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Abstract: Rice is one of the most important crop planted on earth. It provide food and employment for thousands of persons 
daily through out the world. In Guyana the rice industry is one of the largest user of agricultural lands and contributies more 
than 20% to the country gross domestic product (GDP). The rice crop is known to suffer from several biotic and abiotic 
factors. Of which rice blast (P. oryzae) and sheath blight (R. solani) disease identified as two of the most devastating disease 
affecting the rice cultivation in Guyana. In this context, the present critical review article entitled ‘Managing the imminent 
danger of Rice Blast (Pyricularia oryzae Cav.) and Sheath Blight (Rhizoctonia solani Kühn) Disease’ was taken up to look at 
the most practical disease management approaches available and can be utilized to mitigate the imminent threat pose by the 
rice blast and sheath blight disease. The review will focus on: disease resistant screening and understand the genotype and 
environment interactions; study the expression pattern of proteins in resistant and susceptible genotypes against blast pathogen 
(P. oryzae); examine the efficacy of botanicals, biocontrol agents and new generation fungicides against blast and sheath blight 
disease under different conditions. This will form a foundation for the exploration of the various disease management stratigies 
for blast and sheath blight disease. 

Keywords: Rice Blast Disease, Sheath Blight, Resistant, Genotype by Environment, Protein, Plant Extracts, Bioagents,  
New Generation Fungicides 

 

1. Introduction 

1.1. Global Scenario of Rice Cultivation 

The rice plant (Oryza sativa L.) has been cultivated as a 
major cereal crop for over 7,000 years in many parts of the 
world [54]. It has been considered as one of the most 
important plants on earth and a major staple food crop for 
humankind [137, 154, 65].. The total rice cultivation of the 
world occupied an area of ~162.72 million hectares, with a 
total production of ~ 741.48 million tonnes in 2014 [33].. 

Rice provides more that 35-75% of the calorie and a high 
percentage of protein intake for nearly 520 million people living 
below poverty in Asia [93, 71].. It accounts for 20% of the 
global calorie intake [147]. In African, Latin American and 

Caribbean countries, there has been a steady increase in the daily 
consumption of rice, which fulfill at least one third of the dietary 
intake of close to one billion people [135]. The cultivation of 
rice also provides employment for over 200 million households 
and it is one of the primary sources of income for persons across 
the countries in the developing world [93]. More than 114 
countries grow rice and more than 50 have an annual production 
of 100,000 tonnes. India is the second largest producer of rice 
after China, with about 90 million tonnes of rice produced and 
consumed in Asia [80, 71, 169]. 

The world population continued to grow at the rate of 1.12% 
and increase at very rapid rate; therefore, the rice production 
must also increase by more than forty percent to feed the 
growing population without adversely affecting the resource 
base. On the other hand, a number of abiotic (problem soils, 



 American Journal of Agriculture and Forestry 2021; 9(6): 409-423 410 
 

high temperature, flooding, salt water intrusion, drought) and 
biotic (viruses, bacteria, fungi, nematodes, insects) factors 
known to adversely affect the cultivation of rice crop [100, 
71, 42]. To overcome these challenges and to ensure food 
security, it is most necessary to cultivate stable high yielding 
rice varieties that are tolerant to biotic and abiotic stresses 
[71, 154, 50]. 

Of the several factors that destabilize the rice yield, 
diseases are most important ones that accounts for crop 
losses of varying extent. More than 70 diseases caused by 
viruses, bacteria, nematodes, and fungi have been recorded in 
rice with a yield loss of 20-70% [107, 84]. During the period 
from 2001 to 2003, [104] studied yield loss worldwide 
caused by various pests. The researcher reported that an 
estimated yield loss caused by rice disease ranged between 7 
and 16% for the 19 regions of the world. An actual 10.8% 
yield loss is caused by various rice pathogens, in spite of 
accepted disease management practices carried out during the 
commercial production of rice crop. These rice pathogens 
can attack the rice plant at all the growth stages, right from 
the nursery to harvest of the crop. The disease incidence also 
varied within the different geographical area and from season 
to season [108]. In case of rice production, rice blast and 
sheath blight causes an estimated annual yield loss of more 
than 37% and 25%, respectively worldwide [104, 105]. 

1.2. Rice Industry in Guyana 

In Guyana, the rice industry is one of the most important 
agricultural industries and attracts more than US$ 200 
million annually, which amounts to approximately 10% of 
the country’s export earnings [103]. It is also one of the 
largest users of agriculture lands in Guyana with an area of 
~92,694.5 ha being double cropped annually, with a total 
production of ~977,280 tonnes, and produce an estimated 
yield of approximately 52,715 Hg/ha in 2014 [33]. The rice 
industry have about 12,000 farmers and supports at least 10% 
of Guyanese population directly or indirectly. It also 
contributes to more than 20% of the country’s agricultural 
GDP [103, 169]. In Guyana, rice is grown primarily within 
five administrative regions of the country (regions number 2, 
3, 4, 5 and 6), and recently a new expansion started with 
some quantity of rice cultivation in region number 9. In the 
different geographical regions, the rice crop is sufferred by 
numerous diseases. These include blast, sheath blight, brown 
spot and sheath rot which are the most important diseases 
affecting rice industry. These diseases threaten the 
sustainable production and cause great economic yield losses 
in Guyana. 

2. Materials and Methods 

This critical review article was focused on two of the 
major rice diseases. It was done by consulting various 
published available research articles on blast and sheath 
blight disease and all relevant reports. The information 
collected was arranged and findings from them are 
summarized and presented under different headings with 

conclusions. All article consulted were properly cited in the 
reference section of this paper. 

3. Critical Reviews and Discussion 

3.1. Importance of Blast Disease Management in Rice 

Cultivation 

Blast disease caused by the fungal pathogen (Teleomorph: 
Magnaporthe grisea; Magnaporthe oryzae; Anamorph: 
Pyricularia oryzae; Pyricularia grisea) is one of the most 
serious constraints for rice production at the global level. It is 
one of the most devastating diseases in at least 85 countries 
worldwide [108]. The disease has been reported to destroy 
sufficient rice that can fulfill the dietary needs for over 60 
million persons on an annual basis [125]. The blast fungus, P. 

oryzae often overcomes the resistance conferred by major R-
genes after a few years of intensive agricultural use due to 
the rapid genetic evolution of the fungal pathogen. The host 
plant resistance has played a key role in sustainable rice 
production and productivity in many parts of the world, 
therefore it is considered as an important tool in the 
management of blast disease [32, 148]. Even though host 
plant resistance plays a key role in the management of blast 
disease, there are still challenges exist with the management 
of this pathogen. Many researchers [59, 27] reported the 
limited success in development of cultivars with durable 
resistance, which is complicated by the excessive level of 
variation in the blast pathogen. P. oryzae exhibited a high 
degree of genetic variability, thus capable of forming new 
pathogenic variants that can infect previously resistant host 
plants. The formation of new pathogenic variants or races of 
P. oryzae at an alarming frequency in an intensive rice 
cultivation system resulted in the break-down of resistance 
[23]. Regular break-down of blast resistance and frequent 
epidemics in India and Japan over the last ten years have 
been reported to cause yield losses of 20-100% [70, 134]. 
Effective management of such pathogens requires constant 
breeding efforts for development of resistant cultivars. The 
seed banks and germplasms consist of a rich stock of genetic 
diversity are still under-explored. Based on the foregoing, it 
is clear that among other efforts, the risk of catastrophic loss 
due to blast must be reduced in order to ensure food security 
for the first quarter of the current century both locally and 
globally. 

In Guyana, the rice industry is facing the similar 
challenges to battle against rice blast. The blast disease is 
reported as most devastating to threaten the sustainability and 
survival of the rice industry [45]. Over the years, rice farmers 
have been reporting that there has been an increase in the 
susceptibility of some of the current popular cultivars under 
cultivation within the different rice growing regions of 
Guyana. Therefore, the need for breeding and screening of 
blast resistance require continuous efforts to identify new 
source of resistant genotypes to enrich the reservoir of the 
blast resistant genes. This is also required to strategically 
manage the continuously evolving and geographically 
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diverse blast pathogenic race. However, in the past, no 
systematic research efforts have been undertaken to identify 
novel genotypes that are resistant and/or possess donor level 
resistance. Also, no work was done to date at molecular level 
to unravel the mechanisms involved in thwarting the blast 
pathogen by resistant genotypes. Similarly, a large number of 
plant extracts, biocontrol agents have been reported against 
blast and sheath blight disease, yet no attempt have ever been 
made in Guyana to develop these as alternative management 
strategies for the control of blast. In addition, there has been 
a dependency on particular fungicide for the control of blast 
disease. This may contribute to a number of problems such as 
pathogen resistance, over use, failure to give adequate 
disease control. Therefore, there is a need to identify the new 
generation fungicides that can be used in the event of an 
epidemic or a disastrous disease situation should arise. 

3.2. Important of Sheath Blight Management in Rice 

Cultivation 

Sheath blight disease (Teleomorph: Thanatephorus 

cucumeris (A. B. Frank) Donk.] Anamorph: Rhizoctonia 

solani) in rice is considered the second most important 
disease next to blast in many Asian countries [124, 141, 14]. 
Sheath blight was first reported in rice from Japan [86]. It 
was later reported from other rice growing regions around the 
world. It has become a severe concern especially in 
intensified rice production systems. Yield losses ranged from 
1 to 50.0% due to sheath blight disease. Under severe disease 
conditions, it was reported up to 90% [108, 144, 35]. The 
loss and level of severity is depends on the environmental 
conditions, the growth stage at which the plant becomes 
infected, the degree of infection, and the rice varieties grown. 
However, the soil-borne nature of the pathogen and long 
survival of its sclerotia makes the controlling this disease 
especially difficult. 

The employment of host resistance against sheath blight 
has little scope as no commercial rice cultivar has been found 
to be possessing donor level resistance [124, 83, 114, 78, 
160]. Similarly, in Guyana none of the popular cultivars 
under cultivation is completely resistant. Under these 
circumstances, the identification of resistant and/or slow 
sheath blighting rice cultivars can play a major role in 
averting the losses caused by the sheath blight disease. 
Similarly, a number of plant extract, biocontrol agents and 
new generation fungicides have been reported against R. 

solani. However, a feasible technology for the field use is yet 
to be developed. 

3.3. Resistance Screening in Rice Against Major Diseases 

3.3.1. Blast Resistance 

Rice blast disease is not only one of the most widely 
distributed, but also one of the earliest known plant diseases 
that can infect almost all parts of the rice plant (leaf, stem, 
neck, node, panicle, grains and of recent reports of infection 
occurring on roots) at all the stages of growth. The 
destructiveness of the rice blast is known in every region of 

the world where rice is grown and the blast disease known to 
cause great economic losses. The negative impact of this 
disease is predicted to further increase due to the impact of 
climate change at a global level. Increased temperatures and 
unpredictable weather pattern are likely to change the 
geographical pathogen distribution [115]. Milus et al. [84] 
found that wheat rust pathogens can cause more economical 
damages to the crop in warmer temperature which was 
previously unfavorable to that pathogen. Thus, the weather 
pattern might likely to result in changes of the effectiveness 
of present resistance genes in the various species of crop. 
Many pathogens, like the blast disease pathogen, 
Magnaporthe oryzae are quickly evolving and can overcome 
the resistance govern by major resistant (R) genes in plants, 
which can lead to heavy disease outbreak or epidemic [148, 
36, 143]. Nevertheless, the ‘break-down’ of true resistance to 
blast was very ‘unexpected and shocking’, it begun to occur 
only few years after the release of the varieties, thus having 
the tendency to being unreliable, with resistance often failing, 
or ‘breaking-down’, under field conditions [30, 72]. Many 
years of genetic breeding and research have shown that 
genetic resistance to blast in favorable environments is short 
lived, rarely being effective for more than two to three years, 
sometimes even before the breeding line reach the farmer’s 
field [146]. In Korea, the resistance of “Tongil” varieties for 
blast was effective for a five-year period. In Colombia, 
resistant varieties to blast released during 1969-1986 lasted 
only for a year or two before being overcome by previously 
unidentified virulent races [4]. In Japan, the longevity of 
resistant varieties was reported as three years [81]. In 
Guyana, blast resistance in BG 60-47, Variety N and G 9502, 
lasted for 2, 2-3 and 2 years, respectively; while the tolerance 
to blast in Rustic lasted only one year [112]. 

The behaivour of these pathogens are also influenced by 
several factors such as environmental and weather 
conditions, presence of virulent inoculum and disease 
pressure, as well as stability of the pathogen genome. As 
mentioned earlier, the rice blast pathogen are no different. 
Therefore, it becomes necessary to have a continuous 
breeding and screening program for identification of new 
sources of host disease resistance against continuously 
geographically diverse and changing races of this pathogen. 
Thus, the rice crop germplasm collections maintained in gene 
banks at Guyana Rice Development Board (GRDB), Rice 
Research Station (RRS), Burma has several traditional 
cultivars, landraces, and wild species collected from various 
Institutions such as Interantional Center for Tropical 
Agriculture (CIAT), Iternational Rice Research Iinstitute 
(IRRI), Latin American Fund for Irrigated Rice (FLAR) and 
many other rice gene banks from various countries. These 
germplasms are also from numerous geographical origins 
such as Suriname, Brazil, Columbia, Philippines, USA and 
many other parts of the world. Many wild rice species and 
landraces that may not have the ideal plant type, height, yield 
potentials or may not have all the suitable agronomic traits 
that fits it into the modern breeding programs, but may have 
the genes for specific traits, such as tolerance or resistance 
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against various abiotic and biotic stresses. For example, a 

broad spectrum rice blast R gene Pi9 was identified in Oryza 

minuta [120]. 
The international collaboration on breeding for blast 

resistance in rice has started since 1960. This has played an 
important role in developing cultivars with blast resistance. 
The International Network for Genetic Evaluation of Rice 
(INGER) facilitates the collaboration and exchange of 
germplasms since 1975. Over 3000 germplasms were 
evaluated in 31 countries at 126 test sites from 1975 to 1992. 
A total of 522 entries of the International Rice Blast Nursery 
(IRBN) were utilized in hybridization programme across 18 
countries from 1984 to 1992 [4]. 

At IRRI, Philippines, donors such as Ram Tulsi, Oryza 

nivara, Dawn, Tetpe, Carreom, Zenith, Gam pai 15, Pankhari 
203 and a number of improved plant types are used on a 
regular basis as parents in blast resistant breeding programs. 
In West Africa, some of the improved resistant donors used 
are ITA 414, ITA 416, ITA 12, ITA 239, ITA 302, ITA 324, 
WIAT 3, WAB 56-50, WAB 56-104, IAC 257, Tox 3118-47-
1-1-2-3, Tox 3226-5-2-2-2, TAC 84-4, IR 36, IR 72, LAC 23, 
IRAT 10, and Moroberekan [139]  

In India, Persaud [111, 112] found genotypes such as Bala, 
5173, RR166-645, RR345-2, IR71677-106-1-5, IR71693-
197-4-1, WAB 56-50, IR64, B6144-F-MR-6-0-0, 
Moroberekan, IR42221-145-2-3-2, RI207-257-5-274-1, 
VL16, C101 A51, G9502, IR42221-145-2-3-2, 5173, B6441-
F-MR-6-0-0, F7 10 and BR 240 possess high level of 
resistance to blast. In another blast screening trial in India, 91 
advance germplasms were tested. Of which, AE258, AE279, 
AE280, E408 and the resistant check NLR 145 showed 
complete resistant reaction to leaf blast in seedling stage. The 
germplasms viz. AE257, AE259, AE275, AE278, AE281, 
BE325 and E409 showed resistant reaction with score 2 
(Ravikumar 2014). In Guyana, cultivars viz. BR 240, F 710, 
BR 444, Diwani, G96 -196, G98-30-3, G 98-135, GRDB 9, 
GRDB 10, GRDB 11, GRDB 12, GRDB 13, and GRDB 14 
in cultivation were released as blast resistant. Also recently 
the results of all seasons and all three locations showed the 
consistent expression of high resistance by genotype FL 127 
followed by FG12–08 and FG12–273 [174]. 

In China (Jiangxi province), out of 50 rice genotypes 72.0% 
showed resistance to leaf blast; 20.0% showed medium 
resistance and 8.0% were moderately susceptible [75]. In Iran, 
Pasha et al. [110] use blast isolate IA-82 to screen rice 
germplasm and found IRBL5-M, IRBLZ5-CA, B40, 
CT18235-3-9-1-2-3-4 and CT18617-6-2-2-3-1 genotypes were 
highly susceptible; CT18615-1-5-1-2-1, IRBL12-M, 
CT18232-5-9-1-2-6-3, IRBLZT-T, and IR33225-45-3-1-1 
genotypes were moderately resistant and also 48 other 
genotypes were resistant to IA-82 isolate. Of recent, there has 
been a renewed interest by rice breeders and plant pathologist 
to study partial resistance because of the belief that partial 
resistance was more stable and long lasting. Mohaptra et al. 
[89] in two season testing found 12 and 19 genotypes among 
the 42 genotypes tested to possess partial resistance in two 
different clusters. RoyChowdhury [126] studied the resistance 

at molecular level in 167 germplasms employing SSR markers 
and pathogenicity assays and reported the presence of Pib blast 
resistant gene in 109 germplasms. The other 52 germplasms 
were observed with differential responses to the blast races 
IB54, IE1k, and IB1. From this, it is inferred that the 
germplasms may possess R gene (s) other than Pib gene. 
Likewise, Sharma [133] has reported the identification and 
cloning of more than 85 and 14 blast resistant genes, 
respectively. He also cloned a resistant gene, Pi-kh (now 
designated Pi54) from rice line Tetep. 

3.3.2. Sheath Blight Resistance and Slow Blighting 

The use of resistance is known to be the most environment 
friendly and economical way of managing the sheath blight 
disease [79]. A major breeding goal for many rice growing 
countries is the development of high yielding cultivars 
combined with resistance to sheath blight. An extensive 
research has been done over the years to identify source of 
resistance in rice germplasms [138, 58, 28]. In India 
(Hyderabad, Andhra Pradesh) one hundred elite advanced 
breeding rice lines were screened for resistant reactions to 
different diseases including sheath blight (R. solani). Only 
four genotypes viz. IET-16958, IET-14277, IET-17159 and 
IET-17048 were found to be moderately resistant to sheath 
blight [41]. Similarly, Biswas [15] screened, 161 germplasms 
in Kharif (wet) season, 1999 against sheath blight disease (R. 

solani) under artificial inoculated conditions. However, no 
genotype recorded resistant reaction; six expressed moderate 
reaction and the others (155) observed with susceptible 
reactions. Mew et al. [83] have evaluated in excess of 30,000 
rice germplasm accessions at IRRI. In spite this, no effective 
source of resistance to the sheath blight pathogen has been 
identified. Further, the screening of various germplasms for 
sheath blight resistance were exhaustively done by various 
researchers and no complete donor level resistance has been 
found [78, 141, 159, 35]. 

Large variations in the level of resistance to the sheath 
blight pathogen under field condition was demonstrated by 
many researchers. Interestingly, [118] tested 60 wild Oryza 
spp. germplasms from 15 species in laboratory, greenhouse 
and field conditions. The researchers found seven accessions 
(IRGC100898, IRGC104705, IRGC104443, IRGC100223, 
IRGC100943, IRGC105306 and IRGC105979) from five 
Oryza spp viz. O. meridionalis, O. barthii, O. nivara, O. 

officinalis, and O. sativa as moderately resistant to sheath 
blight disease. Likewise, Mohanta et al. [88] screened a total 
of 28 bred restored lines and 4 standard controls against 
sheath blight (R. solani), during the ‘t. aman’ and ‘boro’ 
seasons under natural field conditions and found none to be 
susceptible. Similarly, a total of 35 inbred and 13 hybrid 
varieties were tested by Latif et al. [76] and found moderate 
susceptibility to sheath blight disease. Also, Rush et al. [127] 
used the conventional breeding techniques such as, modified 
recurrent selection and backcross breeding methods over 25 
years and registered 25 germplasms as resistant and 
moderately resistant for sheath blight with disease rating 
ranged from 3.3 to 5.2%. 
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Persaud [113], also tested 39 rice genotypes against sheath 
blight disease under natural field conditions and found two 
genotypes (R-1249-1440-3-1 and R-1240-927-3-1056-1) as 
immune and one (Shyamala) as resistant. In a separate 
research by Persaud [113], 38 rice germplasms were 
evaluated against sheath blight disease under artificial 
inoculated conditions for identification of slow blighting 
disease developing ability. He observed lowest percent 
disease severity (5.65%) with intermediate between resistant 
and susceptible disease reaction in Rasi germplasm. Also, 
reported the lowest AUDPC expressed by germplasm VL-
30029 (478.31) and highest by germplasm R 1831-RF-16 
(847.14). Similarly, the mean apparent infection rate at the 
exponential growth ranged from 0.0285 (RP 4353-MSC 28-
13-3-1-1-3) to 0.1982 (Rasi). Genotypes SJR 38 and RP 
4353-MSC 28-13-3-1-1-3 expressed a continuous decrease in 
rate of development. This indicates that the host resistance 
may have been involved in the reduction of the rate of 
disease development. Dey et al. [25] screened 1013 
germplasm from different background during 2012-2014 and 
found seven genotypes viz. 10-3 (Introgression line), SM 801 
(N 22 mutant), Wazuhophek, Ngnololasha, Phougak (land 
races from north east) and Gumdhan and RP 2068-18-3-5 
(gall midge biotype differential) as moderately resistant to 
sheath blight. Also recently, fourteen genotypes found to 
express highly resistant to resistant reaction to sheath blight 
disease from 5 experiment carried out under artificial 
inoculated and natural field conditions in Guyana [172]. 

The challenges in development of commercial resistant 
varieties still exists due to non-availability of appropriate 
resistant sources. The R. solani pathogen is known to have a 
broad host range and resistance appear to be quantitative in 
nature controlled by polygenes [159]. Many other researchers 
have also utilized various advanced molecular techniques to 
study the whole genome of the rice to identify non-
synonymous single nucleotide polymorphism (nsSNPs) and 
candidate genes for resistance to sheath blight [138]. These 
researchers identified two accessions of O. nivara with a 
resistant nsSNP alleles. Similarly, Liu et al. [78] confirmed 
quantitative trait loci (QTLs) of 216 recombinant inbred lines 
and found major ShB-QTL qShB9-2 based on the field data. 

The pathogen variability was viewed as the principal 
explanation for the instability of resistance in the field [108, 
72]. However, breakdown of resistance can be attributed to 
extreme heterogeneity and variability of virulence in the 
pathogen, inappropriate use of resistance genes, inadequate 
resistance testing and evaluation method, or a combination of 
these features [168]. The pathogen’s remarkable ability to 
overcome plant defenses within a short period has made the 
breeding for resistance against sheath blight a constant and 
ongoing challenge. 

3.4. Understanding the Genotype by Environment 

Interactions Analysis by AMMI Model 

Multi-environment testing (MET) trials were used by plant 
breeders in various parts of the world to understand the 
performance of new genotypes being breed and developed for 

adoption to a particular environmental condition, effects of 
various abiotic and biotic stresses, meteorological components 
and cultivating practice. Environmental variables such as soil 
conditions, field management or weather factors influenced the 
expression of genes for the rice blast disease [164]. In order to 
have clear understanding on the interaction of genotypes by 
environment (GxE), many researchers have developed new 
and innovative analytical tools [21]. One such analytical tool 
developed was the Additive Main effects and Multiplicative 
Interaction (AMMI) model and the genotype main effects and 
genotype x environment interaction effects (GGE) model for 
understanding the interaction of the Genotype by Environment 
[38, 39, 91]. 

The AMMI model analysis first accounts for the main 
effects and then applies the principal-component analysis to 
account for the interaction effects [38]. Many researchers 
have successfully demonstrated the potential utility of the 
AMMI models to understand G x E and to identify resistant 
genotypes across varying environments [1, 91, 11, 17]. Yang 
et al. [164] studied the G x E interaction in Japonica high 
quality rice varieties for blast reaction patterns. The 
researchers reported that resistant was dominated by 
genotypes main effect and with a small influence for G X E 
interaction effect. Also, several researchers have 
demonstrated the interaction of genotypes can be suitably 
predicted by the two PCAs’ [37, 163, 97, 91].. The AMMI 
model analysis also identified the best and average 
environment, the winning genotypes within the various 
mega-environments and stable performance of the genotypes 
[162]. Also recent studies in Guyana revealed that AMMI 
analysis of variance (ANOVA) found resistance was 
dominated by the genotype main effect. Further found that 
screening at Onverwagt Back, autumn 2016 (E7) and Black 
Bush Polder, spring 2015 (E5) to be the most representative 
environment Likewise, E4 (Canje, autumn 2015) observed 
closer to the ideal test environment^, thus suggested as an 
ideal environment for blast resistant screening [174]. 

3.5. Proteomic Analysis Between Highly Resistant and 

Susceptible Genotypes 

Proteomic analysis is a great means to study alterations in 
protein expression in response to a number of abiotic stresses 
and biotic [157]. As per Nature [96] website “Proteomics 
refers to the systematic identification and quantification of 
the complete complement of proteins (the proteome) of a 
biological system (cell, tissue, organ, biological fluid, or 
organism) at a specific point in time. Mass spectrometry is 
the technique most often used for proteomic analysis,” [96]. 

When the rice plant challenged by the infection of various 
pathogenic microorganism, it react differently by triggering 
of an array of defense responses, often referred to as the 
‘basal resistance’ [16, 19]. The pathogens can bypass this 
first line of defense by giving off effector molecules. These 
effectors molecules are often recognized by the resistance 
proteins that coded for major R-genes thereby providing 
effector-triggered plant immunity (ETI) [60, 55]. The similar 
defense response of plant response was explained by Boller 
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and He [16]; Flor [34] when they demonstrated the ‘gene-for-
gene’ concept. The present understanding of differential 
response of the host to infection provide a great scope for the 
proteomic analysis. It also offers a new innovative technique 
that allow the complex cellular process occurring within rice 
plant genome to be widely investigated. 

Over the years, extensive researches have been done on 
proteomic studies to investigate the alteration of protein 
expression levels in various plant species exposed to various 
biotic stresses. Ventelon-Debout et al. [151], Shi et al. [136], 
Xu et al. [158] and Huang et al. [51] studied the differential 
expression of proteins on viral infection; Campo et al. [18], 
Ryu et al. [128], and Li et al. [77] demonstrated proteomics 
approach against fungal infection, and Jorrin et al. [61], 
Cheng, McConkey, and Glick. [20], and Xiang et al. [156] 
studied it on bacterial infection. 

Plants have several lines of defense mechanisms [55]. 
Many of the major R genes code for different classes and 
sub-classes of proteins [22]. These plant proteins belong to 
nucleotide-binding site-leucine-rich repeat (NBS-LRR) 
family have been used for pathogen detection [26]. In the rice 
genome greater than 500 NBS-LRR genes have been 
identified [90], and in the Arabidopsis genome close to 150 
NBS-LRR [165]. These NBS-LRR found in plants form the 
largest class of R proteins and extensively used in a number 
of crop breeding for integrating R genes against various 
diseases. Yang et al. [165] demonstrated that the genomes of 
maize, sorghum, and Brachypodium NBS-LRR genes 
transformed into rice, confer resistance to 12 diverse strains 
of M. oryzae. Ryu et al. [128] studied the difference in 
protein expression levels between a resistant line, RIL260 
rice strain carrying the Pi5-mediated disease resistance gene 
to M. oryzae, and susceptible mutants M5465 and M7023. 
Matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) analysis was utilized. 
In this study, eight proteins were differently expressed 
between the resistant and susceptible plants. Also recently, 
Two-Dimensional Difference Gel Electrophoresis (2D-
DIGE) plus Matrix-assisted laser desorption/ionization time-
of-flight-mass spectroscopy (MALDI-TOF MS) and 
TOF/TOF tandem MS/MS was used to study differentially 
regulated proteins between a highly resistant (HR) genotype, 
FL 127 and a highly susceptible (HS) genotype, Rustic 
against blast pathogen in rice. Seventy eight protein spots 
were observed in 2D-gel analysis of HR and HS genotypes 
with a protein expression ratio of twenty protein spots 
predominant in differential expression against blast pathogen. 
These proteins found reported with functions either directly 
or indirectly related to plant defense and stress response, 
transcription and photosynthesis [173]. Therefore, it is 
suggested that proteomic analysis is useful method for 
identifying novel proteins associated in resistant genotypes. 

3.6. Botanicals in Plants Disease Management 

The use of plant extracts for the management of diseases in 
various crop has been studied by many researchers over the 
years [155, 40, 47, 62, 24, 87, 121, 94]. In rice, the use of 

plant products for the management of various pathogenic 
microorganisms has also being explored for the control of 
some of the most destructive diseases [98]. Harish et al. [47] 
investigated the efficacy of fifty plant extracts against rice 
brown spot disease (Bipolaris oryzae (Cochliobolus 

miyabeanus)). Under in vitro, 2 leaf extracts (Nerium 

oleander and Pithecolobium dulce) showed higher percent 
inhibition to mycelial growth (75.1, 77.4%) and spore 
germination (80.0, 80.3%) of B. oryzae. In glasshouse and 
field trial, N. oleander showed 52 and 53% reduction in the 
disease incidence and increase in yield by 15%. Rani and 
Singh [122] demonstrated that seed extracts of Aloe vera and 
Cassia occidentalis at 100% concentration significantly 
reduced X. oryzae. Kagale et al. [62] found a high reduction 
in the sheath blight disease incidence under in vitro and field 
condition when plant extracts of Ipomoea carnea and 

Zizyphus jujube were applied. Venkateswarlu et al. [150] 
tested 15 plant extracts against stem rot of paddy (Sclerotium 

oryzae). Of these, 2% extracts of Andrographis paniculata, 
Calotropis procera and Eucalyptus globules significantly 
reduced the incidence of stem rot. Ghangaonkar [40] 
revealed that Annona squamosa significantly retarded the 
growth of Botrytis cinera by 41% followed by Rhizopus 

arrhizus (29%), R. solani (28%) and Aspergillus niger (11%). 
The extracts of Acorus calamus at 20% inhibited 80% of 

mycelial growth of Drechslera oryzae and reduced 45.29% 
of brown spot disease compared to control [24]. Similar 
results were reported by Khoa et al. [69]. These researchers 
found that foliar spraying and seed soaking of extracts of 
either fresh or dried leaves of Chromolaena odorata caused a 
68% reduction in sheath blight disease under controlled and 
semi-field conditions; 57% decreased in brown spot disease 
(B. oryzae) by using seed treatment, 45% reduction in blast 
(P. oryzae) disease by using foliar spray and a 50% decrease 
in bacterial blight (X. oryzae pv. oryzae) by using both seed 
treatment and foliar sprays. Islam and Monjil [53] tested 6 
plant extracts against sheath blight and found Biskatali 
(Polygonum hydropiper) at 1:10 ratio of application 
significantly reduced the sheath blight disease. Likewise, 
Yadav and Thrimurty [160] also reported the complete 
inhibition of mycelial growth of Sarocladium oryzae by leaf 
extracts of Mentha viridis (M. spicata). 

Many success with the use of the various plant extracts for 
the management of rice disease have been reported by several 
researches. Handique and Singh [46] reported similar finding, 
where Lemongrass oil has showed antimicrobial activity 
against R. solani, Sclerotium rolfsii, and Sclerotinia 

sclerotiorum. More specifically, the lemongrass oil showed 
67% and 100% reduction in the growth of R. solani at 100 and 
1000 ppm respectively. Leaf extracts of Madar plants reported 
for its high inhibition against several fungal pathogens, 
Microsporum boulardii, A. flavus, A. niger and Candida 

albicans compared to the control [109, 166]. Also, the extracts 
of C. arabica exibhit significant inhibitory effect against P. 

oryzae [65]. Recently the extracts of lemon grass and thick leaf 
thyme at 15% found to give effective control of sheath blight 
disease under Guyana agriculture conditions [171]. 
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In addition, several researchers [106, 166] studied the 
presence of phytochemicals compounds in plant extracts. 
Also, many researchers (Venkateswarlu et al. [150]; Gurja et 
al. [44]; Al-Snafi [8]; Parihar and Balekar [109]; Yogi, Gupta 
and Mishra [166] reported that plant extracts possess 
phytochemical compounds with antimicrobial, insecticidal 
and medicinal properties. For instant, Venkateswarlu et al. 
[150] reported the presence of the phytochemical Steroid, 
Tannin, Flavonoid, Alkaloid, and Saponin in bale extracts. 
Gurja et al. [44] also found the bale extracts contain 
phytochemical class terpenoid, which is known for its 
mechanism of membrane disruption in microorganisms. 
Likewise, four unique chemical compounds viz., 
Cordiaquinones A, B, J and K were reported in Black sage 
root for its antifungal activities against Candida albicans, 
Cladosporium cucumerinum and larvicidal properties against 
larvae of Aedes aegypti mosquito [52]. Similarly, Al-Snafi 
[8] and Parihar and Balekar [109] conducted a review and 
found a wide range of pharmacological activities such as 
acaricidal, antimicrobial, insecticidal, larvicidal, anticancer 
and anti-inflammatory activities of Madar plant. 

Also, the authors found phytochemicals such as 
voruscharine, steroids calotropagenin, calotoxin, calotropin, 
calotropagenin and, di and triterpenes such as flavonoids, 
stigmasterol, polyphenolic compounds, β-sitosterol, and also 
various newer reported hydrocarbons and proteins. 

Abu-seif et al. [8] and Handique and Singh [46] found 
traces of phytochemicals flavonoids, terpenoids and phenolic 
compounds in the lemon grass. Equally, essential oils of 
Thymus vulgaris showed effective control of R. solani [68, 
12, 167]. The characterization of T. vulgaris plants 
demonstrated the presence of antifungal compounds viz., 
carvacerol, thymol, p-cymene, γ-terpinene, 1, 8-cineole, 
geranial and β-caryophyllene [12, 167, 49]. These researchers 
suggested that the compounds found in the plant extracts are 
responsible for the antimicrobial activities. The hexane crude 
extract of Alpinia galangal, Curcuma longa and Zingiber 

officinale methanol crude extract showed strong (52.9%, 
49.1% and 43.5%, respectively) inhibitory against 
Pyricularia oryzae in vitro and also reported that antifungal 
activities may be due to the presence of some chemical 
compounds such as alkaloids, saponins, tannins, phenols, 
gylcosides, flavonoids and terpenes recorded from the 
phytochemical test [102].  

3.7. Biological Control Agents in Disease Management 

The use of biocontrol agents have received greater 
attention in the management of plant diseases over the years. 
It has been successfully use for the management of many 
plant diseases. The reports by several researchers [140, 29, 
57, 63, 129, 6, 130, 95, 143] confirmed the successful 
evaluation and identification of bioagents for the control of 
plant diseases [65]. In addition, the growth promotion, 
antagonism and induction of defense enzymes were also 
reported as the mechanism in the biological control of rice 
diseases [131, 47] [132, 66, 82]. Suryadi et al. [142] reported 
that A6 consortium (consisted of Pseudomonas aeruginosa 

C32b, Bacillus firmus E65, Bacillus cereus II. 14) and A2 
(Bacillus firmus E65) significantly inhibited the mycelial 
growth of P. oryzae. Likewise, Singh et al [139] conducted a 
field trial in Uttaranchal, India, to compare relative efficacy 
of commercial formulations and potential isolates of 
Pseudomonas fluorescens against sheath blight of rice. The 
foliar application of the different strains of Fluorescent 

pseudomonads reduced the severity of the sheath blight 
disease. A rice rhizosphere isolate, Pfr 1 showed higher 
reduction in the sheath blight disease incidence and higher 
grain yield. 

Alike was reported by Kazempour [67], and Neha, 
Balabaskar and Naveenkumar [99] where P. fluorescens 
exhibited high antagonistic activity against R. solani in vitro, 
green house and field conditions. Nirmalkar, Said and Kaushik 
[101] also evaluated bioagents against P. oryzae. The 
researchers found that P. fluorocens expressed control of leaf 
blast, while in case of neck blast T. harzianum gave better 
control. Another researcher evaluated 11 P. fluorescens strains 
and reported 4 strains viz. Pf1, Pf2, Pf9 and Pf11 demonstrated 
higher inhibition of mycelial growth, sclerotial lysis and 
germination of R. solani under laboratory condition. In 
addition, these 4 strains showed significantly higher control of 
sheath blight disease under greenhouse conditions [73]. Also, 
Ali and Nadarajah [7] evaluated several strains of Trichoderma 

and Bacillus and found Trichoderma T2 in combination with 
B. substilis UKM1 gave the highest inhibition of mycelial 
growth of P. oryzae and control of the blast disease under field 
conditions. Further research recently found three strains of 
bioagents viz. Bacillus subtilis 5, B. cereus 3S5, and 
Pseudomonas fluorecens 10S2. to be highly effective under in 

vitro and greater than 31% reduction in disease severity than 
the control under field experiment [153]. Also similarly reports 
from research work indicated that B. cereus OG2L at 2 g/L 
demonstrated significant reduction in the sheath blight disease 
severity incidence [171]. 

Many other researchers [6, 57, 130] also reported similar 
success with the use of bioagents in the control of various 
rice diseases, as well as reported positive influence in terms 
of growth parameters and increase in yield. In addition, 
bioagents has been found to induce systemic resistance in 
plants against various pathogens. For instant, Smith and 
Metraux [140] reported the induction of systemic resistance 
in rice against P. oryzae when P. syringae pv. syringae was 
applied. Similarly, Nagendran et al. [95] found the 
application of endophytic bacterial isolate B. subtilis (FZB 
24) on rice plants resulted in a higher induction of defense 
related enzymes viz., phenylalanine ammonia lyase, 
peroxidase, and polyhenol oxidase, as well as resulted in 
increased accumulation of phenol compounds compared to 
control. Also, B. subtilis (FZB 24), treated rice plots revealed 
lower level of bacterial leaf blight (2.80%) and higher straw 
and grain yield as compared to untreated control. Of more 
recent, Amruta et al. [9] evaluated 60 strains of bioagents 
against M. oryzae. The researchers recorded the highest 
percent inhibition of M. oryzae and reduction in blast disease 
by Bacillus amyloliquefaciens treatment as compared to 
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control. Also, Prasanna Kumar et al. [119] reported that B. 

subtilis UASP17 was effective in controlling blast, sheath 
blight and bacterial leaf blight diseases of rice. The B. subtilis 
UASP17 treated plots also recorded an increase in yield 
compared to untreated control. 

3.8. New Generation Fungicides 

The use of agrochemicals has been one of the most widely 
used methods for the management of plant diseases over many 
years. In the past, there has been the highly dependent on old, 
highly toxic and hazardous fungicides [5, 143]. Thus, the 
continuous use of fungicide molecules with same mode of 
action could lead to problems such as development of 
resistance in pathogens. Also, the over use of highly toxic 
chemicals resulted in pesticide residues and negative impact to 
the environment [35, 10]. Over the years, several researchers 
have successfully evaluated new available fungicides for the 
efficacy against a number of plant diseases [122]. In case of 
rice diseases, Bhattacharya and Roy [13] screened several 
chemicals against R. solani and reported Calcium nitrate, 
Sodium selenite, Ferric chloride Lithium sulphate, Sodium 
fluorine and Zinc β-sulphate, were highly efficent in 
decreasing both lesion number and lesion length of sheath 
blight disease in labartory and field experiments. Also, 
Kandhari and Gupta [64] conducted an experiment to test the 
efficacy of two new fungicides GFT-10 (S-methyls, s-diphenyl 
phosphorothioate) and Folicur (tebuconazole) against sheath 
blight disease in rice (cv. Pusa Basmati-1) under greenhouse 
conditions. The researchers reported that both fungicides 
applied as foliar spray significantly reduced the incidence of 
sheath blight disease compared to the untreated control. 
Similarly, Thapak et al. [145] investigated the efficacy of 
fungicides on rice cv. Kranti against sheath rot caused by 

Sarocladium oryzae and found that all the formulations 
(Antracol-Propineb; Tilt-Propiconazole; Bavistin-
Carbendazim) tested were effective against the disease. 
Likewise, Venkateswarlu and Chauhan [149] evaluated the 
efficacy of 12 fungicides against sheath rot disease in vitro and 
in vivo. Under in vitro condition, Benomyl, Carbendazim and 
Copper oxychloride expressed high inhibition of the pathogen; 
while under in vivo conditions, Mancozeb, Carbendazim and 
Propiconazole showed significantly higher percent reduction in 
sheath rot disease incidence. Also the fungicide treated plots 
showed higher 1000 grain weight, grain and straw yield as 
compared to untreated control. In more recent study by Gupta 
et al. [43], seven different fungicides were tested against the 
brown spot disease in rice. The researchers found 
propiconazole at 250 ppm was effective with a 97% inhibition 
of the brown spot pathogen in vitro. Under field conditions, 
seven fungicides were evaluated on 3 rice varieties (Jaya, 
Basmati-370 and PC-19) at 0.1% concentration. The 
application of propiconazole significantly reduced the brown 
spot disease incidence by 73, 69 and 70% for the 3 varieties 
respectively and increased the grain yield by 1.9, 1.2 and 2.1 
t/ha compared to their respective controls. Later in 2014, 
Kumar and Veerabhadraswamy [74] tested various 
combination of fungicides against blast disease and reported 

combination fungicides, RIL-068/F1 48 WG (Kresoxim 
methyl 40% + Hexaconazole 8% WG), Dhanucop Team 
(Tricyclazole 75% WP) and Conika 50% WP (Kasugamycin 
5% + Copper Oxychloride 45% WP) were effective against 
blast pathogen. The reason for the combination fungicides to 
be more effective against the pathogen is attributed to the 
display of different mode of action. Also, Jagadeeshwar et al. 
[56] evaluated five new generation fungicides against the blast 
pathogen and found that application of Metaminostrobin 20 
SC (at 0.5, 1.5 and 2.0 ml/L) was effective in control of blast 
besides registering superior grain yield in rice. More recently, 
Hegde [48] evaluated a new molecule against blast and sheath 
blight diseases over a two year period. The results indicated 
that Tebuconazole at 0.2% has significantly reduced the 
incidence of sheath blight (10.24%) and blast (17.72%), and 
increased the grain yield compared to untreated control. 
Likewise, Pramesh et al. [117] screened 8 new generation 
fungicides against blast and sheath blight disease during 2014 
and 2015. The researchers reported the combination fungicide 
Nativo 75 WG (Trifloxystrobin 25% + Tebuconazole 50%) 
was most effective with the least percent disease severity and 
recorded significant increase in the grain yield as compared to 
the other treatment and control. Also, Mushineni et al. [92] 
evaluated 7 new generation fungicides against R. solani. In this 
research, Azoxystrobin 23% SC followed by the Tebuconazole 
50% + Trifloxystrobin 25%WG gave higher disease reduction 
(69.27 and 68.00%) and grain yields (6.9t/ha and 6.67t/ha) 
respectively, as compared to the other treatments and untreated 
control. Likewise, new generation fungicides viz., Antracol 
70WP at 2.5 g/L, Nativo 0.5 g/L and Serenade 1.5 ml/L 
recorded low percent disease severity compared to untreated in 
greenhouse and field trials [171]. 

4. Conclusion 

The goal is to move away from the heavy reliance on use 
of old and harmful pesticides, overuse, frequent outbrakes, 
high environmental pollution and reduction of pesticides 
residues in grains. Some of the measures require to be 
adopted in order to mitigate the imminent danger possed by 
blast and sheath blight disease in particular is the 
development and use of highly stable blast resistant cultivars, 
identify cultivars that are resistant to sheath blight or 
showing slow blighting effect, evaluation of widely avaliable 
plant extracts and biocontrol agents, as well as to evaluate the 
new generation type of fungicides that are more friendly to 
the ecosystem and environment. Also, the study of the 
differential protein expression of highly blast resistant and 
susceptible genotypes open a pathway for further detail DNA 
and molecular approach for breeding of blast resistant 
cultivars. These are some of the areas that should be explored 
and utilized for the effective and sustainable management of 
the blast and sheath blight disease. The utilization of these 
approaches provide a gate way for the significant reduction 
of some of the major problems, such as overuse, outbreaks, 
residues and environmental pollutions, that presently 
challenge the rice industry globally. 



417 Rajendra Persaud et al.:  Managing the Imminent Danger of Rice Blast (Pyricularia oryzae Cav.) and Sheath  
Blight (Rhizoctonia solani Kühn) Disease: A Critical Review Article 

Authors’ Contribution 

First author Rajendra Persaud did the review, wrote and 
edited the manuscript and the other author assist with reading 
and checking of the manuscript. 

Conflict of Intrest 

The authors declare that there is no potential conflict of 
interest with this review. 

Acknowledgements 

The first author is thankful to Guyana Rice Development 
Board (GRDB) for the necessary funding support and 
facilities. Also, UWI for providing unlimited access to the 
Alma Jordon Library to conduct this review. 

 

References 

[1] Abamu, F. J., E. A. Akinsola, and K. Alluri. 1998. “Applying 
the AMMI Models to Understand Genotype-by-Environment 
(GE) Interactions in Rice Reaction to Blast Disease in Africa.” 
International Journal of Pest Management 44 (4): 239-245. 

[2] Abu-Seif, F. A., Sh M. Abdel-Fattah, Y. H. Abo Sreia, and M. M. 
Ramadan. 2009. “Antifungal Properties of Some Medicinal Plants 
against Undesirable and Mycotoxin-Producing Fungi.” Mansoura 
University Journal of Agricultural Sciences 34: 1745-1756. 

[3] Ahn, S. W., and A. Mulekar 1986. “Rice Blast Management 
under Upland Condition”. In Progress in Upland Rice 
Research, edited by International Rice Research Institute 
(IRRI), 363 -374. IRRI: Los Banos, Philippines. 

[4] Ahn, S. W. 1994. “International Collaboration on Breeding for 
Resistance to Rice Blast.” In Rice Blast Disease, edited by 
Zeigler, R. S., S. A. Leong, and P. S. Teng, 137-153. CAB 
International: United Kingdom. 

[5] Aktar Md. Wasim, Dwaipayan Sengupta, and Ashim 
Chowdhury. 2009. “Impact of Pesticides Use in Agriculture: 
Their Benefits and Hazards.” Interdisciplinary Toxicology 2 
(1): 1-12. doi: 10.2478/v10102-009-0001-7. 

[6] Ali Khan, Ashraf, and A. P. Sinha. 2006. “Influence of 
Formulations, Doses and Time of Application of Fungal Bio-
Agents on Rice Sheath Blight.” Annals of Plant Protection 
Sciences 14 (1): 157-161. 

[7] Ali, Hamdia and Kalaivani Nadarajah. 2014. “Evaluating the 
Efficacy of Trichoderma spp and Bacillus substilis as 
Biocontrol Agents against Magnaporthe grisea in Rice.” 
Australian Journal of Crop Science 8 (9): 1324-1335. 

[8] Al-Snafi, Ali Esmail. 2016. “Beneficial Medicinal Plants in 
Digestive System Disorders (Part 2): Plant Based Review.” 
IOSR Journal of Pharmacy 6 (7): 8-92. 

[9] Amruta, N., M. K. Prasanna Kumar, S. Narayanaswamy, 
Malali Gowda, B. C. Channakeshava, K. Vishwanath, and H. 
P. Ranjitha. 2016. “Isolation and Identification of Rice Blast 
Disease-Suppressing Antagonistic Bacterial Strains from the 
Rhizosphere of Rice." Journal of Pure and Applied 
Microbiology 10 (2): 1043-1054. 

[10] Amoghavarsha C. et al. (2021) Chemicals for the 
Management of Paddy Blast Disease. In: Nayaka S. C., 
Hosahatti R., Prakash G., Satyavathi C. T., Sharma R. (eds) 
Blast Disease of Cereal Crops. Fungal Biology. Springer, 
Cham. https://doi.org/10.1007/978-3-030-60585-8_5 

[11] Anisuzzaman, M., M. R. Islam, H. Khatun, M. S. Miah, and P. 
S. Biswas. 2014. “Analysis of G × E Interaction by using the 
AMMI in Advanced Rice Genotypes.” Eco-friendly Agril. J. 7 
(10): 119-123. 

[12] Arraiza, María P., María P. Andrés, Carlos Arrabal, and José 
V. López. 2009. “Seasonal Variation of Essential Oil Yield and 
Composition of Thyme (Thymus vulgaris L.) Grown in 
Castilla-La Mancha (Central Spain)." Journal of Essential Oil 
Research 21 (4): 360-362. 

[13] Bhattacharyya, A., and A. K. Roy. 2001. “Effect of Resistance 
Inducing Chemicals in Rice (Oryza sativa) against Sheath 
Blight under Field Condition.” Indian Journal of Agricultural 
Sciences 71 (2): 139-141. 

[14] Bhuvaneswari, V., and S. Krishnam Raju. 2012. “Efficacy of 
New Combination Fungicide against Rice Sheath Blight 
Caused by Rhizoctonia solani (Kuhn).” Journal of Rice 
Research 5 (1&2): 57-60. 

[15] Biswas, A. 2000. “Resistance of Rice Entries to Sheath Blight 
Disease in West Bengal, India.” Environment and Ecology. 18 
(2): 516-517. 

[16] Boller, Thomas, and Sheng Yang He. 2009. “Innate Immunity 
in Plants: An Arms Race between Pattern Recognition 
Receptors in Plants and Effectors in Microbial Pathogens.” 
Science 324 (5928): 742-744. doi: 10.1126/science. 1171647. 

[17] Bose, Lotan Kumar, Nitiprasad Namdeorao Jambhulkar, 
Kanailal Pande, and Onkar Nath Singh. 2014. “Use of AMMI 
and Other Stability Statistics in the Simultaneous Selection of 
Rice Genotypes for Yield and Stability under Direct-Seeded 
Conditions.” Chilean Journal of Agricultural Research 74 (1): 
3-9. doi: 10.4067/S0718-58392014000100001. 

[18] Campo, Sonia, Montserrat Carrascal, Maria Coca, Joaquin 
Abián, and Blanca San Segundo. 2004. “The Defense 
Response of Germinating Maize Embryos against Fungal 
Infection: A Proteomic Approach. Proteomics 4 (2): 383-396. 
doi: 10.1002/pmic.200300657. 

[19] Campos-Soriano, Lidia, Jose´ Manuel Garcı´a-Garrido, and 
Blanca San Segundo. 2010. “Activation of Basal Defense 
Mechanisms of Rice Plants by Glomus intraradices does not 
affect the Arbuscular Mycorrhizal Symbiosis.” New 
Phytologist 188: 597-614. doi: 10.1111/j.14698137.2010. 
03386.x. 

[20] Cheng, Zhenyu, Brendan J. McConkey, and Bernard R. Glick. 
2010. “Proteomic Studies of Plant Bacterial Interactions.” Soil 
Biology and Biochemistry 42: 1673-1684. doi: 
10.1016/j.soilbio.2010.05.033. 

[21] Cooper, M., and I. H. DeLacy. 1994. “Relationships among 
Analytical Methods used to Study Genotypic Variation and 
Genotype-By-Environment Interaction in Plant Breeding 
Multi-Environment Experiments.” TAG Theoretical and 
Applied Genetics 88 (5): 561-572. 

[22] Dangl, Jeffery L., and Jonathan D. G. Jones. 2001. “Plant 
Pathogens and Integrated Defence Responses to Infection.” 
Nature 411 (6839): 826-833. doi: 10.1038/35081161. 



 American Journal of Agriculture and Forestry 2021; 9(6): 409-423 418 
 

[23] Dean, Ralph A., Nicholas J. Talbot, Daniel J. Ebbole, Mark L. 
Farman, Thomas K. Mitchell, Marc J. Orbach, Michael Thon, 
et al. 2005. “The Genome Sequence of the Rice Blast Fungus 
Magnaporthe grisea.” Nature 434 (7036): 980-986. 

[24] Devi, Oinam Jitendiya, and G. K. N. Chhetry. 2013. 
“Evaluation of Antifungal Properties of Certain Plants against 
Drechslera oryzae causing Brown Leaf Spot of Rice in 
Manipur Valley.” International Journal of Scientific and 
Research Publications 3 (5): 1-3. 

[25] Dey, Susmita, Jyothi Badri, V. Prakasam, V. P. Bhadana, K. B. 
Eswari, G. S. Laha, C. Priyanka, Aku Rajkumar, and T. Ram. 
2016. “Identification and Agro-Morphological 
Characterization of Rice Genotypes Resistant to Sheath 
Blight." Australasian Plant Pathology 45 (2): 145-153. 

[26] DeYoung, Brody J., and Roger W. Innes. 2006. “Plant NBS-
LRR Proteins in Pathogen Sensing and Host Defense.” Nature 
immunology 7 (12): 1243-1249. doi: 10.1038/ni1410. 

[27] Divya, B., A. Biswas, S. Robin, R. Rabindran, and A. John 
Joel. 2014. “Gene Interactions and Genetics of Blast 
Resistance and Yield Attributes in Rice (Oryza sativa L.)” 
Journal of Genetics 93 (2): 415-424. 

[28] Dubey, A. K., R. T. P. Pandian, H. Rajasekara, M. Kumari, 
and U. D. Singh. 2014. “Evaluation of Rice Genotypes for 
their Reaction to Sheath Blight Disease.” Annals of Agri-Bio 
Research 19 (4): 737-740. 

[29] Eswaramurthy, S., V. Mariappan, M. N. Alagianagalingam, K. 
S. Subramaniam, A. Sankaralingam, E. G. Ebenezer, and P. 
Raja. 1996. “Efficacy of Ipomoea cornea in Controlling Rice 
Sheath Rot.” International Rice Research Notes. 21 (1): 50. 

[30] Ezuka, A. 1972. “Feel of Rice Varieties to Blast. Rev. of Pl. 
Prot. 5: 1-21. 

[31] Ezuka, A. 1979. “Breeding for Genetic of Blast Resistance in 
Japan. In Proceeding of the rice blast workshop, edited by 
International Rice Research Institute (IRRI), 27-48. IRRI: Los 
Banos, Philippines. 

[32] Fahad, Shah, Lixiao Nie, Faheem Ahmed Khan, Yutiao Chen, 
Saddam Hussain, Chao Wu, Dongliang Xiong, et al. 2014. 
“Disease Resistance in Rice and the Role of Molecular 
Breeding in Protecting Rice Crops against Diseases.” 
Biotechnol. Lett. doi: 10.1007/s.10529-014-1510-9. 

[33] FAOSTAT. 2014. “Food and Agricultural Organization of the 
United Nations Statistics”. Accessed on November, 2017. 
Accessed October, 2017. http://www.fao.org/faostats/en/ 
#data/QC. 

[34] Flor, H. H. 1971. “Current Status of the Gene-For-Gene 
Concept.” Annu Review. Phytopathology 9: 275-296. 
Accessed 01st December, 2017. http://dx.doi.org/ 
10.1146/annurev.py.09.090171.001423. 

[35] Gaihre, Yuba Raj, and Akihiro Nose. 2013. “High Yielding 
Capabilities and Genetic Variation in Crossing of Sheath 
Blight Disease Resistant Rice Line.” Field Crops Research 
149: 133-140. Accessed 10th November, 2017. 
http://dx.doi.org/10.1016/ j.fcr.2013.04.009. 

[36] Garrett, Karen A., Shauna P. Dendy, Erin E. Frank, Matthew 
N. Rouse, and Steven E. Travers. 2006. “Climate Change 
Effects on Plant Disease: Genomes to Ecosystems.” Annu. 
Rev. Phytopathol. 44: 489-509. doi: 10. 
1146/annurev.phyto.44.070505.143420. 

[37] Gauch, H. G. Jr. and R. W. Zobel. 1996. “AMMI Analysis of 
Yield Trials.” In Genotype by Environment Interaction, edited 
by M. S. Kang, and H. G. Gauch, 85. CRC Press, Boca Raton, 
FL. 

[38] Gauch, Hugh G. Jr. 2006. “Winning the Accuracy Game”. 
Sigma Xi, The Scientific Research Society. American 
Scientist, 94: 133-141. April-March. 

[39] Gauch, Hugh G. Jr. 2013. “Review and Interpretation: A 
Simple Protocol for AMMI Analysis of Yield Trials.” Crop 
Science 53: 1860-1869. doi: 10. 
2135/cropsci2013.04.0241. 

[40] Ghangaonkar, N. M. 2007. “Efficacy of Plant Extracts on the 
Post-Harvest Fungal Pathogens of Onion Bulbs.” Bioinfolet. 4 
(4): 291-294. 

[41] Goel, R. K. and J. S. Lore. 2004. “Some Sources of Multiple 
Disease Resistance in Rice in the Irrigated Agro-Ecosystem in 
North-Western India.” Plant Disease Research Ludhiana. 19 
(2): 167-168. 

[42] Goff, Stephen A. 1999. “Rice as a Model for Cereal 
Genomics.” Current Opinion in Plant Biology 2 (2): 86-89. 

[43] Gupta, Vishal, Naveed Shamas, V. K. Razdan, B. C. Sharma, 
Rishu Sharma, Kavaljeet Kaur, Ichpal Singh, Dolly John, and 
Atul Kumar. 2013. “Foliar Application of Fungicides for the 
Management of Brown Spot Disease in Rice (Oryza sativa L.) 
Caused by Bipolaris oryzae.” Afr. J. Agric. Res. 8 (25): 3303-
3309. doi: 10.5897/AJAR2013.7182. 

[44] Gurjar, Malkhan Singh, Shahid Ali, Masood Akhtar, 
Kangabam Suraj Singh. 2012. “Efficacy of Plant Extracts in 
Plant Disease Management.” Agricultural Sciences 3 (3): 425-
433. Accessed 03rd November, 2017. http://dx. 
doi.org/10.4236/as.2012.33050. 

[45] Guyana Rice Development Board (GRDB). 2013. Technical 
Annual Report, GRDB. Accessed 06th October, 2017, 
http://www.grdb.gy/. 

[46] Handique, A. K., and H. B. Singh. 1990. “Antifungal Action 
of Lemongrass Oil on Some Soil-Borne Plant Pathogens.” 
Indian Perfumer 34 (3): 232-234. 

[47] Harish, Sankarasubramanian, Duraisamy Saravanakumar, 
Ramalingam Radjacommare, E. G. Ebenezar, and K. 
Seetharaman. 2008. “Use of Plant Extracts and Biocontrol 
Agents for the Management of Brown Spot Disease in Rice.” 
BioControl 53 (3): 555-557. Accessed in 12th November, 
2017. https://doi.org/10.1007/s10526-007-9098-9. 

[48] Hegde, Gurudatt M. 2015. “Efficacy of Tebuconazole 25% 
WG against Blast and Sheath Blight Diseases of Rice in 
Central Western Ghats of Uttar Kannada District.” ORYZA-An 
International Journal on Rice 52 (3): 222-226. 

[49] Horváth, Györgyi, László Gy Szabó, Éva Héthelyi, and Éva 
Lemberkovics. 2006. “Essential Oil Composition of Three 
Cultivated Thymus Chemotypes from Hungary." Journal of 
Essential Oil Research 18 (3): 315-317. Accessed 
15thNovember, 2017. 
https://doi.org/10.1080/10412905.2006.9699101. 

[50] Huang, Xianzhong, Qian Qian, Zhengbin Liu, Hongying Sun, 
Shuyuan He, Da Luo, Guangmin Xia, et al. 2009. “Natural 
Variation at the DEP1 Locus Enhances Grain Yield in Rice.” 
Nature Genetics: 1-14. doi: 10.1038/ ng.352. 



419 Rajendra Persaud et al.:  Managing the Imminent Danger of Rice Blast (Pyricularia oryzae Cav.) and Sheath  
Blight (Rhizoctonia solani Kühn) Disease: A Critical Review Article 

[51] Huang, Ying, Hong-Yu Ma, Wei Huang, Feng Wang, Zhi-
Sheng Xu, and Ai-Sheng Xiong. 2016. “Comparative 
Proteomic Analysis Provides Novel Insight into the 
Interaction between Resistant vs Susceptible Tomato Cultivars 
and TYLCV Infection.” BMC Plant Biology 16 (162): 1-21. 
doi: 10.1186/s12870-016-0819-z. 

[52] Ioseta, Jean-Robert, Andrew Marstona, Mahabir P. Guptab, 
Kurt Hostettmann. 2000. “Antifungal and Larvicidal 
Cordiaquinones from the Roots of Cordia curassavica.” 
Phytochemistry 53: 613-617. 

[53] Islam, M. M., and M. S. Monjil. 2016. “Effect of Aqueous 
Extracts of Some Indigenous Medicinal Plants on Sheath 
Blight of Rice.” Journal of the Bangladesh Agricultural 
University 14 (1): 7-12. 

[54] Izawa, Takeshi and Ko Shimamoto. 1996. “Becoming a Model 
Plant: The Importance of Rice to Plant Science.” Trends in 
Plant Science 1 (3): 95-99. Accessed 03rd December, 2017 
https://doi.org/10.1016/S1360-1385 (96)80041-0. 

[55] Jacob, Florence, Saskia Vernaldi, and Takaki Maekawa. 2013. 
“Evolution and Conservation of Plant NLR Functions.” Frontiers 
in immunology 4 (297): 1-16. doi: 10.3389/fimmu.2013.00297. 

[56] Jagadeeshwar, R., N. Rama Gopala Varma, P. Raghu Rami 
Reddy, Ch. Surender Raju, S. Vanisree, B. Gopal Reddy, and S. 
Dayakar. 2014. “Screening of New Fungicides against Location 
Specific Diseases of Rice Occurring in Southern Telangana 
zone of Andhra Pradesh.” The J. Res. Angrau. 42 (1) 18-21. 

[57] Jayaraj, J., H. Yi, G. H. Liang, S. Muthukrishnan, and R. 
Velazhahan. 2004. “Foliar application of Bacillus subtilis 
AUBS1 Reduces Sheath Blight and Triggers Defense 
Mechanisms in Rice.” Journal of Plant Diseases and 
Protection 111 (2): 115-125. Accessed 11th November, 2017. 
http://www.jstor. org/stable/43215569. 

[58] Jia, Limeng, Wengui Yan, Chengsong Zhu, Hesham A. 
Agrama, Aaron Jackson, Kathleen Yeater, Xiaobai Li, et al. 
2012. “Allelic Analysis of Sheath Blight Resistance with 
Association Mapping in Rice.” PLoS One 7 (3): e32703. 
Accessed 01st November, 2017. 
https://doi.org/10.1371/journal. pone.0032703. 

[59] Jia, Yulin. 2003. “Marker Assisted Selection for the Control of 
Rice Blast Disease.” Pesticide Outlook 14 (4): 150-152. doi: 
10.1039/B308503C. 

[60] Jones, Jonathan D. G., and Jeffery L. Dangl. 2006. “The Plant 
Immune System.” Nature 444 (7117): 323-329. doi: 
10.1038/nature05286. 

[61] Jorrín, J. V., D. Rubiales, E. Dumas-Gaudot, G. Recorbet, A. 
Maldonado, M. A. Castillejo, and M. Curto. 2006. 
“Proteomics: A Promising Approach to Study Abiotic 
Interaction in Legumes. Euphytica 147 (1-2): 37-47. doi: 
10.1007/s10681-006-3061-1. 

[62] Kagale, Sateesh, Thambiayya Marimuthu, Jayashree Kagale, 
Balsamy Thayumanavan, and Ramasamy Samiyappan. 2011. 
“Induction of Systemic Resistance in Rice by Leaf Extracts of 
Zizyphus jujuba and Ipomoea carnea against Rhizoctonia 
solani.” Plant Signal Behavior 6 (7): 919-23. doi: 10. 
4161/psb.6.7.15304. 

[63] Kaithikeyan, M., V. Jayakumar, K. Radhika, R. Bhaskaran, R. 
Velazhahan, and D. Alice. 2005. “Induction of Resistance in 
Host against Infection of Leaf Blight Pathogen (Altarnaria 
palandui) in Onion (Allium cepa var aggregatum).” Indian 

Journal of Biochemistry and Biophysics 42: 371-377. 

[64] Kandhari, J., and R. L. Gupta. 2003. “Efficacy of Fungicides 
and Resistance Inducing Chemicals against Sheath Blight of 
Rice.” Journal of Mycopathological Research 41 (1): 67-69. 

[65] Kapil S., and Rabin T. 2021. Rice Blast, A Major Threat to the 
Rice Production and its Various Management Techniques. 
https://www.researchgate.net/publication/354176459. DOI: 
10.13140/RG.2.2.34303.53924. 

[66] Karthiba, Loganathan, Kandasamy Saveetha, Seetharaman 
Suresh, Thiruvengadam Raguchander, Duraisamy 
Saravanakumar, and Ramasamy Samiyappan. 2010. “PGPR 
and Entomopathogenic Fungus Bioformulation for the 
Synchronous Management of Leaffolder Pest and Sheath 
Blight Disease of Rice.” Pest Management Science 66 (5): 
555-564. doi: 10.1002/ps.1907. 

[67] Kazempour, N. M. 2004. “Biological Control of Rhizoctonia 
solani, the Causal Agent of Sheath Blight by Antagonistics 
Bacteria in Green House and Field Condition.” Plant 
Pathology Journal. 3 (2): 88-96. 

[68] Khaledi, Nima, Parissa Taheri, and Saeed Tarighi. 2015. 
“Antifungal Activity of Various Essential Oils against 
Rhizoctonia solani and Macrophomina phaseolina as Major 
Bean Pathogens." Journal of applied microbiology 118 (3): 
704-717. doi: 10.1111/jam.12730. 

[69] Khoa, Nguyễn Đắc, Phan Thị Hồng Thúy, Trần Thị Thu Thủy, 
David B. Collinge, and Hans Jørgen Lyngs Jørgensen. 2011. 
"Disease-Reducing Effect of Chromolaena odorata Extract on 
Sheath Blight and Other Rice Diseases." Phytopathology 101 
(2): 231-240. doi: 10.1094/ PHYTO-04-10-0113. 

[70] Khush, G. S., and Jena, K. K. (2009). “Current Status and Future 
Prospects for Research on Blast Resistance in Rice (Oryza sativa 
L.),”In Advances in Genetics, Genomics and Control of Rice Blast 
Disease, edited by G. L. Wangand B. Valent (Dordrecht: 
Springer), 1-10. doi: 10.1007/978-1-4020-9500-9 1. 

[71] Khush, Gurdev S. 2005. “What it will take to Feed 5.0 Billion 
Rice Consumers in 2030.” Plant Molecular Biology 59: 1-6. 
doi: 10.1007/s11103-005-2159-5. 

[72] Kiyosawa, Shigehisa. 1972. “Effect of Addition of Field 
Resistance to Variety with True Resistance.” Japan J. Breed. 
22 (3): 140-141. 

[73] Krishna, Kumari P. 2016. "Antagonistic Effect of 
Pseudomonas fluorescens on Rhizoctonia solani Kuhn, 
causing Sheath Blight Disease in Rice." Asian Journal of 
Science and Technology 7 (2): 2364-2368. 

[74] Kumar, M. K. Prasanna, and A. L. Veerabhadraswamy. 2014. 
“Appraise a Combination of Fungicides against Blast and 
Sheath Blight Diseases of Paddy (Oryza sativa L.).” Journal of 
Experimental Biology and Agricultural Sciences 2 (1): 49-57. 

[75] Lai, Yan, Bo Lan, YingQing Yang, WeiDong Xu, and 
XiangMin Li. 2013. “Evaluation of Resistance of Main Early 
Rice Varieties to Rice Blast in Jiangxi Province.” Acta 
Agriculturae Jiangxi 25 (10): 51-53. 

[76] Latif, M. A., B. M. A. Badsha, M. I. Tajul, M. S. Kabir, M. Y. 
Rafii1, and M. A. T. Mia. 2011. “Identification of Genotypes 
Resistant to Blast, Bacterial Leaf Blight, Sheath Blight and 
Tungro and Efficacy of Seed Treating Fungicides against Blast 
Disease of Rice.” Scientific Research and Essays. 6 (13): 
2804-2811. doi: 10.5897/SRE11.315. 



 American Journal of Agriculture and Forestry 2021; 9(6): 409-423 420 
 

[77] Li, Yunfeng, Zhihui Zhang, Yanfang Nie, Lianhui Zhang, and 
Zhenzhong Wang. 2012. “Proteomic Analysis of Salicylic 
Acid-Induced Resistance to Magnaporthe oryzae in 
Susceptible and Resistant Rice.” Proteomics 12: 2340-2354. 
doi 10.1002/pmic.201200054. 

[78] Liu, G., Y. Jia, A. McClung, J. H. Oard, F. N. Lee, and J. C. 
Correll. 2013. “Confirming QTLs and finding Additional Loci 
Responsible for Resistance to Rice Sheath Blight Disease.” 
Plant Disease 97: 113-117. Accessed 04th November, 2017. 
http://dx.doi.org/10.1094/PDIS-05-12-0466-RE. 

[79] Liu, G., Y. Jia, F. J. Correa-Victoria, G. A. Prado, K. M. 
Yeater, A. McClung, and J. C. Correll. 2009. “Mapping 
Quantitative Trait Loci Responsible for Resistance to Sheath 
Blight in Rice.” Phytopathology 99: 1078-1084. doi: 
10.1094/PHYTO-99-9-1078. 

[80] Mahadevappa, M. 2004. "Rice Production in India- Relevance 
of Hybrid and Transgenic Technologies1." The Indian Journal 
of Genetics and Plant Breeding 64 (1): 1-4. 

[81] Marchetti, M. A., and J. M. Bonman. 1989. “Rice Blast 
Disease Management.” In Rice Farming System: New 
Directions, edited by International Rice Research Institute 
(IRRI), 175 -183. IRRI: Los Banos, Philippines. 

[82] Mathurot C, Teerayut T and Wasu P. 2020. Evaluation of 
Biocontrol Activities of Streptomyces spp. against Rice Blast 
Disease Fungi. Pathogens 9 (126): 1-16. doi: 
10.3390/pathogens9020126. 

[83] Mew T. W., H. Leung, S. Savary, C. M. Vera Cruz, and J. E. 
Leach. 2004. “Looking Ahead In Rice Disease Research and 
Management.” Critical Reviews in Plant Sciences 23 (2): 103-
127. doi: 10.1080/07352680490433231. 

[84] Mew, T. W., A. M. Alvarez, J. E. Leach, and Jean Swings. 
1993. “Focus on Bacterial Blight of Rice.” Plant disease 77 
(1): 5-12. 

[85] Milus, Eugene A., Kristian Kristensen, and Mogens S. 
Hovmøller. 2009. “Evidence for Increased Aggressiveness in a 
Recent Widespread Strain of Puccinia striiformis f. sp. tritici 
causing Stripe Rust of Wheat." Phytopathology 99 (1): 89-94. 
doi: 10.1094/PHYTO- 99-1-0089. 

[86] Miyake, Ichiro. 1910. “Studies uber die Pilze der Reispflanzen 
in Japan.” J. Coll. Agric Imp Univ. Tokyo. 2: 237-276. 

[87] Mogle, Umesh P. 2013. “Effect of Leaf Extracts against the 
Post Harvest Fungal Pathogens of Cowpea.” Bioscience 
Discovery 4 (1): 39-42. 

[88] Mohanta, B. K., M. R. Alam, M. K. Anam, M. A. Habib, and 
M. M. Alam. 2002. “Reaction of Some Hybrid Germplasms to 
Major three Diseases of Rice.” Pakistan Journal of Plan 
Pathology 1 (2-4): 36-39. 

[89] Mohapatra, N. K., A. K. Mukherjee, A. V. Suriya Rao, N. N. 
Jambhulkar, and P. Nayak. 2014. “Comparison of Different 
Parameters for Evaluation of Partial Resistance to Rice Blast 
Disease.” American Journal of Experimental Agriculture 4 
(1): 58-79. 

[90] Monosi, B., R. J. Wisser, L. Pennill, and S. H. Hulbert. 2004. 
“Full-Genome Analysis of Resistance Gene Homologues in 
Rice.” Theoretical and Applied Genetics 109 (7) 1434-1447. 
doi: 10.1007/s00122-004-1758-x. 

[91] Mukherjee, A. K., N. K. Mohapatra, L. K. Bose, N. N. 

Jambhulkar, and P. Nayak. 2013. “Additive Main Effects and 
Multiplicative Interaction (AMMI) Analysis of G x E 
interactions in Rice-Blast Pathosystem to Identify Stable 
Resistant Genotypes.” Glob. J. Crop, Soil Sci. Plant Breed. 1 
(1): 103-118. doi: 10.5897/AJAR12.2118. 

[92] Mushineni, Ashajyothi, Surajit Khalko, Susmita Jha, P. M. 
Bhattacharya, and Ayon Roy. 2017. “Effect of New 
Generation Chemicals in Changing Host Physiological Traits 
to Manage Sheath Blight Disease Caused by Rhizoctonia 
solani Kuhn in Rice." International Journal of Current 
Microbiology and Applied Sciences 6 (11): 351-357. Accessed 
02nd December 2017, 
https://doi.org/10.20546/ijcmas.2017.611.039. 

[93] Muthayya, Sumithra, Jonathan D. Sugimoto, Scott 
Montgomery, and Glen F. Maberly. 2014. “An Overview of 
Global Rice Production, Supply, Trade, and Consumption.” 
Annals New York Academy of Sciences 1324: 7-14. doi: 
10.1111/nyas.12540. 

[94] Moutoshi C, Nur UM, Chhana U, Mahfuzur R and Tofazzal I. 
2021. Biological and biorational management of blast diseases 
in cereals caused by Magnaporthe oryzae, Critical Reviews in 
Biotechnology 41 (7): 994-1022. DOI: 
10.1080/07388551.2021.1898325. 

[95] Nagendran, Krishnan, Gandhi Karthikeyan, Mohammed 
Faisal Peeran, Muthuraj Raveendran, Kuppusamy Prabakar 
and Thiruvengadam Raguchander. 2013. “Management of 
Bacterial Leaf Blight Disease in Rice with Endophytic 
Bacteria.” World Applied Sciences Journal 28 (12): 2229-
2241. doi: 10.5829/idosi.wasj.2013.28.12.2009. 

[96] Nature (International Journal of Science). 2017. “Proteomc 
analysis defination.” Accessed 13th December, 2017. 
https://www.nature.com/subjects/ proteomic-analysis. 

[97] Nayak, D., L. K. Bose, S. Singh, and P. Nayak. 2008. 
“Additive Main Effects and Multiplicative Interaction 
Analysis of Host-Pathogen Relationship in Rice Bacterial-
Blight Pathosystem.” Plant Pathol. J. 24 (3): 337-351. 

[98] Nazifa Z., Aminuzzaman FM, Laila L and Rehena MK. 2021. 
In Vitro Efficacy of Botanicals against Rice Blast Pathogen 
Magnaporthe oryzae oryzae. American Journal of Plant 
Sciences 12: 662-678. 
https://doi.org/10.4236/ajps.2021.124045 

[99] Neha, K. V., P. Balabaskar, and R. Naveenkumar. 2016. 
“Survey and Occurence of Rhizoctonia solani (Kuhn) Causing 
Sheath Blight of Rice and in vitro Efficacy of Bacterial 
Antagonists against Rhizoctonia solani (Kuhn).” Journal of 
Environmental Biology 37 (6): 1421- 1427. 

[100] Nguyen, Nguu Van, and Aldo Ferrero. 2006. “Meeting the 
Challenges of Global Rice Production.” Paddy Water Environ 
4: 1-9. doi: 10.1007/s10333-005-0031-5. 

[101] Nirmalkar, Vinod Kumar, Prasant P. Said, and Dushyant 
Kumar Kaushik. 2017. “Efficacy of Fungicides and Bio-
Agents against Pyricularia grisea in Paddy and Yield Gap 
Analysis Thought Frontline Demonstration." Int. J. Curr. 
Microbiol. App. Sci 6 (4): 2338-2346. Accessed 03rd 
December 2017. 
https://doi.org/10.20546/ijcmas.2017.604.272. 

[102] Nur H. N., Neni K. C. M. R., Nor Y. Y., Siti. N. H. M. L. 
2021. Evaluation of selected herbs for biocontrol of Rice Blast 
Disease. IOP Conf. Ser.: Earth Environ. Sci. 685 012026. doi: 
10.1088/1755-1315/685/1/012026. 



421 Rajendra Persaud et al.:  Managing the Imminent Danger of Rice Blast (Pyricularia oryzae Cav.) and Sheath  
Blight (Rhizoctonia solani Kühn) Disease: A Critical Review Article 

[103] NPBMU, GRDB (National Paddy Bug management Unit, 
Guyana Rice Development Board). 2013. “Program of Work. 
Burma Rice Research Station, Guyana: GRDB. 

[104] Oerke, E-C. 2006. “Crop losses to pests.” Journal of 
Agricultural Science 144 (1): 31-43. doi: 
10.1017/S0021859605005708. 

[105] Oerke, E-C., and H. W. Dehne. 2004. “Safe Guarding 
Production-Losses in Major Crops and the Role of Crop 
Protection.” Crop Protection 23 (4): 275-285. doi: 
10.1016/j.cropro.2003.10.001. 

[106] Oloumi, Hakimeh. 2014. “Phytochemistry and Ethno-
Pharmaceutics of Calotropis procera.” Ethno-Pharmaceutical 
products 1 (2): 1-8. 

[107] Ou, Shu Huang. 1971. “Variability of Pyricularia grisea Cva. 
and its Relationship to Varietal Resistance.” In seminar 
proceeding, Horizantal resistance to the blast disease of rice. 
Centro International de Agricultura Tropical (CIAT), 
Colombia. 

[108] Ou, Shu Huang. 1985. “Rice Diseases,” 2nd ed. 
Commonwealth Mycological Institute, Kew, Surrey, England. 
C. A. B. International, Farnham Royal, Slough. 

[109] Parihar, Gaurav, and Neelam Balekar. 2016. Calotropis 
procera: “A Phytochemical and Pharmacological Review.” 
TJPS. 40 (3): 115-131. Accessed in November, 2017. 
http://www.tjps. pharm.chula.ac.th. 

[110] Pasha, Aram, Nadali Babaeian-Jelodar, Nadali Bagheri, and 
Gorbanali Nematzadeh. 2013. “Evaluation of Rice Genotypes 
for Resistance to Blast Isolates Iran-47 in Greenhouse.” 
International Journal of Agriculture: Research and Review 3 
(4): 934-940. Accessed November, 2017. http://www. 
ecisi.com. 

[111] Persaud, Mahendra. 2002. “Genetics of Blast Resistance and 
Isolation of Resistance Donors in some Rice (Oryza sativa L.) 
Cultivars.” Master’s thesis. The Indira Ghandhi Agricultural 
University, Raipur (C.G), India. 

[112] 2006. “Identification and Genetic Analysis of Genes 
Conferring Resistance to Blast (Pyricularia grisea (av.) in 
Rice (Oryza sativa L.) Cultivars.” Ph.D thesis. The Indira 
Ghandhi Agricultural University, Raipur (C. G), India. 

[113] Persaud, Rajendra. 2009. “Studies on Plant Resistance against 
Sheath Blight of Rice Caused by Rhizoctonia solani Kühn.” 
Master’s thesis. The Indira Ghandhi Agricultural University, 
Raipur (C. G), India. 

[114] Pinson, Shannon R. M., Fabian M. Capdevielle, and James H. 
Oard. 2005. “Confirming QTLs and Finding Additional Loci 
Conditioning Sheath Blight Resistance in Rice Using 
Recombinant Inbred Lines." Crop Science 45 (2): 503-510. 
doi: 10.2135/cropsci2005.0503. 

[115] Poonsin, R. and Parinthawong, N. 2020. Investigation of rice 
blast resistant genes in Thai eliterice varieties (Oryza sativa 
L.) for improvement of broad-spectrum blast disease 
resistance. 

[116] International Journal of Agricultural Technology 16 (1): 109-
118. 

[117] Pramesh, D., Maruti, K. M. Muniraju, K. Mallikarjun, G. S. 
Guruprasad, K. Mahantashivayogayya, B. G. M. Reddy, S. B. 
Gowdar, and B. S. Chethana. 2016. “Bio-efficacy of a 

Combination Fungicide against Blast and Sheath Blight 
Diseases of Paddy.” Journal of Experimental Agriculture 
International 14 (4): 1-8. 

[118] Prasad, B., and G. C. Eizenga. 2008. “Rice Sheath Blight 
Disease Resistance Identified in Oryza spp. Accessions.” 
Plant Disease 92: 1503-1509. doi: 10. 1094/PDIS-92-11-1503. 

[119] Prasanna Kumar, M. K., Narayanappa Amruta, C. P. Manjula, 
M. E. Puneeth, and Kalavathi Teli. 2017. “Characterisation, 
Screening and Selection of Bacillus subtilis Isolates for Its 
Biocontrol Efficiency against Major Rice Diseases.” 
Biocontrol Science and Technology 27 (4): 1-19. Accessed 
December, 2017. 
https://doi.org/10.1080/09583157.2017.1323323. 

[120] Qu, Shaohong, Guifu Liu, Bo Zhou, Maria Bellizzi, Lirong 
Zeng, Liangying Dai, Bin Han, and Guo-Liang Wang. 
2006. “The Broad-Spectrum Blast Resistance Gene Pi9 
Encodes A Nucleotide-Binding Site–Leucine-Rich Repeat 
Protein and is a Member of a Multigene Family in Rice.” 
Genetics 172 (3): 1901-1014. doi: 
10.1534/genetics.105.044891. 

[121] Rani, Manjoo, and Nand K. Singh. 2014. “Control of Rice 
Blight Pathogen Xanthomonas oryzae through Herbal Plant 
Extract.” International Journal of Pharmaceutical Sciences 
and Research 5 (12): 5469-5473. doi: 10.13040/IJPSR.0975-
8232. 

[122] Rini P and Dipankar M. 2021. Fungicidal management of 
blast disease (Pyricularia grisea) of rice. The Pharma 
Innovation Journal 10 (6): 786-790. 
http://www.thepharmajournal.com 

[123] Ravikumar, B. N. V. S. R., K. Koteswara Rao, N. 
Chamundeswari, V. Bhuvaneswari, P. Nagakumari, P. Venkata 
Ramana Rao, M. Girija Rani, et al. 2014. “Screening of 
Advanced Breeding Lines for Seedling Blast Resistance in 
Rice (Oryza sativa L.) Using Microsatellite Markers. Current 
Biotica 8 (2): 125-131. 

[124] Roy, A. K. 1993. “Sheath blight of Rice in India.” Indian 
Phytopathology 46: 197-205. 

[125] Roy-Barman, Subhankar and Bharat B. Chattoo. 2005. “Rice 
Blast Fungus Sequenced.” Current Science 89 (6): 930-931. 

[126] RoyChowdhury, M., Y. Jia, M. H. Jia, R. Fjellstrom, and R. D. 
Cartwright. 2012. “Identification of the Rice Blast Resistance 
Gene Pib in the National Small Grains Collection.” 
Phytopathology 102: 700-706. Accessed November, 2017. 
http://dx.doi.org/10.1094/PHYTO-02-12-0026-R. 

[127] Rush, M. C., D. E. Groth, and X. Sha. 2011. “Registration of 
25 Sheath Blight Disease Resistant Germplasm Lines of Rice 
with Good Agronomic Traits.” Journal of Plant Registrations. 
5 (3): 400-402. doi: 10.3198/ jpr2010.10. 0601crg. 

[128] Ryu, Hak-Seung, Min-Young Song, Chi-Yeol Kim, Muho 
Han, Sang-Kyu Lee, Nayeon Ryoo, Jung-Il Cho, Tae-Ryong 
Hahn, and Jong-Seong Jeon. 2009. “Proteomic Analysis of 
Rice Mutants Susceptible to Magnaporthe oryzae.” Plant 
Biotechnology Report 3 (2): 167-174. doi 10.1007/s11816-
009-0087-6. 

[129] Sarala, L., M. Muthusamy, and K. Karunanithi. 2004. 
“Management of Grain Discolouration of Rice with 
Antagonistic Organisms.” Research on Crops 5 (2/3): 165-
167. 



 American Journal of Agriculture and Forestry 2021; 9(6): 409-423 422 
 

[130] Saravanakumar, D., N. Lavanya, B. Muthumeena, T. 
Raguchander, S. Suresh, and R. Samiyappan. 2008. 
“Pseudomonas fluorescens Enhances Resistance and Natural 
Enemy Population in Rice Plants against Leaffolder Pest." 
Journal of applied entomology 132 (6): 469-479. doi: 
10.1111/j.1439-0418.2008. 01278.x. 

[131] Saravanakumar, Duraisamy, Charles Vijayakumar, Neelakandan 
Kumar, and Ramasamy Samiyappan. 2007. “PGPR- Induced 
Defense Responses in the Tea Plant against Blister Blight 
Disease.” Crop Protection 26 (4): 556-565. Accessed October, 
2017. https://doi.org/10.1016/j.cropro.2006.05. 007. 

[132] Saravanakumar, Duraisamy, Nallathambi Lavanya, 
Kannappan Muthumeena, Thiruvengadam Raguchander, and 
Ramasamy Samiyappan. 2009. “Fluorescent pseudomonad 
Mixtures Mediate Disease Resistance in Rice Plants against 
Sheath Rot (Sarocladium oryzae) disease.” Biocontrol 54 (2): 
273. doi: 10.1007/s10526-008-9166-9. 

[133] Sharma, T. R., A. K. Rai, S. K. Gupta, and N. K. Singh. 
2010.”Broad-Spectrum Blast Resistance Gene Pi-kh cloned 
from Rice Line Tetep Designated as Pi54.” Journal of Plant 
Biochemistry and Biotechnology 19 (1): 87-89. 

[134] Sharma, T. R., S. K. Gupta, J. Vijayan, B. N. Devanna, and S. 
Ray. 2012 “Review: Rice Blast Management through Host-
Plant Resistance: Retrospect and Prospects.” Agric. Res. 1 (1): 
37-52. 

[135] Shastry, S. V., D. V. Tran, V. N. Naguyen, and J. S. Nanda. 
2000. “Sustainable Integrated Rice Production.” In Rice 
Breeding and Genetics: Research Priorities and Challenges, 
edited by J. S. Nanda, 53-72. New Delhi: Oxford and IBH 
Pub. 

[136] Shi, Ainong, Pengyin Chen, Dexiao Li, Cuiming Zheng, Bo 
Zhang, and Anfu Hou. 2009. “Pyramiding Multiple Genes for 
Resistance to Soybean Mosaic Virus in Soybean using 
Molecular Markers.” Molecular Breeding 23 (1): 113-124. 
doi: 10.1007/s11032-008-9219-x. 

[137] Shimamoto, K. 1995. “The Molecular Biology of Rice.” 
Science 270: 1772-1773. 

[138] Silva, James, Brian ScheZer, Yamid Sanabria, Christian De 
Guzman, Dominique Galam, Andrew Farmer, Jimmy 
Woodward, Gregory May, and James Oard. 2012. 
“Identification of Candidate Genes in Rice for Resistance to 
Sheath Blight Disease by Whole Genome Sequencing.” Theor. 
Appl. Genet. 124: 63-74. doi: 10.1007/s00122-011-1687-4. 

[139] Singh, B. N., M. P., Jones, S. N. Fomba, Y. Sere, A. A. Sy, K. 
Akator, P. Naninbeyie, and S. W. Ahn. 2000. “Breeding for 
blast resistance in West Africa.” In Advance in rice blast 
research: Proceeding of 2nd International Rice Blast 
Conference. 2000, edited by D. Tharreau, M. H. Lebrun, N. J. 
Talbot, and J. L. Notteghem, 112-128. Netherlands: Klwer 
Academic Press. 

[140] Smith, Jennifer A., and Jean-Pierre Métraux. 1991. 
“Pseudomonas syringae pv. syringae Induces Systemic 
Resistance to Pyricularia oryzae in Rice.” Physiological and 
Molecular Plant Pathology 39 (6): 451-461. 

[141] Srinivasachary, Laetitia Willocquet, and Serge Savary. 2011. 
“Resistance to Rice Sheath Blight (Rhizoctonia solani Kühn) 
[(teleomorph: Thanatephorus cucumeris (A. B. Frank) Donk.] 
Disease: Current Status and Perspectives.” Euphytica 178 (1): 
1-22. Accessed November, 2017. https://doi.org/ 
10.1007/s10681-010-0296-7. 

[142] Suryadi, Y., D. N. Susilowati, E. Riana, and N. R. Mubarik. 
2013. “Management of Rice Blast Disease (Pyricularia 
oryzae) using Formulated Bacterial Consortium.” Emirates 
Journal of Food and Agriculture 25 (5): 349-357. doi: 
10.9755/ejfa.v25i5.12564. 

[143] Swodesh R and Yuvraj D. 2020. A Review On Various 
Management Method Of Rice Blast Disease. Malaysian 
Journal of Sustainable Agriculture, 4 (1): 29-33. 

[144] Tang, Qiyyna, Shaobing Peng, Ralond J, Buresh, Yingbin 
Zou, Nancy P. Castilla, and Twng W. Mew. 2007. “Rice 
Varietal Difference in Sheath Blight Development and Its 
Association with Yield Loss at Different Levels of N 
Fertilization.” Field Crop Research 102: 219-227. 

[145] Thapak, S. K., V. S. Thrimurty, and R. K. Dantre. 2003. 
“Sheath Rot Management in Rice with Fungicides and 
Biopesticides.” International Rice Research Notes 28 (1): 41. 

[146] Tohme, J., F. J. Correa-Victoria, and M. Levy. 1996. “Know 
Your Enemy: A Novel Strategy to Develop Durable 
Resistance to Rice Blast Fungus through Understanding the 
Genetic Structure of Pathogen Population.” CIAT Working 
Document, Cali, Colombia. No. 140: 1-10. 

[147] Ugochukwu, G. C., F. U. Eneh, I. O. Igwilo, and C. H. Aloh. 2017. 
“Comparative Study on the Heavy Metal Content of Domestic Rice 
(Oryza sativa L.) Brands Common in Awka, Nigeria.” IOSR 
Journal of Environmental Science, Toxicology and Food 
Technology 11 (8): 67-70. doi: 10.9790/2402-1108026770. 

[148] Vasudevan, Kumar, Casiana M. Vera Cruz, Wilhelm 
Gruissem, and Navreet K. Bhullar. 2014. “Large Scale 
Germplasm Screening for Identification of Novel Rice Blast 
Resistance Sources.” Front. Plant Sci. 505 (5): 1-9. doi: 
10.3389/fpls.2014.00505. 

[149] Venkateswarlu, B., and H. L. Chauhan. 2005. “Efficacy of 
Fungicides for the Management of Rice Sheath Rot, 
Sarocladium oryzae (Sawada)." Indian Journal of Plant 
Protection 33 (1): 125. 

[150] Venkateswarlu, N., T. Vijaya, D. Suresh Bhargav, K. Chandra 
mouli, D. Pragathi, D. Anitha, Vasu N. Reddy, and A. 
Sreeramulu. 2013. “In vitro Inhibitory Effects of Medicinal 
Plants Extracts on Sclerotium oryzae- A Fungi causing Stem 
Rot Disease in Paddy.” Int. J. Pharm. Bio. Sci. 3 (3): 147-151. 

[151] Ventelon-Debout, Marjolaine, T-T-H. Nguyen, A. Wissocq, C. 
Berger, M. Laudie, B. Piegu, R. Cooke, Alain Ghesquière, M. 
Delseny, and Christophe Brugidou. 2003. “Analysis of the 
Transcriptional Response to Rice Yellow Mottle Virus 
Infection in Oryza sativa, indica and japonica Cultivars.” 
Molecular genetics and genomics 270 (3): 253-262. 

[152] Wendelboe-Nelson, Charlotte and Peter C. Morris. 2012. 
“Proteins Linked to Drought Tolerance Revealed by DIGE 
Analysis of Drought Resistant and Susceptible Barley Varieties.” 
Proteomics 12: 3374-3385. doi 10.1002/pmic.201200154. 

[153] Wen-Ching C, Tai-Ying C, Aileen LD and Chien-Sen L. 2021. 
The Control of Rice Blast Disease by the Novel Biofungicide 
Formulations. Sustainability 11 (3449): 1-9. doi: 
10.3390/su11123449. 

[154] Weng, Jianfeng, Suhai Gu, Xiangyuan Wan, He Gao, Tao 
Guo, Ning Su, Cailin Lei, et al. 2008. “Isolation and Initial 
Characterization of GW5, A Major QTL Associated with Rice 
Grain Width and Weight.” Cell Research 18: 1199-1209. doi: 
10.1038/cr.2008.307. 



423 Rajendra Persaud et al.:  Managing the Imminent Danger of Rice Blast (Pyricularia oryzae Cav.) and Sheath  
Blight (Rhizoctonia solani Kühn) Disease: A Critical Review Article 

[155] Wilson, C. L., J. M. Solar, A. El Ghaouth, and M. E. 
Wisniewski. 1997. “Rapid Evaluation of Plant Extracts and 
Essential Oils for Antifungal Activity against Botrytis 
cinerea.” Plant Dis. 81: 204-210. 

[156] Xiang, Yi, Yinglong Cao, Caiguo Xu, Xianghua Li, and 
Shiping Wang. 2006. “Xa3, Conferring Resistance tor Rice 
Bacterial Blight and Encoding a Receptor Kinase-Like 
Protein, is the same as Xa26.” Theor. Appl. Genet. 113: 1347-
1355. doi: 10.1007/s00122-006-0388-x. 

[157] Xing, Tim, Thérèse Ouellet, and Brian L. Miki. 2002. 
“Towards Genomics and Proteomics Studies of Protein 
Phosphorylation in Plant-Pathogen Interactions.” Trends in 
Plant Science 7 (5): 224-230. Accessed January 2017. 
https://doi.org/10.1016/S1360-1385(02)02255-0. 

[158] Xu, Qiufang, Haiping Ni, Qingqing Chen, Feng Sun, Tong 
Zhou, Ying Lan, and Yijun Zhou. 2013. “Comparative 
Proteomic Analysis Reveals the Cross-Talk between the 
Responses Induced by H2O2 and by Long-Term Rice Black-
Streaked Dwarf Virus Infection in Rice.” PLoS ONE 8 (11): 
e81640. doi: 10.1371/journal.pone.0081640. 

[159] Yadav, Shailesh, Ghanta Anuradha, Ravi Ranjan Kumar, 
Lakshminaryana Reddy Vemireddy, Ravuru Sudhakar, 
Krishnaveni Donempudi, Durgarani Venkata, et al. 2015. 
“Identification of QTLs and Possible Candidate Genes 
Conferring Sheath Blight Resistance in Rice (Oryza sativa 
L.).” SpringerPlus 4 (175): 1-12. doi: 10.1186/40064-015-
0954-2. 

[160] Yadav, V. K., and V. S. Thrimurty. 2006. "Fungitoxicity of 
Medicinal Plant Extracts against Sarocladium oryzae causing 
Sheath Rot in Rice." Indian Journal of Plant Protection 34 
(2): 263-264. 

[161] Yan, L., L. Bo, Y. Ying-qing, X. Wei-dong, L. Xiang-min, 
2013. “Evaluation of Tesistance of Main Early Rice Varieties 
to Rice Blast in Jaingxi Province.” Acta Agriculturae Jiangxi 
25 (10): 51-53. 

[162] Yan, Weikai, and Nicholas A. Tinker. 2006. “Biplot Analysis 
of Multi-Environment Trial Data: Principles and 
Applications.” Can. J. Plant Sci. 86: 623-645. 

[163] Yan, Weikai, L. A. Hunt, Qinglai Sheng, and Zorka Szlavnics. 
2002. “Cultivar Evaluation and Mega Environment 
Investigation Base on GGE Biplot.” Crop Science 40 (3): 597-
605. doi: 10.2135/cropsci2000.403597x. 

[164] Yang, Chang Ihn, E. L. Javier, Young Chan Cho, Kyu Seong 
Lee, Hong Yeol Kim, K. K. Jena, and Young Tae Lee. 2007. 
“Reaction of High Quality Japonica Varieties to Leaf Blast 
Reaction through G x E Interaction Analysis in Rice.” Korean 
J. Breed. Sci. 39 (2): 187-194. 

[165] Yang, Sihai, Jing Li, Xiaohui Zhang, Qijun Zhang, Ju Huang, 
Jian-Qun Chen, Daniel L. Hartl, and Dacheng Tian. 2013. 
“Rapidly Evolving R Genes in Diverse Grass Species Confer 
Resistance to Rice Blast Disease. Proceedings of the National 
Academy of Sciences 110 (46) 18572-18577. doi: 
10.1073/pnas.1318 211110. 

[166] Yogi, Bhumika, Sujeet Kumar Gupta and Ashutosh Mishra. 2016. 
“Calotropis procera (Madar): A Medicinal Plant of various 
Therapeutic uses - A Review.” Bull. Env. Pharmacol. Life Sci. 5 
(7): 74-81. Accessed November, 2017. http://www.bepls. com. 

[167] Zambonelli, Alessandra, Aldo Zechini D'Aulerio, Aldo Severi, 
Stefania Benvenuti, Loretta Maggi, and Alberto Bianchi. 
2004. “Chemical Composition and Fungicidal Activity of 
Commercial Essential Oils of Thymus vulgaris L." Journal of 
Essential Oil Research 16 (1): 69-74. Accessed November, 
2017. https://doi.org/10.1080/10412905.2004. 9698653. 

[168] Zeigler, R. S., J. Thome, R. J. Nelson, M. Levy and F. J. 
Correa-Victoria. 1994. “Lineage Exclusion: A Proposal for 
Linking Blast Population Analysis to Resistance Breeding.” In 
Rice Blast Disease, edited by R. S. Zeigler, S. A. Leong, and 
P. S. Teng, 267-292. CAB. International, UK. 

[169] Mahendra Persaud, Nandram Gobind, Violet Henry, Rajendra 
Persaud, Oudho Homenauth. Yield Performance of Some 
Advanced Aromatic Rice Genotypes in Guyana. American 
Journal of Agriculture and Forestry. Vol. 9, No. 5, 2021, pp. 
312-318. doi: 10.11648/j.ajaf.20210905.15. 

[170] Persaud, Rajendra, Mahendra Persaud, Duraisamy 
Saravanakumar, and Oudho Homenauth. 2019. “Identification 
of causal agent and management of grain discoloration in 
rice.” Journal of Plant Diseases and Protection. 
https://doi.org/10.1007/s41348-019-00289-7. 

[171] Persaud, Rajendra, Ayub Khan, Wendy-Ann Isaac, Wayne 
Ganpat, Duraisamy Saravanakumar. 2019. Plant extracts, 
bioagents and new generation fungicides in the control of rice 
sheath blight in Guyana. Crop Protection 119: 30-37.  

[172] Persaud, Rajendra, Duraisamy Saravanakumar, and Mahendra 
Persaud. 2019. Identification of Resistant Cultivars for Sheath 
Blight and Use of AMMI Models to Understand Genotype and 
Environment Interactions. Plant Disease 103 (9): 2204-2211. 
https://doi.org/10.1094/PDIS-12-18-2301-RE 

[173] Persaud, Rajendra, and Duraisamy Saravanakumar. 2018. 
“Differential expression of proteins in resistant and 
susceptible rice genotypes against blast infection.” 
Physiological and Molecular Plant Pathology 103: 62–70. 

[174] Persaud, Rajendra, and Duraisamy Saravanakumar. 2018. 
“Screening for blast resistance in rice using AMMI models to 
understand G x E interaction in Guyana.” Phytoparasitica 46 
(4): 551-568. 

 


