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ABSTRACT 

Chickpea (Cicer arietinum L.) is a major pulse crop in India; however, its productivity is severely 

affected by Fusarium wilt caused by Fusarium oxysporum f. sp. ciceri (Foc). The present study aimed to 

enhance the shelf life and efficacy of liquid bioagent formulations for sustainable management of 

chickpea wilt. Liquid formulations of Trichoderma asperellum were developed using basal media 

supplemented with protective additives such as glycerol, polyvinyl pyrrolidone (PVP), polyethylene 

glycol (PEG), carboxymethyl cellulose (CMC), trehalose with preservatives and surfactant. Shelf-life 

evaluation under ambient conditions (28 ± 2 °C) up to 360 days revealed that formulations containing 

2% glycerol with 0.1% CMC (C4A1) and 2% glycerol with 10 mM trehalose (C4A2) maintained the 

highest viable counts of T. asperellum (0.87 × 10⁷ cfu mL
-1

) after 360 days, whereas controls lost 

viability within 120 days. In vitro assays demonstrated maximum inhibition of F. oxysporum f. sp. ciceri 

by T. asperellum (71.73%) and P. fluorescens (70.01%). Pot culture experiments further confirmed that 

seed treatment with optimized liquid formulations significantly reduced wilt incidence across different 

chickpea varieties. The study demonstrated that incorporation of glycerol and carboxymethyl cellulose 

(CMC) as cell protectants and stabilizers effectively prolonged microbial viability and enhanced bio-

efficacy. These findings highlight the potential of such formulations for developing long-shelf-life 

bioagents and support their application in eco-friendly management of chickpea wilt. 

Keywords: Chickpea, Trichoderma asperellum, Liquid bioformulation, Shelf life, Fusarium oxysporum 

f. sp. ciceri, Biocontrol. 
  

 

Introduction 

Chickpea (Cicer arietinum L.), commonly known 

as Bengal gram, is one of the most important rabbi 

pulse crops in India, accounting for approximately 30–

35% of the total pulse acreage and contributing nearly 

38% of national pulse production. Globally, chickpea 

occupies about 15% of the area under pulses, with 

India being the largest producer, cultivating 

approximately 11.2 million hectares and producing 

13.98 million tonnes with an average productivity of 

1217 kg ha-1 (Directorate of Pulse Development, 2021–

22; Singh et al., 2014). Chickpea wilt, caused by 

Fusarium oxysporum f. sp. ciceris, is one of the most 

destructive diseases limiting chickpea productivity 

worldwide. The increasing demand for residue-free and 

sustainable disease management has promoted the use 

of biocontrol agents, particularly Trichoderma spp., 

due to their antagonistic activity, plant growth 

promotion, and environmental safety. However, the 

large-scale adoption of Trichoderma-based bioagents is 

often constrained by poor shelf life, loss of viability 

during storage, and inconsistent field performance, 

especially in liquid formulations. 

Earlier studies have demonstrated that formulation 

strategies play a critical role in maintaining the 

viability and efficacy of Trichoderma spp. Sriram et al. 

(2011) reported that liquid fermentation–based 

formulations are more susceptible to desiccation stress 

than solid-state formulations, but supplementation with 

glycerol effectively reduced water activity and 
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significantly enhanced shelf life. Glycerol-amended 

formulations of Trichoderma harzianum maintained 

viable populations above 2 × 10⁶ cfu g-1 for up to 12 

months, showing a positive correlation between 

microbial viability and water activity. Similarly, Kara 

and Tozlu (2024) demonstrated that oil- and glycerine-

based liquid carriers, particularly neem oil, glycerine, 

and paraffin oil, sustained high fungal viability for up 

to 10 months under both ambient and refrigerated 

storage conditions. 

Contrasting findings by Bhai and Anandaraj 

(2014) indicated that conidial suspensions of T. 

harzianum prepared without cryoprotectants exhibited 

remarkable long-term stability, retaining viable 

populations for more than 720 days, highlighting that 

formulation simplicity can also play a vital role in 

microbial survival. Supporting these observations, 

Singh et al. (2007) and Nadare et al. (2018) reported 

that substrate type and carrier materials significantly 

influence population dynamics and shelf life of 

Trichoderma spp., with oil-based and organic carrier 

formulations generally outperforming conventional 

talc-based products. Efficient mass production and 

formulation through liquid fermentation technology 

under optimized conditions has further been validated 

by Khan et al. (2011), emphasizing its commercial 

feasibility. 

Despite these advances, limited information is 

available on the combined use of cell protectants and 

stabilizers such as glycerol and carboxymethyl 

cellulose (CMC) in enhancing both shelf life and 

bioefficacy of liquid Trichoderma asperellum 

formulations against chickpea wilt. Therefore, the 

present study was undertaken to develop and evaluate 

optimized liquid bioagent formulations of T. 

asperellum with improved storage stability and disease 

suppression potential, contributing to eco-friendly and 

sustainable management of chickpea wilt. 

Materials and Methods 

Procurement of Biocontrol Agents: The biocontrol 

agent Trichoderma asperellum used in the present 

investigation was procured from the Department of 

Plant Pathology, Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola, Maharashtra, India. 

Preparation of liquid formulations of the bioagent 

Trichoderma asperellum amended with different 

additives 

The effect of storage duration on the shelf life and 

population dynamics of liquid formulations of 

Trichoderma asperellum was evaluated under 

laboratory conditions. Liquid bioformulations were 

prepared using Potato Dextrose Broth as the basal 

medium and amended with selected additives known 

for their roles as stabilizers, cell protectants, 

surfactants, and preservatives. The additives included 

carboxymethyl cellulose (CMC, 0.1%), 

polyvinylpyrrolidone (PVP, 2%), polyethylene glycol 

(PEG, 2%), sodium alginate (SA, 0.1%), glycerol 

(2%), Alphox (1%), trehalose (10 mM), and a 

combination of Tween-20 (0.5%) with potassium 

sorbate (0.5%), selected based on their reported ability 

to enhance microbial viability during prolonged 

storage (Anjali et al., 2024). A formulation without 

additives served as the control. 

The basal media (250 ml) containing the 

respective additives were sterilized at 121 °C for 15 

min and aseptically inoculated with actively growing 

cultures of T. asperellum at an initial population of 10⁷ 

cells ml
-1

. The inoculated formulations were incubated 

at 28 ± 2 °C for 3–5 days to ensure uniform growth and 

establishment of the bioagent, and subsequently stored 

under the same laboratory conditions. Periodic 

observations were recorded at predetermined intervals 

to assess changes in viable population density and shelf 

life during storage. This approach enables 

identification of effective additive-based liquid 

formulations capable of maintaining high microbial 

viability, thereby improving the practical applicability 

and reliability of T. asperellum as an eco-friendly 

bioagent for sustainable crop protection. 

Shelf-life Studies on Liquid Formulations of 

Bioagent 

The prepared liquid formulations of fungal 

bioagents were evaluated for their viability under in 

vitro conditions. Initial population counts were 

recorded one hour after inoculation, followed by 

assessments at 24 h and at 30-day intervals up to 360 

days of storage. For viability estimation, 1 ml of each 

formulation was aseptically transferred into 9 ml of 

sterile distilled water and shaken thoroughly for 3 min 

to obtain a 10
-1

 dilution. Serial dilutions were 

subsequently prepared up to 10
-7

 for fungal 

formulations. An aliquot of 1 ml from the appropriate 

dilution (10
-7

) was plated onto Petri plates containing 

20 ml of sterilized Potato Dextrose Agar (PDA) 

medium and gently rotated to ensure uniform 

distribution of the inoculum. In the case of bacterial 

formulations, 10 µl of the 10
-9

 dilution was spread 

evenly on the respective growth medium. All plates 

were incubated at 25 ± 2 °C for 48 h to allow colony 

development. 

The viable population of fungal bioagents was 

enumerated using the standard serial dilution and plate 
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count technique as described by Aneja (2003), and 

results were expressed as colony-forming units (CFU). 

plate culture of Volume

factor dilution  colonies ofNumber 
cfu/ml ofNumber 

×
=  

Determination of Shelf Life: 

The shelf life of the liquid bioagent formulations 

was assessed by periodically monitoring viable cell 

populations. Initial viable counts were recorded one 

hour after inoculation, followed by observations at 24 h 

and at 30-day intervals thereafter up to 360 days of 

storage, as described by Dobhal and Hegde (2021). 

All treatment combinations were stored at room 

temperature (28 ± 2 °C). At each sampling interval, the 

containers were aseptically opened under a laminar 

airflow cabinet to avoid contamination. Viable cell 

counts were determined using the standard serial 

dilution and plating technique, and microbial survival 

was expressed as colony-forming units per millilitre 

(CFU ml
-1

). 

In vitro antagonism test of Bioagent (Trichoderma 

asperellum) against Fusarium oxysporum f. sp. ciceri 

by using Dual culture technique: 

The antagonistic potential of Trichoderma 

asperellum against Fusarium oxysporum f. sp. ciceri 

was evaluated using the dual culture technique 

(Dhingra and Sinclair, 1995). Two most effective T. 

asperellum isolates, selected based on shelf-life 

studies, were used for the assay. For the antagonism 

test, 20 ml of sterilized potato dextrose agar (PDA) 

was aseptically poured into 9 cm diameter Petri plates. 

Mycelial discs (5 mm) from four-day-old cultures of 

the antagonist and the pathogen were placed on 

opposite sides of the plate, approximately 7 cm apart 

and 1 cm from the periphery. Control plates were 

inoculated with the pathogen alone. All plates were 

incubated at 25 ± 2 °C. 

Observations were recorded when the pathogen in 

the control plates completely covered the medium 

(Morton and Straube, 1955). The extent of antagonism 

was assessed by measuring the inhibition of radial 

mycelial growth, and the percentage inhibition over 

control was calculated using the formula described by 

Vincent (1927). 

100
C

TC
×

−
=I Inhibitioncent Per  

Where,   

I = Per cent reduction in growth of test pathogen.   

C = Radial growth (mm) in monoculture check.   

T = Radial growth (mm) in dual cultured plates. 

Evaluation of Bio-efficacy of Liquid-Based Bioagent 

(Trichoderma asperellum) as Seed Treatment on 

Wilt of Chickpea under Pot Culture Conditions: 

Based on the results of in vitro antagonistic 

assays, Trichoderma asperellum was identified as the 

most effective bioagent and selected for seed treatment 

studies. Pot culture experiments were conducted under 

screenhouse conditions following a factorial 

completely randomized design (FCRD). Plastic pots 

(50 cm diameter) were filled with sterilized sandy loam 

soil and artificially inoculated with a two-week-old 

culture of Fusarium oxysporum f. sp. ciceris grown on 

sorghum–sand medium. The pathogen inoculum was 

incorporated at 2% (w/w), and the soil was allowed to 

stabilize for five days prior to sowing. Seeds of three 

chickpea varieties PDKV-Kanak (resistant), Gulak-1 

(moderately resistant), and JG-62 (susceptible) were 

surface sterilized using 1% sodium hypochlorite for 3 

min, thoroughly rinsed with sterile distilled water, and 

air-dried under aseptic conditions. The sterilized seeds 

were then treated with the selected liquid bioagent 

formulations as per the experimental treatments. 

Fifteen seeds were sown per plastic pot (40 cm 

diameter) containing 5 kg of sterilized soil, with three 

replications for each treatment. Pots sown with 

untreated seeds served as the control. 

Chickpea wilt incidence was recorded at 30, 60, 

and 90 days after sowing (DAS). Wilt incidence (%) 

was calculated using the following formula: 

Wilt incidence % 

100×=

observed plants ofnumber  Total

plants infected ofNumber 
(%) incidenceWilt  

Statistical data interpretation 

All experimental data were analyzed using the 

Factorial Completely Randomized Design (FCRD) in 

OPSTAT software, which was developed and is 

maintained by Prof. O.P. Sheoran, Department of 

Mathematics and Statistics, CCS HAU, Hisar, and Dr. 

Vinay Kumar, Associate Professor, Central University 

of Haryana, Mahendergarh. 

Result and Discussion 

Effect of Cell Protectant Polymer Additives with 

Surfactant and Preservatives on the Shelf Life of 

Liquid Trichoderma asperellum Formulations: 

The data presented in Table 1(a) indicate that 

among the evaluated cell-protectant polymer additives, 

the formulation containing 2% glycerol (GL) was the 

most effective in maintaining the viability of 

Trichoderma asperellum. Under ambient storage 

conditions (28 ± 2 °C), this formulation sustained a 
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population density of 10⁷ cfu mL⁻¹ for up to 360 days. 

Although a gradual decline in viable counts was 

observed over time, the 2% GL treatment consistently 

recorded significantly higher populations than all other 

polymer-amended formulations throughout the storage 

period (24 h to 360 days). 

Other polymer additives also enhanced the shelf 

life of T. asperellum compared with the untreated 

control, which exhibited a rapid decline in viability; 

however, their effectiveness was comparatively lower 

than that of the 2% GL formulation. Overall, the results 

clearly demonstrate that the incorporation of cell-

protectant polymers in combination with surfactants 

and preservatives significantly extended the shelf life 

of liquid T. asperellum formulations for up to one year, 

with glycerol at 2% emerging as the most efficient 

additive for sustaining microbial viability. 

Sriram et al. (2011) reported that liquid 

fermentation–based formulations of Trichoderma spp. 

are more prone to desiccation than solid-state 

formulations; however, incorporation of glycerol (3–

9%) as an osmoticant significantly reduced water 

activity and improved formulation stability. Glycerol at 

3 and 6% extended the shelf life of talc-based T. 

harzianum formulations up to 7 and 12 months, 

respectively, maintaining viable populations above 2 × 

10⁶ cfu g
-1

, compared to only 4–5 months without 

glycerol. A positive correlation between water activity 

and fungal viability was also observed. Similarly, Kara 

and Tozlu (2024) demonstrated that oil- and glycerine-

based liquid carriers, particularly neem oil, glycerine, 

and paraffin oil, sustained high viability of T. 

harzianum for up to 10 months under both ambient and 

refrigerated storage. Bhai and Anandaraj (2014) further 

showed that T. harzianum conidia suspended in sterile 

deionized water retained viability for over 720 days at 

both 25 ± 1°C and 28–32°C, outperforming 

formulations containing glycerol, glucose, or DMSO. 

Collectively, these studies highlight the critical role of 

formulation components in enhancing the long-term 

viability and shelf life of Trichoderma bioagents. 

Effect of adjuvants Combined with surfactant and 

preservatives on shelf life of liquid formulations of 

Trichoderma asperellum: 

The data presented in Table 1(a) indicate that 

among the adjuvants evaluated, carboxymethyl 

cellulose (CMC) at 0.1% was the most effective in 

sustaining the viable population of Trichoderma 

asperellum. Under room temperature storage 

conditions (28 ± 2 °C), the CMC-amended formulation 

maintained a population density of 10⁷ cfu ml⁻¹ 

throughout the 360-day storage period. Although a 

marginal decline in the initial population was observed 

at the end of storage, the reduction was statistically 

non-significant. Formulations containing other 

adjuvants also enhanced microbial survival compared 

to the untreated control; however, viable counts 

showed a gradual decline over the storage period. 

Notably, across all observation intervals, ranging from 

24 h to 360 days, the population density recorded in the 

0.1% CMC treatment remained significantly higher 

than that observed with other adjuvants. 

Overall, while all tested adjuvants contributed to 

prolonging the shelf life of T. asperellum, the 

incorporation of 0.1% CMC proved to be distinctly 

superior, followed by trehalose, whereas Alphox was 

the least effective in maintaining microbial viability. 

The effective wilt suppression observed with T. 

asperellum-based treatments in the present study is in 

agreement with the findings of Shriram (2021), who 

reported that conidial formulations derived from solid 

substrates exhibit greater stability than liquid 

fermentation–based products. This enhanced stability 

was attributed to the presence of nutrients such as 

chitin, chitosan, and trehalose, which promote conidial 

germination and establishment. These observations 

corroborate the consistent efficacy recorded in the 

present investigation and underscore the importance of 

stable, nutrient-enriched Trichoderma formulations in 

improving disease suppression. 

Similar observations were reported by Zakaria et 

al. (2018), who demonstrated good shelf stability of 

Trichoderma spp. in talc-based formulations, with 

viable counts declining from 200 × 10⁶ to 45 × 10⁶ cfu 

g
-1

 over 120 days of ambient storage. Likewise, 

Kolombet et al. (2008) showed that optimized liquid 

biomass formulations enhanced the viability and 

competitiveness of Trichoderma asperellum, 

maintaining biological activity for up to six months at 

room temperature. Comparable results were reported 

by Sutthisa et al. (2024), where liquid formulations of 

T. asperellum prepared with different protectants 

retained stable spore populations of approximately 10⁷ 

spores mL
-1

 after 45 days of storage at 28 ± 2 °C. 

Interaction Effects of Additives Combinations 

on the Shelf Life of Liquid Trichoderma 

asperellum bioagent at Room Temperature: 

The results on the shelf life of liquid formulations 

of bioagent Trichoderma asperellum with different 

additives revealed significant variations in population 

density across the storage period (Table 7-b). At the 

initial count, all treatments recorded a population 

density of 17.2-17.9 × 10
7
 cfu/ml, indicating no 

significant variation. However, gradual differences 
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appeared with prolonged storage. After 30 days, 

formulations containing combinations such as C4-A1 

(GL + CMC) and C4-A2 (GL + Trehalose) maintained 

higher population densities (15.37 and 15.26 × 10⁷ 

cfu/ml, respectively) compared to control (9.60 × 10
7
 

cfu/ml). By 90 days, viable populations in most 

amended formulations remained between 10.68-12.26 

× 10
7
 cfu/ml, whereas the control dropped drastically 

to 1.37 × 107 cfu/ml. A similar trend was noted at 150 

days, with treatments like C4-A1 (9.19 × 10
7
 cfu/ml), 

C4-A2 (9.17 × 10
7
 cfu/ml), and C3-A2 (8.53 × 10⁷ 

cfu/ml) sustaining superior viability, while the control 

population was nearly negligible (0.41 × 10⁷ cfu/ml). 

From 180 to 270 days, the population declined 

progressively in all treatments; however, formulations 

containing PVP and CMC consistently showed better 

survival compared to other additives. For instance, C4-

A1, C4-A2, and C1-A1 retained 6.10, 6.03, and 6.02 × 

10⁷ cfu/ml, respectively, at 180 days, while control 

showed no viable count. At 360 days, although there 

was a marked decline in all treatments, certain 

formulations continued to support survival. The highest 

viable populations were maintained by C4-A1 (0.87 × 

10⁷ cfu/ml) and C4-A2 (0.87 × 10⁷ cfu/ml), followed 

by C1-A1 (0.80 × 10⁷ cfu/ml) and C2-A1 (0.76 × 10⁷ 

cfu/ml). In contrast, the control treatment recorded no 

survival beyond 120 days. Overall, the results clearly 

demonstrate that the incorporation of stabilizers such 

as CMC and Trehalose into Glycerol and PVP-based 

formulations significantly extended the shelf life of T. 

asperellum liquid inoculants up to one year, while the 

untreated control lost viability within 120 days. 

Among the different additive combinations tested, 

glycerol based liquid formulations with CMC (C4-A1) 

and Trehalose (C4-A2) were most effective in 

sustaining the shelf life of Trichoderma asperellum, 

maintaining viable populations up to 360 days. PVP 

and PEG-based formulations with CMC also supported 

extended survival, though at comparatively lower 

densities. In contrast, the control treatment without 

additives lost viability within 120 days, confirming the 

vital role of stabilizers in prolonging shelf life. 

Bhai and Anandaraj (2014) reported results 

comparable to the present study while evaluating the 

shelf life of Trichoderma harzianum conidial 

suspensions prepared with different cryoprotectants. 

Although glycerol, glucose, CMC and DMSO 

maintained viability only up to 75 days, suspensions in 

sterile deionized water showed significantly prolonged 

survival, retaining viable populations up to 480 days 

and beyond 720 days at both ambient (28–32 °C) and 

controlled (25 ± 1 °C) temperatures. Viability was 

confirmed through in vitro recovery on TSM medium. 

Similarly, Zakaria et al. (2018) reported good shelf 

stability of Trichoderma spp. in talc-based 

formulations, where viable counts declined gradually 

from 200 × 10⁶ to 45 × 10⁶ cfu g⁻¹ over 120 days, yet 

remained at effective levels throughout storage. Nadare 

et al. (2018) further demonstrated that oil-based liquid 

carriers significantly influence shelf life, with paraffin 

oil supporting the highest viability of Trichoderma 

viride after six months of storage, followed by soybean 

and groundnut oils. Overall, these studies highlight the 

superior stability of liquid and oil-based formulations 

over conventional solid carriers for enhancing the shelf 

life of Trichoderma bioagents. 

In vitro Screening of Antagonistic Bioagent against 

(Trichoderma asperellum) Fusarium oxysporum f. 

sp. cicero: 

The antagonistic potential of selected bioagents 

and biofertilizers, shortlisted based on shelf-life and 

viability studies namely Trichoderma asperellum (Ta1 

and Ta2), Pseudomonas fluorescens (Pf1 and Pf2), and 

Bacillus megaterium var. phosphaticum was evaluated 

against Fusarium oxysporum f. sp. ciceri under in vitro 

conditions. Significant differences were observed 

among treatments with respect to pathogen colony 

diameter and percent mycelial growth inhibition (Table 

3). Among the tested bioagents, T. asperellum (Ta1) 

exhibited the highest antagonistic activity, recording a 

minimum mean colony diameter of 25.44 mm and 

maximum growth inhibition of 71.73%, followed by P. 

fluorescens (Pf1), which showed a colony diameter of 

26.99 mm and 70.01% inhibition. The isolates T. 

asperellum (Ta2) and P. fluorescens (Pf2) were 

statistically at par, registering growth inhibition of 

68.27% and 69.75%, respectively. In contrast, B. 

megaterium var. phosphaticum showed comparatively 

lower antagonistic efficacy, with a mean colony 

diameter of 60.33 mm corresponding to 32.97% 

inhibition. The untreated control recorded the 

maximum pathogen growth, with a colony diameter of 

90.00 mm and no inhibition. 

Trichoderma asperellum (Ta1) emerged as the 

most effective antagonist against the chickpea wilt 

pathogen, followed by Pseudomonas fluorescens (Pf1 

and Pf2) and T. asperellum (Ta2), highlighting their 

strong biocontrol potential under in vitro conditions. 

Consistent with these results, Ranjana (2024) reported 

that Trichoderma isolates such as PBT13 and PBT3 

inhibited over 70% of Fusarium oxysporum f. sp. 

ciceri growth, attributing antagonism to 

mycoparasitism, production of cell-wall degrading 

enzymes, and antifungal metabolites. The effective 

suppression of wilt observed in the present study, 
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particularly by T. asperellum, corroborates these 

findings, indicating that enzymatic activity and 

secondary metabolites play a central role in disease 

inhibition. Supporting this, Katyayani et al. (2020) 

demonstrated that while chemical fungicides offer only 

short-term control, Trichoderma species, including T. 

harzianum, T. viride, and T. koningii, exhibited strong 

mycoparasitic activity and significantly reduced 

chickpea wilt incidence, further emphasizing the 

promise of bioagents in sustainable disease 

management. 

Interaction Effect of Trichoderma asperellum on 

Fusarium Wilt of Chickpea Under Pot Condition: 

The effect of Trichoderma asperellum in 

combination with different chickpea varieties on 

Fusarium wilt incidence was evaluated under pot 

conditions at 30, 60, and 90 days after sowing (DAS). 

The results (Table 4) revealed significant variation 

among treatments, indicating a strong interaction 

between chickpea genotype and bioagent application. 

In all observation periods, treatments receiving T. 

asperellum showed markedly lower wilt incidence 

compared to the untreated control. 

At 30 DAS, the resistant variety PDKV-Kanak 

treated with T. asperellum (T₁) exhibited complete 

disease suppression (0.00% wilt incidence), resulting 

in 100% disease reduction over the control. The 

moderately resistant variety Gulak-1 (T₂) recorded 

3.33% wilt incidence with 85.73% disease reduction, 

while the susceptible variety JG-62 (T₃) showed 

6.66% incidence corresponding to 71.45% reduction. 

The untreated control (T₄) recorded the highest wilt 

incidence (23.33%), and differences among treatments 

were statistically significant. 

At 60 DAS, a gradual increase in disease 

incidence was observed; however, T₁ continued to 

maintain complete protection with zero wilt incidence. 

Treatments T₂ and T₃ recorded 6.66% and 10.33% 

wilt incidence, corresponding to disease reductions of 

80.01% and 69.00%, respectively. In contrast, the 

untreated control exhibited 33.33% wilt incidence. The 

interaction effect between variety and bioagent 

remained statistically significant. 

By 90 DAS, disease incidence increased further in 

all treatments except T₁, which consistently recorded 

0.00% wilt incidence, confirming the sustained 

efficacy of T. asperellum in the resistant genotype. T₂ 

and T₃ showed 6.66% and 13.33% wilt incidence, 

achieving 88.93% and 77.78% disease reduction, 

respectively. The untreated control recorded maximum 

disease development with 60.00% wilt incidence. 

Treatment interactions were significant at this stage as 

well. 

Overall, the combined application of T. 

asperellum with the resistant chickpea variety PDKV-

Kanak resulted in complete and sustained suppression 

of Fusarium wilt throughout the crop growth period, 

indicating a strong synergistic effect between host 

resistance and biological control. Treatments involving 

moderately resistant and susceptible varieties also 

significantly reduced disease incidence but were 

comparatively less effective. The gradual increase in 

wilt incidence in these treatments suggests partial yet 

sustained protection. The consistently high disease 

levels in the control confirmed the severe susceptibility 

of chickpea to Fusarium wilt under untreated 

conditions. These findings clearly demonstrate that the 

integration of T. asperellum with a resistant chickpea 

genotype is an effective strategy for Fusarium wilt 

management and warrants further validation under 

field conditions. 

Similarly, the present findings are in accordance 

with those of Chohan et al. (2024), who reported that 

F. oxysporum infestation markedly reduced chickpea 

growth under pot conditions, while the application of 

T. asperellum and T. harzianum strains, individually or 

in consortia, effectively mitigated disease impact, 

resulting in substantially lower DI (22.2% and 11.1%) 

and DS (86% and 92%) and significant improvements 

in shoot growth parameters across two years. This 

further supports the role of Trichoderma species as 

reliable and effective biocontrol agents for managing 

chickpea wilt under diverse environmental conditions. 

Similarly, Dubey (2007) reported that integrating T. 

harzianum with carboxin as a seed treatment 

significantly improved seed germination and grain 

yield while reducing wilt incidence by 44.1–60.3%, 

further supporting the present study where T. 

asperellum–based treatments markedly suppressed 

Fusarium wilt and enhanced plant health under pot 

conditions. 

Conclusion 

The present study demonstrates that incorporation 

of cell-protectant polymers and stabilizers, particularly 

2% glycerol and 0.1% carboxymethyl cellulose 

(CMC), effectively prolongs the shelf life of liquid 

Trichoderma asperellum formulations up to 360 days 

while maintaining high microbial viability. Optimized 

additive combinations, such as glycerol + CMC and 

glycerol + trehalose, consistently supported superior 

survival compared to untreated controls. Trichoderma 

asperellum (Ta1) demonstrated the highest antagonistic 

potential against Fusarium oxysporum f. sp. ciceri, 



 

 

3259 R.J. Choudhari et al. 

effectively suppressing pathogen growth in vitro. 

Along with Pseudomonas fluorescens isolates, it shows 

strong promise as a biocontrol agent, offering an eco-

friendly and sustainable approach for managing 

chickpea wilt. In vitro and pot culture evaluations 

confirmed that T. asperellum, especially when 

combined with resistant chickpea varieties like PDKV-

Kanak, significantly suppressed Fusarium wilt, 

achieving complete or near-complete disease 

reduction. These findings highlight the potential of 

stable, nutrient-enriched T. asperellum formulations as 

eco-friendly, sustainable biocontrol solutions, offering 

a practical approach to enhance chickpea productivity 

and reduce dependence on chemical fungicides. 

 

Table 1: Viable cell count of liquid based bioagent (Trichoderma asperellum) amended with additives during 

storage period of one year at room temperature. 
Population density (×107 cfu/ml) 

                                                                            STORAGE DAYS Treatments Details 

Initial count* 24 hr* 30*  60*  90*  120*  150*  180*  210*  240*  270*  300*  330*  360*  

C1- (PVP) 17.56 17.17 14.46 13.06 11.32 8.49 7.51 5.16 3.03 2.06 1.23 1.01 0.67 0.43 

C2- (PEG) 17.57 17.13 14.56 13.06 11.29 8.52 7.55 5.25 3.05 2.12 1.27 1.00 0.65 0.39 

C3- (SA) 17.51 17.17 14.52 13.04 11.25 8.57 7.45 5.08 3.01 2.06 1.18 0.96 0.61 0.39 

C4- (GL) 17.66 17.41 14.98 13.84 11.80 8.87 7.83 5.59 3.35 2.42 1.51 1.28 0.89 0.65 

SE(m) ± 0.10 0.024 0.019 0.017 0.027 0.026 0.023 0.019 0.025 0.023 0.023 0.019 0.024 0.027 

CD at 1% NS 0.09 0.07 0.07 0.11 0.10 0.09 0.07 0.10 0.09 0.09 0.07 0.10 0.11 

A1- (CMC) 17.80 17.42 15.28 14.22 12.22 9.11 8.15 6.04 3.62 2.65 1.75 1.52 1.13 0.80 

A2- (TREAHALOSE) 17.48 17.10 14.47 12.93 11.25 8.50 7.43 5.01 2.97 2.02 1.20 0.96 0.61 0.40 

A3- (ALPHOX) 17.43 17.14 14.15 12.60 10.77 8.23 7.18 4.77 2.74 1.82 0.95 0.71 0.38 0.20 

SE(m) ± 0.09 0.020 0.016 0.015 0.023 0.023 0.020 0.016 0.022 0.020 0.020 0.016 0.021 0.024 

CD at 1% NS 0.08 0.06 0.06 0.09 0.09 0.08 0.06 0.09 0.08 0.08 0.06 0.08 0.09 

Note- *Means of three replications  

Factor 1: - C1= PVP 2% (Polyvinyl Pyrrolidone), C2= PEG 2% (Polyethylene glycol), C3= SA 0.1% (Sodium alginate), C4= GL 2% 

(Glycerol) 

Factor 2: - A1= CMC 0.1% (Carboxy methyl cellulose), A2= Trehalose 10mM, A3= Alphox 1%  

Common use (Preservatives and Surfactant/emulsifiers): - Potassium sorbate (0.5%) and Tween-20-(0.5%) 

 
Table 2: Interaction effect on shelf life of liquid based bioagent (Trichoderma asperellum) amended with 

additives at room temperature. 
Population density (×107 cfu/ml) 

STORAGE DAYS 
Treatments 

Details 
Initial count* 24 hrs* 30* 60* 90* 120* 150* 180* 210* 240* 270* 300* 330* 360* 

T
1
 C1A1- (PVP+CMC) 17.67 17.30 15.25 14.22 12.22 9.10 8.13 6.02 3.61 2.64 1.75 1.52 1.12 0.80 

T
2
 C1A2-(PVP+TREAHALOSE) 17.47 17.03 4.10 12.50 11.00 8.17 7.20 4.77 2.76 1.75 0.98 0.76 0.47 0.27 

T
3
 C1A3- (PVP+ ALPHOX) 17.53 17.17 14.04 12.47 10.73 8.20 7.20 4.68 2.72 1.77 0.97 0.74 0.41 0.23 

T
4
 C2A1- (PEG+CMC) 17.87 17.43 15.25 14.19 12.21 9.08 8.12 6.02 3.60 2.62 1.72 1.50 1.12 0.76 

T
5
 C2A2- (PEG+TREAHALOSE) 17.57 17.07 14.19 12.51 10.90 8.13 7.23 4.59 2.73 1.83 1.13 0.77 0.43 0.22 

T
6
 C2A3- (PEG+ ALPHOX) 17.27 16.90 14.24 12.47 10.76 8.33 7.31 5.15 2.80 1.90 0.95 0.73 0.41 0.20 

T
7
 C3A1- (SA+CMC) 17.80 17.43 15.24 14.18 12.19 9.06 8.11 6.01 3.59 2.60 1.69 1.49 1.10 0.75 

T
8
 C3A2- (SA+TREAHALOSE) 17.17 16.83 14.31 12.47 10.89 8.53 7.15 4.64 2.74 1.80 0.93 0.75 0.40 0.23 

T
9
 C3A3- (SA+ ALPHOX) 17.57 17.23 14.01 12.47 10.68 8.11 7.08 4.60 2.70 1.77 0.92 0.63 0.33 0.17 

T
10

 C4A1- (GL+CMC) 17.87 17.50 15.37 14.30 12.26 9.19 8.23 6.10 3.67 2.73 1.83 1.57 1.18 0.87 

T
11

 C4A2- (GL+TREAHALOSE) 17.73 17.47 15.26 14.24 12.23 9.17 8.13 6.03 3.64 2.68 1.76 1.55 1.13 0.87 

T
12

 C4A3- (GL+ ALPHOX) 17.37 17.27 14.30 12.99 10.91 8.27 7.13 4.64 2.74 1.85 0.94 0.73 0.37 0.20 

T
13

 Control 17.43 17.00 9.60 4.40 1.37 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SE(m) ± 0.17 0.041 0.033 0.030 0.046 0.045 0.040 0.033 0.044 0.039 0.041 0.032 0.042 0.047 

Factor (C X A) CD at 1% NS 0.16 0.13 0.12 0.18 0.18 0.16 0.13 0.17 0.16 0.16 0.13 0.17 0.19 
*Values are means of three replications.    

Note- T1= PD- Broth + 2% PVP + 0.1 % CMC + 0.5 % Tween-20 + 0.5 % P. Sorbate, T2= = PD- -Broth + 2% PVP + 10mM Trehalose + 0.5 % Tween-20 + 

0.5 % P. Sorbate, T3= = PD-  Broth + 2% PVP + 1% ALPHOX + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T4= = PD- Broth + 2% PEG + 0.1 % CMC + 0.5 %  

Tween-20 + 0.5 % P. Sorbate, T5= = PD- Broth + 2% PEG + 10mM Trehalose + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T6= = PD-  Broth + 2% PEG + 1%  

ALPHOX + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T7= = PD- Broth + 0.1 % SA + 0.1 % CMC + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T8= = PD-  Broth + 0.1 

% SA + 10mM Trehalose + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T9= = PD-  Broth + 0.1 % SA + 1%  ALPHOX + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T10= 

= PD- Broth + 2 % Glycerol + 0.1 % CMC + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T11= = PD-  Broth + 2 % Glycerol + 10mM Trehalose + 0.5 % Tween-20 

+ 0.5 % P. Sorbate, T12= = PD- Broth + 2 % Glycerol + 1%  ALPHOX + 0.5 %  Tween-20 + 0.5 % P. Sorbate, T13= = PD- Broth + Without additives 
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Table 3 : In vitro Screening of Antagonistic Bioagent and Biofertilizers against Fusarium oxysporum f. sp. ciceri 

Treatment details 

(Fungal and bacterial antagonist)  

Mean colony diameter of Fusarium 

oxysporum pv. ciceri (mm) 

Per cent growth inhibition 

over control 

T1 
Trichoderma asperellum  

(Ta1) 

25.44  

(±0.40) 
71.73 

T2 
Trichoderma asperellum  

(Ta2) 

28.55 

(±0.44) 
68.27 

T3 
Pseudomonas fluorescens  

(Pf1) 

26.99 

(±0.48) 
70.01 

T4 
Pseudomonas fluorescens  

(Pf2) 

27.22 

(±0.67) 
69.75 

T5 Bacillus megaterium var. Phosphaticum 
60.33 

(±0.58) 
32.97 

T6 Control 90.00 00.00 

SE(m) ± 0.63 

CD (P=0.01) 1.96 

*Values are means of three replications 

 
Table 4 : Interaction effect of selected bioagent (Trichoderma asperellum) on Fusarium wilt of chickpea under 

pot condition 

Treatments Details 

*Wilt 

incidence 

(30 DAS) % 

Disease over 

control % 

*Wilt 

incidence 

(60 DAS) % 

Disease over 

control % 

*Wilt 

incidence 

(90 DAS) % 

Disease over 

control % 

T1 
PDKV-Kanak + 

Trichoderma asperellum 

0.00 

(0.00) ** 
100 

0.00 

(0.00) ** 
100 

0.00 

(0.00) ** 
100 

T2 
Gulak-1 + 

Trichoderma asperellum 

3.33 

(1.83) ** 

 

85.73 

6.66 

(2.58) ** 

 

80.01 

6.66 

(2.58) ** 
88.93 

T3 
JG-62+ 

Trichoderma asperellum 

6.66 

(2.58) ** 
71.45 

10.33 

(3.21) ** 
69.00 

13.33 

(3.65) ** 
77.78 

T4 Control (Without treated) 
23.33 

(4.83) ** 
00.00 

33.33 

(5.77) ** 
00.00 

60.00 

(7.75) ** 

 

00.00 

 SE (m) ± 0.53 0.56 0.55 

 
Factor (A X B) 

CD at 1% 
2.08 2.22 2.18 

*Values are means of three replications; ** Square Root Transform value; DAS- Days after sowing 

Note:   T1= PDKV-Kanak + Trichoderma asperellum, T2= Gulak-1 + Trichoderma asperellum,  

T3 = JG-62+ Trichoderma asperellum, T4= Control (Without treated)    

 
Fig. 1: Shelf life of Trichoderma asperellum bioagent amended with additives (One year) 
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Fig. 2 : In vitro growth inhibition of Fusarium oxysporum f. sp. ciceri by Trichoderma asperellum  

using the dual culture technique 

 

 
Fig. 3: Percent disease reduction over control by bioagent (Trichoderma asperellum)  

against Fusarium wilt of chickpea under pot condition 
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