Assessment of Cotton Wilt Incidence and In Vitro Evaluation of Botanical Extracts and Biocontrol Agents Against, Fusarium,  Hanumangarh District, Rajasthan, India 
Abstract
Cotton (Gossypium spp.) is an important fibre crop, but its production is constrained by Fusarium wilt. The present study assessed the influence of sowing date on wilt incidence and evaluated selected botanical extracts and biocontrol agents against the pathogen under in vitro conditions. Field experiments were conducted at the Agricultural Field Research Centre, Hanumangarh, Rajasthan, during Kharif 2023–24 and 2024–25 in a randomised block design with three replications. Cotton was sown on five dates from 1 June to 29 June, and disease incidence was recorded at 15 days after first symptom appearance, 30 days after symptom appearance, and maturity. Early sowing reduced wilt incidence in both years. The 1 June sowing recorded the lowest mean disease incidence of 8.75%, 14.90%, and 23.30% at the respective stages, whereas the 29 June sowing recorded the highest mean incidence of 34.55%, 53.15%, and 74.00%. The inhibitory effect of six botanical extracts was tested at 2.5%, 5.0%, and 7.5% concentrations using the poisoned food technique. Neem showed the highest inhibition of mycelial growth, with 68.51%, 73.70%, and 79.63% inhibition at the respective concentrations, followed by tulsi with 64.44%, 70.37%, and 76.30% inhibition. Among the biocontrol agents, Trichoderma harzianum produced the highest inhibition of 85.19% at 5% culture filtrate concentration, followed by Trichoderma viride with 82.96% inhibition. The results indicate that early sowing, neem extract, and effective Trichoderma spp. may contribute to integrated management of Fusarium wilt in cotton.
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Introduction
Cotton, a semi-xerophyte, is grown under tropical and subtropical conditions. A minimum temperature of 15 °C is required for better germination under field conditions. The optimum temperature for vegetative growth is 21–27 °C, and the crop can tolerate temperatures up to 43 °C; however, temperatures below 21 °C are detrimental to crop growth. Warm days and cool nights, with large diurnal variation during fruiting, are conducive to good boll and fibre development. Cotton is grown on a variety of soils, ranging from well-drained deep alluvial soils in northern India to black clayey soils of varying depth in the central region and black, mixed black, and red soils in the southern zone. Cotton is semi-tolerant to salinity but sensitive to waterlogging and therefore prefers well-drained soils (NFSM, n.d.).
Fusarium wilt affects the vascular system of cotton plants. The causal agent is a soil-dwelling pathogen that penetrates plants through the roots. The fungus enters the plant, moves through the xylem vessels, and blocks the movement of nutrients and water. This obstruction causes characteristic symptoms such as wilting, leaf yellowing, stunted growth, and plant mortality. If Fusarium wilt is not controlled, it can cause substantial losses in yield and fibre quality. Yellowing of the older leaves is frequently the first sign of Fusarium wilt, and as the disease advances, it spreads to younger leaves. Affected leaves often exhibit a characteristic “V” pattern, where the leaf tips wilt while the base remains turgid. Infected stems, when cut, reveal dark brown to reddish discoloration in the vascular tissues (Sanogo & Zhang, 2016). The severity of symptoms depends on environmental conditions, cotton variety, and pathogen aggressiveness. In severe cases, the disease can cause plant death before boll formation, leading to substantial economic losses (Zhang et al., 2022).
Although Fusarium wilt of cotton has been reported in different cotton-growing areas, limited information is available on the combined assessment of sowing date, locally available botanical extracts, and biocontrol agents for disease management under Hanumangarh conditions. The present study was therefore undertaken to assess wilt incidence in relation to sowing date and to evaluate selected botanical extracts and biocontrol agents against the causal pathogen under in vitro conditions.
2. Materials and Methods
2.1 Survey and sample collection
Multiple field surveys were conducted to assess disease incidence in the cotton-growing regions of North Rajasthan, India. The study covered the districts of Hanumangarh, Sri Ganganagar, Churu, Bikaner, Jhunjhunun, and Sikar during the Kharif seasons of 2023–24 and 2024–25. Blocks within each district were selected randomly, and 5–10 field visits per block were undertaken, covering distances of approximately 15–20 km. At each site, cotton fields were selected at random, and within each field, a 10 m long row was marked for disease assessment (Mathivathani et al., 2019). Relevant information, including soil type, cultivars grown, disease incidence, and agronomic practices, was also documented. In each field, a square metre quadrat was randomly placed, and the number of infected plants within the quadrat was recorded. During these surveys, diseased cotton plants exhibiting characteristic symptoms of Fusarium wilt were collected. The symptoms were recorded on leaves, which initially showed yellowing at the margins of the lower leaves in older plants and then gradually spread towards the main veins. As the disease progressed, affected plants exhibited stunting, wilting, chlorosis, and leaf necrosis, followed by dieback that often began at the top of the plant and ultimately resulted in plant death. Severely diseased plants exhibited reduced boll number and size, with affected bolls showing poor fibre development and premature opening or retention on the plant. In advanced infections, bolls on wilted branches displayed desiccation and lint discoloration. The survey provided a detailed assessment of the distribution and severity of Fusarium wilt across key cotton-growing villages in Hanumangarh district, Rajasthan. Disease intensity was subsequently expressed as percent disease incidence (PDI) using the following formula given by Mourya and Khulbe (2025):
3. Results and Discussion
Effect of Sowing Date
Cotton was sown on five different dates. The plot size was 5 m × 4 m, with row spacing of 60 cm and plant spacing of 45 cm. Each plot contained 10 rows with 15 plants per row (150 plants per plot). Disease incidence was recorded at 15 days after first symptom appearance, 30 days after symptom appearance, and at maturity. During 2023–24, the lowest disease incidence was recorded in the crop sown on 1 June, with values of 8.4%, 14.2%, and 22.5% at 15 days, 30 days after symptom appearance, and maturity, respectively. Disease incidence increased progressively with delayed sowing. The crop sown on 8 June recorded 12.1%, 19.5%, and 31.2% disease incidence at the respective stages. Further delays in sowing to 15 June and 22 June resulted in a marked increase in disease incidence, reaching 18.5%, 28.4%, and 44.6%, and 25.3%, 39.1%, and 58.2%, respectively. The highest disease incidence was recorded in the crop sown on 29 June, with 33.7% at 15 days after symptom appearance, 51.4% at 30 days, and 72.8% at maturity. During 2024–25, the earliest sowing date (1 June) also recorded the lowest disease incidence, with 9.1%, 15.6%, and 24.1% at the respective stages. Disease incidence increased steadily with delayed sowing, reaching 13.5%, 21.3%, and 33.8% in the 8 June sowing; 19.2%, 30.1%, and 46.5% in the 15 June sowing; and 27.8%, 42.5%, and 61.3% in the 22 June sowing. The maximum disease incidence was recorded in the 29 June sowing, with values of 35.4%, 54.9%, and 75.2% at 15 days, 30 days, and maturity, respectively. Across both years, early sowing on 1 June reduced disease incidence compared with late sowing on 29 June. The gradual increase in disease incidence with delayed sowing indicates that later-sown crops were exposed to environmental conditions more favourable for pathogen multiplication and disease development. Overall, the results suggest that early sowing during the first week of June was effective in minimising disease incidence, whereas sowing delayed beyond mid-June substantially increased disease severity at all growth stages. The findings of the present study show that sowing date influenced Fusarium wilt incidence in cotton, with early sowing consistently resulting in lower disease levels than late sowing across both cropping seasons. This pattern is aligned with epidemiological research indicating that the timing of cotton planting can alter crop exposure to environmental conditions associated with infection and disease development. Studies evaluating the effects of planting dates on Fusarium wilt severity have reported that crops sown earlier in the season tend to escape peak periods of pathogen activity, whereas later sowings coincide with more conducive weather conditions that enhance disease pressure (Sanogo & Zhang, 2016). Field evaluations of Fusarium wilt progression across multiple planting dates have also demonstrated that later sowings may experience greater disease severity, underscoring the influence of temporal alignment between crop phenology and pathogen activity (Ayubov et al., 2024).
The results presented in Table 2 revealed that different botanical extracts inhibited the mycelial growth of Fusarium sp. at 2.5%, 5.0%, and 7.5% concentrations compared with the control. Among the treatments, neem (T₄) exhibited the highest antifungal activity at all tested concentrations. The average fungal growth was reduced to 2.83 cm, 2.36 cm, and 1.83 cm at 2.5%, 5.0%, and 7.5%, respectively, with corresponding inhibitions of 68.51%, 73.70%, and 79.63%. Tulsi (T₆) showed the next best performance, recording inhibition percentages of 64.44%, 70.37%, and 76.30% at 2.5%, 5.0%, and 7.5%, respectively. Datura (T₂) also demonstrated considerable antifungal activity, with inhibition increasing from 47.77% at 2.5% to 60.74% at 7.5%. Moderate inhibition was observed in sadabahar (T₅) and argemone (T₃) treatments. Sadabahar showed inhibition ranging from 28.88% to 42.96%, whereas argemone recorded lower inhibition values between 6.66% and 20.74%. Madar (T₁) exhibited the least inhibitory effect among the botanicals, with inhibition ranging from 4.44% to 17.78%. The control treatment (T₇) showed maximum fungal growth (9.00 cm) with no inhibition (0.00%) at all concentrations. Overall, inhibition of Fusarium sp. increased with increasing concentration of botanical extracts. Neem and tulsi were the most effective botanicals in suppressing fungal growth under in vitro conditions. Among the botanicals evaluated, neem (Azadirachta indica) exhibited the highest antifungal activity at all concentrations, followed by tulsi (Ocimum tenuiflorum). The superior performance of neem against F. oxysporum f. sp. vasinfectum has been documented in cotton-specific studies and may be associated with the presence of limonoids such as azadirachtin, nimbin, and salannin, which interfere with fungal cell wall synthesis, membrane integrity, and spore germination (Asif et al., 2023). Similarly, tulsi extracts are rich in phenolics, eugenol, and terpenoids, which have been reported to exert antifungal effects by disrupting mycelial growth and inhibiting enzymatic activity in Fusarium species (Akila et al., 2011; Shinde & Dhale, 2011). Datura (Datura stramonium) showed moderate but consistent inhibition, which may be attributed to alkaloids such as scopolamine and atropine, which are known to possess antifungal properties. Reports indicate that while Datura extracts are less potent than neem, they can reduce Fusarium growth under laboratory conditions and may complement integrated disease management strategies (Akila et al., 2011). In contrast, sadabahar (Catharanthus trichophyllus), argemone (Argemone mexicana), and madar (Calotropis gigantea) exhibited comparatively lower antifungal activity. This reduced efficacy may be related to lower concentrations or a limited spectrum of antifungal metabolites effective against F. oxysporum f. sp. vasinfectum, as observed in in vitro screenings against cotton wilt pathogens (Raut & Hamde, 2016).
The results displayed in Table 3 demonstrated that, among all culture filtrate treatments of biocontrol agents, Trichoderma harzianum (T1) showed the maximum inhibition (85.19%) of mycelial growth of Fusarium at the 5% concentration compared with the control, followed by Trichoderma viride (T2), which showed the second-highest inhibition (82.96%) at the same concentration. The other biocontrol agents recorded inhibition efficiencies ranging from 54.44% (Streptomyces spp. at 1%) to 81.48% (Bacillus subtilis at 5%) over the control against the pathogen. Average fungal growth was lowest for Trichoderma harzianum (T1), with values of 2.17 mm at 1%, 1.87 mm at 2.5%, and 1.33 mm at 5%. The next lowest average fungal growth was recorded for Trichoderma viride (T2) at 5% culture filtrate concentration, followed by 2.5% and 1%. Among the remaining biocontrol agents, average fungal growth ranged from 4.10 mm (Streptomyces spp. at 1%) to 1.67 mm (Bacillus subtilis at 5%).
The present in vitro evaluation showed variation in antifungal efficacy among chemical fungicides, botanicals, and biocontrol agents against the causal agent of cotton wilt. Among the chemical fungicides, carbendazim and benomyl exhibited complete (100%) inhibition of mycelial growth at lower concentrations (100 and 250 ppm), indicating strong fungitoxic activity against the pathogen. Similar high efficacy of benzimidazole fungicides against Fusarium wilt has been reported in recent studies, where these compounds inhibited fungal mitosis by disrupting β-tubulin assembly, leading to the cessation of mycelial growth (El-Nagar et al., 2023).
Conclusion
Cotton sown on 1 June recorded the lowest wilt incidence at all observation stages, while progressive delays in sowing increased disease incidence, with the highest values recorded in the 29 June sowing. These results indicate that early sowing during the first week of June may help reduce disease development under the conditions of the present study. The in vitro evaluation of botanical extracts showed that neem was the most effective treatment against Fusarium, followed by tulsi, and inhibition increased with increasing extract concentration. Datura showed moderate inhibition, whereas madar, argemone, and sadabahar were less effective. Among the biocontrol agents, Trichoderma harzianum showed the greatest suppression of mycelial growth, followed by Trichoderma viride and Bacillus subtilis. Overall, the findings suggest that early sowing, neem-based botanical extract, and effective Trichoderma isolates may be useful components of an integrated approach for managing Fusarium wilt of cotton. Further field validation of botanical and biocontrol treatments is required before wider recommendation.
Limitations
The study was limited to two Kharif seasons and selected cotton-growing areas of North Rajasthan. The botanical extracts and biocontrol agents were evaluated under in vitro conditions; therefore, their field-level performance may differ under variable soil, climate, and crop-management conditions. The study did not assess yield response, economic feasibility, pathogen race identification, or long-term effects of treatments. Further multi-location field trials are needed before wider recommendation.
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Table 1. Details of dates sowing cotton evaluation of disease incidence (%)
	Sl.No.
	Sowing date during 2023-24
	Disease incidence (%)
	Sowing date during 2024-25
	Disease Incidence (%)

	
	
	15 days after first symptom appearance
	30 days after symptom appearance
	At maturity stage
	
	15 days after first symptom appearance
	30 days after symptom appearance
	At Maturity stage

	1.
	1st June
	8.4
	14.2
	22.5
	1st June
	9.1
	15.6
	24.1

	2.
	8th June
	12.1
	19.5
	31.2
	8th June
	13.5
	21.3
	33.8

	3.
	15th June
	18.5
	28.4
	44.6
	15th June
	19.2
	30.1
	46.5

	4.
	22nd June
	25.3
	39.1
	58.2
	22nd June
	27.8
	42.5
	61.3

	5.
	29th June
	33.7
	51.4
	72.8
	29th June
	35.4
	54.9
	75.2

	SE(m)
	1.15
	1.42
	1.85
	SE(m)
	1.22
	1.51
	1.94

	CD(p= 0.05)
	3.48
	4.29
	5.58
	CD(p= 0.05)
	3.68
	4.56
	5.86


Table 2. Effect of different botanicals extracts against the Fusarium sp. 
	Sl.No.
	Treatment
	Common Name
	Scientific name
	Plant Parts
	Average diameter of fungal Growth(cm)
	Per cent of Inhibition (%) of pathogen over control

	
	
	
	
	
	2.5%
	5%
	7.5%
	2.5%
	5%
	7.5%

	1.
	T1
	Madar
	Calotropis gigantea
	Leave
	8.60
	8.03
	7.40
	4.44
	10.74
	17.78

	2.
	T2
	Dathura
	Datura stramonium
	Leave
	4.70
	4.13
	3.53
	47.77
	54.07
	60.74

	3.
	T3
	Argemone
	Argemone mexicana

	Leave
	8.40
	7.93
	7.13
	6.66
	11.85
	20.74

	4.
	T4
	Neem
	Azadirachta indica
	Leave
	2.83
	2.36
	1.83
	68.51
	73.70
	79.63

	5.
	T5
	Sadabahar
	Catharanthus trichophyllus
	leave
	6.40
	5.83
	5.13
	28.88
	35.18
	42.96

	6.
	T6
	Tulsi
	Ocimum tenuiflorum
	Leave
	3.20
	2.66
	2.13
	64.44
	70.37
	76.30

	7.
	T7
	Control
	Sterile Distilled Water
	-
	9.00
	9.00
	9.00
	0.00
	0.00
	0.00

	SE(m)
	0.05
	0.05
	0.04
	0.56
	0.54
	0.40

	CD (5%)
	0.15
	0.15
	0.11
	1.70
	1.64
	1.20


Table 3. Efficacy of different biocontrol-agents under different treatments on radial growth and percent inhibition of Fusarium oxysporum f. sp. vasinfectum in vitro
	Sl. No.
	Name of Bio- Agents
	Treatments
	Per cent of Inhibition (%) of pathogen over control

	Average diameter of fungal Growth(mm)

	
	
	
	Culture Filtrate (%)
	Culture Filtrate (%)

	
	
	
	1
	2.5
	5
	1
	2.5
	5

	1
	Trichoderma harzianum
	
T1
	
75.93
	
79.26
	
85.19
	
2.17
	
1.87
	
1.33

	2
	Trichoderma viride
	
T2
	73.70
	76.30
	82.96
	2.37
	2.13
	1.53

	3
	Bacillus subtilis
	
T3
	70.37
	72.96
	81.48
	2.67
	2.43
	1.67

	4
	Pseudomonas spp.
	
T4
	68.15
	73.70
	73.70
	2.87
	2.37
	2.37

	5
	Gliocladium virens
	
T5
	59.26
	61.48
	64.07
	3.67
	3.47
	3.23

	6
	Streptomyces spp.
	
T6
	54.44
	57.04
	60.74
	4.10
	3.87
	3.53

	7
	Control
	
T7
	0.00
	0.00
	0.00
	9.00
	9.00
	9.00

	SEm
	0.40
	0.34
	0.34
	0.04
	0.03
	0.03

	CD 5%
	1.20
	1.04
	1.04
	0.11
	0.09
	0.09



