



Assessment of plant extracts against Colletotrichum falcatum causing red rot of sugarcane


Abstract

Red rot of sugarcane caused by Colletotrichum falcatum Went.  is considered a major disease as it affects the  stalks which are economically important and causing a significant reduction in both yield quantity and quality.   Recommending commercial varieties resistant to red rot is one of the management method but extensive cultivation of a single variety over large areas led to extensive crop damages leads to epidemics. In addition,  synthetic fungicides may also be used to control the disease but are harmful to human health and environment. Considering environmental sustainability, a study was conducted to evaluate the efficacy of plant leaf extracts  against red rot. In this study to evaluate the effectiveness of five plant leaf extracts viz., Nicotinia tabaccum (Tobacco), Zingiber officinale (Ginger), Curcuma longa (Turmeric), Eucalyptus spp (Eucalyptus) and Pongamia pinnata (Pongamia) against Colletotrichum falcatum  CF06 in vitro using poisoned food assay and in vivo in micro plots. All tested plant extracts significantly inhibited the mycelial growth of C. falcatum in vitro compared to the control.  The pooled mean of three years data revealed that all the plant extracts had shown significant superiority  in inhibiting the growth of  red rot  causing pathogen C.falcatum in vitro. Among all the plant extracts, Eucalyptus leaf extract had recorded significantly highest percent inhibition of pathogen with  100.0 per cent due to its fungicidal property. Where as invivo, per cent germination of setts (44.74 %) and number of settlings survived (45.22 %) also improved in Eucalyptus leaf extract treatment. The study indicated that  leaf extracts such as Eucalyptus and Pongamia  demonstrated strong antifungal properties even at lower concentrations. These extracts  are safe for human and environment besides improves soil fertility thus can be integrated with other disease management strategies for sustainable red rot control in sugarcane
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Introduction


 Sugarcane (Saccharum officinarum L.) is an important agro-industrial and major cash crop in India. Historically, it was primarily cultivated for sugar production but is now also grown for fiber and energy, including ethanol (biofuel), electricity from bagasse and bio-manure from filter cake. India is the second-largest producer of sugarcane globally following Brazil. In India, sugarcane is cultivated over an area of 5.5 million hectares (Mha) (2022–23, 3rd Advance Estimates, Directorate of Economics and Statistics, Ministry of Agriculture & Farmers’ Welfare, New Delhi). The country’s total sugarcane production is estimated at 4,350.79 lakh tonnes (Ministry of Agriculture and Farmers’ Welfare, Second Advance Estimates, 2024–25). Among Indian states, Uttar Pradesh leads in sugarcane production followed by Maharashtra and Karnataka. Together, these three states contribute to approximately 80% of the country’s total sugarcane yield. Other sugarcane-producing states include Tamil Nadu, Andhra Pradesh, Odisha, Gujarat, Bihar, Haryana, Goa and Punjab. In the 2022–23 season, Maharashtra emerged as the top sugarcane-producing state with a yield of over 138 lakh tonnes. Andhra Pradesh, though ranking eighth among sugarcane-producing states, recorded an annual production of 7.96 lakh tonnes. While its sugarcane industry is relatively smaller than that of other states, Andhra Pradesh remains a significant contributor to sugar production and is home to several sugar mills and cooperatives.

The use of botanicals appears the most feasible especially for low-income farmers who constitute about 98% of the farming population. Applications of these botanicals do not constitute a threat to the environment, they are easily affordable, require less skill and above all increase soil fertility (Enyiukwu et al., 2014)
Among the various diseases affecting sugarcane, red rot, smut, wilt and yellow leaf disease are the most destructive. Red rot, caused by Colletotrichum falcatum, is particularly devastating, characterized by internal stalk tissue rotting, reddish discoloration and a significant reduction in sucrose content. Given the environmental concerns associated with synthetic fungicides, eco-friendly alternatives such as plant-based extracts have gained attention for their antifungal properties. Continuous reliance on pesticides has proven unsuitable and in reality has led to grander problems in pest control such as environmental pollution and degradation (Singh et al., 2003). In this study, five plant leaf extracts—Nicotiana tabacum (Tobacco), Zingiber officinale (Ginger), Curcuma longa (Turmeric), Eucalyptus spp. (Eucalyptus) and Pongamia pinnata (Pongamia) were evaluated for their effectiveness against C. falcatum.

The experiment was conducted in vitro using the poisoned food assay in a completely randomized design (CRD) at four different concentrations: 10%, 15%, 20% and 25%. Additionally, two higher concentrations (25% and 50%) were tested for their inhibitory effect on C. falcatum growth. Following the in vitro study, an in vivo experiment was conducted in microplots to assess the impact of these plant extracts on sugarcane germination at 35 days after planting (DAP) and seedling survival at 60 DAP following a randomized block design (RBD).
Methodology: 
 In vitro evaluation of plant leaf extracts against inhibition of Colletotrichum falcatum: By poisoned food assay all the  five plant leaf extracts were  tested against Colletotrichum falcatum for the mycelial inhibition.  The plant extract prepared was added to media to obtain final standard solution of 25% and 50% using the food poisoned technique by Nene and Thapliyal (Nene and Thapliyal,1979). 25 ml of amended media was poured in each 90 mm sterilized petri plates and allowed to solidify. Control treatment was prepared without adding plant extracts. A circular disc of 5 mm diameter from 16 days old culture of Colletotrichum falcatum was cut using sterilized cork borer and inoculated at the center of solidified amended as well as control plates. These plates were then incubated in incubator for growth at 27°C ± 10°C temperature. Record of the growth was measured in every 12 hours interval until the control plate achieves complete growth .(Thaware et al., 2010)
Percent inhibition in growth of the fungus was assessed by employing the following  formula

                              I = C-T X 100
                                     C

  Where I : Percent inhibition

C: Growth of the fungus (Colletotrichum falcatum)  in control (mm)

T: Growth of the fungus (Colletotrichum falcatum)  in treatment (mm)

Ibrahim et al., 20120 compared the effectiveness of different plant extracts using the poisoned food assay. The study indicated that plant extracts such as ginger (Zingiber officinale) and clove (Syzygium aromaticum) exhibited strong antifungal activity. The poisoned food method was validated as an effective technique for screening antifungal compounds.

In vivo  studies 

 After the in vitro experiment, plant extracts were further studied in vivo. A randomized block design (RBD) was used in microplots, where 100 single-budded setts were planted in each plot (1 m² in size) with three replications.

The in vivo experiment was conducted using an RBD with 5 treatments along with un inoculated and inoculated control (sterile water), each replicated three times. In each 1 m² plot, 100 single-budded setts were planted after being pre-inoculated with a conidial suspension of the red rot pathogen. The setts were treated by dipping them in the selected crude aqueous plant extracts at a concentration of 100 ml per 10 liters of water. The treated setts were then planted in microplots according to the respective treatments. Germination was recorded at 35 days after planting (DAP), while the number of germinants that died was recorded up to 60 DAP. Finally, the number of surviving seedlings was recorded, and the data were analyzed.
Data Analysis  : The experiment was performed under Completely Randomized Design (CRD) with three replications for each plant extract concentration. the data was analyzed by using a statistical software (Steel et al., 1997).
Results and discussion  
  
 The experiment was conducted for three consecutive years i.e., 2019-20, 2020-21 and 2021-22. The local susceptible variety 93V297 was used for in vivo experiment. Colletotrichum falcatum pathotype CF06 was used for in vitro evaluation. The pooled mean of three years data revealed that all the plant extracts had shown significant superiority  in inhibiting the growth of  red rot causing pathogen C.falcatum in vitro. Among all the plant extracts, Eucalyptus leaf extract had recorded significantly highest percent inhibition of pathogen with 100.0 per cent. The pooled mean of three years data revealed that all the plant extracts had shown significant superiority in inhibiting the growth of  red rot  causing pathogen C.falcatum in vitro. Among all the plant extracts, Eucalyptus leaf extract had recorded significantly highest percent inhibition of pathogen with 100.0 per cent. After 18 days, Eucalyptus leaf extract showed maximum inhibitory effect on mycelial growth of  C falcatum   (100%)  followed by Tobacco (95.90%), Pongamia (86.07%) Turmeric (71.90%)  (Table 1).

The efficacy of effective plant extracts were studied in control of  sett- borne infection of red rot under field conditions. In vivo, experiment was conducted  in randomized block design   with 6 treatments.  Germination of setts  was recorded at  35 DAP.  Number of germinants died were recorded up to 60 DAP finally survived settling were recorded and analyzed the data.  

     The data reveaed that percent germination of setts was improved in treatments like Eucalyptus (44.74 %) , Pongamia (43.06%) and Tobacco extract (37.31%) compared to other treatments  as well as inoculated check (25.25%).  Whereas the  percent germination in un inoculated  check (Healthy) was  recorded as 54.92  percent (Table 2). It is also recorded that number of settlings survived after 60 DAP were  higher in T4 (45.22 %) followed by T5 ( 41.11 %) ( Table 3). The pooled mean of three years data revealed that all the plant extracts had shown significant superiority in inhibiting the growth of red rot causing pathogen C. falcatum in vitro. Where as in vivo, per cent germination of setts (44.74 %) and number of settlings survived (45.22 %) also improved in Eucalyptus leaf extract treatment. This study aims to further validate these findings by evaluating the antifungal efficacy of five selected plant leaf extracts (N. tabacum, Z. officinale, C. longa, Eucalyptus spp., and P. pinnata) against C. falcatum in both in vitro and in vivo conditions. Thus, the plant extracts of Pongamia have immense potential to be developed as antifungal agents that can be used in the treatment of fungal infections (Dahikar & Bhutada, 2017 
Jayakumar et al. (2007) demonstrated that leaf extracts from Abrus precatorius and Bassia latifolia, along with the rhizome extract of Curcuma longa, effectively inhibited the mycelial growth of Colletotrichum falcatum, achieving reductions of 80%, 58%, and 57%, respectively. While individual treatments with Pseudomonas fluorescens Md1 and A. precatorius showed promising results in pot experiments, their efficacy diminished under field conditions.
Fungi-toxicity of plant extract might be due to antifungal metabolite present in plant. Variation in antifungal activity of different plant extract is due to variation in the content of active chemicals in plant extract  (Shrestha  and Tiwari, 2009).
 Mahadevaswamy et al., 2019 studied in vitro evaluation of new molecules of fungicides and plant extracts against Alternaria helianthi, causal agent of Alternaria blight of sunflower and revealed that neem seed kernel extracts at 10 per cent(43.74%) showed positive effect on inhibition of pathogen mycelium growth followed by neem leaf extracts (25.26%).
Five different botanical extracts were evaluated in two concentration 25% and 50% for their efficacy against Colletotrichum falcatum in vitro. The results exposed that all the tested botanicals inhibited the growth of pathogen over untreated control. Different plant extract displayed different level of fungicidal behavior against test fungi. Significant difference (P ≤ 0.00) was attained among different extract in their inhibition effect ( Poudel et al., 2022)
To mitigate these challenges, eco-friendly disease management approaches, including the use of plant-based extracts, have gained increasing attention. Studies have demonstrated the antifungal potential of various plant extracts, such as Nicotiana tabacum (Tobacco), Curcuma longa (Turmeric), and Zingiber officinale (Ginger), against fungal pathogens (Rajeswari et al., 2021; Sharma & Singh, 2022). Specifically, aqueous and ethanolic extracts of Eucalyptus spp. and Pongamia pinnata have shown significant inhibition of fungal growth in in vitro assays (Gupta & Meena, 2023).

Feldmann, et al., 2023, reported pesticide properties of plant extracts, essential oils, plant-derived powders and other natural or processed plant derived materials as potential insecticide, acaricide, molluscicide, rodenticide, fungicide, antiviral, herbicide or resistance inducers in plant protec tion. Repellency and antifeedant characteristics of botani cal substances and the potential use in plant protection pro grams were described, even allelopathic effects were also discovered
 In support of the present study, Abbas et al ., 2016 proved  the management of red rot disease of sugarcane through plant extracts and stated that plant extracts helped to avoid such problems because  of environmentally sound and suitable strategy which seeks to minimize the use of chemicals. In their  experiment different plant extracts were evaluated against  C. falcatum. Among six plant extracts, maximum growth suppressed by Azadirachta indica (89.90%) at S (Standard dose) concentration for strain-234 after 10 days. 
Enyiukwu DN ., 2014 studied in vitro and in vivo evaluation and  the efficacy of plant extracts against C.falcatum. Eucalyptus camaldulensis expressed  least inhibition of strain-234 at S/25 concentration after 2 days  and maximum growth was observed by Azadirachta indica at S (Standard  dose) concentration after 10  days as related  to other strains. 

 The results in agreement with the findings of Priya singh etal in 2022  tested in vitro at different concentrations of 5, 10, 15 and 20% against the three isolates i.e. CF 01, CF 07 and CF 08 of the pathogen. Among the botanicals, Neem leaves extract were found most effective in suppressing mycelial growth of the pathogen at all the concentrations due to the fungicidal activity of Neem leaf extracts against the pathogen Colletotrichum falcatum. Bhardwaj and Sahu (2014)  reported that Tulsi was highly effective in suppressing mycelial growth of the red rot pathogen
 In support with the findings of Muhammad Ali etal 2021,   studied five phytoextracts (C. longa, Piper longum, J. curcas, Citrullus colocynthis and T.graecum) at different concentrations were used to manage red rot disease of sugarcane. According to the results, Curcuma longa extract showed minimum fungal growth followed by Piper longum. Treatments with interaction to concentration showed that Piper longum at 3% effectively limited the growth of fungus Curcuma longa at 5%. Additionally, Mesara et al. (2024) investigated the use of seaweed extracts as biostimulants for disease control in plants. Their study revealed that applying Sargassum tenerrimum extract to peanut plants enhanced growth and increased resistance to Sclerotium rolfsii, suggesting potential benefits for sugarcane disease management. These studies support the use of plant-based treatments as eco-friendly alternatives to chemical fungicides
Hence, it can be concluded that percent germination and survival of settlings can be improved by sett treatment with plant extract i.e., Eucalyptus leaf extract 100 ml crude aqueous with 10 litres water even under circumstances of  100% infection and can be included as part of the integrated disease management.

Conclusion: Result of this study indicates that use of botanicals for control of Colletotrichum falcatum is safe and is a good alternative to synthetic chemical fungicides. Further, combining plant extracts and biocontrol microorganisms shows promise for controlling red rot disease in sugarcane. Some plant extracts not only inhibit fungal growth but also induce systemic resistance in plants.The combined treatments demonstrated synergistic effects, highlighting the importance of further research into eco-friendly strategies that utilize both plant and microbial resources to boost disease resistance and enhance crop yields. These findings provide a valuable basis for future studies focused on creating sustainable agricultural practices for sugarcane production.

Table  1:  Bioefficacy of plant extracts on Percent inhibition  of mycelial  growth of red rot pathogen ( In vitro) 
         (Pooled mean of three seasons viz., 2019-20, 2020-21 and 2021-22)

	Plant extract
	 Percent inhibition  of mycelia  growth of C falcatum ( %)

	
	2019-20
	2020-21
	2021-22
	Mean

	Tobacco  (Nicotiana tobaccum)
	100.00
	93.40
	94.31
	95.90

	Ginger    ( Zingiber officinale )
	48.59
	53.73
	52.27
	51.53

	Turmeric    (Curcuma longa)
	72.21
	72.43
	71.05
	71.90

	Eucalyptus  (Eucalyptus globulus)
	100.00
	100.00
	100.00
	100.00

	Pongamia   ( Pongamia pinnata )
	82.06
	87.90
	88.25
	86.07

	Control ( sterile water)
	0.00
	0.00
	0.00
	0.00

	SEm
	1.19
	0.52
	0.72
	2.26

	CD at 5%
	3.57
	1.66
	2.26
	7.2

	CV
	4.20
	1.59
	1.8
	6.86


Table 2. Impact of  plant extracts in  Percent germination of setts  (35 DAP) ( In vivo)

         (Pooled mean of three seasons viz., 2019-20, 2020-21 and 2021-22)

	Plant extract
	 Percent germination of setts  (35 DAP)

	
	2019-20
	2020-21
	2021-22
	Mean

	Tobacco  (Nicotiana tobaccum)
	35.33
	36.00
	39.0
	37.31

	Ginger    (Ginger officinale )
	27.33
	23.33
	32.0
	31.60

	Turmeric    (Curcuma longa)
	20.33
	21.66
	25.0
	28.17

	Eucalyptus  (Eucalyptus globulus)
	43.66
	44.00
	61.0
	44.74

	Pongamia   (Millettia Pinnata)
	42.00
	43.00
	55.0
	43.06

	  Inoculated Control 
	12.33
	20.00
	23.0
	25.25

	Un inoculated control
	65.33
	69.66
	66.0
	54.92

	SEm
	0.92
	0.27
	1.15
	1.40

	CDat5%
	2.86
	0.84
	3.54
	4.38

	CV
	4.30
	1.31
	4.6
	6.43


Table 3. Eficacy of Plant extracts on survival of settlings at 60 DAP  ( In vivo)

         (Pooled mean of three seasons viz., 2019-20, 2020-21 and 2021-22)

	Plant extract
	 Number of settlings survived after 60 DAP 

	
	2019-20
	2020-21
	2021-22
	Mean

	Tobacco  (Nicotiana tobaccum)
	34.66
	32.66
	32.33
	33.21

	Ginger    (Ginger officinale )
	19.66
	16.33
	24.33
	20.11

	Turmeric    (Curcuma longa)
	16.66
	16.00
	20.66
	17.77

	Eucalyptus  (Eucalyptus globulus)
	43.66
	40.66
	51.33
	45.22

	Pongamia   (Millettia Pinnata)
	39.66
	40.66
	43.00
	41.11

	 Inoculated Control 
	13.00
	13.33
	9.33
	11.89

	Un inoculated control
	69.66
	69.66
	66.00
	68.44

	SEm
	0.95
	1.73
	1.49
	1.76

	CDat5%
	2.97
	5.38
	4.65
	5.47

	CV
	4.88
	9.14
	7.33
	8.95
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Fig 1 : Red rot disease of sugarcane

