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Abstract. The study on agronomic and genetic characteristics of rice has given us scope to select 
varieties with desirable characteristics to mitigate various constraints. Rice (Oryza sativa) is the 
staple food for half of the world's population. However, its production is hampered by a variety 
of biological constraints. The Blast disease (Pyricularia oryzae) is an important rice disease, and 
one of the most effective control methods is to use resistant varieties. Study areas in Morocco 
include the Gharb plains. For all methods, cultural practises like soil levelling seem to be 
important, but biological control is not widely adopted due to cost, efficacy, and climatic 
conditions. The bibliographic synthesis was carried out in this context with the main goals of 
contributing to a better understanding of rice cultivation in Morocco; to identify and characterise 
the structure of the rice blast pathogen (Pyricularia oryzae), which will allow us to characterise 
the effects of rice blast; and to research on the Gharb rice field, which resulted in resistant 
varieties, which will potentially allow producers to have resistant varieties to overcome the 
diseases. The introduction and development of new rice varieties with high agronomic and 
socioeconomic value; the selection of lines with high yield, good grain quality, and precocity that 
are adapted to Moroccan conditions; as well as the development of new lines from Moroccan 
rice, are among the specific goals. 
 
Key words: rice's agronomic and genetic, control methods, pyricularia oryzae, resistant 
varieties, morocco. 
 

INTRODUCTION 
 
Rice, being the major staple food and one of the main sources of income and 

employment, is an important crop all over the world. Almost 90% of the global 
production and consumption of rice is reported from Asia, where a considerably large 
part of the world's population resides (www.fao.org; accessed on January 20, 2022). 

As a cereal grain, rice (Oryza sativa L.) is one of the most widely consumed staple 
foods globally (FAOSTAT, 2022). 

In Morocco, the total area of rice crops reached 7,973 hectares with a production 
of 64,598 tonnes (FAOSTAT, 2020). Nevertheless, rice domestic consumption is 
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considered to be one of the lowest in the world (1.2 kg of rice per capita), which 
represents a major constraint to rice production in the country (Food and Agriculture 
Organization of the United Nations, 2003). 

Furthermore, rice production is affected by biotic and abiotic factors (Acharya et 
al., 2019). Drought, cold, acidity, and salinity are abiotic factors, while pests, weeds, and 
diseases are biotic factors (Onyango, 2014). Among the biotic factors, fungal diseases 
alone are estimated to reduce annual rice production by 14% globally (Agrios, 2005), 
and among the fungal diseases of rice, rice blast caused by Magnaporthe oryzae is of 
significant economic importance and can cause 70%–80% yield losses of rice 
(Nasruddin & Amin, 2012; Miah et al., 2013). 

Pyricularia oryzae Cavara (teleomorph: Magnaporthe oryzae) is one of the most 
important phytopathogenic fungi because it is the causative agent of rice blast diseases, 
the most destructive and detrimental disease in rice (Gabriel et al., 2022). Pyricularia 
oryzae affects more than 50 species of grasses, such as wheat, barley, oats, and millet 
(Dean et al., 2012; Langner et al., 2018; Kurrata et al., 2019). 

According to Lage (1997), the presence of Pyricularia infection, Helminthosporium 
disease, and weeds (Echinochloa crus-galli, Panicums spp., Typha spp., and Cyperus spp.) 
could slow down rice production (Boulet & Bouhache, 1990). The Food and Agriculture 
Organization of the United Nations (FAO) stated in 2003 that the most common weed 
species affecting rice in the Mediterranean region belong to the Poaceae and Cyperaceae. 
In the Gharb region, the most common weeds are Panicum (P. repens, Ligustrum 
obtusifolium Del.), Typha (T. latifolia L., T. marsii Bat.), Scirpus spp., Cyperus spp., and 
Echinochloa spp. (Miège, 1951). These species are well adapted to the different 
agroecosystems where rice is cultivated and can promote the conservation and 
multiplication of pathogenic species (Pugh & Mulder, 1971; Singh et al., 2008). 

Benkirane et al. (2000) observed that Moroccan isolates of Pyricularia oryzae, 
originating from Stenotaphrum secundatum, are pathogenic for rice. Likewise, Serghat 
et al. (2005) found that the fungal pathogen Pyricularia oryzae, isolated from 
Echinochloa phyllopogon and Phragmites australis, induces leaf lesions and sporulates 
on the foliage of certain rice varieties. 

In Morocco, surveys in the rice-growing area and a study of the mycoflore of rice 
have revealed several pathogens responsible for the diseases, including foliar diseases. 
Among these diseases, rice blast (Pyricularia oryzae) and rice Helminthosporiose 
(Helminthosporium oryzae) are the most dominant, but their effects on yield are not 
known in Mediterranean regions such as Morocco (Tajani et al., 2001). In Morocco, 
most of the cultivated rice varieties are susceptible to several fungal species (Katsura et 
al., 2007). This shows that in Morocco, rice leaf diseases largely reduce grain weight. 
The calculated yield losses change depending on the severity of the attack and the 
efficiency of the fungicide at the treatment stage. Early epidemics were discovered to be 
more devastating than late epidemics (nearly a 15% yield reduction).To reduce output 
losses owing to restrictions such as genetic constraints, genetic improvement using 
biotechnology instruments remains a viable option (Moinina et al., 2018). 

The most common approach to combating blast disease is to use resistant strains of 
rice plants. Initially, the use of resistant strains was effective in controlling blast disease. 
However, in most cases, host resistance becomes ineffective due to the emergence of 
recent blast races (Kurrata et al., 2019). High genetic variation, or genomic adaptation, 
is one of the mechanisms of P. oryzae that can overcome host resistance to prevent host 
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recognition (Longya et al., 2020). In this regard, biological control could be an effective 
alternative to controlling blast disease. Biocontrol of diseases in plants controls the 
population of phytopathogens with the aid of living organisms (Heimpel & Mills, 2017; 
O’Brien, 2017). 

In Morocco, pyriculariosis is formerly known, and significant losses have already 
been reported (Duangporn, 1977; Lakrimi, 1989). During surveys carried out from 1997 
to 1999, it was found that this disease causes damage mainly in the Larache region. The 
absence of fungicides registered for this disease in Morocco does not allow for 
treatments. As the selection of new rice varieties takes place in the Gharb region, where 
pyriculariosis pressure is low, pyriculariosis resistance has never been considered in the 
selection objectives. As a result, the level of resistance of the varieties used by farmers 
is not known. The major epidemics observed in the Larache region have raised questions 
about the potential risks of epidemics in the Gharb region and, in particular, about the 
level of resistance of Moroccan varieties (El Guilli.et al., 2000). The objective of this 
study was therefore to evaluate the resistance to pyriculariosis of several varieties used 
or newly selected in Morocco. 

 
Rice in Morocco 
In Morocco, the rice sector is socio-economically important. It has performed 

remarkably well in recent years, thanks to a series of measures taken as part of the Green 
Morocco Plan, which has helped to organise the sector. The cultivation of rice has 
experienced a remarkable dynamic, allowing the national production to cover more  
than 72% of the country's consumption needs The Gharb region contributes to 75% of the 
national production (MAPM, 2020). 

In Morocco, rice consumption is 
considered to be one of the lowest in 
the world (1.2 kg of rice per capita), 
which represents a major constraint for 
the development of rice production in 
the country (FAO, 2003). Gharb rice 
production estimates the average gross 
yield at 77.7 kg ha-1 for a harvested  
area of 4,999 ha (ORMVAG 2013).  
In 2004, a study on Gharb showed that 
the sector had a turnover of 200 million 
Dh, considered too low compared  
to the real potential of 600 million Dh. 
The Plan Maroc Vert (PMV) aims to  

 
Table 1. Overall indicators for the rice industry 
by 2020 (Source: ORMVAG, 2013) 

Indicators 
Initial 
situation 
2010 

Horizon
2020 

Total surface area (ha) 4,500 9,000 
Average yield (t ha-1) 7,5 8,0 
Production (t) 33,750 72,000 
Added value (MDH) 54,00 112,6 
Gross margin (DH ha-1) 81,400 10,000 
Employment (1,000 d.t) 306 585 
Number of projects of 
aggregation 

4 projects 5 

Number of aggregates - 100 
 

exploit 9,000 ha by 2020 (The Economist, 2016). 
The Regional Office for the Development of Gharb (ORMVAG, 2013) discovered 

that some technical, economic, and organisational constraints remain to be overcome in order 
for this sector to be truly integrated into the Regional Agricultural Development Plan. 
But since the implementation of the Plan Maroc Vert and given the need to upgrade this 
important sector at the regional level, the Moroccan government has committed to providing 
it with the necessary support within the framework of a programme contract linking it to 
an interprofessional. The overall indicators for the rice industry are shown in Table 1. 



270 

Evolution of the rice sector in Morocco 
More than 75% of the seeded fields are owned by the agrarian reform cooperatives, 

which use nearly 8,100 ha of the 12,000 ha designated for rice production in the Gharb. 
The remaining 25% are owned by collectivists and Melkists (MAPM, 2020). 

In Gharb, the total number of rice farmers is 5,500, of which about 1,500 grow rice 
regularly. The provision of certified seed subsidies, Increased yields at the Gharb level 
(about 8,108 t ha-1) were made possible by leveling with the complementary, 107 and 
irrigation control. 

In Larache, yields (6.5 t ha-1) are still below target, owing to sparrow attacks and 
the region's unique environment (cold at the beginning of the season, heat waves during 
the flowering phase). It's worth noting that the yield achieved in 2018–19 (8.2 t ha-1) was 
higher than the production culture target of 8 t ha-1. Peaks of more than 11 t ha-1 were 
detected in 5% of the rice growers who were notified. The evolution and production of 
rice are illustrated in Fig. 1 and Fig. 2. 

 

 
 

Figure 1. The Evolution of Rice Production (Source: MAPM, 2020). 
 

 
 

Figure 2. Evolution of the rice area (ha) (Source: MAPM, 2020). 
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Pedoclimatic characteristics of the Gharb region and their impact on rice 
cultivation 

Western Morocco offers a diverse range of climates, ranging from desert to  
sub-humid bioclimatic stages. Continentality and latitude are the primary determinants 
of climate dispersion (Zidane et al., 2010). 

 
Temperature and humidity 
Depending on the phenological stage (25 to 31 °C for tillering and 30 to 33 °C for 

heading), the best temperature for rice development and growth is 25 to 35 °C. 
According to Regional Office for the Development of Gharb (ORMVAG, 2013), 

rice cannot be grown at temperatures below 10 °C or beyond 45 °C. High temperatures 
in late spring and early summer in Gharb are ideal for this crop. 

According to Tajani et al. (1997), the amount of annual rainfall is highly variable. 
The annual rainfall averages between 450 and 600 mm, with a 90 percent concentration 
between October and April. In the winter, the average daily temperature is 11 °C, while 
in the summer it is 27 °C. From mid-April through the end of September, the weather is 
ideal for rice growing. Rice, on the other hand, is normally planted from June to July due 
to a scarcity of water before this date. 

 
Soils 
In the Gharb, the tirs (vertisols) and merjas soils (vertisols hydromorphic) are well 

adapted to rice farming, except for those that are too draining (permeable) or too compact 
(FAO, 2003). Their proportion of total limestone ranges from 0% to 49% (Miège, 1951). 
Their organic matter concentration ranges between 0.74 and 2.88 percent, and their pH 
(6.75–8.57) is normally basic, rarely plainly basic, and only rarely mildly acidic  
(Zidane et al., 2010). Furthermore, surface water NaCl concentrations ranged from 0.2 to 
1.7 g L-1, while pore water NaCl concentrations ranged from 0.25 to 3 g L-1 (El Bildi  
et al., 2006). Rice is intensively grown and automated in Morocco. It is grown in 
enclosures that are built to allow submersion watering. The hydromorphic soils of the 
Gharb region have benefited from this crop (Lage, 1997). 

 
Rice production techniques in Gharb 
Tillage and seeding season 
Soil cultivation starts in May and is dependent on the availability of materials as 

well as weather conditions. The soil must be slightly dry. ORMVAG is in charge of this 
project, which is sponsored by Plan Maroc Vert (PMV). A rice farmer submits a 
specification to the ORMVAG before the work begins. The head of the Rice Growers' 
Cooperative confirms these specifications (ORMVAG, 2013). 

The Society of Moroccan Agricultural Works is in charge of soil tillage (STAM). 
The ploughing depth is 14 to 15 cm, and it is done in one pass with the stubble plough. 
The cover crop is then passed twice to begin the levelling and planning of the soil. 
Because the levelling operation is critical for all subsequent processes, this last one is 
accomplished with a resurfacing or board. Many farmers have dry fields; many farmers 
plant rice after soaking it in water, on submerged fields, and in submerged water. The 
soil is ploughed 1 to 2 times. It is planted at 140–200 kg ha-1 (Tajani et al., 1997). 
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Principal varieties 
The most prevalent round rice types on the Gharb plain are Elio, Megassa, and 

Thaiperla, while the most common long rice varieties are Thaibonet, Lido, Arba, and 
Puntal. The most extensively farmed variety, according to Chataigner (1997), is Elio, 
which accounts for 80 per cent of all rice-growing acreage. According to FAO (2003), 
short-grain rice genotypes are the most extensively farmed in Morocco due to their 
disease resistance compared to long-grain genotypes. The latter are early-maturing and 
have high production potential, but they require careful watering and soil levelling. 

 
Nutrient requirements 
In this area, usual practice is application of fertiliser right after tillage operation. 

DAP (diammonium phosphate) is administered at a rate of 3 kilogrammes per hectare, 
either manually (broadcast) or by fertiliser spreader. In terms of cover crop application, 
urea at a rate of 10 kg ha-1 is applied 2 or 3 days after planting, during the growth of the 
crop (jas). The yield of grains is determined by nitrogen. It is suggested that at least 
15 days pass between applications (Tajani et al., 1997). However, excessive nitrogen 
fertilization often leads to environmental pollution, lodging, and diseases, especially rice 
diseases, especially rice blast (Pyricularia oryzae), so a judicious distribution of this 
fertilizer is considered necessary. 

 
Constraints related to rice production 
In rice production, weeds, pests, and pathogens, especially rice blast (Pyricularia 

oryzae) and rice Helminthosporium oryzae, are great economic importance. Rice blast 
(Pyricularia oryzae) and rice helminthosporium (Helminthosporium oryzae) are of great 
economic importance. Oerke (2006) estimated the potential losses from these pests to be 
37, 25, and 13%, respectively. Surveys in rice fields in Morocco (Tajani et al., 2001) 
have identified these dominant fungal diseases, but their effects on yield are not known. 

 
Rice blast disease 
The rice blast is distributed in about 85 countries on all continents where rice is 

grown, both in paddy and upland conditions. In both rice fields and upland conditions,  
it is one of the most devastating diseases of rice (Oryza sativa L.) under favourable 
conditions Ou, 1985; Miah et al., 2017). In addition to rice, Pyricularia oryzae also 
infects other agronomically important crops, such as barley, wheat, and millet (Valent  
et al., 1991). 

The pathogen of rice blast was first known as Pyricularia oryzae Cavara in 1892, 
but it is indistinguishable from Pyricularia grisea, which causes greasy spots on other 
grasses (Agrios, 2005). The genus Pyricularia, first described in 1880, was named after 
Pyricularia grisea (Cooke) Sacc., the name given to the anamorph of crabgrass isolates. 
According to Chauhan et al. (2017), Magnaporthe grisea (Hebert Barr) is the teleomorph 
of crabgrass, a flaming ascomycete fungus, and belongs to the family Magnaporthaceae 
family. The fungus produces several toxins, e.g., Pyricularin and -Picolinic, which 
appear to contribute to the development of rice blast (Agrios, 2005). 

 
The rice blast disease cycle 
The asexual cycle is the only mode of reproduction observed in nature (Zeigler, 

1998). When conditions are favourable, from the mycelium, conidia are produced (Saleh, 
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2011). There is also a sexual cycle (Fig. 3), which has never been directly observed in 
nature but is produced in vitro. 

 

 
 

Figure 3. Sexual and asexual reproductive cycles of Pyricularia oryzae Source (Saleh, 2011). 
 

The sexual cycle of Pyricularia oryzae is suspected to have existed within 
populations attacking rice in many localised areas of Asia (Zeigler 1998; Tharreau et al., 
2009; Saleh et al., 2012; Gladieux et al., 2018; Thierry et al., 2020). 

Rice blast is a polycyclic disease that occurs regularly. The infection process of 
P. oryzae can be summarised in five basic steps: (1) conidia generation and 
dissemination; (2) conidia attachment to a host surface; (3) appressorium creation; (4) 
penetration of the initial host cell; and (5) invasive hyphae growth (Hamer et al., 1988). 
During periods of high relative humidity (90 percent or higher), the fungus develops and 
releases conidia (Kato, 2001; Miah et al., 2017). 

When a conidia lands on the surface of a rice leaf, the champignon begins its 
infection process (Ou, 1985; Wilson & Talbot, 2009). When there is free water, the 
conidies grow, and the germinating tube becomes an appressorium in which the 
champignon feeds on the plants (Wilson & Talbot, 2009; Miah et al., 2017). The 
symptoms begin to appear 4 to 5 days after the infection (Kato, 2001). These sporulent 
lesions emancipate conidies, which are dispersed by the wind. A single lesion can cause 
up to 6,000 conidies in one night, and an infected rice spikelet can cause up to 20,000 
conidies in one night (Ou, 1981). 

 
The conditions for the development of the disease 
Rice blast expression is very variable and is influenced by both environmental and 

plant-specific variables. Moisture, temperature, fertilizer, and light are the most 
important elements. Moisture is required for the growth of Pyricularia oryzae, 
particularly for germination and the generation of conidia. Furthermore, elevated 
nitrogen levels encourage infection. Pyricularia oryzae grows best at temperatures 
between 24 and 28 degrees Celsius. At these temperatures, the fungus can penetrate the 
rice plant in 6–8 hours if there is enough moisture, although, at 34 °C, it appears 
impossible (Traoré, 2000). 
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Symptoms of the disease 
The initial symptoms appear as white to grey-green lesions or white to grey-green 

spots, with dark green borders and green borders. Rice blast can infect most rice organs 
except the root system. Organs of rice except the root system (Lanoiselet, 2008). Infected 
seeds are a source of the primary inoculum. Dead infected seeds could serve as the 
primary inoculum when placed on the field during seedling development (Hubert et al., 
2015; Long et al., 2000). If panicle infection occurs early, the grains do not fill and the 
panicle remains erect. If the panicle is infected later, the seeds become partially filled 
and, due to the weight of the grain weight of the seeds, the base of the panicle breaks 
and the panicle (Agrios, 2005). 

Pyricularia grisea can infect and develop on different aerial parts of the rice plant. 
Thus, one distinguishes different symptoms, according to the attacked organ. Foliar blast 
on the leaf blade (Fig. 4, a), small greyish spots 1 to 2 mm in diameter appear first 
(Andrianarisoa, 1970). These small spots each correspond to a conidial infection point 
from which the developing parasite will form spindle-shaped or oval lesions (DPV and 
GTZ, 1990). 

 
Minor blast lesions on the leaves 

a)  
 

Symptoms of a neck blast 

b)  

Symptoms of a node blast 

c)  

A blast-infected rice field 

d)  
 
Figure 4. Symptoms of a rice blast (Chauhan et al., 2017): a) minor blast lesions on leaves; 
b) neck symptoms; c) node blast symptoms; d) blast-infected rice field Spread of blast disease. 
 

At maturity, a typical lesion is characterised by a pale grey or greyish-white central 
area surrounded by a fairly well-defined brownish area. This is an area of necrosis. At 
the periphery of this central zone appears a zone of destruction of the chloroplasts. It is 
light yellow. Following a severe attack on a leaf, the blades can be completely dried, 



275 

taking on a burnt aspect. At this stage, the disruption of photosynthetic activity 
considerably affects the growth of the plant (Andrianarisoa, 1970). 

 
Panicular blast disease 
Panicular blast (Fig. 4, b), or neck blast forms the most characteristic symptom of 

this disease. Brown to black spots is observed on the inflorescence reaches or the spikelet 
(Hari et al., 1997). A large lesion may form at the base of the panicle which becomes 
white. In the most extreme cases, the stem eventually breaks. At this stage, the disease 
prevents grain filling (Sere, 1981). The fungus causes spots on the leaves, nodes, and 
various parts of panicles and grains, but rarely on the sheath in nature. The spots are 
elliptical with more or less elongated tips. In general, the centre of the spots is grey or 
whitish, and the periphery is brown or reddish-brown (Wopereis et al., 2008). 

 
Nodal blast disease 
This is an attack of the disease on the nodes of the culms (Fig. 4, c). A brown ring 

can be seen on these nodes at the beginning of the infection. This colour turns greyish as 
the cellulose tissue is destroyed. The stem becomes brittle and can easily break at the 
nodes (Dpv & Gtz, 1990). 

Climate factors such as rain and wind play an important role in spore dispersal, 
while humidity and temperature caused by dew and fog are involved in the development 
of the fungus and increase its ability to infect. The source of inoculum can be infested 
rice or crop residues (straw) since the mycelium can survive for up to three years at 
temperatures between 18 °C and 32 °C and can survive changes in the environment. 
Conidia can live for one year at a temperature of 8 °C and a relative humidity of 20% 
(Zeigler et al., 1994). 

 
Global genetic structure of Pyricularia oryzae 
Rice Pyricularia Oryzae populations have been extensively studied to understand 

the evolution of the pathogen and to adapt control techniques and breeding programs. 
These researchers used a variety of molecular markers to characterize global populations 
of P. oryzae, including simple sequence repeats (SSR), sequence-characterised amplified 
region (SCAR), single nucleotide polymorphism (SNP), and others (Adreit et al., 2007; 
Tharreau, 2008; Gladieux et al., 2018; Zhong et al., 2018; Thierry, 2019; Thierry et al., 
2020). By comparing the number of clonal lineages reported in different investigations, 
Zeigler (1998) concluded that the genetic diversity of Pyricularia oryzae was greater in 
the area spanning South, East, and Southeast Asia than in other regions of the world. The 
most in-depth investigations into the genetic organisation of P. oryzae populations 
around the world found three or four distinct groups. This research revealed that Asia 
will be the core of rice pathogenic population diversity and origin for all world 
populations (Tharreau et al., 2009; Saleh et al., 2014; Gladieux et al., 2018; Zhong et al., 
2018; Thierry et al., 2020). 

 
The control of rice blast disease 
Rice blast is controlled using a variety of strategies, some of which are employed 

in conjunction (Ghazanfar et al., 2009): cultural practises (Biological control), chemical 
control, and the adoption of resistant varieties (genetic control). Biological control is not 
used in the field, as far as we know. 
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Chemical Controls 
To control blast pathogen infestations, farmers depend heavily on chemical 

fungicides because they are readily available and quick-acting. Research conducted in 
Chitwan, Nepal, found that applying Tricyclazole 22% + Hexaconazole 3% SC three 
times at weekly intervals from the booting stage resulted in the best disease control 
(87.03% and 79.62% in leaf and neck blast, respectively), the highest grain yield 
(4.23 t ha-1), and a 56.09% improvement in yield over the control one (Magar et al., 
2015). Experiments performed in Pakistan by Hajano et al. (2012) discovered that using 
the fungicide mancozeb at 1,000 and 10,000 ppm fully inhibits the mycelial growth of 
Magnaporthe grisea, making it the most effective fungicide. Similarly, experiments 
conducted in Thailand by Kongcharoen et al. (2020) found that mancozeb exhibited the 
highest level of fungicidal activity against the blast pathogen Pyricularia oryzae with an 
EC50 value of 0.25 parts per million (ppm). Furthermore, experiments conducted in 
Nigeria concluded that two systemic fungicides, benomyl and tricyclazole, were found 
to be effective and significantly increased grain yield over the control one by 18.14% and 
42.17%, respectively (Enyinnia, 1996). In an experiment conducted by Padmanabhan et 
al. (1971), it was found that spraying copper and organic mercury-based fungicides in a 
schedule covering 5–6 sprays - one spray at the seed bed (on 21-day-old seedlings), two 
to three sprays at the post-tillering phase at an interval of 10–15 days, and two sprays at 
ear emergence - one spray before emergence and another 5 days later - were also 
effective in controlling neck blast infections on local indica varieties. The use of 
chemicals is non-environmentally friendly (Thapa et al., 2019), and overuse of chemicals 
for a successive year develops a resistance in the fungus and poses serious threats in the 
future. Moreover, pesticide exposure leads to acute pesticide poisoning that has adverse 
health effects on vital body systems such as the digestive, respiratory, and nervous 
systems, and farmers are the most at risk of pesticide poisoning because of their 
prolonged exposure during the production season (Pingali & Roger, 2012). The residue 
of chemicals persists in the grain, straw, and soil, which may cause adverse effects on 
farm labour (Pingali & Roger, 2012). 

 
Biological control 
The indiscriminate use of various plant protection chemicals has resulted in 

environmental hazards, so finding alternative sources is of immense importance and also 
preferable (Thapa et al., 2019; Ahamad et al., 2020). 

Biological control of plant diseases is typically inexpensive, long-lasting, and safe 
towards the environment and living organisms, however, biological control can be a 
slow process, and the search for suitable biocontrol agents requires considerable time 
and effort (Law et al., 2017). 

The first report of a biological agent found effective against Pyricularia oryzae was 
Chaetomium cochliodes (Pooja & Katoch, 2014). When the rice seeds were coated with 
the spore suspension of C. cochlioides, the early infection by blast was controlled, and 
the seedlings were healthy and taller than the control (Pooja & Katoch, 2014). 
Experiments conducted by Bhusal et al. (2018) showed that seed treatment with 
Trichoderma virdi in 5 mL L-1 of water was found to be effective against leaf blast. 
Furthermore, Hajano et al. (2012) discovered that, of the six bio-control agents tested 
against M. oryzae, P. lilacinus inhibited the most, followed by T. pseudokoningii, 
T. polysporum, and T. harzianum. According to greenhouse studies conducted by Law 
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et al. (2017), infected rice seedlings treated with Streptomyces resulted in an up to 88.3% 
reduction in rice blast disease. Furthermore, recent studies on the biocontrol of rice blast 
showed that Bacillus subtilis strain B-332, 1Pe2, 2R37, and 1Re14 were found to be 
more effective (Changqing et al., 2007; Jin-Hyoung et al., 2008). Rice blast biocontrol 
experiments revealed that a powder formulation of Pseudomonas fluorescens strain Pf1 
at 10 g kg-1 inhibits rice blast growth (Vidhyasekaran et al., 1997). 

In order to achieve successful biological control, the biocontrol agents should be 
isolated from and applied to locations with similar environmental conditions (Suprapta, 
2012). 

 
Genetic control 
The use of varieties that are resistant to rice blast disease offers better control 

strategies.It is less expensive and not as laborious as other methods. Although 
developing a rice blast disease resistance variety is time-consuming and difficult for 
plant breeders because the fungus can evolve and mutate to overcome resistance genes 
(Zhou et al., 2007). Blast-resistant rice genotypes have been developed with the use of 
marker-assisted backcrossing (Miah et al., 2017). 

Cultivation of the host-resistant plants is the most efficient way to manage the 
disease because it is a convenient, cost-effective, environment-friendly, long-term, 
reliable, and realistic approach to plant protection for resource-constrained farmers  
(Ou, 1985; Bonman et al., 1992). Studies show that the degree of resistance increases 
with an increase in the proportion of silica applied and also with the amount of silicon 
accumulated in the plant (Pooja et al., 2014). 

Generally, horizontal and vertical resistance are used in developing disease 
resistant cultivars (Rijal & Devkota, 2020). Due to the high genetic variability of the 
fungus, resistance to infection by Pyricularia oryzae can be short-lived (Khemmuk, 
2017). 

The breakdown of resistance to Pyricularia oryzae results from the evolution of 
genetic variants (races) in the pathogen populations (Liu et al., 2011). 

 
The genetic diversity of rice 
The Oryza sativa genome comprises more than 150,000 varieties cultivated around 

the world and about 107,000 accessions in the IRRI gene bank, including 5,000 of which 
5,000 are wild species (Courtois, 2007). This diversity comes from natural crosses of 
O. sativa with wild or weedy forms of or weedy forms of O. rufipogon or from  
intra-sativa crosses combined with natural and human selection since domestication 
(Khush, 2005). To evaluate the genetic diversity of accessions and better exploit its 
potential, the exploitation of its potential, the use of markers remains indispensable. A 
good marker should be single-inherited, multi-allelic, and co-dominant. The rice genome 
has been completely sequenced since 2005, and nearly 400 million DNA ‘letters’ have 
been identified and positioned. We used the microsatellite molecular markers of the 
‘Core Map’ of Orjuela et al. (2009). The development of molecular markers during the 
last decade has offered the possibility of establishing new approaches to improve 
breeding strategies (Najimi et al., 2003). They have become an essential tool in breeding 
programmes for new rice varieties (Oryzaspp.) for resistance to biotic and abiotic 
stresses and offer alternatives to the use of traditional phenotypic markers. Molecular 
genetic markers are of different types (RAPD, RFLP, AFLP, SSR, and SNP). In genetic 
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diversity studies, microsatellite markers have been the most widely used in rice in recent 
years (Semon et al., 2005). 

The genotyping characterization was conducted using SSR (Simple Sequence 
Repeats) markers (22 microsatellites), and continued with genetic diversity and 
polymorphism information content (PIC) analysis (Puspito et al., 2022). 

Among the studied set of microsatellite markers, two of the most informative  
SSR-markers - RM 7481 and PrC3 - showed high efficiency in detecting intraspecific 
polymorphism of rice varieties. About 400 backcrossed self-pollinated rice lines with 
introgressed and pyramided resistance genes Pi-1, Pi-2, Pi-33, Pi-ta, Pi-b to Pyricularia 
oryzae Cav. were obtained within the frameworks of program to develop genetic rice 
sources resistant to blast. The conducted testing for resistance to blast and the assessment 
by economically valuable traits have allowed to select the prospective rice samples. The 
plant samples of F2 and BC1F1 generations with combination of resistance to blast genes 
(Pi) and submergence tolerance gene (Sub1A) in homozygous and heterozygous state 
that is confirmed be the results of analysis of their DNA have been obtained. The 
obtained hybrid plants are being tested in breeding nurseries for a complex of 
economically valuable traits. The best plants will be selected and send to State Variety 
Testing system. Their involving in rice industry will reduce the use of plant protection 
chemicals against diseases and weeds, thereby increasing the ecology status of the rice 
industry (Dubina et al., 2022). 

Three SSR markers (introduced by SBS Genetech Co., Ltd., China) linked to rice 
blast resistance genes; Pi genes (Akagi et al., 1996; Temnykh et al., 2001; Hassan et al., 
2017) were screened on DNA templates. The details of the used markers and the primer 
sequences are presented in Table 2. 

 
Table 2. The three used SSR molecular markers, their primers, nucleotide sequences, and 
essential information 
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References 

R
M

15
5 F-GAGATGGCCCCCTCCGTGATGG 12 Pita-2 (CTT) 7 68 Akagi et al. 

(1996);  Hassan 
et al. (2017) 

R-TGCCCTCAATCGGCCACACCTC 

R
M

51
2 F-CTGCCTTTCTTACCCCCTTC 12 Pi-12 (TTTA) 5 60.5 Temnykh et al. 

(2001); Hassan 
et al. (2017) 

R-AACCCCTCGCTGGATTCTAG 

R
M

54
1 F-TATAACCGACCTCAGTGCCC 6 Pi-9 (TC) 16 60.5 Temnykh et al. 

(2001); Hassan 
et al. (2017) 

R-CCTTACTCCCATGCCATGAG 

F/R Primer: forward/reverse primer, CL: chromosomal location. 
 

Currently, approximately 100 genes of resistance (R) to rice blast are known; of 
these, 51% are from indica genotypes, 45% from japonica genotypes, and 4% from wild 
species of rice (Sharma et al., 2012) (Table 3). The identified R genes have broad 
nomenclature, and, often, the same resistance gene can have different names (Koide et 
al., 2009). 
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Table 3. List of genes manipulated for rice blast resistance 

Gene name Function 
Manipulation  
transgenic 

Effects Reference 

OsPi-d2 R gene Overexpression Resistance to neck blast incidence Chen et al. (2010) 
MoHrip1 Elicitor gene Overexpression High resistance against blast Wang et al. (2017) 
OsWRKY53 R gene Overexpression High resistance against blast Chujo et al. (2014) 
OsGF14b Induces expression of jasmonic acid (JA) Overexpression Resistance to neck blast incidence Liu et al. (2016) 
WRKY45 Induces expression of salicylic acid (SA) Overexpression High resistance against blast Shimono et al. (2007) 
CYP71Z18 - Overexpression High resistance against blast Shen et al. (2019) 
MoSDT1 Effector protein Overexpression High resistance against blast Wang et al. (2019) 
Pi54 R gene Overexpression High resistance against blast Singh et al. (2020) 
OsCPK4 Calcium-dependent Overexpression High resistance against blast Bundó & Coca (2016) 
RACK1A Receptor for activated C-kinase 1A Overexpression High resistance against blast Nakashima et al. (2008) 
OsCDR1 R gene Overexpression High resistance against blast Prasad et al. (2009) 
OsWRKY13 Regulating defense-related genes in salicylate-and 

jasmonate-dependent signaling 
Overexpression High resistance against blast Qiu et al. (2007) 

GH3-2 - Overexpression High resistance against blast Fu et al. (2011) 
OsGH3.1 Component of the hormonal mechanism regulating Overexpression High resistance against blast Domingo et al. (2009) 
OsNAC6 Transcription factor Overexpression High resistance against blast Nakashima et al. (2007) 
OsSBP Homologue of mammalian Selenium-binding proteins Overexpression High resistance against blast Sawada et al. (2004) 
OsRacB Allene oxide synthase gene Overexpression High resistance against blast Jung et al. (2006) 
OsAOS2 Allene oxide synthase gene increases the endogenous 

jasmonic acid level 
Overexpression High resistance against blast Mei et al. (2006) 

OsSERK1 Regulates somatic embryogenesis Overexpression High resistance against blast Hu et al. (2005) 
OsOxi1 Regulates basal disease resistance Overexpression High resistance against blast Matsui et al. (2010) 
Gns1 Stress-inducible β-glucanase Overexpression High resistance against blast Nishizawa et al. (2003) 
Rir1b Defense-related Overexpression High resistance against blast Schaffrath et al. (2000) 
OsWAK1 Wall-associated receptor-like protein kinase gene Overexpression High resistance against blast Li & Li (2009) 
OsSYP71 Oxidative stress and rice blast response gene Overexpression High resistance against blast Bao et al. (2012) 
BSR1 Putative receptor-like cytoplasmic kinase gene Overexpression High resistance against blast Dubouzet et al. (2011) 
OsACS2 Key enzyme of ethylene biosynthesis Overexpression High resistance against blast Helliwell et al. (2013) 
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The resistance of Moroccan varieties 
Several varieties were tested for resistance. The two most widely grown varieties 

in Morocco are Elio and Thaibonnet. Other varieties include Hayat, Dinar, and Kenz 
varieties. Nachat, Maghreb, and Bahja are varieties newly registered in the official 
catalogue by INRA. Farah, INRAM 6, and INRAM 11 are new INRA varieties proposed 
for the official catalogue. Two other varieties were used as references. Ariete is a French 
variety whose resistance is acceptable in the Camargue (South of France), and Maratelli 
is an Italian variety used here as a sensitive control (El Guilli et al., 2000). Sowing seeds 
in rows was done in trays (45×29×7 cm) containing potting soil that was kept moist after 
sowing. The trays were then placed in a greenhouse and the seeds were planted (El Guilli 
et al., 2000). 

A collection of Moroccan isolates were collected in 1997 and 1998 from lesions on 
leaves or panicular stems. The selection of isolates for inoculation was based on the 
preliminary results of a study of the diversity of the Moroccan population of M. grisea 
using molecular markers and pathogenicity tests (El Guilli.et al., 2000). 

Eleven isolates, representative of the different clonal lines and existing breeds in 
the Moroccan population of Pyricularia oryzae were used. For the characterization of 
the resistance of Farah, 10 additional isolates from different countries (China, Cameroon, 
Ivory Coast, and Thailand) known for their broad virulence spectrum (13 specific 
resistance genes mounted on 13 tested) have been inoculated on this variety (El Guilli et 
al., 2000). 

 
Inoculum preparation and inoculation 
Identifying sources of inoculum can help to reduce the disease's occurrence and 

severity (Raveloson et al., 2011). Residues of infected rice and disease-affected seed are 
the main sources of primary inoculum for the blast (Long et al., 2001; Guerber & 
TeBeest, 2006; Raveloson et al., 2013). 

The isolated and purified Pyricularia oryzae inoculum, stored at 5 °C, was  
re-cultured in PDA medium (Miura et al., 2005). Procedure was adopted in the 
preparation of conidial suspension. The inoculated plates were incubated in the dark for 
12–14 days at 26 °C. For the inducement of heavy sporulation, the culture was scraped 
aseptically with a sterile toothbrush, and the plates were exposed to near-ultraviolet light 
at 25 °C for 10 days. Conidia were dislodged by gently rubbing the incubated plates with 
a small, sterile toothbrush in sterilized, distilled water. The conidial suspension was well 
filtered through layers of gauze mesh (aperture 300 lm), and the concentration was 
adjusted to a final concentration of 1×106 spores per ml using a haemocytometer. Tween 
20 was added to the prepared suspension (0.02% Tween 20 in 0.25% gelatin) to enhance 
the proper adherence of conidia to the rice aerial parts (Jia et al., 2003). 

The rice plant leaves were inoculated 20 days after planting by spraying the 
prepared 1×106 spores per ml of conidial suspension containing 0.02% Tween 20 in 
0.25% gelatin per plot using a knapsack sprayer. Spraying was done slowly and carefully 
to achieve uniformity on the plant's aerial parts until runoff. The inoculum was sprayed 
around 18:00 hours of the day and ensured that the entire rice plant surface became wet 
with conidial suspension, and 20 cm was adopted at three stands per hill and later thinned 
to two stands per hill two weeks after planting (Azgar et al., 2018). 
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The pathogenicity test was carried out by inoculating P. oryzae isolates into the 
leaves of healthy rice plants. Fungal colonies were harvested using a brush by adding 
10 mL of sterile distilled water (dH2O), including 0.02% Tween 20. The P. oryzae 
inoculum was sprayed on rice plants aged 18–21 days after planting (Kurrata et al., 
2019). 

 
Disease assessment, data collection, and analysis 
Disease scoring of the inoculated rice plants was done 10 days after inoculation 

(Challagulla et al., 2015). The severity of the disease was estimated and recorded by 
using the disease rating scale of the Standard Evaluation System of the International Rice 
Research Institute, Philippines, based on the level of severity of the infection on each 
entry (International Rice Research Institute [IRRI], 2013). Based on leaf blast scores 
assessment, the accession was categorized as highly resistant (0), Resistance (1), 
moderately resistant (2–3), moderately susceptible (4–5), susceptible (6–7), and highly 
susceptible (8–9) (Standard Evaluation System of IRRI, 2013) as shown in Table 4. 

 
Table 4. Disease rating scale 0–9 by International Rice Research Institute, Phillipines (IRRI, 2013) 

Grade Disease severity Host response 
0 No lesion observed Highly resistant 
1 Small brown specks of pin point size Resistant moderately 
2 Small roundish to slightly elongated, necrotic gray spots,  

about 1–2 mm in diameter, with a distinct brown margin. 
Lesions are mostly found on the lower leaves 

Resistant moderately 

3 Lesion type same as in 2, but significant number of lesions  
on the upper leaves 

Resistant moderately 

4 Typical susceptible blast lesions, 3 mm or longer infecting less 
than 4% of leaf area 

Moderately susceptible 

5 Typical susceptible blast lesions of 3mm or longer infecting  
4–10% of the leaf area 

Moderately susceptible 

6 Typical susceptible blast lesions of 3 mm or longer infecting  
11–25% of the leaf area 

Susceptible 

7 Typical susceptible blast lesions of 3 mm or longer infecting  
26–50% of the leaf area 

Susceptible 

8 Typical susceptible blast lesions of 3 mm or longer infecting  
51–75% of the leaf area many leaves are dead 

Highly susceptible 

9 Typical susceptible blast lesions of 3 mm or longer infecting  
more than 75% leaf area affected 

Highly susceptible 

 
The severity of leaf blast disease was assessed on three leaves from each of the 

three plants at 7 days after inoculation and every 7 days until severity stability or leaf 
senescence using visual quantification based on a diagrammatic scale of 0–9 developed 
by the International Rice Research Institute, Philippines (IRRI, 2013) (Fig. 5). 

The difference between the diseased and control leaf areas (reduction in the number 
or size of lesions) was used to measure partial resistance (susceptible plants, lesions 
types 4 to 6). Using partial resistance to compare varieties (El Guilli et al., 2000). Most 
of the varieties newly registered or proposed for registration (INRAM11, INRAM6, 
Maghreb, Nachat, and Bahja) are compatible (susceptible) to Moroccan strains, and their 
partial resistance is lower than that of currently cultivated varieties. It is recommended 
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that these crops not be planted under conditions favourable to the development of blast 
disease (for example, too much nitrogen fertilization). In terms of partial resistance, 
varieties Kenz and Bahja are comparable to varieties Ariete. Under the conditions of rice 
cultivation in France (Camargue), the level of field resistance of these varieties is 
acceptable to farmers, and the level of resistance of these varieties would likely be 
sufficient in the epidemiological context of Morocco. At the foliar level, despite their 
susceptibility to all or most Moroccan strains, Elio and Thaibonnet varieties have a good 
level of partial resistance. This characteristic suggests that the varieties should be 
resistant under normal growing conditions (especially without excessive amounts of 
nitrogen fertilizer). These varieties should be field-resistant in the Gharb and Larache 
regions (El Guilli et al., 2000). 
 

 0 1 2 3 4 5 6  7 8 9  

 
Figure 5. Schematic diagram of the mechanism with the index value for scoring rice blast disease 
on foliage, from Shrestha et al. (2017). 
 

Trapping experiments with sensitive plants in the Gharb region (results not shown) 
have shown the presence of Magnaporthe grisea strains. The inoculum is therefore 
present. The absence of a major epidemic in this region could be explained by the 
cultivation of a variety with a good level of partial resistance (Elio) under conditions not 
conducive to the development of the disease. On the other hand, epidemics of Thai 
Bonnet observed at Larache following excessive nitrogen fertilisation appear to show 
that this partial resistance can be rendered ineffective by inappropriate cultivation 
practices. 

Blast resistance was evaluated at the leaf level in this study. This study allows 
eliminating the most sensitive varieties at the vegetative stage, but studies of panicle 
resistance carried out in the field would be a useful complement to this work (El Guilli 
et al., 2000). 

 
CONCLUSIONS 

 
Rice is a crop of concern since it is a staple food for roughly half of the world's 

population. Its production is hampered by several biological restrictions. Rice blast 
(Pricularia oryzae), for example, hurts yield. A rice blast is a fungus that attacks rice 
plants. It is one of the most serious diseases to affect the rice crop, as it can result in 
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significant yield reductions and possibly crop failure. In the absence of prevention 
techniques, the annual loss caused by this disease ranges from 10% to 30% of total 
production, with crop losses reaching 100% in extreme situations for very sensitive 
types. For this, a characterization of the genetic resources' resistance to pyriculariosis is 
required, which will allow growers to have resistant varieties at their disposal to alleviate 
the concerns of harvest loss caused by this disease. 

 
ACKNOWLEDGEMENTS. This work was carried out within the Regional Center of 
Agricultural Research of Kenitra, Morocco. It is a pleasure and a duty to sincerely thank all the 
people who participated in its realization. The authors would also like to thank my supervisor, 
Doctor SEDKI Mohamed, from the Regional Center of Agricultural Research of Kenitra, 
Morocco, for his valuable comments during the preparation of this manuscript. 

 
REFERENCES 

 
Acharya, B., Shrestha, S.M., Manandhar, H.K. & Chaudhary, B. 2019. Screening of local, 

improved and hybrid rice genotypes against leaf blast disease (Pyricularia oryzae) at Banke 
district, Nepal. Journal of Agriculture and Natural Resources 2(1), 36–52. 
https://doi.org/10.3126/janr.v2i1.26013 

Adreit, H., Andriantsimialona, D., Utami, D.W., Notteghem, J.L., Lebrun, M.H. & Tharreau, D. 
2007. Microsatellite markers for population studies of the rice blast fungus, Magnaporthe 
grisea: Primer note. Molecular Ecology Notes 7, 667–670. https://doi.org/10.1111/j.1471-
8286.2006.01672.x 

Agrios, G.N. 2005. Plant pathology. 5th Edition, Elsevier Academic Press, Amsterdam. Boston, 
952 pp. 

Ahamad, K., Thapa, R., Regmi, R., Thapa, R.B. & Gautam, B. 2020. Efficacy and Profitability 
of Using Different IPM (Integrated Pest Management) Measures for The Control of 
Cauliflower Aphids (Brevicoryne Brassicae Linn.) In Different Genotypes of Cauliflower 
in Chitwan District, Nepal. Sustainability in Food and Agriculture (SFNA), 1(2), 80–87. 

Akagi, H., Yokozeki, Y., Inagaki, A. & Fujimura, T. 1996. Microsatellite DNA markers for rice 
chromosomes. Theoretical and applied genetics 93, 1071–1077. 

Andrianarisoa, B. 1970. Rice blast disease dissertation. ESSA, Agriculture Department, 
University of Antananarivo, 93 pp. 

Azgar, M.A., Yonzone, R. & Das, B. 2018. Screening of different rice genotypes against major 
diseases under old alluvial zone of West Bengal. Journal of Pharmacognosy and 
Phytochemistry 7(2), 2149–2151. 

Bao, YM, Sun, SJ, Li, M, Li, L, Cao, WL, Luo, J, Tang, HJ, Huang, J, Wang, ZF, Wang, JF & 
Zhang, HS (2012) Overexpression of the Qc-SNARE gene OsSYP71 enhances tolerance to 
oxidative stress and resistance to rice blast in rice (Oryza sativa L.). Gene 504, 238–244. 

Benkirane, R., Douira, A., Selmaoui, K. & Lebbar, S. 2000. Comparative pathogenesis and sex 
sign of Moroccan isolates of Pyricularia grisea (Magnaporthe grisea) originating from rice 
and Stenotaphrum secundatum. Journal of Phytopathology 148, 95–99. 

Bhusal, NR, Acharya, B, Devkota, AR, & Shrestha J. 2018. Field Evaluation of Trichoderma 
viride for the Management of Rice Leaf Blast Disease in Pyuthan District, Nepal. Journalof 
the Institute of Agriculture and Animal Science 35(1), 259–266. 

Bonman, JM, Khush GS & Nelson RJ. 1992. Breeding rice for resistance to pests. Breeding Rice 
for Resistance to Pests 30, 507–528. 

Boulet, C. & Bouhache, M. 1990. Floristic and Biological diversity and Harmfulness of weeds 
from Rice felds in gharb Morocco Proceedings of the Hassan II Agronomic and Veterinary 
Institute. Acta Mycologica 10, 5–10. 



284 

Bundó, M. & Coca, M. 2016.Enhancing blast disease resistance by overexpression of the calcium 
dependent protein kinase OsCPK4 in rice. Plant Biotechnology Journal 14, 1357–1367. 

Challagulla, V., Bhattatal, S. & Midmore, D.J. 2015. In-vitro vs in-vivoinoculation: Screening 
for resistance of Australian rice genotypes againstblast fungus. Rice Sci. 22, 132–137. 

Chataigner, J. (Ed.) 1997. Diseases of rice in the Mediterranean region and the possibilities of 
improving its resistance Montpellier. Ciheam. 15(3), 41–42. 

Changqing, M., Xue, L., & Qingguang, L. 2007. Biological control of rice blast by Bacillus 
subtilis B-332 strain. Acta Phytophylacica Sinica 34(2), 123–128. 

Chauhan, B.S., Jabran, K. & Mahajan, G. (Eds.). 2017. Rice production worldwide. Springer, 
247, pp. 361–392. DOI: 10.1007/978-3-319-47516-5_14 

Chen, D.X., Chen, X.W., Lei, C.L., Wang, Y.P. & Li, S.G. 2010 Rice blast resistance of 
transgenic rice plants with Pi-d2 gene. Rice Science 17, 179–184. 

Chujo, T., Miyamoto, K., Ogawa, S., Masuda, Y., Shimizu, T., Kishi-Kaboshi, M., Takahashi, A., 
Nishizawa, Y., Minami, E., Nojiri, H. & Yamane, H. 2014. Overexpression of phosphomimic 
mutated OsWRKY53 leads to enhanced blast resistance in rice. PLoS One 9, 98737. 

Courtois, B. 2007. Brief history of the genetic improvement of the rice. Montpellier Cedex, 
France, CIRAD, pp. 13. https://agritrop.cirad.fr/528920 

Dean, R., Van Kan, J.A., Pretorius, Z.A. & Kosack, K.E., Di Pietro, A., Spanu, P.D., Rudd, J.J., 
Dickman, M., Kahmann, R, Ellis, J., Foster, G. 2012. The top 10 fungal pathogens in 
molecular plant pathology. Mol. Plant Pathol. 13(4), 414–430. 

Domingo, C., Andrés, F., Tharreau, D., Iglesias, D.J. & Talón, M. 2009.  Constitutive expression 
of OsGH3.1 reduces auxin content and enhances defense response and resistance to a fungal 
pathogen in rice. Molecular Plant-Microbe Interactions 22, 201–210. 

Duangporn, A. 1997 Report on a first analysis of rice seed pathogens in Morocco. Crop 
Protection Bulletin I, 9–13. 

Dubouzet, J.G., Maeda, S., Sugano, S., Ohtake, M., Hayashi, N., Ichikawa, T., Kondou, Y., 
Kuroda, H., Horii, Y., Matsui, M. & Oda, K. 2011. Screening for resistance against 
Pseudomonas syringae in rice-FOX Arabidopsis lines identified a putative receptor-like 
cytoplasmic kinase gene that confers resistance to major bacterial and fungal pathogens in 
Arabidopsis and rice. Plant Biotechnology Journal 9, 466–485. 

Dubina, E., Kostylev, P., Garkusha, S., Ruban, M., Lesnyak, S., Makukha, Y., Korzh, S., 
Nartymov, D. & Gorun, O. 2022. The use of SSR-markers in rice breeding for resistance  
to blast and submergence tolerance Agronomy Research 20(3), 1–18. 
https://doi.org/10.15159/AR.22.054 

Economist. 2016. Culture of rice; Morocco might take a cue from Vietnam. Economiste, 
Retriever, pp. 25. 

El Guilli, M.J.A., Milazzo, J., Adreit, H., Ismaili, M., Farih, A.R, Lyamani, A., Notteghem, J.L. 
& Tharreau, D. 2000. Evaluation of blast resistance of rice varieties used in Morocco. Al 
Awamia 102, 73–81. 

Enyinnia, T. 1996. Effect of two systemic fungicides on rice blast control in a rainforest zone of 
Nigeria. International Journal of Pest Management 42(2), 77–80.  

FAO (Food and Agriculture Organization of the United Nations). 2003. Rice Irrigation in the 
Near East: Current Situation and Prospects for Improvement. 
https://www.fao.org/3/AE524E/AE524e00 

Food and agriculture organization of the united nations statistics division (FAOSTAT). 2022. 
Production / crops - rice paddy. URL: https://www.fao.org/faostat/en/#data/QCL 

FAOSTAT. 2020. Crops and livestock products. Retrieved February 10, 2020. 
https://www.fao.org/faostat/en/#data/QCL 

Fu, J., Liu, H., Li, Y., Yu, H., Li, X., Xiao, J. & Wang, S. 2011. Manipulating broad- spectrum 
disease resistance by suppressing pathogen-induced auxin accumulation in rice. Plant 
Physiology 155, 589–602. 



285 

Gabriel, M.G., Alhasan, U., Mary, Y., Munsur, Y. & Olufunmilayo, A. 2022. Screening ofrice 
germplasm for blast resistance in Nigeria. Asian Journal of Agriculture 6, 1–6.  

Ghazanfar, M. U., Habib, A. & Sahi, S.T. 2009. Screening of Rice Germplasm against 
Pyricularia oryzae, the Cause Of Rice Blast Disease. Pak. J. Phytopathol 21(1), 41–44. 

Gladieux, P., Condon, B., Ravel, S., Soanes, D., Maciel, J.L.N., Nhani, A., Chen, L., 
Terauchi, R., Lebrun, M.H., Tharreau, D., Mitchell, T., Pedley, K.F., Valent, B., 
Talbot, N.J., Farman, M. & Fournier, E. 2018. Gene flow between divergent cereal- and 
grass-specific lineages of the rice blast fungus Magnaporthe oryzae. MBio 9, 19–17. 
e01219-17. https://doi.org/10.1128/mBio.01219-17 

Guerber, C. & TeBeest, D.O. 2006. Infection of Rice Seed Grown in Arkansas by Pyricularia 
grisea and Transmission to Seedlings in the Field. The American Phytopathological Society 
90(2), 170–176. https://doi.org/10.1094/PD-90-0170 

Hassan, I.O., Ragab, A.I., Soliman, M.H., El-Shafey, R.A. & El-Assal, S.E.S. 2017. Genetic 
improvement of rice resistance to blast and bakanae diseases using mutation induction. 
Bioscience Research 14(2), 246–256. 

Hari, O.M., Katyal, S.K. & Dhiman, S.D. 1997. Growth analysis of hybrid rice as influenced by 
seedling density in nursery and nitrogen levels. Indian Journal of Agronomy 45(1), 1–5. 

Hamer, J.E., Howard, R.J., Chumley, F.G. & Valent, B. 1988. A Mechanism for Surface 
Attachment in Spores of a Plan t Pathogenic Fungus. Science 239, 288–290. 
doi: 10.1126/science.239.4837.288 

Hajano, J., Lodhi, A., Pathan, M.A., Khanzada, M.A, Shah, G.S. 2012. In-vitro evaluation of 
fungicides, plant extracts and biocontrol agents against rice blast pathogen Magnaporthe 
oryzae couch. Pakistan Journal of Botany, 44, 1775–1778. 

Heimpel, G.E. & Mills, N. 2017. Biological control-ecology and aplications. Cambrige 
University Press, Cambrige. Book Review, 386 pp. doi: 10.1093/ae/tmy017 

Helliwell, E.E., Wang, Q. & Yang, Y. 2013. Transgenic rice with inducible ethylene production 
exhibits broad-spectrum disease resistance to the fungal pathogens Magnaporthe oryzae and 
Rhizoctonia solani. Plant Biotechnology Journal 11, 33–42. 

Hu, H., Xiong, L. & Yang, Y. 2005. Rice SERK1 gene positively regulates somatic 
embryogenesis of cultured cell and host defense response against fungal infection. Planta 
222, 107–117. 

Hubert, J., Mabagala, R.B. & Mamiro, D.P. 2015. Efficacy of Selected Plant Extracts against 
Pyricularia grisea, Causal Agent of Rice Blast Disease. American Journal of Plant Sciences 
6, 602–611. 

IRRI. 2013. Standardization evaluation system for rice, international Rice Research Institute, P.O. 
Box 933, 1099 Manila, Philippines 5, 18. http://refhub.elsevier.com/S2214-6628 
(20)30075-X/sbref0100 

Jia, Y., Valent, B. & Lee, F.N. 2003. Determination of host responses to Magnaporthe grisea on 
detached rice leaves using a spot inoculation method. Plant Disease 87, 129–133. 

Jin-Hyoung, Park, Mihwa, Yi, Joong-Hoon, Ahn & Yong Hwan, Lee. 2008. MoSNF1  
regulates sporulation and pathogenicity in the rice blast fungus Magnaporthe oryzae. 
Fungal Genetics and Biology 45(8), August, 1172–1181. 

Jung, Y.H., Agrawal, G.K., Rakwal, R., Kim, J.A., Lee, M.O., Choi, P.G., Kim, Y.J., Kim, M.J., 
Shibato, J, Kim, S.H. & Iwahashi, H. 2006. Functional characterization of OsRacB GTPase–
a potentially negative regulator of basal disease resistance in rice. Plant Physiology and 
Biochemistry 44, 68–77. 

Kato, H. 2001. Rice blast disease Japan Crop Protection Association (JCPA). The Pharma 
Innovation Journal 10(4), 157–159. 

Katsura, K., Maeda, S., Horie, T. & Shiraiwa, T. 2007. Analysis of yield attributes and crop 
physiological traits of Liangyoupeijiu, hybrid rice recently bred in China. Field Crops Res. 
103, 170–177. https://doi.org/10.1016/j.fcr.2007.06.001 



286 

Khemmuk, W. 2017. Plant pathogenic Magnaporthales in Australia, with particular reference to 
Pyricularis oryzae on wild and cultivated rice In Queens land Alliance for Agriculture and 
Food Innovation. PhD Thesis University of Queensland, Australia, 193 pp. 
http://dx.doi.org/10.14264/uql.2017.490 

Khush, G.S. 2005. What it will take to feed 5.0 billion rice consumers in 2030. Plant Mol. Biol. 
59, 1–6. 

Koide, Y., Kobayashi, N., Xu, D. & Fukuta, Y. 2009. Resistance genes and selection DNA 
markers for blast disease in rice (Oryza sativa L.). Jpn. Agric. Res. Q. 43(4), 255–280. 

Kongcharoen, N., Kaewsalong, N. & Dethoup, T. 2020. Efficacy of fungicides in controlling rice 
blast and dirty panicle diseases in Thailand. Scientific Reports 10(1), 16233. 
https://doi.org/10.1038/s41598-020-73222-w 

Kurrata, G., Kuswinanti, T., Izha, M.N., Gassa, A. & Melina. 2019. Morphological 
characteristics, race distribution, and virulence gene analysis of Pyricularia oryzae isolates 
(Teleomorph: Magnaporthe oryzae). IOP Conf Ser: Earth Environ Sci. 343, 1–8. 

Lage, M. 1997. Rice production and consumption in Morocco; In Chataigner J. (ed.). Rice 
research activities in the Mediterranean climate, Montpellier: CIHEAM. Cahiers Options 
Mediterranean, pp. 147–150. 

Lakrimi, A. 1989. Technical constraints of Moroccan rice farming. Institut National de la 
Recherche Agronomique, Agris, pp. 9. 

Langner, T., Bialas, A. & Kamoun, S. 2018. The blast fungus decoded: genomes in flux. mBio 
9(2), 1–4. 

Lanoiselet, V. 2008. Rice blast Plant Health Australia Rice Industry Biosecurity, pp. 10. 
Law, J.W.F., Ser, H.L., Khan, T.M., Chuah, L.H., Pusparajah, P., Chan, K.G., Goh, B.H. & 

Lee, L.H. 2017. The Potential of Streptomyces as Biocontrol Agents against the Rice Blast 
Fungus, Magnaporthe oryzae (Pyricularia oryzae). Frontiers in Microbiology 8. 
https://doi.org/10.3389/fmicb.2017.00003 

Liu, X.Q., Wei, J.L., Zhang, J.C., Wang, C.T., Liu, X.Q., Zhang, X.M., Wang, L. & Pan, Q.H. 2011. 
Genetic Variation of Rice Blast Resistance Genes in Oryza sativa and Its Wild Relatives. 
International Journal of Plant Sciences 172(8), 970–979. https://doi.org/10.1086/661510 

Liu, Q., Yang, J., Zhang, S., Zhao, J., Feng, A., Yang, T., Wang, X., Mao, X., Dong, J., Zhu, X. 
& Leung, H. 2016. OsGF14b positively regulates panicle blast resistance but negatively 
regulates leaf blast resistance in rice. Molecular Plant-Microbe Interactions 29, 46–56. 

Li, H.L., Li, R.T. 2009. Polymerization of rice-blast resistance genes Pi1 and Pi2 and analysis on 
their value in breeding. North Rice 40(5), 7–2. 

Long, D.H., Correll, J.C. Lee, F.N. & TeBeest, D.O. 2001 Rice blast epidemics initiated by 
infested rice grain on the soil surface Plant disease 85(6), 612–616. 
https://doi.org/10.1094/PDIS.2001.85.6.612 

Longya, A., Talumphai, S. & Jantasuriyarat, C. 2020. Morphological characterization and 
genetic diversity of rice blast using ISSR and SRAP markers. J. Fungi 6(38). 
doi: 10.3390/jof6010038 

Magar, P.B., Acharya, B. & Pandey, B. 2015. Use of Chemical Fungicides for the Management 
of Rice Blast (Pyricularia grisea) Disease at Jyotinagar, Chitwan, Nepal. International 
Journal of Applied Sciences and Biotechnology 3(3), 474–478. 
https://doi.org/10.3126/ijasbt.v3i3.13287 

MAPM. 2020. Developments in the sector. https://www.fellah-trade.com/fr/filiere- 
vegetale/chiffres-cles-riziculture 

Matsui, H., Miyao, A., Takahashi, A. & Hirochika, H. 2010. Pdk1 kinase regulates basal disease 
resistance through the OsOxi1–OsPti1a phosphorylation cascade in rice. Plant and Cell 
Physiology 51, 2082–2091. 



287 

Mei, C., Qi, M., Sheng, G. & Yang, Y. 2006. Inducible overexpression of a rice allene oxide 
synthase gene increases the endogenous jasmonic acid level, PR gene expression, and host 
resistance to fungal infection. Molecular Plant-Microbe Interactions 19, 1127–1137. 

Miah, G., Rafii, M.Y., Ismail, M.R., Puteh, A.B., Rahim, H.A. & Asfaliza, R., 2013. Blast 
resistance in rice: a review of conventional breeding to molecular approaches. Mol. Biol. Rep. 
40, 2369–2388. 

Miah, G., Rafii, M.Y., Ismail, M.R., Sahebi, M., Hashemi, F.S.G., Yusuff, O. & Usman, M.G. 
2017. Blast disease intimidation towards rice cultivation: a review of pathogen and 
strategies to control. Journal of Animal & Plant Sciences 27(4), 1058–1066. 

Miège, E. 1951. The question of Rice in Morocco. Journal of Traditional Agriculture and Applied 
Botany, pp. 294–312. 

Miura, Y., Ding, C., Ozaki, R., Hirata, M., Fujimori, M., Takahashi, W., Cai, H. & Mizuno, K. 
2005. Development of EST-derived CAPS and AFLP markers linked to a gene for 
resistance to ryegrass blast (Pyricularia sp.) in Italian ryegrass (Lolium multiflorum Lam.). 
Theoretical and Applied Genetics 111, 811–818. 

Moinina, A., Boulif, M. & Lahlali, R. 2018. Rice cultivation (Oryza sativa) and its main 
phytosanitary problems: an update on the Gharb region Moroccan Journal of Agronomic 
and Veterinary Sciences 6(4), 544–557. 

Najimi, B., El Jaafari, S., Jlibène, M. & Jacquemin, M.-M. 2003 Applications of molecular 
markers in improvement of soft wheat for resistance to diseases and insects Biotechnol. 
Agron. Soc. Environ 7(1), 17–35. 

Nakashima, K., Tran, L.S.P., Van Nguyen, D., Fujita, M., Maruyama, K., Todaka, D., Ito, Y., 
Hayashi, N., Shinozaki, K. & Yamaguchi-Shinozaki, K. 2007. Functional analysis of a 
NAC-type transcription factor OsNAC6 involved in abiotic and biotic stress-responsive 
gene expression in rice. The Plant Journal 51, 617–630. 

Nakashima, A., Chen, L., Thao, N.P., Fujiwara, M., Wong, H.L., Kuwano, M., Umemura, K., 
Shirasu, K., Kawasaki, T. & Shimamoto, K. 2008. RACK1 functions in rice innate immunity 
by interacting with the Rac1 immune complex. The Plant Cell 20, 2265–2279. 

Nishizawa, Y., Saruta, M., Nakazono, K., Nishio, Z., Soma, M., Yoshida, T., Nakajima, E. & 
Hibi, T. 2003. Characterization of transgenic rice plants over- expressing the stress-
inducible β-glucanase gene Gns1. Plant Molecular Biology 51, 143–152. 

Nasruddin, A. & Amin, N. 2012. Effects of Cultivar, Planting Period, and Fungicide Usage on 
Rice Blast Infection Levels and Crop Yield. Journal of Agricultural Science 5(1), 160–167. 
https://doi.org/10.5539/jas.v5n1p160 

O’Brien, P.A. 2017.Biological control of plant diseases. Australas. Plant Pathol. 46, 293–304. 
Oerke, E.C. 2006. Crop losses to pests. The Journal of Agricultural Science 144, 31–43. 
Onyango, A.O. 2014. Exploring Options for Improving Rice Production to Reduce Hunger and 

Poverty in Kenya. World Environment 4(4), 172–179. doi:10.5923/j.env.20140404.03 
Orjuela, J., Garavito, A., Bouniol, Matthieu & Tranchant, C, 2009. Universal rice genetic core 

map [poster] [on line] Centro Internacional de Agricultura Tropical (CIAT). 
agris.fao.org, 1. pp. 

ORMVAG. 2013. Presentation of the rice sector in Gharb. Rev. Mar. Sci. Agron. Vet. 6(4),  
544–557. 

Ou, S.H. 1981. Pathogen variability and Host Resistance in Rice Blast Disease. Annual review of 
phytopathology 18, 167–187. 

Ou, S.H. 1985. Rice Diseases. IRRI. Padmanabhan SY. 1965. Studies on forecasting outbreaks 
of blast disease of rice. Proceedings of the Indian Academy of Sciences-Section B, 62(3), 
117–129. https://doi.org/10.1007/ BF03051084 

Padmanabhan, S.Y., Chakrabarti, N.K. & Row, K.V.S.R.K. 1971. Forecasting and control of rice 
diseases. Proceedings of the National Academy of Sciences, India - Section B. Biological 
Sciences 37(6), 423–429. 



288 

Pingali, P.L. & Roger, P.A. 2012. The impact of different education strategies on rice farmers’ 
knowledge, attitude and practice (KAP) about pesticide use. Journal of the Saudi Society of 
Agricultural Sciences 20(5), 312–323. 

Pooja, K. & Katoch, A. 2014. Past, present and future of rice blast management. Plant Science 
Today 1(3), 165–173. https://doi.org/10.14719/pst.2014.1.3.24 

Prasad, B.D., Creissen, G., Lamb, C. & Chattoo, B.B. 2009. Overexpression of rice (Oryza sativa 
L.) OsCDR1 leads to constitutive activation of defense responses in rice and Arabidopsis. Mol 
Plant microb Interact 22, 1635–1644. 

Pugh, J.F. & Mulder, J.K. 1971. Mycofora associated with Typha latifolia. Transactions of the 
British Mycological Society 57(2), 273–282. 

Puspito, A.N., Nabilah, S., Imam Buqori, D.M.A., Hartatik, S., Kim, Kyung-Min & 
Ubaidillah, M. 2022. Genetic diversity analysis of Indonesian rice germplasm (Oryza sativa 
L.) with simple sequence repeat markers Agronomy Research 20, 1–13. 
https://doi.org/10.15159/AR.22.050 

Qiu, D., Xiao, J., Ding, X., Xiong, M., Cai, M., Cao, Y., Li, X., Xu, C. & Wang, S. 2007. 
OsWRKY13 mediates rice disease resistance by regulating defense- related genes in 
salicylate-and jasmonate-dependent signaling. Molecular Plant-Microbe Interactions 20, 
492–499. 

Raveloson, H., Tharreau, D. & Sester, M. 2013. Primary inoculum sources of blast: role of infected 
seeds and straws in the development of epidemics, Presentation. Conference: 3rd Africa 
Rice Congress 2013, Yaoundé, Cameroun. https://africaricecongress2013.wordpress.com 

Raveloson, H. & Sester, M. 2011. Integrated Management of Rainfed Rice Pyriculariosis in 
Madagascar. CIRAD, Madagascar, 8 pp. 

Rijal & Devkota. 2020. A review on various management method of rice blast disease. Malaysian 
Journal of Sustainable Agriculture (MJSA) 4(1), 29–33. 

Saleh, D. 2011. Consequences of rice domestication on its main fungal pathogen, Magnaporthe 
oryzae: population structure, dispersal, and evolution of the reproductive regime. PhD 
thesis, University of Montpellier II. 13(5), 891 pp. 

Saleh, D., Xu, P., Shen, Y., Li, C., Adreit, H., Milazzo, J., Ravigné, V., Bazin, E., Nottéghem, J., 
Fournier, E. & Tharreau, D. 2012. Sex at the origin: an Asian population of the rice blast 
fungus Magnaporthe oryzae reproduces sexually: Sexual reproduction in Magnaporthe 
oryzae. Molecular Ecology 21, 1330–1344. 

Sawada, K., Hasegawa, M., Tokuda, L., Kameyama, J., Kodama, O., Kohchi, T., Yoshida, K. & 
Shinmyo, A. 2004. Enhanced resistance to blast fungus and bacterial blight in transgenic rice 
constitutively expressing OsSBP, a rice homologue of mammalian selenium-binding 
proteins. Bioscience, Biotechnology, and Biochemistry 68, 873–880. 

Sharma, T.R., Rai, A.K., Gupta, S.K., Vijayan, J., Devanna, B.N. & Ray, S. 2012. Rice blast 
management through host-plant resistance, retrospect and prospects. Agric. Res. 1, 37–52. 
doi: 10.1007/s40003-011-0003-5 

Semon, M., Nielsen, R. Jones, M.P. & R. McCouch, S. 2005. The Population Structure of 
African Cultivated Rice Oryza glaberrima (Steud.): Evidence for Elevated Levels of 
Linkage Disequilibrium Caused by Admixture with O. sativa and Ecological Adaptation 
Genetics 169(3), 1 March, 1639–1647. https://doi.org/10.1534/genetics.104.033175 

Schaffrath, U., Mauch, F., Freydl, E., Schweizer, P. &  Dudler, R. 2000. Constitutive 
expression of the defense-related Rir1b gene in transgenic rice plants confers enhanced 
resistance to the rice blast fungus Magnaporthe grisea. Plant Molecular Biology 43, 59–66. 

Sere, Y. 1981. Resistance to Blast, Rice blast prevention in Upper Volta. Montpellier. In: 
Conference paper : Proceedings of the Symposium on Rice Resistance to Blast, Montpellier, 
ref. 19, pp. 51–65. 

Shen, Q., Pu, Q., Liang, J., Mao, H., Liu, J. & Wang, Q. 2019. CYP71Z18 overexpression confers 
elevated blast resistance in transgenic rice. Plant Molecular Biology 100, 579–589. 



289 

Shimono, M., Sugano, S., Nakayama, A., Jiang, C.J., Ono, K., Tok, S. & Takatsuji, H. 2007. Rice 
WRKY45 plays a crucial role in benzothiadiazole-inducible blast resistance. The Plant Cell 
19, 2064–2076. 

Singh, J., Gupta, S.K., Devanna, B.N., Singh, S., Upadhyay, A. & Sharma, T.R. 2020. Blast 
resistance gene Pi54 over-expressed in rice to understand its cellular and sub-cellular 
localization and response to different pathogens. Scientific Reports 10, 1–13. 

Singh, S., Ladha, J.K., Gupta, R.K., Bhushan, L. & Rao, A.N. 2008. Weed management in 
aerobic rice systems under varying establishment methods. Crop Prot 27, 660–671. 

Serghat, S., Mradmi, K., ni Touhami, A.O. & Douira, A. 2005. Rice leaf pathogenic fungi on 
wheat, oat, Echinochloa phyllopogon and Phragmites australis. Phytopathol. Mediterr. 44, 
44–49. 

Suprapta, D.N. 2012. Potential of microbial antagonists as biocontrol agents against plant fungal 
pathogens. J. ISSAAS 18(2), 1–8. 

Tajani, M., Benkirane, R., Douira, A. & El Haloui, N. 2001. Impact of leaf diseases on yield 
components of rice (Oryza sativa) in Morocco. Revue Marocaine des Sciences 
Agronomiques et Vétérinaires 21, 83–86. 

Tajani, M., Douira, A., El Haloui, N. & Benkirane, R. 1997. Effect of fertilization on disease 
development and yield components. In J. Chataigner (Ed.), Maladies du riz en région 
méditerranéenne et les posibilités d'amélioration de sa résistance, 15, 95–99. 

Temnykh, S., DeClerck, G., Lukashova, A., Lipovich, L., Cartinhour, S. & McCouch, S. 2001. 
Computational and experimental analysis of microsatellites in rice (Oryza sativa L.): 
frequency, length variation, transposon associations, and genetic marker potential. Genome 
Research 11, 1441–1452. 

Thapa, R., Bista, K., Bhatta, M., Bhandari, S., Acharya, S.R. & Sapkota, B. 2019. Comparative 
performance and economic efficiency of different pesticides against okra jassids (Amrasca 
biguttula biguttula): Their impact on okra yield and growth attributes. Journal of 
Entomology and Zoology Studies 7(5), 525–531. 

Tharreau, D., Santoso, S.A., Utami, D., Fournier, E., Lebrun, M.-H. & Nottéghem, J.-L. 2009. 
World population structure and migration of the rice blast fungus, Magnaporthe oryzae.et, 
Advances in Genetics, Genomics, and Control of Rice Blast Disease, Springer Netherlands, 
Dordrecht, 209–215. 

Tharreau, D. 2008. Interaction genetics and population genetics in the interaction between rice and 
the phytopathogenic fungus Magnaporthe oryzae PhD Thesis, Montpellier II University 
Sciences and Techniques of Languedoc, Montpellier, 46 pp. 

Thierry, M. 2019. Diagnosis and inference of the evolutionary history of endemic and pandemic 
lines of Pyricularia oryzae causing pyriculariosis of rice, wheat, and other wild Poaceae. 
Montpellier: Montpellier SupAgro, PhD thesis: Mechanisms of pathogenic and symbiotic 
parasitic interactions: Montpellier SupAgro, 180 pp. 

Thierry, M., Milazzo, J., Adreit, H., Ravel, S., Borron, S., Sella, V., Ioos, R., Fournier, E. & 
Tharreau, D. & Gladieux, P. 2020. Ecological differentiation and incipient speciation in the 
fungal pathogen causing rice blast. Bio Arxiv. 1–27. 
https://www.biorxiv.org/content/10.1101/2020.06.02.129296v1 

Traoré, S. 2000. Development of a technology package for integrated protection against stem 
borers, blast, and nematodes associated with irrigated rice. PhD Thesis, Institute of Rural 
Development (IDR), Bobo  Dioulasso Polytechnic University, Burkina Faso, 115 pp. 

Valent, B., Farrall, L. & Chumley, F.G. 1991. Magnaporthe grisea genes for pathogenicity and 
virulence were identified through a series of backcrosses. Genetics 127, 87–101. 

Vidhyasekaran, P., Rabindran, R., Muthamilan, M., Nayar, K., Rajappan, K., Subramanian, N. & 
Vasumathi, K. 1997. Development of a powder formulation of Pseudomonas fluorescens 
for control of rice blast. Plant Pathology 46(3), 291–297. https://doi.org/10.1046/j.1365-
3059.1997.d01-27.x 



290 

Www.fao.org; accessed on 20 January 2022. Review Understanding the Dynamics of Blast 
Resistance in Rice-Magnaporthe oryzae Interactions J Fungi (Basel). 2022 Jun; 8(6), 584. 

Wang, C., Li, C., Duan, G., Wang, Y., Zhang, Y. & Yang, J. 2019. Overexpression of Magnaporthe 
oryzae systemic defense trigger 1 (MoSDT1) confers improved rice blast resistance in rice. 
International Journal of Molecular Sciences 20, 4762. 

Wang, Z., Han, Q., Zi, Q., Lv, S., Qiu, D. & Zeng, H. 2017. Enhanced disease resistance and 
drought tolerance in transgenic rice plants overexpressing protein elicitors from 
Magnaporthe oryzae. PLoS One 12, 0175734. https://doi.org/10.1371/journal.pone.0175734 

Wilson, R.A. & Talbot, N.J. 2009. Under pressure: investigating the biology of plant infection by 
Magnaporthe oryzae. Nature Reviews Microbiology 7, 185–195. 

Wopereis, M.C.S., Diagne, A., Rodenburg, J., Sié, M. & Somado, E.A. 2008. Why NERICA is a 
Successful Innovation for African Farmers: A Response to Orr et al from the Africa Rice 
Center. journals.sagepub Volume 37(3), 169–176. 

Zeigler, R.S. 1998. Recombination in Magnaporthe grisea. Annual. Rev. Phytopathology,  
249–275. https://doi.org/10.1146/annurev.phyto.36.1.249 

Zeigler, R.S., Leong, S.A. & Teng, P.S. 1994. Rice Blast Disease. Lineage Exclusion: A Proposal 
for Linking Blast Population Book, pp. 267–292. 

Zhong, Z., Chen, M., Lin, L., Han, Y., Bao, J., Tang, W., Lin, L., Lin, Y., Somai, R., Lu, L., 
Zhang, W., Chen, J., Hong, Y., Chen, X., Wang, B., Shen, W.C., Lu, G., Norvienyeku, J., 
Ebbole, D.J. & Wang, Z. 2018. Population genomic analysis of the rice blast fungus reveals 
specific events associated with the expansion of three main clades. ISME J. 12, 1867–1878. 

Zhou, E., Jia, Y., Singh, P., Correll, J. & Lee, F. 2007. Instability of the Magnaporthe oryzae 
Virulence gene AVR pita alters virulence. Fungal Genet. Biol. 44, 1024–1034. 

Zidane, L., Salhi, S., Fadli, M., El Antri, M., Taleb, A. & Douira, A. 2010.Study of weed clusters in 
western Morocco. Biotechnology Agronomy Society and Environment 14, 153–166. 

 
 


