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Abstract 

The utilization of Oryza glaberrima in a number of abiotic stresses such as drought iron toxicity, submergence, salt tolerance 

and weed competitiveness and ability to grow under low input soil condition has been reported in several literatures. Despite its 

utilization, hybridization between O. glaberrima and O. sativa hampered by high sterility phenomenon in interspecific F1 and 

in early progenies development. Though, African rice species (Oryza glaberrima) has been used in interspecific hybridization 

with Oryza sativa with combine yield traits and resistant to some abiotic stresses that are uniquely adapted to Africa growing 

environment. The high rate of sterility in the crosses between (O. sativa x O. glaberrima) have been confirmed to reduce the 

required maximum breakthrough in interspecific hybridization of these species. Thus, information on crossing barrier and hybrid 

sterility phenomenon expressed in O. sativa x O. glaberrima crosses, led to the recent development in breeding and molecular 

markers and linkage map approach of O. glaberrima which provides the opportunity to rationalize introgressions between the 

two cultivated rice species (O. glaberrima x O. sativa). Genetic models for the female sterility between the two cultivated 

species for their full utilization in rice improvement for abiotic stress tolerance have been proposed. The recent achievements 

in marker assisted selection using molecular tools for introgression of desirable traits and the development of such introgressed 

desirable traits of interests and elimination of sterility genes through interspecific hybridization and backcrossing represents a 

very high potential to create new genetic and transgressive variation that with be useful for developing rice tolerant to various 

abiotic stresses. In this effort, several approaches to abiotic stress tolerance have been developed starting from field screening 

and use of molecular tools. The interspecific and backcross breeding methodology is anticipated to make this approach feasible. 

It is expected that the results will produce complimentary breeding techniques that will provide (i) water information of field 

phenotyping and systematic assessment of the useful heritable resources exhibit by Oryza glaberrima, (ii) substantiate on 

empirical data on Oryza glaberrima for drought tolerance breeding and (iii) tools for genetic analysis of O. glaberrima 

germplasm. Though, the overall goal for the use of O. glaberrima in breeding rice for abiotic stress tolerance is challenging, but 

promising if we understand the genetic base of the two cultivated species, this can be widened for its exploitation in developing 

rice with higher yield and tolerant in abiotic stresses under harsh environmental conditions of Africa. 
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Introduction 

Rice is one of the most important and strategic commodities in Africa. It is consumed widely in all countries of sub-regions of 

the continent and is cultivated in almost all African countries under diverse ecosystem and a wide variety of climatic and soil 

conditions (rain-fed lowland, irrigated lowland, mangrove swamps and upland ecosystems). Since the major portion of area 

under rice is rainfed, production is strongly linked to the distribution of rainfall. Drought and flood often occur regularly in the 
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same year in many regions of Africa, and this limit rice productivity in these areas. Iron toxicity is also a major problem in parts 

of sub-Saharan Africa (SSA). In addition to insect pests, diseases and related abiotic stresses, weeds are becoming a major factor 

that is constraining rice productivity and profitability in rainfed areas of SSA. Most of the farmers in such areas are rural poor 

who cannot afford necessary inputs in their rice farms for full exploitation of the yield potential of improved rice varieties. In 

addition, herbicides for the control of insect pests are hazard to human health and are often not affordable by poor farmers. In 

SSA, there was a tremendous increase in the growth rate during 2007-2012 (8%) compared to 2001-2007 (4%). Paddy 

production is estimated at 19 million tons in 2012 in SSA. If investments in rice production are maintained, especially breeding 

for drought tolerant rice and related abiotic stresses, SSA countries are on target for doubling production in 2018. 

 

Oryza glaberrima Steud (African rice) has been identified to have many useful agronomic traits of interests such as drought 

tolerance, weed competitiveness, submergence tolerance, iron toxicity, salt tolerance, acidity and low input responsive nature 

unique to rice varieties, thus, no valid data have been provided by scientific literatures in  this regard, but these traits have been 

reported (Sarla and Swamy, 2005) very important and of interests and can be introgressed into the elite varieties of Oryza saliva 

in order to improve the yield and other agronomic characteristics, while improving the sexual barriers of hybridization between 

Oryza sativa and Oryza glaberrima and sterility of the F1 hybrids (www.scienceinafrica.co.za/nerica.htm). The recent effort on 

improving high-yielding rice varieties as reported by Sarla and Swamy (2005) was obtained from crosses between African rice 

(O. glaberrima) and Asian rice (O. sativa). This approach led to the development of rice varieties that is well known to African 

and sub regions tagged "New Rice for Africa" (NERICA), by West African Rice Center (AfricaRice). These NERICAs have 

tremendously increased high yield potential by 50% above the local cultivated varieties in both lowland and upland ecosystem 

of Africa. The NERICA varieties substituted the low-yielding, lodging and shattering-prone 0. glaberrima that has been 

cultivated over the years. 

 

In 1990s, about 300 lines were developed from the interspecific breeding between the two cultivated rice species (0. glaberrima 

x O.sativa) and many of these varieties have been released and are being grown by farmers in West African countries. The new 

rice for Africa varieties are high yielding compared to the existing local varieties as this new varieties combined drought and 

pest resistant. They adapt widely to the unique growing conditions of West Africa, and the high yield potential under good 

agronomic management have benefited more than 20 million farmers in the region (Sarla and Swamy, 2005). This success of 

NERICA rice has led to the award by the World Food Prize with Monty Jones in 2004 

(www.warda.org/warda1/main/Achievements/nerica.htm; www.worldfoodprice.org/). In this review, we present the available 

information on African rice species (0. glaberrima) and provide a general overview describing the problems associated with the 

utilization of 0. glaberrima in rice improvement and its prospects in abiotic stress tolerance when used in interspecific 

hybridization with 0. saliva to produce rapidly high yielding rice varieties that will withstand various abiotic stresses in African 

environment. For example, abiotic stresses such as iron toxicity have limited rice yield and productivity in many rice production 

environments (Sikirou et.al., 2018; Sikirou et.al., 2015; Swamy et.al., 2016; Sahebi et.al., 2018; Melandri et.al., 2021; Kirk 

et.al., 2021), and drought (Shaibu et.al., 2018). Iron toxicity is recognized as one of the most widely distributed nutritional 

disorders in rice production systems, and the most important constraint to rice productivity (Kirk et.al., 2021). Although there 

are several approaches breeding and selection for tolerance cultivars from African rice species and phytohormones plant 

regulator that is considered an important factor in rice defense system under iron toxicity stress.  Iron toxicity has been reported 

as significant yield reduction in rice, and under severe conditions, total crop failure is experienced (Audebert and Sahrawat, 

2000). Reduction in yield could be as high as 90% due to iron toxicity (Audebert and Fofana 2009; Cherif et.al., 2009). It has 

been documented that excess iron in the soil causes oxidative bursts which is toxic to the root of the rice plant, and can affect 

the uptake of some nutrients, such as copper, zinc and phosphorus, (De Dorlodot et al. 2005). Hence, iron caused yield reduction 

in rice is often associated with poor soil nutrient status (Ottow et.al., 1983). Absorption of excess iron by the rice plant has also 

been reported to reduce the root and shoot length (Verma and Pandey, 2017). Accumulation of iron result in the disruption of 

plant membrane (Verma and Pandey 2017), thereby reducing the effectiveness of photosystem (Li et.al., 2019) this leads to loss 

of biomass, reduced the grain yield in rice crop and results in whole plant death.  
. 

Evolution and origin of Oryza glaberrima in West Africa  

As reported by Nayar (2012), rice belongs to the genus Oryza L., family Poaceae 

(https://www.researchgate.net/publication/228453823_Origin_of_African_rice_from_Asian_rice). 

The genus Oryza is believed to have originated in Gondwanaland (Chang, 1976), covering south America, Australia, India and 

Africa. It is a small genus of 20-25 species with tropical and sub-tropical distribution. Two species of the genus are cultivated 

including Oryza sativa, the universally cultivated Asian rice, and 0. glaberrima, the West African cultivated rice. Oryza 

glaberrima, African monocarpic annual rice derived from Oryze barthii, is grown in traditional rice producing wetland areas of 

West Africa. Oryza saliva, an Asian rice that varies from annual to perennial, is derived from Oryza rufipogon (Sakagami et.al., 

1999). Genotypes of 0. glaberrima (AA genome, 2n = 24) are inherently cultivated rice species of Africa origin with two major 

http://www.ijrti.org/
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ecotypes which include 1: floating photosensitive ecotype grown in deep water and coastal mangrove areas of sub Saharan 

Africa, and 2: early erect ecotype grown in upland or in moderately inundated lowland conditions (Sarla and Swamy, 2005; 

Besancon et.al., 1984). The genotype of Asian rice species (0. saliva) belong to the same genome group (AA genome, 2n = 24) 

but spread widely around the world and more diverse and widely cultivated than 0. glaberrima and lower yielding than those of 

0. saliva and are therefore cultivated in fewer areas (Linares, 2002). It is well known that Oriza glaberrima can grow and tolerate 

harsh African environment with multiple stress. Oryza glaberrima Steud, is the scientific name for African rice, a cultivated 

grain distinct from that of Asian rice (Oryza sativa). The two cultivated rice species are considered to have evolved by 

independent and parallel evolutionary process in Asian and African continents (Sarla and Swamy, 2005). 0. sativa is broadly 

divided into two sub species; indica and japonica. These two strains of 0. saliva (Oryza japonica and Oryza indica) were 

domesticated independently, both probably in China (Porteres, 1956, 1962). 0. Glaberrima originated around 1500 BC in the 

swampy basins of the upper river delta of Niger in West Africa, identified as the primary centre of origin of this species (Chang, 

1976; Porteres, 1956). Two major secondary centres of diversification have been reported in Guinea coast around 1000 BC 

(Sarla and Swamy, 2005; Chang, 1976; Porteres, 1956) and the theory of lines of development of these two species confirmed 

by cytological studies (Fukui and Fijima, 1991; Ohmido and Fukui, 1995). Scientific evidence showed that the major 

chromosomes positions of 0. glaberrima could not be differentiated from that of 0. saliva, and the organization of chromosome 

were found to be similar (Ohmido and Fukui, 1995). However, going by the records and report of Sarla and Swamy (2005), the 

two species have been classified within the same A-genome group as confirmed by molecular marker results (Ge, et.al., 1999; 

Joshi, et.al., 1999). Results from molecular marker (Ge et.al., 1999; Ren et.al., 2003; Joshi et.al., 1999), show similarities (Park 

et.al., 2003) that support the scientific assumption. The two species may have evolved from an unknown common ancestor 

following a sequence from wild perennial to wild annual to cultivated annual ancestors. Recent studies on 0. glaberrima genome 

has been used as a reference to unravel the sequence of 0. saliva subspecies (Ma and Bennetzen, 2004). For example, similarities 

and variations (Sarla and Swamy, 2005; Park et.al., 2003) were observed in studies using miniature inverted transposable 

element amplified fragment length polymorphism (MITE-AFLP). 
 

The family species 

Generally, there are five wild Oryza species that occur in Africa, including 0. barthii, 0. longistaminata, 0. brachyantha, 0. 

eichingeri Peter and 0. punctata Kotschy ex Steud, and these could only have originated indigenously from Africa (Vaughan, 

1994). The last three species are usually ruled out as putative ancestral species of 0. glaberrima because of their different 

genomic composition (BB, CC cf. AA of African rice). Asian rice was also not generally reckoned as a putative ancestral 

species, because it is widely held as a recent introduction. It was established that 0. barthii is the progenitor of 0. glaberrima 

(Sarla and Swamy, 2005). Roschevicz (1931) was the first to propose 0. barthii as the progenitor of the African rice 

(https://doi.org/10.2135/cropsci2010.10.0605), was reported by Nayar (2012). Further, Porteres (1945, 1962, 1976) and 

Morishima et.al  (1963) supported this proposal. Brar and Khush (2003) report also confirmed that 0. Barthii is the progenitor 

of 0. glaberrima and both have been confirmed to be restricted to West Africa, while 0. longistaminata is derived from 0. barthii 

and is widely distributed in Africa while 0. rufipogon and 0. nivara gave rise to 0. saliva (Porteres, 1956; Ishii et.al., 2001; 

Bautista et.al., 2001; Cheng et.al., 2002; Khush, 1997). The three species, Oryza barthil; 0. longistaminata and 0. glaberrima 

are AA genome widely distributed mainly to Africa, and the two cultivated rice species (Table 1) can be distinguished by some 

specific traits (Sarla and Swamy, 2005).  

Germplasm collection  

Africa contains the largest diversity of Oryza species in the world, the management and in-depth understanding of the genetic 

resources and diversity of African rice germplasm is of great importance for breeding progress towards improving rice for 

abiotic stress tolerance for sustainable rice production in sub–Saharan Africa (Guimaraes, 2002). Thus, Africa is endowed with 

enormous genetic resources which on improvement can contribute substantially to the broadening of rice genetic base that will 

adapt to abiotic and biotic stress tolerance in African environment. Currently, it was reported that the diversity of African rice 

species is hindered by some social and environmental factors are involved (Kiambi et.al., 2008). Various types of accessions of 

African rice and landraces have been collected between 1973 and 1978 (Abifarin, 1988), and geographical pattern of some 

landraces evaluated in some countries of Africa (Sani et.al., 2008) from the mangrove swamp and irrigated ecologies in some 

parts of Africa. Sani et.al., (2013), reported that at Africa Rice Center gene bank, several accessions are kept in trust for humanity 

under the Multi Lateral System (MLS) of access and benefit sharing within the purview of the International Treaty on Plant 

Genetic Resources for Food and Agriculture of the Food and Agricultural Organization (FAO) as part of the global ex-situ 

collections and conservation (Table 2). 

 

http://www.ijrti.org/
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Table 1. Distinguishing characters between O. glaberrima and O. sativa 

Character   O. sativa   O. glaberrima  

Distribution   cosmopolitan   prevalent in west Africa 

Habitat    essentially perennial   annual 

Varietal differences  high variation   limited variation 

Lodging   rare    frequently lodge 

Drought resistance  rare    high 

Ligules    long, 40-45mm, pointed thin short, 6mm, oblong, thick 

Panicle branching  many     non or few 

Grain number   high up to 250 grain/panicle low, 74-100 grain/panicle 

Grain    easy to mill   difficult to mill 

Seed dormancy   low    high 

Seed shattering   low    high 

Protein    low    high 

Source: Adapted from Sarla and Swamy (2005)  

 

 

Valuable agronomic traits of Oryza glaberrima 

Some scientific evidence has pointed out the usefulness of O. glaberrima in rice improvement. Some valuable traits of interests 

in Africa rice species (Oryza glaberrima) have been identified with attribute of drought tolerance, weed competitiveness and 

ability to respond to low input condition of fertilization and resistant to various pests and diseases (Sarla and Swamy, 2005). It 

has been established that these traits are unique in 0. Glaberrima species. It had the ability to thrive in a varied range of harsh 

environmental conditions such as rainfed hilly and unpredictable rainfall areas, deep-water floating conditions and coastal 

mangrove areas. The unique features in 0. glaberrima species in terms of weed competitive ability as reported by Sarla and 

Swamy (2005) is attributed to the early vigour of rapid growth, low extinction coefficient, high light use efficiency, high specific 

leaf area leading to high canopy growth for given amount of assimilate including droopy leaves that prevents excess sunshine 

from reaching the soil surface. 0. glaberrima has the ability to produce tillers (up to 8-1 O tillers/hill) between 40 and 70 days 

after planting (Sarla and Swamy, 2005), and similar observations (Jones et.al., 1997), have been reported. The short circle 

vegetative stage and the ability to produce more biomass within a short period allow 0. glaberrima to be unique and compete 

with weeds. Some accessions of 0. glaberrima have been identified as weed competitive lines (Jones et.al., 1997), and other 0. 

glaberrima accessions have been used as a source of resistance to many pests and diseases found in West Africa. Drought is 

one of the abiotic stresses among the major stress that affects rice yields and 0. glaberrima has been identified to have a number 

of droughts escaping mechanisms. It has the ability to mature early and synchronized maturity towards the end of growth cycle 

is unique attribute. In addition to its ability to withstand drought, it has the capability to recover very fast on receipt of moisture. 

Although, 0. glaberrima are inherently lower yielding than those of 0. saliva and are therefore cultivated in fewer areas (Linares, 

2002). It is well known that Oryza glaberrima grow favorably under varied conditions and can tolerate harsh African 

environment even under severe stress. The thin leaves roll quickly to retain water and thin roots penetrate effectively in close 

contact with the soil particles to effectively extract water and nutrients (Dingkuhn, et.al., 1999; Bagachi, et.al., 1995; Maji, 

et.al., 2001). These traits are useful in breeding for drought tolerance in rice (Bagach et.al., 1995; Maji, et.al., 2001). 0. 

glaberrima is also a source of resistance to other abiotic stresses such as its ability to tolerate acidic conditions, iron and 

aluminum toxicity. It has been reported that 0. glaberrima showed a remarkable tolerance to iron toxicity (Sahrawat and Sika, 

2002), and show high nitrogen use and photosynthetic efficiency (Tagawa et.al., 2000), high specific leaf area, rapid canopy 

architecture and establishment along with droopy leaves (Jones, et. al, 1997; Dingkuhn and Asch, 1999; Heuer et.al., 2003), 

and high biomass (Bagachi, et. al, 1995). Some accessions of 0. glaberrima has been identified to be resistant to lodging (Jones, 

et.al., 1997) including useful cooking quality traits for feeding and weaning babies, genes to enhance milling with good cooking 

quality (http://www.Unu.edu/enu/plec). Although, 0. glaberrima while lacking many of the agronomic and quality traits found 

in Asian rice, Oryza glaberrima is significantly unique for traits of abiotic stress tolerance. Sarla and Swamy (2005), and 

Tagawa, et.al., (2000) reported that under low input condition, high nitrogen efficiency, high photosynthetic efficiency and 

specific leaf area with rapid canopy establishment, droopy leaves (Jones, et.al., 1997; Dingkuhn and Asch, 1999; Heuer, et.al., 

2003) and high root biomass (Bagachi, et.al., 1995) in 0. glaberrima accessions are traits that could be exploited to develop new 

plant types for both rainfed and irrigated areas of rice production ecologies. Sarla and Swamy (2005) reported that interspecific 

http://www.ijrti.org/
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crosses between African and Asian rice have produced cultivars with improved yield and quality traits adopted by many farmers 

in African countries to meet the growing need for rice as a staple food crop. From a scientific point of view, the genome of 0. 

glaberrima will provide insight into the comparative genetic basis of domestication and other traits by finding commonalities 

and differences with Oryza saliva. Similar to Asian rice, Africa rice carries the AA-type genome, having 12 chromosomes and 

an estimated size of 358 Mbp. Other agronomic traits of valuable interest could be exploited to develop new plant genotypes. 
 

Utilization of O. glaberrima for abiotic stress response 

Africa in general is affected by various stresses including water unavailability, soil nutrient deficiencies, salinity, iron toxicity, 

drought and submergence. Under this condition, the productivity of rice sub–Saharan Africa areas is seriously affected by 

various abiotic stresses and rice production in this region is mainly dependent on rainfall, but these areas are often affected by 

periodic, unpredicted and erratic rainfall pattern during early to middle rice growth stage. Rice plants are often partially or 

completely affected by drought for more than a month especially during critical growth period of rice at vegetative and 

reproductive stages. Such prolonged lack of rain often triggers crop failures. Farmers in low rainfall areas prefer to cultivate 0. 

glaberrima fields with prolonged unstable rainfall distribution because of such advantageous traits of drought tolerance. For 

example, coastal or lowland areas are heavily affected by submergence during the rainy season. Rice plants are often partially 

or completely submerged for more than a month, and such prolonged submergence often triggers crop failures. Given the success 

of interspecific breeding that brought about the success of NERICA varieties in Africa, Oryza glaberrima therefore has gained 

renewed interest by rice scientists. Thus, several literatures have reported the useful traits in 0. glaberrima species and their 

resistance to both biotic and abiotic stresses (Table 3), as reported by Sarla and Swamy (2005). Even though there has not been 

valid data to support this assumption, but various opinion and literatures have supported its utilization for abiotic stress tolerance 

including drought, iron toxicity, acidity, submergence and low input soil conditions (Sano et.al., 1984; Jones et.al., 1997) and 

ability to grow under a wide range of unfavorable environmental conditions of Africa (Sarla and Swamy, 2005). In the past at 

AfricaRice, only four Oryza glaberrima accessions were used to develop the NERICA varieties for both lowland and upland 

ecosystem, and with more than 2500 germplasm accessions maintained in AfricaRice gene bank. This is an indication that there 

is therefore a tremendous amount of genetic diversity traits of interests that have not been exploited and utilized for genetic 

improvement in the primary gene pool of 0. glaberrima. It was reported that several 0. glaberrima lines have been identified 

for use as donor parents for drought tolerance (Ndjiondjop et.al., 2007; Bimpong et.el., 2011a). Similarly, good sources of 

salinity tolerance have been identified within 0. glaberrima accessions and these alleles can effectively combine with Saito! to 

breed salt tolerant rice varieties. Consequently, CG 14 reported to have remarkable tolerance to iron toxicity stress (Sahrawat 

and Sika, 2002) while further progress has been made towards interspecific breeding to avoid spikelet sterility due to heat stress 

(Yoshida et.al., 1981; Manneh et.al., 2007). Thus, the major limitations in the use of 0. glaberrima for the improvement of 0. 

saliva was the interspecific hybrid sterility that routinely occurs between these crosses (Ghesquiere et.al., 1997), even though 

there is major breakthrough in the development of interspecific NERICAs, the introgression of useful traits from 0. glaberrima 

still remain tedious and time consuming exercise to achieve results within time frame becomes more difficult and slow. 
 

Sterility in F1 hybrids 

Hybrid inviability and sterility (Matsubara et.al., 2003) are major obstacles in rice improvement for the comprehensive 

utilization of closely related species in rice breeding programs, and therefore impairing the exploitation of the rich genetic 

diversity found within the Oryza saliva complex (known as genome group AA), and the beneficial effect of the high level of 

heterosis observed in the F1 plants. One of the most commonly known relevant examples of this strong limitation comes from 

the African cultivated rice species (0. glaberrima Steud). This species represents an interesting source of genetic diversity and 

drought tolerance (Sarla and Swamy 2005), weed competitiveness (Dingkuhn et.al., 1998), and nematode and virus resistances 

(Ndjiondjop et.al., 1999; Soriano et.al., 1999). There is a high rate of hybrid sterility in interspecific hybridization between 0. 

glaberrima x 0. saliva crosses despite both are AA genome species, normal chromosome pairing, and gamete formation are not 

hindered in the hybrids (Nayar, 1973). Though, high rate of sterility is reported as the general rule in the crosses between 0. 

saliva and 0. glaberrima F1 hybrids, irrespective of combination of varieties (Chang, 1976; Pham and Bougerol, 1993) used as 

parents. Various causes have been confirmed to be meiotic irregularities (Heuer et.al., 2003; Peltier, 1953; Gopal et.al., 1964). 

This irregularity is attributed to be low proportion of viable pollen, low pollen germination, cytoplasm and its interaction effects 

from male side and early elimination of female gametes and zygotes from female side have been reported and described as 

sterility (Porteres, 1956; Kitampura, 1962). Pollen development in F1 in interspecific hybrids is arrested at the microspore stage. 

Three types of pollen have been identified and reported as empty, intermediate and fully stained and has been reported based 

on staining with iodine solution (l2KI). Pollen studies in some hybrids showed pollen sterility up to 80% as reported by (Sarla 

and Swammy, 2005). It was reported to contribute to the reproductive barriers between two cultivated species (Sano et. al, 1979; 

Sano, 1986) of (0. glaberrima and 0. saliva). A sterility locus causing hybrid sterility has been well studied (Sano, 1990), and a 

number of sterility loci on chromosomes have also been reported (Doi et.al., 1998; Doi et.al., 1999). Several of these traits have 

http://www.ijrti.org/
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already been mapped (Lorieux et.al., 2003; Ndjiondjop et.al., 2003); however, their introduction to 0. saliva has been hampered 

by the strong sterility barrier between the two species (Sano et.al., 1979; Morinaga et.al., 1957 Morishima et.al., 1962, 

Morishima et.al., 1963, Chu et.al., 1969, Jones et.al., 1997, Sano 1983, Tao et.al., 1997). This barrier is the result of several 

loci that might interact or act separately to render the F1 hybrids pollen sterile and partially female fertile (Andrea et.al., 2010). 

Among these, the S1 locus has the strongest effect over the fertility of hybrids (Sano, 1990). Despite the strong hybrid sterility 

(Andrea et.al., 2010), obtaining fertile plants derived from O. saliva x 0. glaberrima crosses have been possible by performing 

successive backcrosses followed by selfing (Ghesquie're et.al., 1997). Nevertheless, this fertility recovery is associated with the 

presence of homozygote 0. glaberrima S1 allele (S19) and lost again when re-crossing with 0. saliva (Heuer and Miezan, 2003). 

Further, a strong transmission ratio distortion (TRD) of markers linked with S1, in favor of the 0. Glaberrima alleles, results as 

a consequence of the systematic elimination of the 0. saliva alleles from the descendants (Ghesquie're et.al., 1997; Doi et.al., 

1998b; Lorieux et.al., 2000; Aluko et.al., 2004). Andrea et.al (2010) reported that S1 is the most important locus acting as a 

reproductive barrier between the two cultivated species hybridization (Oryza saliva and 0. glaberrima). It has been described 

that it is a complex locus, with factors that possibly will affect male and female fertility separately (Andrea et.al., 2010). Their 

recent study has indicated that the component causing the allelic elimination of pollen was fine mapped. However, the position 

and nature of the component causing female sterility are yet to be identified. To fine map the factor of the S1 locus affecting 

female fertility, Andrea et.al, (2010), developed a mapping approach based on the evaluation of the degree of female 

transmission ratio distortion (fTRD) of markers. The methodology was implemented in four 0. saliva x 0. glaberrima crosses. 

the female component of the S1 locus was mapped into a 27.8-kb (0. saliva) and 50.3-kb (0. glaberrima) region included within 

the interval bearing the male component of the locus, and more evidence of an additional factors interacting with S1 was also 

found. The analysis of their available data show that a model where incompatibilities in epistatic interactions between S 1 and 

the additional factors are the main cause of the female sterility barrier between 0. saliva and 0. glaberrima. This was developed 

to explain the female sterility and the TRD mediated by S 1. According to (Andrea et.al., 2010) on the model developed, the 

recombination ratio and allelic combinations between these factors would determine the final allelic frequencies observed for a 

given cross. TRD and its association with interspecific sterility loci (Andrea et.al., 2010), described those different processes 

such as the nonrandom segregation of chromosomes during meiosis (meiotic drive) (Fishman and Willis, 2005), abortion of 

haploid gametes (as in hybrid sterility) (Orr and Irving, 2005), or abortion of zygotes after fertilization (as in hybrid inviability), 

as reported by Matsubara et.al, (2003). The strong association between markers showing TRD and pollen sterility QTL has been 

reported in some interspecific cross of tomato (Moyle and Graham, 2006). This association shows that hybrid sterility may 

occur from incompatibilities.  

 

In the study of genetic map (Andrea et.al., 2010), the interpolated positioning of genes and QTL causing 0. saliva x 0. glaberrima 

hybrid sterility evidences their colocalization with markers showing fTRD (reference). Presently, there is an on-going alternative 

intended to unlock the full potential of 0. glaberrima to rice breeding, titled "iBridges" project, supported by the Generation 

Challenge Program (http://www.generationcp.org) aims to develop a set of 0. saliva x 0. glaberrima hybrids that would be 

fertile when crossed with 0. saliva. To develop these interspecific bridges, genetic factors affecting their fertility will be 

identified and characterized so as to better understand the nature of the sterility barrier (Andrea et.al., 2010). For example, 

percent spikelet fertility was ranked following the ranking of INGER (1996) as follows; highly fertile (90%), fertile (75-89%), 

partly sterile (50-74%), highly sterile (50% to trace), and completely sterile (0%). These results will definitely slow down 

breeding progress towards developing abiotic stress tolerant rice. Recently, the complex nature of the S1 locus was suggested, 

and the male component was mapped to an interval equivalent to 45 kb on the genome of 0. Saliva cv. Nipponbare (Koide et.al., 

2008c). New breeding progress towards reducing interspecific barriers and hybrid sterility between 0. saliva and 0. glaberrima 

and identification of sterility genes using molecular marker approach will help to abate this negative trend between the 

hybridization barriers and sterility of the two cultivated species. 

. 

Table 2. Rice Gemplasm accessions in the AfricaRice gene bank as of April 2012 

Origin O. glaberrima O. sativa Wild species Total  

     

Central Africa 

East Africa 

North Africa 

83 

14 

0 

190 

743 

53 

101 

13 

0 

374 

770 

53 
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West Africa 

Southern Africa 

Total Africa 

Others 

2,400 

0 

2,497 

0 

12,025 

869 

17,033 

3,153 

311 

53 

482 

4 

14,736 

922 

20,012 

3,157 

Source: Adapted from K.A. Sani et. al., (2012) diversity of rice and related wild species 

Table 3. Abiotic and biotic stress tolerance of African rice (Oryza glaberrima) 

_______________________________________________________________________________ 

Stresses       Relevant Reference 

_______________________________________________________________________________ 

A. Abiotic stress 
Acidity         Sano et.al. 1984 

Aluminum Toxicity      Baggie et al. 2002 

Drought tolerance      Jones et al, 1997: Maj et.al, 2001 

Iron toxicity        Sakrawat and Sika (2002) 

Salt tolerance       Linares et al, 2002 

Submergence tolerance    `  Watarai and Inoye (1998) 

Weed competition      Johnson et al. 1998 

B. Biotic stress  

African rice gall midge      Nwlene et al, 2002 

Bacterial leaf blight      Kuldeep Sing, pers commun 

Blast        Silue and Nottenghem (1991) 

Nematode        PlowRight et al, 1999 

Rice yellow motte virus      IIT (1988)  

Sheath blight       Wasano and Hirota, 1986 

Stem bore and hispa       Sauphanor (1985) 

Stalked eyes fly       Joshi et al. 1991 

_________________________________________________________________________________ 

 

Breeding approach for abiotic drought stress  

The main objective of breeding program is not only to breed diverse genotypes, but to identify and develop genotypes that adapt 

to certain environmental conditions. Therefore, plant science must make accurate predictions and strategies about how various 

rice genotypes will perform in various environmental conditions. These predictions will be used to precisely design and develop 

rice genotypes for specific environments. With a better understanding of the mechanism of stress tolerance, breeders are now 

using precise breeding approaches to develop crop varieties tolerant to abiotic stresses. The main breeding approach is to breed 

for high yield under optimum or nominal environmental conditions (water, stress and free) condition because the nominal 

maximum genetic potential is expected to be realized under optimum environmental condition and crop perfonnance under 

optimum and stress conditions should be highly and positively correlated (Johnson and Frey, 1967). It has been reported that a 

genotype superior under optimum level will also yield relatively well under drought conditions (Jiban, 2001). However, the 

concept of expression of maximum genetic potential in optimum condition is debated as genotype by environment interaction 

may restrict the high yielding genotype to perform well under drought condition. Breeding under actual drought condition has 

been suggested (Hurd, 1971), but this approach may suffer from the intensity of drought as it is highly variable from year to 
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year and as a consequence environmental selection on breeding materials may possibly change drastically from one generation 

to another (Jiban, 2001). This may compound many problems that will be associated with low heritability of yield (Roy and 

Murty, 1970), and may complicate and slow down breeding program activities targeted to develop varieties tolerant to abiotic 

stresses within time frame. An alternative approach has been suggested to improve drought resistance in high yielding genotypes 

(Jiban, 2001) through incorporation of traits of interests. However, it has been reported (Jiban, 2001), transferring drought 

resistance in high yielding genotype can sometimes be complicated due to lack of understanding of the physiological and genetic 

basis of adaptation in drought conditions. Improving the yield potential of an already resistant material may be a more promising 

approach provided there is genetic variation within such materials. Different approaches have been used in breeding for abiotic 

stresses. For example, pedigree and bulk method could be used for self-pollinated crops and recurrent selection for cross 

pollinated. However, the success of any breeding and crop improvement program depends on the germplasm resources at hand 

and methods and understanding of crop improvement. Several breeding approaches for abiotic stress resistance have evolve, for 

example direct selection for gran yield under drought has been reported (Venuprasad et.al., 2008; Kumar et.al., 2008), breeding 

strategies to overcome the interspecific barriers and sterility in F, hybrids (Jones et. al, 1997; Heuer et. al, 2003; Sano, 1986). 

In this way, the first step is to identify parental lines of 0. glaberrima accessions which produce fertile F, using the approach as 

described by (Sarla and Swamy, 2005). Repeated backcrossing (Ishii et.al., 2001; Johnson et.al., 1998; Wasano and Hirota, 

1986) can restore fertility if embryo sacs are fertile in F, using the strategies adapted from Sarla and Swamy (2005) in (Figure 

1). The level of fertility restoration has been reported to vary from 30 to 65% and between 90 and 98% (Sarla and Swamy, 

2005). Though, crossability in 0. glaberrima is still limited to a few parental accessions and sometimes desirable traits are lost 

in the process of restoring fertility. 
 

Screening methods for abiotic stress tolerance 

Any breeding effort directed towards genetic improvement of abiotic stresses such as drought, iron toxicity, salinity, 

submergence tolerance and biotic such as disease resistance requires efficient screening methods for evaluating plant 

performance at certain developmental stages. Screening using a large population size with a good experimental design has been 

reported (Johnson, 1980). Several literatures have proposed that a combination of different traits could be used as selection 

criteria for screening appropriate ideotype, or a combination of traits of direct relevance, rather than a single trait, should be 

used as selection criteria (Singh and Sarkar, 1991). The earlier approach of improving grain yield under drought through 

selection on secondary traits such as root architecture, leaf water potential, panicle water potential, osmotic adjustment, and 

relative water content (Fukai et.al., 1999; Price and Courtois, 1999; Jongdee et.al., 2002; Pantuwan et.al., 2002a,b,c) did not 

give the expected results to improve yield under drought. Recent studies as reported (Bernier et.al., 2007; Venuprasad et.al., 

2007; Kumar et.al., 2008) have shown moderate to high heritability of grain yield under reproductive stage drought stress 

(Bernier et.al., 2007; Venuprasad et.al., 2007; Kumar et.al., 2008), and thus opening a new area for direct selection for grain 

yield instead of secondary traits. The study by Venuprasad et.al., (2007) also emphasized the importance of using highly tolerant 

parents as donors if the objective is to make gains under severe drought stress. Direct selection for grain yield under drought 

has been reported effective (Kumar et.al., 2008; Venuprasad et.al., 2008) and the possibility of combining high yield under 

drought (Kumar et.al., 2008; Venuprasad et.al., 2008). For example, Ludlow and Muchow (1990) ranked the merit of various 

traits conferring drought resistance. McCree et.al., (1990) and Johnson et.al., (1991) provided a framework for evaluating plant 

materials under drought stress. Venuprasad et.al (2002) reported that plant breeding for drought-prone habitats envisages a 

favourable combination of grain yield and drought tolerance. Though several mechanisms enhancing drought tolerance have 

been identified in rice, their association with grain yield under low-moisture stress have been established in few instances and 

reported (Venuprasad et.al., 2002). For example, loss of yield is the main concern in rice improvement; therefore, yield 

performance under moisture stress condition is imperative. A drought resistance index which provides a measure of drought 

based on loss of yield under drought stress condition in comparison to moist condition has been used for screening drought 

tolerant genotypes (Clark et.al., 1984; Ndunguru et.al., 1995). An artificially created water-stress environment (Mai-Kodomi 

et.al., 1999; Jiban, 2001) is used to provide the opportunity in selecting superior genotypes out of a large population. This 

technique has been adopted by many plant breeders working on drought resistance in field crops. Shaibu et.al., (2018), identified 

four Oryza glaberrima accessions with higher grain yield under drought stress out of 2000 accessions screened.  
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Figure 1. Proposed breeding scheme to obtain fertile lines from interspecific hybridization between (O. glaberrima x O. sativa) crosses. 

  

Oryza glaberrima (African rice) 

X 

Oryza sativa (Asian rice) 

F1 

1.  Sexual incompatibility 

2. Low seed set 

3. sterility  

Backcross to recurrent 

Parent ( O.sativa) 

BC1F1 Partial Sterility  

Backcross to recurrent 

Parent ( O.sativa) 

Elimination of plants 

with major sterility loci 

BC2F1 

BC2F2 

Selection of lines with desirable  

Phenotypic acceptability continues until  

homozygosity in the population is obtained 

through series of repeated backcrossing. 
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Constraints to abiotic stress tolerance in rice  

African rice species reported to have many important traits of interests that could be exploited and introgressed into elite cultivars 

through conventional breeding and molecular. Reproductive barriers between the two species as reported by Sarla and Swamy 

(2005) have been studied and genetic models proposed for its better utilization. Repeated backcrossing (Ishii et al, 2001, 

Johnson, et al. 1998; Wasino and Hirota, 1986), anther culture and double haploid plants have been obtained from isolated 

microspore culture in rice and this culture has open up new possibilities for transformation, mutation and selection making it 

more useful for breeding. A molecular approach (Ghesquiere, et al, 1997) has been adopted, and embryo rescue (Jena and 

Khush, 1984) techniques have been helpful and applied to combat sterility barriers in few instances. Many other scientific 

investigations have proffer solution to abiotic stresses tolerance and have proposed many possible different information linked 

to drought resistance that could be used in selection and genetic variability that exist in different crops (Blum, 1983; Jayalakshmi 

et.al. 1998) The success rate in obtaining resistant genotypes to different abiotic stresses such as drought, iron toxicity, 

submergence tolerance has been very slow. The lack of success may be due to (1) lack of precise proprietary technology to  

handle abiotic stresses thoroughly in many breeding and research programs (2) technical know-how of the multidisciplinary 

approach to understand the complex genetic mechanism that control abiotic stresses such as drought (3) limitation in genetic 

engineering information, its application and genetic factors controlling abiotic stress tolerance (4) lack of precise and screening 

techniques. 
 

Genetic research     

Understanding the evolution of genetic research of plant at DNA level will greatly increase knowledge of genome structure and 

function because of the diverse approaches scientists take in studying different species (Van Deynze et.al, 1995a). Comparative 

genetics of abiotic stress such as drought tolerance will continue to evolve as new technologies, methods, and information 

become available. For example, current) and future research will focus on genes and their expression under drought conditions 

across species using sequence and map-based tools that will characterize evolutionary trends in these genes at both the structural 

and functional levels (Van Deynze et.al., 19956). For example, comparative maps allow transfer of information about genetic 

control of traits from species with small diploid genome, such as rice (Oryza sativa L.). The earlier study on Gramineae family 

encompasses a diverse group of species that have been classified into two major clades based on molecular phylogenetic studies 

(Clark et.al., 1995; Soreng and Davis, 1990). The Panicoideas subfamily including maize, sugarcane (Saccharum, sorghum, and 

millet (Penniseturn) make up one clade while the other clade contains the Pooideae subfamily wheat, barley, rye, and oat. Rice 

and wild rice, belong to the subfamily Oryzoidese. The genome of cultivated rice is reported to resemble an ancestral grass 

genome with a high base chromosome number (x-12) and relatively small genome size of 430MB (Argumuganathan and Earle, 

1991). Molecular markers have been used to develop comparative chromosome maps for several members of the Gramineae 

(Moore et.al, 1995: Devos and Gale, 1997) and these have been used for the identification of genes that are vital across species 

(Snape and Laurie, 1998). For example, study on crop species of the Poaceae display a remarkable level of genetic similarity 

despite their evolutionary divergence 65 million years ago (Bennetzen and Freeling, 1993, Paterson et al, 1995). Large segments 

of the genomes of maize, sorghum, rice, wheat, and barley conserve gene content and order (Hulbert et al, 1990: Ahnand 

Tanksley, 1993; Ahn ef at. 1993: Kurata et.al. 1994: Van Deynze etal. 1995a,b,c: Gale and Davos, 1998), although the 

correspondence has been modified by chromosome duplications, inversions, and translocations. For the domesticated grasses, 

the conserved linkage blocks and their relationships with rice linkage groups provides insight into the basic organization of the 

ancestral grass genome (Moore et.al., 1995; Wilson et.al, 1999). Most comparative mapping among the grasses before now has 

relied on RFLP probes (cDNAs or genomic clones) to establish gross gene orders and distance in specific chromosome segments. 

Only to a limited extent have researchers employed cloned genes, ESTs, mutant phenotype loci or QTLs in comparative 

genomics (McCouch and Doerge, 1995). Despite the progress in comparative mapping, McCouch and Doerge (1995) reported 

that the application of this technology, especially for rice will not be realized unless scientifically sound strategies for studying 

abiotic stress such as drought tolerance are devised that allow researchers to utilize genetic tools and information developed for 

model species. This will require more detailed comparative genetic analysis from the DNA sequence of genes all the way to 

comparative analysis of QTL (Van Deynze et.al., 1995c). The research reviews as reported by Van Deynze et.al., (1995a,b) on 

drought tolerance among grass species with comparative genetics perspective has provided with new technologies for 

evaluating, dissecting, and mapping components of drought tolerance as well as transfer of this information among species is 

accelerating the understanding of this phenomenon. In addition, exploitation of the genetic variation and evolutionary benefits 

of certain species (Ray et.al, 1996) can enhance our knowledge and provide source of genes for transfer to other species. 

 

Genetics of abiotic stress tolerance 
 

Crop productivity is drastically reduced by abiotic stresses such as salinity, temperature, and drought. It has been estimated that 

crops attain only about 25% of their potential yield because of the damaging effects of environmental stress (Boyer, 1982). The 
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abiotic stresses have been reported to be location-specific, exhibiting variation in frequency, intensity, and duration (Turner, 

1979). Several definitions have been ascribed to drought which include precipitation, evapotranspiration, potential 

evapotranspiration, temperature, humidity and other factors individually or in combination (Renu and Suresh, 1998). Drought 

has been reported as the primary abiotic stress causing not only differences between the mean yield and the potential yield but 

also causing variation from year to year (yield instability). Selection for genotypes with increased productivity in drought 

environments has been an important aspect of many plant breeding programs, but the biological basis for drought tolerance is 

still poorly understood (Turner, 1979). In addition, drought stress is highly heterogeneous in time (over the seasons and years) 

and space (between and within sites) and is unpredictable. This makes it difficult to satisfactorily identify or simulate a 

representative drought stress condition. It has been predicted that in the coming years rainfall patterns might shift due to an 

increase in the global temperature caused by burning of fossil fuels and the corresponding increase in atmospheric dioxide 

(Guido and Paul, 1994). Consequently, farming communities could become increasingly dependent on drought tolerant varieties. 

Crop productivity in a water-limited environment derives from mechanisms that either permit tolerance of occurrences of 

cellular dehydration or that minimize water loss and thereby maintain a favourable water status for leaf development. Different 

mechanisms may render a plant drought tolerant: (i) the ability of a plant to escape stages of drought, especially during the most 

sensitive stages of plant development; (ii) the ability of a plant to recover from a dry period by producing new leaves from buds 

that were able to tolerate the dry spell and (iii) the ability of a plant to endure or withstand a dry period by conserving a favourable 

internal water balance under drought condition. Thus, it was reported that selection for drought tolerance while maintaining 

maximum productivity under optimal conditions has been challenging (Rosenow et.al., 1983; Clarke et.al., 1992; Zavala-Garcia 

et.al., 1992). It has been reported also that photosynthesis and several other related physiological traits differed significantly 

between drought tolerant and drought susceptible genotypes (Gummuluru et.al., 1989). Several characteristics have been 

considered important in adaptation to abiotic stress. For example, osmotic adjustment, in which the plant increases the 

concentration of organic molecules in the cell water solution to "bind" water (Turner, 1979; Yancy et.al., 1982), is one example 

of a mechanism that alleviates some of the injurious effects of water stress by promoting both avoidance and tolerance (Blum, 

1989). Study on leaf water growing under drought stress (Morgan and LeCain, 1991), has received attention. In addition, a 

thicker layer of waxy material at the plant surface and more extensive and deeper rooting (Morgan, 1984) are others. 

Physiological and biochemical traits that might enhance drought tolerance have been proposed (Morgan, 1984; Good and 

Zaplachinski, 1994, Ludlow and Muchow, 1990). The identification of genes responsible for morphological and physiological 

traits and their location on chromosomes have not been possible but their inheritance pattern and nature of genes and their 

actions have been well reported. Ekanayake et.al., (1985) reported on polygenic inheritance of root characters. It was reported 

that the long root and high root numbers are controlled by dominant alleles and thick root tip by recessive alleles (Armento-

Soto et.al., 1983). However, leaf rolling (Singh et.al., 1991) and osmotic adjustment (Morgan, 1991) have shown monogenic 

inheritance. A drought resistant gene (Drt1) in rice was reported (Tomar and Prasad, 1996) linked to plant height, pigmentation, 

hull colour and awn with pleiotropic effect on the root system. Drought resistance in cowpea was reported to be controlled by a 

single dominant gene (Mai Kodomi et.al., 1999). In addition to morphological and physiological changes (Jiban, 2001), 

biochemical changes involving induction of compatible solute biosynthesis is one way to impart drought (Mccue and Hanson, 

1990). 
 

Mapping quantitative traits 

 

Several studies examining the mapping of quantitative trait loci that are associated with abiotic stress tolerance such as drought 

and related trait has been demonstrated and confirmed that this trait is affected by several loci of which each have reasonably 

small effect (McCouch and Doerge, 1995; Quarrie, 1996). It has been reported that several studies have mapped loci associated 

with morphological traits under drought conditions (Agrama and Moussa, 1996; Ribaut, et al., 1996; Ribaut, et.al., 1997). A 

study was conducted on an early QTL in rice and more than 45 QTL found associated with leaf rolling under field drought stress 

and root morphology traits {Champoux et.al., 1995). The twelve (12) out of the 14 QTLs associated with leaf rolling were also 

associated with root thickness, root/shoot ratio, or root dry weight per tiller. Using the same mapping population (Ray et.al., 

1996), evaluated and examine root penetration, and it was found that some of these QTLs also corresponded to QTL of root 

morphology. Further, the results of the two studies were later extended by evaluating osmotic adjustment and relative water 

content. QTL for root morphology and leaf rolling in the homoeologous chromosome region in rice was mapped (Champoux 

et.al., 1995), and Teulat et.al., {1997) mapped QTL for controlling relative water content and number of leaves under water 

stress. However, a major gene mapped in wheat for osmoregulation (Morgan and Tan, 1996) appears to be distal to this region 

based on rice wheat comparative map (Van Deynze et.al., 1995c). It was reported by Lilley et.al., (1996) that the E_94 locus 

osmoregulation genes in Barley also correspond with rice chromosome segmented reported to be associated with lethal osmotic 

potential in rice (Lilley et.al, 1996), and several root growth characteristics and genetic dissection in rice was evaluated (Price 

et.al., 1997; Price and Thomas, 1997). A more comprehensive approach to studying abiotic stress tolerance such as drought 

using proteomics has been advanced (De Vienne et.al., 1999; Prioul et.al., 1999). Further, there has been substantial progress 

in identifying genes for resistance to various abiotic stresses such as temperature, salinity and drought. It has been reported that 
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some transgenic plants for improved drought tolerance using genes that have been isolated and tested as drought resistance 

genes including alanine aminotransferase and D-myo-inositol methyltransferase (Muench and Good, 1994), and transgenic 

approach to investigate the function of the HVA1 protein in stress protection (Xu et.al., 1996) have been adopted. This approach 

may aid in the detection of regulatory genes and in identifying candidate genes for studying various abiotic stress tolerance in 

rice species. 
 

Molecular marker 

A thorough molecular analysis of the plant genome and the events that occur during stress and their genetic control is essential 

to define which genes are regulatory, or which are primary gene products that are positively contributing to stress tolerance. 

With a better understanding of the mechanisms of genetics of stress tolerance, breeders are now using more precise molecular 

breeding approaches for rice improvement. For example, marker assisted backcrossing (MASC) is one approach towards rice 

improvement. Many QTLs genes have been identified and mapped for some abiotic stress tolerance in rice (Jena and Mackill, 

2008; Ismail and Thomson, 2011), and with the aid of marker assisted breeding approach to incorporate high yielding varieties 

has yielded positive results. Though, improving stress tolerance of rice has been hindered by low level of genetic variability 

coupled with complex inheritance of trait and difficulty to accurately measure the level of tolerance. Recently, various molecular 

approaches have been applied to rice improvement and many QTLs have been identified. For example, leaf rolling (Laffite 

et.al., 2006), QTLs related to better yield under drought (Venuprasad et.al., 2009; Vikram et.al., 2011; Bernier et.al., (2007). 

QTLs ( ql/2. 1 and DTY 3. 1), associated with yield under drought in upland and lowland has been reported (Bernier et.al., 2007; 

Venuprasad et.al., 2009). Sarla and Swamy (2005) reported the Contig line concept (Ghesquiere et.al., 1997) was proposed to 

bypass sporogametic interaction for monitoring sterility loci using molecular marker approach was developed, but effort to 

transfer Rice yellow mottle virus (RYMV) resistance from a variety of 0. glaberrima was not successful. The linkage map of 0. 

Glaberrima developed using 129 markers representing 112 discrete loci (Sarla and Swamy, 2005) permits the identification, 

location and introgression of various genes of interest to a new genetic background, and several of these traits have been already 

mapped (Lorieux et.al., 2002; Lorieux et.al., 2003). 
 

Conclusion and outlook 

The present review provided some evidence in the utilization of African rice species (O. glaberrima) in rice improvement for 

abiotic stress tolerance. Though, from several information gathered, its utilization has been widely recognized, but access to the 

gene pool of the cultivated African rice has so far been limited. Hybridization between the two cultivated species (0. glaberrima 

x 0. saliva) has been attempted since the last fifty years, but the issues of interspecific incompatibility still remain unanswered 

as the sterility of the F1 hybrids and semi sterility in subsequent generations still remain a major problem of rice improvement 

that demands research responsiveness. Consistent effort is required to identify compatible 0. glaberrima and 0. saliva accessions 

for interspecific hybridization that would facilitate broader access to the African rice gene pool utilization in breeding. The 

development of large backcross population may increase the likelihood of obtaining fertile progenies as a result of frequent 

recombination process. Though anther culture has been used to speed up this process in the past, and these procedures would 

enable quick recovery of useful recombinants to reduce the occurrence of sterility in the hybrids. Double haploid lines have 

been used to develop NERICAs and map agronomically useful traits that are very important and promising, but this is not 

enough to meet the challenging climate change scenarios that are facing agricultural and economic activities today. Based on 

genome-wide linkage disequilibrium microsatellite markers, about 198 accessions of 0. glaberrima were reported grouped into 

five subgroups. With the relevant information in this paper, it is important that the accessions of 0. glaberrima be conserved for 

genetic exploitation because for its unique qualities and as a subsistence crop that can withstand environmental stresses. 

Introgression from 0. saliva is reported to have influenced the genetic structure of 0. glaberrima populations in West Africa 

(Semon et.al., 2005). Nevertheless, an initiative to genetically characterize the important traits of interests in African rice species 

and incorporation through conventional breeding and molecular markers, develop models to identify compatible donors that 

will constitute the new plant types as well as screening techniques that will address various abiotic stresses such as drought 

tolerance, submergence tolerance, acidity, iron toxicity, salt tolerance is a necessary step. A thorough analysis of the 

physiological events that occur during stress period and their genetic control is essential to define which gene is regulatory and 

which are primary gene products positively contributing to stress tolerance, which genes may serve as markers for the 

physiological stage of plant development, and which gene product may be considered as secondary stress induced metabolites. 

However, comparative genetic analysis can greatly facilitate the discovery of genes that contribute to this complex trait by 

allowing scientists to transfer information between species. Further, genetic variation for components of abiotic stress tolerance 

may differ widely among species and this genetic variation is crucial to understanding the underlying mechanisms of abiotic 

stresses. The crossbreeding of Oryza glaberrima and Oryza saliva should continue in aiming at the transfer of genome fragments 

in association with in-situ maintenance of genetic resources of wild and cultivated rice of African origin, aiming at increased 

yield, tolerant to various biotic and abiotic stresses. The recent improvement in anther culture success in rice, and by drawing 

parallels to their involvement, pinpoint factors that either have or could be examine further. The recent improvements in 
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molecular breeding and marker assisted selection (MAS) provide an obvious new area for investigation of abiotic stress tolerance 

in rice. Cultivated rice (Oryza sativa L. 2n = 24) has a wide genetic diversity and well-characterized genetic base is a useful 

model for the study of hybrid sterility in plants. 

 

Highlights 

 

 Some studies from this review have identified O. glaberrima accessions as a source of tolerant genes for abiotic 

stresses in rice. 

 These genes are valuable source of tolerance to many abiotic stresses and can be used in the development of climate-

resilient rice varieties adapted to African environment.  

 Some of these accessions selected for different abiotic stresses will probably contribute to widening the genetic 

base of the lowland rice breeding program gene pool. 

 Consistent effort is therefore required in breeding to develop new rice varieties adaptable to the emerging climate 

change.  

 New Rice for Africa (NERICA) was developed from double haploid lines with promising agronomic traits of 

importance. 

 New breeding progress towards reducing interspecific barriers and hybrid sterility between 0. saliva and 0. glaberrima 

and identification of sterility genes using molecular marker approach will help in the hybridization barriers and sterility 

of the two cultivated species. 

Conflict of Interest 
The authors declare that there is no conflict of interest. 

Acknowledgments 

We appreciate the technical assistance provided by Dr. Vimal Semwal for his guidance and proof reading of this review. 

Funding 

This research review did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 

sectors. 

 

REFERENCE 

[1] Abifarin, A.O. (1988). West African Rice Development Association (WARDA) activities in rice germplasm collection, 

conservation and utilization. In: Proceedings of an International Conference on Crop Genetic Resources of Africa, Ibadan, 

Nigeria, 17-20 October 1988, pp. 35-40 

[2] Agrama, H.A.S. and Moussa, M.E. (1996). Mapping QTLs in breeding for drought tolerance in maize (Zea mays L.). 

Euphytica, 91: 89-97. 

[3] Aluko, G., C. Martinez, J. Tohme, C. Castano, C. Bergman. (2004) QTL mapping of grain quality traits from the interspecific 

cross Oryza saliva x 0. glaberrima. Theor. Appl. Genet. 109: 630-639. 

[4] Armento-Soto, J. L., Chang, T. T, Loresto, G. C., and O'Toole, J.C. (1983). Genetic analysis of root characters in rice 

(Oryzasatival.). J. Soc. Adv. Breed Asia Oceania, 15, 103-116. 

[5] Argumuganathan, K. and Earle, E.D. (1991 ). Nuclear DNA content of some important plant species. Plant Mo/. Biol. Rep., 

9: 208. 

[6] Ahn, S., Anderson, J.A., Sorrells, M.E. and Tanksley, S.D. (1993). Homeologous relationships of rice, 

wheat and maize chromosomes, Mo!. Gen. Genet., 241: 483. 

[7] Ahn, S.N. and Tanksley, S.D. (1993). Comparative linkage maps of the rice and maize genomes. Proc. Natl. Acad Sci. USA, 

90: 7980. 

[8] Andrea, G., Romain, G., Jaime, L., Frederick, G., Sylvie, S., Olivier, P., Joe, T., Alain, G., and Mathias, L. (2010). A Genetic 

Model for the Female Sterility Barrier Between Asian and African Cultivated Rice Species. Genetic. Soc. America 185, 

1425-1440. 

[9] Audebert A, Fofana M (2009) Rice yield gap due to iron toxicity in West Africa. J Agron Crop Sci 195(1):66–76. 

[10] Audebert A, Sahrawat KL (2000) Mechanisms for iron toxicity tolerance in lowland rice. J Plant. Nutr 23(11–12):1877–

1885. 

[11] Baggie, I., Zapata, F. and Sangina, N. (2002). Genotypic response to Aluminium toxicity of some rice. Int. Rice Res. Notes, 

22, 26-27. 

http://www.ijrti.org/


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a311 

[12] Bagachi, D. K., Banik, P., and Sasma, T. (1995). Selection of appropriate technologies for upland rice growing on the Bihar 

plateau, India. In Lives in FragileE cosystemsI. nternational Rice Research Institute, Los Banos, The Philippines, pp. 127-

134 

[13] Bautista, N. S., Solis, R., and Ishii, T. (2001). RAPD, AFLP and SSLP analysis of phylogenetic relationships between 

cultivated and wild species of rice. Genes Genet. Sys!. 76, 71-79 

[14] Besancon, G., & Second, G. (1984). Gestion des ressources genetiques des plantes. Tome1: Monographies. Technique et 

Documentation. Edition Lavoisier, p. 212. 

[15] Bennetzen, J.L. and Freeling, M. (1993). Grasses as a single genetic system: Genome composition, 

collinearity and compatability. Trends Genet., 9: 259. 

[16] Bernier, J, Kumar, A, Ramaiah, V, Spaner, D, and Atlin, G. (2007). A large-effect QTL for grain yield under reproductive-

stage drought stress in upland rice. Crop Sci. 47: 507-518. 

[17] Boyer, J.S. (1982). Plant productivity and environment. Science, 218: 443-448. 

[18] Bimpong, 1.K., Serraji, R., Chin, J.H., Mendoza, E.M.T., Hernandez, J. and Mendioro, M.S. (2011a). 

  Determination of genetic variability for physiological traits related to drought tolerance in African  

  rice (Oryza glaberrima). Journal of Plant Breeding and Crop Science 3(4), 60-67. 

[19] Brar, D.S. and Khush, G.S. (2003). Utilizing wild species of genus oryza in rice improvement. In: Nanda, J.S. and Sharma, 

S.D. (eds) Monograph on Genus Oryza. Science Publishers, Enfield, New Hamsphire, pp. 283-309 

[20] Blum, A. (1983). In Drought Resistance in crops with Emphasis on Rice, International Rice Research Institute, Los Banos, 

Philippines, pp. 53-68 

[21] Blum, A. (1989). Osmotic adjustment and growth of barley genotypes under stress. Crop Sci., 29: 

 230-233.  

[22] Chang, T. T. (1976). The origin, evolution, cultivation, dissemination, and diversification of Asian and African rices. 

Euphytica 25: 425-441. 

[23] Champoux, M.C., Wang, G., Sarkarung, S., Mackill, D.J., O'Toole, J.C., Huang, N. and McCouch, S.R. (1995). Locating 

genes associated with root morphology and drought avoidance in rice via linkage to molecular markers. Theor. Appl. Genet., 

90: 969-981. 

[24] Chérif M, Audebert A, Fofana M, Zouzou M (2009) Evaluation of iron toxicity on lowland irrigated rice in West Africa. 

[25] Cheng, C., Tsuchimoto, Ohtsubo, S. H., and Ohtsubo, E. (2002). Evolutionary relationships among rice species with AA 

genome based on SINE insertion analysis. Genes Genet. Sys!. 77, 323-334 

[26] Chu, Y. E., Morishima, H. and Oka, H.I. (1969). Reproductive barriers distributed in cultivated rice species and their wild 

relatives. Japan. J. Genet. 44: 207-223. 

[27] Clarke, J.M., Townley-Smith, T. F., McCaig, T. N. and Green, D. G. (1984). Crop Sci., 1984, 24, 537-541.  

[28] Clark, LG., Zhang, W. and Wendel, J.F. (1995). A phylogeny of the grass family (Poaceae) based on 

 ndhF sequence data. Systematic Botany, Vol. 20, No. 4., pp. 436-460 

[29] Clarke, J.M., DePauw, R.M. and Townley-Smith, T.F. (1992). Evaluation of methods for quantification of drought tolerance 

in wheat. Crop Sci., 32: 723-728. 

[30] De Dorlodot S, Lutts S, Bertin P (2005) Effects of ferrous iron toxicity on the growth and mineral composition of an 

interspecific rice. J Plant Nutr 28(1):1–20. 

[31] Devos, K.M. and Gale, M.D. (1997). Comparative genetics in the grasses. Plant Mo!. Biol., 35: 3-15. 

[32] De Vienne, 0., Leonardi, A., Damerval, C. and Zivy, M. (1999). Genetics of proteome variation for QTL characterization: 

Application to drought-stress responses in maize. J. Exp. Bot., 50: 303-309. 

[33] Dingkuhn, M., Jones, M.P.; Johnson, D.E. & Sow, A. (1998). Growth and yield potential of Oryzasativaand 0. glaberrima 

upland rice cultivars and their interspecific progenies. Field Crops Research Vol.57, No.1, (May 1998), pp. 57-69, ISSN 

0378-4290 

[34] Dingkuhn, M., and Asch, F. (1999). Phenological response of 0. saliva, 0. glaberrima and interspecific rice cultivars on a 

toposequence in West Africa. Euphytica, 110, 109-126 

[35] Doi, K., Taguchi, K., and A. Yoshimura, A. (1998). A new locus affecting high F1 pollen sterility found in backcross 

progenies between Japonica rice and African rice. Rice Genet. News/., 15: 146-148. 

[36] Doi, K., Taguchi, K., and Yoshomura, A. (1999). A RFLP mapping of S20and S21for F1 semi-sterility was found in 

backcross progeny of Oryza saliva and 0. glaberrima. Rice Genet. News/., 16, 65-68. 

[37] Doi, K., AYoshimura, A. and Iwata, A. (1998b). RFLP mapping and QTL analysis of heading date and pollen sterility using 

backcross populations between Oryza sativa L. and Oryza glaberrima Steud. Breeding Sci. 48: 395-399. 

[38] Ekanayake, J., O'Toole, J.C., Garrity, D.P., Masajo, T.M. (1985). Inheritance of root characters and their relations to drought 

resistance in rice. Crop Science 25, 927-933. 

[39] Fishman, L., and Willis, J. H. (2005). A novel meiotic drive locus almost completely distorts segregation in Mimulus 

(Monkeyflower) hybrids. Genetics 169: 347-353. 

[40] Fukai, S., Pantuwan, G., Jongdee, B., and Cooper, M. (1999). Screening for drought resistance in rainfed lowland rice. Field 

Crop Research 64, 61-74 

http://www.ijrti.org/


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a312 

[41] Fukui, K., and Fijima, K. (1991). Somatic chromosome map of rice by imaging methods. Theor. Appl. Genet., 81, 589-596 

[42] Gale, M.D. and Devos, K.M (1998) Comparative genetics in the grasses. Proc. Natl. acad. Sci. USA, 95 (5) 1971-1974. 

[43] Ge, S., Sang, T., Lu., B.R. and Hong, D. (1999). Phylogeny of rice genomes with emphasis on origins of allotetraploid 

species. Proc. Natl. Acad. Sci. USA, 96, 1400-1405 

[44] Ghesquire, A., Sequier, J., Second, G. And Lorieux, M., (1997). First step toward a rational use of African rice 0. glaberrima 

in rice breeding through a 'contig line' concept. Ephytica, 96, 31-39 

[45] Guimaraes, E.P. (2002). Genetic diversity of rice production in Brazil. In: Nguyen, V.N. (ed.) Genetic DiversityI n Rice 

Production, Case Studies from Brazil, India, and Nigeria. Food and Agricultural Organization of the United Nation (FAQ), 

Rome, Italy, pp. 11-35 

[46] Guido, R. and Paul, R. (1994). Drought tolerance research as a social process. Biotechnology and 

 Development Monitor, 18: 5. 

[47] Gummuluru, S., Hobbs, S.L.A. and Jana, S. (1989). Genotypic variability in physiological characters and its relationship to 

drought tolerance in Durum wheat. Can. J. Plant Sci., 69: 703-711. 

[48] Gopal, Krishnan, R. N., Nayer, M., and Sampath, S. (1964). Cytogenetical studies of two amphidiploids in the genus Oryza. 

Euphytica, 13, 57-64 

[49] Good, A.G. and Zaplachinski, S.T. (1994). The effect of drought stress on free amino acid accumulation and protein synthesis 

in Brassica napus. Physiol. Plant., 90: 9-14. 

[50] Heuer, S. M., Miezan, K., and Gaye, G. (2003). Increasing biodiversity of irrigated rice in Africa by interspecific crosses of 

0. glaberrimaSteud x 0. sativa indica, Euphytica, 132 (1): 31-40 

[51] Heuer, S., and Miezan, K.M. (2003). Assessing hybrid sterility in Oryza glaberrimax 0. saliva hybrids progenies by PCR 

marker analysis and crossing with wide compatibility varieties. Theor. Appl. Genet. 107(5): 902-9 

[52] Hulbert, S.H., Richter, T.E., Axtell, J.D. and Bennetzen, J.L. (1990). Genetic mapping and characterization of sorghum and 

related crops by means of maize DNA probes. Proc. Natl. Acad Sci. USA, 87: 4251. 

[53] Hurd, E.A. 1(971). In Drought injury and Resistance in Crops (eds) Larson, E. L. and Eastin, J. D). Crop Sci. Soc. America, 

USA pp. 77-78 

[54] lshi, T., Xu, Y., and MCcouch, S. R. (2001). Nuclear and chloroplast microsatellite variation in A-genome species of rice. 

Genome, 44, 658-666 

 (http://www.generationcp.org) 

[55] Ismail, AM. and Thomson, M.J. (2011). Molecular breeding of rice for problem soils In: de Oliveira, AC. And Varshney, 

R.K. (eds} Root Genomics. Springer, Dordrecht, Netherlands, pp. 289-312. 

[56] Jayalakshmi, V., Reddy, P. V., Asalatha, M., and Vasanthi, R. P. (1998). Legume Res., 1998, 21, 8-12 

[57] Jena, K.K. and Mackill, D.J. (2008). Molecular markers and their use in marker assisted selection in rice. Crop Science 48, 

1266-1276 

[58] Jena, K.K. and Khush, G.S. (1984). Embryo rescue of interspecific hybrids and its scope in rice improvement. Int. Rice gene 

Newsletter. 1: 133 

[59] Jones, M. P., Dingkuhn, M., Aluko, G. K., and Semon, M. (1997). Interspecific 0. sativa L. x 0. glaberrima. Progenies in 

upland rice improvement. Euphytica, 92, 237-246 

[60] Joshi, S. P., Gupta, V. S., Aggarwal, R. K., Ranjekar, P. K., and Brar, D.S. (1999). Genetic diversity and phytogenetic 

relationship as revealed by inter-simple sequence repeats (SSR) polymorphic markers in the genus Oryza. Theor. Appl. 

Genet. 100, 1311-1320 

[61] Joshi, R.C., Winslow, M.D. and Ukwungwu, M.N. (1991). Comparison of standard evaluation system and method in 

assessing stalked eye fly resistance. Int. Rice Res. Newsl, 16, 4. 

[62] Johnson, I. R., Melkonian, J. J., Thomley, J. H. M. and Riha, S. J. (1991). Plant Cell Environ., 1991, 14, 531-544. 

[63] Johnson, D.A. (1980). Improvement of perennial herbaceous plants for drought-stressed western rangelands. In: N.C. Turner 

and P.J. Kramer (ed.), Adaptation of plants to water and high temperature stress. John Wiley and Sons, N.Y. p. 419-433. 

[64] Johnson, D. E., Dingkuhn, M., Jones, M. P., and Mahamane, M. C. (1998). The influence of rice plant type on the effect of 

weed competition on 0. sativa and 0. glaberrima. Weed Res, 38, 207-216 

[65] Johnson, G.R. and Frey, K. J. (1967). Heritabilities of Quantitative Attributes of Oats (Avena sp.) at Varying Level of 

Environmental Stress. Crop Sci., 7, 43-46 

[66] Jongdee, B Fukai, S, Cooper, M. (2002). Leaf water potential and osmotic adjustment as physiological traits to improve 

drought tolerance in rice. Field Crops Research 76: 153-163. 

[67] Jiban M. (2001). Genetic and genetic improvement of drought resistance in crop plants. Current sci. vol 6. 25, 758-763 

[68] Koide, Y., Onishi, K., Nishimoto, D., Baruah, A.R., Kanazawa, A. (2008c). Sex-independent transmission ratio distortion 

system responsible for reproductive barriers between Asian and African rice species. New Phytol. 179: 888-900. 

[69] Khush, G. S. (1997). Origin, dispersal cultivation of rice. Plant Mo/. Biol., 35, 25-34 

[70] Kitampura, E. 1962. Studies on the cytoplasmic sterility of hybrids in distantly related varieties of rice 0. sativa L. In Fertility 

of F1 hybrids between strains derived from certain Philippine x Japanese variety crosses and Japanese varieties. Jpn. J. Breed, 

12, 81-84 

http://www.ijrti.org/
http://www.generationcp.org/


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a313 

[71] Kurata, N., Nagamura, Y., Yamamoto, K., Harushima, Y., Sue, N., Wu, J., Antonio, B.A., Shomura, A., Shimizu, T., Lin, 

S.Y., Inoue, T., Fukuda, A., Shimano, T., Kuboki, Y., Toyama, T., Miyamoto, Y., Kirihara, T., Hayasaka, K., Miyao, A., 

Menna, L., Zhong, H.S., Tamura, Y., Wang, Z.X., Momma, T., Umehara, Y., Yano, M., Sasaki, T. and Minobe, Y. (1994). 

A 300 kilobase interval genetic map of rice including 883 expressed sequences. Nature Genetics, 8(4): 365-372. 

[72] Kiambi, D.K., Nwebury, H.J., Maxted, N. And Ford-Lloyd, B.V. (2008). Molecular genetic variation in the African wild 

rice Oryzal ongistaminatAa . Chev. Et Roehr, and its association with environmental variables. African Journal of 

Biotechnology 7(10), 144-1460. 

[73] Kirk GJ, Manwaring HR, Ueda Y, Semwal VK, Wissuwa M (2021) Below-ground plant–soil interactions affecting 

adaptations of rice to iron toxicity. Plant Cell Environ..Audebert A, Sahrawat KL (2000) Mechanisms for iron toxicity 

tolerance in lowland rice. J Plant Nutr 23(11–12):1877–1885. 

[74] Kumar, A, Bernier, J, Verulkar, S, Lafitte, H. R, Atlin, G. N. (2008). Breeding for drought tolerance: Direct selection for 

yield, response to selection and use of drought-tolerant donors in upland and lowlandadapted populations. Field Crops 

Research 107: 221-231. 

[75] Lafitte, R.H., Ismail, A.M., and Bennett, J. (2006). Abiotic stress tolerance in tropical rice: progress and the future. Oryza 

43, 171-186 

[76] Linares, O.F. (2002). African rice (0. glaberrima): History and future potential. Proceedings of/he National Academy of 

Sciences, USA 99: 16 360-365. 

[77] Lilley, J.M., Ludlow, M.M., McCouch, S.R. and O'Toole, J.C. (1996). Locating QTL for osmotic 

 adjustment and dehydration tolerance in rice. J. Exp. Bot., 47: 1427-1436. 

[78] Li L, Ye L, Kong Q, Shou H (2019) A vacuolar membrane ferric-chelate reductase, OsFRO1, alleviates Fe toxicity in rice 

(Oryza sativa L.). Front Plant Sci 10:700 

 Ludlow, M.M. and Muchow, R.C. (1990). A critical evaluation of traits for improving crop yield in water limited 

environments. Adv. Agron., 43: 107-153. 

[79] Lorieux, M., Ndjiondjop, M. N. and Ghesquiere, A. (2000). A first interspecific Oryza sativa x Oryza glaberrima 

microsatellite-based genetic linkage map. Theor. Appl. Genet. 100: 593-601. 

[80] Lorieux, M., Reversat, G., GarciaDiaz, S.X. Denance, C., Jouvenet, N (2003). Linkage mapping of Hsa-1(0g), a resistance 

gene of African rice to the cyst nematode, Heterodera sacchari. Theor. Appl. Genet 107: 691-696. 

[81] Manneh, B., Kiepe, P., Sie, M., Ndjiondjop, M., Drame, K.N., Traoere, K., Rodenburg, J., Somado, E.A., Narteh, L., Youm, 

0., Diagne, A. and Futakuchi, K. (2007). Exploiting partnership in research and development to help African rice farmers 

cope with climate variability. SAT eJournal4(1), 24 pages. 

 http://www.icrisat.org/journal/SpecialProject/sp16 .pdf.  

[82] Matsubara, K., T. Khin and Y. Sano. (2003). A gene block causing cross-incompatibility hidden in wild and cultivated rice. 

Genetics 165: 343-352. 

[83] Maji, T., Singh, B. N. and Akenova, M. E. (2001). Vegetative stage drought tolerance in 0. glaberrima and 0. sativa L. and 

the relationship between drought parameters. Oryza, 38, 17-23 

[84] Ma, J., and Bennetzen, L. (2004). Rapid recent growth and divergence of rice nuclear genomes. Proc. Natl. Acad Sci. USA. 

101, 12404-12410 

[85] Mai-Kodomi, Y., Singh B. B., Terao, T., Myers, 0., Yopp, J. H. Jr., Gibson, P.J. (999). Inheritance of drought tolerance in 

cowpea. Indian Journal of Genetics and Plant Breeding59 (3) 317-323. 

[86] Mccree, K. J., Fernandez, C. J. and Ferraz de Oliveria, R. (1990). Crop Sci., 1990, 30, 294-300. 

[87] Mccue, K.F. and Hanson, A.O. (1990). TIBTECH, 8, 358-362. 

[88] Melandri G, Sikirou M, Arbelaez JD, Shittu A, Semwal VK, Konaté KA, Maji AT, Ngaujah SA, Akintayo I, Govindaraj V, 

Shi X, Agosto-Peréz FJ, Greenberg AJ, Atlin G, Venuprasad R, McCouch SR (2021) Multiple small-effect alleles of Indica 

origin enhance high iron-associated stress tolerance in rice under field conditions in West Africa. Front Plant Sci 11:604938. 

https:// doi.org/10.3389/fpls.2020.604938. 

[89] Moyle, L. C., and Graham, E.B. (2006). Genome-wide associations between hybrid sterility QTL and marker transmission 

ratio distortion. Mol. Biol. Evol. 23: 973-980. 

[90] Morinaga, T. and Kuriyama, H. (1957). Cytogenetical studies on Oryza saliva L.. IX. The F1 hybrid of 0. saliva L. and 0. 

glaberrimaSteud. Japan. J. Breeding?: 57-65. 

[91] Morishima, H., Hinata, K. and Oka H. C1963). Comparison of modes of evolution of cultivated forms from two wild species, 

Oryza breviligulata and 0. perennis. Evolution 17: 170-181. 

[92] Morishima, H., Hinata, K. and Oka, H.1.(1962). Comparison between two cultivated rice species, Oryza saliva L. and 0. 

glaberrima Steud. Japan. J. Breeding, 12: 153-165 (English with Japanese summary). 

[93] Morishima, H., Hinata, K. and Oka, H.I. (1963). Comparison of modes of evolution of cultivated forms from two wild rice 

species, Oryza breviligulata and 0. perennis. Evolution 17: 170-181. 

[94] Morgan, J.A. and LeCain, D.R. (1991). Leaf gas exchange and related leaf traits among 15 winter wheat genotypes. Crop 

Sci., 31: 443-448.  

[95] Morgan, J.M. (1984). Osmoregulation and water stress in higher plants. Annu. Rev. Plant Physio/., 35: 299-319. 

http://www.ijrti.org/
http://www.icrisat.org/journal/SpecialProject/sp16%20.pdf


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a314 

[96] Morgan, J.M. and Tan, M.K. (1996). Chromosomal location of a wheat osmoregulation gene using RFLP analysis. Aust. J. 

Plant Physio/., 23: 803-806. 

[97] Moore, G., Devos, K.M., Wang, Z. and Gale, M.D. (1995). Grasses, line up and form a circle. Current Biology, 5(7): 737-

739. 

[98] McCouch, S.R. and Doerge, R.W. (1995). QTL mapping in rice. Trends in Genetics, 11: 482-487. 

[99] Muench, D.G. and Good, A.G. (1994). Molecular cloning and expression of an anaerobically induced alanine 

aminotransferase from barley roots. Plant Mo/. Biol., 24: 417-427. 

[100] Nayar N.M. (1973). Origin and cytogenetics of rice. Advances in Genetics 17, 57-65 

[101] Nayar N.M (2012). Evolution of the African Rice: A historical perspective.  (https://doi.org/10.2135/cropsci2010.10.0605). 

[102] Ndunguru, B. J., Ntare, B. R., Williams, J. H. and Greenberg, D. C. (1995). J. Agric. Sci. (Cambridge), 1995, 125, 79-85. 

[103] Ndjiondjop, M.N., Manneh, B., Semon, M., Effisue, A., Cisse, F., Futakuchi, K., Gridley, H., Bocco, R. and Cissoko, M. 

(2007). Gene mining of rice germplasm (Oryza glaberrima and Oryza saliva) to improve drought resistance in rainfed 

production systems for resource poor farmers of Africa. In: Abstracts of the Rockefeller foundation Meeting on 

biotechnology, Breeding and Seed Systems for African crops, Research and product development that reaches farmers, 

Maputo, Mozambique 26-29 March, p. 170. 

[104] Ndjiondjop, M.N., Alber, L., Fargette, D., Fauquet, C. and Ghesquiere, A. (1999). The genetic basis of high resistance to 

rice yellow mottle virus (RYMV) in cultivars of two cultivated rice species. Plant Disease 83, 931-935 

[105] Ndjiondjop, M. N., Albar, L., Fargette, D., Brugidou, C., and Jones, M.P. (2003). Mapping a recessive gene conferring 

resistance to rice yellow mottle virus, pp. 257-259 in Advances in Rice Genetics, edited by G.S. Khush, D.S. Brar and B. 

Hardy. International Rice Research Institute, Manila, Philippines. 

[106] Nwilene, F.E., Williams, U.T., Uwkwugwu, M.N., Dakouo, D., Nacro, S., Hmadoun, A. and Kamara, S.I. (2002). Reactions 

of differential genotypes to African gall midge in West Africa. Intel. Pest Manag. 48, 195-201 

[107] Orr, H. A., and Irving, S. (2005). Segregation distortion in hybrids between the Bogota and USA subspecies of Drosophila 

pseudoobscura. Genetics 169: 671-682. 

[108] Ohmidi, Na and Fukui, K. (1995). Cytological studies of African cultivated rice Oryza glaberrima. Theor. Appl. Genet. 91, 

212-217. 

[109] Ottow, J.C.G., Benckiser, G., Watanabe, I., Santiago., S. (1983). Multiple nutritional soil stress as the prerequisite for iron 

toxicity of wetland rice (Oryza sativa L.). Trop Agric 60 (2). 

[110] Park, K. C., Kim, N. H., Cho, Y. S., Kang, K. H., Lee, K. K., and Kim, N. S. (2003). Genetic variations of AA genome 

Oryza species measured by MITE-AFLP. Theor. Appl. Genet. 107, 203-209 

[111] Paterson, A.H., Lin, Y.R., Li, Z.K., Schertz, K.F., Doebley, J.F., Pinson, S.R.M., Liu, S.C., Stansel, J.W. and Irvine, J.E. 

(1995). Convergent domestication of cereal crops by independent mutations at corresponding genetic loci. Science, 269: 

1714-1718 

[112] Pantuwan, G., Fukai, S., Cooper, M., Rajatasereekul, S., O'Toole, J.C. (2002a). Yield response of rice (Oryza saliva L.) 

genotypes to different types of drought under rainfed lowlands. Part 1. Grain yield and yield components. Field Crops 

Research 73, 153-168. 

[113] Pantuwan, G., Fukai, S., Cooper, M., Rajatasereekul, S., O'Toole, J.C. (2002b). Yield response of rice (Oryza saliva L.) 

genotypes to different types of drought under rainfed lowlands. 2. Selection of drought resistant genotypes. Field Crops 

Research 73, 169-180. 

[114] Pantuwan, G., Fukai, S., Cooper, M., Rajatasereekul, S., O'Toole, J.C. (2002c). Yield response of rice (Oryza sativa L.) 

genotypes to different types of drought under rainfed lowlands. 3. Plant factors contributing to drought resistance. Field 

Crops Research 73, 181-200. 

[115] Peltier, M. (1953). Compartment des hybrids interspecifiques entre 0. sativa L. et 0. glaberrima Steud. C.R. Acad Sci. Paris, 

236, 846-847 

[116] Porteres, R. (1945). On the geographical segregation of the genes of Oryza glaberrima in west Africa. Comptes Rendes du 

Academie Science 221: 152-153. 

[117] Porteres, R. (1956). Taxonomic botany of the cultivated rices of Oryza sativa and 0. glaberrima. Agronomie Tropicale 

Botanique Applique 3: 341-384, 541-580, 627-700, 821-856. 

[118] Porteres, R. (1962). Primary cradles of agriculture in the African continent. Journal of African History 3: 195-210. 

[119] Porteres, R. (1976). African Cereals: Eleusine, Fonio, Black Fonio, Teff, Brachiaria, paspalum, Pennisetum, and African 

Rice, in J.R. Harlan, J.M.J. De Wet & A.B.L. Stemler Origins of African Plant Domestication. The Hague: Mouton 

[120] Pham, J., and Bougerol, B. (1993). Abnormal segregation in crosses between two cultivated rice species. Heredity, 70, 

447-466 

[121] Price, A.H., Tomes, A.O. and Virk, D.S. (1997). Genetic dissection of root growth in rice (Oryza saliva L.). I. A hydroponic 

screen. Theor. Appl. Genet, 95: 132-142. 

[122] Price, A.H. and Tomes, A.O. (1997). Genetic dissection of root growth in rice (Oryza saliva L.). II. Mapping quantitative 

trait loci using molecular markers. Theor. Appl. Genet., 95: 143-152. 

http://www.ijrti.org/
https://doi.org/10.2135/cropsci2010.10.0605


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a315 

[123] Price, A.H. and Courtis, B. (1999). Mapping QTLs associated with drought resistance in rice: progress, problems and 

prospects. Plant Growth Regulation 29, 123-133 

[124] Prioul, J.-L., Pelleschi, S., Sene, M., Thevenot, C., Causse, M., de Vienne, D. and Leonardi, A. (1999). From QTLs for 

enzyme activity to candidate genes in maize. J. Exp. Bot., 50: 1281-1288. 

[125] PlowRight, RA., Coyne, D.L.., Nash, P. and Jones, M.P. (1999). Resistance to the rice nematodes Heterodera sacchari, 

Meloidogyne graminicola and M incognita in Oryza glaberrima x 0. Saliva interspecific hybrids. Nematology. 1, 745-752 

[126] Quarrie, S.A. (1996). New molecular tools to improve the efficiency of breeding for increased drought resistance. Plant 

Growth Regulation 2, 0: 167-178. 

[127] Ray, J.D., Yu, L.-X., McCouch, S.R., Champoux, M.C., Wang, G. and Nguyen, H.T. (1996). Mapping quantitative trait 

loci associated with root penetration ability in rice (Oryza saliva L.). Theor. Appl. Genet, 42: 627-636. 

[128] Ren, F., Lu, B. R., Li, S., Haung, J., and Yingguozhu, A. (2003). Comparative study of genetic relationships among the 

AA genome Oryza species using RAPD and SSR markers. Theor. Appl. Genet., 108, 113-120 

[129] Renu, K.C. and Suresh, K.S. (1998). Prospects of success of biotechnological approaches for improving tolerance to 

drought stress in crop plants. Curr. Sci., 74: 25-34. 

[130] Ribaut, J.M., Hoisington, D.A., Deutsch, J.A., Jiang, C. and Gonzalez-de-Leon, D. (1996). Identification of quantitative 

trait loci under drought conditions in tropical maize. 1. Flowering parameters and the anthesis silking interval. Theor. Appl. 

Genet., 92: 905-914. 

[131] Ribaut, J.-M., Jiang, C., Gonzalez-de-Leon, D., Edmeades, G.O. and Hoisington, D.A. (1997). Identification of quantitative 

trait loci under drought conditions in tropical maize. 2. Yield components and marker-assisted selection strategies. Theor. 

Appl. Genet., 94: 887-896. 

[132] Roschevicz, R.J. (1931). A contribution to the knowledge of rice. Applied Botany, Genetics and Plant Breeding Bulletin 

27, 3-133 

[133] Rosenow, D.T., Quisenberry, J.E., Wendt, C.W. and Clark, LE. (1983). Drought tolerant sorghum and cotton germplasm. 

Agr. Water Manage., 7: 207-222. 

[134] Roy, N. N. and Murty, B. R. (1970). Euphytica, 19, 509-521 

[135] Sahebi M, Hanafi MM, Rafii MY, Mahmud TMM, Azizi P, Osman M, Atabaki N (2018) Improve- ment of drought tolerance 

in rice (Oryza sativa L.): genetics, genomic tools, and the WRKY gene family. BioMed Research International. 

[136] Sakagami, J.I., lsoda, A., Nojima, H. and Takasaki, Y. (1999). Growth and survival rate after maturity in Oryza sativa L. 

and 0. glaberrima Steud. Japanese Journal of Crop Science, Vol.68, No.2, (June 1999), pp. 257-265, ISSN 0011-1848 

[137] Sani, K.A., Fawole, I., Guei, R.G., Ojo, D.K., Somado Eklou, A., Sanchez, I., Ogunbayo, S.A., and Tia, D.D. (2008). 

Geographical pattern of phenotypic diversity in Oryza sativa landraces of Cote d'Ivoire. Euphytica 160, 389-400. 

[138] Sani, K.A., Tia, D.D., Ojo, D.K., Ayoni, S.O., Mouritala, S. and Ruaraid, S.H. (2013). Realizing Africa's Rice Promise. 

Africa Rice Center (AfricaRice), Cotonou, Benin pp. 87-94 

[139] Sano, Y. (1983). A new gene controlling sterility in F1 hybrids of two cultivated rice species. J. Heredity 74: 435-439. 

[140] Sano, Y., Chu, Y., and Oka, H. (1979). Genetic studies of speciation in cultivated rice. 1. Genetic analysis for the F1 

sterility between Oryza sativa and 0. glaberrima. Jpn. J. Genet, 54, 121-132 

[141] Sano, Y. (1986). Sterility between 0. saliva and 0. glaberrima. In Rice Genetics (ed. Khush, G. S.). Proceedings 

International Rice Genetics Symposium, International Rice Research Institute, Manila, The Philippines, pp. 109-118 

[142] Sano, Y., Sano, R., and Morishima, H. (1984). Neighbour effects between two occurring rice species, Oryza sativa and 0. 

glaberrima. J. Appl Ecol. 21: 245-254.  

[143] Sano Y. (1990). The genetic nature of gamete eliminator in rice. Genetics 125: 183-191 

[144] Sahrawat, K. L., and Sika, M. 2002. Comparative tolerance of 0. saliva and 0. glaberrima rice cultivars for iron toxicity in 

West Africa. Int. Rice Res. Notes, 27(2) 30-31. 

[145] Sarla, N., and Swamy, B.P. Mallikarjuna (2005). Oryza glaberrima. A source for the improvement of Oryza saliva. Current 

Sci. vol. 89, 955-963 

[146] Sauphanor, B. (1985). Some factors of upland rice tolerance to stem borers in West Africa. Insect Sci. Appl. 6, 429-434. 

[147] Swamy BPM, Rahman MA, Inabangan-Asilo MA, Amparado A, Manito C, Chadha-Mohanty P, Reinke R, Slamet-Loedin 

IH (2016) Advances in breeding for high grain zinc in rice. Rice 9:49 Taiz L, Zeiger E (2002) Photosynthesis: physiological 

and ecological considerations. Plant Physiol 9:172–174. 

[148] Semon, M., Nielsen, R., Jones, M. P., and McCouch, S. R. (2005). The population structure of African cultivated rice 0. 

glaberrima (Steud): Evidence for elevated level of linkage disequilibrium caused by admixture with 0. saliva and ecological 

adaptation. Genomic, 169, 1639-1647 
[149] Shaibu A.A. M.I. Uguru, M. Sow, A.T. Maji, M.N. Ndjiondjop and R. Venuprasad (2018). Screening African rice (Oryza 

glaberrima) for tolerance to abiotic stress: II. Lowland Drought. Crop Sci. 58: 133-142.  

[150] Singh, S.P., Nodari, R. and Gepts, P. (1991). Genetic diversity in cultivated common bean: I Allozymes. Crop Sci. 31:19-

23 

http://www.ijrti.org/


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a316 

[151] Singh, N.N., and Sarkar, K.R. (1991). Physiological, genetical basis of drought tolerance in maize. Paperpresented at 

Golden Jubilee Symp. on Genetic Resources and Education: Current Trends and the Next fifty Years. Organized by the 

Indian Soc. Genetics and Plant Breeding, IARI, New Delhi, Feb. 12-15, 1991. 

[152] Sikirou M, Shittu A, Konaté KA, Maji AT, Ngaujah AS, Sanni KA, Venuprasad R. (2018). Screening African rice (Oryza 

glaberrima) for tolerance to abiotic stresses: I Fe Toxicity. Field Crops Res 220:3–9 

[153] Silue, D. and Nottenghem, J. (1991). Resistance of 99 Oryza glaberrima varieties to blast. Int. Rice Res. Notes.16, 13-14 

[154] Soreng, R.J. and Davis, J.I. (1990). Phylogenetics and character evolution in the grass family (Poaceae). Simultaneous 

analysis of morphological and chloroplast DNA restriction site character sets. Bot. Rev., 64: 1-84. 

[155] Soriano, I. R., Schmit, V., Brar, D.S., Prot, J.C. and Reversat, G. (1999). Resistance to rice root-knot nematode 

Meloidogyne graminicola identified in Oryza longistaminata and 0. glaberrima. Nematology 1: 395-398. 

[156] Snape, J.W. and Laurie, D.A. (1998). Comparative mapping of agronomic trait loci in crop species. In: Crop Productivity 

and Sustainability-Shapping the future, Chopra, V.L., Singh, R.R. and Varma, A. (eds), pp. 759-771. Proceedings of the Intl. 

Crop Sci. Congress (1996). 

[157] Tagawa, T., Hiero, K., and Kabota, F. (2000). A specific features of nitrogen utilization efficiency in leaf photosynthesis 

in 0. glaberrima Steud. J. Crop Sci, 69, 74-79 

[158] Tao, O., Hu, F., Yang, G., Yang, J. and Tao, H. (1997). Exploitation and utilization of interspecific hybrid vigor between 

Oryza sativa and 0. glaberrima. In: Jones M. P., M. Dingkuhn, D. E. Johnson, S. 0. Fagade (eds.), lnterspecific Hybridization: 

Progress and Prospects. Proceedings of the Workshop: Africa/Asia Joint Research on lnterspecific Hybridization between 

the African and Asian Rice Species (0. Glaberrima and 0. saliva), WARDA, M'be, Bouake Cote d'Ivoire, December 16-18, 

1996. pp. 103-112. 

[159] Teulat, B., Monneveux, P., Wery, J., Borries, C., Souyris, I., Charrier, A. and This, D. (1997). Relationships between 

relative water content and growth parameters under water stress in barley: A QTL study. New Phyla/., 137:99-107. 

[160] Tomar, J.B., and Prasad, S.C. (1996). Relationship between inheritance and linkage for drought tolerance in upland rice 

(Oryza sativa L.) varieties. Indian J. Agric. Sc. 66: 459-465 

[161] Turner, N.C. (1979). Drought resistance and adaptation to water deficits in crop plants. In: Stress Physiology in Crop 

Plants, Mussell, H. and Staples, R.C. (eds). Wiley-interscience, New York, pp. 181-194. 

[162] Van Deynze, A.E., Dubcovsky, J., Gill, K.S., Nelson, J.C., Sorrells, M.E., Dvorak, J., Gill, B.S., Lagudah, E.S., McCouch, 

S.R. and Appels, R. (1995a). Molecular-genetic maps for group 1 chromosomes of Triticeae species and their relation to 

chromosomes in rice and oat. Genome, 38: 45. 

[163] Van Deynze, A.E., Nelson, J.C., O'Donoughue, LS., Ahn, S.N., Siripoonwiwat, W., Harrington, S.E., Yglesias, E.S., Braga, 

D.P., McCouch, S.R. and Sorrells, M.E. (1995b). Comparative mapping in grasses. Oat relationships. Mol. Gen. Genet, 249: 

349. 

[164] Van Deynze, A.E., Nelson, J.C., Yglesias, E.S., Harrington, S.E., Braga, D.P., McCouch, S.R. and Sorrells, M.E. (1995c). 

Comparative mapping in grasses. Wheat relationships. Mol. Genet., 248:744. 

[165] Vaughan D.A. (1994). The Wild Relatives of Rice. A Genetic Resources Handbook. IRRI, Los Banos, Philippines. 

[166] Venuprasad, R., Shashidhar, H. E., Hittalrnani, S., and Hemamalini, G. S. (2002). Tagging quantitative trait loci associated 

with grain and root morphological traits in rice (Oryza sativa L.) under contrasting moisture regimes, Euphytica, 28, 293-

300 

[167] Venuprasad, R., Lafitte, H. R., and Atlin, G. N. (2007). Response to direct selection for grain yield under drought stress in 

rice. Crop Science 47: 285-293. 

[168] Venuprasad, R, Sta. Cruz, MT, Amante, M, Magbanua, R, Kumar, A, Atlin, G.N. (2008). Response to two cycles of 

divergent selection for grain yield under drought stress in four rice breeding populations. Field Crops Research 107: 232-

244. 

[169] Venuprasad, R., Dalid, C.O., del Valle, M., Zhao, D., Espeiritu, M., Sta Cruz, M.T., Amante, M., Kumar, A. and Atlin, G. 

(2009). Identification and characterization of large-effect quantitative trait loci for grain yield under lowland stress in rice 

using bulk-segregant analysis. Theoretical and Applied enetics1 20, 177-190. 

[170] Verma L, Pandey N (2017) The effect of iron toxicity on seed germination and early seedling growth of green gram (Vigna 

radiata L. Wilczek). Int 6(8):1427–1430. 

[171] Vikram, P., Mallikarjuna-Swamy, B.P., Dixit, S., Ahmed, H.U., Sta Cruz, M.T., Singh, A.K., and Kumar, A. (2011). 

qDTY1. 1, a major QTL for rice grain yield under reproductive stage drought stress with a consistent effect in multiple elite 

genetic backgrounds. BMC Genetics 12, 89. 

[172] Wasano, K., and Hirota, Y. (1986). Varietal resistance of rice to sheath blight disease caused by Rhizoctonia solani Khun 

by the syringe inoculation method. Bull. Fae. Agric. Saga Univ, 60, 45-59 

[173] Watarai, M. and lnoye, J. (1998). lnternode elongation under different rising water conditions in African floating rice (0. 

glaberrima Steud). J. Fae. Agric. Kyushu univ. 42, 301-307 

[174] Wilson, W.A., Harrington, S.E., Woodman, W.L., Lee, M., Sorrells, M.E. and McCouch, S.R. (1999). Can we infer the 

genome structure of progenitor maize through comparative analysis of rice, maize and the domesticated panicoids? Genetics, 

153: 453-473. 

http://www.ijrti.org/


                              © 2024 IJNRD | Volume 9, Issue 1 January 2024 | ISSN: 2456-4184 | IJNRD.ORG 
  

IJNRD2401034 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 
a317 

[175] Xu, D., Duan, X., Wang, B., Hong, B., Ho- Tiam-Ho, D. and Wu, R. (1996). Expression of a late embryogenesis abundant 

protein gene, HVA 1, from Barley confers tolerance to water deficit and salt stress in transgenic rice. Plant Physiol., 110: 

249-257. 

[176] Yancy, P.H., Clark, M.E., Hand, S.C., Bowlus, R.D. and Somero, G.N. (1982). Living with water stress: Evolution of 

osmolyte systems. Science, 217: 1214-1222. 

[177] Yoshida, S., Satake, T. and Mackill, D.S. (1981). High temperature stress in rice. IRRI Research Papers series no. 67.  

[178] Zavala-Garcia, F., Bramel-Cox, P.J., Eastin, J.D., Witt, M.D and Andrews, D.J. (1992) Increasing the efficiency of crop 

selection for unpredictable environments. Crop Sci., 32: 51-57. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijrti.org/

