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Abstract

Soft rot disease of carrots is an important limiting factor of carrot production. 
In this study, carrot roots showing typical soft rot symptoms were identified in 
the fields, and diseased and healthy root samples were collected for pathogen 
identification. The pathogen was isolated using an enriched bell pepper method. 
The bell pepper developed a water-soaked lesion around the pricking region 
when it was pricked after stabbing the diseased root whereas, no symptoms 
were produced when bell pepper was pricked after stabbing a healthy carrot root. 
From samples of the infected roots, circular, whitish, smooth, mucoid, round, 
convex, and medium-sized colonies were formed on the nutrient agar medium 
and were morphologically identified as Acinetobacter spp. Pure culture for four 
isolates was obtained, and one of the isolates (AB1) was further subjected to 16S 
rDNA sequencing. The BLAST analysis of the 16S rDNA confirmed the identity 
of AB1 as Acinetobacter baumannii. Pathogenicity test using whole-root assay 
and slice assay proved AB1 as pathogenic on carrot by producing water-soaked 
lesion, maceration, and rotting symptoms, whereas water inoculated roots 
remain healthy. The rotting symptoms on the artificially diseased carrot roots 
were similar to those caused by Pectobacterium caratovorum and Klebsiella 
variicola on the carrot. Based on the colony morphology, biochemical tests, 
and 16S rDNA sequence identity followed by pathogenicity assays, it is evident 
that A. baumannii causes soft rot disease in carrots. This report is essential for 
developing specific diagnostics and management against this newly emerging 
bacterial pathogen of carrot. 
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Introduction
Cross-kingdom pathogens, and their potential plant reservoirs, 

have important implications for the emergence of infectious human/
plant diseases. However, the directionality of host association (plant to 
human or human to plant) is difficult to determine in cross-kingdom 
pathogenicity [1]. Surprisingly, some of these plant pathogens cause 
disease in humans and are frequently isolated from human infections 
in the nosocomial environment. Despite this specialization in plants, 
species of Pantoea have also been discovered to be pathogenic to 
humans. Now classified as an opportunistic human pathogen, P. 
agglomerans has been reported to be associated with septicaemia in 
humans [2]. Interestingly, Burkholderia cepacia, which causes onion 
rot, can also cause life-threatening pulmonary infections in humans 
[3]. Several recent studies have reported that these human-pathogenic 
bacterial species are also capable of colonizing and causing disease 
in many plant hosts [4]. Notably, many of these studies have been 
conducted under laboratory conditions, providing evidence for 
the phytopathogenic potentials of these cross-kingdom bacterial 
pathogens; but, the incidence of plant disease caused by many of these 
human pathogens in the natural environment remains unknown. 
Similarly, Enterobacter cloacae have evolved to colonize the human 
host, and it has also been identified as the causal agent of grey kernel 
disease of macadamia plants. The onset of grey kernel disease affects 
not only the quality of the kernels produced by the tree but results 

in grey discolouration and a foul smell [5]. E. cloacae also causes 
bacterial soft rot disease in dragon fruit [6], and bacterial leaf rots in 
Odontioda orchids [7]. Bacteria that cause disease in both plants and 
animals may have genes required to infect both hosts. For example, 
Pseudomonas aeruginosa causes persistent lung infections in humans 
also can infect plants and other hosts [8]. 

Bacterial soft rots are a group of diseases that cause more crop 
loss worldwide than any other bacterial disease. Bacterial soft rots 
damage succulent plant parts such as fruits, tubers, stems, and bulbs 
of plants in nearly every plant family [9]. Soft rot bacteria degrade 
pectate molecules that bind plant cells together, causing plant 
structure to fall apart eventually. Soft rots commonly affect vegetables 
such as potato, carrot, tomato, cucurbits (e.g., cucumbers, melons, 
squash, pumpkins), and cruciferous crops (e.g., cabbage, cauliflower, 
Boy Choy) [10-13]. These diseases can occur on crops in the field and 
on harvested crops in storage.  Rot can occur over a wide temperature 
range, with the worst decay between 21°C and 80°C, particularly 
when oxygen is limited [14]. 

Carrot (Daucus carota subsp. sativus) is an important vegetable 
in India. Soft rot is a serious disease of carrots in the field that causes 
total loss, and rotting can also be observed in the storage. This 
disease is caused by Erwinia carotovora [15] and Pectobacterium 
carotovorum [9]. Recently, Klebsiella variicola has also been reported 
to cause rotting disease in carrots in India [16]. Our initial studies on 
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soft rot infected carrot samples indicated negative for the presence 
of E. caratovora, P. carotovorum and K. variicola, Pseudomonas 
viridiflava, and P. marginalis pathogens, and the isolated bacteria was 
shown similarities with the Acinetobacter spp. Considering the above 
facts, the present study was undertaken to identify and characterize 
the bacterial pathogens associated with the soft rot disease of carrots. 
We identified an isolate of A. baumannii as the causal organism of 
soft rot in carrots. 

Acinetobacter baumannii is a ubiquitous bacterium that exists 
under a wide variety of environmental conditions [17] and is found 
as a food contaminant [18]. A. baumannii has been reported to be 
associated with hospital-acquired nosocomial infections in humans 
[19]. A. baumannii is an opportunistic organism and showed 
high resistance to carbapenem throughout Asia and America [20] 
Pneumonia, bloodstream infections, urinal tract infections, and 
meningitis are the most common clinical manifestations [21]. In 
plants, A. baumannii has been in diverse association forms from 
endophytic beneficial to the disease-causing pathogen. In chilli and 
pearl millet, A. baumannii has been reported as beneficial to plants 
by producing plant hormones [19,22]. Multidrug-resistant strains 
of A. baumannii have also been frequently isolated from crop fields 
[23]. Most importantly, A. baumannii has been reported as a plant 
pathogen causing the top rot phase of the sugarcane red stripe disease 
in India [24] and dieback disease of mango in Pakistan [25]. A study 
also indicated the competitive nature of A. baumannii in the Ralstonia 
infected tomato plants for in-planta multiplication [26].	

In this study, we report the isolation, identification, and 
characterization of a cross-kingdom infecting bacteria A. baumannii 
associated with the soft rot disease of carrot in India. One of the 
strains, AB1, was taxonomically identified through sequencing 16S 
rDNA, followed by biochemical and molecular characterization.

Materials and Methods
Collection of diseased samples and pathogen isolation 

The carrot sample exhibiting water-soaked lesions, rotting of 
taproot (Figure 1) were collected from Chintamani, Karnataka, India 
(N 130 24′ 5.4′′ E0 780 03′ 20.1′′) during 2020. About six samples were 
collected along with two healthy roots. Both healthy and diseased 
samples were pre-cleaned in the field and brought to the laboratory 
for further analysis. As the rotting phase of the disease is associated 
with many saprophytes, an enrichment technique was followed using 
a healthy bell pepper. Healthy and green bell pepper was washed 
with running tap water, then surface sterilized with 0.5% sodium 
hypochlorite for 1min, followed by a wash with sterile distilled 
water (SDW) and air-dried. A sterile toothpick was stubbed into the 
diseased tissue of carrot and then stubbed into the surface-sterilized 
bell pepper. Inoculated peppers were then placed in a plastic bag, and 
the moistened wet cotton was then incubated at 30°C for 24-48 hours. 
The diseased/symptomatic tissue around the toothpick pricking bell 
pepper was aseptically removed and surface sterilized with 0.5% 
sodium hypochlorite solution for a few seconds and then washed with 
SDW. The portion of the infected region was macerated in a sterile 
saline solution (0.85%) using a sterile pestle and mortar under aseptic 
conditions. The resulting suspension was left undisturbed for a few 
minutes for the bacterium to release from the tissue. This suspension 
was then streaked on Nutrient Agar (NA) plates, and the plates were 

incubated at 28°C for 24hr for colony emergence.

Pathogenicity
The pathogenicity was proved by two methods, i.e., the whole-

carrot-root method and carrot-slice-method as described previously 
[15]. In the whole-carrot-root method, the surface disinfected healthy 
carrots were injected with 250-300 μl of bacterial suspension (1×108 
CFU mL-1) aseptically with the help of a sterilized syringe at its crown 
portion, then it was placed in a plastic bag along with wet cotton, and 
was incubated for 3-4 days at room temperature in a plant growth 
chamber. Whereas in the carrot-slice-method, the carrot root was 
cut into slices of 5mm thickness and was placed in a Petri plate and 
inoculated with 150-200 μl of bacterial suspension (1×108 CFUmL-1) 
at the cut surface (by pouring), then the Petri plates were placed in a 
plastic bag along with wet cotton and incubated for 3-4 days at room 
temperature in a plant growth chamber.

DNA isolation and primer synthesis
One of the isolates, AB1, was selected for taxonomic 

identification using the universal 16S rDNA gene. Bacterial 
cells harvested from the 24hr grown broth were used for 
bacterial genomic DNA isolation. The isolation  of  DNA was   
carried using  the  CTAB (Cetyltrimethylammonium bromide) 
as described previously [27]. The DNA was quantified 
spectrophotometrically and the Universal primer pairs for 16s rRNA 
gene, i.e., Fd1 (5′-AGAGTTTGATCCTGGCTCAG-3′) and Rp1 
3′-ACGGCTACCTTGTTACGACTT-5′) [16] were synthesized at a 
commercial facility (Eurofins, Bengaluru, India).

PCR amplification
The PCR assay was conducted in a 20μl reaction mixture 

containing 10μl of 2X master mix (TaKaRa, Japan), 6μl of nuclease-
free water, 10pmol/μl of forward primer, 10pmol/μl of reverse primer, 
and 50ng of DNA and performed in a thermal cycler (Eppendorf- 
vapo. Protect, Germany). The PCR conditions included 94°C for 
1min of denaturation, annealing of 60°C for 1min, and extension 
with 72°C for 1min 30s with 30 cycles of repetition. The amplified 
PCR product of 5µL was gel electrophoresed on 1% agarose, and the 
purified product was outsourced for sequencing (Eurofins, India). 
A BLAST search on the NCBI Gene Bank database [28] was used to 
identify the taxonomic identity. The nucleotide sequences of other 

Figure 1: Field symptoms of rotten carrot.
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strains of A. baumannii were retrieved from the NCBI GenBank 
and assembled using BioEdit Sequence Alignment Editor (Version 
7.2.5) (Hall 1999). The evolutionary history was inferred using the 
Maximum Likelihood method and Tamura-Nei model (Tamura and 
Nei 1993) in the MEGA X software package (Version 10.1.7) (Kumar 
et al. 2018).

Biochemical characterization
The biochemical tests viz., KOH (3%), gram staining, growth 

at high temperature (37°C), muciodness, pigmentation on YDCA, 
growth on NaCl (5%) medium, catalase, oxidase, nitrate reductase, 
oxidative fermentation, acetoin, phenyl deaminase, urease production, 
amylase production was carried out. Utilization of carbohydrates 
like citrate, adonitol, delucitol, cellobiose, fructose, lactose, glucose, 
mannitol, maltose, sorbitol, sucrose, xylose was done according to 
Bergey’s Manual of Systematics of Archaea and Bacteria [29] and 
Laboratory guide for identification of plant pathogenic bacteria [30].

Results
Collection and isolation of bacterial isolates

A field survey was conducted in the carrot growing fields of 
Chintamani, Karnataka, India, during August 2020 indicated the 
incidence of soft rot disease in the surveyed field. Several carrot 
plants with wilting/collapse symptoms were observed in the field 
with a disease incidence of 10-12%. When the taproots of the 
symptomatic plants were observed after uprooting, they showed 
brown water-soaked lesions with rotting, and a prominent foul 
smell was also evident in all the symptomatic roots (Figure 1). 
The associated bacterium was isolated using a host (bell pepper)-
enrichment technique. The bell pepper developed a water-soaked 
lesion around the pricking region when it was pricked after stabbing 
the diseased root whereas; no symptoms were produced when bell 
pepper was pricked after stabbing a healthy carrot root (Figure 2). 
After a standard bacterial isolation technique on NA media, bacterial 
colonies with circular, whitish, smooth, mucoid, round, convex, and 
medium-sized appeared after 48hr of incubation (Figure 3). Pure 
culture for four isolates was recovered, and one of the isolates, AB1, 
was selected for further analysis.

Molecular identification and phylogeny
Using universal primers pairs, the PCR amplification of the 16S 

rDNA region of AB1 isolate yielded approximately an amplicon of 

1400bp length. The nucleotide sequences of AB1 isolate obtained 
after sanger sequencing of the PCR amplified products were manually 
purified for trimming the low-quality reads. When the consensus 
sequences were subjected to the BLAST analysis, it showed 99.63 per 
cent identity with A. baumannii strain HAU423 (OK483367), thus 
confirming the taxonomic identity of AB1 as A. baumannii. The 
nucleotide sequences of the AB1 strain were deposited in the NCBI 
GenBank with an accession number OL872258. Further, a Maximum 
Likelihood phylogenetic tree constructed using 16S rDNA sequences 
indicated the close clustering of AB1 strain with other strains of A. 
baumannii isolated from soil, plant, human, and mosquito, indicating 
common ancestral origin irrespective of the host/source (Figure 4).

Pathogenicity
This assay was conducted using both whole-root and sliced-root 

methods. In the whole-root method, the A. baumannii strain AB1 
produced water-soaked lesions on carrot after 24hr of incubation. 
Later the lesion extended, and maceration of tissue was observed 
after 48hr, and complete rotting was observed at 72hr of incubation 
(Figure 5). In the sliced-root method, reddish to brownish water-
soaked lesion was started at the inoculated point after 24hr, later the 
lesion gradually extended, leading to complete rotting (Figure 6). The 
re-isolation was done from both the methods, and recovered colonies 
showed the same characters as the original strain AB1.

Physiological and biochemical characterization
Cells of A. baumannii strain AB1 showed round to rod-shaped 

morphology under microscope. It was non-motile, produced non-
pigmented mucoid colonies on Luria-Bertani agar medium, and had 
no pigmentation on YDCA media. It showed a gram-negative reaction Figure 2: Enrichment host technique using bell pepper.

Figure 3: Colony morphology of A. baumannii isolate AB1.

Figure 4: Phylogenetic analysis of A. baumannii isolate AB1.
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and formed thick viscous threads with 3% KOH. The bacterium 
was salt-tolerant (5% NaCl), and growth was observed at higher 
temperatures (37°C). The active culture showed negative oxidase 
activity, produced catalase and nitrate reductase, and possessed both 
oxidative and fermentative metabolism. A. baumannii was negative 
for acetoin production and phenylalanine utilization and positive 
for urease production. The bacterium used different carbohydrate 
sources like malonate, cellobiose, citrate, glucose, sorbitol, lactose, 
fructose, sucrose, xylose, and adonitol and failed to utilize mannitol, 
delucitol, and maltose. The results of biochemical and physiological 
characters are summarized in Table 1.

Discussion
Several bacteria such as P. agglomerans, B. cepacia, E. cloacae, P. 

aeruginosa, and A. baumannii have been reported to infect diverse 
hosts belonging to the different kingdoms [31-35]. This cross-
kingdom infectivity is responsible for several emerging diseases 
in animals and plants [36]. Among them, A. baumannii has been 
reported from soil, plant, mosquito, human skin, upper respiratory 
tract, and gastrointestinal tracts, etc., and has been reported as an 
emerging pathogenic threat to public health [37]. Concerning plant 
association, A. baumannii has been associated with many vegetables 
and mainly disseminated by wild bird’s dropping [23]. It is found to 

show growth promotion activity in Pearl millet. Few Acenitobactor 
species like A. antiviralis and A. lactucae were found as endophytes 
associated with tobacco roots and lettuce plants, respectively [38,39]. 
However, it has also been reported as a plant pathogen associated 
with the top rot phase of the red stripe of sugarcane [24], dieback of 
mango [25], and tomato [26]. Therefore, it is essential to study the 
distribution of A. baumannii in the vegetables, especially those grown 
(carrot, radish, beetroot, leafy vegetables, etc.) in the urban ecosystem 
where human waste is frequently added to the soil.

Our field survey has identified the incidence of soft rot disease 
of carrot in the field.  Our further pathogen isolation experiments 
indicated negative for the previously reported soft-rot pathogens (E. 
caratovora, P. carotovorum, and K. variicola, P. viridiflava, and P. 
marginalis) in the symptomatic and as well in the healthy samples. 
However, we could isolate A. baumannii bacterium from the diseased 
samples and be absent in the healthy samples indicating its role in 
the soft rot disease and symptoms. During isolation, to rule out the 
saprophytic microbiome in the symptomatic samples, we followed a 
host-enrichment technique using a healthy bell pepper fruit to purify/
isolate the pathogen from the diseased samples. One of the isolates, 

Figure 5: Pathogenicity assay of A. baumannii isolate AB1 using whole-root 
method.

Figure 6: Pathogenicity assay of A. baumannii isolate AB1 using slice 
method.

Biochemical test Reaction

Gram reaction -

KOH (3%) +

Growth at 37°C +

5% NaCl +

Colonies on YDCA whitish

Muciodness +

Motility Non-motile

Oxidase -

Catalase +

Nitrate reductase +

Oxidative fermentation +/+

Acetoin -

Phenylalanine deaminase -

Urease +

Malonate +

Cellobiose +

Citrate +

Glucose +

Sorbitol +

Mannitol -

Lactose +

Fructose +

Sucrose +

Dulcitol -

Maltose -

Xylose +

Adonitol +

Table 1: Biochemical characteristics of A. baumannii.
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AB1, was further studied for its colony morphology, physiological 
and biochemical characterization, which were found to be similar 
to those reported previously for A. baumanniii [24], provided 
preliminary hints for the taxonomy of AB1 as A. baumanniii. Further, 
the taxonomy was confirmed through NCBI BLAST and phylogenetic 
analysis of the 16S rDNA gene sequences. 

Taxonomically identified AB1 strain of A. baumanniii was tested 
for its pathogenicity on carrot using two independent methods. In 
both the methods of infectivity assays, A. baumannii produced water-
soaked lesions leading to maceration and rotting of carrots, whereas 
the water inoculated carrot remains healthy, thus confirming A. 
baumanniii as the causal organism of carrot soft rot disease. Even 
though several previous reports have shown the association of A. 
baumanniii with plant diseases, we have provided conclusive evidence 
for its plant pathogenic potentials in this study. Previously, several 
bacterial pathogens such as E. caratovora [15], P. caratovorum [9], K. 
variicola [16], P. viridiflava, and P. marginalis [40] has been reported 
to cause the soft rot of carrot, and this study added one more bacterial 
pathogen, i.e., A. baumannii as a causal agent of soft rot disease of 
carrot.

A. baumannii is among the most troublesome pathogens 
globally and represents ESKAPE pathogens (ESKAPE: E. faecium, 
Staphylococcus aureus, K. pneumoniae, A. baumannii, P. aeruginosa 
and Enterobacter spp.) [41]. In recent years, it has been designated as 
a “red alert” human pathogen, generating alarm among the medical 
fraternity, arising largely from its extensive antibiotic resistance 
spectrum.  As vegetables are widely grown in all seasons and many 
regions, urban waste is frequently used in vegetable farming. There 
is an increased risk of movement of the cross-kingdom bacteria from 
human waste to cultivated fields and then to the consumers [42]. 
The evidence provided in this study indicated the vegetable-borne 
inoculum of A. baumannii can enter the food chain and, therefore, a 
potential threat to the public health.

Conclusion
Our study has established the pathogenic nature of a new 

pathogen, A. baumannii, in causing the soft rot disease of carrots in 
India. As the A. baumannii is an established cross-kingdom infecting 
pathogen, the vegetables act as a potential reservoir for this pathogen, 
and therefore, further research is required to manage this pathogen in 
the field and as well in the storage.
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