Evaluation of plant leaf extracts for inhibition of mycelial growth of Fusarium oxysporum associated with guava wilt


ABSTRACT


Guava (Psidium guajava L.) is an important fruit crop cultivated widely in tropical and subtropical regions and is severely affected by guava wilt disease caused mainly by Fusarium oxysporum f. sp. psidii. The present study was conducted to evaluate the antifungal efficacy of selected plant leaf extracts against the pathogen under in vitro conditions. Ten plant leaf extracts viz., Satyanashi (Argemone mexicana), Madar (Calotropis procera), Neem (Azadirachta indica), Datura (Datura metel), Moringa (Moringa oleifera), Devdaru (Polyalthia longifolia), Lantana (Lantana camara), Carrot grass (Parthenium hysterophorus), Nilgiri (Eucalyptus globulus) and Makoy (Solanum nigrum) were evaluated at 10% concentration using the poisoned food technique. All plant extracts significantly inhibited the radial growth of F. oxysporum compared to the control. Among the tested extracts, Nilgiri leaf extract exhibited the highest inhibition of mycelial growth on the 3rd, 5th and 7th day after inoculation, followed by Lantana, Datura, Madar and Neem. The least inhibition was observed in Satyanashi leaf extract. The mycelial growth in the control treatment was recorded as 26.21 mm, 48.21 mm and 75.33 mm on the 3rd, 5th and 7th day after inoculation, respectively. The results indicate that plant extracts may serve as effective and eco-friendly alternatives for the management of guava wilt disease and may help reduce dependence on synthetic fungicides. However, further studies under field conditions are required to validate these findings.
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INTRODUCTION
Guava (Psidium guajava L.) is a widely recognized and extensively cultivated fruit that flourishes in tropical and subtropical climates favorable for its growth. This fruit is rich in essential nutrients such as calcium, vitamin C, nicotinic acid, phosphorus, and soluble fiber, making it an important food source in many developing nations. Guava is thought to have originated in South America, specifically in Mexico and Peru, and is classified within the Myrtaceae family. Often dubbed the "apple of the tropics," (Almadhor et al., 2021). Guava is cultivated across approximately 315,000 hectares in India, producing about 45.16 million metric tons annually. Uttar Pradesh is the leading producer of guava in India, followed by Madhya Pradesh and Bihar. In Uttar Pradesh, guava is cultivated on 29,000 hectares, yielding 9.83million metric tons. The Prayagraj district in Uttar Pradesh is particularly noted for its high- quality guava, receiving both national and international acclaim (NHB, Ministry of Agriculture and Farmers Welfare, Govt. of India, 2021-2022).
Guava is susceptible to 177 diseases, including 167 fungal pathogens, three bacterial pathogens, three algae, three nematodes, and one epiphyte, with guava wilt being the most prevalent. The first symptoms of wilt were recorded in Allahabad in 1935 (Gupta et al., 2010). In West Bengal, this disease has been reported to cause nearly80% yield loss (Chattopadhyaya and Sengupta, 1955). Significant outbreaks between1971 and 1981 resulted in the destructionof150 acres of guava orchards in Punjab and 300 acres in Haryana, leading to a decline in land values in Andhra Pradesh. The Allahabad Safeda variety has even been lost from the Allahabad region due to this disease. Infected plants initially display yellowing or reddening of the leaves, which subsequently turn brown and result in premature leaf drop. Dark brown, underdeveloped fruits may also be seen hanging from the trees. It is common for one side of several branches to wilt during the first year, with the entire plant succumbing in the following year. Brown discoloration occurs in the vascular tissue, eventually leading to the collapse of the cortical sections of the stem and root. Plants aged eight to ten years are particularly vulnerable to pathogen invasion Misra and Pandey (2000). The disease is most severe during October and November, thriving in temperatures ranging from 23 to 32 °C with 76% relative humidity. Guava wilt, a serious soil- borne disease, is difficult to manage once symptoms appear and is associated with multiple




Pathogens, including Fusarium oxysporum f. sp. psidii, F. solani, F. chlamydosporum, and F. verticillioides (Das Gupta and Rai, 1947; Edward, 1960).
These statistics highlight the critical need for effective and environmentally sustainable solutions to manage guava wilt, a significant threat to fruit crop productivity. A comprehensive approach utilizing isolates, plant extracts, fungicides, and soil amendments has been proposed to mitigate the disease's impact (Gupta et al., 2010).
Antifungal compounds derived from plants offer a promising alternative to synthetic chemical treatments. These natural products are characterized by their low toxicity, environmental compatibility, and ability to reduce dependency on hazardous chemicals. Recent research on the extraction and screening of plant-derived antifungal agents has shown encouraging results, demonstrating their potential to manage plant diseases sustainably while maintaining ecological balance (Dwivedi and Dwivedi, 2012).
Plant-derived botanicals have gained considerable attention as eco-friendly alternatives to synthetic fungicides for the management of plant diseases. Several studies have reported the antifungal potential of plant extracts against soil-borne pathogens including Fusarium oxysporum. These natural products are biodegradable, less toxic and environmentally safe, making them suitable for sustainable plant disease management (Sharma et al., 2020; Patel et al., 2022).
MATERIALSANDMETHODS

1. Site of experiment:
The present investigation was carried out during 2023-24 under laboratory condition at the Department of Plant Pathology, Naini Agricultural Institute, SHUATS, Prayagraj, and U.P. About 5 km from Prayagraj city, the University is located on the left side of the Prayagraj-Rewa National Highway. All kinds of facilities required during course of investigation were provided by the department.
2. Collection of fungal species
Infected guava plant samples (roots and stems) were collected from guava growing area in Prayagraj and Kaushambi districts, used in the tissue isolation process described below to isolate fungal pathogens from infected guava plants.
Slices of the infected plant part, along with some healthy sections, was surface sterilized for 60 seconds with a solution of 1% sodium hypochlorite. To remove any remaining mercuric chloride, this piece was thoroughly rinsed in sterile distilled water. They were then aseptically transferred to sterile Potato dextrose agar (PDA) plates and cultured at room temperature (27± 20C), with fungal growth being noted at regular intervals. Serial dilution procedure (10-3 to 10-7) was used to isolate soil samples from which one ml of spore suspension will be placed onto a Petri dish containing potato dextrose agar (PDA). Root samples were broken up into tiny pieces, sanitized with sodium hypochlorite (1%), rinsed three times with sterile water, and then placed on PDA in a Petri dish and incubated at 25 °C.
Colonies that sprang from the fragments was identified using microscopic investigations of mycelium and conidial character. After being identified, they were transferred to fresh PDA slants and kept at 27°Cfor further use. Microscopically, fungal hyphae related with the illness of the guava was detected and purified on PDA slants from the contaminated plant tissue. Periodic sub culturing was done to preserve pure culture (Aneja, 2005).
3. Evaluation of selected plant extracts:
By using the poison food technique, four locally available plant extracts were tested against F.  oxysporumsp. at 10% concentration to determine their efficacy. Information on the plant extracts that were tested against the pathogen is mentioned below in table 1. 

Table: 1 In vitro evaluation of selected plant extracts

	S.No.
	Common name
	Botanical name
	       Plant Part 

	1
	Satyanashi
	Argemone mexicana
	Leaf

	2
	Madar
	Calotropis procera
	Leaf

	3
	Neem
	Azadirachta indica
	Leaf

	4
	Datura
	Datura metel
	Leaf

	5
	Sehjan
	Moringa oleifera
	Leaf

	6
	Devdaru
	Polyalthia longifolia
	Leaf

	7
	Lantana
	Lantana camara
	Leaf

	8
	Carrot grass
	Parthenium hysterophorus
	Leaf

	9
	Nilgiri
	Eucalyptus globulus
	Leaf

	10
	Makoy
	Solanum nigrum
	Leaf



At 10% concentration of each plant extracts was used. Three replications were kept for each concentration. Fusarium oxysporum was grown on PDA medium for 15 days prior to setting up the experiment. The PDA medium was prepared and melted. Required quantity ofplant extracts on was added to the melted medium to obtain the derived concentration. Little amount of streptomycin was added in each flask before plating to avoid bacterial contamination. Twenty ml of poisoned medium was poured in each sterilized Petri plates. The plates were then inoculated as described earlier and incubated at 25 ± 2 ºC. The mycelium growth as colony diameters was measured at 24hr every day. The inhibition percentage of each plant extracts on Fusarium oxysporum was determined by using the formula given by Vincent (1947).




Where,
I= Percent inhibition,
C= Growth in control and T= Growth in treatment

C−T
I=	C	×100



The collected plant parts (Plate 1) of Satyanashi, Madar, Neem, Datura, Sehjan (Moringa), Devdaru, Lantana, Carrot grass, Nilgiri and Makoy was washed under tap water followed by distilled water. Washed samples were soaked in sterilized blotting paper to remove excess water. Then Weighing plant parts (Plate 2) and 100g of each plant parts were crushed manually with the help of mixture grinder by adding 100mlofdistilled water (1:1 W/V) (Plate 3). Then they obtained pastes were filtered through muslin cloth followed by filter paper filtration with shaking motion (Plate 4). The processed extracts were poured in the flasks and plugged with cotton separately. In the very next step, the flasks were heated at 50⁰C for 15 minutes to avoid contaminations. Then 10% concentration of plant extracts were made and incorporated to PDA medium (Plate 5) for inoculation of test pathogen in sterilized Petri dishes. Each Petri plates were inoculated with 2mm disc of test pathogen in the center of the plate separately and incubated at 28±2⁰C for 7 days. The radial growth of the colony was recorded on

3rd, 5th and 7th day of intervals and percent (%) inhibition of mycelial growth was calculated over control with the help of the formula given by Vincent (1947) which is already mentioned above.

Plate 1: Collection of Plant Leafs	Plate 2: Weighing plant parts

Plate 3: Paste making	Plate 4: Filter paper filtration

Plate 5: Plant extracts incorporated in to PDA medium


Results:

Efficacy of plant leaf extracts against F. oxysporum causing guava wilt:

The data presented in the table 2 and fig.2, 3 and 4 indicates that at 10% concentration all the leaf extracts significantly inhibited the growth of F. oxysporum as compared to control.
Antifungal activity of ten plant leaf extracts viz., Satyanashi (Argemone mexicana),Madar (Calotropis procera), Neem (Azadirachta indica), Datura (Datura metel), Moringa (Moringa oleifera), Devdaru (Polyalthia longifolia), Lantana (Lantana camara), Carrot grass (Parthenium hysterophorus), Nilgiri (Eucalyptus globulus) and Makoy (Solanum nigrum) were evaluated for their efficacy against F. oxysporum at concentration of 10 %.
On the 3rd DAI, Nilgiri leaf extract showed the maximum inhibition of mycelium growth of F. oxysporum at 10% concentration viz.,(12.24 mm, 76.65%), followed by Lantana (14.02 mm, 73.25%), Datura (14.46 mm, 72.41%), Madar (16.26 mm, 68.98%), Neem (16.43 mm, 68.67%), Moringa (18.07 mm, 65.54%), Carrot grass (18.60 mm, 64.51%), Makoy (19.03 mm, 63.71%) and Devdaru (20.66 mm, 60.58%). The least mycelium inhibition was found in Satyanashi leaf extract (26.16 mm, 50.09%). 
On the 5th DAI, Nilgiri leaf extract showed the maximum inhibition of mycelium growth of (18.80 mm, 80.50%), followed by Lantana (20.80 mm, 78.42%), Datura (22.77 mm, 76.39%), Madar (24.83 mm, 74.25%), Neem (26.23 mm, 72.80%), Moringa (28.29 mm, 70.66%), Carrot grass (30.34 mm, 68.53%), Makoy (32.80 mm, 65.98%) and Devdaru (33.32 mm, 65.44%). The least mycelium inhibition was found in Satyanashi leaf extract (39.54 mm, 58.99%). 
On the 7th DAI, Nilgiri leaf extract showed the maximum inhibition of mycelium growth of (23.53 mm, 68.76%), followed by Lantana (25.03 mm, 66.77%), Datura (28.88 mm, 66.77%), Madar (29.99 mm, 60.18%), Neem (31.73 mm, 57.87%), Moringa (33.55 mm, 55.46%), Carrot grass (34.43 mm, 54.29%), Makoy (36.03 mm, 52.17%) and Devdaru (38.65 mm, 48.69%). The least mycelium inhibition was found in Satyanashi leaf extract (44.88 mm, 40.42%).
Table: 2 Efficacy of plant leaf extracts against F. oxysporum on 3rd, 5th and 7th DAI

	S
. No
	Treatments
	Conc.
	Mean radial growth (mm)*and mycelium inhibition (MI)(%)

	
	
	
	3rdday
	MI
	5thday
	MI
	7thday
	MI

	T0
	Control
	10%
	52.42
	00
	96.43
	00
	75.33
	00

	T1
	Satyanashi
	10%
	26.16
	50.09
	39.54
	58.99
	44.88
	40.42

	T2
	Madar
	10%
	16.26
	68.98
	24.83
	74.25
	29.99
	60.18

	T3
	Neem
	10%
	16.43
	68.67
	26.23
	72.80
	31.73
	57.87

	T4
	Datura
	10%
	14.46
	72.41
	22.77
	76.39
	28.88
	61.65

	T5
	Moringa
	10%
	18.07
	65.54
	28.29
	70.66
	33.55
	55.46

	T6
	Devdaru
	10%
	20.66
	60.58
	33.32
	65.44
	38.65
	48.69

	T7
	Lantana
	10%
	14.02
	73.25
	20.80
	78.42
	25.03
	66.77

	T8
	Carrot grass
	10%
	18.60
	64.51
	30.34
	68.53
	34.43
	54.29

	T9
	Nilgiri
	10%
	12.24
	76.65
	18.80
	80.50
	23.53
	68.76

	T10
	Makoy
	10%
	19.03
	63.71
	32.80
	65.98
	36.03
	52.17

	
	SE(m) ±1
	0.35
	-
	0.65
	-
	0.73
	-

	
	CDat5%
	1.04
	-
	1.92
	-
	2.17
	-


*Average of three replication

Fig. 1 Mycelium growth (mm) of F. oxysporum at 10% conc. of plant leaf extracts on 3rd, 5th and 7th DAI
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Fig. 2 Mycelium growth of F. oxysporum on PDA media with plant leaf extract on 3rd DAI
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Fig. 3 Mycelium growth of F. oxysporum on PDA media with plant leaf extract on 5th DAI
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Fig. 4 Mycelium growth of F. oxysporum on PDA media with plant leaf extract on 7th DAI

Discussion:

The data presented in the table 2 and fig. 2, 3 and 4 indicates that at 10% concentration all the leaf extracts significantly inhibited the growth of F. oxysporum as compared to control. Antifungal activity of ten plant leaf extracts viz., Satyanashi (Argemone mexicana), Madar (Calotropis procera), Neem (Azadirachta indica), Datura (Datura metel), Moringa (Moringa oleifera), Devdaru (Polyalthia longifolia), Lantana (Lantana camara), Carrot grass (Parthenium hysterophorus), Nilgiri (Eucalyptus globulus) and Makoy (Solanum nigrum) were evaluated for their efficacy against F. oxysporum.
All the plant extracts at 10% (T1) to (T10) concentration were found statistically significant at 5% level of significance over control (T0) on 3rd, 5th and 7th day after inoculation (Table 2) where Nilgiri leaf extract showed maximum mycelium inhibition on 3rd, 5th and 7th day after inoculation followed by Lantana, Datura, Madar, Neem, Moringa, Carrot grass, Makoy and Devdaru. The least mycelium inhibition was found in Satyanashi leaf extract. The mycelium growth of control (T0) was 26.21 mm on 3rd DAI, 48.21 mm on 5th DAI and 75.33 mm on 7th DAI. The mycelium growth (fig. 2) and inhibition percentage at each interval are discussed. Similar type of observation was also reported by Misra et al. (2007) scrutinized leaf extracts from twenty-three plants for antifungal activity against five isolates each of Fusarium oxysporum f. sp. psidii and Fusarium solani, collected from different locations and showing cultural variations. The extracts included Argemone mexicana, Tagetes erecta L., Parthenium hysterophorus, Solanum nigrum L., Ficus benghalensis, Lantana camara, Eucalyptus globulus (L.) Corr., Ficus religiosa L., Amaranthus spinosus, Euphorbia hirtaL., Azadirachta indica A. Juss., Helianthus annuus, Bougainvillea, Morus alba, and Ficus racemosa L. All extracts inhibited the radial growth of the pathogens. Also reported Dwivedi and Dwivedi (2012) studied on efficacy of plant extracts viz., Moringa oleifera (Sehjan), against Fusarium solani at 10%, 25% and 50% concentrations. Ali et al. (2013) investigated the efficacy of plant leaf extracts in inhibiting the growth of Fusarium oxysporum f. sp. pisi, the causal agent of pea wilt. The inhibitory effect of the leaf extracts mightbe attributed to the presence of antifungal compounds such as eucalyptol and azadirachtin in A. indica. Similar type of observation was also reported by Sunderrao et al. (2017) carried out in-vitro studies employing the poisoned food technique to evaluate various botanical extracts for their effectiveness against Fusarium oxysporum f. sp. dianthi, a destructive pathogen affecting. Among the extracts tested, Eucalyptus extract exhibited significant inhibition at 75.87%, while ashoka extract and Calotropisextract showed inhibition rates of 72.48% and 65.22% respectively. Neem leaf extract demonstrated the most promising inhibitory effect, with a substantial 78.19% reduction in fungal growth compared to the control. Also reported Sagar et al. (2021) performed an experiment to evaluate the antifungal activity of botanical extracts i.e., Neem (Azadirachta indica), Eucalyptus (Eucalyptus globulus), at 5%, and 10% concentration in in-vitro condition against wilt Fusarium oxysporum isolated from diseased plant. Result showed that growth of fungal mycelia was inhibited with increase in concentration of botanical extract. Eucalyptus extract and Neem extract showed inhibition.
The search for antifungal from natural sources, such as plants, has gained significant importance in recent times. Efforts are being made to identify compounds in plants that can serve as effective antifungal agents to replace chemical fungicides. Photochemical derived from plant products provide examples of potentially less harmful or non-toxic medicines for managing the growth of microorganisms. These natural compounds not only offer an eco-friendly alternative to synthetic chemicals but also help in reducing the risk of developing resistant strains of pathogens. The continuous exploration and study of plant-based antifungal could lead to the discovery of novel compounds with unique modes of action, providing new tools in the fight against fungal infections (Kiran et al., 2023).
Plant extracts contain several bioactive compounds such as alkaloids, phenolics, terpenoids and flavonoids which possess antifungal properties. The higher inhibition observed in Eucalyptus globulus extract may be attributed to the presence of essential oils such as eucalyptol which have strong antimicrobial activity. Similar results were also reported by Sharma et al. (2020) and Patel et al. (2022) who observed significant inhibition of Fusarium oxysporum using botanical extracts under in vitro conditions.
Conclusion:

The results presented in Table 2 and Figures 2, 3, 4, and 5 evidently show that all the examined plant leaf extracts at 10% concentration reduced the growth of Fusarium oxysporum more when compared to the control. Among the ten plant species tested-Argemone mexicana (Satyanashi), Calotropis procera (Madar), Azadirachta indica (Neem), Datura metel (Datura), Moringa oleifera (Moringa), Polyalthia longifolia (Devdaru), Lantana camara (Lantana), Parthenium hysterophorus (Carrot grass), Eucalyptus globulus (Nilgiri), and Solanum nigrum (Makoy)-the highest antifungal activity was observed in the leaf extract of Eucalyptus globulus (Nilgiri), followed by Lantana, Datura, Madar, and Neem. The inhibition is expected to becaused by active photochemical such as eucalyptol and azadirachtin.
The increasing interest in plant-based antifungal agents is motivated by the demand for environmentally friendly, cost-effective, and non-toxic substitutes for chemical fungicides. Photochemical from plants provide potential routes for pathogenic fungus control with minimal risk of resistance and environmental damage. The inhibitory activity is presumably due to the presence of active photochemical such as eucalyptol and azadirachtin.
Finally, the in vitro testing of selected plant extracts at 10% concentration against F. oxysporum, leaf extract of the plant was found to be most effective among the plant extracts to inhibit the growth of mycelium at all concentrations. At rend was observed clearly indicating that as the plant extracts concentration was increased the mycelium growth decreased proportionally. This indicates that greater concentrations markedly improved the potency the plant extracts in mycelium growth inhibition. Finally, although this study has provided encouraging findings in the efficacy of plant extracts to inhibit F. oxysporum and wilt disease of guava in Prayagraj area.
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