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Abstract   

Rice (Oryza sativa L.) is the second largest staple grain among cereal crops, 

feeding more than half of the worlds’ population. Many fungal diseases 

damage rice crops, leading to considerable yield loss. Bipolaris oryzae, the 

teleomorph Cochliobolus miyabeanus, is the cause of brown spots on rice, a 

global problem known to significantly reduce grain production up to 52 % 

quantitatively and qualitatively. Under conditions of direct seeding, drought 

and low input management, the brown spot disease is most significant. The 

disease is also historically important as it caused a disastrous outbreak in 

the Bengal Province that culminated in the Great Bengal Famine (1943), 

which left 2.1 to 3 million people starved to death. The brown spot remains 

terrible when considering the current scenario for rice deterioration. A 

broad host range, pathogenicity and molecular diversity characterize the 

pathogen. In this present article, we have emphasized the epidemiology, the 

prevention techniques that are currently in use and several quantitative and 

qualitative gaps regarding disease management that, if filled, would have a 

significant impact on crop disease control and the long-term sustainability 

of rice and are relevant to farmers' current circumstances. 
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Introduction   

Oryza sativa L., a staple food for more than half the population of the world, is 

under threat from the brown spot of rice disease- a fungal disease that can 

ruin rice crops worldwide (1).  Since 1900, brown spots on rice have been 

documented in Japan as a result of Bipolaris oryzae Subr. and Jain (= 

Helminthosporium oryzae Breda de Haan telemorph=Cochliobolus 

miyabeanus). It is also called "nai-yake," which includes Helminthosporiosis, 

sesame leaf spot and seedling blight (2). All of the countries that grow Rice, 

including China, Japan, Burma, Bangladesh, Sri Lanka, Africa, Iran, Russia, 

South America, North America, Saudi Arabia, Philippines, Australia, Thailand 

and Malaya, have been reported to have the disease (3, 4). Since its initial 

report from Madras in 1919 by Sundraraman, it has been discovered to appear 

in all five of Indias’ rice-growing states. The disease is majorly found in dry, 

direct, seeded rice in Bihar, Madhya Pradesh, Chhattisgarh, Orissa, Jharkhand, 

Assam and West Bengal (5). Brown spot affects rain-fed and upland rice 

production, causing grain quality and yield losses by 6-90 % (6). 
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 Brown leaf spot disease on rice causes rice leaves and 

stem necrosis, interrupting photosynthesis and weakening 

the plants’ immune system. This may lead to substantial 

decreases in yield and lower grain quality, causing serious 

trouble for food security (7). Brown spot of rice disease is 

not simple, but rather complex and multi-dimensional 

because this disease develops due to environmental factors, 

malnutrition and crop residues. Brown spot of rice disease 

develops better under warm and humid conditions, 

spreading rapidly during heavy downpours (8). Nutrient 

deficiency or environmental stress increases their 

vulnerability to brown spot of rice disease infection in 

stressed rice plants. The residue can also host brown spots 

of rice disease fungus, which acts as a reservoir of inoculum 

for further invasion during crop season (9). 

 Poor farmers’ disease is a term used to describe 

conditions that are typically associated with resource-poor 

farmers' fields. The disease results in a decrease in grain 

yield that is both quantitative and qualitative (10). It mainly 

occurs in environments where water supply is scarce and is 

often combined with imbalances in plant mineral nutrition, 

specifically a lack of nitrogen and a deficit of silicon (6, 11). 

Timely transplantation of rice (between July–August) and 

sufficient nitrogen levels enhance rice growth and minimize 

C. miyabeanus infection. Si is presumably not essential for 

plant growth and development. Applying various Si sources 

to Si-deficient paddy soils dramatically reduces the 

incidence and severity of brown spots caused by C. 

miyabeanus. Si mounts resistance to C. miyabeanus by 

preventing the fungus from hijacking the rice ethylene 

machinery (12).  

 Resistance is one of the best and most 

environmentally safe ways of controlling disease. To utilize 

resistance in the best possible way, it is essential to 

understand how the pathogen infects and how the plant 

defends itself against infection (13). Understanding the 

dynamics of the brown spot of rice (Bipolaris oryzae) at the 

molecular and genetic levels requires novel tools and 

techniques to elucidate pathogen behaviour, host-pathogen 

interactions and disease progression. Emerging imaging 

tools and high-throughput molecular technologies can 

significantly enhance understanding of the pathogens’ life 

cycle, virulence factors and the plants’ defence responses 

(14). Biosensors using CRISPR-based diagnostics to detect B. 

oryzae at early infection stages by targeting specific 

virulence genes in B. oryzae to study their roles in 

pathogenicity (15). Quantitative PCR (qPCR) detects and 

quantifies B. oryzae in rice tissues with high sensitivity and 

enables early detection of infection before visible symptoms 

appear (16). Loop-Mediated Isothermal Amplification 

(LAMP) provides a rapid and field-deployable diagnostic tool 

for testing pathogens and is also very useful for monitoring 

pathogen spread in rice fields (17). 

 The main goals of this review paper are to gather and 

summarize current information and studies on brown spot 

disease in rice, providing insights into its causes, spore 

dispersal, the various methods used to manage it and to 

present potential research areas and strategies that can 

improve the prevention, management and reduction of the 

disease in rice farming. Through a comprehensive analysis 

of existing knowledge, this article aims to provide a holistic 

understanding of brown spot disease while suggesting 

future directions for further study and more effective 

approaches to combatting the disease in rice cultivation. 

Pathogen  

The fungus was initially identified by Breda de Haan in 

1900 as Helminthosposium oryzae, which Subramanian and 

Jain later changed to Drechslera oryzae (18). The bipolar 

characteristics of conidial germination led Shoemaker 

(1959) to propose changing Helminthosporium oryzae to 

Bipolaris oryzae (19, 20). Nonetheless, other researchers 

noticed that the fungal conidia also grew all around, 

leading Subramanian and Jain (18) to identify the fungus 

as Drechslera oryzae. The kind of conidial germination is 

influenced by the age or maturity of the conidia (21). The 

fungus was discovered to have a teleomorph in culture 

named Ophiobolus miyabeanus (22). However, later, the 

fungus moved to the genus Cochliobolus, which became 

Cochliobolus miyabeanus. 

 The graminicolous Helminthosporium species was 
split into the subgenera Eu-Helminthosporium and Cylindro

-Helminthosporium (23). While species with fusiform and 

curved conidia germinated only from end cells were put in 

the subgenus Eu-Helminthosporium and species with 

straight cylindrical conidia that germinate with one or 

more germ tubes from any cell were placed in the old 

subgenus Cylindro-Helminthosporium (24, 25). Drechslera 

accommodated previously in subgenus Cylindro-

Helminthosporium (26). A characteristic of Drechslera to 

produce a germ tube from any of the cells in the 

distoseptate conidia, as shown in Fig. 1, sets it apart from 

all other graminicolous helminthosporoid taxa (25, 27). 

Bipolaris and Drechslera may additionally be distinguished 

from one another by helium morphology. The lowest 

portion of the basal cell in Drechslera has a flat scar, while 

in Bipolaris, it is either undetectable or very slightly 

protuberant (25). While the sexual forms of Bipolaris were 

thought to belong to Cochliobolus, the sexual forms of 

Drechslera have been connected to Pyrenophora (14, 28). 

Fig. 1. Diagrammatic representation of distoseptate conidia showing germination 
in (A) Helminthosporium, (B) Bipolaris, (C) Drechslera. 
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Symptoms and diagnostics 

Brown spot is a devastating fungal disease that can 

damage rice and is caused by several fungi and among 

them, Bipolaris oryzae represents one of the most 

significant (9). The symptoms manifest as tiny, variable-

sized spots on the glumes, leaf blades, leaf sheath and 

coleoptile (Fig. 2). The glumes and leaf blades exhibit the 

most significant number of these spots (29–30). On the 

leaves, mature spots are small spherical and could be 

similar to dark brown or purplish brown dots (31). Typical 

spots are cylindrical or oval, brown with a grey or whitish 

centre, resemble mustard seeds and usually have a yellow 

halo around them. The damaged nursery can be 

immediately recognized from a distance due to the 

seedlings' burned look (32). 

 The symptoms on coleoptiles and leaf sheaths are 

identical to those on leaves (2). The most noticeable small 

brown lesions are ellipsoidal or oval, measuring around 2.8 

mm by 0.5 mm and they are found on aerial parts, 

including glumes, leaf sheaths, coleoptiles and blades. 

When the leaves reached maturity, lesions with a dark-

reddish brown border and a light-brown or greyish centre 

were observed. Severe infection is characterized by 

spotting of grains and browning of seeds; the infected 

grains may also wilt (9). Brown colour to dark brown 

coloured lesions (5-15 × 1-2 mm) on the stalk of the panicle 

at the flag leaf to stalk joint has also been linked to the 

disease. Typically, these lesions spread below the sheath, 

causing partial filling to chaffy dull grains, severe wet 

rotting and occasionally hanging panicles. In severe cases, 

greyish mycelial development can be detected between 

the sheath and stalk. When an infection spreads higher, 

dry rot symptoms appear (2, 33). 

Etiology of the Causal Organism 

The fungus grows inter- and intracellular mycelium on the 

diseased tissues, which turns into a mat that ranges from 

dark brown to grey. Its colour ranges from grey to olive to 

black in culture. Conidiophores can arise single or in 

clusters, be branching or simple, multiseptate, erect or 

flexuous, geniculate and lighter at the tip and dark at the 

base of the olivaceous stem. They emerge through stomata. 

Bipolaris oryzae isolates have been found to have 

conidiophores and conidia that range in size from 70-175 × 

5.6-7 µm and 45-106 × 14-17 µm in India, respectively. 

Conidia are typically curved, seldom straight, navicular, 

fusiform, obclavate, or nearly cylindrical; while juvenile, 

they are hyaline, but when mature, they turn slightly brown 

and they have five to ten distoseptations (Fig. 3). Hilum, 

jutting out a little, germinates along the length of the 

conidia. Certain conidia exhibit secondary sporulation (2).  

 Cochliobolus miyabeanus has been studied by 
various scientists. The perithecium of the fungus was 

defined as globose to depressed globose with a dark 

yellowish brown pseudoparenchymatous outer wall (22). 

The asci are cylindrical to long fusiform,  most commonly 4 

or 8 in number, clavate or broadly fusoid. The ascospores 

are coiled, hyaline or pale olive-green, filamentous or long 

cylindrical (2).   

Toxin Production 

Ophiobolins (Ophs) are the sesterterpene-type (C25) 

compounds produced by fungal species belonging to the 

genera Bipolaris, Cochliobolus, Drechslera, Cephalosporium 

and Aspergillus (34) (Table 1). Their structure is 

characterized by a specific tri- or tetracyclic ring system 

(35). Thus far, forty-nine types of natural Ophs have been 

reported, assigned into 23 subgroups (36). Ophiobolins are 

derived from isopentenyl pyrophosphate (IPP) and 

dimethylallyl pyrophosphate (DMAPP), the basic five-

carbon units in terpenoid biosynthesis. These are 

isoprenoid precursors that act as a building block and are 

involved in the biosynthesis of terpenoids (37). IPP is an 

intermediate in the 3-hydroxy-3-methylglutaryl-Coenzyme 

A (HMG-CoA) reductase pathway and the methylerythritol 

phosphate (MEP) pathway, while DMAPP is a product of 

Fig. 2. Symptoms of brown spot shown in grains and leaves. 

Fig. 3. Microscopic image of distoseptate conidia of Bipolaris oryzae, Scale 

bar 50 μm.  
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both paths. Geranylfarnesyl pyrophosphate synthase 

(GFPP synthase) enzyme catalyzes the condensation of IPP 

and DMAPP to form geranylfarnesyl pyrophosphate 

(GFPP), a precursor for ophiobolin synthesis. Another 

enzyme, viz., ophiobolin synthase, a specialized terpene 

synthase likely encoded by a specific gene cluster, 

converts GFPP into the characteristic tricyclic ophiobolin 

skeleton (38). After the initial formation of the tricyclic 

sesterterpene skeleton by ophiobolin synthase, enzymes 

catalyze various cyclization steps (37). Environmental 

conditions like temperature, pH, nutrient availability and 

light influence ophiobolin synthesis. Enzyme activity 

involved in ophiobolin biosynthesis, such as terpene 

synthases, is susceptible to temperature and pH. 

Deviations from optimal ranges can inhibit enzyme 

functionality and reduce yield. Among the environmental 

factors regulating fungal metabolism, light also plays a 

crucial role. The white light allowed the highest 

production of the metabolite. The blue and green lights 

showed an inhibitory effect, reducing the output to 50 %, 

as well as red and yellow but at a lower level (39). 

 Ophiobolins function as virulence factors, aiding the 

pathogen in suppressing plant defences and inducing cell 

death in host tissues. The ophiobolins are phytotoxic and 

cause inhibition of root and coleoptile elongation and leaf 

chlorosis on many plants, including hosts and non-hosts of 

Bipolaris oryzae (13). Both resistant and susceptible 

cultivars had fast cell death after being treated with conidial 

germination fluid (CGF) from C. miyabeanus, indicating that 

phytotoxins are present in CGF. Reduced levels of total 

carotenoids (Car), Chlorophyll (Chl) and Chl a + b/Car ratio 

are brought on by brown spot infection. After the beginning 

of the condition, a considerable decrease in biochemical 

components such as sodium, potassium, magnesium, 

calcium, iron and total soluble sugar was seen in rice plants 

(8). The H. oryzae toxin-induced electrolyte loss from rice 

plants' coleoptiles, leaves and roots. A rise in toxin 

concentration was accompanied by an increase in 

electrolyte discharge from rice tissue and phenol 

metabolism was also hampered (40). Within one hour of 

exposure, ophiobolin prevented tissues from absorbing 

exogenous 32PO4. After 30 minutes of exposure to 

ophiobolin, rice root hair cells lost their capacity to 

plasmolyze. The overall amount of photosynthetic pigments 

in rice leaves decreases due to brown spot disease. 

Maintaining plants' net CO2 assimilation rate depends on the 

leaf pigment concentration and membrane integrity. As the 

concentration of pigments decreases and plant tissues 

integrate rapidly in disease occurrence, it will drastically 

reduce the yield and quality of grains. In plant cells, 

ophiobolin A can prevent the synthesis of proteins and 

nucleic acids or function as an antagonist for α-1,3-glucan 

synthetase (8). 

Epidemiology  

The initial appearance of brown spot symptoms and the 
intensity of the disease are highly impacted by 

epidemiological factors. The brown spot disease has been 

considered one of the most critical global rice diseases, 

being distributed in all rice-producing territories from 

S. No. Ophiobolins Pathogen Perfects stage Host Reference 

1 Ophiobolin A 
Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 

41 Bipolaris sorghicola Cochliobolus carbonum Sorghum bicolor 
Bipolaris maydis Cochliobolus heterostrophus Zea mays 

2 6-epi-ophiobolin A 
B. maydis Cochliobolus heterostrophus Zea mays 42 

Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 43 

3 3-anhydro ophiobolin A 
Bipolaris setariae NY1 Cochliobolus setariae Setaria viridis 44 

Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 45 
4 3-anhydro-6-epi-ophiobolin A Bipolaris setariae NY1 Cochliobolus setariae Setaria viridis 46 

5 3-anhydro-6-hydroxy-
Ophiobolin A 

Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 47 

6 Ophiobolin A lactone Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 48 

7 Ophiobolin B 
Bipolaris maydis Cochliobolus heterostrophus Zea mays 

42 
B. oryzae Cochliobolus miyabeanus Oryzae sativa 

8 Ophiobolin B lactone Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 36 

9 Ophiobolin C 
Bipolaris zizaniae Cochliobolus miyabeanus Zizania latifolia, Oryzae 

sativa 49 
B. Maydis Cochliobolus heterostrophus Zea mays 

10 Ophiobolin D - Cephalosporium caerulen Orzya rufipogon 50 
11 Ophiobolin E Drechslera gigantea Cochliobolus intermedius Digitaria sanguinalis 51 
12 Ophiobolin F Bipolaris maydis Cochliobolus heterostrophus Zea mays 52 
13 Ophiobolin G Aspergillus ustus Emericella spp. Saccharum officinarum 53 
14 Ophiobolin H Aspergillus ustus Emericella spp. Saccharum officinarum 53 

15 Ophiobolin I 
Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 

54 B. maydis Cochliobolus heterostrophus Zea mays 
B. sorghicola Cochliobolus carbonum Sorghum bicolor 

16 Ophiobolin J Bipolaris oryzae Cochliobolus miyabeanus Oryzae sativa 55 
17 Ophiobolin K Aspergillus ustus - Saccharum officinarum 56 
18 Ophiobolin L Bipolaris maydis Cochliobolus heterostrophus Zea mays 57 
19 Ophiobolin M Bipolaris maydis Cochliobolus heterostrophus Zea mays 58 
20 Ophiobolin O 

Aspergillus sp. - Marine derived fungus 59 
21 6-epi-ophiobolin O 
22 Ophiobolin P-T Ulocladium sp. - Endolichenic fungus 35 
23 Ophiobolin U-W Aspergillus ustus - Algicolous fungus 60 

Table 1. Ophiobolin production by various fungi 
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tropical to temperate areas (61). The condition is more 

pronounced in Asia, especially causing a 45 % percentage 

of yield loss. Various factors determine the intensity of 

brown spot disease outbreaks, including environmental 

conditions and host susceptibility (61, 62). 

 Warm and humid conditions are favourable for brown 

spot disease. The fungus Bipolaris oryzae thrives and spreads 

most effectively in temperatures between 16 and 36°C and a 

relative humidity of over 85 %. The disease spreads rapidly 

when continuous rain, cloudy weather and high day 

temperature couples. It has been found that the optimum 

temperatures for conidial germination and growth are 25-30°C 

and 27-30°C, respectively. Conidia form at temperatures 

ranging from 5 to 38°C, with 25°C being ideal and for ascospore 

formation, it is 20-24°C. However, the sexual stage is not typical 

(63). Conidia germinate at pH levels ranging from 2.6 to 10.9, 

with a preferred range of 6.8 to 7.0. B. oryzae sporulation 

required both light and dark phases. It was, however, 

enhanced by near-ultraviolet light and hindered by blue light 

(2). Overall, temperature does not appear to influence BS 

epidemics (64). However, influential factors on infection 

efficiency include temperature and humidity, which are 

expressed as leaf wetness. That could be why more severe 

epidemics occur when daily minimum temperatures drop from 

9.3 to 7.5 oC (65). The host leaf has to remain wet for 8 to 24 hr 

to establish the pathogen (66). The disease is limited to areas 

with uneven rainfall distribution and heavy dew (67). Wind can 

spread the disease to new places by dispersing Bipolaris oryzae 

spores. The spores of Bipolaris oryzae can get trapped in fog, 

leading to a higher incidence of the disease among rice plants. 

Rice varieties with shorter leaves and thinner leaf sheaths are 

prone to brown spot infection (62). Brown spot disease is more 

likely in high-nitrogen fertilizers used in rice-growing areas. 

Nitrogen fertilization enhances the prevalence and severity of 

Bipolaris oryzae infection in rice fields (61). 

Mode of Survival and Disease Cycle 

The primary transmission mode for brown spot disease is 

seed-borne and the secondary inoculum is predominantly 

disseminated by airborne conidia, as mentioned in Fig. 4 

(68, 69). The disease can live in additional weed hosts and 

diseased plant debris (70). According to reports, the 

pathogens’ spores are present in the air throughout the 

year, with cooler seasons being when they are more likely to 

survive and disperse (71). The appressoria penetrates 

quickly the host epidermis and starts its infection (69). Some 

of the metabolites secreted by the host plants, like glutamic 

acid, aspartic acid, methionine and alanine, act as a 

stimulating agent for establishing the Helminthosporium 

oryzae. Glutamic acid and aspartic acid are carbon and 

nitrogen sources for Bipolaris oryzae, supporting its growth 

and proliferation. In contrast, alanine acts as a substrate for 

fungal metabolism, providing energy for infection processes 

because high alanine levels in the apoplast can attract 

fungal hyphae, enhancing pathogen colonization. B. oryzae 

may utilize methionine-derived metabolites to synthesize 

toxins that enhance virulence (72). 

  Necrotic lesions on the coleoptile and the sheath of 

the first leaves typically indicate an initial infection (68, 

73). The secondary infection caused by airborne spores 

from the primary lesions is primarily responsible for the 

subsequent leaf lesions (69). Bipolaris oryzae spores were 

disseminated throughout the year, although they were 

more numerous in the cooler, more humid months (71). 

Management Strategies 

Various tactics for managing brown spots of rice have been 

tried, including using appropriate cultural practices and 

fungicides, introducing resistant or moderately resistant 

cultivars, tissue culture techniques and biocontrol 

measures. Late planting after mid-August during the 

primary Kharif season and before February in rabi and using 

N in high dosages should be avoided, especially when not 

combined with phosphorus or potassium. It has also been 

suggested to adopt the practice of destroying and cleaning 

the diseased stubble of the previous (infected) rice crop that 

was left in the field after harvest, especially in places where 

the brown spot is endemic. It has been demonstrated that 

using N in slow-release dosage lowers the incidence of this 

disease (74). 

 

Fig. 4. Disease cycle of brown spot disease in rice.  
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Host resistance 

Managing resistance is among the most effective and 

ecologically sound disease control methods (13, 75). Due to 

host plant tolerance to the disease, this is the most 

economical method of managing brown spots in rice. 

Formerly, diseases like bacterial blight and blast were the 

main focus of breeding research. Nevertheless, the brown 

spot disease of rice requires significant efforts to combat it. 

Inoculation techniques must be 100 % effective in 

identifying the origins of resistance (76). Though different 

resistance levels have been discovered in cultivars, no genes 

for total resistance to brown spots in rice have yet been 

found (13). Indian CH45 indica cultivar exhibits a high 

degree of partial resistance and has also demonstrated 

resistance in Japan (77, 82). The primary resistance 

mechanism is based on quantitative trait loci (QTLs) that 

provide different degrees of protection, which may change 

in response to shifting environmental factors (6, 78). Efforts 

have been made to locate and utilize quantitative trait loci 

(QTL) for brown spot resistance since 2008. Even though 

several QTLs for BS resistances have been found, most of 

them could not account for more than 30 % of the 

phenotypic variation found in the investigation (79).  

 The host-specific toxin of Helminthosporium oryzae 

has also been utilized to identify plants or calluses resistant 

to brown spots. In field experiments, several exotic and 

native upland rice germplasm genotypes from eastern India 

have demonstrated partial and complete resistance to the 

brown spot disease. Three rice genes-Spl7, Spl11 and Spl18-

have been cloned and characterized concerning brown rice 

spots. These genes activate downstream defence 

responses, including producing pathogenesis-related (PR) 

proteins and secondary metabolites by enhancing pathogen 

recognition and subsequent immune responses. Contrary to 

widespread assumption, physiological stresses on rice 

crops, such as dryness and low soil fertility, produce brown 

spots, a secondary problem rather than an infectious 

disease. The advantages of silicon for rice yield, kernel 

quality and increased resistance to brown spots in paddy 

grains (80). Brown spot, a significant disease caused by the 

fungus Bipolaris oryzae, can be managed effectively in rice 

fields by applying slag-based silicon (Si) fertilizer (81). 

 Additionally, according to the study, a rise in Si 

content in the husks was promoted by the functioning Lsi1 

gene. Phenylalanine Ammonia-lyase (PAL), Catalase (CAT), 

Polyphenol Oxidase (PPO), Peroxidase (POD) and  β-1,3-

Glucanase were the enzymes with the lowest quantities in 

the vulnerable rice genotypes, with the lowest amounts 

reported in the paddy variety Bas-2000 (80 % Disease Index). 

Based on the distinct defensive reaction between 

susceptible and resistant genotypes, these enzymes could 

be employed as biochemical indicators to identify disease-

resistant genotypes (8). Larger epidermal cells and more 

silicate cells are two examples of rice plants' structural 

characteristics that have been positively correlated with 

resistance to brown spot disease (82). According to reports, 

the youngest leaf is the most resistant, while the second is 

the most vulnerable. Susceptibility and dry weight, total 

nitrogen, free amino acids and total protein inflated. 

Cultivars resistant to the brown spot had a more significant 

oxidation-reduction potential (Eh) in the leaf sap, which was 

altered by nutrient deficiencies or excesses, as well as the 

addition of H2S or other reducing agents (2). 

Biocontrol  

It is well established that the continuous, improper and non

-discriminatory consumption of pesticides can lead to 

unfavourable outcomes such as residual toxicity, the 

emergence of pathogen resistance to fungicides, 

contamination of the surroundings, risks to the well-being 

of humans and animals and higher costs associated with 

plant protection. Instead, plant pathologists have 

concentrated on creating long-lasting, reliable and 

ecologically friendly biocontrol strategies for managing 

plant diseases. Trichoderma spp. and Pseudomonas 

fluorescens were the most commonly employed fungal and 

bacterial biocontrol agents against various plant diseases, 

including brown spots of rice (Table 2). Based on research 

conducted over the past 20 years, biological control appears 

to be a more viable strategy for managing brown spot 

disease of rice (3). 

 Commercially accessible bioagents, i.e.,                                 

P. fluorescens and Trichoderma species, can reduce disease 

either directly on the pathogen by competition for nutrients 

and iron, mycoparasitism and antibiosis or indirectly 

through enhanced plant immunity via induced resistance 

(67). Isolates of fluorescent Pseudomonas from soil inhibited 

fungal growth and the occurrence of brown spots. Spraying 

talc-based P. fluorescens has been shown to reduce brown 

spot severity (83-84). Bacillus megaterium suppressed the 

development of B. oryzae at 1 × 104 bacterial cells/ml with 

Biocontrol agent  % of Inhibition Cost (Rs/ha) Mode of action References 

Bacillus megaterium 90-100 % 15000-22500 Antibiosis, siderophore production  88z 

Bacillus subtilis 60-70 % 2000-3000 Antibiosis, competition for resources 88 
Beauveria bassiana 70-80 % 4000-6000  Infection 83 

Chaetomium globosum 70-80 % 3000-5000 Antibiosis 95 
Flavobacterium sp. 80-90 % 4000-6000 Antibiosis, competition for resources 96 
Gliocladium virens 80-90 % 5000-7500 Parasitism 89 
Paenibacillus sp. 70-80 % 3000-5000 Antibiosis, induced systemic resistance 97 

Pseudomonas fluorescens 70-80 % 3000-5000 Antibiosis, competition for resources, induced systemic resistance 86 
Serratia marcescens 80-90 % 2000-3000 Antibiosis, competition for resources 98 

Streptomyces avermitilis 80-90 % 4000-6000 Antibiosis 99 
Streptomyces griseoviridis 80-90 % 5000-7500 Antibiosis 100 

Trichoderma harzianum 70-80 % 7500-15000 Antibiosis, competition for resources, mycoparasitism 83 

Verticillium lecanii 60-70 % 2000-3000 Infection 101 

Table 2. Efficacy and mode of action of different biocontrol agents against brown spot pathogen 
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an ED50 value of 1 × 103 cells/ml in a field experiment (85). It 

has been demonstrated that Trichoderma spp. enhance 

nutrient uptake and mobilization, as well as nitrogen 

utilization efficacy. Trichoderma also increases plant 

biomass and root growth and strengthens resistance 

against soil salinity and drought (86, 87). Cladosporium spp. 

was the most efficient phylloplane microorganism in 

reducing B. oryzae mycelial development and spore 

germination, followed by Penicillium spp. and Aspergillus 

flavus (88). It has additionally been shown that treating rice 

leaves with Trichoderma harzianum foliar reduces the 

severity of this disease and significantly increases grain 

yield, total grain proteins and carbohydrates and total 

photosynthetic pigment (89). Bacillus amyloliquefaciens can 

effectively control rice brown spot disease strain BS5 (90). 

Bacillus amyloliquefaciens employs several strategies as a 

biocontrol agent to combat plant infections. These 

mechanisms encompass plants' capacity to manufacture 

various antibiotics, the pathogens' direct suppression, the 

encouragement of plant development and the activation of 

defensive enzymes (91). Brown spot severity was 90 % 

reduced by Bacillus cereus, Priestia megaterium, 

Stenotrophomonas nitritireducens, Serratia marcescens and 

Serratia nematodiphila and the radial colony formation of 

Bipolaris oryzae was slowed down suggests that these 

isolates may be helpful in the biocontrol of brown spot in 

rice (4). 

 Research on biological control using microorganisms 

is experiencing and gaining remarkable momentum, 

although applications in the field are still limited (92). The 

factors determining the use of BCAs in the field include the 

inconsistent efficiency in protecting plants under field 

conditions, decreased availability in the market and 

farmers' wide unacceptance of BCAs. To ensure effective 

biocontrol, it is critical to choose effective agents in various 

situations, including soil texture, wetness, temperature 

extremes and competition (93). In addition to the factors 

mentioned earlier, the need for scientists to publish harmful 

data and their ability to do so appears to be critical to the 

success of biological control. The researchers will be able to 

determine biopesticide weaknesses such as lack of efficacy, 

uneven field performance and/or unfavourable economic 

considerations to tackle them in the future (94). 

Effect of botanicals 

The adoption of alternative disease management 
techniques is rapidly gaining popularity to reduce the 

harmful effects of agrochemicals and promote sustainable 

food production (93). These techniques focus on using 

organic plant oils and extracts, rich sources of antimicrobial 

active chemicals that can be applied to integrated disease 

treatment (102). Plant extracts are an outstanding source of 

novel agrochemicals with broad antibacterial spectrum 

qualities for managing plant diseases (103). Plants provide 

plentiful substances containing novel, physiologically active 

compounds with antibacterial qualities with thousands of 

elements (104). Certain plants can produce aromatic 

secondary metabolites, such as phenols, phenolic acids, 

quinones, flavones, flavonoids, tannins, coumarins and so 

on (105). Carvacrol, eugenol and thymol are compounds 

with phenolic structures that are very effective against 

pathogens (104). Because plant extracts have different roles 

in managing diseases, ethnobotanical research on plants is 

essential for advancing medicine. Plant extracts are 

inexpensive and practical, lessen risks associated with 

chemicals and are environmentally beneficial, making them 

readily available to farmers. It is evident from reading 

numerous articles that various plant extracts can be 

employed for managing plant diseases (106). 

 Some essential oils and phytochemicals in the 

planting materials containing organosulphur, which was 

sourced from garlic (Allium sativum L.) showed very high 

efficacy in controlling brown spot disease of rice caused by 

Bipolaris oryzae. This bulb possesses several sulfur 

compounds, such as allicin, ajoene and diallyl sulfides, all of 

which have massive antifungal properties. These 

compounds affect the structural composition of fungal cells, 

preventing the growth of these fungi and their potential 

harm. For example, allicin, the principal bioactive 

compound of garlic, has been investigated for its broad-

spectrum antimicrobial potentials, with the studies showing 

effectiveness against many plant pathogens (107). Several 

studies have established that garlic extract could influence 

the funguss’ target cell wall and membrane, showing that it 

is a potential fungicide for agricultural use (108). Some other 

plants used for the extracts against brown spots of rice are 

Azadirachta indica, Nerium oleander, Pithecellobium dulce, 

Curcuma longa, Solanum indicum, Calotropis gigantean, 

Mimordica charantia, Vitis quadrangularis, Vinca rosea, 

Astercantha longifolia, Solanum nigrum, Cymbopogon 

citratus, Thymus vulgaris, Ocimum gratissimum, 

Chromolaena odorata, Callistemon citrinus, Embilica 

officinalis and Pachira glabra enumerate in Table 3.  

 Plant extracts are very eco-friendly and 

straightforward to use. Still, there are a few drawbacks 

when managing plant diseases, such as relatively quick 

deterioration, the fact that formulations are not readily 

available commercially and the fact that they work less well 

than chemicals (109). Variations in the chemical 

composition of botanicals due to different plant sources, 

harvesting conditions and extraction methods reduce their 

reliability. Standardization of extraction techniques and 

active compound quantification is crucial. Botanicals often 

degrade quickly under environmental conditions like rain, 

UV light and temperature fluctuations. Developing stable 

formulations through encapsulation technologies, such as 

nanoemulsions or micro-encapsulation, can improve their 

shelf life and field efficacy (110). Adding adjuvants that 

improve spread, adhesion and penetration can make 

botanicals more comparable to synthetic agrochemicals. 

Advanced delivery systems, such as bio-based carriers or 

slow-release formulations, can enhance the bioavailability 

and persistence of botanicals on crop surfaces (111). 

Disease management by fungicides 

Though applying these chemical fungicides in the field 
might not always be ideal, chemical treatment may 

significantly and successfully lessen the impact of brown 

spot disease on young plants. The environment, animal and 

human health are all at risk when these fungicides are used 
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excessively and improperly. The cost of many of these 

chemicals is likewise prohibitive for the resources of 

underprivileged farmers (115). Several researches on the 

application of artificial fungicides to manage the disease 

known as brown leaf spot have been published. The four 

different fungicides are carbendazim 50WP, carboxin 50 WP, 

propiconazole 25 EC and hexaconazole 25 EC @ 500ppm 

concentrations (116). Propiconazole proved to be the best-

performing fungicide, preventing 96.58 % of fungal growth 

in laboratory conditions. Research indicates experimental 

work on the antifungal activity of several synthetic 

fungicides under in vitro conditions (117). Propiconazole 

proved to be the most efficacious chemical, with notable 

outcomes also demonstrated at 0.75 ppm concentration by 

tebuconazole + trifloxystrobin and pyraclostrobin + 

epoxyconazole. The spread of the fungal mycelium of 

Bipolaris oryzae was shown to be significantly inhibited by 

difenoconazole 25 % EC at a 200 ppm concentration (118). 

Numerous chemical fungicides have already been 

investigated against brown spots of Rice under lab and field 

conditions. Mycelial development is effectively inhibited by 

dithane M-45, kitazin, hinosan thiram, shield, foltaf, ridomil, 

bitoxazol and PP 296; other potent inhibitors include 

tridemorph, edifenphos and triadimenol (119). 

Hexaconazole (EC 50, 0.11 ppm concentration) and 

propiconazole (EC 50, 0.42 ppm concentration) were the 

most repressive to the growth of mycelium (33). In addition, 

strobilurins, including azoxystrobin, trifloxystrobin and 

kresoxim methyl, are effective inhibitors of pathogen 

mycelial growth (120). Iprodione is another such strobilurin. 

Numerous techniques for applying fungicides have been 

established (121). It has been demonstrated that foliar 

applications are more successful in suppressing brown 

spots than seed treatments or root dips (122). It has been 

shown that edifenphos, aureofungin and dithane M-45 as 

foliar sprays can help prevent airborne infections and the 

spread of secondary infections. After treating seeds with 

tricyclazole (0.4 %), 0.25 % mancozeb + 0.08 % tricyclazole 

was sprayed on top. The brown spot was effectively 

controlled by treating seeds with thiram (2 g/kg) and three 

sprays of ridomyl MZ (123). The combination of 

propiconazole+thiophanate methyl was effective in 

managing brown spots of rice when applied under 

greenhouse conditions during pre-inoculation, post-

inoculation and after symptoms appearance, respectively, 

compared to control (122). Grain output was increased and 

leaf spot and stalk rot stages were substantially reduced by 

spray application with hexaconazole and propiconazole at 

initial booting and 50 % panicle emergence of panicle stage 

(33). Brestan (fentin acetate) + dithane M-45 (mancozeb) in 

1:5 proportions as a 0.2 % spray at heading and during grain 

maturation provided reasonable disease control. 

Furthermore, it was discovered that antibiotics such as 

versicolin and mycobacillin work well as foliar and seed 

protectants against C. miyabeanus. The drug that reduced 

the severity of the condition the most was Armure 30 EC (0.1 

%), followed by Tilt 25 EC (124). Three safe phenolic 

antioxidants- salicylic acid, benzoic acid and hydroquinone- 

were investigated against rice brown spot as a potential 

substitute for chemical fungicides (115). At low doses, 

compounds such as propiconazole and azoxystrobin 

showed growth inhibition of Bipolaris, indicating their 

potential for treatment of the corresponding disease (125). 

Botanical Common name Part of plant Application  % of inhibition References 

Abutilon indicum India abutilon, monkey bush Seeds, roots and leaves Aqueous extract 55.5 % 112 
Aloe vera Mill. Ghrito kumari Leaf pulp and leaf gel Aqueous extract 37.6 % 112 

Azadirachta indica Neem 
Bark extracts, fruits, seeds, 

leaves 
Oil cake extracts 81.13 % 112 

Callistemon citrinus Crimson bottlebrush Flower, leaves and stem Essential oil application 77-100 % 113 
Calotropis gigantean Crown flower Roots and leaves Aqueous extract 60-70 % 112 

Chromolaena odorata Bitter bush Leaves Aqueous extract 57 % 113 

Curcuma longa L. Turmeric Rhizome (root) Aqueous extract 68.8 % 112 
Cyanodon dactylon L. Bermuda grass Leaves, roots and rhizome Aqueous extract 52.6 % 112 
Cymbopogon citratus Fever Grass, Lemon grass Leaves essential oils application 57 % 113 

Lawsonia inermis, Henna 
Stem bark, roots, flowers and 

seeds) 
Aqueous extract 76.4 % 114 

Madhuca longifolia Mahua 
Flowers, fruits, roots, bark, 

seeds and leaves 
Oil cake extracts 71.41 % 112 

Mimordica charantia Bitter melon Fruit Aqueous extract 60-70 % 112 

Nerium oleander 
Kaner, oleander, rosebay, rose 

bay, rosebay, rose laurel 
Seeds and leaves Aqueous extract 75 % 112 

Ocimum gratissimum Basil, basil-clove, or alfavaca. Leaves Essential oil application 57 % 113 

Phyllanthus niruri L. Gale of the wind Leaves and roots Aqueous extract 71 % 112 
Pithecellobium dulce Madras thorn Pulp and seed Aqueous extract 76.4 % 114 

Ricinus communis Castor Seed Oil cake extracts 64.82 % 112 
Schistosoma indicum  Sesame and til Roots Aqueous extract 60-70 % 112 

Sesamum indicum Gingelly Leaves, stem and roots Oil cake extracts 47.37 % 112 
 Solanum indicum L. African eggplant Roots and seeds Aqueous extract 78.5 % 112 

Thymus vulgaris Common thyme Flowers, leaves and oil Essential oil application 57 % 113 
Vettiveria zyzanoides L. Vetiver grass Roots, stem and leaves Aqueous extract 61.3 % 112 

Vinca rosea Madagascar periwinkle Leaves Aqueous extract 60-70 % 112 

Vitex negundo L. Chinese chaste tree 
Leaves, flowers, twigs, roots 

and seeds 
Aqueous extract 69.9 % 112 

Vitis quadrangularis Veldt grape Roots and stems Aqueous extract 60-70 % 112 

Table 3. Different botanical extracts used to manage brown spots in rice 
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 With the high cost and potential harm associated 

with chemical fungicides, it is crucial to prioritize 

sustainable alternatives for disease management. To 

sustainably control brown spot disease in rice, smallholder 

farmers can adopt an integrated management approach 

combining cultural, biological and chemical strategies. 

Cultural practices include using resistant varieties, seed 

treatment with biological agents like Trichoderma, 

balanced nutrient management (avoiding excessive 

nitrogen while enhancing potassium and silicon), proper 

plant spacing and water management to reduce plant 

stress. Field sanitation, crop rotation and residue removal 

help minimize pathogen reservoirs. Biological control 

options, such as applying antagonistic microorganisms 

like Pseudomonas fluorescens or beneficial endophytes, 

further suppress the disease while promoting plant health. 

Limited and judicious use of environmentally friendly 

fungicides can complement these measures when 

necessary. Training farmers on disease monitoring, group-

based pest management and leveraging ICT tools for early 

warnings ensure community-wide adoption of sustainable 

practices while reducing health and environmental risks. 

 

Conclusion   

Brown spot disease is a complex challenge that threatens 

the rice supply. It is caused by a fungus that can infect all the 

parts of the rice plant, including leaves and seeds. This 

disease has consequences leading to reduced crop yields 

and lower grain quality. The impact extends beyond food 

security; it affects the livelihoods of farmers and 

communities worldwide who depend on rice. Despite the 

obstacles presented by spot disease, there are promising 

avenues for finding resilient solutions. In this review paper, 

we explore the diseases’ origins, symptoms, impact and 

management strategies. This can be achieved through 

breeding techniques or advanced methods like marker-

assisted selection. Another crucial approach involves 

implementing pest management (IPM) strategies. IPM 

combines methods like practices, biological control 

measures and limited use of pesticides to minimize disease 

risk. 

 Furthermore, it is vital to customize interventions 

based on contexts and communities. Climate conditions, 

agricultural practices and cultural norms should be 

considered when designing intervention plans. To tackle 

this challenge, stakeholders, researchers and policymakers 

must come and collaborate. By joining forces, we can create 

a foundation for rice production. Guarantee food security 

for billions of individuals across the globe. 
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