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Abstract

A large number of diseases are known to be associated with groundnut

crop, however, only some of them cause economic losses. This article

describes in detail the major diseases of groundnut, its occurrence,

distribution, losses caused by them, diagnostic symptoms and their

epidemiology (spread survival and transmission) besides aflatoxin

contamination of groundnut. The various management options and

the status of research are reviewed. It covers the disease management

approaches like host plant resistance, cultural methods, use of

botanicals, biological control, chemical methods and biotechnological

approaches. The integrated disease management approach is discussed

for major diseases including management of aflatoxins. The current

research needs is also discussed.

Key words: Groundnut, diseases, rust, leaf spots, stem rot, aflatoxins,

integrated disease management

Groundnut (Arachis hypogaea) is an important oilseed crop in India

and is cultivated during kharif and rabi-summer. Gujarat, Andhra
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Pradesh, Tamil Nadu, Karnataka, Rajasthan and Maharashtra are

major groundnut growing states contributing about 80 percent area

and production in India. The average yield of rabi-summer groundnut

is around 1600 kg/ha, whereas kharif-groundnut is around 1000 kg/

ha which is lower than major groundnut growing countries. This

may be attributed to the rainfed nature of cultivation of this crop

coupled with attack by a variety of diseases and insect pests. The role

of groundnut diseases in reducing yield has been clearly demonstrated

(Ghuge et al., 1981; Ghewande et al., 1983; Subramaniyam et al., 1985).

More than 55 pathogens including viruses have been reported to affect

groundnut.

Among diseases, stem rot, collar rot, aflaroot, leaf spots (early and

late), rust and bud necrosis affects the groundnut crop both in kharif

and rabi-summer. However, the incidence and severity of these diseases

may vary from season to season. Diseases reduce the pod yield of

groundnut and also fodder quality of haulm. Of the seed and seedling

diseases, collar rot/seedling blight (Aspergillus niger van Tieghem), stem

rot/Sclerotium wilt (Sclerotium rolfsii Sacc) dry wilt or dry root rot

(Macrophomina phaseolina (Tassi) Goid = Rhizoctonia bataticola (Taub.,

Butler) have been recognized as economically important diseases. These

diseases cause severe seedling mortality resulting in patchy crop stand

mostly in sandy loam soil and reduce the yields from 25-50% (Chohan,

1974; Ghewande, 1985). Among the foliar fungal diseases, economically

important are early leaf spot, late leaf spot and rust. Early leaf spot is

caused by Cercospora arachidicola Hori (Perfect stage-Mycosphaerella

arachidis Deigton) and late leaf spot is caused by Phaeoisariopsis personata

Berke & Curt (Perfect stage-Mycosphaerella berkeleyi Jenkins) both

commonly called ‘tikka disease’. These diseases occur wherever the

groundnut crop is grown. However, the incidence and severity of

each disease varies between localities and seasons and there can be

both short and long term fluctuations in their relative proportions

(Mc Donald et al., 1985). The magnitude of yield losses caused by these

diseases is very high and ranged from 10 to 70% all over the world,

but vary considerably from place to place and between seasons

(Ghewande, 1983; 1985; 1990a; Subrahmaniyam and Mc Donald, 1983).

Among viral diseases, groundnut bud necrosis, peanut mottle, Indian

peanut clump and stem necrosis diseases are economically important.

Groundnut bud necrosis disease caused by Groundnut bud necrosis

tospovirus is widespread with a wide host range and is transmitted by

Thrips palmi (Kendre et al., 2000). The incidence of the disease was
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observed to be as high as 92% on Spanish bunch varieties of

groundnut during 1985 (Summer) in Jamnagar district of Saurashtra

region of Gujarat (Ghewande, 1987). It has been reported to cause

yield loss of up to 50% in early infected crop of groundnut in India

(Ghanekar, 1980). Besides these, in the past three years, Alternaria leaf

blight had been occurring severely in summer groundnut (Kumar et

al., 2012). More than 70 species of plant parasitic nematodes have been

reported in association with groundnut disease (Sharma and Mc

Donald, 1990) but only a few species are known to cause economically

important disease (Subrahmaniyam et al., 1990). Pod and root knot

disease caused by four species of Meloidogyne viz. M. arenaria (Neal)

Chitwood, M. hapla Chitwood, M. incognita Kofoid & White and M.

javanica (Treub) Chitwood is the most important disease of groundnut.

M. arenaria is the most widespread. The nematode (Tylenchorynchus

brevilineatus) induced disease locally known as “Kalahasti malady” was

observed in Chittoor and Nellore district of Andhra Pradesh is also

locally important. Besides these, aflatoxin contamination in groundnut

and its processed product is another major challenge to groundnut

growers, processors and exporters.

The major diseases of groundnut can be managed through a variety

of methods like use of resistant/tolerant cultivars, cultural practices,

biocontrol agents/bio-pesticides, and need based application of

fungicides. In the following paragraph, major diseases of groundnut

and its management practices are discussed.

Major diseases of groundnut

Seed and seedling diseases

1. Collar rot (Aspergillus niger)

It is prevalent in almost all groundnut-growing states and the losses

in terms of mortality of plants ranges from 28 to 50%. It is particularly

serious in the sandy loam and medium black soil of the Punjab, Tamil

Nadu, Uttar Pradesh, Rajasthan and Haryana.

The fungus present in the soil or adherent on seed surface germinates

and attacks the seeds before its germination and causes pre-emergence

rotting of seeds. It also causes rotting of hypocotyls, post-emergence

seedling blight, rapid wilting of entire plant or its branches which are

characteristic diagnostic symptoms. Collar region of the affected plants



448 Diseases of Pulses, Oilseeds and Field Crops

becomes shredded and becomes dark brown covered by mycelia growth

and spores.

Soil borne inoculum is the primary source of infection. The pathogen

can tolerate low soil moisture (13-16 %). The fungus develops best at

temperature between 31 and 35C.

2. Stem rot (Sclerotium rolfsii)

In India, stem rot occurs in all groundnut growing states, particularly

more severe in Gujarat, Maharashtra, Madhya Pradesh, Odisha and

Tamil Nadu, where approximately over 50,000 ha of groundnut fields

are infected with S. rolfsii. Latur, Raichur, Dharwad, Junagadh and

Hanumangarh have been identified as ‘hot spots’ for the diseases.

About 27% or more yield loss due to this disease has been reported

from India (Chohan, 1974). Mayee and Datar (1988) have reported

yield losses of over 25% in Maharashtra. The indirect losses such as

reduction in dry weight and oil content are also reported.

The initial symptoms are partial or complete wilting of the stem or

branches that are in contact with the infected soil. White mycelia

growths with brown colour sclerotia are visible on the infected plant

parts. The leaves turn brown and show wilting but remain attached

to the plant. Infection of pegs, pod rot and leaf blight are another

symptoms of stem rot infected plants.

The pathogen has a wide host range. S. rolfsii can colonize either living

plant tissues or plant debris. Deeply buried sclerotia survive a year or

less while those near soil surface remain viable for many years.

Defoliated leaves can also serve as a bridge to facilitate plant to plant

spread. The pathogen spreads through infected soil, wind splashed

rain and sclerotia. Types of crop residue particularly influence the

sclerotial germination, mycelia growth and infection by S. rolfsii in

groundnut (Kumar et al., 2010; 2011). Soil moisture to the extent of 40

to 50% of water holding capacity and temperature between 29 to 32C

during day and 25C during nights favours the pathogen infection

and disease development.

3. Dry root rot (Macrophomina phaseolina)

Also known as dry wilt or charcoal rot is sporadic in occurrence and

is particularly serious in Rajasthan, Uttar Pradesh, Tamil Nadu,

Andhra Pradesh and Maharashtra. The pathogen causes severe

seedling mortality resulting in patchy crop stand and thus reduces
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the yield.

The symptoms appear as water soaked necrotic lesion that girdles the

stem just above the ground level and wilting follows. The tap root

turns black and later rots and shreds. Kernels turn black with

abundant sclerotia on inner wall of the shell and surface of the testa.

The pathogen has wide host range. The pathogen is a facultative

saprophyte and a soil dweller. Infected soil, plant debris and pods

serve as sources of inoculums. The optimum temperature for seedling

infection is 29 to 35C and for pods invasion is between 26 and 32C.

The sclerotia are disseminated via plant debris, soil, infected pods,

shell, and kernel.

4. Aflaroot/yellow mold (Aspergillus flavus)

It is prevalent in almost all groundnut-growing states. The yellow

mold fungus, A. flavus is commonly found in the seed of both rotten

and apparently healthy pods of groundnut. It first appears on

cotyledons after the emergence of seedlings. Infected plants generally

become stunted and leaf lamina is drastically reduced with a pointed

tip. Vein clearing and chlorosis of the leaflets is also visible. Infected

seedlings lack a secondary root system, a condition known as

“aflaroot.” Such plants do not produce flowers and hence become

unproductive. Yellow-green Aspergillus colonies develop on over mature

and damaged seeds and pods.

Soil borne inoculum is the primary source of infection. The pathogen

can tolerate low soil moisture and the fungus develops best at

temperature between 25 and 35C.

Foliar fungal diseases

1. Early leaf spot (Cercospora arachidicola)

Early leaf spot disease had been more prevalent in northern groundnut

growing states however in the last decade it has assumed a serious

status in southern and central groundnut growing states too. The

losses in yield estimated to be in the range of 15 to 59%. Besides the

losses in pod and kernel yield, the fodder quality is also adversely

affected.

The disease normally occurs 30 days after sowing. Initially minute

circular to sub-circular chlorotic spots, 1 to over 10 mm in diameter
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develop on upper surface of leaf which later turn to brown in colour

and surrounded by yellow halo. Most sporulation occurs on the upper

surface of leaflet. Severely infected leaves may drop off prematurely.

The lesion may extend to the stem and branches.

The pathogen survives through conidia on affected plant debris in

soil or through conidia being carried on the pod shell. The pathogen

also survives from one season to another on volunteer groundnut

plants. Temperature between 25 and 30C, prolonged leaf wetness

hours, and high RH (>80%) favours the infection and disease

development. Conidia disseminated by wind causes secondary infection.

2. Late leaf spot (Phaeoisariopsis personata)

Commonly occurs wherever groundnut is grown and yield losses

ranges from 15 to 59%, but vary from place to place and between

seasons. Besides the losses in pod and kernel yield, the fodder quality

is also adversely affected.

The disease normally occurs on 60 days old crop to till harvesting.

Dark brown to black, circular to sub-circular lesions measuring 1-6

mm diameter appear on lower surface of the leaves where most

sporulation occurs. Several lesions may coalesce and in severe cases,

infected leaves may drop off prematurely. Oblong lesions occur on the

stem and branches.

As of early leaf spot pathogen, the late leaf spot pathogen survives

through conidia on affected plant debris in soil or on the infected

groundnut shell and also from one season to another on volunteer

groundnut plants. Temperature between 25 and 30C, prolonged leaf

wetness hours, and high RH (>80%) favours the disease. Long distance

distribution of the pathogens may be by airborne conidia, by

movement of the infected crops debris or by movement of pods or

seeds that are surface contaminated with conidia. Early and late leaf

spot pathogens are also soil borne (Mc Donald et al., 1985). Differences

in the characteristics of early and late leaf spots are as under:

3. Rust (Puccinia arachidis)

The disease is prevalent throughout groundnut growing areas but

more severe in the southern states. Losses in yield due to rust have

been reported in the range of 10 to 52%. In addition to yield loss, the

disease reduces seed size and oil content of groundnut.
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Difference between early and late leaf spots

S. Characteristics Early leaf spot Late leaf spot
No.

1. Seasonal development Early Late

2. Shape of spot Circular to irregular Usually circular

3. Leaf surface where first Upper Lower
and most spores
produced

4. Colour of spot on upper Light brown to black
leaf surface tending towards brown Brown to black

tending towards
black

5. Colour of spot on lower Brown Black
leaf surface

Initially chlorotic spots develop on the upper surface of the leaf.

Corresponding lower surface shows orange colored pustules

(uredinia). The pustules range from 0.5 to 1.4 mm in diameter. Severely

infected leaves turn necrotic and desiccate but remain attached to the

plant. The kernels formed in the affected plants are shriveled and small.

The disease perpetuate through urediniospores. In India, groundnut

crop or volunteer plants are available in one or the other parts of the

country enabling the survival of uredinial stage round the year. The

pathogen may also survive from season to season on self sown

(volunteer) groundnut plants.

An optimum temperature of 20C, prolonged leaf wetness hours, and

high humidity favours the rust disease. Spread of the disease within

growing crops is facilitated by wind movement, by rain splash, and

also by insects (Subrahmaniyam and Mc Donald, 1987).

4. Alternaria Leaf Blight (Alternaria spp.)

The leaf blight disease of groundnut is caused by Alternaria alternata

(Fr.) Keissler, as reported by Balasubramanian (1979), Subrahmanyam

et al. (1981), Vyas et al. (1985) and Narain et al. (1987) and also were

caused by Alternaria tenuissima (Kunze. Fr) Wiltshire as reported by

Patil and Hiremath (1989) and Ghewande et al. (1982). Two other

species of Alternaria reported from groundnut are Alternaria arachidis

Kulk. described by Kulkarni (1974) cause the brown leaf spot symptom,

and Alternaria longipes described by Giri and Murugesan (1996) cause

necrotic leaf spots. The leaf blight caused by A. alternata has been
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hitherto a minor disease of groundnut. However, in summer crop of

2009 a widespread occurrence of this disease was observed in severe

form in farmers’ fields in Junagadh, Rajkot and Kuchchh districts of

Gujarat (Kumar et al., 2009). Since then this disease had been occurring

in severe form on summer groundnut. The disease reduced pod (upto

22%) and fodder (up to 63%) yield depending on severity.

The characteristic symptoms of the disease are blighting of the apical

portions of leaflets, which turn light to dark brown in colour. In the

later stages of infection, blighted leaves curl inward and become brittle.

Adjacent lesions coalesce giving the leaf a ragged and blighted

appearance. Disease develops more rapidly on the upper portion of

the canopy than on the lower portion.

Self sown (volunteer) groundnut plants as primary inoculums and

secondary spread through conidia. It has several weed hosts including

aquatic weeds like water hyacinth (Eichhornia crassipes) and pistia (Pistia

stratiotes). Water hyacinth is commonly found in water reservoirs. The

sources of the inoculums in epidemics of Alternaria leaf blight may

come from sesame, sunflower or the weed hosts, besides the left over

plants of previous season crops

A. alternata requires relative humidity of 85% and above (Reis et al.,

2006) and optimum temperature range of 25-30C for conidial

production (the maximum conidia being formed at 20C and only a

few above 32C) (Stavely and Main, 1970).

Virus diseases

1. Groundnut bud necrosis (Groundnut bud necrosis tospovirus)

The occurrence of bud necrosis disease on groundnut was first reported

from India by Reddy et al. (1968). This is the most important virus

diseases of groundnut, widely distributed and causes yield losses from

30 to 90% depending upon plant growth stage at the time of infection.

The hot spot locations are Jagtiyal and Hyderabad in Andhra Pradesh,

Latur in Maharastra, Tikamgarh in Madhya Pradesh, Raichur in

Karnataka and Mainpuri in Uttar Pradesh.

The typical symptoms of the disease include terminal bud necrosis,

severe stunting and proliferation of axillary shoots. Necrosis of the

bud may spread to the petiole and stem, sometimes leading to death of

the plants. In late infections pod size is reduced. Seeds are often
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shrivelled and have mottled and discoloured testa (Reddy et al., 1991).

Groundnut bud necrosis virus is also known as Peanut bud necrosis virus

(PBNV). It is placed in the genus Tospovirus belongs to the family

Bunyaviridae. The virion is quasi-spherical in shape, contain a

segmented genome of three single-stranded RNA molecules that are

each bounded by a nucleocapsid protein to form riboncleoproteins

which are encased within a lipid envelope consisting of two virus

coded glycoproteins and a host-derived membrane. Large (L), medium

(M), and small (S) RNA segment were characterized based on nucleotide

sequence, genome organization and homology to other tospoviruses

(Satyanarayana et al., 1996a, 1996b; Akram et al., 2004; Venkatesan et

al., 2009; Lokesh et al., 2010).

Thrips palmi was identified as efficient vector of PBNV which transmits

in circulative and propagative manner. The 1st or 2nd stage larva acquires

the virus and transmits during adult stage. The vector is viruliferous

throughout its life time nevertheless, transovarial transmission is

absent.

The pathogen has a wide host range and survives on ornamentals

(Zinnia, cosmos and sunflower), weeds (Ageratum conyzoides, Cassia tora,

Acanthospermum hispidum, Desmodium triflorum) and crop plants (tomato,

brinjal, green gram, black gram, beans and pea).

Temperature 30C and a wind speed of 10 km/h favour migration of

thrips. The thrips population increases rapidly in late August and

September. The population builds up again during January and

February and hence rabi season crop also suffers very seriously.

2. Groundnut Stem Necrosis (Tobacco streak ilarvirus)

The disease is distributed in Anantapur district and to some extent in

the adjoining Cuddapah, Kurnool and Chittoor districts of Andhra

Pradesh, and Raichur area of Karnataka. Surveys carried out in Gujarat

and Maharashtra did not show the presence of the disease in surveyed

areas (Porbandar, Rajkot, and Junagadh in Gujarat and Jalgaon in

Maharashtra). The disease is caused by Tobacco streak virus (TSV) of

the genus Ilarvirus, of the family Bromoviridae (Reddy et al., 2002; Prasad

Rao et al., 2003a).

The characteristic symptoms of the disease are appearance of large

necrotic lesions on young leaflets which later coalesce to cover entire
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leaflet, followed by necrosis of entire stem located below the necrosed

leaflet, leading to death of the plant.

TSV is pollen borne and probably is not transmitted through seed.

Thrips vectors (Frankliniella schultzei, Scirtothrips dorsalis and

Megalurothrips usitatus) aid in passive transmission of the virus, as

carriers of pollen from infected plants. There was no evidence of

ingestion of the virus by the vector (Shukla et al., 2005). When the

thrips infest groundnut plants, the pollen grains get dislodged from

the insect’s body and during the feeding process virus present in the

pollen, infects the host plants. TSV infects a number of commonly

occurring weeds and a few crop plants (Prasada Rao et al., 2003a, b;

Shukla et al., 2005). It has been observed that Parthenium hysterophorus

a widely distributed weed plays a major role in virus spread, mostly

as symptomless carrier.

The distinguishing features of stem necrosis and bud necrosis disease

(Modified from Prasad Rao et al., 2003a) are as under:

Disease Groundnut stem necrosis Groundnut bud necrosis

Causal Virus Groundnut stem necrosis virus Groundnut bud necrosis virus

Genus Ilarvirus Tospovirus

Symptoms Necrotic lesions on terminal Chlorotic lesions on terminal
leaflets, complete stem leaflets, ring spots and often
necrosis and often total necrosis of terminal bud.
necrosis of entire plant.
Axillary shoot roliferation, Axillary shoot proliferation
restricted to apical portion with small and deformed
may occur. leaflets. Infected plants

remain stunted and seldom
die.

Necrotic spots on pods. Testa No Necrotic spots on pods.
is not discoloured or mottled. Testa is discoloured and

mottled.
No evidence of seed Definitely not seed
transmission. Additional tests transmitted
necessary.

Serological Ilarvirus in Bromoviridae Distinct Tospovirus and reacts
cross reaction Reacts with many tobacco only with groundnut bud

streak virus antisera. necrosis virus antiserum.

Seed Seed-transmitted in many hosts Not seed-transmitted in any
transmission of the hosts

Transmission Transmission by Frankliniella Transmitted by several
vectors schultzei in a persistent manner species of thrips. Relationship

is passive.

Primary spread Mostly weed hosts Weed and crop plants
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3. Peanut Mottle (Peanut mottle potyvirus)

Peanut mottle caused by peanut mottle (PMV) potyvirus is reported

to occur mostly on rabi/summer groundnut mainly in the states of

Andhra Pradesh, Maharashtra and Gujarat. The disease can cause up

to 30% loss in yield (Kuhn and Demski, 1975). Newly formed leaves

show mild mottling and vein clearing, whereas older leaves show

upward curling and interveinal depression with dark green islands.

Infected plants are not severely stunted and older plants seldom show

typical disease symptoms. Some pods from plants infected with PMV

may be smaller than normal and have irregular, green to brown

patches. Seeds from such pods are discoloured. Yield losses of 15-45%

have been recorded in India (Reddy et al., 1978).

The virus is transmitted through the seed to the extent of 8.5% (Adams

and Kuhn, 1977) and secondary transmission is by aphid species. The

pathogen survives on several important legume crops (groundnut,

soybean) and weeds (Cassia obtusifolia, C. leptocarpa, C. occidentalis and

Desmodium canum). The primary source of inoculum is through seed

and the secondary spread occurs through aphids. Prolonged dry spells

favours the build-up of aphids population.

4. Peanut Clump (Peanut clump furovirus)

Indian peanut clump caused by peanut clump furovirus has been

reported from Rajasthan, Punjab, Gujarat, Andhra Pradesh and Uttar

Pradesh where, crops grown in sandy soils (Ghanekar, 1980).

Symptoms are severe stunting, mosaic mottling and peeling of root

epidermis. A yield loss up to 60% has been recorded in late infected

plants.

The disease occurs in patches in the field. Young leaves show mosaic

mottling and chlorotic ring symptoms. Older leaflets are darker green

with faint mottling. Early infected plants are severely stunted and

become dark green.

Indian peanut clump virus isolates are transmitted through seed (Nolt

and Reddy, 1984). A soil-borne fungus (Polymyxa graminis) also

transmits the virus (Ratna et al., 1991). P graminis has a wide host

range and so the virus also perpetuates over seasons.

Nematode diseases

1. Root knot (Meloidogyne arenaria, M. hapla and M. javanica)
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Nematode damage is frequently not suspected until roots and pods

are examined. Plants infected by root knot nematodes commonly

develop enlarged roots and peg which develop into galls of various

sizes. Root development is commonly reduced. Severely infected plants

are stunted and have chlorotic leaves.

2. Kalahasti malady (Tylenchorhynchus brevelineatus)

This is now a serious disease in Andhra Pradesh, particularly in

Tirupati areas. Infected plants appear in patches in the field, and are

stunted with greener than normal foliage. Small brownish yellow

lesions appear on the pegs, and on young developing pods. Peg length

is reduced. In advanced stages of the disease the entire pod surface

becomes blackened and kernels become small.

Aflatoxins

Aflatoxin contamination due to invasion by Aspergillus flavus and A.

parasiticus is a major problem in groundnut. Aflatoxins are potent

toxic, carcinogenic, mutagenic, immunosuppressive agents, produced

as secondary metabolites by the fungus. Among 18 different types of

aflatoxins identified, major members are aflatoxin B
1
, B

2
, G

1
and G

2
.

Aflatoxin contamination although does not affect yield, but it causes

serious health risks to human and cattle.

Groundnut pods when in direct contact with spores of A. flavus in

soil are frequently invaded before harvest (Hill et al., 1985; Horn et al.,

1995). The mode and extent of invasion by A. flavus depends on soil

population density of A. flavus, soil moisture and soil temperature

during the pod development to maturity period. These fungi can invade

and produce toxins in groundnut kernels before harvest, during drying

and in storage. Kumar et al. (2008) conducted studies on prevalence

and variability of soil population of Aspergillus spp. (specifically A.

flavus) across major groundnut growing districts of Gujarat vis-à-vis

aflatoxin contamination. Soil population of A. flavus was found low

in summer crop (<4.0 x 103 c.f.u. /g soil) than in kharif (monsoon) crop

(10-44 x 103 c.f.u. /g soil) in majority of the samples. The population

increased towards pod development stage of the crop. Bhuj and

Bhavnagar district had lowest population in both the crop seasons.

In majority of the samples positive correlation was found with the

population of A. flavus and level of aflatoxin contamination. Cropping

system influenced the level of population. Various surveys conducted
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in different parts of India have revealed that groundnuts and

groundnut products are high-risk commodities for aflatoxin

contamination. Kumar et al. (2008) reviewed the commodity-wise

etiology and contamination process of the major mycotoxins and the

magnitude of contamination in commercially important agricultural

commodities.

Environmental conditions required to induce pre-harvest aflatoxin

contamination of groundnuts was studied by Cole et al. (1989). They

showed that groundnuts do not become contaminated with aflatoxins

in the absence of severe and prolonged drought stress in spite of

invasion levels of up to 80% by A. flavus and A. parasiticus. Also, larger,

more mature groundnut kernels required considerably more drought

stress to become contaminated than did smaller, more immature

kernels. The role of environmental stress in predisposition of

groundnuts to aflatoxin contamination was demonstrated by several

workers (Sanders et al., 1985; Thai et al., 1990). Although, roots did

not suffer drought stress, when pod suffered stress, risk of aflatoxin

contamination increased (Sanders et al., 1993). The rainy season crop

is often subjected to drought, particularly end-of-season drought, in

most of the areas in the major groundnut producing regions in India.

This encourages A. flavus infection and aflatoxin contamination (Bhat

and Rao, 1990; Ghewande, 1997). Since the development of genetic

transformations systems for A. flavus and A. parasiticus, 10 genes have

been isolated in the aflatoxin pathway and nine enzymatic conversions

have been elucidated or confirmed (Payne and Brown, 1998; Bhatnagar

et al., 2003).

Management of major diseases

The changing production system scenario demands for cost effective,

easily adaptable and eco-friendly tools for the effective management of

the major diseases. Diseases management requires judicious adoption

of the several management tools. The important among them are

discussed below:

Cultural Practices

Several cultural practices like removal of volunteer plants, removal or

burial of infected crop debris, crop rotation, organic amendments of

soil, intercropping etc. are important for the management of diseases.
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Removal of volunteer groundnut plants, removal or burial of infected

crop debris, crop rotation and early sowing of the crop can reduce

intensity of leaf spot and rust. Altering plant population could also

reduce foliar disease severity (Ghewande et al., 1983; Kodmelwar and

Ingle, 1989). Intercropping groundnut with pigeon pea, cowpea, black

gram, pearl millet, sorghum and other crops have been reported to

reduce the intensity of foliar diseases. Deep ploughing of fields and

rotation of groundnut with gram and wheat are useful in reducing

the collar rot disease incidence (Sathiyanarayanmurthy et al., 1988).

Early sowing of groundnut in June reduces collar rot incidence. The

crop planted with a spacing of 30 cm between the rows had lowest

root rot incidence than when planted with a row spacing of 45 cm or

60 cm. Closer spacing reduced incidence of collar rot and stem rot in

early sown crop. Cultural practices such as deep covering or burial of

organic matter before planting, avoiding movement of soil up around

the base of plant, prevention of development of organic debris are

useful for reducing the incidence of stem rot. Cotton is a suitable

rotation crop for management of S. rolfsii (Rodriguez and Morgan,

1987). Other rotation crops like maize, sorghum, onion and garlic are

also useful for the management of stem rot. Plant density can be

increased to decrease the proportion of infected plants of bud necrosis

(Reddy et al., 1983). Groundnut intercropped with pearl-millet and

early sowing showed less incidence of bud necrosis disease as compared

with sole crop at ICRISAT (Ghanekar, 1980). Cultivation of groundnut

away from soybean, cowpea and navy beans could reduce peanut

mottle virus considerably as in these crops the virus is seed transmitted

and serve as foci of inoculums (Demski and Khun, 1983). Groundnut

crop grown during rabi escapes the clump disease (Reddy, 1988). Soil

borne pathogens can be effectively managed through deep ploughing

during summer months, increased use of farmyard manure, deoiled

cakes, other organic amendments and soil solarisation. Application of

neem cake and farmyard manure to soil gave good control of collar

rot (Karthikeyan, 1996). In pot experiment the best reduction of pre-

and post- emergence death of seedlings infected by S. rolfsii was given

by amendments of safflower oil cake and sun hemp which was more

effective than seed dusting with captan (Kulkarni et al., 1995). Rago et

al. (1997) observed that there was no sclerotial production on lucerne

residues. Wheat straw application reduced Sclerotina blight in 1992

and 1993 but not in 1994 compared with unamended plots (Ferguson

and Shew, 2001). The crops like sesamum, castor and cotton are good
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crops to include in rotations for reducing the incidence of M. arenaria

(Rodriguez and Morgan, 1987; Rodriguez et al., 1991). Poultry manure

and neem cake amendments give good control of Kalahasti malady

(Tylenchorhynchus brevilineatus) (Naidu et al., 2000). Nematode problems

in groundnut can be effectively managed through deep ploughing

during summer months, increase use of F.Y.M. and other organic

amendments and soil solarisation. For the management of foliar

diseases especially leaf spots and rust, deep burying of crop residues,

destruction of crop debris by burning, removal of affected groundnut

plants, early planting and wider row spacing (40-45 cm) and

intercropping of pearl millet, sorghum and pigeon pea have been

advocated (Ghewande et al., 2002). Early sown crops suffered least

from leaf spot and rust due to low inoculum potential whereas late

sown crops suffered more because of ready availability of inoculum

built in early sown crops (Naidu and Chandrika, 1997). Further they

also suggested that late Kharif sowing might be utilized for screening

groundnut germplasm for disease resistance due to the existence of

maximum inoculum load on the late sown crop. Similarly, Ashtaputre

et al. (1994) found that early sowing preferably in June helped in the

reduction of late leaf spot incidence. Kumar et al. (2010a) studied the

effect of soil and irrigation water salinity on severity of major foliar

fungal diseases of groundnut and found that salinity stress reduced

the foliar fungal diseases viz., early leaf spot, late leaf spot and rust. It

was concluded that though groundnut was a sodium sensitive crop

to soil salinity, it can be grown profitably up to a threshold salinity

stress of 2.0 dS m-1 irrigation water salinity (EC
iw

) and 2.5 dS m-1 soil

salinity as at this salinity the severity of foliar diseases were less and

the pod yield was maximum.

Host resistance

Use of disease resistant cultivars is one of the best means for reducing

crop losses. Sources of disease resistance have been identified both in

the primary gene pool and in the wild relatives of A. hypogaea.

Hundreds of land races, advanced breeding lines, cultivars and wild

species have been screened for resistance against foliar fungal diseases

by several workers and a large number of resistant sources have been

identified (Ghewande et al., 1992; Mc Donald et al., 1985; Moraes and

Godoy, 1985; Subramaniyam and Mc Donald, 1987; Subramaniyam et

al., 1989). Source of multiple disease resistance especially for late leaf

spot and rust are also available from ICRISAT. These are EC76446
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(292), NCAc17133 (RF), PI 259747, PI 350680, PI 389595, USA 63 and

NCAc 343. Ghewande et al., 1992 identified five multiple disease

resistant germplasm accessions viz., NCAc17149, NCAc927,

NCAc17133 (RF), PI 393646 and PI 341879, resistant to early leaf spot,

rust and Alternaria leaf spot. Recently, Bera et al. (2011a,b,c,d,e,f,gh)

reported eight groundnut germplasm viz., NRCGCS 77, NRCGCS 83,

NRCGCS 85, NRCGCS 86, NRCGCS 21, NRCGCS 124, NRCGCS 180,

and NRCGCS 222 having multiple disease resistance to PBND, stem

rot, late leaf spot, early leaf spot, rust and Alternaria leaf blight. Genetic

resistance to foliar diseases such as P. personata and C. arachidicola has

usually been associated with low yields and late maturity (Pixley et

al., 1990). The genotypes, ICGV 86252 and JL 24-3 were found resistant

to leaf spot in field trials (Reddy et al., 1997). In general, it is very

difficult to get promising sources of resistance to many of the seed and

soil borne pathogens such as S. rolfsii, M. phaseolina and A. niger as

they are not very specialized pathogens and they have a very wide

spectrum of host attacking mechanism. However, a few genotypes

have been identified as tolerant to these pathogens. Recently an

advanced breeding line, NRCGCS 19 at NRCG had been found resistant

to stem rot and incorporation of resistance from this to agronomically

suited variety is in progress (Ghewande et al., 2003). At ICRISAT, ICGV

86029, ICGV 86030, ICGV 86031, ICGV 86032, ICGV 86033 and ICGV

86558 were identified to possess field tolerance to groundnut bud

necrosis and also had good agronomic traits (Reddy et al., 1991). Arachis

chacoense and A. pussilla were found to be resistant to peanut mottle

virus (Reddy, 1988). Two genotypes viz. EC-76446 (292) and NCAc

17133 RF had not shown any seed transmission of peanut mottle virus

(Ghanekar, 1980). Four genotypes JSP 1, ICGMS 2, NCA X and CGC

4 have been reported to be resistant to root knot disease caused by M.

arenaria (Grewal et al., 1986). The released varieties resistant / tolerant

to major diseases are listed below which continues to be used in endemic

areas.

Diseases Resistant/tolerant varieties

Early leaf spot, late leaf spot, rust ALR 1, ALR 2, ALR 3, Girnar 1, ICGV
86590, ICGV 87160, ICGV 86325, CSMG
84-1, OG-52-1, RSHY 1, DRG 12, DRG 17,
TAG 24, BSR 1, VRI 5, CO 4

Collar rot and aflaroot J 11, JCG 88 and OG-52-1

Stem rot OG-52-1, Dh-8, and ICGV 86590

Groundnut bud necrosis disease ICGS 11, ICGS 44, ICGS 37, Kadiri 3,
ICGV 86325, K 134, DRG 12, R 8808, JCG
88, CSMG 884

Source: Ghewande et al; 2002.
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Biological control

Biological control refers to the purposeful utilization of introduced or

resident living organisms to suppress the activities and populations

of one or more plant pathogens. A critical analysis of the literature on

biological control reveals a skewed research towards soil-borne

pathogens, as the response has been more positive in this area as

compared to foliar pathogens. The biocontrol agents have to be

produced in bulk and applied with the onset of the disease to get the

desired level of control. Mass production of biocontrol agents using

low cost technology is the basic requirement for successful exploitation

of biocontrol agents.

Among the fungi, Trichoderma has been extensively used to manage a

variety of plant pathogens. The genus Trichoderma has nine species

aggregates with a lot of strains. The mode of biocontrol is by

mycoparasitism, competition, production of hydrolases and

antimicrobial chemicals. Whereas some strains possess more than one

mode of action and effective against many pathogens, some strains

are specific to some pathogens. Several strains of Trichoderma have been

commercially exploited and are available for use by farmers. T.

harzianum and T. viride applied as seed dressing effectively reduced

mortality of groundnut seedlings due to stem rot and collar rot

(Kulkarni et al., 1994; Nagaraju and Urs, 1998). Seed rot and collar rot

were reduced in pot cultures when Trichoderma isolates were

incorporated into the soil (Prabhu and Urs, 1998). The spores of

Trichoderma remained viable up to nine weeks of storage at room

temperature on seeds when the seeds were coated and reduced the

stem rot incidence (Biswas et al., 2000). Biswas et al. (2000) reported

significant reduction in stem rot incidence by two strains of Trichoderma

either as seed dressing (33-50%) or soil application in pot trials (72-

83%). Their studies on formulation of the strains showed that spores

of T8 and T10 isolates showed better longevity after 13 weeks (1.3 x

103 c.f.u./seed) and upto 15 weeks (1.0 x 104 c.f.u./seed) respectively,

when the seeds coated with spores were dipped in 2% carboxy methyl

cellulose and pelleted with bentonite at 25 g/kg seed. Bacterial isolates

viz. BCB-135, AF-52, Pseudomonas fluorescens-2 and Bacillus isolates were

effective in reducing the population of A. flavus. Bacillus spp. could

reduce the population by 53.08% followed by P. fluorescens (47.94%),

AF-52 (40.60%) and BCB-135 (36.56%). These isolates also showed

plant growth promotion activity (Desai et al. 2002).
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Rust was significantly reduced by T. harzianum on detached groundnut

leaves. T. harzianum colonized better on uredosori (16 day old) which

were post treated with the antagonist than on pustules developed on

pre-treated and simultaneously treated leaves. A phenol-like antifungal

compound was separated from the 36 hr old germinating T. harzianum

(Govindasamy and Balasubramanian, 1989). The mycoparasites like

Acremonium persicinum, Eudarluca caricis, Penicillium islandicum, Tuberculina

costaricana and Verticillium lecanii and their culture filtrates inhibited

urediniospore germination and reduced rust development by varying

degrees. Sprays of culture filtrates of V. lecanii and P. islandicum

significantly reduced rust disease under field conditions (Ghewande,

1990b). By monitoring the fermentation conditions, biocontrol agents

against late leaf spot and rust such as P. islandicum and V. lecanii were

mass multiplied and formulated using cheap and simple substrates

(Desai and Bagwan, 2002). Another antagonist Fusarium chlamydosporum

has been found to rapidly colonize the rust pustules. Mathivanan

and Murugesan (2000) found that uredospore greatly lost its ability

to germinate and also resulted into bursting and degradation of cell

walls of uredospores. A significant reduction (20-38%) was recorded

due to spraying of culture filtrates along with uredospores.

Extra cellular chitinolytic enzymes of microorganisms have a potential

to suppress the activities of the pathogens by degrading the chitin in

their cell walls and thus protect the plants from disease. A 40 kDa

extra cellular chitinase was detected from M. verrucaria, an antagonist

of P. arachidis, and the purified chitinase inhibited uredospore

germination (Govindasamy et al., 1998). Kishore et al. (2003) found

that Serratia marcescens GPS-5 and Bacillus circulans GRS-242 had

potential in terms of chitinolysis and inhibition of in vitro conidial

germination of P. personata when these strains were used as foliar spray

in controlled environment, reduction in late leaf spot was non-

significant but supplementation of foliar spray with 1% colloidal chitin

resulted in effective control. Mycoparasites, Dicyma pulvinata and V.

lecanii, and their culture filtrate inhibited the in vitro spore germination

(33-75%) and reduced in vivo development of P. personata (Ghewande,

1989b).

Among bacterial antagonists, species of Pseudomonas are known to be

highly potential. Fluorescent pseudomonads have been reported to

be antagonistic against many soil-borne and foliar pathogens. Podile

and Prakash (1996) have studied in detail the mode of action of B.
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subtilis AF1 strain, effective against A. niger. The bacterial cells adhered

to the fungal mycelium, multiplied in situ, colonized and lysed mycelial

surface. Groundnut seeds bacterized with B. subtilis showed a reduced

incidence of crown rot in A. niger infested soil. Patil et al. (1998) reported

that two strains of Pseudomonas fluorescens viz. FPD-10 and FPD-15

inhibited sclerotial germination of S. rolfsii in vitro as well as in soil.

The strain FPD-15 was more ‘ecologically fit’ with greater multiplication

and survival in the soil. Among six carriers tried for the soil application

of a native isolate of Pseudomonas fluorescens for the management of A.

niger, disease incidence was the lowest (23.33%) in the peat soil followed

by the farmyard manure and gobar gas effluent (Sheela et al., 1998).

Bacteriarization with species of Bacillus resulted in the effective biological

control of stem rot of groundnut and enhanced plant growth/yield

(Sakthivel et al., 1998). B. subtilis AF1 not only inhibited A. niger causing

collar rot but also possessed plant growth promoting activity (Sailaja

et al., 1998). Hence, the isolate could be used for management of A.

niger. Kishore et al. (2005) reported suppression of collar rot by

Pseudomonas aeruginosa strain GSE 18 and the cell-free culture filtrates

were fungicidal and induced mycelial deformations including hyphal

bulging and vacuolization in necrotrophic fungi. Rakh et al. (2011)

reported antagonistic activity of Pseudomonas cf. monteilii 9 against S.

rolfsii. It produced diffusible antibiotic, volatile metabolites, hydrogen

cyanide and siderophore which affected Sclerotium rolfsii growth in vitro.

Botanicals

Green plants appear to be the reservoirs of effective therapeutants and

can provide renewable sources of useful biofungicides. For example,

aqueous leaf extracts (2%) of neem (Azadirachta indica) and mehandi

(Lawsonia inermis) were found to be effective and economical in

controlling leaf spots and rust diseases of groundnut (Ghewande,

1989a). Neem has been extensively used for the management of diseases

of crop plants. However, in groundnut use of neem and its products

has not been very extensive. In the field trials conducted at the DGR,

Junagadh during kharif 1985-86 and 1989-90, three sprays of aqueous

neem leaf extract (2%) at fortnightly interval starting from 4-5 weeks

reduced severity of early leaf spot by 13.6%, late leaf spot by 22.2% and

rust by 30.6%. The treatment also increased the pod yield by 26.1%

with a benefit/cost ratio of 2.26:1. Ganapathy and Narayanaswamy

(1990) reported that water extracts of neem leaf, neem cake and neem

oil (1%) was useful in inhibiting the LLS and rust pathogens under
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laboratory conditions. They also reported that 1% neem oil reduced

the incidence of LLS and rust and increased pod yields by 62.3% of

groundnut over control. Soil application of 55 kg/ha potash plus 1%

foliar application of potash coupled with 2% neem seed kernel extract

significantly reduced the incidence of tikka leaf spot and increased

pod and haulm yield (Chandrasekhar et al., 1994). On the contrary,

Lokhande et al. (1998) have found that chemical spray was superior

to neem products. Such differences in the performance of plant

products is not unusual as the efficacy of broad spectrum pesticides

such as neem depend on the initial inoculums load of the pathogens,

the weather prevailing at the time of spray and efficacy of the

formulation. Usually, when the disease levels are already high, such

pesticides show little influence in disease control. A. niger, M. phaseolina,

and A. flavus were effectively controlled by the extracts of Polyalthia

longifolia (Sobti et al., 1995). Narain et al. (1981) found that soaking

groundnut seed in Vinca rosea leaf extract was not as effective as that of

carbendazim and thiram to reduce leaf spot incidence. Ethanol and

essential oil extracts of O. sanctum inhibited growth and multiplication

of A. niger and A. flavus and increased seed germination of groundnut.

In greenhouse studies ethanol extracts gave the best control of both

diseases (Mahapatra et al., 1994). Spraying of 2.5 g mancozeb + 1.0 g

carbendazim at 50 DAS followed by spraying of C. procera 5% leaf

extract at 70 DAS proved to be highly significant in reducing the leaf

spot disease and in increasing the yield (Srinivas et al., 1997). Leaf

extracts of coconut, sorghum, neem and Parthenium reduced the late

leaf spot incidence and increased the yield, neem leaf extract being the

most effective. (Sudheendra-Ashtaputre, 1999). Application of mustard

cake @ 2% enhanced the growth of Trichoderma spp., where as

germination of sclerotia of S. rolfsii were inhibited at the same

concentration (Desai et al., 2003). Growth of S. rolfsii was effectively

inhibited by all the concentrations tested of the extracts of Agave

americana, Cassia occidentalis and Azadirachta indica, the maximum

inhibition being at 10% concentration (Seshakiran and Adiver, 2003).

Two years field experiments (2001-2002) showed that application of

fresh leaves of Parthenium hysterophorus, neem, Pongamia glabra and wild

sorghum @500 kg/ha in furrow at the time of sowing gave higher

yield and effective control of stem rot as compared to control treatment

(Ghewande et al., 2003).

Chemical Methods
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Several systemic and non-systemic fungicides were tried for reducing

the severity of major foliar diseases viz. early leaf spot, late leaf spot

and rust in India and elsewhere (Kolte, 1984; Mc Donald et al., 1985;

Subramaniyam and Mc Donald, 1987). However, no single fungicide

was found effective against all the foliar diseases. Efforts were made to

evaluate new chemicals released from time to time for their efficacy

against groundnut pathogens. However, as seen from the overall

analysis, most of the studies found that carbendazim was effective

against leaf spots and mancozeb to the rust disease. This also probably

gives an indication that there is not considerable variability in the

pathogens. Singh and Naik (1977) reported efficacy of two sprays of

carbendazim and benomyl in managing leaf spots and in increasing

yield. In field trials at two locations, application of three foliar sprays

of 0.2% mancozeb or kocide (copper hydroxide) or 25 kg sulphur dust/

ha at 15-day intervals beginning 45 days after sowing, was effective

against P. arachidis and increased yields of unshelled nuts from 459 to

764-996 kg/ha. Mancozeb was the most effective, followed by sulphur

dust and kocide (Durairaj and Mohan, 1978). Three years of study

revealed that three sprays of tridemorph at 0.07%, beginning 45 days

after planting and continuing at 10-day intervals, gave effective control

of rust and increased pod yield (Mayee et al., 1979). In field trials, four

sprays of carbendazim at 150 g in 250 L water/ha, at fortnightly

intervals, substantially decreased leaf spots and increased yield.

However, it was also suggested that to avoid development of resistance,

the last spray should be made with a different non-systemic fungicide

(Sekhon and Dhillon, 1981; Rattan and Kang, 1984). Three sprays of

carbendazim (0.1%), benomyl (0.1%), copac (0.1%), tridemorph

(0.05%), mancozeb (0.2%) and propiconazole (0.1%) reduced intensity

of leaf spots and rust and increased the pod yield significantly (Rahman

et al., 1989). However, carbendazim and tridemorph were best against

leaf spots and rust, respectively. Adiver and Anahosur (1995) reported

tebuconazole, cyproconazole, propiconazole and difenoconazole were

effective against late leaf spot. Best control of leaf spots and rust was

achieved with hexaconazole and difenoconazole, and these treatments

also gave highest pod and fodder yields. Spraying of a mixture of

mancozeb and carbendazim at 50 days after sowing, followed by

spraying of 5% leaf extract of C. procera at 70 DAS proved to be highly

significant in reducing the leaf spot disease and in increasing the yield

(Srinivas et al., 1997). Leaf spots and rust were effectively managed

when three sprays of carbendazim (0.05%) + mancozeb (0.2%) were
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given at 15 days interval commencing from the first appearance of

symptoms (Naidu and Rao, 1997). Johnson et al. (1998) reported spray

treatments of carbendazim + mancozeb gave good control of foliar

diseases with an increase in yield by 20%, giving an additional income

of Rs. 2250 per hectare. Rust and leaf spots were substantially reduced

by spraying a mixture of carbendazim (0.025%) and tridemorph (0.4%)

five times at fortnightly intervals commencing 35 days after sowing

during summer. The hexaconazole treated plots gave a 71% higher

pod yield and an 87% higher fodder yield than an untreated control

with the highest net return of Rs 9793/ha (Jadeja et al., 1999). Instead

of taking up spray schedules based on crop age, Das et al. (1997) used

weather dependable spray schedule (WDSS) to minimize application

to only two sprays for management of leaf spots and rust. Such

schedule would be highly useful in areas where the disease is endemic

and the variety sown is susceptible.

For management of seed and soil-borne diseases only seed treatment

has been practical as soil application of chemicals has not only been

expensive but also not practical. carbendazim @ 2 g/kg of seed was

recommended for the control of collar rot. Seed treatment with either

thiram @ 3 g/kg seed or carbaendazim @ 2 g/kg seed is effective in

controlling seed and soil-borne diseases. Among 12 fungicides screened,

propiconazole and iprodione at 5-1000 ppm inhibited the mycelial

growth and also controlled spore production of A. niger (Woothisak et

al., 1991). Tok-E-25 was the most effective treatment in controlling A.

niger and A. flavus, in vitro (Siddaramaiah et al., 1981). Tebuconazole

and cyproconazole were effective against S. rolfsii, which inhibited

ergosterol biosynthesis (Adiver and Anahosur, 1995).

In addition to traditional antifungal chemicals, efforts were made to

use chemicals that induced resistance in the plant systems. Dasgupta

et al. (1998) found that seed soaking in chitosan (0.1%) is economical

in controlling collar rots. Chitosan treatment of groundnut leaves

before inoculation reduced the number of lesions, lesion diameter and

sporulation of P. arachidis (Sathiyabama and Balasubrahmaniam, 1998).

Further it was observed that chitosan-treated leaves showed an

increase in endogenous salicylic acid and intercellular chitinase and

glucanase activity which were associated with induced resistance. A

mixture of Di-xiu-na (a.i. sodium sulphanilate) and colloidal sulphur

controlled infection of rust and leaf spot pathogens, increasing yield

by 30-40%. Addition of 0.1% copper sulphate to the spray improved
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efficiency. To avoid phytotoxicity, concentration of Di-xiu-na should

not exceed 1:500, or 1:600-700 at high air temperature. The mixture

controlled rust well even in the rainy seasons (Lin and Cheng, 1980).

Biotechnological approaches

The rate of success in conventional disease resistance breeding in

groundnut had been very low in India. Though some good sources

of resistance to foliar diseases are available (Subramaniyam et al., 1995),

a very high degree of resistance could not be transferred to the high

yielding background mainly because of the complexity of inheritance

of resistance and undesirable linkages (Millar et al., 1990). Wild relatives

of groundnut possess resistance to the level of even immunity. But,

the interspecific hybridization has not been highly successful in

introgressing the desirable traits due to several inherent breeding

barriers (Bandyopadhyay et al., 1992). Though a moderate degree of

resistance against aflatoxigenic fungi is available in the cultivated gene

pool, success in breeding has been almost non-existent. Relatively little

efforts have been made so far in breeding for resistance to the soil-

borne pathogens. In addition, the breeders have been using a very

limited stock of the primary gene pool (Stalker, 1991). To add to this

problem, isozyme and restriction fragment length polymorphism

(RFLP) have shown that variability at the molecular level is low in

cultivated groundnut (Kochert et al., 1991). This limited variability

may explain to some extent why the groundnut yield is not going

over the plateau. Therefore it becomes imperative to explore at least

the alternative possibilities of building up host resistance as a part of

integrated disease management.

Through the aids of non-conventional breeding methods like

transformation and protoplast fusion, disease resistance could be

introduced into an otherwise desirable genetic background. The success

of these methods has started generating good hopes in the case of

virus diseases where coat-protein-mediated resistance has been used.

For a successful non-conventional gene transfer programme, the basic

requirements are standard and easily reproducible in vitro regeneration

and recombination techniques. In groundnut, protocols have been

standardized for regeneration (Ozias-Akins et al., 1993;

Bandyopadhyay et al., 1995). Chitinases and glucanases are two

potential classes of enzymes, which can hydrolyze the cell walls of the

pathogenic fungi (Bama and Balasubramaniam, 1991; Buchala et al.,
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1991). The chitinase III, isolated from rust infected leaves, inhibited

germination, germ tube growth and appressoria formation of P.

arachidis uredospores (Govindaswamy and Balasubramaniam, 1994).

Infection of groundnut leaves with C. arachidicola lead to a marked

increase in activity of three extra cellular -1, 3 glucanases, which

when acting together, were capable of degrading the pathogen cell

wall in vitro (Roulin and Buchala, 1995). In groundnut, chitinase genes

form a small multigene family. Herget et al. (1991) isolated four

chitinase cDNAs (chit 1-4) from cultured cells. Expressions of individual

chit genes were assayed by the polymerase chain reaction followed by

RFLP analysis. They concluded that chit 2 gene expression may be

controlled by pathogen-specific regulatory elements as the expression

was strongly activated by the cell wall components of Phytophthora

megasperma. Kellmann et al. (1996) characterized, cloned and sequenced

two classes II chitinases from groundnut cv. NC4 (A.h.Chi2; 1 and

A.h.Chi2; 2). Transgenic tobacco plants containing the complete peanut

A.h.Chi2;1 gene exhibited essentially the same expression pattern in

leaves as observed in peanut cell cultures. Transcriptional fusion of a

1.2 kb 5'-upstream region of A.h.Chi2; 1 to the GUS reporter gene

conferred its expression in leaves of transgenic tobacco plants after

challenging with P. megasperma elicitor or Botrytis cineria spores. Thus,

the chitinase gene system offers, apparently, a way for building up of

resistance to fungal pathogens of groundnut. Such resistance, if

successful, may be durable being non-specific in nature. Fertile

transgenic plants of groundnut cv. TMV-2 expressing tobacco (Nicotiana

spp.) chitinase gene were generated. The transgene stably integrated

in the genome of peanut plant and inherited in offspring. Small-scale

field tests indicated increased ability of these plants to resist the fungal

pathogen, C. arachidicola (Rohini and Rao, 2001). Somaclonal variants

of groundnut having higher biomass and field tolerance to leaf spot

and rust disease were selected in fourth generation from shoot tip

regenerants of groundnut variety TAG-24. Field testing of the

regenerants revealed that the characters are stable and heritable (Eapen

et al., 1999).

Against soil-borne fungal pathogens of groundnut, relatively less work

has been done mainly due to lack of information on nature of disease

resistance against pathogens such as Sclerotium rolfsii, Aspergillus spp.,

Macrophomina phaseolina and Rhizoctonia solani. The role of phytoalexins

in groundnut disease resistance was reviewed by Strange and Subba

Rao (1994) and Daniel and Purkayastha (1995). The information can
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help to track down the phytoalexin production metabolism so that

the genes for the synthesis of these phytoalexins could be isolated and

used. Trichoderma spp. are the most studied among the various

biocontrol agents studied so far. However, they have not been

successful as a part of integrated disease management for several

reasons. The absence of more than one mode of action in a single

strain may be one of them. Efforts were thus made for cataloguing of

the strains of Trichoderma for various desired traits to introgress the

desirable traits into an otherwise desirable strain of the biocontrol

agent (Desai, 1996). However, Stasz et al. (1989) found limited vegetative

compatibility between and within the species of Trichoderma following

protoplast fusion. Sivan and Harman (1991) developed intraspecific

hybrids of T. harzianum Strain 1295-22, derived from fusing protoplasts

of auxotrophic mutants of the prototrophic strains T12 and T95, was

more effective in colonizing the middle sections of the roots than either

of the parental strains. Protoplast fusion in the genus Trichoderma gives

rise to great variability (Stasz et al., 1989; Stasz and Hannan, 1990).

To enable marker-assisted selection, protocols were standardized for

transformation of spores of Trichoderma spp. by electroporation for the

introduction of marker characters (Desai, 1996). Similar efforts were

made in the past also by Sivan et al. (1992) to introduce HygB gene

conferring resistance to hygromycin B in T. viride and T. harzianum

including the details of selection protocols, regeneration of

transformants and chromosomal integration of HygB gene. Lorito et

al. (1993) compared efficiency of biolistic and protoplast-mediated

procedures to transform strains of Gliocladium virens and T. harzianum.

The biolistic procedure was technically simpler which increased the

transformation frequency and genetic stability in the progeny as

compared to the protoplast-mediated transformation. Electrofusion

protocols were also standardized for intra- and inter- specific

hybridization of protoplasts with a view to introgress the desirable

traits to enhance biocontrol ability (Desai, 1996).

Cole et al. (1988) hypothesized that phytoalexins were involved in

resistance to moisture-deficit-stress induced preharvest aflatoxin

contamination of immature groundnuts and this resistance might

have evolved in an ecosystem that included seasonal periods of

moisture-deficit-stress. Cooksey et al. (1988) identified a stilbene (3

isopentadienyl l-4, 3’, 5'-trihydroxystilbene) as the major antifungal

component elicited by slicing imbibed kernels. The compound was

inhibitory to both spore germination and hyphal extension of A.
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flavus. The invasion of groundnut kernels by A. flavus can occur under

many conditions, but aflatoxin contamination does not occur until

kernels lose the capacity to produce stilbenes as a result of moisture-

deficit-stress induced dehydration (Cole and Dorner, 1993). The

biosynthesis of stilbenes was due to the activity of two enzymes viz.

stilbene synthase, which catalyses a one-step reaction to phytoalexins

from precursors present in all plant cells, and a reductase, which in

co-action with [naringenin-] chalcone synthase channels the

metabolite flow into the biosynthesis of isoflavonoid phytoalexins

(Schroder et al., 1993). The preliminary evidence of the possibility of

stilbene-gene amplification had been obtained. Fisher and Hain (1994)

generated transgenic tobacco plants expressing, (trishydroxyl) stilbene

synthase genes from groundnut resulting in pathogen-inducible

resveratrol synthesis. Glutathione-S transferase (GSH) is a constitutive

enzyme of the plants. It has a major role in imparting herbicide

resistance to the plants. Aflatoxins are oxidatively metabolized by the

oxygenase system localized on endoplasmic reticulum forming an

unstable but highly reactive AFB
1
-8, 9 epoxide. The levels of GSH in

mice are high enough to convert 12 times more AFB
1
-8,9 epoxide to

AFB
1
-GSH and hence are resistant to the carcinogenic effects of AFB

1

compared with male rats (O’Brien et al., 1983; Ramsdell and Eaton,

1990). The genes for GSH have already been cloned in maize. Attempts

could be made to produce transgenic with GSH genes in groundnut.

This could be another possible approach to manage aflatoxin

contamination (Keenan and Savage, 1995). ICRISAT, Hyderabad has

developed specific monoclonal antibodies for estimation of aflatoxin.

Besides this transgenic groundnut against Indian peanut clump virus

(IPCV) using coat protein (Cp) gene has been produced. The field

testing of IPCVcp transgenic is underway. cDNA copies of the Cp gene

of (IPCV)-H were introduced into cells of Nicotiana benthamiana or

Escherichia coli by transformation with vector based on pROK II or

pET, respectively. The IPCV Cp was expressed and assembled to form

virus-like particles. When transgenic plants expressing IPCV-H Cp

were inoculated with IPCV-L, a strain that is serologically distinct

from IPCV-H, the virus particles that accumulated contained both

types of Cp (Bragard et al., 2000).

Integrated disease management

It is evident from the literature that there is a great scope for integration

of suitable and compatible disease control measures for the
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development of an integrated disease management (IDM) package. IDM

is an optimum blend of feasible and economically viable options of

disease management for different agro-climatic regions depending on

the occurrence and importance of the disease. Gorbet et al. (1990)

successfully used host plant resistance along with fungicides for the

control of leaf spots. Barnes et al. (1990) integrated fungicides,

genotypes, cultural practices (irrigation) and environment to control

Rhizoctonia limb rot and stem rot. They reported that the application of

difenoconazole every 14 days at 0.28 kg a.i./ha on ‘Florunner’ and

‘New Mexico Valencia’ cultivars with reduced irrigations resulted in

maximum reduction of the limb rot. Combining ‘Southern runner’, a

moderately resistant variety to late leaf spot, S. rolfsii and tomato spotted

wilt virus with applications of chlorothalonil could provide late leaf

spot control (Culbreath and Brenneman, 1992). At DGR, Junagadh,

various control measures were integrated for the management of early

and late leaf spot. Early and late leaf spot control was achieved where

groundnut was intercropped with pigeon pea and sprayed twice (55

and 70 DAS) with a mixture of fungicides (carbendazim 0.05% +

mancozeb 0.2%) or where groundnut was intercropped with pigeon

pea and received one spray each of neem leaf extract (2%), fungicide

mixture, and cell-free culture filtrate of P. islandicum at 45, 55 and 70

DAS, respectively. These treatments, and groundnut intercropped with

pigeon pea and sprayed separately with neem leaf extract and P.

islandicum inoculums at 55 and 70 DAS gave significantly higher net

monetary returns (` 9569-11561 /ha) with cost: benefit ratio ranging

from 1:2.99 to 1:3.63 for ‘Girnar 1’ and 1:2.67 to 1:3.48 for ‘JL-24’

cultivars (Ghewande et al., 1993). Karthikeyan (1996) reported the

ability of organic amendments (neem cake, mahua cake, castor cake,

farm yard manure, sheep manure and poultry manure), the biocontrol

agent (T. harzianum) and fungicides (carbendazim and thiram) to

control seed and collar rot (A. flavus and A. niger) of groundnut. The

lowest disease incidence was recorded when carbendazim was applied

as a seed treatment. A soil application of T. harzianum was also effective.

Of the organic amendments, neem cake and farmyard manure gave

good disease control. These treatments also increased the yield of

groundnut crop. Srinivas et al. (1997) found that spraying of 2.5 g

mancozeb + 1.0 g carbendazim at 50 DAS followed by spraying of

Calotropis procera 5% leaf extract at 70 DAS was highly significant in

reducing the leaf spot disease and increasing the yield. Seed treatment

with P. fluorescens @ 10 g/kg seed + soil application of neem cake @ 160
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kg/ha before sowing was found to be the best treatment in reducing

collar rot incidence, however, seed treatment with T. viride @ 4g/kg

seed +soil application of neem cake gave higher pod yield (` 1849 kg/

ha) which was next best treatment for reducing incidence of collar rot

(Sheela and Packiaraj, 2000). On-station experiments on IDM at

ICRISAT have clearly demonstrated that when moderate levels of host

plant resistance are combined with seed treatment and affordable levels

of chemical control, expected yields and economic returns are higher

than obtained with chemical control of susceptible genotypes (Pande

et al., 2001). Soil application of castor cake @500 kg/ha + commercial

preparation of T. viride (Monitor-S) 62.5 kg/ha in furrow at the time of

sowing reduced the incidence of collar rot and stem rot of groundnut

considerably and gave higher gross monetary return of ` 29865 /ha

than farmers practice (` 23685 /ha) under the IVLP-TAR programme

(Dr. M.P. Ghewande, personal communication).

In an UNDP sponsored project on “Promising Groundnut as Food

Crop for Sustained Nutritional Security” Basu (2001) demonstrated

the strength of integrating pre- and post-harvest factors in reducing

aflatoxin risk through farmers’ participatory research mode.

Combination of critical pre- and post-harvest factors at soil, plant

and storage levels reduced aflatoxin risk substantially (0-5 µg kg-1) in

large number samples and 78% were made safe to eat even in a high

risk area. The storage aspects of the produce at farmers level and

aflatoxin build up under ordinary storage condition over a period of

three months were monitored in Anantapur district and various

storage practices were studied to keep aflatoxin B
1
within the prescribed

limit from the health point of view (Basu, 2001). Kumar et al. (2002)

evaluated an integrated management package to reduced pre-harvest

seed infection by A. flavus in groundnut. Seed infection studies revealed

predominance of A. flavus infection in plots under farmers’ practice

(10%) compared with that under integrated aflatoxin management

package (2%). An integrated approach giving the handy guidelines

for farmers, traders, and processors to safeguard groundnut from

aflatoxin contamination was described by Kumar et al. (2005). Further,

Kumar et al. (2009) evaluated an integrated management practice with

farmers’ participation in different villages of Junagadh and Amreli

districts of Gujarat. The integrated management practice (IP) was

compared with farmers’ practice (FP). The IP which comprised of

summer ploughing, seed treatment with carbendazim, furrow

application of castor cake enriched with Trichoderma at sowing,
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application of gypsum at flowering, spray applications with

carbendazim plus mancozeb and the neem oil, harvest at optimum

maturity and sorting of pods was superior to FP which, comprised of

all agronomic practices (seed, fertilizer, interculturing etc) excepting

the inputs of IP. The IP was effective in reducing the soil population

of A. flavus, seed infection and colonization and the aflatoxin

contamination. The yield was also significantly high in the IP plots

with an incremental cost benefit ratio (ICBR) of 1.68. At post-harvest

and processing level, on-site study conducted with bulk groundnut

lot revealed that the blanching used in conjunction with manual and

electronic sorting was very efficient in removing aflatoxin-

contaminated kernels (Kumar et al., 2010b). A sequential sorting of

bulk groundnut lot now being practiced by a few Indian industries

using mechanical screening, electronic eye sorting followed by manual

sorting of discoloured kernels is a good measure to get final products

practically free from aflatoxins.

Based on the results of research and the various options that are in

hand, the following guidelines for integrated management of major

diseases are listed which may be followed suitably for the location

specific problems:

• Undertake deep ploughing (8-10 inches) to invert the soil and expose

the soil to sun for 2-3 weeks for soil solarisation.

• Deep burying of crop residues, destruction of crop debris by burning,

removal of volunteer groundnut plants

• Follow recommended agronomic practices for land preparation,

seed rate, spacing, fertilizer and irrigation management and keep

the field free from weeds

• Sow only sound seeds and treat them with carbendazim @ 2g/kg

one week before sowing or with commercial formulations of

Trichoderma harzianum or T. viride @ 4g/kg seed just before sowing.

• Apply neem or castor cake @ 500 kg/ha in furrow at the time of

sowing. If cakes are too dry, sprinkle little water and mix 2.5 kg of

commercial formulation of Trichoderma and keep the mixture in shade

for about a week before applying to the soil.

• Early sowing (wherever possible) with wider inter rows spacing

(40 to 45cm) for managing early leaf spot, late leaf spot and rust but

close spacing (20 x 10 cm or 30 x 7.5 cm) wherever stem rot and

PBND is a serious problem.

• Early sowing the crop (first fortnight of June) for peninsular and
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central India but late sowing (first fortnight of July) for Northern

India for the management of PBND.

• Crop rotations with cotton, wheat, maize, jowar, onion, garlic

especially wherever stem rot is a serious problem.

• Intercropping with pearl millet, sorghum, pigeon pea and maize

for the management of foliar diseases and pearl millet for

management of thrips, leaf miner and PBND.

• Spray neem seed kernel extract (NSKE) @ 5% or crude neem oil in

teepol @ 2% against defoliators, mites and foliar pathogens.

• Need based application of fungicides viz. two spray of 0.2%

mancozeb at 35 and 70 days after germination and one spray of

0.05% carbendazim at 60 days after germination, or application of

carbendazim (0.025%) + tridemorph (0.04%) five times at fortnightly

intervals commencing 35 days after sowing during summer season,

or spray of carbendazim (0.05%) + mancozeb (0.2%) at 2-3 weeks

interval, 2 or 3 times starting from initiation of the disease, or spray

once with chlorothalonil @ 0.2 to 0.3% just after the appearance of

the first visible symptoms of foliar diseases like rust and leaf spots.

• Need based application of insecticides viz., chloropyriphos EC 0.05%

or phosalone 0.05% or cypermethrin 0.009% or quinalphos 0.05%

for defoliators, and spraying of fipronil 5% SC @1.500-2.000 ml/ha

or thiacloprid 21.7% SC @125 ml/ha or thiamethoxam 25% WG @

40 g/ha or dimethoate 30 EC @ 2 ml/l of water at 25, 45 and 60 days

after sowing will protect the crop from sucking pests including

thrips menace.

In addition to above practices, to contain aflatoxin contamination in

groundnut following management strategies may be adopted at

different stages:

a. Pre harvest stage

1. Apply well decomposed farmyard manure/compost @ 5-10 tonnes/

ha, if available.

2. Inter-row water harvesting by adopting paired row method of

planting.

3. Select short/medium duration variety, which can escape end of

season drought at maturity. Advance sowing by a fortnight with a

pre-sowing irrigation to evade end- of- season drought.

4. Apply gypsum @ 400-500 kg/ha at flowering.

5. Avoid end-of-season drought by providing supplemental irrigation.
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6. Harvest the crop at right maturity (blackening of inner surface of

shell).

b. Harvesting and post-harvest stage

1. Hot spots, the patches of field that have undergone stress or

harboured diseases should be harvested, dried, stocked and

disposed off separately.

2. Avoid mechanical damage to the pods during harvesting.

3. Dry the uprooted plants along with the pods in small heaps by

keeping them up-side-down. Dry the plants till the leaf/pegs become

brittle (6-7 days).

4. Pick the immature pods first and do not mix them with the main

lot of mature pods. If mechanical thresher is used, appropriate sieves

should be used to isolate immature pods.

5. Remove all the pods showing mechanical or insect damage.

6. Dry thoroughly the sound pods to a safe moisture level of 8%. Well-

dried pods produce rattling sound on shaking a handful of pods.

7. Store the produce in new/clean polythene lined gunny bags and

stack them on wooden planks keeping a metre gap from the walls

in a well-aerated and well-covered space.

8. Keep the storage space free from any kind of seepage or leakage

water that may lead to build up of moisture.

9. Prevent insect damage to the pods in storage by fumigating with

phosphene (use 3-5 aluminium phsophide tablets for every 100 kg

of pods for 7-8 days).

10. Primary sorting of groundnut pods before processing.

11. Improving post-harvest processing technologies viz., blanching,

sorting of kernels with camera or laser sorter.

Future research needs

The diseases like rust, leaf spots and contamination of aflatoxins

continued to be serious problems associated with groundnut crop.

To this list, other important problems such as collar rot, stem rot,

Alternaria leaf blight and groundnut bud necrosis disease now got

prominence and need attention of plant pathologists as well as

breeders. Some of the future line of research in this direction would

be:

1. Testa level resistance against A. niger, A. flavus and S. rolfsii under in
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vitro conditions doesn’t corroborate with field resistance. Further,

the resistance level changes over the years making it difficult to

have a breakthrough in developing a cultivar with stable resistance,

particularly against A. flavus and aflatoxin contamination.

Development of non-destructive rapid screening technique against

these pathogens in addition to understanding the mechanisms of

resistance is required.

2. Breeding for increased resistance/tolerance to diseases and reduced

aflatoxin levels is being practiced but the amount of resistance

achievable may be limited due to complicated genetics and/or

linkage to undesirable agronomic traits. Molecular markers can be

employed to speed up the incorporation of chromosomal regions

that have a quantitative effect on resistance (quantitative trait loci).

3. Research into exploring new ways of applying biotechnology is

needed to deal with viral diseases like bud necrosis and stem

necrosis. PBNV infects several crops, ornamental and weeds,

making its control. Resistance to PBNV is scarce in the germplasm.

Field resistance to bud necrosis is due to the vector resistance. An

effort to develop transgenic resistance to manage these viral diseases

is required. New paths might include the engineering of resistance

to tospoviruses by expressing the tospovirus glycoproteins in

transgenic plants to block virus acquisition by thrips, by expressing

truncated or modified forms of movement protein(s) of heterologous

viruses, or by expressing tospovirusspecific antibody genes. It is

imperative that a combination of conventional and biotechnological

methods be deployed to minimize losses caused by tospoviruses.

This combination includes the cultivation of virus resistant plants

developed through conventional breeding or transgenic technology,

use of appropriate cultural practices, and vector management.

4. Increased biocontrol research: It has been established that the

biocontrol agents possess differing modes of action against plant

pathogens and it is not necessary that all strains of biocontrol agents

possess all these modes of actions for effective biocontrol ability.

Attempt to select broad-spectrum, fungicide tolerant and thermo-

tolerant biocontrol agents that can be a useful component of IDM is

required. Research also needs to be carried out to answer the

questions like, how are pathogens and their antagonists distributed

in the environment, under what conditions do biocontrol agents

exert their suppressive capacities, how do native and introduced

populations respond to different management practices, what

determines successful colonization and expression of biocontrol

traits, what are the components and dynamics of plant host defence

induction?
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5. Increased aflatoxin research: There is a need to identify stable

sources of resistance to seed colonization by A. flavus. The identified

sources could be profitably exploited for incorporation of resistance

to multiple stresses in general and infection to A. flavus in particular.

Attempts could be made to produce transgenic with Glutathione-

S transferase (GSH) genes in groundnut. This could be another

possible approach to manage aflatoxin contamination. The

lipoxygenase enzymes (LOXs), recently characterized and cloned,

are suspected of playing an important role in the Aspergillus seed

interaction. The studies demonstrated that Aspergillus infections

induce seed lipoxygenase expression leading to generation of

bioactive oxylipins. The study of LOXs expression might provide

some support to screen groundnut genotypes against A. flavus.

Distribution of aflatoxin in groundnut is highly positively skewed.

Given skewed distribution of aflatoxin, particularly in whole

kernels, it is extremely difficult to collect sample which accurately

represent the mean lot concentration. As a result, sampling step is

the largest source of variation. Development of simple, efficient,

cost-effective sampling and analytical methods suitable for

screening and segregation of contaminated lots of commodities

early in the marketing chain and for control during processing are

required.

6. There has been only limited exploitation of wild species in

secondary and tertiary gene pools due to cross incompatibility

with the cultigens. These genepools include species that are sources

of multiple resistance to important biotic and abiotic stresses,

therefore of significant value. Recent advances in plant

biotechnology may provide new tools to exploit the genes locked

up in these gene pools. Where amenable, molecular marker

facilitated can be effectively used for transfer of genes of interest

breaking undesirable linkages or linkage drag. Molecular markers

may be used to map resistance genes in crosses between wild

species or accessions of the same species in the secondary and

tertiary genepools and once resistance genes are located, they can

be transformed into cultivated germplasm.

7. Development of good agricultural practices during pre- and post-

harvest stages including appropriate drying techniques and storage

of groundnut is required. Further, there is a need to develop

groundnut harvesters that can make the harvested plants upside

down in field while harvesting which will minimize probability of

aflatoxin contamination of groundnut kernels in the field.

8. Development of novel alternative fungicides that triggers defence
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mechanism of host and the plant derived fungicides to manage

foliar diseases of groundnut may be emphasized.
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Collar rot: Pre-emergence rotting of seeds and post-emergence death of
plants

Collar rot

Stem and pod rot
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Stem rot - white mycelia growth and
sclerotia

Dry root rot

Aflaroot

Early leaf spot – brown spot surrounded by yellow halo
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Late leaf spot – dark brown irregular spots

Rust- orange colour pustules on lower leaf surface

Alternaria leaf blight – blighting from tip and margin of the leaf
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Bud necrosis - axillary shoot proliferation and necrosis of the terminal and
axillary buds

Groundnut Stem Necrosis (courtesy:
ICRISAT)

Peanut Clump

Kalahasti malady- Brown lesions on the pod
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Aspergillus flavus colonized kernel and the fungus in culture

Structure of four aflatoxins
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