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Increasing crop productivity through wuse of high-yielding cultivars and
avoiding crop failures are the two ways of boosting food production.
Benefits of using high-yielding cultivars may be nuliified by dangerous seed-
borne diseases. These diseases may be responsible for about 10 per cent
logses in major crops in India. In order to avoid such losses five lines of
approach are suggested: (1) Seed certification schemes should be started which
should include field inspection and extensive surveys for seed-borne diseases
by trained plant inspectors; (2) Seed-processing equipment—Suitable seed-
processing machines would avoid infected grains, plant débris, smutted
grains, sclerotia, nematode galls, etc., thus reducing seed-borne infections;
(3) Establishment of seed health testing laboratories—There is urgent need
for seed pathologists who should be attached to all seed-testing stations and a
co-ordinating centre of seed health testing should be established at I.A.R.IL.,
New Delhi; (4) Research wunits and training centres—The staff of the
co-ordinating centre at I.A.R.I. should undertake research and specialize
in all branches of seed pathology. Regular courses should be given for
training plant inspectors ; and (5) Establishment of an effective quarantine control
system—All imported seed consignments should be tested in laboratory for
seed health. For major crops attacked by dangerous pathogens the ‘growing-
on tests’ in specially equipped greenhouses are necessary. A workable
procedure should be adopted and an expert commission should be set up to
take up basic problems regarding plant quarantine before satisfactory plant
import regulations could be drafted for India.

There are two ways of improving the outpuv of food production: to
increase crop productivity and to awvoid crop failures. This duality holds true,
particularly in relation to the fundamental demand for better seed. The
material basis for increase in plant production is adoption of better cultivars of
crop plants and establishment of better seed production to secure seed lots of the
best possible quality in terms of germination, purity and health.

In recent years better cultivars exercise a revolutionary effect on agri-
culture in developing countries. For the first time in recent history India is
becoming self-supporting in cereal production.
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However, high-yielding crops may fail just as the low-yielding crops do.
Diseases and pests take their toll in constant proportion to the level of the
yield. Increase in potential yield involves risk of increase in potential losses
under given agricultural conditions.

Improvement of cultivars in some respects does not prevent serious
problems to arise from unexpected quarters. The Mexican wheat varieties are
resistant to rust but have shown great susceptibility to Alfernaria triticina, a
new serious seed-borne pathogen being responsible for disastrous epidemics on
wheat in India. Morecver, these varieties were infected by loose smut when
they were introduced from Mexico and they are quite susceptible to this
disease. The high-yielding hybrid bajra I is highly susceptible to ergot
(Claviceps microcephala) as pointéd out by Raychaudhuri (1968).

The introduction itself of new cultivars or breeding material, comprising
every year thousands of seed consignments and seed samples, is bound to be
accompanied by introduction of pathogens, some of which may become dis-
astrous, whereas others may contribute to a less conspicuous but still important
decline in the production.

The first decisive steps towards improvement of sced quality in terms of
planting value have been taken in this country. A most promising seed
production organization is being developed under the guidance of the National
Seeds Corporation. Within the framework of seed certification schemes
covering the major crops in India, seed production is being built up all over
the country step by step.

Seed multiplication centres are in operation throughout the country.
The fact, that future distribution of seeds to the farmers gradually will be
centralized, places great responsibility on the seed-producing and seed-certi-
fying agencies. To ensure quality, seed crops should be submitted to period-
ical inspection during the growing season, the raw, uncleaned seed bulk should
be submitted to processing and the resulting seed lot to laboratory testing
for germination, purity and health.

Centralization of production without efficient seed health testing may be
harmful since infected seed lots are thus spread efficiently over big areas
and into widespread regions. May I refer to the recent unexpected spread of
ergot (Claviceps microcephala) in bajra from multiplication centres in Maha-
rashtra to many regions of this State as well as the Punjab, Rajasthan and
Uttar Pradesh? The pathogen caused damage to such an extent that many
crops had to be burnt in order to prevent further ravage and spread.

Control of seed-borne diseases through preventive precautions enabled by
seed health testing may be considered from three angles:

(1) Seed (or any other propagative material) with established infections
must be purified by selection of healthy material and, if possible, by exclusion
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of infection from any other possible sources. This involves seed health certi-
fication schemes.

(2) Spread of diseased seed (or any propagative material) within the
country must be prevented. Local climatic conditions must be considered.
Rare or common diseases of moderate occurrence in one region of India may
cause epidemics in another region.

(3) Diseases of great danger to Indian agriculture may be introduced with
seed (or propagative material) from other parts of the world. These may
include known pathogens as well as others that may become dominant under
conditions prevailing in India.

Before taking up a discussion on these principles of safeguard from the
point of view of practical adoption in India, I shall illustrate the actual situa-
tion in this country by some examples of serious plant diseases that may be
related to the suggested three ways of presenting the problems of control.

Diseases due to infected seed stocks are to be counteracted by certi-
fication schemes. Kstablished seed-borne diseases may perpetuate and cause
permanent, sometimes inconspicuous, depreciation of yields, or they may
initiate devastating epidemics, e.g. seed-borne virus diseases. They are par-
ticularly important in the leguminous crops, so essential for the provision of
proteins for a principally vegetarian population. According to Raychaudhuri
(1968) there are at least seven viruses known in India to be seed-transmitted
in legumes alove, and certainly there are several others. In bush bean common
bean mosaic is important, but we may add mottle and other virus diseases
which already may be present in India; in cow pea and in soya-bean various
mosaics, in soya-bean tobacco ringspot and other virus diseases may very well
be widespread; Raychaudhuri has mentioned a mosaic on Dolichus biflorus,
one on Vigna cylindrica and another on Phaseolus mungo. In cereals, barley
mosaic is favoured by warm climatic conditions as prevailing in India. All of
these virus diseases and several others may reduce yields substantially in
this country.

Several bacterial diseases are well extablished in Indian seed stocks.
Bacterial blight of rice (Xanthomonas oryzae), a major menace to food pro-
duction, is rapidly spreading all over India. The spread of this disease has
been favoured by the introduction of the new rice cultivars developed at the
International Rice Research Institute. These cultivars are very susceptible,
and the disease is favoured by application of nitrogen at high rates. Common
bacterial blight of bean (Xanthomonas phaseoli) is also widespread.

Black rot of crucifers (Xanthomonas campestris), believed to be introduced
into India with seed imported in recent years from Holland and other Euro-
pean countries, prevailed for some years on the hills and has now spread to
the plains and is becoming established in Indian seed stocks, especially in
West Bengal. Also, one of the major diseases of cotton, the bacterial blight or
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black arm (Xanthomonas malvacearum), is present in certain areas of this
country and serious in parts of Madras and Mysore. It constitutes a menace to
this important cash crop.

Among parasitic fungi abundantly present in seed, smuts are serious in
cereal crops. Covered (or grain) smut of sorghum (Sphacelotheca sorghi)
caused losses up to 25 per cent in this country, and in recent years long smut
of sorghum (T'olyposporium ehrenbergii) has become of increasing importance in
some parts of Madhya Pradesh and Gujarat. Widely prevalent is also Sphace-
lotheca cruenta on sorghum in Madhya Pradesh. This smut is soil-borne, but
fields may become infested from contaminated seed (Hafiz 1958). Loose smut
of wheat and barley are well-established seed-borne diseases and can be
devastating.

Green ear disease or downy mildew of bajra (Sclerospora graminicola) is
widespread and serious. The oospores occasionally stick to the surface of
the seed.

Some anthracnoses of bean, chilli and soya-bean (Colletotrichum lindemuthi-
anum, C. capsici, C. truncatum, Qlomerella glycines) are widespread and serious.

The seed-borne nature of blight of gram (Ascochyta rabiei) is too well
known and the disease is widespread in the Punjab and North-West Uttar
Pradesh.

The importance of Alternaria friticina in wheat has been emphasized.
Another menace to wheat is glume blotch (Septoria nodorum), known to be
present in India and to be serious in many European countries as well as in the
U.S.A. Brown spot of rice (Cochliobolus miyabeanus, con. state Drechslera
oryzae) occurs all over India as a devastating disease and is held partly re-
sponsible for the Bengal famine in 1942-43. Rice blast (Pyricularia oryzae),
the most important disease of this host, prevails on rice crops in most parts of
India.

In maize, southern leaf spot (Drechslera turcica) is present all over India,
and Fusarium moniliforme is common in market seed in substantial infections,
but it is worth noting that it is rare in seed from the multiplication centres.

The second category of diseases referred to is that which still has a
restricted distribution in India. Against these diseases special precautions
should be taken to prevent their establishment in crops and seed stocks in
other parts of the country. Implementation of effective seed certification
schemes will, of course, contribute to minimizing these risks. Dr. Lambat,
who is responsible for the quarantine control of seed consignments imported
into or exported from India, and who at present is a Research Fellow at the
Danish Government Institute of Seed Pathology for Developing Countries,
has kindly provided some examples of this category of diseases. Among
smut fungi, bunts of wheat (Tilletia caries, Tilletia foetida) at present largely
confined to the hills—they are called ‘hill bunt’—are now spreading to the
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plains. Flag smut of wheat (Urocystis tritici) is confined to some parts of
Rajasthan and the Punjab where the main centres of seed farms are located.

Alternaria blight of wheat (Alfernaria triticina) has spread from Maha-
rashtra to other parts of India. Another important pathogen on wheat,
earcockle (Anguina tritici), has spread from the Punjab to Rajasthan and
Uttar Pradesh. This widespread disease is prevalent and important in regions
where modern seed-cleaning equipment is not provided.

In maize, Diplodia ear rot or stalk rot (Diplodia macrospora) has become
established in Sikkim.

Ergots of bajra (Claviceps microcephala) and sorghum (Sphacelia sorght)
are now spreading from Maharashtra to the Punjab and other states, and downy
mildew of sorghum (Sclerospora sorghi), present in Maharashtra and Gujarat,
may very likely spread to North India. The oospores stick to the surface of
healthy grains during harvesting and threshing and later cause infection of
the seedlings (Ramakrishnan 1963).

The occurrence of pathogenic races within species of parasitic fungi must
be considered in connection with the problem of spread from one region to
another within the country. There are at least eight pathogenic races of
covered smut of sorghum (Sphacelotheca sorghi), and these and races of other
smut fungi may be spread from slightly affected varieties in one part of the
country to more susceptible varieties grown in other parts of the country.

The third category of pathogens is related to the danger of introducing
new pathogens into the country with seed. This is the quarantine aspect.

The dangers are of different proportions and of different nature. Some
pathogens are seed-borne in rare occasions as traces but may act as a sparkle
that brings about explosion. Tobacco blue mould (Peronospora tabacina) is
of this type. This disease organism does not occur in India, and did not
occur in Europe and the Mediterranean area until October 1958. Then it
was discovered in Great Britain for the first time in Kurope and in a few
years spread like a fire via the Netherlands and northern part of West Germany
and further on from country to country. The damage to the 1960 crop was
estimated to be over 50 million dollars for all Europe. Some years before
this dramatic disaster took place, the parasite was intercepted in Portugal,
detected in seedlings grown from a seed sample introduced for breeding pur-
pose. Only by this scrutiny of the Portuguese import inspection the disaster of
the disease in Europe and neighbouring territories was delayed by some years.
But there is an actual possibility that blue mould may be introduced with
seed into India as well.

Bacterial wilt of maize (Xanthomonas stewartit) is widespread in the world
but not known in India. It is one of the most harmful diseases of maize.

Bacterial wilt of tomato (Corynebacterium michiganense) is a devastating
epidemic disease. It has been spread by seed from one country to another,
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for instance into the United Kingdom where it became destructive in glass-
house cultures and is subject to public control measures in order to prevent
further spread within the country.

White tip, a nematode disease (Aphelenchoides besseyi) on rice, has re-
cently been introduced into some African countries, and a large-scale control
through precautions covering all African countries was organized. ‘Hoja
blanca’ of rice is a virus disease of greatest importance, suspected to be seed-
borne.

The introduction of new crops in India involves the danger of introducing
the diseases of these crops. Sugar beet growing has recently been taken up in
this country, and care should be taken not to introduce very harmful diseases
of this host, such as leaf spot (Cercospora beticola), that prevails in warmer
climates, and downy mildew (Peronospora schachtiz).

In some places of India flax is grown as a fibre crop. Serious flax diseases
are known from other parts of the world. Pasmo disease (Mycosphaerella
linorum, imp. state Septoria lini) may be carried on plant débris mixed with
the seed and may contain hundreds of pycnidia per mm?2 of the tissues con-
cerned.

The list of diseases potentially dangerous to Indian crops could be in-
creased almost indefinitely. These examples may be enough to substantiate
the risks involved in the unceasing flow into India of seed for sowing and for
breeding from all over the world.

Some seed-borne diseases are of national importance. The disaster
produced by blue mould of tobacco has been mentioned as well as the famine
connected with the occurrence of the brown spot organism (Cochliobolus
miyabeanus) in the rice-fields of Bengal during 1942-43. Many seed-borne
diseases cause a permanent reduction of yield. Rice blast (Pyricularia oryzae)
occurs almost invariably in rice-fields. Mathur et al. (1964) studied in Kanpur
losses due to this disease on a highly susceptible cultivar. They found that
15-95 per cent leaf infections lead to losses ranging from 6 to 42 per cent. The
level of average losses throughout the country is difficult to estimate. Very
roughly it may approximate 10 per ceut in the territories where it occurs.
In sorghum the loss of 25 per cent has been mentioned for India as due to
covered smut (Sphacelotheca sorghi, Fig. 1).

By and large, the average loss of about 10 per cent of the major cereal
crops in India may very well fall within fairly realistic estimates of the damage
of seed-borne diseases whenever crops are produced from improperly processed
and uncertified seed.

This situation calls for action. The loss of these proportions is of
national importance. What precautions are to be taken against this paramount
depreciation in the agricultural production of India ¢

Three avenues must be followed:
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(1) Establishment of seed health certification schemes.

(2) Implementation of proper seed processing and, if needed, seed treat-
ment.

(3) Carrying into effect a well-implemented quarantine inspection service
for import (as well as for export), including strict post-entry quarantine
provisions.

Fres, 1-2. 1, covered smut of sorghum, Sphacelotheca sorghi, a de-
vastating disease. Above: a healthy, below: a diseased spike; 2, ear-
cockle, Anguina tritici, galls produced by the nematode and replacing wheat
grains. Left: healthy wheat grains, right: galls.

To accomplish these objects of practical testing and coutrol, and to give
the necessary support to their development, research on related basic and
technological problems must be carried through and education of officers and
specialists on the technical and scientific levels must be secured.

Seed certification and seed production must go hand in hand. This
means that proper seed processing must be a part of the schemes leading to
issuance of certified seed. As a consequence, the three main phases in the
technical procedures provided by certification schemes will be (1) field inspec-
tion of seced crops, (2) processing of the harvested seed and (3) laboratory
testing of the seed for germination, purity and health.

Field inspection must be understood in the largest sense of this term,
comprising also the few plants from which the breeders’ stocks are produced.
Any certification scheme must be based on scrutiny of the stocks, and the
success of a scheme is dependent, above all, on the quality established in
these seed stocks of origin. Stocks must be absolutely free of diseases. The
suceess in advanced agricultural countries in providing seed with a low level of
certain previously destructive diseases, such as cereals seed with a very low
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level of various smuts, often down to mere traces, is due first of all to a scruti-
nous screening of stocks.

The establishment of disease-free stocks is followed up by careful field
inspections, two to several times during the season, according to specific
needs. The results would depend on the inspecting staff and the maintenance
of the severest possible disease tolerances. A spraying programme may be

Fras. 3—4. 3, two important pathogens of rice, Drechslera oryzae
(above) and Trichoconis padwickii (below), as developed in a blotter
test after cight days of incubation. 40x ; 4, Drechslera sativa, a
parasite on cercals, as developed in a blotter test after eight days of
incubation. 175 x.



230 PAUL NEERGAARD

necessary for some crops to ensure best possible control, as well as subsequent
treatment of the seed.

Before seed treatment can be considered, the raw, uncleaned seed bulk
must be properly cleaned. This is a matter of proper technical equipment.
Seed-processing units are set up in multiplication centres. Here the best
possible modern cleaning and grading machinery must be adopted. Now-
adays machines of a remarkable versatility are available, and this ensures
maximum utilization with a reasonable investment. Some very effective
types of cleaning machines are so relatively cheap that they may be purchased
by individual seed growers.

By the cleaning process all sorts of inert matter, shrivelled grains, plant
débris, ete., are removed. The procedure results in reduction of infected and
contaminated material, including smutted grains, sclerotia such as those of
ergot and Sclerotinia sclerotiorum, nematode cysts such as those of earcockle
(Anguina tritici) in wheat (Fig. 2), small lumps of earth containing pathogenic
organisms, fragments of infested stems and leaves such as flax débris con-
taining millions of conidia of the pasmo-disease organism (Mycosphaerella
linorum), or onion and lucerne débris containing the stem eel worm (T'ylenchus
dipsact), both these organisms are important international quarantine objects.

For the final check of the quality of the seed in terms of germination and
purity there are seed-testing laboratories in operation in nearly all the states of
India. The tests must be based on representative samples duly drawn from
the seed lots according to the International Rules for Seed Testing.

The aim of laboratory seed health testing, which still has to be organized
in India, is to evaluate the planting value of seed from the point of view of
disease potentialities. What is the use of pure seed of good germination if
the crop is destroyed by disease ? A field inspection scheme is of importance
as a basic safeguard enabling rejection of seed crops that show conspicuous
diseases, but it does not warrant against symptomless carriers of pathogens,
and they exist in abundance, nor against diseases that are overlooked, perhaps
because they have developed in an inconspicuous way, often at a late stage
after flowering, during the maturation of the seed. An adequately conducted
laboratory seed health test yields reproducible results and is a reflection of
the actual health condition of a given seed lot. 1 shall briefly outline the
techniques to be used.

The procedure to be applied depends on the pathogen aimed at in the
test. A few pathogens can be detected by direct visual inspection of the
seed by the naked eye or under the stereomicroscope. Some important fungi
may be detected under the compound microscope by examination of spore
suspensions obtained by removing spores from the seed by a washing procedure;
smut fungi are the most important of this category. Most seed health tests
are based on incubation procedures. The seeds are sown on blotter or agar
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media, incubated for a period of usually about a week at a standard tempera-
ture—in most tests at 20 °C, in some tests for tropical crops 28 °C is considered.
In order to stimulate sporulation of fungi, irradiation with light tubes such
as black light tubes emanating near ultraviolet rays of about 3,400 A are
used, 12 hours light, 12 hours darkness daily having been adopted inter-
nationally as a standard procedure. Records are made usually as percentage
of infected seed of individual pathogens.

Septoria nodorum
on wheat in agar tests
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Fia. 5. Reproducibility of laboratory seed health tests. Septoria nodorum, an
important pathogen of wheat in warmer climates. Per cent infection obtained in samples
of one seed lot by different stations in two subsequent years in using the same incubation
procedure (agar plate method). From international comparative tests conducted by the
Plant Disease Committee of the International Seed Testing Association.

In the last 10 years international comparative seed health testing schemes
have been carried through every year under the direction of the Plant
Disease Committee of the International Seed Testing Association. Since 1958
a workshop on seed pathology has been held every year by the committee to
discuss the outcome of the tests as well as principles of techniques and inter-
pretation. This international co-operation on experimental basis led to the
conclusion that reliable and reproducible results can be obtained by adopting
standard incubation procedures.

Other methods must be used for diseases that cannot be adequately
detected by incubation on blotter or on agar media. So-called growing-on
tests under the condition of a greenhouse or an environment controlled
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room may be necessary to reveal diseases such as virus and bacteria and
downy mildews. Serological procedures are under consideration as standard
techniques for detection of seed-borne viruses and bacteria, and the phage-
plaque technique is considered as well for bacteria. The embryo-count
technique for detection of loose smut as mycelium in the embryo of wheat
and barley is a very accurate technique now being adopted all over the world
for predicting amounts of this disease in the field.

Pyricularia oryzae
on rice in blotter tests
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Fic. 6. Reproducibility of laboratory seed health tests. Pyricularia oryzae, blast
fungus of rice. Per cent infection obtained in samples of one seed lot by different
stations in using the same incubation procedure (blotter test). Omne station contributed
two sets of results (A and B). Another station (No. 34) had not previously participated
in comparative tests nor workshops on seed pathology. From international comparative
tests conducted by the Plant Disease Committee of the International Seed Testing
Association.

A number of specified seed health testing procedures have been adopted
as recommendations in the International Rules for Seed Testing, issued by
the International Seed Testing Association (1966). Testing seed for quarantine
calls for still more criticism than testing seed for diseases already established
within the country. There is great need for new legislation and detailed
provisions to specify requirements on the health condition of seed and other
propagative material being introduced into India. Import regulations should
meet the need for both specification of dangerous pathogens and generalization
with regard to unexpected infections that may be encountered in testing
plant material presented for importation. There is, I believe, need for an
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expert commission to take up these basic problems that must be thoroughly
studied before satisfactory plant import regulations can be drafted for India.

Very important steps towards adequate plant import regulations have
been taken by the Inter-African Phytosanitary Commission (1958), and the
outcome of the studies on this matter for the last 10-15 years is laid down
in the formulation of the Inter-African Co-ordinated Legislation being adopted
by all African countries.

Returning to the actual plant quarantine situation in India, I believe
that much can be achieved in way of screening all kinds of seed consignment
by submitting these to a careful laboratory seed health testing, and this
should be an obligatory procedure for any kind of seed. But this provision
must be a general minimum requirement whenever more critical quarantine
procedures cannot be used for weighty practical reasons. For certain impor-
tant crops that are attacked by dangerous diseases, much more critical
procedures are needed. Growing-on tests under strictly aseptic conditions in
specially equipped greenhouses are necessary to enable establishment of
disease-free seed as a part of post-entry quarantine control. -

To meet the risk of introductions that may be particularly detrimental
to important crops, the seed should be grown to maturity under strictly
controlled conditions. From absolutely disease-free plants the seed should
be harvested and a sample of it thoroughly tested for presence of infections
before the seed thus produced should be released.

This testing technique has been taken into use in the East African Plant
Quarantine Station at Muguga, Kenya. For a number of years this post-entry
quarantine station has been in operation for three East African countries—
Kenya, Tanzania and Uganda.

The requirements of a post-entry quarantine station have been described
by Dr. Sheffield (1958, 1968), the leader of the East African Station.

This station is provided with 30 small independent greenhouse units
which are thermoregulated and watered from outside to reduce possibilities
of contamination. Each greenhouse is surrounded by a cemented trench
containing a disinfectant; all ventilation is effected through filters to prevent
contamination from the air. Anyone on duty in the greenhouse must, before
entering, take precautions similar to a surgeon entering an operation room.

Projects on regional quarantine stations to be set up in other parts of
Africa, as recommended by I.A.P.8.C., are now in progress. Close co-operation
is established with F.A.O.; this organization has a specialist on quarantine
matters.

The achievements obtained in this connection in Africa are outstanding.
In respect to organization of protection of the continent against introduction
of pest and diseases, Africa is leading in the world in formulating the principles
and providing the necessary equipment for effective quarantine precautions.
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What is now the position of India ?

Her agriculture must provide food for 500 million people. Crops of a
tremendous acreage must be protected against hazards whether they may
come from endemic diseases or they are impending from sources of infection
outside her territories.

In concluding my lecture, I should like briefly to suggest a few principles
for conducting a policy which should endorse a strong system of activities
for effective protection against spread and establishment of seed-borne diseases
" in India.

I should like to consider five lines of approach:

(1) Seed certification schemes—These must include field inspection for
seed-borne diseases. To implement this, extensive surveys of seed-borne
diseases in the whole of the country are urgently needed, detailed regulations
with specifications on disease tolerances for all crops of importance have to be
elaborated as well as precise directions on the practical procedures to be
followed by plant inspectors in the field. Special training courses for plant
inspectors must be organized.

The National Seeds Corporation will be the guiding body for implemen-
tation of the schemes. However, seed health certification schemes may be
organized on a more restricted basis, locally or for minor crops or special
diseases in the form of what I suggest to call Pilot Seed Health Certification
Schemes. In Australia a local seed health testing scheme for bean has been
carried through in Victoria State for many years and for some years disease-
free bean seed has been produced in this State in spite of climatic conditions
quite favourable for development of bacterial blights. As an example of two
pilot schemes that may be effectuated in this country I have suggested to
produce certified seeds of coriander and gram, free of infection of Protomyces
macrosporus (Figs. 7 and 8) and Ascochyta rabiei respectively. They are
widespread and destructive parasites on these crops. These pilot schemes, I
hope, will be taken up by the Department of Botany, Agra College of Agra
University. _

(2) Equipment for seed-processing—This has already been discussed. The
offers available in the world market should be studied.

(3) Establishment of seed health testing laboratories—There is an obvious
need of attaching qualified seed pathologists to all the seed-testing stations
of the states of India. This request of adequate staffing was endorsed by the
Tenth International Workshop on Seed Pathology held in New Delhi in
January 1967. 1 feel strongly that the health testing work suggested for the
Indian seed-testing stations should be in charge of officers on the senior level.

Moreover, there is need for a strong co-ordinating organ of seed health
testing for the whole country. Such a centre may appropriately be placed
at the Indian Agricultural Research Institute, New Delhi. A section of seed
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pathology, suggested to be placed in the division of mycology and plant
pathology in co-operation with the section of seed-testing of the institute,

Fre. 7. Coriander gall disease, IProfomyces macrosporus,
a serious disease of coriander calling for organization of a seced
health certification scheme. Above: partly hypertrophied seeds:
below : healthy seeds. 18x.

should be staffed by qualified seed pathologists and supported by a staff of
technicians sufficient to ensure efficient accomplishment of regular routine-
testing.
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(4) Establishment of research units and training centres—The co-ordinating
section of seed pathology, that may be set up at the I.LA.R.I., could be
a leading centre of research in the very broad field of seed transmission
problems related to plant diseases of crop plants. The staff should specialize
in all compartments of seed pathology: seed-borne viruses, bacteria, fungi
and nematodes.

Fra. 8, Protomiyces macrosporus. A chlamydospore. 600,

There is a considerable interest in taking up problems of seed trans-
mission and seed health testing at various universities in India. Any effort
in accomplishing research in this field has direct bearing on the paramount
problems of increasing plant production in India and should be encouraged.
Again co-ordination in these efforts is important.

(5) Establishment of an efficient quarantine control system—This is needed
and would mean the implementation of quarantine legislation and regulation
and further establishment of a country-wide plant protection service for import
as well as export, including the setting up of a network of well-equipped
post-entry quarantine stations in co-operation with I.A.O. General sced
health testing of all seed consignments to be imported should be further
developed as a general minimum precaution. All efforts should be directed
towards stepping up precautions in defence of Indian agrienlture against
hazards from menacing and powerful forces of pathogens.
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