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ABSTRACT: Penicillium verruculosum (KU645999) isolated from rhizospheric soil of healthy 

muskmelon plants was used for bio formulation along with the potential crude oligosaccharide 

elicitor extracted from its cell wall. Their ability was evaluated for the control of gummy stem blight 

disease of muskmelon under greenhouse condition. Different carrier materials (Talc, Rice Bran and 

Wheat bran) were tested for the survival of the fungus up to 90 days and found that talc based 

formulation was very efficient carrier material for the fungal population survival among all the 

carrier materials tested. The bio formulation was evaluated for disease protection against 

Stagonosporopsi scucurbitacearum(KJ782214 )in muskmelon after challenge inoculation by the 

pathogen. The results showed that talc based formulation was best in disease protection induction 

with 81.62% followed by rice bran 73.05% and 70.05% by wheat bran compared to positive control 

of 93.42%. Present study reveals that talc based bio formulation of Penicillium verruculosum 

supplemented with its crude oligosaccharide elicitor enhances the resistance to gummy stem blight 

disease of muskmelon under greenhouse conditions. 
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1.INTRODUCTION 

Rhizosphere soil holds the best biological control agents against various plant pathogens. They not 

only protect the plants from the attack by pathogens but also supports growth of plants by allowing 
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them to utilize wide range of organic compounds from soil. Trichoderma, Penicillium, Bacillus, 

Pseudomonas etc. are few major biocontrol agents widely used in the management of soil borne 

plant pathogens [1-3]. They are found to work their best regarding biocontrol when applied in 

combinations of two or more strains of fungi and bacteria or both than when applied alone [4-6]. A 

significant number of organic compounds including secretions, sloughed off cells, lysates and 

exudates are secreted by actively growing roots into the rhizosphere [7]. Bioformulation is even 

more effective when combine the biocontrol agent along with the organic compounds and elicitors 

in reduction of plant disease. Trichodermaspp. when formulated with chitosan found to reduce the 

club weight on root significantly, but did not increase the top weight of the plants [8]. An antifungal 

compound was isolated from Epicoccumpurpurescens and found its fungi toxic nature against S. 

sclerotiorumin sunflower [9]. Chitin is an abundant renewable natural resource obtained from 

manne invertebrates, insects, fungi and algae [10]. Application of biocontrol agents along with chitin 

has greater importance in plant disease management [11-12]. The biocontrol agents are specific to 

their target, effective and also economical compared to chemical fertilizers. They are environmental 

friendly and plays major role in sustainable agriculture. In the present study effective bio control 

agent P. verruculosum and its crude oligosaccharide elicitors which are previously found effective 

individually for plant growth promotion and reduction of gummy stem blight disease in muskmelon 

were tested for their efficacy as bio formulation. The study also emphasizes on the screening of 

carrier based formulation which can support the growth and survival of fungi is useful to maintain 

their viability in the environment which helps the effectiveness of bio control ability. This mixture 

of bio formulation can be an efficient alternative against S. cucurbitacearum in muskmelon plants. 

2. MATERIALS AND METHODS 

2.1 Isolation of GSB pathogen (S. cucurbitacearumDBTNP 2) and rhizospheric fungus (P. 

verruculosumMRS-PGPF 24) 

The pathogen was isolated from infected muskmelon samples collected from fields around 

Karnataka by standard blotter method. The rhizospheric fungi was isolated from soil samples of 

healthy muskmelon rhizospheric soil samples by serial dilution method. The pure cultures of 

pathogen and rhizospheric fungi obtained were identified individually on the basis of macroscopic 

(culture morphology and appearance) and microscopic (mycelia and conidia) characteristics [13].  

2.2 Preparation of GSB pathogen (S. cucurbitacearumDBTNP 2) and rhizospheric fungal (P. 

verruculosumMRS-PGPF 24) inoculums 

S. cucurbitacearum and rhizospheric fungus were mass cultured on Potato Dextrose Agar (PDA) 

plates and incubated at 25 ± 2° C for 7 days. Spore suspension was prepared from freshly sporulating 

cultures (7- day- old) by flooding the cultures with Sterile Distilled Water (SDW) by scraping the 

surface of PDA plates with sterile spatula. The concentration of the inoculum was adjusted to 1 × 

105cfu ml-1 for S. cucurbitacearum and 1 × 108cfu ml-1 for P. verruculosumusing Haemocytometer 
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and used for further studies [14-15]. 

2.3 Preparation of rhizospheric fungus (P. verruculosumMRS-PGPF 24) and crude 

oligosaccharide  

TherhizosphericfungusP. verruculosumMRS-PGPF 24was screened in our previous experiments for 

its plant growth promoting traits as well as antifungal activity against S. cucurbitacearumDBTNP 

2the gummy stem blight causing agent in muskmelon. The fungus was mass multiplied in potato 

dextrose broth. The sterilized broth (121° C, 15 psi for 30 min) was inoculatedwith actively growing 

mycelial disc of nine mm diameter and incubated for 15 days. Crude Oligosaccharide was extracted 

from the driedmycelial mat of the PGPF (MRS-PGPF 24) and resultant extract was lyophilized [16]. 

CO powder was diluted with SDW to prepare 4 mg ml-1concentration and used for seed treatment 

for 6h. For combined treatment, elicitor and fungal mixture was prepared by adding the crude 

oligosaccharide at 4 mg ml-1 concentration added to broth (1 % v/v) and used for the preparation of 

bio formulation. 

2.4 Preparation of carrier material of Talc-based, Rice bran and Wheat bran- for inoculation 

of rhizosphericfungal (P. verruculosum MRS-PGPF 24) inoculum and crude oligosaccharide  

Powdered talc, rice bran and wheat bran were chosen as carriers. They were steam sterilized at 140 

kPa for 30 min, and dried aseptically in trays for 12 h at 50° C before use. The fungal biomass along 

with the medium and elicitor mixture was incorporated into the different sterilized carriers at 50 ml 

suspension per 100 g and thoroughly mixed with addition of 500 mg CMC [17]. All the formulations 

were prepared in the same manner but without combined inducers amended with CMC served as 

negative control and with Mancozeb served as positive control. The product was shade dried to 

decrease the moisture content (less than 20%), then packed in polypropylene bags and sealed and 

stored in room temperature with less than 35% moisture content [18]. 

Table 1: Preparation of Bio Formulation 

Carrier Material Treatment Negative control Positive control 

Talc (1 kg) + 

CMC (10 g) Suspension containing P. 

verruculosumMRS-PGPF 

24 (1 × 108cfu ml-1) + CO 

(4 mg ml-1) 

Without combined 

inducers amended 

with CMC 

Without combined 

inducers amended 

with Mancozeb 

Rice bran (1 kg) + 

CMC (10 g) 

Wheat bran (1 kg) 

+ CMC (10 g) 

2.5 Screening of carrier material Talc-based, Rice bran and Wheat bran- inoculums for 

survival of rhizosphericfungus (P. verruculosum MRS-PGPF 24) 

Carrier based bio formulation samples inoculated with mixture of rhizospheric fungus and crude 

oligosaccharide were drawn at periodical intervals and population was assessed by serial dilution 

technique. 
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2.6 Efficacy of bio formulations against GSB disease protection under green house conditions 

The efficacy of treatment with P. verruculosumMRS-PGPF 24 + CO various carrier based 

formulations for control of GSB disease of muskmelon was evaluated under green house conditions. 

The first true leaf of muskmelon plants raised from seeds pretreated with bioformulation, positive 

and negative controls were challenge inoculated with suspension of pathogen. The pots were then 

arranged in a randomized complete block design and maintained under greenhouse conditions. The 

inoculated plants were covered with plastic bags for two days to maintain humidity and to avoid 

cross contamination. To evaluate the efficacy of combined inducer, per cent of disease was recorded 

periodically (every 7 days) and the final count was made 21 days after sowing [15]. The experiment 

consisted of 4 plants per pot and repeated thrice.  

𝐏𝐞𝐫𝐜𝐞𝐧𝐭 𝐃𝐢𝐬𝐞𝐚𝐬𝐞 𝐏𝐫𝐨𝐭𝐞𝐜𝐭𝐢𝐨𝐧 =
𝐂 − 𝐓

𝐂
× 𝟏𝟎𝟎 

Where, C represents percentage (%) of gummy stem blight disease incidence in the control and T 

represents percentage (%) of gummy stem blight disease incidence in induced plants. 

2.6 Statistical analysis 

Each experimental data was subjected to analysis of variance (ANOVA) using SPSS Inc. 16.0. 

Significant effects of treatments were determined by the magnitude of the F value (p ≤ 0.05).  

Treatment means were separated by Tukey’s HSD test. 

3. RESULTS AND DISCUSSION 

3.1 RESULTS 

3.1.1 Screening of carrier material of Talc-based, Rice bran and Wheat bran- inoculums for 

survival of rhizosphericfungus (P. verruculosum MRS-PGPF 24) 

Among various carriers tested, talc based formulation was found to be best for the survival of 

rhizospheric fungus. The fungus survived with required Colony Forming Units (1 X 108cfuml-1) in 

talc formulation up to 60 Days After Storage (DAS) and after that it declined while the decrease was 

much earlier in other carrier materials (Table 2). 

Table 2: Effect of different carriers on survival of rhizosphericfungus (P. verruculosum MRS-PGPF 24) 

Treatment Population of rhizospheric fungus(P. verruculosum MRS-PGPF 24) at Days 

After Storage (DAS) in cfu 

30 DAS 60 DAS 90 DAS 

Talc 2.86± 0.043a 3.31±0.037a 2.95±0.025a 

Rice bran 2.64±0.018b 3.17±0.019b 2.83±0.021b 

Wheat bran 2.37±0.018c 2.49± 0.025c 2.37±0.030c 

Values are means of four independent replicates. ± indicate standard errors. Means followed by the 
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same letter(s) within the same column are not significantly (p ≤ 0.05) different according to Tukey’s 

HSD 

3.1.2 Efficacy of bio formulations against GSB protection under green house conditions 

The disease protection studies was evaluated under green house conditions with all the three carrier 

material based formulations (talc, rice bran and wheat bran) along with the controls (SDW treated 

negative control and Mancozeb treated positive control). The muskmelon plants 21 days after 

sowing, the seeds treated with talc offered the disease protection of GSB disease by 81.62% 

followed by rice bran 73.05% and 70.05% by wheat bran compared to positive control of 93.42% 

(Fig. 1 and 2).  

  

Fig 1: Efficacy of bio formulations against gummy stem blight disease protection under 

green house conditions by counting the number of emerging seedlings 

 

Fig 2: Efficacy of bio formulations against gummy stem blight disease protection under green 

house conditions by counting the number of emerging seedlings. Vertical bars indicate ± SE. 

Means followed by the same letter(s) within the same column are not significantly (p ≤ 0.05) 

different according to Tukey’s HSD 
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3.2 DISCUSSION 

Bioformulations that contain beneficial rhizospheric fungi either one or more strains or along with 

the metabolites produced by them which is useful to increase plant growth, soil fertility and 

suppression of phytopathogens. In the present study a bio formulation was prepared using the 

rhizospheric fungusP. verruculosumMRS-PGPF 24 along with its cell wall crude oligosaccharide 

elicitors. These two were individually studied primarily for its efficacy on their disease protection 

and also growth promoting ability in muskmelon against gummy stem blight disease. Three different 

carrier based formulations (talc, rice bran and wheat bran) were screened along with carrier binder 

CMC for treatment with suspension containing P. verruculosumMRS-PGPF 24 (1 × 108cfu ml-1) + 

CO (4 mg ml-1). The survival of fungal population was tested in these carrier materials for 30 days’ 

interval up to 90 days. Talc based formulation was found to be suitable carrier for formulation 

preparation among all the test samples. Similar studies [19] where reported that among the carrier 

materials tested, talc retained maximum population of Trichoderma spp. and P. fluorescens 

throughout the incubation period. A study was carried out to develop some new bioformulations and 

evaluate their efficacy in promoting cotton seedlings growth characteristics [20]. For development 

of formulations, preparation of mineral carriers for increasing stability in interaction between 

associated PGPR and cotton plants, preparation of bacterial suspension and development of bio 

formulations used a talc-based powder and bentonite-based powder respectively enhanced the 

survivability of the microbial strains for a longer period.The addition of microbial or plant produced 

secondary metabolites to bio formulations may increase agricultural productivity, improving the 

performance of the inoculation. The use of some secondary metabolites (flavonoids, 

lipochitooligosaccharides, phytohormones, etc.) in bio formulations that improve leguminous crop 

yields was studied [21]. Their work reports suggest that the addition of these molecules may 

contribute to the sustainable development of new agronomic products. In another study the 

bioformulation mixtures of TvMNT7 with Pfl, TvO with TvOL and TvOwithTvOL and Th along 

with chitin effectively reduced the incidence of club root-root knot, damping off-root knot, and head 

rot-root knot respectively in cabbage and cauliflower under green house conditions [19]. Fluorescent 

Pseudomonads control Pythium spp. through different modes of action such as competition for 

nutrients and space [22] antibiosis [23], production of siderophores[24] and lytic enzymes [25]. In 

addition, induction of resistance by fluorescent Pseudomonads is an additional mechanism by which 

these bacteria protect plants against several diseases [26-29]. Trichoderma as a potent fungal 

biocontrol agent against a range of plant pathogens has attracted considerable scientific attention 

[30- 33]. Various substrates are being used for the mass multiplication of Trichoderma species [34-

37].Similarly, in the present study the bio formulation mixture was found to be effective in 

protection of muskmelon plants challenge inoculated with S. cucurbitacearumDBTNP 2, the 

gummy stem blight causing agent under green house conditions. Talc based formulation resulted in 
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81.62% disease protection followed by rice bran 73.05% and 70.05% by wheat bran compared to 

positive control of 93.42% which was treated with the chemical fertilizer (Mancozeb). Even though 

comparatively mancozeb was more efficient than our formulation mixture it is evident that bio 

formulation mixture can stand against the chemical fertilizer to an extent where it can also induce 

growth promotion of plant and give protection from wide range of pathogens.  

4. CONCLUSION 

Results of the present study clearly indicate that development of stable formulations mixture of 

rhizospheric fungus along with its crude oligosaccharide elicitors is of great importance and is a 

promising approach to a sustainable agriculture. The results of the study also indicate that bio 

formulation mixture may have practical application in biological control of plant disease which can 

potentially replace the use of chemical fertilizers and pesticides. The use and application of such 

bioformulation mixture can result in the reduction of application of harmful chemicals, protect the 

environment and biological resources and can be an important component of integrated pest 

management that can help the growers to achieve a sustainable agriculture. 
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