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1. Introduction

Sesame (Sesamum indicum L.; 2n = 2x = 26) belongs to the family Pedaliaceae. It is a predominantly self-pollinating crop

. Sesame cultivation dates back some 5500 years ago in the Harappa valley of India . Sesame seed oil and derived

products serve the food, feed, and cosmetics industry globally. Sesame has higher seed oil content ranging from 40% to

60% when compared to soybean (~20%), rapeseed (~40%), sunflower (~45%), and groundnut (45–56%) .

Sesame oil comprises about 85% unsaturated and 15% saturated fatty acids . The unsaturated fatty acids include

linoleic acid (~46%) and oleic acid (~38%), while the saturated fatty acids are palmitic acid (~12%) and stearic acid (~4%)

. The higher quantity of unsaturated fatty acids present in sesame oil has human health benefits believed to

minimize the risks of cardiovascular diseases, cancer, brain, and liver damage .

Sesame is widely traded in local, regional, and international markets . A global total of 2.4 million tons of sesame grain

was traded in 2020 with a monetary value of 3.2 trillion USD . Likewise, sesame consumption is steadily increasing due

to high demands related to its unique nutritional values such as higher contents of vitamins (e.g., A and E), minerals, fiber,

desirable fatty acids, carbohydrate (~13.5%), and protein (~24%) . Furthermore, population pressure, urbanization, and

the changing lifestyle have increased the global demand for sesame products .

About 70% of the world’s sesame seed is processed to produce food oil, while the seedcake left after oil processing is

used to prepare livestock meals . The global annual human consumption of sesame is about 65% and 35% in the form

of processed food oil and grain, respectively . In 2020, world sesame grain production was 7.25 million tons . Sudan

is the largest sesame grain-producing country with 1.52 million tons per annum, followed by China (0.89 million tons),

Myanmar (0.74 million tons), the United Republic of Tanzania (0.71 million tons), India (0.65 million tons), Nigeria (0.49

million tons), Burkina Faso (0.27 million tons), and Ethiopia (0.26 million tons) .

The actual mean seed yield of sesame in sub-Saharan Africa is <0.6 ton·ha , which is far below the attainable yield of the

crop, reaching up to 4.00 tons·ha   . Relatively higher sesame seed yield productivity is reported in Lebanon (3.29

tons·ha ), Jordan (2.38 tons·ha ), Israel (2.04 tons·ha ), China (1.62 tons·ha ), Tajikistan (1.59 tons·ha ), and

Uzbekistan (1.52 tons·ha ) . The low yield level in sub-Saharan Africa is attributable to the use of unimproved

traditional varieties or landraces. Moreover, sesame yields are hindered by the indeterminate growth habit of some

varieties, capsule shattering, and excessive seed loss pre- and post-harvest . Nearly all the global sesame

varieties are prone to capsule shattering, and they are not suitable for machine harvesting . Langham and

Wiemers  reported a pre-harvest yield loss of 50% in some sesame varieties due to capsule shattering. Hence, manual

sesame harvesting is the method of choice globally, which significantly increases the production and market costs of the

produce .

Ethiopia is the center of genetic diversity of sesame . The Ethiopian Biodiversity Institute (EBI) maintains about 5000

accessions of sesame germplasm collections . The production and productivity of the crop in East Africa, including

Ethiopia, are severely constrained by the lack of high-yielding and locally adapted varieties, susceptibility to capsule

shattering and poor seed retention, the prevalence of several biotic and abiotic stresses, and a lack of modern production

and pre- and post-harvest technologies . In the region, sesame production relies on unimproved traditional varieties or

landraces . The landrace varieties are highly preferred by growers, consumers, and markets due to unique aroma and

taste. These attributes make the traditional varieties attractive to growers, breeders, and local, regional, and international

markets. Hence, landrace varieties are an excellent source of genetic variation for sesame pre-breeding and breeding

programs globally.
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2. Constraints to Sesame Production

The major constraints to sesame production and productivity are a lack of high-yielding and locally adapted varieties,

capsule shattering and seed loss, uneven maturity, biotic stresses (insect pests and diseases), abiotic stresses (e.g.,

drought, waterlogging, salinity, and frost), the use of traditional production technologies, and poor pre- and post-harvest

infrastructure .

Field insect pests cause a yield loss of 25% in sesame . The major insect pests of sesame crop are webworm

(Antigastra catalaunalis), gall midge (Asphondylia sesame), and seed bug (Elasmolomus sordidus)  . The seed bug is

both a field and a storage insect pest that causes up to 50% yield loss at storage . Moreover, most sesame varieties

are attacked by diseases caused by bacteria (e.g., blight caused by Xanthomonas campestris pv. sesame), fungi (e.g.,

charcoal rot caused by  Macrophomina phaseolina, stem anthracnose (Colletotrichum  spp.), mildew (Erysiphe
cichoracearum), Fusarium wilt caused by Fusarium oxysporum f.sp. sesame (Fos), and root rot (Rhizoctonia solani)), and

viruses (e.g., phyllody, Orosius albicinctus) .

Among the fungal diseases, charcoal rot is the most devastating disease of sesame caused by soil-borne necrotrophic

fungus Macrophomina phaseolina  (Tassi) Goid . This fungus causes pre- and post-emergence damage in more than

500 plant families, including sesame. Furthermore,  Fusarium  wilt is one of the most economically important soil-borne

diseases of sesame globally causing 15–30% 1yield loss . For instance, root rot caused by Rhizoctonia solani is one

of the most damaging fungal diseases in Egypt . Drought stress is the main yield-limiting constraint in sesame during

the vegetative and flowering growth stages . Yousif et al.  and Tripathy et al.  reported that sesame is

sensitive to waterlogging, salinity, and low-temperature conditions. Waterlogging leads to reduced plant growth, leaf axils

per plant, biomass, net photosynthesis, and seed yield .

Cultivation of sesame using varieties with indeterminate growth habits and that are susceptible to capsule shattering leads

to yield penalty . Globally, 99% of sesame varieties are susceptible to capsule shattering .

Langham and Wiemers  reported a 50% pre-harvest yield loss owing to capsule shattering and seed loss.

Sesame seed loss is common during pre-harvest (e.g., field crop stand) and post-harvest (e.g., harvesting, stacking,

drying, threshing, transporting, storage, seed cleaning, and packaging) . Pre- and post-harvest losses are the

confounding factors of reduced yield loss and high market price in sesame production.

Lack of access to post-harvest infrastructure and low and variable market prices during harvest are among the critical

challenges in sesame value chains . For instance, in Ethiopia, a 100 kg of sesame grain is traded at 1000–3000

ETB (about 22.3–67 USD) during the harvest period (October to December), while the price is at 3000–3500 ETB (about

67–78 USD) during the off-season (January to September) .

3. Sesame Breeding

The main goals in sesame breeding programs include high seed yield, seed oil quantity and quality, capsule shattering

resistance, high seed retention rate, uniform maturity, and tolerance to biotic and abiotic stresses. However, breeding

gains in sesame are low and stagnant compared to other oilseed crops such as groundnut and sunflower . Selection

for improved seed yield and yield components remains the key breeding strategy. The main yield-related traits include

early and uniform maturity, reduced plant height, higher number of capsules per plant, number of branches per plant,

number of seeds per capsule, and heavier 1000-seed weight. Thus far, most sesame breeding programs have largely

focused on germplasm characterization and recommendation using the conventional breeding methods. There is a need

to complement phenotyping with other modern breeding strategies such as identifying and discovering new genes,

genomic-assisted breeding, and gene editing, which are described below.

Progress and Achievements in Sesame Genetic Improvement

In the past 20 years, sesame research and development have benefited from conventional breeding methods, including

pure line and mass selection, hybridization and mutation breeding. This has led to the development of improved sesame

varieties. In the last 40 years, more than 200 improved sesame varieties with high yields, oil quantity and quality, early

maturity, and resistance to diseases and insect pests were developed and released globally.

Genetic and genomic techniques such as genomics-assisted breeding and genome editing have been markedly used in

oil crop research such as in groundnut and rapeseed crops. There has been rapid development of genetic tools,

particularly molecular markers, and their application in genetic diversity studies, marker-assisted breeding, chloroplast
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genome sequencing, haplotype mapping, database development, association mapping, genome-wide association studies

(GWAS), gene discovery and functional studies, genetic mapping, and genomics-assisted breeding .

Nevertheless, these genomic resources have been widely used in most sesame genetic improvement programs.

Modern sesame genotypes reported with agronomic and other valuable traits are summarized in Table 1. India and China

have each developed more than 50 improved cultivars over the last 40 years . A total of 32 improved sesame varieties

have been developed and released by the Ethiopian Institute of Agricultural Research (EIAR) through mass selection from

among the local germplasm collections since 1976 . Among the EIAR’s released varieties, Humera-1 and Setit-1 are

widely grown by farmers for their early maturity, better yield response (about 1 ton/ha), and broad adaptability .

However, the yield response of these varieties is below the reportedly attainable yields of the crop. Some 29 sesame

varieties were released in Myanmar in the past 42 years. These varieties were bred for early maturity, white seed color,

high yield, and seed oil content . In Myanmar, the following varieties were released: Ju-Ni-Poke, Me-Daw-Let-The,

Gwa-Taya, and Gwa-KyawNet. The varieties reportedly had stable yields. Ju-Ni-Poke, Shark-Kale, Hnan-Ni 25/160, Yoe-

Sein, Boat-Hmway, Kye-Ma-Shoung, Selin-Boat-Taung, Magway-Ni 50/2, and Nyaung-Aing had relatively higher seed oil

content (≥ 55%) . In Bulgaria, four sesame varieties, namely, Victoria, Aida, Valya, and Nevena, were successfully

developed for amenable to mechanized harvesting with a mean grain yield of 1.35 tons·ha   through a research

collaboration between plant breeders and agricultural engineers over the last 30 years . In Kenya, sesame cultivars

such as SIK 031 and SIK 013 showed resistance to the white leaf spot disease, whereas SIK 031 and SPS 045 showed

resistance to angular leaf spot disease . The two varieties were released by the department of crop science, the

University of Nairobi .

Table 1. Modern sesame varieties reported globally with desirable agronomic and seed oil traits.

Variety Pedigree Trait Country Year of
Release References

Sin-Yadana
4 - Good export quality China 1994

Ju-Ni-Poke - Stable yield and high oil content

Myanmar

1994

Me-Daw-
Let-The - Stable yield and high oil content 1994

Gwa-Taya - Stable yield 1994

Gwa-Kyaw-
Net - Stable yield 1994

Humera-1 ACC.038 sel.1 Early maturity, better yield and broad
adaptability

Ethiopia

2010

Setit-1 Col sel p#1 Early maturity, better yield and oil content and
broad adaptability 2010

Dangur E.W.013.(8) High oil content

Ethiopia

2015

BaHaNecho W-109/WSS/
(Acc-EW-012(5) Better yield and oil content 2016

BaHaZeyit W- 119/WSM/
(Acc-EW-023(1) Better yield and oil content 2016

Setit-2 J-03 Early maturity, better yield, and broad
adaptability 2016

Setit-3 HuARC-4 Early maturity, better yield and oil content, and
broad adaptability   2017

Waliin BG-004-1 Better yield and oil content   2017

Gida Ayana Ass-acc-29 Late maturity, better yield and oil content, and
broad adaptability   2018

Hagalo EW002 × Obsa22-1 Late maturity, better yield, resistance to
bacterial blight, and broad adaptability   2019

Yale EW002 × Dicho 5-3
Late maturity, better yield and oil content,
resistance to bacterial blight, and broad

adaptability
  2019
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Variety Pedigree Trait Country Year of
Release References

RAMA ‘Khosla’ local Medium seed size and brown seed color

India

1989

OSC-593 - White seed color 1995

TKG-352 - White seed color 1995

TMV 1 -
Erect, fairly bushy with moderate branching, 4-
loculed, red brown to black seeds, and better

oil content
  1939

TMV 2 Nagpur white × Sattur

Open, moderate branching, 6–8-loculed,
cylindrical big sized capsules, and dark brown

to black seeds
Suitable for cold weather conditions and

better oil content

  1942

TMV 3 South Arcot variety ×
Malabar Variety

Bushy with profuse branching, 4-loculed, dark
brown to black seeds, and better oil content   1943

KRR 1 - Bushy with profuse branching, 4-loculed,
brown seeds, and better oil content   1967

KRR 2 Karur local × Bombay white Bushy with profuse branching, 4-loculed,
better oil content, and white seeds   1970

TMV 4 - Bushy with profuse branching, 4-loculed,
brown seeds, and better oil content   1977

TMV 5 - Erect with moderate branching, 4-loculed,
brown seeds, and better oil content   1978

TMV 6 - Erect with moderate branching, 4-loculed,
brown seeds, and better oil content   1980

CO 1 (TMV 3 × Si 1878) × Si 1878 Bushy plant, 4-loculed, black warty seeds, and
better oil content   1983

Paiyur 1 Si2511 × Si 2314
Resistance to powdery mildew, 4-loculed,

bushy, suitable for irrigated condition, black
seeds, and better oil content

  1990

 

SVPR 1 - White seeds, 4-loculed, high yield, suitable for
irrigated conditions, and better oil content   1992

VRI 1 - Early maturity, 4-loculed, and better oil content   1995

VRISV2 US9003 × TMV6 Moderate resistance to shoot webber, 4-
loculed, and higher oil content   2005

TMV (Sv) 7  
High yield, 4-loculed, tolerance to root rot

disease, lustrous brown testa, and higher oil
content

  2009

VRI 3 SVPR 1 × TKG 87 Moderate resistance to phyllody and root rot
diseases, white seed, and higher oil content   2017

MoA = Minstry of Agriculture; - = data not available.
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