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ABSTRACT: One most significant commercial crop cultivated worldwide and used in a variety of ways is
ginger (Zingiber officinale Roscoe). The rhizome of the tropical perennial plant ginger is regarded as a
major spice all across the globe. India is the largest ginger producer in the world, with an annual
production of around 385.33 thousand tonnes. This accounts for approximately 54% of the global ginger
production The North-East region of India produces 70% of all ginger. Along with other substances
including proteins, cellulose, pentosans, starch, gingerol, shogaols, and other chemicals, the rhizome of
ginger includes a number of significant volatile and non-volatile oils.

Numerous diseases and insect pests target the ginger crop at various phases of growth, resulting in
significant output losses. In addition to lowering agricultural output, disease and insect pests have
detrimental impacts on crops during the harvesting, postharvest, processing, and marketing phases. These
effects reduce the quality and export potential of the commodities, which results in a large loss of economic
value. In addition to changing the cropping pattern, diseases and insect pests have an impact on both
domestic and international markets. Apart from posing a major risk to the environment and human
health, the frequent use of pesticides to eradicate plant diseases and insect pests causes pathogens and
insect pests to gradually develop resistance.

A certain amount of toxicity in the plant system and consequent health risks can result from the systemic
mode of action of the majority of new generation pesticides. Additionally, it disrupts the microbial
diversity, a crucial component of the ecosystem. The study of biological control and an integrated strategy
for the management of plant diseases and insect pests has taken on new dimensions as a result of all these
factors. The current manuscript provides a brief overview of significant diseases and insect pests that
impact the ginger crop, along with information on how to manage them.
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INTRODUCTION

The Zingiberaceae family includes the herbaceous
tropical perennial ginger (Zingiber officinale Roscoe),
which is used as a spice in its rhizomes. Ginger is
grown all over the world, including in Nigeria,
Australia, China, Japan, Indonesia, India, Bangladesh,
Sierra Leone, Fiji, Nepal and the West Indies islands
(Dohroo et al., 2012). The most significant suppliers of
ginger to the world market are China, India, Nepal and
Thailand. Among them, world’s top producer and
exporter of ginger is India. India produces 385.33
thousand tons of ginger annually (APEDA, 2019). The
main Indian states where ginger is grown are Kerala,
Karnataka, Mizoram, Arunachal Pradesh, Assam,
Meghalaya, Nagaland, Manipur, Tripura, Sikkim,
Orissa, and Madhya Pradesh. In terms of ginger
production and acreage, Assam leads the Northeast, but
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Mizoram was the most productive, followed by
Arunachal Pradesh, Assam, and Nagaland. Significant
cultivation of ginger can be found in many Assam’s
districts, such as Nagaon, Golaghat, Sibsagar, Jorhat,
Karbi Anglong etc. Ginger gets its pleasant scent from
the roughly 70 components that make up the rhizome's
volatile oil. Since some of the volatile oils are lost
through evaporation during drying, fresh ginger will
have a different flavour and aroma than dry ginger.

Ginger is a useful rhizomatous plant because it is both
spicy and therapeutic. It is used in biscuits, pickles, and
confections, and is an essential component of curry
powder, sauces, ginger bread, and ginger-flavoured
carbonated beverages. Gingerol, one of ginger's
primary pungent, promotes the production of bile,
thereby preventing liver damage. It has potent
antioxidant and antibacterial qualities. Ginger has also
been reported to help with digestion, absorption, and
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gas and constipation relief because it increases the
activity of the muscles in the digestive tract.

Both biotic and abiotic factors influence ginger
production. Nematodes, insects, bacteria, fungi, and
viruses are examples of biotic factors (Paret et al.,
Sharma et al., 2010). A wide range of 24 diseases
brought on by various bacterial, viral, fungal and
mycoplasma pathogens severely lower the crop's
potential yields while it is being grown (Dake, 1995).
Bacteria are the most significant biotic factor; they
cause soft rot and wilt. Next in line for causing rhizome
rot, soft rot, sclerotium rot, and yellows disease is
fungus. Ralstonia solanacearum causes bacterial wilt,
though  Pythium,  Fusarium,  Sclerotium, and
Pseudomonas species produce rhizomerot, among other
diseases, that affect the crop (Lalfakawma et al., 2014).
Insects such as Conogethes punctiferalis, Aspidiella
hartii, rhizome scale, rhizome fly, and thrips also have
an impact on ginger. These plants are threatened by
insect pests such as mesquite, thrips, aphids, drilling
bugs, beet nightshade moths, and root-knot nematode
disease (Hui and Liu 2023).

Its production is known to be significantly limited by
plant parasitic nematodes. Despite the fact that many
nematode species have been linked to the crop, (Thakur
and Sharma 2015) found that the most common in

descending order were the lesion nematode
(Pratylenchus coffeae), root-knot nematode
(Meloidogyne incognita), spiral nematode
(Helicotylenchus spp), stunt nematode
(Tylenchorhynchuse wingi), and ring nematode
(Mesocriconema xenoplax).

Cultural, biological, and chemical methods for
pathogen suppression are all part of disease

management (Bhai et al., 2005).

In addition to it, ginger crop suffers from abiotic factors
such as sunburn from intense light and lime-induced
chlorosis from too much lime in the soil (Gupta and
Jebasingh 2020). A thorough understanding of these
infections' prevalence, distribution, symptoms, biology,
perpetuation, transmission, and epidemiological
variables is necessary to minimize the losses they cause
(Gupta and Kaushal 2017). It is necessary to create
additional environmentally friendly and productive
ginger varieties from agricultural institutes since the
genetic diversity and productivity of ginger have
diminished in the local growers' area. In order to avert
the imminent extinction of ginger, all responsible
parties should work to prevent risks to the crop and
implement conservation measures right now (Garedew
and Pella 2020).

Maintaining ginger production requires a thorough
understanding of pest and disease symptoms, pathogens
that cause them, their survival mechanisms, and
efficient management techniques. By discussing ginger
pest and disease symptoms, etiology, pathogen survival,
transmission, and possible management strategies, this
chapter seeks to investigate the economic significance
of these conditions.

Pathak & Kakati

Biological Forum — An International Journal

MATERIALS AND METHODS

The study is founded on the author's empirical
observations as well as a survey of the literature. The
data was gathered from textbooks, newspapers,
university websites, and journal articles. To gather
pertinent information and reach a meaningful
conclusion, a comprehensive study was conducted.

CHEMICAL CONSTITUENT OF GINGER

Numerous chemical components found in ginger
(Zingiber officinale) contribute to its unique taste and
health advantages (Rynjah, 2023). Some of the
important chemicals are as follows:

¢ Gingerols: These are the main bioactive substances
in fresh ginger that give it its distinct taste and
medicinal properties. [6]-gingerol is the most prevalent
gingerol.

¢ Shogaols: When gingerols are heated or dried, these
chemicals are created. The odor of [6]-shogaol is
almost double that of gingerols.

e Gingerone: This substance, which gives ginger its
spicy-sweet flavour, is created when ginger is cooked
or dried.

e Zingiberene: Comprising approximately 30% of the
essential oil of ginger, this component is the most
prevalent.

e Cineol: Also referred to as eucalyptol, this substance
adds to the fragrant qualities of ginger.

e Citral: This substance enhances ginger's zesty scent.
¢ Gingerdiol: One substance with anti-inflammatory
properties is gingerdiol.

e Flavonoids and other antioxidants: These are
examples of phenolic chemicals, which are responsible
for some of the health advantages of ginger.

¢ Phenolic compounds: These include flavonoids and
other antioxidants that contribute to ginger's health
benefits (Brunning, 2014).

e Volatile oils: These compounds work together to
provide ginger's well-known health benefits, including
its ability to support cardiovascular health, boost the
immune system, and act as an antimicrobial agent.

PRODUCTION OF GINGER

Area and cultural practices are important factors in
production and productivity, but so are genotypes, the
environment, a number of diseases, and insect pests that
impact the crop over the course of the cropping season.
Throughout their developmental stages, ginger plants
are attacked by a variety of pathogens and insect pests
that drastically lower crop yields. The management of
the main bacterial, fungal, viral, and nematode diseases
and insect pests of ginger is the focus of this
manuscript, which also highlights the implementation
of efficient disease and insect pest management
systems. To help identify the particular diseases and
insect pests, brief descriptions of the symptoms are
provided (Table 1-3).

16(12): 39-55(2024) 40



Table 1: Major diseases of ginger.

Name of disease

Soft rot

Causal organism

Pythium aphanidermatum, Pythium vexans, Pythium myriotylum

Ideal condition for
multiplication

+ When soil moisture levels are high during the monsoon season, ginger soft rot disease is most
prevalent.

+ Around the end of June, when temperatures are between 23.4°C and 29.6°C and relative
humidity is between 83.3% and 90.2%, the disease usually starts to manifest.

+ With more rainfall and rainy days in July, the disease becomes more severe and spreads
quickly.

Nature of damage

+ False Stem: Water-soaked symptoms are present in the collar area of the pseudostem, also
known as the false stem.

+ Soft Rhizome: The rhizome becomes soft, mushy, and discoloured as the rotting moves from
the collar area.

+ Foul Smell: Because of the rot, affected rhizomes frequently have a pronounced bad odour.

+ Yellowing: Later on, root infection is also discernible. Light yellowing appears on the tips of
lower leaves and progressively extends to the leaf blades. The margins of the leaves may turn
yellow, but the centre of the leaves may stay green.

+ Wilting: The pseudostem may dry out, droop, and wither as a result of the illness.

Control measure

+ Proper Planting: To avoid waterlogging, pick fields with soil that drains well. In order to
prevent too much moisture, plant in higher elevation areas.

+ Crop Rotation: To lessen the accumulation of pathogens, alternate ginger with non-host
crops like cereals and legumes. To avoid early infection, plant seed rhizomes that are certified
disease-free.

+ Field Sanitation: To improve drainage and lessen water buildup around the roots, plant
ginger on raised beds.

+ Biological Control: To lower inoculum levels, remove and destroy any infected plant debris
and practice good field hygiene. To inhibit Pythium spp., apply the beneficial fungus
Trichoderma spp. to the soil or as a seed treatment. To promote plant growth and prevent the
growth of pathogens, use Pseudomonas fluorescens.

+ Chemical Control: Use soil drench application of systemic fungicides, such as Ridomil
Gold (metalaxyl), to manage the disease. Apply copper oxychloride to the soil and plants as a
protective fungicide spray. To lessen early infection, apply fungicides such as mancozeb or
carbendazim to seed rhizomes prior to planting. Integrate chemical, biological, and cultural
approaches for a thorough approach to disease control.

+ Regular Monitoring: Keep an eye out for early indications of the disease in fields and act
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quickly to stop its spread.

Name of the disease

Bacterial Wilt

Causal organism

Ralstonia pseudosolanacearum

Ideal condition for
multiplication

+ The ideal temperature range for bacterial wilt is between 24°C and 35°C. High temperatures
hasten the bacteria's development and dissemination.

+ The spread of the bacteria is aided by excessive soil moisture, particularly during the rainy
season. The severity of the disease is increased by wet conditions and inadequate drainage.

+ When there is a lot of rainfall and humidity during the monsoon season, the disease is most
common. This usually translates to the months of June through September in India.

+ Usually, symptoms start to show up a few weeks after planting, particularly in warm, humid
weather. If the disease is not controlled early in the cropping cycle, it can result in large losses.

Nature of damage

+ Wilting: Lower leaves may recover at night after initially wilting, particularly during hotter
parts of the day. Plant death and permanent wilting result from wilting those spreads upward to
the entire plant.

+ Yellowing: Beginning at the leaf margins, yellowing progresses inward. The entire leaf may
eventually become necrotic and yellow.

+ Browning: When the stem's vascular tissues are cut open, dark brown streaks appear. The
internal tissues of the stem are clearly browning.

+ Foul Smell: Rhizomes discolour from dark brown to black and become mushy and soft.
Bacterial decay may cause affected rhizomes to smell bad. A milky bacterial ooze may emerge
from the cut surface of the infected rhizome when it is cut. On occasion, slimy bacterial exudate
can be seen on the soil's surface close to the plant's base.
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+ Drying: As the disease worsens, the leaf margins may curl inward. It's possible for leaves to
dry out and break.

Control measure

+ Use Disease-Free Planting Material: Make sure there is no bacterial wilt on the ginger
rhizomes that are being planted. Use rhizomes or seeds that have been certified disease-free.

+ Crop Rotation: To disrupt the disease cycle, alternate ginger with non-host crops like
cruciferous crops, legumes, or cereals.

+ Soil Solarization: To increase soil temperature and lower pathogen levels, use soil
solarization. In order to capture solar energy, this entails covering the soil with clear plastic
during the hottest season.

+ Field Sanitation: To enhance drainage and lessen waterlogging, which can encourage
bacterial wilt, plant ginger in raised beds.

# Biological Control: Use beneficial microorganisms such as Trichoderma spp. and
Pseudomonas fluorescens to suppress the pathogen. These biocontrol agents can be used as
seed treatments or applied to the soil.

¢ Soil Amendment: To enhance soil health and inhibit soil pathogens, add organic
amendments such as wood sawdust, oil cakes, and neem cakes.

¢ Cultural Control: To lower the amount of inoculum in the field, remove and destroy any
infected plant debris. To stop the disease from spreading, practice good field hygiene.

¢ Chemical Control: To manage bacterial wilt, use systemic fungicides such as Streptomycin
and Ridomil Gold (metalaxyl). For rhizome and soil treatment, use bleaching powder and soil
fumigants.

+ IPM: For efficient disease management, combine cultural, biological, and chemical
approaches in a holistic manner.

+ Regular Monitoring: Keep an eye out for early indications of the disease in fields and act
quickly to stop its spread
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’ Fig. 2. Ginger plant exhibits bacterial wilt disease infestation.

Name of the disease

Leaf Spot

Causal organism

Phyllosticta zingiberis

Ideal condition for
multiplication

+ The ideal conditions for leaf spot diseases are warm, typically between 25°C and 30°C,
humid, and frequently rainy, especially from June to September.

+ Leaf wetness can be caused by dense planting, overhead irrigation, and poorly drained soil,
all of which encourage the growth of leaf spot pathogens.

Nature of damage

+ Phyllosticta Leaf Spot: The disease first manifests as tiny, wet patches on leaves that grow
larger, turn brown, and surround themselves with a yellow halo. Larger necrotic areas may form
from the merging of spots. Defoliation and leaf blight can result from severe infections.

+ Anthracnose: Water-soaked lesions on leaves are the first signs of anthracnose; these lesions
grow, turn brown, and form concentric rings. Leaves may dry out and curl. Large necrotic
patches can seriously harm foliage in extreme situations.

+ Leaf blight: Lengthy, dark brown to black lesions on leaves are the first signs of leaf blight.
As the lesions grow larger, they may cause curling, withering, and in extreme cases, early death
of the leaves.

+ Cercospora Leaf Spot: The disease can cause defoliation. Cercospora leaf spots are initially
small, round to irregular brown spots on leaves that may combine to form larger necrotic areas.

Control measures

¢ Cultural Control: Make sure plants are spaced sufficiently apart to enhance airflow and
lower humidity. Remove and dispose of contaminated plant debris on a regular basis.

+ Use Disease Free Seed: Prevent the introduction of pathogens into the field by using
certified disease-free rhizomes.

+ Chemical Control: As a precaution, use fungicides like mancozeb, copper oxychloride, or
chlorothalonil. Before planting, apply the proper fungicides to the rhizomes.

+ Biological Control: Make use of helpful microorganisms such as Pseudomonss fluorescens
spray and Trichoderma spp. Combine chemical, biological, and cultural control techniques.

+ Early Detection: Regular crop monitoring will help identify the symptoms of leaf spots
early.

+ Avoid Overwatering: To reduce the amount of moisture on leaves, use drip irrigation
instead of overhead irrigation.

+ Good Drainage; To avoid waterlogging, make sure there is adequate drainage.

+ Proper Nutrition: Give plants a well-balanced diet to increase their disease resistance.

+ Soil Amendments: Add organic materials to the soil.

Pathak & Kakati

Biological Forum — An International Journal  16(12): 39-55(2024) 42



Images

y, A0 N

&> & LA " [\
Fig. 3. Ginger plant exhibits leaf spot disease i

nfestation.

Name of the disease

Yellow Disease (Fusarium Yellows)

Causal organism

Fusarium oxysporum

Ideal condition for
multiplication

+ The fusarium yellow is most prevalent when temperatures range from 23.4°C to 29.6°C.

+ Warm conditions favour the growth and spread of the pathogen.

+ High relative humidity levels, between 83.3% to 90.2%, create a conducive environment for
the disease.

+ Humid conditions promote spore germination and infection.

+ The disease incidence increases during the rainy season, especially from June to July when
rainfall is high.

+ Rain splashes can spread the pathogen to healthy plants.

+ Waterlogged conditions and poor drainage can exacerbate the disease.

+ Ensure proper soil drainage to reduce the risk of infection.

Nature of damage

+ Yellowing: Yellowing starts at the leaf margins and progresses inwards and it spreads to the
entire leaf, causing it to turn completely yellow.

+ Wilting: Leaves show signs of wilting, especially during the hotter parts of the day. The
entire plant may eventually wilt and die.

+ Stunted Growth: Affected plants exhibit stunted growth and reduced vigour compared to
healthy plants. Stems may be shorter and less robust.

+ Discolouration: Roots and rhizomes show signs of discoloration, turning brown or black.

+ Foul Smell: Infected rhizomes become soft, mushy, and may emit a foul smell.

+ Browning: The vascular tissues inside the stems and rhizomes display dark brown streaks
when cut open.

Control measures

+ Use planting material free of diseases: Verify that certified and Fusarium-free ginger
rhizomes are being used for planting.

+ Crop Rotation: To interrupt the disease cycle, alternate ginger with non-host crops like
cruciferous crops, legumes, and cereals.

+ Soil Solarization: Lower pathogen levels by using soil solarization. In order to retain solar
heat during hot months, the soil is covered with clear plastic.

+ Field Sanitation: To avoid waterlogging, which fosters an environment that is conducive to
Fusarium infections, improve soil drainage. To improve drainage and lower the soil moisture
content surrounding the rhizomes, plant ginger on raised beds.

+ Cultural Control: To lower inoculum levels in the field, remove and destroy infected plant
debris.

+ Biological Control: Employ Pseudomonas fluorescens and Trichoderma spp., two potent
biocontrol agents that can inhibit Fusarium pathogens in the soil.

+ Chemical Control: To treat Fusarium infections, use systemic fungicides like mancozeb,
carbendazim, and thiophanate-methyl. To prevent early infections, apply fungicides to rhizomes
prior to planting.

+ IPM: Combine chemical, biological, and cultural techniques for a comprehensive approach
to illness control.

+ Regular Monitoring: Keep an eye out for early indicators of yellow disease in fields and act
quickly to stop its spread.
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Neme of the disease

Sheath Blight

Causal organism

Rhizoctonia solani

Ideal condition for
multiplication

+ High Soil Moisture: The perfect environment for the fungus to grow is created by excessive
soil moisture, which is frequently caused by over-irrigation or inadequate drainage.

& Warm Temperatures: The fungus prefers warm temperatures, usually higher than 30°C.

+ Poor Field Hygiene: The disease may spread as a result of improper sanitation and the
presence of infected plant debris.
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+ Overhead Irrigation: Regular irrigation from above can raise the humidity levels around the
plant, which encourages the growth of fungi.

+ Heavy Soils: The fungus may grow more readily in heavy, poorly drained soils because they
hold onto moisture for longer.

+ Leaf Sheaths and Pseudo Stems:The collar area of the plant, where the leaf sheaths enclose
the stem, is usually where the first infection starts.

+ Growth Stage: It is most frequently seen in the middle to late stages when the foliage is
dense and the weather is warm and humid.

Nature of damage

¢ Yellowing of Leaves: The first sign is a slight yellowing of the lower leaf tips, which
eventually covers the entire leaf.

+ Drooping and Withering: The leaves begin to droop, wither, and finally dry out as the
infection worsens.

+ Lesions on Leaf Sheaths: The leaf sheaths develop dark brown, water-soaked lesions. These
lesions have the potential to grow and combine, resulting in serious harm.

+ Rotting at the Base: The plant may weaken and eventually collapse as a result of the pseudo
stem’s base rotting.

+ Fungal Growth: Infected tissues may exhibit white or grayish fungal growth in advanced
stages, particularly in humid environments.

Control measure

+ Proper Field Drainage: Make sure fields have adequate drainage to avoid waterlogging,
which fosters the fungus's growth.

+ Field Hygiene: To lessen the source of infection, regularly remove and destroy plant debris
and infected plant material. To stop the pathogen from spreading, clean and disinfect
agricultural tools and equipment.

+ Balanced Irrigation: Steer clear of excessive irrigation, particularly when using overhead
techniques. To reduce the amount of moisture surrounding the plants, use drip irrigation
instead.

+ Use of Disease-Free Planting Material: Make sure the seed rhizomes are disease-free and
in good condition prior to planting.

+ Crop Rotation: To disrupt the pathogen's life cycle and lessen soil-borne inoculum, rotate
your crops with non-host crops like cereals or legumes.

+ Fungicide Application: Use the right fungicides to control sheath blight. When used in
accordance with recommended guidelines, fungicides such as Thiram or carbendazim can be
effective. To lessen the initial inoculum, apply fungicides to the seed rhizomes prior to planting.
+ Plant Spacing and Airflow: To ensure proper airflow and lower humidity and the risk of
fungal infection, keep plants spaced sufficiently apart.

+ Mulching: Maintaining soil moisture and enhancing soil structure through the use of organic
mulches can help inhibit the activity of the pathogen.

¢ Integrated Pest Management (IPM):To effectively manage sheath blight, combine
different control methods such as chemical treatments, biological controls, and cultural
practices.
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Neme of the disease

Damping-Off

Causal organism

Pythium spp.
Rhizoctonia solani

Ideal condition for
multiplication

+ During the seedling stage, especially immediately following germination, damping-off is
most prevalent.

+ Since young seedlings are more prone to infection, the first few weeks following planting are
crucial. The pathogens thrive in environments with lower soil temperatures (between 20°C and
25°C), high soil moisture content, and inadequate drainage.

+ High humidity can encourage the growth of damping-off fungi, particularly in areas with a
lot of plants. The issue may worsen if overhead irrigation raises the humidity levels near the
seedlings.

+ Damping-off may be more likely to occur in soils that are deficient in organic matter or
beneficial microbes.

Nature of damage

# It’s possible that seedlings won't come up from the ground. If they do appear, stem rot at the
soil line may cause them to collapse and perish.

+ Dark, wet lesions appear on the stems at the soil line. The seedling collapses as a result of the
afflicted area becoming mushy and soft.

+ Poor seedling emergence can occur from seeds that rot before they can germinate. If they do
germinate, they might grow slowly and seem frail.
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+ Young leaves may wilt and turn yellow, particularly in high humidity environments. Wilting
and collapsing leaves can worsen the seedling's general condition. .

# Use Disease-Free Planting Material: Make sure the certified and disease-free ginger
rhizomes are used for planting. Before planting, treat seeds with fungicides to prevent early
infection.

+ Crop Rotation: To disrupt the disease cycle, alternate ginger with non-host crops like
cruciferous crops, legumes, and cereals.

¢ Proper Field Drainage: Enhance soil drainage to avoid waterlogging, which gives damping-
off pathogens an advantage. To improve drainage, use ridges or raised beds.

+ Soil Treatment: To enhance the soil's structure and health, thoroughly prepare it by adding
organic matter.

+ Soil Solarization: To lower pathogen levels, solarize the soil by covering it with clear plastic
during the hottest months of the year.

+ Proper Spacing: To guarantee adequate air circulation and lower the humidity surrounding
the seedlings, steer clear of dense planting.

+ Avoid Over Watering: To cut down on humidity and leaf wetness, use drip irrigation rather
than overhead irrigation.

+ Chemical Control: To prevent seedlings from damping off, use fungicides like metalaxyl,
mancozeb, or captan at the recommended dosage and application schedule to prevent resistance.
+ Biological Control: To inhibit damping-off pathogens, apply biocontrol agents such as
Trichoderma spp. and Pseudomonas fluorescens to the soil or as seed treatments.

+ Regular Monitoring: To stop the disease from spreading, conduct routine field inspections
and remove and destroy any infected seedlings.

+ Weeding: Keep the field clear f weeds ad plant debris

Control measures

tl

hat may harbour pathogens.
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Name of the disease Rhizome rot
Causal organism Pythium aphanidermatum
4 ¢ Poor drainage or excessive irrigation frequently result in excessive soil moisture, which
fosters the growth and spread of the Pythium fungus.
+ Warm temperatures, often above 30°C, are ideal for the fungus' growth.
+ Heavy, poorly drained soils hold onto moisture for extended periods of time, which might
encourage the fungus's growth.
+ When infected or contaminated seed rhizomes are used, the pathogen can be introduced into
the field and cause widespread infection.
+ The presence of root-knot nematodes (Meloidogyne spp.) can weaken ginger plants and
increase their susceptibility to fungal diseases.
+ Ginger plants are susceptible to the disease from the very beginning of their growth. The
plants may die early as a result of contaminated seed rhizomes.
+ Excessive wetness and high temperatures during the growth stage might cause the fungus to
spread and seriously harm the rhizomes that are still forming.
+ The chance of infection continues as the plant approaches maturity, particularly if the
pathogen's ideal environmental circumstances are maintained.
+ Wilting of Shoots: The wilting of the shoot tips is frequently the first indication. This
happens when the plant's vascular system is infected and disrupted by the fungus.
¢ Yellowing of Leaves: The leaves may begin to dry out and turn yellow. From the lower
leaves to the upper portions of the plant, this symptom spreads.
+ Water-Soaked Lesions: Soft, water-soaked lesions are present in the plant's collar area.
These lesions can spread rapidly and are usually dark brown in color.
+ Rhizome Rot: The rot of the rhizome itself is the most distinctive sign. The diseased rhizome
gets mushy, soft, and soaked in water; it also frequently smells bad.
Nature of damage + Poor Root Development: The infection may cause poor root development in the plant,
which would result in stunted growth and diminished vigor.
# Secondary Infection : Compounding the damage, the weakened plant may become
vulnerable to secondary infections by other pathogens.
Additional Observations
+ Field Appearance: Compared to healthy, green plants, infected plants appear wilted and
yellowed, making them easy to identify in the field.
+ Spread Pattern: Especially in places with inadequate drainage, the disease frequently
spreads in patches, with clusters of infected plants.
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Control measures

+ Use Disease-Free Planting Material: Prior to planting, make sure that the seed rhizomes are
robust and disease-free.

+ Proper Field Drainage: Keep your fields well-drained to avoid waterlogging, which gives
the fungus an advantage. Drainage can be improved with raised beds.

+ Crop Rotation: Rotate ginger alongside non-host crops, such as legumes and cereals, to
lessen the accumulation of soil-borne pathogens.

+ Soil Treatment: Before planting, apply the proper fungicides or bio-fumigants to the soil.
Trichoderma species can lower pathogen levels by acting as bio-control agents.

¢ Field Hygiene: To stop the pathogen from spreading, remove and destroy any contaminated
plants and debris. Tools and equipment should be routinely cleaned and disinfected.

+ Balanced Fertilization: For plants to continue growing healthily, use balanced fertilizer.
Avoid using too much nitrogen, as this can increase the susceptibility of plants to disease.

¢ Water Management: Make sure to water the crop sparingly. Steer clear of excessive
irrigation, particularly in the early stages of growth.

+ Mulching: Applying organic mulches can help reduce pathogen activity by improving soil
structure and preserving soil moisture.

+ Monitoring and Early Detection: Keep an eye out for early disease symptoms on a regular
basis. Prompt implementation of control measures can be aided by early detection.

+ Integrated Pest Management (IPM):To effectively manage the disease, combine different
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control methods like chemical treatments, biological control, and cultural practices.
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Fig. 7. Ginger plant exhibits rhizome rot disease infestation.

Name of the insect

Storage rot

Causal organism

Fusarium species.

Ideal condition for
multiplication

+ Warm storage temperatures and high humidity provide ideal conditions for the fungus to
grow.

+ The pathogen may enter through any physical damage to the rhizomes that occurs during
harvesting or handling.

Nature of damage

+ Soft and Mushy Rhizomes: A sign of decay is the infected rhizomes becoming mushy and
soft.

+ Water-Soaked Appearance: Rot may start to show in the rhizomes' afflicted sections, which
may look wet.

+ Discoloration: As the disease worsens, infected rhizomes frequently become discoloured,
turning brown or black.

+ Foul Odour: The rhizomes release an unpleasant, musty smell as the rot progresses, which is
a sign of fungal decay.

+ Mold Growth: The surface of the rhizomes may develop white or pinkish fungal growth,
especially in humid environments.

+ Shrivelled Appearance: Over time, the loss of structural integrity may cause the rhizomes to
shrivel and shrink.

Control measures

+ Proper Drying: To lower the moisture content, make sure the rhizomes are completely dry
before storing.

+ Controlled Storage Conditions: To prevent the growth of fungi, keep storage areas at a
moderate temperature and low humidity.

+ Sanitation: Equipment and storage spaces should be routinely cleaned and sanitized.

+ Use of Fungicides: To avoid fungal infections, treat rhizomes with the proper fungicides
prior to storage.

+ Hot Water Treatment: This may aid in eliminating fungus spores on the rhizomes' surface.
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Fig. 8. Ginger plant exhibits storage rot disease infestation.

Name of the disease

Dry rot

Causal organism

Fusarium species
Pythium species

Ideal condition for the
multiplication

+ High Soil Moisture: A conducive environment for fungal growth is produced by excessive
soil moisture brought on by over-irrigation or inadequate drainage.

& Warm Temperatures: The ideal temperature range for the fungi is warm, usually between
25°C and 30°C.
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+ Humid Storage Conditions: During storage, high humidity levels can encourage the growth
of fungi and cause rhizome infection.

¢ Injured Rhizomes: Physical damage to the rhizomes during harvesting or handling can
provide entry points for the fungi.

+ Contaminated Planting Material: Using infected or contaminated seed rhizomes can
introduce the pathogen into the field.

+ Poor Field Hygiene: The presence of infected plant debris in the field can serve as a source
of infection for new crops.

Nature of damage

¢ Stunted Growth: In addition to showing varied degrees of foliar yellowing, affected plants
appear stunted.

¢ Yellowing Leaves: Younger leaves dry up after older leaves do.

+ Dry Rot Lesions: On the rhizomes, the disease appears as dry, necrotic lesions.

+ Patchy Appearance: The disease slowly spreads throughout the field, appearing in tiny
patches.

+ Root Damage: Typical softening and rotting of roots originating from afflicted rhizomes.

Control measures

+ Use Disease-Free Seed Rhizomes: To avoid bringing the pathogen into your field, start with
seed rhizomes that are healthy and free of disease.

+ Crop Rotation: To break the disease cycle, alternate ginger with non-host crops such as
cotton, soybeans, or maize for a minimum of two to three years.

+ Soil Solarization: To raise the temperature of the moist soil and eradicate pathogens, cover it
with sheets of clear polythene for 45 to 50 days prior to planting.

+ Proper Drainage: Make sure there is enough drainage to prevent waterlogging, which
fosters an environment that is conducive to the disease.

+ Organic Amendments: To enhance soil health and inhibit disease-causing organisms, add
organic matter to the soil, such as compost or well-rotted manure.

+ Biological Control: Treat seed rhizomes with beneficial microorganisms like Trichoderma
viride, Trichoderma harzianum, or Pseudomonas fluorescens before sowing.

# Sanitation Practices: To stop the disease from spreading, remove and destroy any
contaminated plant parts and routinely clean agricultural tools and equipment.

+ Chemical Control: Use fungicides sparingly to prevent environmental damage, but apply
them as advised by your local agricultural extension services.

+ Regular Monitoring: To identify early disease indicators and take prompt action, conduct
routine field inspections.
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Fig. 9. Ginger plant exhibits dry rot disease infestation.

Table 2: Major nematodes of ginger.

Name of the nematode

Burrowing Nematode

Causal organism

Radopholus similis

Ideal condition for
multiplication

¢ Warm Temperatures: Usually found in tropical and subtropical areas, these nematodes
flourish in warm conditions.

+ Moisture: These nematodes can survive and reproduce in environments with high soil
moisture content and humidity.

+ Host Plants: Although they may live on other crops, they favour host plants like ginger,
which aids in their persistence in the soil.

+ Soil Type: Compared to heavier clay soils, well-drained sandy and loamy soils are better for
their activity.

+ Crop Residue: The presence of organic matter and crop residue can give the nematodes
more food sources.

+ Roots: The nematode primarily infects the roots, causing burrows and lesions that lead to
rotting and decay.

+ Rhizomes: The nematodes can also invade the rhizomes, creating water-soaked, brown,
sunken rots.

+ All Growth Stages: The burrowing nematode can attack ginger plants at any growth stage,
from seedlings to mature plants. The damage is often more severe during the active growing
period when the nematodes are most active.

Nature of damage

+ Root Damage:

— Lesions and Burrows: Water-soaked, brown, sunken rots are caused by the nematodes'
burrows and lesions in the roots.

— Root Necrosis: The plant's capacity to absorb water and nutrients is significantly impacted
by extensive root necrosis, or the death of root tissue.
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+ Aboveground Symptoms:

— Stunted Growth: Stunted growth and decreased vigour are common symptoms of infected
plants.

— Yellowing Leaves: The lower leaves may turn yellow first, then the upper leaves.

— Reduced Shoot Numbers: Poor plant structure could result from fewer shoots or branches.
— Wilting: Plants may wilt as a result of poor water uptake, particularly during hotter times of
the day.

— Rhizome Symptoms:

— Rots: Nematodes may infiltrate the rhizomes, resulting in brown, sunken rots that are soaked
in water and may eventually cause decay.

— Early Maturation: Because of the stress brought on by the nematode infection, plants may
seem to mature earlier.

Control measures

+ Use of Resistant Varieties: Nematode infestation can be considerably lessened by planting
ginger varieties that are resistant to nematodes.

+ Crop Rotation: Alternate ginger with non-host crops like legumes or cereals. This method
lowers the nematodes' populations in the soil by interfering with their life cycle.

+ Soil Solarization: In order to raise the soil's temperature during the hottest months, soil
solarization entails covering the soil with transparent plastic. Nematodes and other soil
pathogens can be eliminated by this procedure.

+ Organic Amendments: Add organic materials to the soil, such as chicken manure or neem
cake. By suppressing nematode populations, these amendments can improve soil health.

+ Biological Control: Use beneficial organisms such as nematode-trapping fungi (e.g.,
Paecilomyces lilacinus) and predatory nematodes. These biological agents can naturally reduce
nematode numbers.

+ Chemical Control: Use nematodes sparingly and in accordance with the suggested
protocols. Although chemicals like Oxamyl and Carbofuran can be useful, they should be used
carefully to prevent environmental damage.

+ Sanitation Practices: To stop the spread of nematodes, make sure that agricultural tools and
equipment are cleaned on a regular basis and that infected plant debris is removed and
destroyed.

+ Proper Irrigation Management: Prevent conditions that encourage the growth of
nematodes by avoiding excessive irrigation and maintaining adequate drainage.

+ Soil Testing: To keep an eye on nematode populations and evaluate the success of
management tactics, regularly test the soil.

¢ Implementing Integrated Pest Management (IPM): To effectively and sustainably
manage burrowing nematodes, combine a variety of control techniques, such as chemical
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treatments, biological controls, and cultural practices.
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Fig. 10. Ginger plant exhibits burrowing nematode infestation.

Name of the nematode

Root knot nematode

Causal organism

Meloidogyne incognita

Ideal condition for
multiplication

+ The nematode incline toward warm, humid settings. As a tropical plant, ginger offers these
nematodes the perfect habitat.

+ Ginger plant roots and rhizomes are the main targets of root-knot nematodes. They result in
the development of knots or galls on the roots, which can impair the plant's capacity to take up
nutrients and water.

+ Early growth stages, particularly when the plants are young and the roots are developing, are
when ginger plants are most vulnerable to root-knot nematodes.

Nature of damage

+ Root Galls and Knots: The development of galls or knots on the roots is the most distinctive
symptom. These are enlarged, deformed regions that may make it more difficult for roots to
function.

+ Stunted Growth: As a result of poor nutrient and water uptake, infected plants frequently
show stunted growth and decreased vigor.

+ Yellowing of Leaves: As a result of the stress brought on by the nematode infection, leaves
may begin to wilt and turn yellow, beginning with the lower leaves and working their way
upward.

+ Reduced Shoot Numbers: The plant may have fewer branches or shoots, which would result
in a less robust structure and less yield.

+ Poor Root Development: The entire root system is weakened, which results in inadequate
anchoring and a decreased capacity to take up water and nutrients.

+ Wilting: Because the damaged roots are unable to effectively transport water, plants may
exhibit signs of wilting, particularly during the hottest parts of the day.

Control measures

+ Crop Rotation: To break the nematode life cycle and lower its numbers in the soil, alternate
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ginger with non-host crops like cereals or legumes.

+ Use of Resistant Varieties: Nematode infestation can be considerably lessened by planting
ginger varieties that are resistant to nematodes.

+ Soil Solarization: To raise the temperature of the soil during the hottest months, the soil is
covered with clear plastic. Nematodes and other soil pathogens can be eliminated by this
procedure.

+ Organic Amendments: Add organic materials to the soil, such as compost, neem cake, or
chicken manure. By suppressing nematode populations, these amendments can enhance soil
health.

+ Biological Control: Employ advantageous organisms such as predatory nematodes and
nematode-trapping fungi, such as Paecilomyces lilacinus. Nematode populations can be
naturally decreased by these biological agents.

+ Chemical Control: Nematicides should be used sparingly and in accordance with the
suggested protocols. Although they can be useful, chemicals like Oxamyl and Carbofuran
should be used carefully to prevent environmental damage.

# Sanitation Practices: Eliminate and dispose of contaminated plant debris to maintain
appropriate sanitation. Regularly clean agricultural tools and equipment to stop nematode
spread.

+ Proper Irrigation Management: Prevent conditions that encourage nematode proliferation
by avoiding excessive irrigation and maintaining adequate drainage.

+ Regular Monitoring: Test the soil frequently and keep an eye out for nematode infestations.
Prompt implementation of control measures can be aided by early detection.

¢ Integrated Pest Management (IPM):To manage root knots, combine a variety of control
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techniques, such as chemical treatments, biological controls, and cultural practices.
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Fig. 11. Ginger plant exhibits root-knot nematode infestation.

Name of the nematode

Lesion nematode

Causal organism

Pratylenchus spp.

Ideal condition for
multiplication

+ As migratory endoparasites, lesion nematodes travel through the root tissues and consume
cells. They can seriously harm roots and lower plant vigour during the vegetative growth stage,
which is when they are most harmful.

+ Plant roots are the primary target of lesion nematodes. They result in tiny, necrotic lesions on
the roots, which can impair the general health of the plant and the function of the roots2.
Additionally, they can damage some crops' storage roots, like sweet potatoes, making the
produce unsellable.

+ Sandy loam and silt loam are examples of coarse-textured soils where lesion nematodes
flourish. They favour soils with moderate moisture content and good drainage. Although these
nematodes can tolerate a variety of temperatures, temperate climates are where they thrive.

Nature of damage

¢ Root Lesions: The development of tiny, dark, necrotic lesions on the roots is the main
symptom. Large-scale root damage may result from these lesions growing and clumping
together.

+ Root Decay: The afflicted roots may turn black, deteriorate, and lose their ability to function
as the lesions spread.

+ Stunted Growth: Because of poor nutrient and water absorption, infected plants frequently
show stunted growth and decreased vigour.

+ Yellowing Leaves: Particularly in older leaves, chlorosis symptoms and yellowing may be
observed. The plant's incapacity to absorb enough nutrients is the cause of this.

+ Wilting: Because the damaged roots are unable to adequately transport water to the rest of
the plant, plants may wilt, especially in hot and dry weather.

+ Reduced Yield: All things considered; the damage brought on by the lesion nematodes can
drastically lower the yield of ginger.

Control measures

+ Use of Nematode-Free Seed Rhizomes: To avoid bringing nematodes into your field, start
with seed rhizomes free of nematodes.

+ Crop Rotation: To break the nematode life cycle and lower their numbers in the soil,
alternate ginger with non-host crops like cereals or legumes.

+ Soil Solarization: During the hottest months, cover the soil with clear plastic to kill
nematodes and other soil pathogens and raise the soil's temperature.

+ Organic Amendments: To improve soil health and reduce nematode populations, add
organic materials to the soil, such as compost, neem cake, or poultry manure.

+ Biological Control: To naturally lower nematode populations, use beneficial organisms like
predatory nematodes and nematode-trapping fungi (like Paecilomyces lilacinus).

+ Chemical Control: Use nematodes sparingly and in accordance with the suggested
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protocols. Although they can be useful, chemicals like carbofuran and oxamyl should be used
carefully to prevent environmental damage.

+ Sanitation Practices: To stop nematodes from spreading, remove and destroy any infected
plant debris and clean agricultural tools and equipment on a regular basis.

+ Proper Irrigation Management: Maintain adequate drainage and refrain from over-
irrigation to avoid creating an environment that encourages the growth of nematodes.

+ Regular Monitoring: To keep an eye on nematode populations and evaluate the success of
management tactics, regularly test the soil.

¢ Integrated Pest Management (IPM): To effectively and sustainably manage lesion
nematodes, combine a variety of control techniques, such as chemical treatments, biological
controls, and cultural practices.
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Fig. 12. Ginger plant exhibits lesion nematode infestation.

Name of the nematode

Reniform Nematode

Causal organism

Rotylenchulus reniformis

Ideal condition for
multiplication

It loves warm, moist soil conditions typically found in tropical and subtropical regions. It
thrives in well-drained soils and prefers to infect the roots of various host plants, including
ginger

Nature of damage

+ Stunted Growth: Infected plants often exhibit stunted growth and reduced vigour.

¢ Yellowing Leaves: Leaves may turn yellow and show signs of chlorosis, starting from the
lower leaves and progressing upwards.

+ Root Lesions: Dark, necrotic lesions appear on the roots, leading to root decay and impaired
function.

+ Root Swelling: Infected roots may exhibit swelling and deformities.

+ Reduced Yield: The overall yield of ginger can be significantly reduced due to the damage
caused by the nematodes.

Control measures

+ Crop Rotation: To break the nematode life cycle and lower its numbers in the soil, rotate
ginger with non-host crops like cereals or legumes.

+ Use of Resistant Varieties: Nematode infestation can be considerably lessened by planting
ginger varieties that are resistant to nematodes.

+ Soil Solarization: In order to raise the soil's temperature during the hottest months, soil
solarization entails covering the soil with transparent plastic. Nematodes and other soil
pathogens can be eliminated by this procedure.

+ Organic Amendments: Add organic materials to the soil, such as compost, neem cake, or
chicken manure. By suppressing nematode populations, these amendments can enhance soil
health.

+ Biological Control: Employ advantageous organisms such as predatory nematodes and
nematode-trapping fungi, such as Paecilomyces lilacinus. Nematode populations can be
naturally decreased by these biological agents.

+ Chemical Control: Nematicides should be used sparingly and in accordance with the
suggested protocols. Although they can be useful, chemicals like Oxamyl and Carbofuran
should be used carefully to prevent environmental damage.

+ Sanitation Practices: To stop the spread of nematodes, maintain adequate sanitation by
eliminating and discarding contaminated plant debris and routinely cleaning agricultural tools
and equipment.

+ Proper Irrigation Management: Steer clear of excessive irrigation and keep drainage
adequate to avoid creating an environment that encourages the growth of nematodes.

+ Regular Monitoring: Test the soil frequently and keep an eye out for nematode infestations.
Prompt implementation of control measures can be aided by early detection.

¢ Integrated Pest Management (IPM): To effectively and sustainably manage reniform
nematodes, combine a variety of control techniques, such as chemical treatments, biological
controls, and cultural practices.
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Fig. 13. Ginger plant exhibits reniform nematode infestation.
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Table 3: Major insect pest of ginger.

Name of the pest

Shoot Borer

Ideal condition for
multiplication

# Peak infestation periods are typically observed from June to November, and it usually
happens during the growing season.

+ Because the tender shoots of ginger plants are easier for the larvae to bore into, they prefer to
infest these. They thrive in environments with high levels of moisture and humidity.

+ Due to the abundance of cover and food sources, crowded planting conditions can favour
shoot borers.

Nature of damage

+ Dead Heart: Infested shoots often wilt and die, leading to a condition known as "dead
heart.”

+ Yellowing Leaves: Leaves on affected plants may turn yellow and dry up.

+ Bore-Holes: There might notice boreholes on the pseudostems through which frass (insect
excrement) is extruded.

+ Wilted Shoots: The central shoot becomes withered and yellow. One may find larvae inside
the stems or moths near the affected plants.

+ Reduced Vigor: Infested plants show reduced vigour and stunted growth.

Control measures

+ Phytosanitary Measures: To stop the larvae from spreading, remove and destroy any
infected shoots. Maintain proper plant spacing to enhance air circulation and lower humidity,
both of which can prevent pest colonization.

+ Crop Rotation: To disrupt the life cycle of the pest, don't plant ginger in the same spot every
year.

+ Biological Control: Introduce predators that can regulate shoot borer populations, such as
parasitic wasps called Trichogramma spp. To effectively combat the larvae, use formulations of
Bacillus thuringiensis (Bt) or neem oil.

+ Chemical Control: Use suggested insecticides, such as carbaryl or chlorpyrifos, in extreme
situations. When using chemical treatments, always abide by local regulations and safety
measures.

+ Regular Field Surveillance: Keep an eye out for any early indications of a shoot borer
infestation in your ginger plants.

+ Use of Light Traps: Install light traps to draw in and catch adult moths, which will help to
lower their population.
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Fig. 14. Ginger plant exhibits shoot borer infest

Name of the insect

Rhizome Fly

Causal organism

Mimegralla coeruleifrons

Ideal condition for
multiplication

+ Ginger plants that have already been weakened or damaged by other factors attract rhizome
flies.

+ These flies prefer damp conditions, which are typical in regions where ginger is grown.

+ Rhizome flies benefit from crowded plantings because they have plenty of food sources and
coVver.

Nature of damage

+ Wilting and yellowing of the leaves, which begins with the lower leaves and moves upward,
are common symptoms of infestation in plants.

+ The pseudostem's collar area gets soft and soaked with water.

+ When the larvae burrow into the rhizomes, they rot and release an unpleasant odour.

+ Plants with infestations may show poor root development and stunted growth.

+ If one look closely at the rhizomes, it may find larvae inside.

Control measures

¢ To lessen the number of rhizome fly breeding grounds, remove and destroy infected
rhizomes and plant debris.

+ To disrupt the life cycle of the pest, alternate ginger with non-host crops.

+ Make sure the field has adequate drainage to lower the moisture content that draws rhizome
flies.

+ When planting, use rhizomes that are healthy and free of disease.

+ Introduce beneficial insects that can prey on rhizome fly larvae, such as nematodes and
parasitic wasps. Use Bacillus thuringiensis (Bt) or neem oil to manage the larvae without
endangering beneficial organisms. Use suggested insecticides, such as fipronil or chlorpyrifos,
in extreme situations on the basis of local regulations and safety measures.

# In order to decrease the number of adult flies, set up pheromone traps to draw in and catch
them.

+ Regularly check ginger plants for early indications of rhizome fly infestation.

+ To monitor and decrease the number of adult flies, use light traps to draw in and catch them.
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Name of the insect

White Grub

Causal organism

Holotrichia spp.

Ideal condition for
multiplication

+ High moisture content soils, which are typical in irrigated fields, are ideal for their growth.

+ White grubs are more likely to be found in fields with a lot of plant debris because they eat
the organic matter in the soil.

+ They are drawn to the roots of many plants, including ginger, and are root feeders.

Nature of damage

¢ Wilting: Since the grubs harm the roots, infested plants may exhibit leaf wilting and
yellowing.

+ Stunted Growth: Because their roots are less functional, affected plants frequently show
stunted growth.

¢ Yellowing Leaves: Leaves of infested plants turn yellow and may drop prematurely.

+ Root Damage: White grubs feed on the roots, causing damage and weakening the plant.

+ Pseudostem Damage: Grubs can burrow into the pseudostem (false stem) close to the soil
surface, leading to plant death.

+ Pale Appearance: Infested plants may appear pale and unhealthy.

+ Easily Uprooted: Plants affected by white grubs can be easily uprooted due to weakened
root systems.

Control measures

+ Sanitation Practices:To lessen the number of places where white grubs can breed, clear the
field of organic waste and crop residues.

+ Crop Rotation:To break the white grub life cycle, alternate ginger with non-host crops.

+ Deep Ploughing:Grubs may become desiccated as a result of frequent tilling, which exposes
them to predators.

+ Biological Control: Introduce entomopathogenic nematodes that are effective against white
grubs, such as Heterorhabditis species and Steinernema. Predatory beetles that consume white
grubs and birds are examples of natural predators that should be encouraged.

+ Chemical Control:If the infestation is severe, use the recommended insecticides, such as
imidacloprid or chlorpyrifos by abiding local laws and safety regulations.

+ Regular Monitoring:Regularly check the field for indications of damage and white grub
activity.
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+ Light Trap: The grubs' parents are adult beetles, so set up light traps to catch them.
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Fig. 16. Gigerlnt exhibits white grub infestation.

Name of the insect

Scale Insects

Causal organism

Aspidiella hartii

Ideal condition for
multiplication

+ They favour infesting the plant's younger, softer sections.

+ High moisture conditions are ideal for these bugs.

+ Infestations of scale insects are more likely to occur in plants that are already under stress or
injured.

Nature of damage

+ Yellowing Leaves:Because the insects are sucking sap, the leaves may turn yellow and begin
to wilt.

+ Stunted Growth:Since the insects deplete vital nutrients, the plant may grow more slowly.

+ Honeydew Secretion: Honeydew, a sticky substance expelled by scale insects, can cause
sooty mold to grow on plant surfaces.

+ Deformed Leaves and Shoots: The stems, leaves, and occasionally the rhizomes have tiny,
round or oval, flat or slightly convex scales.

Control measures

+ Pruning and Sanitation: Reduce the number of scale insects by routinely removing and
destroying infected plant components. To stop the insects from spreading, trim and discard any
branches and leaves that are severely affected. To increase air circulation and lower humidity
levels around the plants, make sure they are spaced appropriately.

+ Biological Control: Promote beneficial insects that consume scale insects, such as parasitic
wasps, lacewings, and ladybugs.

+ Horticultural Oils/Insecticidal Soaps: To manage scale insects, use insecticidal soap or
neem oil. To obtain complete coating and suffocate the scale insects, use horticultural oils.
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+ Chemical Control: Apply suggested systemic insecticides, including imidacloprid, in cases
of severe infestations in accordance with local regulations and safety measures.

+ Regular Monitoring: Keep an eye out for any early indications of a scale insect infestation
on your ginger plants.

+ Sticky Trap; Adult scale insects may be attracted and captured using yellow sticky traps,
which can aid in population monitoring.

¢ Cultural Practices: Maintain proper plant nutrition and avoid over-fertilization, as healthy
plants are less susceptible to scale infestations. Manage environmental conditions to reduce
humidity and improve air circulation around the plants.
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Fig. 17. Ginger plant exhibits scale insect infestation.

Name of the insect

Aphid

Causal organism

Aphis gossypii

Ideal condition for
multiplication

+ The warm, humid conditions that are typical of tropical and subtropical regions are preferred
by the melon aphid (Aphis gossypii).

+ Although it can grow on many parts of the plant, it especially likes the tender, young shoots
and leavesl.

+ Although the aphid can infest plants at different stages of growth, it causes the most harm
when the plants are young and actively growing, in the early vegetative stage.

Nature of damage

¢ Yellowing Leaves: The loss of nutrients can cause leaves to wilt and turn yellow

¢ Curled or Distorted Leaves:Aphids can cause leaves to become curled or misshapen.

+ Stunted Growth: Stunted growth and decreased vigor are common symptoms of infested
plants.

+ Honeydew Secretion: Aphids release honeydew, a sticky material that can draw ants and
encourage the development of sooty mold on leaves.

+ Presence of Aphids: Little insects may be visible on the undersides of the leaves and stems.

Control measures

¢ Regular Monitoring: To find early indications of an aphid infestation, do routine
inspections. Preventing extensive harm requires early detection.

+ Pruning and Sanitation: Infested plant parts should be removed and destroyed in order to
lower the aphid population. To stop the spread, clean farming tools and equipment on a regular
basis.

+ Biological Control:Bring in aphid-eating parasitic wasps, lady beetles, and lacewings as
natural predators. Make use of entomopathogenic fungi that can infect and kill aphids, such as
Beauveria bassiana.

+ Horticultural Oils: Aphids can be suppressed by applying horticultural oils, like mineral oil
or neem oil. Make sure the entire plant is covered, paying particular attention to the undersides
of the leaves and stems.

+ Insecticidal Soaps:Aphids' protective waxy layer can be broken down with insecticidal
soaps, leaving them more susceptible to natural enemies and desiccation.

+ Chemical Control: As a last resort, use systemic insecticides in accordance with the advised
protocols. Make sure it is applied correctly to reduce the impact on the environment.

# Cultural Practices:Aphid infestations are less likely to affect healthy plants, so maintain
adequate plant nutrition and refrain from overfertilization.Control the surroundings to lower
humidity and enhance airflow around the plants.

¢ Integrated Pest Management (IPM): To effectively and sustainably manage aphids,
combine a variety of control techniques, such as chemical treatments, biological controls, and
cultural practices. IPM techniques support ecological balance and lessen reliance on chemical
pesticides.

Images

‘ e > w"/_,,ﬁ < 2 1, . IO
Fig. 18. Ginger plant exhibits aphid infestation.

Name of the insect

Mite

Causal organism

Polyphagotarsonemus latus,

Ideal condition for
multiplication

Ginger mites, particularly spider mites, thrive in warm, dry environments with low humidity.
They prefer to infest young, tender shoots and leaves, causing significant damage during the
early vegetative stage of the plant's growth.

Nature of damage

+ Yellowing Leaves: Because mites feed on leaves, they cause stippling and yellowing.

+ Bronzing: The leaves may appear bronzed as a result of severe infestations.

+ Webbing: On the underside of leaves, certain mites, such as spider mites, create delicate
webbing.
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+ Deformed Growth: The growth of infested plants may be distorted and deformed.
+ Presence of Mites: The mites themselves may appear as tiny, moving dots on the leaves.

Control measures

+ Regular Monitoring: To find early indications of a mite infestation, perform routine
inspections. Preventing extensive harm requires early detection.

+ Pruning and Sanitation:To lower the mite population, remove and destroy infected plant
parts. To stop the spread, clean farming tools and equipment on a regular basis

+ Biological Control:Introduce natural predators like lady beetles that consume mites and
predatory mites.Employ entomopathogenic fungi that can infect and kill mites, such as
Beauveria bassiana.

+ Horticultural Oils: To suffocate mites, apply horticultural oils like mineral oil or neem oil.
Make sure the entire plant is covered, paying particular attention to the undersides of the leaves
and stems.

¢ Insecticidal Soaps:To make mites more susceptible to desiccation and natural enemies, use
insecticidal soaps to dissolve their waxy protective layer.

+ Chemical Control:To reduce the impact on the environment, use suggested miticides as a
last resort while adhering to the instructions. Make sure to apply it correctly to efficiently target
mites.

¢ Cultural Practices:Healthy plants are less vulnerable to mite infestations, so maintain
adequate plant nutrition and refrain from overfertilizing.Control the surroundings to lower
humidity and enhance airflow around the plants

¢ Integrated Pest Management (IPM): To effectively and sustainably manage mites,
combine a variety of control techniques, such as chemical treatments, biological controls, and
cultural practices. IPM techniques support ecological balance and lessen reliance on chemical
pesticides.
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Fig. 19. Ginger plant exhibits broad mite infestation.

Name of the insect

Rhizome Maggot

Causal organism

Delia antiqua

Ideal condition for
multiplication

¢ Warm and Moist Conditions: These conditions are favorable for the development of
maggots.

+ Rhizomes: The maggots primarily infest the rhizomes of plants, causing extensive tunneling
and rotting.

+ Post-Germination Seedlings: The maggots tend to prefer ovipositing on seedlings that are at
the 2 true leaf and 5-7 true leaf stages

Nature of damage

+ Tunneled Rhizomes: The maggots tunneled extensively inside the rhizomes.

+ Rotting Rhizomes: Rhizomes that are infested may rot and soften.

+ Weak Plants: Weak, pale, and withered plants are frequently the result of infestation.
+ Reduced Yield: Serious harm may result in a lower yield and lower-quality rhizomes.

Control measures

+ Sanitation: Clean storage areas thoroughly before and after storing ginger to prevent
infestation.

+ Healthy Seed Material: Use healthy, un-infected rhizomes for planting.

¢ Insecticide Treatment: Treat seed rhizomes with recommended insecticides such as
dimethoate or phosalone before planting and storing.

+ Proper Disposal: Dispose of severely infested rhizomes to prevent the spread of maggots.
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¢ Biological Control: Introduce natural predators that can help control the maggot population.
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Fig. 20. Gigfér plant exhibits rhizome maggot infestation.

RESULT AND DISCUSSION

Ginger is an important spice crop with worldwide
economic worth that is utilized in industry, medicine,
and cooking. Its great susceptibility to a range of
bacterial, viral, and fungal diseases, different kind of
insect as well as nematodepest has reduced its
production and quality after harvest.
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In order to reduce losses, effective management
techniques include cultural practices, biocontrol agents,
chemical treatments, and regulatory measures in an
integrated manner is a must. To ensure sustainable
ginger production, producers must be aware of these
pest and diseases, their symptoms, survival strategies,
and suitable management techniques.
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FUTURE SCOPE

Research on managing insects and diseases in ginger
has a bright future and encompasses a number of
fascinating fields. To help manage ginger pests without
endangering the environment, researchers are looking
into natural predators and parasites. For instance,
certain bacteria and fungi like Trichoderma
harzianum, Pseudomonas spp., Gliocladium, Bacillus
subtilis, Streptomyces spp etc can be used to target
particular pests. Bio pesticides can be made from
natural plant extracts of ginger itself. Compounds found
in ginger, such as zingiberene, shogaol, and gingerol,
have demonstrated promise in the management of low-
toxicity pests. Using genetic modification to create
ginger cultivars resistant to pests and diseases more
stronger and resilient ginger crops may result from this.
Through Integrated Pest Management (IPM) combining
different management strategies, such as cultural
practices, biological control, and chemical methods, to
manage pests and diseases more effectively and
sustainably. Studying how changing climate conditions
affect ginger pests and diseases, and developing
strategies to help ginger plants adapt to these changes.
Using modern technology to quickly and accurately
diagnose diseases and pest infestations, allowing for
timely and effective interventions.

These areas of research aim to improve ginger

production, reduce losses, and ensure sustainable
farming practices.
REFERENCES
Agricultural and Processed Food Products Export

Development Authority (APEDA). 2019

Bhai, R. S., Kishore, V. K., Kumar, A., Anandaraj, M., Espen,
S. J. (2005). Screening of rhizobacterial isolates
against soft rot disease of ginger (Zingiber officinale
Rosc.). J. Spices and Aromatic Crops, 14(2), 130-136.

Brunning, A. (2014). The chemistry of ginger — flavour,
pungency & medicinal potential. Compound Chem.

Dake, G. N. (1995). Diseases of ginger (Zingiber officinale)
and their management. Journal of Spices & Aromatic
Crops, 4(2), 84-89.

Dohroo, N. P., Gupta, P. and Sharma, A. (2012). Ginger
Diseases and Their Management. In P. Thomas
(Ed.), Diseases of Crops (pp. 182-196).

Garedew, B., & Pella, F. (2020). Assessment of Threats
Affecting Ginger Cultivation and its Management in
Luke Kebele of Cheha Woreda, Gurage Zone,
Ethiopia. Asian Journal of Applied Sciences, 13(3),
125-131.

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

Gupta, M., & Jebasingh, T. (2020). Diseases of Ginger. In H.
Wang (Ed.), Ginger Cultivation and Its Antimicrobial
and Pharmacological Potentials. Intech Open.

Hui, J., & Liu, N. (2023). Main Pests and Diseases of
Zingiberaceae and their Control. American Journal of
Plant Sciences, 14, 988-993.

Lalfakawma, C., Nath, B. C., Bora, L. C., Srivastava, S., &
Singh, J. P. (2014). Integrated Disease Management of
Zingiber officinale Rosc. Rhizome Rot. The Bioscan,
9(Supplement 1), 307-311. Retrieved from The
Bioscan.

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

Rynjah, D. (2023). Ginger: Biological Source, Chemical
Constituents, Uses, Pharma Academias.

Sharma, B. R., Dutta, S., Roy, S., Debnath, A., and Roy, M.
D. (2010). The effect of soil physicochemical
properties on rhizome rot and wilt disease complex
incidence of ginger under hill agro climatic region of
West Bengal. Journal of Plant Pathology, 198-202.

Thakur, N., & Sharma, G. C. (2015). Status of Plant Parasitic
Nematodes in Ginger Fields of Himachal Pradesh.
International Journal of Science, Environment and
Technology, 4(4), 976-979.

How to cite this article: Bhaskar Pathak and Munindra Kakati (2024). A Comprehensive Review of Managing the Major
Diseases and Insect Pests of Ginger in India. Biological Forum — An International Journal, 16(12): 39-55.

Pathak & Kakati

Biological Forum — An International Journal

16(12): 39-55(2024) 55



https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/trichoderma-harzianum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/trichoderma-harzianum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pseudomonas
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bacillus-subtilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bacillus-subtilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/streptomyces

