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Abstract
Vegetative propagation of sweet potato lead to the accumulation of diseases from generation to generation, which represents 
a threat to both productivity and conservation of genetic resources. In vitro techniques can help to overcome phytosanitary 
problems by applying plant material cleaning strategies. The objective of this study was to develop in vitro micropropagation 
strategies for the production of high-quality plant material of an orange-fleshed variety of sweet potato recently released in 
Colombia. Molecular identification of contaminating microorganisms was performed by sequencing the 16S rRNA gene for 
bacteria and ITS for fungi. Five disinfection protocols were evaluated, three of which were previously developed for sweet 
potato and included disinfection with 0.5, 1, and 2% sodium hypochlorite respectively, while two protocols are proposed 
in this work and included washing with povidone-iodine, disinfection with sodium hypochlorite 2%; one of these two new 
protocols also contains acetic acid and quaternary ammonium. For the evaluation of the viability of in vitro plants after dis-
infection, they were acclimatized in a greenhouse, reintroduced, and a molecular testing by PCR of 16S rRNA gene and ITS 
was carried out to verify the phytosanitary status of the material. The contaminating microorganisms found were filamentous 
fungi of the genera Fusarium, Sarocladium, Cladosporium and Aspergillus, yeasts of the genera Pseudozyma and Moeszio-
myces, and the actinobacterium Curtobacterium sp. The results indicated that washing with povidone-iodine and disinfection 
with 2% sodium hypochlorite, acetic acid and quaternary ammonium was the most efficient disinfection protocol, reducing 
the number of contaminated cultures by up to 10% and eradicating 70% of contaminants. The in vitro plants established in 
the greenhouse remained healthy and, after reintroduction, the molecular test for bacteria and fungi was negative. These 
results allowed the generation of an optimized protocol that can be incorporated into the in vitro micropropagation process 
to generate contamination-free sweet potato seeds.

Keywords  Disinfection-protocol · Contaminant microorganisms · High-quality seed · Sarocladium subulatum · 
Moesziomyces parantarcticus

1  Introduction

Sweet potato (Ipomoea batatas (L.) Lam; Convolvulaceae) 
is the third most important root crop after potato and cas-
sava (Chandrasekara and Josheph Kumar 2016; Gobena 
et al. 2022), and it is recognized as a functional food with 
nutraceutical properties, given its high content of fiber, car-
bohydrates, vitamins and antioxidant compounds (Salawu 
et al. 2015; Grace et al. 2015; Amagloh et al. 2021). These 
characteristics make the sweet potato a crop with growing 
demand in international markets, and can generate business 
opportunities in those developing countries that have a high 
potential for sweet potato production (Mu and Singh 2019). 
A new sweet potato variety, named “Agrosavia–Aurora”, 
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was released for cultivation in the Caribbean zone of Colom-
bia by the Corporación Colombiana de Investigación Agro-
pecuaria–Agrosavia. This variety exhibits high beta caro-
tene (214 ± 21 µg g−1) and total carotene (246 ± 25 µg g−1) 
content and is phenotypically characterized by an intense 
orange-flesh color. In the field, it showed a yield of more 
than 20 Ton fresh tuberous roots ·ha−1 year−1.

The plant material typically used for sweet potato propa-
gation is represented by cuttings obtained from previous 
commercial crops, multiplied mainly by vegetative prop-
agule propagation (Kim et al. 2015; Qiao et al. 2019; Ssa-
mula et al. 2020), exchanged from farmer to farmer and 
from one cycle to another, with multiple rooting and without 
renewal (Rajendran et al. 2017). This vegetative propagation 
without proper management has resulted in the accumula-
tion of diseases from generation to generation (Kim et al. 
2017; Wanjala et al. 2020). This low phytosanitary qual-
ity is mainly due to bacteria, fungi, and viruses that affect 
both production and quality of tuberous roots (Mwanga et al. 
2017; Makokha et al. 2020; Abrham et al. 2021). Thus, the 
use of high-quality planting material is one of the keys to 
increase sweet potato productivity (Wanjala et al. 2020; Abr-
ham et al. 2021).

Phytopathogenic fungi, especially species of the genera 
Fusarium, Alternaria, Sphaceloma, and Sclerotium (Aguoru 
and Amuzie 2009; Ekman and Lovatt 2015; Paul et al. 2017; 
Samiyarsih et al. 2018), as well as bacteria of the genera 
Streptomyces, Pseudomonas and Ralstonia (Jena and Samal 
2011; Ekman and Lovatt 2015; Mwanga et al. 2017; Zhang 
et al. 2018), are among the major constraints for sustainabil-
ity of sweet potato production and tuber quality (Mwanga 
et al. 2017; Makokha et al. 2020). Virus diseases, spread 
through infected propagation material, also represent an 
important phytosanitary problem in sweet potato (Wanjala 
et al. 2020; Jo et al. 2020): Sweet potato chlorotic stunt virus 
(genus Crinivirus, family Closteroviridae), Sweet potato 
feathery mottle virus (genus Potyvirus, family Potyviridae) 
and Sweet potato leaf curl virus (genus Begomovirus, fam-
ily Geminiviridae) are some major viral pathogens of sweet 
potato responsible for substantial damage to the world’s 
sweet potato industry (Kim et al. 2017; Mwanga et al. 2017; 
Mulabisana et al. 2018; Zhang et al. 2020).

The production of high-quality sweet potato plant mate-
rial is an effective and widely used strategy to improve 
productivity and prevent disease spreading. One of the 
techniques used to generate high quality plant material is 
the micropropagation, which is based on obtaining in vitro 
cultures from apical meristems and introduces several 
steps for cleaning the plant material. In vitro techniques 
have a positive impact on overcoming contaminants such 
as microorganisms and viruses (Yang 2010; Delgado-
Paredes et al. 2016; Alula et al. 2018). The micropropa-
gation of plants has the following stages: selection of stock 

plants, establishment of aseptic culture, multiplication of 
explants, rooting of regenerated shoots or somatic embryo 
germination, acclimatization or transfer of plantlets to the 
soil (Bhatia 2015; Singh 2015). In seed systems, these pro-
cesses are accompanied by cleaning procedures and diag-
nostics, to finally get indexed (clean) plant material. The 
first two stages of the micropropagation process (selection 
of stock plants and establishment of aseptic cultures) are 
decisive to eliminate phytopathogens associated with the 
culture through disinfection strategies in order to obtain 
pathogen-free plant material (Aguoru and Amuzie 2009; 
Jena and Samal 2011; Hammond et al. 2014).

In sweet potato, the fungi Aspergillus spp., Penicillum 
spp., Fusarium spp., Alternaria spp. (Aguoru and Amuzie 
2009) and the bacteria Pseudomonas spp., Klebsiella spp. 
and Corynebaterium spp. (Jena and Samal 2011), have 
been reported as frequent contaminants in micropropa-
gation processes. There are disinfection protocols evalu-
ated for sweet potato that allow obtaining uncontaminated 
explants in in vitro conditions (Yang 2010; Hammond 
et  al. 2014; Delgado-Paredes et  al. 2016; Alula et  al. 
2018); these protocols generally involve a washing step 
with detergent and a disinfection step mainly with sodium 
hypochlorite, a compound with known microbicidal effects 
(Lazo-Javalera et al. 2016; Carmello and Cardoso 2018). 
Considering that the plant microbiome depends on vari-
ety, growth conditions and environment (Compant et al. 
2019; Santos and Olivares 2021), the disinfection proto-
cols require to be re-evaluated and adjusted when work-
ing with new varieties that will be introduced for the first 
time. Therefore, the objective of this work was to produce 
high-quality plant material, since significant losses caused 
by rotting problems and incidence of microorganisms 
were reported in different sweet potato accessions in the 
Colombian Caribbean zone; this has been done through 
i) evaluation of different protocols for plant material dis-
infection; ii) identification of main contaminating bacte-
rial and fungal species associated with plant material; iii) 
determination of viability and phytosanitary quality of 
in vitro sweet potato plants under greenhouse conditions. 
The results of this research will be of primary importance 
for the establishment of an optimized disinfection protocol 
in the new orange-fleshed sweet potato variety for seed 
system establishment.
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2 � Materials and methods

2.1 � Assessment of losses caused by rotting 
problems and incidence of microorganisms 
in eight accessions of sweet potato grown 
in the Colombian Caribbean

Eight accessions of sweet potato (0113-634VAL, 0113-
656COR, 0113-660VAL, 0113-664VAL, 0113-668VAL, 
0113-671VAL, Criolla, and Agrosavia–Aurora) were estab-
lished in four localities of the Caribbean zone of Colombia 
in the Departments of Córdoba (Cereté), Sucre (Corozal 
and Tolú) and Cesar (Jagua). The selected genotypes were 
planted in plots with five rows of five meters length (total 
area: 25 m2; inter-row: one meter; inter-plant: 30 cm). At 
100 days after planting (DAP), percentage and yield (t ha−1) 
of tuberous roots affected by rot were recorded. Damage 
symptoms caused by pathogens were evaluated according 
to Rosero et al. (2019) at 15, 30, 45, 60, 75 and 90 DAP, and 
percentages of average damage throughout the crop cycle 
were obtained.

2.2 � Plant material

The new cultivar “Agrosavia–Aurora” presented a high risk 
of tuberous root yield loss due to rotting and, therefore, it 
was selected for scheme implementation to produce high-
quality planting material through micropropagation process. 
Two-hundred apical cuttings of Agrosavia–Aurora variety, 
obtained from the Agrosavia field germplasm bank, were 
sown in germination trays in a mixture of alluvium and 
sand (2:1 v/v), previously solarized for 8 days and disin-
fected with 2 mL L−1 poloxamer iodine (Agrodyne® SL, 
Santander—Colombia). Plants were grown for a week 
in a greenhouse at 29 ± 4 °C temperature, 75 ± 10% rela-
tive humidity and 300–600 μmol m−2 s−1 luminosity, with 
12/12 h light/dark photoperiods.

2.3 � Thermotherapy and virus testing 
for the selection of stock plants

For the thermotherapy treatment of the greenhouse counters, 
a 2 m (length) × 1 m (width) × 1.5 m (height) plastic chamber 
was used. Relative humidity and air temperature inside of 
the plastic chamber were monitored with an Extech RHT10 
USB-type Datalogger (Extech Industries, Nashua, USA). 
The highest air temperature (50 ± 4 °C) and relative humid-
ity (73 ± 5%) occurred between 11:30 am and 12:30 pm. 
Luminosity was 300–600 μmol m−2 s−1, with 12/12 h light/
dark photoperiods. Plant material grown for one week was 
then subjected to thermotherapy for the three following 

weeks. During thermotherapy process, 30–40 cc of irrigation 
water per plant were supplied manually twice a day. Pests 
and diseases were controlled by applications of both 2 g L−1 
axil-metal-based fungicide mancozeb (Ridomil® Gold MZ 
68 WP) and 2 mL L−1 cypermethrin (Cypermon® 20 EC) 
at 15 and 30 DAP.

Virus diagnosis was performed on the 3 top youngest 
leaves of 30 plants. Leaf samples were wrapped in kimwipes 
to protect them from mechanical damage, stored in Ziploc 
bags containing fresh silica gel, and sent for analysis to the 
Centro Internacional de Agricultura Tropical (CIAT) for the 
analysis of two types of virus: Sweet potato feathery mot-
tle virus (SPFMV, genus Potyvirus, family Potyviridae) and 
Sweet potato chlorotic stunt virus (SPCSV, genus Crinivirus, 
family Closteroviridae), according to Li et al. (2012) and 
Kwak et al. (2014), respectively. Plants that survived the 
thermotherapy process and were negative for the presence 
of viruses were then selected as stock plants for the micro-
propagation process.

2.4 � Disinfection protocols for in vitro initiation 
of cuttings

Cuttings, approximately 3–5 cm long and containing at least 
3 axillary buds, were harvested from the greenhouse stock 
plants, and submitted to different surface disinfection treat-
ments (Table 1). A completely randomized design was estab-
lished. For each protocol, 10 apical explants were used and 
four replicates per each apical explant were established, for 
a total of 40 plants per protocol evaluated.

After the different disinfection processes, explants were 
placed in MS culture medium (Murashige & Skoog, 1962) 
(30 g L−1 sucrose, 100 mg L−1 myoinositol, 1 mg L−1 thia-
mine, 2.5 g·L−1 Phytagel™—Sigma-Aldrich, pH 5.6–5.8; 
Delgado-Paredes et al. 2016) and cultivated in a bioclimatic 
chamber Caron 7300–50 (Caron Products & Services Inc, 
Marietta, USA). Light intensity was 500 µmol s−1  m−2, 
under 16/8 h light/dark photoperiod. Air temperature was 
set at 27/25 °C during the light/dark cycle, respectively, and 
relative humidity was maintained at 65 ± 10%. Explants were 
monitored every two days during the first 10 days of in vitro 
culture, and number of contaminated explants was recorded 
for each protocol. After 10 days, contaminated material was 
discarded. Between 10 and 30 days after cultivation, no con-
tamination was observed. After four weeks, the number of 
successfully introduced in vitro plants was registered.

2.5 � Characterization of contaminating 
microorganisms associated to in vitro initiation

Microorganisms were isolated in solid culture media. For 
filamentous fungi, a portion of mycelium was removed with 
a straight loop and cultured by puncture on potato dextrose 
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agar (PDA; Oza et al. 2020) plates. For non-filamentous 
microorganisms, a small quantity was taken with a ring loop 
and streaked on Sabouraud dextrose agar (SDA; Kačániová 
et al. 2020) to isolate yeast, and King’s B medium (Egam-
berdieva et al. 2017) to isolate bacteria. Petri dishes were 
incubated at 25 °C for fungi and 30 °C for bacteria. Subcul-
tures were done until pure cultures were obtained.

A macroscopic and microscopic characterization of pure 
cultures was performed at 24 h for bacteria and 96 h for 
fungi. Macroscopic characteristics included coloration, tex-
ture, edge and surface. For microscopic characterization, a 
Leica DM750 microscope (Leica microsystems, Wetzlar, 
Germany) was used. Lacto phenol cotton blue staining 
(Wanger et al. 2017) was used for fungi, while Gram staining 
(Tripathi and Sapra 2021) was used for yeasts and bacteria. 
Structures in fungi visualized by microscope, were used to 
identify them at the genus level (Dugan 2017; Germain & 
Summerbell 2010).

The isolated microorganisms were characterized 
molecularly by the universal direct PCR amplification 
system from pure cultures (Ben-Amar et al. 2017), using 
a PCR Master mix 2X K0171 (Thermo Fisher Scientific). 
For fungi and yeasts, the amplification of the ITS region 
was performed using primers ITS-1F and ITS-4 (Gardes 
and Bruns 1993), with an initial denaturation of 95 °C 
for 3 min, followed by 35 cycles at 95 °C for 30 s, 55 °C 
for 30 s and 72 °C for 45 s, and a final extension at 72 °C 
for 7 min. For bacteria, amplification of 16S rRNA gene 
was done using primers 27F and 1492R, with an initial 
denaturation of 94 °C for 3 min, followed by 35 cycles 
at 94 °C for 30 s, 52 °C for 30 s and 72 °C for 90 s, and 
a final extension at 72 °C for 10 min. PCR products were 
sequenced using an ABI 3500 capillary electrophoresis 
equipment (Applied Biosystems®, USA). The sequences 

obtained were submitted to Genbank repository (www.​
ncbi.​nlm.​nih.​gov) under the accession numbers MZ343564 
to MZ343570. Alignment with reference sequences from 
GenBank® database of the National Center for Biotech-
nology Information (NCBI), using the Basic Local Align-
ment Search Tool (BLAST; Altschul et al. 1990) was per-
formed, and a phylogenetic analysis was carried out using 
the MEGAX software v. 10.2.4 (Kumar et al. 2018). The 
sequences were aligned using MUSCLE program (Mul-
tiple Sequence Comparison by Log-Expectation; Edgar 
2004). Phylogenetic trees were inferred using the maxi-
mum likelihood method (Felsenstein 1981), and evolu-
tionary distances were calculated using the 2-parameter 
Kimura model (Kimura 1980). Initial trees for heuris-
tic search were obtained with the maximum parsimony 
method. A discrete gamma distribution was used to model 
differences on evolution rate between sites [2 categories 
(+ G, parameter = 0.8710)]. All positions that contained 
gaps and missing data were removed. The tree evaluation 
was performed using Bootstrap method with 1000 permu-
tations to assign confidence levels to the nodes of the tree 
(Felsenstein 1985).

2.6 � Determination of the percentage of incidence 
of microorganisms after the disinfection 
process

To determine the incidence percentage of microorganisms 
after explants disinfection using the evaluated protocols, 
during first 10 days of in vitro culture, microorganisms and 
their appearance frequency in each protocol were recorded. 
For each protocol, 10 apical explants were used and four 

Table 1   Disinfection protocols evaluated for the introduction of sweet potato

*After washing, cuttings were rinsed in tap water and immersed in a 70% ethanol solution for one minute in all protocols

Protocol Washing* Wash-
ing time 
(min.)

Disinfectant type Disinfection 
time (min.)

Reference

P1 Detergent
(5% w/v)

5 Sodium hypochlorite (NaOCl) 2% 7 Alula et al. 2018

P2 Detergent
(5% w/v)

30 NaOCl 0.5% and Tween 80 (two drops/100 ml) 3 Delgado-Paredes et al. (2016)

P3 Detergent
(5% w/v)

5 NaOCl 1% and Tween 80 (four drops/100 ml) 12 Hammond et al. 2014

P4 Detergent
(5% w/v) Iodopovidone 

1%

20 NaOCl 2% and Tween 80 (four drops/100 ml) 10 This research
Acetic acid 5% 1
Quaternary ammonium (Pursue, 15 ml/L) 1

P5 Detergent
(5% w/v) Iodopovidone 

1%

20 NaOCl 2% and Tween 80 (four drops/100 ml) 10 This research

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
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replicates per each apical explant were established, for a 
total of 40 plants per protocol evaluated.

2.7 � Determination of viability and phytosanitary 
quality of in vitro sweet potato plants 
under greenhouse conditions

In vitro plants obtained from the best disinfection protocol 
were grown in bioclimatic chambers for four weeks; after-
word, in vitro plants were established under greenhouse con-
ditions to determine both development and phytosanitary 
quality. In vitro plants were carefully removed from the test 
tube and roots were disinfected with 58% copper oxychloride 
solution (2 g L−1) for five minutes, and further transferred 
in germinating trays in 60% peat, 20% vermicompost and 
20% rice husk. A total of 40 in vitro plants were established 
under greenhouse conditions at Turipaná research center, 
under semi-controlled condition (28–34 °C temperature, 
60–95% relative humidity, 300–600 μmol m−2 s−1 lumi-
nosity, 12/12 h light/dark photoperiod), with plant material 
isolated to minimize contamination. During the first week, 
the light was regulated at 20% with 80% commercial shade 
cloth; later, seedlings were moved to an area with 35% com-
mercial shade cloth. Irrigation water (30–40 mL per plant) 
was manually supplied each morning.

Monitoring was carried out once a week for four weeks, 
recording the presence of symptoms related to fungi and/
or bacteria (Rosero et al. 2019). After four weeks, the num-
ber of plants with and without symptoms was recorded, and 
a destructive sampling of 15 individuals was done to both 
verify the phytosanitary quality of seedlings and obtain pho-
tographic records.

Twenty plants acclimatized in the greenhouse were rein-
troduced to the laboratory to revalidate the phytosanitary 
quality of the plant material. These plants were disinfected 
and grown for four weeks in MS medium, and subsequently 
the DNA was extracted from ten plants using the DNeasy 
Plant Mini Kit extraction kit (Qiagen, Germany). Extracted 
DNA was used to amplify 16S rRNA gene and ITS, in order 
to detect the presence of bacterial and fungal DNA, respec-
tively. DNA from Curtobacterium sp. and Sarocladium 
subulatum was used as positive controls for 16S rRNA gene 
and ITS, respectively, while ultrapure sterile water was used 
as negative control. PCR products were visualized on 2% 
agarose gels after stained with Syber Safe (1µL per 100 mL 
of gel); one µL of each amplicon was mixed with five µL of 
loading buffer, and then run in horizontal electrophoresis 
for 45 min at 90 V.

2.8 � Statistical analysis

To determine the best in vitro disinfection protocol, the soft-
ware SAS (Khattree and Naik 1999) was used to perform 

one-way analysis of variance (ANOVA), followed by Tuk-
ey's honestly significant difference (HSD) post-hoc test, at 
p ≤ 0.05.

3 � Results

3.1 � Assessment of losses caused by rotting 
problems and incidence of microorganisms 
in eight sweet potato accessions grown 
in the Colombian Caribbean

The results obtained for different varieties of sweet potato 
in the Colombian Caribbean area indicated that the acces-
sions 0113-671VAL in the site Tolú and 0113-634VAL 
in the site Cereté presented a rot percentage of 30–35%, 
while the variety Agrosavia–Aurora registered the high-
est percentage (> 45%) of rot in Tolú. For the rest of the 
accessions, in all the evaluated localities, a percentage of 
tuberous root rot < 20% occurred (Fig. 1a). The Agrosa-
via–Aurora variety presented the highest values of rotting 
tuberous roots per hectare in three of the four localities 
(Cereté, Corozal and Tolú), reaching losses greater than 
16 t ha−1 in Cereté (Fig. 1b), which suggests that for this 
variety there is a high incidence of rot incidence.

Incidence of bacterial-caused damage for the accession 
0113-660VAL was 23% and for the Agrosavia–Aurora 
variety was 7% in the town of Cereté, while for the acces-
sion 0113-668VAL it was 20%the locality of Cereté, 15% 
in Corozal and 59% in Tolú (Fig. 1c). Regarding the per-
centage of fungal damage, it was found that in the Jagua 
locality all the varieties presented percentages lower than 
4%. The Criolla variety presented a percentage of fungal 
damage of 46% in Corozal, while accession 0113-668VAL 
showed a percentage of 7% in Cereté, 59% in Tolú, and 
100% in Corozal (Fig. 1d). The percentage of damage 
caused by a bacteria/fungi mixture in the locality of Cereté 
was 15% for the accessions 0113-660VAL, 38% for 0113-
664VAL, 51% for 0113-668VAL and 38% for Criolla; for 
the Agrosavia–Aurora variety, percentages of damage were 
recorded in Cereté (15%) and Corozal (7%) (Fig. 1e).

3.2 � Disinfection protocols for in vitro initiation 
of cuttings

The protocols P4 and P5, which included both a washing 
step with detergent plus povidone iodine (20 min) and a 
disinfection step with 2% sodium hypochlorite (NaOCl) 
plus tween 80 (10 min), were the most effective for the 
surface disinfection of sweet potato cuttings. Using P4 
and P5 disinfection protocols, it was observed that con-
tamination appeared at the sixth day of in vitro culture, 
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Fig. 1   Record of losses of tuberous roots due to rot in sweet potato 
varieties grown in different areas of the Colombian Caribbean. a Per-
centage of tuberous roots affected by rot. b Tuberous roots affected by 

rot (ton ha−1). c Percentage of damage caused by bacteria. d Percent-
ages of damage caused by fungi. e Percentage of damage caused by 
bacteria and fungi
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presenting percentages of contamination of explants less 
than 25% (Fig. 2a). The highest average percentage of 
successfully established in vitro plants (90%) was pro-
duced with the P4 protocol, which incorporates a com-
plementary disinfection with acetic acid (1  min) and 
quaternary ammonium (1 min) (Fig. 2b). In contrast, the 
cuttings treated with protocols P2 [washing with detergent 
(30 min) and disinfection with NaOCl 0.5% plus tween 
80 (3 min)] and P3 [washing with detergent (10 min) dis-
infection with hypochlorite 1% plus tween 80 (12 min)], 
lead to microbial contamination at the fourth day of 
in vitro culture and reached the highest percentages of 
contamination of the explants already after six days of 

in vitro culture (Fig. 2a). Moreover, the lowest percent-
age (< 50%) of successfully established in vitro plants 
was observed with the P2 and P3 disinfection protocols 
(Fig. 2b).

3.3 � Characterization of contaminating 
microorganisms associated to in vitro initiation

Seven contaminating microorganisms were isolated and 
characterized (Fig. 3a). The sequences obtained from the 
microorganisms were compared with the databases to 
identify the most similar species (Table 2). The phyloge-
netic trees from the sequences obtained, indicated that four 

Fig. 2   Status of the sweet 
potato plant material after the 
evaluation of different disinfec-
tion protocols in the in vitro 
initiation process. a Percentage 
of contaminated explants during 
the first 10 days after in vitro 
culture. The error bars indicate 
the standard error. b Percent-
age of successfully introduced 
in vitro plants four weeks after 
in vitro culture. Different letters 
indicate significant differences 
between protocols (Tukey test, 
p < 0.05)
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strains, namely H1 to H4, corresponded to filamentous fungi 
of the Ascomycota division distributed in the orders Hypo-
creales, Capnodiales and Eurotiales; two strains, L1 and 
L2, were affiliated to yeasts of the Basidiomycota division, 
order Ustilaginales; and a prokaryotic microorganism (B1) 
belonged to the phylum Actinobacteria, order Actinomyc-
etales (Fig. 3).

For the description at the genus level of the isolated 
filamentous fungi, in addition to the molecular charac-
terization, the macro and microscopic characteristics 
were considered (Table S1). The H1 strain presented a 
percentage of identity greater than 97% and a coverage 
of 93% with S. subulatum (Table 2). Microscopy allowed 
the identification of phialids with pericline thickening 

Fig. 3   Phylogenetic tree generated by the maximum likelihood method based on the ITS region for fungi and yeasts and the 16S gene for bacte-
ria for 7 microorganisms associated with the in vitro sweet potato culture
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and spindle-shaped conidia arranged in viscous heads 
(Fig. S1a–d), structures reported for S. subulatum (Giraldo 
et al. 2015).

The H2 strain under microscope presented typical 
oval or reniform microconidia characteristic of Fusarium 
(Fig. S1e–h), while the molecular characterization related it 
to species of the Fusarium fujikuroi complex (Moussa et al. 
2017; Montoya-Martínez et al. 2019; Bashyal et al. 2019) 
with a percentage of identity higher than 99%.

The H3 strain showed a relationship with species of the 
genus Cladosporium (Cladosporium cladosporioides com-
plex; Bensch et al. 2010; Amirmijani et al. 2014; Sandoval-
Denis et al. 2016) with an identity percentage greater than 
99% (Table 2); conidiophores were observed forming acro-
petal chains and conidia with the presence of a thick refrac-
tive scar to obscured cladosporioid or crowned characteris-
tic of these species (Fig. S1i-l). The H4 strain (Fig. S1m-p) 
showed a percentage of identity greater than 99% with 

several species of the genus Aspergillus (Table 2), namely 
A. assiutensis and A. brunneoviolaceus (Fig. 3), species of 
the Nigri section (Varga et al. 2011; Frisvad et al. 2014; 
Hussein et al. 2017).

Unicellular microorganisms differentiated as yeasts 
and bacteria. The macroscopic and microscopic character-
ization are reported in supplementary material (Table S2). 
In the case of yeast encoded as L1, the molecular char-
acterization associated it with the genus Pseudozyma 
(Fig. S2); large ovoid and elongated grouped or individ-
ual cells, pseudohyphae and blastoconidia were observed 
under the microscope (Fig. S2a, d). Similar structures 
have been reported for this genera (Boekhout 1995; Wang 
et al. 2016). L2 yeast strain was identified as Moeszio-
myces parantarcticus with 99.6% identity percentage 
(Table 2). The morphology was creamy and rough beige 
colonies (Fig. S2b) and under microscope the presence of 
pseudohyphae and blastoconidia was observed (Fig. S2e). 
Similar characteristics were reported for this species (Liu 

Table 2   Sequences from the Genbank database with highest percentage of identity and coverage in relation to the sequences of the strains iso-
lated in this work from in vitro disinfection processes of sweet potato plants

Strain Sequence accession 
number (length-bp)

Best BLAST matches
(accession number)

Complex or section (if applicable) Percent 
identity 
(%)

Query 
cover 
(%)

H1 MZ343565 (583) Sarocladium subulatum (NR_145047) – 97.28 93
Sarocladium bacillisporum (NR_145039) 95.69 86
Sarocladium gamsii (NR_155780) 91.50 93

H2 MZ343566 (546) Fusarium pseudoanthophilum (NR_163682) Complex F. fujikuroi 99.04 95
Fusarium circinatum (NR_120263) 99.03 93
Fusarium guttiforme (NR_120264) 99.02 93
Fusarium bactridioides (NR_120262) 98.83 94

H3 MZ343567 (544) Cladosporium tenuissimum (NR_119855) Complex C. cladosporioides 99.42 94
Cladosporium oxysporum (NR_152267) 99.42 94
Cladosporium crousii (NR_148192) 98.87 97
Cladosporium colombiae (NR_119729) 98.87 97
Cladosporium pini-ponderosae (NR_119730) 98.86 96

H4 MZ343568 (571) Aspergillus brunneoviolaceus (NR_138279) Section Nigri 100.00 95
Aspergillus assiutensis (NR_151787) 99.65 98
Aspergillus aculeatus (NR_111412) 99.46 97
Aspergillus uvarum (NR_135330) 99.45 94
Aspergillus japonicus (NR_131268) 99.28 97

L1 MZ343569 (746) Pseudozyma hubeiensis (NR_137546) – 89.93 90
Pseudozyma pruni (NR_165983) 88.65 95
Pseudozyma thailandica (NR_155686) 88.65 95

L2 MZ343570 (773) Moesziomyces parantarcticus (NR_130693) – 99.60 96
Moesziomyces antarcticus (JN942668) 93.39 96
Moesziomyces aphidis (NR_145336) 92.78 94
Moesziomyces rugulosus (NR_155364) 92.24 96

B1 MZ343564 (1435) Curtobacterium citreum (NR_115034) – 98.15 97
Curtobacterium oceanosedimentum (NR_116064) 97.94 97
Curtobacterium luteum (NR_026157) 97.94 97
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et al. 2019). Bacterial strain B1 was found associated with 
species of the genus Curtobacterium with an identity per-
centage higher than 98%; considering that its macro- and 
microscopic morphologies were did relate it to any spe-
cies (Fig. 2S c, f), it was identified as Curtobacterium sp.

3.4 � Determination of the percentage of incidence 
of microorganisms after the disinfection 
process

Explants subjected to washing with detergent (30 min) and 
disinfection with 0.5% NaOCl plus tween 80 (3 min) (proto-
col P2) showed the presence of all microorganisms identified 
(Fig. 4). The explants disinfected with protocol P3 [washing 
with detergent (10 min), disinfection with 1% NaOCl plus 
tween 80 (12 min)] and P1 [washing with detergent (5 min), 
disinfection with 2% NaOCl (7 min)] showed the presence 
of five of the seven identified microorganisms, presenting 
the highest incidences of microorganisms with P3 (Fig. 4).

The disinfection of explants with a washing with deter-
gent plus povidone iodine (20 min) and disinfection with 
2% NaOCl plus tween 80 (10 min) (P5) allowed to eliminate 
43% of the contaminating microorganisms, presenting inci-
dences of less than 8% (Fig. 4). The eradication of 72% of 
the contaminating microorganisms with incidences of 5% 
was achieved by incorporating an additional disinfection 
with acetic acid and quaternary ammonium (1 min) (P4). 
The microorganisms Fusarium sp. and Pseudozyma were 
present in all protocols after disinfection processes (Fig. 4).

3.5 � Determination of viability and phytosanitary 
quality of in vitro sweet potato plants 
under greenhouse conditions

The in vitro plants (Fig. 5a) that were acclimatized and hard-
ened under greenhouse conditions (Fig. 5b) did not report 
any affection by fungi or bacteria, did not present anomalies 

in stems, leaves or roots (Fig. 5c), and showed adequate 
average growth parameters (Table 3).

For the validation of the phytosanitary quality, it was pos-
sible to obtain DNA of good quality from the reintroduced 
in vitro plants (Fig. 6a). The results of the amplification 
of the 16S rRNA gene and ITS showed no bands, except 
for the positive controls at 1500 and 615 bp, respectively 
(Fig. 6b-c).

4 � Discussion

4.1 � Assessment of losses caused by rotting 
problems caused by microorganisms

The results obtained in this work indicate that the sweet 
potato varieties present percentages of damage by bacteria 
and fungi that cause losses at the productive level. For the 
Agrosavia–Aurora variety, which is of main interest for this 
research, a high percentage of tuberous root affectation was 
found, generating low yields due to the notable loss in the 
harvest. In Agrosavia–Aurora, phytosanitary alterations have 
been reported caused by Fusarium sp., and Pseudomonas 
solanacearum; these phytopathogens produce blockages of 
the vascular system and deterioration of the foliage, decrease 
the photosynthetic capacity of the plant and affect the accu-
mulation of reserve substances in the tuberous roots to the 
point of causing the death of the plant (Rosero et al. 2019). 
Considering these results, it is very important for this new 
variety to establish a phytosanitary cleaning scheme for 
plant material in order to mitigate the effects of pathogens 
on yield; for this reason, the use of strategies such as plant 
micropropagation is essential to obtain plants free of patho-
gens and of high phytosanitary quality.

Fig. 4   Percentage of incidence 
of contaminating microor-
ganisms associated with the 
evaluated disinfection protocols. 
P1: Washing with detergent 
(WD) (5 min), disinfection with 
NaClO 2% (7 min). P2: WD 
(30 min), 0.5% NaClO + tween 
80 (T80) (3 min). P3: WD 
(5 min), 1% NaClO + T80 
(12 min). P4: WD and povi-
done iodine (20 min), NaClO 
2% + T80 (10 min), acetic acid 
(1 min) and quaternary ammo-
nium (1 min). P5: WD and 
povidone iodine (20 min), 2% 
NaClO + T80 (10 min)
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4.2 � Disinfection protocols for in vitro 
initiation of cuttings and characterization 
of contaminating microorganisms associated 
to in vitro initiation

In this work, we tested the efficacy of five different disinfec-
tion protocol to achieve the highest quality plant material of 

a new variety of orange pulp sweet potato. The lowest aver-
age contamination percentage (20%) was obtained with the 
use of the P4 and P5 protocols; additionally, it was observed 
that they suppressed the proliferation of Cladosporium sp., 
Curtobacterium sp. and Aspergillus sp. These protocols, 
unlike P1, P2 and P3, incorporate povidone iodine in the 
detergent washing process, which has a broad-spectrum 
bactericidal, fungicidal and virucidal effect (Bigliardi 
et al. 2017). The incorporation of this compound has been 
reported in Rosa canina (Shirdel et al. 2017), Curcuma aer-
uginosa (Khumaida et al. 2019) and Sargassum polycystum 
(Muhamad et al. 2018). For these plant species, it has been 
favorable to use povidone iodine to reduce the percentages 
of contamination in processes of plant material introduction, 
similarly to the results obtained in this work.

In relation to the disinfection process, the protocols with 
concentrations of NaOCl lower than 2% (P2 and P3), lead 
to a higher percentage of contaminated seedlings as well as 
the presence of a higher incidence of contaminating microor-
ganisms. A NaOCl concentration of 2% and longer exposure 
time to the disinfectant (20 min), as used in protocols P4 and 
P5, allowed obtaining a higher percentage of seedlings with-
out contamination and reducing the presence or incidence 
of contaminating microorganisms. A percentage of 2% of 

Fig. 5   Determination of the via-
bility of plants in vitro through 
the establishment in greenhouse 
conditions. a State of in vitro 
plants of 4 weeks of culture in 
the laboratory. b Seeding of 
plants in vitro under greenhouse 
conditions. c In vitro plants 
after 4 weeks of acclimatization 
under greenhouse conditions

Table 3   Growth parameters recorded after four weeks of cultivation 
of acclimatized in vitro plants under greenhouse conditions

Growth parameter Value

Height (cm) 16.36 ± 2.22
Leaf number 7.5 ± 1.27
Stem diameter (mm) 2.81 ± 0.24
Root length (cm) 15.56 ± 2.86
Leaf fresh weight (g) 1.91 ± 0.56
Stem fresh weight (g) 0.74 ± 0.15
Root fresh weight (g) 0.27 ± 0.08
Leaf dry weight (g) 0.15 ± 0.04
Stem dry weight (g) 0.05 ± 0.01
Root dry weight (g) 0.04 ± 0.01
Leaf area (cm2) 134.00 ± 17.1
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NaOCl is found in the typical range considered as efficient 
for the reduction of microbial contamination in plant tissue 
cultures (Lazo-Javalera et al. 2016; Carmello and Cardoso 
2018).

Although there was no statistically significant difference 
between P4 and P5 protocols in the percentages of con-
taminated and uncontaminated seedlings, P4 increased the 
quality values obtained, and there was no growth of five 
out of the seven isolated contaminating microorganisms. 
This is possibly related to the incorporation of acetic acid 
and quaternary ammonium in the disinfection stage of P4, 
widely reported as disinfectants with bactericidal, fungicidal 
and virucidal effects (McDonnell 2017; Obłąk et al. 2019; 
Becker et al. 2019; Chowdhury et al. 2019; Kwaśniewska 
et al. 2020). Considering that even after applying the best P4 
protocol, the microorganisms Fusarium sp. and Pseudozyma 
sp. persist as contaminants, possibly these microorganisms 
are low-abundance endophytes of sweet potato, as recently 

reported for tomato (Imazaki and Kadota 2015). Pseu-
dozyma is a genus already reported as endophyte in other 
plants as well (Sadeghi et al. 2019; Talukdar et al. 2020).

Sarocladium subulatum, Cladosporium sp., Pseudozyma 
sp., Moesziomyces parantarcticus, and Curtobacterium 
sp. were reported here for the first time during the in vitro 
initiation process of the orange pulp sweet potato plant 
material of the Agrosavia–Aurora variety. Other microor-
ganisms reported in this investigation were Fusarium sp. 
and Aspergillus sp., which have also been reported in ini-
tiation processes in sweet potatoes (Aguoru and Amuzie 
2009), and recently reported as contaminants in in vitro 
initiation of Musa textiles (Cobrado and Fernandez 2016, 
2017), Bambusa balcooa (Tyagi et al. 2017), Citrus sinen-
sis (Yeasmin et al. 2018) and Chlorophytum borivilianum 
(Kumar et al. 2019). Cladosporium has been found as a 
contaminant in Phoenix dactylifera (Singh 2018) and Chlo-
rophytum borivilianum (Kumar et al. 2019). Species of the 

Fig. 6   Verification by PCR 
of molecular markers of the 
presence of bacteria and fungi 
in the DNA of plants reintro-
duced after the greenhouse 
acclimatization phase. P1–P10 
correspond to in vitro plants. 
C + and C −  indicate positive 
and negative controls, respec-
tively. a In vitro plant DNA. b 
16S gene amplification. c ITS 
amplification



Horticulture, Environment, and Biotechnology	

1 3

genus Sarocladium have been reported as endophytes in Cit-
rus (S. subulatum; Nicoletti 2019) and Coffea arabica (S. 
bacillisporum; Oliveira et al. 2014). In addition, yeast-like 
microorganisms of the genus Pseudozyma and Moesziomy-
ces have been reported as epiphytic fungi associated with 
plant leaves in Magnolia denudata and Zea mays, respec-
tively (González-Teuber et al. 2014; Wang et al. 2016; Into 
et al. 2020). The bacterial genus Curtobacterium has been 
reported as a contaminant in micropropagation processes 
(Tekielska et al. 2019) and associated with Ipomoea aquat-
ica (Rahayu et al. 2021) and Pancratium maritimum (Tum-
barski et al. 2018).

4.3 � Determination of viability and phytosanitary 
quality of in vitro sweet potato plants 
under greenhouse conditions

The in vitro plants obtained after the micropropagation 
process using the disinfection protocol (P4), which lead 
to > 90% of plants without contamination, were acclima-
tized under greenhouse conditions. The plants in greenhouse 
developed leaves and roots without the presence of disease 
symptoms, which suggests that the process of in vitro dis-
infection was efficient allowing to eliminate pathogens 
such as fungi or bacteria. Ex vitro acclimatization is a very 
important phase in the in vitro micropropagation process. 
At this stage, the plants that are in controlled laboratory 
conditions are transferred to ex vitro conditions where 
they are exposed to different types of stress. The survival 
of the plants in greenhouse condition will depend mainly 
on the conditions of the mother in vitro plants. If the plant 
material is not vigorous, abnormal stomatal development, 
absence of epicuticular waxes and few functional roots may 
occur. An effective micropropagation protocol is essential 
to achieve high levels of survival (Rescalvo-Morales et al. 
2019; Monja-Mio et al. 2020).

The verification of the phytosanitary quality of the accli-
matized plants was carried out through the reintroduction of 
the plant material and subsequent determination at molecular 
level of the presence of bacteria and fungi, by means of 16S 
rRNA and ITS amplification, respectively. These molecular 
markers have been widely used to determine the presence of 
microorganisms in the DNA of plants; for example, in Den-
drobium officinale the primers 27R and 1492R that amplify 
the 16S rRNA gene were effective for the amplification of 
plant endophytes in both in vitro and potted plants (Yu et al. 
2013). Likewise, amplification with specific markers such 
as ITS are widely used strategies for molecular diagnosis of 
pathogenic fungi in plants (McCartney et al. 2003; Mancini 
et al. 2016). The results indicated that in the DNA of the 
in vitro plants the PCR of these molecular markers did not 
produce any amplicon, demonstrating the absence of DNA 
of bacterial or fungal origin and consequently validating the 

efficacy of the newly established disinfection protocol P4 
used in the micropropagation process.

5 � Conclusion

The Agrosavia–Aurora sweet potato variety established 
in the field presented percentages of damage by bacteria 
and fungi that caused losses of tuberous roots at harvest, 
indicating a quality deficiency of the plant material. The 
evaluation of disinfection protocols in the Agrosavia–Aurora 
micropropagation processes allowed obtaining a disinfection 
protocol (P4) in which a percentage of in vitro plants without 
contamination of 90% is obtained.

As a result of this research, the microorganisms Saro-
cladium subulatum, Cladosporium sp, Pseudozyma sp., 
Moesziomyces parantarcticus and Curtobacterium sp. are 
reported as main contaminants for the new Ipomoea batatas 
orange pulp variety Agrosavia–Aurora.

The plants obtained after the in vitro disinfection and 
micropropagation process presented good growth charac-
teristics and no presence of pathogens in the acclimatization 
phase. Verification with molecular markers, 16S rRNA gene 
and ITS, allowed establishing the absence of bacteria and 
fungi in the DNA of the in vitro plants reintroduced after 
the acclimatization process in the greenhouse.
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