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Abstract

Guava (Psidium guajava L.) is an important fruit crop cultivated throughout India. Cultivation of guava
is affected due to the outbreak of nematode fungal disease complex. Fusarium solani is a widely
distributed soil inhibiting fungus that causes wilt disease in guava. In the present investigation, six
isolates of wilt pathogen, Fusarium species were isolated from wilt infected guava roots from Karamadai,
Coimbatore district. Pathogenicity studies conducted on guava seedlings (Var L- 49) revealed that, two
out of the six isolates of F. solani were found to be pathogenic. Molecular characterization of two
isolates (F1 and F3) were carried out by amplification of Internal Transcribed Spacer (ITS) region of the
conserved ribosomal DNA using primers ITS1 and 1TS4. The amplified sequences were submitted in
NCBI (F1- MH590324 and F3-MH590695) and phylogenetic relationship of closely related organism of
Fusarium spp. were carried out.

Keywords: Guava, wilt, Fusarium solani, DNA and PCR

Introduction

Guava (Psidium guajava L.) a species of the Myrtaceae family, also called as poor man’s fruit
or apple of tropics is cultivated in more than 60 countries (%1, It is widely grown in tropical and
subtropical regions of the world and well adapted to different environmental conditions. The
cultivated area of Guava in India is 261 MHa with an annual production of 3961MT and
productivity of 13.9MT/Ha (NHB Data Base 2017-18). Similarly, the area and production of
guava in Tamil Nadu is around 9.78 Mha and 77.41MT respectively. In Tamil Nadu, guava is
largely grown in districts viz., Dindigul, Theni, Thiruvallur, Madurai, Kanyakumari,
Virudhunagar, Thiruvannamalai and Coimbatore.

Moreover, cultivation of Guava faces several agronomic and horticultural problems such as
susceptibility to numerous pathogens, mainly guava wilt caused by Fusarium oxysporium f. sp.
psidii ! and other diseases. Among these, plant pathogen especially fungi play a crucial role.
Totally 177 pathogens (167 fungi, 3 bacteria, 3 algae, 3 nematodes and one epiphyte) are
reported from different plant parts of guava. Among these diseases, wilt is the most destructive
disease in guava [*7],

Several pathogens have been reported as the causal organism of wilt in guava but Fusarium
oxysporum f. sp. psidii and F. solani were found to be the important pathogens associated with
the wilt disease of guava in India as per [ 5. However, F. chlamydosporium was isolated
from wilt affected guava roots (11,

First report of Fusarium wilt in India was by Das Gupta and Rai in 1947 from the orchards of
Lucknow. Later in 1990s, this destructive wilt was reported in 11 districts of Uttar Pradesh [,
Wilt is one of the major threats to guava cultivation and it was caused by many pathogens but
the most predominant fungus is Fusarium solani > 8, Reported the occurrence of F. solani
infections in guava plants starting from one month old seedlings to four years old plants. [')
regarded guava wilt as a national problem, causing 30 per cent yield loss in India and disease
occurred in nurseries and orchards. 1% 281 reported Fusarium incidence from Allahabad, Agra,
Farukhabad, Lucknow, Punjab, Ranchi and Rewa in India and wilt incidence was recorded
from 75% to 90%, while severity ranged between 30% and 55% on infected plants.

Fusarium is a cosmopolitan soil borne fungus that colonizes the vascular system of the host
and thereby blocks the movement of water and nutrients to the upper part of the plant, which
in turn causes yellowing, wilting and finally death of the host plant %,

Guava wilt have also been reported from South Africa %61, Pakistan 2, Bangladesh [*2 and
Canberra, Australia [** 6, Noted the yellowing of the leaves with inter-venial chlorosis,
general drooping of the leaves, complete wilting of plants with almost dried leaves and small
dried black fruits hanging on the branch from the wilt infected guava tree.
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Recently, nematode and fungal wilt disease complex in guava
has become a serious problem in India, particularly in the
states of Tamil Nadu, Andhra Pradesh, and Karnataka. [?%
Observed decline in guava orchards of Ayakudi and
surrounding places of Ayakudi Dindigul district, Tamil Nadu.
Presence of M. enterolobii and Fusarium sp. was confirmed
by these researchers where 3-4 year old trees showed sudden
yellowing, wilting symptoms, early shedding of leaves,
reduction in fruit size and complete death of trees, first report
from the country.

Though different organisms were reported as the cause, the
predominant fungal species isolated in all these cases were
Fusarium sp. In this scenario, the current study focuses on
isolation and characterization of Fusarium sp. found in Guava
grown in Tamil Nadu, as proper identification of causal
organism plays a vital role in efficient management of the
disease-nematode complex.

Materials and Methods

Survey and collection of guava wilt pathogen

Epizootics of fungal wilt were found naturally in Karamadai,
Coimbatore district of Tamil Nadu, India. A targeted survey
was thus carried out for the occurrence of guava wilt in
Karamadai. The fresh roots were collected from wilt infected
guava trees of 2-5 years old (L-49) showing typical symptoms
of wilt (Plate 1).

Plate 1: symptoms of fusarium wilt in guava: a) intial stage
symptom and b) final stage symptom

Isolation of wilt pathogen

Collected root samples were washed under running tap water
for 5 min and cut into < 2 cm small thin pieces. The bits were
then washed with sterile distilled water for 5 min followed by
surface sterilization with 0.1% HgCl, solution for 2 min. The
surface sterilized root bits were plated on half strength Potato
Dextrose Agar (PDA) medium in sterile Petri plates. Petri
plates were incubated at 28+2 °C for three to five days as
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suggested [, Pure culture was obtained from single hyphal tip
technique. The isolates were maintained on PDA slants at 4°C
at the Department of Nematology and Plant Pathology, Tamil
Nadu Agricultural University, Coimbatore, Tamil Nadu,
India.

Morphology characterization of Fusarium spp.
Morphological characterization of the Fusarium isolates have
been carried out by culturing them on PDA medium at 28 +
2°C for seven days. The morphological characters, mycelial
colour, radial growth, pigment of mycelium and characters of
macro and micro conidia and chlamydospores respectively
were observed ™M using Labomed compound microscope at
400X.

Pathogenicity study

In order to prove the pathogenicity of Fusarium isolates
through Koch’s postulates by stem hole technique on two
month old guava seedlings (var L- 49) a study was conducted
at glasshouse Department of Nematology. Fully grown
Fusarium mycelium on tooth pick was injected to collar
regions and tender roots of guava seedlings. Percentages of
wilt incidence and severity were recorded at one to two
months after planting. Re-isolation was carried out from
infected plants showing disease symptoms as per the
methodology described [*1,

Molecular characterization of Fusarium spp.

Genomic DNA was extracted from fresh mycelium of virulent
Fusarium isolates using CTAB method described by 1.
Mycelium of Fusarium spp. were lysed with CTAB ((0.7 M
NaCl, 50 mM Tris—HCI (pH 8.0), 10 mM EDTA, 1% 2-
mercaptoethanol, 1% CTAB) buffer for 5 minutes. This was
followed by centrifugation at 12,000 rpm for 15 min at 4° C.
The supernatant was separated and added with an equal
volume of phenol: chloroform: isoamyl alcohol (25:24:1)
followed by centrifugation at 12,000 rpm for 15 min at 4° C.
Aqueous layer was transferred into new centrifuge tube. After
that DNA was precipitated by adding 0.6 volume of ice cold
isopropanol, mixed well and incubated at -20°C overnight.
After incubation, trace amount of isopropanol was removed
by centrifugation at 12,000 rpm for 5 min at 4° C. After that, 2
volumes of ethanol was added and the pellet was recovered by
centrifugation at 12,000 rpm for 15 min at 4° C and dried,
dissolved in 50 pl of nuclease free water and used as a

template for PCR amplification or stored at -20 °C until use
(6]

PCR amplification of ITS regions of Fusarium spp.

The Internal Transcribed Spacer (ITS) region of Fusarium
spp. was amplified with primers ITS1
(5’TCCGTTGGTGAACCAGCGG-3’) and ITS4 (5° -
TCCTCCGCTTATTGATATGC-3") B, The reaction mixture
was performed for 25 pl and PCR reaction mixture contained
1 pl total genomic DNA (50 ng), 0.5 uM primers (forward
and reverse) , 0.5 mM of each dNTPs, 2.5 pul 1x PCR buffer,
2.5 mM MgCl2, and 1.25ul Taq DNA polymerase (Sigma,
USA). The PCR cycles began with an initial denaturation at 5
min for 94°C, followed by 30 cycles of denaturation at 1 min
for 94°C, primer annealing at55°C for 45sec and extension at
72°C for 1 min, with a final extension at 72°C for 10 min. The
PCR products were visualized in ethidium bromide stained
1.2 % agarose gels under a UV transilluminator (Alpha
imager EC 1200) [?31,
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Results and Discussion

Survey

In the present study, six isolates of Fusarium spp. were
isolated from wilted guava roots. Typical wilt symptoms viz.,
stunting, yellowing of leaves, defoliation, reduced fruit size
due to improper nutrient uptake and premature leaf and fruit
shedding were regarded as identifiers for the sample
collection (Plate 1). Similar symptomology of wilt affected
plants were documented €1, They noticed yellowing of the
leaves with inter-venial chlorosis, general drooping of the
leaves, complete wilting of plants with almost dried leaves
and small dried black fruits hanging on the branch. 19 also
reported stunted growth with rare flowering as well as wilting
within very short period of time.

The findings of the present study agreed with 71, [% reported
that F. solani and Macrophomina phaseoli either individually
or in combination can cause wilt in guava. Guava wilt is also
reported from various countries such as South Africa 2],
Brazil (Junqueira et al., 2001), Pakistan 2 Bangladesh % and
Canberra, Australia [,

Morphological characterization of Fusarium spp.

A total of six isolates were isolated from the roots of wilted
guava plants and were morphologically identified as
Fusarium species (Plate 2). The mycelium of the Fusarium
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isolates were white in colour with a mat like appearance on
PDA except the isolate F4 which was slightly pinkish. Macro
and micro conidia were observed for all the 6 isolates.
Microconidia were single, oval to reniform shaped without
any septation (Plate 3 and Table 1) and size ranged from 6.50
- 14.50 x 2.50 - 3.50 um. Macroconidia were falcate to almost
straight, usually 3 septate, rarely 4-5 septate, thin walled,
pointed at both ends and in few cases slightly curved. The
dimensions of macroconidia ranged from 20.27 - 40.50 x 5.00
- 6.75 um (Plate 3 and Table 1). All the isolates produced
thick walled, both terminal and intercalary, globose, smooth
and single celled chlamydospores (Plate 3). The isolates were
identified as F. solani with the presence of long and
unbranched monophialides, cream mycelia that may vary in
pigmentation as well as using the size and shape of macro and
microconidia. The radial growth in diameter varied from 5.8
to 7.0 cm at 7 days after inoculation at a temperature of 28 + 2
°C. The fungal morphological characters were compared with
the description given by [ and morphologically confirmed as
F. solani. The genus Fusarium contains a number of soil
inhibits species with worldwide distribution and known to be
important plant pathogen 2% reported that F. solani was the
causal organism for guava wilt. F. oxysporum f. sp. psidii and
F. solani are the important fungal pathogens to cause wilt
disease by 1% and 24,

E F

Plate 2: a-f different isolates of f. solani.

Plate 3: Conidia and chlamydospores of f. solani: a) macro and micro

conidia and b) chlamydospores

Table 1: Macroconidia and Microconidia measurement and colony colour of 6 isolates of Fusarium solani isolates on PDA medium.

S. Isolates Macroconidia (Length and Microconidia (Length and Chlamydospores | Colour Colony diameter
No breath pm) * breath pm) * 7t day (cm)

1 F1 20.25 - 41.50 and 5.00 - 6.50 pm 6.50 - 14.00 and 2.50 3.50 pm + White 7.0

2 F2 21.50 - 40.00 and 4.50 - 6.75 pm 7.50 - 16.50 and 2.50 4.00 um + White 6.0

3 F3 22.00 - 40.00 and 5.00 - 6.00 pm | 7.00 - 15.00 and 2.50 - 4.50 pm + White 7.0

4 F4 20.27 - 40.50 and 5.00 - 6.75 um | 8.00 - 16.50 and 1.00 - 3.00 um + Pink 6.50

5 F5 22.00 - 42.50 and 4.00 — 7.00 um | 6.50 - 17.00 and 3.50 - 4.50 um + White 5.80

6 F6 20.50- 38.50 and 4.50 - 6.00 pm | 6.00 - 15.50 and 2.50 - 4.00 um + White 6.0

*Dimensions obtained the average values of ten reading
+ - Present
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Pathogenicity

The pathogenicity of the isolates under study was proved in
artificially inoculated plants through stem hole technique.
This technique was proposed 26! for pathogenicity study in
guava. The wilting symptoms were recorded at 45 days after
inoculation. The establishment of infection varied within the
tested isolates of Fusarium. Among the six isolates, two
isolates (F1 and F3) were found to be highly pathogenic to
guava variety L-49. The infected plants showed the
characteristic wilting symptoms viz., chlorosis, wilting of
plant, yellowing and shedding of leaves. Similar pattern of
wilt was documented 2% 161, Reported that infected guava
plants died 3-4 weeks after infection whereas few plants took
6-8 months for complete wilting. Some trees required 16 days
for initiation of wilting in some cases 252 days required for
wilting (M. However, in the present study, some isolates (F2,
F4, F5 and F6) of Fusarium spp. artificially inoculated guava
plants does not shown symptoms and they was characterized
as not pathogenic. ! Too observed difference in pathogenicity
of Fusarium species. Among the 89 isolates of Fusarium sp.,
only F. oxysporum f. sp. psidii and F. solani were found
pathogenic to guava. 1! Observed wilting in healthy guava
plants inoculated with F. oxysporum f. sp. psidii and F.
solani.

Molecular characterization of Fusarium solani

In order to confirmation of Fusarium spp. the isolates F1 and
F3 (which were pathogenic to guava), were characterized with
two nuclear markers through PCR. The two marker (ITS1 and
ITS4) led to positive amplifications and sequencing for both
isolates. The amplicon size was approximately 560 bp for F.
solani ITS region (Plate 4). Amplified PCR products was
purified and partially sequenced (Chromous Biotech PVT Itd.
Bangalore, India). The sequences was deposited in BLAST
and Gen accession numbers were obtained (F1 MH590324
and F3 MH590695. Both isolates possessed 100 per cent
similarity of identity with the orthologous sequence of F.
solani (accession number HQ 38439).

http://www.phytojournal.com

The total size of the ITS1 and 1TS4 regions, 5.8S rDNA gene
of the isolates varied from 380 to 620 bp 4 According to the
present study, distinguishing species of Fusarium based on
morphological characteristics were not reliable. 1% Also made
similar remarks suggesting molecular characterization for F.
solani using PCR analysis for proper identification.

M 1 2

~ 560 bp

Plate 4: PCR amplifications of conserved regions of f. solani using
ITSI and ITS4 promer. M) 1 kb ladder, lane 1&2) f. solani isolates

Phylogenetic tree

Phylogenetic reconstructions were performed with F1 and F3
isolates using the neighbor-joining method Bl The present
study, an approximately 560 bp DNA fragment of internal
transcribed spacer of F. solani isolates were amplified and
partially sequenced. Sequences were aligned with other
Fusarium species obtained from GenBank database and
phylogenetic tree was constructed. The Maximum Likelihood
tree (Fig 1) was highly resolved and showed that the present
study populations F1 (MH590324) and F3 (MH590695) of F.
solanii we studied formed a clade together with sequences
other F. solani (HQ384397) isolates retrieved from GenBank
database. Separate clades were formed for other species of
Fusarium with high bootstrap support 2%,

429: Fusarium solani MH590324 ] .
s Fusarium solani MH590695 Study isolates

Fusarium solani HQ384397

3 10 { Colletotrichum gloeosporioides LC383994
18 Colletotrichum gloeosporioides AJ311884

Fusarium solani KY432816

Fusarium oxysporum f. sp. niveum FJ985645

7 { Fusarium oxysporum MH368295
30 Fusarium oxysporum MK224484

430: Fusarium redolens f. sp. dianthi MH869606
3% Fusarium redolens f. sp. dianthi MH858041

Fusarium udum MK575503

93— Fusarium oxysporum f. sp. vasinfectum AY997771
L Fusarium oxysporum f. sp. vasinfectum AY997773

100 — Fusarium oxysporum f. sp. cubense AF008529
L Fusarium oxysporum f. sp. cubense AF008528

Fusarium oxysporum f. sp. lentis KU671035.1

24 { Fusarium oxysporum f. sp. chrysanthemi FJ883664
100 Fusarium oxysporum f. sp. chrysanthemi FJ883657

Fusarium sp: KX599248

Fig 1: Maximum likelihood tree after an alignment of consensus sequences based on the ITS region of Fusarium solani identified in this study.
Newly obtained sequences in this study are in labelled as study isolates. Analysis was done using 1000 bootstrap replicates. The bootstrap
support value for each clade is indicated on the nodes
~ 1234~
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Conclusion
The survey of wilt infected guava orchards in Karamadai

resulted

in collection, isolation and characterization of

Fusarium solani based on morphological and molecular
techniques. Wilt itself being a dreadful disease of guava,
association with nematodes results in high level of damage to
the crop. In this scenario, proper identification of causal
organism is mandatory for devising effective management

strategies.

References

1. Aneja KR, Micrometry. In: Experiments in
Microbiology, Plant Pathology and Biotechnology.

10.

11.

12.

13.

14,

15.

16.

Section V. 4" ed., New Age Int. Publ. 2003, pp.61-65.
Ansar M, Saleem A, Ighal A. Cause and control of guava
decline in Punjab (Pakistan). Pak. J. Phytopathol. 1994;
6:41-44.

Altschul, Stephen F., Warren Gish, Webb Miller, Eugene
W. Myers, and David J. Lipman. Basic local alignment
search tool. Journal of molecular biology. 1990;
15(3):403-410.

Burgess LW, Wearing AH and Toussoun, TA. Surveys of
the Fusaria associated with crown rot of wheat in eastern
Australia. Australian Journal of Agricultural Research.
1975; 26:791-799.

Das Gupta SN, Rai JN. Wilt disease of guava (Psidium
guyava L.) Current Science. 1947; 16(8):256-258.

Doyle JJ, Doyle JL. Isolation of Plant DNA from Fresh
Tissue. 1990; 12:13-15.

Dwivedi SK, Dwivedi P. Wilt disease of guavaa national
problem. Journal of Applied Horticulture. 1999; 1:151-
154,

Gerlach W, Nirenbarg H. The genus fusarium A pictorial
atlas. Kommissionsverlag P. parey, Berlin, 1982. ISBN:
3489209001.

Gupta VK. Molecular characterization of Fusarium wilt
pathogens of guava (Psidium guajava L.) using RAPD
and microsatellite maker. Ph.D. Thesis, CISH-AU, UP,
India, 2010.

Gupta VK, Misra AK Gaur RK, Jain PK, Gaur D,
Sharma S. Current status of Fusarium wilts disease of
guava (Psidium guajava L.) in India. Biotechnology.
2010; 9:176-195.

Gupta VK, Misra AK. Fusarium chlamydosporum,
causing wilt disease of guava (Psidium guajava L.) in
India. Archives of phytopathology and plant protection.
2012; 45(20):2425-2428.

Hamiduzzaman MM, Meah MB, Ahmad MU. Effect of
Fusarium oxysporum and nematode interaction on guava
wilt. Bangladesh J. Plant Pathol. 1997; 13(1-2):9-11.
Jaiswal VS, Amin MN. Guava and Jack fruit. In
Biotechnology of Perennial fruit crops (End). F.A.
Hammerselag and R.E. Litz. CAB international,
Wallingford U. 1992, 421-431.

Lim TK, Manicom BQ. Diseases of guava, In: R.C.
Ploetz (ed.). Diseases of tropical fruit crops. CABI
Publication, Wallingford, UK. 2003; p.275-289.

Mishra, Rupesh K, Brajesh K, Pandey M, Muthukumar
Neelam Pathak, Mohammad Zeeshan. Detection of
Fusarium wilt pathogens of Psidium guajava L. in soil
using culture independent PCR (ciPCR). Saudi journal of
biological sciences. 2013; 2(1):51-56.

Misra AK, Pandey BK. Progressive natural wilting of
guava plants during different months, Indian
Phytopathology. 2000; 53:423-427.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

~1235~

http://www.phytojournal.com

Misra AK, Pandey BK. Wilt of guava and associated
pathogens. Ind. J. Mycol. Plant Pathol. 1996; 22:85-86.
Misra AK. Shukla SK. Assessment of loss due to Guava
wilt around Lucknow. Nat. Seminar on Production and
Post-Harvest Technology of Guava. Dept. Hort. CSAUA
& T Kanpur, 2002, 34-35.

Misra AK, Pandey BK. Pathogenicity and symptom
production of wilt disease of guava by a new plant
pathogen Gliocladium roseum proceeding of the
international conference on integrated plant disease
management for sustainable agriculture, nov 10-15, IARI
New Delhi, India. 1997, Pp.319-319.
Nelson PE. History of Fusarium
Phytopathology. 1991; 81:1045-1051.
Prasad N, Mehta PR, Lal SB. Fusarium wilt of guava
(Psidium guajava L.) in Uttar Pradesh, India. Nature,
1952; 169:753.

Poornima, K, Suresh, P, Kalaiarsan, P, Subramanian, S
and Ramaraju, K. Root Knot Nematode, Meloidogyne
enterolobii in Guava (Psidium guajava L.)-A New
Record from India. Madras Agriculture Journal. 2016;
103(10-12): 359-365.

Rajan S, Yadava LP, Kumar RAM, Saxena SK. GIS
based diversity analysis of guava growing distribution in
Uttar Pradesh. Acta Horticulture. 2007; 735:109-113.
Singha IM, Umi BG, Kakoty Y, Das J, Wann SB, Singh
L, Kalita MC. Evaluation of in vitro antifungal activity of
medicinal plants against phytopathogenic fungi. Archives
of Phytopathology and Plant Protection 2011;
44(11):1033-1040.

Sambrook J, Fritsch EF, Maniatis T, Molecular cloning: a
laboratory manual, 2™ ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY, 1989.

Schoeman MH, Benade E, Wingfield MJ. The symptoms
and cause of Guava wilt in South Africa. J. Phytopathol.
1997; 145:37-41.

Suhag LS. Observations in guava decline in Haryana and
its control. Pesticides. 1976; 10:42-44.

Sharma N, Sharma KP, Gaur RK, Gupta VK. Role of
chitinase in plant defense. Asian J Biochem. 2011; 6:29-
37.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S. MEGA5 Molecular evolutionary genetics
analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Molecular
Biology. 2011; 28:2731-2739.

White TJ, Bruns T, Lee S, Taylor JW. Amplification and
direct sequencing of fungal ribosomal RNA genes for
phylogenetic. In: PCR Protocols: A Guide to Methods
and Applications, eds. Innis, MA, Gelfand DH, Sninsky
JJ, White TJ. Academic Press, Inc., New York, 1990, pp.
315-322.

systematics.


http://www.phytojournal.com/

