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Abstract

Ginger is one of the most important spices, particularly for small-scale farmers in Ethiopia. However, bacterial wilt is a major
constraint to ginger production, and it was reported for the first time in 2012. The disease is caused by the bacteria Ralstonia
solanacearum. Common symptoms in infected plants include wilting, stunting, yellowing of foliage, and rhizome rot. The disease
is now widespread across all ginger-growing regions worldwide, spreading through soil, water, infected rhizomes, and plant
debris. A major challenge in managing bacterial wilt has been the lack of effective control methods. This review primarily focuses
on recent advances in control measures, including agronomic and cultural practices such as soil amendment, rhizome treatment,
and other cultural practices. Soil and rhizome solarization has proven to be a cost-effective method that is compatible with other
pest management tactics. Additionally, the use of organic matter, such as crop residue and animal manure, which improves the
physical, chemical, and biological properties of soil, has been studied as an inducer of suppressiveness to R. solanacearum. The
application of certain plants and their essential oils as bio-fumigants has also been examined as an alternative approach to
managing bacterial wilt as part of an integrated disease management system. Crop rotation, tillage, and field sanitation play
vital roles in disease management. Furthermore, other farm practices, such as the use of healthy seeds, cultivation in disease-
free areas, cover crops, bio-mulch, and regular field inspection, also contribute to the suppression of this pathogen. Overall,
employing agronomic and cultural practices in combination with an integrated pest management strategy offers a promising

approach for controlling bacterial wilt and ensuring sustainable ginger production.

Keywords: Ginger; Bacterial Wilt; Disease Management; Agronomic Practices; Integrated Pest Management

Abbreviations Introduction

RH: Relative Humidity; BOFs: Bio-Organic Fertilizers; Ginger (Zingiber officinale Rosc.), belonging to the family
DAD-ELISA: Double Antibody Sandwich Enzyme-Linked Zingiberaceae, originated in Southeast Asia, with its main
Immunosorbent Assay; PCR: Polymerase Chain Reaction; center of diversity in Indo-Malaysia [1]. It is an important
OM: Organic Matter. commercial crop grown for its aromatic rhizomes, which are
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used both as a spice and in traditional medicine [2]. Today,
ginger is cultivated in many tropical and subtropical regions
worldwide. In Ethiopia, it is one of the most significant
spices, playing a crucial role in the livelihoods of small-scale
farmers [3]. The crop is primarily grown in the wetter areas,
particularly in the western, southern, and southwestern
parts of the country, at altitudes below 2,000 meters above
sea level. In major production areas, about 85% of farmers
and 35% of the total arable land are dedicated to ginger
cultivation [4]. However, in recent years, ginger production
has been severely affected by a devastating disease called
bacterial wilt [5]. The outbreak of this disease was reported
for the first time in 2012 Habetewold K, et al. [6]. Prior to
the outbreak of this disease, Ethiopia generated up to USD 22
million in a single year from ginger exports [7]. Following the
sudden outbreak of bacterial wilt disease, the production and
supply of ginger in the country have declined sharply. In the
same year of the disease outbreak, an estimated incidence of
80-100%, which gave rise to up to 90-100% crop loss, was
registered in the fields Habetewold K, et al. [6,8].

Bacterial wilt (Ralstonia solanacearum) is a major constraint
for production of edible ginger (Z officinale R.) in many
tropical and subtropical regions of the world [6]. The
disease is caused by the soil-borne bacterial pathogen R.
solanacearum race 4, which has caused major economic
losses to the edible ginger industry [9]. The R. solanacearum
race 4 biovar 3 strains is the causal agent for ginger bacterial
wilt in Ethiopia [8]. According to Hussain M, et al. [10], the
disease can cause up to 100% yield losses in many ginger-
growing regions under conducive conditions. The first ginger
bacterial wilt disease was reported from India in 1941 by
Thomas, and then lots of reports came from the rest of the
world. In Ethiopia, the first bacterial wilt syndrome on ginger
was reported from Bench Maji Zone Bebeka coffee estate
farmin 2012, then progressed to the neighboring zone Sheka
within a short period of time and caused up to 67% yield loss
[6]. Since its first report, the outputs of ginger production
from major growing areas were significantly declined and
the volume has been delivered to the central market also
greatly reduced. Indirectly, the economic and social aspects
of the small-scale farmers and growers involved in ginger
production have also been negatively affected.

Bacterial wilt of ginger is widespread and exceedingly
destructive in several countries, a situation made worse by

the easiness with which the pathogen is carried within the
planting material. Moreover, the pathogen can also spread
by water, latently infected planting materials and soil
[11]. Once fields became infested with the pathogen, they
were unsuitable for cultivation of edible ginger because
the inoculum persisted on plant debris, weeds, and farm
equipment [12]. However various control strategies were
developed to control and suppress this disease including
agronomic and cultural control practices, host-plant
resistance, biological control, chemical control [13]. To this
end, the objective of this paper to review the agronomic
practices on ginger bacterial wilt disease management.

Literature Review

Causes and Symptoms of Ginger Bacterial Wilt

The disease is caused by Ralstonia solanacearum race 4 [9],
although various races have also been reported. Cunniffe NJ,
et al. [14] found that R. solanacearum race 3 caused slow
wilt, while race 4 led to rapid wilting and death of infected
plants. Additionally, race 3 was found to be restricted to
ginger, whereas race 4 exhibited a wider host range, affecting
plants such as tomato, potato, Zinnia elegans, Capsicum
frutescens, Physalis peruviana, and eggplant [15]. Ralstonia
solanacearum is characterized by the sudden wilting of
foliage, with younger plants being more severely affected.
On the collar region, water soaked patches or linear streaks
appear. These symptoms are followed by yellow to bronze
coloration of margins of the lower-most leaves which
gradually progresses upwards Habetewold K, et al. [6,15]. At
later stages, the leaves become flaccid with intense yellowish
bronze color and droop ultimately exhibiting typical wilt
symptoms. In the infected plants, leaf sheaths look yellowish
to dull green. The pseudostem becomes soft and completely
rots, causing the diseased shoots to break off easily from the
underground rhizome at the soil line. At advanced stage the
pseudostem appears slimy and dries out very rapidly, within
5to 10 days [6]. The plants which are infested by the disease
stand persistently and do not collapse. In the early stages
of infection, the ginger rhizome shows a grayish-brown
discoloration (Fig. 1). The rhizome becomes soft, water-
soaked and rotten, when it pressed and immersed in a clean
water a milky bacterial exudate oozes outs Habetewold K, et
al. [6,15,16].
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Source: Habetewold, et al. [6].

Figure 1: Symptom of ginger bacterial wilt diseases, A) Diseased shoots, B) Water soaked spots on leaves, C) Rotted rhizome.

Environmental Factors Disease

Outbreak

The prevalence of ginger bacterial wilt varies based on
differences in geography, agro-ecology, and the prevailing
weather conditions of the growing area [13]. According to
Merga ], etal. [16], in Ethiopia, the onset of the disease occurs
from the end of June to mid-July and continues until October,
which coincides with the country’s main rainy season and the
dominance of warm, humid weather. Increased rainfall during
July-September facilitates the transport of active inoculum to
nearby fields through rain runoff and farm activities, thereby
increasing the incidence, severity, and distribution of the
disease [17]. However, after October, moisture, temperature,
and wilt incidence dramatically decrease. In Ethiopia, the
severity and devastation of the disease in major ginger
producing areas were due to the ideal weather conditions
for bacterial epidemics and the use of latently infected seed
rhizomes as planting materials (Fig. 2).

Influencing

Figure 2. Disease triangle for the incidence of ginger
bacterial wilt disease.

Agronomic Management of Ginger Bacterial Wilt

Bacterial wilt is a major problem and a production
constraint for ginger and other vegetable crops [18]. It is
difficult to control bacterial wilt due to its wide host range,
genetic variability, complex epidemiology, diverse modes
of transmission [12,19]. Various agronomic practices as a
control measures have been reported to combat this disease
such as selection of healthy seed rhizomes and fields,
selection of resistant variety, seed rhizome treatments and
soil amendment. Moreover, other practices including crop
rotation, cover crops, tillage, field sanitation, weeding, insect
pest control, mulching, good drainage, field inspection, and
quarantine measures have also been suggested by Sharma B,
et al. [19] and Kumar A, et al. [20]. Some of these agronomic
and cultural control methods are discussed in detail below.

Seed Rhizome Treatment

Heat and solarization: As noted earlier, contaminated
planting material is a primary source of inoculum for field
infection. Disinfection of rhizomes using solar radiation,
known as rhizome solarization, has been developed as a
method for managing bacterial wilt [20]. This technique is
considered one of the most eco-friendly and energy-efficient
methods available for rhizome treatment. According to Wong
C, et al. [21], R. solanacearum was eliminated from ginger
rhizomes when exposed to heat for 30 minutes at 50°C. Solar
radiation raises the temperature of rhizomes, particularly
in the vascular region [22]. Plants emerging from solarized
rhizomes often escape disease due to the in-situ killing of the
pathogen in the seed rhizome [20]. However, a major source
of variability in heat buildup and pathogen elimination is
the size and shape of the rhizome [18]. Larger rhizomes
tend to experience greater heat buildup due to their larger
surface area, which traps more sunlight and results in higher
internal temperatures [22]. Kumar A, et al. [20] found that
2 hours of rhizome solarization are generally sufficient to
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achieve the requisite temperature inside the vascular tissue
where the pathogen resides. This temperature increase may
reduce the number of viable bacteria in the rhizome. Overall,
these studies indicate that rhizome solarization effectively
disinfects rhizomes infected with R. solanacearum, whether
the infection is artificial or natural.

Hot air and water: The use of non-saturated heated air is
a promising method for disinfecting ginger seed rhizome
pieces. According to Wong, C, et al. [21], exposing ginger seed
pieces to hot air at 75% relative humidity (RH) until their
internal temperature reaches 50°C for 30 minutes effectively
destroys the bacterial wilt pathogen while causing minimal
injury to the rhizome. This treatment does not adversely
affect germination or subsequent growth. Kumar A, et al.
[18] note that for effective heat treatment, the exposure time
must be sufficient to penetrate the seed piece completely
but not so prolonged as to cause injury to the host. Kumar
A, et al. [23] reported that soaking ginger seed in hot water
at 50°C for 10 minutes is a standard pre-planting procedure
in Hawaii. However, shorter exposure times may result in
inadequate heat penetration, while longer periods can cause
heat injury and stunt crop growth [23]. Several studies have
demonstrated that heat treatment can kill pathogens without
compromising the viability of the planting material [21,24].
Additionally, selecting uniformly sized seed pieces helps
maintain consistent thermal gradients during treatment.
Both hot air and water treatments also serve to release the
seed pieces from dormancy.

Soil amendment

Soil solarization: A number of physical control methods
have been proven effective against Ralstonia solanacearum
in soil, including solarization, hot water treatments, cold
temperatures, and bio-fumigation [25]. Soil solarization
prior to planting has been widely used to control soil-borne
pathogensand pests in various crops, including potato, ginger,
onion, carrot, and peanut [18]. Huang Y, et al. [25] reported
that solarization induces complex biological, physical, and
chemical changes that enhance plant growth, quality, and
yield for several years. The success of soil solarization is
based on the fact that most plant pathogens and pests are
mesophiles, which do not produce heat-resistant spores and
are unable to survive long periods at high temperatures [26].
According to Kumar A, et al. [18], polyethylene is a suitable
cover for solarization because it transmits the germicidal

components of sunlight. The death of organisms at high
temperatures involves the inactivation of enzyme systems,
particularly respiratory enzymes. In another study, soil
solarization using transparent plastic mulches for 28 days
prior to planting ginger significantly reduced the incidence
of bacterial wilt [27].

Soil bio-fumigation: Bio-fumigation refers to the
agronomic practice of using volatile chemicals released
from plant residues to suppress soil-borne plant pathogens
[26]. The antimicrobial activity of various plant essential
oils and their volatile components against plant pathogenic
bacteria, fungi, nematodes, and viruses has been extensively
studied [28], with promising results. Nazzaro F, et al. [29]
reported that certain essential oils, including thymol, reduce
Ralstonia solanacearum population density and bacterial
wilt incidence in tomatoes, while also increasing plant
shoot and root weights. In another study, conducted under
laboratory conditions, thymol and palmarosa oil provided
complete protection against bacterial wilt in tomatoes by
reducing the pathogen population to undetectable levels
[30]. Similar results were observed under both greenhouse
and field conditions [31]. According to the author, the use
of plant essential oils as bio-fumigants has been explored
as part of an integrated disease management system for
bacterial wilt.

According to Bandyopadhyay S, et al. [32], soil bio-
fumigation using cabbage reduces the bacterial wilt
disease incidence and also enhances the germination
and yield of ginger rhizomes (Table 1). Additionally,
[33] reported that combining soil bio-fumigation with
solarization significantly reduced the incidence of bacterial
wilt. Messiha N, et al. [34] also found that biological soil
disinfection combined with solarization using airtight
plastic reduced R. solanacearum populations by more than
90% in soil. In Ethiopia, some aromatic plants and herbs
have been tested as soil disinfectants and bio-fumigants
to control ginger bacterial wilt. This work began in late
2015 at the Teppi Agricultural Research Center, where
lemongrass (Cymbopogon citratus) and Chinese chive
(Allium tuberosum) were planted in bacterial wilt-infected
fields and exhibited a good result (Table 2). These aromatic
plants helped create an unfavorable environment for R.
solanacearum in the soil, thereby reducing its population
and decreasing the incidence and severity of the disease.
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Treatments Germination (%) Mean Disease Incidence (%) Rhizome yield (t ha)
T1 92.35 5.92 15.16
T2 87.03 8.23 13.71
T3 91.56 9.41 12.8
T4 86.72 8.54 12.42
T5 87.5 11.02 12.12
T6 85.63 22.11 7.7
SEm+ 2.885 0.748 -
CD(at 5%) 8.695 2.254 -

T1 = Soil treatment by biofumigation using Cabbage*, T2= Soil treatment using bleaching powder @ 10g/bed (3m2), T3 =
Rhizome solarization**, T4 = Rhizome treatment by rhizobacterial antagonist***, T5 = Rhizome treatment by endophytic
bacterial antagonist****, T6 = Absolute control.

Source: Bandyopadhyay, et al. [32].

Table 1: Effect of soil bio-fumigation on germination, bacterial wilt disease incidence and rhizome yield of ginger.

Treatments Mean Disease Incidence at Final Date of Disease Assessment (%) Rhizome yield (t ha)
Citronella 55.43bc 9.63"
Palmarosa 49.66¢ 10.4°

Mint 56.43® 8.96¢

Lemongrass 42.434 13.432

Chinese chive 53.23b¢ 12.36°

Control 61.132 7.06¢
LSD (5%) 6.63 1.31
CV(%) 6.87 7.01

Source: Merga, et al. [35].
Table 2: Effect of different bio-fumigant plants on germination, bacterial wilt disease incidence and rhizome yield of ginger.

Organic Amendments

Amending agricultural soils and soilless growing media
with organic matter provides plant nutrients and enhances
the natural suppressiveness of the soil against soil-borne
pathogens [36]. Bonanomi G, et al. [37] reported that the
addition of organic amendments, such as animal manures
and industrial by-products, is a well-documented strategy for
increasing disease suppression in soils. Organic amendments
directly impact plant health and crop productivity. According
to Bonanomi G, et al. [37], the degradation of organic matter
in soil can affect the viability and survival of pathogens by
restricting available nutrients and releasing natural chemical
substances with varying inhibitory properties. Moreover,
organic amendments have been shown to stimulate the
activities of microorganisms that are antagonistic to
pathogens [26]. The carbon released during the degradation

of organic matter increases soil microbial activity, thereby
enhancing competitive effects in the soil [37]. Additionally,
frequent applications of organic materials, such as manure
or compost, eventually result in higher substrate availability
for competitors, reducing the growth of pathogens in the
rhizosphere and decreasing their infection rates [38].
Yadessa, et al. [39] reported that amending topsoil with
different types and rates of organic amendments can
suppress pathogen survival in the soil and reduce bacterial
wilt severity.

In another study, the incorporation of household compost
was found to reduce bacterial wiltincidence and severity [26].
Ghini R, et al. [40] also reported that sewage sludge, being a
rich source of organic matter and nutrients, enhances disease
suppression caused by R. solanacearum. Animal manure
has traditionally been used as a nutrient source and can
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significantly improve crop yields. While many studies have
reported that animal waste controls plant diseases, few have
specifically addressed its effectiveness against bacterial wilt
disease. Islam T, et al. [41] observed suppression of bacterial
wilt in soils amended with poultry manure and farmyard
manure. Other studies have shown that incorporating cow
dung manure and pig slurry reduces bacterial wilt incidence
and severity [34]. However, Van Elsas, et al. [42] noted
that the suppressive effects of organic amendments on R.
solanacearum vary with soil type, texture, temperature,
organic matter content, pH, microbial communities, moisture
content, and dissolved organic carbon content. According
to Janvier C, et al. [36], the effectiveness of organic matter
in suppressing plant pathogens depends on: (i) the plant-
pathogen combination, (ii) the rate of application, (iii) the
nature/type of amendment, and (iv) the decomposition
stage of the organic matter.

Crop Residue Management

According to Alabouvette C, et al. [43], residue management,
particularly the retention of crop residues in situ, can have
conflicting effects on disease. Increasing evidence suggests
that residue retention can enhance levels of general
suppression in soils. This effect is linked to high levels of
microbial activity, which depend on substantial organic
matter (OM) input into soils [43]. Several studies have
reported that bacterial wilt can be suppressed by plant
residues from various plant species. For instance, residues
from chili (Capsicum annuum) [44], Chinese gall (Rhus
chinensis), wood wax tree (Toxicodendron xylosteoides) [45],
clove (Syzygium aromaticum) [46], cole (Brassica sp.) [47],
eggplant (Solanum melongena) [48], eucalyptus (Eucalyptus
globulus), lemon grass (Cymbopogon citratus), guava
(Psidium guajava and P. quinense) [49], neem (Azadirachta
indica) [50], pigeon pea (Cajanus cajan), thyme (Thymus
spp.) [29], and worm Killer (Aristolochia bracteata) [51] have
all been shown to suppress bacterial wilt.

Several studies have demonstrated the successful
application of organic matter against bacterial wilt in both
greenhouse and field conditions. Cardoso S, et al. [52]
reported that incorporating freshly cut aerial parts of both
pigeon pea (Cajanus cajan) and crotalaria (Crotalaria juncea)
at concentrations of 20-30% and incubating for 30 days
resulted in complete suppression of bacterial wilt under
greenhouse conditions. Cardoso S, et al. [52] suggested
that the possible mechanisms of action for plant residues
include antimicrobial activities, as well as the indirect
suppression of pathogens through improved physical,
chemical, and biological soil properties. Six ], et al. [53] found
that populations of cellulolytic organisms are higher in soils
where crop residues are retained. Other studies have shown

that residue retention also favors cellulolytic Trichoderma
species, many of which are antagonistic to plant pathogens
[54]. Yadessa, et al. [39] reported that soils amended with
10% coco peat and 1% green compost completely inhibited
infection by R. solanacearum, while disease severity reached
43% in the unamended control soil. Andriantsoa, et al.
[55] also found that about 50% of tested cruciferous plant
residues reduced R. solanacearum populations in the soil.
However, retaining infected residues can sometimes increase
the inoculum potential of pathogens that survive in the
residue.

Cultivation and Fertilization

Proper and timely application of nutrients is a key mechanism
in pest management within agro-ecosystems [39]. Elements
inthe cell walls can influence plant susceptibility or resistance
to pathogen infections, and silicon is considered a beneficial
element for plants and higher animals [38]. Kiirika L, et al.
[56] reported that the combined application of silicon and
chitosan reduced the incidence of bacterial wilt in tomatoes
by inducing resistance. Calcium (Ca) is another well-known
nutrient that suppresses disease, as noted by Yuliar, etal. [57].
Ciardi, et al. [58] also observed that increased concentrations
of Ca in plants reduced both the severity of bacterial wilt
and the population of R solanacearum in tomato stems.
Additionally, an increase in Ca uptake by plant shoots was
correlated with lower levels of disease severity [58]. Lemaga
B, et al. [59] reported that the application of nitrogen (N) +
phosphorus (P) + potassium (K) and N + P (at a rate of 100
kg/ha for each fertilizer) reduced bacterial wilt by 29% and
50%, respectively. Furthermore, the combined application
of rock dust and commercial organic fertilizer also reduced
bacterial wilt incidence in tomato plants [60]. According to
this study, higher soil pH and Ca content were key factors in
controlling bacterial wilt through rock dust amendment.

Moreover, efficient soil management generally improves
the composition and activity of soil micro biota, thereby
enhancing the soil’s biological control capacity [42]. Prasad
R, et al. [61] found that a high dose of nitrogen applied as
ammonia compounds to sandy soil was more effective in
reducing bacterial wilt severity than nitrates. Islam T, et al.
[41] reported that bacterial wilt incidence was suppressed
in farmyard manure-amended soil when the application
rate exceeded 4%, with an 8% application rate being the
most effective. The usefulness of bio-organic fertilizers
(BOFs) in controlling soil-borne plant diseases has also been
investigated. Qiu M, et al. [62] found that BOF application
minimized wilt disease incidence, maximized biomass
production, and altered the microbial community structure.
Wei Z, et al. [63] similarly reported that applying BOF
significantly reduced disease incidence and R. solanacearum
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populations under both greenhouse and field conditions.
On the other hand, organic matter inputs can sometimes
lead to negative effects such as temporary oxygen depletion,
denitrification, nitrogen immobilization, and pathogen
stimulation [64]. Therefore, understanding the type and
optimal rate of organic amendment that results in positive
effects on disease suppression and plant growth is crucial for
farmers.

Cultural Practices

Crop Rotation

Crop rotation with non-host plants is a widely used strategy
to reduce disease incidence and is effective against bacterial
wilt caused by R. solanacearum. The choice of rotation crops
varies by region and pathogen strain [65]. Priou S, et al. [66]
found that rotating with non-host plants, such as cereals and
gramineous pastures, significantly reduces R. solanacearum
populations in the soil. It is crucial to remove volunteer
ginger plants by uprooting them to prevent further disease
spread. While rotation with crops like Allium species (onion,
garlic, leek) and Brassicaceae (cabbage, cauliflower) can be
effective, limitations in land availability and marketability
of crops can make this challenging for farmers [66]. These
crops also help in eliminating weeds and volunteers that
harbor the pathogen.

Legumes, such as Fabaceae (pea, bean), are also beneficial
as rotation crops for ginger due to their nitrogen-fixing
properties, which enhance soil fertility [66]. Additionally,
cucurbitaceous crops (pumpkin, cucumber, zucchini) are
not hosts for R. solanacearum and can be used in rotations.
Chinese chive (Allium tuberosum) has been shown to reduce
bacterial wilt incidence in tomato by approximately 60%,
likely due to its root exudates that inhibit pathogen infection
[67]. This crop is now being used in our country to control
ginger bacterial wilt. R. solanacearum can survive in soil for
up to 161 days [68]. The time required for eradication varies
by location. In cases where suitable rotation crops are not
available, leaving fields fallow can reduce wilt incidence,
though this approach may not always align with farmers’
economic interests.

Selection of Healthy Seed Rhizomes

The use of rhizomes collected from previously disease-
affected areas as planting material often results in severe
disease [18]. This underscores the importance of using
pathogen-free seed to prevent disease outbreaks. According
to Supriadi K, et al. [69], the most effective approach is to

plant pathogen-free rhizomes in pathogen-free soil to
avoid or prevent bacterial wilt epidemics, especially in the
absence of effective chemical and biological control methods.
However, pathogen-free rhizomes are not always readily
available to all farmers due to the scarcity of seed material
during peak planting seasons, particularly for crops like
ginger, which require more than one ton of seed rhizome per
hectare of land.

Selection of Disease Free Field

Site selection is crucial for the successful control of
bacterial wilt in ginger. It has been observed that ginger
grown in soil with no history of bacterial wilt often results
in healthy crops, provided the rhizomes are free from the
pathogen [18]. According to Supriadi K, et al. [69], ginger
is traditionally cultivated in previously fallowed soil, virgin
forest soil, or rubber plantations after 20 to 25 years of
rubber cultivation in India. This long crop rotation often
results in healthy ginger crops. Another alternative is to
plant ginger underneath perennial trees or in social amenity
forests with regulated shade [69]. Kumar A, et al. [18] also
noted that soil can be tested for the presence of the pathogen
using sensitive methods such as polymerase chain reaction
(PCR). Techniques like double antibody sandwich enzyme-
linked immunosorbent assay (DAS-ELISA) and PCR have
been standardized for detecting the pathogen in soil [18,66].

Cover Crops

Cover crops are widely used in agriculture and can take
various forms. According to Alabouvette C, etal. [43], the most
common type is green manure crops, which are grown to be
incorporated back into the soil to enhance organic matter
(OM) and nutrient levels. The effects of cover crops on soil
biota are similar to those of rotation crops, residue retention,
or organic amendments. These effects include providing
additional substrate and niche diversity for soil biota, as
well as the release of ammonia [43]. However, cover crops
should be considered a valuable soil health management
strategy on their own. Huang Y, et al. [70] reported the use
of green manure crops to manage diseases in green beans.
However, the effectiveness of cover crop species varied
widely, even among closely related plants, indicating that
the effect was not solely due to OM inputs. In addition to
stimulating microbial activity, green manure crops often
have bio-fumigant properties, as seen with brassicas and
some legumes [43]. Currently, lemon grass and Chinese chive
are being used as cover crop bio-fumigants to manage ginger
bacterial wilt in our country (Fig. 3).
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Research Center.

Figure 3: Lemongrass (left) and Chinese chive (right) bio-fumigant plants on bacterial wilt infected field at Teppi Agricultural

Tillage

Soil disturbance through tillage has various effects on plant
diseases. Tillage is expected to influence soil suppressiveness
duetoitsimpactontheactivity and diversity of soil micro flora
[43]. According to [71], tillage can reduce bacterial biomass
and diversity in the soil, potentially due to its effects on soil
aggregation. Priou S, et al. [66] reported that exposing plowed
soil to summer heat in very warm areas also decreases soil
infestation by R. solanacearum. Additionally, Khangura R, et
al. [72] noted that root rots caused by R. solani are generally
less severe after tillage compared to direct drilling, and this
effect has been used as a disease management strategy.
The effects of tillage on disease appear to act directly on
the pathogen, with no evidence yet of effects on other
components of the soil biota. However, Alabouvette C, et al.
[43] highlighted that determining the effects of tillage on soil
receptivity or suppressiveness is complex because different
tillage treatments are often confounded with other aspects
of crop management. Comparisons between ‘conventional’
cultivation and organic, low-input, or conservation tillage
systems often mix tillage and residue management effects.
More experimentation is needed to isolate the effects of
tillage alone on the biological suppression of soil-borne
diseases.

Selection of Resistant Varieties

Plant resistance is one of the most effective methods for
controlling bacterial wilt (BW). According to Yuliar, et al.
[57], using cultivars resistant to bacterial wilt is considered
the most economical, environmentally friendly, and effective
method of disease control. However, breeding for resistance
has primarily focused on crops of significant economic
importance, such as tomato, potato, tobacco, eggplant,
pepper, and peanut, and is influenced by several factors
[73]. These factors include the availability and diversity

of resistance sources, genetic linkage between resistance
and other agronomic traits, differentiation and variability
in pathogenic strains, the mechanisms of plant-pathogen
interactions, and breeding or selection methodologies [13].
According to Prasath D, et al. [74], no resistance sources
to Ralstonia-induced bacterial wilt have been identified
within the Zingiber genus. This is attributed to a lack of
genetic variability among accessions for disease resistance,
which is a major bottleneck in ginger genetic improvement.
Ravindran P, et al. [75] reported that resistance breeding in
ginger is limited to germplasm screening because it is an
obligate asexual crop.

The search for resistance has extended to other closely
related genera in the Zingiberaceae family, such as Curcuma
amada, C. longa, C. zedoaria, C. aromatica, Kaempferia
galanga, Elettaria cardamomum, Zingiber zerumbet, and Z.
officinale, for their reaction to R. solanacearum race 3 (ginger-
specific strain) [74]. Notably, [76] found that Indian mango
ginger (C. amada Roxb.) exhibited significant resistance to
R. solanacearum pathogens. This high level of resistance
in C. amada offers an opportunity to develop bacterial wilt
resistance in ginger [74]. However, Yuliar, et al. [57] noted
that resistance to bacterial wilt in many crops is often
negatively correlated with yield and quality. Consequently,
resistant cultivars may be poorly received due to other
agronomic traits and may not be widely accepted by farmers
or consumers. Future breeding efforts are expected to focus
on enhancing bacterial wilt resistance through biotechnology
approaches to improve yield and develop effective resistant
cultivars.

Field and Farm Tools Sanitation, and Weeding

Crop sanitation and cultivation measures aim to limit
pathogen survival and dissemination. After harvesting a
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bacterial wilt (BW)-infested crop, ginger plant residues must
be removed from the field and buried deep, down-slope,
and far from irrigation canals and alternatively, they can be
burned [66]. Volunteer ginger plants, which can harbor R.
solanacearum, should be removed as soon as they emerge,
whether in ginger or other crops. If BW incidence is low,
wilted ginger plants should be removed immediately to
prevent contamination of healthy neighboring plants. These
plants must be carefully destroyed in the same manner as
ginger residues and sorted-out rhizomes. Additionally,
rhizomes from neighboring diseased plants should not be
used for planting [66].

Attention should be given to rouging and field sanitation, as
these practices are crucial for maintaining rhizome quality
in ginger production systems. Routine hygiene measures
should include cleaning and disinfecting all farm equipment
and storage rooms for harvested rhizomes. To prevent
soil movement from an infested to a disease-free field, all
tools and equipment must be decontaminated by washing
with water and calcium hypochlorite (or other available
bactericides) or sterilized by flame Priou S, et al. [66].
Machinery, vehicles, animal hooves used for traction, and
personnel shoes from an infested field should be washed
with water before entering another field. The flow of water
from an infested field to adjacent fields must be avoided.

Weed control is also vital, as several weed species serve as
hosts for R. solanacearum and can survive in the absence
of a host crop [13]. Priou S, et al. [66] reported that R.
solanacearum can survive in weeds, making it essential
to weed fields before planting ginger or any other crop in
rotation. Weeds can promote the survival of Ralstonia in the
soil, transmit the pathogen to the next crop, and reduce the
effectiveness of rotation practices.

Mulching and Bio-Mulching

Crop residue and plant leaf mulching in organically grown
ginger beds are common adaptive practices among farmers
in developing countries under rainfed conditions [57].
Locally available vegetable and aromatic plant residues
used as mulch include chili (Capsicum annuum) [44],
Chinese gall (Rhus chinensis), wood wax tree (Toxicodendron
xylosteoides) [45], clove (Syzygium aromaticum) [46], cole
(Brassica sp.) [47], eggplant (Solanum melongena) [48],
eucalyptus (Eucalyptus globulus), lemon grass (Cymbopogon
citratus), guava (Psidium guajava and P. quinense) [49],
neem (Azadirachta indica) [50], pigeon pea (Cajanus cajan),
and thyme (Thymus spp.) [29]. Additionally, forest trees
such as oak and chir pine, local grasses (e.g., Chrysopogon
fulvus, Cymbopogon distans, Setaria glauca, Heteropogon
contortus), and shrubs (e.g., Eupatorium odoratum) possess
antimicrobial properties that contribute to crop health [47].
These traditional mulching practices help reduce

susceptibility to major ginger diseases such as bacterial wilt,
soft rot, and leaf soft. Singh K, et al. [77] found that chir pine
leaf mulching was particularly effective against bacterial wilt
and soft rot compared to other bio-mulches. Chir pine leaf
mulch also promoted sprout growth, reduced weed growth,
and minimized bacterial wilt incidence [77]. Similar findings
were reported in other studies [78].

In general, these adaptive practices help conserve and
sustain soil moisture, minimize soil evaporation due to high
solar radiation, optimize soil temperature, enhance seed
germination, reduce soil erosion, and control weeds [79].
The resource-poor farmers, who may not have the means
to purchase external inputs, have adapted these practices,
resulting in significant improvements in soil and crop health
and contributing to natural resource conservation.

Field Inspection and Quarantine Measures

During the ginger production period, fields are regularly
inspected to detect early signs of diseases, especially
quarantine diseases. Besides routine field inspections,
identifying visual symptoms and conducting routine
sampling for lab testing are crucial procedures [66].
According to Liu S, et al. [80], the success of quarantine
procedures depends on employing rapid and sensitive
detection techniques. Once bacterial wilt (BW) is introduced
to an area, quarantine regulations must be enforced to
prevent its spread to non-infested areas. Additionally, it
is important to avoid transporting ware or seed rhizomes
from infected areas to BW-free regions to prevent disease
transmission. Although it is challenging to fully control all
ginger trading, implementing these measures is one of the
most effective preventative strategies available. Priou S, et al.
[66] reported that quarantine measures can restrict ginger
production and hinder the commercialization of ware ginger
to BW-free countries or regions, impacting the economy of the
affected areas. Therefore, because Ralstonia solanacearum is
a significant quarantine pathogen transmitted through soil,
water, and plant material, it is essential to detect it rapidly
at the field level to halt its spread before significant losses
occur.

Integrated Disease Management

In the integrated management of bacterial wilt, it is
crucial to consider factors such as the pathogen’s race and
biovar [81]. Identifying the pathogen’s distribution area
is also important to prevent its occurrence and limit its
spread to new regions. Effective management requires the
implementation of integrated disease management methods
that include cultural controls such as rotating with non-host
crops, applying soil amendments, utilizing fallow periods,
employing anaerobic flooding, using disease-free planting
material, and selecting resistant cultivars [66]. According to
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Guji M, et al. [5,57,82,83], integrated disease management
has been shown to reduce bacterial wilt disease incidence
by 20-100% in field and laboratory conditions (Tables 3-5).
Elphinstone ], et al. [13] reported that the most effective way
to control the disease is by preventing its introduction into
production areas through stringent quarantine and phyto-
sanitary measures. Combining cultural practices, such as
integrating crop rotation with resistant cultivars or using

soil amendments, or combining organic matter with non-
pesticide chemicals like formaldehyde or bleaching powder,
has been effective in reducing bacterial wilt incidence and
improving crop yield. Additionally, biological and chemical
soil treatments can contribute to disease management, but
they require the use of healthy, tested planting material and
adherence to strict crop and storage hygiene practices.

Mean Disease Incidence (%)
Treatments Rhizome yield (t ha')
At 45 DAP At 150 DAP
Control 14.49° 79.762 7.7
Lemon grass (LG) 6.48f 48.74¢ 11.7¢
Fertilizer (F) 9.64< 64.471 11.44
Soil Solarization (SS) 15.30° 77.872 8.6°
LG+F 7.88¢ 64.48¢ 13.5¢
LG + SS 10.00¢ 52.15f 13.2¢
F+SS 9.60¢ 64.464 11.5¢
LG+ F+SS 7.40¢f 45.85" 16.0°
LSD(0.05) 1.02 0.59
CV(%) 7.84 3.2

Source: Guji et al. [5].

Table 3: Effect of integrated disease management on incidence of ginger bacterial wilt disease and rhizome yield of ginger at

Teppi.
Mean Disease Incidence (%)
Treatments Rhizome yield (t ha?)
At 45 DAP At 165 DAP

T1 28.332 95.567 5.00¢
T2 18.33° 84.44° 9.294
T3 15.00% 79.44° 9.75¢

T4 10.56¢ 47.22¢4 12.18%¢

T5 1.114 35.00¢ 15.09°

Té6 9.44¢ 58.33¢ 13.01°

T7 11.67% 62.22¢ 11.56¢
LSD(0.05) 7.44 9.27 1.12
CV(%) 31.01 7.89 5.84

T1 = (control), T2 = (hot water + bio-fumigation), T3 = (hot water + bio-fumigation + soil solarization), T4 = (seed socking
and soil-drenching with Mancozeb + bio-fumigation), T5 = (seed socking and soil drenching with Mancozeb + bio-fumigation +
soil-solarization), T6 = (seed and soil treatment with bleaching powder + bio-fumigation), T7 = (seed and soil treatment with

bleaching powder + bio-fumigation + soil-solarization).

Source: Eyob, et al. [82].

Table 4: Effect of integrated disease management on incidence of ginger bacterial wilt disease and rhizome yield of ginger in

Bench-Sheko Zone, Southwestern Ethiopia.
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Mean Disease Incidence (%) Rhizome yield

Treatments Initial disease assessment date Final disea;:t::ssessment (tha?)
T1 18.33P 84.44° 9.29¢
T2 15.00% 79.44° 9.754

T3 10.56¢ 47.22¢ 12.18%¢

T4 1.114 35.00¢ 15.092

T5 9.44¢ 58.33¢ 13.01°

T6 11.67* 62.22¢ 11.56¢
T7 28.33° 95.56° 5.00¢
CV(%) 31.01 7.89 5.84
LSD(0.05) 7.44 9.27 1.12

Source: Eyob [83].

Table 5: Effect of soil bio-fumigation on germination, bacterial wilt disease incidence and rhizome yield of ginger

T1 = Soil treatment by biofumigation using Cabbage*, T2= Soil treatment using bleaching powder @ 10g/bed (3m2), T3 =
Rhizome solarization**, T4 = Rhizome treatment by rhizobacterial antagonist***, T5 = Rhizome treatment by endophytic

bacterial antagonist****, T6 = Absolute control.

Conclusion

Ginger is a vital spice and medicinal plant in Ethiopia,
supporting many smallholder farmers and contributing
significantly to the country’s economy through exports. The
crop is predominantly grown in the south and southwest of
Ethiopia. However, production has been severely impacted by
a bacterial wilt epidemic caused by Ralstonia solanacearum,
which emerged in 2012. Bacterial wilt is a major constraintin
tropical and subtropical regions, with the pathogen affecting
a wide range of crops. It survives in soil, infected rhizomes,
and plant debris, and can spread through irrigation water,
soil, farm equipment, and weeds. The disease thrives in
high soil moisture and temperatures between 30-35°C, but
not in cooler conditions. Effective management of bacterial
wilt requires preventive measures and a combination of
agronomic and cultural controls. These include maintaining
disease-free environments, using healthy seeds, soil and
rhizome solarization, organic soilamendments, crop rotation,
bio-fumigation, and proper field sanitation. Techniques such
as timely nutrient application and removal of volunteer
plants are also crucial. Implementing these methods helps
in controlling the disease and sustaining ginger production.

References

1. CronquistA (1981) An Integrated System of Classification
of Flowering Plants. Columbia University Press 34: 248-
250.

2. Sharma B, Dutta S, Roy S, Debnath A, Roy M (2010) The

effect of soil physico-chemical properties on rhizome rot
and wilt disease complex incidence of ginger under hill
agro-climatic region of West Bengal. Plant Path ] 26(2):
198-202.

Sah D, Heisnam P, Mahato N, Pandey A (2017) Weed
management in ginger (Zingiber officinale Roscoe)
through integrated approaches. Int ] Curr Microbiol App
Sci 6(10): 1839-1845.

Endrias G, Asfaw K (2011) Production, processing and
marketing of ginger in Southern Ethiopia. Journal of
Horticulture and Forestry 3(7): 207-213.

Guji M, Yetayew H, Kidanu E (2019) Yield loss of ginger
(Zingiber officinale) due to bacterial wilt (Ralstonia
solanacearum) in different wilt management systems in
Ethiopia. Agriculture & Food Security 8: 1-11.

Habetewold K, Bekele K, and Tariku H (2015) Prevalence
of Bacterial Wilt of Ginger (Z. Officinale) Caused by
Ralstonia solansearum (Smith) in Ethiopia. International
Journal of Research Studies in Agricultural Sciences
(IJRSAS) 1(6): 14-22.

ITC (International Trade Center) (2010) Spice Sub-
sector Strategy for Ethiopia, by Spice sub-sector
Strategy Coordinating Committee with collaboration of
International Trade Center (ITC).

Tariku H, Kassahun S, Gezahegne G (2016) First report
of ginger (Zingiber officinale) bacterial wilt disease in

https://academicstrive.com/AATPS/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://link.springer.com/article/10.2307/2806386
https://link.springer.com/article/10.2307/2806386
https://link.springer.com/article/10.2307/2806386
https://www.ijcmas.com/abstractview.php?ID=4656&vol=6-10-2017&SNo=222
https://www.ijcmas.com/abstractview.php?ID=4656&vol=6-10-2017&SNo=222
https://www.ijcmas.com/abstractview.php?ID=4656&vol=6-10-2017&SNo=222
https://www.ijcmas.com/abstractview.php?ID=4656&vol=6-10-2017&SNo=222
https://academicjournals.org/journal/JHF/article-abstract/A420AB81559
https://academicjournals.org/journal/JHF/article-abstract/A420AB81559
https://academicjournals.org/journal/JHF/article-abstract/A420AB81559
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-018-0245-6
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-018-0245-6
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-018-0245-6
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-018-0245-6
https://www.arcjournals.org/international-journal-of-research-studies-in-agricultural-sciences/volume-1-issue-6/2
https://www.arcjournals.org/international-journal-of-research-studies-in-agricultural-sciences/volume-1-issue-6/2
https://www.arcjournals.org/international-journal-of-research-studies-in-agricultural-sciences/volume-1-issue-6/2
https://www.arcjournals.org/international-journal-of-research-studies-in-agricultural-sciences/volume-1-issue-6/2
https://www.arcjournals.org/international-journal-of-research-studies-in-agricultural-sciences/volume-1-issue-6/2
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i4/2.ISCA-RJAFS-2016-008.php
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i4/2.ISCA-RJAFS-2016-008.php

Advances in Agricultural Technology & Plant Sciences

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ethiopia. Res ] Agriculture and Forestry Sci 4(4): 5-9.

Paret M, Cabos R, Kratky B, Alvarez A (2010) Effect of
plant essential oils on Ralstonia solanacearum race 4
and bacterial wilt of edible ginger. Plant Dis 94(5): 521-
527.

Hussain M, Waheed A (2016) Yield losses in ginger due
to bacterial wilt in Pakistan. Pakistan Journal of Botany
48(2): 661-668.

Monther, Kamaruzaman (2010) Ralstonia solanacearum:
The Bacterial Wilt Causal Agent. Asian journal of plant
sciences 9(7): 385-393.

Wang ], Lin C (2005) Integrated management of tomato
bacterial wilt. AVRDC-The world vegetable center,
Taiwan, pp: 12.

Elphinstone ] (2005) The current bacterial wilt
situation: a global overview. In: C. Allen, P. Prior and A.C.
Hayward (Ed.), Bacterial Wilt Disease and the Ralstonia
solanacearum Species Complex. American Phyto-
pathological Society Press, pp: 9-28.

Cunniffe NJ, Koskella B, Metcalf CJE, et al. (2015) The
emergence of new Ralstonia solanacearum strains and
their impact on plant health. Phytopathology 105(12):
1636-1644.

Gupta M, Manisha K (2017) Diseases infecting ginger
(Zingiber officinale Roscoe): A review. Agricultural
Reviews 38(1): 15-28.

Merga ], Shamil A (2020) Epidemiology and management
strategies of ginger bacterial wilt (R. solanacearum) in
Ethiopia 7(5): 41-49.

Mondal B, Bhattacharya I, Khatua C (2014) Incidence of
bacterial wilt disease in West Bengal, India. Academia
Journal of Agricultural Research 2(6): 139-146.

Kumar A, Hayward A (2005) Bacterial diseases of ginger
and their control. In: Ravindran PN, Babu KN (Eds.),
Ginger - The genus Zingiber, Boca Raton, USA: CRC Press
pp: 341-366.

Sharma B, Roy S, Dutta S (2015) Survey of Rhizome Rot
and Wilt Disease Incidence of Ginger in Major Growing
Area of Darjeeling Hill, India. Direct Research Journal of
Agriculture and Food Science 4(1): 14-18.

Kumar A, Anandaraj M, Sarma Y (2005) Rhizome
Solarization and Microwave treatment: ecofriendly
methods for disinfecting ginger seed rhizomes. In:
Prior P, Allen C, et al. (Eds.), Bacterial wilt Disease and
the Ralstonia solanacearum species complex, American

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Phyto-pathological Society Press, pp: 185-196.

Wong C, Chao H (2010) Heat treatment for pathogen
elimination in ginger rhizomes: A practical approach.
Horticultural Science 45(6): 848-853.

Geng S, Wang C (2015) Impact of environmental factors
on the thermal regime of rhizomes in different soil types.
Agricultural and Forest Meteorology 203: 1-10.

Kumar A, Sharma R (2009) Hot water treatment:
An effective method for managing plant diseases in
seed tubers and bulbs. International Journal of Plant
Pathology 1(1): 19-28.

Jiang Y, Liu S (2010) Heat treatment to control diseases
in planting materials. Plant Disease Management 94(5):
566-570.

Huang Y, Jiao Y (2010) Impact of soil solarization on
the microbial community and plant growth. Microbial
Ecology 59(2): 353-365.

Mazzola M, Manici L (2012) Plant pathogenic bacteria
and their management in sustainable agriculture.
Microbial Ecology 64(3): 457-467.

Merga ], Habtamu T, Eshetu D (2018) Integrated
management of bacterial wilt (Ralstonia solanacearum)
of ginger (Zingiber officinale) in Southwestern Ethiopia.
Archives of Phytopathology and Plant Protection 51(15-
16): 834-851.

Kishore G, Pande S, Harish S (2007) Evaluation of
essential oils and their components for broad spectrum
antifungal activity and control of late leaf spot and crown
rot diseases in peanut. Plant Dis 91(4): 375-379.

Nazzaro F, Fratianni F (2013) Effectiveness of essential
oils against Ralstonia solanacearum in tomato plants.
Plant Disease 97(9): 1173-1179.

Lee Y, Choi C, Kim SH, Yun ], Hong ], et al. (2012) Chemical
pesticides and plant essential oils for disease control of
tomato bacterial wilt. Plant pathol ] 28(1): 32-39.

Ji B, Momol MT, Rich ]JR, Olson SM, Jones ]B (2007)
Development of an integrated approach for managing
bacterial wilt and root-knot on tomato under field
conditions. Plant Dis 91(10): 1321-1326.

Bandyopadhyay S, Khalko S (2016) Bio-fumigation - An
eco-friendly approach for managing bacterial wilt and
soft rot disease of ginger. Indian Phytopath 69(1): 53-56.

Momma N, Kobara Y (2012) Effect of bio-fumigation
combined with solarization on bacterial wilt suppression.

https://academicstrive.com/AATPS/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i4/2.ISCA-RJAFS-2016-008.php
https://pubmed.ncbi.nlm.nih.gov/30754476/
https://pubmed.ncbi.nlm.nih.gov/30754476/
https://pubmed.ncbi.nlm.nih.gov/30754476/
https://pubmed.ncbi.nlm.nih.gov/30754476/
https://worldveg.tind.io/record/12956/?ln=en&v=pdf
https://worldveg.tind.io/record/12956/?ln=en&v=pdf
https://worldveg.tind.io/record/12956/?ln=en&v=pdf
https://arccjournals.com/journal/agricultural-reviews/R-1608
https://arccjournals.com/journal/agricultural-reviews/R-1608
https://arccjournals.com/journal/agricultural-reviews/R-1608
https://www.ijraf.org/papers/v7-i5/5.pdf
https://www.ijraf.org/papers/v7-i5/5.pdf
https://www.ijraf.org/papers/v7-i5/5.pdf
https://new.academiapublishing.org/journals/ajar/pdf/2014/Jun/Mondal
https://new.academiapublishing.org/journals/ajar/pdf/2014/Jun/Mondal
https://new.academiapublishing.org/journals/ajar/pdf/2014/Jun/Mondal
https://www.taylorfrancis.com/books/edit/10.1201/9781420023367/ginger-nirmal-babu-ravindran
https://www.taylorfrancis.com/books/edit/10.1201/9781420023367/ginger-nirmal-babu-ravindran
https://www.taylorfrancis.com/books/edit/10.1201/9781420023367/ginger-nirmal-babu-ravindran
https://www.taylorfrancis.com/books/edit/10.1201/9781420023367/ginger-nirmal-babu-ravindran
https://directresearchpublisher.org/drjafs/files/2016/01/Sharma-et-al.pdf
https://directresearchpublisher.org/drjafs/files/2016/01/Sharma-et-al.pdf
https://directresearchpublisher.org/drjafs/files/2016/01/Sharma-et-al.pdf
https://directresearchpublisher.org/drjafs/files/2016/01/Sharma-et-al.pdf
https://www.mdpi.com/2077-0472/12/8/1081
https://www.mdpi.com/2077-0472/12/8/1081
https://www.mdpi.com/2077-0472/12/8/1081
https://www.mdpi.com/2077-0472/12/8/1081
https://pubmed.ncbi.nlm.nih.gov/30781177/
https://pubmed.ncbi.nlm.nih.gov/30781177/
https://pubmed.ncbi.nlm.nih.gov/30781177/
https://pubmed.ncbi.nlm.nih.gov/30781177/
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/6947487
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/6947487
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/6947487
https://pubmed.ncbi.nlm.nih.gov/30780512/
https://pubmed.ncbi.nlm.nih.gov/30780512/
https://pubmed.ncbi.nlm.nih.gov/30780512/
https://pubmed.ncbi.nlm.nih.gov/30780512/
https://epubs.icar.org.in/index.php/IPPJ/article/view/58001
https://epubs.icar.org.in/index.php/IPPJ/article/view/58001
https://epubs.icar.org.in/index.php/IPPJ/article/view/58001

Advances in Agricultural Technology & Plant Sciences

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Journal of Plant Pathology 94(2): 347-355.

Messiha N, Van Diepeningen A, Wenneker M, Van
Beuningen A, Janse ], et al. (2007) Biological soil
disinfestation (BSD), a new control method for potato
brown rot, caused by Ralstonia solanacearum race 3
biovar 2. European Journal of Plant Pathology 117: 403-
415.

Merga J, Shamil A (2022) Management of ginger
bacterial wilt (Ralstonia solanacearum) epidemics by
biofumigation at Tepi, southwestern Ethiopia. Pestic.
Phytomed. (Belgrade) 37(1): 21-27.

Janvier C, Villeneuve E, Alabouvette C, Edel-Hermann V,
Mateille T, et al. (2007) Soil health through soil disease
suppression: Which strategy from descriptors to
indicators? Soil Biology and Biochemistry 39(1): 1-23.

Bonanomi G, Scala F (2010) Organic amendments as a
strategy to control soilborne diseases. Plant Pathology
59(4): 677-689.

Rodrigues FA, Datnoff LE (2005) Silicon and rice disease
management. Fitopatologia Brasileira 30(5): 457-469.

Yadessa GB, Van Bruggen AHC, Ocho FL (2010) Effects
Of Different Soil Amendments on Bacterial Wilt Caused
by Ralstonia Solanacearum and on the Yield of Tomato.
Journal of Plant Pathology 92(2): 439-450.

Ghini R, Alves Patricio FR, Bettiol W, De Almeida IMG,
Nunes Maia ADH (2007) Effect of sewage sludge on
suppressiveness to soil borne plant pathogens. Soil
Biology and Biochemistry 39(11): 2797-2805.

Islam T, Toyota K (2004) Effect of moisture conditions
and pre-incubation at low temperature on bacterial wilt
of tomato caused by Ralstonia solanacearum. Microbes
and Environments 19(3): 244-247.

Van Elsas JD, Van Overbeek LS, Bailey M], Schonleld ],
Smalla K (2005) Fate of Ralstonia solanacearum biovar
2 as affected by conditions and soil treatments in
temperate climate zones. APS Press, St. Paul, MN, USA,
pp: 39-49.

Alabouvette C, Backhouse D, Steinberg C, Donovan N,
Edel-Hermann 'V, et al. (2004) Microbial Diversity in Soil-
Effects on Crop Health. ©CAB International.

Teixeira FR, Lima MCOP, Almeida HO, Romeiro RS,
Silva DJH, et al.,, (2006) Bioprospection of cationic and
anionic antimicrobial peptides from bell pepper leaves
for inhibition of Ralstonia solanacearum & Clavibacter

michiganensis sp. michiganensis growth. Phytopathology
154(7-8): 418-421.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Yuan GQ, Li QQ, Qin ], Ye YF, Lin W (2012) Isolation of
methyl gallate from Toxicodendron sylvestre and its
effect on tomato bacterial wilt. Plant Dis 91: 1143-1147.

Amorim EP, De Andrade FW, Moraes EM, Da Silva ]C,
Lima RDS, et al. (2011) Antibacterial activity of essential
oils and extractions on the development of Ralstonia
solanacearum in banana seedlings. Revista Brasileira de
Fruticultura 33:392-398.

Arthy ], Akiew E, Kirkegaard ], Trevorrow P (2005) Using
Brassica spp. as bio fumigants to reduce the population of
Ralstonia solanacearum. In: Allen C, Prior P, et al (Eds.),
Bacterial Wilt Disease and the Ralstonia solanacearum
Species Complex. American Phytopathological Society
Press; St Paul, pp: 159-165.

Almeida HO, Mattos EC, Barbosa MO, Teixeira FR,
Magalhaes RDM, et al. (2007) Peptide fraction inhibiting
plant pathogen growth predominant in cell wall extracts
from young plants or in soluble fraction from expanded
leaves from eggplants. Journal of Phytopathology
155(11-12): 735-737.

Acharya S, Srivastava RC (2009) Bactericidal Properties
of the Leaf Extracts of Psidium guajava and Psidium
guineense against Ralstonia solanacearum by two
Analytical Methods. Vegetos 22(2): 33-37.

Pontes NC, Kronka AZ, Morases MFH, Nascimento AS,
Fujinawa MF (2011) Incorporation of neem leaves into
soil to control bacterial wilt of tomato. ] Plant Pathol
93(3): 741-744.

Shimpi S, Chaudhari L, Bharambe S, Kharce A, Patil K,
Bendre R, et al, (2005) Evaluation of antimicrobial
activity of organic extract of leaves of Aristolochia
bracteata. Pesticide Research Journal 17: 16-18.

Cardoso SC, Soares ACF, Brito ADS, Laranjeira FF, Ledo
CAS, et al. (2006) Control of tomato bacterial wilt
through the incorporation of aerial part of pigeon pea
and crotalaria to soil. Summa Phytopathol 32(1): 27-33.

Six ], Bossuyt H, Degryze S, Denef K (2004) A history of
research on the link between (micro) aggregates, soil
biota, and soil organic matter dynamics. Soil and Tillage
Research 79(1): 7-31.

Liu X, Xu Z (2013) Beneficial effects of Trichoderma on
soil microbial communities and plant health. Microbial
Ecology 65(3): 458-467.

Olivier AR, Uda Y, Bang SW, Honjo H, Fukami M, et al.
(2006) Dried Residues of Specific Cruciferous Plants
Incorporated into Soil can suppress the Growth of

https://academicstrive.com/AATPS/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://link.springer.com/article/10.1007/s10658-007-9109-9
https://ejournal.unipas.ac.id/index.php/Agro/article/view/935
https://ejournal.unipas.ac.id/index.php/Agro/article/view/935
https://ejournal.unipas.ac.id/index.php/Agro/article/view/935
https://ejournal.unipas.ac.id/index.php/Agro/article/view/935
https://www.sciencedirect.com/science/article/abs/pii/S0038071706003142
https://www.sciencedirect.com/science/article/abs/pii/S0038071706003142
https://www.sciencedirect.com/science/article/abs/pii/S0038071706003142
https://www.sciencedirect.com/science/article/abs/pii/S0038071706003142
https://www.scielo.br/j/fb/a/sbBCxzNbKqFyJGSMfNRpR8w/?format=pdf&lang=en
https://www.scielo.br/j/fb/a/sbBCxzNbKqFyJGSMfNRpR8w/?format=pdf&lang=en
https://www.jstor.org/stable/41998820
https://www.jstor.org/stable/41998820
https://www.jstor.org/stable/41998820
https://www.jstor.org/stable/41998820
https://www.sciencedirect.com/science/article/abs/pii/S0038071707002490
https://www.sciencedirect.com/science/article/abs/pii/S0038071707002490
https://www.sciencedirect.com/science/article/abs/pii/S0038071707002490
https://www.sciencedirect.com/science/article/abs/pii/S0038071707002490
https://www.jstage.jst.go.jp/article/jsme2/19/3/19_3_244/_article
https://www.jstage.jst.go.jp/article/jsme2/19/3/19_3_244/_article
https://www.jstage.jst.go.jp/article/jsme2/19/3/19_3_244/_article
https://www.jstage.jst.go.jp/article/jsme2/19/3/19_3_244/_article
https://research.wur.nl/en/publications/fate-of-ralstonia-solanacearum-biovar-2-as-affected-by-conditions
https://research.wur.nl/en/publications/fate-of-ralstonia-solanacearum-biovar-2-as-affected-by-conditions
https://research.wur.nl/en/publications/fate-of-ralstonia-solanacearum-biovar-2-as-affected-by-conditions
https://research.wur.nl/en/publications/fate-of-ralstonia-solanacearum-biovar-2-as-affected-by-conditions
https://research.wur.nl/en/publications/fate-of-ralstonia-solanacearum-biovar-2-as-affected-by-conditions
https://www.cabidigitallibrary.org/doi/10.1079/9780851996714.0121
https://www.cabidigitallibrary.org/doi/10.1079/9780851996714.0121
https://www.cabidigitallibrary.org/doi/10.1079/9780851996714.0121
https://worldveg.tind.io/record/1326/
https://worldveg.tind.io/record/1326/
https://worldveg.tind.io/record/1326/
https://worldveg.tind.io/record/1326/
https://worldveg.tind.io/record/1326/
https://worldveg.tind.io/record/1326/
https://pubmed.ncbi.nlm.nih.gov/30727051/
https://pubmed.ncbi.nlm.nih.gov/30727051/
https://pubmed.ncbi.nlm.nih.gov/30727051/
https://eurekamag.com/research/070/664/070664765.php?srsltid=AfmBOoplyze5gCwO8m5bf3KpUJT9OlfeKEREYTpGQsMFAsjzajH3Hino
https://eurekamag.com/research/070/664/070664765.php?srsltid=AfmBOoplyze5gCwO8m5bf3KpUJT9OlfeKEREYTpGQsMFAsjzajH3Hino
https://eurekamag.com/research/070/664/070664765.php?srsltid=AfmBOoplyze5gCwO8m5bf3KpUJT9OlfeKEREYTpGQsMFAsjzajH3Hino
https://eurekamag.com/research/070/664/070664765.php?srsltid=AfmBOoplyze5gCwO8m5bf3KpUJT9OlfeKEREYTpGQsMFAsjzajH3Hino
https://eurekamag.com/research/070/664/070664765.php?srsltid=AfmBOoplyze5gCwO8m5bf3KpUJT9OlfeKEREYTpGQsMFAsjzajH3Hino
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0434.2007.01308.x
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1127862
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1127862
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1127862
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1127862
https://worldveg.tind.io/record/47439?ln=en
https://worldveg.tind.io/record/47439?ln=en
https://worldveg.tind.io/record/47439?ln=en
https://worldveg.tind.io/record/47439?ln=en
https://www.semanticscholar.org/paper/Evaluation-of-Antimicrobial-Activity-of-Organic-of-Shimpi-Chaudhari/8b8380f01c726d9de006898f171c8fba861f7ae7
https://www.semanticscholar.org/paper/Evaluation-of-Antimicrobial-Activity-of-Organic-of-Shimpi-Chaudhari/8b8380f01c726d9de006898f171c8fba861f7ae7
https://www.semanticscholar.org/paper/Evaluation-of-Antimicrobial-Activity-of-Organic-of-Shimpi-Chaudhari/8b8380f01c726d9de006898f171c8fba861f7ae7
https://www.semanticscholar.org/paper/Evaluation-of-Antimicrobial-Activity-of-Organic-of-Shimpi-Chaudhari/8b8380f01c726d9de006898f171c8fba861f7ae7
https://www.scielo.br/j/sp/a/pZryTNjS5KjJfWDqKLHdnYJ/
https://www.scielo.br/j/sp/a/pZryTNjS5KjJfWDqKLHdnYJ/
https://www.scielo.br/j/sp/a/pZryTNjS5KjJfWDqKLHdnYJ/
https://www.scielo.br/j/sp/a/pZryTNjS5KjJfWDqKLHdnYJ/
https://www.sciencedirect.com/science/article/abs/pii/S0167198704000881
https://www.sciencedirect.com/science/article/abs/pii/S0167198704000881
https://www.sciencedirect.com/science/article/abs/pii/S0167198704000881
https://www.sciencedirect.com/science/article/abs/pii/S0167198704000881
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en

Advances in Agricultural Technology & Plant Sciences

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Ralstonia solanacearum, Independently of Glucosinolate
Content of the Residues. Microbes and Environments
21(4): 216-226.

Kiirika L, Stahl F Wydra K (2013) Phenotypic and
molecular characterization of resistance induction by
single and combined application of chitosan and silicon
in tomato against Ralstonia solanacearum. Physiological
and Molecular Plant Pathology 81: 1-12.

Yuliar, Nion YA, Toyota K (2015) Recent Trends in Control
Methods for Bacterial Wilt Diseases Caused by Ralstonia
solanacearum. Microbes Environ 30(1): 1-11.

Ciardj, Sijapati (2001) Influence of calcium amendments
onbacterial wiltand Ralstonia solanacearum populations
in tomato. Plant Disease 85(10): 1072-1078.

Lemaga B, Kakuhenzine R, Kassa B, Ewell P, Priou S
(2005) Integrated control of potato bacterial wilt in
eastern Africa: the experience of African highlands
initiative. In: Allen C, Prior P, et al. (Eds.), Bacterial Wilt
Disease and the R. solanacearum Species Complex.
American Phytopathological Society Press, St. Paul, MN,
pp: 145-158.

Li JG, Dong YH (2013) Effect of a rock dust amendment
on disease severity of tomato bacterial wilt. Antonie van
Leeuwenhoek 103(1): 11-22.

Prasad R, Kumar S (2007) Influence of nitrogen sources
on bacterial wilt disease development in potato.
European Journal of Plant Pathology 117(3): 267-272.

Qiu MH, Zhang RE Xue C, Zhang SS, Li SQ (2012)
Application of bio-organic 674 fertilizer can control
Fusarium wilt of cucumber plants by regulating
microbial 675 community of rhizosphere soil. Biology
and Fertility of Soils 48(7): 807-816.

Wei Z, Yang X, Yin S, Shen Q, Ran W, et al. (2011) Efficacy
of Bacillus-fortified organic fertilizer in controlling
bacterial wilt of tomato in the field. Appl Soil Ecol 48(2):
152-159.

Yamulki S (2006) Effect of straw addition on nitrous
oxide and methane emissions from stored farmyard
manures. Agriculture, Ecosystems and Environment
112(2-3): 140-145.

Larkin R, Honeycutt C (2006) Effects of crop rotation and
bio-control amendments on soil borne diseases and soil
microbial communities. Plant Disease 90(9): 871-878.

Priou S, Aley P, Chujoy E, Lemaga B, French E (1999)
Integrated management of bacterial wilt of potato. CIP
slide training series. International Potato Center, Lima,

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Peru.

Park S, Kim ] (2015) Plant-microbe interactions in
bacterial wilt disease suppression. Microbial Ecology
69(3): 696-706.

Alcala D, Lara B (1995) Study of bacterial wilt of potato
in three locations in the state of Lara. Agronomy Trop
48(3): 275-289.

Supriadi S, Mulya K, Sitepu D (2000) Strategy for
controlling wilt disease of ginger caused by Pseudomonas
solanacearum. Journal of Agricultural Research and
Development 19(3): 106-111.

Huang Y, Zhang Y (2013) Effectiveness of green manure
in managing soil borne diseases of vegetable crops. Plant
Disease Management 97(1): 101-108.

Giller K, Cuadros-Inostroza A (2012) Soil microbial
communities: Their role in carbon and nutrient cycling.
Soil Biology & Biochemistry 52: 1-5.

Khangura R, Beard C, MacLeod W (2006) Impact of
tillage practices on the severity of root diseases in grain
legumes. Australasian Plant Pathology 35(6): 619-629.

Boshou L (2005) A broad review and perspective on
breeding for resistance to bacterial wilt. In: Allen C,
Prior P, et al, (Eds.), Bacterial Wilt Disease and the
R. solanacearum Species Complex. American Phyto-
pathological Society Press, USA, pp: 225-238.

Prasath D, Karthika R, Habeeba N, Suraby E, Rosana O
(2014) Comparison of the Transcriptomics of Ginger
(Zingiber officinale Rosc.) and Mango Ginger (Curcuma
amada Roxb.) in Response to the Bacterial Wilt Infection.
PLoS One 9(6): €99731.

Ravindran P, Babu KN, Shiva K (2005) Botany and crop
improvement of ginger. In: Ravindran PN, Babu KN
(Eds.), Ginger - The genus Zingiber, Boca Raton, USA, pp:
15-86.

Prasath D, El-Sharkawy I, Sherif S, Tiwary K, Jayasankar
S (2011) Cloning and characterization of PR5 gene from
Curcuma amada and Zingiber officinale in response to
Ralstonia solanacearum infection. Plant Cell Rep 30(10):
1799-1809.

Singh K, Ranjay K, Singh K, Singh A, Singh V, et al. (2014)
Bio-mulching for ginger crop management: Traditional
ecological knowledge led adaptation under rainfed agro-
ecosystems. Indian Journal of Traditional Knowledge
13(1): 111-122.

Kumar A, Avasthe R, Borah R, Lepcha B, Pandey B (2012)

https://academicstrive.com/AATPS/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en
https://www.jstage.jst.go.jp/article/jsme2/21/4/21_4_216/_article/-char/en
https://www.sciencedirect.com/science/article/abs/pii/S0885576512000707
https://www.sciencedirect.com/science/article/abs/pii/S0885576512000707
https://www.sciencedirect.com/science/article/abs/pii/S0885576512000707
https://www.sciencedirect.com/science/article/abs/pii/S0885576512000707
https://www.sciencedirect.com/science/article/abs/pii/S0885576512000707
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356456/
https://pubmed.ncbi.nlm.nih.gov/22847260/
https://pubmed.ncbi.nlm.nih.gov/22847260/
https://pubmed.ncbi.nlm.nih.gov/22847260/
https://worldveg.tind.io/record/48045
https://worldveg.tind.io/record/48045
https://worldveg.tind.io/record/48045
https://worldveg.tind.io/record/48045
https://worldveg.tind.io/record/48045
https://www.sciencedirect.com/science/article/abs/pii/S0929139311000576
https://www.sciencedirect.com/science/article/abs/pii/S0929139311000576
https://www.sciencedirect.com/science/article/abs/pii/S0929139311000576
https://www.sciencedirect.com/science/article/abs/pii/S0929139311000576
https://www.sciencedirect.com/science/article/abs/pii/S0167880905004111
https://www.sciencedirect.com/science/article/abs/pii/S0167880905004111
https://www.sciencedirect.com/science/article/abs/pii/S0167880905004111
https://www.sciencedirect.com/science/article/abs/pii/S0167880905004111
file:///C:\Users\Data%20Lyf%20007\Downloads\Study%20of%20bacterial%20wilt%20of%20potato%20in%20three%20locations%20in%20the%20state%20of%20Lara
file:///C:\Users\Data%20Lyf%20007\Downloads\Study%20of%20bacterial%20wilt%20of%20potato%20in%20three%20locations%20in%20the%20state%20of%20Lara
file:///C:\Users\Data%20Lyf%20007\Downloads\Study%20of%20bacterial%20wilt%20of%20potato%20in%20three%20locations%20in%20the%20state%20of%20Lara
https://www.cabidigitallibrary.org/doi/full/10.5555/20013051824
https://www.cabidigitallibrary.org/doi/full/10.5555/20013051824
https://www.cabidigitallibrary.org/doi/full/10.5555/20013051824
https://www.cabidigitallibrary.org/doi/full/10.5555/20013051824
https://www.scirp.org/reference/referencespapers?referenceid=3048595
https://www.scirp.org/reference/referencespapers?referenceid=3048595
https://www.scirp.org/reference/referencespapers?referenceid=3048595
https://www.scirp.org/reference/referencespapers?referenceid=3048595
https://www.scirp.org/reference/referencespapers?referenceid=3048595
https://pubmed.ncbi.nlm.nih.gov/24940878/
https://pubmed.ncbi.nlm.nih.gov/24940878/
https://pubmed.ncbi.nlm.nih.gov/24940878/
https://pubmed.ncbi.nlm.nih.gov/24940878/
https://pubmed.ncbi.nlm.nih.gov/24940878/
https://pubmed.ncbi.nlm.nih.gov/21594675/
https://pubmed.ncbi.nlm.nih.gov/21594675/
https://pubmed.ncbi.nlm.nih.gov/21594675/
https://pubmed.ncbi.nlm.nih.gov/21594675/
https://pubmed.ncbi.nlm.nih.gov/21594675/
https://nopr.niscpr.res.in/handle/123456789/26014
https://nopr.niscpr.res.in/handle/123456789/26014
https://nopr.niscpr.res.in/handle/123456789/26014
https://nopr.niscpr.res.in/handle/123456789/26014
https://nopr.niscpr.res.in/handle/123456789/26014
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=69&issue=3&article=027&type=pdf

Advances in Agricultural Technology & Plant Sciences

79.

80.

81.

Organic mulches affecting yield, quality and diseases of
ginger in mid hills of North Eastern Himalayas. Short
communication. Indian ] Hort 69(3): 439-442.

Rahman M, Awal M, Amin A, Parvej M (2009)
Compatibility, growth and production potentials of
mustard/lentil intercrops. Int] Bot 5(1): 100-106.

Liu S, Chen W (2012) Advances in rapid detection
techniques for plant pathogens. Journal of Phytopathology
160(3): 145-157.

Perez-Quintero A, Rojas C (2017) Understanding the
genetic diversity of Ralstonia solanacearum for the

82.

83.

effective management of bacterial wilt. Frontiers in Plant
Science 8: 1041.

Eyob A, Desalegn A (2022) Integrated management
of ginger bacterial wilt (Ralstonia solanacearum) in
Southwest Ethiopia. Cogent Food & Agriculture 8:
2125033.

Eyob A (2023) Control of bacterial wilt (Ralstonia
solanacearum) and reduction of ginger yield loss
through integrated management methods in
Southwestern Ethiopia. The Open Agriculture Journal
17:e187433152212300.

https://academicstrive.com/AATPS/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=69&issue=3&article=027&type=pdf
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=69&issue=3&article=027&type=pdf
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=69&issue=3&article=027&type=pdf
https://scialert.net/fulltext/?doi=ijb.2009.100.106
https://scialert.net/fulltext/?doi=ijb.2009.100.106
https://scialert.net/fulltext/?doi=ijb.2009.100.106
https://www.tandfonline.com/doi/full/10.1080/23311932.2022.2125033
https://www.tandfonline.com/doi/full/10.1080/23311932.2022.2125033
https://www.tandfonline.com/doi/full/10.1080/23311932.2022.2125033
https://www.tandfonline.com/doi/full/10.1080/23311932.2022.2125033
https://openagriculturejournal.com/VOLUME/17/ELOCATOR/e187433152212300/FULLTEXT/
https://openagriculturejournal.com/VOLUME/17/ELOCATOR/e187433152212300/FULLTEXT/
https://openagriculturejournal.com/VOLUME/17/ELOCATOR/e187433152212300/FULLTEXT/
https://openagriculturejournal.com/VOLUME/17/ELOCATOR/e187433152212300/FULLTEXT/
https://openagriculturejournal.com/VOLUME/17/ELOCATOR/e187433152212300/FULLTEXT/

	_GoBack
	Abstract
	Abbreviations
	Introduction
	Literature Review
	Causes and Symptoms of Ginger Bacterial Wilt
	Environmental Factors Influencing Disease Outbreak
	Agronomic Management of Ginger Bacterial Wilt
	Seed Rhizome Treatment
	Soil amendment
	Organic Amendments
	Crop Residue Management
	Cultivation and Fertilization
	Cultural Practices
	Crop Rotation 
	Selection of Healthy Seed Rhizomes
	Selection of Disease Free Field
	Cover Crops
	Tillage
	Selection of Resistant Varieties
	Field and Farm Tools Sanitation, and Weeding
	Mulching and Bio-Mulching
	Field Inspection and Quarantine Measures
	Integrated Disease Management 

	Conclusion
	References


