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Abstract—Fungal diseases significantly reduce the yield
and quality of Curcuma longa (turmeric). This study
employed high-quality genomic DNA extraction, ITS
region amplification and sequencing for molecular
identification of fungal pathogens associated with
diseased turmeric plants. PCR amplification yielded
distinct amplicons and sequencing followed by nBLAST
analysis identified ten isolates as Fusarium oxysporum,
F. solani, F. proliferatum, Aspergillus flavus,
Colletotrichum capsici, C. gloeosporioides, Alternaria
alternata, Pythium aphanidermatum, Rhizoctonia solani
and Aspergillus niger. Phylogenetic analysis using
MEGA X confirmed species-level identity for each isolate
with high bootstrap support. These results provide a
molecular basis for accurate diagnosis of turmeric
diseases and will aid in developing integrated disease
management strategies for this important medicinal
crop.

Index Terms—Curcuma longa, fungal pathogens, ITS
sequencing, nBLAST, phylogenetic analysis, disease
management.

I. INTRODUCTION

Fungal plant diseases threaten global food security and
medicinal crops. A recent review estimated that
eliminating crop losses caused by fungal pathogens
could feed nearly 600 million additional people [1].
Turmeric (Curcuma longa) suffers from rhizome rot
and leaf blight, which reduce yield and quality. In
India, Fusarium solani and Pythium aphanidermatum
are recognised causes of rhizome rot [4]. Accurate
diagnosis of the causal organisms is therefore essential
for effective disease management.

Traditionally, fungal pathogens are identified through
microscopic examination of morphological features.
However, morphology-based identification is labour
intensive, requires taxonomic expertise and can be
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unreliable for species complexes [2]. Morphological
similarity also obscures cryptic species of Fusarium,
Aspergillus and other genera, leading to misdiagnosis
[1]. Molecular barcoding of the internal transcribed
spacer (ITS) region of ribosomal DNA has emerged as
a widely accepted approach for fungal identification.
The universal primer pair ITS1-ITS4 flanks the highly
variable ITS1 and ITS2 regions around the 5.8S rRNA
gene and amplifies a broad range of fungi [2].
Combined with a reliable DNA extraction protocol,
ITS sequencing enables rapid, species-level
identification.

While ITS barcoding improves diagnostic accuracy,
current practices still have shortcomings. Reliance on
morphology remains costly in terms of time and
expertise [2][1]. The universal ITS1-ITS4 primer pair
does not exclude plant DNA, so contaminated samples
may yield mixed plant and fungal sequences [2].
Standard CTAB-based DNA extraction is effective but
time-consuming, expensive and involves hazardous
gradient centrifugation with ethidium bromide, which
can inhibit PCR [3]. These limitations highlight the
need for an optimized workflow that delivers
high-quality fungal DNA while avoiding hazardous
reagents and ensuring specificity.

This study combines optimized methods to generate a
reliable molecular inventory of fungal pathogens
infecting turmeric. Fungal isolates were collected from
diseased C. longa tissues and genomic DNA was
extracted using a refined CTAB protocol that is
cost-effective and safe [3]. The ITS region was
amplified using the universal ITS1-ITS4 primers [2].
Sequenced amplicons were subjected to nBLAST
searches for taxonomic assignment, and species
identities were confirmed through neighbour-joining
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phylogenetic analysis. By integrating improved DNA
extraction, ITS barcoding and phylogenetic
reconstruction, this study overcomes limitations of
morphology-based diagnosis and contributes data for
the management of turmeric diseases.

II. MATERIALS AND METHODS

A. Sample Collection and Isolation

Diseased leaves and rhizomes of C. longa exhibiting
wilting, rot or necrotic lesions were collected from
field plots. Tissue segments were surface-sterilised
and plated on potato dextrose agar (PDA) to isolate
fungal cultures. Pure cultures were obtained by
sub-culturing hyphal tips.

B. Genomic DNA Extraction

Genomic DNA was extracted from fresh mycelia
using a modified cetyltrimethylammonium bromide
(CTAB) protocol, which is cost-effective and safe for
diverse fungal species [3]. DNA purity was assessed
by spectrophotometric absorbance ratios (A260/A280)
and concentrations were estimated using a nanodrop.

C. ITS PCR Amplification

The ITS region was amplified using universal primers
ITS1 and ITS4, which flank the highly variable ITS1
and ITS2 regions [2]. PCR conditions included an
initial denaturation at 95 °C for 5 min, followed by 35
cycles of 95 °C for 30 s, 55 °C for 30 s and 72 °C for
1 min, with a final extension at 72 °C for 10 min.
Amplicons were visualised on 1 % agarose gels.

D. Sequencing and BLAST Analysis

PCR products were purified and sequenced
bidirectionally. Consensus sequences were assembled
and compared against the NCBI nucleotide database
using the BLASTn algorithm. Top hits with E-values
< le-5 and highest percentage identity and query
coverage were recorded.

E. Phylogenetic Analysis

Reference sequences corresponding to the top BLAST
matches were aligned with the query sequences using
ClustalW. Neighbour-joining trees were constructed
in MEGA X with 1,000 bootstrap replicates to confirm
species-level identity
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III. RESULTS

A. DNA Quantification and Purity

Genomic DNA extraction yielded high-quality DNA
with  A260/A280 ratios around 1.8. DNA
concentrations ranged from 70 to 100 ng mg' of
fungal biomass, sufficient for downstream PCR.
Variability in yield was linked to cell lysis efficiency
but consistent yields were obtained after optimisation.

B. ITS PCR Amplification and Sequencing

PCR amplification produced sharp single bands of
expected sizes for all isolates. Amplicons were
sequenced successfully and yielded high-quality ITS
sequences in FASTA format.

C. BLAST-Based Identification of Isolates

BLASTn analysis identified ten fungal isolates (Table
1). Fusarium oxysporum matched strain JX045827.1
with 100 % identity and coverage. F. solani matched
EF471740.1; F. proliferatum matched LS422786.1;
Aspergillus flavus matched 0OW984245.1;
Colletotrichum capsici matched KC565732.1; C.
gloecosporioides matched KX066883.1; Alternaria
alternata matched 0Q055256.1; Pythium
aphanidermatum matched OQ103419.1; Rhizoctonia
solani matched MW737660.1; and Aspergillus niger
matched LC573614.1. Sequence identity ranged from
99-100 % with full query coverage.

Table 1. Top BLAST matches for fungal isolates
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Top GenBank Identit
Isolate match Accession y (%)
Fusarium Fusarium JX045827.1 100
oxysporum oxysporum
Fusarium Fusarium EF471740.1 100
solani solani
Fusarium Fusarium LS422786.1 100
proliferatum proliferatum
Aspergillus Aspergillus OW984245. 100
Sflavus flavus 1
Colletotrichum Colletotrichum KC565732.1 100
capsici capsici
C. Colletotrichum KX066883.1 100
gloeosporioides | gloeosporioides
Alternaria Alternaria 0Q055256.1 100
alternata alternata
Pythium Pythium 0Q103419.1 | 100
aphanidermatu aphanidermatu
m m
Rhizoctonia Rhizoctonia MW737660. 100
solani solani 1
Aspergillus Aspergillus LC573614.1 100
niger phoenicis (used

for species

confirmation)
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D. Phylogenetic Analysis

Phylogenetic trees constructed using MEGA X
confirmed the identification of each isolate. Each
query sequence clustered with its corresponding
reference sequence with high bootstrap support (>90
%). Figures 1-10 show the neighbour-joining trees for
each isolate. The branch lengths and bootstrap values
indicate close evolutionary relationships between the
isolates and their reference strains.

EF495230.1:3-547 Fusarium oxysporum strain Ppf16 183 rib)

Fusarium oxysporum 11TS

ON8212451:1-545 Fusarium graminearum strain HGLDJZ s

MZET74462 1:2-546 Fusarium sp. strain SFD11 small subunit

PP5386264 1:2-546 Fusarium oxysporum strain GUCCGF12

MH911412.1:1-545 Fusarium oxysporum strain MF22472 sm

COMI77104.1:3-547 Fusarium oxysporum isclate [TS-CK2.2

OMN310805.1:1-545 Fusarium oxysporum isolate G4 small su|

AY188819.1:1-545 Fusarium oxysporum f. sp. melonis 18S ri

MK951708.1:5-550 Fusarium sp. strain 10AG small subunit rj

Figure 2 Confirmation of identified strain using
phylogenetic tree of Fusarium solani as Fusarium
solani 1 ITS

13422783 1:2-1421 Fusarium proliferatum genomic DNA|

Fusarium Proliferatum 11TS

KC119197.1:64-1484 Fusarium sp. KANPRO1 185 ribos

LT841250.1:1754-3174 Fusarium proliferatum partial 185

LT841264.1:1754-3174 Fusarium proliferatum partial 185

MG274294 1:4-1424 Fusarium proliferatum isolate 05010

LT746279.1:1-1421 Fusarium globosum genomic DNA s

KC119203.1:65-1485 Fusarium oxysporum strain KAMLQ

L5422788.1:3-1424 Fusarium proliferatum genomic DNA|

LT970810.1:6-1427 Fusarium proliferatum genomic DNA|

LS422786.1:1-1422 Fusarium proliferatum genomic DNA|

Figure 3 Confirmation of identified strain using
phylogenetic tree of Fusarium proliferatum as
Fusarium proliferatum 1 1TS

JX045827 1:1-546 Fusarium oxysporum strain F345 185 ribo)

Figure 1 Confirmation of identified strain using
phylogenetic tree of Fusarium oxysporum as
Fusarium oxysporum 1 ITS

MH348945 1:14-537 Fusarium solani isolate sed
Fusarium solani 11TS
MMB36714.1:1-524 Fusarium solani strain FS07

OMN158763.1:14-538 Fusarium solani strain BMA
100%

OP269803.1:18-542 Fusarium sp. strain HZ000:
KT876643.1:1-525 Fusarium solani isolate C10-
97% KY410238.1:18-542 Fusarium sp. strain NK-NH

EF471740.1:1-544 Fusarium solani strain bxg61

MME36634.1:1-526 Fusarium solani strain FS02

EF117321.1:23-549 Fusarium solani strain bxg637 inte|

KT876641.1:1-530 Fusarium solani isolate C10

—
0.00020

NR 171606.1:103-702 Aspergillus aflatoxiformans

Aspergillus flavus 1 ITS

OW983889.1:3-602 Aspergillus flavus genomic D

MT447493.1:27-626 Aspergillus sp. strain GFR324

PPT17829.1:10-609 Aspergillus flavus isolate SM-1

OW985075.1:1-600 Aspergillus flavus genomic DN

00Q422943.1:13-612 Aspergillus flavus isolate Sanf

OW988263.1:1-600 Aspergillus oryzae genomic D

OP584603.1:12-611 Aspergillus sp. isolate 3.20 sn|

OR553249 1:27-626 Aspergillus sp. isolate EP357

OW984245 1:1-600 Aspergillus flavus genomic DN
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Figure 4 Confirmation of identified strain using
phylogenetic tree of Aspergillus flavus as Aspergillus
favus 1 1TS

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4038



© November 2025]| IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002

KC565732.1:1-520 Colletotrichum capsici strain CcOTNAU i
KC565714.1:1-519 Colletotrichum capsici strain Cc1TNAU i
KC565727.1:3-520 Colletotrichum capsici strain Cc8TNAU |

KC565736.1:3-523 Colletotrichum capsici strain Cc13TNAY
100%

KC565724.1:1-514 Colletotrichum capsici strain Cc3TNAU i

KC565725.1:1-510 Colletotrichum capsici strain Cc4TNAU i

KC565726.1:2-521 Colletotrichum capsici strain Cc|

KT004507.1:34-541 Colletotrichum curcumae internal trans

Colletotrichum capsici 1 TS
MF278791.1:25-540 Colletotrichum curcumae strai
99% | KX499469.1:53-572 Colletotrichum curcumae strai

=

0.00050

KT269165.1:18-607 Alternaria sp. isolate P1896 185 rib

Alternaria alternata 1 ITS

MK828116.1:724-1313 Alternaria infectoria strain 41 sm

MN402464.1:19-608 Alternaria alternata isolate SQCM-0|

KU182490.1:19-608 Alternaria alternata 18S ribosomal H

JQ346802 1:22-611 Uncultured Alternaria clone d130 4

MT505872.1:77-666 Alternaria alternata strain PPRI:264

HG936476.1:19-608 Uncultured Alternaria genomic DNA

ONOT74757 1:125-714 Alternaria infectoria strain CN0O11A

MT505883.1:69-658 Alternaria alternata strain CMVOOTE]

0Q055256.1:1-590 Alternaria alternata strain GUTC17 5

Figure 5 Confirmation of identified strain using
phylogenetic tree of Colletotrichum capsici as
Colletotrichum capsici 1 ITS

Figure 7 Confirmation of identified strain using
phylogenetic tree of Alternaria alternata as
Alternaria alternata 1 ITS

1IN390871.1:4-537 Colletotrichum sp. [TCC 6166 185 nibosomal RNA gene partial

.-M §§0922.1 84-627 Colletotrichum asianum strain MEF82B small subunit riboso

I?DSEGJ:Z—ESE Colletotrichum sp. ITCC 6160 18S ribosomal RNA gene partial

KXQ§6883.1:1-531 Colletotrichum gloeosporicides isolate NFCCI 3061 18S ribosq

YT KX066891.1:9-541 Colletotrichum gloeosporioides isolate MTCC 846

- “_JI_I‘\IBQDSEB.1:4-53? Colletotrichum sp. ITCC 6163 18S ribosomal RNA gene partial

_COHFtotnchum gl11TS

. -1 KF938897.1:20-549 Colletotrichum gloeosporioides strain BHU BTP1

MG?EGGESJ:W-E% Colletotrichum endophyticum isclate AVS09 sm.
F164528.1:6-535 Colletotrichum boninense clone 1S0J83 small suly

828.1:4-533 Colletotrichum gloeosporicides strain ALE-9 smal

—

0.00050

JF775593.1:8-815 Pythium aphanidermatum strain Lahijan 1

Pythium aphanidermaticum 1 TS

PP907139.1:6-813 Pythium aphanidermatum isolate D21-27]

PP236765.1:7-814 Pythium aphanidermatum isolate D21-2§

PP829261 1:7-814 Pythium aphanidermatum isolate D 21-2

AY588622.2:1765-2572 Pythium aphanidermatum strain CB

KP063123.1:4-811 Pythium aphanidermatum isolate KC3.3

0Q103418 1:16-824 Pythium aphanidermatum strain DgF03

AJ628984.1:1-809 Pythium aphanidermatum [TS1 5.85 rRN

0Q103417.1:27-835 Pythium aphanidermatum strain DgF0

0Q1023419.1:7-815 Pythium aphanidermatum strain DgF03

Figure 6 Confirmation of identified strain using
phylogenetic tree of Colletotrichum gloeosporioides
as Colletotrichum gloeosporioides 1 ITS
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Figure 8 Confirmation of identified strain using
phylogenetic tree Pythium aphanidermatum as
Pythium aphanidermaticum 1 1TS
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0Q878375.1:27-649 Ceratobasidium sp. AG-F isolate A-D.
JF701743.1:20-642 Rhizoctonia solani isolate RKLC4 inter
KX583262.1:23-645 Rhizoctonia solani strain RhDAG20 in

100%, | KF841441 1:83-705 Rhizoctonia sp. AG-F strain VRU-R1 1

MWW498395.1:35-857 Rhizoctonia solani isolate ARS-13 sn

KX583263.1:24-646 Rhizoctonia solani strain RhDAG21 inf]

IMWW498394.1:57-680 Rhizoctonia solani isolate ARS-2 sm

KX583261.1:33-655 Rhizoctonia solani strain RhDAGT2 inf]

JF701743.1:645-681 Rhizoctonia solani isolate RKLC4 internal transcri

MWT37660.1:1-624 Rhizoctonia solani clone MaHu-1 inter
6%

JX454671.1:1-616 Rhizoctonia solani isolate RS3 185 nbo;
100%

Rhizoctonia solani 1 ITS

—
0.00020

Figure 9 Confirmation of identified strain using
phylogenetic tree of Rhizoctonia solani as
Rhizoctonia solani 1 ITS

EFB61185.1:1-1144 Aspergillus niger isolate NRH

Aspergillus niger 1 ITS

ON231639.1:1-1144 Aspergillus niger strain LJJ1

LC573582.1:19-1162 Aspergillus ficuum NERC:4

a5, | ON231636.1:1-1144 Aspergillus niger strain LJJ1

OL711714.1:147-1290 Aspergillus welwitschiae {

ON231644.1:1-1144 Aspergillus niger strain LJJ1

LC573614.1:26-1169 Aspergillus phoenicis NBR|

ON231640.1:1-1144 Aspergillus niger strain LJJ1

ON231638.1:1-1144 Aspergillus niger strain LJJ1

AM270051.1:68544-69687 Aspergillus niger conti

18% | AM270051.1:76503-76751 Aspergillus niger contj

010

Figure 10 Confirmation of identified strain using
phylogenetic tree of Aspergillus niger as Aspergillus
niger 1 ITS
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IV. DISCUSSION

Accurate identification of fungal pathogens is
essential for understanding disease epidemiology and
developing effective control strategies. In this study
we identified ten fungal species associated with
diseased turmeric plants using ITS sequencing and
phylogenetic analysis. The dominance of Fusarium
species corroborates earlier reports of Fusarium
causing wilt and rot diseases on a wide range of host
plants [5]. F. solani and Pythium aphanidermatum are
known pathogens of turmeric rhizome rot in India [4],
and their presence in this study underscores the
importance of managing soil-borne inoculum.
Colletotrichum gloeosporioides and C. capsici cause
anthracnose and leaf spot diseases on many crops and
are widely disseminated pathogens [6][7]. The
detection of Alternaria alternata, a ubiquitous
saprophytic and plant-pathogenic fungus [9], suggests
that opportunistic foliar pathogens also colonise
turmeric. Aspergillus flavus and A. niger are common
environmental  fungi capable of producing
mycotoxins, posing postharvest contamination risks
[8]. Rhizoctonia solani, a soil-borne fungus with a
broad host range [11], was also isolated, indicating
potential seedling and stem rot issues in turmeric
cultivation.

The identification of Pythium aphanidermatum further
highlights the role of oomycete pathogens in
damping-off and root rot diseases. Pythium species are
favoured by high soil moisture and warm
temperatures, with optimum development between 28
and 31 °C [10]. Integrated disease management
practices such as field sanitation, crop rotation,
fungicide treatments and the use of resistant cultivars
are recommended to mitigate these diverse pathogens.

V. CONCLUSION

This study provides molecular confirmation of fungal
pathogens associated with Curcuma longa using ITS
sequencing. The identified species include wilt and
rot  pathogens  (Fusarium  spp., Pythium
aphanidermatum, Rhizoctonia solani), anthracnose
and leaf spot pathogens (Colletotrichum spp.,
Alternaria alternata), and opportunistic storage fungi
(Aspergillus  spp.). Implementing molecular
diagnostics will aid in rapid disease detection and
management. Future research should explore the
pathogenicity of these isolates on turmeric, evaluate
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resistant cultivars and develop eco-friendly control
strategies.
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