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originally germfree animals which have been "giv'en back" a 

number of their normal microbial species the greatly 

simplified "community" may not be able to limit the yeast to 

its "proper" location (although the yeast distribution may be 

considerably reduced from what it was in the otherwise 

germfree animals. Related results were reported by Pope et al 

(1979) who found that the sometimes pathogenic yeast Candida 

albicans would establish persistant infections in the 

intestines of baby mice, but would not do so when inoculated 

(in the same way) into adult mice which carried a normal gut 

flora. 

Interactions similar to those which affect the yeast 

distributions clearly are important to the protection of not 

only mammals but also other animals and plants from the 

pathogens which attack them. For example, a number of years 

ago, Freter (1956) reported that the indigenous gut microbiota 

of mice and guinea pigs was important in protecting them from 

attack by Shigella and Vibrio. MOre recently, Iwanaga et al 

(1979) observed that Escherichia coli was able to surpress the 

growth of Vibrio cho1erae (which causes mouse cholera) in 

vitro, although two other bacteria (Staphylococcus aureus and 

an Enterococcus) did not. Zachar and Savage (1979) found that 

a smooth colony strain of Listeria monocytogenes which was not 

able to invade the gut of mice which had a normal flora, could 

not do so in "spec1fic-pathogeh-free" mice, but could invade 

the gastro-intestina1 tracts of mice which were germfree or 

which contained only Bacteroides and Clostridium populations. 
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This is because some of the species which originally were 

living in only some of the communities would be there only 

because some of their more effective competitors and/or 

predators would, by chance not be present. With adequate time 

for dispersal (and especially with the close contact that an 

extra-terrestrial station likely would impose), all the 

efficient predators and competitors contained within any of 

the people's original microbial communities would have 

O'pportunity to be dispersed to and to colonize all of the 

people. In addition, any of the microbial species which 

engendered a sufficiently effective immune reaction in the 

host, as long as it was a good enough disperser and colonizer 

to reach all of the potential hosts in a reasonably short time 

(and as long as these processes along with ·the time required 

for incubation in the host and development of resultant 

immunity are short enough), would soon disappear from all of 

the populations. This phenomen occurs 

groups of people (and is related 

commonly in isolated 

to the fact that after 

extended isolation, people who return to mix with larger 

populations frequently all have a rash of colds, and so on) •. 

These are consistant with the observations of Tashpulatov and 

Gus eva (1979) that the cosmonauts of Salyut-3 experienced a 

decline in their natural levels of resistance to disease. 

Because it is premature at this time to choose the kinds 

of agricultural systems which might be used, and it is 

possible that there will be advantages to the use of natural 

and/or artificial soils, a 'short comment on some of the 
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Two enteric viruses (a poliovirus type 1 and a reovirus 

type 3) adsorb to clay very rapidly (nearly to completion in 

15 minutes), though less·rapidly to sand or to soil organic 

materials. In sterile soils it took 95 and 123 days for the 

activity of the two viruses to decline by 99%, while in 

non-sterile soils, it took only 42 and 35 days respectively. 

This is a clear indication of the importance of the presence 

of a microbial flora in a soil to the rate at which viruses 

become inactivated (Sobsey et al, 1980). 

One additional aspect of the human microbial problem is 

that there is considerable and rapid exchange between bacteria 

of genetic elements, by plasmid transfer and other mechanisms. 

The result of this is that there is a potential for rapid 

development of characteristics which are new to a bacterial 

population. A few interesting examples will be given which, 

even if they seem unlikely to be 

suggest implications which might 

Fraizer and Zimmerman (1980), for 

plasmid-containing population of 

important 

be of 

example, 

in themselves, 

greater moment. 

found that a 

Streptococcus faecal is 

zymogens was more resistant to the lethal effects of 

ultraviolet light than was a population without the plasmid. 

Plasmid containing bacteria had slower growth rates than those 

without; in addition the plasmid containing individuals were 

immune to a bacteriophage (SLF) which attacked those without 

the plasmid, and ,those with p1asmids also could produce a 

hemolysin which the others could not. There are a number of 

conditions, therefore, under which the plasmid-bearing 
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mineralization may be possible and desirable 

f. properties affecting microbial species populations 

g. and so on. 

Bohm (1979) emphasised the importance of the nature 

of the root medium to the plant and its activities by 

commenting that the differences in cell and gross 

structure of roots grown in liquid culture and soil are so 

great that it is difficult to compare results of 

experiments concerning root growth when the two 

contrasting culture conditions are used. MacKey (1973) 

pointed out that 

generally are 

penetrating, on 

the roots 

relatively 

the other 

of green plants in soils 

few, fine, and deeply 

hand, in water culture, they 

tend to be stout, little branched, and short (at least in 

wheat). He measured the effects of various kinds of media 

on gross root structure and reports that in well irrigated 

sand and perlite, conditions (and root length) were most 

like those of water culture, in po1ytherm the response is 

intermediate, while greatest root length occured in 

vermiculite (and soil). On the other hand, the greatest 

dry weight of both root and shoot was seen in aerated 

water culture, while weights were minimal in soil and 

polytherm. It is unfortunate that the plants were 

harvested at 8 weeks, so that we do not have any estimates 

of the 'weight of the grain which may be produced under 

these different conditions. One might guess, however, 

relying especially on comparative shoot weights, that the 
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outer walls to the epidermal cells, mats or circlets of 

plant hairs, along with other kinds of morphological 

characteristics such as p"rotective location of stomata, 

and so on, provide pathogens with greater or lesser 

physical barriers which must be overcome if invasion is to 

occur. Many of these plant characteristics vary with the 

nature of the environmental conditions under which the 

plant is growing (or has grown) for example, Cutter 

(1976) reports that the numbers and location of stomata of 

tomato plants are dependent on the level of the intensity 

of light during leaf morphogenesis. Under low light 

stomata develop only on the lower side of the leaf, while 

under higher intensities, about one fourth of them are 

produced on the upper surface of the leaves. 

Upon the breaching (or damaging) of the physical 

defenses of the plant, other physical barriers may be 

produced. Cork layers, abscission layers, layers of 

(secreted) gums, and the blockages of the lumina of xylem 

vessels, for example, may be produced in response to 

pathogen presence; these will tend to isolate the 

pathogen-affected parts of the plant from the remainder, 

and may bring the spread of the pathogen through the plant 

to a halt. As a specific eXample, Ride (1975) observed 

rapid development of lignin in wheat leaf tissues near to 

where he had made experimental wounds, but only when fungi 

"were inoculated into the wounds. Furthermore, the rate of 

lignification was more rapid when the inocula were of 
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After the dissemules of the pathogen arrive into 

close enough proximity of the potential host, there are a 

number of processes which may occur which permit 

successful attack on the host. (Some pathogen species 

have populatiQns which live very close to or on the 

surfaces of their hosts for long periods of time; this 

will be discussed from a different point of view below, 

but it indicates that, for one reason or another, the 

host-penetration mechanisms of the the pathogen may not 

operate except under uncommon conditions, with the result 

that host and pathogen live at peace with one another for 

extended periods. This co-existance between host and 

pathogen is expressed in another way by Rovira (1979) when 

he says: "The presence of root pathogens in the soil-root 

interface may be more common than their absence".) 

Both mechanical and chemical penetration mechanisms 

are . used by pathogens. The former are no t as common 

and/or important, on the whole, as the latter are (!grios, 

1978). 

Because of the relatively small size of pathogens as 

compared to that of their hosts, the host can be thought 

of as having, in a limited but real sense, a mechanical 

advantage over the pathogen. Nevertheless, a number of 

fungi are able to exert adequate forces with their 

appressoria and associated penetration pegs to be able to 

force their way into host tissues. Usually these 

mechanical efforts at host penetration are accompanied by 
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the localized production of enzymes which bring about the 

degradation of some of the elements of the host tissues, 

thereby softening up the'host for the mechanical attempt 

at penetration. One advantage to the use of some of these 

enzymes is that in addition to softening up the host, they 

may provide, through their activities, a nutrient supply 

which can be used by the pathogen. Of the structural 

defensive layers of plants, only the external waxes seem 

to be sufficiently inert to be resistant to all of the 

degredative enzymes of attacking pathogens (Agrios, 1978). 

The other substances which form barriers are attacked by 

cutinases, pectinases, cellulases, proteases, and so on. 

According to Sequeira (1979), most pathogens have a 

very restricted host range, and these do not cause host 

death so rapidly that there is no time for (host) reaction 

to their presence and activities. This is summarized, in 

a sense by the ecologist's comment that well adapted 

parasites (in which there has been co-evolution between 

the parasite and the host) are "prudent". On the other 

hand, the pathogens Which have a wide range of hosts 

frequently cause much more rapid damage to their hosts 

when they do manage to attack them (the hypersensitive 

reaction is especially likely when the plant is attacked 

by an incompatible pathogen). Between the pathogen and a 

host to which it has become well adapted, there appear to 

be a number of highly specific interactions which occur. 

For example, specific carbohydrate binding proteins 
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these include: Take all of wheat (Gaeumannomyces graminis 

var. tritici) is greatly inhibited by pH of 5 or less 

(and of 5 to 6.5 in some soils), and pH at the root 

surface may be affected by the form of nitrogen fertilizer 

whi.ch is used (Smiley, 1979). For example, when ammonium 

was used, pH at the root surface is lower than when 

nitrate was added. 

(1980) observed 

On the 0 ther hand, Madsen and Hodges 

possible enhancement of attack of 

Drechsiera sorokiniana and Curvu1aria genicu1ata on 

germinating seed of the grass Festuca rubra by an increase 

in the level of applied nitrogen, but did not find that 

the form in which it was added had an effect. 

In a pot experiment, Graham (1980) obtained results 

showing that wheat which was grown in copper deficient 

soil was much more susceptible to powdery mildew than were 

plants grown· in the same soil except that it had been 

amended with enough copper to overcome the deficiency. 

All of the wheat plants had about the same amount of 

mildew on their leaves when they were 6 to 8 weeks old, 

but by the time they were 17 to 19 weeks old, the plants 

growing in soil to which sufficient copper had been added 

had none, and the plants without copper still had high 

rates of infection. 

Availability of water to plants has a very great 

effect on the rate by which they may be attacked by 

pathogens and the severity of the effects of any infection 

which may occur. Ingold (1978) discusses the effects of 
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