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The research evaluated the comparative efficacy of biological and chemical fungicides for the control of 

Rhizoctonia solani Kühn, the causal agent of sheath blight in rice (Oryza sativa L.), using three Peruvian 

varieties under field conditions in Babahoyo, Ecuador. Twelve treatments were applied with products such 

as Serenade Max, Timorex Gold, Renaste, Propiconazole and Tebuconazole, plus an absolute control, 

under a randomised complete block design with factorial arrangement and three replications. Variables 

evaluated included disease incidence and severity, treatment efficacy, number of tillers, percentage of 

empty kernels and yield. The results indicated that the treated plots showed lower incidence and severity 

of R. solani compared to the control, although the efficacy did not exceed 30 %. Variety A3, combined 

with B1, achieved the highest yield (6749.49 kg ha-¹) and the lowest percentage of empty grains (16.14 %), 

suggesting a positive interaction between variety and phytosanitary management. It is concluded that the 

combined use of biological and chemical fungicides, together with adapted varieties, can strengthen inte-

grated phytosanitary management in rice, reducing dependence on synthetic agrochemicals and improving 

productivity. 
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La investigación evaluó la eficacia comparativa de fungicidas biológicos y químicos para el control de 

Rhizoctonia solani Kühn, agente causal del tizón de la vaina en arroz (Oryza sativa L.), utilizando tres 

variedades peruanas bajo condiciones de campo en Babahoyo, Ecuador. Se aplicaron doce tratamientos 

con productos como Serenade Max, Timorex Gold, Renaste, Propiconazol y Tebuconazol, más un testigo 

absoluto, bajo un diseño de bloques completos al azar con arreglo factorial y tres repeticiones. Las varia-

bles evaluadas incluyeron incidencia y severidad de la enfermedad, eficacia de los tratamientos, número 

de macollos, porcentaje de granos vanos y rendimiento. Los resultados indicaron que las parcelas tratadas 

presentaron menor incidencia y severidad de R. solani respecto al testigo, aunque la eficacia no superó el 

30 %. La variedad A3, combinada con B1, alcanzó el mayor rendimiento (6749.49 kg ha⁻¹) y menor por-
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centaje de granos vanos (16.14 %), sugiriendo una interacción positiva entre variedad y manejo fitosani-

tario. Se concluye que el uso combinado de fungicidas biológicos y químicos, junto con variedades adap-

tadas, puede fortalecer un manejo fitosanitario integrado en arroz, reduciendo la dependencia de agroquí-

micos sintéticos y mejorando la productividad. 
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Introduction 

 

Oryza sativa, a staple food for more than half of the 

global population, is cultivated in approximately 

308211 hectares in Ecuador, with a total production 

of 1,546 523 tons and an average yield of 5.05 t ha-1. 

In the province of Los Ríos, around 79379 hectares 

are planted, yielding 358501 tons with an average 

yield of (4.52 t ha⁻¹)1. 

Globally, rice cultivation faces significant phytosan-

itary challenges due to the incidence of biotic agents 

such as bacteria, fungi, viruses, spiroplasmas, myco-

plasmas, nematodes, and protozoa. These pathogens 

significantly affect crop development, causing con-

siderable yield losses and reducing the profitability 

for farmers who rely economically on this cereal as a 

primary source of livelihood2. Studies conducted in 

tropical Asia have shown that yield losses vary de-

pending on the type of disease. In individual cases, 

losses range from 1 to 10 %, while the simultaneous 

interaction of multiple diseases, insects, and weeds 

can lead to average losses of 37.2 %, reaching up to 

41 % under severe conditions, depending on the com-

position of the pathological system and the produc-

tion environment3. 

This cereal crop of great agricultural importance is 

affected by more than 40 diseases and microbial dis-

orders, which represent a significant threat to its 

global productivity4. The magnitude of economic  

 

 

losses depend both on the vulnerability of the culti-

vated varieties and on the type of agronomic manage-

ment applied5. In this context, it is essential to vali-

date the resistance of varieties introduced from other 

regions, considering that their phytosanitary perfor-

mance may vary depending on agroclimatic condi-

tions. 

One of the most aggressive rice pathogens is the ne-

crotrophic fungus Rhizoctonia solani Kühn (teleo-

morph Thanatephorus cucumeris), which belongs to 

the family Corticiaceae, order Homenomycetales, 

and class Basidiomycetes. This phytoparasite se-

cretes a wide range of secondary metabolites, includ-

ing host-selective toxins and other biologically active 

molecules6. R. solani is a soil-borne pathogen that 

negatively affects various crops of high economic 

relevance worldwide. For this reason, it continues to 

be the subject of research in different regions of the 

world7. The main crops affected belong to the follow-

ing families: Poaceae (maize, rice, wheat, barley, 

oat), Fabaceae (soybean, peanut, common bean, al-

falfa, lentil, pea), Solanaceae (tobacco, potato), Am-

aranthaceae (sugar beet), Brassicaceae (canola), Ru-

biaceae (coffee), Malvaceae (cotton), Asteraceae 

(lettuce), Araceae (pothos), Moraceae (ficus) and 

Linaceae (flax)8. 
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R. solani is responsible for the disease known as 

sheath blight (SB), which is considered the second 

most important disease in rice cultivation worldwide, 

after rice blast9, and can significantly reduce crop 

yield10. In countries such as the Philippines, losses 

caused by SB range from 10 % under normal condi-

tions to 25-80 % in highly infected areas11. This prob-

lem is exacerbated by the use of high-yielding semi-

dwarf rice varieties, high planting densities, and ex-

cessive use of nitrogen fertilizers. Furthermore, the 

wide host range of this pathogen and its ability to sur-

vive and persist in a latent state under unfavorable 

conditions make its control difficult12. 

SB primarily affects the leaf sheath and leaf blades, 

but it can also affect the entire plant, including 

emerging panicles13. Symptoms typically appear dur-

ing the late tillering stage and early flowering14. A 

characteristic symptom of the disease is the for-

mation of water-soaked lesions with a grayish-green 

color on the leaf sheath, near the waterline. These le-

sions are initially circular, oblong, or elliptical in 

shape, measuring about 1 cm in length. They later en-

large and become irregular, with a grayish-white cen-

ter and brown margins. Lesions can appear anywhere 

on the sheath and may coalesce to encircle the stem. 

Under favorable conditions, the infection spreads to 

upper leaves, causing sheath rot and complete leaf 

drying15. In advanced stages, this disease results in 

poor grain filling16. 

Disease management involves the combination of 

methods such as genetic resistance, cultural prac-

tices, chemical and biological control integrated 

strategies that promote sustainability, reduce envi-

ronmental impact, and contribute to strengthening 

food security17. These strategies aim to reduce the 

amount of pathogenic inoculum to tolerable levels18. 

One of the most commonly used practices in modern 

agriculture is the application of chemical fungicides. 

These products have become essential for efficient 

food production, often offering a quick, practical, and 

economically viable solution19. Although chemical 

control is one of the most widely employed methods, 

it poses challenges to sustainability due to increased 

costs, the development of fungicide resistance, and 

concerns about residual toxicity20.21. Nevertheless, 

the use of triazole fungicides (Propiconazole, Tebu-

conazole, and others) has remained one of the most 

common strategies for years to control soilborne 

fungi22,23. Additionally, synthetic products cause 

toxic effects in humans and contaminate the environ-

ment24,25. Therefore, the use of sustainable alterna-

tives such as biological fungicides26-28, plant ex-

tracts29, and microbial antagonists30-32 has been pro-

moted. 

In a study conducted by Bauzón et al.26, the in vitro 

efficacy of five biofungicides, a biological agent, a 

chemical treatment, and an untreated control was 

evaluated against R. solani. The results indicated that 

Melaleuca alternifolia + terpenes (3 mL L-1), Aloe 

vera + Melaleuca oil (3 mL L-1), Aloe vera (2 mL L-

1), and Melaleuca alternifolia (2 mL L-1) were highly 

effective against the disease, with efficacy compara-

ble to the chemical treatment (Propiconazole + Dif-

enoconazole). The authors recommended validating 

these findings under in vivo conditions to reduce fun-

gicide use and promote environmental sustainability. 

Serenade is a biofungicide based on Bacillus subtilis 

strain QST 713, which acts through antibiosis and in-

duced resistance. It has been evaluated, along with its 

filtrates and bacterial suspensions, in the control of 
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clubroot disease in canola (Plasmodiophora brassi-

cae being the causal agent), showing high efficacy 

when two applications are made, effectively elimi-

nating symptoms of the disease33. Timorex Gold is a 

biofungicide derived from tea tree essential oil (Me-

laleuca alternifolia) and has proven effective against 

phytopathogenic fungi in various crops. It has shown 

success in controlling Black Sigatoka and is thus rec-

ognized for its potential as a tool in integrated pest 

management programs34. 

Within the integrated management approach, the use 

of resistant varieties is highly effective for control-

ling diseases caused by fungi, as serious pathologies 

such as rusts, vascular wilts, and root rots can be ef-

ficiently managed with these varieties. Studies con-

ducted on 10 rice cultivars under greenhouse condi-

tions have reported significant differences among 

cultivars in terms of susceptibility and resistance to 

the pathogen, indicating varying levels of incidence 

and severity depending on the variety evaluated35. 

Since some of these varieties are cultivated in neigh-

boring countries, it is crucial to verify whether they 

are resistant to various diseases when grown in our 

country, considering that new varieties may exhibit 

lower disease incidence and severity, which would 

allow for a reduction in pesticide applications. 

In this context, it is essential to adopt technologies 

such as the use of biological products and new varie-

ties adapted to our study area in order to reduce pes-

ticide use and increase agricultural yields. Therefore, 

this study focused on evaluating the impact of vari-

ous fungicides on the control of R. solani in three Pe-

ruvian rice varieties cultivated in the Babahoyo can-

ton. 

 

Materials and methods 

 

The research was conducted at kilometer 9.0 on the 

Babahoyo-Montalvo Road, Ecuador, at the geo-

graphic coordinates (UTM) 672845.34 East longi-

tude and 9796946.78 South latitude. The experi-

mental area is located at an altitude of 8 meters 

above sea level. The region has a humid tropical cli-

mate with an average annual temperature of 25.6° C, 

annual precipitation of 2329.8 mm, relative humid-

ity of 82 %, and an annual average of 998.2 h of sun-

shine. The soil has flat topography, a clay-loam tex-

ture, and regular drainage. 

The experiment was carried out during the agricul-

tural cycle from March to July 2021, under field con-

ditions. The plant material consisted of three Peru-

vian rice varieties known as HP 102 FL-El Valor, 

Feron, and INIA 515-Capoteña. 

The fungicides used in the research were obtained 

from certified distributors in the country. The prod-

ucts and their respective codes, based on their tech-

nical specifications, are listed below: i) Renaste 

(Epoxiconazole 50 g L-1 + Pyraclostrobin 133 g L-1), 

code: RNST-EPY 133, manufactured by BASF, 

Germany. ii) Serenade Max (Bacillus subtilis strain 

QST 713), code: SRND-BSQ 713, registered and 

distributed by Bayer CropScience, USA. iii) 

Timorex Gold (Extract of Melaleuca alternifolia 

26.8 %), code: TMRX-MEL268, distributed by STK 

Bio-ag Technologies, Israel. iv) Propiconazole 250 

EC, code: PRPC-250EC, commonly used and lo-

cally produced, distributed by various local compa-

nies. v) Tebuconazole 250 EW, code: TBCN-250, 

formulated by Adama Agricultural Solutions, Israel, 

with local distribution under license. 

The dependent variables of the research were disease 

incidence and severity, fungicide efficacy, and rice 

crop yield, while the independent variables included 

the rice varieties and fungicide treatments (Table 1). 
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Table 1 Description of treatments used in the study 

 

Treatment 
Factor A 

(Rice varieties) 
Factor B (Fungicides + Dosage) 

T1 A1 
(B1) (Epoxiconazole + Pyraclostrobin) F1+(Bacillus subtilis QST 713) F2 + (Melaleuca alternifolia ex-

tract) F3 (150 mL ha-1) + (500 mL ha-1) + (1000 mL ha-1). 

T2 A1 
(B2) (Epoxiconazole + Pyraclostrobin) + (Bacillus subtilis QST 713) + (Melaleuca alternifolia extract) 
(300 mL ha-1) + (1000 mL ha-1) + (1500 mL ha-1). 

T3 A1 (B3) How the farmer handles it (Propiconazole) F4+ (Tebuconazole) F5 (500 mL ha-1) + (500 mL ha-1). 

T4 A1 (B4) Without application of fungicides (0) 

T5 A2 
(B1) (Epoxiconazole + Pyraclostrobin) F1+(Bacillus subtilis QST 713) F2 + (Melaleu-ca alternifolia ex-
tract) F3 (150 mL ha-1) + (500 mL ha-1) + (1000 mL ha-1). 

T6 A2 
(B2) (Epoxiconazole + Pyraclostrobin) + (Bacillus subtilis QST 713) + (Melaleuca alternifolia extract) 

(300 mL ha-1) + (1000 mL ha-1) + (1500 mL ha-1). 

T7 A2 (B3) How the farmer handles it (Propiconazole) F4+(Tebuconazole) F5 (500 mL ha-1) + (500 mL ha-1). 

T8 A2 (B4) Without application of fungicides (0) 

T9 A3 
(B1) (Epoxiconazole + Pyraclostrobin) F1+(Bacillus subtilis QST 713) F2 + (Melaleuca alternifolia ex-

tract) F3 (150 mL ha-1) + (500 mL ha-1) + (1000 mL ha-1). 

T10 A3 
(B2) (Epoxiconazole + Pyraclostrobin) + (Bacillus subtilis QST 713) + (Melaleuca alternifolia extract) 
(300 mL ha-1) + (1000 mL ha-1) + (1500 mL ha-1). 

T11 A3 (B3) How the farmer handles it (Propiconazole) F4+(Tebuconazole) F5 (500 mL ha-1) + (500 mL ha-1). 

T12 A3 (B4) Without application of fungicides (0) 

A1 = HP 102 FL - El Valor, A2 = Feron, A3 = INIA 515 - Capoteña, F1 = The fungicide Renaste (Epoxiconazole + Pyraclostrobin) was applied to the seed before sowing. 

F2 = The fungicide Serenade Max (Bacillus subtilis) strain QST 713 was applied 35 days after sowing, F3 = The fungicide Timorex Gold (Melaleuca alternifolia plant ex-

tract) was applied 90 days after cultivation (maximum feeding), F4 = The fungicide Propiconazole was applied 40 days after cultivation (as traditionally done by farmers), F5 

= The fungicide Tebuconazole was applied 90 days after cultivation (maximum feeding), (as traditionally done by farmers). 

The experiment consisted of 12 treatments arranged 

in a Randomized Complete Block Design (RCBD) 

with a factorial arrangement A (varieties) × B (fun-

gicides), and three replications. Factor A corre-

sponded to the rice varieties, while Factor B included 

the fungicide treatments with their respective doses. 

Each experimental unit (EU) consisted of an area of 

4 m² (2 m × 2 m), with a separation of 1.0 m between 

blocks and 0.5 m between plots. To evaluate the ef-

fects of the treatments, the following parameters 

were measured: disease incidence and severity, fun-

gicide efficacy, number of tillers, percentage of 

grains per panicle, weight of 1000 grains, and grain 

yield. 

Disease incidence and severity were determined at 60 

days after sowing (das). Incidence refers to the pro-

portion of diseased individuals; for this, the number 

of diseased plants in the useful area was recorded and 

divided by the total number of plants in the same 

area, then multiplied by 100336. 

Severity was determined through visual observation 

of the area affected by the disease, and the data ob-

tained were applied to the equation proposed by 

Ivancovich et al.37. 

 
% severity (S) = 

a𝑟𝑒𝑎 of disease tissue

𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 (ℎ𝑒𝑎𝑙𝑡ℎ𝑦+diseased)
 x 100 

 

Fungicide efficacy was calculated using Abbott’s 

formula38: 

 
E = 

𝐼𝑇−𝐼𝑡

𝐼𝑇
 x 100 

 
Where: E = Efficacy of the fungicide, IT = Infection in the control y It = Infection in the treatment. 

 

To calculate the number of tillers in the useful area 

of each experimental plot, a 1 m² frame was used 

once the rice reached physiological maturity. Tillers 

present within this frame were counted, using the 

same procedure as for counting the number of pani-

cles in each EU. 

To determine the percentage of unfilled grains per 

panicle, five panicles were randomly selected from 

each EU, and the percentage of filled and unfilled 

grains was recorded. 
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The weight of 1000 grains were obtained by selecting 

grains from each experimental plot, ensuring they 

were free from insect or disease damage. The results 

were expressed in grams. 

Grain yield was calculated based on the weight of 

grains collected from the useful area of each experi-

mental plot. This weight was adjusted to 14 % mois-

ture content and converted to kg ha-1. The weights 

were standardized using the formula by Azcon-Bieto 

& Talon39: 

 

Pu= Pa (100-ha) / (100-hd) 

 
Where: Pu is the standardized weight, Pa is the actual weight, ha is the actual moisture content, 

and hd is the desired moisture content. 

 

For the statistical analysis, the collected data were or-

ganized in electronic spreadsheets. The Shapiro-Wi-

lk normality test was applied to each evaluated vari-

able. Subsequently, to analyze the effect of the treat-

ments, Tukey’s test was used with a 95 % confidence 

level. The statistical analyses were performed using 

SigmaPlot software40. Pearson's correlation test (r) 

was applied to determine the relationships among the 

evaluated variables. 

 

Results 

 

Incidence of R. solani. The varieties A1, A2, and A3, 

when combined with specific fungicides and doses, 

reduced the incidence of R. solani compared to the 

untreated control. The incidence ranged from 39.42 

to 41.38 %, with variety A3 showing the lowest num-

ber of affected plants, while variety A1 showed the 

highest value. The highest incidence observed was 

50.56 %. In treated plots, incidence values ranged be-

tween 36.61 and 37.17 %. No significant differences 

were observed in incidence for the interaction be- 

tween varieties, fungicides, and doses. 

In plots treated with fungicides and different doses, 

incidence fluctuated between 35.00 and 38.67 %, 

with no significant differences between treatments. 

In contrast, the three untreated varieties showed 

higher incidence values between 49.33 and 51.33 %, 

exceeding those observed with the application of 

treatments and doses, as well as their interactions. 

Table 2 shows the incidence of R. solani in response 

to the applied treatments. 

Severity of R. solani. No significant differences were 

observed in severity among the fungicide treatments 

and doses, although a slight reduction in damage was 

noted compared to the untreated control. Severity 

ranged from 38.25 to 39.75 %, with the highest value 

recorded in variety A1. Treated plots showed severity 

values between 34.11 and 39.56 %. The lowest se-

verity was observed with treatment B3, commonly 

used by local farmers. However, severity differences 

among treatments were not significant. 

In contrast, plants without fungicide treatment (B4) 

had the highest severity percentage, 43.67 %. No sig-

nificant differences were observed in severity for the 

interactions between varieties, fungicides, and doses. 

Varieties A2 and A3 treated with B3 showed the low-

est severity percentage (33.00 %), which was lower 

than that of other fungicides, including untreated 

plots (Table 2). 

Fungicide efficacy. The control percentage of R. 

solani according to the treatments analyzed, (Figure 

1), revealed that B3 achieved an efficacy of 27.60 %. 

B2 and B1 showed 26.80 and 26.46 %, respectively. 

These values did not differ significantly from each 

other. The coefficient of variation was 22.08 %. 

Among the evaluated varieties, none of the fungicide 
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treatments exceeded 30 % efficacy for controlling R. 

solani. 

 

Table 2 Incidence and severity of R. solani according to varieties and fungicides 

 

Varieties Fungicides and doses Incidence of R. solani (%) Severity of R. solani (%) 

(A1) - 41.38 39.75 

(A2) - 40.25 38.25 

(A3) - 39.42 39.42 

- (B1) 37.17 b 39.22 

- (B2) 37.06 b 39.56 

- (B3) 36.61 b 34.11 

- (B4) 50.56 a 43.67 

(A1) (B1) 38.67 36.00 

(A1) (B2) 38.00 43.33 

(A1) (B3) 37.83 36.33 

(A1) (B4) 51.00 43.33 

(A2) (B1) 36.17 44.00 

(A2) (B2) 36.50 41.00 

(A2) (B3) 37.00 33.00 

(A2) (B4) 51.33 35.00 

(A3) (B1) 36.67 37.67 

(A3) (B2) 36.67  34.33  

(A3) (B3) 35.00 33.00 

(A3) (B4) 49.33 52.67 

Statistical Significance 

Varieties ns ns 

Fungicides and doses ** ns 

Varieties* fungicides and doses ns ns 

Coefficient of variation  10.10 15.39 

               Means with a common letter are not significantly different (p> .05) according to the Tukey test at the 5 % probability level. 

              ** Highly significant (p< .01); ns: Not significant (p> .05). 

The interaction between varieties and fungicides was 

not statistically different. However, Figure 2 shows 

that for variety A2, treatment B1 achieved a control of 

29.49 %. This result was similar to those obtained 

with 28.99 and 27.98 % (B3) in the same variety. On 

the other hand, for varieties A1 and A3, the fungicide 

treatments reported efficacy values ranging from 

24.05 to 29 %. These values were not significantly 

different. Moreover, the persistence period of the 

fungicides exceeded 20 days. 

Number of tillers. According to Table 3 and the eval-

uated treatments, variety A1 had the highest number 

of tillers, with an average of 293.92, followed by A3 

with 286.08. Plots without fungicide application (B4) 

had an average of 306.67 tillers m-2. Treatments B2 

and B1 resulted in 289.67 and 280.56 tillers m-2, re-

spectively, while B3 produced 277.67 tillers m-2. The 

latter did not differ from the number observed in 

plots without fungicide application. 

When considering the interaction between varieties 

and fungicides, the highest number of tillers per 

square meter was recorded in A1 without fungicide 

treatment, with 316.33 tillers m-2, followed by A2 

with B3 (309.67), and A3 without fungicides 

(306.00). The lowest number of tillers per square me-

ter was recorded in A2 with B2 (261.33 tillers), which 

was similar to the values observed in A3 with B3 

(261.67), A1 with B3 (261.67), A3 with B1 (267.67), 

and A2 with B1 (275.00). 

Yield. Table 3 shows the grain yield in kg ha-1 for the 

different treatments analyzed. The yields of the vari-

eties ranged from 5192.32 to 6395.67 kg ha-1, with 

A3 standing out as the highest-yielding variety per 

unit area. The yield of A3 was significantly different 
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from that of A2 and A1, whose yields were statisti-

cally similar to each other. 

 

Figure 1 Fungicide efficacy and dosage in controlling 

R. solani 

 

 

 

Figure 2 Interaction of varieties with fungicides in the 

control of R. solani 

 

 

 
 

Regarding the fungicide and dose factor, B3 and B1 

achieved the highest yields, with 5968.98 and 

5786.79 kg, respectively, with no significant differ-

ences between them. However, the yield in B3 

(5968.98 kg) was significantly different from B2 

(5231.15 kg) and the untreated control (5500.44 kg). 

In the interaction between varieties and fungicide 

treatments with different doses, variety A3 combined 

with B3, B1, and B2 showed the highest yields per 

hectare, with 6891.73, 6749.49, and 6257.44 kg, res-

pecttively. However, the yield of LAP-003-2020 

with B1 did not differ significantly from the absolute 

control (5684.00 kg). 

On the other hand, the lowest yields per hectare were 

obtained with the combinations A1 y B2, A2 y B2, and 

A1 y B1, which reached 4692.05, 4743.95, and 

4804.05 kg, respectively. These values were not sig-

nificantly different from their respective untreated 

controls. 

Unfilled grains. In Figure 3A, variety A3 presented 

the lowest number of unfilled grains per panicle, with 

16.14 %. Figure 3B shows the percentage of unfilled 

grains in response to different fungicide treatments 

and their respective doses. In this variable, the per-

centage of empty grains per panicle ranged from 

18.79 to 23.85 %. The lowest value was recorded in 

B3, which was significantly different from B1, which 

reported 23.85 % unfilled grains. The absolute con-

trol recorded 22.17 % empty grains, but this value did 

not differ significantly from the others. 

In the interaction between varieties and fungicide 

treatments with different doses (Figure 3C), A3 with-

out fungicides presented 14.68 % unfilled grains, fol-

lowed by A3 with B2 (15.66 %), A3 with B1 (16.26 

%), and A1 with B3 (16.28 %). The percentages ob-

served in these treatments did not show significant 

differences among them. 

 

Discussion 

 

The results obtained demonstrate that the integration 

of biological and chemical fungicides, combined 

with the appropriate selection of rice varieties, can 
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play a key role in reducing the incidence and severity 

of R. solani under field conditions. Although no treat-

ment exceeded 30 % efficacy, B1 and B3 stood out 

compared to the untreated control, supporting their 

inclusion as complementary strategies within inte-

grated management programs. This moderate effi-

cacy may be attributed to factors such as high inocu-

lum pressure in tropical environments, intensive use 

of nitrogen fertilizers, and varietal susceptibility, 

which highlights the need for multifactorial ap-

proaches41-44. Therefore, the implementation of com-

prehensive disease management measures is essen-

tial. These strategies include the use of resistant or 

tolerant materials, optimal planting times, balanced 

nutrition, crop rotation, incorporation of antagonistic 

microorganisms, and the rational application of fun-

gicides45-48. Collectively, these measures have been 

associated with a reduction in R. solani symptom in-

cidence, approximately 8 % lower than chemical 

control, especially during the early growth stages and 

vegetative development of the crop49. 

 

Table 3 Number of tillers and production according to the treatments studied 

 

Varieties Fungicides and doses Number of tillers m-2 Production (kg ha-1) 

(A1) - 293.92 5192.32 b 

(A2) - 285.92 5277.53 b 

(A3) - 286.08 6395.67 a 

- (B1) 280.56 ab 5786.79 ab 

- (B2) 289.67 ab 5231.15 c 

- (B3) 277.67 b 5968.98 a 

- (B4) 306.67 a 5500.44 bc 

(A1) (B1) 299.67 a 4804.05 d 

(A1) (B2) 298.00 a 4692.05 d 

(A1) (B3) 261.67 b 5818.40 bc 

(A1) (B4) 316.33 a 5454.77 bcd 

(A2) (B1) 275.00 b 5806.83 bc 

(A2) (B2) 261.33 b 4743.95 d 

(A2) (B3) 309.67 a 5196.80 cd 

(A2) (B4) 297.67 a 5362.56 cd 

(A3) (B1) 267.67 b 6749.49 a 

(A3) (B2) 309.67 a  6257.44 ab 

(A3) (B3) 261.67 b 6891.73 a 

(A3) (B4) 306.00 a 5684.00 bc 

Statistical Significance 

Varieties ns ** 

Fungicides and doses ** ** 

Varieties* fungicides and doses ** ** 

Coefficient of variation  3.13 4.87 

The lowest incidence and severity of the disease were 

observed with B1 and B3, consistent with previous 

studies. The efficacy of Bacillus subtilis and Mela-

leuca alternifolia extract highlights their ability to 

control pathogens through antibiosis, induction of 

systemic resistance, and competition for ecological 

niche26,33.34. 

Several studies have confirmed that the use of B. sub-

tilis as a biofungicide can significantly improve rice 

resistance to soilborne pathogens. For example, 

Lahlali et al.33 reported that Serenade Max, based on 

B. subtilis strain QST 713, induces systemic re-

sistance and reduces disease severity in canola. Sim-

ilarly, Boukaew et al.28 indicated that combining bi-
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ocontrol agents with chemical fungicides can en-

hance control efficacy against Rhizoctonia solani wi-

thout causing environmental harm or inducing re-

sistance. In another study, Rashid et al.27 reported 

that biopesticides based on plant extracts and benefi-

cial bacteria were effective in reducing the incidence 

of sheath rot disease in rice in Bangladesh, with re-

sults comparable to conventional treatments. 

 

Figure 3 Empty grains (%) and full grains (%) in varieties (A), fungicide treatments and doses (B) and interaction 

between varieties and fungicides and doses (C). Bars with a letter in common are not significantly different (p>0.05) 

according to the Tukey test at 5 % probability 

 

 

 

Additionally, Yang et al.29 noted that bacterial strains 

isolated from bovine manure had potential as biolog-

ical control agents against R. solani, highlighting the 

feasibility of using native microorganisms as a sus-

tainable and local solution. This body of evidence 

strengthens the notion that an integrated management 

approach based on biological products and their in- 

teraction with plant material constitutes a solid strat-

egy to reduce pathogen impact and improve produc-

tive stability in tropical rice systems. 

Variety A3 exhibited the least damage, and when 

combined with treatment B1, it achieved the highest 

yield (6749.49 kg ha-1) and the lowest percentage of 

unfilled grains (16.14 %), demonstrating a favorable 
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interaction between the plant material and the phyto-

sanitary strategy used. Similar findings have been 

previously reported, emphasizing the importance of 

integrating management practices, including the ap-

propriate selection of tolerant varieties and comple-

menting their management with fungicides having 

different modes of action to substantially reduce dis-

ease incidence in the field50. 

This suggests that the selection of rice variety, along 

with the appropriate biological fungicide, is crucial 

to maximizing control of R. solani. The interaction 

between host, pathogen, and biological agent re-

quires further investigation to better understand these 

mechanisms, which aligns with the observations of 

Quiroz Ojeda et al.7, who noted that R. solani inter-

acts with its hosts through biological, genetic, and 

pathogenic pathways fundamental to understanding 

host pathogen relationships across different pa-

thosystems. 

The percentage of unfilled grains affects crop yield 

by compromising photosynthesis, nutrient transloca-

tion, and grain filling51. Variety A3 showed the low-

est percentage of unfilled grains regardless of the 

treatment applied. A similar trend was observed in 

variety A1 with the application of Propiconazole and 

Tebuconazole, which reported 16.28 % of unfilled 

grains per panicle. This suggests that the percentage 

of unfilled grains could be influenced by biotic fac-

tors (pathogens, insect pests, and genetic traits) and 

abiotic factors (low temperature, relative humidity, 

and cloud cover)45,52. 

On the other hand, synthetic fungicides such as Pro-

piconazole and Tebuconazole continue to show a cer-

tain level of effectiveness, as evidenced by studies 

conducted by Pérez Vicente et al.53. However, their 

continued use presents risks of resistance develop-

ment in pathogens and may lead to undesirable envi-

ronmental impacts. Therefore, the results obtained in 

this study support the progressive transition from 

synthetic molecules to bioproducts, in line with 

agroecological approaches. This research stands out 

for integrating biological products with rice varieties 

currently used by farmers in the field, generating val-

uable information and strengthening the decision-

making process for producers interested in more sus-

tainable agricultural practices in the rice-growing ar-

eas of the Ecuadorian coast. 
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