white wheat 

 
 
17 

Chiraferes 

White, similar to ra-
eso/long chaff, taller 
than new white 
wheat 

-Needs more 
precipitation 
-People steal from fields 
-Few seeds per plant 

 
 
 
16 

Ra-eso 

White, no chaff -Needs more 
precipitation 
-New white wheat 

 
14 

Gar-ie  
 -People steal from fields  

9 

Gan-dye 
White, small chaff -Does not produce much 

fodder 
8 

Mil-ile  
Black, larger seeds 
than modern wheat 

  
6 

Mana  
White, similar to 
waldo 

 2 

Bread wheat 
(Triticum aestivum) 

   

Shahane  Small, black chaff  15 

Petros  White wheat  7 

Emmer wheat 
(Triticum diccocum) 

   

Atena (Triticum 
durum or diccocum) 

 -Long growth period 
-Need wetlands 

 
1 
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Local crop names       Farmer descriptions      Reasons for disuse      Total Responses 

  

Arras 
 
 

 -Too much labor in 
processing 
-Needs longer and 
earlier rains 
-New white wheat 

 
 
14 

Barley (Hordeum 
distichon) 

   

Gunaza    7 

Tse-limo 
Black, used mainly 
for sua 

 3 

Avadarie 
Long chaff, used for 
injera and sua 

 1 

 
 

Reasons for decline/disuse of crops 

All respondents gave the timeframe of 20 to 40 years ago for the disuse and 

general decline of many crops, and the most common time given was 30-35 years ago.  

The length of time, from the last use of these crops to the present, likely plays a role in 

the inconsistency of the responses, and the inability of many farmers to remember the 

names of the crops.  When asked about a specific time-period for the last time that a 

specific crop was cultivated, no farmer was able to give a particular year for a certain 

crop, except for t’ef.  Despite some variation in reasons given for the disuse of crops, 

most all crops followed a similar timeframe. 

The government introduction of a new type of wheat was the main reason why 

past crops were discontinued argued 15 out of 44 respondents, and many used the 

phrase “farmers’ minds were diverted” to the new wheat. Some farmers were able to 

give specific reasons for the disuse of particular crops, however the majority of the time, 

all crops were grouped together and given similar reasons for disuse.  When consultants 
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were asked why they or their family stopped growing crops, introduction of the new white 

wheat, changes in precipitation and limited land were the most common answers (Table 

3).  Of the 44 respondents, 15 also said that the decrease in rain was the main reason; 

these past crops needed more rain, and for the past few decades precipitation has 

declined.  The timing of the rain was also noted by 9 consultants as a major reason why 

many crops from the past cannot grow; they need a significantly longer time to mature, 

at least 6-8 months, and therefore needed an earlier rain.  The decrease in the amount 

of land per person was the third reason, and 13 out of 44 respondents stated that they 

would still grow past crops if they had more land.  A few consultants described how in 

the past, the limit for sowing crops was the amount time in the day, now the limit in 

growing crops is the amount of land available. 

Another reason noted by a few respondents was decreased soil fertility.  Five 

farmers attributed the disuse of t’ef to an insect pest that is referred to as mokta, and a 

few stated that the insect flourished with a lack of water.  Despite this marked shift in the 

use of grains, seven older farmers who used to substantially plant these crops preferred 

their taste over modern crops.  One consultant noted that although white wheat was 

more productive, the ancient grains were better for health and gave strength.  While a 

few farmers also stated how the new wheat is more productive than past grains, they 

said the government also enforces its use.   
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Table 4.  Crops increasingly rare or recently discontinued in Gulo Makeda, 
Tigrai  

Crops 

Lentils 
Flax 
hanfets (intercropped wheat and barley) 
wagi wheat  
Maize 
Sorghum 
legwa sorghum 

Finger Millet 
t’ef 
dem-hay barley 
Pulses 
Chickpea 
Large pea 
Small pea 

 

Table 4 includes crops that declined in use during farmers’ lifetimes.  While some 

farmers described still using these crops, others state that they were discontinued years 

ago and could not be found anywhere in the woreda. However, all farmers described 

how these crops have gradually declined in productivity over the past few decades and 

are increasingly rare on the landscape.  Consultants noted that a reason for the decline 

in pulses is that fact that they do not produce adequate fodder, and with less grazing 

land, more fodder is needed for livestock.  Consultants also frequently described the role 

of an insect (referred to as mokta), which has negatively impacted t’ef production, along 

with the need for earlier and more substantial rains.   

Given that 30-35 years ago was the most common time-frame for the 

disappearance of crops, the drought of 1984/5 is most likely pertinent to this shift in 

cultivation practices.  Five farmers directly tied the shift in crops to this event.  One 

farmer said that all crops that were discontinued within his lifetime were grown before 
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the 1984 drought.  He said that the drought was so severe that many people ate all of 

their seeds, and quite a few families migrated to the Sudan.  He went to Mekelle to 

search for wheat grains, including petros, chiraferes, mil-ile, gar’ie, because the older 

version of wheat did not suffer from rust, but he could not find them.  After the drought, 

farmers in Mezber acquired grains of wagi wheat from the villages of Etchmare or 

Menebeity, however this new wagi was different from the one that used to grow in 

Mezber.  The previous wagi wheat was more productive, tasted different, and the grain 

was spear shaped, blackish in color and did not resemble white wheat as does the 

current wagi.  According to a few older farmers in their late 70s, this drought was the 

main reason why so many crops disappeared.  After the drought, the government also 

brought in new seeds.  Two farmers stated that the current maize seed is also different, 

and the previous maize was more suited to local conditions in Mezber and tasted better.  

The memory of this drought was significant for a number of farmers, and one farmer who 

is forty years old described how when he was young, his family produced only 2 quintals 

of grain in their harvest, and had to migrate in search of food. 

According to four farmers, the distribution of crops cultivated changed after the 

1984/5 drought and famine.  Before the drought, the proportion of plants was more 

evenly distributed, with barley being the most, t’ef was second, and in Mezber, maize 

was third in importance.  However, after the drought there was a major shift from barley 

to wheat, and a gradual reduction in barley over the years.  A few consultants noted that 

they would cultivate the past seeds again, if conditions were right, such as enough rain 

and more land.  However, there is a doubt that people would, due to the productiveness 

of white wheat (Figure 14), farmers stated that “people’s minds have changed,” and 

because farmers have been told by the government that the ancient crops are no longer 

good for the environment.  Consultants also noted that the crops that they cultivate will 
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continue to shift, and more crops will be discontinued within the next few decades.  

These crops include lentil, linseed, and wagi wheat.  The main reason given is that these 

crops are rare today, are declining in productivity, and because the rain continues to 

decrease.    

 
Figure 14.  Farmer consultant Waizoro Lemlem GebreAbihear with tsa-ada 

sernay (white wheat) seeds, Etchmare, Tigrai 

 

4.7. Adaptations to environmental change 

In exploring how short-term environmental changes affect farmers, it is important 

to investigate their perceived parameters and limits.  One of the most influential 

environmental conditions is drought.  The farmers expressed drought in terms of how 

much crops were able to grow.  According to all respondents, drought results in 2-3 

quintals or less of annual crop production per household.  Each household typically 

cultivates between 0.5 and 1.5 ha of land.  If only 2-3 quintals are produced, then there 

is starvation and farmers and their families must travel to search for food.  A number of 
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consultants described doing this in the 1984/5 drought.  In the drought a few farmers 

described an entire year without rain.  Therefore, if there is very little or no rain in a year, 

responses indicated that farmers are more likely to search for food elsewhere, and 

consume seeds preserved for sowing in the next year.  In contrast to the 2-3 quintals per 

household, consultants indicated that a good season is when 6-17 q of harvest is 

produced per household.  Responses to what is a good production tended to be lower at 

Mezber, around 7-10 q, and higher in Etchmare and Menebiety, around 10-17 q, which 

may be related to the fact that farmers in Mezber on average cultivate less land.       

The amount of rain that farmers expected for a season shaped their planting 

strategies.  Consultants noted how if the rains were good, with substantial rains in both 

the short rains of the belg, and the longer season of the kremt, they would sow all the 

crops that they prefer.  If the rains were extremely limited, in duration or amount, there 

would be a decrease in diversity.  Almost all consultants stated that they would only 

plant wheat and barley in such conditions.  Farmers said that this is due to the fact that 

white wheat and barley ripen more quickly and are still able to produce a crop under dry 

conditions.  If rains arrive earlier than usual, farmers adapt by planting a variety of crops 

that require a longer time to mature.  If there is an early rain in April, the farmer decides 

how much land should be devoted to these crops, and how much land should be saved 

for the main planting in June.  The majority of respondents stated that only a small 

portion of their land is used for early planting and the almost all of their land is saved for 

their main crops of wheat and barley that are planted in June.  A number of farmers 

describe sowing about 5 kg of seeds if it rains in April, compared to about 100 kg in 

June.  Farmers typically save 60-80% of land for sowing in June.  However, all 

respondents to this question noted that in the past, farmers would consistently plant half 

of their land in April, and half in June.  A few farmers continue to use half of their land for 
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the early crops, as did their parents.  Respondents in their 70s or older noted that in the 

past more than half of their crops were planted in April. 

In general, there has been a decrease in the amount of land dedicated to crops 

sown during the earlier belg rainy season.  This could be due to the increasing value 

placed on productivity from the white wheat, but also from a reduction in early rains, and 

a decline in predictability of rains.  Farmers plant in June regardless of the amount of 

rain; the consultants described it as a law that they unfailingly follow.  However, if there 

is no rain until July, many farmers decide to plant chickpea, grass pea, and barley, 

because these crops are drought tolerant and ripen quickly.  Overall, farmers described 

adaptations that increase diversity when there is more precipitation and try to find ways 

of ensuring some product when there is less precipitation. 

 Farmers generally continue traditional practices and are also responsive to 

changing environmental conditions.  All consultants noted the importance of crop 

rotation; not using the same plot of land in consecutive years for the same crop, in order 

to maintain soil fertility.  The specific order of crops in rotation was not significant to the 

respondents.  A number of farmers stated that they would use no more than 50% of their 

land for white wheat because of the importance of crop rotation.  Consultants also said 

that they would always grow at least two crops so that they can rotate.  However, some 

farmers, mainly in Mezber, noted that over 50% of their land is devoted to white wheat, 

and especially since there is no fallow in Mezber, complete crop rotation is not possible.  

In response to this, all respondents to this question said that they exchange their white 

wheat seeds with other farmers.  Farmers described this practice as an attempt at 

continuing crop rotation, although with the same crop. 



76 

 When asked, consultants always stressed the importance of soil fertility and 

described ways that they alter their practices to attempt to contribute to soil quality.  One 

farmer described that when he thought an area of soil was not as productive, he would 

add more manure to that area.  Barley was noted as contributing to the soil, by 

decomposing quickly after threshing.  While the vast majority of farmers describe a 

general degradation of soil quality in past few decades, a few farmers noted how the soil 

was better today because people plough more often today.  There was a frequent 

connection made between the amount of ploughing that occurs, how much manure is 

used, and the level of soil fertility. Overall, while a few farmers mentioned soil quality as 

an indication of what to sow, the timing and amount of precipitation played the largest 

role in determining planting strategies.  

4.8. Fire Ecology 

The majority of consultants (31/33) who answered questions regarding fire 

ecology affirmed that there has been intentional burning in the past or present as part of 

their agricultural practices. The presence of fire in this area seems to be solely due to 

burning for agricultural purposes. Of all consultants who were asked about the presence 

of fire in the landscape, none had any knowledge of the existence of natural fires in the 

landscape, in the past or present.  Two farmers attested that they heard natural fires 

occurred in eastern Ethiopia, where there is more vegetation, however, never in the area 

around Gulo Makeda. Consultants used the term leveda to describe the practice of 

cutting vegetation, and then burning it.  Two individuals claimed there has never been 

intentional burning in the past or present, except perhaps boys lighting a tree to get 

honey from a beehive.  There were however contradictory accounts from the consultants 

regarding the practice of modern burning, and the responses differed greatly between 
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villages.  Of the twenty consultants who responded to the question of burning in 

Etchmare, only one admitted to burning within the last few years.  All seven of the 

respondents from Menebeity said that they currently practice burning, and all had burned 

their land before the early rains that year, while four out of six of the respondents in 

Mezber described modern day burning.   

Consultants described using fire as an annual part of their agricultural activities.  

All consultants that provided a timeframe for burning said that it would occur once a year 

in March or April, before the short rains.  However, during fieldwork that was conducted 

in May, I observed a number of plots of cropland that had recently been burned.  The 

farmer consultant who demonstrated burning said that while it is preferable to burn 

before the small rains, it is most important to burn before the planting season starts in 

June.  Also, according to the respondents, burning takes place on land that is intended 

for cultivation that year.  According to seventeen out of twenty-one respondents, the 

primary purpose of burning is to increase the soil fertility of land under cultivation.  Four 

of the consultants stated that the primary purpose of burning was to clear vegetation.  

Burning was referred to a number of times as serving the purpose of dung in fertilizing 

the soil. 

 All consultants who responded to the question of preferred fuel did not indicate a 

strong preference for a particular vegetation, and instead said grasses, bushes or 

whatever was available.  Specifically, the consultants stated that they burned cha’a 

(Acacia) and quete-quate eshok (small thorny plants).  Excess agricultural plant material, 

such as chaff separated by threshing and winnowing, was also used as a fuel, as stated 

by six of the 33 consultants.  These farmers stated that mainly in the past some farmers 

would leave a portion of fodder in the field to be burned and take the rest home for their 

animals.  Two consultants noted that this was done with crops of sorghum and maize, as 
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they are particularly beneficial for soil fertility.  Three consultants emphasized that fodder 

was never burned, but always saved for animal feed.  No farmer reported burning dung 

on the cultivation fields.  

Burning practice in past 

 All consultants who admitted to burning stated that there was more burning in the 

past, during their youth and in their parents’ generations.  The only reason given for the 

changes in practice was that there was more vegetation in the past and therefore more 

fuel to burn.  Six farmers also noted how the vegetation that was burned in the past was 

different, and likely included trees.  Although the local government strongly discourages 

the practice of burning, it was not given as a major reason for the decreasing levels of 

burning.  The government’s discouragement of the practice could have led to fewer 

farmers reporting that they burned this last year, however the practice was still described 

by almost all consultants.  Government impact was only noted by two consultants, who 

said that the government limits the amount of vegetation people are able to cut.  Along 

with a steady decline in the natural vegetation for at least the last century, there has 

been increasing protection on areas within the last ten years, which is largely due to 

government efforts to address soil erosion.  With diminishing vegetation overall and 

decreased access to the existing vegetation, there is less fuel for fires on cultivated land.   

A burning on cultivation land was observed after an interview with a consultant in 

Mezber (Figures 15 and 16).  The field was about 20 meters from the farmer’s home and 

did not look like it was recently ploughed.  The consultant said that he was waiting to 

plough until after burning in order to mix the burnt matter into the soil.  The farmer had 

already made about 20 piles of dried twigs and small branches, consisting of thorny 

bushes and shrubs similar to the nearby vegetation.  The piles were spread across the 
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field, and generally separated by about 1m.  Each pile was about a foot in diameter, 

loosely piled.  They were not evenly distributed or evenly piled.   

 
Figure 15.  Farmer consultant starting a fire, Mezber, Gulo Makeda, Tigrai 

The farmer lit the first pile by crouching, covering his head with his shawl to 

protect against wind, and lighting it with a match (Figure 15).  After the first pile started to 

burn, the farmer used a stick to light the next pile.  Each fire went out within 1-2 minutes.  

The pile was then smoldering with ash, mostly charred sticks, and some unburned 

material.  We observed three piles being burned (Figure 16).  The farmer said that he 

would maybe burn the rest of the piles in the next few days and did not seem to be in a 

hurry.  There were two other plots of cropland about 100-200 meters away that were 

covered with similar piles of what looked like dried bush, which in subsequent days 

turned black after unseen burns.  In general, there were no other cultivation areas in the 

sites that had evidence for burning plant remains.   
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Figure 16.  Farmer consultant burning on cultivation land, Mezber, Gulo 

Makeda, Tigrai 

Consultant responses to questions on fire ecology: 

 In general, there was a reluctance to discuss burning practices. When asked if a 

farmer currently burns or intends to burn, frequently the answer was “no”.  However, 

when asked what material is typically burned, the consultant would describe the fuel 

used and the practice. Therefore, the amount of burning recorded most likely 

underrepresents what is practiced.  This is more likely due to the local government’s 

placing limitations on cutting vegetation and making preserves, rather than the 

government’s discouragement of burning practice.  Many consultants decided not to 

respond to questions on fire ecology.  Also, directly adjacent to the village of Etchmare, 

there were piles of dried bushes, which reflected similar activities before the burning 

practices in Mezber.  However, no one in Etchmare admitted to burning within the last 

few years.  While this is perhaps because it is a larger village and therefore there is less 

vegetation to burn, it is also closer to the main road than Mezber, and therefore more 

subject to pressures and influence from local government.  However, the extent to which 
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farmers currently practice burning and whether or not consultants’ answers described 

the modern extent of the practice does not significantly impact the effectiveness of the 

results, due to the consultant’s ability discuss the practice in general and how it was 

practiced in the past. 

4.9. Chapter summary 

Ethnoarchaeological research into traditional farming can provide a crucial 

perspective on short-term events and practices, and long-term processes in the 

agricultural systems of northeastern Tigrai.  Farmer consultants from three villages in 

Gulo Makeda described current practices that include the typical agricultural schedules, 

fertilizer use, land use, fire ecology and crop cultivation strategies.  These consultants 

also elucidated aspects of past environmental and societal conditions, and crops that 

were grown in the past but are no longer in use today.  In discussing themes of past and 

present farming practices, farmers also described ways that practices respond to 

changing environmental conditions.  

During the consultants’ lifetimes there has been an evident shift in cultivation 

practices and environmental conditions.  The variety of species grown has significantly 

decreased and there was a perception of a sharp decline in the amount of vegetation on 

the landscape and in the intensity of the seasonal rains, with a notable decrease in the 

short rains (belg).  The drought of 1984 also potentially played a significant role in the 

development of modern agricultural conditions; in the decline of indigenous landraces 

and the increased reliance on government-issued white wheat.  Agricultural practices 

can be seen as an intersection between cultural and environmental processes, and this 



82 

investigation has illustrated ways that farmers respond to changes in the environment, 

and how agricultural practices in turn shape the landscape.  
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Chapter 5. Discussion  

5.1. Introduction 

Farmers in northern Ethiopia adapt to environmental events in both short and 

longer-term timeframes by maintaining a variety of crops and landraces, and modifying 

certain agricultural practices.  Understanding how farmers adapt to environmental 

conditions also necessitates an investigation of their perceptions of environmental 

changes.  Farmer criteria for a drought can be different from meteorological 

measurements, and therefore their perceptions of environmental change and what 

conditions instigate reactions are important parts in understanding the interrelationship 

between these extreme events and modifications of agricultural practices. 

 Farmers are still experiencing the impacts of significant environmental/societal 

events that took place decades in the past, such as the drought and famine of 

1984/5.  This event did not exist in isolation: droughts occurred in the decades that 

preceded and followed it.  Environmental degradation, changing precipitation patterns 

and societal conditions that triggered the event affected traditional farming before and 

continue to shape it today.  The 1984/5 drought is the focus of this discussion because 

farmer consultants frequently mentioned this event, and it was the only drought that 

farmers associated with trends in their agriculture practices.   

Major environmental and societal events such as the 1984/5 drought affect short 

term adaptation strategies through reducing the availability of the crop varieties.  How 

farmers adapt to these events and how these events potentially continue to shape 

traditional agriculture can elucidate human-environmental interaction in the present.  

These interactions between agricultural and environmental systems can also help 
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provide interpretations of archaeological and palaeoenvironmental conditions during the 

Pre-Aksumite and Aksumite period. 

5.2. Traditional farming: adaptations to environmental 

change 

5.2.1. General adaptation strategies  

Farmers in Gulo Makeda adapt through a variety of agricultural practices, 

including planting strategies, managing soil fertility, and controlled burns on cultivation 

land.  Farming throughout Tigrai is characterized by a diversity of plants under cultivation 

(Butler and D’Andrea 2000: 192), where intentional crop diversification is a central 

adaptation approach, and is frequently used to address irregularities in crop production 

(Kassie et al. 2013: 1121).  Farmers follow crop varieties through the growing months, 

select certain seeds for next year’s harvest, and sometimes exchange seeds (Butler 

2002: 176).  Farmers in Tigrai are also known to frequently intercrop species, and when 

farmers plant one species, there are usually different varieties in one field (Butler 2002: 

176).  Therefore, this form of cropping can be viewed as experimentation and risk 

management strategy if one species does not produce (Finneran 2008:73).  Farmer 

consultants in Gulo Makeda described this idea when they discussed the intercropping 

of wheat and barley varieties with hanfets. 

Gulo Makeda farmer cultivation strategies for the current year are mainly 

constructed in response to precipitation, soil conditions and available seeds.  Farmers 

decide whether or not to plant during the belg and how much of their land to dedicate to 

this season, how much of each crop they should sow in the main planting season, and 
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whether or not to plant late in the kremt season.  Similar practices have been observed 

in other studies of traditional farming in northern Ethiopia (Kassie et al. 2013; Bewket 

2012; Meze-Hausken 2004; Butler and D’Andrea 2000).  Crops are chosen based on the 

predicted conditions for the growing season (Kassie 2013: 1121; Butler and D’Andrea 

2000).  If the rains start early, farmers sow long maturing, and typically local, varieties.  

When rains are later, farmers plant more crops with higher yields and shorter growing 

schedules (Kassie 2013: 1121; Meze-Hausken 2004: 22).  If crops fail, farmers 

sometimes replant an early maturing variety, and if this replant is not successful, then 

they replant a different species, typically pulses, which are seen as backup or rescue 

crops (Kassie 2013: 1121; Butler 2002).  According to the consultants in Gulo Makeda 

and farmers in other studies (Butler 2002: 176; Finneran 2008: 70), these emergency 

crops are usually pulses and are sown in July and August.   

In the village of Adi Ainawalid in Tigrai, researchers studied environmental 

management strategies developed for low rainfall and crop failure, which included 

storage of grain and social networks that share resources (Butler and D’Andrea 2000). 

Drought conditions occurred during the study period and Adi Ainawalid farmers 

responded by growing a limited number of crops that are more drought resistant (Butler 

and D’Andrea 2000).  Overall, farmers react to short-term drought events through 

cultivation strategies, including modifying planting schedules, species, and varieties 

(Butler and D'Andrea 2000; Kassie et al. 2013; Meze-Hausken 2004).  

Farmer consultants in Gulo Makeda describe a shift in planting strategies over 

their lifetimes.  Due to the more infrequent belg short rains, a greater amount of their 

land is devoted to planting in the kremt main summer season.  Farmers in other areas of 

Ethiopia are experiencing a similar dynamic and are adapting to the change in weather 

conditions by modifying their cultivation strategies (Kassie 2013: 1121).  With a decline 
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in rainfall during the short growing season, farmers shift planting schedules and there is 

a decline in crop varieties with an increased focus on cereals and varieties that mature 

earlier (Bewket 2012; Meze-Hausken 2004: 24; Kassie et al. 2013; Butler and D’Andrea 

2000: 186-7,192).  Through these strategies, farmers attempt to ensure some crop yield, 

despite inconsistent and increasingly drier conditions (Meze-Hausken 2004: 22). 

5.2.2. Soil Fertility 

Maintaining soil fertility is one of the main goals of farmers in this region (McCann 

1995: 56).  The two main ways that farmers in Gulo Makeda address soil fertility is 

through crop rotation and the application of fertilizers.  All consultants emphasized the 

importance of crop rotation, although because many farmers now devote over half of 

their land to white wheat, and leaving land fallow has become increasingly rare, it is not 

always possible to practice crop rotation.  Continually cultivating a single crop on a piece 

of land is one of the most significant sources of degraded soils in Ethiopia (Keen 1994: 

41).  Uninterrupted cultivation degrades soil nutrients and the structure of vertisols (Keen 

1994: 75, 77), and leads to increased levels of crop diseases and weeds (Abdulkadir et 

al.: 25).  The depletion of certain nutrients from the soil are a major reason for the 

decline in crop productivity (Abdulkadir et al. 2017: 37).  Research on traditional 

agricultural practices in northern Ethiopia found that farmers have alternated sowing 

cereals and pulses as a way to maintain an equilibrium of nitrogen in the soil (Butler and 

D’Andrea 2000: 181; McCann 1995: 56; Abdulkadir et al. 2017: 25). 

Farmers in Gulo Makeda cited two main methods to add fertility to the soil, the 

application of manure and two additives, DAP (Diammonium Phosphate) and urea 

(Nitrogen and Phosphorous compound).  Investigations into the use of inorganic 

fertilizers started in Ethiopia in the 1970s (Abdulkadir et al. 2017: 22).  As Ethiopian 
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agronomists determined that nitrogen and phosphorous were the major inhibitors to 

increased wheat production, DAP and urea became commonly used fertilizers 

throughout Ethiopia (Abdulkadir et al 2017: 23).  According to the Gulo Makeda woreda 

agricultural extension office, urea has been used in Gulo Makeda for almost 30 years 

and was first introduced from Eritrea, while DAP was more recently introduced (Abraha 

Hadush, personal communication 2017).  Within the last few years, the local government 

has started tailoring fertilizers to soil conditions and the needs of villages (Abraha 

Hadush, personal communication 2017).  According to the woreda representative, these 

fertilizers are necessary due to the centuries of land cultivation.  While the farmers 

stated that their primary need from outside development is increased access to water, 

according to the woreda, this can be addressed through improving the nutrient content of 

the soil, which currently is not able to retain rainwater (Abraha Hadush, personal 

communication 2017).  The historic uses of these products, especially urea, has caused 

an unevenness in the nutrient quality of the soils throughout Ethiopia (Nandwa and 

Bekunda 1998), and according to the Gulo Makeda agricultural extension office, urea 

has had a negative effect on the soils of Gulo Makeda in the past (Abraha Hadush, 

personal communication 2017).  

Almost all farmer consultants used a combination of DAP and urea, and manure.  

Overall, farmers prefer the manure, however there is a shortage of manure due to the 

declining number of livestock.  According to the consultants, manure’s positive effects 

last for 2-3 years, while the other fertilizers only last for one year.  Also, farmers describe 

how the fertilizers interact differently with rain; the manure is able to absorb the rainwater 

more effectively.  This is a highly relevant issue because soils throughout the Ethiopian 

highlands are not able to absorb water efficiently due to their relatively thin depth 

(Descheemaeker et al. 2006).  



88 

Farmers also consistently stated that if there was not enough rain, DAP and urea 

have a burning effect and can be toxic to plants.  An agricultural expert at the Tigrai 

Agricultural Research Institute (TARI) reiterated this idea; with erratic rains DAP and 

urea do not improve productivity (Azeb Kassa, personal communication 2017).  This, 

along with the price of the fertilizers, are the main reasons why TARI focuses on 

developing more productive crop varieties instead of fertilizers, in order to improve 

agricultural productivity (Azeb Kassa, personal communication 2017).   

The application of fertilizers does not have a uniform impact on the crops.  

Farmers described how DAP and urea had the most uniformly positive impact on the 

productivity of white wheat.  According to nine farmers in Mezber, different crops 

interacted with the fertilizers in various ways.  These consultants discussed how in the 

past, farmers would not use any fertilizer, including manure, on t’ef or millet.  The use of 

fertilizer on t’ef and other grains can cause lodging and therefore negatively impact 

productivity (D’Andrea 2008: 560).   Also, a few farmers stated how in the past, manure 

would be used on everything except lentil, linseed, and flax.  A number of farmers 

mentioned how DAP and urea should only be used on hanfets, barley and wheat, and 

those crops also need more manure.  One farmer cited that wagi wheat (durum wheat) 

in particular does not produce a good harvest when DAP and urea are used.  Other 

research into traditional farming also found that pulses are generally not fertilized (Butler 

and D’Andrea 2000:187).  One study on the use of fertilizers in Ethiopian agriculture 

found that crop reactions differ greatly (Abdulkadir et al. 2017).  The diverse durum 

wheat landraces react to the fertilizers in significantly different ways, such as through 

varying levels of straw and grain production (Teklu et al. 2000: 229).  Durum wheat in 

particular does not react well to fertilizers and is instead well adapted to soil conditions 

that have lower fertility (Tesfaye 1991: 290). 
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 Farmers in Gulo Makeda described methods to manage soil ecology and adapt 

to changing conditions.  This substantially involved crop rotation strategies and the use 

of manure, in maintaining soil ecology and improving areas that are depleted.  Overall, 

the development and dissemination of new fertilizers, mainly DAP and urea, shaped 

traditional practices that managed soil ecology over the last half-century.  Crops react 

differently to these new fertilization practices, with white wheat gaining the most 

productivity, and indigenous crops and landraces having minimal or even negative 

effects.   

5.2.3. Fire Ecology 

Gulo Makeda farmers practice controlled burning as a way to manage soil 

fertility.  Almost all farmer consultants have practiced leveda, the act of cutting and 

burning vegetation on their farm land, as part of their agricultural system.  Traditional 

agricultural communities in Ethiopia and around the world have used burning to 

perpetuate certain conditions in the landscape, and limiting traditional practices can 

potentially damage biodiversity and other environmental conditions (UNU-International 

Savanna Fire Management Initiative 2015; Johansson et al. 2018).  An analysis of 

historic and modern fires illustrates a general decline in the amount of traditional 

burning, while there are few significant changes in the motivations behind the burning, 

and the techniques used (Shaffer 2010).  

 There is a substantial amount of research on traditional fire use as technique to 

shape a landscape in arid climates, such as in the savannas of Mozambique (Shaffer 

2010), the mountains of Mexico (Rodríguez-Trejo et al. 2011), and in the American 

Southwest (Raish et al. 2005).  However there has been limited research on the role of 

traditional fire as part of crop cultivation strategies in arid conditions.  Across Ethiopia 
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and in Tigrai, there is likely a high level of diversity in burning practices.  Within the 

neighboring woreda of Ganta Afeshum, I saw two separate areas of pastureland that 

had recently been burned, yet none of the farmer consultants in Gulo Makeda were 

aware of pastureland ever intentionally burned.  Also, in central Ethiopia, farmers have 

practiced gaye (soil burning), which involves mixing dung into the soil, and then burning 

the piles (Graham 1844: 262; McCann 1995: 132).  Farmers in Gulo Makeda were also 

unaware of soil burning.   

Famers in Gulo Makeda noted a decline in the practice of burning during their 

lifetimes.  While a few farmers cited the governmental restrictions on burning, the main 

limitation to the practice was a lack of fuel.  This is due to the general lack of vegetation 

on the landscape, and to the restrictions placed on the existing vegetation.  While 

farmers in the past occasionally used fodder for fuel, also due to the decline in land 

cover, all fodder is now fed to livestock.  The farmers did not have a preference for the 

type of fuel; they use any vegetation that is available.  One farmer from Mezber 

demonstrated the practice of burning on cultivation land; he created small piles of dried 

thorny bushes across the farmland and burned the piles one at a time. 

Representatives from TARI and the Gulo Makeda woreda expressed disapproval 

at the practice of burning and cited the removal of vegetation from the landscape, and 

therefore increased soil erosion, as the primary reason.  The TARI representative noted 

that burning weeds, such as thistles and thorny plants (eshok), does not have a 

particularly negative effect, however because nutrient breakdown occurs during burning, 

it does not substantially contribute to soil fertility (Azeb Kassa, personal communication 

2017).  The woreda representative hoped that the farmers would instead switch to using 

fertilizers to improve soil fertility and discontinue burning (Abraha Hadush, personal 

communication 2017).  Although farmers did not emphasize leveda as a major 
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component of maintaining soil fertility, since it is widely practiced, its role is likely not 

negligible.  The practice has declined over the last half-century, likely due to the gradual 

reduction in land cover, increased restrictions on cutting, and government disapproval.  

The decreasing amount of leveda in Gulo Makeda also reflects global trends in the 

reduction of traditional burning practices.     

5.3. Cultivation strategies: Landrace diversity in Gulo 

Makeda 

Crop landraces are an important aspect of traditional farming in Ethiopia and 

across the world due to the genetic diversity that exists between different varieties, and 

the resiliency of those landraces in changing local conditions (Tiwari et al. 2012; Villa et 

al. 2005; Pecetti and Damania 1996; Belay et al. 1993; Tesfaye et al. 1993; Tesfaye 

1991).  Farmers in Gulo Makeda described eleven different wheat landraces, seven of 

which were likely forms of durum wheat (Triticum durum) that played a significant part of 

their cultivation strategies in the past.  Besides wagi wheat, farmers in Gulo Makeda 

have discontinued growing durum wheat varieties.  This is a marked change from the 

1980s, when across northern Ethiopia, durum wheat was the most common crop, 

consisting of 60-70% of crop production (Tesfaye 1991: 289; Fassil et al., 2001).  

Therefore, durum wheat landraces likely played a major role in the genetic diversity and 

adaptation strategies in Gulo Makeda in the recent past. 

In Ethiopia, there is genetic and morphological variation in wheat landraces, with 

significant variations between provinces, which is likely the result of differing 

environmental conditions (Pecetti and Damania 1995).  The preponderance of durum 

wheat landraces, and differences in the traits of these landraces, are based partially on 
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elevation (Fassil et al., 2001).  Durum wheat is typically cultivated in vertisolic soils at 

altitudes between 1800 and 2800m, and only in rain fed circumstances (Tesfaye 1991; 

Pecetti and Damania 1995: 395).  A study that investigated the differences between 

Shewa and Tigrai provinces noticed significant geographical variation in durum wheat 

landraces, and extensive variation in landraces within each province (Pecetti and 

Damania 1995).  Compared to other provinces, landraces from Tigrai had a greater 

amount of variation within durum wheat landraces (Pecetti and Damania 1995: 399).  

Within a local area, such as a village, there can be significant differences in the traits of 

durum wheat landraces (Getachew et al. 1993), and in Tigrai, more than one landrace 

has been frequently found within a single field (Pecetti and Damania 1995: 395).  In Gulo 

Makeda, individual villages likely share common landraces, as farmers in Mezber 

described how they exchange wheat seeds with their neighbors.   

A farmer also described how the maize that was cultivated after 1984 did not 

produce as well as a previous local variety.  Farmer consultants in Gulo Makeda also 

described the value of local crop species and landraces, citing differences between 

crops that they cultivate, and ones from nearby villages.  A farmer from Mezber 

described how after the 1984 drought the wagi wheat that he acquired from the village of 

Etchmare, which is about an hour’s walk away, was noticeably different.  The past wagi 

was spear shaped, flatter, was blacker in color, and tasted better.  While the new wagi is 

more similar to white wheat with its plump shape, it is used for the same food as the 

previous wagi wheat.  This also indicates that although different villages might have the 

same name for a landrace, one village’s version might be different from the other, based 

on preferences for taste and field conditions.   

In Gulo Makeda, farmers still regularly cultivate the durum wheat landrace of 

wagi wheat.  Wagi seeds have a purple color and is the only variety of durum wheat that 
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still factors prominently in farmer cultivations strategies.  Ethiopian wheat grains that 

have black and purple coloration are potentially connected to elevation; with greater 

amounts of pigmentation more common at higher altitudes (Butler and D’Andrea 2000; 

Tesfaye 1991: 289-90).  Ultraviolet light at high altitudes can perhaps play a role in the 

characteristics of diversity (Finneran 2008: 70).  Altitude can also influence kernel 

structure, and varieties that are grown at different elevations can produce to seeds that 

are visibly distinct in color and shape (Tesfaye 1991: 289).  Also, a potential connection 

has been found in southern Ethiopia between purple seed color and a greater resistance 

to diseases (Negassa 1986).  The adaptation of wagi to the elevation, and potential 

resistance to disease, likely played a role in its continued cultivation in Gulo Makeda.   

Along with a decline in durum wheat varieties, farmers also stopped cultivating 

varieties of emmer wheat in Gulo Makeda.  Even though emmer is labor intensive and 

less productive than other wheat varieties (D’Andrea and Mitiku 2002), farmers 

continued to cultivate it until about 30-40 years ago. The fact that it was grown until 

relatively recently is indicative of the crop’s characteristics and the values of farmers, 

and its place within the agricultural system perhaps reflects similar experience of durum 

wheat.  The cultivation of emmer until recently is likely due to its culinary value 

(D’Andrea and Mitiku 2002), and also perhaps because emmer wheat is particularly 

resistant to rust diseases (Liu et al 2017).  

The culinary preferences of farmers also likely factors into the diversity of 

landrace.  An investigation into barley landraces in Ethiopia found that a number of 

factors can influence the development and retention of diversity.  Farmers consider 

various aspects of indigenous barley landraces to be beneficial, including for taste and 

health (Shewayrga and Sopade 2011).  Therefore, planting decisions and the 

development of landraces also incorporate culinary uses of crops (Shewayra and 
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Sopade 2011).  This culinary preference for indigenous landraces was expressed by 

almost all farmers from Gulo Makeda.  Taste preference likely played a role in the 

development of indigenous landraces in Gulo Makeda and number of farmers cited the 

taste of wagi wheat as a major reason why it is still cultivated.   

Landraces, especially durum wheat, have extensive variation in morphology and 

traits throughout Ethiopia’s northern provinces, and there is notable diversity within a 

village or a field.  Farmers are acutely aware of the characteristics and benefits of local 

landraces and noted differences between locally developed landraces and introduced 

varieties with the same name.  This diversity is likely based on local geographical 

conditions, such as elevation, resistance to disease, and culinary preferences of 

farmers.   

5.4. Ethiopian Drought conditions  

A drought can be defined as a significant period with a lack of precipitation 

(Rasmusson 1987: 8), and famine as a “severe shortage or inaccessibility of appropriate 

food (including water), along with related threats to survival, affecting major parts of a 

population” (Shipton 1990: 358).  However, there is not always a simple correlation 

between precipitation and a lack of resources.  This broad concept of drought, formed 

mainly in geographical contexts, can be problematic when applied to the farming 

conditions of Tigrai due to climate variability, other environmental factors such as 

vegetation and soil conditions, and farmers’ own parameters for drought. Due to climate 

conditions in northern Ethiopia, including ENSO, droughts typically occur every three to 

eight years (Tagel et al 2011; Fraser 2007: 503; Butler 2002).  A particularly dry year in 
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Ethiopia is generally followed by a few more dry years, and this trend is the same for 

years with more precipitation (Hadgu and Tesfaye 2013: 165). 

Throughout the past two centuries in Ethiopia, there were consistent 

documentation of periods of famines and/or droughts; these periods involved crop 

failures, livestock death and human starvation (Degefu 1987: 29; Fraser 2007).  

Sometimes the source of these events can be easily identified, such as a lack of rain, 

and sometimes they involved a combination of factors, such as disease and political 

factors (Degefu 1987: 29-30; Fraser 2007).  A famine in 1888-92 was particularly severe 

because of the absence of both the long and short rains and an epidemic that targeted 

cattle, and an estimated one third of Ethiopians died (Degefu 1987:30).  There were 14 

major periods of drought in the 20th century in Ethiopia, sometimes impacting limited 

areas and occasionally the entire country (Fraser 2007: 503-504; Degefu 1987: 30-1).   

Northern Ethiopia experiences certain environmental dynamics before famine 

events.  Initially, in the years preceding a famine, there is often a significant, but also 

gradual reduction in vegetation, which is typically used for fuel (Gebrehiwot et al 2011: 

320; Dejene 1991: 19).  Farmers in Gulo Makeda described a profound shift in the 

distribution of vegetation during their lifetimes; areas that once were covered in forests 

and tall grasses now have sparse land cover.  According to farmers, the trees were used 

for construction or fuel.  This reflects a trend witnessed across northern Ethiopia.  There 

was a significant reduction in land cover and increase in deforestation; a shift from about 

30% forest coverage within the last century, to about 3% in 1990 (Friis 1992: 26).  The 

eventual near absence in land cover is generally when the initial stage of famine occurs, 

which involves mass starvation and emigration (Dejene 1991: 19). 

Soil quality also plays a role in the environmental preconditions for famine.  

Substantial soil erosion preceded the 1984 drought, due to overgrazing, cultivation and 
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deforestation (Dejene 1991: 21).  The previous succession of droughts in the region also 

depleted the soils (Fraser 2007: 505) and there was a significant decline in the soil 

organic content (Dejene 1991: 26).  When land degrades, there is a change in soil 

productivity (Gebrehiwot et al 2011; Girmay et al. 2008).  Soils across the Ethiopian 

highlands are also less able to absorb water because of the shallow depth and generally 

low organic content (Descheemaeker et al. 2006; Dejene 1991: 21).  Farmers in Gulo 

Makeda also described a shift in the quality of the soils during their lifetimes; they 

witnessed a decrease in soil fertility, which according to the farmers meant that it lost the 

ability to retain water.   

Population increase in Ethiopia, especially through the second half of the 20th 

century, and the subsequent cultivation of marginal lands have also played a role in soil 

degradation (Kidane 1989: 516).  In Gulo Makeda, farmers who are in their 70s and 80s 

described a significant increase in the populations of their villages during their lifetimes; 

generally increasing by 3-5 fold.  While an official national census was only executed for 

the first time in 1984, researchers estimate that the population of Ethiopia in 1950 was 

18.1 million (United Nations, Department of Economic and Social Affairs (UN-DESA), 

Population Division 2017).  Therefore, over the course of thirty years, the population 

more than doubled to about 40.8 million in 1984 (UN-DESA Population Division 2017).  

With such a population increase, there was much less land available per family (Dejene 

1991: 33).  In semi-arid regions, because of droughts and potential low productivity, 

farming generally necessitates more land per household (Ali et al. 2011).  In the 

Ethiopian highlands, research found that a farming household who worked less than one 

hectare of land was significantly more susceptible to famine than households who had 

more than one hectare (Dejene 1991: 34).  This is a trend that farmers in Gulo Makeda 

continue to experience; consultants attested that during their lifetimes plots of land were 
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increasingly divided due to the rise in population, and almost all households today 

cultivate between 0.5 and 1.0 ha of land. 

With an increase in population, there is almost always an increase in cultivation 

intensity, and farmers are not able to leave land fallow for long periods of time (Dejene 

1991: 30, 36).  This transition was experienced in Gulo Makeda, where farmers in 

Etchmare only leave land fallow for one year, and farmers in Mezber no longer practice 

fallowing.  With population increases, there is an increased use of marginal lands, and 

cultivation on steep slopes contributes to more soil erosion (Fazzini et al 2015; Nyssen 

et al 2015b: 378; Dejene 1991: 33).  The nature of grazing livestock also impacts soil 

conditions; the presence of livestock creates a harder surface soil, which does not 

readily absorb precipitation.  Overgrazing can lead to a denuded landscape before and 

during the belg, which leads to greater erosion during the early rains (Frankl et al. 2015; 

Dejene 1991: 26).  All of these soil and agricultural dynamics that involved soil quality 

and population increases played a role in the drought of 1984.  The conditions of 1984 

were partially the result of long-term environmental trends and periods of arid conditions 

throughout the preceding decades (Viste et al 2013: 542).  

However, drought conditions do not necessarily lead to famine and loss of life 

(Fraser 2007; de Waal 1991).  Provinces throughout Ethiopia experienced drought 

conditions in 1977, 1978, 1983, 1987, and 1989-1991, however there were no 

measurable famine deaths in those years (Fraser 2007: 503; Holt and Lawrence 1993).  

Also, 1984 was one of the driest years in Mekelle, however for Adigrat, 1990 and 1999 

had even less precipitation (Hadgu and Tesfaye 2013: 165).  For the drought years in 

the 1980s, what was determined to be a drought based on precipitation did not always 

result in a loss in agricultural production (Fraser 2007: 503-4).  While this might partially 

be due to the fact that sometimes there is a delay in the impact on vegetation from a 
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change in precipitation (Tagel et al 2011), it is also related to the relationship between 

the meteorological parameters for drought, and how farmers experience the concept.  

Potential reasons for this disconnect between the experience of farmers and 

general climate data is the fact that general climate measurements do not provide an 

effective illustration of the variability and seasonality of the Ethiopian climate, and 

determining a requisite amount of precipitation necessitates understanding the 

requirements of the society that uses the water.  Drought typically is seen as 

precipitation not reaching certain meteorological parameters (Rasmusson 1987: 8).  The 

Standardized Precipitation Index (SPI) is frequently used as a way to determine drought 

conditions around the world (Blain 2012), and in northern Ethiopia (Gebrehiwot et al 

2011).  However, the efficacy of this method is increasingly questioned, particularly since 

it does not adequately take into account agricultural conditions (Blain 2012), and 

because using a universal approach to defining drought can be locally ineffective (Lloyd-

Hughes 2014). 

Farmer consultants in Gulo Makeda mainly expressed the concept of drought 

through the amount of harvest.  For these farmers, a drought occurs if the harvest 

produces 2-3 quintals or less per hectare of annual crop production per household.  A 

harvest of about 2 quintals/hectare serves only about a quarter of a family’s subsistence 

needs (Holt and Lawrence 1993: 35).  Other studies of traditional farming in Tigrai found 

a similar trend; drought is based on overall resource quantity rather than precipitation.  

What is considered ideal rainfall or non-drought conditions can instead be based on the 

requirements of certain subsistence practices (Meze-Hausken 2004).  One study found 

that two groups, pastoralists and agriculturalists, who were living in the same region in 

Ethiopia had noticeably different requirements for rainfall, and lower precipitation levels 

had a greater impact on agriculturalists than pastoralists (Meze-Hausken 2004: 22, 25).  
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Also, with increasing population levels placing new demands on the resource, 

community requirements are apt to change (Meze-Hausken 2004: 28-30).   

Interpreting northern Ethiopia’s climate system through long-term measurements 

does not provide accurate depictions of the impact of changing precipitation patterns.  

The measured precipitation levels for years with insufficient food production throughout 

the past decades sometimes fit the parameters of expected median rainfall (Fraser 

2007: 503-4).  This illustrates an issue with relying solely on monthly or annual 

measurements of rainfall in northern Ethiopia (Meze-Hausken 2004: 30).  These annual 

trends and farmer perceptions do not frequently align (Meze-Hausken 2004).  At times, 

measurements indicate greater stability of the kremt season and farmers observe more 

instability and overall less rainfall (Hadgu and Tesfaye 2013: 168-70).  Research that 

measured precipitation on a seasonal and annual basis across Tigrai detected no 

noticeable trends within the last 40 years (Kiros et al 2016).  This does not align with the 

experiences of Gulo Makeda farmer consultants, who described a substantial change in 

precipitation during this time period.  Instead, when more specific meteorological 

measurements are taken, including the length of the growing season and frequency of 

the rains, farmers’ perceptions do align with precipitation data (Hadgu and Tesfaye 

2013: 170).  Especially in the arid farming conditions of Tigrai, these rainfall behaviors 

within seasons are a crucial aspect of the agricultural system and are more significant 

than annual or even seasonal amounts (Hadgu and Tesfaye 2013: 168).     

For northern Ethiopia, resource quantity and meteorological drought are 

particularly problematic associations due to the fact that the timing of rains has a 

significant impact on agricultural production.  New measurements for drought should not 

be based solely on precipitation, and should include an analysis of the entire system 

(Blain 2012; Lloyd-Hughes 2014; Meze-Hausken 2003).  In northern Ethiopia, this 



100 

system experiences frequent periods of resource scarcities, and McCann argues that 

this is an expected quality of dryland, ox-plough agriculture, which necessitates a high 

level of risk (McCann 1995: 145).  Regardless, short-term variations in climate, general 

environmental conditions, and farmer food necessities should be taken into 

consideration when addressing drought conditions.   

5.5. 1984/5 drought: societal and environmental conditions 

While drought can be seen as existing within a socio-political context, the lack of 

precipitation that began in 1983, and continued through 1985 in many parts of the 

northern highlands, played a significant role in the development of famine conditions.  

The events of 1984/5 had a lasting impact on the farmers in Gulo Makeda.  One farmer 

from Mezber described how his family and neighbors had to eat the seeds that they 

usually reserve for sowing, and many others in the village migrated to the Sudan.  

Another farmer from Etchmare remembers how his family migrated to the Sudan 

because they ran out of food and had no harvest.  The famine of 1984/5 is an event that 

compounds the political unrest and environmental degradation that were frequent 

throughout the 20th century, creating dire consequences for traditional farming in 

northern Ethiopia.  

While the preceding years (1982-3) in Tigrai were agriculturally productive (Clay 

and Holcomb 1986: 82), drought conditions started in 1983 with the complete absence of 

rain during the bega.  Although this season is typically drier, the small amount of 

precipitation that does occur is necessary for grasses for grazing cattle (Degefu 1987: 

25).  Also, although the typical rainy seasons in 1983 had rainfall, temperatures were 

higher than average, which reduced the amount of available surface water (Degefu 
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1987: 32).  The 1984 drought was extreme during the long rainy season (kremt), which 

typically provides the rain for the main crop production (Viste et al 2013: 543).  That 

year, the growing season in Tigrai decreased from about 100-120 days to 30-60, which 

led to a near absence in crops in many areas (McCann 1995: 143).  Farmers in Gulo 

Makeda felt the ramifications of this, and a few consultants describe how their families 

had no harvest.  Of the Tigrayan farmers who were interviewed after migrating to the 

Sudan, 14% reported that their land produced no harvest in 1984, 38% reported a very 

small harvest, 35.5% said it was average, 14% reported a good harvest (Clay and 

Holocomb 1986: 82).  These responses are consistent with other research that indicates 

drought has an uneven effect on households in a region (McCann 1987: 265). 

Violent conflict and governmental policies, particularly those targeted towards 

areas with the worst drought, contributed to the creation of a famine in northern Ethiopia, 

causing more extensive social repercussions from the drought conditions (Keen 1994; 

de Waal 1991; Clay and Holocomb 1986).  The military government of the Derg, based 

in Addis Ababa, enacted a resettlement program in 1983-4 that intended to move 

populations from the northern provinces to the south (Clay and Holcomb 1986: 26, 29).  

The mandatory resettlement was almost entirely focused on populations from Tigrai and 

Wollo provinces, with the stated purpose of addressing food shortages (Clay and 

Holocomb 1986: 29).  Overall, about 600,000 people were resettled from northern 

Ethiopia to southern provinces (Keen 1994: 224).  While populations that were 

experiencing drought were the focus of the resettlement, the primary motive also had a 

political component in that civil disobedience in these northern provinces threatened the 

Derg government (de Waal 1991: 175-190; Clay and Holocomb 1986: 28,33).  Tigrai 

contained one third of the population that was impacted by the famine in Ethiopia, yet 

only received 1/20 of the food aid that was distributed (Keen 1994: 224). 
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While consultants from Gulo Makeda attributed the famine conditions primarily to 

the absence of precipitation, general political conflict and societal unrest also played a 

role in creating famine conditions.  During this period, the Derg bombed markets, burned 

harvests, and confiscated money, food and animals in response to Tigrai’s military 

defense force, the TPLF (Tigray People’s Liberation Front) (de Waal 1991: 121-123; 

Clay and Holocomb 1986: 62-66).  According to Tigrayans who had migrated to the 

Sudan, of all the government actions, killing or arresting civilians and burning harvests 

had the greatest impact on creating famine conditions (Clay and Holocomb 1986: 67).  

Tigrayans also stated that the main reason for famine was environmental conditions 

(drought and insects), and government policies were secondary (Clay and Holocomb 

1986: 84).  The lack of effective support from international organizations also potentially 

contributed to famine conditions (McCann 1987).  International organizations did not 

donate until famine conditions reached extreme levels, the Ethiopian government 

blocked food aid from reaching the starving populations, and much of the monetary 

support instead went to pay militias (Keen 1994: 224, 226; de Waal 1991: 5). 

Communities that were forcibly resettled in Tigrai felt some of the worst impacts 

of the drought, as traditional practices for dealing with times of resources stress were 

interrupted (Fraser 2007: 505-6).  Individuals, who were forcibly resettled, frequently to 

state farms (Keen 1994: 224) would sometimes take months to return to their land (Clay 

and Holocomb 1986: 70).  Of those who were forcibly resettled, about 20% had crops, 

but were not able to harvest them (Clay and Holocomb 1986: 83).  Also, military 

activities delayed the planting schedule, which left crops more prone to insects and 

weeds (Clay and Holocomb 1986: 192).  The number of animals significantly declined in 

northern Ethiopia during the famine; about 80% of cattle were sold to buy food (de Waal 

1991: 166).  Burning harvests and killing or taking cattle had a particularly devastating 



103 

effect on farmers (McCann 1987; Clay and Holocomb 1986: 62-66).  Overall, political 

circumstances intensified the impacts of the drought, and played a major role in creating 

famine conditions (Keen 1994: 224; Clay and Holocomb 1986: 192). Across the 

provinces of northern Ethiopia, at least 300,000-400,000 people died due to the famine 

of 1984-5 (Kidane 1990; Taye et al 2010: 224; de Waal 1991: 5).  The drought and 

famine had a particularly profound and lasting impact on farming communities of Tigrai, 

and farmers in Gulo Makeda still experience many of the environmental stressors that 

occurred in 1984.  Tigrai experienced another significant harvest failure in 1991, but it 

did not lead to famine conditions (Holt and Lawrence 1993: 21-2).  This could be related 

to the fact that in 1991 nearby provinces did not experience similar drought conditions, 

and perhaps for a famine to occur, drought conditions must exist on a larger 

geographical scale (Holt and Lawrence 1993: 22).  Therefore, the recovery process for a 

drought must consider both societal conditions, and long-standing patterns in the 

interactions between agricultural practices and the environment, which have decreased 

the overall capability of the land (McCann 1987: 265).  

5.6. Modern Agricultural trends and effects of drought 

5.6.1. Drought/eating seeds 

The drought that started in 1984 had an impact on traditional farming in Gulo 

Makeda that lasted decades, and it exemplified the role of diversity within the system.  

Almost all farmers in Gulo Makeda drew a connection between this time period and the 

loss of many varieties, and four farmers attributed this significant shift in cultivation 

strategies directly to this drought/famine event.  Due to environmental and societal 

conditions, their harvest did not produce, and farmers described eating seeds that had 
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been reserved for sowing the following year.  Farmers need to constantly choose to 

either use seeds as part of their diet, or to invest in the future harvest (McCann 1995: 7), 

and will tend to eat outside food, such as food aid, instead of eating their seeds reserved 

for sowing (Azeb Kassa, personal communication 2017).  During this period, farmers 

across Ethiopia consumed seed reserves in order to attempt to prevent starvation 

(Worede 1991: 4; Demissie 1991: 202-3). Wild grain species also disappeared around 

this time period in northern Ethiopia (Demissie 1991: 202-3).  As farmers consumed all 

the seeds of their local varieties, there was no mechanism in place to replace the seeds, 

especially the durum wheat landraces (Tsegaye and Berg 2007).     

5.6.2. Increase in Bread Wheat 

When consultants in Gulo Makeda described the main reason for the decline in 

crop varieties, the most common answer was the government’s introduction of a variety 

of bread wheat (Triticum aestivum) called tsa-ada sernay (white wheat).  At least half of 

the seeds that Gulo Makeda farmers sow consists of the white wheat that the 

government developed.  Farmers across northern Ethiopia also experienced this 

increase in bread wheat, which started with the introduction of European and North 

American varieties of bread wheat as food aid after the 1984 drought (Finneran 2008: 

73).  

According to the Gulo Makeda agricultural extension official, the improved variety 

of white wheat that was meant for sowing was first introduced to the area about 30 years 

ago, in order to increase productivity (Abraha Hadush, personal communication 2017).  

Research in other areas of Ethiopia also indicate that the decline in tetraploid (durum 

and emmer) wheat landraces is partially due to the increased cultivation of other crops, 

mainly bread wheat (Tsegaye and Berg 2007; Teklu and Hammer 2006).  Over the past 
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few decades, imported varieties of bread wheat, for both food aid and production, has 

perpetuated genetic erosion in landraces (Teklu and Hammer 2006; Engels and Hawkes 

1991: 28). 

According to a representative of TARI, the new variety of white wheat was 

developed in response to drought conditions, and currently the institute assesses local 

conditions before developing a new strain.  Because the institute is constantly 

developing new varieties, they recommend that farmers update their seeds every 3-5 

years.  TARI also encourages farmers to not intercrop and keep the white wheat seeds 

separate from other crops, through planting on the highest slope in a field and threshing 

the white wheat first.  While the institute recommends that farmers plant newly improved 

white wheat grains, it still values indigenous varieties, and uses them to develop 

improved varieties.  Although they have attempted to develop a new barley, the 

indigenous sasa barley landraces are still more productive.  In experimental lab 

conditions, the indigenous barley landraces are also able to produce with 300ml of 

water, while the new improved white wheat seed needs at least 500ml (Azeb Kassa, 

personal communication 2017).  

Although farmers in Gulo Makeda value the white wheat and local varieties, due 

to the limited amount of land, farmers are more apt to grow the improved wheat instead 

of indigenous varieties.  The way that the white wheat seeds are managed within the 

agricultural system, recommending that farmers update their seeds and not 

intercropping, runs contrary to traditional practices.  The introduced strains of bread 

wheat and their impact on local varieties can be seen as a lasting influence of the 1984/5 

drought.  
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5.6.3. Impact of 1984 drought 

While many factors contributed to the change in cultivated crops over the past 

decades, the impact of the 1984 drought might be underestimated because although the 

cultivation of some crops continued, the crops were not necessarily indigenous varieties.  

One farmer described how the maize that he cultivates is significantly different, and of 

poorer quality, than the variety grown before the drought.  Therefore, the effect of the 

loss of local land races could have been masked by introduced varieties.  The steady 

decline in diversity and more gradual disuse of crops over these past decades might be 

partially due to the fact that the crops that were introduced after the drought were not 

local landraces and therefore were not predisposed to the local environmental 

conditions.  

The way that farmers reacted to the 1984 drought reflects general adaptation 

strategies that value diversity.  Farmers in Gulo Makeda actively went in search of 

previously cultivated varieties, thereby illustrating the value placed in maintaining 

diversity.  It is perhaps significant that of all previous durum wheat landraces, farmers 

still frequently cultivate wagi wheat.  Wagi is dark purple in color, which reflects an 

adaptation to altitude (Tesfaye 1991), and is valued largely for its culinary use, and for 

fodder.  The continued cultivation of wagi, and the attempt to maintain other landraces, 

reflects farmer adaptation strategies. 

Cultivation strategies likely changed in other ways after the drought.  Farmers 

had fewer options of crops to sow, and therefore a more limited number of choices to 

respond to changing environmental conditions.  There perhaps was also a shift in what 

crop characteristics farmers value.  While there is evidence that farmers in the past 

selected crops based on a variety of parameters, namely resiliency and risk 
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management (D’Andrea 2008; Butler and D’Andrea 2000; Tesfaye 1991), farmers in 

Gulo Makeda predominantly stated that the primary reason for planting strategies is 

productivity.  There could have been an increased value placed on this crop 

characteristic due to the extreme drought conditions and an almost complete absence of 

resources.  

Environmental trends also played a large role in the shift in agricultural 

conditions. There is also a gradual reduction in the variety of landraces cultivated across 

Ethiopia and around the world (Li et al. 2013; Pant and Ramisch 2010).  The 

investigation into barley landraces in northern Ethiopia found that although the varieties 

are favored for their taste, they are in decline due to diminished precipitation and soil 

degradation (Shewayrga and Sopade 2011).  Almost all Gulo Makeda farmer 

consultants stated that local varieties needed longer growing seasons and more 

precipitation than currently exists.  The TARI attributed this shift to multiple drought 

seasons and changing conditions (Azeb Kassa, personal communication 2017).  While 

the farmers in Gulo Makeda were impacted by the environmental conditions of the 1984 

drought, the region also reflects global environmental trends.       

5.7. The impact of drought and agricultural cycles 

The extreme environmental and societal experiences of the drought played a role 

in the longer-term shift in farming conditions, most notably a decrease in available 

landraces.  These landraces were also likely affected by the decline in wild grasses and 

therefore general biodiversity (Demissie 1991: 202-3), and the increased use of 

fertilizers that can have negative effect on indigenous varieties (Tesfaye 1991: 290).  

The disappearance of land cover is one of the final stages before a famine (Dejene 
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1991: 19), and since land cover is the largest factor in soil erosion (Girmay et al. 2009; 

Descheemaeker et al. 2006), the drought and famine of 1984/5 likely had long-term 

impacts on soil fertility (McCann 1987: 265).  The direct consequences and distant 

reverberations of the 1984/5 drought perhaps reflects a long-term cyclical nature of 

traditional agricultural capital/practices.   

Major events throughout Tigrai’s agricultural past had degrading or altering 

effects on farmer cultivation abilities.  The way that farmers discussed the development 

of the landraces indicates that the development of local landraces is a continual process.  

Perhaps in the past, after such drought events, farmers started to accumulate crop 

diversity again, and environmental conditions became more stable, with increased soil 

fertility.  However, in the past few decades, perhaps due to the speed of environmental 

change, increased population levels and the nature of societal response to drought 

conditions, such as the proliferation of bread wheat, drought conditions had a more 

lasting impact on the agricultural system.   

5.8. Agriculture in Pre-Aksumite/Aksumite times 

Traditional agricultural practices are rarely static over long periods of time.  The 

changes from pastoralism and the early cultivation of crops, to the current system of 

traditional agriculture in Tigrai, required adaptations and experimentation that likely 

continued through Pre-Aksumite and Aksumite times to modern farmers.  This 

accumulation of species and new practices, followed by decades-long impact by 

extreme events, perhaps occurred in the development of agricultural practices in Pre-

Aksumite and Aksumite times.  While agricultural practices likely developed before the 
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1st millennium BCE, archaeological evidence illustrates that subsistence practices 

expanded through the 1st millennium BCE, providing resources for growing civilizations.  

 While there is no apparent connection between a climate event and the advent 

of agriculture, the characteristics of domesticated species, particularly those endemic to 

the highlands and local land-races, indicate a potential relationship between difficult 

environmental conditions and the early cultivation of grains. Starting in Pre-Aksumite 

times, and accelerating through the Aksumite period, the variety of cultivated crops 

significantly increased (D’Andrea et al 2008a; D’Andrea 2008; Boardman 1999, 2000; 

Phillipson 2000).  Additions included a greater variety of pulses, which can improve soil 

quality, and serve as a backup crop if other harvests fail (Boardman 1999, 2000).  The 

notable exception is emmer wheat, which appears to have declined in use by the Late 

Aksumite period (D’Andrea and Mitiku 2003; D’Andrea 2008).  Along with arid conditions 

and oscillations in climate, the transitions from arid to wetter phases, likely had a 

significant impact on the development of agricultural practices, mediated by generations 

of farmers.   

Due partially to the limited amount of archaeological evidence of early cultivated 

species, it is difficult to make direct connections between the accumulation and or loss of 

crops, and specific palaeoenvironmental events.  However, it may be possible to 

attribute identifiable changes in palaeoenvironmental record to this cyclical interactions 

between farming communities and the landscape, and form hypotheses regarding the 

impact of environmental events on past farming communities.  
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5.8.1. Pre-Aksumite/Aksumite: Interpretations  

Research conducted in northeastern Tigrai found an overall rise in %TOC (total 

organic carbon) and C4 plants between about 1500 BCE and 500BCE (Terwilliger et al 

2011; Gebru et al 2009), and these two indicators were significantly higher between 800 

BCE and 400 BCE (Terwilliger et al 2011).  This period coincides with the first evidence 

of cultivated crops in the region (D’Andrea et al 2008a).  During this time period, there 

was a significant expansion of agricultural activities (Boardman 1999, 2000; Phillipson 

2000), and the soil conditions reflect increased land management strategies (Terwilliger 

et al 2011; Gebru et al 2009).  The increased %C4 could be due to clearing land of 

vegetation, such as through fire, which leads to an increase in rapidly growing C4 plants 

(Gebru et al 2009: 78).  Based on charcoal evidence, the researchers noted the potential 

impact of cultural fires on shaping these conditions (Gebru et al 2009; Terwilliger et al 

2011).  However, the increases in %TOC and C4 were inconsistent, and there were 

variations in the overall landscape conditions that were not related to climate (Gebru et 

al 2009). These oscillations in landscape conditions might also reflect cycles of resource 

depletion and potential drought conditions, as seen through the declines and increases 

in TOC% and in C4 plants.  In modern drought conditions, there was a reduction in soil 

organic content, and farmers reduced agricultural activities.  Therefore, the cyclical 

nature of drought and accumulation of new species perhaps occurred in the Pre-

Aksumite era.  

The ending of this increased level of %TOC and C4 aligns with an overall change 

in environmental conditions across Tigrai at about 500BCE.  This shift involved a 

decrease in vegetation and change in soil conditions (Terwilliger et al 2011; Darbyshire 

et al 2003; Lanckriet et al. 2015; Dramis et al 2003; Machado et al. 1998).  Due to the 
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extensiveness of the change across Tigrai, and the involvement of multiple 

environmental indicators, the change is likely not primarily induced by human land-use.  

This shift in environmental conditions potentially had a significant impact on agricultural 

practices; with a decline in soil nutrient content, crops were likely less productive, and if 

complete resource depletion occurred, then there would have been a temporary decline 

in the diversity of species cultivated.  While Gulo Makeda likely experienced more 

economic and political continuity during this period (Harrower and D’Andrea 2014), sites 

were abandoned across Tigrai after the Pre-Aksumite civilization and before the 

Aksumite (Girmay et al. 2009), perhaps indicating instability in subsistence practices.   

Another shift in environmental conditions occurred in the early 1st millennium CE.  

Investigations that mainly centered around Aksum found evidence of significant erosion 

that lasted a few centuries, which is likely due to both increased precipitation and land-

use (Butzer 1981; Machado et al 1998; Marshall et al 2009; Nyseen et al 2004; Bard et 

al 2000).  Because of increased precipitation, including more reliable spring rains, and 

relatively higher levels of vegetation on the landscape (Butzer 1981), perhaps the 

erosion did not reflect overall resource scarcity during this period.  Also, there was no 

evidence for a decrease in %TOC during this period, therefore, soil fertility perhaps 

remained constant (Butzer 1981; French et al 2009).  In the Early Aksumite period, 

climate and cultural processes led to significant erosion in landscape, but because it did 

not measurably effect soil productivity and overall vegetation, perhaps this 

environmental change did not elicit major reductions in the variety of crops cultivated. 

5.8.2. Evidence in the palaeoenvironmental and archaeological record 

The interaction between these agricultural and environmental processes, these 

cycles of environmental impacts on agricultural practices that can limit diversity and 
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trends in farmer adaptations that increase diversity in species and practices, can be 

challenging to track in the archaeological record.  The environmental and cultural 

processes can be highly localized, where indications of extreme resource stress 

experienced in one region of Tigrai is not necessarily experienced in another area.  

Studies based around Aksum versus in eastern Tigrai highlight the importance of 

understanding local conditions, as these periods of changing environmental conditions, 

such as soil aggradation are primarily seen around Aksum, and less so in the eastern 

region of Tigrai.  Experiences of environmental change, and reactions to periods of 

resource stresses are likely often based on local environmental variability and individual 

farmer or community-based decision making. 

Therefore, a challenge in the interpretation and analysis of the archaeological 

and palaeoenvironmental record can be differentiating between regional trends and local 

factors.  Recent and ongoing research that identifies potential associations between past 

changes in soil organic matter, the type of vegetation, climate indicators, the amount of 

erosion in close proximity could provide a more comprehensive understanding of the 

interactions between environmental conditions and traditional agricultural practices 

(Terwilliger et al 2011, 2008; Gebru et al 2009).  While erosion most likely occurs with 

periods of drought, its presence in the record does not necessarily indicate resource 

scarcity.  This potential cycle of the accumulation of species and the impact from events 

perhaps is reflected in the record when landcover and erosion follow similar trajectories, 

where the impact of periods of resource stress can be seen with a decline in SOM, and a 

decrease in the diversity of both cultivated and natural vegetation.  Ideally, 

archaeobotanical evidence from a location could then be compared to multi-proxies in 

the palaeoenvironmental record.   
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5.8.3. Past Fire Ecology 

Burning on agricultural land is a common practice to improve soil fertility in 

modern traditional farming in Gulo Makeda.  In the past, changing the landscape for 

subsistence strategies likely involved land clearance, and charcoal evidence, along with 

disparities between trees species and climate, indicates that forest clearance involved 

the use of fire (Gebru et al 2009: 78; Terwilliger et al 2011; Darbyshire et al 2003: 543).  

In the Pre-Aksumite period, forest conditions varied amongst localities.  Forests regularly 

burned, species changed due to fire, and then were quickly replaced by less fire-tolerant 

species when fire was no longer present (Terwilliger et al 2011).  Acacias are also 

particularly resistant to fire, and their proliferation suggests burned landscapes (Gebru et 

al 2009: 78).  In general, natural fires can be directly connected to climate (Daniau et al. 

2012), and there is usually a clear connection between fire and types of vegetation on 

the landscape (van Breugel et al. 2016).   However, the relative quantities of 

gymnosperms and angiosperms at different times and places indicate the sporadic and 

irregular presence of fires, rather than a trend in the climate (Terwilliger et al., 2011; 

Gebru et al 2009).  This therefore indicates that fire has been used to modify the 

landscape for subsistence practices.  

Farmer consultants were not aware of any natural fires in the region, and 

research that calculated fires based on observation and modeling found no detectable 

natural fires in eastern Tigrai, likely because of the denuded landscape (van Breugel 

2016: 376).  However, since natural fires are usually directly related to climatic 

conditions (Daniau et al 2012) and natural vegetation (van Breugel 2016: 369), it is 

possible that natural fires were more frequent during Pre-Aksumite and Aksumite times. 
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The farmer consultants did not have a preference for the type of vegetation that 

is burned; they used what was readily available.  Therefore, the amount of burning that 

was conducted in the past likely reflected the availability of vegetation.  Since the 

palaeoenvironmental record shows variations in vegetation through pre-Aksumite and 

Aksumite era, and patchy fire evidence, this could reflect irregular cycles of fires that are 

influenced by fluctuations in vegetation.  In these conditions, the amount of fires would 

then not necessarily reflect the extent of agricultural activities, since greater land 

clearance would decrease the amount of vegetation that is available to burn. 

5.9. Chapter Conclusion 

Traditional agricultural in Tigrai can be accumulative, where new species, 

varieties, and practices are added to the system, which can then improve adaptability 

during periods of environmental change.  The processes that led to drought events, 

where a combination of environmental and cultural factors lead to a lack of resources for 

farming communities, and the events themselves, can have more lasting impacts on the 

environmental conditions and agricultural practices.  Throughout the Pre-Aksumite and 

Aksumite periods, perhaps the fluctuations in erosion, or the fluctuations in land cover, 

amount and type of species, are indicators for periods of resource stress.  Agricultural 

practices potentially changed due these events, such as a decline in the diversity of 

species cultivated.  
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Chapter 6. Conclusion 

  Agricultural practices in the Horn of Africa likely developed before the 1st 

millennium BCE.  With slightly wetter climate conditions at the start of the 1st millennium 

BCE, subsistence practices were potentially able to expand, providing sufficient 

resources for growing civilizations.  While there is no apparent connection between a 

climate event and the advent of agriculture, the characteristics of domesticated species, 

particularly those endemic to the highlands and local land-races, indicate a potential 

relationship between difficult environmental conditions and the early cultivation of grains.  

Along with arid conditions, oscillations in climatic conditions, the transitions from arid to 

wetter phases, likely had a significant impact on the development of agricultural 

practices.   

The development of traditional agriculture in Tigrai involved the advent of 

practices such as herding domesticated livestock, the use of fire, soil fertility strategies 

and the cultivation of an increasing variety of indigenous and Near Eastern crops.  

Agricultural practices expanded during Pre-Aksumite and Aksumite times, with the 

addition of new crops that increased diversity and contributed to soil fertility.  The range 

of practices available and variety of crops that can potentially be cultivated provided 

farmers with an increased options and strategies to adapt to environmental change. 

6.1. Research Objectives 

Within the research framework of historical ecology, this thesis has provided a 

step in the investigation of traditional knowledge and explores the potential role that it 

can play in examining human-environmental relationships in the past and present.  This 

study of traditional knowledge, and the examination of the interrelationships between 
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agricultural systems, farmers’ decisions, and periods of environmental change, can then 

potentially provide insights and opportunities for the further integration of traditional 

knowledge studies with archaeological and palaeoenvironmental research.  The overall 

goal of this thesis was to investigate traditional farming knowledge, in order to elucidate 

human-environmental interactions in modern farming communities and in early complex 

societies in the Horn of Africa.  This goal was achieved through addressing three 

research objectives. 

1. How do farmers adapt to environmental change?   

Through ethnoarchaeological fieldwork, this study identified practices and 

decision-making frameworks, especially surrounding cultivation strategies, for adapting 

to environmental change.  This investigation into farmer adaptation to environmental 

change involved interviewing farmers about their practices, and asking questions 

regarding their perceptions of environmental change.  Farmers described their 

perceptions of soil fertility and precipitation in terms of their observations of certain 

conditions, and through the level of crop productivity.  Farmers create their planting 

strategies depending upon the environmental conditions; on the productivity and 

placement of crops last year, and the environmental conditions of the current sowing 

season.  If there are substantial rains in the belg, then farmers sow crops that require a 

longer time to mature, farmers then sow certain crops depending upon the kremt rains, 

and then sow other crops after, if the kremt rains are absent or minimal.  The placement 

of crops on the farmland is influenced by the soil conditions in different areas of the 

land.  The disbursement of farmland to farmers and the boundary lines of the farms 

reflect attempts to evenly distribute the varying levels of soil fertility.  Farmers also adapt 

to varying levels of soil conditions through the use of fertilizers and crop rotations 

strategies.   
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Farmer consultants described a shift in the environment, in soil fertility and 

precipitation patterns, over their lifetimes. These environmental conditions played a part 

in a change in cultivation strategies, in the timing of sowing, and in the types of crops 

cultivated.  Sowing tends to occur later in the year, and within farmer cultivation 

strategies there has been a significant decrease in the variety of local landraces, and an 

increased proportion of an improved wheat variety.  The decrease in diversity of 

cultivated crops therefore perhaps has led to a reduction in the different ways that 

farmers can adapt to varying environmental conditions.  

2. What is the role of fire ecology in traditional agriculture in the Horn of Africa? 

Through ethnoarchaeological fieldwork, and an analysis of the 

palaeoenvironmental literature, this thesis investigated the role of fire in modern 

traditional farming communities in Tigrai, and the role that it potentially played in 

agricultural practices in Pre-Aksumite and Aksumite times.  In Gulo Makeda, farmers 

practice fire ecology on agricultural land in order to improve soil fertility.  Burning 

practices have decreased in Gulo Makeda during the consultants’ lifetimes, likely due to 

a reduction in land cover.  Farmers burn dried vegetation that is available on the land, 

mainly thorny bushes, and typically conduct the burning every year before the early belg 

rains, but sometimes before the kremt.  Palaeoenvironmental investigations in the region 

revealed that forests were likely cleared through the use of fire starting in the Pre-

Aksumite period (Gebru et al 2009; Terwilliger et al 2011).  Although natural fires are not 

perceptible in the modern landscape, perhaps natural fires were more frequent in the 

past due to the denser vegetation.  Since modern burning practices largely depend upon 

the amount of readily available vegetation, perhaps the practice of burning during the 

Pre-Aksumite period was shaped by the extent of the natural vegetation. 
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3. How can traditional agricultural practices elucidate human-environment 

interactions in early complex societies in the Horn of Africa?   

Through examining the existing archaeological and palaeoenvironmental record, 

and integrating these new ethnoarchaeological results within this analysis, this thesis 

illuminated aspects of early farming communities’ interactions with the landscape in the 

Horn of Africa, specifically on the potential relationship between drought and cultivation 

strategies.  The results of ethnoarchaeological interviews and an analysis of the 

literature indicate that the drought that started in 1984 played a role in a shift in 

agricultural conditions, notably a decrease in the variety of landraces.  This event likely 

also had a significant impact on land cover and soil fertility.  The longer-term 

repercussions of the drought perhaps reflect characteristics of traditional agriculture that 

are cyclical, where farming practices and environmental conditions are dramatically 

altered by major events, and then through adaptations and experimentations, cultivated 

varieties again increase.  Similar cycles perhaps existed during Pre-Aksumite and 

Aksumite times, and the number of cultivated crops increased substantially during this 

period.   

Through studying the archaeological and palaeoenvironmental literature, 

potential interrelationships can be hypothesized between past environmental conditions, 

archaeological evidence, and potential past agricultural practices.  During the early Pre-

Aksumite period, with the first evidence of socio-political complexity, land management 

practices and agricultural activities in the Horn, there were fluctuations in TOC% and C4 

plants.  The nature and timing of these fluctuations perhaps reflect periods of resource 

depletion, where there would have been a reduction and then subsequent increase in 

agricultural activities.  While there is evidence of human-induced environmental change 

during the early Pre-Aksumite period, the environmental shift that occurred at about 500 

BCE was based on climatic trends, and likely impacted agricultural activities.  Because 
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the environmental change that occurred in the early 1st millennium CE did not include a 

significant reduction in soil fertility, cultivation strategies were not significantly impacted.   

Through addressing these three research objectives, and with a particular focus 

on the 1984 drought, this thesis has contributed to a greater understanding of traditional 

farming knowledge and interactions between farming communities and the environment.  

Through understanding farmer’s parameters for drought and resource scarcity, and 

exploring cultivation strategies, the longer-term agricultural and environmental impacts of 

certain drought events become clearer.  Periods of resource stress for farming 

communities in the Pre-Aksumite and Aksumite period can perhaps be identified through 

environmental indicators such as the amount of land cover and type of species in the 

landscape, erosion and soil fertility.  A change in environmental conditions which 

involved a reduction in soil fertility perhaps is an indication of resource scarcity, and 

therefore a change in cultivated crops.  The development of agricultural practices, as 

seen through the palaeoenvironmental and archaeological records, can be interpreted 

through these dynamics of major drought events.  

6.2. Traditional knowledge and environmental change 

Ethnoarchaeology and the study of traditional knowledge can contribute to the 

understanding of human and environmental interactions in the past and present.  

Farmers in the villages of Etchmare, Menebiety and Mezber described changing 

environmental and agricultural conditions over their lifetimes.  While some changes 

occurred gradually, the drought and famine of 1984/5 had a significant impact on both 

the environmental and agricultural systems, and farmers stopped cultivating many 

varieties of crops after this period.  Due to environmental and societal disturbances, 

many communities in Tigrai experienced almost complete resource depletion, which led 
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to mass starvation and farmers consumed the seeds reserved for planting.  The 

exhaustion of soil resources and natural vegetation on the landscape had a lasting 

impact on environmental resources.  The impacts of this drought event and the 

conditions that precipitated it and followed it, have had a lasting impact on traditional 

agriculture in these farming communities in Tigrai.  This cycle, of accumulating cultivated 

varieties and practices, and then environmental and societal events shifting the systems 

potentially for decades, perhaps was experienced by farming communities during the 

development of the Pre-Aksumite and Aksumite civilizations. 

Due to the changing role of the government in agricultural decision-making, and 

also perhaps from changing environmental conditions, this process of accumulating 

species will likely not continue.  Since the government in Tigrai introduces a new variety 

of wheat every 3-5 years, farmers are not encouraged to develop their own local 

landraces.  Also, the government advises farmers not to mix different species and 

varieties (Azeb Kassa, personal communication 2017), which is a significant traditional 

cultivation strategy through intercropping practices such as hanfets.  Farmers are 

increasingly using improved varieties of bread wheat, due to its productivity and the 

support of the government.  Some farmers in Gulo Makeda see this version of bread 

wheat as a necessity, as other crops experience declining yields.  Researchers who 

develop the new strains of wheat start with local varieties and alter them based on 

environmental conditions.  The TARI has attempted to develop more productive varieties 

of barley, but indigenous varieties are still more productive than what they have been 

able to produce (Azeb Kassa, personal communication 2017).  With a combination of 

new crops and soil fertility, the local government has a goal to increase crop production 

in Gulo Makeda from about 10 quintals/hectare of crops today, to 40 quintals/hectare in 

the future (Azeb Kassa, personal communication 2017). 
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Researchers have noted the importance of studying, preserving and storing local 

landraces, especially in situ, in Ethiopia (Negassa 2006; Worede 1991: 14-15; Demissie 

1991; Belay et al 1993).  This could provide a crucial level of support for farmers when 

droughts occur.  When assessing local landraces, it is significant to recognize their 

geographical extent.  While individual landraces might have the same name in different 

communities, they likely differ even over short distances.  Due to the large variations in 

geographical conditions within short distances in Ethiopia, these differences in landraces 

qualities might be highly significant in their capabilities to produce in certain 

environmental conditions. 

When asked, the majority of farmer consultants stated the most important aspect 

of traditional farming was their plough, and the technique of ploughing.  This illustrates 

that farmers consider the system of farming more significant than individual crops, and 

reflects a common quality of traditional agriculture, that of flexibility.  Flexibility, and 

adaptability can be seen as inherent qualities of traditional agriculture.  Yet major events 

perhaps decrease the available options farmers have to adapt to environmental change.    

Modern climate change has significant implications for environmental and 

agricultural conditions in Tigrai.  Existing soil fertility issues could be a major issue in 

adapting to climate change (Mapfumo et al. 2013), and climate change will have a 

particular impact on the hydrological system (Dinar and Somé 2008: 51).  It is predicted 

that over the next 50 years, reductions in agricultural productivity due to climate change 

will decrease average income in Ethiopia by 20 percent (Gebreegziabher et al. 2016: 

205).  While farmers across Ethiopia will likely experience climate change in different 

ways (Dinar and Somé 2008: 115), it will have even greater implications for regions such 

as Tigrai, which already experience frequent food shortages (Holt and Lawrence 1993; 

Butler and D’Andrea 2000:193).  Policies that focus on climate change adaptations 
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should address farmers’ crop selection strategies in particular (Dinar and Somé 2008: 

115).  In responding to and in attempting to mitigate these effects, governments and 

NGOs can increase their effectiveness if they take into account traditional farming 

knowledge and strategies, particularly those that reflect farmers’ priorities. 

6.3. Research potential 

Partially due to the time-frame for this research project, this study only provides a 

limited examination of human-environmental interactions in Tigrai, Ethiopia. In order to 

elucidate the interrelationship between environmental conditions and traditional 

agriculture, researchers in future investigations can examine changes in the 

palaeoenvironmental and archaeological records that involve variation on local 

geographical scales, and on yearly or decadal time scales.  The optimal results would 

continue the use of multi-proxies in order to investigate potential correlations between a 

range of palaeoenvironmental conditions and archaeobotanical evidence. 

Potential future research can also shift from an ethnoarchaeological approach 

that is based in an archaeological research framework, to traditional knowledge studies, 

which addresses farmers’ priorities and focuses on traditional knowledge.  Traditional 

farming knowledge provides an essential perspective on the interactions between 

communities and the environment.  The experiences of farming communities frequently 

differ from other research measurements, such as those of meteorological drought 

(Meze-Hausken 2004; Fraser 2007; Viste et al 2013).  Farmers can tolerate an absence 

of income for about a year (Holt and Lawrence 1993: 34) and adaptations to drought 

conditions might also lessen the perceived need or extreme nature of the conditions 

(Butler and D’Andrea 2000; Butler 2002).  Traditional knowledge studies can be a way to 
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identify and addresses local needs when drought conditions occur, and adapt to 

potentially even more extreme environmental change in the future.  In general, research 

should be based on local community objectives, should incorporate individuals from the 

local communities (Nicholas et al 2008: 294), and the research product should be easily 

accessible to the community members (Atalay 2012: 3). 

While drought conditions and climate variability are common throughout the 

human past in the Horn of Africa, the severity of the droughts and the repercussions on 

agriculture seem to be increasing.  Traditional practices may play a role in mitigating the 

impact of changes in precipitation, so that changes in the rainfall might not initially have 

a significant effect on crop production. The 1984/5 droughts had particularly drastic 

impact due to the length and extremity of the environmental conditions and the societal 

instability.  While traditional farming developed around these varying environmental 

conditions, and potentially played a role in mediating the effects of these recent climate 

events, these risk management strategies may be less able to cope with longer periods 

of aridity, which are likely to grow even more frequent in the future.  Further research is 

needed into the more lasting impacts of catastrophic drought events on farming and how 

best to assist these communities when these events occur.  While this research was 

conducted on a local-scale, based in three adjacent villages in Tigrai, Ethiopia, this type 

of investigation can potentially be relevant to other traditional agricultural communities 

around the world, who already have limited resources and are now dealing with even 

more extreme environmental irregularities due to modern climate change. 
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Appendix A. Interview Questionnaire 

Note: New questions that were added during fieldwork are included at the end of each 

section. 

Research Objectives: 

1. What adaptations do farmers employ in the face of environmental change.  

2. What is the role of natural and cultural fires in traditional agricultural systems?  

A. GENERAL QUESTIONS 

Name___________________________ Age_____________ Gender_____________ 

Village Name_________________ Village Location (altitude) 

_________________________ 

Village size (population and number of households) 

__________________________________ 

Objective 1. What adaptations do farmers employ in the face of environmental change?  

B. CROPS CULTIVATED 

1. Land Ownership 

-What is the total size of the land you own and farm? 

-Are your fields in one area or dispersed? 

-How much of this total is under cultivation/fallow at any one time? 

((New: Do you coordinate with other farmers to leave a certain area fallow? Why is land 

dispersed?)) 

2. Crops cultivated 

-Which crops (cereals) do you grow on your land? 
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-Which are grown as a monocrop and which are intercropped? any other cropping 

regimes methods used? 

-Do you grow hanfets? 

-In the past, which were grown as monocrops and in large fields? why the change? 

-What is considered a good/bad yield per hectare or quintals for each land race? 

-Which conditions does each cereal do best in? Which environmental conditions does 

each crop do poorly? 

-Do you consider some of these crops more ancient than the others? 

-Do you remember any old varieties that aren't grown today?  

-What are the names? Describe each one 

-In what conditions were the old varieties grown?  

-Why did people stop growing them?  

-What are the crop rotation cycles? 

-Do the types of crops that are chosen change when there is a drought? 

-If so, which crops do you choose when there is a drought? Why? 

-How do you respond to drought? 

((New: Which crops do you prefer? Why? How do you choose which crops to sow? Do 

you choose to sow a crop for a reason other than being productive? What is the benefit 

of intercropping (hanfets)? How many quintals of each crop do you sow? How many 

quintals of harvest is considered drought conditions? What did you sow this year? What 

did you sow last year? If new white wheat is more productive than other ancient crops, 

have other crops decreased in productivity? Once a crop is given-up, do people start 

replanting is again?)) 

C. CULTIVATION AND PROCESSING 
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1. Timing of activities: 

-Start and end for Ploughing, Sowing, Weeding, Fertilisation, Harvesting, Threshing, 

Winnowing 

-If there is a drought, how is this schedule impacted? 

-Does this schedule change when there is more rainfall? 

-What else can impact this schedule?  

((New: How much of your land do you sow in April vs reserve for June planting?)) 

2. Seed selection.  

-How are land races selected for the following criteria: Grain yield/#grains; Size of seed 

head; Production of fodder; Time to maturity; Drought resistance; Easy or difficult to 

thresh?; Pest resistance (birds, etc.)  

-Are there stored vs. non-stored landraces? 

-Do the criteria for seed selection change depending upon the amount of rainfall? 

3. Ground Preparation 

-Which methods are used in preparing new fields? 

-Which methods are used in preparing current fields?  

-How long does it take? 

-What methods were used in the past? 

-How does ground preparation change when there is a drought? 

-When does ploughing or hoeing take place? 

-Which animals are used? 

-How long does it take? 
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-What are old methods of ploughing/ hoeing? 

4. Sowing 

-When does sowing take place?  

-What determines time of sowing? 

-Do you sow crops during an unexpected rainfall? Which ones? 

-Describe methods of sowing 

-Where do you get your seed from?  

-What are methods of sowing in the past?  

-How does the sowing schedule change when there is a drought? 

((New: How much rain is needed in order to start sowing? Are there different reactions to 

changes in the amount of rain versus the timing of rain?)) 

5. Water Conservation 

-Do you have the ability to irrigate, if so how and if not why? Or do you depend mostly on 

rain? 

-What are the sources of water? 

-Which crops do well in drought? 

-Which methods of water conservation do you use? Where did this information come 

from? 

-Which methods of water conservation were used in the past?  

-How far is your closest source of water?  

-Is water stored?  

-How much is stored at one time? 



142 

-If you could control water use, what change would you make in the region? 

6. Fertilizer use: 

-Do you use fertilizers? If so, why? If not, why not? 

-Do fertilizers increase crop yields? 

-Which fertilisers do you use?  

-What fertilisation methods were used in the past?  

-If you could change something about fertilizer use today, what would you change? 

((New: What crops are more productive in dung vs DAP and urea?)) 

7. Pest Control 

-What are the main pests associated with each crop?  

-What are the different pest control methods?  

-Do you rotate your crops to control pests?  

-Do you manipulate planting/harvest times to control pests?  

-Do you intercrop to reduce pests?  

8. Harvesting 

-How do you know when to harvest?  

-How many times is a field harvested for one crop?  

-Can harvesting method vary? if so why?  

-Do you ever harvest the crop while unripe? 

-Is the crop left in the field to dry? if so, for how long?  

-Do you remember old harvesting methods?  
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-Do you ever harvest earlier or later depending upon the amount of rainfall? 

9. Winnowing 

-How is the winnowing area cleared up (burning)?  

D. Livestock: (sheep, goats, chickens, cattle) 

-Which animals do you own? 

-What do they eat at different times of the year? 

-How often do you feed them? 

-Where and when do they graze? 

-Cattle 

Do people typically own or borrow cattle? 

 How many cattle are needed to farm? 

 Where do the cattle drink water? 

Where do cattle graze?  

Are the grazing fields communal or private? 

When do they graze? How often? 

In the past, did cattle graze in different locations? 

What is done with the manure? 

 

E. Fuel Sources 

-What are your main sources of fuel? 

-How far do you have to go to collect wood? 
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-Which trees do you plant?   

-Why do you plant these trees? 

-How much time does it take to obtain fuel? 

-What trees are planted today? 

-In the past, which trees were planted before eucalyptus? 

-In the past, were trees managed differently? 

F. Land use 

-What are the major categories of land use? (what are the main ways that land is used?) 

-How is each category maintained?  Has this changed over time? 

-Has the area/size of each category increased or decreased in your lifetime?  In your 

grandparents’ lifetimes? 

-If you could change current land-use practices, what would you do? 

-How has the landscape changed since you were young or since the time of your 

grandparents? 

-Are there stories/traditions about former landscapes? 

-Are terraces currently being constructed? 

 What is the benefit of constructing terraces? Why are they built? 

How are they constructed? 

How productive is the land that is terraced? 

Were they constructed in the past? 

G. Environmental Stresses 
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-What are the main environmental conditions that negatively impact your crops and 

livestock? 

-Drought 

When drought occurs for part of a season, what is the main agricultural response?  

What if the drought lasts for more than a season? 

More than a year? 

How did people in the past respond to drought, is it different from the present? 

During periods of drought, is there previously stored water that can be used? 

How often does a drought occur?  Were they more or less frequent in the past? 

-Soil Fertility 

What is considered good soil fertility? 

How do you increase your soil fertility? 

Did people in the past manage the soil fertility differently? How so? 

((New: Soil fertility was described by other farmers as land that any crops can grow on, 

what can grow in non-fertile soil?)) 

-Erosion 

 Does soil erosion impact your farming? 

 How is erosion managed? 

 Did people in the past manage erosion differently?  

H. External policies. 

-What are the most significant external policies that impact your farming practices? 

-How do these policies affect your farming? 
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-Have the external policies, either recommended or mandated, been beneficial to your 

farming? 

Why? Why not? 

-What are the best ways that external programs can be a resource to your farming? 

-How can farmers improve farming practices in Tigrai? 

-How can farmers improve the quality of their environmental resources? (e.g. soil, 

forests) 

 

Objective 2: What is the role of natural and cultural fires in traditional agricultural 

systems?  

I. Fire Ecology: 

1. Natural fires 

 Are there natural fires? 

 How to people respond to natural fires? 

 Were there natural fires in the past? 

 Did people respond differently to natural fires in the past? 

 Do the natural fires impact your agriculture? 

Can you distinguish a natural vs. a human made fire on the landscape? 

2. Cultural fires 

Are fields intentionally burned? 

Why are fields burned?  

How often are fields burned? 
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 What is the impact of burning? The impact of burning on erosion? 

 What is typically being burned? 

 How does burning impact the subsequent growing season? 

How do environmental perturbations affect the decision to burn fields/the cycle of 

burning? 

Have restrictions on burning impacted your farming? If so, how? 

((New: When in the year does burning typically occur?)) 

New: Traditional Farming 

What food(dishes) was eaten more in the past and less today? Are there traditional ways 

of life that are disappearing that could be beneficial for development for the future? What 

are the most important aspects of traditional farming that we should study/ask questions 

about?  What is the most significant factor(s) that impacts farming today? What about in 

the past? 

 

 


