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Abstract 
Seed treatment is the application of chemical or biological agents to seeds before sowing to protect against 

soilborne pathogens. This research evaluated seven seed treatments on soybean (cv. BARI Soybean-6) at 

Bangladesh Agricultural University, Mymensingh, during kharif 2022 and 2023. Carbendazim + T. viride 

produced the highest seedling vigour index (1,892), germination (96.3%), and grain yield (2.41 t/ha) 43.5% 

above untreated control. Collar rot incidence dropped from 18.7% to 3.2%. Combining chemical and 

biological seed treatments creates dual protection enhancing both disease suppression and growth 

promotion. 
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Introduction  

Seed treatment is defined as application of physical, chemical, or biological agents to seeds 

before planting to suppress pathogens and improve germination [1]. In soybean, seed treatment is 

important because the crop is vulnerable to soilborne fungi particularly Sclerotium rolfsii, 

Rhizoctonia solani, and Fusarium oxysporum that attack seedlings within the first two weeks [2]. 

Chemical fungicides like carbendazim and thiram provide effective short-term protection [3], but 

concerns about residues and non-target effects have driven interest in biocontrol agents such as 

Trichoderma viride and Pseudomonas fluorescens, which suppress disease through competition, 

antibiotic production, and induced resistance [4, 5]. However, bioagents alone may not match 

fungicide efficacy under high disease pressure [6]. 

Combining fungicides with bioagents could exploit rapid chemical knockdown followed by 

sustained biological protection [7]. This research investigated: (i) individual and combined seed 

treatment effects on germination, vigour, and disease; (ii) yield responses; and (iii) whether 

integrated treatments outperform either approach alone. 

 

Materials and Methods 

Materials 

The research was conducted during two kharif seasons (July-November 2022 and 2023) at the 

Bangladesh Agricultural University (BAU) Experimental Farm, Mymensingh, Bangladesh 

(24°43'N, 90°26'E). Soybean cultivar BARI Soybean-6 was used. Carbendazim 50% WP and 

thiram 75% WP were from BASF Bangladesh. T. viride (1 × 10⁸ CFU/g) and P. fluorescens (1 × 

10⁸ CFU/g) formulations were from the BAU Plant Pathology Laboratory. Ethics approval: 

BAU Agricultural Research Board (Protocol BAU-ARB/2022-071, June 2022). 

 

Methods 

Seven treatments were applied: T1 untreated control, T2 carbendazim (2 g/kg seed), T3 thiram (3 

g/kg seed), T4 T. viride (10 g/kg seed), T5 P. fluorescens (10 g/kg seed), T6 carbendazim + T. 

viride, T7 thiram + P. fluorescens. For combined treatments, the fungicide was applied first, air-

dried 30 minutes, then the bioagent was coated [8]. Germination and seedling vigour index (SVI 

= seedling length × germination%) were assessed at 14 DAS in the
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field. Disease incidence of collar rot was recorded at 30 DAS. 

Grain yield was measured at harvest maturity. ANOVA was run 

in STAR v2.0.1 with DMRT at p ≤ 0.05 [9]. 

 

Field experimental design 
A randomized complete block design with seven treatments and 

four replications was used. Plot size was 4 m × 3 m. Soybean 

was sown at 30 × 5 cm spacing (667,000 plants/ha). Basal 

fertilizer (urea 50, TSP 100, MoP 60 kg/ha) was applied at 

sowing. Rhizobium inoculant was applied to all treatments 

except T1 after the seed treatment coating had dried [10]. 

 

Seasonal conditions 

Kharif 2022 received 1,847 mm rainfall with mean 28.6 °C; 

2023 had 2,014 mm and 28.9 °C. High humidity (82-85%) 

favored soilborne disease. Untreated plots showed 16.4% and 

21.1% collar rot in the two years [11]. Data were pooled 

(treatment × season p = 0.28). 

 

Soil characteristics 
Non-calcareous dark grey floodplain soil (Old Brahmaputra 

alluvium), silty clay loam, pH 6.7, organic matter 1.92%, total N 

0.11%, available P 11.4 mg/kg. Previous crop was transplanted 

aman rice [12]. 

 

Results 

Table 1: Germination, seedling vigour index, and collar rot incidence under different seed treatments (pooled) 
 

Treatment Germination (%) Seedling vigour index Collar rot (%) Disease reduction (%) 

T1 Untreated 78.6e 1241e 18.7a - 

T2 Carbendazim 91.4bc 1682bc 5.9c 68.4 

T4 T. viride 86.7cd 1524cd 9.1b 51.3 

T6 Carb + T. viride 96.3a 1892a 3.2d 82.9 

T7 Thiram + P. fluor. 94.1ab 1783ab 4.6cd 75.4 

 

Table 1 shows germination, vigour, and disease data. T6 

(carbendazim + T. viride) gave 96.3% germination and SVI 

1,892; the control recorded 78.6% and 1,241. Collar rot dropped 

from 18.7% (T1) to 3.2% (T6) 82.9% reduction. Individual 

bioagents outperformed the control but were weaker than 

combined treatments.

 

Table 2: Grain yield and yield attributes of soybean under different seed treatments (pooled) 
 

Treatment Pods/plant 100-seed wt (g) Grain yield (t/ha) 

T1 Untreated 32.4d 11.2a 1.68d 

T2 Carbendazim 42.8bc 11.6a 2.10bc 

T4 T. viride 39.6c 11.4a 1.94c 

T6 Carb + T. viride 48.6a 11.8a 2.41a 

T7 Thiram + P. fluor. 46.1ab 11.5a 2.28ab 

 

Table 2 shows yield attributes. T6 produced 2.41 t/ha 43.5% 

above T1 and 14.8% above carbendazim alone (T2, 2.10 t/ha). 

Yield gains came from improved plant stand and pod number 

(48.6 vs 32.4 pods/plant) rather than seed size.

 

 
 

Fig 1: Distribution of seedling vigour index across seven seed treatments at 14 DAS (pooled over two seasons). 
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Fig 2: Proposed mechanism cycle of combined fungicide-bioagent seed treatment leading to enhanced soybean productivity. 

 

Figure 1 displays seedling vigour distributions, with combined 

treatments showing higher medians and tighter spread. Figure 2 

illustrates the proposed dual mechanism cycle linking pathogen 

suppression with growth promotion. 

 

Discussion 

The superiority of combined treatments confirms that integration 

outperforms either approach alone. Carbendazim likely provided 

immediate pathogen control in the first 7-10 days, creating a 

window for T. viride to colonize the rhizosphere [3, 5]. Once 

established, T. viride's mycoparasitism and auxin production 

sustained protection and root growth [6]. 

The 82.9% collar rot reduction under T6 exceeded carbendazim 

alone (68.4%), indicating synergistic effects consistent with 

Harman et al.'s [7] complementary modes of action model. The 

14.8% yield advantage of T6 over T2 represents T. viride's 

growth-promoting contribution beyond disease control [4, 8]. 

 

Conclusion 
Combined seed treatment with carbendazim + T. viride 

produced the best soybean performance: 96.3% germination, 

highest seedling vigour index (1,892), 82.9% collar rot 

reduction, and 2.41 t/ha grain yield (43.5% above control). The 

integrated approach exploits rapid chemical protection followed 

by sustained biological disease suppression and plant growth 

promotion. For soybean growers in humid tropical environments 

with high soilborne disease pressure, combining a systemic 

fungicide with a Trichoderma-based bioagent at sowing is a 

practical and effective strategy. 
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