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Effect of large-scale planting water hyacinth on cultivable
bacterial community structure in the eutrophic lake
ZHENG You-Kun LIU Kai XIONG Zi-Jun MIAO Cui-Ping CHEN You-Wei
XU Li-Hua ZHAO Li-Xing"

(Key Laboratory of Microbial Diversity in Southwest China, Ministry of Education, Yunnan Institute of Microbiology, Yunnan
University, Kunming, Yunnan 650091, China)

Abstract: [Objective] To investigate the impact of large-scale planting water hyacinth (Eichhornia
crassipes) on the cultivable bacterial community structure and diversity in the ecutrophic lake.
[Methods] Diluting plate counting method was applied to monitor the cultivate bacteria communities
in three water hyacinth planting areas composed of purple root water hyacinth planting area (ZW),
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wild-type water hyacinth planting area (PW) and non-planting sites (control, CK), and then the 16S
rRNA gene of the isolates were sequenced. [Results] 54, 49 and 40 isolates with various morphological
characteristics were obtained from ZW, PW and CK, respectively. The Shannon-Wiener diversity
indexes were 3.17, 3.07 and 2.73, respectively. And the quantities of the culturable bacterial in ZW, PW
and CK were 1.35x10” CFU, 8.35x10° CFU, 2.70x10° CFU of per Liter, respectively. The 16S rRNA
sequencing result showed that at the common and dominant phylum species among the three sampling
sites were Alphaproteobacteria, which accounting for 35.1%, 32.4% and 40.0% of total culturable
bacteria, and Actinobacteria which accounting for 18.9%, 32.4% and 20.0%, and Betaproteobacteria
which accounting for 13.5%, 5.9% and 16%, and Gammaproteobacteria which accounting for 13.5%,
14.6% and 12.0%, and Bacteroidetes which accounting for, 13.5%, 8.8% and 8.0%, and Firmicutes
which accounting for 2.7%, 5.9% and 4.0%, respectively. Only ten genera Sphingopyxis, Rhodobacter,
Xanthobacter, Novosphingobium, Sphingomonas, Pseudomonas, Microbacterium, Steptomyces,
Flavobacterium and Bacillus were shared by all the three water samples. [Conclusion] This study
indicates that large-scale planting water hyacinth could both increase the cultivated bacterial diversity
and modify the bacterial community composition in the eutrophic lake.

Keywords: Water hyacinth (Eichhornia crassipes), Eutrophication, Lake Dianchi, Cultivable bacterial,
Community structure, Diversity
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Figure 1 Relative abundance of bacterial genera associated with three different water in Lake Dianchi
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Table 1 List of isolates from water of planting water hyacinth with purple root (ZW) in Lake Dianchi

OTU
Phylogenetic group Representative isolate Number of Nearest type strain Sequence
(Genus) (Accession No.) strains in OTUx* (Accession No.) identity (%)
Sphingopyxis YIM 101 1 S. wooponensis (HQ436493) 97.81
Bosea YIM 102 1 B. robiniae (FR774994) 99.04
Arenimonas YIM 103 1 A. aquaticum (GU332843) 99.04
Erythromicrobium YIM 104 2 E. ramosum (AF465837) 99.86
Microbacterium YIM 105 1 M. oleivorans (AJ698725) 98.63
YIM 106 1 M. maritypicum (AJ853910) 99.86
Rhodobacter YIM 107 4 R. johrii (AM398152) 97.26
Flavobacterium YIM 108 2 F. terrigena (DQ889724) 97.39
YIM 109 1 F. cheonhonense (GU295972) 99.56
Bacillus YIM 110 2 B. stratosphericus (AJ831841) 100
Brevundimonas YIM 111 3 B. staleyi (AJ227798) 98.63
YIM 112 1 B. intermedia (AJ227786) 98.21
YIM 113 1 B. nasdae (AB071954) 100
Niastella YIM 114 1 N. populi (EU877262) 94.35
Xanthomonas YIM 115 1 X. translucens (CAPJ01000550) 99.73
Xanthobacter YIM 116 2 X. flavus (X94199) 99.86
Rubrivivax YIM 117 2 R. gelatinosus (D16213) 99.86
Pseudomonas YIM 118 1 P. scichorii (Z76658) 99.73
YIM 119 2 P. savastanoi (AB021402) 100
Hydrogenophaga YIM 120 1 H. defluvii (AJ585993) 99.18
Azospirillum YIM 121 1 A. humicireducens (JX274435) 97.91
Novosphingobium YIM 122 2 N. subterraneum (AB025014) 100
Chitinophaga YIM 123 1 C. sancti (AB078066) 98.90
Sphingomonas YIM 124 1 S. insulae (EF363714) 97.39
Amaricoccus YIM 125 2 A. kaplicensis (U88041) 97.94
Caulobacter YIM 126 2 C. segnis (CP002008) 99.73
Herbaspirillum YIM 127 1 H. seropedicae (Y10146) 99.59
YIM 128 1 H. aquaticum (FJ267649) 99.86
Micrococcus YIM 129 2 M. flavus (DQ491453) 100
Streptomyces YIM 130 3 S. rubiginosohelvolus (AB184240) 99.86
YIM 131 1 S. fulvissimus (CP005080) 100
YIM 132 1 S. cyaneofuscatus (AY999770) 100
Variovorax YIM 133 1 V. boronicumulans (AB300597) 98.35
Kocuria YIM 134 1 K. rosea (X87756) 99.45
Pedobacter YIM 135 1 P. alluvionis (EU030688) 98.99
Shewanella YIM 136 1 S. oneidensis (AE014299) 99.45
Deinococcus YIM 137 1 D. aquaticus (DQO017708) 99.73
Note: *: OTUs generated a 16S rRNA percent identity value of=97%.
o (Alphaproteobacteria  35.1%) 11 10
10 (Actinobacteria 18.9%) 6 Actinobacteria
B (Betaproteobacteria  13.5%) (Streptomyces) (Microbacterium)
6 Y (Gammaproteobacteria (Micrococcus) (Kocuria)
13.5%) 6 (Bacteroidetes  13.5%) YIM 114 16S rRNA
2 (Firmicutes 2.7%) 1 97%
- (Deinococcus-Thermus) 97%-100% YIM 114 Niastella
Alphaproteobacteria populi (EU877262) 94.35%

(Brevundimonas)
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Figure 2 Phylogenetic Neighbor-Joining tree based on 16S rRNA gene sequences of cultivable bacterial from water of
planting water hyacinth with purple root (ZW) in Lake Dianchi
Note: GenBank accession numbers are shown in parentheses. Bootstrap values were calculated from 1 000 replications of Kimura
2-parameter, and bootstrap values higher than 50% are shown. The scale bar represents 0.05 changes per sequence position.
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Table 2 List of isolates from water of planting wild-type water hyacinth (PW) in Lake Dianchi

OTU
Phylogenetic group Representative isolate Number of strains Nearest type strain Sequence
(Genus) (Accession No.) in OTU* (Accession No.) identity (%)
Sphingopyxis YIM 201 1 S. wooponensis (HQ436493) 97.81
YIM 202 1 S. changbaiensis (EU682685) 96.03
Saccharopolyspora YIM 203 2 S. gloriosae (EU005371) 99.45
Rhizobium YIM 204 1 R. taibaishanense (HM776997) 98.27
YIM 205 2 R. borbori (EF125187) 97.81
Croceicoccus YIM 206 1 C. marinus (EF623998) 97.08
Thermomonas YIM 207 1 T. brevis (AJ519989) 97.67
Bosea YIM 208 1 B. robiniae (FR774994) 99.04
Erythromicrobium YIM 209 1 E. ramosum (AF465837) 99.86
Microbacterium YIM 210 4 M. maritypicum (AJ853910) 100
Rhodobacter YIM 211 3 R. johrii (AM398152) 97.25
Flavobacterium YIM 212 2 F. reichenbachii (AM177616) 97.13
YIM 213 1 F. terrigena (DQ889724) 97.39
YIM 214 1 F. macrobrachii (F1593904) 97.94
Bacillus YIM 215 1 B. altitudinis (AJ831842) 100
Exiguobacterium YIM 216 1 E. himgiriensis (JX999056) 98.35
Agromyces YIM 217 1 A. italicus (AY618215) 99.31
Xanthobacter YIM 218 1 X. flavus (X94199) 99.86
Simplicispira YIM 219 1 S. metamorpha (Y18618) 97.81
Pseudomonas YIM 220 2 P. koreensis (AF468452) 99.45
Novosphingobium YIM 221 1 N. subterraneum (AB025014) 100
Agrococcus YIM 222 2 A. jejuensis (AM396260) 99.86
Sphingomonas YIM 223 1 S. hankookensis (FJ194436) 97.53
Luteimonas YIM 224 2 L. aestuarii (EF660758) 98.33
Herbaspirillum YIM 225 1 H. aquaticum (FJ267649) 99.86
Micrococcus YIM 226 2 M. yunnanensis (FJ214355) 99.73
Arthrobacter YIM 227 1 A. nitroguajacolicus (AJ512504) 99.86
Aeromonas YIM 228 1 A. media (X74679) 99.45
Streptomyces YIM 229 3 S. griseorubiginosus (AB184276) 99.86
YIM 230 2 S. fulvissimus (CP005080) 100
YIM 231 1 S. cyaneofuscatus (AY999770) 100
YIM 232 1 S. sindenensis (AB184759) 99.86
Kocuria YIM 233 1 K. rosea (X87756) 99.45
Stenotrophomonas YIM 234 1 S. rhizophila (AJ293463) 99.45

Note: #: OTUs generated a 16S rRNA percent identity value 0of=97%.
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Figure 3 Phylogenetic Neighbor-Joining tree based on 16S rRNA gene sequences of cultivable bacterial from water of
planting wild-type water hyacinth (PW) in Lake Dianchi
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Table 3 List of isolates from non-planting sites (CK) in Lake Dianchi

OTU
Phylogenetic group Representative isolate No. of strains Nearest type strain Sequence
(Genus) (Accession No.) in OTU* (Accession No.) identity (%)
Sphingopyxis YIM 001 2 S. panaciterrae (AB245353) 97.81
YIM 002 1 S. ummariensis (EF424391) 96.26
YIM 003 1 S. wooponensis (HQ436493) 97.80
Duganella YIM 004 3 D. zoogloeoides (D14256) 99.59
Thermomonas YIM 005 2 T. brevis (AJ519989) 97.64
Microbacterium YIM 006 1 M. lacus (AB286030) 99.86
YIM 007 2 M. foliorum (AJ249780) 99.18
Rhodobacter YIM 008 3 R. johrii (AM398152) 97.26
Porphyrobacter YIM 009 1 P. donghaensis (AY559428) 99.45
Flavobacterium YIM 010 2 F. succinicans (AM230492) 98.07
YIM 011 1 F. macrobrachii (F1593904) 98.08
Bacillus YIM 012 4 B. stratosphericus (AJ831841) 100
Acidovorax YIM 013 1 A. radices (AFBG01000030) 99.18
Xanthomonas YIM 014 2 X. translucens (CAPJ01000550) 99.73
Xanthobacter YIM 015 1 X. flavus (X94199) 99.86
Pseudomonas YIM 016 2 P. koreensis (AF468452) 99.45
Novosphingobium YIM 017 1 N. subterraneum (AB025014) 100
Luteococcus YIM 018 1 L. peritonei (AJ132334) 99.72
Sphingomonas YIM 019 2 S. endophytica (HM629444) 99.86
Vogesella YIM 020 1 V. indigofera (AB021385) 99.72
Caulobacter YIM 021 1 C. segnis (CP002008) 100
Sphingobium YIM 022 1 S. vulgare (FJ177535) 98.08
Steptomyces YIM 023 2 S. microflavus (AB184284) 100
YIM 024 1 S. badius (AY999783) 99.86
Kinneretia YIM 025 1 K. asaccharophila (AY136099) 99.45

Note: *: OTUs generated a 16S rRNA percent identity value of=97%.
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