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Abstract 
Strategic fungicide management is a crucial component in the fight against Grain Discolouration Disease (GDD) in 

rice. This silent killer has been plaguing rice farmers for decades, causing significant yield losses and threatening 

food security in many countries. Thus, samples of discoloured grains were collected and different fungi were 

isolated. Isolated fungi were identified based on their morphological characters. Also, the purified culture of each 

fungus was prepared. Pathogenicity test was carried out in-vitro and in-vivo using the percentage incidence 

calculation to confirm the involvement of fungi. Statistical results illustrated that the homogenous mixture of spore 

suspension contains fungal spores of Fusarium spp, Tricoderma, Aspergillus flavus, Aspergilus niger, 

Helmithosporium, Cercospora, Alternaria, Bipolaris and Curvularia of rice proven most lethal in showing the 

maximum symptoms in-vitro and in-vivo. Statistical data for seed germination exhibited that Carbendazim and 

Diathene-M45 were comparatively better and improved percentage seed germination up to considerable levels 

followed by Redomil, Topsin-M and Cordate respectively. The study justified that there are involvement of different 

fungal species in disease establishment and seed discolouration. Also, germination percentage of discoloured rice 

grains can be improved using various seed dressing fungicides. 
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Introduction 

Rice (Oryzae sativa L.) is a staple crop for 

millions of people around the world, providing a 

crucial source of nutrition and livelihood (Coaza 

et al. 2021). However, the threat of grain 

discolouration disease continues to plague rice 

farmers, causing significant yield losses and 

economic impact. This silent killer, also known as 

rice blast or rice brown spot, is caused by a fungal 

pathogen and can significantly reduce the quality 

and market value of rice (Yu et al. 2022). 

 

Grain discolouration disease is caused by the 

fungus Pyricularia grisea, commonly known as 

rice blast. It can affect rice plants at all stages of 

growth, from seedling to maturity, and can cause 

significant damage to leaves, stems, and grains 

(Coaza et al. 2021). The disease is characterized 

by yellow or brownish spots on the leaves, which 

can eventually turn into dark brown or black 

lesions. As the disease progresses, the lesions can 

spread to the stems and grains, causing them to 

shrivel and turn black, reducing their market 

value. 

 

In the case of unpredictable climatic conditions 

across different ecological zones, severity of the 

disease also ranges from minor to major (Yu et al. 

2022). The shape and size of the grain are affected 

by grain discoloration which further leads to a 
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significant lower yield of the crop. This malady 

also causes weight loss in paddy grain which also 

affects the post-harvest processing of the rice 

seeds and cooking quality. Strategies such as 

better utilization of genetic resources, precise 

pathogen identification and improved agricultural 

practices should be developed and suggested to 

help cope up against this malady (Kini et al. 

2019). 

The current study underlines the effectiveness of 

fungicide treatment, especially with respect to 

reducing contamination with the trichothecenes 

DON, DON3G, and NIV, as well as CUL and its 

derivatives, 5-hydroxy-CUL and 15-hydroxy-

CUL, and AURO. All these metabolites were 

significantly reduced as a result of fungicide 

treatment in the years 2018, 2020, and 2021 

according to both or at least one of the data 

analysis schemes (Del et al. 2022).  

 

Interestingly, the fungicide-induced decrease 

of Fusarium metabolites was accompanied by a 

significant increase of the Alternaria metabolite 

IP and the metabolite TRYP (Leslie et al. 2021). 

Furthermore, correlation analysis indicated a 

negative correlation of both IP and TRYP 

concentrations with concentrations 

of Fusarium metabolite BEA 

and Penicillium metabolite N-benzoyl-

phenylalanine (Eskola et al. 2020). Similarly, 

Drakopoulos et al., (2021) reported a negative 

correlation between the occurrence of IP and a 

number of Fusarium metabolites (e.g., AURO, 

CUL, 5-hydroxy-CUL, 15-hydroxy-CUL, DON, 

ENNs, MON, ZEN,) in the grain and straw of 

barley samples.  

A negative correlation between metabolites 

produced by Fusarium spp., Alternaria spp., 

and Penicillium spp. could be due to competition 

between these fungi. This hypothesis is supported 

by the results of a recent study, which found a 

reduction of the concentration of Alternaria 

toxins, including IP, and the metabolite TRYP, 

following Fusarium inoculation of wheat (Del et 

al. 2022). It could be interesting to further 

investigate the effect of fungicide treatment on the 

ecological relationship between different fungal 

populations in future studies (Matumba et al. 

2021). Stored rice commodities are continuously 

threatened by stored grain pest which also results 

in economic losses (Islam et al., 2016a, 2017a; 

Azizi et al. 2020). Forty different types of viral, 

bacterial and fungal diseases stress the crop at its 

different stages (Islam and Ahmad, 2016; Islam et 

al., 2017b; Yu et al. 2022). But as the crop is 

grown in the irrigated area and the conditions 

become humid in the crop ecosystem, so the 

conditions become favourable for the attack of 

different fungi (Rehman et al., 2013 and Coaza et 

al. 2021). The complex fungal association may 

leads towards the attack of grain discolouration 

disease complex of rice, as several fungi are 

considered associated with the disease (Khan et 

al., 2000; Arshad et al., 2009; Habib et al., 2012; 

Ashfaq et al., 2015 and Azizi et al. 2020). 

Common symptoms include brown to black 

colour dark glumes or kernels (Ou, 1985). The 

infected seeds show reduced germination 

percentage and become a leading cause to 

transmit the disease to the seedlings and 

ultimately infecting the plants. From such seeds in 

Nigeria, commonly the fungi that have been 

isolated and reported are Alternaria, Aspergillus, 

Curvularia, Rhizopus, Helminthosporium maydis, 

Penicillium and Trichoderma (Islam and ahmad, 

2016). The disease is associated with the 

qualitative as well as quantitative losses in 

Nigeria. So it is particularly important to identify 

the different fungi associated with the disease so 

that the better management practices can be 

followed to control the disease. As the quick and 

effective solution to manage different fungi are 

use of fungicides (Rehman et al., 2013) so it is 

very important to find the fungicides that are 

effective and can be used to improve the 

germination percentage of the infested rice seeds. 

 

 

Materials and Methods 

The collection of discoloured and healthy grains 

was carried out from plant pathology research 

area, National Cereals Research Institute, 

Badeggi, Niger State, Nigeria. Preparation of 

PDA media was done weighing 20 grams potato 

starch, 20 grams agar agar, 20 grams dextrose and 

one litre of distilled water. Dextrose and potato 

starch was dissolved in 500 ml of water in one 

flask and adding agar agar in other 500 ml water 

in another flask (Ashfaq et al., 2015). Then 

contents from both of the flasks were mixed to 

generate a final volume of one litre. The media 

was then autoclaved for twenty minutes at 121
o
C 
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and 15 psi. About 12- 15 ml of the autoclaved 

media was poured into the pre sterilized petri 

plates of 9 cm diameter and was placed in 

refrigerator after solidification. 

The isolation of fungi was done from infected 

grain samples by immersing the grain samples in 

70% ethanol solution for 1 minute. Afterwards, 

samples were rinsed in sterilized water twice, 

dried, and then placed upon the petri plates 

containing PDA. Hygienic conditions were 

maintained to reduce the chances of 

contamination. Incubation of all the petri plates 

was done at 27±2°C for 5-6 days (Nghiep and 

Gaur, 2005). 

 

Purified culture from different isolated fungi was 

prepared and pathogenicity test was performed for 

confirmatory purposes. For this, surface 

sterilization of healthy rice grains was done with 

70% and thorough washing was carried out with 

double distilled water. Inoculation of these 

healthy grains was performed by dipping them in 

fungal suspensions of 1.50×10
5
/ml (Ma et al., 

2008) by using four petri plates while untreated 

grains were kept as control. Afterwards standard 

blotter paper method was followed leading to the 

incubation of petri plates for a week at 27°C. The 

developed fungal species were examined under 

different microscopes and data for percent 

incidence was recorded using the formula below 

(Mathur and Kongsdal, 2003). 

Percentage Incidence     =    Number of 

infested seed  × 100 

Number of plated seed 

 

Inoculum of isolated fungi was prepared by 

picking the pure colonies grown on PDA media, 

placing them in 500 ml sterilized water separately 

in beakers, agitating and stirring upon mechanical 

stirrer for one hour and diluting it to make 

uniform fungal suspension of spores. Inoculation 

of healthy rice panicles was done by spraying the 

spore suspension while the untreated panicles 

were considered as a control. Observations upon 

the panicles were recorded on daily basis and 

fungi were re-isolated for confirmation purposes. 

Data for percentage incidence was recorded for 

two years using the formula below and mean data 

for the two years were used. 

Percentage Incidence  = Number of infested 

panicles      × 100 

Number of healthy panicles 

 

Efficacy of fungicides upon germination of 

discoloured grains was carried out using five 

fungicides namely; Cordate, Diathane M-45, 

Carbendazim, Redomil, and Topsin-M, were 

evaluated regarding their comparative efficacy 

upon fungal infested discoloured grains for two 

years to examine the comparative improvement in 

their germination percentage. For this purpose 

standard blotter paper technique was used using a 

completely randomized experimental design. The 

fungal suspension from the isolated cultures of all 

the fungi was prepared (1.50×10
5
/ml) as described 

by Ma et al. (2008) and seeds were dipped into 

the suspension. Four different concentrations (20, 

40, 60 and 80 ppm) of all the fungicides were 

prepared for seed dressing purposes and 200 

fungal infested rice seeds were placed in 

fungicides for 24 hours while keeping the 

untreated infested seeds as control check. 

Afterwards, the soaked seeds from each fungicidal 

treatment were sown by using standard blotter 

paper technique in separate petri plates (ISTA, 

1985). Each petri plate containing 50 seeds was 

labelled while using 4 petri plates for each 

fungicidal treatment. Percentage germination of 

seeds two years was determined using the 

formula. 

Percentage Germination = Number of 

germinated seed    × 100 

Number of sown seed 

 

The particular pathogenicity test was performed in 

the field in a randomized complete block design 

(RCBD) experiment involving three replications 

(Steel et al. 1997). Combinations of the following 

treatment were applied randomly to each block. 

F1= Fusarium oxysporum ; F2= Aspergillus flavus 

; F3= Aspergillus niger ; F4= Fusarium 

monilliforme ; F5= Helminthosprium oryzae ; F6= 

Curvularialunta; F7=Cercospora oryzae ; F8= 

Rhizoctonia solani ; F9= Bipoloris oryzae. The 

treatments were 

Variety = Basmati-2000 T1= F1+F2+F3  

T2=F4+F5+F6  

T3=F7+F8+F9  

T4=F1+F2+F3+F4  

T5=F5+F6+F7+F8  

T6=F1+F2+F3+F4+F5  

T7=F5+F6+F7+F8+F9 
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T8=F1+F2+F3+F4+F5+F6+F7  

T9=F1+F2+F3+F4+F5+F6+F7+F8+F9 

T10= To/Control 

 

Results and Discussion 

Recorded results indicated that the symptoms 

began to appear after ten days on all the seeds. 

Figure 1 indicates that seeds inoculated with 

fungal suspension exhibit the percentage 

incidence as 79.25 % as compared to untreated 

check (12.25 %). The study is in agreement to the 

identification efforts from 225 samples of rice 

which were collected from different states. Using 

blotter paper method and agar plate method, it 

was found to be contaminated with species of 16 

fungal genera Alternaria, Helminthosporiumspp, 

Curvularia, Fusarium and Aspergillus spp (Riaz 

et al., 1995). In agreement with our findings were 

also the findings of Guiterrez  2002 and Islam et 

al. 2017a who detected 16 fungi such as 

Alternaria alternate, Aspergillus spp, Curvularia 

spp, Epicoccum spp, Fusarium graminearum, 

Fusarium moniliforme, Nakataeasigmoidea and 

Microdochium oryzae. Javed et al. (2002) 

conducted a similar work upon 873 paddy seed 

samples during 1994-2002 for routine health test 

by Standard blotter paper method and detected 

Alternaria, Cercospora, Fusarium, Aspergillus 

spp, Rhizopus, Chaetomium, Clletotrichum, 

Fusarium, Penicillium, Phoma, Pyricularia, and 

Sclerotium. The fungal species identified in this 

study are also similar with the findings of Arshad 

et al. (2009). 

 

The results interestingly revealed a significant 

effect in terms of increase in percentage incidence 

as compared to the control. Treatment T9 gave the 

mean percentage incidence for treated panicle as 

(77.667%) whi le treatment T1 that was including 

only three representative fungi was competitively 

showing the higher percentage (36.00%) than T2 

& T3 (Figure 2). The mean percentage incidence 

in control was (11.667%). The treatment T3 was 

including Fusarium and Aspergilus spp. that 

exhibit that these play vital role in discolouration, 

Eskola et al. (2020) the efficacy of various 

fungicides on germination percentage of rice 

seeds by using standard blotter paper technique. 

Figure 3 revealed that seed dressing of infested 

rice seeds by different fungicides improved the 

germination percentage as compared to control. 

Germination percentage was also directly 

proportional to the applied fungicidal 

concentrations at 80ppm. Concentration average 

germination percentages of all the fungicides were 

77.8% followed by 60ppm (67.2%), 40ppm 

(62.6%) and 20ppm (57%). Whereas control 

attribute shown 49.9% seed germination. 

Germination percentage for all the fungicides 

varied significantly at all these concentrations 

(Matumba et al. 2021). The germination 

percentage as recorded, improved at higher 

concentrations of fungicides at 80 ppm. 

Carbendazim and Diathene-M45 exhibited results 

83.00% and 81.00% while Redomil, Topsin-M 

and Cordate performed below power by recording 

the results as 79.00%, 77.00% and 69.00% 

respectively.  

 

The concentrations of fungicides applied upon 

infested grains proved directly proportional to the 

improvement in germination percentage of the 

seed as reduced concentration i.e. 20 ppm 

exhibited minimized germination of seeds and 

results recorded were 63.00%, 62.00%, 55.00% 

for Carbendazim, Diathene-M45, Redomil and 

53.00%, 52.00% for Topsin-M and Cordate 

respectively (Figure 3). 

Grain discolouration disease of rice is an 

emerging threat to rice crop in Nigeria. 

Researchers consider that grain discolouration 

disease complex is associated with many fungi 

such as Fusarium, Phoma, Curvularia, 

Tricoderma, Aspergillus spp, Helmithosporium, 

Cercospora, and Rhizoctonia. 

 

We further tested five fungicides for seed dressing 

purposes by checking the percentage germination 

of infested seeds and found that the germination 

percentage of seeds was improved by fungicidal 

dressing. Seed germination was recorded more 

than 80% on average basis regarding fungicide 

dressed infested seeds which is encouraging by 

the results of Nghiep and Gaur, (2005), Islam and 

Manzoor, (2017) and Leslie et al. (2021). They 

both reported 69.5% increase in the germination 

percentage of Aspergilus Flavus affected seeds. In 

context to that Ridomyl- Gold was found to be 

effective against seed borne mycoflora which also 

encourage our results (Sitara and Shahida, 2007; 

Del et al. 2022).  
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Conclusion  

The experimental efforts in field as well as in 

laboratory justified that there are involvement of 

different fungal species in disease establishment 

and seed discolouration. This study further 

concludes that germination percentage of 

discoloured rice grains can be improved using 

various seed dressing fungicides. 
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Figure 1: Mean comparative percentage incidence data for two years under 

laboratory conditions 

 

 

Figure 2: Mean comparative percentage incidence data for two years under Field conditions   
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Figure 3: Efficacy of various fungicides on germination percentage of infested rice 

seeds by using standard blotter paper technique (means of two years data) 


