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Abstract

Banana is considered as an important fruit crop in the livelihood of many people in tropical and
subtropical countries. However, the banana crop is threatened by Fusarium wilt incited by the pathogen
Fusarium oxysporum f. sp. cubense, a soil borne fungus. The disease has a destructive effect on the crop
and causes up to 80 per cent of yield loss. In the present study, an in vitro experiment was conducted for
the evaluation of various biocontrol agents and botanicals at lower, recommended and higher doses by
poisoned food for control of the pathogen. The biocontrol agents PGPR Mix Il, PGPM, Trichoderma
viride and Pseudomonas fluorescens showed 100 per cent inhibition of the pathogen. Among the plant
extracts used, highest (39.44 %) per cent inhibition of the pathogen was obtained with extract of
Myristica fragrans mace followed by Azadirachta indica oil (26.22 %) and Lawsonia inermis leaves
(25.33 %). The lowest per cent of inhibition of the pathogen was noticed in the treatment Curcuma
caesia (9.33 cm). Biocontrol agents can be effectively used for the management of Fusarium wilt disease
in banana.
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1. Introduction

Banana is one of the most important fruit crops in the world. However, its cultivation is
constrained by the incidence of various pest and diseases. Among the diseases, Fusarium wilt
of banana which is commonly known as Panama wilt disease, caused by the soil-borne fungal
pathogen Fusarium oxysporum f. sp. cubense (Foc) is the most destructive disease of banana
(11, Fusarium wilt of banana is a typical vascular disease and pathogen enters the plant through
water conducting xylem vessels; thus, causes the blockage of water and results in wilted
appearance [, It results in discolouration of the vascular strands from pale yellow initially to
dark brown or black in the advanced stage (.

Now-a-days, biological control of fusarium wilt diseases using certain microorganisms has
been getting more popularity as it is an eco-friendly management strategy compared to the
indiscriminate use of chemical fungicides [+ 51,

The medium that can be used for the better growth of Fusarium oxysporum was half strength
potato dextrose agar consisting of 100 g peeled and diced potatoes, 10 g dextrose and 20 g
agar per liter of distilled water 1. F. oxysporum f. sp. cubense was isolated from strands of
infected banana plants collected from southern parts of India and maintained on PDA [,

The effect of 110 isolates of Trichoderma viridae isolated from rhizosphere of banana and
found that thirty-one isolates were effective in the initial screening tests conducted in vitro
against banana wilt pathogen F. oxysporum f. sp. cubense . Different strains of Trichoderma
harzianum were used to evaluate the effect on F. oxysporum f. sp. cubense in vitro using dual
culture and volatile organic compounds production test 1. They reported that all the strains
inhibited Foc growth at various level and produced toxic metabolites.

Soil application of Pseudomonas fluorescens was the most effective among the various
methods viz., corm injection, sucker dipping and capsule application tried for the management
of Fusarium wilt of banana in the field experiment 1%, Bio agents such as T. harzianum, T.
viride, P. fluorescens and Bacillus subtilis along with organic amendments against F.
oxysporum f. sp. cumini causing wilt disease in cumin was found to be very effective 1. T.
harzianum and P. fluorescens were found to be significantly better in the presence of farm
yard manure or mustard cake.
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Plant growth promoting rhizobacteria (PGPR) like P.
fluorescens and Serratia marcescens induces systemic
resistance in cucumber against Fusarium wilt caused by F.
oxysporum f. sp. cucumerianum 2, The effect of Arbuscular
Mycorrhizal Fungi (AMF) and Trichoderma harzianum
against F. oxysporum f. sp. cubense on ‘Cavendish’ banana
plantlets has also studied 31, The plantlets treated with 70 g
of VAM + 50 g of T. harzianum reduced Foc development in
terms of disease symptom and disease incidence.

Leaf extracts and bio-control agents were tested against F.
oxysporum f. sp. cubense [* They reported that, leaf extract
of Datura (10%) inhibited the mycelial growth completely in
vitro. Under field conditions, combined application of leaf
extract along with biocontrol agents like PGPR controlled the
wilt incidence significantly. Four types of botanicals form of
Azadiracta indica levaes, Moringa oleifera oil, Withania
somnifera roots and Tithonia diversifolia leaves to control the
fungal isolates of F. oxysporum f. sp. elaeidis causing
vascular wilt in oil palm were collected from various regions
of Cameroon and found that leaf extracts spray of A. indica
and T. diversifolia could manage the fungal growth compared
to the others [*°],

2. Materials and methods

2.1 Pathogen, bio control agents and plant extracts
Vascular strands of banana cultivar Rasthali/Poovan infected
with Fusarium oxysporum f. sp. cubense (Foc) was collected
from Banana Research Station, Kannara and used for the
further studies. Bio control agents and plant extracts obtained
from various research station of Kerala Agricultural
University (KAU) were tested in this study. Bio control
agents used were plant growth promoting rhizobacteria
(PGPR) mix II, plant growth promoting microorganisms
(PGPM), Pseudomonas fluorescens and Trichoderma viride,
whereas botanicals used were extracts of Azadirachta indica
(leaves), Myristica fragrance (mace), Lawsonia inermis
(leaves), Areca catechu (seed kernal), Kaempferia galanga
(rhizome), Curcuma caesia (rhizome), Calotropis gigantea
(flower), Bacopa monnieri (aerial part), Curcuma angustifolia
(rhizome) and Justicia gendarussa (leaves).

2.2 Preparation of media and fungal culture

Pathogen isolated from infected, brown vascular strand was
grown on half strength potato dextrose agar (PDA) media in
90 mm Petri dishes. Medium with same composition
incorporated with bio control agents and botanicals was used
for the in vitro management of pathogen.

2.3 Formulation of bio control agents and plant extracts
Talc formulation of bio control agents containing a minimum
colony count of 2x10® /g was used for the study. The
fungicides were evaluated at three different concentrations
viz., 1%, 2% and 3%. Plant extracts collected from Aromatic
and medicinal plants research station, Odakkali, KAU were
dissolved in equal volume of dimethyl sulfoxide (DMSO) and
employed for the evaluation at 0.05%, 0.1% and 0.15%
concentrations.

2.4 Impact of formulations on inhibition of myecelial
growth in vitro

In vitro suppression of bio control agents and botanicals was
done by poisoned food technique 16 Desired concentration of
the formulation was amended with melted and cooled
medium. The media incorporated with fungicides were poured
into Petri plates and inoculated with 7mm mycelial discs of 4
days old Foc culture under aseptic condition. The inoculated
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plates were incubated at a temperature of 25°C along with
control. The percentage inhibition was calculated using the
formula given below 171,

|=_€_;Lx 100
C

Where, | — Percentage inhibition
C - Growth of Foc in unamended medium
T — Growth of Foc in amended medium

2.7 Statistical analysis

Lab experiment was analyzed using completely randomized
design (CRD) whereas field experiment was conducted with
randomized block design (RBD).

3. Results and discussion

The banana production is seriously constrained by several
pests and diseases. Among the diseases, the Fusarium wilt is
the most destructive one which is incited by the pathogen,
Fusarium oxysporum f. sp. cubense. It is a classic example of
vascular wilt disease in plants. The pathogen is soil-borne and
produces three types of spores namely microconidia,
macroconidia and chlamydospore. It can survive for several
years through chlamydospores. The pathogen causes up to 20
to 80 per cent yield loss. The pathogen has four recognised
races from 1 to 4 based on the host specificity. Foc race 1
attacks cultivars Gros Michel (AAA), Silk (AAB), Rasthali
(AAB) and Pome (AAB); Foc race 2 causes disease in the
varieties such as Bluggoe and other cultivars (ABB genome).
Whereas, race 3 was previously described as Foc which is
pathogenic to Heliconia spp 1819, an ornamental flowering
plant, but is no longer considered to belong to race structure
of Foc 2% Race 4 attacks Cavendish and all banana cultivars
susceptible to races 1 and 2. Fusarium wilt of banana causes
significant economic loss in agriculture scenario of tropical
and subtropical countries in the world. It is a major threat to
banana cultivation with 80 to 90 per cent disease severity 2],
In India, the pathogen causes up to 80 per cent disease
incidence and yield loss of up to 40 per cent in northern
states. Whereas, in southern states yield loss up to 90 per cent
have been reported 221,

The bioagents used namely PGPR Mix Il, PGPM,
Trichoderma viride and Pseudomonas fluorescens gave 100
per cent inhibition of the pathogen with no mycelial growth
under in vitro condition. T. viride can be effectively used for
the management of Foc [,

Among the botanicals used for the experiment, the highest
(39.44 %) per cent inhibition of the pathogen was observed in
treatments applied with extract of Myristica fragrans mace
followed by an extract of Azadirachta indica oil (26.22 %)
and Lawsonia inermis leaves (25.33 %). The lowest per cent
of inhibition of the pathogen was noticed in the treatment
Curcuma caesia (9.33 cm). The highest mean mycelial
growth was recorded in the treatment Curcuma caesia (8.16
cm) followed by Curcuma angustifolia (7.98 cm) and
Kaempferia galanga (7.68 cm). Whereas the lowest mean
mycelial growth was observed in the treatment with Myristica
fragrans (5.45 cm) followed by Azadirachta indica (oil) (6.64
cm) and Lawsonia inermis leaves (6.72 cm). Similar results
were reported by others in an experiment against F.
oxysporum f. sp. elaeidis causing vascular wilt in oil palm 151,
Leaf extracts and bio-control agents were found to be
effective against Foc in banana . The results are shown in
Table 1 and Figures 1 and 2.
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Table 1: Effect of fungicides, bicontrol agents and botanicals on the growth of the pathogen Foc

Sl. No. Treatments Mycelial growth (Diameter in cm) Percentage inhibition (%)
Lower dose | Recommended dose | Higher dose | Mean
12 PGPR Mix Il 0.00 (0.00)" 0.00 (0.00)} 0.00 (0.00)« | 0.00 100
13 PGPM 0.00 (0.00)" 0.00 (0.00)} 0.00 (0.00)« | 0.00 100
14 Trichoderma viride 0.00 (0.00) 0.00 (0.00)} 0.00 (0.00)« | 0.00 100
15 Pseudomonas fluorescens 0.00 (0.00)f 0.00 (0.00) 0.00 (0.00)% | 0.00 100
16 Azadirachta indica (oil) 7.20 (0.914)° 6.56 (0.879)¢ 6.16 (0.853)° | 6.64 26.22
17 Myristica fragrance (mace) 6.50 (0.869)"° 5.12 (0.790)9 4.73(0.758)9 | 5.45 39.44
18 Lawsonia inermis (leaves) 7.20 (0.914)° 6.77 (0.890)° 6.23 (0.859)¢ | 6.72 25.33
19 Areca catechu (seed kernel) 7.27 (0.917)° 7.10 (0.908)° 6.87 (0.896)° | 7.08 21.33
20 Kaempferia galanga (rhizome) | 8.70 (0.987)? 8.03 (0.956)* 6.60 (0.881)¢ | 7.68 14.66
21 Curcuma caesia (rhizome) 8.67 (0.985)2 8.13 (0.961)2 7.67 (0.938)2 | 8.16 9.33
22 Curcuma angustifolia (rhizome) | 8.53 (0.979)2 8.07 (0.957)2 7.33(0.921)" | 7.98 11.33
CD (0.05) 0.049 0.009 0.012
Control * dzadirachta 0.3 % M\mm a o 05 % Lawsodl@ V.05 % Areca 0.05 % KaempfeFia 0.05% C. caesia 0.05 % ((;(4)‘5 "gu.\'lilulin
Asadirac qu 0.5 % Myristica 0.1 % Lawsonla 0.1 %  Areca 0.1 %  Kaempferia 0.1 % C. caesia 0.1 % ] ".'”“"‘“’”I"'
Azadirachta 0.7 % Myristica 0.15 % Lawsonia Areca 0 Iﬁ % Kaempferia 0.15% C. caesia 0.15 "., luuxmlllt)/lfl
0.15 % 0.15 %
Fig 2: Effect of botanicals on the growth of Foc under in vitro condition
4. Conclusion 5. Acknowledgment

An in vitro experiment was conducted for the evaluation of
biocontrol agents and botanicals for control of the pathogen

Foc in banana. Among the bio control agents PGPR Mix I,

PGPM, Trichoderma viride and Pseudomonas fluorescens
and among the botanicals, comparatively the extract of 1.
Myristica fragrans mace and an extract of Azadirachta indica

oil were found to be effective for the management of Foc.

6. References

~ 2456~

We thank Kerala Agricultural University for providing fund
and facility for the smooth conduct of this experiment.

Ploetz RC, Pegg KG. Fungal diseases of root, corm and
pseudostem. In: Jones D, ed. Diseases of Banana, Abaca
and Enset. Wallingford, UK: CABI Publishing 2000,


http://www.thepharmajournal.com/

The Pharma Innovation Journal

10.

11.

12.

13.

14,

15.

16.

17.

143-159.

Saravanan T, Muthusamy M, Marimuthu T. Development
of integrated approach to manage the Fusarial wilt of
banana. Crop Protection 2003;22:1117-1123.

Weller DM, Raaijmakers JM, McSpadden-Gardener BB,
Thomashow LS. Microbial populations responsible for
specific soil suppressiveness to plant pathogens. Annul
Review of Phytopathology 2002;40:309-48.

Kumar N, Saxena N. Fusarium wilt of banana at
Panchgaon. International  Journal of  Current
Microbiology and Applied Sciences 2015;4:724-730.
Fravel DR, Olivain C, Alabouvette C. Fusarium
oxysporum and its biocontrol. New Phytologist
2003;157:493-502.

Ainsworth GC. Adinsworth and Bisby’s Dictionary of the
Fungi. (6th ed.). Commonwealth Mycological Institute,
Kew, Surrey, England. 1971, 663p.

Das A, Venkataramana M, Chandranayaka S, Murali HS,
Batra HV. Molecular characterization of Fusarium
oxysporum f. sp. cubense isolates from banana. Pest
Management in Horticultural Ecosystems 2012;18:171-
178.

Thangavelu R, Mustaffa MM. A potential isolate of
Trichoderma viride NRCB1 and its mass production for
the management of Fusarium wilt disease in banana. Tree
Forestry Science and Biotechnology 2010;4:76-84.
Napitupulu TP, llyas M, Kanti A, Sudiana IM. In vitro
evaluation of Trichoderma harzianum strains for the
control of Fusarium oxysporum f. sp. cubense. Plant
Pathology and Quarantine 2019;9:152-159.

Saravanan T, Muthusamy M, Marimuthu T. Effect of
Pseudomonas fluorescens of Fusarium wilt pathogen in
banana rhizosphere. Journal of Biological Sciences
2004;4:192-198.

Chawla N, Gangopadhyay S. Integration of organic
amendments and bioagents in suppressing cumin wilt
caused by Fusarium oxysporum f. sp. cumini. Indian
Phytopathol. 2009;62:209-216.

Liu L, Kloepper JW, Tuzun S. Induction of systemic
resistance in cucumber against Fusarium wilt by plant
growth-promoting rhizobacteria. Phytopathology
1995;85:695-698.

Ubaud LT, Requina JD. Vesicular arbuscular
mycorrhizae and Trichoderma harzianum as biological
control agents against panama disease of ‘Cavendish’
banana caused by Fusarium oxysporum f. sp. cubense
tropical race 4. Asian Research Journal of Agriculture
2016;1:1-11.

Akila R, Rajendran L, Harish S, Saveetha K,
Raguchander T, Samiyappan R. Combined application of
botanical formulations and biocontrol agents for the
management of Fusarium oxysporum f. sp. cubense (Foc)
causing Fusarium wilt in banana. Biological Control
2011;57:175-183.

Kinge TR, Moforcha ZL, Mih AM. Cultural Variability
of Fusarium oxysporum f. sp. elaeidis Isolates from Qil
Palm in South Western Cameroon and Sensitivity to Four
Plant Extracts. Plant Pathology and Quarantine
2019;9:116-127.

Nene YL, Thapliyal PN. Fungicides in plant disease
control (3 ed.) Oxoford and IBH Publishing Co. Pvt.
Ltd, 1993, 691p.

Vincent JM. Distortion of fungal hyphae in the presence
of certain inhibitors. Nature 1947;150:850.

18.

19.

20.

21.

22.

~ 24577

http://www.thepharmajournal.com

Waite BH, Stover RH. Studies on Fusarium wilt of
bananas: vi. Variability and the cultivar concept in
Fusarium oxysporum f. sp. cubense. Canadian Journal of
Botany 1960;38(6):985-994.

Stover RH. Fusarium Wilt (Panama Disease) of Banana
and Other Musa species. Commonwealth Mycological
Institute. Kew, 1962, 117p.

Ploetz RC. Panama disease: an old nemesis rears its ugly
head - the cavendish era and beyond [on-line] 2005.
Available: https://www.researchgate.net/publication
/228979987 Panama Disease an Old Nemesis Rears its
Ugly Head -Part 2 the Cavendish Era and Beyond [07
Nov. 2019].

Sivamani E. Wilt diseases of banana in Tamil Nadu.
Studies on the biology and control of Panama wilt caused
by Fusarium oxysporum f. sp. cubense (E.F. Smith)
Snyder ed. Hansen. Ph.D. Thesis. University of Madras,
Chennai, India 1987.

Thangavelu R, Sundararaju P, Sathiamoorthy S,
Reghuchander T, Velazhahan R, Nakkeeran S, et al.
Status of Fusarium wilt of banana in India. In:
Proceedings of the International Workshop on Banana
Fusarium Wilt Disease, 18 — 20 October 1999, Malaysia.
INIBAP- ASPNET, Philippines, 1999, pp. 58-63.


http://www.thepharmajournal.com/

