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ABSTRACT

Red rot of sugarcane caused by Colletotrichum falcatum is one of the major economically important diseases of
sugarcane causing significant reduction in yield quantity and quality. Synthetic fungicides are used to control the
fungi usually but are harmful for human health and environment. Keeping in view the potential of some bioactive
indigenous plant, a study was carried out to study on the efficacy against this fungi. The present experiment was
conducted to evaluate the effectiveness of five botanical extracts, Azadirachta indica; Neem, Datura stramonium;
Datura, Nicotinia tabaccum; Tobacco, Justicia adhatoda; Asuro, Allium sativum; Garlic at two concentration 25%
and 50% against Colletotrichum falcatum in vitro using poisoned food technique in completely randomized design.
All the tested botanical extracts significantly inhibited the mycelial growth of this pathogen as compared to control.
After 18 days, among the plant extracts 50% Azadirachta indica showed maximum inhibitory effect (72.79%) along
with its lower concentration 25% (67.93%) followed by 50% Datura stramonium (69.58%) and its lower concentra-
tion 25% (65.72%). Similarly lowest inhibitory effect was shown by 25% Tobacco (7.630%) followed by 25% Garlic
(28.86%). The study indicated that botanicals such as Neem, Daturo, Asuro showed better performance even at its
lower concentration thus, such effective botanicals could be used at appropriate concentration to control red rot of
sugarcane. 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.
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Introduction

Sugarcane (Saccharum officinarum L.) is a major cash crop which is cultivated in many parts of the world mostly in
the tropics (3580 N, 3580 S) [1]. Sugarcane is one of the most important commercial crops of Nepal. It is cultivated
globally to produce sucrose, ethanol, and other by-products. Globally, sugarcane is an important source of commer-
cial sugar accounting for almost two thirds of global sugar production [2]. More than 100 diverse diseases have been
reported in sugarcane which is caused by fungi, viruses, bacteria, nematodes and phytoplasma [3]. Among all this
disease red rot is in topmost concern. The red rot also has constituted one of the most important limiting factors in the
growth and release of certain desirable cane varieties [4]. Red rot disease was first reported in Java (now Indonesia,
in 1893) and epidemics have been common in India ever since it was first reported there [5]. Sugarcane production
sometimes declined due to various stresses, pests, and diseases. The worldwide loss in cane yield and sugar recovery
is approximately 5%-10% per annum. Usually, commercial fungicides are being used for the control of red rot disease
which is much harmful for human and agro ecosystem. There has been a rising concern on the research plant extracts
for control of pest and diseases in agriculture which are not as much of harmful to the human health and environment
[6]. Since 1893 the casual organism of the red rot of sugarcane disease has been considered as being Colletotrichum
falcatum went a one of the fungi imperfect. Colletotrichum falcatum hydrolyses the stored sucrose in sugarcane
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set by producing the enzyme invertase which breaks the sucrose molecule into glucose and fructose resulting into
increased molasses [7]. The perfect stage of the red rot fungus has been found occurring very sufficiently under natu-
ral field conditions on fading and dead leaves and occasionally on dead young top portions of stems of sugarcane-
in Louisiana. Several important cultivated varieties, like, Co419, CoC671, CoC86062, and CoC92061, have been
removed from cultivation because of their high susceptibility to red rot disease [8]. Red rot infection of sugarcane
reduces yield as well as juice qualities, such as brix value, sucrose content, and purity [9]. Red rot infection reportedly
reduced sucrose content by 75% [10]. Decrease in juice content and quality results greater losses for both cane grower
and sugar factories. Generally commercial fungicides are being used for the control of red rot disease which is harm-
ful for human and agro-ecosystem [11]. It is difficult to control red rot disease through chemotherapy (fungicides/
chemicals) because impervious nature of rinds and fibrous nodes at cut ends do not allow sufficient absorption in setts
[12]. Plants contain extensive variety of secondary metabolites, such as tannins, terpenoids, alkaloids, and flavonoids,
having antimicrobial properties [13]. Growth inhibition of C. falcatum was observed by various plant extracts. Use
of some plant extracts such as the seeds of Piper nigrum (Black Pepper), Rhizomes of Zingiber officinale (Ginger),
leaves of Azadirachta indica (Neem), leaves of Carica papaya (Papaya) and leaves of Nicotiana tabacum (Tobacco)
in the suppression of Colletotrichum sp. The efficacy of plant extracts of Allium sativum and Azadirachta indica
against Colletotrichum spp has been expressed by Kumar and Yadava. Neem as a bio control agent used for centuries
in Asia as a potential antifungal agent [14].

In this regard effect of extracts of indigenous five Plants Neem (Azadirachta indica), Tobacco (Nicotiana tabacum),
Dhaturo (Datura stramonium), Garlic (allium sativum), and Asuro (Justica adhatoda) were tested in two concentra-
tion (25% and 50%) against Colletotrichum falcatum to evaluate inhibitory effect on the growth of the fungi in vitro.

Materials and Methods

The research was conducted on laboratory of plant pathology at Gokuleshwor agriculture and animal science col-
lege located at 29039°38.5” N and 80032°45.8” E, Sudurpaschim Province in completely randomized design using
poisoned food technique for botanicals screening [15,16]. Five botanical leaf extracs (Azadirachta indica; Neem,
Datura stramonium; Dhatura, Nicotinia tabaccum; Tobacco, Justicia adhatoda; Asuro, Allium sativum; Garlic)
were evaluated in two different concentrations viz. 25% and 50% respectively. Each treatment was replicated four
time.

Isolation and maintenance of pure culture

The pathogen (Colletotrichum falcatum) was isolated from the disease sample collected from periphery of GAASC,
Baitadi. The spores were teased from infected portion for microscopic inspection to check the presence of pathogenic
fungus. After confirmation the presence of fungus, the diseased sample were chopped using sterilized blades into 4
mm-6 mm size and then disinfected by dipping in 0.5% Sodium hypochlorite solution for 2 minutes followed by 3
rinses with the distilled water. The cut sample was dried on sterilized bloating paper. After this, sterilized samples
were placed in the Potato Dextrose Agar (PDA) medium inside Laminar air flow using sterilized forceps. Petri plates
were sealed using parafilm and incubated in bacteriological incubator for 18 days in 28°C £ 10°C temperature. The
mor-phological characteristics of conidia was verified in accordance with the morphological characters described by
[17]. Culture was purified by transferring small pieces of agar containing spores to another petri plate containing fresh
PDA media and incubated at 28°C + 10°C for 20 days. This Pathogen was sub-cultured three times to obtain pure
culture.

In vitro evaluation of botanical extracts

Leaves of selected plant species were collected and washed with running tap water. Leaves were crushed in mixture/
grinder (1:1 w/v) as per Thaware et al. [16]. Thus, obtained extracts were filtered using double layered muslin cloth
and whatman’s filter paper. The solution was then filtered using Whatman s filter paper No. 1. Thus, obtained solution
was considered stock/standard solution 100%. Now the treatment solution was adjusted.

The PDA media was prepared as per requirement for 25% and 50% solution. This PDA was sterilized in autoclave.
The prepared solution was allowed to cool (40°C) and pinch of streptomycin sulphate (0.25 gm/Itr) was added to
check the bacterial growth. 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; Thaware et al. [15,16]. 25 ml of amended media
was poured in each 90 mm sterilized petri plates and allowed to solidify. Control treatment was prepared without
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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.

Growth inhibition test and statistical analysis

The observation on mycelial growth was recorded every 12 hrs after inoculation i.e. at 6 AM and 6 PM for 18 days
using a scale. The percentage inhibition of mycelial growth over control was calculated using the following formula
[18]:

PGI= ((C-T) )/C x 100

Where,

PGI: Percentage Growth Inhibition,

C: Growth of hyphae of Colletotrichum falcatum in control (cm) and
T: Growth of hyphae of Colletotrichum falcatum in treatment (cm)

Recorded data were entered and processed using Microsoft Excel (2021) and analysis of variance was done using
M-Statc. Mean comparison was done using Least Significance Difference (LSD) test at 0.05 level of significance.

Result and Discussion

Five different botanical extracts were evaluated in two concentration 25% and 50% for their efficacy against Colleto-
trichum falcatum in vitro. The result (Table 1) 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. Sig-
nificant difference (P < 0.00) was attained among different extract in their inhibition effect. Increase in effectiveness
was detected with increase in concentration. After 2 days of inoculation maximum growth inhibition was recorded
in Garlic 50% (44.94%) and Dhaturo 25% and 50% (38.20%) followed by Asuro 50% (37.08%) which were at par
with Garlic 25% (33.71%). Minimum inhibition was obtained in Tobacco 50% (1.685%) followed by Tobacco 25%
(8.427%) and Neem 50% (26.41%). Similarly, after 4 days of inoculation Garlic 50% (59.04%) showed maximum
inhibition, Dhaturo 50% (58.36%) followed by Garlic 25% (44.71%) and Neem 50% and 25% (41.98% and 40.62%)
followed by Dhaturo 25% (41.64%) whereas, Tobacco 25%, 50% (9.215% and 10.58%) and Asuro 25%, 50%
(37.89% &39.35%) recorded least inhibition percentage. After 6 days of inoculation, maximum growth inhibition was
recorded in Garlic 50% (55.67%) and Dhaturo 50% (55.14%) followed by Neem 50% (46.49%). Whereas minimum
inhibition was obtained in Tobacco 25% and 50% (8.108% and 11.89%) followed by Garlic 25% (36.76%). After 8
days of inoculation maximum growth inhibition was recorded in Neem 50% (58.51%) and Dhaturo 50% (56.22%)
followed by Neem 25% (55.26%). Hereby, minimum inhibition was recorded in Tobacco 25%, 50% (-1.913% and
23.90%) followed by Garlic 25% (28.30%). Similarly, after 10 days, Neem 50%, 25% (63.17% & 58.85%) ranks 1%,
Dhaturo 50%, 25% (61.68 and 52.61%) followed by Asuro 50%, 25% (52.08% and 47.92%), Garlic 50%, 25%
(40.99% and 20.65%) finally the least inhibition was showed by Tobacco 25% and 50% (-7.860% and 34.83). In 12"
day after inoculation, maximum inhibition was observed in Neem 50%, 25% (63.60% and 55.73%) followed by
Dhaturo 50%, 25% (60.20% and 55.87%) and Asuro 50%, 25% (54.80% and 43.33%). Whereas minimum
inhibition was observed in Tobacco 25% (-5.068%) and Garlic 25% (14.0%). After 14 days of inoculation maximum
inhibition was observed in Neem 50% (67.83%) followed by Dhaturo 50% (66.14%) in contrast minimum inhibition
was observed in Tobacco 25% (1.278%) and Garlic 25% (19.63%). In day 16, maximum inhibition was observed in
Neem 50% (70.61%) which is at par with Dhaturo 50% (68.40%) followed by Neem 25% (65.10%) which is at par
with Asuro 50% (58.54%) whereas minimum inhibition was shown by tobacco 25% (3.470%) followed by garlic
25% (26.64%). After 18 days, inhibition percentage varied from 7.630% to 72.79%. Neem proved to be most
effective botanical extract in both concentration (i.e. 50% and 25%) showing inhibition of 72.79% and 67.93%. This
was followed by all concentration (50% and 25%) of Dhatura (69.58% and 65.72%) and 50% Asuro (64.34%).
(25% and 50%) Neem (67.93% and 72.79%) and 50% Dhatura (69.58%) were significantly indifferent with each
other. 25% Tobacco (7.630%) was least effective in restricting the mycelial growth followed by 25% Garlic
(28.86%) and 50% Garlic (44.49%).
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SN, Botanical Conc. Percentage growth inhibition (%)
o (%) Day 2 Day 4 Day 6 Day8 Dayl0 Dayl2 | Dayl4 Dayl6 Dayl8
1 Neem 25 29.21cd  40.62b | 43.51bcd 55.26ab 54.85bc | 55.73b = 60.98b = 65.10bc | 67.93abc
50 26.41d 41.98b | 46.49 585la @ 63.17a 63.60a 67.83a 70.6la 72.79a
> Dhaturo 25 38.20b  41.64b | 45.13bc 49.90bc 52.61c @ 55.87b = 59.70b  62.55c | 65.72bc
50 38.20b  58.36a | 55.14a 56.22ab 61.48ab 63.20a 66.14a 68.40ab | 69.58ab
3 Tobacco 25 8.427¢  9.215c | 8.108e -1.913e -7.860g -5.068f = 1.278g 3.470h | 7.630g
50 1.685f | 10.58c @ 11.89e = 23.90d 34.83e 3573d = 39.49d 4459 @ 48.35e
4 Garlic 25 33.71bc = 44.71b = 36.76d  28.30d = 20.65f 14.0e 19.63f = 26.64g | 28.86f
50 4494a = 59.04a 55.67a 5l.24abc 40.99e 30.67d = 34.38e = 39.80f @ 44.49%
5 Asuro 25 27.53cd 37.89b ' 38.38bcd 47.61c 47.92cd = 43.33c  47.39c 51.43d | 54.04d
50 37.08b  39.25b | 37.83cd 44.93c 52.08c 54.80b = 58.54b 61.74c | 64.34c
SEM (%) 2.17 2.67 2.57 2.99 3.38 3.48 3.37 3.28 3.2
CV % 15.21 15.09 15.01 12.43 12.63 9.43 7.49 6.32 6.66
LSD at 5% 6.295 8.354 8.214 7.434 7.675 5.608 4.923 4.468 5.037

Table 1: Efficacy of different botanical extract on growth of C. falcatum in vitro

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 [19]. Neem leaves pos-
sess azadirachtin which contain antifungal properties. Irum found that aqueous extract of plant species i.e. Dhatura
metal, Azadirachta indica, Parthenium hysterophorus and Ocimum sanctum were tested in vitro [20]. Among them
A. indica and D. metal inhibited mycelial growth of F. oxysporium, F. sp. ciceri supporting our present study. Our
result was in accordance with Abbas et al. who reported maximum growth suppression by Azadiracta indica (89.9%)
followed by Dhatura stramonium and Allium sativum [21]. Also, our results are in accordance with who reported leaf
extract of Azadirachda indica, D. stramonium having fungitoxic effect against A. brassicola, Colletotrichum capsci,
F. oxysporum, R. solani and S. sclerotiorum [22]. Similar observations were expressed by Ahmed et al. (2002) who
found the efficacy of A. indica against Bipolaris oryzae under in vitro condition [23]. Sharma and Tamta showed that
leaf extract of Curcuma domestica and Dhatura metal inhibited the conidial as well as mycelial growth of Colletotri-
chum spp [24].

Our research result is in line with Bernardo-Mazariegos et al. who recorded that Justicia spp consists of Silver Nano
Particle (AGNP) which have significant mycelial growth inhibitory effect on M. phaseolina (79.6%), A. alternate
(60.10%) while in Colletotrichum spp and F. solani it shows lower mycelial growth inhibition 40% and 30% respec-
tively after 9 days of inoculation [25].

Osmotin protein isolated from protein can inhibit in vitro, the growth of nhumber of unrelated pathogens, a survey of
31 isolate representing 18 fungus genera indicated that sensitivity determined at the genus level. The growth of Bipo-
laris fusarium and Phytopthera species was very sensitive whereas A. flavus, R. solani, Macrophomina spp. are highly
resistance to osmotin while Phytopthera and Colletotrichum appears to be moderately sensitive as a genus which As-
pergillus seems to be insensitive [26]. Methanol extract of tobacco leaf produce zone of inhibition of 9.5 mm against
Candida whereas the water extract of tobacco has no inhibitory activity on fungi Candida [27]. The plant extract of
Nicotinia tabacum showed no growth inhibition difference of mycelia of Colletotricum spp [28].

Methanol and acetone extract of Allium sativum inhibit the mycelial growth of Colletotrichum falcatum whereas
aqueous garlic extract showed statistically inferior result as compared to acetone, methanol, and kerosene solution.
The aqueous solution of Allium sativum suppressed the growth of C. falcatum as 53.43%, 47.43%, 42.43%, and
37.43% after 4™, 6™, 8" and 10" day respectively which is in line with our research [29].

Conclusion

Colletotrichum falcatum is a worldwide disease of economic importance in sugarcane production. It causes severe
loss in yield, quality, and quantity. Although different chemicals fungicides are commercially available in market to
control this pathogen, their indiscriminate application result in several health hazard, and environmental impact. To
address this botanical extract can be the suitable alternative. In this experiment Neem (Azadirachta indica) and Dha-
turo (Dhatura stramonium) exhibited higher inhibition percentage. These botanical extracts possess a potential ability
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to be used as novel fungicides alternative to harmful chemical as they give minimum environmental impact and health
hazard to consumer in contrast to synthetic chemical fungicides. Generally, the exploration of these botanicals could
be safe, ecofriendly, and cost-effective approach for the management of the pathogen. Our present research finding is
confined to laboratory conditions so; more in vitro and field trial are required in future to validate thisfinding.
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