Efficacy of non-conventional chemical inducers against
Fusarium oxysporum inciting wilt in chilli

ABSTRACT

Chilli wilt incited by Fusarium oxysporum is the most devastating disease, causing substantial yield losses
throughout chilli growing areas of the world. Fusarium oxysporum is a soil-borne fungus which survives for
several years in soil. The disease is favoured by high temperature and high moisture, this condition plays
significant role in development of wilt symptoms. The disease management using chemicals is economically
not feasible and is also unsafe for the environment. Due to growing public awareness to environment and
human health, need of the hour is to find alternate approaches for disease management. Therefore, to
investigate induction of systemic resistance against Fusarium oxysporum in chilli. Different non-conventional
chemical inducers like salicylic acid (SA), jasmonic acid (JA), Indole acetic acid (IAA), Indole butyric acid
(IBA), chitosan, salicylic acid nano formulation and chitosan nano formulation were used in an experiment
conducted in Department of plant pathology, Chaudhary Charan Singh Haryana Agricultural University, Hisar,
Haryana. These non-conventional chemicals with four concentrations 25, 50, 75 and 100 pg/ml were
evaluated for their antifungal activity against Fusarium oxysporum under in vitro condition using poison food
technique with four replications. It was found that the highest mycelial growth inhibition was observed in
salicylic acid nano formulation (79.73%) at 100 pg/ml concentration followed by Jasmonic acid (77.12%) at
100 pg/ml concentration and the lowest growth inhibition was recorded in Indole acetic acid (27.15%) at 100
pg/ml concentration. The same trend was observed when chilli varieties Pusa Jwala (susceptible) and Pusa
Sadabahar (moderately resistant) were tested with the two best and the least effective non-conventional
chemical inducer obtained in vitro for measuring the disease severity in screen house. This insight clarifies
the scope of using non-conventional chemical inducers as an effective disease management strategy against
Fusarium wilt of chilli.
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1. INTRODUCTION
Chilli, scientifically known as Capsicum annuum L. (2n=24) belongs to family Solanaceae is an important
vegetable and spice crop grown in the world. It was originally native to South Americans from where it
spread to rest of the world [1]. India is leading producer and consumer of chilli in the world with total
production of about 4221 billion tonnes. In India, Andhra Pradesh, Karnataka, Tamil Nadu and
Maharashtra contributes to about 75% of total cultivated area under chilli. The crop is also cultivated in
Haryana and is estimated to cover 13.290 thousand hectares with a total production of 141.650 thousand
tonne [2].
Chilli grows well in warm and humid weather [3]. The maturity of plant is favoured by clean and dry
conditions. The optimum mean temperature for optimal plant growth during the day is between 20-25°C
and below 20°C at night. This particular crop grows best in sandy loam soil with a pH range of 5.5 to 8.5,
however, it is sensitive to waterlogging and can better tolerate water stress than standing water which
often brings about soil-borne diseases [4].
Chilli remains prone to many diseases; among them Fusarium wilt is economically more important. It
causes significant yield losses around the world that varies from 10-80 per cent [5]. Fusarium oxysporum f.
sp. capsici, an incitant of Fusarium wilt of chilli is a soil-borne fungus belonging to phylum Ascomycota,
subphylum Pezizomycotina, class Sordariomycetes, order Hypocreales and family Nectriaceae. The
pathogen survives in soil for several years as chlamydospores. Chlamydospores remain inactive in the
residues of decomposed plants, and start germinating after acquiring nutrients from the roots of host
plants. After germination, conidia and chlamydospores emerge from thalli within 8 h and 3 days
respectively, under optimum conditions. High temperature and high moisture favours the disease
development. The characteristic symptoms of the disease are initial yellowing of the lower leaves, wilting
of leaves, brown vascular discoloration, epinasty, chlorosis and necrosis which ultimately results in death
of the plant [6,7].



Although several methods have been developed to control and manage the disease. Chemical control
(fungicides) is fast in action and easy to apply but there exist problems associated with them. These
fungicides have residual toxicity in soil, the pathogen may show fungicide resistance, cause ground water
pollution, risk to non-targeted flora, death of beneficial microorganisms and adverse effect on human
health [8]. Use of alternate and eco-friendly approaches to disease management is, therefore, a high-
priority research area. Non-conventional chemicals like Jasmonic acid, salicylic acid, chitosan, Indole
acetic acid and Indole butyric acid play significant role in plant defense by stimulating the physiological
processes which results in improved vegetative growth of plants [9]. These activators move through the
plants systemically which lead to the expression of defense genes [10]. Salicylic acid is known to activate
various enzymes like phenylalanine ammonia lyase (PAL), tyrosine ammonia lyase (TAL), chitinase, and
Polyphenol oxidase (PPO) which results in the development of resistance [11]. Therefore, the present
study was carried out with an objective to study induction of systemic resistance by using nano
formulations and non-conventional chemical inducers on Fusarium wilt of chilli under in vitro and screen
house conditions.

2. METHODOLOGY
2.1. Evaluation of non-conventional chemical inducers under in vitro conditions
The inhibitory effect of seven non-conventional chemicals viz., Salicylic acid, Jasmonic acid, Salicylic acid
(nano formulation), Indole Acetic acid, Indole Butyric acid, Chitosan and Chitosan (nano formulation)
against Fusarium oxysporum was examined using poisoned food technique [12]. For in vitro evaluation,
various concentrations of 50, 100, 150 and 200 pg/ml were prepared by adding required quantity of sterile
distiled water to the stock solution of each non-conventional chemical. The solutions of these
concentrations were added in equal volume of double strength potato dextrose agar (PDA) medium in
petri plates to get the final concentration of 25, 50, 75 and 100 pg/ml. Petri plates without test chemical in
the medium served as control and each treatment was replicated four times. The small bits of 5 mm from
5-7 days old culture of the test fungus i.e., Fusarium oxysporum were cut by using sterile cork borer and
were transferred into the centre of each petri plate with the help of sterile inoculation needle under aseptic
conditions (laminar air flow) and incubated at 28+1 °C. The radial growth of mycelium was measured when
the growth in the control plates reached the periphery of petri plates and the percent mycelial growth
inhibition was calculated, using the formula given by Vincent [13] as follows:

| (%) = (C-T)/IC
where, | is the percent mycelial growth inhibition, C is the colony diameter in control (cm) and T is the
colony diameter in treatment (cm).

Table 1: List of non- conventional chemicals used against Fusarium oxysporum under in vitro
conditions

S. No. Non- conventional chemical inducer Concentration (ug/ml)
1. Salicylic acid 25 50 75 100
2. Jasmonic acid 25 50 75 100
3. Salicylic acid (Nano formulations) 25 50 75 100
4, Indole Acetic Acid 25 50 75 100
5. Indole Butyric Acid 25 50 75 100
6. Chitosan 25 50 75 100
7. Chitosan (Nano formulations) 25 50 75 100

2.2. Evaluation of non-conventional chemical inducers under screen house conditions

Pots were filled with sterilized sandy loam soil and inoculum was added by mixing it with upper layer of soil
and allowed for 7 days to infest the soil. Plants of two chilli varieties i.e., Pusa Jwala (susceptible) [14]
and Pusa Sadabahar (moderately resistant) were transplanted after 30-35 days of nursery sowing and
raised in already inoculated pots under screen house conditions. Completely randomized design
consisting of five treatments in all, each replicated four times was laid. Each replication consisted of 5
plants per pot. Two best (Salicylic acid nano formulation and Jasmonic acid) and the least effective (Indole
acetic acid) chemical inducers obtained in vitro were applied through seedling dip and soil drench method
as per the following treatment details at the time of transplanting. The observation on disease severity of
each treatment was recorded after 60 days of transplanting.



Treatments:

T1 Control (No inoculation)

T2 Inoculation with Fusarium oxysporum

T3 : T2 + Seedling dip and soil drenching with Salicylic acid nano formulation @ 100 pg/ml
T4 T2 + Seedling dip and soil drenching with Jasmonic acid (JA) @ 100 pg/ml

T5 T2 + Seedling dip and soil drenching with Indole Acetic Acid (IAA) @ 100 pg/ml

Disease severity was calculated by using 0-5 disease rating scale given by Jamil et al. [15]

[sum of all disease ratings]
Disease severity (%) = x 100
[(total number of plants) x (maximal disease grade)]

Table 2: Scale for rating Fusarium wilt disease
Grade Description
0 0% infection or no wilt
1-20% infection

21-40% infection
41-60 % infection
61-80% infection
81-100% infection
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3. RESULTS AND DISCUSSION

3.1. Evaluation of non-conventional chemical inducers under in vitro conditions

Antifungal activities of the seven non-conventional chemical inducers assayed against Fusarium
oxysporum is presented in table 3, figure 1 and plate 1. The data revealed that significant reduction in
mycelial growth of Fusarium oxysporum was observed in respect of all non-conventional chemical
inducers tested. However, the maximum inhibition of the mycelial growth of test pathogen was observed in
Salicylic acid (nano formulation) @ 100 pug/ml (79.73%) followed by Jasmonic acid @ 100 pg/ml (77.12%).
The minimum inhibition of mycelial growth was recorded in treatment 6, Indole Acetic Acid (IAA) at 100
pg/ml (27.15%). Disease resistance in plants depends upon the initiation of defenses after contact to
pathogens. Plants have evolved an effective basal defense system to detect and minimize the pathogen
growth. The non-conventional chemical inducers act as signal molecule in plant defense against the
pathogen infection. Ellis et al. [16] also reported that the use of chemical inducers such as salicylic acid
and jasmonic acid help in managing fungal and bacterial diseases. Ojha and Chatterjee [17] treated
tomato plants with different concentrations of salicylic acid and observed significant increase in the
activities of both peroxidase and polyphenol oxidase imparting resistance against Fusarium wilt.
Prominent enhancement was observed at 1.5 mM concentration of salicylic acid. Nasir et al. [18] also
evaluated four plants activators i.e., salicylic acid, KH,PQO,, benzoic acid and ascorbic acid @ 0.5, 0.75
and 1% concentration for the management of Fusarium wilt disease. Among four plant activators,
minimum disease incidence was expressed by salicylic acid (26.68%) followed by KH,PO, (30.72%),
Ascorbic acid (33.38%) and Benzoic acid (38.74%) as compared to the control. Salicylic acid @ 1%
concentration gave statistically significant results. Similarly, Divya et al. [19] studied the antifungal and
antioxidant activity of chitosan nanoparticle (ChNP) against Rhizoctonia solani, Fusarium oxysporum,
Collectotrichum acutatum and Phytophthora infestans and found that ChNP inhibited the growth of R.
solani, C. acutatum and P. infestans by 84.72%, 76.72% and 32.16% at a concentration of 50 mg/ml and
63.88% and F. oxysporum at a concentration of 40 mg/ml.



Table 3: Efficacy of non-conventional chemicals against Fusarium oxysporum under in vitro
conditions

Treatments Mycelial Growth inhibition (%)
Concentrations (ug/ml
25 50 75 100
Ty: Salicylic acid (SA) 27.10 31.01 40.78 48.69
(31.35) (33.82) (39.67) (44.23)
T,: Jasmonic acid (JA) 56.84 65.07 69.79 77.12
(52.23) (53.49) (56.85) (63.24)
Ts: Salicylic acid (Nano formulation) 62.51 64.65 70.12 79.73
(48.91) (53.75) (56.63) (61.41)
T4 Chitosan 65.08 67.17 70.18 72.40
(53.75) (55.02) (56.88) (58.29)
Ts: Chitosan (Nano formulation) 63.79 65.51 69.19 73.70
(52.98) (54.01) (56.26) (59.13)
Te: Indole Acetic Acid (I1AA) 12.93 18.96 20.25 27.15
(21.05) (25.79) (26.72) (31.38)
T,: Indole Butyric Acid (IBA) 28.01 35.77 40.06 45.25
(31.93) (36.71) (39.25) (42.25)
Tg: Control (Check) 0 0 0 0
(0.57) (0.57) (0.57) (0.57)
CD (p=0.01) Treatment 0.64
Concentration 0.45
Treatment x Concentration 1.28

* Figures in parentheses represent angular transformed values
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Fig. 1. Efficacy of non-conventional chemicals against Fusarium oxysporum under in vitro
conditions
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Plate 1: In vitro evaluation of non- conventional chemicals against Fusarium oxysporum

3.2. Evaluation of non-conventional chemical inducers under screen house conditions

Efficacy of two best and one least effective non-conventional chemicals viz., Salicylic acid nano
formulation, Jasmonic acid and Indole Acetic Acid (IAA) @ 100 pg/ml were tested under screen house
conditions for their possible defense against fusarium wilt on two chilli genotypes viz., Pusa Jwala and
Pusa Sadabahar. In Pusa Jwala, the percent disease severity was maximum (87.50 %) in pots inoculated
with Fusarium oxysporum. The minimum disease severity (37.50%) was recorded in pots inoculated with
Fusarium oxysporum + seedling dip and soil drenching with Salicylic acid nano formulation @ 100 pg/mi
followed by 53.12 per cent disease severity in pots inoculated with Fusarium oxysporum + seedling dip



and soil drenching with Jasmonic acid @ 100 pg/ml. In Pusa Sadabahar, the percent disease severity was
maximum (75%) in pots inoculated with Fusarium oxysporum. The minimum disease severity (31.25%)
was recorded in pots inoculated with Fusarium oxysporum + seedling dip and soil drenching with Salicylic
acid nano formulation @ 100 pg/ml followed by 43.75% disease severity in pots inoculated with Fusarium
oxysporum + seedling dip and soil drenching with Jasmonic acid @ 100 pg/ml (Table 4, Fig. 2 and Plate
2). Mandal et al. [20] studied the effect of salicylic acid on tomato wilt and reported that the percent
disease incidence was markedly reduced in plants treated with 200 mM salicylic acid (SA) by root dip and
foliar spray whereas untreated plants exhibited typical symptoms of vascular browning, leaf yellowing and
wilting. Similarly, Nasir et al. [18] evaluated four plants activators and the minimum disease incidence was
expressed by salicylic acid (26.68%).

Plate 2: Evaluation of non- conventional chemicals against Fusarium oxysporum under screen
house conditions
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Table 4: Effect of two best and one least effective non-conventional chemicals on Fusarium wilt
in susceptible and resistant genotypes of chilli under screen house conditions

Disease severity (%)
Pusa Jwala Pusa
Treatments (Susceptible) Sadabahar
(Moderately
Resistant)
Ty: Control (No inoculation) 0.00 0.00
(0.57) (0.57)
T,: Inoculation with Fusarium oxysporum 87.50 75.00
(69.26) (59.97)
Ts: T+ Seedling dip and soil drenching with Salicylic 37.50 31.25
acid nano formulation @ 100 pg/ml (37.61) (33.86)
T4 T+ Seedling dip and soil drenching with Jasmonic 53.12 43.75
acid (JA) @ 100 pg/ml (46.79) (41.23)
Ts: T+ Seedling dip and soil drenching with Indole 75.00 59.37
Acetic Acid (IAA) @ 100 pg/ml (60.33) (50.53)
CD (p=0.05) 7.87 8.66
C.v. 12.06 15.30

4. CONCLUSION

Use of non-conventional chemicals for induction of systemic resistance in chilli genotypes can prove to be
an effective approach for management of the disease as all the non-conventional chemical inducers used
in the study have shown significant results in inducing systemic resistance against Fusarium oxysporum,
an incitant of Fusarium wilt of chilli. However, Salicylic acid nano formulation and Jasmonic acid gave the
best results and therefore, are the best for inducing resistance against Fusarium wilt and development of
resistant genotypes. The results of the study can be useful to control fungal diseases in plants as these
non-conventional chemical inducers are eco-friendly and can be easily used as foliar or root application to
plants.
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