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Abstract 

Ethiopia is both the origin and center of diversity for teff (Eragrostis tef (Zucc.) Trotter) and many other crops due to its diverse 

agro-ecology and culture. Teff is an autogamous and allotetraploid crop with a chromosome number of 2n=4x=40 and a staple 

food crop for more than 70 million people in Ethiopia. It occupies over three million hectares of land and is cultivated by over 7.2 

million households. However, the yield of teff is very low as compared to other cereals cultivated in Ethiopia. Its productivity is 

constrained by many factors, which still need further research to intervene. Scientific teff research in Ethiopia started in the 

1950s, and many improved teff varieties (about 54 until 2022) have been released to the farming community through 

conventional breeding approaches like pure line/mass selection and hybridization. Nowadays, the Debre Zeit (Bishoftu) 

Agricultural Research Center has a full mandate at the national level in teff breeding activities. Globally, only a few cereal crops 

are feeding the world population and getting more attention from the international scientific community; however, orphan crops 

like teff have recently gotten consideration from many national and international organizations due to their golden merits and 

nutritional quality, like gluten-free products. Many efforts have been made to improve and tackle teff breeding challenges 

through the molecular breeding approach, and there are some achievements. However, the major challenges of teff breeding still 

need focus and significant contributions from the national and international scientific communities, companies, governments, 

and other stakeholders. The development of gene editing tools like CRISPR/Cas9 has revolutionized and enhanced breeding in 

many other cereals. The application of these gene-editing tools in the teff breeding program, particularly for the challenging traits 

like lodging, seed size, grain yield, and other related traits, will be the next assignment for the teff breeders. 
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1. Introduction 

Teff (Eragrostis tef (Zucc.) Trotter), known as the autog-

amous annual grass, is native to Ethiopia and is stable cereal 

crop in the Ethiopian diet [1]. In Ethiopia, teff is one of the 

most important and preferable staple cereal crops, including 

in the Horn of Africa. In Ethiopia alone, it takes more than 

three million hectares of land (about 24.11% of the 81.46% of 

land dedicated to cereal crops). In terms of area coverage, it 

ranks first (24.11%), followed by maize (17.68%), sorghum 
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(14.21%), and wheat (13.91%). Among cereals grown in 

Ethiopia, teff ranks second (after maize) and last (8
th

) in terms 

of production (about 5.7 million tons) and productivity 

(around 1.85 tons/ha) among the cereals grown in Ethiopia, 

respectively. In Ethiopia alone, more than 70 million Ethio-

pians (more than half of the total population of the country) 

depend on teff as their main staple grain [2], and more than 7.2 

million households cultivate teff [3]. 

Globally, a few numbers of cereal crops, like rice, wheat, 

and maize, are feeding the world's population. These major 

cereals provide over 42% of calories consumed by the whole 

human population [4]. However, the production of these few 

major cereals alone cannot satisfy the demand for food. This 

is because these crops are less suited to less input and poorly 

adapted to climate change [5, 6]. On the other hand, reliance 

only on these few cereal crops results in dietary imbalance and 

unfavorable food shortages. For this reason, diversifying food 

supplies by using underutilized orphan crops like teff is be-

coming more popular as a solution to these issues [7, 8]. 

Furthermore, teff is becoming more and more well-known 

throughout the world because it is gluten-free and has a bal-

anced amount of important amino acids in comparison to 

other major cereals like rice, wheat, and maize. For example, 

teff is rich in starch but has a somewhat lower energy content 

than other cereals, which is beneficial for people with type II 

diabetes; that means it releases energy slowly. It also has the 

maximum amount of lysine and other necessary amino acids. 

Additionally, it has a lot of fiber, polyunsaturated fats, and is 

high in iron, calcium, and zinc, which are beneficial micro-

nutrients [9, 10]. Additionally, teff fits the criteria for sus-

tainable diets, which include being nutritionally adequate, 

safe, and healthy while optimizing natural and human re-

sources. Due to its outstanding nutritional profile, teff is 

known as „supergrain‟ and a healthy crop of our century, a 

stable grain, climate smart, and highly preferred by both 

consumers and producers [12]. 

Nowadays, teff is becoming more popular in the United 

States of America for animal feed (forage) due to its desirable 

traits like drought tolerance and rapid growth habit [13]. As 

compared to major cereals like maize, wheat, and rice, un-

derutilized/orphan crops like teff are among the most nutri-

tious grains and are more resilient to marginal soil and climate 

conditions. For instance, in Ethiopia, about 10% of arable 

(cultivable) land is under the influence of waterlogging; 

however, teff can germinate in these waterlogged soils and 

establish seedlings on which other crops may fail to germinate; 

that is why teff is called a crop of choice [14]. Several authors 

have suggested that orphan crops will help to implement the 

UN Sustainable Development Goals in low-income countries 

like Africa, Asia, and Latin America, including developed 

Western countries' demand for new, healthier foods [6, 15-17]. 

Among the UN Sustainable Development Goals, no poverty, 

zero hunger, and good health and wellbeing are some of them. 

These goals can be ensured if crops like teff, endowed with a 

potential to withstand different environmental stresses, are 

well utilized [11]. Different reports are indicating that by the 

coming 2050, the world population will reach 9.8 billion. In 

addition to population growth, issues such as pandemics, 

conflicts, socio-economic disparities, competition for food 

and biofuel for available land resources, and climate change 

are also exacerbating food security. Because underutilized or 

"orphan" crops have the benefit of already being well inte-

grated into the socioeconomics of the area, their use is crucial 

to ensuring food security [17-19]. Due to their greater stability 

in the face of frequently shifting demand and environmental 

conditions, orphan crops like teff are also the crops that 

farmers and consumers prefer [20], and teff is serving as a 

source of forage to feed animals in many parts of the world, 

such as the Mediterranean [21]. In line with this, the majority 

of Ethiopian farmers grow teff because of its exceptional 

golden traits, such as its ability to adapt to changing weather 

patterns, produce revenue for households, and meet nutri-

tional needs. It is also a versatile/multipurpose crop, with its 

grain used for human consumption (especially to form the 

popular pancake-like bread known as "Injera") and its straws 

used for plastering local homes after mixing with mud and 

feeding livestock [1]. However, due to the changing demands 

and numerous difficulties faced by Ethiopia‟s 

small-scale-farmers, the need to conserve, characterize, and 

use the current teff genetic variety should be taken into con-

sideration [22], and for the genetic improvement of a crop and 

climate study, inclusion of traditional knowledge is important 

[23]. 

A number of efforts have been conducted in the fields of 

molecular and biotechnology to improve teff and tackle the 

challenging traits. However, because of the crops‟ nature, 

there have been numerous obstacles during this time, such as 

the small size of the seeds, crossing difficulties, shattering, 

lodging, less focus, mechanization issues, and capacity 

building [24]. Molecular markers have been instrumental in 

identifying the characteristics of the genes causing the 

dwarfed phenotype in other cereals, such as rice and wheat, 

that revolutionized the Green Revolution [25], as well as in 

facilitating the selection and identification of the desired 

phenotype [26]. However, in teff, sufficient scientific infor-

mation is not generated about dwarfing genes, even though 

attempts to clone and sequence the orthologues of the rht1 

(reduced height) and sd1 (semi-dwarf) genes are in progress 

[27, 28]. However, to some extent, there is a possibility to 

improve lodging problems in teff through conventional 

breeding due to the existence of plenty of genetic variation for 

traits like plant height, culm diameter, and tillering capacity 

via indirect selection for these traits [29]. A genome-wide 

association study was conducted in order to identify loci and 

candidate genes for traits like yield, local adaptation, farmers‟ 

appreciation, and phenology. Accordingly, the results of the 

study revealed areas around Tana lake are vulnerable to cli-

mate change, and teff landraces (farmers‟ varieties) should be 

utilized to build resilience climate scenarios [23], and a strong 

association between grain yield, lodging, and days to heading 
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was reported [30]. Agronomic practices like sowing rate can 

also reduce lodging [31]. The Ethiopian farmers are cultivat-

ing teff despite many difficulties and fewer research 

achievements in teff because of the following merits over 

other cereal crops: I) Adaptability to a variety of 

agro-ecological conditions (0-3000 m. a. s. l.), including 

conditions that are marginal for the majority of other crops. II) 

Resilience to drought and waterlogging conditions. III) Suit-

ability for a wider range of cropping systems and crop rotation 

schemes. IV) Use as a catch crop and low-risk, dependable 

crop, particularly as a replacement crop when long-season 

crops (like maize and sorghum) fail due to drought, pests, 

and/or other disasters. V) Relative healthiness of the crop in 

the field and storage because it faces minimal or no significant 

threats from disease and pest epidemics [14, 20]. 

The recent discovery of genomes and candidate genes par-

ticularly that offer synthenic comparisons for the evolution of 

C4 photosynthesis has made a significant contribution to the 

study of orphan/underutilized cereal and legume crops. This 

helps to enhance important attributes such as drought re-

sistance, photorespiration efficiency, and nutritional qualities. 

To use this finding in a breeding program, more research is 

still required [32]. Therefore, this paper reviews an overview 

of teff breeding progress, a journey from the category of or-

phan crop to a modern genomic era, and forecasts future 

perspectives in the teff breeding program. 

2. Origin and Taxonomy of Teff 

Ethiopia is the origin and diversity center for teff [(Erag-

rostis tef (Zucc.) Trotter] and many other important oil crops, 

such as noug (Guizotia abyssinica (L. f.) Cass.), Ethiopian 

mustard or gomenzer (Brassica carinata A. Braun), and hor-

ticultural crops, such as enset (Enset ventricosum (Welw.) 

Cheeseman), coffee (Coffea arabica L.), and anchote (Coc-

cinia abyssinica (Lam.) Cogn) due to its diverse agro-ecology 

and culture [33]. Teff belongs to the grass family, Poaceae 

(formerly Gramineae), subfamily Chloridoide (Eragros-

toidae), tribe Eragrostidae, subtribe Eragrosteae and genus 

Eragrostis. Different nomenclature names were given to teff 

at different times as indicated in Table 1. However, the name, 

teff (i.e., Eragrostis tef (Zucc.) Trotter), which is based on the 

specific epithet „tef‟ previously used by Zuccagni, was pro-

posed by Trotter in 1918, and it is the most accepted binomial 

nomenclature [34]. 

2.1. Domestication and Global Distribution of 

Teff 

The largest genera in the grass family is Eragrostis, with 

over 350 species. It is believed that the pre-Semitic people 

who invaded northern Ethiopia domesticated teff between 

4000 and 1000 B. C. The exact date and location of teff do-

mestication, however, are still in doubt [35]. At continental 

level, Africa shares the largest percentage among of the 

Eragrostis species, which is about 43%, followed by South 

America (18%), Asia (12%), Australia (10%), Central Amer-

ica (9%), North America (6%), and Europe (2%), respectively. 

Teff and its wild relatives are also found in other regions of the 

world. Only 14 (26%) of the approximately 54 species of 

Eragrostis found in Ethiopia are indigenous. With a chromo-

somal number of 2n=4x=40, it is an allotetraploid crop that 

may have descended from Eragrostis pilosa. The only species 

in the Chloridoidae subfamily that are grown as cereal crops 

for human consumption are teff and finger millet [1, 14, 36]. 

Table 1. Binomial nomenclatures given to teff by various authors at 

different times (Compiled from [35, 37]). 

Suggested name Year 

Poa tef Zuccagni 1775 

Poa abyssinica Jacquin 1781 

Poa cerealis Salisb 1796 

Cynodon abyssinicus (Jacq.) Rasp. 1827 

Eragrostis abyssinica (Jacq.) Link 1827 

Eragrostis pilosa (L.) P. Beauv. subsp. abyssinica 

(Jacq.) Aschers and Graben 
1900 

Eragrostis tef (Zucc.) Trotter 1918 

Eragrostis pilosa (L.) P. Beauv. var tef (Zucc.) 1923 

2.2. Phases of Teff Breeding 

The overall teff breeding phases up to date are summarized 

in Table 2. 

Table 2. Teff breeding phases and their respective activities. 

Phases of teff 

breeding 
Year Activities 

Phase I 1956-1974 

The first phase was mainly focused on three major activities: I) Germplasm enhancement through 

collection/acquisition, characterization and evaluation, systematics and conservation 

II) Genetic improvement: This part entirely depends on mass or pure line selection from the existing 

germplasm 
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Phases of teff 

breeding 
Year Activities 

III) Initiation of induced mutation using X-ray radiation was started to enhance genetic variation 

Phase II 1975-1995 

This phase is known as breakthrough phase in teff breeding history due the discovery of chasmogamous 

floral opening behavior of teff discovered by Tareke (1975). The opening time of teff flower was from 

6:45-7:30 AM. Additionally, intraspecific hybridization was incorporated in the teff breeding program 

because the discovery of teff floral opening time opens an opportunity of exercising crossing technique 

Phase III 1995-1998 
In this phase, molecular approach breeding was started; for instance, I) Molecular markers and genetic 

linkage map was developed, II) Molecular genetic diversity study was started 

Phase IV 1998-2003 

In this phase, tissue culture technique was employed; for instance, invitro culture and interspecific hy-

bridization, and re-appraisal of induced mutagenesis was started to solve problems of lodging and leaf rust 

disease 

Phase V 2003-date 
This phase incorporates participatory breeding approach, extensive molecular studies or genomic research 

approaches 

 

2.3. Teff Variety Development Approaches 

2.3.1. Conventional/Traditional Breeding Approach 

The year 1974 was recorded as a breakthrough period in 

teff breeding history that permitted the classical 

teff-crossbreeding program to begin. This is due to the dis-

covery of the opening and pollination period of teff florets that 

occurs early in the morning between 6:00 and 6:45 a. m. This 

discovery paves a great opportunity for many authors to as-

sess teff accessions for different important traits such as 

lodging resistance, shattering, seed size, and leaf rust disease 

resistance through a conventional approach. The existence of 

ample genetic variations is crucial for the improvement of 

traits, and the assessed accessions in teff are lacking adequate 

genetic variation for all traits studied [1]. On the other side, 

the number of teff accessions found at the Ethiopian Institute 

of Biodiversity (EIB) has increased from 1067 to 5167. For 

any plant-breeding program, searching for genetic variability 

and germplasm enhancement is fundamental and a prerequi-

site activity in developing improved varieties [38]. This can 

be achieved through (i) the collection/acquisition, character-

ization, evaluation, and conservation of germplasm; (ii) hy-

bridization (intra- and interspecific) among selected parents; 

and (iii) other techniques like induced mutation and mark-

er-assisted breeding (MAB) [1, 20]. Accordingly, to enhance 

genetic variation in teff, the following approaches are em-

ployed in the teff breeding program: i) Indigenous germplasm: 

The indigenous germplasm constitutes the major source of 

variability for teff because teff, being a native and unique crop 

to Ethiopia, has rare opportunities for introductions of teff 

germplasm and breeding materials from abroad. ii) Hybridi-

zation: This involves mainly intraspecific crosses and recently 

some interspecific crossings, especially with E. pilosa, which 

is the closest relative and wild progenitor to teff. 

Briefly, teff research activities started in the late 1950s; it 

was first bred using the conventional approach [34]. Accord-

ingly, teff breeding improvement activity was started at the 

then Jimma Agricultural and Technical High School and later 

moved to the Debre Zeit (Bishoftu) Agricultural Research 

Center (DZARC) under the Ethiopian Institute of Agricultural 

Research (EIAR). The Debre Zeit (Bishoftu) Agricultural 

Research Center took the mandate to coordinate the national 

teff improvement program. In addition, foreign funding or-

ganizations have supported this research program, and many 

activities have been done [39]. This enabled both federal and 

regional agricultural research centers to release 54 improved 

teff varieties until 2021, and out of these, 28 varieties were 

from the Debre Zeit (Bishoftu) Agricultural Research Center 

(DZARC), 7 from Sirinka research center, 8 from Adet re-

search center, 5 from Bako research center, 2 from Holeta 

research center, 2 from Areka research center, 1 from Axum, 

and 1 from Melkasa research centers. These efforts have 

shifted the yield plateau from below 1 ton/ha at the beginning 

of the second millennium to 1.85 tons/ha in 2018 [3, 14]. 

There are some varieties of teff developed through a con-

ventional approach and the best performer. For instance, the 

Quncho (974 × 196)-HT -́387 (RIL355) variety was devel-

oped from the cross between two old varieties, namely Magna 

(DZ-01-196), characterized by a very white seed color but low 

in yield, and Dukem (DZ-01-974), characterized by pale 

white seed color (not preferred by producers/farmers) but high 

in yield, and the Felagot (DZ-Cr-442/RIL-77C) variety was 

developed from Quncho (the popular variety) and Gea Lam-

mie (local cultivar). This indicates that conventional teff 

breeding through participatory variety selection (PVS) and 

participatory plant breeding (PPB) are promising in devel-

oping better varieties to improve different traits of interest. 

Among the 54 teff improved varieties released to the farming 

community up to 2022, about 52% were developed through 

hybridization, while the remaining 48% were via pure 

line/mass selection from the local cultivars (farmers‟ variety). 

From the released teff varieties, Quncho, Kora, Magna, 
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Enatite, Dagim, and Dukem are for optimum rainfall areas, 

while the relatively early maturing varieties like Boset, Tsedey, 

and Simada are meant for terminal drought-prone areas [14]. 

Enhancement of genetic variation is compulsory to improve 

traits of interest. There is mechanism used to enhance genetic 

variation in teff such as the use of a) indigenous germplasm 

through collection, evaluation, characterization, and conser-

vation, b) hybridization (intra and inter-specific hybridization 

and c) induced mutation [1]. 

Recently, seven improved varieties of teff were released 

(from 2017 to 2022) enhanced with different desirable traits. 

Tesfa (2017) enhanced with lodging resistance, Eba (2019) 

enhanced with high yield, Bora (2019) enhanced with drought 

tolerance, Boni (2021) enhanced with drought tolerance, 

Bishoftu (2021) enhanced with early maturity, Kulle (2022) 

enhanced with late maturity and high yield, and Bereket (2022) 

enhanced with late maturity and high yield [40]. The details of 

other released teff varieties are shown in Table 3. 

Table 3. Improved teff varieties released in Ethiopia for different environmental conditions until 2022. 

№ 

Name Variety release 

Breeding 

method 

Days to 

mature 
Seed color 

Grain yield t ha-1 

Common 

name 
Variety name 

Year Center 
Research 

field 
On-farm 

Varieties for optimum rainfall areas 

1 Asgori DZ-01-99 1970 DZ Selection 80-130 Brown 2.2-2.8 1.7-2.2 

2 Magna DZ-01-196 1970 DZ Selection 80-113 Very white 1.8-2.2 1.4-1.6 

3 Enatite DZ-01-354 1970 DZ Selection 85-130 Pale white 2.2-3.0 1.7-2.2 

4 Wellenkom DZ-01-787 1978 DZ Selection 90-130 Pale white 2.2-3.0 1.7-2.2 

5 Menagesha DZ-Cr-44 1982 DZ Hybridization 125-140 White 2.2-2.8 1.7-2.2 

6 Melko DZ-Cr-82 1982 DZ Hybridization 112-119 White 2.2-3.0 1.8-2.2 

7 Gibe DZ-Cr-255 1993 DZ Hybridization 114-126 White 2.0-3.0 1.6-2.2 

8 Dukam DZ-01-974 1995 DZ Selection 76-138 White 2.4-3.4 2.0-2.5 

9 Ziquala DZ-Cr-358 1995 DZ Hybridization 75-137 White 2.1-3.4 1.8-2.4 

10 Holeta Key DZ-01-2053 1998 Holeta Selection 124-140 Brown 2.1-3.4 1.8-2.5 

11 AmboToke DZ-01-1278 1999 Holeta Selection 125-140 White 2.1-3.4 1.9-2.6 

12 Koye DZ-01-1285 2002 DZ Selection 104-118 White 2.1-3.4 1.8-2.5 

13 Ajora PGRC/E205396 2004 Areka Selection 85-110 White 1.8-2.2 1.5-1.7 

14 Yilmana DZ-01-1868 2005 Adet Selection 98-118 White 1.6-3.0 1.4-2.1 

15 Dima DZ-01-2423 2005 Adet Selection 94-116 Brown 1.6-3.2 1.4-2.2 

16 Quncho DZ-Cr-387 RIL355 2006 DZ Hybridization 80-113 Very white 2.2-2.8 2.0-2.2 

17 Guduru DZ-01-1880 2006 Bako Selection 110-132 White 1.5-2.3 1.4-2.0 

18 Kena 23-Tafi-Adi-72 2008 Bako Selection 110-134 Very white 1.7-2.7 1.3-2.3 

19 Etsub DZ-01-3186 2008 Adet Selection 92-127 White 1.9-2.7 1.6-2.2 

20 Kora DZ-Cr-438 RIL133B 2014 DZ Hybridization 110-117 Very white 2.3-2.8 2.0-2.3 

21 Werekiyu Acc. 214746A 2014 Sirinka Selection 90-100 White 2.0-2.7 1.8-2.2 

22 Abola DZ-Cr-438 RIL7 2015 Adet Hybridization 112-115 Very white 2.1-2.7 1.8-2.3 

23 Dagim DZ-Cr-438 RIL91A 2016 DZ Hybridization 116-144 Very white 2.4-3.1 2.0-2.5 

24 Negus DZ-Cr-429 RIL125 2017 DZ Hybridization 112-116 Very white 2.4-3.1 2.1-2.6 

25 Felagot DZ-Cr-442 RIL77C 2017 DZ Hybridization 108-112 Brown 2.2-2.8 1.9-2.4 

26 Tesfa DZ-Cr-457 RIL181 2017 DZ Hybridization 112-120 White 2.3-3.0 2.1-2.7 

http://www.sciencepg.com/journal/jps


Journal of Plant Sciences http://www.sciencepg.com/journal/jps 

 

150 

№ 

Name Variety release 

Breeding 

method 

Days to 

mature 
Seed color 

Grain yield t ha-1 

Common 

name 
Variety name 

Year Center 
Research 

field 
On-farm 

Varieties for optimum rainfall areas 

27 Heber-1 DZ-Cr-419 2017 Adet Hybridization 93-114 White 2.0-2.7 1.7-2.2 

28 Areka-1 DZ-Cr-401 2017 Areka Hybridization 112-119 White 1.8-2.2 1.4-1.7 

29 Abay Acc # 225931 2018 Adet Selection 95-132 White 2.4-3.0 1.8-2.2 

30 Dursi ACC.236952 2018 Bako Selection 100-125 White 2.1-2.5 1.9-2.2 

31 Jitu DZ-01-256 2019 Bako Selection 100-125 White 2.1-2.5 1.9-2.4 

32 Ebba DZ-Cr-458 RIL18 2019 DZ Hybridization 95-110 Very white 2.3-3.0 2.0-2.6 

33 Washera DZ-Cr-429 RIL 29 2019 Adet Hybridization 108-125 Very white 2.3-3.2 2.0-2.5 

34 Bishoftu DZ-Cr-497 RIL133 2020 DZ Hybridization 94-110 Very white 2.4-3.2 2.0-2.8 

35 Axumawit DZ-Cr-429 RIL 7 2020 Axum Hybridization 100-126 Pale white 1.7-2.2 2.1-2.6 

36 Jarso - 2021 Bako Hybridization - - - - 

37 Takusa DZ-Cr-459 RIL104 2021 Adet Hybridization 93-113 White 1.9-2.6 1.7-2.1 

Varieties for low rain fall (terminal drought-prone) areas 

38 Tsedey DZ-Cr-37 1984 DZ Hybridization 82-90 White 1.8-2.8 1.4-1.9 

39 Gola DZ-01-2054 2001 Sirinka Selection 77-90 White 2.0-2.4 1.6-2.0 

40 Gerado DZ-01-1281 2002 DZ Selection 82-87 White 2.0-2.4 1.6-2.0 

41 Key Tena DZ-01-1681 2002 DZ Selection 84-93 Deep Brown 2.0-2.5 1.6-1.9 

42 Zobel DZ-01-1821 2005 Sirinka Selection 78-85 White 2.0-2.5 1.5-2.1 

43 Genete DZ-01-146 2005 Sirinka Selection 78-85 Pale white 1.8-2.4 1.6-2.1 

44 Amarach HO-Cr-136 2006 DZ Hybridization 63-87 White 1.8-2.5 1.4-2.2 

45 Mechare Acc. 205953 2007 Sirinka Selection 79-90 Pale white 1.8-2.5 1.4-2.2 

46 Gemechis DZ-Cr-387 RIL127 2007 Melkassa Hybridization 62-85 White 1.7-2.6 1.5-2.2 

47 Simada DZ-Cr-385 RIL295 2009 DZ Hybridization 72-88 White 2.0-2.8 1.6-2.4 

48 Lakech DZ-Cr-387 RIL273 2009 Sirinka Hybridization 74-85 Very white 2.2-2.7 1.7-2.4 

49 Boset DZ-Cr-409 2012 DZ Hybridization 75-90 Very white 1.9-2.8 1.8-2.2 

50 Bora DZ-Cr-453 RIL120B 2019 DZ Hybridization 74-85 Very white 2.0-2.8 1.8-2.4 

51 Mena DZ Cr- 428 2019 Sirinka Hybridization 80-86 Very white 2.2-2.8 2.0-2.5 

52 Boni DZ-Cr-498 RIL 37 2021 DZ Hybridization 80-90 Very white 2.0-3.8 1.8-2.6 

Varieties for highland (water logged) areas 

53 Gimbichu DZ-01-899 2005 DZ Selection 118-137 White 1.5-2.2 1.4-2.0 

54 DegaTef DZ-01-2675 2005 DZ Selection 112-123 White 1.5-2.4 1.4-2.2 

DZ= Debre Zeit; Compiled from [24, 40] 

2.3.2. Molecular Breeding Approach 

The application of molecular marker technology in teff 

breeding is still in its infancy and is a relatively new devel-

opment (in the third phase of teff breeding milestones) in 

comparison to conventional breeding [24]. To complement 
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and accelerate conventional teff breeding, however, there 

have been substantial and ongoing attempts to build the pre-

requisites for the application of molecular approaches and 

biotechnological technologies [1]. These authors discussed 

the molecular breeding methods for developing teff varieties 

as follows: (1) developing molecular markers; (2) analyzing 

genetic diversity and relationships at the molecular level; (3) 

creating molecular marker linkage maps; (4) identifying 

quantitative trait loci (QTL); (5) regeneration and transfor-

mation techniques; and (vi) high-throughput methods like 

eco-TILLING and Targeting Induced Local Lesion IN Ge-

nomes (TILLING). Nowadays, there are more than 1500 

locus-specific teff markers, which can be used in genetic 

studies [14], and utilization of underutilized crops using ge-

nomic selection and speed breeding is compulsory because 

these techniques reduce time and cost [41]. 

1) Molecular markers development: Molecular markers 

such as amplified fragment length polymorphism (AFLP) 

(Ayele et al., 1999), restriction fragment length poly-

morphism (RFLP) [42], ISSRs [43], and SSRs were 

used previously by many researchers to study teff ge-

nomics and genetics. These molecular markers are use-

ful tools for studying variation analysis based on natu-

rally occurring polymorphisms in DNA sequences to 

further enhance marker-assisted selection and breeding 

programs [44]. Molecular markers having high poly-

morphism are preferable; among these markers, SSR 

markers have been shown to be highly polymorphic 

within teff germplasm. Accordingly, the utilization of 

SSR rather than RAPD technology has improved the 

level of diversity in teff [45]. For instance, a genetic 

diversity study on 64 teff accessions collected from 

different parts of Ethiopia using 10 polymorphic SSR 

markers detected 314 total alleles with a mean value of 

polymorphic information content (PIC) of 0.87, indi-

cating the existence of polymorphism for all loci [38]. 

2) Development of genetic linkage maps: Genetic maps are 

used to show the position of the molecular markers and 

QTLs relative to each other in terms of recombination 

frequency and are used to find genes responsible for 

traits of interest [22]. The efforts of mapping genetic 

linkage in teff began more than two decades and half ago 

and have progressed from complex sequence repeat 

(SSR) maps in 2011 to amplified fragment length pol-

ymorphism (AFLP) maps in 1999. For example, an 

RFLP linkage map using 116 RILs from the cross of 

„Kaye Murri‟ with E. pilosa was developed in 2001. 

Accordingly, this inter-specific cross between Kaye 

Murri and E. pilosa produced far more polymorphisms; 

however, the main limitation is the level of polymor-

phism is still smaller than that of other grasses. Another 

study investigated that the RFLP map molecular genetic 

diversity demonstrated better genome coverage (88%) 

as compared with the previous AFLP map (81%) [42]. 

Additionally, a map from an interspecific cross (E. tef 

(DZ-01-2785) and E. pilosa (30-5)) was developed by 

utilizing a combination of different marker types, 

namely AFLP, ISSR, rice EST-SSR markers, and teff 

specific EST-SSR markers. The map was based on 124 

F8 RILs and covered 78.8% of the genome. 

3) Traits like grain yield, lodging resistance, seed weight, 

shoot biomass, and plant height are very important for 

the improvement of teff, and their QTL mapping was 

performed for the first time by [46]. The authors used 

124 F8 recombinant inbred lines (RILs) from an inter-

specific cross between E. tef and E. pilosa based on 

AFLP, ISSR, EST-SSR, and SSR markers. Accordingly, 

the percentage of phenotypic variance explained by the 

QTLs in this study ranged from 12.4% for a QTL asso-

ciated with grain yield to 63.9% for a QTL associated 

with days to heading. Following this achievement, con-

structed the second QTL map for teff by using 94 F8 

recombinant inbred lines (RILs) from the same mapping 

population. In this study, ninety-nine QTLs were iden-

tified, three times more than in the previous. The third 

QTL mapping in teff was conducted by using 151 F9 

recombinant inbred lines and a PCR-based marker sys-

tem. However, a marker system in which 83 QTLs were 

mapped on 30 linkage groups suffers from small marker 

density, and the QTLs are not validated and hence are of 

little use in initiating marker-assisted selection (MAS) in 

teff [47]. 

4) Genetic regeneration and transformation: The genetic 

transformation in teff started in the early 1990s, but the 

genetic transformation of teff was attempted without 

success. After a trial for a decade, a biolistic and agro-

bacterium-mediated gene transfer in teff was reported 

with a successful genetic transformation and genetic 

regeneration [48]. Following this achievement, the first 

stable transformation of teff with GA inactivating gene 

PcGA2ox under the control of the CaMV 35S promoter 

using the Agrobacterium transformation was reported 

[49]. However, the challenges continue because there is 

no well-defined and reproducible transformation pro-

tocol developed for teff, and this needs further research. 

The teff research group established a reproducible 

transformation protocol at the University of Bern. The 

study conducted on the three teff genotypes revealed 

differential responses of callusing and regeneration ef-

ficiency. This study comprised Melko (drought tolerant), 

Gemechis (moderate), and POP12S2 (sensitive) and five 

levels of PEG (0, 0.5, 1, 1.5, and 2%) in which they 

screened for drought tolerance [50]. Accordingly, in 

vitro screening showed that regenerants of Melko 

(0.5%), Melko (1.5%), and Melko (1%) were 

drought-tolerant, while those of Pop12S2 (1.5%) were 

the most sensitive regenerants to moisture stress. The 

regenerants obtained from the Melko genotype under in 

vitro conditions may be used to develop drought-tolerant 

varieties in the future. 
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5) High-Throughput Techniques: While employing meth-

ods such as Targeting Induced Local Lesions IN Ge-

nome (TILLING) genome-specific primers are needed, 

which isolate homologous copies of each sub-genome, 

genome sequencing is particularly crucial [51, 52]. In 

the case of teff, the teff-TILLING project was initiated 

with financial support from the Syngenta Foundation for 

Sustainable Agriculture and the University of Bern and 

scientific collaboration with the University of Georgia, 

FAO/IAEA Programme, and Ethiopian Institute of Ag-

ricultural Research. The main goal of the project is to 

obtain semi-dwarf tetraploid teff lines that are resistant 

to lodging. So far, the project has generated over 4, 000 

M2 mutagenized lines and utilized them in TILLING 

[53]. The generated mutants are used to develop desira-

ble traits and further enhance the lacking genetic varia-

tion in the existing germplasms of teff. Some novel ap-

proaches that can enhance the teff breeding program 

include the improvement of agronomic practices, the 

creation of awareness for different stakeholders through 

training, field demonstration, and capacity building, and 

creating collaboration/linkage with national and inter-

national organizations/institutions [20]. 

2.4. Challenges of Teff Improvement Through 

Biotechnological Approach 

The science of biotechnology is highly advancing and gaining 

popularity in crop improvement by solving breeding bottle-

necks and fast-tracking conventional approaches. For instance, 

in vitro technology is applicable in germplasm conservation, 

distant hybridization (solving crossing barriers), and genetic 

transformation (using different vectors like Agrobacterium 

tumefaciens). However, cereal crops in general (monocots) 

and teff in particular benefited less from the science of bio-

technology as compared to horticultural and other pulse crops 

(dicots) [54]. For example, many scholars developed bio-

technological protocols to solve teff breeding challenges for 

important traits like lodging resistance, grain yield improve-

ment, and seed size increment. Some achievements of teff 

improvement through a biotechnological approach were dis-

cussed under the molecular breeding approach. 

The studies of plant cell and tissue culture on teff started in 

the 1990s‟. The overall achievements and challenges of teff 

improvement through a biotechnological approach was re-

cently reviewed by [54]. Previously, different authors reported 

the results of their work in which they used different explants 

and mediums. For instance, young seedlings root [55], leaf 

bases using MS medium at different concentrations. However, 

in those studies, young seedling root and leaf base segments, 

mature whole seeds, and immature spikelets demonstrated 

satisfactory improvement in in vitro culture responses with 

protocols involving MS or N6 basal induction medium sup-

plemented with 1- 5 mg/l of auxins 2, 4-D or 3, 6-D or 

dicamba. In general, like other cereal crops, the invitro culture 

of teff is highly influenced by many factors, which include the 

type of explants used (roots, leaves, immature or mature em-

bryos), growth stage, genotype, culture medium type and 

composition of culture medium, growth hormone and post 

culturing incubation, which needs further investigation and 

developing appropriate protocol [56]. 

2.5. Progress of Gene Editing Technology in Teff 

Improvement 

Improvement of desirable traits through conventional 

breeding approaches is discouraging compared to modern 

breeding approaches like molecular breeding due to the fol-

lowing reasons, such as their labor intensiveness, 

time-consuming nature, less efficiency, and complexity 

(highly influenced by the environment). The challenges of the 

conventional plant breeding approach have been intervened 

through the development of techniques that enable gene 

knockout/in, epigenetic modifications, and the generation of 

heritable targeted mutations in specific genomic areas [57, 58]. 

Gene editing tools, such as Zink Finger Nuclease (ZFN), 

transcription activator-like effector nuclease (TALEN), and 

CRISPR/Cas9 (clustered, regularly interspaced short palin-

dromic repeats), complemented the drawback of the conven-

tional breeding approach [59]. Genome site specificity, 

cost-effectiveness, efficiency, and ease of execution are 

among the desirable properties of gene editing tools. From 

these three gene editing technologies (tools), CRISPR/Cas 9 

fits these criteria and is preferable [60]. For instance, there 

are successful reports in many cereal crops, such as rice, 

wheat, maize, and barley, using CRISPR/Cas9 technology. 

recently reviewed the application of CRISPR to enhance 

genetic gain in orphan crops and identified the major chal-

lenges of this technology, like transformation efficiency and 

off-target mutation, which need further research. Particularly, 

in vitro regeneration and transformation are the major obsta-

cles in orphan crops. However, in the sorghum crop, the pos-

sibility to regenerate a fertile plant from the engineered cell 

through tissue culture using Agrobacterium-mediated trans-

formation is a recent breakthrough report. This technique 

breaks the barrier of genotype-dependent callus formation and 

shortens the time of the tissue culture cycle [61]. The gene 

editing tools have bottlenecks such as low plant regeneration 

efficiency even though they have many advantages, like im-

proving important traits in crops like wheat and barley. For 

instance, the main challenge while using CRISPR/Cas9 is 

developing a transgene-free plant, which takes time until the 

T1 and T2 generations are obtained, and the efficiency of the 

procedure highly depends on the species of interest. But these 

challenges of CRISPR/Cas9 are tackled by using Growth 

Regulating Factor 4 (a plant-specific transcription factor), its 

factor GRT-Interacting Factor 1 (TaGIF1), and their chimeric 

proteins (Ta-GRF4-TaGIF1). This discovery significantly 

improved regeneration efficiency and reduced the time 

needed to accomplish the process in cereals like wheat, triti-
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cale, and rice, as well as increased the number of convertible 

genotypes [58]. The use of Wuschel2 (WUS2) and Babyboom 

(BBM) or together (BBM+WUS) makes possible transfor-

mation in grass species crops like maize, rice, teff, barley, rye, 

and sorghum, which indicates the possibility of using this 

technology in a teff improvement program for the improve-

ment of challenging traits like lodging, small seed size, and 

grain yield [62]. However, the main challenge of teff im-

provement using gene-editing tools is the lack of fully anno-

tated reference genomes in cultivated tef lines and the lack of 

efficient gene delivery plus regeneration methods. To date, 

the only reference genome available for a cultivated tef line is 

a draft genome of the „Tsedey‟ (DZ-Cr-37) [63], and even this 

draft genome contains lots of challenges, such as fragmenta-

tion and missing sequence (Gebre et al., 2022). The next 

assignment to use and utilize the potential of recently devel-

oped gene editing tools in teff improvement should be 

searching reference genomes from related species or con-

ducting extensive experiments in teff germplasms. The ap-

plication of CRISPR/Cas9 in many cereals, pulses, and hor-

ticultural crops after its discovery has been increasing [19, 

58]. 

2.6. Nutritional Composition and Health 

Benefits of Teff 

“Tef is a resilient crop from the Horn of Africa with signif-

icant importance in food and nutrition security, and currently 

gaining global popularity as health and performance food” 

[14]. 

The grains of teff have high levels of proteins compared to 

the grains of wheat, maize, and pearl millet and greater than 

rye, brown rice, and sorghum [64, 65]. The nutritional profile 

of the teff grains, such as gluten-free and high content of 

dietary fiber, is among the most desirable and highly de-

manded at a global level, making teff the crop of choice as a 

source of healthy food because teff grains contain high and 

unique nutritional values that will meet the needs of 

health-conscious consumers [8]. Some reports indicated that 

100 g of teff grains have 357 kcal, similar to that of wheat and 

rice [7]. In comparison to other cereals, teff grains are com-

parably rich in iron, calcium, and fiber, and an excellent 

source of proteins (essential amino acids), especially lysine: 

the amino acid that is most often deficient in grains [67]. For 

instance, teff grain, due to its low glycemic index, makes it 

suitable for people with Type 2 diabetes. Another study sup-

ported the absence of gluten in teff flour by the genome se-

quence initiative [63]. Additionally, the grains are also glu-

ten-free, and this, in particular, attracts individuals who suffer 

from gluten intolerance or celiac disease [68]. Genomic loci 

associated with grain protein and mineral concentration were 

investigated by [30]. The results of the study revealed the 

influence of the environment, particularly water stress, which 

contributes effect on grain protein content and mineral con-

centration. The nutritional composition of teff as compared to 

other cereals is shown in Table 4. 

Table 4. Nutritional composition of teff as compared to the other major world cereals (100 g). 

Nutritional item Teff Finger millet Rice Maize Wheat Sorghum 

Energy (cal.) 362.1 349.5 357 368.2 351.9 359.6 

Moisture (%) 10.0 10.1 13 12.4 11.8 12.1 

Protein (%) 11.0 7.2 7.3 8.3 11.2 7.1 

Fat (%) 2.7 1.4 2.2 4.6 1.9 2.8 

Carbohydrate (%) 71.0 73 64 71.2 70.6 74.1 

Fiber (%) 3.0 5.0 0.8 2.2 3.0 2.3 

Ash (%) 2.3 3.3 0.6 1.3 1.5 1.6 

Ca (mg/100g) 165.2 386.0 6.0 6.0 49.0 30.0 

P (mg/100 g) 366.0 220.0 140 276.0 276.0 282.0 

Fe (mg/100 g) 18.9 85.1 0.8 4.2 7.5 7.8 

Lysine 3.7 0.24 3.7 0.3 3.7 2.1 

Isoleucine 4.1 0.39 4.1 0.7 4.5 3.7 

Leucine 8.5 0.93 8.5 2.1 8.2 7.0 

Valine 5.5 0.57 5.5 0.8 6.0 4.1 

Phenylalnine 5.7 0.49 5.7 0.9 5.5 4.9 

Tyrosine 3.8 - 3.8 0.7 5.2 2.3 
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Nutritional item Teff Finger millet Rice Maize Wheat Sorghum 

Tryptophan 1.3 - 1.3 0.2 1.2 1.1 

Threonine 4.3 0.39 3.7 0.41 2.7 0.5 

Histidine 3.2 0.23 2.3 0.31 2.1 0.4 

Arginine 5.2 0.38 8.5 0.50 3.5 0.6 

Methionine 5.2 0.28 8.5 0.24 3.5 0.6 

Cystine 2.5 - 1.8 - 2.4 0.3 

Asparagines 6.4 - 9.0 - 5.1 - 

Serine 4.1 0.48 5.0 0.57 5.0 0.8 

Glum+gltamic 21.8 - 17.0 - 29.5 - 

Proline 8.2 0.66 5.0 0.91 10.2 1.3 

Glycine 3.1 0.33 4.5 0.40 4.0 0.5 

Alanine 10.1 0.58 5.5 0.89 3.6 1.6 

Sources: Compiled from [14, 65]. 

2.7. Existing Opportunities for Teff Breeding 

“Due to significant contributions of orphan crops in the 

economy of the developing world, scientific studies need to be 

promoted on these little researched but vital crops of small-

holder farmers and consumers” [18]. 

Teff has remained underutilized for centuries; however, it is 

getting global popularity among different stakeholders like 

consumers, researchers, and food processing companies due 

to its golden property of gluten-free and high dietary fiber 

content [66, 69]. For this reason, production of teff has been 

underway in different countries like India, China, Australia, 

Europe, and the United States as a healthy food and beverage 

production industry [8]. The demand for teff products is in-

creasing both at the national and international levels [14]. 

There are factors that play a significant role for teff in demand. 

For instance, at a national level, the demand for teff is in-

creasing due to: I) increasing population, which is estimated 

to be 100 to 130 million, II) improvement of people‟s liveli-

hood and income, which enables the shift of diet from other 

cereals to teff. However, currently Ethiopian peoples are 

unable to afford teff due to inflation and Ethiopian birr de-

valuation. At international level, the demand of teff is highly 

increasing due to - III) the opening of peaceful reconstitution 

between the neighboring countries like Somaliland, Somalia 

and Eritrea (but recently stopped diplomatic relations with 

Eritrea while with of Soliland and Somalia are progressing 

well). IV) The global popularity for health benefits, particu-

larly by the western countries and Ethiopian Diasporas. To 

ensure food security issues, which is a headache at global 

level, orphan crops are highly demanded due to their desirable 

traits. The four pillars of food security are - a) food availability, 

b) access to food c) food stability, and d) food utilization. The 

international scientific community, governments, private 

companies, and other stakeholders should work in collabora-

tion to utilize the potential of orphan crops like teff and ensure 

food security. At continental level, Africa is highly risked by 

food security problem followed by Asia [18]. 

2.8. Challenges of Teff Breeding 

The major challenges of teff breeding and production in-

clude the nature of the crop, like seed size (being very 

small/minute), the shattering problem (which causes major 

yield loss), difficulty in crossing (due to its floral biology), 

lack of mechanization in pre- and post-harvest technology, 

limited focus from national and international scientific 

communities, and lack of capacity building (limited trained 

professionals, infrastructures, and facilities), which are hin-

dering its breeding progress and need research intervention 

[24]. Additionally, the method of sowing and seed rate affects 

teff productivity (hand broadcasting will leave seeds uncov-

ered, leading to erosion by wind or rainfall), attack by birds, 

use of local unclean seeds, which leads to poor germination, 

lodging, which usually occurs after heading, the la-

bor-intensive nature of the crop, and diseases like head 

smudge are also other constraints that challenge teff breeding 

[20]. Other challenges are related to the lack of satisfactory 

information on teff genetic resources, which means biogeog-

raphy, taxonomy, evolution, conservation, and utilization. 

According to these authors, the above-mentioned teff breed-

ing constraints/challenges are categorized into two major 

groups: 1) Technical constraints (these include low produc-

tivity, susceptibility to lodging, the labor-intensive nature of 

its husbandry practices, and biotic and abiotic factors). 2) 
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Socio-economic constraints (these include a lack of adequate 

attention given to its breeding activities, a weak seed and 

extension system, and unavailability of adequate agricultural 

inputs). Additionally, the progress of investment considering 

teff breeding and agronomic practices is scarce [40]. 

2.9. Why Teff Is Still Called Orphan Crop 

The name „orphan crops‟ refers to those without champions 

or crop experts [15]. There are also many other names given to 

these orphan crops [18]. To list some of them: underutilized 

(little researched) [70], neglected (little focus on science and 

development), traditional crops (used for centuries) [71], and 

future crops (high contribution to future food security) [72]. 

However, orphan crops are considered as „miracle crops‟ for 

future farming and sustainability. These orphan crops are 

mainly cultivated in the least developed regions of the world, 

like Somalia, Sudan, Ethiopia, Eritrea, and Nigeria from Af-

rica; Mongolia, China, Malaysia, Bhutan, and parts of India 

from Asia, South American countries; and some parts of Eu-

rope [73]. These orphan crops are very important, and their 

improvement can mitigate food security issues in the least 

developed countries, where food security issues are highly 

alarming [18]. This author addressed the need to invest in 

orphan crops due to their exclusion from the advanced re-

search global agenda like the Green Revolution, less priori-

tized at the national level (for instance, teff vs. wheat cultiva-

tion in Ethiopian conditions). The author also discussed the 

major constraints related to orphan crops (inferior in produc-

tivity, poor unbalanced nutrition, toxic products, extreme 

environmental conditions), which need research intervention 

and merit related to orphan crops like suitability with so-

cio-economy of the nation, and wider adaptability to climate 

change. 

Although the scientific research in teff started in the 1950s‟ 

(as discussed earlier), it is still categorized as an orphan crop 

due to the following key reasons, such as localized importance 

(the teff crop is not prioritized in the global agenda due to its 

regional and local importance). At the domestic level, teff is a 

staple food and highly demanded and preferred by millions of 

Ethiopians. However, it has not been prioritized in the global 

agricultural agendas, like the Green Revolution, which typi-

cally favor stable crops with broader international markets 

[14], and limited genetic improvement (orphan crops like teff 

have benefited less from the genetic improvement initiative 

program compared to stable crops like rice, wheat, and maize, 

which have undergone intensive breeding operations). One 

factor contributing to teff's low production is the underutili-

zation and under-exploration of its genetic diversity and po-

tential, as well as challenges in cultivation (all activities of teff 

cultivation in Ethiopia are through traditional approaches; for 

instance, plowing and threshing are oxen-driven). Agronomic 

practices like sowing (difficulty of maintaining seed rate), 

harvesting, and threshing are tedious and time-consuming. 

Other difficulties discouraging teff-growing farmers are pests, 

drought, and lodging (the bending or breaking of stems), and 

less research (the scientific community of the world has not 

given teff the same level of attention as it has major crops like 

rice, wheat, and maize). This makes teff less amenable to 

genetic advancement and research. A lack of emphasis has 

also impeded breeding and agronomy developments, resulting 

in low yield productivity of teff (1.85 tons/ha) [18]. Therefore, 

the above-mentioned reasons should be intervened to exploit 

the potential of teff crop and make it a crop of choice at an 

international level. The following points were suggested by to 

improve orphan crops, particularly policy-related issues such 

as the implementation of the right type of strategy, investment 

in innovative agriculture, provision of inputs and credit, cre-

ation of a robust extension system, germplasm collection and 

utilization, developing crops that adapt to changing climates, 

and partnership with relevant stakeholders. The 

above-mentioned gaps, together with other factors, call for the 

necessity of intensive research and development on orphan 

crops like teff in order to unlock their potential. Teff has yet to 

complete its breeding progress and transition from the orphan 

crop category to the modern genomic era. However, if the 

aforementioned challenges are solved, it will enter into a 

modern breeding era very soon! 

3. Conclusion and Way Forward 

3.1. Conclusion 

Ethiopia is the origin and center of diversity for teff 

(Eragrostis tef (Zucc.) Trotter) and many other oil and horti-

cultural crops. Teff is one of the major staple cereal crops 

cultivated in Ethiopia, occupying more than three million 

hectares of land. While it ranks first in terms of area coverage, 

it ranks second and last in terms of production and produc-

tivity among the cereals under production in Ethiopia. Glob-

ally, only a few cereal crops are feeding the world population, 

and this leads to adverse food shortages and dietary imbalance. 

To intervene such problems, the diversification of food 

sources through utilizing underutilized crops like teff is get-

ting attention. 

Orphan crops are mostly cultivated in least developed coun-

tries where food security is a challenge, like Africa, Asia, and 

Latin America, while developed Western countries are looking 

for a lifestyle and healthier foods. Factors like population in-

crement, pandemics, socio-economic disparities, competition 

for food and biofuel for existing land resources, and climate 

change are all worsening food security. To tackle these prob-

lems and ensure food security, the utilization of indigenous or 

“orphan” crops is important since these crops have the ad-

vantages that they are already well integrated into the so-

cio-economics of the region. Farmers and consumers also pre-

fer orphan crops like teff because they provide more stability 

under rapidly changing environmental conditions and demand. 

Most Ethiopian farmers have been cultivating the teff crop 

for millennia due to its golden merits. Nowadays, it is getting 
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more demand at the international level because of its glu-

ten-free product. However, the productivity of teff is still very 

low as compared to other cereals like maize, sorghum, wheat, 

and rice. Scientific research on teff was initiated in the 1950s, 

and it has passed through five different phases to date. Many 

improved teff varieties (about 54) have been released to the 

farming community via conventional breeding approaches 

like mass/pure-line selection and hybridization; however, the 

molecular breeding approach of teff is at the infantile stage 

and needs further investigation in the future. The major 

challenges of teff breeding are categorized into two groups 

(technical and socio-economic constraints), which still need 

further research and remove teff from the category of orphan 

crops and make it an internationally prioritized crop. 

3.2. Way Forward 

In conclusion, conservation, characterization, utilization, 

and germplasm enhancement of teff are very important be-

cause the chance of introducing teff germplasm and related 

resources from abroad is rare. Additionally, complementary 

breeding approaches like the participatory breeding approach, 

conventional, and molecular should be encouraged to improve 

the productivity of teff and tackle its production constraints. 

The recently developed gene editing tools, like CRISPR 

technology, are promising to enhance breeding in other cereal 

crops like rice, wheat, and maize. Implementing this tech-

nology in teff and other orphan crops will solve the current 

food security problems. Therefore, researchers (both national 

and international scholars of the discipline), governments, 

companies, private sectors, and other stakeholders should 

invest in orphan crops like teff to utilize their potential and 

secure food availability for all nations. 

Abbreviations 

AOCC African Orphan Crops Consortium 

CSA Central Statistical Agency 

FAO Food and Agricultural Organization 

NRC National Research Council 

QTL Quantitative Trait Loci 

RIL Recombinant Inbred Line 

Acknowledgments 

The author would like to acknowledge all teff breeders 

(Ethiopian scholars and global partners) who are working on 

teff crop improvement. 

Author Contributions 

Morketa Gudeta Waktola: Conceptualization, Investiga-

tion, Methodology, writing original draft, review and editing 

Adugna Hunduma Dabalo: Conceptualization, Investi-

gation, Methodology, writing original draft, review and edit-

ing 

Data Availability Statement 

The original contributions presented in the study are in-

cluded in the article; further inquiries can be directed the 

corresponding author. 

Funding 

This work is not supported by any external funding. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Assefa, K., and Chanyalew, S. Agronomics of teff. 2011; 

Chapter 3, 39-70. 

[2] Tadele, Z., Renou, C., Chanyalew, S., Johnson-chadwick, V., 

Osure, G., Robinson, M., Barker, I., and Klauser, D. Tef as a 

case for investment in orphan crop breeding and seed systems 

development. Frontiers in Plant Science, 2024; 15, 1–6. 

https://doi.org/10.3389/fpls.2024.1479840 

[3] CSA (Central Statistical Agency). Agricultural sample survey 

and report on area, production and farm management practice 

of belg season crops for private peasant holdings. Addis Ababa, 

Ethiopia, 2022. 

[4] Neupane, D., Adhikari, P., Bhattarai, D., Rana, B., Ahmed, Z., 

Sharma, U., & Adhikari, D. Does climate change affect the 

yield of the top three cereals and food security in the world? 

Journal of Earth. 2022; 3(1), 45-71.  

https://doi.org/10.3390/earth3010004 

[5] Deepak K. Ray, James S. Gerber, Graham K. Macdonald, and 

Paul C. West. Climate variation explains a third of global crop 

yield variability. Nature Communications, 2015; 6: 5989, 1–9. 

https://doi.org/10.1038/ncomms6989 

[6] Numan M., Khan Abdul L., Asaf S., Salehin M., Beyene G., 

Tadele Z. and Osena Legaba A. From traditional breeding to 

genome editing for boosting productivity of the ancient grain 

tef. Plants. 2021; 10(4), 1-19.  

https://doi.org/10.3390/plants10040628 

[7] Acga, Cheng, Sean, Mayes, Gemedo, Dalle, Sebsebe, 

Demissew, and Festo, Massawe. Diversifying crops for food 

and nutrition security-a case of teff. Biological Reviews. 2015, 

92(1), 188-198. https://doi.org/10.1111/brv.12225 

[8] Hyejin Lee. Teff, a rising global crop: Current status of teff 

production and value chain. The open Agriculture Journal. 

2018; 12, 185–193.  

https://doi.org/10.2174/1874331501812010185 

http://www.sciencepg.com/journal/jps


Journal of Plant Sciences http://www.sciencepg.com/journal/jps 

 

157 

[9] Yewelsew Abebea, Alemtsehay Bogalea, K. Michael Ham-

bidgeb, Barbara J. Stoeckerc, Karl Baileyd, Rosalind S. Gib-

sond. Phytate, zinc, iron and calcium content of selected raw 

and prepared foods consumed in rural Sidama, Southern 

Ethiopia and implications for bioavailability. Journal of Food 

Composition and Analysis. 2007; 20, 161-168.  

https://doi.org/10.1016/j.jfca.2006.09.003 

[10] Melaku Tafese Awulachew. Teff (Eragrostis Abyssinica) and 

teff based fermented cereals. Journal of Health and Environ-

mental Research. 2020; 6(1), 1-9.  

https://doi.org/10.11648/j.jher.20200601.11 

[11] Mary, Adepoju, Carol, Verheecke-vaessen, Laxmi, Ravikumar, 

Pillai, Heidi, Phillips, and Carla, Cervini. Unlocking the 

potential of teff for sustainable, gluten-free diets and 

unravelling its production challenges to address global food 

and nutrition security. Foods. 2024; 13(21), 1-18. doi: 

https://doi.org/10.3390/foods13213394 

[12] Hailay Gebremedhin and Addis Abraha. Teff: a healthy crop of 

the century challenges and opportunities for enhancing 

productivity under climate change. Discover Agriculture. 2025; 

3(31), https://doi.org/10.1007/s44279-025-00179-7 

[13] Emi, Kimura and Jonathan, Ramirez. Teff grass increases 

summer forage availability in the rolling plains of texas. 

Agrosystems, Geosciences and Environment. 2024; 7(2), 1-6. 

https://doi.org/10.1002/agg2.20495 

[14] Solomon, Chanyalew, S. Ferede, T. Damte, T. Fikre, Y. Genet, 

and W. Kebede. Significance and prospects of an orphan crop 

tef. Planta. 2019; 250, 753-767.  

https://doi.org/10.1007/s00425-019-03209-z 

[15] Prasad, S., Hendre, Samuel, M., Robert, K., Alice, M. et al.. 

African Orphan Crops Consortium (AOCC): Status of 

developing genomic resources for African orphan crops. Planta. 

2019; 250(3), 989-1003.  

https://doi.org/10.1007/s00425-019-03156-9 

[16] Ian K. Dawson, Stepha McMullin, Roeland Kindt, Alice 

Muchugi, Prasad Hendre, Jens-Peter B. Lillesø, and Ramni 

Jamnadass. Delivering perennial new and orphan crops for 

resilient and nutritious farming systems. 2019; 10, 113-125. doi: 

https://doi.org/10.1007/978-3-319-92798-5_10 

[17] Mayes, S., Massawe, F. J., Anderson, P. G. Roberts, J. A. 

Azam-Ali, S. N. and and Hermann, M. The potential for 

underutilized crops to improve security of food production. 

Journal of Experimental Botany. 2012; 63(3), 1075-1079. doi: 

https://doi.org/10.1093/jxb/err396 

[18] Tadele, Zerihun. Orphan crops: their importance and the 

urgency of improvement. Planta. 2019; 250, 677-694. 

https://doi.org/10.1007/s00425-019-03210-6 

[19] Kiran K. Sharma, Sudhakar Reddy Palakolanu, Joorie 

Bhattacharya, Aishwarya R. Shankhapal, and Pooja 

Bhatnagar-Mathur. CRISPR for accelerating genetic gains in 

under-utilized crops of the drylands: Progress and prospects. 

Frotiers in Genetics. 2022; 13, 1-20.  

https://doi.org/10.3389/fgene.2022.999207 

[20] Belete, Tegegn. Tef (Eragrostis tef (Zucc.) Trotter) breeding 

achievements, challenges and opportunities in Ethiopia, incase 

Southwestern Ethiopia. Journal of Genetic and Environmental 

Resources Conservation. 2020; 8(3), 18-31. www.gercj.com 

[21] Ruggeri, R., F. Rossini, B. Ronchi, R. Primi, C. Stamigna, and 

P. Danieli. Potential of teff as alternative crop for 

Mediterranean farming systems: Effect of genotype and 

mowing time on forage yield and quality. Journal of 

Agriculture and Food Research. 2024; 17, 1-19.  

https://doi.org/10.1016/j.jafr.2024.101257 

[22] Assefa K, Cannarozzi G, Girma D, Kamies R, Chanyalew S, 

Plaza-Wüthrich S, Blösch R, Rindisbacher A, Rafudeen S and 

Tadele Z. Genetic diversity in tef [Eragrostis tef (Zucc.) Trot-

ter]. Frontiers in Plant Science. 2015; 6: 177.  

https://doi.org/10.3389/fpls.2015.00177 

[23] Aemiro Bezabih Woldeyohannes, Sessen Daniel Iohannes, 

Mara Miculan, Leonardo Caproni, Jemal Seid Ahmed, Kauê de 

Sousa, Ermias Abate Desta, Carlo Fadda, Mario Enrico Pè, 

Matteo Dell'Acqua. Data-driven, participatory characterization 

of farmer varieties discloses teff breeding potential under 

current and future climates. Elife. 2022; 11.  

https://doi.org/10.7554/eLife.80009 

[24] Misgana Merga. Progress, achievements and challenges of tef 

breeding in Ethiopia. Journal of Agricultural Science and Food 

Research. 2018; 9(1), 1-8. 

[25] Peng. J. Green revolution genes encode mutant gibberellin 

response modulators. A letter to nature. 1999; 400, 8-13. 

[26] Ellis, M., Spielmeyer, W., Gale., K. et al. Richards. Perfect‟ 

markers for the Rht-B1b and Rht-D1b dwarfing genes in wheat. 

Theoretical and Applied Genetics. 2002; 105, 1038-1042. 

https://doi.org/10.1007/s00122-002-1048-4 

[27] Zeid, M., Yua, J. K., Goldowitza, I., Dentond, M. E., Costich, 

Denise E., C. T. Jayasuriyaa, M. Sahac, R. Elshired, Benschera, 

Breseghellof, Munkvolda, R. K. Varshneyh, G. Belayi, M. E. 

Sorrells. Field Crops Research Cross-amplification of 

EST-derived markers among 16 grass species. Field Crop 

Research. 2010; 118(1), 28-35.  

https://doi.org/10.1016/j.fcr.2010.03.014 

[28] Smith, Sh. M., Yuan, Y., A. N. Doust, and J. L. Bennetzen. 

Haplotype analysis and linkage disequilibrium at five loci in 

eragrostis tef. G3 (Genes/Genomics/Genetics. 2012; 2(3), 

2407–419. https://doi.org/10.1534/g3.111.001511 

[29] Jifar, H., Tesfaye, K., Assefa, K., Chanyalew, S. and Tadele, Z. 

Semi-dwarf tef lines for high seed yield and lodging tolerance 

in central Ethiopia. African Crop Science Journal. 2017; 25(4), 

419-439. https://doi.org/10.4314/acsj.v25i4.3 

[30] Alemu, Muluken D., Ben-Zeev, Sh., Barak, V., Tutus, Y., 

Cakmak, I., and Saranga, Y. Genomic loci associated with 

grain protein and mineral nutrients concentrations in Eragrostis 

tef under contrasting water regimes. Frontiers in Plant Science. 

2024; 15, 1-15, https://doi.org/10.3389/fpls.2024.1458408 

[31] Shiran, B. Z., Onn, R., Valerie, O. L., Assaf, Ch., Nitsan, G., 

Yarden, G., and Yehoshua, S. Less is more : lower sowing rate 

of irrigated tef reduces lodging. Agronomy. 2020; 10(4), 1-19. 

doi: https://doi.org/10.3390/agronomy10040570 

http://www.sciencepg.com/journal/jps


Journal of Plant Sciences http://www.sciencepg.com/journal/jps 

 

158 

[32] Chapman, M. A. and Zhou, M. H. Y. Tansley review Beyond a 

reference genome: pangenomes and population genomics of 

underutilized and orphan crops for future food and nutrition 

security. New Physiologist. 2022; 234(5), 1583-1597. 

https://doi.org/10.1111/nph.18021 

[33] Nikolai, I. Vavilov (1887–1943). Journal of Biosciences. 2005; 

30(3), 299-301. http://www.ias.ac.in/jbiosci 

[34] Dejene, G., Kebebew, A., Solomon, Ch., Gina, C., Cris, K. and 

Zerihun, T. The origins and progress of genomics research on 

tef (Eragrostis tef). Plant Biotechnology Journal. 2014; 12(5), 

534-540. https://doi.org/10.1111/pbi.12199 

[35] Seyfu, K. Promoting the conservation and use of underutilized 

and neglected crops. Addis Ababa, Ethiopia, 1997. 

[36] Robert, V., Wai, M. Ch., Wang, X., Pardo, J. et al. Exceptional 

subgenome stability and functional divergence in the allotet-

raploid Ethiopian cereal teff. Nature Communications. 2020; 

11(884), 1-11. https://doi.org/10.1038/s41467-020-14724-z 

[37] Solomon, Ch., Zerihun, T. and Kebebew, A. Tef, Eragrostis tef 

(Zucc) Trotter. John Wiley and Sons Ltd, 2017, ch. 9, pp. 226–

265. 

[38] Mahilet, T., Mulugeta, K., and Dejene, G. Genetic diversity of 

tef [Eragrostis tef (Zucc.) Trotter] as revealed by microsatellite 

markers. International Journal of Genomics. 2021; 2021(1), 

1-9. https://doi.org/10.1155/2021/6672397 

[39] Tsion, F., Yazachew, G., Worku, K., Kidist, T., Solomon, Ch., 

Nigussu, H., Atinkut, F., Nigussie, B., and Zerihun, T. Tef 

(Eragrostis tef (Zucc.) Trotter) variety "Felagot". Ethiopian 

Journal of Agricultural Science. 2020; 30(4), 29-37. 

[40] Tadele, Z., Renou, C., Chanyalew, S., Chadwick, J. V., Osure, 

J., Robinson, M., Barker, I., and Klauser, D. Tef as a case for 

investment in orphan crop breeding and seed systems 

development. Frontiers in Plant Science. 2024; 15(2024), 1-6. 

https://doi.org/10.3389/fpls.2024.1479840 

[41] Shorinola, O., Marks, R., Emmrich, P., Jones, C., Odeny, D. 

and Chapman, M. A. Integrative and inclusive genomics to 

promote the use of underutilised crops. Nature 

Communications. 2024; 15(320), 1-4,,  

https://doi.org/10.1038/s41467-023-44535-x 

[42] Zhang, D., Ayele, M., Tefera, H., and Nguyen, T. RFLP linkage 

map of the Ethiopian cereal tef [Eragrostis tef (Zucc.) Trotter]. 

Theoretical and Applied Genetics. 2001; 102, 957–964.  

https://doi.org/10.1007/s001220000486 

[43] Assefa, K., Merker, A., and Tefera, H. Inter simple sequence 

repeat (ISSR) analysis of genetic diversity in tef [Eragrostis tef 

(Zucc.) Trotter]. Hereditas. 2003; 139(3), 174-183. 

https://doi.org/10.1111/j.1601-5223.2003.01800.x 

[44] Zeid, M., Belay, G., Mulkey, S., Poland, J., and Sorrells, M. E. 

QTL mapping for yield and lodging resistance in an enhanced 

SSR-based map for tef. Theoretical and Applied Genetics. 

2011; 122, 77–93. https://doi.org/10.1007/s00122-010-1424-4 

[45] Zeid, M., Assefa, K., Haddis, A., Chanyalew, S., and Sorrells, 

M. E. Field crops research genetic diversity in tef (Eragrostis 

tef) germplasm using SSR markers. Field Crops Research. 

2012; 127, 64-70. https://doi.org/10.1016/j.fcr.2011.10.013 

[46] Chanyalew, S., Singh, H., Tefera, H., and Sorrells, M. E. 

Molecular genetic map and QTL analysis of agronomic traits 

based on a Eragrostis tef x E. pilosa recombinant inbred 

population. Journal of Genetics and Breeding. 2005; 59, 1-14. 

[47] Ju-Kyung, Y., Graznak, E., Breseghello, F., Tefera, H., and 

Sorrells, M. E. QTL mapping of agronomic traits in tef 

[Eragrostis tef (Zucc.). BMC Plant Biology. 2007; 7(30), 1-13. 

https://doi.org/10.1186/1471-2229-7-30 

[48] Gugsa, L. Biotechnological studies in tef [Eragrostis tef (Zucc.) 

Trotter] with reference to embryo rescue, plant regeneration, 

haplodization and genetic transformation. Addis Ababa, 2005. 

[49] Gebre, E., Gugsa, L., Schlüter, U. and Kunert, K. 

Transformation of tef (Eragrostis tef) by Agrobacterium 

through immature embryo regeneration system for inducing 

semi-dwarfism. South African Joyrnal of Botany. 2013; 87, 

9-17. https://doi.org/10.1016/j.sajb.2013.03.004 

[50] Ferede, B., Mekbib, F., and Assefa, K. In vitro evaluation of tef 

[Eragrostis tef (Zucc.) Trotter] genotypes for drought tolerance. 

Ethiopian Journal of Agricultural Science. 2019; 29(3), 73-88. 

[51] Mccallum, C. M., Comai, L., Greene, E. A., and Henikoff, S. 

Targeted screening for induced mutations. Nature 

Biotechnology. 2000; 455-457. https://doi.org/10.1038/74542 

[52] Till, B. J. Large-scale discovery of induced point mutations 

with high-throughput TILLING. Genome Research. 2003; 13, 

524-530. https://doi.org/10.1101/gr.977903.1 

[53] Tadele, Z., Mba, C., andTill, B. J. TILLING for mutations in 

model plants and crops. Molecular Techniques in Crop 

Improvement 2nd Edition. 2010,  

https://doi.org/10.1007/978-90-481-2967-6 

[54] Gebre, E., Tadele, Z., Tibebu, R., and Gugsa, L. Applications 

of biotechnology in tef improvement. January, 2022. 

[55] Bekele, E., Klock, G., Zimmermann, U., Chiov, E. and All, E. 

Somatic embryogenesis and plant regeneration from leaf and 

root explants and from seeds of Eragrostis tef (Gramineae). 

Hereditas. 1995; 123(2), 183-189.  

https://doi.org/10.1111/j.1601-5223.1995.00183.x 

[56] Mekbib, F., Mantell, Sh. and Wallostan, B. V. Callus 

induction and in vitro regeneration of tef [Eragrostis tef 

(Zucc.) Trotter] from leaf. Journal of Plant Physiology. 1997; 

151(3), 368-372. 

[57] Ahmar, S., Rafaqat, A. G., Ki-Hong, J. and Muhammad, U. Q. 

Conventional and molecular techniques from simple breeding 

to speed breeding in crop plants: Recent Advances and future 

outlook. International Journal of Molecular Science. 2020; 

21(7), 1-24. https://doi.org/10.3390/ijms21072590 

[58] Ahmar, S., Hensel, G. and Gruszka, D. 

CRISPR/Cas9-mediated genome editing techniques and new 

breeding strategies in cereals-current status, improvements, 

and perspectives. Biotechnology Advances. 2023;  

https://doi.org/10.1016/j.biotechadv.2023.108248 

http://www.sciencepg.com/journal/jps


Journal of Plant Sciences http://www.sciencepg.com/journal/jps 

 

159 

[59] Murovec, J., Pirc, Z. and Yang, B. New variants of CRISPR 

RNA-guided genome editing enzymes. Plant Biotechnology 

Journal. 2017; 15(8), 917-926.  

https://doi.org/10.1111/pbi.12736 

[60] Demirci, Y. and Zhang, B. CRISPR/Cas9: An RNA-guided 

highly precise synthetic tool for plant genome editing. Journal 

of Cellular Physiology. 2018; 233(3), 1844–1859.  

https://doi.org/10.1002/jcp.25970 

[61] Ping, Ch., Wu, E., Marissa, K., Simon, A. and Jones, J. T. 

Wuschel2 enables highly efficient CRISPR/Cas-targeted 

genome editing during rapid de novo shoot regeneration in 

sorghum. Communications Biology. 2022; 344(5), doi:  

https://doi.org/10.1038/s42003-022-03308-w 

[62] Wang, N., Ryan, L., Sardesai, N., Wu, E., Lenderts, B. and 

Kamm, G. W. Leaf transformation for efficient random 

integration and targeted genome modification in maize and 

sorghum. Nature Plants. 2023; 9, 255-270.  

https://doi.org/10.1038/s41477-022-01338-0 

[63] Cannarozzi, G., Plaza-wüthrich, S., Esfeld, K., Larti, S., 

Wilson, Y. S. and Girma, D. Genome and transcriptome 

sequencing identifies breeding targets in the orphan crop tef 

(Eragrostis tef). BMC Genomics. 2014; 15: 581.  

https://doi.org/10.1186/1471-2164-15-581 

[64] Gebremariam, M. M., Zarnkow, M. and Becker, T. Teff 

(Eragrostis tef) as a raw material for malting, brewing and 

manufacturing of gluten-free foods and beverages. Journal of 

Food Science Technology. 2014; 51, 2881-2895.  

https://doi.org/10.1007/s13197-012-0745-5 

[65] Abota, A. A review on nutritional values and health benefits of 

Teff (Eragrostis tef) and its product (Injera): Evidence from 

Ethiopian context. International Journal of Academic Health 

and Medical Research. 2021; 5(6), 9-16.  

https://doi.org/www.ijeais.org/ijahmr 

[66] Zhu, F. Chemical composition and food uses of teff (Eragrostis 

tef). Food Chemistry. 2018; 239, 402-415.  

https://doi.org/10.1016/j.foodchem.2017.06.101 

[67] Ayalew, A. Kena, K., and Dejene, T. Application of NP 

fertilizers for better production of teff (Eragrostis tef (Zucc.) 

Trotter) on different types of soils in Southern Ethiopia. Journal 

of Natural Sciences Research. 2011; 1(1), 6-16. 

[68] Davison, J. Biomass production of 15 teff varieties grown in 

churchill county, Nevada during 2009. University of Nevada 

Cooperative Extension. Fact-Sheet 10-34. 2009. 

[69] Bayable, M., Tsunekawa, A., Haregeweyn, N., Alemayehu, G., 

Tsuji, W. and Masunaga, T. Yield potential and variability of 

teff (Eragrostis tef (Zucc.) Trotter) germplasms under intensive 

and conventional. Agronomy. 2021; 11(2), 1-16.  

https://doi.org/10.3390/agronomy11020220 

[70] Massawe, F., Mayes, S., Chai, H. H. and Cleasby, P. The 

Potential for underutilised crops to improve food security in the 

face of the potential for underutilised crops to improve food 

security in the face of climate change. Procedia Environmental 

Sciences. 2015; 6-8.  

https://doi.org/10.1016/j.proenv.2015.07.228 

[71] Padulosi, S. Bring NUS back to the table. Great Insights 

Magazine. 2017. 

[72] X. L. and K. H. M. Siddique. Rediscovering hidden treasures of 

neglected and underutilized species for zero hunger in Asia. 

Nepal. 2018; 161-177. 

[73] Anshika, A., Dhanraj, A. and Hussain, T. Orphan crops: A 

miracle crops for future farming and sustainability. Bio 

Bulletin. 2022; 8(1), 1-12.  

https://doi.org/10.35248/2454-7913.22.8.088 

 

http://www.sciencepg.com/journal/jps

