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Abstract 

 

Chemical fungicides are easily accessible in the market to manage damping-off diseases; however, their negative impacts 

on crop physiology, including photosynthesis, environmental factors, and human health are worth mentioning. Recently, 

biological control received considerable attention as an alternative to the use of synthetic agrochemicals. In the present study, 

we evaluate nine Bacillus strains, two species of Trichoderma (Trichoderma harzianum and Trichoderma polysporum), and 

one Paecilomyces variotii against two strains (Pa04 and Pa11) of Pythium aphanidermatum under laboratory conditions. The 

results revealed that two Bacillus strains, including OI07 (39.3% and 40%) and OI15 (33.7% and 31%) exhibited the highest 

growth inhibition zones (GIZs) against both fungal isolates compared to other Bacillus strains. The dual culture test exhibited 

that T. harzianum was the most efficient fungal biocontrol agent, exhibiting the highest inhibition percentage (34.6% and 

33.1%) against both strains, followed by T. polysporum (31.7% and 32.2%) and P. variotii (24.4% and 26.2%). Both bacterial 

strains and all fungal biocontrol agents (BCAs) were also employed alone or in combination against two strains (Pa04 and 

Pa11) of P. aphanidermatum in a pot experiment. The results of the pot experiment indicated that the combination of T. 

harzianum and Bacillus at (1x105 cfu per ml) was the most successful in suppressing pre- and post-emergence damping-off 

and also resulted in maximum seed germination at the same concentration. Furthermore, the plants treated with T. harzianum 

and Bacillus strains exhibited the highest plant measurements, such as root or shoot length and weight. This was followed by 

the T. polysporum and Bacillus strains treatment. In comparison, the treatment of P. variotii and Bacillus strains was found to 

be moderately effective at low, medium, and higher doses. In summary, the combination of T. harzianum with Bacillus is most 

powerful approach to reduce the damping-off disease incidence in both vegetables crop. 
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Introduction 

 

Cucumis sativus L. and Luffa acutangula L. (Roxb.) 

commonly known as cucumber and ridge gourd, are members 

of the Cucurbitaceae family, which consists of 825 species in 

118 genera (Ali et al., 2019; Ghaffar et al., 2021). It is 

cultivated extensively in greenhouses and open fields across 

the globe to meet the demand for fresh produce. Growing 

these vegetables in greenhouses provides a well-regulated 

environment, enabling the production of high-quality fruits 

throughout the year and avoiding the use of harmful pesticides 

(Punja et al., 2019). Globally, cucumber is the fourth most 

important vegetable crop, following onion, tomato, and 

cabbage (Raza et al., 2022). The presence of soil-borne 

pathogens can cause significant harm to crops, resulting in 

substantial economic losses across various regions. Pythium is 

a group of fungus-like organisms that belong to the kingdom 

Straminopila, phylum Oomycota, and comprises 

approximately 200 species (Ho, 2018). Among the many 

issues affecting greenhouse or field crops, fruits, vegetables, 

and ornamental plants globally, Pythium spp. is one of the 

most severe problems, especially in warm temperatures 

(Molin et al., 2021; Rushford et al., 2022). Pythium species 

are known to be the causative agents of damping-off and root 

rot diseases in tomatoes and cucurbits, which results in 

billions of dollars of loss globally each year (Muthukumar et 

al., 2016; Syed et al., 2020; Iqbal et al., 2023a). 

Moreover, P. aphanidermatum is a significant threat to 

crops in many vegetable-growing countries, causing 

damping-off during pre and post-harvest stages resulting in 

substantial losses (Sayed et al., 2021; Mahmoud and 

Abdalla, 2021). Cucumbers and ridge gourd for instance, 

have been affected by this disease and developed up to 75% 

yield losses (Al-Mawaali et al., 2018; Karunasinghe et al., 

2020). To control Pythium damping-off, several techniques 

have been employed in hot areas. These include soil 

mulching using polythene plastic sheets for 3-7 weeks to 

reduce the Pythium population in the soil. Additionally, 

bio-fumigation has also been found to be effective, albeit 

is less commonly used (Deadman et al., 2006; Ziedan, 

2022). Some chemical fungicides are available in the 

market for controlling damping-off and rot root diseases, 

including Captan, Hymexazol, and Mefenoxam (Weiland 

et al., 2014). Nevertheless, the utilization of chemical 

fungicides can pose detrimental effects on human health as 

well as the environment and crop physiology (Ons et al., 

2020). The application of bio-control agents, specifically 

plant growth promoting rhizobacteria (PGPR) and plant 

growth promoting fungi (PGPF), is emerging as a novel 

and alternative approach to combating plant diseases, 

offering an alternative to conventional agro-pesticides (Al-

Sadi et al., 2015; Abbas et al., 2019; Pandit et al., 2022). 

PGPR and PGPF actively participate in intricate biological 

control mechanisms and can act as effective biocontrol 
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agents (BCAs) that promote and enhance plant health 

(Bent, 2006; Iqbal et al., 2023b). These BCAs produce 

different types of antibiotics and promote systemic 

acquired resistance in the host against many 

phytopathogens, which reduces the yields by 80-90% 

(Boro et al., 2022; Lahlali et al., 2022). Bacillus, 

Pseudomonas, Trichoderma, and Paecilomyces are among 

the major types of biocontrol agents that are commonly 

used in this regard (Singh et al., 2021). Numerous studies 

have suggested that these beneficial microorganisms, 

known as BCAs, have the potential to enhance agricultural 

productivity and promote sustainability. Several species of 

Bacillus, Trichoderma, and Paecilomyces are utilized to 

combat a range of cucumber plant diseases, such as 

Fusarium wilt, powdery mildew, grey mold, damping-off, 

root and crown rot (Khan et al., 2004; Intana et al., 2008; 

Huang et al., 2012; Ma et al., 2022). These diseases are 

caused by different aggressive and destructive 

phytopathogens, viz., P. aphanidermatum (Ni and Punja, 

2019), Fusarium oxysporum (Han et al., 2019), 

Rhizoctonia solani (Srivastava, 2021), Botrytis cinerea 

(Aoki et al., 2020), Podosphaera xanthii (Sarhan et al., 

2020), and Phytophthora melonis (Hashemi et al., 2019). 

These fungal and biocontrol agents also enhance the 

growth promotion and yield of crops by reducing 

aggressive and destructive pathogens in the field (Younes 

et al., 2023). The aim of the present study was to assess the 

efficacy of PGPR and PGPF against P. aphanidermatum 

causing damping-off disease in cucumber and ridge gourd, 

both in laboratory and greenhouse conditions. 

 

Material and Method 

 

Survey and sample collections: Different cucumber and 

ridge gourd fields in the Hyderabad district of Sindh, 

Pakistan were selected to gather disease samples. The 

procedure involved soil collection from the rhizosphere of 

two infected vegetable plants at a 10 cm depth to isolate the 

pathogen. A total of 10 different infected fields of both 

vegetables were visited, and 2 samples from each field were 

collected in the plastic bags. The soil samples were promptly 

transported to the laboratory, along with a location tag. 

 

Preparation of corn meal agar (CMA) medium: 

Pythium aphanidermatum was isolated using corn meal 

agar (CMA) medium. The medium was prepared by 

dissolving sixty grams (g) of maize seed and 20g of agar 

agar into 1 liter of distilled water and then autoclaved at 

121oC for 20 minutes. The medium was poured into a 

sterilized Petri plates and allowed to solidify for isolation. 

 

Preparation on Luria-Bertani broth (LB) medium: The 

LB medium was prepared with the help of the following 

chemicals: 10g of Tryptone, 10g of yeast extract, 10g of 

NaCl, 20g of agar agar, and 1 liter distilled sterilized water. 

The materials were thoroughly mixed using a sterilized 

pipette and autoclaved at 121°C for 20 minutes. 

 

Isolation, identification & purification of Pythium 

aphanidermatum: The rhizosphere soil sample collected 

from infected vegetables plants and brought to the 

laboratory for the isolation of pathogen. After that, a 5 gram 

soil from each sample was mixed in the distilled sterilized 

water (ddH2O) in a plastic bag. Each bag contained potato 

plugs which were 12mm in diameter and 60mm in length. 

The 5 mm potato tubers were surface disinfected and cut 

into plugs using a sterilized Cork borer before being 

incubated at 25oC for 24 hours, earlier to planting 

(Stanghellini et al., 1983). After the incubation period, the 

potato plugs underwent a rinse using tap water, cut into 

small pieces, and placed on CMA-containing plates 

amended with 5 µl of streptomycin and penicillin. Five 

pieces were placed on each petri plate. In addition, the 

plates were incubated at (30±2oC) for 48-72 hours. The 

newly formed colonies underwent purification through a 

series of transfers using hyphal tips and were then kept on 

fresh CMA medium plates (Al‐Sa'di et al., 2007). The 

description and taxonomy of P. aphanidermatum such as 

sporangial and oogonial traits were confirmed with 

previously reported literature (Dick, 1990; Lodhi et al., 

2013; Ashwathi et al., 2017).  
 

Isolates of fungal antagonistic: For the In vitro and 

greenhouse study, we collected three different fungal 

biocontrols agents including, Trichoderma harzianum, T. 

polysporum and Paecilomyces variotii from the Plant 

Disease Diagnosis & Research lab, Department of Plant 

Protection, Sindh Agriculture University, Tando Jam. 

 

Isolation and identification of Bacillus strains: To 

isolate Bacillus strains, a total of five rhizosphere soil 

samples from healthy cucumber and ridge gourd plants 

were randomly selected. The topsoil of the rhizosphere was 

removed, and a 10 cm depth of soil from both healthy 

vegetable’s plants were collected and labeled. The samples 

were taken immediately to the laboratory, and soaked for 

30 minutes. A final 10g soil was measured from each 

sample using a weighing machine and put into a 250 ml 

conical flask. Afterward, a volume of 90 ml sterile distilled 

water with 0.9% NaCl was added into the flask. The sample 

was properly shaken in the hot water bath at 37oC with 

200 rpm for 30 min. After completely mixed, the samples 

were divided into five 2ml sterilized tubes. To separate 

spore-forming bacteria (specifically Bacillus), the sample 

was subjected to heat at 80°C for a period of 10 minutes 

using a hot water bath. Following this, the sample was 

successively diluted 7 times. After serial dilution, 0.1 ml of 

the suspension was spread over a Luria broth (LB) medium 

that was previously sterilized and allowed to cool. The 

Petri plates were placed upside-down position in the 

incubator for overnight. The incubation temperature was 

set at 37°C, accordance with the procedure described by 

Mavingui et al., (1992). Colonies were visually inspected 

and selected based on their physical characteristics, with a 

preference for those exhibiting restricted, waxy growth (1-

4 mm in diameter) and irregular edge extension. The 

selected colonies were streaked on LB media for further 

multiplication and purification (Kada et al., 1980; 

Errington & Jones, 1987). The Bacillus strains were stored 

for further study at -20°C in centrifuge tubes containing LB 

medium with 30% glycerol. 
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Antifungal activity of different fungal biocontrol agents 

against two strains of P. aphanidermatum: In this study, 

three biocontrol agents, namely T. harzianum, T. 

polysporum, and P. variotii, were evaluate for their 

promising biocontrol ability against two strains (Pa04 and 

Pa11) of P. aphanidermatum by dual assay plate method 

(Whipps, 1987). To perform the test, a (5 mm) agar disc 

was cut from 7-day-old pure cultures of each fungal 

biocontrol agent and placed on one side of PDA-containing 

plates. Also, a (5 mm) agar disc of 4-day-old pure culture 

of each strain of P. aphanidermatum was also placed on the 

opposite side of the same plate. Each biocontrol agent was 

tested separately in the same manner. A 5 mm agar disc of 

P. aphanidermatum was plated alone on one side as a 

control. The plates were incubated at a temperature of (27 

+ 2oC). The experiment consisted of 3 treatments with 6 

replications. A straight line was drawn at the center on the 

backside of the Petri plates, and the colony growth (mm) 

was measured using a measuring scale every 24 hours until 

the petri plate was filled in any treatment. The mycelial 

growth inhibition percentage was calculated using a 

formula as given by (Madrigal & Melgarejo, 1995). 

 

Percent inhibition = 
Pathogen mycelial growth in check plate - Pathogen mycelial growth in treatment plate 

x 100 
Pathogen mycelial growth in check plate 

 

Screening of bacterial strains: A total of 31 bacterial 

strains were screened for their antagonistic activity on PDA 

medium against two isolates (Pa04 and Pa11) of P. 

aphanidermatum using dual assay plate method on PDA 

(Fokkema, 1973). The bacterial strains were purified on 

liquid LB medium. A filter paper was cut of 5 mm size and 

placed 3 pieces on PDA plate at 90o angles. A 0.3 µl actively 

grown bacterial suspension was swamped on two filter paper 

and also 0.3 µl distilled sterilized water (ddH2O) was 

flooded on one filter paper for control. Two strains were 

tested in each plate. The plates were sealed with parafilm 

tape and incubated at 28±2oC for two days as overturned 

position. The plates were examined on a daily basis and the 

growth inhibition zone (GIZs) of fungus was determined in 

diameter. Among all tested bacterial strains, only 9 strains 

showed antagonistic activity against tested pathogen. 

 

Inhibition of P. aphanidermatum by bacterial strains: 

Among 31 bacterial strains, 9 bacterial strains were 

selected based on screening results, and evaluated for 

their antagonistic activity against P. aphanidermatum by 

dual assay method (Fokkema, 1973). The strains were 

grown as per the aforementioned method. Sterilized filter 

paper was cut into 5mm pieces and three pieces were 

placed on each plate at a 120° angle. A bacterial 

suspension and ddH2O water were poured as described 

above. The experiment was arranged as the 

aforementioned screening method. After a period of 24 

hours, a 5mm fungal disk obtained from a fresh culture of 

each strain was placed in the middle of the same bacterial 

suspension inoculated plate. The Petri plates were 

covered with Parafilm and placed upside-down position 

in an incubator at a temperature of 27± 2°C. This setup 

allowed for the pathogen hyphae to be controlled and 

grow close to the bacterial isolates. The diameter of the 

growth inhibition zone caused by the pathogen was 

measured. The experiment followed a completely 

randomized design (CRD) with six replications, and the 

entire experiment was repeated 3 times. 

Pot experiment 

 
Inoculum preparation: The Bacillus strains were cultured 
in LB broth tubes at 37 °C under a shaking bath at 200 rpm. 
Once the strains had developed, a 1ml suspension was 
mixed in 9ml of distilled sterilized water (ddH2O) and the 
concentration was adjusted to colony forming units (1 x 
103, 104, and 105 cfu/ml) (Szczech and Shoda, 2004). In the 
case of the P. aphanidermatum strains and PGPF 
suspension, a 4-day-old culture of the pathogen and 7-days 
old culture of PGPF were mixed with 10ml of distilled 
sterilized water (ddH2O) and rubbed with an image brush 
to obtain a conidial solution. After that, the suspension was 
collected in a sterilized beaker and the inoculum density 
was adjusted to colony forming units (1 x 103, 104, and 105 
cfu/ml) by adding water and using a hemocytometer (Yuan 
& Crawford, 1995). 

 

Growth promotion activity of cucumber and ridge 

gourd plants under greenhouse conditions: Two 

Bacillus strains, which were responsible for the highest 

growth inhibition zone In vitro, and three PGPF were used 

in a pot experiment. A 70% ethanol was utilized for the 

surface sterilization of thermopole pots. Seeds of the 

cucumber variety (HCU-1170) and ridge gourd variety 

(LF-03) were raised in 8 cm diameter sterilized thermopole 

pots, containing 300 g mixture of sterilized peat moss and 

soil at a standard ratio of 3:1, until the seedlings had 

reached the true two-leaf stage. Next, the seedlings were 

transplanted to earthen pots comprising 4 kg of a mixture 

of soil at a standard ratio of 3:1. Before transferring the 

seedling in pots, conidial suspension of P. aphanidermatum 

strains (Pa04 and Pa11) were also added in the soil 

composition for check the pre-emergence damping-off. 

The experiment followed a Randomized Complete Block 

Design (RCBD) with 8 different treatments and 6 

replications (Table 1). The pathogen suspension was 

inoculated again after two days of transplanting, and the 

application of PGPR and PGPF were performed 

simultaneously. After 9 days of sowing, the pre-emergence 

damping-off was recorded with the help of the following 

formula (Reddy et al., 1994): 
 

Pre-emergence % = 
Number of sowing seeds - Number of emerged seedlings 

- 100 Germination rate % 
100 x 100 



GHULAM SARWAR SHAH ET AL., 4 

 

Table 1. Details of treatments. 

Sr# Treatment details 

T1 Pathogen + Trichoderma harzianum + Bacillus strains 

(103, 104 and 105 cfu/ml) 

T2 Pathogen + Trichoderma polysporum + Bacillus strains 

(103, 104 and 105 cfu/ml) 

T3 Pathogen + Paecilomyces variotii + Bacillus strains 

(103, 104 and 105 cfu/ml) 

T4 Pathogen + Trichoderma harzianum (103, 104 and 105 

cfu/ml) 

T5 Pathogen + Trichoderma polysporum (103, 104 and 105 

cfu/ml) 

T6 Pathogen + Paecilomyces variotii (103, 104 and 105 

cfu/ml) 

T7 Pathogen + Bacillus strains (103, 104 and 105 cfu/ml) 

T8 Control 

 

Post-emergence damping-off was calculated by 
following formula (Reddy et al., 1994): 
 

Post-emergence % = 
Number of infected seedlings 

x 100 
Numbers of emerged seedlings 

 

The germination percentage was recorded by 
following formula (Orchard, 1977): 
 

Seed germination = 
Total number of germinated seeds 

x 100 
Total number of seeds sowing 

 

The data of plant shoot, root length and weight were 
recorded separately. 
 

DNA extraction: For the extraction of DNA, a CTAB 
method developed by Doyle and Doyle (1987) was utilized 
with some adjustments from the biocontrol agent culture 
and other microorganisms. To determine the DNA 
concentration and purity, the Li et al. (2006) method was 
used for performing a Nano-drop. Furthermore, a 1% 
agarose gel was utilized to analyse the DNA concentration 
and purity by running the samples for 30 minutes. 
 

PCR based detection: In the PCR based detection, two 
primers, ITS1 and ITS4 were evaluated to amplify a 
specific sequence region (White et al., 1990). The PCR 
reactions were conducted with a fixed amount of reagents, 
including 1.5 µl of each primer, 7 µl of master mix, and 0.5 
µl of Platinum Taq-polymerase, in a total volume of 12.5 
µl of reaction. An automated thermal cycler was employed 
to conduct the PCR amplification with a protocol 
consisting of an initial denaturation at 96°C for 9 min, 
followed by 40 cycles of denaturation at 96 °C for 30 
seconds and annealing at 53°C for 1 minutes. The final 
extension was carried out at 72°C for 7 min. The amplified 
products were detected on a 1.5% agarose gel containing 
ethidium bromide (Li et al., 2006). 
 

Characterization of the strains: The manufacturer's 
recommendations (Bio Product) were followed in 
sequencing the PCR-amplified products that were positive. 
A bioEdit v7.2 version software was used for the analysis to 
attain 16S rDNA sequences (Hall, 1999), and (NCBI) blast 
tool was utilized for comparison with retrieved ones. After 
that, the sequence was uploaded to MEGA-7 software and 
aligned with the help of ClustalW program (Kumar et al., 
2016). A phylogenetic tree was constructed with the help of 
the neighbour joining method with 1000 bootstrap value and 
Tamura 3-parameter model (Kong et al., 2000). 

Table 2. In vitro broad range antagonistic activity of 

Bacillus strains on mycelial growth of two strains of P. 

aphanidermatum. 

No# Isolates 
Antagonistic activity against Pa04 

and Pa11 

01. OI01 --- 

02. OI02 --- 

03. OI03 + 

04. OI04 --- 

05. OI05 --- 

06. OI06 --- 

07. OI07 ++++ 

08. OI08 --- 

09. OI09 --- 

10. OI10 --- 

11. OI11 + 

12. OI12 --- 

13. OI13 --- 

14. OI14 --- 

15. OI15 ++++ 

16. OI16 --- 

17. OI17 --- 

18. OI18 + 

19. OI19 --- 

20. OI20 --- 

21. OI21 ++ 

22. OI22 --- 

23. OI23 --- 

24. OI24 --- 

25. OI25 +++ 

26. OI26 --- 

27. OI27 --- 

28. OI28 ++ 

29. OI29 --- 

30. OI30 --- 

31. OI31 +++ 

 

Bacterial strains against Pythium aphanidermatum 

were determined using plate culture method on PDA 

medium under laboratory conditions. The width of growth 

inhibition zone GIZ is as follows. Three --- represents 0 

mm growth inhibition, one + represents 1-10 mm, two ++ 

represents 11-20 mm, three +++ represents 21-30 mm and 

four ++++ represents 31-40 mm growth inhibition. 

 

Results 
 

Morphological characters: The pathogen grown in 

isolation displayed a copious amount of white aerial 

mycelium lacking a distinct pattern. The mycelium was 

non-septate and formed filamentous inflated sporangia. 

The pathogen also formed globose oogonia with a smooth 

surface and a diameter of 23-25 µm and its antheridia were 

intercalary in position and had a bell shape. 
 

Molecular characterization: In phylogenetic analysis, we 
included 14 closest sequences of P. aphanidermatum 
revealed in the BLAST search along with representative 
sequences of other members of clade A, namely Pythium 
deliense, P. monospermum, P. adhaerens, and P. porphyrae 
(Levesque and de Cock, 2004). In the ITS sequence 
analysis, our two sequences of P. aphanidermatum 
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(OQ6442511 cucumber) and (OR4379861 ridge gourd) 
were found to be 99.8% identical to the rest of the GenBank 
sequences of P. aphanidermatum we used, except for 
MN8186551 and MK3112531, which showed 99.3% and 
99.5% sequence homology to our isolate, respectively. 
Moreover, our isolates showed only 98.7% and 98.8% 
sequence similarity with P. deliense MH0178561 and 
OP5975201, respectively. The other members of clade A, 
such as P. monospermum ON3129721, P. adhaerens 
AY5986192, and P. porphyrae MF9781641, were distantly 
related to our isolates, showing only 93.6%, 90.6%, and 
91.1% sequence homology (Fig. 1). 

 

 
 

Fig. 1. Phylogenetic tree yielded through Maximum Likelihood 
method and Tamura 3-parameter model by using MEGA X. The 
bootstrap consensus tree inferred from 1000 replicates is taken to 
represent the evolutionary history of the 21 taxa analyzed. The tree 
with the highest log likelihood (-1545.81) is shown. Branches 
corresponding to partitions reproduced in less than 50% bootstrap 
replicates are collapsed. Pythium dissotocum a closely related 
species used as an out group. The entry with arrow yielded during 
the present study. 

 

 
 
Fig. 2. In vitro effect of different biocontrol agents on mycelium 
growth of two strains of P. aphanidermatum. The different letters 
(above bars) indicate significant difference at the p<0.05 level.  

Antifungal activity of different PGPF on mycelium 

growth of P. aphanidermatum strains In vitro: Three 

different fungal bio-control agents, namely T. harzianum, 

T. polysporum and P. variotii were evaluated In vitro 

against both strains using the dual assay plate method. The 

tested fungal bio-control agents greatly inhibited the 

mycelial growth of both strains of P. aphanidermatum. 

Among all the tested bio-control agents, both Trichoderma 

species showed highly antifungal activity on the mycelial 

growth of both strains as compared to P. variotii. The 

results revealed that the maximum inhibition percentage 

(34.6% and 33.1%) was recorded with T. harzianum, 

followed by T. polysporum (31.7% and 32.2%) and P. 

variotii (24.4% and 26.2%) against both strains (Pa04 and 

Pa11) in the dual culture test (Fig. 2). 

 

In vitro screening of 31 bacterial strains on mycelium 

growth of P. aphanidermatum: In the present study 31 

bacterial strains were screened for their potential 

antagonistic activity against both strains of P. 

aphanidermatum on a potato dextrose agar (PDA) medium 

using the dual culture technique (Nakkeeran et al., 2006). 

Among these, only 9 strains (OI03, OI07, OI11, OI15, 

OI18, OI21, OI25, OI28, and OI31) were showed 

antagonistic activity against tested pathogen. The other 22 

strains did not show any antifungal or antagonistic activity 

against P. aphanidermatum strains (Table. 2). 

 

In vitro broad range antagonistic activity of Bacillus 

strains: Based on screening results, out of 31 strains, only 

9 Bacillus strains were evaluated for their broad range 

antagonistic activity on mycelial growth of (Pa04 and 

Pa11) under In vitro conditions. Among them, two strains 

namely, OI07 and OI15 showed the highest growth 

inhibition zones (GIZs) compared to the other strains. The 

GIZs produced by OI07 (39.3% and 40%) and OI15 

(33.7% and 31%) were particularly noteworthy, 

demonstrating their strong inhibitory effects on the tested 

pathogen. In addition, OI31 (26.30% and 24.31%), OI25 

(23.10% and 19%), OI21 (19.70% and 19.99%) and OI28 

(16.50% and 20.22%) also exhibited significant GIZs of 

Pa04 and Pa11, respectively (Fig. 3). The other three 

Bacillus strains (OI03, OI11 and OI18) were not found 

more effective against tested pathogen. 
 

Effect of antagonistic fungi and bacteria against P. 

aphanidermatum on growth parameters of cucumber 

and ridge gourd plants in soil infestation method  
 

Pot experiment: In this study, all biocontrol agents and 

two bacterial strains which showed highly antagonistic 

activity against the damping-off pathogen P. 

aphanidermatum. A pot experiment was conducted using 

artificially-infested soil with disease incidence under 

greenhouse conditions (El-Mohamedy & El-Mougy, 

2009). The results showed that, the application of all tested 

PGPF and PGPR, either alone or in combination, 

significantly reduced both pre- and post-emergence 

damping-off disease and enhanced cucumber and ridge 

gourd seed germination compared to the control (Fig. 4a & 

b). The combination of T. harzianum + Bacillus strains was 
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found to be most effective, producing maximum seed 

germination at a higher concentration of (1 x 105 cfu/ml), 

followed by T. polysporum + Bacillus strains at the same 

concentration in the soil infestation method. When applied 

alone at a higher concentration of (1 x 105 cfu/ml), T. 

harzianum and Bacillus strains showed the maximum 

suppression of Pythium incidence and enhanced seed 

germination, followed by T. polysporum. However, the 

application of P. variotii alone or in combination with 

Bacillus strains was the least effective in enhancing seed 

germination at all used concentrations (Fig. 5). 

 

Root and shoot length of cucumber: The application of 

antagonistic biocontrol agents not only reduced the infection 

of the damping-off pathogen but also stimulated plant 

growth. Control plants showed the minimum root length 

(12.23 cm) and shoot length (22.21 cm). Among the treated 

plants, the highest root length (27.33 cm, 27.02 cm, 26.59 

cm) was observed in those treated with T. harzianum + 

Bacillus strains, followed by T. polysporum + Bacillus 

strains (27.01 cm, 26.01 cm, 21.11 cm) and P. variotii + 

Bacillus strains (24.77 cm, 24.68 cm, 19 cm) at high, 

medium and lower doses (Fig. 6a). Similarly, the highest 

shoot length (38.16 cm, 37.78 cm, 35.34 cm) was recorded 

in plants treated with T. harzianum + Bacillus strains, 

followed by T. polysporum + Bacillus strains (37.99 cm, 

37.31 cm, 32.44 cm) and P. variotii + Bacillus strains (37.93 

cm, 37.22 cm, 30.37 cm) at high, medium and lower doses, 

respectively (Fig. 6b). 

 

Root and shoot weight of cucumber: The application of 

bio-control agents successfully suppressed pathogen 

activity in the treated plant. The minimum root weight 

(2.65 g) and shoot weight (7.66 g) were recorded in 

inoculated-untreated plants. The maximum root weight 

(7.77 g, 7.21 g, 7.02 g) of plants was found in inoculated-

treated plants with T. harzianum + Bacillus strains 

treatment, followed by T. polysporum + Bacillus strains 

(7.23 g, 6.43 g, 6.34 g), and P. variotii + Bacillus strains 

(6.55 g, 6.32 g, 6.21 g) at high, medium and lower 

concentration of cfu (Fig. 7a). The T. harzianum + Bacillus 

strains treated plants gave significantly the highest shoot 

weight (16.22 g, 16.17 g, 15.55 g) followed by T. 

polysporum + Bacillus strains (16.01 g, 15.22 g, 15.02 g), 

and P. variotii + Bacillus strains (15.79 g, 14.85 g, 13.97 g) 

at all three doses (Fig. 7b). 

 

Root and shoot length of ridge gourd: The utilization of 

opposing biocontrol agents not only decreased the 

occurrence of damping-off pathogen infection that was 

intentionally introduced but also enhanced the growth of 

the plants. The minimum root length was observed in 

control plants, which gave root length (17 cm) and shoot 

length (16.71 cm). Whereas, the maximum root length 

(30.33 cm, 29.08 cm, 27.77cm) was observed in those 

treated with T. harzianum + Bacillus strains, followed by T. 

polysporum + Bacillus strains (28.91cm, 27.79 cm, 25.41 

cm) and P. variotii + Bacillus strains (27 cm, 26.13 cm, 

24.61 cm) at maximum, medium and lower doses (Fig. 8a). 

Similarly, the highest shoot length (27.29 cm, 25.13 cm, 

21.79 cm) was recorded in treated plants with T. harzianum 

+ Bacillus strains, followed by T. polysporum + Bacillus 

strains (26.13 cm, 23.39 cm, 20.41 cm) and P. variotii + 

Bacillus strains (23.22 cm, 22.91 cm, 20 cm) at high, 

medium, and lower doses (Fig. 8b). 

 

Root and shoot weight of ridge gourd: The 

implementation of biocontrol agents effectively inhibited 

the activity of pathogens in the treated plant. The lowest 

root weight (2.9 g) and shoot weight (0.31 g) were 

recorded in inoculated-untreated plants. The highest root 

weight (0.8 g, 0.72 g, 0.63 g) of plants were recorded in 

inoculated-treated plants with T. harzianum + Bacillus 

strains treatment, followed by T. polysporum + Bacillus 

strains (0.71 g, 0.65 g, 0.58 g), and P. variotii + Bacillus 

strains (0.63 g, 0.57 g, 0.51 g) at maximum, medium, and 

lowest concentration (Fig. 9a). The T. harzianum + 

Bacillus strains treated plants produced significantly the 

maximum shoot weight (5.1 g, 4.7 g, 4.5 g) followed by 

T. polysporum + Bacillus strains (4.8 g, 4.4 g, 4.2 g), and 

P. variotii + Bacillus strains (4.3 g, 4.1 g, 3.8 g) at all three 

doses (Fig. 9b). 

 

 
 
Fig. 3. Antagonistic activity of Bacillus strains against two strains of P. aphanidermatum. Error bar are representing the ± SD of six 

replications and different letters (above bars) indicate significant difference at the p<0.05 level.  
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Fig. 4. Pre- and post-emergence damping-off (%) of cucumber and ridge gourd by soil infestation method. Error bar represent the ± 

standard deviation of six replications and different letters (above bars) indicate significant difference at the p<0.05 level.  
 

 
 

Fig. 5. Effect of fungal and bacterial antagonist on cucumber and ridge gourd seed germination. The red bars show cucumber seed 

germination %, while green bars represent ridge gourd seed germination %. The different letters (above bars) indicate significant 

difference at the p<0.05 level.  
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Fig. 6. Effect of fungal and bacterial antagonist on root and shoot length of cucumber. Error bar represents the mean ± SD of six 

replications. The different letters (above bars) indicate significant difference at the p<0.05 level.  

 

Discussion 

 

Soil-borne diseases pose numerous challenges to 

vegetable crop production worldwide. Among these 

diseases, damping-off caused by P. aphanidermatum is a 

significant threat to cucumber and ridge gourd production 

in both greenhouse and field conditions (Halo et al., 2018; 

Al-Mawaali et al., 2018). In the present study, two strains 

of P. aphanidermatum were isolated from rhizosphere soil 

of damping-off infected cucumber and ridge gourd 

vegetables. The isolated pathogen showed a copious 

amount of white aerial mycelium was non-septate. The 

pathogen also formed filamentous inflated sporangia and 

globose oogonia with a diameter of 23-25 µm. The 

morphological character was closely related to P. 

aphanidermatum, which was reported previously (Lodhi et 

al., 2013). Various approaches have been employed to 

prevent and treat this disease, such as using fungicide-

treated seeds, crop rotation, resistant varieties, cultural 

techniques, biological control, and soil solarization (Van 

Bruggen et al., 2016). Furthermore, the use of plant growth 

promoting fungi (PGPF) and plant growth promoting 

rhizobacteria (PGPR) considered as BCAs is a relatively 

new technique for control this disease and managing the 

crop (Iqbal et al., 2024). BCAs play a critical role in 

controlling plant diseases and enhancing plant growth 

(Bent, 2006). Several researchers have reported that these 

BCAs are highly effective against various phytopathogens, 

including P. aphanidermatum (Ni & Punja, 2019), 

Fusarium oxysporum (Han et al., 2019), Rhizoctonia solani 

(Srivastava, 2021), Botrytis cinerea (Aoki et al., 2020), 

Podosphaera xanthii (Sarhan et al., 2020), and 

Phytophthora melonis (Hashemi et al., 2019). A previous 

study also demonstrated that Trichoderma species and 

Bacillus species produced antimicrobial metabolites, 

which are highly effective against a large number of fungal 

pathogens, including P. aphanidermatum, F. oxysporum, 

Curvularia lunata, R. solani, Colletotrichum 
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gloeosporiodes, and Bipolaris sorokiniana (Jeyaseelan et 

al., 2012; Dania et al., 2016). In the present study, we found 

interesting and promising results for controlling the 

damping-off disease pathogen In vitro or in greenhouse. 

Our results indicate that the application of biological 

control agents in combination is the most effective 

technique for controlling P. aphanidermatum. Overall, 

these findings suggest that the combination of T. harzianum 

and Bacillus strains could be a promising strategy for 

controlling damping-off disease and improving seed 

germination in cucumber crops. Similarly, Abd-El-Khair et 

al., (2018) demonstrated that the combined application of 

T. harzianum and Bacillus successfully decreased the 

incidence of Pythium damping-off disease in the field. 

However, the overall results of our study indicate that the 

Bacillus strain OI07 showed the highest antifungal 

antagonistic activity, followed by T. harzianum, and 

produced the maximum GIZs against P. aphanidermatum 

In vitro. Our study also found that the application of 

biocontrol agents (BCAs) in combination significantly 

reduced pre- and post-emergence damping-off and 

controlled the infection of P. aphanidermatum in cucumber 

and ridge gourd crops under pot experiments. These results 

agree with those recorded by Chen et al., (2015). However, 

current research indicates that when two biological control 

agents (BCAs), each of which has a separate basic 

mechanism, are used together enhance the growth 

promotion and biological activity of plants. Trichoderma 

species kill phytopathogens through mycoparasitism in 

plants. Trichoderma and Bacillus species produce many 

antibiotics and secrete compounds, which play a vital role 

against various pathogens and increase the growth and 

development of plants (Silva et al., 2019). Kamala & Indira 

(2011) observed different antibiotic mechanisms in T. 

harzianum, such as b-1, 3-glucanase activity, protease, 

cellulase, and chitinase, as well as volatile and non-volatile 

compounds. They obtained a 76.67 mm mycelial growth 

inhibition by dual assay plate. Ni & Punja, (2019) 

concluded that Bacillus spp.. and Trichoderma spp. 

produced a large number of bioactive antibiotic compounds 

against many pathogens and could control pre- and post-

emergence damping-off disease in vegetable crops. 
 

 
 

 
 

Fig. 7. Effect of fungal and bacterial antagonist on root and shoot weight of cucumber. Each dot represents the range of weight and error 

bars are showing the mean ± SD of six replications. The different letters (above bars) indicate significant difference at the p<0.05 level.  
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Fig. 8. Effect of fungal and bacterial antagonist on root and shoot length of ridge gourd. Error bar representing the mean ± SD of six 

replications and different letters (above bars) indicate significant difference at the p<0.05 level.  

 

 
 

 
 

Fig. 9. Effect of fungal and bacterial antagonist on root and shoot weight of ridge gourd. Each dot represents the weight range, while error 

bars depict the standard deviation of six replications. The different letters (above bars) indicate significant difference at the p<0.05 level.  
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Conclusion 

 

Our result suggested that, the treatment of fungal and 

bacterial antagonists alone or in combination was the most 

powerful tool for controlling Pythium damping-off disease 

in cucumber and ridge gourd plants. Furthermore, the 

application of these biocontrol agents reduces the pre- and 

post-emergence damping-off as well as enhances the seed 

germination. 
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Fig. 7. Effect of bio-control agents on root and shoot weight of cucumber plants. Each bar and 


