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Abstract: Leguminosae plants are long known as the main source of plant protein. Worldwide, they have been
recognized as potential contributors to the sustainability of agriculture. Though, the appropriate cultivation
of these valued food crops is greatly in need of plant production and protection strategies. However, their
production has been affected by various exogenous stresses, including diseases caused by a soil-borne
pathogen, Rhizoctonia solani predominantly affects legume plants in early stages causing damping-off and
this pathogen can stimulate root rot in later stages. Damping-off and Root rot diseases are considered one of
the most important pathological problems for many crops, whether in protected or open cultivation, due to the
multiplicity of the host range of the pathogenic fungus and the suitability of environmental conditions for the
development and spread of the disease. Infection with it leads to huge losses in crops. This review will focus
on the currently available diagnostics for species identification as well as management measures, with a
particular focus on Rhizoctonia solani, which causes damping-off and root rot in various Leguminosae
cultivars.
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INTRODUCTION Leguminosae Plants: Legumes are long known as the

In 2025, the worldwide population will be increased recognized as potential contributors to the sustainability
to be about eight billion people and in 2050, nine billion of agriculture. Though, the appropriate cultivation of
people will be there, these require an increase in these valued food crops is greatly in need of plant
agricultural production to feed the rapidly growing global production and protection strategies [7]. Legumes come
population [1, 2]. Food safety is unfortunately the second to cereals as major sources of food for both
endangered by crop loss caused by pathogens’ attacks, animals and humans). The term legume is usually given to
including fungi [3, 4]. The annually estimated loss of the the pods, seeds and/or leaves that are consumed by
global crops is around one-third due to plant diseases [5]. animals and humans. Legume species belong to the family
Plant pathogenic fungi are responsible for the annual Leguminosae, also known as Fabaceae [8].
worldwide loss of crop yield by 20–40% [6]. Worldwide, The most economically important legume crop all
Rhizoctonia damping-off and root-rot diseases cause over the world is Vicia faba (Faba Bean) which is
severe loss in various crops, including legumes that consumed by humans and livestock, it is also used for
belong to the Leguminosae family [2]. silage production [9]. Vicia faba is one of the most

main source of plant protein. Worldwide, they have been
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important sources of plant protein. It contains protein crown and root rot and foliage blights that led to dramatic
(18–32%),  carbohydrates  (55–63%),  minerals (2–3.5%), effects on infected plants’ nutrition and physiology [16].
fat (0.5–5.6%), vitamins, calcium, phosphorus and iron Small, lengthened, dipping, reddish-brown lesions on
[10]. Vicia faba has an ecological importance in soil the roots and hypocotyls are characteristic symptoms of
quality improving by nitrogen fixation and improves Rhizoctonia root rot. Lesions occur as water-soaked
cereals N and P nutrition, it plays a vital role in limiting the lesions at first, then dry out and turn reddish-brown to
disease cycles of various plant pathogens and crop brick-red with age. Lesions can bind the seedling, causing
rotation [11] it to stop growing and die [21]. R. solani infects plants in

Vicia faba crop yield has decreased due to a variety a variety of ways, including through the intrinsic plant
of abiotic and biotic stressors, resulting in a reduction in surface through complex infection structures (infection
farmed area from 5 million hectares in 1965 to 2.4 million cushions), natural holes and wounds. It may also enter
hectares in 2016. It is susceptible to a variety of soil-borne the host through mechanical means, poisons, or enzymes
fungal diseases, including R. solani, which causes root [22]. Furthermore, the fungus destroys seedlings at
rot  and  decreases  yield  quality and quantity [12, 13]. ground level and spreads to the roots. Seedlings'
The reduction in Vicia faba crop yield causes a meristematic tissues are sensitive to R. solani. As these
significant gap between production and consumption [9]. tissues mature, they grow more resistant to the fungus.

Damping-Off and Root Rot Diseases: Diseases caused by resistant to the fungus' polygalacturonase enzyme,
soil-borne plant pathogens extremely hinder faba bean causes this resistance. Susceptibility to R. solani could be
production. The name damping-off is always used by the attributed to the enzyme polygalacturonate trans-
literature and it refers to the breakdown of root and stem eliminase, which may only break down pectate partially
tissues at and below the soil line. This disease causes [23]. In most cases, the pathogen remains in the soil as
poor stands and a reduction in plant growth and yield. All mycelia or microsclerotia between crops. Sclerotia are
stages of plant development are susceptible to soil-borne compacted clumps of latent hyphae that can withstand
fungal pathogens under diverse climatic conditions [14, harsh climatic conditions. Wind, rain, irrigation water and
15]. farm equipment can spread Sclerotia in crawling dirt or

Damping-off and root rot plant diseases are caused plant debris over the land. It may live for long periods of
by several  fungal  species,  such as Rhizoctonia solani time in the soil. When soil is contaminated, it stays
(R. solani), Fusarium solani, oomycetes Pythium species infested [24].
and others. Canker disease, caused by R. solani Kuhn, is
common all over the world. R. solani has a wide host Identification of R. solani (Kühn): The identification
range including many perennial plants and most annual
plants [16, 17]. It is also one of the most economically
important faba bean root diseases in many countries [14].
The disease is more severe in cooler soils. Soil moisture
levels have a minor effect on the disease severity [18].
Plant age plays an important role in the development of
the disease. Younger plants are very vulnerable to
infection and older plants are generally more resistant
[19].

The Causal Organism: Rhizoctonia solani Kuhn
{holomorph: Thanatephorus cucumeris (Frank) Donk},
which belongs to basidiomycetes is a damaging and
widespread soil-borne phytopathogenic fungi. In several
parts of the world, it infects a wide range of plants
including many leguminous crops affecting the seeds,
roots and stems [20].

It is found in almost all agricultural soils causing a
variety of diseases including, seed decay, damping-off,

The conversion of pectic to calcium pectate, which is

techniques for R. solani are based on the number of
nuclei per hyphal cell, hyphal anastomosis and
morphology of teleomorph. In contrast, molecular and
biochemical techniques are useful tools to study the
genetic,  physiologic  and  taxonomic  relationships
among  isolates.  Molecular  and biochemical methods
have been used to confirm the validity of anastomosis
groups. These techniques may be used to define new
subgroups or a rearrangement of the currently described
groups [25].

Characterization of R. solani
Anamorphic Stage of R. solani: The anamorphic stage
produces a vegetative mycelium and sclerotia but no
asexual spores (called conidia). Hyphal cells are
polynucleate and the number of nuclei per cell is varying
amongst isolates.

Parmeter and Whitney [26] stipulated that R. solani
isolates possess different characteristics as follows:
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Hyphal cells with a prominent septal pore apparatus Holomorphic Stage of R. solani: The genus
Young vegetative hyphae are branched near the
distal septum
Constriction of the branch base
Formation of a septum in the branch near the point of
origin
Some shade of brown pigmentation in hyphae

Characteristics are generally present, but they may be
lacking in some isolates such as:

Monilioid cells
sclerotia
Hyphae greater than 5 ìm in diameter
Rapid growth rate
Pathogenicity

Morphological features that are never present
include:

Clamp connection
Conidia
Sclerotia are differentiated into rind and medulla
Rhizomorphs
Pigments other than brown

The young hyphae of R. solani are hyaline and
extend as runner hyphae on the surface of plants or agar
media.  Branches from these hyphae which become
shorter may give rise to sclerotia or infection cushions.
Hyphae inside the substrate or the host tend to remain
hyaline, but the superficial hyphae become yellowish and
then, turn to brown due to the accumulation of melanin
dye in the cell walls of the hyphae [27, 28]. The mature
hypha of R. solani is buff-colored to dark brown. As
hyphae mature, they become similar with the arising of
right-angled branches (90°) from the main hyphae [29].
Many  isolates  of   binucleated  Rhizoctonia   spp.  and
R. solani produce simple or branched chains of cells
(monilioid cells) with a ratio of 1-3:1 between length and
width, these cells may be hyaline or brown and vary in
shape (i.e., lobate, pyriform, irregular or barrel-shaped).
Monilioid cells have different names such as barrel-
shaped cells, doliform cells, short cells, sclerotial cells and
chlamydospores [28]. Sclerotia are typically composed of
dense masses of monilioid cells. Sometimes sclerotia are
made from undifferentiated hyphae, not from monilioid
cells [30].

Thanatephorus  was  initially  anticipated  by  Donk  [31]
to designate as a holomorphic phase of R. solani
anamorphic phase. The scientific classification of the
genus Thanatephorus is as follows: Fungi Kingdom,
Basidiomycota Division, Agaricomycetes Class,
Cantharellales  Order,  Ceratobasidiaceae Family [32].
Many  researchers  studied  the  holomorphic   stage of
R. solani [33]. They have been confirmed that all
recognized groups of R. solani holomorphic state are
Thanatephorus  cucumeris  and  appear  as  a thin,
mildew-like growth. The membranous layer of mycelium
produces basidia, which have four terigmata, each bearing
one basidiospore (teleomorph). The formation of sexual
reproductive structures in these fungi requires specific
environmental factors, which are not well understood.
However, this stage is rarely seen in nature [20].

Nuclei: Determining the vegetative hyphal cells’ number
of nuclei is an important process in Rhizoctonia spp.
Identification [34]. The cytomorphological criteria of
cellular nuclear number (CNN) in young hyphal cells and
the width of the main runner hyphae are used to divide
Rhizoctonia spp. into two major groups (binucleate and
polynucleate) [35]. R. solani is typified by holding several
nuclei and may vary from 3 to 28 in young cells
(polynucleate cells). The older cells have a lower number
of nuclei, possibly due to the formation of secondary
septa. Monilioid cells have similar numbers of nuclei to
those in young hyphal cells [30, 36]. In R. solani, during
the formation of the teleomorph, probasidial cells become
binucleate via the pairing of nuclei and formation of
secondary septa. The two haploid nuclei fuse to form a
diploid, which is then divided by meiosis to give four
haploid nuclei. When the sterigmata reach about half of
their final size, an elongated nucleus migrates up each
sterigma to a basidio spore. In the early stages of basidio
spore germination, the cells are uni-nucleated, although
binucleate cells have been observed [36].

Hyphal Fusion (Anastomosis): The determination of
anastomosis affinities among isolates of Rhizoctonia has
become an important taxonomic tool. Therefore, all reports
dealing with members of this genus should include
information on the anastomosis groups that are
represented. Gene transfer by vegetative fusions of
hyphae is termed anastomosis. In fungi, anastomosis is a
common mechanism of gene transfer. Anastomosis is the
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mechanism of somatic cell fusion between different strains well as with members of other AG. Carling et al. [46], on
of R. solani, allowing for diversity and gene exchange the other hand, advocated that AG-BI be classified as a
[37]. R. solani strains are divided into groups based on subset of AG-2. Furthermore, some of the R. solani AGs
their ability to form anastomoses [38]. R. solani have been further classified into anastomosis subgroups.
anastomosis groups have a distinct morphologic and Pathogenicity, colony shape, host range, molecular
physiological type [35]. Furthermore, isolates from methods, pectic zymograms and other criteria other than
different groups had diverse zymogram patterns [39], anastomosis pairing are used to divide these groupings
serological groups [40], protein patterns [41] and DNA [47]. Despite the fact that cell fusion is well-known to
homology [42]. R. solani hyphal fusion was first occur quickly, the process behind it, as well as the exact
discovered to occur between the same strains or between signals involved, are unknown.
certain different strains of R. solani by Matsumoto [43].
Following that, Matsumoto et al. [44] discovered that Molecular Identification: Taxonomic classification and
there are three forms of fungus hyphal fusion: perfect, genetic diversity within fungal species have been
imperfect and contact. Perfect fusion occurs between determined using molecular biology techniques. The
hyphae from the same isolate or a genetically identical polymerase chain reaction (PCR) approach, along with
strain (clone) and is characterized by the full merging of numerous molecular and biochemical methodologies, has
cell walls and cytoplasm. Cell wall fusion occurs in the been used to explore the genetic diversity among R.
absence of cytoplasmic fusion, resulting in imperfect solani strains in recent decades. Among the several
fusion. In this situation, fusion occurs between isolates molecular approaches used to classify R. solani spp.,
from different fields or hosts in the same group that are rDNA-ITS (internal transcribed spacer) sequence analysis
less closely related. The hyphae grow over and under appears to be the most suited [25].
each other, but never make contact or interact in any
manner, which occurs only between separate anastomosis Phylogenetic Analysis Using Ribosomal DNA
groups [35]. In addition, Parmeter et al. [26] adopted Sequences: The characterization of rDNA regions
Matsumoto et al. [44] nomenclature, although they specially barcoding with the internal transcribed spacer
documented  cell  death  in  both perfect and imperfect (ITS) region is one of the most widely used methods in
fusions.  In addition to Matsumoto's terminology, molecular identification [48, 49]. By several hundred
Parmeter et al. [26] defined their own anastomosis copies per genome, rRNA genes are organized as tandem
reaction classifications, assigning numerical values to 0 repeat units with three rRNA genes in each unit. There are
(no reaction), 1 (hyphal contact but no fusion or cell large rRNA genes (28S), small rRNA genes (18S and 5.8S
death) and 2 (hyphal contact but no fusion or cell death) rRNA) and conserved sequences that are found in both
(cell wall and sometimes cytoplasmic fusion accompanied large and small subunits (LSU and SSU, respectively)
by cell death). In 1988, Carling and his colleagues defined genes [50]. Internal transcribed spacers (ITS) are spacer
anastomosis in four categories (C0-C3) to clarify the areas between subunits, while intergenic spacers are
ambiguity of previous researchers' definitions. C0= no spacer portions between gene clusters (IGS). The ITS and
hyphal contact isolates from different AGs; C1= hyphal IGS sections have a lot more variation than the
contact without fusion, isolates from different AGs; C2= component sequences. They've been commonly used in
hyphal wall fuse, with plasmolysis of anastomosing cells, studies of relationships between species in the same
isolates from the same AG subgroup; C3= complete fusion genus or between intraspecific populations. The internal
of cell wall and cytoplasm, without anastomosing cells transcribed  spacers  (ITS)  and  transcriptional  units
dying, occurs either between the same isolate or between (18S, 28S and 5.8S) of rDNA genes are commonly
two  closely  related  isolates from the same AG. R. solani employed to explore taxonomic and evolutionary
has been classified into 14 anastomosis groups (AGs) relationships among distinct AGs of R. solani and
based on hyphal anastomosis reaction [45]. These 13 Rhizoctonia spp. [46]. The findings of the comparative
groups, ranging from AG-1 to AG-13, are capable of sequence studies revealed that R. solani AGs and AG
fusing hyphae among themselves. AG-BI (bridging subgroups are genetically distinct. As a result,
isolate) is another anastomosis group that comprises anastomosis grouping results from PCR fingerprinting,
isolates capable of fusing hyphae among themselves as PCR  analysis,  DNA/DNA  hybridization,   RFLP  analysis
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and other approaches are mostly supported by rDNA melanization of mycelia are also known to lead to host
gene analysis. The 5.8S region was shown to be totally infection [60]. Many researchers have found R. solani
preserved in all previous data, but the ITS sections inducing infection cushions in response to root exudates
showed a lot of change [46, 51]. Kuninaga et al. [52] used [61-63]. There were five different types of infection
phylogenetic analysis to examine the sequence data of the cushions produced and a link was found between the
ITS regions of 45 Rhizoctonia isolates from 11 subgroups different forms of infection cushions and host resistance
and 11 AGs. The findings of the phylogenetic analysis [64]. Different strains of R. solani produce different forms
revealed that isolates from various AGs formed a unique of infection cushions, which can be simple or complex.
cluster. Isolates belonging to the same subgroup within The increased pathogenicity of R. solani strains may
an AG had sequence similarities of over 96 percent, have contributed to the emergence of more intricate
isolates belonging to different subgroups within an AG cushion kinds than simple ones [65]. This result is similar
had sequence similarities of 66-100 percent and isolates to El-Samra et al. [64], who discovered that the basic
belonging to different AGs had sequence similarities of infection cushions were more common on vulnerable
55-96 percent. The ITS1 region was discovered to be more cotton cultivars, but more complicated versions were more
varied than the ITS2. As a result, ITS sequence analysis common on resistant cultivars.
can be utilized to identify a person. This was done by
Kuramae et al. [53] who used ITS sequence analysis Melanization: Dark colouring is common in fungal
method as a supplement for identifying R. solani isolates structures that show exceptional resilience under
from different vegetables in Brazil. unfavourable environments. These pigmented structures

Pathogenicity of R. solani species in their natural settings. The black or brownish-
Pathogenicity Genes: To infect their host plants, fungal
diseases use a variety of tactics. Molecular genetic
analysis has greatly improved our understanding of these
tactics. In recent years, molecular genetic technologies
have made it possible to identify genes and do extensive
functional analyses on them. Techniques such as tagged
mutagenesis, in particular, have permitted the
identification of fungal genes that are important in
disease. Before such techniques became widely available,
pathogenicity genes were identified by comparing
pathogenic and non-pathogenic naturally occurring
isolates or UV/chemical-induced mutants. The definition
of "pathogenicity genes" is a point of contention [54].
Pathogenicity genes are of relevance not just to further
our understanding of disease processes, but also because
any such gene could become a disease control target.
Over the last two decades, there have been many reviews
of fungal pathogenicity processes and pathogenicity
genes [55-58]. The sorts of genes required for
pathogenesis are determined by the pathogen's infection
mechanism. Pathogenicity genes have been discovered to
play a role in the creation of infection structures, cell wall
breakdown enzymes, plant defences, responding to the
host environment, toxin synthesis and signal cascades
[59].

Infection Structures: The most well-known pathogenicity
factors of R. solani include infection structures. The
formation of infection cushion, lobate appressorium and

are frequently responsible for the long-term survival of

black pigments isolated from a variety of fungi are melanin
or melanin-like pigments [66]. Melanin pigments are
critical in the pathogenicity and survival of various fungi
in specific conditions [67]. However, in some plant
pathogenic fungi such as Magnaporthe grisea and
Colletotrichum lagenarium, melanization of appressorium
was reported as an important factor to pathogenicity [68].
Melanin is a dark pigment produced by phytopathogenic
fungus  in  a  variety  of  methods.  One  of   these  fungi,
R. solani, is responsible for a variety of plant diseases.
The functions of melanin in fungus are extremely diverse.
Appressoria melanization, on the other hand, is required
for penetration of their host plants [69]. It also plays a
vital function in spore and sclerotia resistance to
hazardous environmental conditions. Melanin plays a role
in fungal pathology and virulence [70]. The link between
mycelial melanization and pathogenicity in R. solani has
received little attention. Melanin biosynthesis was found
to be linked to hyphae anastomosing ability and the
ability to grow in soil in R. solani AG2-2. [71]. The lack of
ability to grow in soil as a result of the non-production of
melanin was linked to a reduction in pathogenicity in
sugar beet seedlings and adult roots. Mycelial
melanization, on the other hand, was linked to the ability
to grow in soil. It's unclear whether mycelial melanization
is required for pathogenicity. As a result, it's crucial to
figure out whether mycelial melanization has a direct
impact on R. solani pathogenicity [71]. Results of the
study  by  Kim  et al. [60] suggested  that  melanization  of



World Appl. Sci. J., 40 (1): 28-40, 2022

33

R.  solani  mycelia is  a major pathogenicity component in non-branched four hours after inoculation. The hyphae
rice and that it is linked to hyphae's ability to self- branched into a characteristic L or V shape after 8 hours.
anastomose. Aside from that, Aboellil and Mohammed The hyphae shrank and had wrinkled, rough surfaces at
[72] found that dark R. solani (wild type treated with a later stage. Finally, using a scanning electron
hydrogen peroxide) had  a  higher  disease  index  of  root microscope,  characteristic  lesions on the hypocotyls

rot   induced  by R. solani in Phaseolus vulgaris than were identified after 36-48 hours [81]. T-shaped branch of
hyaline R. solani (lacks melanin, wild type treated with R. solani AG4 formed on seedling cotton hypocotyl 21
EDTA). hours after inoculation is cushioned by infection. On the

The Infection Process of R. solani: The mode of R. solani for hypocotyl penetration [82]. Furthermore, histological
penetration  has  been  the  subject  of  several studies.
The early stages of the infection process appear to be
quite similar regardless of AG or host plant during
pathogenic interactions of Rhizoctonia isolates with
numerous host plants [73].

Different modes of penetration are employed,
depending on the isolate, the AG, the plant species and
the plant part in which the infection structure is formed.
Direct penetration by hyphae, especially through stomata,
is rarely observed [74]. More often, lobate appressoria are
formed, then an infection peg is produced beneath a
swollen hyphal tip [75]. However, the dome-shaped
infection cushion is the infection structure that is
considered “typical” of R. solani. In the next step, several
of the enlarged tips develop infection pegs at the same
time. The pegs will pierce the epidermal cell wall and using resistant host cultivars or synthetic fungicides to
cuticle [76]. In this regard, it has been demonstrated that manage soil-borne plant fungal infections are typically
R. solani AG4 produces pectinolytic and cellulytic ineffective [17]. The occurrence of fungicide resistance in
enzymes during the early phases of infection. pathogens, as well as pathogen populations' breakdown
Furthermore, endopectinlyase has been linked to tissue of host resistance, are some of the factors that have led to
breakdown during the latter phases of infection [77, 78]. the development of novel disease control methods. 
As well, Wyllie [79], infection of soybean, flax and barley
roots with R. solani can occur through direct penetration Organic Amendments: Organic matter (OM) has been
or natural fissures and lesions, according to the study. advocated  as  a  way  to improve soil structure and

Microscopical Studies: Many authors have reviewed reducing the occurrence of diseases caused by soil-borne
early work in this topic, so it's a good place to start [77, 80, diseases [86]. The use of compost as a peat substitute for
81]. The morphologically various stages in the process of root infection prevention was initially proposed by
Rhizoctonia spp. plant infections have been studied Hoitink et al. [87]. Several soil-borne plant pathogens
using either light microscopy or electron microscopy [77] have been reduced since then [88]. Composts' ability to
or electron microscopy [81-83]. Anatomical research on reduce  R. solani, which affects both seedlings and adults
strawberry  roots  infected  with  R.  fragariae revealed of  many plant  species,  is,  however,  limited   [90,  91].
that  hyphae  grew in the root's lengthwise direction. To explain the suppressive capacity of organic
Short lateral branches behind the hyphal apices pierced amendments, various mechanisms have been proposed
the epidermal cells directly, forming intercellular mycelia [91]. Increased antagonistic microbial activity is one of
masses. Invasion of cortical tissues resulted in darkened these strategies [89], enhanced pathogen competitiveness
and collapsed cortical tissues [80]. Germination was seen [92] and the release of fungi toxic chemicals [93],
two hours after inoculating bean hypocotyls with Alternatively by causing systemic resistance in the host
infective  propagules.  The  growing hyphae were still plants [94].

underside  of  the  cushion,  several hyphal points form

studies  on  bean  and  squash  seedlings   revealed  that
R.  solani  had  infected  all  tissues  except  the  xylem.
The epidermis and cortical cell layers suffered the most
serious consequences [84]. Furthermore, R. solani was
found to be capable of widespread tissue colonization,
including the xylem vessels, in the roots of canola plants
and that root lesions appeared 3 days after inoculation.
Light and scanning electron microscopy were used to
study hypocotyls of Cucumis sativus L. cv. Jibai
inoculated with a virulent isolate of R. solani AG-4 isolate
C4. The virulent isolate occupied the parenchymatic cells
three days after inoculation and macerated the tissues
extensively [83].

Management of R. solani: Traditional techniques such as

fertility in agricultural systems [85] in addition, to
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Nutritional Salts Regulate Virulence And/or Plant phosphorus was applied as a single super phosphate at
Defence: Fertilizers are generally applied to improve 90 and 120 kg/ha [109]. Phosphate-solubilizing
production quality and crop yield [95]. The fertilizers not microorganisms Aspergillus awamori, Pseudomonas
only have direct physiological effects on plant growth but aeruginosa (isolate Pa28) and Glomus intraradices were
also affect the physiological activities of the pathogens utilized to lower root rot index induced by Macrophomina
[96] (literature's contradictory findings on the response of phaseolina of chickpea, both alone and in combination.
plant disease to fertilizers are likely attributable to a Despite the fact that the application resulted in increased
number of interconnected factors. plant growth, pod number, chlorophyll, nitrogen,

Nitrogen: Fungi that are highly specialized in their dietary
requirements and pathogenicity require nitrogen to Calcium: Calcium (Ca ) is a nutrient that serves structural
flourish. In plant infections, nitrogen restriction has been roles in plant cell walls and membranes, as well as
proposed as a critical signal for triggering the expression regulating plant growth and development [111]. Due to its
of virulence genes [97]. Mpg1 and Avr9 genes were involvement as a significant component of pectins and in
activated in plants when nitrogen was scarce. Mpg1 is a strengthening cell walls and membrane structures, calcium
hydrophobin that is essential for the rice blast fungus appears to be important in maintaining cell firmness [112].
Magnaporthe oryzae to be pathogenic. Under the same In addition, the structure and functionality of cell walls
conditions, the tomato pathogen Cladosporium fulvum's and membranes, as well as cell metabolism activities, are
a virulence  gene  Avr9  is  also  highly  elevated [98] improved [113]. Ca  has a secondary messenger role in
Many genes were up-regulated during plant infection plant processes in addition to its role in cell structure.
under nitrogen deficiency, which supports these findings That is, it helps the plant respond to environmental and
[99, 100]. Thus, nitrogen appears to operate as a metabolic disease  challenges  by  assisting changes in cell state
switch in plant pathogenic fungi, triggering the expression [114, 115]. The majority of publications suggested that
of infection-related genes. On the other hand, high Ca  ions might bond with intercellular pectic acids to form
nitrogen concentrations can make plants more susceptible pectate calcium, which is resistant to pectolytic enzymes
to  disease  [101].  The  number  of  accessible nutrients, from fungi[116].The role of calcium salts' active action in
for  example, influences the pathogenicity  of R. solani. this system is unclear. According to one theory, Ca  ions
The addition of nitrogen to the soil increased the increase the formation of phytoalexins and/or phenols
development of lesions in cotton [102]. [117]. Ca  ions, on the other hand, may inhibit the activity

Phosphors: Phosphorus is a nutrient that is required for cation cross-bridges between pectic acids in plant cell
plant growth. No other nutrient can perform its tasks; walls, making the cell walls more resistant to digestion
therefore, a sufficient quantity of phosphorus is [118]. Calcium ions may minimize the occurrence of fungal
necessary for optimal development and reproduction infection by directly reducing fungal growth and blocking
[103].  Phosphorus  is  contained in every living plant cell pathogen-produced cell wall-degrading enzymes [119].
and is essential for plant growth. It plays a role in energy The addition of calcium chloride, on the other hand, is
storage and transfer, photosynthesis, sugar and starch known to boost the activity of biocontrol agents [119].
transformation, nutrient flow throughout the plant and the Furthermore, calcium salts showed promise in reducing
transmission of genetic features from one generation to root rot disease in a variety of plants [114, 120, 121].
the next [103]. Phosphate fertilizers are causing an Calcium  treatment  reduces  bean  root   rot   caused  by
increase  in  wheat  root  rot  [104].  On  the contrary, R. solani, most likely by altering the host's pectin
Verma et al. [105, 106] observed that the severity of metabolism [120]. Calcium carbonate and calcium sulphate
common root rot in barley and wheat was decreased as dramatically reduced un-grafted avocado seedling root rot
phosphorus levels increased. Root rot of barley was caused by Phytophthora cinnamomic [121].
reduced when phosphorus fertilizers were added to the
soil, compared to non-fertilized soil [107]. Root rot Biological Control of Rhizoctonia: Because of its vast
severity induced by R. solani and Fusarium oxysporum
was reduced in pea fields by applying nitrogen plus
phosphorus, phosphorus plus potassium, or all three
combined [108]. Brown blotch disease of cowpea
incidence and severity were dramatically reduced when

phosphorus and potassium levels [110].

+2

+2

+2

+2

+2

of fungal poly galacturonase enzymes by generating

host range and capacity to live as sclerotia under severe
environmental circumstances, the pathogen is difficult to
control. In practice, fungicides are employed mostly to
control R. solani-caused illnesses [122]. However,
growing public awareness about the health and



World Appl. Sci. J., 40 (1): 28-40, 2022

35

environmental risks connected with pesticide use has 7. Naseri, B., 2019. Legume root rot control through soil
prompted a search for feasible alternatives. As a result, management for sustainable agriculture. Sustainable
biological pest control, which involves the employment of Management of Soil and Environment, pp: 217-258.
microorganisms that suppress or antagonize plant 8. Mitiku, M., 2017. Management of root rot diseases of
infections, is being investigated as a replacement or cool season food legumes with special emphasis on
addition to chemical pesticides [123]. Bacteria that can lentil (Lens culinaris), faba bean (Vicia faba) and
reduce R. solani have been isolated from various soils chickpea (Cicer arietinum) in Ethiopia. Journal of
over the last few decades [124 – 126]. Many studies, Natural Sciences Research, 7(7): 14-20.
however, have found inconsistencies in the performance 9. Boghdady,  M.S.,  E.   Desoky,   S.N.   Azoz  and
of biological control agents (BCA) and a lack of a link D.M. Abdelaziz, 2017. Effect of selenium on growth,
between in vitro inhibition tests and field performance of physiological aspects and productivity of faba bean
BCA [127]. The major contributors to this inconsistency (Vicia faba L.). Egypt. J. Agron., 39: 83-97. 
in plants are thought to be the BCA's inherent 10. Gupta,  Y.,  1983.  Nutritive  value  of food legumes.
characteristics, such as poor root colonization or In Chemistry and Biochemistry of Legumes; Arora,
insufficient production of antifungal metabolites at S.K., Ed.; Edward Arnold: London, UK.
pathogen infection sites due to variable expression of 11. Rose, T.J., M.T. Rose, J. Pariasca Tanaka, S. Heuer
disease-suppressing genes [128 – 129]. Götz et al. [130] and M. Wissuwa, 2011. The frustration with
and Scherwinski et al. [131] used molecular DNA-based utilization: Why have improvements in internal
approaches to gain a better understanding of BCA phosphorus utilization efficiency in crops remained
ecology in the rhizosphere, where the BCA interacts not so elusive? Front. Plant Sci., 2: 73. 
only with the plant and the pathogen but also with the 12. Nebiyu, A., J. Diels and P. Boeckx, 2016. Phosphorus
indigenous microbial population. use efficiency of improved faba bean (Vicia faba)

REFERENCES Soil Sci., 179: 347-354.

1. Sekhon, B.S., 2014. Nanotechnology in agri-food L. Van Zwieten, 2016. Faba bean is less susceptible
production:  An  overview. Nanotechnol. Sci. Appl., to fertiliser N impacts on biological N  fixation than
7: 31. chickpea in monoculture and intercropping systems.

2. Hashem, A.H., A.M. Abdelaziz, A.A. Askar, H.M. Biol. Fertil. Soils, 52: 271-276.
Fouda, A. Khalil, K.A. Abd-Elsalam and M.M. 14. Elwakil,  M.A.,   I.M.  El-Refai,  O.A.  Awadallah,
Khaleil, 2021. Bacillus megaterium-Mediated M.A.  El-Metwally  and  M.S.  Mohammed, 2009.
Synthesis of Selenium Nanoparticles and Their Seed-borne pathogens of faba bean in Egypt:
Antifungal Activity against Rhizoctonia solani in detection   and   pathogenicity.   Plant   Pathol.  J.,
Faba Bean Plants. Journal of Fungi, 7(3): 195. 8(3): 90-97.

3. Bebber, D.P. and S.J. Gurr, 2015. Crop-destroying 15. Manici, L., M. Donatelli, D. Fumagalli, A. Lazzari and
fungal and oomycete pathogens challenge food S. Bregaglio, 2012. Potential response of soil-borne
security. Fungal Genet. Biol., 74: 62-64. fungal pathogens affecting crops to a scenario of

4. Khalil, A.M.A., A.H. Hashem and A.M. Abdelaziz, climate  change  in   Europe.   iEMSs  Proceedings,
2019. Occurrence of toxigenic Penicillium polonicum pp: 6-8.
in retail green table olives from the Saudi Arabia 16. Kammerer, S.J. and P.F. Harmon, 2008. The
market. Biocatal. Agric. Biotechnol., 21: 101314. importance of early and accurate diagnosis of

5. Bramhanwade, K., S. Shende, S. Bonde, A. Gade and Rhizoctonia  diseases.  Golf  Course, Management,
M. Rai, 2016. Fungicidal activity of Cu nanoparticles pp: 92-98.
against Fusarium causing crop diseases. Environ. 17. Assuncao,  I.P.,  L.D.  Nascimento,   M.F.  Ferreira,
Chem. Lett., 14: 229-235. F.J. Oliveira, S.J. Michereff and G.S. Lima, 2011.

6. Srivastava,  S.,  V.  Bist,  S. Srivastava, P.C. Singh, Reaction of faba bean genotypesto R. solani and
P.K.  Trivedi,    M.H.    Asif,    P.S.   Chauhan  and resistance stability. Hortic. Bras., 29(4): 492-497.
C.S. Nautiyal, 2016. Unraveling aspects of Bacillus 18. Dorrance, A.E., M.D. Kleinhenz, S.A. McClure and
amyloliquefaciens mediated enhanced production of N.T. Tuttle, 2003. Temperature, moisture and seed
rice under biotic stress of R. solani. Front. Plant Sci., treatment effects on R. solani root rot of soybean.
7: 587. Plant Dis., 87(5): 533-538.

varieties in low-input agro-ecosystems. J. Plant Nutr.

13. Rose,  T.J.,  C.C.  Julia, M. Shepherd, M.T. Rose and

2



World Appl. Sci. J., 40 (1): 28-40, 2022

36

19. Engelkes, C.A. and C.E. Windels, 1994. Relationship 32. Veldre, V., K. Abarenkov M., Bahram, F. Martos,
of plant age, cultivar and isolate of R. solani AG-2-2 M.A. Selosse, H. Tamm, U. Koljalg and L. Tedersoo,
to  sugar  beet  root   and   crown   rot.   Plant  Dis., 2013. Evolution of nutritional modes of
78: 685-689. ceratobasidiaceae (Cantharellales, Basidiomycota)

20. Ogoshi, A., 1987. Ecology and pathogenicity of as revealed from publicly available ITS sequences.
anastomosis and intraspecific groups of R. solani Fungal Ecology, 6(4): 256-268
Kühn. Annu. Rev. Phytopathol., 25: 125-143 33. Neate, S.M. and J.H. Warcup, 1985. Anastomosis

21. Sumner, D.R., 1985. Virulence of anastomosis groups grouping of some isolates of Thanatephorus
of R. solani and Rhizoctonia-like fungi on selected cucumeris from agricultural soils in south Australia.
germ plasm of snap bean, limabean and cowpea. Trans. Br. Mycol. Soc., 85: 615-620.
Plant Dis., 69: 25-27 34. Parmeter, Jr. J.R. and H.S. Whitney, 1970. Taxonomy

22. Dodman, R.L. and N.T. Flentije, 1985. The mechanism and nomenclature of the imperfect state. In: Parmeter,
and physiology  of plant penetration by R. solani. Jr. J. R. (ed.). Biology and Pathology of R. solani.
In: Parameter Jr. J. R. (ed). R. solani, Biology and Univ. of California Press, 225.
Pathology. Univ. California Press, Berkeley, 147-160 35. Ogoshi,  A.,   1976.   Studies   on   the   grouping  of

23. Ayers, W.A., G.C. Papavizas and A.F. Diem, 1 966. R. solani Kühn with hyphal anastomosis and on the
Polygalacturonate trans-eliminase and perfect stages of three groups. Bull. Natl. Inst. Agric.
polygalacturonase production by R. solani. Sci. Ser. C. Plant Pathol. Entomol., 30: 1-63.
Phytopathology, 56: 1006-1011. 36. Hawn, E.J. and T.C. Vanterpool, 1953. Preliminary

24. Franklin, L., 2001. Damping-off disease. University of studies on the sexual stage of R. solani Kühn. Can.
California. San Pablo Avenue, Oakland. J. Bot., 31(6): 699-710.

25. Sharon,  M.,   S.   Kuninaga,   M.   Hyakumachi   and 37. Menzies, J.D., 1970. The first  century  of  R. solani.
B. Sneh, 2006. The advancing identification and In: Parmeter, Jr. J. R. (ed.). R. solani: Biology and
classification   of   Rhizoctonia   spp.  using Pathology. University of California Press, Berkeley,
molecular and biotechnological methods compared U.S.A., pp: 3-5.
with the classical anastomosis grouping. Mycosci., 38. Carling, D.E., S. Kuninaga and R.H. Leiner, 1988.
47: 299-316. Relatedness within and among intraspecific groups

26. Parmeter, Jr. J.R., R.T. Sherwood and W.D. Paltt, of R. solani: A comparison of grouping by
1969. Anastomosis grouping among isolates of anastomosis and by DNA hybridization
Thanatephorus     cucumeris.       Phytopathology, Phytoparasitica, 16: 209-210.
59: 1270-1278. 39. Matsuyama, N.,   Z.   Moromizato,   A.  Ogoshi  and

27. Kotila, J.E., 1947. Rhizoctonia foliage blight of sugar S. Wakimoto, 1978. Grouping R. solani Kühn with
beets. J. Agric. Res., 74: 289-314. non-specific esterase zymogram. Ann. Phytopath.

28. Saksena, H.K. and O. Vaartaja, 1961. Taxonomy, Soc. Jpan., 44: 652-658.
morphology and pathogenicity of Rhizoctonia 40. Adams, G.C. Jr. and E.E. Butler, 1979. Serological
species   from   forest   nurseries.   Can.   J.  Bot., relationships among anastomosis groups of R.
39(3): 627-647. solani. Phytopathology, 69: 629-633.

29. Duggar, B.M., 1915. Rhizoctonia crocorum (Pers.) 41. Reynolds, M., A.R. Weinhold and T.J. Morris, 1983.
DC. and R. solani Kühn (Corticium vagum B.&C.), Comparison of anastomosis groups of R. solani by
with notes on other species. Ann. Miss. Bot. Gard., polyacrylamide gel electrophoresis of soluble
2: 403-458. proteins. Phytopathology, 73: 903-906.

30. Butler, E.E. and C.E. Bracker, 1970. Mophology and 42. Kuninaga, S. and R. Yokosawa, 1985. DNA base
cytology of R. solani. In: Parmeter, Jr. J. R. (ed.). sequence homology in R. solani Kühn. VI. Genetic
Biology and Pathology of R. solani. Univ. of relatedness among seven anastomosis groups. Ann.
California Press, Berkeley, pp: 32-53. Phytopathol. Soc. Jpn., 51: 127-132.

31. Donk, M.A., 1956. Notes on resupinate 43. Matsumoto, T., 1921. Studies in the physiology of
Hymenomycetes ²². The tulasnelloid fungi. the   fungi.    XII.    physiological    specialization  in
Reinwardtia, 3(3): 363-379. R. solani Kuhn. Ann. Mo. Bot. Gard., 8: 1-62.



World Appl. Sci. J., 40 (1): 28-40, 2022

37

44. Matsumoto, T., W. Yamamoto and S. Hirane, 1932. 55. Hamer, J.E. and D.W. Holden, 1997. Linking
Physiology and parasitology of the fungi generally approaches in the study of fungal pathogenesis: a
referred to as Hypochnus sasakii Shirai: ². commentary. Fungal Genet. Biol., 21(1): 11-16.
Differentiation of the strains by means of hyphal 56. Knogge, W., 1998. Fungal pathogenicity. Curr. Opin.
fusion and culture in differential media. Jpn. J. Trop. Plant Biol., 1: 324-328.
Agric., 4: 370-388. 57. Kahmann,  R.  and  C.  Basse,  1999.  REMI

45. Carling, D.E., R.E. Baird, R.D. Gitaitis, K.A. Brainard (Restriction   Enzyme    Mediated   Integration)  and
and S. Kuninaga, 2002a. Characterization of AG-13, a its  impact  on  the  isolation of pathogenicity genes
newly reported anastomosis group of Rhizoctonia in  fungi  attacking  plants.  Eur.  J.   Plant  Pathol.,
solani. Phytopathology, 92: 893-899. 105: 221-229.

46. Carling, D.E., S. Kuninaga and K.A. Brainard, 2002b. 58. Maier, F.J. and W. Schäfer, 1999. Mutagenesis via
Hyphal anastomosis reactions, rDNA-internal insertional-or restriction enzyme-mediated-
transcribed spacer sequences and virulence levels integration (REMI) as a tool to tag pathogenicity
among subsets of R. solani anastomosis group related genes in plant pathogenic fungi. Biol. Chem.,
2(AG-2) and AG BI. Phytopathology, 92: 43-50. 380: 855-864.

47. Qu, P., A. Aratani, T. Syoji, T. Toda, M.Kubota and 59. Idnurm, A. and B.J. Howlett, 2001. Pathogenicity
M.Hyakumachi, 2008. Use of single-protoplast genes of phytopathogenic fungi. Mol. Plant Pathol.,
isolates  in  the  study  of the mating phenomena of 2(4): 241-255.
R. solani (Thanatephorus cucumeris) AG-1 IC and 60. Kim,  H.T.,  Y.R.  Chung  and  K.Y.  Cho, 2001.
IA. Mycoscience, 49: 132-137. Mycelial   melanization    of    R.  solani  AG1

48. Bridge, P.D. and D.K. Arora, 1998. Interpretation of affecting  pathogenicity  in  rice.  Plant Pathol. J.,
PCR methods for species definition. In: Bridge, P. D.; 17(4): 210-215.
Arora, D. K.; Reddy, C.A. and Elander, R. P. (eds). 61. Kamara, A.M., I.A. El-Samra and Y.M. El-Faham,
Applications of PCR in Mycology. CAB 1980. Host pathogen interaction of R. solani Kühn as
International, Wallingford, UK, pp: 63-84 a function of chemical stimulats in host root

49. Schoch, C.L., K.A. Seifert, S. Huhndorf, V. Robert, exudates. Phytopath. Medit., 70: 1167-1172.
J.L. Spouge, C.A. Levesque and W. Chen, 2012. 62. Stockwell, V. and P. Hanchey, 1984. The role of the
Nuclear ribosomal internal transcribed spacer (ITS) cuticle in resistance of beans to R. solani.
region as a universal DNA barcode marker for fungi. Phytopathology, 74: 1640-1642.
Proc. Natl. Acad. Sci. USA., 109(16): 6241-6246. 63. El-Faham, Y.M. and S.S. Aboshosha, 1987. Formation

50. Cebi-Kilicoglu, M. and I. Ozkoc, 2008. Molecular of infection cushion by R. solani Kühn in relation to
developments  in fungal systematic. J. Fac. Agric., host  isolate  compatibility.  Com.  In Sci. Dev. Res.,
23(1): 65-72. 19: 225-245.

51. Salazar, O., J.H.M. Schneider, M.C. Julian, J. Keijer 64. El-Samra, I.A., Y.M. El-Faham and A.M. Kamara,
and  V.  Rubio,  1999.  Phylogenetic  subgrouping of 1981. Selective  induction  infection    cushions  by
R. solani AG2 isolates based on ribosomal ITS R. solani relation to host responses.
sequences. Mycologia, 91(3): 459-467. Phytopathology, 102(2): 122-126.

52. Kuninaga, S., T. Natsuaki, T. Takeuchi and R. 65. Yehia, A.G.M., R.M. Gaafar and H.M. Mubarak, 2007.
Yokosawa, 1997. Sequence variation of the rDNA ITS Genetic  diversity   among   Nile   Delta  isolates  of
regions within and between anastomosis groups in R. solani Kühn based on pathogenicity,
R. solani. Curr. Genet., 32(3): 237-243. compatibility, isozyme analysis and total protein

53. Kuramae,  E.E.,   A.L.    Buzeto,   M.P.  Ciampi  and pattern. Turk. J. Bot., 31(1): 19-29.
N.L. Souza, 2003. Identification of R. solani AG1-IB 66. Potgieter, H.J. and M. Alexander, 1966. Susceptibility
in lettuce, AG4 HG-I in tomato and melon and AG4 and  resistance  of  several  fungi  to microbial lysis.
HG-²²² in broccoli and spinach, in Brazil. Eur. J. Plant J. Bacteriol., 91(4): 1526-1532.
Pathol., 109(4): 391-395. 67. Kubo, Y., I. Furusawa and M. Yamamoto, 1984.

54. Schäfer, W., 1994. Molecular mechanisms of fungal Regulation of melanin biosynthesis during
pathogenicity  to  plants.  Annu. Rev. Phytopathol., appressorium formation in Colletotrichum
32: 461-477. lagenarium. Exp. Mycol., 8(4): 364-369.



World Appl. Sci. J., 40 (1): 28-40, 2022

38

68. Chida, T. and H.D. Sisler, 1987. Effect of inhibitors of 81. Armentrout, V.N. and A.J. Downer, 1987. Infections
melanin biosynthesis on appressorial penetration cushion development by R. solani on cotton.
and reductive reactions in Pyricularia oryzae and Phytopathology, 77: 619-623
Pyricularia  grisea.  Pestic.   Biochem.  Physiol., 82. Lisker,  N., J.  Katan   and   Y.   Henis,  1976.
29(3): 244-251. Scanning electron  microscopy  of  the  infection  of

69. Yamaguchi, I. and Y. Kubo, 1992. Target sites of beans   by R.  solani    propagules.   Ann.  Bot.,
melanin biosynthesis inhibitors. In: Koller, W. (ed.) 40(3): 625-629.
Target Sites of Fungicide Action, CRC Press, 83. Elsharkawy, M.M., N. Hassan, R. Villajuan-Abgona
London, pp: 101-118. and M. Hyakumachi, 2014. Mechanism of biological

70. Butler, M.J., 1987. Melanin production by the black control of Rhizoctonia damping-off of cucumber by
yeast Phaeococcomyces sp. Ph.D. thesis, The a non-pathogenic isolate of binucleate Rhizoctonia.
University of Western Ontario, London, Ont. Afr. J. Biotechnol., 13(5): 640-650.

71. Hyakumachi, M. and T. Ui, 1987. Non-self- 84. Moustafa,  A.M.,  1991.  Studies  on   behaviour  of
anastomosing isolates of R. solani obtained from R. solani isolates. M.Sc. Agric. Ain Shams Univ.,
fields of sugar beet monoculture. Trans. Br. Mycol. Cairo, Egypt, pp: 162.
Soc., 89: 155-159. 85. Cavigelli,   M.A.    and   S.J.   Thien,  2003.

72. Aboellil, A.H. and N.M. Mohammed, 2011. Effect of Phosphorus bioavailability following incorporation
some chemicals on growth, melanogenesis, of  green  manure  crops.   Soil   Sci.   Soc.   Am.   J.,
pathogenicity  and metabolic activities of R. solani. 67: 1186-1194.
J. Yeast Fungal Res., 2(10): 143-152. 86. Pane,  C.,  R.  Spaccini,  A.  Piccolo,   F.   Scala   and

73. Dodman, R.L., K.R. Barker and J.C. Walker, 1968b. G. Bonanomi, 2011. Compost amendments enhance
Modes   of   penetration   by   different   isolates  of peat suppressiveness to Pythium ultimum, R. solani
R. solani. Phytopathology, 58: 31-33. and Sclerotinia minor. Biol. Control, 56: 115-124.

74. Dodman, R.L., K.R. Barker and J.C. Walker, 1968a. A 87. Hoitink, H.A.J., A.F. Schmitthener and L.J. Herr, 1975.
detailed study of the different modes of penetration Composted bark for control of root rot in
by R. solani. Phytopathology, 58: 1271-1276. ornamentals. J. Arboric Ohio Rep., 60: 25-26.

75. Marshall, D.S. and M.C. Rush, 1980. Infection 88. Borrero, C., M.I. Trillas,  J.  Ordovas, J.C.  Tello and
cushion formation on rice sheaths by R. solani. M. Avilés, 2004. Predictive factors for the
Phytopathology, 70: 947-950. suppression of Fusarium wilt of tomato in plant

76. Keijer, J., 1996. The initial steps of the infection growth media. Phytopathology, 94: 1094-1101
process in R. solani. In: Sneh, B.; Jabaji-Hare, S.; 89. Hoitink, H.A.J. and M.J. Boehm, 1999. Biocontrol
Neate, S. and Dijst, G. (eds.). Rhizoctonia Species: within the context of soil microbial communities: a
Taxonomy, Molecular Biology, Ecology, Pathology substrate-dependent phenomenon. Annu. Rev.
and Disease Control. Kluwer Academic Publishers, Phytopathol., 37: 427-446.
The Netherlands, pp: 149-162. 90. Scheuerell, S.J., D.M. Sullivan and W.F. Mahaffee,

77. Weinhold, A.R. and J. Motta, 1972. Initial host 2005. Suppression of seedling damping-off caused
responses in cotton to infection by R. solani. by Pythium ultimum, P. irregulare and R. solani in
Phytopathology, 63: 157-162. container media amended with a diverse range of

78. Marcus,  L.,  I.  Barash,   B.  Sneh,   Y.   Koltin  and Pacific Northwest compost sources. Phytopathology,
A. Finkler, 1986. Purification and characterization of 95: 306-315.
pectinolytic enzymes produced by virulent and 91. Janvier, C., F. Villeneuve, C. Alabouvette, V. Edel-
hypovirulent isolates of R. solani Kühn. Hermann,  T.  Mateille  and   C.   Steinberg,   2007.
Physiological  and  Molecular   Plant  Pathology, Soil health through soil disease suppression: Which
29(3): 325-336. strategy from descriptors to indicators? Soil Biol.

79. Wyllie,  T.D.,  1959.  Infection  of  soybean roots by Biochem., 39(1): 1-23.
R. solani. Phytopathology, 49: 555. 92. Lockwood, J.L., 1990. Relation of energy stress to

80. Wilhelm, S., P.E. Nelson, H.E. Thomas and H. behaviour of soilborne plant pathogens and to
Johnson, 1972. Pathology of strawberry root rot disease development. In: Hornby, D. (ed.). Biological
caused by Ceratobasidium species. Control of Soilborne Plant Pathogens. CAB
Phytopathology, 62: 700-705. International, Wallingford, UK, pp: 197-214.



World Appl. Sci. J., 40 (1): 28-40, 2022

39

93. Tenuta, M. and G. Lazarovits, 2002. Ammonia and 105. Verma,  P.R.,  R.A.A.   Morrall,  R.L.  Randell   and
nitrous acid from nitrogenous amendments kill the R.D. Tinline, 1975a. The epidemiology of common
microsclerotia of Verticillium dahliae. root rots in Manitou wheat. Development of lesions
Phytopathology, 92(3): 255-264. on subcrown internodes and the effect of added

94. Pharand, B., O. Carisse and N. Benhamou, 2002. phosphate. Can. J. Bot., 53(22): 2568-2580.
Cytological aspects of compost-mediated induced 106. Verma, P.R., R.D. Tinline and R.A.A. Morrall, 1975b.
resistance against Fusarium crown and root rot in The epidemiology of common root rot in Manitou
tomato. Phytopathology, 92(4): 424-438. wheat. Effects of treatments, particularly phosphate

95. Huber, D.M. and R.D. Watson, 1970. Effect of fertilizer, on incidence and intensity of disease. Can.
organic amendment on soil-borne plant pathogens. J. Bot., 53(12): 1230-1238.
Phytopathology, 60: 22-26. 107. Piening, L., R. Edwards and D. Walker, 1969. Effects

96. Curl, E.A. and R. Rodriguez-Kabana, 1973. Soil of some cultural practices on root rot of barley in
fertility and root infecting fungi. Southern central Alberta. Can. Plant Dis. Surv., 49(3): 95-97.
Cooperative. Series Bulletin, 183: 47-50. 108. Srihuttagum,  M.  and  K.  Sivasithamparam,  1991.

97. Snoeijers, S.S., A. Perez-Garcia, M.H.  Joosten  and The influence of fertilizers on root rot of field peas
P.J. De Wit, 2000. The effect of nitrogen on disease caused by Fusarium oxysporum, Pythium vexans
development  and  gene   expression   in  bacterial and R. solani inoculated singly or in combination.
and  fungal  plant pathogens. Eur. J. Plant Pathol., Plant Soil, 132(1): 21-27.
106: 493-506. 109. Owolade,  O.F.,  J.A.  Adediran, M.A. Akande and

98. Van Den Ackerveken, G.F., R.M. Dunn, A.J. B.S. Alabi, 2006. Effects of application of phosphorus
Cozijnsen,  J.P.  Vossen,  H.W.  Van Den Broek and fertilizer on brown blotch disease of cowpea. Afr. J.
P.J. De Wit, 1994. Nitrogen limitation induces Biotechnol., 5(4): 343-347.
expression of the avirulence gene avr9 in the tomato 110. Siddiqui, Z.A. and M.S. Akhtar, 2007. Biocontrol of
pathogen Cladosporium fulvum. Mol. Gen. Genet., a  chickpea  root-rot disease complex with
243: 277-285. phosphate-solubilizing microorganisms. J. Plant

99. Divon, H., B. Rothan-Denoyes, O. Davydov, A. Di Pathol., 89(1): 67-77.
Pietro and R. Fluhr, 2005. Nitrogen-responsive genes 111. Hepler, P.K., 2005. Calcium: a central regulator of
are differentially regulated in planta during Fusarium plant   growth    and    development.   Plant  Cell,
oxysporum f. sp. lycopersici infection. Mol. Plant 17(8): 2142-2155.
Pathol., 6: 459-470. 112. Sams, C.E., 1999. Preharvest factors affecting

100. Donofrio, N.M., Y. Oh, R. Lundy, H. Pan, D.E. Brown, postharvest texture. Postharvest Biol. Technol.,
J.S.   Jeong,  S.    Coughlan,   T.K.   Mitchell  and 15(3): 249-254
D.R. A.ean, 2006. Global gene expression during 113. Cheour, F.,  C.  Willemot,  J.  Arul,  J.  Makhlouf and
nitrogen starvation in the rice blast fungus, Y. Desjardins, 1991. Postharvest response of two
Magnaporthe   grisea.      Fungal     Genet.   Biol., strawberry cultivars to foliar application of CaCl2.
43(9): 605-617. Hort. Sci., 26(9): 1186-1188.

101. Agrios, G.N., 1997. Plant Pathology. 4  Ed, Academic 114. Sugimoto,  T.,  K.  Watanabe, S. Yoshida, M. Aino,th

Press, San Diego (USA), pp: 635. M. Furiki, M. Shiono, T. Matoh and A.R. Biggs, 2010.
102. Weinhold, A. R., R. L. Dodman and T. Bowman, 1971. Field application of calcium to reduce Phytophthora

Influence  of  exogenous  nutrition  on  virulence of stem rot of soybean and calcium distribution in
R. solani. Phytopathology, 62: 278-281. plants. Plant Dis., 94: 812-819.

103. Baker,  S.B.  and  L.I.G.  Worthley,  2002. The 115. Boudsocq,  M.  and  J.  Sheen, 2013. CDPKs in
essentials of calcium, magnesium and phosphate immune and stress signaling. Trends in Plant Sci.,
metabolism:  Part  2.  Physiology. Crit. Care Resusc., 18(1): 30-40.
4: 301-306. 116. Conway, W.S. and C.E. Sams, 1984. Possible

104. Russell, R.C. and B.J. Sallans, 1940. The effect of mechanisms  by  which postharvest calcium
phosphatic fertilizers on common root rot. Sci. Agric., treatment reduces decay in apples. Phytopathology,
21(1): 44-51. 74: 208-210.



World Appl. Sci. J., 40 (1): 28-40, 2022

40

117. Kohle, H., W. Jeblick,  F.  Poten, W.  Blaschek  and 125. Berg, G., A. Krechel, M. Ditz, R.A. Sikora, A. Ulrich
H. Kauss, 1985. Chitosan-elicited callose synthesis in and J. Hallmann, 2005. Endophytic and ectophytic
soybean cells as a Ca+2 dependent processes. Plant potato-associated bacterial communities differ in
Physiol., 77: 544-551. structure and antagonistic function against plant

118. Conway, W.S., K.C. Gross and C.E. Sams, 1987. pathogenic fungi. FEMS Microbiology Ecology,
Relationship of bound calcium and inoculum 51(2): 215-229.
concentration to the effect of postharvest calcium 126. Adesina, M.F., A. Lembke, R. Costa, A. Speksnijder
treatment on decay of apples by Penicillium and K. Smalla, 2007. Screening of bacterial isolates
expansum. Plant Dis., 71: 78-80. from various European soils for in vitro antagonistic

119. Droby, S., M.E.  Wisniewski,  L.  Cohen,  B.  Weiss, activity towards R. solani and Fusarium oxysporum:
D. Touitou, Y. Eilam and E. Chalutz, 1997. Influence Site-dependent composition and diversity revealed.
of CaCl  on Penicillium digitatum, grapefruit peel Soil Biology and Biochemistry, 39(11): 2818-2828.2

tissue and biocontrol activity of Pichia 127. Schottel, J.L., K. Shimizu and L.L. Kinkel, 2001.
guilliermondii. Phytopathology, 87(3): 310-315. Relationships of in vitro pathogen inhibition and soil

120. Bateman, D.F. and R.D. Lumsden, 1965. Relation of colonization to potato scab biocontrol by
calcium content and nature of the pectic substances antagonistic Streptomyces spp. Biological Control,
in bean hypocotyls of different ages to susceptibility 20(2): 102-112.
to   an    isolate    of    R.  solani.   Phytopathology, 128. Haas, D. and G. Défago, 2005. Biological control of
55: 734-738. soil-borne pathogens by fluorescent pseudomonads.

121. Duvenhage, J.A., J.M. Kotze and E.M.C. Maas, Nature Reviews Microbiology, 3(4): 307-319.
1992.The influence of nitrogen and calcium on 129. Raaijmakers, J.M., T.C. Paulitz, C. Steinberg, C.
mycelial growth and disease severity of Alabouvette and Y. Moënne-Loccoz, 2009. The
Phytophthora cinnamomi and the effect of calcium rhizosphere: a playground and battlefield for soil
on resistance of avocado to root rot. South African borne pathogens and beneficial microorganisms.
Avocado Growers Association Yearbook, 15: 12-14. Plant and Soil, 321(1): 341-361.

122. Kataria H.R. and U. Gisi, 1996. Chemical control of 130. Götz,  M.,  N.C.  Gomes,  A. Dratwinski,   R.  Costa,
Rhizoctonia species. pp: 537-547. In: “Rhizoctonia G. Berg, R. Peixoto and K. Smalla, 2006. Survival of
Species: Taxonomy, Molecular, Biological, gfp-tagged antagonistic bacteria in the rhizosphere
Ecological, Pathology and Disease Control” (B. Sneh, of tomato plants and their effects on the indigenous
S. Jabaji-Hare, S. Neate, G. Dijst, eds.). Kluwer bacterial community. FEMS Microbiology Ecology,
Academic Publishers, Dordrecht, The Netherlands, 56(2): 207-218.
pp: 584. 131. Scherwinski, K., R. Grosch and G. Berg, 2008. Effect

123. Compant, S., B. Duffy, J. Nowak,  C.  Clément  and of bacterial antagonists on lettuce: active biocontrol
E.A. Barka, 2005. Use of plant growth-promoting of R. solani and negligible, short-term effects on
bacteria for biocontrol of plant diseases: principles, non-target microorganisms. FEMS Microbiology
mechanisms of action and future prospects. Applied Ecology, 64(1): 106-116.
and Environmental Microbiology, 71(9): 4951-4959.

124. Garbeva, P., J.A. Van Veen and J.D. Van Elsas, 2004.
Assessment of the diversity and antagonism towards
R. solani AG3, of Pseudomonas species in soil from
different agricultural regimes. FEMS Microbiology
Ecology, 47(1): 51-64.


