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Abstract:

Water hyacinth (Pontederia crassipes Mart.) is one of the most important invasive
weeds from Pontederiaceae in aquatic ecosystems, whose rapid spread severely
affects ecological balance, water quality, and the functioning of aquatic systems. The
present study was conducted to identify the fungi associated with this plant,
determine their phylogenetic position, and assess the pathogenicity of selected
isolates in the Tigris River ecosystem in the Nasiriya region of Dhi Qar Governorate,
Irag. For this purpose, samples were collected from infected or suspected infected
tissues of water hyacinth, together with surrounding water and sediments. The fungal
isolates were purified and identified based on morphological characteristics.
Following ecological analyses and pathogenicity assays, the pathogenic species were
also phylogenetically examined using the ITS region through Bayesian inference,
Maximum Likelihood, and Minimum Evolution methods. In total, nine fungal taxa
were identified, including Alternaria alternata, Bipolaris sp., Colletotrichum
truncatum, Curvularia lunata, Cu. spicifera, Fusarium chlamydosporum,
Stemphylium botryosum, Stilbocrea sp., and Ulocladium chartarum. Among them,
four fungi, namely Bipolaris sp., Co. truncatum, Cu. spicifera, and F.
chlamydosporum, caused brown lesions and reduced the fresh and dry weight of the
plant in pathogenicity tests. Among these taxa, Bipolaris sp. showed the greatest
ability to weaken water hyacinth, while Co. truncatum and Cu. spicifera also
exhibited distinct pathogenic behavior. In contrast, Ste. botryosum, despite its
relative abundance, was not pathogenic. The results of this study indicated that water
hyacinth in the Tigris River ecosystem hosts a diverse spectrum of fungi with
different ecological roles, some of which may be considered as potential candidates
for the biological control of this invasive weed. However, the use of these fungi in
biological control requires evaluation of their host range and biosafety.
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Extended Abstract
Introduction

Water hyacinth (Pontederia crassipes [Mart.] Solms) is
considered one of the most problematic invasive aquatic
weeds worldwide because of its rapid spread, prolific
vegetative growth, and strong capacity to alter aquatic
habitats (Villamagna & Murphy, 2010). Dense infestations of
this weed reduce water flow, interfere with irrigation and
navigation systems, decrease native biodiversity, and
negatively affect water quality and ecosystem functioning.
In addition to these ecological impacts, the dense plant mats
formed by P. crassipes create favorable microhabitats for a
wide range of associated microorganisms, including fungi
with pathogenic, endophytic, or saprotrophic lifestyles
(Téllez et al.,, 2008). Although water hyacinth has been
extensively studied in many tropical and subtropical regions,
information on the fungal communities associated with this
invasive host in Iragi freshwater ecosystems remains limited.
Such knowledge is important not only from the standpoint
of fungal biodiversity, but also because naturally occurring
pathogenic fungi may contribute to environmentally
compatible management strategies for this invasive species.
In plant pathology and weed biocontrol research, the
discovery of native or naturally associated fungal pathogens
is often regarded as an important first step toward
developing biological control options, provided that host
specificity and biosafety are carefully verified (Charudattan,
2001; Dagno et al., 2012). The present study was conducted
to identify fungi associated with water hyacinth in the Tigris
River ecosystem in the Nasiriyah region of Dhi Qar
Governorate, Irag, to determine their phylogenetic position
using ITS sequence data, and to evaluate the pathogenicity
of selected isolates on water hyacinth. The work also aimed
to provide a preliminary assessment of the fungal
assemblage associated with infected host tissues and the

surrounding aquatic environment.

Materials and Methods

Samples were collected from water hyacinth plants
growing in the Tigris River ecosystem in the Nasiriyah
region, Dhi Qar Governorate, Irag. Isolation was performed
from symptomatic or suspected infected tissues, including
leaves, stems, and roots, as well as from the surrounding
water and sediments. This sampling strategy was designed
to recover fungi occupying both host tissues and adjacent
substrates, as commonly recommended in studies of aquatic
and plant-associated fungal diversity (Hyde et al., 2014).
Recovered isolates were purified and initially identified
using morphological and cultural characteristics. Colony
morphology and microscopic structures were examined
according to standard mycological procedures (Alcorn,
1988; Crous, Lombard, et al., 2021; Ellis, 1971; Leslie &
Summerell, 2006; Sivanesan, 1987). Pathogenicity tests
were carried out under controlled conditions. Following
inoculation, plants were monitored for symptom
development. In addition, reductions in root wet and dry
weight, foliage wet and dry weight, biomass wet and dry
weight, and tissue (root, stem, and leaf) colonization were
recorded as indicators of disease impact and plant
weakening. The pathogenic species were selected for
molecular confirmation, using the internal transcribed spacer
(ITS) region of ribosomal DNA. The obtained sequences
were compared with reference sequences available in
GenBank. Phylogenetic relationships were inferred using
Bayesian inference, Maximum Likelihood, and Minimum
Evolution methods (Salmaninezhad et al., 2024). In addition
to taxonomic identification, ecological analyses were
performed to characterize the fungal assemblage associated
with water hyacinth. The frequency and abundance of
recovered taxa were determined, and community structure
was evaluated using rank—abundance patterns and alpha-
diversity indices, including species richness, Shannon
diversity, and Pielou’s

Simpson diversity, evenness

(Oksanen et al., 2025).

Results
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Morphological examination of the recovered isolates
identified nine fungal taxa associated with water hyacinth
and related samples from the study area. These taxa were
Alternaria alternata, Bipolaris sp., Colletotrichum
truncatum, Curvularia lunata, Cu. spicifera, Fusarium
chlamydosporum, Stemphylium botryosum, Stilbocrea sp.,
and Ulocladium chartarum. These fungi were recovered
from infected plant parts, including leaves, petioles, stems,
and roots, as well as from the surrounding water and
sediment. This study also represents the first report of Ste.
botryosum, Stilbocrea sp., and U. chartarum in association
with water hyacinth. Pathogenicity tests showed that four
taxa, namely Bipolaris sp., Co. truncatum, Cu. spicifera, and
F. chlamydosporum, caused disease symptoms on water
hyacinth. The inoculated plants developed brown necrotic
lesions, and infection by these fungi reduced both fresh and
dry plant weight. Among the pathogenic isolates, Bipolaris
sp. produced the most severe symptoms and the greatest
reduction in host vigor. Colletotrichum truncatum and Cu.
spicifera also caused clear disease symptoms, whereas F.
chlamydosporum showed a weaker but measurable
pathogenic effect. In contrast, Ste. botryosum did not induce
significant disease symptoms under the experimental
conditions. Based on the results of the pathogenicity assays,
the four pathogenic taxa were selected for molecular
confirmation. Internal transcribed spacers of rDNA (ITS)
sequence  analysis,

together ~ with  phylogenetic

reconstruction using Bayesian inference, Maximum
Likelihood, and Minimum Evolution methods, confirmed
the identity and phylogenetic position of Bipolaris sp., Co.
truncatum, Cu. spicifera, and F. chlamydosporum. The
ecological analysis was based on 108 fungal isolates
recovered from water hyacinth and associated samples.
Abundance and rank-abundance analyses showed
differences among the identified taxa in relative abundance
and dominance, while the Whittaker plot indicated a gently
sloping distribution pattern. In addition, alpha diversity
analysis based on species richness, Shannon index, Simpson

index, and Pielou’s evenness showed that the ascomycetous

community had moderate diversity and a relatively even

species distribution.

Discussion

The recovery of nine fungal taxa from water hyacinth and
associated samples shows that P. crassipes supports a
diverse fungal community in the Tigris River ecosystem.
Similar studies have shown that aquatic and semi-aquatic
plants can harbor complex fungal assemblages shaped by
host tissues and surrounding environmental conditions
(Hyde et al., 2014). In this study, Ste. botryosum, Stilbocrea

sp., and U. chartarum were recorded from water hyacinth for

the first time, expanding current knowledge of the fungi
associated with this invasive weed. The pathogenicity of
Bipolaris sp., Co. truncatum, Cu. spicifera, and F.
chlamydosporum is consistent with the known role of these
genera as plant-associated fungi that include important
pathogens (Adikaram & Yakandawala, 2020; Aneja et al.,
2013). Among them, Bipolaris sp. was the most aggressive
isolate, indicating greater potential to damage host tissues
and reduce plant vigor. By contrast, Ste. botryosum was
relatively abundant but non-pathogenic under the test
conditions, showing that isolation frequency did not
necessarily reflect pathogenic importance. This agrees with
previous observations that plant-associated fungi may differ
markedly in ecological function, ranging from pathogenic to
saprotrophic or opportunistic lifestyles (Ray & Hill, 2012;
Waipara et al., 2006). From an applied perspective, the
pathogenic taxa identified here may be considered
candidates for further evaluation in the biological
management of water hyacinth. However, pathogenicity
alone is not sufficient for practical use, and any candidate
fungus must be assessed for host range, specificity, and
biosafety before field application (Morin, 2020; Talhinhas &

Baroncelli, 2021).
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Table 1. List of isolates associated with water hyacinth collected from the Tigris River in Nasiriyah, Iraq.

GenBank
Species Isolate Matrix Location Longitude Latitude Accession no.
ITS

Alternaria alternata

SS06 Water 1402/06/01 46.1785E 31.0732N -

SS19 Stem 1402/06/04 46.1791E 31.0737 N -

Ss44 Leaf 1402/06/07 46.1797 E 31.0741N -

SS79 Sediment 1402/06/10 46.1803 E 31.0746 N -

SS80 Root 1402/06/13 46.1809 E 31.0751N -

SS86 Root 1402/06/16 46.1815E 31.0756 N -

SS100 Leaf 1402/06/19 46.1821E 31.0761 N -

SS114 Leaf 1402/06/22 46.1827E 31.0766 N -

§S213 Leaf 1402/06/25 46.1833 E 31.0771N -

§S221 Sediment 1402/06/28 46.1839E 31.0776 N -

S$S631 Water 1402/07/01 46.1845E 31.0781 N -

SS111 Water 1402/07/04 46.1851E 31.0786 N -

SS11 Water 1402/07/07 46.1857E 31.0791 N -

SS15 Water 1402/07/10 46.1863 E 31.0796 N -

SS18 Water 1402/07/13 46.1869 E 31.0801 N -

SS88w Water 1402/07/16 46.1875E 31.0806 N -

SS34 Water 1402/07/19 46.1881E 31.0811 N -

SS77 Water 1402/07/22 46.1887E 31.0816 N -

SS661 Water 1402/07/25 46.1893 E 31.0821 N -

SS28 Water 1402/08/01 46.1905 E 31.0831N -

SS45s Stem 1402/08/04 46.1911E 31.0836 N -
Bipolaris sp.

SS75 Stem 1402/08/10 46.1923 E 31.0846 N -

SS94s Stem 1402/08/13 46.1929E 31.0851 N Pz014421

SS127 Stem 1402/08/16 46.1935E 31.0856 N -

SS217 Stem 1402/08/19 46.1941E 31.0861 N -

SS661 Root 1402/08/22 46.1947 E 31.0866 N -
Colletotrichum truncatum

SS73 Leaf 1402/02/05 46.1208 E 31.0459 N PX973505

SS33 Leaf 1402/02/09 46.1283 E 31.0424 N -

SS54 Leaf 1402/02/14 46.1237E 31.0492 N -

SS99 Stem 1402/02/20 46.1261E 31.0471N -

SS119 Stem 1402/02/25 46.1117E 31.0389 N -

SS115 Stem 1402/03/02 46.1149E 31.0402 N -

$S249 Stem 1402/04/02 46.1423 E 31.0664 N -

§S222 Sediment 1402/04/07 46.1451E 31.0682 N -
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Fusarium chlamydosporum

Curvularia lunata

Stemphylium
botryosum

Stilbocrea sp.

SS12
5543
5545

SS2
SS52
SS60
SS61
5589
SS90L
SS91
Ss101
SS55
SS76
$S321
55652
55666
SS81
S5193
SS131
SS90
$5329
$S921
$S110
SS21
5528s
SS29
$5196

SS98

SS91w
$592

SS95

SS97

SS112
$5109
$5102
$S181
S$S130
SS531
55348
55458
55444

SS76r
SS87
SS89w
SS32
SS34s
SS23
SS65
SS13
SS03
SS08
SS10

SS03|

Sediment
Water
Water

Leaf
Leaf
Leaf
Leaf
Leaf
Leaf
Leaf
Leaf
Leaf
Leaf
Sediment
Sediment
Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem

Root
Water
Water
Water
Water
Sediment
Sediment
Sediment
Sediment
Sediment
Root
Stem
Stem
Stem

Root
Root
Water
Water
Stem
Stem
Stem
Stem
Stem
Stem
Stem

Leaf

1402/04/11
1402/04/16
1402/04/20

1402/03/05
1402/03/07
1402/03/10
1402/03/13
1402/03/17
1402/03/20
1402/03/23
1402/03/26
1402/03/29
1402/04/03
1402/04/07
1402/04/10
1402/04/15
1402/01/15
1402/01/18
1402/01/21
1402/01/23
1402/01/26
1402/01/29
1402/02/02
1402/02/05
1402/02/08
1402/02/11
1402/02/18

1402/02/22
1402/02/26
1402/03/01
1402/03/05
1402/03/09
1402/03/14
1402/03/20
1402/04/10
1402/04/25
1402/03/05
1402/03/11
1402/03/15
1402/03/20
1402/03/25

1402/05/01
1402/05/06
1402/05/11
1402/05/15
1402/05/19
1402/05/23
1402/05/25
1402/06/02
1402/06/08
1402/06/14
1402/06/20

1402/07/03

46.1486 E
46.1509 E
46.1520 E

46.0953 E
46.0986 E
46.1029E
46.1062 E
46.1125E
46.1178 E
46.1210E
46.1244 E
46.1288 E
46.1332E
46.1387E
46.1409 E
46.1422 E
46.0852 E
46.0897 E
46.0929 E
46.0965 E
46.0994 E
46.1037 E
46.1078 E
46.1109 E
46.1143 E
46.1186 E
46.1254 E

46.1291E
46.1328 E
46.1365 E
46.1401E
46.1427 E
46.1459 E
46.1492 E
46.1524 E
46.1550 E
46.1312E
46.1338 E
46.1361E
46.1377E
46.1390 E

46.1602 E
46.1628 E
46.1650 E
46.1667 E
46.1682 E
46.1695 E
46.1700 E
46.1740 E
46.1763 E
46.1781E
46.1798 E

46.1825E

31.0699 N
31.0715N
31.0723 N

31.0287 N
31.0301 N
31.0335N
31.0299 N
31.0368 N
31.0413 N
31.0426 N
31.0459 N
31.0483 N
31.0551N
31.0585N
31.0613 N
31.0621 N
31.0221 N
31.0254 N
31.0278 N
31.0302 N
31.0339N
31.0368 N
31.0391N
31.0419N
31.0442 N
31.0465 N
31.0519N

31.0543 N
31.0566 N
31.0592 N
31.0608 N
31.0620 N
31.0634 N
31.0642 N
31.0653 N
31.0658 N
31.0617 N
31.0632 N
31.0650 N
31.0665 N
31.0681 N

31.0731N
31.0742 N
31.0755N
31.0764 N
31.0770N
31.0782 N
31.0790 N
31.0800 N
31.0816 N
31.0831N
31.0848 N

31.0862 N

PX973507

Y.y




YA

SS49 Leaf 1402/07/10
Curvularia spicifera
SS126 Sediment 1402/07/15
SS134 Sediment 1402/07/22
SS124 Sediment 1402/08/04
SS05 Stem 1402/08/06
SS118 Stem 1402/08/11
SS123 Stem 1402/08/17
SS56 Root 1402/08/22
Ulocladium chartarum
SS88 Leaf 1402/11/28
SS94 Leaf 1402/12/02
SS24 Leaf 1402/09/05
Ss41 Leaf 1402/09/15
SS120 Leaf 1402/09/22

JAY=YYS ANFF Jlo /F—F 0,lod/5) o/ BLS los low

46.1841E 31.0876 N -
46.1863 E 31.0888 N PX973506
46.1880 E 31.0902 N -
46.1905 E 31.0916 N -
46.1920 E 31.0932 N -
46.1938 E 31.0946 N -
46.1952 E 31.0959 N -
46.1966 E 31.0971N -
46.1977E 31.0983 N -
46.1985E 31.0990 N -
46.1990 E 31.0994 N -
46.2005 E 31.0999 N -
46.2031E 31.1011 N -
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Figure 1. Symptoms of wilting and discoloration in water hyacinth collected from Nasiriyah, Irag. A: Browning and wilting of the

stem and root; B: Chlorosis of the whole plant.
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Figure 2. Morphological characteristics of the ascomycetous species recovered in this study. A-C: Alternaria alternata. A: catenate
conidial formation. B—C: conidia with transverse and longitudinal septa. D—F: Bipolaris sp. D: germinating conidia. E: conidia with
transverse septa. F: elongated conidium with seven transverse septa. G-I: Colletotrichum truncatum. G: seta. H: elongated conidia. I:
small two-celled conidia. J-K: Curvularia lunata. J: conidial formation. K: conidia with three transverse septa. L-M: Curvularia spicifera.
L: slightly curved conidia with six transverse septa. M: straight conidium with five transverse septa. N-Q: Fusarium chlamydosporum.
N: fusiform and elongated macroconidia. O: aggregation of conidia on the conidiophore. P: macroconidia with three transverse septa.
Q: chains of chlamydospores. R=S: Stemphylium botryosum R: conidial formation on the conidiophore. S: conidia with transverse and
longitudinal septa. T: conidial formation on the conidiophore in Stilbocrea sp. U-V: Ulocladium chartarum. U: three-celled conidium. V:

conidia with transverse and longitudinal septa. (Scale bars = 20 um in all panels except A, D, and G, where scale bars = 100 um).
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Figure 3. Development of brown lesions on the stem of water hyacinth, with relative progression into the plant tissue, 20 days after
inoculation with the ascomycetous species obtained in this study under greenhouse conditions. A, D, G, and J: healthy uninoculated
control plant. B: external view of the plant inoculated with Bipolaris sp. C: longitudinal section cut from the inoculated area, showing
the progression of Bipolaris sp. E: external view of the plant inoculated with Colletotrichum truncatum. F: longitudinal section cut from
the inoculated area, showing the progression of Colletotrichum truncatum. H: external view of the plant inoculated with Curvularia
spicifera. I: longitudinal section cut from the inoculated area, showing the progression of Curvularia spicifera. K: external view of the
plant inoculated with Fusarium chlamydosporum. L: longitudinal section cut from the inoculated area, showing the progression of

Fusarium chlamydosporum (scale bar = 10 mm).
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Figure 4. Pathogenic effects of different ascomycete species isolated from water hyacinth in the Tigris River, Iraq, on nine

pathogenicity traits and plant growth indices. A: Root wet weight; B: Root dry weight; C: Foliage wet weight; D: Foliage dry weight; E:

Biomass wet weight; F: Biomass dry weight; G: Root colonization percentage; H: Stem colonization percentage; I: Leaf colonization

percentage.
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Figure 5. Phylogenetic position of the ascomycetous isolates obtained from water hyacinth in the Tigris River, Iraq, among 29
ascomycetous species based on comparison of nucleotide sequences of the internal transcribed spacer region of ribosomal DNA (ITS)
in a Bayesian tree. Numbers at the branch nodes indicate Bayesian posterior probabilities and bootstrap percentages greater than or

equal to 50% for the maximum likelihood and minimum evolution methods. Isolates obtained in the present study are shown in bold.
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Figure 6. Pie chart of the relative abundance (%) of ascomycete species isolated from water hyacinth in the Tigris River, Irag. Each

sector represents the percentage contribution of each species to the total fungal community.
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Table 2. Abundance, relative abundance, and dominance rank of ascomycete species isolated from water hyacinth in the Tigris
River, Iraq. The Berger—Parker dominance index was calculated as the ratio of the abundance of the most dominant species to the

total number of isolates.

Species Isolate counts Relative abundance (%) Dominance rank
Fusarium chlamydosporum 24 24.24 1
Alternaria alternata 21 21.21 2
Curvularia lunata 14 14.14 3
Colletotrichum truncatum 11 11.11 4
Stemphylium botryosum 11 11.11 4
Curvularia spicifera 7 7.07 6
Ulocladium chartarum 5 5.05 6
Bipolaris sp. 4 4.04 8
Stilbocrea sp. 2 2.02 9
Total 108 100 —
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Figure 7. Whittaker (rank—abundance) plot of ascomycete species identified from water hyacinth in the Tigris River, Iraq. In this
plot, species are ordered by their abundance rank, and their relative abundances are presented on a logarithmic scale. The gentle

slope of the curve indicates high evenness and moderate diversity in the studied fungal community.
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