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58 Α. Ε. MUSKETT 

I . INTRODUCTION 

For the purpose of this treatise autonomous dispersal is interpreted 
as the spread of vegetable, fungal, bacterial, virus, or nematodal plant 
pathogens through the agency of soil, seeds, or plant parts in the normal 
practice of crop husbandry and in the distribution of plants and plant 
products, and not through the intervention of any extraneous agency 
such as insect, wind, or water. Such dispersal involves the consideration 
of both space and time; adaptation for dispersal and the consequences 
of adaptation are also discussed. The subject is dealt with under the 
three main headings of soil, seeds, and plant parts. 

II. SOIL 

A. General 

Soil is the medium in which all the world's major crops are grown, 
and to the agronomist it means the substratum in which the crop plant 
is anchored by its root system and from which water, nitrogen, and min
eral nutrients are derived. The basic structure of soil is a rock complex, 
be it coarse sand or fine clay; this part of soil is inanimate and inert; 
its function is almost completely physical, and it provides the anchorage 
for the plant's root system. Whether originally formed by the breakdown 
and crumbling of igneous rocks or by sedimentation, this inert medium, 
bathed with water and dilute salt solutions, forms the basis for the 
colonization of the earth by plant life. Long before the intervention of 
man, the algae, liverworts, mosses, ferns, and flowering plants gradually 
occupied and spread over this rock matrix to build up the wild flora of 
today. But with the death and decay of succeeding generations of plants 
and the attendant wild fauna dependent upon the flora for its existence, 
the dead, unyielding rock, sand, and clay began to develop a new look: 
and there became introduced into it a new, near-living component, which 
may be loosely described as its humus. 

It is this humus content of the soil which is of such great importance 
in agriculture and horticulture; not only does it improve the condition 
of the soil by ameliorating its physical structure, but it provides much 
of the food for ensuing generations. The dead bodies of plants and 
animals do not break down and decay to form humus as the result of 
slow inanimate oxidation or combustion. The death of one organism 
quickens the life of another, and so it is that the process of degeneration 
and decay is assisted and hastened by the advent of countless sapro
phytic, chlorophyll-less organisms, mainly microscopic, which depend for 
their very existence upon organic food made available through the death 
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of previous generations. It is through the action of this multitude of 
microsaprophytes that ash again becomes ash and dust becomes dust. 
The introduction of humus to the soil converts it from an inanimate and 
inert matrix to a medium seething with life ecologically varied according 
to the origin from which it was derived. It is this living nature of the 
soil of farm and garden which is now attracting greater attention, and 
the microbiologist, finding here a field of work not only of intense 
academic interest but also one of great importance in crop husbandry, 
comes to the aid of physicist and chemist in the study of soil science. 
It is true that in hydroponics, where the plant is grown in a bath of 
sterile nutrient solution in pure liquid form with or without a gravel 
base, the problem of humus does not arise, but until such practice 
becomes much more widespread, the soil as such must remain the hus
bandman's main medium for crop growth. That the bulk of the micro
organisms which go to make up the flora and fauna of the soil are, 
on the whole, beneficial and play an essential part in building up soil 
fertility is abundantly clear—e.g., the action of the nitrifying bacteria— 
but the soil humus offers equal opportunity for the persistence or growth 
of pathogenic organisms capable of causing crop disease. It is this aspect 
of soil microbiology which is of such importance to the plant pathologist, 
who is mainly concerned with the soil as a reservoir and source of plant 
pathogens. The presence or absence of such pathogens frequently bears 
little or no relationship to the rock structure of the soil; it is the character 
of the decaying vegetation present and the system of cropping followed 
which mainly determine their presence or absence. 

B. Autonomous Dispersal in Soil 

1. The Contamination of Soil 

The original contamination of the soil with pathogens may occur in 
a variety of ways. It may take place by the gradual spread of the pathgen 
from a contaminated area to a noncontaminated area, or it may occur 
by the accidental introduction of contaminated material, such as crop 
debris or soil itself, into a clean area from one which is contaminated. 
The pathogen may also be introduced by the use of contaminated or 
infected seeds, or planting stock. 

2. Spread and Build-Up of the Pathogen 

When once the soil has become contaminated, the spread and 
build-up of the pathogen will be determined by a number of interacting 
factors. The most obvious is the frequency with which a susceptible crop 
is grown. The nature of modern farming and cropping has frequently 
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been such as to encourage systems of intensive cropping which tend to 
the production of a soil rich in plant pathogens capable of causing 
disease in epidemic form. Commonplace examples of such practice are 
world-wide. Spread by the mechanical transfer of soil is also of im
portance, but the spread and build-up of the pathogen will also depend 
upon its adaptation to the soil, and for this purpose soil-borne pathogens 
may be conveniently grouped into the three categories of nonspecialized 
facultative parasites, specialized facultative parasites, and obligate 
parasites. 

a. Nonspecialized Facultative Parasites. These pathogens are capable 
of a complete saprophytic existence, but they possess the faculty of 
attacking live tissues and behaving pathogenically. They are considered 
as nonspecialist in that they can spread and build up in soil interpreted 
in the widest sense. Typical examples are Pythium ultimum, a common 
cause of the damping-off of seedlings as well as of other crop diseases; 
Rhizoctonia sohni, which causes stem canker and black scurf of the 
potato and diseases of a great variety of host plants, and Pectobacterium 
carotovorum, the cause of soft rot of a variety of root vegetables. Both 
Pythium ultimum and R. Solani will grow readily in a typical cultivated 
soil, and when once the soil has become contaminated, the pattern of 
mycelial spread resembles that of an ever-widening circle such as is made 
by throwing a stone into a pond or by a fairy ring in a lawn. The growth 
in soil of P. ultimum has been studied by Smith (1954) and that of 
R. solani by Blair (1943) . The rate of spread and build-up of the or
ganism may depend to some extent upon the original food base supplied, 
but it also depends upon the general nutritive value of the soil. Blair 
found that in the case of pure sand the growth of R. solani is greatly 
diminished after the removal of the food base, although in the case of 
the three samples of soil which he used, the diminution of growth was 
negligible in two of them but noticeable in the third after the food base 
had been removed. Factors such as soil temperature, aeration, and 
microbial antagonism also influence the rate of build-up and spread. 
Not much information is available regarding the spread and build-up 
of Pectobacterium carotovorum in soil although, according to Dowson 
(1957) , the pathogen appears to live indefinitely in patches of inade
quately drained soil. It was demonstrated by Kerr (1953) to be present 
in twenty separate Scottish soils. 

b. Specialized Facultative Parasites. Specialized facultative parasites 
are those which, although capable of a complete saprophytic existence, 
depend in large measure upon the crop detritus of the host upon which 
they are pathogenic. They will not grow and build up in soil itself 
irrespective of its humus content. Some typical examples are ArmiUaria 
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mellea, the cause of tree root diseases; Ophiobolus graminis, the cause 
of the take-all disease of wheat; and Phymatotrichum omnivorum, the 
cause of root rot of cotton. These pathogens will not grow and ramify 
through the soil as do the nonspecialized types but require a food base 
such as the roots or crop debris of the host plants which they attack. 
Their spread and build-up in the soil is, therefore, closely linked with the 
frequency of growing susceptible crops. Taubenhaus and Ezekiel (1930a) 
found that no spread of the mycelium of Phymatotrichum omnivorum 
occurred away from the roots of cotton, and they could produce no 
evidence for the independent growth of the fungus in the soil. At the 
same time it has been found that the fungus exists on some of the native 
plants of the uncultivated desert and spreads by the movement of in
fected roots from higher to lower lands by soil erosion and drainage 
(King et ah, 1934). It has also been shown that Ophiobolus graminis 
only grows through the soil in association with the roots of its cereal and 
grass hosts (Padwick, 1935). In the case of ArmiUaria mellea the growth 
of the fungus in space is extended through its ability to produce the 
typical rhizomorphs which grow out from the food base in infected wood. 
As examples of this, rhizomorphs were found to extend for 22 yd. from 
an infected pit prop in a mine-working by Ellis (1929) , and Findlay 
(1951) found two rhizomorph systems of this fungus extending for 10 ft. 
and 30 ft., respectively, in a water tunnel leading out of a reservoir 200 
ft. below ground level; the food base for these was believed to be the 
timber used in the construction of the tunnel. Apart from adaptations 
such as this, however, the range of the specialized facultative parasite 
is strictly limited to the range of the host plant, and the pattern of soil 
contamination will largely conform with that for host cropping. The 
power of infectibility may not remain unimpaired in cases of rhizomorph 
production, such as that of ArmiUaria mellea, for Garrett (1956) states 
that "the radius of spread of rhizomorph systems from a food base is 
often much greater than the effective radius for successful infection." 
This is supported by Wallace (1935) , who observed that infected roots 
of coffee and tea in Tanganyika are found only in close association with 
dead bushes. In considering automonous dispersal, however, the question 
of inoculum potential cannot be given full weight since the transfer of 
a pathogen in a viable state to a new site could bring about the raising 
of the potential necessary to procure successful infection. Conditions of 
soil and climate will also affect autonomous dispersal, and in this connec
tion the work of Ezekiel (1940) with Phymatotrichum omnivorum is 
important. Ezekiel defines the cotton belt affected with root rot in the 
United States to be "from a point in southern Utah southwest into 
Mexico (where the southern limit is yet to be established) and from 
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the eastern margin of Texas westward to southern California." Taking 
the isotherm delimiting the area where the lowest air temperature ob
served between 1899 and 1938 was —23° C , he points out that this 
follows rather accurately the northern limit of the occurrence of root rot 
from Arkansas west to Nevada. He further suggests that "root rot has 
persisted where the temperature has not fallen below —23° C , where 
the annual mean temperature has been 15.6° C. or higher, and where the 
frost-free period has averaged at least 200 days per year." Little alarm 
is expressed for the significant advance of the pathogen either by growth 
through the soil, which he estimates as 1 mile in 100 years, or by the 
more rapid introduction of the roots of diseased plants into the soil. 
McNamara (1926) , working at Greenville, Texas, recorded an annual 
spread of about 10 ft. during the years 1921-1924. To the extreme west 
and east of the line denoted above, temperature does not appear to be 
the limiting factor. Taubenhaus and Ezekiel (1936) observe that the 
pathogen is favored by dark alkaline soils. 

c. Obligate Parasites. The nature of the obligate fungal parasite is 
such that its existence is confined to the host plant which it attacks, and 
when the host plant dies, it can only survive in the soil in a resting state 
until reactivated by the renewed growth of the host. An obligate para
site, therefore, cannot grow and spread in the soil, its range and pattern 
will ideally be confined to the range and pattern of its host, discounting 
the mechanical transfer of contaminated soil. The rate and extent of the 
build-up of the pathogen will depend very much upon the frequency 
with which a susceptible crop is grown. Typical examples of soil-borne 
obligate parasites are Plasmodiophora brassicae, the cause of clubroot 
disease of Brassicae; Synchytrium endobioticum, the cause of potato 
wart disease; and Spongospora subterranea, the cause of powdery scab 
of potato. The only period during which obligate parasitic fungi could 
effect the spread of the pathogen in soil is when a sporangium or a resting 
sporangium germinates to liberate free-swimming zoospores. The range 
of such zoospores, however, and the length of their active life are re
garded as too limited to bring about any significant spread of the patho
gen in the soil. Furthermore, when a zoospore is unable to contact and 
infect a susceptible host, it dies and the problem of soil contamination 
disappears. With regard to Heterodera rostochiensis, the nematode 
responsible for potato sickness, the larvae hatching from cysts will, 
according to Fuchs (1911) , travel a distance of from 3 to 4 meters, 
while Baunacke (1922) records a distance of just over 9 meters. Here 
the spread of the pathogen in any year will also depend upon the num
ber of generations passed and the soil type. The extent to which the 
pathogen is suitable for adaptation to new soil and climatic conditions 
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to which it may be introduced are also factors of importance in deter
mining the measure of its build-up and spread. Evidence is available 
indicating that when potato tubers severely affected with Spongospora 
subterranea were introduced for 3 successive years from a country where 
powdery scab is common and grown in another where the climate is 
warm and dry and yet where powdery scab is a prohibited disease, the 
occurrence of powdery scab on the crops grown from diseased tubers 
was never recorded in the country of introduction for the whole 3-year 
period. 

The number of plant-pathogenic viruses reported as soil-borne is, 
so far, comparatively small. Some typical well-known examples are those 
causing tobacco mosaic, tobacco necrosis, wheat mosaic, and big vein 
of lettuce. There is no doubt, however, that soil transmission of plant 
viruses is more common than has hitherto been supposed and the number 
of known examples will be greatly increased as the study of this com
paratively new branch of plant virology receives the attention it merits. 
Recently Cadman (1956) and Harrison (1956, 1958) have reported on 
soil-borne viruses responsible for disease of the raspberry in Scotland, 
while Walkinshaw and Larson (1958) have found a soil-borne virus 
associated with corky ring spot disease of potato in the United States. 
In so far as the active virus is associated with the cells of the host in 
which it occurs, the pattern of soil contamination will follow that of the 
distribution of host roots or detritus in the soil. Growing evidence sup
ports the view that weeds play an important part in determining the 
incidence, spread, and survival of plant viruses so that the interpretation 
of "host" must be made in the wide sense to include such weeds as well 
as the crop affected. 

3. Persistence of the Pathogen 

The persistence of the pathogen in soil may vary from a few hours 
to many years; its effect on autonomous dispersal will closely depend 
upon the time elapsing between soil contamination and soil dispersal. 
Potato tubers may become infected with blight, caused by Phytophthora 
infestans, through the contamination of the soil with sporangia falling 
from the diseased haulms (stems). But the sporangia are short-lived and 
are mainly operative only in the top layer of the soil. Murphy and McKay 
(1925) have shown that from 2 to 3 weeks is the longest period that the 
fungus may be expected to survive and cause tuber infection and that 
such infection mainly occurs in the top 5 cm. of the soil. Phytophthora 
infestans will not survive for long periods in normal unsterilized soil 
away from its host plant. 

Given continuously ideal growing conditions, there is no reason to 
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suppose that nonspecialized facultative parasites such as Phytophthora 
ultimum and Rhizoctonia solani should not contaminate the soil indefi
nitely without the stimulus of a susceptible crop. Doubtless, they do 
persist in the soil for long periods, and this persistence is assisted by the 
production of oospores, chlamydospores, and resting mycelia, all of 
which help to tide them over periods unfavorable for growth. 

More detailed information is available for some of the better-known 
specialized facultative parasites, and Bliss (1951) has suggested that 
ArmiUaria mellea will persist for 6 or more years in infected citrus roots 
of more than 3 cm. in diameter in some California soils. There can be 
little doubt that the rhizomorphs of this fungus are persistent although 
very definite evidence as to the extent of their longevity is lacking. For 
Ophiobolus graminis, Garrett (1938, 1940, 1944) and Fellows (1941) 
have shown that conditions restricting microbiological activity in soil, 
such as low temperature, dryness, and poor aeration are more likely to 
support longevity of the fungus in host tissues than those such as high 
temperature, adequate moisture, and good aeration, which encourage the 
activity of the fungus as a pathogen. An ample supply of nitrogen also 
helps to prolong the survival of the fungus by enabling continued my
celial development to occur in infected tissue (Garrett, 1940). The 
degree of persistence of O. graminis in soil will, therefore, depend upon 
the interaction of all these factors. 

In the case of Phymatotrichum omnivorum the formation of sclerotia 
is an important, if not limiting, factor in determining the longevity of the 
fungus in soil. Taubenhaus and Ezekiel (1930b) and Neal and Maclean 
(1931) found that the vegetative strands of Phymatotrichum omnivorum 
survive their host roots by only a few weeks, whereas Ratcliffe (1934) , 
Rogers (1937) , and Rea (1939) concluded that a 4-years' crop rotation 
is necessary to obtain satisfactory control of cotton root rot. Neal (1929) 
first reported the occurrence of sclerotia of the fungus in the field, and 
it is by their production that the pathogen is enabled to survive. Rogers 
(1937, 1942) showed that sclerotial formation occurs after the conclusion 
of the parasitic phase of the pathogen. He found the greatest number of 
viable sclerotia after the first year's growth of a nonsusceptible crop 
following cotton. Taubenhaus and Ezekiel (1936) found the viability of 
sclerotia to range between 10 and 2% after 5 years in soil of medium 
moisture content. Ezekiel (1940) further recorded 10% germination after 
6 years, 8% after 7 years, but found no viable sclerotia after 9 years. 

Since the obligate parasite is wholly dependent for existence upon 
the living host, its persistence in soil away from its host must depend 
upon the production of resting spores or some such like-resistant struc
ture. Plasmodiophora brassicae survives as resting spores, and 7 years 
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seems to be a commonly accepted time for the survival of such spores. 
Gibbs (1939) has recorded 5 years for New Zealand, and Fedorintchik 
(1935) obtained infection in cabbage seedlings in land not sown to a 
crucifer crop for 7 years in Russia. Germination of a high proportion of 
the spores is likely to occur without much delay in fallow soil without the 
stimulus of the root of a susceptible host; this is known as "spontaneous 
germination' (Macfarlane, 1952). Spontaneous germination is more 
marked in acid soils of high moisture content than in dry alkaline soils 
in which the spores appear to survive longest (Bremer, 1924). At the 
same time the marked reduction in the viable spore load in wet acid 
soils is offset by the fact that a much lower spore load is necessary to 
produce clubroot in epidemic form under such conditions than when the 
soil is dry and alkaline (Colhoun, 1953). 

The persistence period for Synchytrium endobioticum appears to be 
even longer. In Germany, Schaffnit (1922) suggests at least 10 years in 
land fallowed and kept free from weeds. In Northern Ireland a sus
ceptible potato variety contracted wart disease in 1956 when planted in 
land where the disease had first been recorded in 1926; very few, if any, 
crops of immune potato varieties only had been grown in this land dur
ing the interim period. It would thus seem that the resting sporangia of 
Synchytrium endobioticum might survive for periods of more than 10 
years and even for as long as 30 years. Little direct evidence is available 
for the persistence in the soil of spore balls of Spongospora subterranea 
although they are frequently recorded as retaining their viability for 
several years. Some 6 to 8 years is the period usually accepted for the 
cysts of the nematode Heterodera rostochiensis. Thorne (1923) claims 
that after 6 years most of the cysts are empty or contain but very few 
eggs which, for the most part, are dead. 

Of the soil-borne plant pathogenic viruses, tobacco mosaic virus, 
which is relatively stable, will survive in crop detritus and provide a 
source of infection for both tobacco and tomato crops over a period of 
at least 2 years (Johnson, 1937). Wheat mosaic virus has been recorded 
as persisting in the soil in an active condition, with no wheat crop inter
vening, for from 6 to 9 years, and it has been suggested that it does 
so in some other soil-inhabiting organism which acts as a vector (Mc-
Kinney, 1946). Since the disease may be controlled by an insecticide, 
F. Johnson (1945) concludes that this acts on the vector rather than on 
the virus and suggests that the vector may be a nematode. The virus 
responsible for big vein of lettuce will survive in soil for more than a 
year, and the incidence of crop disease it will cause has been shown to 
be only slightly reduced when contaminated soil is diluted 800 times 
with sterilized soil (Pryor, 1946). 
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C. Autonomous Dispersal by Soil 

1. By Soil Alone 

During the mechanical operations of cropping and farming, the 
movement of soil by plowing, harrowing, farm wagons and trucks, etc., 
will achieve the dispersal of a pathogen over the farm land. It will also 
be spread by soil carried on the boots of farm workers and by any soil 
erosion which may occur. The pattern of such spread will tend to be 
erratic and will fit in approximately with the pattern of farm activities. 
Through inter-farm communication such as the loaning of farm equip
ment by one farmer to another, and by land erosion on a larger scale, 
the pathogen may be spread from farm to farm and the pattern of such 
spread will again be erratic. In this way the spread may gradually in
crease until a whole village, a township, or a province may be involved. 
Dispersal will also be achieved by the movement of soil in bulk, but as 
such a transfer tends to be uncommon in farm practice, this mode of 
dispersal will be more likely to occur in operations involving building 
or amateur gardening. The pattern of dispersal here will be even more 
erratic and much greater distances may be involved. 

2. By Soil Adhering to Plant Parts 

The transfer of contaminated soil from one area to another by its 
adherence to roots, tubers, and other plant parts is a most effective 
method of dispersal of a pathogen. It is in this way that pathogens may 
be spread not only from field to field and from farm to farm but from 
country to country and continent to continent. 

D. The Prevention of Autonomous Dispersal by Soil 

1. Testing for Soil Contamination 

If soil is to be dispersed, whether avoidably or unavoidably, the 
knowledge of its freedom from or contamination with pathogens cannot 
be other than worthwhile. This emphasizes the need for techniques of 
soil examination for determining the presence of plant pathogens. The 
devising of suitable techniques which will give speedy, reliable, and 
accurate results is, however, not a simple matter, especially in the case of 
microorganisms and viruses whose minuteness makes difficult their direct 
visual detection in soil. Some success has attended the devising of such 
methods in the case of parasitic plant nematodes, and the best example 
is provided by Heterodera rostochiensis, the potato root eelworm, which 
is carried in the soil in cyst form. In many potato-growing countries soil 
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surveys are in progress and are being made with the objects of defining 
contaminated and noncontaminated areas. Methods are also available 
for determining soil contamination with Plasmodiophora brassicae. These 
are the seedling host tests devised by Samuel and Garrett (1945) and 
Macfarlane (1952) , and the pot method devised by Colhoun (1957) 
whereby, as the result of epidemiological studies, susceptible plants can 
be grown under conditions which will produce the disease in epidemic 
form (Colhoun, 1953). These techniques provide facilities for dif
ferentiating between clean and contaminated soil and allow for advice 
to be given, not only concerning the dispersal of soil, but also in regard 
to growing susceptible crops. The ultimate value of soil health surveys 
will be determined when it is known how control measures, adopted as 
the result of the knowledge gained, have been successful in preventing 
the spread of the pathogen and the preservation of noncontaminated 
areas clean and free from infection. For soil-borne plant pathogenic 
viruses, soil tests are at present largely limited to the growing of sus
ceptible indicator plants. 

2. The Charing of Contaminated Soil 

Another approach to the problem of preventing dispersal is by 
ridding the soil of the pathogen and thereby clearing contaminated areas. 
The outstanding example of this method is the partial sterilization of 
soil by heat, steam, or chemicals whereby all pathogenic organisms are 
killed. This is discussed in detail by Kreutzer in Chapter 11 of this 
volume. 

Soil treatment can be practicably employed only for relatively small 
land areas such as those in use for glasshouse crops or nurseries where 
the value of the crop is such as to warrant the expense of the operation. 
It has, however, also been used in cases of new outbreaks of infection 
with potato wart disease in the United States (Hartman, 1951) where the 
focus of contamination is small and where the stamping out of the patho
gen can be justified by the prevention of its spread to a wider area. For 
this purpose Hartman recommends the use of finely pulverized copper 
sulphate at 2,500 lb. per acre, and claims that by the end of 1950 the 
disease had been eradicated from 440 infected gardens. Partial steriliza
tion of the soil, using steam or formaldehyde, has become commonplace 
in the growing of nursery and glasshouse crops in areas where it is 
difficult or impossible to bring in fresh supplies of noncontaminated 
soil, and where the build-up of soil pathogens through intensive cropping 
is so marked as to render impossible the growing of healthy crops with
out soil treatment. 

An alternative method of clearing contaminated soil is by fallowing 
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the land and controlling susceptible weeds. Where immune varieties are 
available, the growing of these allows for the starving out of the patho
gen without having to forego the cultivation of the crop. This method 
has proved invaluable in the case of potato wart disease where the 
use of so-called immune varieties had solved a difficult problem in 
countries where the potato is a major crop. In these countries the tend
ency for their increasing use grows steadily, and in the United Kingdom 
no new variety of potato can be registered unless it is immune from 
attack. In Northern Ireland the potato acreage planted with immune 
varieties has increased from 69% in 1923 to 92% in 1957. The occurrence 
of new physiologic races of Synchytrium endobioticum, capable of attack
ing potato varieties hitherto believed to be immune, is an added com
plication and a development over which careful watch will need to be 
kept (Moore, 1957). 

The use of decoy crops which stimulate the germination of resting 
spores but do not contract disease with the resultant production of resting 
spores, such as occurs in the case of Matthioh incana and Lolium 
perenne when grown in soil contaminated with Plasmodiophora brassicae 
is an interesting new line of investigation (Macfarlane, 1952). 

Many of the major problems of soil contamination have arisen be
cause of the conscious or unconscious neglect of the principles of good 
crop husbandry, and much of the harm which has been done could 
undoubtedly be rectified by more cautious cropping and by reverting to 
a sounder form of husbandry. This has already been realized in take-all 
disease of wheat, clubroot of Brassicae, and root rot of cotton, where 
epidemiological studies have brought valuable knowledge to bear upon 
the incidence of these diseases and how they may be best controlled. 

3. The Prevention of Soil Dispersal 

Where planting stocks and plant products are transported and where 
there is a risk of pathogens being dispersed with the soil adhering to 
them, it would not seem unreasonable to require, if at all practicable, 
that they should be freed from soil before dispatch. In some cases this 
principle has been adopted, an example being the transport of plants to 
the United States, where it is required that the roots shall be washed free 
from soil. The ease of modern transport by rail, sea, and air with the 
increasing facilities for handling large bulks at greater speed, coupled 
with the remarkable increase in the volume of travel, has not eased the 
problem, and the danger of the autonomous dispersal of soil-borne 
pathogens in this way to new and uncontaminated areas is ever present. 
Perhaps no better example can be cited than that of the international 
trade in seed potatoes. In order to keep the potato crop free from virus 
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infection a very considerable international trade in seed potatoes has 
developed whereby stocks of virus-free seed are imported regularly by 
countries with drier and warmer climates (unsuitable for virus-free seed 
production because of the prevalence of insect vectors) from countries 
where the climate is wetter and cooler and where stocks of such seed can 
be comparatively easily grown. The countries of northwestern Europe 
are developing an increasing trade with those of the Mediterranean 
basin and the continent of Africa; this trade is likely to continue until the 
importing countries have found it possible to grow their own healthy 
stocks. Although such seed may be relatively free from virus contamina
tion, there is always, however, the risk of importing such pathogens as 
Synchytrium endobioticum, Streptomyces scabies, Spongospora subter-
ranea, Phytophthora erythroseptica, Pectobacterium carotovorum, Hetero-
dera rostochiensis, and others through the medium of soil adhering to 
the tubers. Because of the lack of easily applied techniques for deter
mining accurately the presence or absence of many of these pathogens in 
soil and the lack of knowledge of the epidemiology of the diseases they 
cause, phytosanitary regulations devised to prevent their introduction 
through the medium of soil have often had to be framed from the point 
of view of fear of the unknown rather than in the light of clear scientific 
knowledge. A more direct and satisfactory solution of the problem of 
preventing dispersal through soil would be achieved if the principle 
of washing plants and plant products free from soil before dispatch could 
be generally applied. Difficulties inherent in putting this into practice 
become apparent when the need for washing, in an effective manner, 
large bulks of such produce as potato tubers or bulbs is considered. It is 
for this reason that a large scale mechanical plant for washing and dis
infecting seed potatoes in Scotland presents an interesting new develop
ment. By means of this plant, which is illustrated in Fig. 1 the tubers 
are subjected to jet-pressure washing within 24 to 48 hours after lifting, 
and then, when completely freed from soil, to a process of disinfection 
before being quickly dried and stored. This development has been made 
possible by recent cumulative advances in mechanical engineering, and 
it shows how, with the facilities provided by an advance in one field of 
science, problems in another field, incapable of solution at the time, can 
be relatively easily solved later. One of the advantages claimed for such 
washed tubers is that they are free from contamination with the cysts of 
H. rostochiensis (Mabbott, 1956) and if this is substantiated, a distinct 
advance will have been made which should appeal to all importing 
countries where the introduction of this pathogen is feared. Apart from 
this, the freeing of the tubers from soil also eliminates the risk of the 
introduction of soil-borne pathogens as a whole. The disinfection of the 
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FIG. 1. Pressure jet washed seed potatoes leaving the washing tanks and enter
ing the disinfectant bath at the plant installed for the washing and disinfecting of 
seed potatoes by Sir Thomas Wedderspoon, Angus, Scotland. (By courtesy of The 
Farming News, Glasgow.) 

tubers after washing is not only an added precaution, but it also effects 
the control of tuber-borne pathogens, reference to which is made in the 
section dealing with autonomous dispersal by plants and plant parts. 

III. SEEDS 

A . General 

Perhaps one of the major developments in plant pathology during 
the present century has been the realization of the extent to which the 
true seed may carry plant pathogens, and there is now no important 
agricultural or horticultural crop where the seed is not associated with 
one or more of the pathogens responsible for outbreaks of disease. 

Seed-borne pathogens may be grouped into those which are carried 
with the seed and those which are carried on or in the seed. In the first 
group is included dodder (Cuscuta trifolii) occurring as seeds in a 
clover seed sample, flax rust, caused by Melampsora lint, affecting flax 
straw detritus in a sample of flax seed, ergot (Claviceps purpurea) oc
curring as sclerotia in samples of seeds of cereals and grasses, and the 
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nematode (Anguillulina tritici) which occurs in ear cockles in samples 
of seed wheat. A typical example of a pathogen normally borne on the 
seed is bunt or stinking smut of wheat (Tilletia caries) which is carried 
as resting or brand spores adhering to the outside of the caryopsis. 
Fungal pathogens, which are carried on or in the seed are: Helmintho-
sporium spp., the cause of seedling blight, root rot, leaf stripe, and leaf 
spot of cereals and grasses; Fusarium spp., the cause of seedling blight, 
foot rot, and ear blight of cereals and wilt of flax and other crops; Phoma 
spp., the cause of black leg of beet and foot rot of flax; Ascochyta pisi, 
the cause of leaf, stem, and pod spot of pea, Colletotrichum linicola, the 
cause of seedling blight of flax; Polyspora lint, the cause of stem break 
and browning of flax; and Gloeotinia temulenta, the cause of blind seed 
disease of ryegrass. 

Corynebacterium michiganense, the cause of bacterial tomato canker, 
is a typical example of a seed-borne pathogenic bacterium. The cause of 
loose smut of wheat, Ustilago tritici, exemplifies the type of seed-borne 
fungal pathogen where the contamination is carried as mycelium entirely 
within the tissues of the caryopsis. Few plant virus pathogens are known 
to be seed-borne, but those responsible for bean mosaic and lettuce 
mosaic are two typical examples. 

B. Autonomous Dispersal by Seeds 

The principles underlying the autonomous dispersal of plant patho
gens by seeds have much in common with those enunciated for soil. 
But since the seed, in its dormant state, seldom provides suitable 
conditions for active growth such as may occur in soil, the pathogen is 
normally carried as a spore (resting or otherwise) or as mycelium 
(usually in a dormant state) within the tissues of the seed coat or in the 
tissues of the seed itself. It is clear that the dispersal of the pathogen will 
be closely correlated with the movement of seeds, and the pattern will 
tend to be more deliberate than for soil since there is not the same degree 
of accidental movement. For instance, soil erosion, the movement of 
farm machinery, and any communication between farms are all signifi
cant factors in bringing about the movement of contaminated soil 
whereas (although they cannot be completely ruled out) they are not 
so significant for seeds. There is a close relationship between the pattern 
of the seed trade and that of the autonomous dispersal of a seed-borne 
pathogen. 

1. The Contamination of Seeds 

Cases where the contamination of seeds is a simple mechanical ad
mixture of the seeds of both host and pathogen are exemplified by 
dodder, where the seeds of C. trifolii occur mixed with those of clover. 
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In ergot of rye the open flowers of the host are infected with the asco-
spores of C. purpurea; the young ovary is attacked and invaded, and 
eventually becomes replaced by the typical horn-shaped sclerotium of 
the fungus. The sclerotia so formed become mechanically admixed with 
the unaffected seeds and are sown with them when putting in the crop. 
Ear cockles of wheat resulting from crop attack by the nematode A. 
tritici also become admixed with the grain and may be sown with the 
seed. The pathogen may be carried on the straw or crop detritus of a 
diseased crop, pieces of which may occur as an impurity in the seed 
sample. In flax rust, pieces of straw affected with the resting teleutospore 
stage of M. lira are commonly found mechanically admixed with the 
seed. The bunt balls of T. caries occur mixed with seed wheat, but they 
commonly become broken during harvesting and threshing, whereby 
the brand spores of the fungus are released to contaminate the grain; 
thus, this pathogen is normally carried as spores attached to the grain. 

Seed contamination with pathogenic fungi and bacteria frequently 
takes the form of an invasion of the tissues of the seed coat or of the seed 
itself where it remains viable in a relatively quiescent state until the seed 
is sown. If the pathogen is capable of free sporulation, it may also be 
borne in the form of spores adhering to the seed coat. In these cases 
seed contamination may be translated to seed infection because, if con
tamination occurs in the early developmental stages of the seed and 
conditions are suitable, the pathogen attacks the seed, and the seed 
becomes diseased. In P. lint, for instance, which causes stem break and 
browning of flax, all stages may be found in a contaminated seed sample 
—from where the seed has been attacked and killed in an early stage 
of development, through seeds which are quite healthy but which carry 
the pathogen as mycelium in the outer mucilaginous layers of the seed 
coat, to those which bear only the conidia of the pathogen adhering to 
them (Lafferty, 1921; Colhoun, 1946). This condition applies equally 
well to many other seed-borne pathogens included in this group, such as 
Fusarium spp., G. temulenta, C. linicola, and A. pisi. Contamination or 
infection of the seed in these cases is normally of external origin, it being 
brought about by spores of the pathogen during the flowering, maturing, 
or harvesting of the crop. Pethybridge and Lafferty (1918) and Lafferty 
(1921) in the investigation of the flax pathogens C. linicola and P. lint 
traced the infection of the seed via the boll. The conidia of Helmintho-
sporium avenae, the cause of seedling blight and leaf spot of oats, may 
be found attached to the pales, where they germinate to produce resting 
mycelia. Whereas the conidia of Gibberella zeae attacking wheat may 
bring about flower infection (Adams, 1921) or may attack through the 
glumes, the attack by other Fusarium spp. is normally confined to the 
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glumes (Bennett, 1931). In A. pisi the pea seeds contract contamination 
through the pod-spotting phase of the disease. G. temulenta infects rye
grass at the time of flowering through ascospores released from apothecia 
produced on infected seeds, while secondary infection is brought about 
by conidia produced in abundance by primary infection with ascospores 
(Calvert and Muskett, 1945). In this disease it is also easy to find every 
phase of contamination, ranging from seeds killed by the disease to those 
bearing conidia externally. 

An interesting feature of a number of these diseases, such as those 
caused by H. avenae, C. linicola, and P. lint, is the healthy and vigorous 
growth of the crop, which usually occurs between the primary phase of 
the disease in the seedling stage and the secondary phase leading to the 
contamination or infection of the seed. Although it is generally assumed 
that the source of the inoculum for the secondary phase is supplied by 
spores produced by the primary and possibly intermediate phases, it is 
sometimes difficult to trace this in the field, and this fact suggests the 
need for further research. The diseases mentioned are largely specific, 
and the pathogens concerned are limited to one or a few kindred hosts. 
In the case of a nonspecific pathogen, however, such as Botrytis cinerea 
with a wide host range, seed contamination or infection may be con
tracted from outside sources irrespective of the state of contamination of 
the seed sample from which the crop is grown. Further contamination 
of the seed may spread rapidly, if weather conditions are suitable, in 
harvested and stooked crops of cereals, ryegrass, and flax in the case of 
such pathogens as some Fusarium spp., G. temulenta, and B. cinerea. 

Ustilago tritici, the cause of loose smut of wheat, presents a typical 
example of a systemic disease where the pathogen is borne in mycelial 
form entirely within the seed. Flower infection is affected by brand 
spores released from affected ears at the time of flowering of the crop, 
and the resultant grain produced may, according to the wheat variety, 
contain mycelia in the pericarp only or in all parts of the embryo and 
even in the root primordia (Ruttle, 1934). 

The comparative rarity with which plant pathogenic viruses are 
transmitted by the true seed presents one of the most interesting prob
lems of plant virology. Of the hundreds of plant virus diseases which 
have been described, only 45 have been reported as seed-transmitted 
(Crowley, 1957a). Reddick and Stewart (1919) first showed that bean 
mosaic virus is transmitted by the seeds of Phaseolus vulgaris. Later, 
Ainsworth and Ogilvie (1939) found that lettuce mosaic virus may be 
seed-transmitted and that some 5% of the seed used produced infected 
seedlings. The varying claims made for the seed transmission of tomato 
mosaic virus may be explained by the work of Ainsworth (1934) , who 
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showed that the virus occurs in the seed coats of seed grown from 
infected parents. 

The ability of a virus to enter the seed depends upon the interaction 
of virus and host, for as Bawden (1950) points out, "In the same host, 
one virus may be seed-transmitted and another not, and the same virus 
may be seed-transmitted in one host but not in others." Recent work by 
Crowley (1957a,b), in which 5 mechanically transmitted viruses were 
used, indicates that host sterility will not account for the lack of seed 
transmission in any of the cases investigated. All 5 viruses infected the 
seeds of the hosts but only bean mosaic virus was found to infect the 
embryo. Crowley found no evidence for the production of virus in-
activators in seeds or developing embryos. He regards the rarity of seed 
transmission to be due to the inability of most viruses to infect mega-
spore or microspore mother cells of infected plants as well as to their 
inability to infect developing embryos because of the lack of plasmo-
desmatal connection with the endosperm. 

2. Spread and Build-Up of the Pathogen 

The rate of spread and build-up of the pathogen will vary according 
to the prevailing seasonal conditions. Given a series of successive seasons 
favorable for the growth and development of the pathogen in relation to 
the host, then a progressive build-up of the pathogen as a seed con
taminant may be anticipated. The principle of seasonal conditions acting 
as a limiting factor controlling the rate and extent of seed contamination 
holds generally for seed-borne pathogens as a whole. If the host plant is 
regarded as a match box and the pathogen as a match, then seasonal 
conditions leading to seed contamination may be regarded as the act of 
striking the match. So long as the seasonal conditions are unsuitable, 
host and pathogen will tend to exist alongside each other; no outbreak 
of disease will occur, there will be no seed contamination, and the host 
plant will tend to flourish in spite of the pathogen. Whether there will 
be a gradual tendency towards the build-up of seed contamination over 
the seasons will depend, in the first place, upon the climatic conditions 
prevailing over the area as a whole and, secondly, upon the specific 
climatic condition from season to season. This is illustrated by the seed 
health survey made for fiber flax from 1940 to 1955 in the United King
dom, the results of which are discussed in the section dealing with the 
value of seed health surveys. 

The pattern of the build-up of seed contamination in a crop may be 
even, but it may also be erratic and variable. Contamination may occur 
in pockets which have served as foci for the outbreak and spread of 
disease. This may be due to the uneven contamination of the seed sample 
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sown or to the soil conditions favoring or disfavoring the outbreak and 
incidence of disease. That soil conditions of temperature and moisture 
can exert a very significant effect on the incidence of seedling blight of 
oats, caused by H. avenae, has been clearly demonstrated (Muskett, 
1938). When flaxseed was sampled for the United Kingdom seed health 
survey, it was found that in bulks of seed which had not been thor
oughly mixed, the incidence of contamination could vary greatly in 
different parts of the same bag of seed (Muskett and Colhoun, 1947). 
An erratic pattern of seed contamination is also likely to occur when the 
pathogen is originally contracted from the soil, as in the case of Phoma 
sp., causing flax foot rot. Here the pathogen may be contracted in the 
first place from soil, and the attack becomes evident by the occurrence 
of odd plants here and there in the crop affected with the disease 
(Pethybridge et ah, 1921). When once the seed has become contam
inated, the disease may break out in epidemic form in the crop if the 
seed is sown under suitable seasonal conditions. 

3. Persistence of the Pathogen 

By persistence of the pathogen is meant the time during which the 
pathogen will remain viable with, on, or in the seed and assumedly cap
able of causing disease. It refers to the period during which the seed is 
stored rather than to the persistence of the pathogen in soil after the 
seed has been sown. Normally, the conditions required for the germina
tion of the seed and the growth of the host plant will largely assimilate 
those for the pathogen, and it may be assumed that, after overwintering, 
the pathogen will become active soon after the seed is sown. There are 
instances, such as that of ergot, where the sclerotia may remain dormant 
if buried too deeply in the soil. In the northwest of the United States the 
brand spores of dwarf bunt of wheat, T. caries, may remain viable in the 
soil for up to 7 years (Wilson, 1955). The time of persistence will clearly 
depend upon such factors as the nature of the pathogen itself, the condi
tion in which it occurs as a contaminant, and the method of seed storage 
after harvesting the crop. In the case of a simple mechanically admixed 
contaminant, such as dodder, the problem is clearly one of comparative 
seed longevity, while for ergot it may depend upon the relative longevity 
of sclerotium and seed. In such cases there is a dearth of very accurate 
knowledge of persistence time which, in any case, will vary with environ
mental conditions. 

It is known that the nematode A. tritici in ear cockles of wheat kept 
dry will remain viable for up to 10 years (Goodey, 1923). In herbarium 
material the brand spores of T. caries were found to be viable after 18 
years and those of Ustihgo avenae after 13 years (Fischer, 1936). Al-



76 Α. Ε . MUSKETT 

though the brand spores of Ustilago nuda are relatively short-lived, 
barley seed infected with loose smut produced some smutted heads after 
storage for 11 years (Porter, 1955). H. avenae, which is normally carried 
as mycelia in the seed coats of oats, will retain its viability for a period 
of up to 10 years in Canada and for at least 7 in Northern Ireland. 
Alternaria tenuis, a mold commonly contaminating seed oats, tends to 
die out in the early years of the storage period, but with its death 
H. avenae is more readily isolated from an increasing percentage of 
seeds (Machacek and Wallace, 1952). It has been suggested that molds 
such as A. tenuis may behave antagonistically to H. avenae, thus inter
fering with its ready detection by growth until they have died out. The 
persistence of Fusarium spp. in seed oats does not appear to be so 
marked because it has been found in Northern Ireland that both mycelia 
and spores tend to have lost their viability after seed storage for some 
3 years. Seed-borne pathogens of flax may persist from 1 to 6 years, as 
illustrated by the following examples: C. linicola (2 to 6 years), P. lini 
(1 to 5 years), B. cinerea (1 to 3 years) and Phoma sp. (2 to 3% years) 
(Colhoun and Muskett, 1948). In blind seed disease of ryegrass, caused 
by G. temulenta, the surface-borne conidia lose their viability after 6 
months, while the mycelia carried in the seed tissues will persist for up 
to 20 months (Calvert and Muskett, 1945). Generally speaking, surface-
borne spores of pathogens, as might be expected, tend to lose their 
viability more rapidly than does mycelium, which is seated within the 
seed coat and seed tissues. 

It may be concluded that the persistence of a seed-borne pathogen 
under normal conditions of seed storage will vary from a few months to 
as long as 10 years or more, according to its being surface-borne as thin-
walled conidia, as chlamydospores, as sclerotia, as mycelium within the 
tissues of the seed coat or outer caryopsis, or internally as mycelium 
within the more deep-seated tissues of the seed. Little evidence is avail
able in regard to the time of persistence of the virus in the case of the 
relatively few viruses which are seed-transmitted although Middleton 
(1944) obtained as many virus infected squash plants from seed which 
was 3 years old as from freshly harvested seed. Working with a seed 
transmitted virus of muskmelon, Rader et al. (1947) obtained 93 and 
28% infected seedlings from two experimental lots of freshly harvested 
seed and only 3 and 6% after the seed had been stored for 3 years. 

C. The Prevention of Autonomous Dispersal by Seeds 

I. Testing for Seed Contamination 

If autonomous dispersal of a pathogen by seed is to be prevented, 
then the possession of accurate knowledge as to whether and to what 
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extent a seed sample is contaminated will be both desirable and helpful. 
Some indication as to the likelihood or not of the seed's being con
taminated can often be determined by a system of crop inspection. If, 
for instance, loose smut is seen to occur in crops of wheat and barley, 
the assumption is that the seed saved from these will be contaminated 
with the loose smut pathogen. It can then be determined whether or not 
to use the seed for sowing or to ensure its treatment before sowing in 
order to control the disease. But crop inspection, although it is the only 
practicable method available in some cases, cannot be expected to give 
such a definite or accurate estimate as the direct examination of seed for 
pathogenic contamination. Methods for the testing of seeds for purity 
and germination have been evolved and practiced internationally for the 
last half century, but similar methods for the determination of seed 
health are of comparatively recent introduction, and those which are 
available are only just beginning to be used in general practice. This is 
due to the fact that until recently the need for determining seed health, 
which in some cases may be quite as important as purity and germina
tion, was insufficiently realized and, at the same time, suitable techniques 
for carrying out the work were not available. 

Notice is taken in routine seed testing of the presence of mechanically 
admixed pathogens such as dodder, ergot, bunt balls, ear cockles in 
wheat, etc., but this is more or less included in the purity analysis of the 
seed sample and cannot be considered as part of a real health test. 
Suitable techniques for the health testing of seeds must be capable of 
dealing as inexpensively as possible with large numbers of seed samples 
and should provide accurate and speedy results in no longer time than 
is required for carrying out a test for germination. This will allow for 
the results of purity, germination, and health testing to be made avail
able at one and the same time. The aim of a health test must be to 
provide an accurate estimate of the percentage of seeds in any given 
sample which is contaminated with the pathogen in a viable condition. 
In devising such tests attempts have frequently been made to use the 
methods employed in modern seed testing, with or without some modi
fication, to cover the need for testing for health. But whereas this line 
of approach may on occasion provide some approximate information as 
to whether a particular pathogen is or is not present, or it may indicate 
in a general way whether the seed sample is healthy or unhealthy, it is 
not scientific and does not fulfill the conditions to be aimed at in health 
testing as stated above. 

During the period of the second world war thousands of tons of 
fiber flaxseed produced in the United Kingdom were of the highest 
quality in so far as the standards of purity and germination were con
cerned, but a large proportion of the seed was very heavily contam-
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inated with C. linicola. This was not and could not be revealed by the 
normal methods of seed testing and was only determined by use of a 
special technique devised for the purpose of testing for seed health. 
An approach to accurate testing for seed health has been made by using 
sterilized damp filter paper or agar medium upon which the seeds are 
plated out in Petri dishes and examined for the growth and development 
of fungal pathogens (Muskett, 1938, 1948; Muskett and Malone, 1941). 
More recently the use of filter paper has given way to the use of the 
agar medium method. The Ulster method, using a 2% malt extract agar 
medium (Muskett and Malone, 1941), and the modified Ulster method, 
when the seeds are surface sterilized with a dilute solution of sodium 
or calcium hypochlorite before testing (Muskett and Malone, 1956), 
have been found to give most reliable results in the case of a large 
variety of crop seeds and have recently been adopted as the standard 
international methods for the health testing of seeds of flax and oats. 
For flax the Ulster method is used for determining seed contamination 
with C. linicola, P. lint, B. cinerea, Phoma sp., Fusarium lint, and Alter-
naria linicola as well as with molds in general, while for oats the modi
fied Ulster method is used for determining seed contamination with 
H. avenae, Fusarium spp., and other molds. 

For the contamination of ryegrass seed with G. temulenta, the water 
droplet method (Muskett, 1948) can be used for surface-borne conidia, 
but a modification of the Ulster method is necessary if the amount of 
internal infection is to be assessed (Calvert and Muskett, 1945). Head
way has been made in developing techniques for the direct examination 
of seeds of barley and wheat for the presence of internal mycelia of the 
loose smut fungi, and this is exemplified by the whole embryo method 
(Simmonds, 1946; Russell, 1950). In any consideration of the problem 
of seed examination for contamination or infection with pathogenic 
fungi, due recognition must be given to the pioneer work of Doyer 
(1938) in the Netherlands. 

2. The Value of Seed Health Surveys 

When suitable techniques are available for the rapid and accurate 
assessment of seed health, it is possible to employ them not only for 
routine seed testing but also for carrying out planned seed health surveys 
for any particular district or region. The value of such surveys is wider 
than the mere checking-up of seed health, for there is always the possi
bility of discovering areas where seed free from contamination may be 
grown or where contamination is so severe as to warrant the discon
tinuance of seed production. Such a health survey was carried out for 
fiber flaxseed produced in the United Kingdom from 1940 to 1955 
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(Muskett, 1958). The Ulster method was used to examine more than 
25,000 samples of seed drawn from production centers situated in the 
various counties of the United Kingdom and shown on the outline map 
(Fig. 2 ) . As a result of this survey, extending over 15 years, it was 

FIG. 2. Map showing localities of flaxseed producing areas, expressed as coun
ties, in the United Kingdom, 1940-1955. 

shown that fiber flaxseed produced in eastern and southeastern England 
is relatively free from contamination with C. lint, P. lini, and Phoma sp. 
and that there was no build-up of contamination in these areas. In the 
wetter and cooler regions west and north of the Pennines, conditions are 
more favorable for these pathogens, and seed contamination tends to 
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build up and increase. Table I shows the survey results obtained for 
seed contamination with C. lini. Seed contamination with B. cinerea is 
general throughout the United Kingdom, with a tendency to be higher 
in upland and coastal areas. The incidence of Fusarium lini and Alter-
naria linicola in seed produced in the United Kingdom is negligible. 
If ever the need arises in the future for a planned program of flaxseed 
production in the United Kingdom, the results obtained from this health 
survey indicate quite clearly that seed production should be confined to 
the east and southeast of England. Another result arising from this 
investigation indicates the possibility of clearing stocks of contaminated 
seed by growing the seed in areas where it is known that contamination 
of the progeny is not likely to occur. There can be little doubt that the 
extension of seed health surveys over wider areas and to include a range 
of agricultural and horticultural crops would furnish results of equal 
value to those obtained in the United Kingdom for fiber flaxseed and 
add substantially to the greater understanding of problems relating to 
seed health. 

3. Seed Disinfection 

In preventing the autonomous dispersal of seed-borne fungal and 
bacterial plant pathogens, seed disinfection is a most valuable tool, and 
with the introduction of modern disinfectants with increased facilities 
for carrying out the work on a large scale, much more is being done to 
prevent such dispersal. The introduction of organo-mercury compounds 
for general use with the seeds of cereals marked a significant advance, 
and there is now hardly a country in the world where the use of these 
disinfectants is not known and applied on a large or small scale. The 
use of thiram as a disinfectant for the seeds of flax, peas, and beans, etc. 
marked a further advance in so far as this product is relatively non-
poisonous (Muskett and Colhoun, 1943). The problem of seed disin
fection will not be finally solved until a nonpoisonous product suitable 
for universal use has been discovered. 

The hot water treatment for the internally-borne smut pathogens of 
wheat and barley is still efficacious, but the need for great care in carry
ing it out works against its general use. Trends in recent research indi
cate that more attention is being given to the possibility of disinfecting 
seeds by physical means. This is to be welcomed, since, although the 
efficacy of some of the very poisonous chemicals now being used for 
plant protection is not doubted, equal efficacy from avoiding the use of 
poisonous substances would deserve serious consideration. Further, seed 
disinfection must not be regarded as a substitute for the production of 



TABLE I 
UNITED KINGDOM FLAX SEED HEALTH SURVEY 1 9 4 0 - 1 9 5 5 : 

PERCENTAGE OF SEED CONTAMINATED WITH Collectotrichum linicola 

1 9 4 0 1 9 4 1 1 9 4 2 1 9 4 3 * 1 9 4 4 1 9 4 5 1 9 4 6 1 9 4 7 1 9 4 8 1 9 4 9 1 9 5 0 1 9 5 1 1 9 5 2 1 9 5 3 1 9 5 4 1 9 5 5 

England 
Suffolk — — — 0 . 0 1 0 0 0 0 0 0 0 0 0 0 — — 
Kent — — — 0 0 . 0 1 0 0 0 0 0 0 0 0 0 — — 
Norfolk — — — 0 0 . 0 1 0 0 . 0 1 5 0 0 0 0 0 0 0 0 . 0 4 — 
Cambridge — — — 0 . 0 1 0 0 0 
Sussex — — — 0 . 1 2 0 . 0 1 0 0 0 0 0 0 0 0 0 . 0 1 0 . 3 — 
Lincoln — — — 0 . 0 1 0 0 0 0 0 0 0 0 0 0 0 . 2 3 0 
Northampton — — — 0 . 0 1 0 . 0 1 0 0 0 0 0 — 0 . 0 4 0 0 0 . 0 2 — 
Yorkshire E.R. — — — 0 . 0 1 0 . 0 2 0 0 0 . 0 3 0 0 0 0 0 0 0 0 . 0 1 
Yorkshire N.R. — — — 0 0 . 0 2 0 . 0 2 
Derbyshire — — — 0 0 . 0 7 0 0 . 0 2 5 0 0 0 0 0 0 0 0 — 
Wiltshire — — — 0 . 1 1 0 . 0 2 0 . 3 7 0 . 3 2 0 . 4 1 0 . 1 3 0 . 0 1 0 0 0 0 . 1 2 0 . 7 0 
Somerset — — — 1 . 8 0 . 0 5 1 . 6 7 0 . 2 6 1 . 0 5 0 . 2 9 0 0 . 1 7 0 . 8 2 0 0 . 4 4 — — 
Dorset — — — 0 . 1 6 0 . 2 4 2 . 5 

Wales 
Pembroke — — — 7. 6 0 . 3 5 3 . 2 0 . 0 5 0 . 1 4 

Scotland 
Aberdeen — — — 1 . 7 7 . 5 8 . 1 
Fife — — — 3 . 3 0 . 1 9 0 . 0 5 
Perth — — — 2 . 6 2 . 2 1 . 1 

Northern Ireland 
Down 1 . 6 1 1 . 7 7 . 1 4 . , 7 3 . 2 0 0 . 2 1 1 . 6 0 . 6 0 . 1 3 0 . 8 
Antrim 5 . 5 1 7 . 5 1 4 . 3 6 . 1 1 . 7 0 . 3 7 0 . 1 0 . 3 3 1 . 5 0 
Armagh — 2 0 . 8 1 6 . 3 8 . . 0 4 . 0 0 . 1 
Londonderry 5 . 4 1 3 . 3 2 6 . 1 4 . 0 
Tyrone 2 . 5 1 7 . 7 1 8 . 1 8 . . 4 4 . 7 1 . 7 0 . 2 9 0 . 7 2 0 . 8 1 
Fermanagh — 3 0 . 3 1 5 . 2 2 0 . 9 4 . 1 

a After 1 9 4 3 stocks of fresh, noncontaminated seed were steadily introduced from east and southeast England to areas in the north 
and west. This accounts for the general decline in contamination from 1 9 4 3 onward. 
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healthy noncontaminated seed; it must not be used as a tool to make 
bad seed good but rather to make good seed better. 

4. The Prevention of Seed Dispersal 

Control by the prevention of seed dispersal appears to be the obvious 
answer to the problem if such action were possible or even desirable. 
The farmer himself frequently adopts this practice, for, if he suspects 
the seed he intends using to be contaminated and likely to produce a 
diseased crop, and if there is no other remedy, he will either destroy it 
or use it for some purpose other than sowing. Success may also attend 
the prohibition of sowing contaminated seed with the provision of some 
allowance for tolerance. When fiber flaxseed was being produced in the 
United Kingdom during the second world war, an epidemic outbreak of 
foot rot caused by seed-borne Phoma occurred in 1943. Since the routine 
method of seed disinfection with thiram (introduced in 1940) was found 
to be only about 50% effective for this pathogen, it was decided to discard 
all seed for sowing which was contaminated to the extent of more than 
5%. This action was successful, and although seasonal variation may have 
played a part, evidence gained in the following seasons showed clearly 
that the principle of allowing only slightly contaminated seed which had 
been disinfected to be sown prevented any further serious outbreaks of 
this disease (Muskett and Colhoun, 1947). 

The storage of seed for a period before dispersal in order to allow 
the pathogen to die out has also suggested itself as a control measure. 
It is sometimes practiced for celery seed affected with Septoria apii, the 
cause of leaf spot, in the belief that the pathogen is no longer viable in 
overyeared seed. Apart from the difficulty of getting conidia taken from 
such seed to germinate, no further evidence seems to be available on 
this point. Work with flax shows that seed-borne pathogens will die out 
after normal storage of the seed for some years. Seed of this age, how
ever, will have lost some of its germination capacity and much of its 
energy of germination, so that this method of control cannot be recom
mended (Colhoun and Muskett, 1948). The same argument holds for 
seed oats, where it takes at least 3 years for Fusarium spp. to die out and 
up to 10 years for H. avenae. All trace of viability of G. temulenta in 
ryegrass seed disappears after 20 months' storage—a shorter period, 
and, therefore, more hopeful. 

Much can be done by preventing the dispersal of badly cleaned seed. 
This is exemplified not only in the case of dodder, ergot, wheat ear 
cockles, and flax rust but also where badly contaminated or infected 
seed is lighter and smaller and, therefore, capable of being taken out of 
the sample by more rigorous cleaning. Such is the case with C. linicola 
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and P. lint of flax as well as with some other fungal contaminants 
(Lafferty, 1921). Middleton (1944) found in the case of virus diseases 
of squash that light seed produced up to 37% of infection and heavy 
seed only 2%; he states that most infected seeds can be removed by 
careful winnowing. All attempts to prevent the dispersal of fungal and 
bacterial pathogens by preventing seed dispersal must be given the 
broadest consideration. 

Epidemiological studies have shown that climatic conditions may be 
a limiting factor in determining the spread and build-up of seed-borne 
pathogens, and it should be remembered that it is possible to disperse 
contaminated seed to districts and areas where growth conditions are 
such that they will lead to the eradication of contamination and to the 
harvesting of clean, noncontaminated seed. 

IV. P L A N T S AND P L A N T PARTS 

A. General 

Plants and plant parts which are dispersed as planting stock or farm 
and garden produce and plant debris which may accumulate as waste 
in the course of cropping, etc. are considered under this heading. Crop 
debris and decaying vegetable matter which remain in the soil and help 
to build up its humus content have been dealt with under the heading of 
soil. Traffic in plants and parts of plants grows apace, and the problem 
of combating the autonomous dispersal of plant pathogens through the 
medium of planting material and plant products assumes growing com
plexity. Whether the commodity be complete plants, tubers, bulbs, 
corms, runners, cuttings, or produce for consumption, the need is that 
it shall be healthy and free from viable pathogens and, in particular, 
from those which are likely to cause disease or diseases unknown or 
unrecorded in the place of its introduction. It is the real danger of the 
spread of disease in this way which has occupied the minds of legis
lators and administrators, as well as plant pathologists, ever since it has 
been understood how disease epidemics can arise through the traffic 
in plants. 

The introduction of potato blight (Phytophthora infestans) into 
Europe, with its resultant disastrous effect, as illustrated by the famine 
in Ireland from 1845 to 1847, is but one example, and the appearance in 
Europe circa 1900, of American gooseberry mildew, caused by Sphaero-
theca mors-uvae, with its temporary retarding effect upon the cultiva
tion of gooseberries, is but another. Since the problem of adhering soil 
has already been considered, the pathogens discussed here are those 
with which plants and plant parts themselves are likely to be infected. 
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Β. Autonomous Dispersal by Plants and Plant Parts 

1. The Contamination of P^ts and Plant Parts 

The contamination of plants and plant parts means their infection 
with pathogenic organisms. The rate and pattern of contamination will 
follow largely that of the disease with which the crop may become 
infected. Such contamination will, in most cases, be contracted during 
the growing of the crop although it may occur during storage, particu
larly in the case of plant produce. 

2. Spread and Build-Up of the Pathogen 

a. Planting Stocks and Plant Products. The spread and build-up of 
the pathogen will take its pattern from the season and the conditions of 
growth and storage. While the degree of its spread and build-up is of 
great importance, the actual presence of the pathogen is equally im
portant. The fact that it is present at all in a viable condition will allow 
for its establishment and spread in a new area if the environment is 
congenial. If potatoes or gooseberries are to be moved for planting to 
a new area, where it is known that the diseases with which they are 
likely to be affected are likely to cause harm, then it is important that 
they should be free not only from mass infection but from all infection. 

Accumulated knowledge confirming the existence and importance of 
physiologic races of pathogens such as S. endobioticum (Moore, 1957), 
P. brassicae (Ayers, 1957), and Venturia inaequalis, the cause of apple 
scab (Keitt et al., 1948), indicate the danger of the introduction not only 
of the pathogen, but of a new physiologic race capable of causing severe 
crop disease. Although the transmission of pathogenic viruses has been 
shown to be relatively uncommon in the case of true seeds, the reverse 
holds for crops which are vegetatively propagated. The probability of 
complete systemic infection with the virus which results in the permea
tion of all the plant tissues means that infection will remain in that 
plant or clone as long as it is cultivated. The ready spread and build-up 
of pathogenic viruses in vegetatively propagated plant material is, there
fore, of special significance and has led to the growing demand for 
planting stocks which are free from virus contamination. The spread and 
build-up of contamination in planting stocks and plant products ceases 
to be of interest when it has reached the stage where the host has been 
killed or rendered of such poor quality as to be worthless; it then 
becomes plant debris. 

b. Plant Debris. Although plant debris may not be generally subject 
to the same extensive movement as planting stocks and plant products, 
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its accumulation may be a significant factor in securing autonomous dis
persal. This is of special local importance in spreading disease from field 
to field and from farm to farm. Heaps of discarded potato tubers affected 
with blight caused by P. infestans will, if the winter is mild, carry the 
pathogen through to the next season, when it will sporulate and serve 
as a source of inoculum for neighboring crops. Crop debris from Bras-
sicae affected with clubroot (P. brassicae) may be distributed with 
manure, while B. cinerea, the fungus responsible for gray mold, becomes 
readily established in decaying plant parts. Prunings from perennial 
crops also constitute a serious danger and even fallen rose leaves affected 
with black spot, Diplocarpon rosae, ensure the dispersal and survival 
of the pathogen. As useful as the compost heap in a garden may be for 
providing a supply of organic manure, it nevertheless consists of a mass 
of decaying plant debris, and the danger of the dispersal of plant 
pathogens, in compost may be very real. The ready growth of nonspecial-
ized facultative parasites, such as P. ultimum and R. solani in debris 
rich in leaf mold, is also likely to occur and must be reckoned with when 
such material is used for plant propagation. 

3. Persistence of the Pathogen 

a. Planting Stock and Plant Products. Since planting stocks are 
normally not stored for long periods and are meant to be used with 
the least possible delay, the ability of the pathogen to survive over the 
winter or a dormant period will determine its reaching the new planting 
site in a viable condition. In the case of transplants such as tomatoes, 
chrysanthemums, and Brassicae, the adaptability of the pathogen to 
persist is not of great importance because only a few hours or days at 
the most are likely to intervene before the stock is replanted in its new 
site. This means that, except in occasional cases, where the pathogen 
may be killed during the period of transit or storage, the risk of its 
dispersal is always present. Even in cases where a fungus or bacterium 
is carried as delicate mycelium or in a nonresting state within the tissues 
of the host, such as Peronospora destructor, the cause of downy mildew 
of onion, or Corynehacterium sepedonicum, the cause of potato bacterial 
ring rot, the conditions of storage will normally allow for the survival 
of the pathogen. In most cases the pathogen will be present as resting 
mycelia, resting spores, or sclerotia, and thus adapted to withstand 
adverse conditions. Examples of the persistence of the pathogen as rest
ing spores are provided by P. brassicae, S. subterranea, and S. endo
bioticum as well as pathogenic bacteria which form such spores. The 
cleistocarps of S. mors-uvae will survive for long periods until conditions 
are suitable for the release of ascospores. B. cinerea and R. sofoni 
normally form resistant sclerotia which will retain their viability for 
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years. Streptomyces scabies, the cause of common scab of potato, will 
certainly persist in the tuber from one growing season to another. Viruses 
are persistent in planting stocks and are readily carried over during the 
normal period of storage. 

Plant products, although used for consumption or decoration, can 
also serve as agents for autonomous dispersal. Apple scab (V. in-
aequalis), potato bacterial ring rot (C. sepedonicum), and virus dis
eases are cited as examples where the pathogen may survive and persist 
on or in such produce. 

b. Plant Debris. The conditions for survival and persistence of the 
pathogen in planting stocks and plant products also hold largely for 
plant debris, which may for many years provide a source of inoculum. 
Perennial crops are cited as an example where fallen leaves and prunings 
enable a pathogen to persist until the next growing season when they 
may be instrumental in assuring dispersal. In apple scab and black spot 
of roses, fallen leaves may provide a potent source of seasonal inoculum 
while in apple canker, caused by Nectria galligena, and American 
gooseberry mildew the prunings from trees and bushes may behave 
similarly. 

C. The Prevention of Autonomous Dispersal 

1. Inspecting and Testing for Infection and Contamination 

As with soil and seeds, reliable methods for testing plants and plant 
products for contamination or infection with a pathogen provide a 
valuable tool in helping to prevent its dispersal. In the case of material 
affected with fungal or bacterial diseases the task may be relatively 
simple since the symptoms of disease will normally be observed, and 
symptomatology, aided by examination for the presence of the pathogen, 
will provide the information required. It is not a difficult task to deter
mine whether Brassica seedlings are affected with P. brassicae, goose
berry transplants with S. mors-uvae, or seed potato tubers with S. scabies, 
S. subterranea, S. endobioticum, R. solani, or Pe. carotovorum, and an 
examination of the stock, supplemented, if possible, by field inspection 
and some knowledge of the growing crop will provide an accurate 
assessment of plant health. These are the methods normally employed 
in the granting of health certificates for the export of planting stocks 
and plant products. At the receiving end it is not uncommon for some 
form of plant quarantine to be set up whereby incoming planting stock 
can be grown on in isolation and under constant observation for the 
purpose of health determination. 

The contamination of planting stocks with viruses presents a different 
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and more difficult problem because there is frequently no outward sign 
to indicate whether or not the stock is affected. Symptoms present in 
growing stocks, such as transplants, may allow of some assessment being 
made, but in dormant stocks such as potato tubers, bulbs, corms, and 
leafless trees, etc., there is usually nothing to indicate virus infection. 
It is for this reason that inspection of the growing crop from which the 
stock is derived is practiced as a normal procedure for gauging the likely 
state of health of the produce. Systems of crop inspection have now 
come to be practiced on a world-wide scale. No better example can be 
cited than that of the seed potato crop where so much has been done 
to prevent the dispersal of crop pathogens by this method. But even so, 
the problem of determining health by crop inspection alone is made 
difficult by the varying symptom pictures presented by different potato 
varieties affected with the same virus, by infection with a virus complex, 
and by the existence of symptomless carrier varieties of potato. 

With increasing knowledge and development of new techniques, 
however, it has been possible to elaborate testing methods whereby a 
more certain and accurate approach to the problem can be made. The 
importance of this direct approach is being rapidly appreciated, and 
these new techniques are being used on an ever-increasing scale to 
supplement or replace visual inspection in the field. Briefly, testing 
methods for virus contamination fall into the three categories of grafting, 
the sap inoculation of indicator plants, and serology. Although not so 
widely used for the more easily recognizable infections such as leaf roll 
and severe mosaic, they are now in common use for milder infections 
not readily determined by eye inspection. Tuber core grafting (Murphy 
and McKay, 1926) can be used for potato leaf roll, while stem grafting 
is employed for the determination of contamination with viruses X, A, 
B, and C; a scion of the stock to be tested is grafted onto a variety such 
as Craig's Defiance, which is field-immune to all 4 viruses. Sap inocula
tion from potato stocks of indeterminate health is made onto such 
indicator plants as Nicotiana tabacum (White Burley), Nicotiana glu-
tinosa, Datura stramonium, Solanum demissum (C.P.C. 2103.1 for virus 
Y and P.1.175404 for virus A ) , and Gomphrena globosa whereby char
acteristic symptom pictures of such sap-transmissible virus infections as 
are caused by viruses X, Y, and A are obtained. The introduction of 
serological methods (Markham et al, 1948; Matthews, 1957) marks yet 
another advance, since by using either the precipitin or agglutination 
methods, a rapid technique is made available for the detection of viruses 
X and S. Grafting techniques have also been evolved for use with 
stocks of strawberries and raspberries. Healthy wild strawberry plants 
(Fragaria vesca), if inarch grafted with a strawberry variety of un-
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known health, will act as indicators and provide a symptom picture of 
the virus carried (Harris, 1932). Similarly, by a modification of Harris's 
method, adapted to bottle grafting (Garner, 1947), and by using certain 
raspberry varieties as indicator plants, the health of raspberry stocks 
may be determined. The extended use of the electron microscope may 
prove a further boon to testing for health if, by further simplification, 
rapid and easily applied techniques become available for the direct 
observation of the virus. In preventing the dispersal of pathogenic plant 
viruses, testing methods are not only useful for the examination of 
planting stock if and when required, but are proving invaluable as 
routine methods for the conduct of health surveys and for use in the 
building up of foundation stock of planting materials known to be free 
from virus contamination. 

2. Decontamination 

a. Planting Stocks and Plant Products. The ideal method for prevent
ing the dispersal of plant pathogens by plants and plant products is the 
obvious one of growing healthy crops. This may be achieved by cultiva
tion in areas where conditions are unfavorable for the incidence of 
disease or by introducing plant protective measures against the onset of 
disease. But in spite of all that can be done there will be instances and 
seasons when planting stocks and produce will carry some kind of 
infection which will call for the application of some process of prac
ticable decontamination. The form of treatment most commonly applied 
is chemotherapeutical and is exemplified by the dipping of young apple 
trees into Bordeaux mixture before export or distribution for the control 
of V. inaequalis (Cass-Smith, 1940), the steeping of raspberry canes 
into a weak solution of an organo-mercurial to control Erwinia tume-
faciens, the cause of crown gall (Gleisberg, 1928), the immersion of 
vine cuttings into a 25 to 30% solution of ferrous sulfate to control 
Elsinoe ampelina, the cause of vine anthracnose (Ravaz, 1927), and the 
steeping of bulbs of tulips and narcissi into a solution of formaldehyde 
or a mercury salt to prevent the transmission of bulb-borne diseases 
(Newton et al, 1932; Hawker, 1935). 

The evidence suggests that some such treatments have been adopted 
as emergency measures without the undertaking of adequate experi
mental work, but there can be no doubt as to the need for further 
research on this problem. The disinfection of seed potato tubers for 
the control of tuber-borne fungal pathogens has received considerable 
attention, and the use of solutions of hot or cold formaldehyde, 
acidulated mercuric chloride, and organo-mercurials have all been rec
ommended. The dipping of tubers into a solution of an organo-mer-
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curial within 24 hours after digging has given promising results for the 
control of late blight caused by P. infestans, dry rot caused by Fusarium 
coeruleum, common scab caused by S. scabies, some forms of black 
scurf caused by R. sofoni and skin spot caused by Oospora pustulans 
but not of powdery scab caused by S. subterranea, (Greeves, 1937; 
Cairns et al, 1936; Greeves and Muskett, 1939; Foister and Wilson, 
1943; Graham et al, 1957). 

The large scale plant for washing and disinfecting seed potatoes in 
Scotland, to which reference has already been made, operates on the 
principle outlined above and aims at the production of high grade seed 
free from soil and viable tuber-borne pathogens. Although fumigation is 
commonly practiced for the decontamination of stocks affected with 
insect pests, it has not found favor in use on other pathogens. Heat 
therapy, applied as a hot water treatment, will free narcissus bulbs 
from infection with the nematode Anguillulina dipsaci (Ramsbottom, 
1918a, b ) . The bulbs are immersed in water for 3 hours at 110° F. It 
has also been used to free mint (Mentha sp.) runners from rust caused 
by Puccinia menthae by immersing them for 10 minutes in mid-February 
in water at 105 to 115° F. (Ogilvie and Hickman, 1937). 

Mention is made of the ingenious theory advanced by Jensen (1887) 
to account for the introduction of the living blight fungus (P. infestans) 
into North America and Europe. Having found that the mycelium in 
potato tubers is killed at a temperature of 25° C , he concluded that 
during the first three centuries of potato cultivation the tubers were 
disinfected by heat in old sailing vessels while passing through the 
tropics. With the introduction of the steamship (circa 1830 to 1840) the 
time taken to pass through the tropics was much reduced—with the 
result that the tubers were not decontaminated, and the pathogen sur
vived the voyage in a viable condition (Jones et al, 1912). Heat therapy 
has also been applied for planting stocks contaminated with viruses. 
Kunkel (1935) reported the recovery of peach trees from yellows disease 
when kept for 14 days or more at 35° C , while Kassanis (1949) freed 
potato tubers from the leaf roll virus by keeping them at 37° C. in a 
moist atmosphere for a period of from 10 to 30 days. Bawden (1950) 
suggests that this method of treatment is not likely to be suitable for 
general application, but, at the same time, its possible value for freeing 
small quantities of valuable planting stock from virus contamination 
must be kept in mind. 

The risk of dispersal through plant products also exists—especially 
for such produce as potato tubers intended for consumption but which 
could be used for seed. It is, therefore, most desirable to ensure that 
incoming produce is used for the purpose intended and not allowed 
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to be distributed willy-nilly through areas where it could be a danger 
to the health of cultivated crops. 

b. Plant Debris. The destruction of plant debris, either by burning 
or treatment with some means to render innocuous any pathogens it 
may carry, is the obvious way of combating the spread of disease 
through the medium of plant refuse, etc. Waste produce from stores and 
markets, prunings from fruit bushes and trees, discarded tubers, and 
roots thrown out in the course of sorting or grading the crop all come 
under this heading. Reference has already been made to the danger of 
the compost heap as a reservoir of viable plant pathogens. In the case 
of perennial crops of trees and bushes the fallen leaves may provide a 
source of inoculum each year for the next season, and where it has been 
found impracticable to collect and remove them, some such treatment 
as the spraying of the orchard floor with a suitable fungicide for the 
control of apple scab or the heavy mulching of the soil for the control 
of black spot of roses has been recommended. 

3. The Prevention of Plant and Plant-Part Dispersal 

Where doubt exists as to the possible contamination of plant parts 
or products and where decontamination is impossible or impracticable, 
their dispersal in any area where the contamination is likely to become 
established and cause serious outbreaks of disease should be prevented. 
It is due to the failure to recognize or to realize the danger of dispersing 
contaminated material, either through sheer ignorance or through the 
lack of epidemiological knowledge, that the need has arisen for so much 
plant-protective legislation and the introduction of that most expensive 
and ideally unnecessary luxury, the plant quarantine. Quarantine is dis
cussed in some detail by Gram in Chapter 9 of this volume. 

Much of the early quarantine legislation had to be framed in the 
light of very incomplete knowledge, and like poor King Canute in his 
abortive attempt to persuade the flowing tide to ebb, the earlier legis
lators got their feet very wet. The Destructive Insects and Pests Act for 
England and Wales became law on Independence Day, 1907. Its first 
task was to stem the tide of entry of American gooseberry mildew into 
the country, since England was believed to be almost free from the 
disease. Inspection, made possible through the act, showed the disease 
to be already common in some of the country's southern counties. For 
some time it has been very doubtful whether legislation framed to 
prevent the passage of a pathogen from one country to another can be 
effective when there is only a land border between the two, and with 
the increase in ease of speed and travel the value of an intervening 
ocean would now seem to be almost just as doubtful. The complicated 
boundaries which have had to be evolved of necessity to preserve the 
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political integrity of the strains and races of mankind do not appear to 
serve the same or any other purpose in the case of microorganisms 
(Muskett, 1950). 

Whereas, in the past, it has seemed the bounden duty of an import
ing country to prevent the inlet of produce which might be suspect, with 
increasing knowledge the emphasis has shifted to the exporting country, 
which should prevent the export of such produce. In fact the time 
should come and may come (it has come in the case of seed potatoes) 
when exporting countries will vie with each other for the good health 
of their products. It is much easier and more sensible for a producing 
country to vouch for the health of its produce than to place the onus 
for determining health onto the expensive inspectorate of an importing 
country, which very often can only say that the incoming material is 
free from all disease and contamination to the best of its belief. 

Nor must the introduction of the pathogen as such be regarded as the 
bogey incarnate unless there is a grave risk of its introduction's causing 
serious crop disease. Reference has already been made to the possible 
desirability of sending stocks of contaminated planting material to be 
grown in areas likely to clear their contamination. The inhabitants of 
Switzerland do not object to persons sick with tuberculosis entering 
their country to effect a cure; the climate of Switzerland encourages the 
recovery of the host and discourages the activity of the pathogen. The 
immediate need is for less legislation on a small national scale and for 
more research into epidemiological problems and disease control, with 
the object of putting into practice the knowledge so gained. The findings 
of science must be treated as a whole; they must not be taken piecemeal 
and prostituted for political, financial, or national ends. It is only in 
this way that one of the objects of the Second International Plant Pro
tection Convention of 1951 can be attained. That object is that all 
plant-protective legislation should be framed with a view to encourag
ing international trade, and not to hindering such trade. When more 
research has been achieved and the accrued knowledge allows for a 
more truthful interpretation of the facts, it is essential that the findings 
be safeguarded and that their correct interpretation be preserved. If 
this cannot be done, the last state of things may be worse than the first. 
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