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Wet rot affects organic banana crops in the northern tropical region of 
Peru. Several bacteria have been reported to cause wet rot on different crops, 
leading to severe problems, particularly in humid climates. Bacteria infect the 
banana pseudostem through wounds caused during plant pruning and insect 
bites. Knowledge about bacteria identifi cation that causes wet rot may provide 
a valuable tool for controlling this issue. The present study explored the primary 
bacterial component of banana pseudostem wet rot samples at three localities 
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in the Sullana province of Piura, using 16S rRNA gene sequencing. A total of 
one hundred and thirty-six sequence data were obtained from the three Sullana 
localities: forty sequences of bacterial isolates from the Querecotillo locality 
sample, forty-eight from Mambre, and Salitral each. The genus Klebsiella of the 
Enterobacteriaceae family was identified as the main bacterial component in 
organic banana pseudostem wet rot. This finding reinforces the need to continue 
with studies that provide evidence of the bacterial role of the genus Klebsiella.

Keyword: Wet rot – 16S rRNA – Banana organic – Klebsiella

La pudrición blanda afecta los cultivos de banano orgánico en la región 
tropical del norte de Perú. Se ha informado que varias bacterias causan pudrición 
blanda en diferentes cultivos, lo que lleva a problemas graves, particularmente 
en climas húmedos. Las bacterias infectan el pseudotallo del plátano a través 
de heridas causadas durante la poda de plantas y picaduras de insectos. El 
conocimiento sobre la identificación de bacterias que causan la pudrición blanda 
puede proporcionar una herramienta valiosa para controlar este problema. El 
presente estudio exploró el componente bacteriano primario de muestras de 
pudrición blanda del pseudotallo del banano en tres localidades de la provincia 
Sullana de Piura, utilizando la secuenciación del gen 16S rRNA. Se obtuvieron 
un total de ciento treinta y seis datos de secuencia de las tres localidades de 
Sullana: cuarenta secuencias de aislados bacterianos de la muestra de la 
localidad de Querecotillo y cuarenta y ocho de Mambre y Salitral, cada una. 
El género Klebsiella de la familia Enterobacteriaceae fue identificado como el 
principal componente bacteriano en la pudrición blanda del pseudotallo del 
plátano orgánico. Este hallazgo refuerza la necesidad de continuar con estudios 
que aporten evidencia del papel bacteriano del género Klebsiella. 

Palabra clave: Pudrición blanda – ARNr 16S – Plátano orgánico – Klebsiella

RESUMEN
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INTRODUCTION
Banana and plantain (Musa sp.) are 

the fourth most important food crop 
with a fastest-growing in agricultural 
production and world trade (Food 
and Agricultural Organization of the 
United Nations (FAO), 2020). Over 
the past decade, the organic banana 
of Cavendish triploid variety crops 
promoted economic growth in Sullana 
province on the tropical coast of Peru, 
categorize the country among the 
main producers in Latin America and 
the Caribbean (MINAGRI, 2014).

However, several phytopathogens 
affect banana crops with a negative 
impact on performance and produc-
tivity. These are influenced by alte-
rations in climatic conditions that in-
crease the level of aggressiveness in 
phytosanitary problems like bacterial 
rot (Blomme et al., 2017; Martínez-
Solórzano et al., 2020).

The bacterial soft and wet rot 
affect the pseudostem and rhizome of 
bananas and is widespread in tropical 
regions worldwide. The rhizome rot 
and pseudostem wet rot is due to the 
secretion of bacterial pectinases that 
degrade the pectin at the primary cell 
walls and middle lamella (Hugouvieux-
Cotte-Pattat et al., 2014), causing 
tissue maceration, and a wet and 
foul smell of rotting (Loganathan et 
al., 2019). The pseudostem wet rot 
is characterized by external brown or 
dark brown coloration and rotting of 
the internal pseudostem tissue with 
amber-colored liquid (Loganathan et 
al., 2019).

The bacterial pathogens spread 
to newly planted suckers and young 

plants transported by insects and 
during pruning or crop management 
using tools, soil, and irrigation water 
contaminated with the bacterial 
agents (Charkowski, 2018).

The banana pseudostem wet rot 
development is associated with several 
bacterial causal agents such as Dickeya 
chrysanthemi Samson et al. 2005 
[earlier Pectobacterium chysanthemi 
(Burkholder et al. 1953) Brenner et al. 
1973 (Approved Lists 1980) emend. 
Hauben et al. 1998)], D. paradisiaca 
(Fernandez-Borrero and Lopez-
Duque 1970) Samson et al. 2005, 
Pectobacterium carotovorum subsp. 
carotovorum (Jones 1901) Hauben et 
al. 1999 emend. Gardan et al. 2003, 
and Klebsiella variicola Rosenblueth 
et al. 2004 (Lin et al., 2010; Basim et 
al., 2019; Rajamanickam et al., 2018; 
Loganathan et al., 2019). 

Since these bacterial pathogens 
could be found together or individually 
in decaying vegetables, detecting, and 
identifying the principal bacterial 
component is essential to understand 
its contribution to banana pseudostem 
wet rot. This study assesses the 
primary bacterial component of three 
different banana pseudostem wet rot 
samples from the organic banana crop 
Cavendish triploid variety in Sullana, 
Piura.

The current project aims to 
differentiate the isolated bacteria from 
samples with soft rot symptoms and 
classify them based on their 16S rRNA 
sequence.
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MATERIALS AND METHODS

Samples and bacterial isolation
The banana pseudostem samples 

with wet rot symptoms (Figure 1) 
were collected from three localities 
of Sullana: Vichayal Querocotillo 
(Latitude -4,85; Longitude -80,65), 
Salitral (Latitude-4,84, Longitude 

-80,67) and Mambre (Latitude -4,88, 
Longitude -80,69). The samples 
were transported to the Universidad 
Nacional Federico Villarreal in Lima 
– Peru and the bacterial isolation 
was carried out at “Laboratorio de 
Investigación de Bioquímica y Biología 
Molecular” (LIBBM-SL10LA105).

 

Figure 1. Banana pseudostem samples with wet rot symptoms. To the 
left, Organic banana with pseudostem soft wet rot symptoms. To the right, 

pseudostem sample collected.

The samples were washed with 
plenty of water, and 2 cm2 of inner 
section was taken in sterile conditions 
and homogenized with 2 mL of 
Tryptic Soy Broth (TSB). Serial tenfold 
dilutions were made for each of the 
cultures from the different locations 
and were cultured in plates with 
Tryptic Soy Agar (TSA). After 24 hours 
of incubation at 25 °C, the fourth 
dilution for Querecotillo and Salitral, 
and the sixth dilution for Mambre, 
was used for individual and aleatory 

colony selection. A total of 150 colonies 
were selected; 48 from Querocotillo, 
51 from Mambre, and 51 from Salitral. 

Molecular characterization using 
16S rRNA gene

The genomic DNA of each bacteria 
colony was extracted by cell rupture 
through a thermal shock, each colony 
was put in a test tube containing 
300 μl of molecular grade water and 
5 cycles of 10 minutes at -20 °C and 
3 minutes at 65 °C were carried out 
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with a final centrifugation step for five 
minutes at 10 000 rpm. Five μl of the 
supernatant were used for the PCR.

Amplifications of the 16S 
rRNA gene region were carried out 
using universal primers: 27F, 5’- 
AGAGTTTGATCMTGGCTC -3 and 1492R, 
5’ TACGGYTACCTTGTTACGACTT-3’ 
(Lane, 1991; Liu et al., 2009; Turner 
et al., 1999). The PCR reactions were 
performed using the SuperFiTaq DNA 
polymerase kit (Thermo Fisher Scientific, 
USA), according to the manufacturer’s 
instructions. The amplification cycles 
were performed under the following 
conditions: an initial pre-denaturation 
step at 98°C for 5 min, followed by 35 
cycles at 94°C for 30 s, 58°C for 45 s, 
72°C for 90 s, and a final elongation step 
of 72°C for 6 min. 

The amplicon products were verified 
by 1,0% agarose gel electrophoresis, 
and 20 μl of each amplified product 
were sequenced at MACROGEN 
laboratories (Korea), using the Sanger 
sequencing method. Three sequence 
reads for PCR product were made to 
achieve the maximum sequence length 
(approx. 1492 bp of the 16S rRNA 
gene), the sequences were aligned and 
assembled in MEGA X bioinformatic 
software (https://www. megasoftware.
net/), and finally the sequences were 
compared with the public sequences 
using Nucleotide Basic Local 
Alignment Search Tool (BLAST) at 
www.ncbi.nlm.nih.gov/ BLAST, and 
available from the National Center for 
Biotechnology Information (NCBI).

Ethic aspects
Ethical aspects were followed in 

this study to contribute positively to 

both scientific knowledge and the 
well-being of the ecosystems by using 
Good Laboratory Practices (GLPs).

RESULTS AND DISCUSSION
A total of 136 isolates were suc-

cessfully obtained from the three ba-
nana pseudostem samples with wet 
rot symptoms. The number of isolates 
selected and recovered from Queroco-
tillo was forty isolates, while for Mam-
bre, and Salitral were forty-eight iso-
lates.

The principal bacteria found was 
Klebsiella genus, in Querecotillo 36 
of 40 isolates were classified into the 
Klebsiella genus, (29 Klebsiella mich-
iganensis Saha et al. 2013 and 7 
Klebsiella variicola Rosenblueth et al. 
2004). For Mambre 47 of 48 isolates 
were Klebsiella oxytoca (Flugge 1886) 
Lautrop 1956; while for Salitral 41 of 
48 isolates were classified as K. varii-
cola (41 isolates) (See Table 1).

This high prevalence of the genus 
Klebsiella was previously reported. 
K. variicola was found in banana 
pseudostems and rhizome in tropical 
regions of Haiti, India, and was 
reported recently at Salitral province 
of Sullana-Piura (Fulton et al., 2020; 
Loganathan et al., 2021; Rafael-Rutte 
et al., 2022). Likewise K. variicola was 
involved with bacterial soft rot of carrot 
(Chandrashekar et al., 2018), and with 
wet wood disease of ironwood trees in 
a complex association with Ralstonia 
solanacearum (Smith 1896) Yabuuchi 
et al. 1996 emend. Safni et al. 2014 
and K. oxytoca (Ayin et al., 2019)
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Table 1. Principal bacterial isolates by Pseudostem sample.

Location Specie
Sequence with 
highest blastn 

scores (Accession 
number)

Numbers 
of bacterial 

isolates

Querecotillo

Klebsiella michiganensis CP054159.1 29
Klebsiella variicola MF144432.1 7
Pseudomonas 
entomophila MN493076.1 2

Stenotrophomonas sp. KX817899.1 2

Mambre
Klebsiella oxytoca LR133932.1 47
Kosakonia radicincitans CP040392.1 1

Salitral

Klebsiella variicola MF144432.1 41
Kosakonia radicincitans CP040392.1 3
Pseudomonas 
entomophila MN493076.1 2

Pseudomonas 
plecoglossicida MT367715.1 2

In addition, genomic analyzes 
of Klebsiella michiganensis Saha et 
al. 2013, obtained from diseased 
blackberry roots have revealed the 
ability of these bacteria to degrade 
the cell wall of plants as they have the 
necessary genes for the biosynthesis 
of type I and type II bacterial secretion 
systems, which would allow secreting 
enzymes to degrade the cell wall of 
plants (Luo et al., 2022; Yu et al., 
2018). The potential capacity of K. 
variicola to be involved in or produce 
diseases is not limited to plants, in 
animals was found in Bovine mastitis 
disease and rare human pulmonary 
and urinary tract infections clinical 
cases as well as K. oxytoca and K. 
Michiganensis (Barrios-Camacho et 
al., 2019; Rodríguez-Medina et al., 
2019; Seiffert et al., 2019; Duran-
Bedolla et al., 2021; Neog et al., 2021).

Nevertheless, the Klebsiella 
genus was also categorized by other 
studies as benefic bacteria due to 
the endophytic, nitrogen-fixing, and 
growth-promoting properties (Duran-
Bedolla et al., 2021), so the bacterial 
role involving the production of 
enzymes that degrade the cell wall 
in banana pseudostem wet rot is still 
uncertain.

The study determines the principal 
bacterial component while the less 
representative bacteria could have 
been excluded due to population 
reduction due to transport and sample 
dilution factors.

The genus Klebsiella of the 
Enterobacteriaceae family were found 
as the main bacterial component in 
organic banana pseudostem wet rot.



 Bacterial identification from banana pseudostem wet rot samples

341

PA
ID

E
IA

 X
X

I

Acnowledgement
This study was funded by “Proyecto 

de Investigación con Incentivos a nivel 
de Facultades (Resolución R. N°243-
2022-CU-UNFV)”.

Author contributions: CRediT (Con-
tributor Roles Taxonomy)
ONC = Oscar Nolasco-Cárdenas 
CCA = Candy Chacón-Aguilar
LSA = Linda Salas-Alva
MVV = Mónica Velarde-Vilchez
YMB = Ysabel Murrugarra-Bringas
AGR = Ana Gutiérrez-Román

Conceptualization: ONC
Data curation: CCA, LSA

Formal Analysis: ONC
Funding acquisition: ONC, MVV, 
YMB, AGR
Investigation: ONC
Methodology: ONC
Project administration: ONC, MVV
Resources: LSA, CCA
Software: ONC
Supervision: ONC
Validation: ONC
Visualization: AGR
Writing – original draft: ONC, 
CCA, LSA
Writing – review & editing: ONC, 
MVV, YMB, AGR

BIBLIOGRAPHIC REFERENCES
Ayin, C.M., Alvarez, A. M., Awana, C., Schleinzer, F.M., Marx, B.D., & Schlub, 

R. L. (2019). Ralstonia solanacearum, Ganoderma australe, and bacterial 
wetwood as predictors of ironwood tree (Casuarina equisetifolia) decline 
in Guam. Australasian Plant Pathology, 48(6), 625–636. 

Barrios-Camacho, H., Aguilar-Vera, A., Beltran-Rojel, M., Aguilar-Vera, 
E., Duran-Bedolla, J., Rodriguez-Medina, N., Lozano-Aguirre, L., Perez-
Carrascal, O. M., Rojas, J., & Garza-Ramos, U. (2019). Molecular 
epidemiology of Klebsiella variicola obtained from different sources. 
Scientific Reports, 9, 1–10. 

Basim, H., Basim, E., Bakİ, D., & Turgut, A. (2019). Wet rot disease of banana 
(Musa sp.) caused by Pectobacterium carotovorum subsp. carotovorum in 
Turkey. Canadian Journal of Plant Pathology, 41, 174–187. 

Blomme, G., Dita, M., Jacobsen, K. S., Vicente, L. P., Molina, A., Ocimati, 
W., Poussier, S., & Prior, P. (2017). Bacterial diseases of bananas and 
enset: Current state of knowledge and integrated approaches toward 
sustainable management. Frontiers in Plant Science, 8, 1290. 

Chandrashekar, B.S., Prasannakumar, M. K., Puneeth, M. E., Teli, K., 
Priyanka, K., Mahesh, H. B., & Desai, R. U. (2018). First report of bacterial 
soft rot of carrot caused by Klebsiella variicola in India. New Disease 
Reports, 37, 21-21. 

Charkowski, A.O. (2018). The changing face of bacterial soft-rot diseases. 
Annual Review of Phytopathology, 56, 269–288. 



Nolasco-Cárdenas et al. 

342

PA
ID

E
IA

 X
X

I

Duran-Bedolla, J., Garza-Ramos, U., Rodríguez-Medina, N., Aguilar-Vera, 
A., & Barrios-Camacho, H. (2021). Exploring the environmental traits 
and applications of Klebsiella variicola. Brazilian Journal of Microbiology, 
52, 2233–2245. 

Food and Agricultural Organization of the United Nations (FAO). (2020). 
Medium-term Outlook: Prospects for global production and trade in 
bananas and tropical fruits 2019 to 2028. Informe. https://www.fao.
org/3/ca7568en/ca7568en.pdf

Fulton, J.C., Bec, S., Fayette, J., Ploetz, R.C., Garrett, K.A., & Harmon, C.L. 
(2020). First report of plantain soft rot caused by Klebsiella variicola in 
Haiti. Plant Disease, 104, 1851. 

Hugouvieux-Cotte-Pattat, N., Condemine, G., & Shevchik, V. E. (2014). 
Bacterial pectate lyases, structural and functional diversity. Environmental 
Microbiology Reports, 6, 427–440. 

Lane, D.J. (1991). 16S/23S rRNA Sequencing. In E. Stackebrandt & M. 
Goodfellow (Eds.), Nucleic Acid Techniques in Bacterial Systematic (pp. 
115–175). John Wiley and Sons.

Lin, B. R., Shen, H. F., Pu, X. M., Tian, X. S., Zhao, W. J., Zhu, S. F., & 
Dong, M. M. (2010). First report of a soft rot of banana in mainland china 
caused by a Dickeya sp. (Pectobacterium chrysanthemi). Plant Disease, 
94, 640–640. 

Liu, W., Sun, Z., Zhang, J., Gao, W., Wang, W., Wu, L., Sun, T., Chen, W., 
Liu, X., & Zhang, H. (2009). Analysis of microbial composition in acid 
whey for dairy fan making in Yunnan by conventional method and 16S 
rRNA sequencing. Current Microbiology, 59, 199–205. 

Loganathan, M., Thangavelu, R., Padmanaban, B., & Uma, S. (2019). Status 
of rhizome and pseudostem wet rot diseases of banana. International 
Journal of Current Microbiology and Applied Sciences, 8, 764–771. 

Loganathan, M., Thangavelu, R., Pushpakanth, P., Muthubharathi, K., 
Ramesh, R., Selvarajan, R., & Uma, S. (2021). First report of rhizome 
rot of Banana caused by Klebsiella variicola in India. Plant Disease, 105, 
2011. 

Luo, L., Huang, Y., & Liu, J. (2022). Genome Sequence Resources of Klebsiella 
michiganensis AKKL-001, which causes bacterial blight of mulberry. 
Molecular Plant-Microbe Interactions, 35, 349–351. 

Martínez-Solórzano, G.E., Rey-Brina, J.C., Pargas-Pichardo, R.E., & Enrique-
Manzanilla, E. (2020). Fusarium wilt by tropical race 4: Current status 
and presence in the American continent. Agronomía Mesoamericana, 31, 
259–276. 



 Bacterial identification from banana pseudostem wet rot samples

343

PA
ID

E
IA

 X
X

I

MINAGRI. (2014). Tendencias de la producción y el comercio del banano en 
el mercado internacional y nacional. In Dirección de Estudios Económicos 
e Información Agraria. https://bibliotecavirtual.midagri.gob.pe/index.
php/analisis-economicos/estudios/2014/22-el-banano-peruano/file

Neog, N., Phukan, U., Puzari, M., Sharma, M., & Chetia, P. (2021). Klebsiella 
oxytoca and emerging nosocomial infections. Current Microbiology, 78, 
1115–1123. 

Rafael-Rutte, R., Zavala, L., Maldonado, E., Aguilar-Ancco, R., Saucedo-
Bazalar. Manuel, Tirado-Lara, J., & Aquije, C. (2022). characterization of 
rhizome and pseudostem wet rot of organic banana (Musa sp.) in Piura, 
Peru. Chilean Journal of Agricultural Animal Science, Ex Agro-Ciencia, 38, 
176–188. 

Rajamanickam, S., Karthikeyan, G., Kavino, M., & Manoranjitham, S. K. 
(2018). Biohardening of micropropagated banana using endophytic 
bacteria to induce plant growth promotion and restrain rhizome rot 
disease caused by Pectobacterium carotovorum subsp. carotovorum. 
Scientia Horticulturae, 231, 179–187. 

Rodríguez-Medina, N., Barrios-Camacho, H., Duran-Bedolla, J., & Garza-
Ramos, U. (2019). Klebsiella variicola: an emerging pathogen in humans. 
Emerging Microbes and Infections, 8, 973–988. 

Seiffert, S. N., Wüthrich, D., Gerth, Y., Egli, A., Kohler, P., & Nolte, O. 
(2019). First clinical case of KPC-3–producing Klebsiella michiganensis in 
Europe. New Microbes and New Infections, 29, 100516. 

Turner, S., Pryer, K. M., Miao, V.P.W., & Palmer, J. D. (1999). Investigating 
deep phylogenetic relationships among cyanobacteria and plastids by small 
subunit rRNA sequence analysis1. Journal of Eukaryotic Microbiology, 46, 
327–338. 

Yu, Z., Li, S., Li, Y., Jiang, Z., Zhou, J., & An, Q. (2018). Complete 
genome sequence of N2-fixing model strain Klebsiella sp. nov. M5al, 
which produces plant cell wall-degrading enzymes and siderophores. 
Biotechnology Reports, 17, 6–9. 

Received July 25, 2023.
Accepted September 1, 2023.


