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Healthy Seed Production

— Free From Pathogens

[—Sinil Kumar', Manjeet Singh’ and S. S. Jakhar
Department of Seed Science & Technology
CCS Haryana Agricultural University, Hisar

The aim of disease management is to prevent
economic losses and to increase the value of seed crop.
Control of seed-borne pathogens and diseases is attained
through integrated disease management system directed
against the pathogen, in favour of the host and for
modification of the environment.

1. Selection of seed production areas

The first opportunity for management of seed-borne
diseases is selection of areas where the pathogens of major
concern of seed crops are unable to establish or maintain
themselves at critical levels during periods of seed
development. Areas with low rainfall and low relative
humidity are generally favourable for production of high
quality seed with low inoculum level. The incidence of smut
and ergot diseases of pearl millet and Karnal bunt of wheat
can be reduced to the great extent by growing these crops in
dry areas. Infection of cotton seed by Alternaria alternata,
Fusarium oxysporum and other fungi is reduced by growing
cottoninlow rainfall coastal plains in Georgia, U.S.A.

Selection of site/field: Within small areas, selection of plant
field is important. Many seed-borne fungi can be avoided by
proper selection of field. The field infested with pathogens
like wilt of arhar, smut and ergot of pearl millet and ear
cockle of wheat should not be selected for seed production.

In Denmark, crucifer seed crops are grown on certain
small islands and coastal areas, where ample ventilation
provided by wind reduces the development of A.
brassicicola. Karnal bunt disease free seed can be produced
inthe fields of dry districts of Haryana.

2. Eradicatiion or reduction of soil borne pathogens

It can be achieved through the following practices :

(i) Crop rotation : Crop rotation is essential to avoid soil-
borne inoculum because many seed-borne fungi survive
between crops, on or in crop debris for a limited number of
years.

Example : Three years crop rotation against Phomopsis
vexans in eggplant (USA); 3-4 years crop rotation Karnal
bunt of wheat and three years for downy mildew of pearl
millet.

'Research Scholar, *Sr. Research Fellow
Central Insecticide Board & Registration Committee, Directorate of Plant
Protection, Quarantine & Storage, Faridabad

(i) Fallow : Fallow helps in reduction of inoculum of soil
invaders in absence of host. In India, summer fallow
decreases Fusarium wilt of cumin.

(iii) Burning : Now a day's cereal crops are generally
harvested by combine. By burning the straw and stubble of
crops, the inoculum of the fungi can be destroyed.

(iv) Water management : Irrigation time and amount of
water influence disease development.

In Florida soils, sclerotia of Sclerotinia sclerotiorum in
rice can be destroyed by flooding continuously or at 3 days
intervals for a period of 3-6 weeks. The incidence of covered
smut of barley and millet smut decreases to a lowest level, if
flooding of soil is followed by broadcasting of the seed one
hour later.

3. Modification of cultural practices

(i) Preparation of the seed bed : Preparation of seed bed
plays a vital role in controlling diseases of various crops.
Seed should be sown in well airated soil not in packed soil.
Packed soil reduces the emergence of seedlings/plants. In
barley crops, packed soil causes a significant reduction in
emergence of seedlings and an increase in the amount of
blight and stunting produced by Drechslera sorokiniana.

(ii) Date of sowing : The selection of the sowing date
depends upon the prevailing temperature and humidity
requirements of the host and parasite. In Madhya Pradesh,
soybean seed quality in some cultivars is improved by
planting the crop from June 1 to September 2. In Haryana
incidence of downy mildew and ergot of pearl millet is
negligible or less if crop is sown in the end of June or I* week
of July. Disease severity of smut can be reduced by sowing
the crop in the last week of July. Similarly, less disease
severity of Stemphylium blight of onion was observed by
sowing the crop on 30" October as compared to 20"
September. In cotton crop, low seedling mortality (7.77%)
caused by root rot was observed in early sowing (last week
of April) as compared to normal (11.26%) in mid May and
late sown (9.63%) in first week of June.

(iii) Depth of sowing : Depth of sowing influences
germination of seedling and transmission of disease.
Shallow sowing gives rapidly growing vigorous plants and
susceptible phase is shortened. Heavy soils require shallow
sowing. Shallow sowing usually decrease the incidence of
loose smut. (U. avenae) in oats and covered smut (U.
hordei) of barley.

(iv) Rate of seedling : The seedling rate may be cardinal
factor, where it adversely affects the plant growth and
favours development and spread of the pathogen in the field
which ultimately can result in higher disease incidence and
seed infection. In flax crop, damping off caused by
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Colletotrichum liniis increased by thick sowing.

(v) Proper dose of fertilizers : Adequate and balanced
dose of fertilizers is important in reduction of seed infection,
improving the seed quality and maximizing yield. Plants are
more susceptible to diseases in soils with excessive or
deficient nutrients than those grown in soil with well-
balanced fertility. Excessive application of nitrogenous
fertilizer increases the susceptibility of rice plants to
Pyricularia blast (P oryzae). Cotton wilt, £. oxysporum f. sp.
vasinfectum is known often to be more serious in potassium
deficient soils.

(vi) Selection of disease resistant/tolerant varieties :
The use of disease resistant or tolerant cultivars is the most
economical and efficient way of controlling diseases.
However, resistance to a pathogen may not be available in all
crops. If resistance is not available, cultivars that escape
infection should be considered. In Denmark, early maturing
cultivars of cauliflower escape from attack of Alternaria
blight (A. brassicicola), while late cultivars often are
severely attacked because of prevailing humidity.

5. Reduction or elimination of seed-borne inoculum

(i) Certification and field inspection of seed crops:
Certification ensures that seed lots meet certain quality
standards and that the history of each lot. Through
certification, certain seed-borne pathogens have been
controlled and spread to new areas, has been checked.
Loose smut of wheat and barley is controlled through seed
certification programme in India and Sweden. Seed crops
are periodically inspected for the presence of diseases and
diseased plants are removed. Field inspections also indicate
the initiation of chemical spray programme.

Insufficient phosphorus or potash in soybean can
increase losses due to charcoal rot, pod and stem blight and
several root and stem decay pathogen.

(ii) Biological control : The pearl millet smut infection
occurs through young emerging stigma. The pollination
plays a vital role in reducing smut. The priority of pollen or
sporidium entry determined that either grain setting or heavy
smut infection. The pollen being natural to plant is preferred
and consequently there is little scope for sporidium to
invade and create infection in inflorescences. Similarly,
infection of ergot in this crop can be reduced through pollen
management.

(iii) Seed treatment : Seed treatment is usually given as a
precautionary measure in seed production. The main aim of
seed treatment is to control unnoticed infections or
contamination, particularly in breeder and foundation seed,
to keep the inoculum to lowest level or zero. Seed treatment
of basic seed is less expensive, less hazardous, more

effective and causes less pollution as compared to bigger
quantities of seed in subsequent generations. Raxil, vitavax
and bavistin seed treatment gives 98-100 % disease control
for loose smut of wheat and barley. Seed treatment with
Dithane M-45 gives complete control of brown spot and
stack burn of rice. Carbendazim (Bavistin) and carboxin
(Vitavax) gave between 72-76% disease control of root rot
of cotton.

(iv) Isolation distance : Proper isolation distance between
seed production plots and commercial plots should be
maintained for production of disease free seeds. It varies
from region to region depending upon weather conditions.
In Germany, minimum isolation distance for wheat and
barley seed crop against loose smut is 50 m whereas, in
Holland, itis 100 mandin India 150 m.

(v) Eradication of other hosts : Many diseases
perpetuate on weed hosts or wild plants in the absence of
the main cultivated host. Eradication of such hosts from the
field or locality is helpful in preventing perpetuation and
spread of diseases. In India, eradication of collateral hosts
such as, Panicum antidotale, Cenchrus ciliaris and Seteria
verticillata around pearl millet crop is recommended for
reducing the incidence of ergot.

6. Chemical protection of seed crops

Chemical protection is inseparable from integrated
control planning against seed-borne diseases unless true
resistance in the crop is assured. The aim of the use of
chemical in plant disease control is to create a toxic barrier
between the host surface or tissues and the pathogen,
presentata particular site on the host.

For effective spray, selection of fungicides, time of
spray and weather conditions are important. Spraying rice
crop with the fungicides like Kitazin, Zineb and Mancozeb
reduces seed infection of Alternaria padwickii, Curvularia
lunata, Drechslera oryzae, Phoma spp. and Sclerotium spp.
Application of chlorothalonil (1.5 kg/ha), carboxin (2.5
kg/ha) reduce A. padwickii and D. oryzae, when applied
before dough stage in rice crop. Foliar spray of copper
oxychloride in maize reduces seed borne infection of
Fusarium moniliforme and Curvularia pallescens. Three
sprays of iprodione (50% a.i.) at 0.5 to 1 kg a.i./ha on
cabbage (Brassica oleracea) seed crops at 3 week intervals
from the young green pod stage until cutting, control pod
and seed infection and seed quality is improved.
Stemphylium blight of onion was controlled by spraying
dithane M45 (0.2%) effectively when 6 sprays were given
starting from 20" October to 10" May on seed crop.
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Microhes as Biocontrol Agent

[Jaddish Parshad, Rajesh Gera and Sushil Kumar Singh'
Department of Microbiology
CCS Haryana Agricultural University, Hisar

The complete outlook of agriculture has changed over
the years with a massive utilization of agro-chemicals to
enhance crop production. These agro-chemicals are
intrinsically toxic for several biological targets, deliberately
spread in to the environment and their toxicity has limited
species selectivity. So, instead of trying to eradicate pests
and pathogens of plants through chemicals, which also act
toxic and biocide, it is better to use biological agents for
controlling them. The way by which we can adopt the natural
method of pest and pathogen control involving use of
viruses, bacteria and other insects are known as biological
control or biocontrol. The most commonly used biocontrol
agents includes bioinsecticides, bioherbicides,
biofungicides and few plant products. Such examples are
incorporation of chitinases, lectinases, Bt gene and
protease inhibitors into plant genomes so that transgenic
plant synthesizes its own substance that destroys the
targeted pathogen and pests. There are some examples
such as, dragonflies prey upon mosquitoes, while lady bird
beetle feeds on aphids. Beauveria bassiana is effective
against spider mites and is compatible with the use of
predators. In a similar way, Biopesticides are those
biological agents that are used for control of weeds, insect
pathogens, viruses, bacteria, protozoa, fungi and mites, etc.
Bacillus thuringiensis can be introduced in order to control
butterfly caterpillars. These are available in sachets which
are mixed with water and sprayed on vulnerable plants such
as, brassica and fruit trees, when these are eaten by insect
larvae, the toxin is released in the gut of the larvae and the
larvae get Kkilled. The bacterial disease will kill the
caterpillars, but leave other insects unharmed. Now a days,
the scientists have introduced Bacillus thuringiensis toxin
genes by method of genetic engineering into plants. Such
plants are resistant to attack by insect pests. The fungus has
also been developed for control of locust and grasshopper
pests. Microbial antagonists, including bacteria ,single
celled eukaryotic fungi such as, yeast, are also used as
control agents of post-harvest diseases, mainly against
Botrytis and Penicillium in vegetables and fruits.
Trichoderma species are free living fungi that are very
common in the root ecosystems and a biological control

'Department of Agronomy, CCSHAU, Hisar

being developed for use in the treatment of plant diseases.
They are effective agents for several plant pathogens.
Baculoviruses are pathogens that attack insects and other
arthropods. The majority of baculoviruses used as
biological control agents are in the genus Nucleo polyhedro
viruses.

The biocontrol agents have no negative impact on
plants, mammals, birds or even on target insects. This is
especially desirable when beneficial insects are being
conserved to aid in overall integrated pest management
programme. It is estimated that despite our best efforts and
use of chemical pesticides, 30% of the produce is lost to
pathogen and pests due to reason that the latter continues to
develop resitance against them. Chemical pesticides kill
even usefull organisms, harm human beings and animals,
pollute soil ,water, fruits, vegetables and crop plants.It is
better to use biological agents for controlling pests and
pathogens.Here pests and pathogens are not eradicated but
kept at manageable level by a system of checks and
balances as operating in ecosystem. The eradication of
pests is undesirable because without them the beneficial
predatory and parasite organisms, which depend upon
themfor food, would also be annihilated .

Biopesticides are being used on a commercial scale.
Most important example is the soil bacterium, Bacillus
thuringiensis (Bt), as the spores of this bacterium have
insecticidal cry protein which kills larvae of certain insects.
The commercial preparations of Bacillus thuringiensis (Bt)
contain a mixture of spores, cry protein and inert carrier.
These information will give us new insights into the
ecological interactions of pathogens or pests and biocntrol
and lead to new possibilities for improving biopesticide
efficacy. The increasing interestin biocontrol is based on the
advantages associated with such products which are eco-
friendly, effective only in small doses and decomposes
quickly, cost effective and designed to affect only target
organisms and even used as a component of Integrated Pest
Management programmes.
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Current Options for Managing
Nematode Pest of Crops in Haryana

[Vinod Kumar, Anil Kumar and K. K. Verma

Department of Nematology
CCS Haryana Agricultural University, Hisar

Plant parasitic nematodes (PPNs), the hidden enemies
of crops are one of the many groups of harmful organism
which depend on plants for their survival. Nematodes cause
damage to almost all crops, however, due to their
subterranean habit, microscopic size (from 0.3 to 10 mm
length), they are invisible to the naked eye. At least 2,500
species of PPNs have been described, characterized by the
presence of a stylet, which is used for penetration of host
plant tissue. The PPNs are quite destructive in nature and
cause both qualitative (size of the fruit is reduced) and
quantitative losses to the crops. PPNs not only cause
damage individually but form disease-complexes with other
micro-organism and increased the crop loss. QOverall an
average yield loss in Haryana was estimated to 20-25 per
cent. In the recent surveys, it has been observed that more
than 50% of the polyhouses of Haryana are infested with
root-knot nematodes.

The changes in agricultural situations have
tremendous effects on the emergence of new nematode
problems in Haryana. Damage is more in vegetable and
horticultural crops as compared to the cereals' crops.
Symptoms produced by nematodes closely resemble to
that of other pathogens and abiotic diseases such as,
deficiency of water and nutrients. The major nematode
problems, crops grown under Haryana conditions, are
described as follows :

Major nematode problems encountered

e Molya disease in wheat and barley, root-knot
nematode in vegetables (tomato, brinjal and okra), pulses
(mungbean and chickpea) and fruits (grapevine, peach,
papaya and guava), citrus nematode in citrus, rice root
nematode in rice and pigeonpea cyst nematode in
pigeonpea are major nematode problems.

e Riceroot-knot nematode, Meloidogyne graminicola : It
was first reported in Haryana in 1993. Its occurrence is
noticed in Kaithal (Kaul), Karnal, Kurukshetra, Sonepat,
Jhajjar,Rewari, Bhiwani, Sirsa, Fatehabad and Hisar
districts. It causes 10-80% yield loss, particularly in Sirsa,
Bhiwani and Rewari districts which are having light-textured
soil and non-traditional rice growing areas.

e Rotylenchulus reniformis : occurrence has been
reported on cowpea.

e Pratylenchus spp.: occurrence is reported on mentha,
citrus and guava.

e Ectoparasites : Hoplolaimus, Tylenchorhynchus,
Helicotylenchus spp. - occurrence reported on various
othercrops.

e Mushroom nematode (Aphelenchoides spp.) in
mushroom houses.

Reason for increasing nematode pest of crops in Haryana

e Nematode management here must be considered
primarily as exclusion or avoidance. Once nematodes are
introduced tis difficultto manage them.

e (Continuous growing of same crop increases the
problem of soil borne pest and diseases including PPNSs.

e lLack of nematode control interventions and most
importantly, lack of technical knowledge and advice by the
vegetable growing farmers.

Symptoms

e General above ground symptoms of nematodes
damage are-stunted plant growth in patches, yellowing of
foliage, wilting, poor tillering in field/annual crops; and
dieback, defoliation type of symptoms in perennial crops,
most of them resembling nutrient deficiency symptoms.

e Thebelow-ground symptoms include galls or knots on
the roots of crops. These galls vary in size from pin-head to
large size which in case of heavy infection may coalesce to
form large secondary galls. Gall shape and size depend on
Meloidogyne spp. and host crop, sometimes many galls
and produce compound gall.

Source of nematode infection

o Infested soil e Water e Seed

e Infected planting material

Source of nematode spread

e Implements usedin polyhouses

e Footwearofworkers e Agricultural machinery

Technology developed/recommended for specific
nematode problems

For the management of nematode problems,
preventive measures can be taken up to keep the population
of PPNs below economic threshold level. With the
increasing concern on environment, various alternative pest
control methods like cultural, physical and biological control
methods and botanicals are being tried to reduce the
nematode damage of crops. However, judicious use of
chemical nematicides could be applied for protection of
many crops. Therefore, current options for nematode
management are cultural practices, physical methods,
biointensive nematode suppression, botanicals and
sensible use of chemical nematicides.
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e In rice, for the control of rice root-nematode
(Hirschmanniella oryzae), use of carbofuran (Furadan 3G)
@ 33Kg/haat nursery sowing.

e Two-three deep summer ploughings of the nematode
infested field at 10-15 days interval during May-June, helps
in controlling root-knot nematodes in vegetable crops and
Heterodera avenae in wheat and barley.

e Invegetable crops, application of carbofuran @ 7 g/m’
innursery beds at sowing time.

e Growing of root-knot nematode resistant tomato
variety, Hisar Lalitand SL 120.

e Infruits, use of carbofuran @ 13 g/m” against citrus
nematode (Tylenchulus semipenetrans) in citrus in 9 m’
area around tree trunk before flowering followed by flood
irrigation.

e Application of carbofuran @ 7 g/m?+1 kg neem
cake/tree in 9 m’ area around tree trunk before flowering for
the control of citrus nematode in citrus.

e Use of carbofuran @ 13 g/m* against Meloidogyne
Javanica in grapevine in 9 m’ area around vine trunk three
weeks after pruning followed by flood irrigation.

e Application of carbofuran @ 7 g/m? in combination
with garlic (Allium sativum) as an intercrop between vine
rows for the control of Meloidogynejavanica in grapevine.

e Inwheat, use of Bioteeka (Azotobactor chroococcum,
strain HT-54) as seed treatment.

e In cotton, seed treatment with Gluconacetobactor
diazotrophicus strain 35-47 (Biotica) @ 50 ml per 5 kg seed
forthe control of Meloidogyne incognita. Dry in shade.

e  Crop rotation with non-host crops like gram, mustard,
use of carbofuran @ 1 kg a.i./ha at sowing time against
cereal cyst nematode was found effective.

e Inbutton mushroom, for the control of Aphelenchoide
spp., apply 4% (w/v) Neem Seed Kernel Extract (NSKE) at
spawning @ 7.5 litre per g compost as prophylactic
measure.

e In bottlegourd, for the control of root-knot nematode,
application of neem cake @30g/spot + seed treatment with
Gluconacetobacter diazotrophicus strain 35-47 @ 50 ml/2
kg seed.

In protected cultivation, for the control of Meloidogyne
spp.
e Soil solarization by 2-3 deep summer ploughings inthe
month of May-June at 15 days interval followed by light
irrigation and covering of soil with 25 micron transparent
polythene sheet for 30 days during June-July in Polyhouses.
o Soil application of Trichodermaviride@ 20g/m?, mixed
with neem cake/FYM/Vermicompost @ 100g/m’ in the

tomato beds.
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