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Abstract Recently, soil borne diseases are pos-
ing a greater threat to groundnut production. Stem
rot of groundnut is a soil-borne disease caused by
the necrotrophic pathogen, Sclerotium rolfsii. Yield
losses from major groundnut growing countries of
20-80% have been reported depending on disease
intensity. Chemical and cultural practices are used
to manage this disease, the soil borne nature of the
pathogen and wide host range make it difficult to
manage this disease by chemical and cultural meth-
ods alone. Additionally, host plant resistance is the
most preferred option as it is cost-effective and an
environmentally sustainable approach. Sources of
resistance are reported from both cultivated species,
Arachis hypogaea, and inter-specific derivatives.
Spatial distribution and sensitivity of pathogen to
environmental factors pose challenges to field evalu-
ations. Although different methods of phenotyping
are available, progress in breeding stem rot resistant
cultivars is slow, given the challenges in using these
phenotyping tools to identify quantitative disease
resistance loci. Recently developed oxalic acid assay
(OAA) is a robust method to distinguish plants that
can easily succumb to this pathogen.Attempts were
made to understand the biochemical and anatomical
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mechanisms and to identify genomic regions con-
tributing towards resistance to stem rot disease. This
review provides an overview of stem rot disease in
groundnut, with a focus on host resistance and its
application in breeding resistant cultivars.
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Abbreviations

OAA  Oxalic acid assay

PPO  Polyphenol oxidase

POD  Peroxidase

PAL  Phenylalanine ammonia lyase
QTL  Quantitative trait loci

ICG  ICRISAT groundnut germplasm
ICGV ICRISAT groundnut variety

Background

Groundnut (Arachis hypogaea L.), native to South
America, is cultivated in more than 100 countries in
the world (Desmae et al. 2019). Globally, it is grown
in an area of 30.5 million hectares (M ha) with annual
production of 54.2 million tonnes (Mt) (FAOSTAT
2023). Groundnut is considered as a rich source of
protein, oil and several nutrients such as vitamin E,
calcium, potassium, magnesium, phosphorus, zinc,
iron, riboflavin, thiamine and niacin (Shasidhar et al.
2017). Kernels hold about~25% protein,~50% oil
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and~15% carbohydrates (Janila et al. 2016). About
100 g of kernels provide 5 g of dietary fibre and
567 kcal of energy (Variath et al. 2017). Resveratrol,
a polyphenol antioxidant present in groundnut, has
been shown to protect against viral infections, cancer,
heart disease, and degenerative neurological disease
(Kumar et al. 2013). Groundnut-based products, par-
ticularly the confectionery types, are in high demand
in the international market (Variath et al. 2017).
Approximately 95% of the world’s groundnut produc-
tion occurs in Asia and Africa, where farmers with
little resources produce the crop under rain-fed con-
ditions with minimal inputs, resulting in low output
(Janila et al. 2013). Low production is linked to inac-
cessibility to seeds of better cultivars, poor soil fertil-
ity, insufficient crop management measures, coupled
with attack by various insect pests and diseases.

Disease-causing pathogens impact groundnut crop
at different phases of growth, thus lowering the pro-
duction (Ghuge et al. 1981; Ghewande et al. 1983).
Collar rot, stem rot and dry root rot are the important
soil borne diseases (Singh and Oswalt 1992). Soil-
borne pathogens impose significant yield losses in
groundnut due to the close association of the pods
with the soil (Thiessen et al. 2012). Among soil-
borne diseases, stem rot of groundnut caused by Scle-
rotium rolfsii is a global concern. This fast-spreading
disease of groundnut is present in the tropics, sub-
tropics, and warm temperate zones across the globe.
Stem rot disease has resulted in significant crop losses
in Bolivia, China, Egypt, Uganda, Vietnam, Taiwan,
and Thailand (Kasundra et al. 2016). Changes in
farming practices and climate have led to an increase
in the disease’s prevalence in several regions during
the past decade (Kun-rong et al. 2018). Consequently,
yield reductions of 5 to 25% have been reported under
normal conditions (Mayee et al. 1988), and losses
exceeding 80% have occurred in heavily infected
fields under favourable weather conditions (Mehan
et al. 1990). Huge economic losses are being incurred
due to the stem rot disease in diverse crops, with
groundnut sustaining the highest losses among all
agricultural crops (Kator et al. 2015). In the twentieth
century, in the USA, the groundnut crop incurred a
loss of 10-20 million U.S dollars due to this disease
(Kator et al. 2015).

Sclerotium rolfsii, is a ubiquitous necrotrophic fun-
gal pathogen, has a wide host range of around 500 plant
species, including groundnut (Aycock et al. 1966).
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The host range is as wide as including species from
100 families, infecting crops such as tomatoes, chil-
lies, potatoes, sweet potatoes, carrots, crucifers, cucur-
bits, onion, cotton, soybean, sunflower legumes, wheat,
and groundnuts (Hossain 2000). Billah et al. (2017)
described the pathogenicity of Sclerotium rolfsii on dif-
ferent host species. It is challenging to control this path-
ogen in the infested soil as it can colonize either a living
or a dead plant tissue (Thiessen et al. 2012). Chemical
and cultural techniques have been the primary means
of controlling this disease (Porter et al. 1982). How-
ever, chemical-based control is not encouraged due to
economic reasons, environmental safety, and concerns
on fungicide resistance in the target pathogen (Biswas
and Sen 2000; Pant et al. 2001; Patibanda et al. 2002;
Rudresh et al. 2005). The pathogen’s persistence in soil
and the presence of a large host range (approximately
500 species) frequently hinder the efficiency of chemi-
cal and cultural management strategies for stem rot dis-
ease (Shew et al. 1987). Disease management can be
more effective by combining cultural methods with the
development of resistant cultivars (Shew et al. 1984).

It is difficult to screen for stem rot resistance in the
field because of the pathogen’s uneven spatial dis-
tribution, sensitivity to temperature, humidity, soil
type, cropping method, and host response in artifi-
cially inoculated circumstances (Shew et al. 1984).
An efficient and repeatable screening technique to
identify genotypes that are resistant to stem rot dis-
ease is required. Reports on greenhouse screening
technology are also available, however, results have
varied between the same genotypes tested in field and
controlled conditions. Although several phenotypic
screening methods are available, limited success has
been achieved in identifying stable sources of resist-
ance. Understanding the genetic control of stem rot
disease and the use of novel genomic technologies
is the key to identifying resistant sources. Studies
are reported on the genetic control and the genomic
regions associated with stem rot disease resistance in
groundnut.

The pathogen and pathogenesis

The pathogen thrives in tropical, subtropical and
warm temperate regions of the world, particularly in
the United States, South and Central America, Africa,
India and the European countries bordering the
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Mediterranean region (Kator et al. 2015). The path-
ogen rarely occurs at temperatures below 0 °C and
causes diseases such as blight, wilt, foot rot, collar rot,
and stem rot (Punja 1985). The fungus produces scle-
rotia, which germinate under favourable conditions
to produce the mycelium. Initially, the sclerotia are
white to cream coloured, and later turn dark brown
to black at maturity (Bekriwala.et al. 2015). They
remain viable for several years in soil, potting media,
or on plant debris. The mycelium could be killed at
0 °C, but sclerotia can thrive at temperatures as low
as —10 °C (Ferreira and Boley 2018). The sclerotia
can survive even when they are buried at 15-30 cm
soil depth.(Punja 1988).

Several factors influence the growth, survival and
pathogenicity of S. rolfsii including temperature,
high humidity, aeration, and light (Bera et al. 2016b).
Hyphal growth occurs at temperatures ranging from
8 to 40 °C, with optimum growth and sclerotia pro-
duction occurring between 27 and 35 °C (Bera et al.
2016b). Punja (1985) described, specific soil condi-
tions influence also impact fungal survival, it thrives
in a pH of 3-5; sclerotia germination and mycelial
growth are favoured in moist aerobic conditions.
Infections of host is further enhanced when there is
organic matter near plants. The influence of the stated
factors on the pathogen’s survival has been very well
described by Punja (1985).

Stem rot disease cycle

As the main inoculum for the pathogen, sclerotia
that are freely present in the soil or in combination
with plant detritus are dispersed to uninfested areas
by wind, water, animals, and soil (Kator et al. 2015).
When the weather conditions favour, the sclerotia ger-
minate at 25-35 °C by eruptive or hyphal germination
to produce a white mycelium (Punja et al. 1984) that
appears to be hyaline, branched, septate with clamp
connections (Bekriwala et al. 2015) The amount of
mycelium produced by germinating sclerotia is influ-
enced by volatile chemicals, decaying plant tissues,
and soluble nutrients in the soil (Punja and Grogan
1981). The groundnut plant canopy provides a warm
and moist conducive environment for the infection
of the pathogen (Shokes et al. 1998). The first infec-
tion of the host begins when white mycelium attacks
the base of the stem. A dense white fungal mat with

sclerotia on lower stems and the soil surface would
be formed by the abundance of thick, massive hyphal
cells on infected tissues (Punja and Grogan 1981).
Mycelial growth from infected plants, plant debris, or
sclerotia can spread the disease, but the movement of
infected plant material or soil infested with sclerotia
causes the disease to spread over great distances and
recur in subsequent seasons (Punja 1985) (Fig. 1.).

Host—pathogen interaction

Infection begins when the mycelium contacts the
host. The fungus takes two to ten days to form a
mass of mycelium on the plant surface before pen-
etrating the host cells (Kator et al. 2015). The myce-
lium grows as a dense network along the surface of
the stem base. Mycelial aggregates (appressoria) are
formed from the hyphal tips, which assist in enter-
ing the host tissue. An appressorium grows to form
an infection peg to puncture the host cells to seek
its entry into the host (Smith et al. 1986). Natural
openings such as stomata and lenticels, wounds on
the plant surface, the cuticle could be the entry sites
into the host (Bera et al. 2016b; Rajasekhar et al.
2019). Histopathological works have declared that
the fungus, being necrotrophic, causes tissue necro-
sis in advance of entering the host tissue, and piercing
occurs later by means of appressoria (Higgins 1927,
Milthrope 1941; Rajasekhar et al. 2019). Penetra-
tion into the host tissues occurs due to the cell wall
degrading enzymes namely oxalic acid, pectic acid,
polygalacturonase and cellulase which are released by
the fungus. They act synergistically to cause separa-
tion and death of the cells (Bateman and Beer 1965;
Aycock et al. 1966; Punja and Damini 1996). Thus,
depicting the intra- and intercellular nature of the fun-
gus through invasion within and in between the cells
by the dissolution mechanism (Smith et al. 1986;
Rajasekhar et al. 2019).

Oxalic acid is the principal metabolite and the
primary pathogenicity factor of stem rot disease
(Bateman and Miller 1966; Bateman and Beer 1965;
Aycock et al. 1966). Oxalic acid chelates the cal-
cium of the middle lamella of the cell walls to form
calcium oxalate crystals; it also degrades the lignin
present in cell walls, thus dissolving the structural
components of the cells resulting in tissue macera-
tion (Punja 1985; Bateman and Beer 1965; Kuan and
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Fig. 1 Spread of the disease, Pathogenesis and disease cycle of Sclerotiumrolfsii

Tien 1993). The pathogen seeks its nutrition from the
macerated tissues (Aycock et al. 1966). Thus, inter-
fering with the translocation of water and minerals in
the xylem vessels, consequently the wilting, yellow-
ing and necrosis of the host plant (Bateman and Beer
1965; Yadeta and Thomma 2013).

Symptomatology

In Groundnut, the pathogen first targets the stem por-
tion but can spread to the root, leaf, flower and pod
of the plant (Bera et al. 2016b). The leaves on one
or more branches may start to yellow and wilt, seem
slightly decolourised, and ultimately turn brown. On
each plant, a few branches may survive without infec-
tion. Groundnut plants, when infected in dry weather
with a combination of high temperature, humidity,
and wet condition, become totally rotted in the stem
region except for the xylem (Backman and Brenne-
man 1984). The presence of mycelia can be observed
at the collar region, and the production of sclerotia
that resembles a mustard seed is visible. Mehan et al.
(1995a) reported that, leaves are often small with a
mild brown coloration when stems are partly gir-
dled, but wilting does not occur. Subrahmanyam et al.
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(1992) reported the symptoms of pod rot include scat-
tered black spots or large blackened regions on pod
surface. Typically, the discolouration is superficial,
but it can spread into the pod, thus causing kernel
discolouration and reducing the kernel size. Occa-
sionally, the diseased kernels exhibit a distinctive blu-
ish-grey testa discolouration known as blue-damage
(Subrahmanyam et al. 1992).

Host-resistance and defence mechanisms
against stem rot in groundnut and other crops

The mechanism of resistance to Sclerotium rolfsii in
groundnut may be due to structural, biochemical/met-
abolic, genetic factors, that may act alone or synergis-
tically and cannot be clearly demarcated (Shew et al.
1987; Wynne et al. 1991). Characterization of com-
ponents of resistance to stem rot pathogen in ground-
nut should differentiate between disease escape due
to canopy type (phenological suppression) or those
from structural barriers or the actual active responses
of the plant to pathogen infection (metabolic resist-
ance) (Shew et al. 1987). Phenological suppression of
disease was best detected in field plots where differ-
ences in canopy structure were most fully expressed
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(Fuller et al. 1984). Conversely, screening in highly
conducive environments in the greenhouse negated
the effect of crop canopy, allowing detection of meta-
bolic resistance only (Fuller et al. 1984; Hunter et al.
1981).

Phenological and structural defence

The plant morphological features such as non-succu-
lent stems for resistance to stem rot, hard pod shells
for resistance to pod rot (Mehan et al. 1995a) and
plant growth habit (Blad et al. 1978) can contrib-
ute to resistance to S.rolfsii in groundnut. S. rolfsii
resistance may be phenologically associated with the
canopy type in groundnut (Shokes et al. 1998). The
growth habit and early maturity of the Spanish bunch
cultivar, Chico and open/upright canopy of Virginia
cultivars contributed to resistance to Sclerotinia
minor (Chappell et al. 1995). Different mechanisms
of suppression of Sclerotinia sclerotiorum, which
is also a necrotrophic soil-borne pathogen, were
detected in field and greenhouse evaluation of beans
(Fuller et al. 1984; Hunter et al. 1981; Schwartz et al.
1978).

Anatomical defence

The internal anatomical features in plant species
could contribute to resistance against plant patho-
gens. Formation of tyloses, specialized xylem in-
growths that can prevent colonization and spread of
the pathogen to the upward plant parts just at the time
of infection could be a resistance mechanism against
S. rolfsii in CS 319, a known stem rot resistant cul-
tivar of groundnut (Sujit Kumar 2015). Impermeable
layer of phellogen deposited by lignified or suberized
plant tissues (Aycock et al. 1966) with higher levels
of calcium (Bateman and Beer 1965; Punja 1985),
phenolic compounds or oxalic acid oxidase (Franc-
eschi and Horner 1980), and tissues that contain
protein inhibitors of endo polygalacturonases (Alber-
sheim and Anderson 1971) can offer resistance to S.
rolfsii invasion and infection.

Biochemical/metabolic defence

A hypersensitive reaction (HR) is incited upon patho-
gen attack, which protects the plants by strengthening
their cell walls through deposition of phenolic com-
pounds, synthesis of enzymes, phytoalexins and accu-
mulation of pathogenesis related (PR) proteins (Nandi
et al. 2013; Bosamia et al. 2020). Defence responses
are frequently activated in the plant’s surrounding
and even distal uninfected parts, resulting in systemic
acquired resistance (SAR) (Yu et al. 1997). Induc-
tion of systemic acquired resistance by enhanced
activity of chitinases and f-1,3-glucanase (which
hydrolyses the f$-1,3-glucans, an important biopoly-
mer seen in the fungal cell walls) against Rhizocto-
nia species in bean plants was demonstrated by Xue
et al. (1998). SAR upon treatment with Sclerotium
rolfsii was demonstrated in four cultivars of ground-
nut (A100-32, Georgia Green, Ga-07 W and York)
by Jogi et al. (2016) and J-11, GG-20, TG-26 and
TPG 41 by Nandini et al. (2010). Reports infer that
increase in the content of oxidative enzymes notably
polyphenol oxidase (PPO) and peroxidase (POD) as
well as the ones responsible for phenolic biosynthesis
such as Phenylalanine ammonia lyase (PAL) involved
defence reactions in plants (Chen et al. 2010). Results
of increased activity of POD, PPO, chitinase and -1,
3-glucanase were observed by Nandi et al. (2013) in
cowpea when inoculated with S. rolfsii. POD, PPO,
PAL and phenol are involved in cowpea resistance
against R. solani and in tea against S. rolfsii (Bhagat
and Chakraborty 2010). Phenolics are fungitoxic in
nature which brings certain morphological changes
that cause cytoplasmic disorganization and reduced
protoplasm content of the fungal hyphae. Besides,
they also increase mechanical strength of the host
cell wall (Nandi et al. 2013). Saraswathi et al. (2012)
reported in their chromatographic technique studies,
the presence of 10 phenolic acids in healthy plants.
Sugars are the precursors of phenolics (Vidyasekaran
1978). They actively inhibit pectinolytic and cellulo-
lytic enzymes, which are important for the pathogen
(Bateman and Miller 1966). A study conducted by
Mahatma et al. (2018) to analyze the metabolic pro-
file of groundnut genotypes under S. rolfsii infection
revealed distinguished metabolic patterns of sugars in
control and inoculated plants. Succinic acid, pentitol,
scopolin, D-glucose and D-turanose, myo-inositol,
fructose and mannitol were found in excess in control
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plants, however, D-ribopyranoside, thymol, pentade-
canoic acid and octadecanoic acid were abundant in
the inoculated plants at 24 h after inoculation than
that of control. The stem rot resistant groundnut gen-
otypes CS 319 and CS 19 had greater levels of glu-
cose, sucrose, and phenolics such as cinnamic acid,
caffeic acid, and salicylic acid.

Evaluation of S. rolfsii disease resistance
in groundnut

For improving genetic resistance to diseases by breed-
ing, availability of resistant sources and reliable dis-
ease screening methods are prerequisites. A reliable
and repeatable screening method ensures the identifi-
cation of resistant sources and for screening the seg-
regating populations to exercise selection decisions.
Multi seasonal and muti-locational disease trials that
also assess the genotype and environment (G X E)
interaction of disease reaction would further enhance
the reliability of lines selected for disease resistance.
To transfer the disease resistance trait from resistant
sources to an elite high yielding genotype, the avail-
ability of an efficient phenotyping technique is essen-
tial (Pande et al. 1994) or trait associated markers are
necessary. Different phenotypic screening methods
have been practiced for assessing stem rot disease
in groundnut (Cui et al. 2020; Luo et al. 2020). Phe-
notyping techniques for diseases in plants in general
include screening in field, glasshouse and laboratory
methods.

The field screening for stem rot disease reaction
requires a disease sick/inoculated plot that needs to
be developed by application of inoculum and meas-
uring the inoculum load. In sick plot, the disease
development depends on several factors such as, type
of inoculum, presence of organic matter on soil sur-
face, quantity of inoculum and depth of inoculum
(Pande et al. 1994). Hence, the development of arti-
ficially inoculated plots requires application of suffi-
cient inoculum load. Bera et al. (2016a, 2016b) have
standardized a phenotypic technique for screening of
stem rot disease in groundnut under field conditions
in inoculated plots. The essential components of the
screening technique are multiplication of the patho-
gen, field preparation and sowing of the plant mate-
rial, selection of appropriate measure of disease reac-
tion (disease mortality, severity score and time, stage
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of the crop for inoculum application, maintenance
of optimum temperature and moisture conditions
and evaluation of the disease parameters (Bera et al.
2016b). The most favourable temperature and the rec-
ommended time for phenotyping is 15-35 ‘C (Bera
et al. 2016b) and 40-45 days after germination (Pande
et al. 1994) respectively. Regular irrigations should be
applied to the field to maintain sufficient soil moisture
conditions to ensure pathogen growth. For disease
evaluation/assessment, Shokes et al. (1998) reported
a scale of 1-5 for disease severity assessment under
greenhouse and field conditions. The scale is denoted
by 1 =healthy plants (resistant), 2=stem lesions only
(moderately resistant), 3= <25% of the stems wilted
or dead (moderately susceptible), 4=26-50% of
stems wilted or dead (susceptible) and 5= >50% of
stems wilted or dead (highly susceptible).

Stem rot disease screening studies at the field level
have been taken up by various researchers in inocu-
lated plots and disease incidence varied with the mar-
ket types of groundnut, planting dates, growth stages
and the maturity duration of the crop. The Valencia
market types were reported to have the highest sus-
ceptibility (Cooper 1965; Branch and Csinos 1987).
The Spanish bunch types were more susceptible com-
pared to the Virginia types, while the Runner type
cultivars have depicted more disease resistance than
the other market types (Cooper 1965). Susceptibil-
ity of host plants and disease severity was observed
to be the highest in the early planted genotypes and
during the early stages of the plant growth (0—45 days
after sowing), while a decrease in susceptibility was
noticed in the late planted genotypes and with the
increasing age of the plant (Brenneman and Had-
den 1996; Gorbet et al. 2004; Bekriwala et al. 2015).
Conversely, Pande et al. (1994) reported that, sus-
ceptibility was not observed to be reduced with plant
maturity.

Screening of germplasm for stem rot resistance
has revealed clear genotypic/varietal differences in
groundnut (Muheet, et al. 1975; Branch and Csinos
1987; Shew et al. 1987; Bera et al. 2014). Disease
evaluation studies on heterogeneous plant material
over different locations, seasons and years with vary-
ing soil types have shown significant differences in
resistance responses. Shokes et al. (1998), Mehan
et al. (1995a, b), Bera et al. (2014), Revankar et al.
(2018), reported that post rainy and summer screen-
ing in Vertisols recorded higher disease incidence, the
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resistant cultivars identified from such screening were
late maturing, semi-spreading Virginia bunch types
with non-succulent stems and hard pod shells.

When carrying out pot screening, the factors
such as pot size, soil mixture, amount, and method
of application of inoculum, optimum temperature,
humidity and moisture conditions determine optimum
disease development (Bera et al. 2016b). Besides,
the disease assessment method is also important.
Pande et al. (1994) developed a greenhouse screen-
ing method for evaluation of groundnut genotypes
for stem rot reaction, the inoculum was applied by
spreading it on the soil surface which was followed
by covering it with groundnut leaf debris. This inoc-
ulation method ensures pathogen conducive warm
and humid micro-environment for maximum dis-
ease development. Nevertheless, characterization
of components of resistance and identification of
breeding lines with stable resistance, genotypes and
segregating populations must be evaluated in field,
micro plots, and greenhouse environments (Shew
et al. 1987). Groundnut germplasm from gene banks
and improved germplasm from breeding programs
reported for resistance to stem rot disease are summa-
rized in Tables 1 and 2.

On the other hand, laboratory assays would prove
beneficial for obtaining rapid, and repeatable results.
The crop diseases in which oxalic acid secretion
of the pathogen happens to be the principal patho-
genicity factor, indirect assay using oxalic acid solu-
tion by the replacement of the actual pathogen pro-
vides a fast-screening method. Indirect assays using
oxalic acid have been demonstrated in common bean
for white mould (Kolkman and Kelly 2000; Chipps
et al. 2005); in Jerusalem artichoke for stem rot (Sen-
noi et al. 2021) and in groundnut, for Sclerotinia
minor using detached stems (Brenneman et al. 1988;
Melouk et al. 1992; Bennett et al. 2015) leaflets (Hol-
lowell et al. 2003), whole plant (Cruickshank et al.
2002; Goldman et al. 1995), in groundnut for S. rolf-
sii (Kiranmayee et al. 2024; VeerendraKumar et al.
2024). This method of screening is more efficient and
is complementary to the glasshouse and field screen-
ing methods and has high throughput.

In case of groundnut stem rot, Bailey, a partially
resistant line to stem rot disease was released in 2008
by North Carolina Agricultural Research Service
(Isleib et al. 2011). NC 2, a partially resistant culti-
var was released in 1953 (Cook 1981).NC 3033, a

resistant line, was identified and used as a parent in
crossing programs to develop resistant breeding lines
(Beute et al. 1976; Shew et al. 1985). The resulting
breeding lines from these crosses exhibited partial
resistance to stem rot disease in the field and glass-
house screening tests. Till date, cultivars with high
resistance to stem rot disease are not available. Hence,
there is a need to identify better resistant sources for
breeding resistant cultivars.

Resistance to soil-borne pathogens including stem
rot of groundnut has been attributed to polygenic
control and additive gene action (Bera et al. 2016a).
Polygenes are thought to oversee partial resistance,
which is analogous to horizontal resistance (Bera et al
2016a). Smith et al. (1989) have studied the reaction
of selected groundnut breeding lines for stem and
pod rot diseases and reported that resistance to these
diseases is heritable, thus creating a scope to further
improve the resistance of these lines.

Dodia et al. (2019) examined stem rot disease
resistance in an F2 mapping population (TG-37A
x NRCGCS 85) of groundnut and reported three
polymorphic SSR primers (DGR294, DGR470 and
DGR510) between the resistant and susceptible bulks.
The first study on the discovery of stem rot disease
resistance QTL was performed using linkage map-
ping and QTL mapping approach, which has been
published by Bera et al. (2016a) in an F2 popula-
tion (GG 20X CS 19) and a major QTL, identified as
gstgaOl.1 on linkage group one, and was contributed
by the resistant parent CS 19 was identified through
this study. Dodia et al. (2019) also performed linkage
analysis and QTL mapping in a bi-parental popula-
tion (TG37AXNRCG-CS85), a main-effect QTL
could not be detected, but they identified 44 major
epistatic QTLs with a phenotypic variation ranging
from 14.32 to 67.95%. A QTL on a physical map
length of 5.2 Mb was identified on B04 comprising
of 170 different genes. Developing diagnostic mark-
ers for selection of the candidate QTLs can be useful
in breeding for stem rot resistance. Integrating phe-
notyping methods with molecular markers linked to
identified QTLs would accelerate the advancement of
stem rot resistance breeding programmes in ground-
nut. Genomic predictions (GP) can also be utilized
for the use in resistance breeding programs target-
ing the improvement of stem rot disease resistance
genotypes.
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Table 1 Stem rot resistant sources identified, utilized in groundnut breeding programs so far through field studies

Field screening

Genotypes that are resistant/moderately
resistant identified from the study

Type of plant material (germplasm, improved
germplasm etc.)

References

TxAG-3, Tx-798716 and Tx-4798396
NC2
NC9, VA 81B

Interspecific hybrids and their derivatives
326, 988, 1019, 1024, 1065, 1267 and 1364

ICGVs 86,034, 86,124, 86,252, 86,388,
86,590, 86,606, 86,635, 87,160 and 87,359

ICGV 87165 and ICGV 86590

Toalson and Mass-selected populations from
Sunbelt Runner Toalson

Florida MDR 98 and C-99R

Dh 8

ICGV-91167, Y-1024, JL-80 and CSMG-
84-1

NRCGCS-168, NRCGCS-151, NRCGCS-25,
NRCGCS-19 and NRCGCS-157

TCG 1525, P 1269710, NCAC38, Hory-
anawadim ND 8-2, SS 34 m, VRR 472,
Talson, P 1268559, NCAc 18,019 and RR
5290

Gorgia—03L

NRCGCS-15, NRCGCS-272, NRCGCS-286,
NRCGCS-300, NRCGCS-306,
NRCGCS-307, NRCGCS-311,
NRCGCS-315, NRCGCS-319,
NRCGCS-327, NRCGCS-334,
NRCGCS-343, NRCGCS-347 and
NRCGCS-350

CS-19

PBS-30033 and PBS-22028

Georgia-07W

NRCGCS-365, NRCGCS-387,
NRCGCS-394, NRCGCS-398 and
NRCGCS-399

Florida-07

NRCGCS-85, NRCGCS-124 and
NRCGCS-180

GG-11 and GG-13: moderately resistant,

NRCGCS-86, NRCGCS-21 and
NRCGCS-222

NRCGCS-319

NRCGCS-47, NRCGCS-99, NRCGCS131
and NRCGCS-319

Breeding lines (improved germplasm)
Germplasm lines

Bunch type groundnut cultivars
Interspecific derivatives

Interspecific derivatives

Spanish bunch elite lines

Mass selection population; F6-F9 genera-
tions

Florida MDR 98—three-way cross made
C-99R- selection line from a cross

Groundnut cultivar

Advanced breeding lines and released culti-
vars (improved germplasm)

Interspecific derivatives

Germplasm accessions, advance breeding
lines and released cultivars

A cross between ‘Georgia Browne” and VA-
C92R. Pedigree selection within (F.sub
2), (F.sub 3) and (F.sub 4) segregating
population

Interspecific derivatives

Interspecific derivatives
Breeding lines

A cross between ’

‘C-99R’ x ‘Georgia Green’
Interspecific derivatives

Released cultivar
Interspecific derivatives

Spreading type groundnut cultivars
Interspecific derivatives

Advanced breeding lines

Interspecific derivatives

Smith et al. (1989)
Cook (1981)
Brenneman et al. (1990)
Mehan et al. (1995a)

Mehan et al. (1995a)

Krishnakanth et al (1999)
Brenneman et al. (1990)

Gorbet and Shokes (2002a); Gorbet
and Shokes (2002b)

Krishnakanth et al. (2003)
NRCG Annual report (2003-04)

NRCG Annual Report (2003-2004)

Ashok et al. (2004)

Branch (2004)

NRCG Annual Report (2005-2006)

Bera S K et al. (2005)
NRCG Annual Report (2006-2007)
Branch and Brenneman (2008)

DGR Annual Report (2008-2009)
Gorbet and Tillman 2009
Bera S Ketal. (2011)

Rakholiya, K.B and Jadeja, KB (2010)
Bera S K et al. (2010)

Thirumalaisamy et al. (2014)
Bera S K et al. (2014)
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Table 1 (continued)

Field screening

Genotypes that are resistant/moderately

resistant identified from the study germplasm etc.)

Type of plant material (germplasm, improved References

NC 2, NC Ac 18,016, NC Ac 18,416, ICG
319 15,233, ICG 15234, ICG 15235, ICG
15236, ICGV 96590 and ICGV 87160
(ICRISAT); NRCGCS 47, NRCGCS 99,
NRCGCS 131 and NRCGCS 319 (DGR,
Junagadh, India); Southern Runner,
Toalson, Pronto, Georgia Browne, Sunbelt,
Runner, Tamrun 96, Georgia-10R and
Georgia-05E (USA)

Six segregant lines (21, 77, 109, 25, 165 and 165 segregants derived from TAG 24 and R

36) 9227

Germplasm lines and improved germplasm
(elite breeding lines)

Nigam (2015)

Santoshkumar et al. (2011)

Table 2 Stem rot resistant sources identified, utilized in groundnut breeding programs so far through glasshouse studies

Glass house Screening

Genotypes that are resistant/moderately

resistantidentified from the study germplasm etc.)

Type of plant material (germplasm, improved

References

GG-11, GG-13

NRCGCS-47, NRCGCS-99, NRCGCS-31
and NRCGCS-319

NRCG-CS-319, NRCG-CS-19
cultivars

ICGV 86699, ICGV 91114 and ICGV 89280 Advance breeding lines (improved germplasm)

Groundnut cultivars
Interspecific derivatives

Rakholiya K B (2009)
Bera S K et al. (2014)

Interspecific derivatives, and registered groundnut ~ Thirumalaisamy P P et al. (2014)

Divya Rani et al. (2017)

ICG : ICRISAT Germplasm; ICGV : ICRISAT Groundnut Variety; ICGS : ICRISAT Groundnut Selection; NRCG : National
Research Centre for Groundnut; TxAG/Tx : Texas Groundnut; NC : North Carolina line; VA : Virginia line, Dh : Dharwad; JL : Jal-

gaon; NCAc : North Carolina Accession; GG : Gujarat groundnut

Candidate genes governing stem rot resistance

Jogi et al. (2016) conducted a study to identify dif-
ferentially expressed genes during the early infec-
tion stage of S. rolfsii in four cultivars of ground-
nut namely, A100-32, Georgia Green, Ga-07 W
and York. The identified genes from the study were
responsible for induction of systemic acquired
resistance (SAR) upon treatment with Sclerotium
rolfsii. Upregulation of genes related to defence
enzymes namely peroxidase, phenyl ammonia lyase,
salicylic acid, p-1,3-glucanase and chitinase was
observed in the resistant cultivar, York. Nogiya
et al. (2021) observed that the resistant groundnut
genotypes, CS319, GG17, and GG31, when infected
with S. rolfsii, exhibited upregulation of genes
involved in polyamine biosynthesis. In contrast,
the susceptible genotype TG 37A showed increased

expression of genes related to ethylene biosynthe-
sis and amine oxidase. Several transcription factors,
receptor like kinases and jasmonic acid pathway
enzymes were involved in the profound expression
in groundnut stem rot resistant genotypes (Bosamia
et al. 2020). Although some of the studies men-
tioned here have aided in understanding the resist-
ance mechanisms at the RNA/genes level, further
studies are essential to characterize and validate the
unknown genes and to fully understand the function
of the identified genes so as to apprehend the early
host—pathogen interaction.

Conclusion and future prospects

The increasing groundnut yield losses caused by
stem rot disease over the last decade necessitated
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management of the disease to plug the losses. Chemi-
cal and cultural control methods are employed to
manage the stem rot disease, however, host—plant
resistance to stem rot disease in groundnut is an eco-
nomically viable and environmentally sustainable
option, and it deployed together with other man-
agement methods. To exploit the potential of host-
resistance, research groups have made progress in
understanding the biology of pathogen, mode of
infection, spread, and interaction with a wide range
of hosts. Studies have shown that oxalic acid, pectic
acid, polygalacturonases and other cell wall degrad-
ing enzymes are the components that can constrain
invasion of pathogen. Tissue section studies to estab-
lish the entry points and the path taken by the patho-
gen to kill the host cells will help in understanding
of host-plant interaction, and the host-plant resistance
mechanism, genetics and mode of inheritance. In the
USA moderately resistant stem rot cultivars are devel-
oped and made available to the growers. Source of
resistance (of varying degree) have been reported in
the cultivated species as well as several inter-specific
derivatives. The sick plot screening is effective under
favourable weather conditions; however it is expen-
sive and is low throughput given the spatial variation
of the pathogen in the soil. Although stem rot resist-
ant sources have been identified their use in breeding
is limited given that the expensive sick plot screen-
ing and lack of high throughput phenotyping tools.
The Oxalic Acid Assay (OAA) is a lab based high
throughput method that allows for screening a large
number of lines in the breeding program, and thus
can be used to reduce the number of lines that can
be moved to sick plot screening, thus optimizing the
resources.

To overcome current limitations, there is a need
to standardize phenotyping protocols and explore
diverse sources of resistance, including wild Ara-
chis species and interspecific derivatives. Pre-
breeding efforts should focus on transferring resist-
ance into elite cultivars without compromising the
yield. Molecular breeding strategies, such as QTL
mapping, marker-assisted selection, and genomic
prediction, hold great potential for accelerating
the development of resistant cultivars. Addition-
ally, omics approaches such as transcriptomics,
proteomics, and metabolomics can provide deeper
insights into resistance mechanisms and help iden-
tify novel candidate genes. Given the nature of the

@ Springer

disease, the genomic prediction and machine learn-
ing can be explored for use in developing stem rot
resistant cultivars to strengthen groundnut breeding
pipelines.

Acknowledgements The authors are thankful to Dr Sai
Rekha Kadirimangalam for correcting and providing her valu-
able comments on the draft versions.

Authors’ contributions The manuscript was written and
formulated by Kiranmayee Bangaru and Yashoda Jadhav. Dr
Janila and Dr Hari Kishan Sudini have suggested the core idea
of the manuscript and the sections to be included, the manu-
script was also reviewed and revised by them.

Funding The authors have no relevant financial or non-finan-
cial interests to disclose.

Data availability Not applicable.
Declarations

Competing interests The authors declare no competing inter-
ests.

References

Albersheim P, Anderson AJ (1971) Proteins from plant cell
walls inhibit polygalacturonases secreted by plant patho-
gens. Proc Natl Acad Sci U S A 68(8):1815-1819

Khan IH, Arshad Javaid AJ (2015) Chemical control of collar
rot disease of chickpea

Ashok J, Fakrudin B, Paramesh H, Kullaiswamy PK (2004)
Identification of groundnut (Arachis hypogaea L.) germ-
plasm resistant to stem and pod rot caused by Sclerotium
rolfsii Saac. Indian J Genet 64(3):247-248

Aycock R (1966) Stem rot and other diseases caused by Scle-
rotium rolfsii. NC Agric. Exp. Stn. Tech. Bull. 74(1):202

Backman PA, Brenneman TB (1984) Compendium of peanut
diseases. Amer Phytopathol Soc St.Paul Minnesota

Bateman DF, Beer SV (1965) Simultaneous production and
synergistic action of oxalic acid and polygalacturonase
during pathogenicity by Sclerotium rolfsii. Phytopath
55:204-211

Bateman DF, Miller RL (1966) Pectic enzymes in tissue degra-
dation. Ann Rev Phytopathol 4:119-146

Bekriwala TH, Nath K, Chaudhary DA (2015) Effect of age on
susceptibility of groundnut plants to Sclerotium rolfsii
Sacc caused stem rot disease. J Plant Pathol Microbiol
7(12):386

Bennett RS, Payton ME, Chamberlin KD (2015) Response to
oxalic acid as a resistance assay for Sclerotinia minor
in peanut. Peanut Sci 42(1):56-64

Bera SK, Kasundra SV, Kamdar JH, Lal C, Thirumalasmy
PP, Maurya DP, AK, (2014) Electron J Plant Breed
5(1):22-29



Euphytica (2025) 221:176

Page 11 of 14 176

Bera SK, Kamdar JH, Kasundra SV, Ajay BC (2016a) A
novel QTL governing resistance to stem rot disease
caused by Sclerotium rolfsii in peanut. Australas Plant
Pathol 45(6):637-644

Bera SK, Kamdar JH, Kasundra SV, Thirumalaisamy PP
(2016b) Identification of groundnut genotypes and
wild species resistant to stem rot using an efficient field
screening technique. Electron J Plant Breed 7:61-70

Bera SK, Radhakrishnan T, Paria P, Rathnakumar AL, Mur-
thy TG (2005) CS-19 (INGR No. 04096; 1C415060),
Groundnut (Arachishypogaea L.) germplasm with mul-
tiple disease resistance and high harvest index. Indian J
Genet 65(1):73-4

Bera SK, Sunkad G, Kumar V, Rathnakumar AL, Rad-
hakrishnan T (2011) NRCGCS 180 (IC0583390,
INGR10039), Groundnut (Arachis hypogaea) germ-
plasm, a source of resistance to PBND (Peanut bud
necrosis diseases), Stem Rot, tolerant to Late Leaf
Spot, Alternaria Leaf Blight. Indian J Pl Genet.
Resources 24(1)

Beute MK, Wynne JC, Emery DA (1976) Registration of NC
3033 peanut germplasm. Crop Sci 16:887

Bhagat I, Chakraborty B (2010) Defense response triggered
by Sclerotium rolfsii in tea plants. Ecoprint Int J Ecol
17:69-76

Billah KMM, Hossain MB, Prince MH, Sumon MMP (2017)
Pathogenicity of Sclerotium rolfsii on different host,
and its over wintering survival; a mini review. Int J
Adv Agric Sci Technol 2:1-6

Biswas KK, Sen C (2000) Management of stem rot of
groundnut caused by Sclerotium rolfsii through Tricho-
derma harzianum. India Phytopath 53(3):290-295

Blad B, Steadman JR, Weiss A (1978) Canopy structure and
irrigation influence white mold disease and microclimate
of dry edible beans. Phytopathology 68:1431-1437

Bosamia TC, Dodia SM, Mishra GP, Ahmad S, Joshi B,
Thirumalaisamy PP (2020) Unraveling the mecha-
nisms of resistance to Sclerotium rolfsii in peanut (Ara-
chis hypogaea L.) using comparative RNA-seq analy-
sis of resistant and susceptible genotypes. PLoS ONE
15(8):0236823

Branch WD (2004) Registration of ‘Georgia-03L" peanut. Crop
Sci 44:1485-1486

Branch WD, Brenneman TB (2008) Registration of ‘Geor-
gia07W’ peanut. J Plant Reg 2:88-91

Branch WD, Csinos AS (1987) Evaluation of peanut cultivars
resistance to field infection by Sclerotium rolfsii. Plant
Dis 71:268-270

Brenneman TB, Hadden JF (1996) Effects of planting date on
peanut stem rot. Proc Amer Peanut Res Educ Soc 28:55

Brenneman TB, Phipps PM, Stipes RJ (1988) A rapid method
for evaluating genotype resistance, fungicide activity,
and isolate pathogenicity of Sclerotinia minor in peanut.
Peanut Sci 15:104-107

Brenneman TB, Branch WD, Csinos AS (1990) Partial resist-
ance of Southern Runner, Arachis hypogaea, to stem rot
caused by Sclerotium rolfsii. Peanut Sci 17(2):65-67

Chappell GF, Shew BB, Ferguson JM, Beute MK (1995)
Mechanisms of resistance to Sclerotinia minor in
selected peanut genotypes. Crop Sci 35:692-696

Chen CQ, Belanger RR, Benhamou N, Paulitz TC (2000)
Defense enzymes induced in cucumber roots by treat-
ment with plant growth-promoting rhizobacteria (PGPR)
and Pythium aphanidermatum. Physiol Mol Plant Pathol
56:13-23

Chen K-R, Ren Li, Xu Li, Chen W, Liu F, Fang X-P (2018)
Research progress on peanut southern stem rot caused by
Sclerotium rolfsii. Chin J Oil Crop Sci 40(2):302

Chipps TJ, Gilmore B, Myers JR, Stotz HU (2005) Relation-
ship between oxalate, oxalate oxidase activity, oxalate
sensitivity, and white mold susceptibility in Phaseolus
coccineus. Phytopathology 95(31):292-299

Cook M (1981) Susceptibility of peanut leaves to Cercosporid-
ium personatum. Phytopath 71:787-791

Cooper WE (1965) Strains of resistance to, and antagonists of
Sclerotium rolfsii. Phytopathol 51(11):3-16

Cruickshank AW, Cooper M, Ryley MJ (2002) Peanut resist-
ance to Sclerotinia minor and S. sclerotiorum. Aust J
Agric Res 53(10):1105-1110

Cui R, Clevenger J, Chu Y, Brenneman T, Isleib TG, Holbrook
CC, OziasAkins P (2020) Quantitative trait loci sequenc-
ing—derived molecular markers for selection of stem rot
resistance in peanut. Crop Sci 60:2008-2018

Deepthi KC (2014) Effect of potential biocontrol agents against
Sclerotium rolfsii causing stem rot of groundnut. Int J
Life Sci Bt Pharm Res 2(2):58-65

Desmae H, Janila P, Okori P, Pandey MK, Motagi BN, Monyo
E, Mponda O, Okello D, Sako D, Echeckwu C, Oteng-
Frimpong R, Miningou A, Ojiewo C, Varshney RK
(2019) Genetics, genomics and breeding of groundnut
(Arachis hypogaea L.). Plant Breed 138:425-444

DGR Annual Report 2008-2009, pp21. Published by AICRP
Groundnut DGR-Junagadh ICAR-India

Divya Rani V, Sudini H, Reddy PN (2018) Resistance screen-
ing of groundnut advanced breeding lines against col-
lar rot and stem rot pathogens. Int J Pure Appl Biosci
6(1):467-474

Dodia S, Rathnakumar A, Mishra G, Radhakrishnan T, Binal
J, Thirumalaisamy P, Narendra K, Sumitra C, Dobaria
J, Abhay K (2019) Phenotyping and molecular marker
analysis for stem-rot disease resistance using F2 mapping
population in groundnut. Int J Trop Agric 34:1135-1139

FAOSTAT 2023. Food and Agriculture Data of the FAO. http://
www.fao.org/faostat/en/

Ferreira SA, Boley RA (2018) Sclerotium rolfsii. At http://
www.extento.hawaii.edu/kbase/crop/Type/s_rolfs.htm
University of Hawaii

Franceschi VR, Horner HT (1980) Calcium oxalate crystals in
plants. Bot Rev 46:361-427

Fry WE (1982) Principles of plant disease management. Aca-
demic Press, New York, p 378

Fuller P, Coyne D, Steadman J (1984) Inheritance of resistance
to white mold disease in a diallele cross of dry beans.
Crop Sci 24(5):929-933

Ghewande MP, Shukla AK, Pandey RN, Misra DP (1983)
Losses in groundnut yields due to leafspots and rust at
different intensity levels. Indian J Mycology and Pl Path
13:125-127

Ghorbanpour M, Omidvari M, Abbaszadeh-Dahaji P, Omid-
var R, Khalil K (2018) Mechanisms underlying the

@ Springer


http://www.fao.org/faostat/en/
http://www.fao.org/faostat/en/
http://www.extento.hawaii.edu/kbase/crop/Type/s_rolfs.htm
http://www.extento.hawaii.edu/kbase/crop/Type/s_rolfs.htm

176 Page 12 of 14

Euphytica (2025) 221:176

protective effects of beneficial fungi against plant dis-
eases. Biol Control 117:147-157

Ghuge SS, Mayee CD, Godbole GM (1981) Assessment of
losses in peanut due to rust and tikka leaf spots. Indian
Phytopathol 34:179-182

Goldman JJ, Smith OD, Simpson CE, Melouk HA (1995) Pro-
gress in breeding Sclerotinia blight-resistant runner-type
peanut. Peanut Sci 22(2):109-113

Gorbet DW, Shokes FM (2002a) Registration of ‘C-99R’ pea-
nut. Crop Sci 42:2207

Gorbet DW, Shokes FM (2002b) Registration of ‘Florida MDR
98’ peanut. Crop Sci 42:2207-2208

Gorbet DW, Tillman BL (2009) Registration of ‘Florida-07’
peanut. J Plant Regul 1:14-18

Gorbet DW, Kucharek TA, Shokes FM, Brenneman TB
(2004) Field evaluations of peanut germplasm for resist-
ance to stem rot caused by Sclerotium rolfsii. Pea Sci
31(2):91-95

Higgins BB (1927) Physiology and parasitism of Sclerotium
rolfsii. Phytopath 17:417-448

Hollowell JE, Shew BB, Isleib TG (2003) Evaluating iso-
late aggressiveness and host resistance from peanut
leaflet inoculations with Sclerotinia minor. Plant Dis
87:402-406

Hossain I (2000) Biocontrol of Fusarium oxysporum and Scle-
rotium rolfsii infection in lentil, chickpea and mungbean.
Bangladesh Agric Univ Res Progress 11:61

Hunter JE, Dickson MH, Cigna JA (1981) Limited-term inocu-
lation: a method to screen bean plants for partial resist-
ance to white mold. Plant Dis 65:414—417

Isleib T, Milla-Lewis S, Pattee H, Copeland SC, Zuleta C,
Shew B, Hollowell JE, Sanders T, Dean L, Hendrix KW
(2011) Registration of ‘Bailey Peanut.” J of Plant Reg.
5(1):27-39

Janila P, Nigam SN, Pandey MK, Nagesh P, Varshney RK
(2013) Groundnut improvement: use of genetic and
genomic tools. Front Plant Sci 4:23

Janila P, Variath MT, Pandey MK, Desmae H, Motagi B, Okori
P, Manohar SS, Rathnakumar AL, Radhakrishnan T,
Liao B, Varshney RK (2016) Genomic tools in ground-
nut breeding program: status and perspectives. Front
Plant Sci 7:289

Jogi A, Kerry JW, Brenneman TB, Leebens-Mack JH, Gold
SE (2016) Identification of genes differentially expressed
during early interactions between the stem rot fungus
(Sclerotium rolfsii) and peanut (Arachis hypogaea) cul-
tivars with increasing disease resistance levels. Microbiol
Res 184:1-12

Kasundra S, Kamdar J, (2016) Phenotyping technique for stem
rot disease in groundnut under field conditions

Kator L, Och HZY, OD, (2015) Sclerotium rolfsii: causative
organism of southern blight, stem rot, white mold and
Sclerotia rot disease. Annal Biol Res 6(11):78-89

Kiranmayee B, Sudini HK, Bera SK, Shivani D, Chary S,
Veerendra Kumar HV, Vemula A, Pasupuleti J (2024)
Resistance to stem rot disease in groundnut (Arachis
hypogaea L.) in inter-specific derivatives of wild Ara-
chis species. Genet Resour Crop Evol. https://doi.org/
10.1007/s10722-024-02033-z

@ Springer

Kolkman JM, Kelly JD (2000) An indirect test using oxalate
to determine physiological resistance to white mold in
common bean. Crop Sci 40:281-285

Krishnakanth A, Gowda MV, Motagi BN (1999) Response
of Spanish groundnuts to stem and pod rots caused by
Sclerotium rolfsii Sacc. Int Arachis Newsl 19:27-30

Krishnakanth A, Gowda MVC, Naidu GK (2003) Evaluation
of Spanish type groundnuts for resistance to stem rot
and pod rot caused by Sclerotium rolfsii Sacc. J Oil-
seeds Res 20:254-256

Kuan IC, Tien M (1993) Stimulation of Mn peroxidase activ-
ity: a possible role for oxalate in lignin biodegradation.
Proc Natl Acad Sci U S A 90:1242-1246

Kumar N, Dagla MC, Ajay BC, Jadon KS, Thirumalaisamy
PP (2013) Sclerotium stem rot: a threat to groundnut
production. Popular Kheti 1(3):26-30

Luo Z, Cui R, Chavarro C, Tseng Y-C, Zhou H, Peng Z,
Chu Y, Yang X, Lopez Y, Tillman B (2020) Mapping
quantitative trait loci (QTLs) and estimating the epista-
sis controlling stem rot resistance in cultivated peanut
(Arachis hypogaea). Theor Appl Genet 133:1201-1212

Mahatma MK, Thawait LK, Jadon KS, Thirumalaisamy PP,
Bishi SK, Jadav JK, Khatediya N, Golakiya BA (2018)
Metabolic profiles of groundnut (Arachis hypogaea L.)
genotypes differing in Sclerotium rolfsii reaction. Eur J
Plant Pathol 151:463-474

Mayee CD, Datar VV, Raychaudhuri SP, Verma JP (1988) Dis-
eases of groundnut in the tropics. Rev Trop Plant Pathol
5:85-118

Mehan VK, Mayee CD, Brenneman TB, McDonald D (1995a)
Stem and pod rots of groundnut. Inform Bullet No 44:28

Mehan VK, Mayee CD, McDonald D, Ramakrishna N, Jayan-
thi S (1995b) Resistance in groundnut to Sclerotium rolf-
sii-caused stem and pot rot. Int J Pest Manage 41:79-83

Mehan VK, McDonald D (1990) Some Important diseases of
groundnut-sources of resistance and their utilization in
crop improvement. Paper presented at the In-Country
Training Course on Legumes Production, Sri Lanka 9-17
July 1990 (limited distribution)

Melouk HA, Akem CN, Bowen C (1992) A detached shoot
technique to evaluate the reaction of peanut genotypes to
Sclerotinia minor. Peanut Sci 19:58-62

Milthrope FL (1941) Studies on Corticium rolfsii (Sacc.) Curzi.
1. Cultural characters and perfect stage. II. Mechanism of
parasitism. Proc Linn Soc NSW 26:65-75

Muheet A, Chandran LS, Agrawal OP, (1975) Relative resist-
ance in groundnut varieties for sclerotial root rot (Sclero-
tium rolfsii) Sacc. 164:166

Nandi S, Dutta S, Mondal A, Adhikari A, Nath R, Chattopad-
haya A, Chaudhuri S (2013) Biochemical responses dur-
ing the pathogenesis of Sclerotium rolfsii on cowpea. Afr
J Biotechnol 12(25)

Nandini D, Mohan JSS, Singh G (2010) Induction of systemic
acquired resistance in Arachis hypogaea L. by Sclerotium
rolfsii derived elicitors. J Phytopathol 158:594-600

Nigam SN (2015) Groundnut at a glance. U.S Government’s
feed the future innovation lab for collaborative research
in peanut productivity and mycotoxin control

Nogiya R, Mahatma MK, AvinashGowda H, Raval SS,
Rathod V, Gajera HP, Tomar RS, Kumar N (2021)
Changes in expression of polyamines and ethylene


https://doi.org/10.1007/s10722-024-02033-z
https://doi.org/10.1007/s10722-024-02033-z

Euphytica (2025) 221:176

Page 13 of 14 176

biosynthesis genes in groundnut (Arachis hypogaea L.)
genotypes during Sclerotium rolfsii infection. Indian J
Exp Biol 59:476-483

NRCG Annual report, 2003-04 Crop Protection, pp 9 and
pp20 published by AICRP Groundnut ICAR-India

NRCG Annual Report 2006-2007 pp 28. published by
AICRP Groundnut ICAR-India

NRCG Annual Report 2005-2006 pp 30. published by
AICRP Groundnut ICAR-India

Pande S, Narayana Rao J, Reddy MV, Mc Donald D (1994)
A technique to screen for resistance to stem rot caused
by Sclerotium rolfsii in groundnut under greenhouse
conditions. Ind J Plant Prot 22:151-158

Pant R, Mukhopadhyay AN (2001) Integrated management
of seed and seedling rot complex of soybean. Indian
Phytopath 54:346-350

Patibanda AK, Upadhyay JP, Mukhopadhya AN (2002) Effi-
cacy of Trichoderma harzianum Rifai alone or in com-
bination with fungicides against sclerotium wilt of
groundnut. J Biol Control 16:57-63

Porter DM, Smith DH, Rodriguez-Kabana R (1982) Ground-
nut and plant diseases. Groundnut science and Technol-
ogy. American groundnut Research and edu Ass Inc.,
Yoakman, TX 326-410.

Punja ZK (1985) The biology, ecology, and control of Scle-
rotium rolfsii. Ann Rev Phytopathol 23:97-127

Punja ZK (1988) Sclerotium (Athelia) rolfsii, a pathogen of
many plant speices. Adv Plant Pathol 6:523-534

Punja ZK, Damini A (1996) Comparative growth, morphol-
ogy and physiology of three Sclerotium species. Myco-
logia 88:694-706

Punja ZK, Grogan RG (1981) Mycelial growth and infection
without a food base by eruptively germinating sclerotia
of Sclerotium rolfsii. Phytopathology 71:1099-1103

Punja ZK, Jenkins SF, Grogan RG (1984) Effect of volatile
compounds, nutrient, and source of sclerotia on erup-
tive sclerotial germination of Sclerotium rolfsii. Phyto-
pathology 74:1290-1295

Rajasekhar S, Amaravathi Y, Vijayalakshmi RP, Vasanthi
RP, Eswara Reddy NP (2019) Study of plant pathogen
interaction in groundnut challenged with Sclerotium
rolfsii by scanning electron microscopy. Int J Curr
Microbiol Appl Sci 8:1031-1038

Rakholiya KB, Jadeja KB (2010) Varietial screening of
groundnut against stem and pod root (Sclerotium rolf-
sif). Int J Plant Prot 3(2):398-399

Revankar AK, Kenchanagoudar PV (2018) Evaluation for
Sclerotium rolfsii Sacc. resistance in F4 and F5 geno-
types of groundnut (Arachis hypogaea L). J Farm Sci
31(2):127-130

Rudresh DL, Shivaprakash MK, Prasad RD (2005) Potential
of Trichoderma spp. as bio-control agents of pathogens
involved in wilt complex of chickpea (Cicer arietinum
L.). J Biol Control 19(2):157-166

Santoshkumar Pujer SP, Satish RG, Boranayaka MB (2011)
Association analysis and identification superior seg-
regants for resistance to Sclerotium rolfsii and yield com-
ponent traits in groundnut (Arachis hypogaea L)

Saraswathi M, Reddy M (2012) Phenolic acids associated with
Sclerotium rolfsii in groundnut (Arachis hypogaea L)
during pathogenesis. Inter J of Plant Pathol 3(2), 82—-88

Schwartz HF, Steadman JR, Coyne DP (1978) Influence of
Phaseolus vulgaris blossoming characteristics and can-
opy structure upon reaction to Sclerotinia sclerotiorum.
Phytopathology 68(3):465-470

Sennoi R, Jogloy S, Gleason ML (2021) Development of an
oxalic acid assay to evaluate Sclerotium rolfsii resist-
ance in Jerusalem artichoke. SABRAO J Breed Genet
53(1):70-78

Shasidhar Y, Vishwakarma MK, Pandey MK, Janila P, Variath
MT et al (2017) Molecular mapping of oil content and
fatty acids using dense genetic maps in groundnut. Front
Plant Sci 8:794

Shew BB, Beute MK, Campbell CL (1984) Spatial pat-
tern of southern stem rot caused by Sclerotium rolfsii
in six North Carolina Peanut fields. Phytopathology
74:730-735

Shew BB, Beute MK, Bailey JE (1985) Potential for improved
control of southern stem rot of peanut with resistance and
fungicides. Peanut Sci 12(1):4-7

Shew BB, Wynne JC, Beute MK (1987) Field, microplot and
greenhouse evaluation of resistance to Sclerotium rolfsii
in groundnut. Plant Dis 71:188-192

Shokes FM, Weber Z, Gorbet DW, Pudelko HA, Taczanowski
M (1998) Evaluation of peanut genotypes for resistance
to southern stem rot using an agar disk technique. Peanut
Sci 25:12-17

Singh F, Oswalt DL (1992) Major diseases of groundnut

Smith VL, Punja ZK, Jenkins SF (1986) A histological study
of infection of host tissue by Sclerotinia rolfsii. Phytopa-
thology 76:755-759

Smith OD, Boswell TE, Grichar WJ, Simpson CE (1989)
Reaction of select peanut (Arachis hypogaea L) lines to
southern stem rot and Pythium pod rot under varied dis-
ease pressure. Peanut Sci 16(1):9-14

Subrahmanyam P, Wongkaew S, Reddy D, Demski JW,
McDonald D, Sharma S, Smith D (1992) Field diagno-
sis of groundnut diseases. International Crops Research
Institute for the Semi-Arid Tropics

Sujit Kumar B (2015) Biochemical and Molecular basis of
innate and Pseudomonas fluorescens induced stem rot
tolerance in groundnut (Arachis hypogaea L.). M.Sc.
(Biochemistry) thesis, Junagadh Agricultural University,
Junagadh, India

Thiessen LD, Woodward JE (2012) Diseases of peanut caused
by soilborne pathogens in the southwestern United
States. ISRN Agronomy. https://doi.org/10.5402/2012/
517905

Thirumalaisamy PP, Kumar N, Radhakrishnan T, Rathnaku-
mar AL, Bera SK, Jadon KS, Mishra GP, Rajyaguru R,
Joshi B (2014) Phenotyping of groundnut genotypes for
resistance to Sclerotium stem rot. J] Mycol Plant Pathol
44:459-462

Variath MT, Janila P (2017) Economic and academic impor-
tance of peanut. In: Varshney R, Pandey M, Puppala
N (eds) The peanut genome. Compendium of Plant
Genomes pp 7-26

Veerendrakumar HV, Kiranmayee B, Vasanthi RP, Kumar AN,
Pandey MK and Sudini HK (2024) Enhancing pheno-
typing accuracy for stem rot disease through advanced
oxalic acid assay in groundnut

@ Springer


https://doi.org/10.5402/2012/517905
https://doi.org/10.5402/2012/517905

176 Page 14 of 14

Euphytica (2025) 221:176

Vidyasekaran P (1978) Production of pectinolytic enzymes by
Helminthosporium nodulosumin vitro and in vivo. Indian
Phytopath 28:451

Wynne JC, Beute MK, Nigam SN (1991) Breeding for disease
resistance in peanut (Arachis hypogaea L.). Ann Rev
Phytopathol 29:279-303

Xue L, Charest PM, Jabaji-Hare SH (1998) Systemic induction
of peroxidases, f—1, 3—glucanases, chitinases and resist-
ance in bean plants by binucleate Rhizoctonia species.
Phytopathology 88:359-365

Yadeta KA, Thomma Bart PHJ (2013) The xylem as battle-
ground for plant hosts and vascular wilt pathogens. Front
Plant Sci 4:97

Yu D, Liu Y, Fan B, Klessig DF, Chen Z (1997) Is the high
basal level of salicylic acid important for disease resist-
ance in potato? Plant Physiol 115:343-349

@ Springer

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.



	Host pathogen interaction and resistance screening of groundnut to stem rot disease caused by Sclerotium rolfsii
	Abstract 
	Background
	The pathogen and pathogenesis
	Stem rot disease cycle
	Host–pathogen interaction
	Symptomatology
	Host-resistance and defence mechanisms against stem rot in groundnut and other crops
	Phenological and structural defence
	Anatomical defence
	Biochemicalmetabolic defence
	Evaluation of S. rolfsii disease resistance in groundnut
	Candidate genes governing stem rot resistance
	Conclusion and future prospects
	Acknowledgements 
	References




