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Abstract 
Brassica juncea is an important oilseed crop of the family Brassicaceae. In India, its productivity is limited 

by various plant diseases including Alternaria blight. To evaluate the effect of biochar application and seed 

priming with Trichoderma spp. (T. harzianum and T. viride) on the growth, yield, and disease parameters 

of rapeseed mustard (B. juncea var. PBR 91), the present study was conducted during the rabi season of 

2024-25. The field experiment was laid out in a randomized block design (RBD) with ten different 

treatments of biochar, Trichoderma spp., and the combinations thereof. Out of different combinations 

tested, the treatment T4 i.e., RDF (recommended dose of fertilizers) + seed priming (SP) with T. viride 50% 

+ T. harzianum 50%, significantly reduced the number of days to 50% germination (4.50 DAS), and 

increased plant height (208.93 cm at 90 DAS), number of leaves (58.51), number of branches (28.33), 

promoted early flowering (61.50 DAS), and improved plant and shoot fresh weights (91.20 g at 90 DAS 

and 44.43 g, respectively). It was also useful in increasing the number of siliquae (235.50), seeds per 

siliqua (15.80), and seed yield per plot (668.16 g). The treatment T4 also delayed the initial appearance of 

Alternaria blight (83 DAS) and showed the lowest disease incidence (48.29%), severity (21.09%), and 

AUDPC value (447.51). In contrast, the control treatment, T1 (RDF only) recorded the poorest performance 

in all parameters including maximum disease incidence (54.54%), severity (29.12%), and AUDPC value 

(716.40). Interestingly, biochar treatments (alone or in combination with Trichoderma spp.) showed some 

improvement in all the parameters than the control, but were less effective than seed priming with the 

fungal biocontrol agent, Trichoderma spp. (especially, the treatment T4). Therefore, it may be concluded 

that seed priming with a balanced mixture of T. harzianum and T. viride (both at 50% dose) is quite 

effective in enhancing mustard growth, yield, and in reducing Alternaria blight incidence under field 

conditions. 

 

Keywords: Biocontrol agent, sustainable agriculture, seed priming, plant disease, area under disease 

progress curve, disease management 

 

Introduction  

Brassica juncea (L.) Czern., commonly known as brown mustard, is a major oilseed crop of 

South Asia and China, and an important nutraceutical [1]. Mustard is rich in glucosinolates, 

flavonoids, anthocyanins, chlorophylls, β-carotene, and ascorbic acid [2], and is also used in 

herbal medicine [3]. Mustard has been cultivated since 3000 BC and was introduced from China 

to Northern India [1,4]. It plays a vital role in the Indian oilseed economy, contributing 28.6% to 

total oilseed production [5], with a record 12 million tonnes produced in 2023-24 [6]. However, its 

productivity is limited by several diseases viz., Alternaria blight, White rust, Downy mildew, 

Sclerotinia rot and Powdery mildew. Alternaria blight caused by A. brassicae is one of the most 

devastating disease of mustard [7]. Yield losses range between 10-70% depending on severity [8]. 

The disease produces concentric brown spots on leaves, stems, and siliquae [9,10]. It is generally 

spread via seeds, plant debris, soil, and weed hosts. The spread of the disease is affected by 

various climatic conditions, and its incidence peaks during wet seasons with relatively high 

rainfall. [7]. Infection of the siliqua impairs seed development, leading to reductions in seed 

weight, alterations in seed coloration, lower oil content, and a general decline in seed quality [11]. 

https://www.agronomyjournals.com/
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Chemical fungicides like Mancozeb and Hexaconazole are 

generally used to manage the disease [12,13,14], but excessive use 

leads to environmental hazards [15,16] and can also lead to the 

development of fungicide-resistant pathogen strains [17,18]. 

Biochar, a solid carbon rich product obtained from the process 

of thermo-chemical conversion of the organic-biomass in 

oxygen limited condition, generally referred to as pyrolysis, 

improves soil fertility, microbial dynamics, and induces 

systemic resistance [19,20,21]. It induces systemic resistance in 

plants (ISR/SAR) by activating different defense pathways like 

salicylic acid, ethylene signaling, enhancing antioxidant enzyme 

activity and priming defense gene expression [22]. Further, the 

use of biochar results in an increase in population of beneficial 

fungi such as Pseudomonas spp., or Arbuscular mycorrhizal 

fungi (AMF) [23]. 

Integrating biological control agents (such as beneficial fungi 

and bacteria), in plant disease management strategies, is 

becoming increasingly important as a sustainable alternative for 

conventional plant disease management tactics. They employ 

various mechanisms, including competition, parasitism, and 

induction of plant resistance for their action [24]. Seed bio-

priming, an eco-friendly and sustainable technique, has emerged 

as a promising strategy for enhancing crop resilience against 

diseases. Bio-priming involves treating seeds with beneficial 

microbes including bio-control agents, such as Trichoderma 

spp., to improve germination, vigor, and pathogen resistance. 

Seed treatments with biocontrol agents (BCAs) is an effective 

method for controlling soil-borne diseases [25]. 

Use of microbial products in agriculture is an age-old practice, 

but has recently received increased attention owing to its 

sustainable and eco-friendly nature [26]. The potential use of the 

Trichoderma spp., as a biocontrol agent was suggested about 85 

years ago by Weindling [27]. Various species of the fungal genera 

Trichoderma are considered very important ecologically, as they 

serve as sources of variety of antibiotics, enzymes, act as plant 

growth promoters, xenobiotic degraders, and most importantly, 

have been now well-established as the commercial bio-

fungicides [28]. Trichoderma spp. also act as plant growth 

stimulator due to their inherent properties of mineral 

solubilization, root colonization, symbiosis, nutrient uptake, 

production of phytohormones and secretions of enzymes [29]. Its 

interaction with crop plants can result in root colonization, 

which triggers morphological changes in the plant roots [30] and 

promote growth of plant in the form of increased root density, 

improved nutrient uptake, mineral solubilization, and induced 

defense response against various biotic and abiotic stresses [31]. 

Trichoderma spp. particularly T. harzianum and T. viride, 

exhibit strong antagonistic activity against A. brassicae, with 

dual culture assays reporting over 75% inhibition of pathogen 

mycelial growth [32]. By combining direct parasitic interactions 

with induced systemic resistance and growth promotion, 

Trichoderma spp. not only suppresses disease, but also enhances 

host resilience, validating its role as a potent bio-fungicide in 

integrated disease management strategies [33]. Considering the 

above benefits of Trichoderma spp. and Biochar, the present 

experiment was conducted to evaluate the effect of biochar (as 

soil amendment) and seed priming with Trichoderma spp. on the 

growth, yield, and the occurrence of Alternaria blight in 

mustard. 

 

Materials and Methods 

Details of Experiment 

The field experiment was conducted during rabi season of 2024-

25 at the experimental farm, Faculty of Agricultural Sciences, 

DAV University, Jalandhar, Punjab. The experiment was laid 

out in a randomized block design (RBD) with ten treatments and 

six replications. The seed material comprises of brown mustard, 

B. juncea, variety PBR 91 obtained from Punjab Agricultural 

University (PAU), Ludhiana, Punjab. 

 
Table 1: Detail of treatments 

 

Treatment Treatment details 

T1 RDF 

T2 RDF + SP # with Trichoderma viride 100% 

T3 RDF + SP# with Trichoderma harzianum 100% 

T4 
RDF + SP# with Trichoderma viride 50% and Trichoderma 

harzianum 50% 

T5 
RDF + SP# with Trichoderma viride 100% and Trichoderma 

harzianum 100% 

T6 RDF + Biochar* 

T7 RDF + Biochar* + SP# with Trichoderma viride 100% 

T8 RDF + Biochar* + SP# with Trichoderma harzianum 100% 

T9 
RDF + Biochar*+ SP# with Trichoderma viride 50% and 

Trichoderma harzianum 50% 

T10 
RDF + Biochar* + SP# with Trichoderma viride 100% and 

Trichoderma harzianum 100% 
#
 Seed Priming @ 1 g/ml 

*Biochar @ 0.9 kg/ m2 

RDF: Recommended dose of fertilizers i.e., MOP @2.5g/m2, Urea @ 

21.6g/m2 and SSP @ 18g/ m2 

 

Seed priming and biochar application 

Seeds of mustard were bio-primed by treating them with a 

solution of T. harzianum and T. viride @ 1g/ml. Treated seeds 

were incubated at 28±2°C for 24 hours and sown in the field. 

Sugarcane biochar @0.9 kg/m2 was also applied to the field, 

during the field preparation stage, before sowing by mixing the 

desired amount of biochar in the top layer of soil of the selected 

plots 

 

Observations 

Growth parameters recorded included days to 50% germination, 

days to 50% flowering, shoot fresh weight, plant height, plant 

fresh weight, number of leaves per plant and number of branches 

per plant. Yield attributes included number of siliquae per plant, 

seeds per siliqua, and seed yield per plot.  

The percent disease incidence (PDI), percent disease severity 

(DS) and Area under disease progress curve (AUDPC) of 

Alternaria blight were calculated by using following formulae: 

 

Percent disease incidence 

 

 
 

 

Percent disease severity 

 

 
 

Area under disease progress curve (AUDPC) 

 

 
 

where, 

Yi = disease index (per unit) at ith observation 
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Y(i+1) = disease index (per unit) at (i+1)th observation 

Xi = time of ith observation (in days) 

Xi+1 = time of (i+1)th observation (in days) 

n = total number of observations 

 

Statistical analysis 

The means of various treatments were compared using analysis 

of variance (ANOVA) using OPSTAT tool 

(https://14.139.232.166/opstat) at p≤0.05. The means of 

individual treatments were compared using critical difference 

(CD) value. The data of DS and PDI was subjected to the 

Arcsine transformation, prior to ANOVA in Microsoft Excel for 

Windows®. 

 

Results 

Days to 50% germination 

It was observed that the treatment T4 (RDF + Tv 50% and Th 

50%), took least number of days (4.50 DAS) to achieve 50% 

germination, which was at par with treatments T3 (RDF + Th 

100%), T2 (RDF + Tv 100%) and T5 (RDF + Tv 100% and Th 

100%) (i.e., 4.66, 4.83, and 4.50 DAS, respectively) and was 

significantly lower than all other treatments (Table 2). Whereas 

the highest number of days (6.16 DAS) was observed in 

treatment T1 (RDF), which was at par with treatments T10 (RDF 

+ Biochar + Tv 100% and Th 100%), T9 (RDF + Biochar + SP 

with Tv 50% and Th 50%), T8 (RDF + Biochar + SP with Th 

100%), T7 (RDF + Biochar + SP with Tv 100%), and T6 (RDF + 

Biochar) with 6.00, 5.66, 5.83, 5.66 and 5.83 DAS, respectively. 

 

Days to 50% flowering 

The least number of days (61.50) to achieve 50% flowering was 

observed in the treatment T4 (RDF + SP with Tv 50% and Th 

50%), which was at par with the treatments T3 (RDF + SP with 

Th 100%), T2 (RDF + SP with Tv 100%) and T5 (RDF + SP Tv 

100% and Th 100%) with 61.50, 61.66, and 62.16 DAS, 

respectively (Table 2). Maximum number of days (63.83) to 

achieve 50% flowering were observed in the control i.e., 

treatment T1 (RDF), which was at par with treatments T10 (RDF 

+ Biochar + SP with Tv 100% and Th 100%), T7 (RDF + 

Biochar + SP with Tv 100%), T8 (RDF + Biochar + SP with Th 

100%) and T9 (RDF + Biochar+ SP with Tv 50% and Th 50%) 

with 63.50, 63.66, 63.66, and 63.33 DAS, respectively. 

 

Shoot fresh weight 

The highest shoot fresh weight at harvest i.e.,140 DAS was 

recorded in the treatment T4 (RDF + SP with Tv 50% and Th 

50%) with 44.43 g, significantly higher than all other treatments 

(Table 2). The lowest shoot fresh weight (24.81 g) was recorded 

in the control i.e., treatment T1 (RDF), which was significantly 

lower than all other treatments. 

 
Table 2: The effect of different treatments on days to 50% germination (DAS), days to 50% flowering (DAS), and shoot fresh weight. 

 

Treatments Mean number of days to 50% germination (DAS) Mean number of days to 50% flowering (DAS) Shoot fresh weight (g) 

T1 6.16b 63.83c 24.81j 

T2 4.83a 61.66a 40.78c 

T3 4.66a 61.50a 41.86b 

T4 4.50a 61.50a 44.43a 

T5 5.00a 62.16a 37.00d 

T6 5.83b 62.66b 26.30h 

T7 5.66b 63.66c 27.68g 

T8 5.83b 63.66c 30.11f 

T9 5.66b 63.33c 35.86e 

T10 6.00b 63.50c 26.40i 

SE(m)  0.22 0.45 0.26 

CD (p≤0.05) 0.64 1.29 0.74 

Different letters (a, b, c ….) as superscripts on the values indicate that the mean values of the treatments are significantly different from each other at 

p≤0.05. 

 

Plant height (cm) 

The mean data for plant height recorded at 30 days interval i.e., 

30 DAS, 60 DAS and 90 DAS was presented in the table 3. The 

maximum plant height was recorded in the treatment T4 (RDF + 

SP with Tv 50% and Th 50%) on all sampling dates (i.e., 98.60, 

148.93, and 208.93 cm, respectively), which was significantly 

higher than all the treatments on respective sampling dates. 

However, minimum plant height (78.63 cm) on 30 DAS was 

observed in the control i.e., treatment T1 (RDF), which was at 

par with treatment T10 (RDF + Biochar + SP with Tv 100% and 

Th 100%) with 79.31 cm height. Moreover, the least plant height 

(130.61 cm) at 60 DAS was observed in control i.e., treatment 

T1 (RDF), which was significantly lower than all other 

treatments. Further, at 90 DAS also, the minimum height of 

plant (188.23 cm) was recorded in the control i.e., treatment T1 

(RDF), which was at par with the treatment T10 (RDF + Biochar 

+ SP with Tv 100% and Th 100%) with 189.03 cm height. 

 

Plant fresh weight (g) 

The highest mean plant fresh weight in all three sampling dates 

i.e., 30 DAS, 60 DAS and 90 DAS were recorded in treatment 

T4 (RDF + SP with Tv 50% and Th 50%) as 19.04, 35.67, and 

91.20 g, respectively; which was significantly higher than all 

other treatments on respective sampling dates (Table 3). The 

lowest plant fresh weight at 30 DAS was recorded in the control 

i.e., treatment T1 (RDF), with 9.90 g mean plant fresh weight, 

which was significantly lower than all the other treatments. 

Similarly, at 60 DAS, the lowest plant fresh weight (25.38 g) 

was recorded in the control i.e., treatment T1 (RDF), which was 

at par with the treatment T10 (RDF + Biochar + SP with Tv 

100% and Th 100%), with 25.79 g mean fresh weight. Further, 

the lowest plant fresh weight at 90 DAS was recorded in the 

control i.e., treatment T1 (RDF) with 77.46 g mean fresh weight, 

which was significantly lower than all other treatments. 

 

Number of branches per plant 

The mean number of branches per plant recorded at 30 days 

interval i.e., 30 DAS, 60 DAS, 90 DAS are presented in table 4. 

The highest number of branches (3.73, 20.43 and 28.33, 

respectively) on all three sampling dates were recorded in the 

treatment T4 (RDF + SP with Tv 50% and Th 50%), which is 

significantly higher than all other treatments on respective 

https://www.agronomyjournals.com/
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sampling dates. The lowest number of branches in all three 

sampling dates were observed in the control i.e., treatment T1 

(RDF), with the mean number of branches 1.81, 13.48, and 

22.08, respectively, which was significantly lower than the other 

treatments on all respective sampling dates. 

 
Table 3: The effect of different treatments on plant height (cm) and 

plant fresh weight (g). 
 

Treatments 
Plant height (cm) Plant fresh weight (g) 

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

T1 78.63d 130.61h 188.23g 9.90j 25.38g 77.46j 

T2 93.51b 144.67b 205.11b 16.23c 33.02b 87.48c 

T3 94.10b 145.65b 206.08b 17.08b 33.41b 88.76b 

T4 98.36a 148.93a 208.93a 19.04a 35.67a 91.20a 

T5 87.15c 142.33c 203.10f 15.34d 30.86c 85.76d 

T6 80.21c 134.51f 192.93e 11.31h 27.25f 80.26h 

T7 81.53c 136.56e 194.31d 12.61g 28.85e 82.03g 

T8 84.56c 137.88e 195.10d 13.61f 30.19d 83.05f 

T9 85.30c 139.78d 198.38c 14.20e 30.40cd 83.70e 

T10 79.31d 132.67g 189.03g 10.18i 25.79g 78.08i 

SE(m)  0.22 0.60 0.37 1.11 0.11 0.20 

CD (p≤0.05) 0.64 1.73 1.07 3.17 0.33 0.59 

Different letters (a, b, c ….) as superscripts on the values indicate that 

the mean values of the treatments are significantly different from each 

other at p≤0.05. 

 

Number of leaves per plant 

The number of leaves recorded thrice, at 30 days interval i.e.,30 

DAS, 60 DAS and 90 DAS and the highest number of leaves 

was observed in the treatment T4 (RDF + SP with Tv 50% and 

Th 50%) with 11.56, 37.23 and 58.51, respectively; which was 

significantly higher than the mean values of all other treatments 

on respective sampling dates (Table 4). The lowest number of 

leaves (6.10) at 30 DAS was recorded in the control i.e., 

treatment T1 (RDF), which was at par with the treatment T10 

(RDF + Biochar + SP with Tv 100% and Th 100%) with the 

mean number of leaves as 6.46. Moreover, the lowest number of 

leaves (24.53) at 60 DAS was recorded in the control i.e., 

treatment T1 (RDF), which was also at par with the treatment T10 

(RDF + Biochar + SP with Tv 100% and Th 100%) with 24.90 

average number of leaves. Further, at 90 DAS also, the lowest 

number of leaves (44.16) was recorded in the control i.e., 

treatment T1 (RDF) which was significantly lower than all the 

other treatments. 

Table 4: The effect of different treatments on number of branches per 

plant and number of leaves per plant. 
 

Treatments 
Number of branches Number of leaves 

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

T1 1.81j 13.48i 22.08j 6.10g 24.53i 44.16j 

T2 3.25c 18.30c 26.20c 9.73b 32.76c 55.16c 

T3 3.38b 18.96b 26.60b 10.20b 34.46b 56.50b 

T4 3.73a 20.43a 28.33a 11.56a 37.23a 58.51a 

T5 2.90d 17.03d 25.60d 8.76c 30.40d 53.83d 

T6 2.20h 14.71g 23.33h 6.73f 25.43h 48.66h 

T7 2.33g 15.86f 24.06g 7.10f 26.33g 49.83g 

T8 2.46f 16.13ef 24.45f 7.90e 27.40f 51.16f 

T9 2.76e 16.46e 24.85e 8.20d 29.10e 52.50e 

T10 1.95i 13.93h 22.46i 6.46g 24.90i 45.83i 

SE(m)  0.16 0.04 0.12 0.16 0.23 0.39 

CD (p≤0.05) 0.47 0.12 0.34 0.33 0.66 1.11 

Different letters (a, b, c ….) as superscripts on the values indicate that 

the mean values of the treatments are significantly different from each 

other at p≤0.05. 

 

Number of siliquae per plant 

It was observed that the highest number of siliquae per plant was 

found in treatment T4 (RDF + SP with Tv 50% and Th 50%) with 

235.50 mean number of siliquae, which is significantly higher 

than all other treatments (Table 5). The lowest number of 

siliquae per plant (154.76) was observed in the control i.e., 

treatment T1 (RDF), which was at par with treatment T10 (RDF + 

Biochar + SP with Tv 100% and Th 100%) with 157.30 mean 

number of siliquae. 

 

Number of seeds per siliquae 

The highest number of seeds per siliquae (15.80) was recorded 

in treatment T4 (RDF + SP with Tv 50% and Th 50%), which 

was significantly higher than all other treatments (Table 5). The 

lowest number of seeds per siliquae was observed in the control 

i.e., treatment T1 (RDF), with 9.51 seeds per siliquae, which was 

significantly lower than all other treatments. 

 

Seed yield per plot (g) 

In terms of yield, treatment T4 (RDF + SP with Tv 50% and Th 

50%) produced the highest yield per plot at 668.16 g, which was 

significantly higher than all other treatments (Table 5). The 

lowest yield per plot (456.50 g) was recorded in the control i.e., 

treatment T1 (RDF), which was at par with treatment T10 (RDF + 

Biochar + SP with Tv 100% and Th 100%) with 474.16 g seeds 

per plot. 

 
Table 5: The effect of different treatments on mean number of siliquae per plant, number of seeds per siliquae and seed yield (g). 

 

Treatments No. of Siliquae No of Seeds/Siliquae Seed yield (g) 

T1 154.76h 9.51j 456.50g 

T2 206.63c 14.56c 619.00bc 

T3 214.43b 14.93b 628.16b 

T4 235.50a 15.80a 668.16a 

T5 198.73d 13.50d 600.33cd 

T6 164.56g 11.26h 511.83f 

T7 168.13g 11.78g 536.16f 

T8 178.83f 12.40f 566.16e 

T9 184.16e 12.90e 589.83de 

T10 157.30h 9.96i 474.16g 

SE(m)  1.64 0.10 9.07 

CD (p≤0.05) 4.68 0.30 25.92 

Different letters (a, b, c ….) as superscripts on the values indicate that the mean values of the treatments are significantly different from each other at 

p≤0.05. 
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Appearance of Alternaria blight and identification of the 

pathogen 

During the course of experiment, the earliest disease incidence 

was recorded 79 days (Table 6) after sowing in treatment T1 

(RDF) on February 1st (5th week of the Standard Metrological 

week). The latest was found in treatment T4 (RDF + SP with Tv 

50% and Th 50%) at 83 DAS (6th week of the Standard 

Metrological week). 

 
Table 6: Appearance of Alternaria blight on different treatments in rapeseed mustard in the rabi season 2024-25. 

 

Treatment (Mean DAS for initial 

appearance of disease) 
Replicate 

Initial appearances of disease (DAS) 

Days after sowing (DAS) Date Standard Metrological week, 2025 

T1 (79.5) 

R1 79 01/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 80 02/02/25 5 

R5 80 02/02/25 5 

R6 80 02/02/25 5 

T2 (81.16) 

R1 80 02/02/25 5 

R2 79 01/02/25 5 

R3 80 02/02/25 5 

R4 81 03/02/25 5 

R5 80 02/02/25 5 

R6 81 03/02/25 5 

T3 (81.5) 

R1 80 02/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 82 04/02/25 5 

R5 82 04/02/25 5 

R6 81 03/02/25 5 

T4 (82) 

R1 80 02/02/25 5 

R2 80 02/02/25 5 

R3 81 03/02/25 5 

R4 82 03/02/25 5 

R5 83 05/02/25 6 

R6 83 05/02/25 6 

T5 (81.66) 

R1 80 02/02/25 5 

R2 80 02/02/25 5 

R3 80 02/02/25 5 

R4 81 03/02/25 5 

R5 82 04/02/25 5 

R6 81 03/02/25 5 

T6 (80.66) 

R1 79 01/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 80 02/02/25 5 

R5 80 02/02/25 5 

R6 80 02/02/25 5 

T7 (81.16) 

R1 80 02/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 80 02/02/25 5 

R5 80 02/02/25 5 

R6 82 04/02/25 5 

T8 (81.16) 

R1 80 02/02/25 5 

R2 79 01/02/25 5 

R3 80 02/02/25 5 

R4 80 02/02/25 5 

R5 81 03/02/25 5 

R6 81 03/02/25 5 

T9 (81) 

R1 80 02/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 80 02/02/25 5 

R5 81 03/02/25 5 

R6 81 03/02/25 5 

T10 (80.66) 

R1 79 01/02/25 5 

R2 79 01/02/25 5 

R3 79 01/02/25 5 

R4 80 02/02/25 5 

R5 80 02/02/25 5 

R6 81 03/02/25 5 
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Effect of different treatments on percent disease incidence 

(PDI) 

During the course of present investigation, the disease incidence 

was measured thrice i.e., 80, 95 and 110 DAS after 15 days 

interval. The lowest disease incidence was recorded in treatment 

T4 (RDF + SP with Tv 50% and Th 50%) both at 80 and 95 DAS 

(15 days interval) with values 3.34 (Arcsine transformed value: 

10.31) and 48.84 (Arcsine transformed value: 44.32), which was 

significantly lower than all other treatments. However, the 

highest disease incidence at 80 DAS i.e., 7.86 (Arcsine 

transformed value: 16.18) was recorded in the control i.e., 

treatment T1 (RDF), which was at par with treatments T10 (RDF 

+ Biochar + SP with Tv 100% and Th 100%), T7 (RDF + 

Biochar + SP with Tv 100%) and T6 (RDF + Biochar) with 

values 7.43 (Arcsine transformed value: 15.71), 7.13 (Arcsine 

transformed value: 15.44), and 7.25 (Arcsine transformed value: 

15.49), respectively. Further, at 95 DAS, the highest disease 

incidence i.e., 70.88 (Arcsine transformed value: 57.44) was 

recorded in the control i.e., treatment T1 (RDF) which was at par 

with treatment T10 (RDF + Biochar + SP with Tv 100% and Th 

100%) with value 66.12 (Arcsine transformed value: 54.43). But 

on the third sampling date i.e., 110 DAS, percent disease 

incidence (PDI) was 100 (Arcsine transformed value: 90) in all 

of the treatments and F-test was not significant (Table 7). The 

lowest overall mean of percent disease incidence (PDI) i.e., 

48.29 was recorded in the treatment T4 (RDF + SP with Tv 50% 

and Th 50%), whereas the highest was recorded in the control 

i.e., treatment T1 (RDF), with value 54.54. 
 

Effect of different treatments on percent disease severity 

(DS) 

The lowest disease severity i.e., 1.19 (Arcsine transformed 

value: 6.18) at 80 DAS was observed in the treatment T4 (RDF + 

SP with Tv 50% and Th 50%), which was at par with treatments 

T3 (RDF + SP with Th 100%) and T2 (RDF + SP with Tv 100%) 

with values 1.41 (Arcsine transformed value: 6.80) and 

1.55(Arcsine transformed value: 7.12). At 95 DAS, the lowest 

disease severity i.e., 5.49 (Arcsine transformed value: 13.51) 

was observed in the treatment T4 (RDF + SP with Tv 50% and 

Th 50%), which was significantly lower than all other treatments 

(Table 7). Further, at 110 DAS, the lowest severity i.e., 47.51 

(Arcsine transformed value: 43.57) was recorded in the 

treatment T4 (RDF + SP with Tv 50% and Th 50%), which was 

at par with the treatment T3 (RDF + SP with Th 100%) with 

value 49.57 (Arcsine transformed value: 44.75). However, the 

highest disease severity i.e., 4.92 (Arcsine transformed value: 

12.80) at 80 DAS was recorded in the control i.e., treatment T1 

(RDF), which was at par with treatment T10 (RDF + Biochar + 

SP with Tv 100% and Th 100%) with value 12.05 (Arcsine 

transformed value: 20.30). Similarly, the highest disease severity 

i.e., 13.15 (Arcsine transformed value: 21.25) at 95 DAS was 

recorded in the control i.e., treatment T1 (RDF), which was 

significantly higher than all other treatments. Moreover, at 110 

DAS, the highest disease severity i.e., 64.29 (Arcsine 

transformed value: 53.31) was recorded in the control i.e., 

treatment T1 (RDF), which was at par with treatment T10 (RDF + 

Biochar + SP with Tv 100% and Th 100%) with value 63.57 

(Arcsine transformed value: 52.87). Further, the lowest overall 

mean of percent (%) disease severity (DS) i.e., 21.09 was 

observed in the treatment T4 (RDF + SP with Tv 50% and Th 

50%), whereas the highest overall mean was observed in the 

control i.e., treatment T1 (RDF), with value 29.12. 

 
Table 7: Percent disease incidence (PDI) and disease severity (DS) on three different dates (15 days interval) after appearance of disease. 

 

Treatments 
PDI (%) Disease Severity (DS) 

80 DAS 95 DAS 110 DAS Overall mean 80 DAS 95 DAS 110 DAS Overall mean 

T1 7.86 (16.18)ghi 70.88 (57.44)d 100 (90) 54.54 4.92 (12.80)e 13.15 (21.25)i 64.29 (53.31)i 29.12 

T2 4.38 (11.96)bc 50.04 (45.03)a 100 (90) 49.03 1.55 (7.12)a 7.15 (15.47)c 52.37 (46.36)bc 22.98 

T3 4.22 (11.70)b 49.30 (44.64)a 100 (90) 48.81 1.41 (6.80)a 6.20 (14.40)b 49.57 (44.75)ab 21.98 

T4 3.34 (10.31)a 48.84 (44.32)a 100 (90) 48.29 1.19 (6.18)a 5.49 (13.51)a 47.51 (43.57)a 21.09 

T5 5.01 (12.86)cd 52.51 (46.46)a 100 (90) 49.79 2.40 (8.90)b 7.55 (15.91)d 55.35 (48.07)cd 24.29 

T6 7.25 (15.49)fgh 61.69 (51.77)c 100 (90) 52.46 3.85 (11.27)d 11.03 (19.39)g 60.98 (51.36)gh 27.34 

T7 7.13 (15.44)fg 58.81 (50.10)bc 100 (90) 51.85 3.49 (10.71)cd 10.06 (18.48)e 59.76 (50.62)fg 26.60 

T8 6.45 (14.65)ef 54.40 (47.53)ab 100 (90) 50.74 3.27 (10.41)c 9.14 (17.58)e 58.86 (50.10)ef 26.03 

T9 5.84 (13.89)de 53.29 (46.90)a 100 (90) 50.29 3.00 (9.95)c 8.49 (16.92)e 57.12 (49.09)de 25.32 

T10 7.43 (15.71)fghi 66.12 (54.43)cd 100 (90) 53.40 4.47 (12.15)de 12.05 (20.30)h 63.57 (52.87)hi 28.44 

CD (p≤0.05) 0.96 0.50 1.44 NA* - 0.86 2.01 - 

SE(m)  0.33 1.43 4.13 NA* - 0.30 0.70 - 

Different letters (a, b, c ….) as superscripts on the values indicate that the mean values of the treatments are significantly different from each other at 

p≤0.05. 

* CD and SE(m) were calculated from the Arcsine transformed values. 

NA: CD and SE(m) were not calculated as the F-test was not significant (p≤0.05) 

Value in parenthesis ‘()’ represent the arcsine transformed values for the respective PDI and DS values. 

 

Area under disease progress curve (AUDPC) 

The A-value representing area under disease progress curve 

(AUDPC) calculated for disease incidence of Alternaria blight 

of mustard in ten different treatments revealed that treatment T4 

(RDF + SP with Tv 50% and Th 50%) has the minimum A- 

value i.e., 447.51 ± 12.21. Whereas, the maximum A-value 

(716.40 ± 6.84) was recorded in treatment T1 (RDF) (Figure 1). 
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Fig 1: A-value (representing area under disease progress curve) of A. brassicae infecting brown mustard (Brassica juncea L. var. PBR 91) 

 

Discussion 

Rapeseed-mustard is one of the most important oilseed crops; 

However, its productivity is largely limited by Alternaria blight. 

Recently, a number of eco-friendly and sustainable methods of 

plant disease management have been popularized. In this regard, 

the present study was performed to evaluate the effectiveness of 

biochar application and seed priming with Trichoderma spp. (T. 

harzianum and T. viride) on the growth, yield, and disease 

parameters of rapeseed mustard (B. juncea var. PBR 91) in a 

randomized block design with ten different treatments of the 

combinations thereof and the results described above are 

discussed below under suitable headings.  

 

Growth parameters 

The data recorded for the growth attributes mentioned above 

revealed that plants in the treatment T4 (RDF + SP with Tv 50% 

and Th 50%), had the fastest germination (4.5 days). This is 

likely because Trichoderma spp. produces plant growth 

regulators (PGRs) like auxins and gibberellins, which help seeds 

to start their metabolism more quickly [34]. In experiment in 

chickpeas, it was recorded that the combined treatment T. 

harzianum and T. viride to the seeds resulted in the improved 

germination rate of approximately 92 %, which was higher than 

all other treatments [11]. In another experiment in Chilli 

(Capsicum annuum L.), the seeds treated with spore suspensions 

of various Trichoderma strains showed significantly higher 

germination rates compared to control. Faster germination gives 

plants the initial growth advantage and allows a better utilization 

of nutrients from soil. In the present experiment, the seeds of the 

control group (T1) and in the biochar treatments (T6-T10), 

germination was found to be slower, than those without biochar 

treatment. This could be attributed to the ability of biochar to 

temporarily adsorb the nutrients [35], making them unavailable. 

Moreover, biochar can inhibit germination, due to the presence 

of soluble phenolic compounds, polycyclic aromatic 

hydrocarbons (PAHs), and salts, which it may release into the 

soil, creating an osmotic stress and phytotoxicity [36]. 

Further, the plants under treatment T4 (RDF + SP with Tv 50% 

and Th 50%). were taller, had more leaves and branches, and 

had more shoot and plant weight at all stages as compared with 

the biochar induced treatments. Seed priming by the combined 

use of T. harzianum and T. viride improved these growth 

parameters in B. juncea and suggested that they help plants to 

grow more biomass. Trichoderma spp. is known to colonizes 

roots, helps absorb nutrients like nitrogen and phosphorus, and 

supports plant hormone balance [37]. Further, Abdelmoaty et al., 

(2022)[38] had also reported that the soil inoculation with both T. 

harzianum and T. viride under reduced NPK regime in lemon 

(Citrus aurantifolia) increased plant height by approximately 

50%, while the number of branches increased by 107 % as 

compared to untreated controls. 

On the other hand, the application of biochar (alone or in 

combination with the seed priming using T. harzianum and T. 

viride) improved the above growth parameters than the control 

(RDF only), but were failed to perform to a level that of the 

combined use of both T. harzianum and T. viride (without 

biochar). The performance of B. juncea in terms of growth 

parameters in the present study was better when the seed 

priming using T. harzianum and T. viride was performed without 

biochar treatment than with their combination of biochar. This 

could be because it has been reported previously that the 

biochar’s benefit depends heavily on its quality (feedstock, 

pyrolysis temperature), and biochar prepared from a feedstock 

may fail to support Trichoderma spp. effectively or could even 

inhibit microbial activity, that some other feedstocks [39]. 

Therefore, separate evaluation of different types of biochar 

depending on their feedstock is required to select the most 

appropriate type to be used alongside Trichoderma spp. 

 

Yield Performance 

The data recorded for the yield attributes revealed that treatment 

T4 (RDF + SP with Tv 50% and Th 50%), produced the highest 

number of siliquae, more seeds per siliquae, and highest total 

yield per plot. Various other workers have also reported the use 

of Trichoderma spp. in improving the yield and yield related 

attributes in different crop plants. Srivastava et al., (2006) [40] 

reported that combining T. harzianum and T. viride significantly 

increased yield of sugarcane by 6-38%. Further, treatment with 

Trichoderma spp. was also reported to improve the yield of 

rapeseed mustard than the untreated [7]. 

Trichoderma spp., not only protect the plants from plant diseases 

but also improve plant health to mitigate the harmful effects of 

abiotic stresses like salt etc. Saha et al., (2025) [41] reported that 

the application of Tric hoderma substantially reduced the salt 

stress and enhanced growth of B. juncea, under saline conditions 

and increased yield by 25.13%. Moreover, an increase in the 

yield by the application of Trichoderma spp. has been found in a 

number of plants including, wheat, corn, tuberose, sugarcane, 

tomato, mustard, and okra etc., by several workers [42,43,44,45,46,47]. 

 The control (T1) and T10 treatments showed statistically low 

yield, likely due to weak growth and more disease. Similar 

outcomes were reported by Lehmann and Joseph, (2015) [48] who 
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stated that biochar may often have inconsistent or negligible 

effects on crop yield. Further, in a meta- analysis conducted by 

Biederman and Harpole, (2013) [49] biochar application resulted 

in increased crop yield only in 50% of crops, while the rest 50% 

has no effect on yield. Moreover, biochar’s nutrient release 

kinetics is slow, and its benefits are typically seen in the long 

term [50]. 

 

Disease management 

Trichoderma spp. have been widely used as biological control 

agent against many plant pathogens, particularly against the soil 

borne diseases [51]. Biochar, on the other hand, may also 

suppress plant disease in some cases by enhancing the growth of 

antagonistic microorganisms in the soil, such as plant beneficial 

bacteria and fungi that outcompete pathogens or induce systemic 

resistance (e.g., Pseudomonas spp., Trichoderma spp., 

arbuscular mycorrhizal fungi (AMF) etc.) [23]. 

The treatment T4 (RDF + SP with Tv 50% and Th 50%) was 

found to be most effective in suppressing Alternaria blight 

disease, which T4 significantly delayed onset of disease, reduced 

percent disease incidence (PDI), percent disease severity (DS) 

and area under disease progress curve (AUDPC) compared to 

the other treatments. In an experiment in mustard crops, seed 

treatment plus soil application of T. viride along with garlic 

spray significantly slowed Alternaria leaf spot than the chemical 

controls [52]. In the present experiment, it was found that the 

combination of two Trichoderma spp., in optimal dose (50% 

each) was most effective in managing Alternaria blight. Similar 

results have been shown by some other workers as well. 

It has been reported that the combination of T. viride and T. 

harzianum reduced the disease incidence (DI) by 54.9% in 

Fusarium wilt of chickpea, which is higher than the control as 

well as all other treatments [53]. Although, other researchers such 

as Narayanasamy, (2013) [54] and Shoresh et al., (2010) [55] 

reported that Trichoderma spp. strengthens plant defenses 

through various other mechanisms too. It helps in suppression of 

disease through various mechanisms such as antibiosis, 

mycoparasitism, competition, induced systemic resistance (ISR) 
[56,57]. Trichoderma spp. has been known to suppress foliar 

pathogens including A. brassicae in mustard (B. juncea) [11].  

On the other hand, in the present experiment, biochar slightly 

improved growth, yield and disease suppression (T6- T9), but 

when used in high amounts or mixed with too many microbes 

such as T10 (RDF + SP with Tv 100% and Th 100%), sometimes 

its benefits were reduced. This may be because fresh biochar can 

absorb nutrients or even the helpful chemicals made by microbes 
[58]. Studies by Biederman and Harpole, (2013) [49] show that 

biochar effects vary with soil type, biochar quality, and how it is 

applied.  

Overall, the treatment T4 (RDF + SP with Tv 50% and Th 50%) 

was the most effective because the two Trichoderma strains 

worked well together in improving growth, yield and imparted 

disease tolerance. Research have already demonstrated that 

mixed strains sometimes work better than single ones by 

covering more roles in the soil [59]. Microbial products 

combining more than one species tend to perform better in fields 

with variable conditions [60,61]. Studies have showed that 

Trichoderma consortia (e.g., combinations of T. harzianum, T. 

viride, T. hamatum) offer higher disease inhibition and growth 

enhancement than any single species alone, even under variable 

environmental or pathogen pressures [62]. Although Trichoderma 

spp., can be used by different modes (like seed primming, root 

dipping, soil application and foliar spray), using Trichoderma 

spp. by seed priming can reduce the quantity required as well as 

the time and effort to use other modes of treatment [63,64,65], and 

also reduce the dependence on chemical plant protectant [66]. 

Further, it is safer for the environment and helps farmers get 

better yields [67].  

 

Conclusion 

From the present experiment, it was concluded that the seed 

priming with a mixture of T. harzianum and T. viride is an 

effective method to improve growth, yield, and reduce the 

occurrence of Alternaria blight in Indian mustard (B. juncea). 

However, the addition of biochar (with or without seed priming 

with Trichoderma spp.) was capable of improving, growth, yield 

and disease related parameters than the control, but were less 

effective than the use of Trichoderma spp., alone; especially 

when both the species of BCAs were used together at their 50% 

dose. In the nutshell, it was concluded that seed priming with 

Trichoderma spp. (i.e., T. harzianum and T. viride, both at 50% 

dose) is a simple, affordable, and environment-friendly method, 

which can be recommended as a sustainable alternative to 

chemical fungicides. 

 

Acknowledgements 

The authors are thankful to the administration of DAV 

University, Jalandhar, for providing all the necessary 

infrastructure to carry out the present work. 

 

Conflict of Interest 

The authors declare that they do not have any conflict of 

competing interests. 

 

References 

1. Tian Y, Deng F. Phytochemistry and biological activity of 

mustard (Brassica juncea): a review. CyTA - J Food. 

2020;18(1):704-18. 

2. Kim YT, Kim BK, Park KY. Antimutagenic and anticancer 

effects of leaf mustard and leaf mustard kimchi. Prev Nutr 

Food Sci. 2007;12(2):84-8. 

3. Kayacetin F. Botanical characteristics, potential uses, and 

cultivation possibilities of mustards in Turkey: a review. 

Turk J Bot. 2020;44(2):101-27. 

4. Thomas J, Kuruvilla KM, Hrideek TK. Mustard. In: 

Handbook of Herbs and Spices. 2012. p. 388-98. 

5. Shekhawat K, Rathore SS, Premi OP, Kandpal BK, 

Chauhan JS. Advances in agronomic management of Indian 

mustard (Brassica juncea (L.) Czernj. Cosson): an 

overview. Int J Agron. 2012:1-14. 

6. ICAR-DRMR (Directorate of Rapeseed and Mustard 

Research). 2023-24. [accessed 2025 Aug 28]. 

https://www.drmr.res.in/director_desk.php 

7. Meena PD, Awasthi RP, Chattopadhyay C, Kolte SJ, Kumar 

A. Alternaria blight: a chronic disease in rapeseed-mustard. 

J Oilseed Brassica. 2010;1(1):1-11. 

8. Giri P, Taj G, Kumar A. Comparison of artificial 

inoculation methods for studying pathogenesis of Alternaria 

brassicae (Berk.) Sacc on Brassica juncea (L.) Czernj. Afr J 

Biotechnol. 2013;12(18):2317-25. 

9. Mandal S, Rajarammohan S, Kaur J. Alternaria brassicae 

interactions with the model Brassicaceae member 

Arabidopsis thaliana closely resembles those with mustard 

(Brassica juncea). Physiol Mol Biol Plants. 2018;24(1):51-

9. 

10. Karthikeyan R, Kumar S, Prasad R, Singh M. In vitro 

evaluation of fungicides and botanicals against Alternaria 

brassicae causing leaf blight of mustard. Int J Plant Pathol 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 17 ~ 

Microbiol. 2021;1(1):16-9. 

11. Kumar D, Maurya N, Bharati YK, Kumar A, Kumar K, 

Srivastava K. Alternaria blight of oilseed Brassicas: a 

comprehensive review. Afr J Microbiol Res. 2014;8:2816-

29. 

12. Kapsa J. Effectiveness of some fungicides in control of 

Alternaria alternata and Alternaria solani. PPO - Spec Rep. 

2009;13:127-34. 

13. Meena PD, Chattopadhyay C, Kumar A, et al. Comparative 

study on the effect of chemicals on Alternaria blight in 

Indian mustard - a multi-location study in India. J Environ 

Biol. 2011;32(3):375. 

14. Kumar RA, Rathi AS. Management of Alternaria blight in 

Indian mustard through fungicides under field conditions. 

Int J Chem Stud. 2018;6(2):2042-4. 

15. Wightwick A, Walters R, Allinson G, et al. Environmental 

risks of fungicides used in horticultural production systems. 

In: Fungicides. 2010. p. 273-304. 

16. Goswami SK, Singh V, Chakdar H, Choudhary P. Harmful 

effects of fungicides - current status. Int J Agric Environ 

Biotechnol. 2018;11:1011-9. 

17. Lucas JA, Hawkins NJ, Fraaije BA. The evolution of 

fungicide resistance. Adv Appl Microbiol. 2015;90:29-92. 

18. Gudmestad NC, Arabiat S, Miller JS, Pasche JS. Prevalence 

and impact of SDHI fungicide resistance in Alternaria 

solani. Plant Dis. 2013;97(7):952-60. 

19. Diatta AA, Fike JH, Battaglia ML, Galbraith JM, Baig MB. 

Effects of biochar on soil fertility and crop productivity in 

arid regions: a review. Arabian J Geosci. 2020;13(1):1-17. 

20. Medeiros EV, Lima NT, de Sousa Lima JR, et al. Biochar 

as a strategy to manage plant diseases caused by pathogens 

inhabiting the soil: a critical review. Phytoparasitica. 

2021;49(4):713-26. 

21. Singh N, Kumar A. Plant disease management through bio-

char: a review. Int J Curr Microbiol Appl Sci. 

2020;11:3499-510. 

22. Graber ER, Elad Y. Biochar impact on plant resistance to 

disease. In: Biochar and Soil Biota. 2013. p. 41-68. 

23. Poveda J, Martínez-Gómez Á, Fenoll C, Escobar C. The use 

of biochar for plant pathogen control. Phytopathology. 

2021;111(9):1490-9. 

24. Junaid JM, Dar NA, Bhat TA, Bhat AH, Bhat MA. 

Commercial biocontrol agents and their mechanism of 

action in the management of plant pathogens. Int J Mod 

Plant Anim Sci. 2013;1(2):39-57. 

25. Mondal S, Bose B. An impact of seed priming on disease 

resistance: a review. In: Microbial Diversity and 

Biotechnology in Food Security. 2014. p. 193-203. 

26. Deaker R, Roughley RJ, Kennedy IR. Legume seed 

inoculation technology: a review. Soil Biol Biochem. 

2004;36(8):1275-88. 

27. Anjum ZA, Hayat S, Ghazanfar MU, et al. Does seed 

priming with Trichoderma isolates have any impact on 

germination and seedling vigor of wheat? Int J Bot Stud. 

2020;5(2):65-8. 

28. Mukherjee PK. Trichoderma species as microbial 

suppressive agents of plant pathogens. In: Current Trends in 

Life Sciences: Agromicrobes. 1999. p. 261-80. 

29. Li RX, Cai F, Pang G, et al. Solubilisation of phosphate and 

micronutrients by Trichoderma harzianum and its 

relationship with the promotion of tomato plant growth. 

PLoS ONE. 2015;10:e0130081. 

30. Contreras-Cornejo HA, Macías-Rodríguez L, Cortés-

Penagos C, López-Bucio J. Trichoderma virens, a plant-

beneficial fungus, enhances biomass production and 

promotes lateral root growth through an auxin-dependent 

mechanism in Arabidopsis. Plant Physiol. 

2009;149(3):1579-92. 

31. Mastouri F, Björkman T, Harman GE. Seed treatment with 

Trichoderma harzianum alleviates biotic, abiotic, and 

physiological stresses in germinating seeds and seedlings. 

Phytopathology. 2010;100(11):1213-21. 

32. Sharma S, Sharma M, Nughal J, Sharma A. Efficacy of 

Trichoderma strains as biotic inducers against Alternaria 

leaf spot of cauliflower. Int J Bio-resour Stress Manag. 

2024;15(8):1-5. 

33. Cai F, Yu G, Wang P, et al. Harzianolide, a novel plant 

growth regulator and systemic resistance elicitor from 

Trichoderma harzianum. Plant Physiol Biochem. 

2013;73:106-13. 

34. Harman GE, Howell CR, Viterbo A, et al. Trichoderma 

species—opportunistic, avirulent plant symbionts. Nat Rev 

Microbiol. 2004;2(1):43-56. 

35. Lehmann J, Joseph S. Biochar for environmental 

management: an introduction. In: Biochar for 

Environmental Management. 2015. p. 1-13. 

36. Murtaza G, Ahmed Z, Eldin SM, et al. Biochar-soil-plant 

interactions: a cross-talk for sustainable agriculture under 

changing climate. Front Environ Sci. 2023;11:1059449. 

37. Altomare C, Norvell WA, Björkman T, Harman GE. 

Solubilization of phosphates and micronutrients by the 

plant-growth-promoting and biocontrol fungus Trichoderma 

harzianum Rifai 1295-22. Appl Environ Microbiol. 

1999;65(7):2926-33. 

38. Abdelmoaty S, Khandaker MM, Mahmud K, et al. 

Influence of Trichoderma harzianum and Bacillus 

thuringiensis with reducing rates of NPK on growth, 

physiology, and fruit quality of Citrus aurantifolia. Braz J 

Biol. 2022;82:e261032. 

39. Debode J, Viaene J, Maenhout K, et al. Wood-based 

biochar produced at low pyrolysis temperatures are good 

carriers for a Trichoderma-based biopesticide. Biochar. 

2024;6(1):91. 

40. Srivastava SN, Singh V, Awasthi SK. Trichoderma-induced 

improvement in growth, yield, and quality of sugarcane. 

Sugar Tech. 2006;8(2):166-9. 

41. Saha KC, Uddin MK, Shaha PK, et al. Application of 

Trichoderma harzianum enhances salt tolerance and yield 

of Indian mustard through increasing antioxidant enzyme 

activity. Heliyon. 2025;11(1). 

42. Haque MM, Ilias GNM, Molla AH. Impact of Trichoderma-

enriched biofertilizer on the growth and yield of mustard 

(Brassica rapa L.) and tomato (Solanum lycopersicon 

Mill.). Agriculturists. 2012;10(2):109-19. 

43. El-Katatny MH, Idres MM. Effects of single and combined 

inoculations with Azospirillum brasilense and Trichoderma 

harzianum on seedling growth or yield parameters of wheat 

(Triticum vulgaris L., Giza 168) and corn (Zea mays L., 

hybrid 310). J Plant Nutr. 2014;37(12):1913-36. 

44. Naznin A, Hossain MM, Ara KA, et al. Influence of organic 

amendments and bio-control agent on yield and quality of 

tuberose. J Hortic. 2015;2(4):1-8. 

45. Tucci M, Ruocco M, De Masi L, De Palma M, Lorito M. 

The beneficial effect of Trichoderma spp. on tomato is 

modulated by the plant genotype. Mol Plant Pathol. 

2011;12(4):341-54. 

46. Idowu OO, Olawole OI, Idumu OO, Salami AO. Bio-

control effect of Trichoderma asperellum (Samuels) Lieckf. 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 18 ~ 

and Glomus intraradices Schenk on okra seedlings infected 

with Pythium aphanidermatum (Edson) Fitzp. and Erwinia 

carotovora (Jones). Am J Exp Agric. 2016;10(4):1-12. 

47. Lehmann J, Joseph S. Biochar for environmental 

management: an introduction. In: Biochar for 

Environmental Management. 2015. p. 1-13. 

48. Biederman LA, Harpole WS. Biochar and its effects on 

plant productivity and nutrient cycling: a meta-analysis. 

Glob Change Biol Bioenergy. 2013;5(2):202-14. 

49. Graber ER, Meller Harel Y, Kolton M, et al. Biochar impact 

on development and productivity of pepper and tomato 

grown in fertigated soilless media. Plant Soil. 

2010;337(1):481-96. 

50. Al-Ani LKT. Trichoderma: beneficial role in sustainable 

agriculture by plant disease management. In: Egamberdieva 

D, Ahmad P, editors. Plant Microbiome: Stress Response. 

2018. p. 105-26. 

51. Yadav MS, Yadav NS, Yadava DK, Singh SK, Mehta N. 

Effect of bio-intensive strategy on disease management in 

mustard (Brassica juncea). Indian Phytopathol. 

2023;76(2):637-40. 

52. Chohan SA, Akbar M, Iqbal U. Trichoderma-based 

formulations control the wilt disease of chickpea (Cicer 

arietinum L.) caused by Fusarium oxysporum f. sp. ciceris, 

better when inoculated as consortia: findings from pot 

experiments under field conditions. PeerJ. 2024;12:e17835. 

53. Narayanasamy P. Biological Management of Diseases of 

Crops. Vol. 1: Characteristics of Biological Control Agents. 

In: Progress in Biological Control. Vol 15. 2013. 

54. Shoresh M, Harman GE, Mastouri F. Induced systemic 

resistance and plant responses to fungal biocontrol agents. 

Annu Rev Phytopathol. 2010;48:21-43. 

55. Sharma M, Tarafdar A, Ghosh R, Gopalakrishanan S. 

Biological control as a tool for eco-friendly management of 

plant pathogens. In: Advances in Soil Microbiology: Recent 

Trends and Future Prospects. Vol 2: Soil Microbe-Plant 

Interactions. 2018. p. 153-88. 

56. Sharma V, Salwan R, Sharma PN. The comparative 

mechanistic aspects of Trichoderma and probiotics: scope 

for future research. Physiol Mol Plant Pathol. 2017;100:84-

96. 

57. Spokas KA, Cantrell KB, Novak JM, et al. Biochar: a 

synthesis of its agronomic impact beyond carbon 

sequestration. J Environ Qual. 2012;41(4):973-89. 

58. Bhattacharyya P, Varghese E, Dash PK, et al. Anticipated 

atmospheric CO₂ elevation differentially influenced the soil 

microbial diversities in crop, grassland, and forest: a meta-

analysis. Rhizosphere. 2023;25:100630. 

59. Zhu X, Chen B, Zhu L, Xing B. Effects and mechanisms of 

biochar-microbe interactions in soil improvement and 

pollution remediation: a review. Environ Pollut. 

2018;227:98-115. 

60. Saxena J, Rana G, Pandey M. Impact of addition of biochar 

along with Bacillus sp. on growth and yield of French 

beans. Sci Hortic. 2013;162:351-6. 

61. Hao D, Lang B, Wang Y, et al. Designing synthetic 

consortia of Trichoderma strains that improve antagonistic 

activities against pathogens and cucumber seedling growth. 

Microb Cell Fact. 2022;21(1):234. 

62. Kumar V, Koul B, Taak P, Yadav D, Song M. Journey of 

Trichoderma from pilot scale to mass production: a review. 

Agriculture. 2023;13(10):2022. 

63. Mukhopadhyay R, Kumar D. Trichoderma: a beneficial 

antifungal agent and insights into its mechanism of 

biocontrol potential. Egypt J Biol Pest Control. 

2020;30(1):133. 

64. Kumar G, Kumar A, Kumar V. Seed bio-priming: step 

toward disease management. Think India. 2019;22(34):699-

704. 

65. Kubheka B, Weldegabir Ziena L. Trichoderma: a 

biofertilizer and a bio-fungicide for sustainable crop 

production. In: Trichoderma - Technology and Uses. 2022. 

66. Abdullah NS, Doni F, Mispan MS, et al. Harnessing 

Trichoderma in agriculture for productivity and 

sustainability. Agronomy. 2021;11(12):2559. 

 

https://www.agronomyjournals.com/

