

Ameliorative in vitro effect of herbal extract against Curvularia lunata of Cotton
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ABSTRACT
[bookmark: _GoBack]In the management of plant diseases, the use of plant-derived compounds as environmentally benign substitutes for synthetic pesticides has drawn a lot of interest. In the current study, the antifungal efficacy of six different phytoextracts at 10 per cent concentration along with an untreated control was evaluated against Curvularia lunata under in vitro conditions using the poisoned food technique. All the tested phytoextracts significantly reduced the colony diameter and enhanced mycelial growth inhibition compared to the control. Among the botanicals, garlic bulb extract exhibited the minimum colony diameter (18.33mm) and maximum mycelial growth inhibition (79.64%), followed by neem leaf extract. The least inhibitory effect was recorded with datura leaf extract. The study highlights the potential of phytoextracts, particularly garlic and neem, as effective and environmentally safe components for managing Curvularia lunata.
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1. INTRODUCTION
One of the most significant fiber crops, cotton (Gossypium hirsutum L.), is vital to the global economic and social landscape.  India is world's second-largest producer of cotton overall and the top producer in the region. Cotton is grown all over the world for its oil and natural fiber. Second only to food grains, cotton is one of the oldest and most important commercial crops, and it serves mainly as a raw material for a booming textile industry. Among these, the cotton leaf spot caused by Curvularia lunata is observed in moderate form causing considerable damage recently, but the disease has the potential to be serious and could cause cotton growers great loss.
Cotton is grown all over the world for its oil and natural fiber. 30 per cent starch, 25 per cent oil and 16.20 per cent protein make up cotton seeds. Additionally, tarpaulin, belting, cordage and medical supplies are made from cotton. The fuzz or short seed hair, is used to make papers, plastics, carpets, rayon, explosives and cotton wool, while the cotton hulls are utilized as roughage for cattle (Prasad, 2015).
China is currently the world's top producer of cotton, with 56.00 lakh tons, or 329 lakh bales weighing 170 kg. With 53.85 lakh tons or 316 lakh bales of 170 kg, India is the second-largest producer of cotton, followed by Brazil (33.00 lakh tons, or 194 lakh bales) and the United States (27.07 lakh tons, or 159 lakh bales). These nations account for 63 per cent of the global cotton area and produce 70 per cent of the world's cotton. With 113 lakh hectares of cotton cultivation or around 39 per cent of the world's cotton land, India leads the world in this regard (Anonymous, 2025). Over the next ten years, global cotton production is expected to increase by 1.8% yearly, reaching 26.10 megatons (Mt) in 2026 - a 12 per cent increase over the base period (Nahar et al., 2019).
Due to biotic and abiotic pressures as well as competition from other crops, the Indian cotton situation has fluctuated greatly in recent years. The Directorate of Economics and Statistics, Ministry of Agriculture and Farmers Welfare, New Delhi, estimates that India will produce 299.26 lakh bales of 170 kg from 113.60 lakh ha in 2024–2025, with a productivity of 448 kg lint/ha. In comparison to the previous year, the nation's cotton production fell by 7.98 per cent while the area planted to cotton fell by 10.46 per cent (Anonymous, 2025).
The three states that produced the most cotton in the nation in 2023–2024 were Gujarat, Maharashtra and Telangana. According to estimates, these states produce 72.76 percent of the nation's cotton and cultivate 72.64 percent of its land. In Southern states, the area planted to cotton has decreased by 20.22 per cent this year, and production is predicted to decrease by 22.76 percent (Anonymous, 2025).
Between 2010-11 and 2023-24, the nation exported an average of 16.39 lakh bales of cotton, compared to 66.28 lakh bales over the same time period. In comparison to the previous year, Indian cotton exports rose from 15.89 to 27.00 lakh bales while imports decreased from 14.60 to 12.00 lakh bales. 86 per cent of the entire supply is kept in India for both export and domestic use, with the remaining 13 per cent being held as reserve stock (Anonymous, 2025).
In three regions of India the Northern, Central and Southern zones cotton is grown in a variety of agro climatic conditions, ranging from 8-32°N latitude and 70-80°E longitude. About 35 per cent of India's cotton is grown on irrigated land and the remaining 65 per cent is grown under rain-fed conditions. Warm climate crops like cotton are harvested in early winter (October/November) after being sown in spring or early summer (April/May). Cotton is mostly grown on black to alluvial soil with a pH range of 5.5 to 8.5 and the ideal temperature for its growth is between 20 and 30°C (Chidambaram, 2007).
Cotton is severely harmed by biotic stress brought on by a range of pests and diseases, which accounts for 10 to 30 percent of annual losses globally. Fungi and bacteria that infect leaves, stems, fruits and roots are among the major diseases affecting cotton. According to estimates, cotton foliar infections in India result in crop losses of between 20 and 30 per cent (Sampathkumar et al., 2023).
Numerous significant diseases afflict cotton, limiting yield everywhere it is cultivated. As a perennial plant produced as an annual crop and a sub-tropical to tropical crop grown in a variety of latitudes, the crop is frequently stressed, which may exacerbate some disease issues (Rothrock et al., 2015). Wilt (Fusarium oxysporum f. sp. vasinfectum (G.F. Atk.) W.C. Snyder & H.N. Hansen), Root rots (Rhizoctonia bataticola (Taubenh.), Verticillium wilt (Verticillium dahlia Kleb.), Anthracnose (Colletotrichum gossypii), Grey mildew (Ramularia areola G.F. Atk.), Angular leaf spot (Xanthomonas campestris pv. malvacearum (Pammel) Dowson), Leaf blight (Alternaria macrospora Zimm), Boll rot, Corynespora leaf blight (Corynespora cassiicola (Berk. & M. A. Curtis) C. T. Wei), Curvularia leaf spot (Curvularia lunata (Wakker) Boedijn), leaf curl (Cotton leaf curl virus) and physiological conditions include para wilt, leaf reddening and occasionally leaf elongation, among others. According to Sandipan et al. (2016), bacterial blight is the most widespread and damaging disease, causing yield losses of between 10 to 30 per cent. Myrothecium leaf spot (29.10%), grey mildew (29.2%) and Alternaria alternative (Fries) Keissler (26.6%) have all been observed to result in yield losses of up to 30 per cent. Cotton bolls and leaves may exhibit disease symptoms (Suassuna et al., 2006).
Twenty per cent of the summer maize in the Beijing plains suffered from Curvularia leaf spot in 1994, which led to a sixty percent grain loss (Wang et al., 2022). 
	According to Joshi et al. (2023), the symptoms of Curvularia leaf spot first manifest as a small circular brown to brownish black spot surrounded by yellow hollow, which then becomes into dark yellow to brown hollow surrounding brownish black dots.
Curvularia is a common air borne facultative weak pathogen that primarily thrives in tropical and subtropical regions as a saprophyte. It is a filamentous, dematiaceous fungus. The darkly pigmented fungi Curvularia spp. have spores, or conidia, that are effectively adapted for the majority of air borne distribution. Devastating disease outbreaks of vital food crops including rice, wheat and maize have been caused by some species. There is a considerable potential of cross-infection because this disease was recently introduced to the South Gujarat region and has a broad host range that includes vegetables, ornamentals, weeds, grains, and other cash crops. Therefore, systematic research on the relevant topic is deemed important. Curvularia is characterized by septate mycelium, dark brown hypha 1.5-4.5μ in diameter, conidiophores are erect, swollen at the base, lower part straight, upper part flexuous, geniculate, septate, smooth, brown in colour, 30-268μ long, 3-6μ thick bearing conidia in clusters of 3-8. Conidia are straight or slightly curved 3 septate, 18-30 × 7-15μ in size (Bhatt and Kumar, 2018). Curvularia leaf spot lowers the amount of chlorophyll involved in photosynthesis by damaging or killing the leaf tissues. Vigor and crop yields are significantly decreased if a significant portion of the leaf area is destroyed.
Chemical fungicides are frequently employed to manage these diseases, however this practice is linked to detrimental effects on the environment, possible pesticide exposure for humans, and residue buildup on fruits. However, the infections' frequent development of resistance has decreased the efficacy of synthetic fungicides. As a result, there is a huge need for chemotherapeutic drugs that are safer, more effective, and alternative. Nowadays, there is a lot of activity in the quest for natural products with new applications, especially in the treatment of illness. Plant extracts having antibacterial qualities and a variety of secondary metabolites, including alkaloids, quinones, flavonoids, glycosides, saponins, tannins and terpenoids, have drawn attention in the field of plant disease prevention. Each plant species concentration of bioactive chemicals is dependent upon the patho-system and environmental circumstances.
Botanical extracts offer a promising alternative due to their biodegradability, low toxicity and availability. Several plant species possess antifungal compounds such as phenolics, alkaloids and essential oils that inhibit fungal growth. Therefore, the present investigation was undertaken to evaluate the in vitro efficacy of different phytoextracts against Curvularia lunata. These limitations have prompted research on safer, more affordable and efficient cotton leaf spot control methods that can be suggested to all cotton farmers. This has led to the introduction of natural plant extracts for the treatment of this illness, which are ready-mix, have no negative effects on the agricultural ecology, and require very little application expertise. Over time, plants have evolved several defense mechanisms, such as repelling pesticidal activity, to fend off invasions by pests and diseases. Certain plant parts, such as roots and leaves, contain compounds that, when present in high enough concentrations, have toxic effects on plant pathogens; aqueous extracts of certain plants are known to have poisonous qualities.
This article is suitable for scintific community as cotton is the basic need for society and industry.These type of research will help to minimise cotton infection by use of herbs. It will reduce cost of pesticide as herbal pesticide are cheap compare to synthetic one.
MATERIALS AND METHODS
The current study was conducted in vitro in the Department of Plant Pathology, Post Graduate Laboratory, N. A.U., Navsari, Gujarat. 
	Fresh plant parts, they were first cleaned with tap water and then with distilled water. In a surface-sterilized pestle and mortar, 100 grams of fresh material were diced and then crushed with 100 milliliters of sterile water (1:1 w/v). After passing through two layers of muslin cloth, the extract was centrifuged at 10,000 rpm. Ultimately, the resulting filtrate was utilized as a stock solution (Figure 1) (Sindhan et al., 1999).
The poisoned food technique was employed to investigate the antifungal mechanism of the plant extracts (Nene and Thapliyal, 1973). To achieve a 10 per cent concentration, 90ml of sterile molten PDA medium was combined with 10ml of stock solution. To ensure that the extract was evenly mixed, the media was vigorously shook. Before plating, a little amount of the antibiotic streptomycin was applied to each flask to prevent bacterial contamination (Hiremath et al., 2020).
Using a sterile cork borer, a 5mm disc of a 10 days old Curvularia lunata culture was added to each plate. For 10 days, the inoculated Petri plates were incubated at 27±2°C. Additionally, a control was kept in which none of the plant extracts were added to the medium. Three repetitions of the experiment were carried out using a fully randomized design. After 10 days of incubation, the colony diameter was measured. 
	Using the formula provided by Vincent (1947), the effect of botanicals was quantified as the percentage inhibition of mycelial above control.


Where, 
 I = Inhibition of mycelium growth (%)
C = Radial growth of mycelium in control (cm)

T = Radial growth of mycelium in treatment (cm)

Table 1. List of plant extracts to be used for the experiment
	Tr. No.
	
Treatments

	Plant part used
	
Concentrations (%)

	T1
	Garlic bulb extract
(Allium sativum L.)
	Bulb
	10

	T2
	Neem leaf extract
(Azadiracta indica A. Juss)
	Leaves
	10

	T3
	Onion bulb extracts
(Allium cepa L.)
	Bulb
	10

	T4
	Datura leaf extract
(Datura starmonium L.)
	Leaves
	10

	T5
	Ginger
(Zingiber officinale R.)
	Rhizome
	10

	T6
	Turmeric
(Curcuma longa L.)
	Rhizome
	10

	T7
	Absolute control
(Without treatment)
	-
	-
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Photograph 1: Different types of plant extracts used in the experiment
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RESULTS AND DISCUSSION
Numerous phytoextracts have been shown to suppress the development and reproduction of certain fungus. This knowledge will undoubtedly be helpful in utilizing the inhibitory principle to create botanical fungicides for the control of plant diseases. In order to determine the inhibitory effect on Curvularia lunata growth, six distinct plant sections were evaluated using the poisoned food technique in vitro at a concentration of 10 per cent with a control. Table 2 documents the results of its colony diameter and inhibition of mycelial development. In comparison to the untreated control, the results demonstrated that every plant extract tested was fungistatic or antifungal against Curvularia lunata, leading to a notable reduction in colony diameter and an increase in inhibition.
According to the doses of the plant extract examined, the colony diameter dropped and its inhibition increased (Table 2). 
	Curvularia lunata colony diameters ranged from 18.33mm in garlic bulb extract (Allium sativum L.) to 46.78mm in Datura leaf extract (Datura stramonium L.) at 10 per cent concentration. Garlic bulb extract had the smallest colony diameter (18.33mm), which was statistically better than the other phytoextracts. Neem leaf extract (Azadirachta indica A. Juss.) came in second with 20.20mm, onion bulb extract (Allium cepa L.) with 28.57mm, and turmeric (Curcuma longa L.) with 32.78mm. However, Datura leaf extract (Datura stramonium L.) had the largest colony diameter (46.78mm), followed by ginger (Zingiber officinale R.) (33.33mm).(Table 2, Photograph 2). 
Garlic bulb extract showed the highest mycelial growth inhibition at 10 per cent concentration (79.64%), followed by neem leaf extract (77.78%), onion bulb extract (68.25%) and turmeric rhizome (67.57%). Datura leaf extract showed the least amount of inhibition (48.35%), followed by ginger rhizome (63.85%) (Table 2, Fig. 1). 
	The current results are consistent with those of previous studies conducted by Sumangala et al. (2008), who assessed “several fungicides, botanicals and bioagents against Curvularia lunata, an agent that causes rice grain discolouration. Garlic bulb extract (96.44%) at 10 per cent concentration was shown to be effective in preventing the growth of pathogens out of the seven botanicals evaluated”. “The effectiveness of cold and hot water extracts of neem leaf and seed, garlic bulb, mahogany seed, ginger rhizome, and shea butter leaf against Curvularia eragrostidis (Hennings) Meyer, the causative agent of pearl millet midrib spot”, was assessed by Zarafi and Moumoudou (2010). In comparison to the hot water extracts, the coldwater extract of each studied plant material decreased the pathogen's mycelial development, sporulation, and spore size. Ginger rhizome had the least inhibitory impact from both the cold and hot water extracts, while garlic bulb has the greatest inhibitory effect among the various plant extracts.Yeasmin et al. (2012) investigated the effects of Provax-200, garlic extract, and allamanda leaf extract on rice seed-borne fungus caused by Curvularia oryza Bugnicourt. Garlic extract was found to be the most effective against the pathogen, and all of the treatments dramatically reduced the seed-borne fungal up to 100% compared to the control. Using the poisoned food technique, Rao et al. (2021) examined the bioefficacy of many plant extracts, including garlic, neem, datura, calotropis, turmeric, and asafoetida, on the mycelial development of Curvularia lunata, which causes rice grain discolouration.
When compared to other plant extracts, garlic extract was the most effective and completely inhibited the pathogen's mycelial growth at all concentrations (2%, 3%, 4%, and 5%). Neem extract also completely inhibited the pathogen's mycelial growth at concentrations of 15% and 20%.
  Table 2. In vitro efficacy of different phytoextracts against Curvularia lunata
	  Sr.
  No.
	Name of Phytoextracts
	Plant part used
	Colony diameter (mm)
	Mycelial growth inhibition (%)

	T1
	Garlic bulb extract 
(Allium sativum L.)
	Bulb
	18.33
	79.64#
(63.15)

	T2
	Neem leaf extract 
(Azadirachta indica A. Juss.)
	Leaves
	20.20
	77.78
(61.85)

	T3
	Onion bulb extract 
(Allium cepa L.)
	Bulb
	28.57
	68.25
(55.67)

	T4
	Datura leaf extract 
(Datura stramonium L.)
	Leaves
	46.78
	48.35
(44.02)

	T5
	Ginger (Zingiber officinale R.)
	Rhizome
	33.33
	63.85
(53.03)

	T6
	Turmeric (Curcuma longa L.)
	Rhizome
	32.78
	67.57
(54.96)

	T7
	Absolute control 
(Without treatment)
	-
	90.00
	0.00
(0.00)

	
	SEm ±
	
	0.70
	0.51

	
	CD at 5 %
	
	2.15
	1.58

	
	CV %
	
	3.16
	1.87


 # Figures outside the parentheses are original values where in parentheses are arcsinetransformed values and average of three repetition 
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CONCLUSION
The current investigation unequivocally showed that, in vitro, phytoextracts had strong antifungal activity against Curvularia lunata. Garlic bulb extract was shown to be the most efficient of the various botanicals studied, followed by neem leaf extract. These plants can be suggested as possible environmentally acceptable substitutes for chemical fungicides in the treatment of Curvularia lunata-related illnesses. To confirm their practical application, more field research is necessary.
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