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Plant diseases have a significant impact on plants and their crop yields, causing extensive epidemics and recur-
rent damages that result in profound negative effects. Bacteria such as Erwinia, Pectobacterium and Klebsiella 
have a very wide host range and can play a pathogenic role for a large number of ornamental and agricultural 
plants or even establish a symbiotic relationship with the plant. This group of bacteria that cause all kinds of 
plant diseases are able to affect seed tubers and soil microbial community. The objective of this investigation 
was to identify and classify the distinct symbiotic pathogens associated with Trifolium resupinatum plants ob-
tained from the Shahreza region located in the southern part of Isfahan, Iran. In this investigation, T. resupina-
tum specimens harboring nodular root structures were initially identified and subsequently retrieved from vari-
ous locations in the southern region of Isfahan (Shahreza), before being transported to the laboratory. The Yeast 
Mannitol Agar (YMA) medium underwent a cultivation procedure, subsequent to which the bacterial samples 
were subjected to molecular identification utilizing morphological and biochemical tests. Additionally, the 
colony-PCR technique was employed to achieve definitive identification. This study examined the molecular 
features of three distinct species namely Erwinia chrysanthemi, Pectobacterium carotorum, and Klebsiella ox-
ytoca. It was revealed that the former two species exhibited a symbiotic pathogenic relationship with the T. resu-
pinatum plant, while the latter species posed a threat to human health as a pathogen. The study results revealed 
that the root nodes of leguminous plants displayed the coexistence of beneficial symbiotic rhizobium species 
that are known for their capacity to enhance plant growth in both dicotyledonous and monocotyledonous plants.
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Introduction
Pathogens are the causative agents of diseas-

es in plants. Pathogens can be classified into two 
categories: living and non-living. The group of 
living pathogens encompasses fungi, viruses, 
bacteria, nematodes, viroids, protozoa, and par-
asitic flowering plants. Non-living pathogens, 
on the other hand, are responsible for causing 
non-infectious diseases in plants and can be at-
tributed to environmental factors such as defi-
cient food elements, extreme temperatures, air 
pollution, inadequate moisture levels, oxygen 
deprivation in the surrounding environment, 
poisoning from toxic elements, insecticides, 
fungicides, or herbicides, failure to adhere to ag-
ricultural principles, inappropriate soil pH, and 
imbalance in light exposure (Javaheri et al. 2022; 
Tabatabaei Ahmadrezaei et al. 2021; Yazdani et 
al. 2023). The Pectobacterium genus is a nota-
bly significant Gram-negative plant pathogen 
classified within the Enterobacteriaceae family. 
The members of this genus cause a wide range 
of disease symptoms, including soft rot and wilt-
ing, in both monocot and dicot host plants, as 
well as black leg in potatoes and certain shrubs 
(Marquez-villavicencio et al. 2011). The bacteria 
exhibit a specific trait where they actively man-
ufacture and discharge enzymes that are capable 
of degrading the cell wall. Notably, pectinase 
or pectolytic acid enzymes are prevalently in-
volved in this process, resulting in the disruption 
and fragmentation of plant tissues (Barras et al. 
1994). The classification of the genus Pectobac-
terium is primarily determined by variations in 
host range as well as biochemical and molecular 
characteristics. This genus is further subdivid-
ed into multiple species and subspecies (Kwon 
et al. 1997). P. atrosepticum and P. carotovorum 
subsp. carotovorum (Pcc) species are particularly 
significant as they inflect severe harm on multiple 
agricultural cultivations in both field and storage 
conditions. Among these options, Pcc exhibits 
a broader spectrum of host compatibility (Zheo 
et al. 2010). Erwinia chrysanthemi bacteria, like 
other plant pathogens, are commonly present 
in agricultural products and pose a hidden risk. 
This bacterial pathogen is responsible for in-
ducing soft rot disease on plants belonging to 

the Solanaceae family, both in field settings and 
during storage conditions. The existence of it has 
led to substantial agricultural damages, causing 
crop reductions of 20-40% in Isfahan province 
and even more severe effects across the country. 
In order to manage the presence of Dickeya da-
dantii, a bacterium currently referred to by this 
name, a range of interventions including cop-
per compounds, ethylenediaminetetraacetic acid 
(EDTA), and diverse antibiotics are employed. 
Currently, phage therapy is emerging as a novel 
approach in agriculture for addressing the chal-
lenges associated with this particular pathogen 
(Korniienko et al. 2020). The critical significance 
of the vast epiphytic colony of this bacterium is 
indispensable in the progression of anthrax, ow-
ing to two separate factors. Firstly, it contributes 
to the initiation of infection within the floral sys-
tem. Secondly, it facilitates the dissemination of 
bacteria among flowers through rain or pollinat-
ing insects, such as bees (Johnson et al. 1993). 
The colonization of the stigma surface by antag-
onist bacteria, prior to the arrival of pathogenic 
bacteria, may lead to an augment in their popu-
lation. The critical significance of the vast epi-
phytic colony of this bacterium is indispensable 
in the progression of anthrax, owing to two sepa-
rate factors. Firstly, it contributes to the initiation 
of infection within the floral system. Secondly, 
it facilitates the dissemination of bacteria among 
flowers through rain or pollinating insects, such 
as bees (Johnson et al. 1993). The colonization of 
the stigma surface by antagonist bacteria, prior to 
the arrival of pathogenic bacteria, may lead to an 
augment in their population (Pusey 1998). Leg-
umes play a significant role as a vital source of 
protein, starch, oil, minerals, and vitamins. The 
seeds of this plant are highly valued in both hu-
man and livestock food industries due to their ad-
vantageous compounds, serving as a significant 
influence on the customary dietary practices of 
various populations worldwide. In terms of veg-
etarianism, it could be seen as a feasible substi-
tute for traditional meat products (Schmidt and 
Viviani Ruffo 2023). The cultivation and adop-
tion of improved and high-performing variants 
are crucial in the domain of leguminous fodder 
plants, especially concerning T. resupinatum. Re-
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search indicates that indigenous populations of 
Iranian clover (T. resupinatum) exhibit substan-
tial genetic diversity and possess the capacity for 
increased productivity, surpassing that of foreign 
cultivars. Thus, the refinement and purification of 
these populations holds the potential to generate 
enhanced and high-yielding strains. The findings 
of a comparative analysis between grass fami-
ly fodder and alfalfa have indicated that alfalfa 
fodder exhibits low fiber content and high pro-
tein content, whereas grass fodder displays high 
fiber content and low protein content (Canale et 
al. 2002). The investigation into the influence of 
planting techniques and harvest timing on the nu-
tritional value of Iranian clover fodder in Turkey 
revealed that early harvesting results in a defi-
ciency of copper in the fodder. Additionally, the 
inclusion of Iranian clover in mixed crop systems 
has been shown to decrease the reliance on fer-
tilizers for the companion plant while simultane-
ously enhancing both the quantitative and quali-
tative yield of fodder (Kokmaz 1993). Klebsiella, 
a gram-negative bacillus, is a member of the 
Enterobacteriaceae family, exhibiting a genetic 
affinity with several other genera within this fam-
ily, including Escherichia, Salmonella, Shigella, 
and Yersinia. Klebsiella organisms exhibit a lack 
of motility and typically possess capsules. Cer-
tain sugars, namely lactose and sucrose, under-
go fermentation. A significant number of strains 
typically exhibit the capacity to produce gas as a 
result of sugar fermentation, with the ability to 
generate gas from starch serving as a crucial as-
pect of diagnostic analysis (Murray et al. 2005). 

The unintended consequences of Klebsiella ox-
ytoca on plants have been suggested by recent 
discoveries (Long et al. 2022). The significance 
of Trifolium cultivation is underscored by sever-
al factors, including its diverse species composi-
tion, ability to adapt to a wide range of climatic 
conditions, and high protein content in its aerial 
parts. However, research on the pathogens af-
fecting this plant remains limited, necessitating 
further investigation. This study aimed to inves-
tigate and molecularly analyze specific symbi-
otic pathogens linked to T. resupinatum plants 
collected from the Shahreza area in the southern 
portion of Isfahan.
Materials and Methods
Plant collection 

Shahreza is situated at a distance of 508 kilo-
meters to the south of Tehran, and approximately 
80 kilometers to the southwest of Isfahan. In or-
der to carry out this research, first T. resupinatum 
plants with nodular roots from one of the south-
ern regions of Isfahan (Shahrezah) which have 
the least restrictions in terms of soil EC and pH 
and also in terms of weather conditions (Fig 1). 
The growing conditions of this plant were suit-
able and they were collected at the right time 
(from March 20 th to April 20 th). Because the 
short flowering period of T. resupinatum in Isfa-
han province and especially in Shahreza region 
limited the sampling time, because on the one 
hand, due to the variety of species, the presence 
of flowers is necessary to identify the species of 
T. resupinatum. On the other hand, early heat in 
the early Spring causes the flowers to fall and the 
desired plants to almost dry up.

Fig.1. The geographical map of the Shahreza, Isfahan, Iran
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Fig.2. Root nodes of T. resupinatum plant in Shahreza region in the south of Isfahan

Separation of nodules
In the laboratory, first, the roots of the samples 

were washed with a gentle stream of water, and 
the aerial parts were transferred to the herbari-
um of the Islamic Azad University, Falavarjan 
branch, for the precise identification of T. resupi-
natum species (Fig 2).

Typically, the isolation of bacteria from nod-
ules is considered a more straightforward and de-
pendable approach compared to soil. Therefore, 
the bacteria were separated and recognized in 
controlled laboratory conditions, following the 
subsequent procedural series: The nodes were 
subjected to sterilization by being soaked in 
a solution of 95% ethanol and Hg2Cl2 for 5-10 
seconds. In this experiment, aseptic knots were 
carefully transferred to a test tube that had 0.5 ml 
of sterile saline solution, which had a concentra-
tion of 8.5 g/L. To ensure sterility throughout the 
procedure, the knots were subsequently crushed 
with a sterile mortar. In this experiment, a total 
of 0.1 mL of node suspension and salt solution 
was carefully transferred onto the YMA culture 
medium, which had been prepared in a 9 cm 

plate. The spreading of the suspension onto the 
medium was facilitated using the assistance of 
Lupsteron. The plates were maintained in an in-
cubator at a controlled temperature range of 25-
28 °C. Subsequently, they were subjected to an 
incubation period lasting between 2 to 5 days. 
To assess the development of bacterial colonies 
along the culture lines, the plates were subse-
quently transferred onto alternative culture me-
dia, namely BHI and EMB. In order to guarantee 
the separation of untainted bacterial strains, a 
purification process consisting of multiple stages 
was carried out. Different colonies with distinct 
appearances were cultured on individual plates. 
The investigation involved analyzing the heat re-
sistance test and growth rate of the isolates, while 
gathering diverse information about them using 
conventional phenotypic identification methods 
(Shafizadeh et al. 2016). After the biochemical 
identification of the isolates, the researchers pro-
ceeded to prepare the desired samples for testing 
Molecular models (Sangeetha et al. 2020; Vasun-
dhara and Thammaiah 2017).

Table 1: Sequences of the general primers in this study  (Moazzenpour et al. 2018)
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Colony-PCR method
Colony-PCR is a method used to confirm the ex-
istence of a specific gene fragment in bacteria. 
During the investigation, we used general prim-
ers that were specifically made for the 16S ribo-
somal DNA (rDNA) gene, more details of which 
can be found in Table 1. Talley Gene and Sina-
Clone Company in Iran carried out the complete 
process of conceptualization and production of 
these primers (Karami et al. 2022).
In this specific method, a small portion of the pu-
rified colony was mixed with 10 μL of sterile dis-
tilled water using a sterilized loop, and then used 
as a template for the polymerase chain reaction 
(PCR) process. Table 2 illustrated the requisite 
values and conditions essential for carrying out 
the colony-PCR methodology.
Quality control of PCR products using 
gel electrophoresis
Agarose gel electrophoresis was used to assess 
the quality of PCR products. The velocity of 
DNA migration within the gel exhibits a linear 
relationship with the applied electric field inten-
sity. The process of electrophoresis starts when 
an electric current is introduced, causing DNA to 
migrate towards the positive pole as a result of its 
negative charge. The velocity of this movement 
is governed by the DNA molecule size and the 
concentration of agarose present in the medium. 
Ultimately, the gel was subjected to ultraviolet 
irradiation using the gel dock equipment, result-
ing in the identification of the targeted band. The 
manifestation of a solitary intense band within 
the designated range serves as a reliable indicator 
of successful polymerase chain reaction (PCR) 
amplification.
Results

In this research, T. resupinatum plant with 
nodular roots was identified from the agricul-
tural soils of Shahreza city, located in the south 

Table 2: The thermal cycle used to perform the colony-PCR technique in this study

of Isfahan province, and was transferred to the 
laboratory. According to the diagnosis of the her-
barium specialist of Islamic Azad University, Fa-
lavarjan Branch, the largest number of T. resupi-
natum samples collected was related to Trifolium 
tomentosa species. The phenotypic diagnosis of 
T. resupinatum plant parasitic bacteria was based 
on morphological diagnosis and gram staining, 
the bacteria isolated in YMA, EMB, BHI culture 
media created wormy and slimy colonies and 
their gram reaction was negative and had an ag-
gregated arrangement and under the microscope 
All bacteria were observed as rods according to 
Figure 3.

Fig. 3. Microscopic view of one of the pathogenic bacteria 
isolated from T. resupinatum plant nodes with the help of 
gram staining

The results of biochemical tests for bacteria 
isolated from T. resupinatum plant nodules in-
cluded the following: Erwinia chrysanthemum: 
(oxidase negative, catalase positive, indole pos-
itive, phosphatase positive, gelatinase negative, 
sensitive to the antibiotic erythromycin), Pecto-
bacterium carutoverum: (oxidase negative, cat-
alase positive, OF glucose positive, gelatinase 
positive, methyl red negative) and Klebsiella 
oxytoca: (indole positive, oxidase negative, cit-
rate positive, urea hydrolysis positive, lysine 
decarboxylase positive, methyl red negative and 
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Vege-Prosquare positive). After performing col-
ony-PCR, bacteria from three genera Erwinia 
chrysanthemi, Pectobacterium carotorum, and 
Klebsiella oxytoca were detected according to 
the gel image in Figure 4.

Fig. 4. Results of electrophoresis of PCR product, bacte-
rial strains of T. resupinatum plant pathogen isolated with 
universal primers on 1% agarose gel, in this figure, 100 bp 
weight marker was used. Line L: the weight Ladder, line 1: 
Erwinia chrysanthemi strain (430 bp), line 2: Pectobacte-
rium carotorum strain (420 bp), line 3: Klebsiella oxytoca 
strain were 420 bp, line 4: negative control (distilled water).

This study successfully identified and char-
acterized three distinct genera (E. chrysanthemi, 
P. carotorum, and K. oxytoca) from the tubers 
of the T. resupinatum plant, often found in as-
sociation with the renowned species Trifolium. 
The identification of the plant samples was car-
ried out through a meticulous examination of the 
herbarium records at Islamic Azad University, 
specifically the Falavarjan branch. The study 
mentioned above has shown that some species in 
the Erwinia genus have different roles as plant 
pathogens and can also help with plant nitrogen 
fixation through a symbiotic relationship (Vasun-
dhara and Thammaiah 2017). However, it was 
observed in this study that the Erwinia chrysan-
themi species is likely the causative agent of T. 
resupinatum plants in the Shahreza region, which 
is situated in the southern area of Isfahan city. 
According to local farmers’ opinions, it seems 
that the places where this bacterium was discov-
ered in the root nodules of T. resupinatum plants 
had worse conditions for plant growth compared 
to other areas. Therefore, the economic suc-

cess of farmers operating in the specified area 
has suffered as a consequence of this situation. 
The researchers studied the taxonomy and gen-
eral biology of Xenorhabdus and Photorhabdus 
spp., serving as the central topic of investigation. 
These bacteria’s unique symbiotic and pathogen-
ic life cycle has been explored using molecular 
biological techniques. The heightened pathogen-
ic nature exhibited by Xenorhabdus and Pho-
torhabdus spp. to cause infection in a susceptible 
host. The effectiveness and power of bacterial 
cells are evident in their ability to successfully 
target and enter desired hosts. In order to prompt-
ly inhibit the propagation and remove the infest-
ed larvae. Bacterial septicemia does not seem to 
significantly contribute to the insect’s mortality 
(Forst and Nealson 1996). Despite the vast di-
versity of plant-microbe interactions, they follow 
a historical progression, forming a continuum of 
symbiotic relationships. Arbuscular mycorrhiza 
(AM) is the ancestral form that helped plants col-
onize land during the early stages of terrestrial 
flora evolution. During AM evolution, the plant 
acquired genes to regulate microbe colonization 
of root tissues. Later, genes were rearranged to 
accommodate new symbionts (N2-fixing bacte-
ria, ectomycorrhizal fungi, endophytes, and epi-
phytes) and pathogens in symbiotic interactions. 
From the microbial side, the evolution of mu-
tualism and antagonism is limited to symbioses 
between plants and ergot fungi, Clavibacter, Ba-
cillus, and Pseudomonas bacteria. Similar sys-
tems in symbiotic interactions may be related to 
convergent evolution in distant microorganisms 
(adaptation to host defense/regulatory factors), 
molecular mimicry (imitation of interaction 
mechanisms used by ancient symbionts), or hori-
zontal gene transfer (Provorov 2009). Further-
more, P. carotorum has been discovered and doc-
umented on numerous ornamental plants as well 
as monocotyledonous and dicotyledonous plants 
across various regions of Iran. Unfortunately, 
this specific species is acknowledged as a plant 
pathogen, causing a substantial decrease in plant 
growth within the investigated regions (Baghaee-
Ravari et al. 2011;Dahaghin and Shams-bakhsh, 
2014). A study was carried out by Chung et al, 
in which they collected Enterobacter, Klebsiella, 
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and Pantybacillus bacteria from the rhizosphere 
of onion, pepper, and rice plants. They recognized 
that these bacteria have pathogenic qualities that 
go beyond affecting humans, as they can also 
function as opportunistic pathogens for the de-
velopment of diseases in grass and pasture vege-
tation. The aforementioned plants are susceptible 
to soft rot, thereby leading to their deterioration. 
In the current investigation, the researchers have 
successfully isolated and molecularly identified 
Klebsiella oxytoca bacteria from the tuber or root 
nodule of T. resupinatum plants in the Shahreza 
region. This discovery suggests a notable sim-
ilarity to prior studies carried out by these re-
searchers. As part of the present investigation, 
scholars have managed to isolate and molecular-
ly analyze K. oxytoca bacteria extracted from the 
tuber or root nodule of T. resupinatum plants in 
the Shahreza area. This finding bears considera-
ble resemblance to the researchers’ own inquiry. 
Several species of diazotrophic bacteria, name-
ly Erwinia, Azotobacter, Agrobacterium, Burk-
holderia, and Pseudomonas, have the capability 
to enhance the uptake of phosphate and fix nitro-
gen in a bioavailable form. The augmentation of 
phosphorus bioavailability is achieved by micro-
organisms through the synthesis of organic acids, 
thereby facilitating the absorption of inorganic 
phosphorus (Scevino et al. 2010). Meanwhile, 
researchers’ research shows that bacterial patho-
gens of some pasture plants sometimes lead to the 
loss of essential plant elements such as nitrogen, 
phosphorus and iron, even to the limited extent 
of microelements such as molybdenum, copper 
and zinc (Sangeetha et al., 2020; Vasundhara and 
Thammaiah 2017). The species of P. carotorum 
has been reported as a pathogenic agent from the 
plant families of Cabbage, Solanaceae, Umbrel-
las, Lilies, and Cucurbitaceae (Toth et al. 2003) 
and Arase (Hu et al. 2008), Spathiphyllum (Alipi 
and Lopez, 2009), Bromelia, Credlin, Syngoni-
um, Aloe, Cereus, various species of cactus, Se-
dum (Chase 1997), tulip (Boyraz et al. 2006) and 
Euphorbia (Suslow and McKean 1979) has been 
isolated and reported from different regions of the 
world. The present study also uncovered evidence 
showing that the infected bacterium considerably 
hindered the growth of T. resupinatum plant tu-

bers. Sinorhizobium strains have the capability 
to establish a symbiotic relationship with various 
plant species, including clover, alfalfa, and soy-
bean, leading to their coexistence within the root 
systems. Furthermore, they actively engage in the 
biological process of nitrogen fixation, whereby 
atmospheric nitrogen is converted into a biolog-
ically usable form, contributing to the plants’ ni-
trogen requirements. The use of rhizobial biolog-
ical fertilizers in modern agriculture has become 
widely recognized as a way to increase the crop 
productivity of leguminous plants. Practitioners 
and experts increasingly prefer this approach due 
to its noticeable economic benefits as well as its 
positive impact on the environment (Panahpour 
2007; Peoples et al. 1995). The current research 
being conducted in the south of Isfahan is moti-
vated by a lack of previous studies on symbiot-
ic bacterial pathogens linked to T. resupinatum. 
Furthermore, the assessment of economic loss-
es and environmental health hazards stemming 
from such pathogens has remained unexplored. 
Future benefits are expected in relation to the fu-
ture potential of offering practical solutions for 
farmers in the mentioned area and T. resupina-
tum growers in various regions. The objective 
of these solutions is to improve the methods of 
cultivating the plant and ensure a plentiful har-
vest, all while safeguarding its quality and over-
all well-being.
Conclusion

The research findings revealed that the root 
nodes of leguminous plants, such as T. resupina-
tum, exhibited the presence of not only beneficial 
symbiotic rhizobium species known to enhance 
plant growth in dicotyledonous and monocoty-
ledonous plants, but also the coexistence of po-
tentially harmful pathogenic bacteria. The pres-
ence of these plants’ roots, accordingly leading 
to significant agricultural losses for farmers in 
the region. It is anticipated that the elimination 
and management of this particular pest may be 
achieved through the utilization of bacteriophag-
es or plant-based pesticides in subsequent peri-
ods.
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