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A. avenae; uninoclllated tubes served as controlfl and 
treatments were replicated ten times. After 6 weeks, 
the mycclium was almost completely destroyed in tubes 
to which 100 A. avenae had been added. The compost 
had the typical wet appearance and smell oftcn 
associated with the presence of many pal'[,sitic 
nematodes. The estimated average populations of 
A. avenae in the tubes after 6 weeks were: controls, 
0: 10, A. avenaeftube. 43.000; 100 A. avenaeitube, 
146,000. 

These obs~rvations show that A. avenae can 
seriously damage mushroom rnyeelium and could be 
harmful to mushroom production. This nematode 
oeeurs commonly in soil. hence it could easily be 
introduced into mushroom beds. Howevcr, it is not 
commonly a mushroom pcst. A. avenae is readily 
killed at 60° C., and, like other parasitie nematodes, is 
controlled by the 'peak heating' of compost often 
practiiled in mushroom production. 
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Micro-organisms under a Simulated 
Martian Environment 

31ANY investigators speeulating on the environ
mental eonditions of Mars have concluded thet some 
form of life exists there l - 5 • Fulton et al. 6 ,7 have 
shown that several (unidentified) species of bacteria 
a,rn able to survive under a simulated Martian 
atmosphere. No work, however, has been reported 
on the effect of thesn conditions on the physiology or 
th<' yirulence of bacteria, In the work recorded here 
t.he anacrobic spore-forming organism Cl. botulinurn 
and encapsulatcd facultative anaerobic organism 
K. pneurnoniae were used t.o det.ermine these effects. 

K. pneurnoniae was grown on blood agar and, after 
24 hr., was suspended in a sterile :3 per cent lactose 
solution. Cl. botulinurn spores were grown anaero
bically in trypticase broth for 7 days and afterwards 
heated at 85° C. for 10 min. 

Suspensions of the organisms or the spores were 
distribute(l in 0·5-m!. portions into sterile test t.ubes. 
which wcre constricted I ~~. in. from the top, and 
contained 5 gIll.. of crn::<hed la,·a. A group of 12 tubes 
waH Jyophili7.ed for 15-20 hr. and placed under 
absolute vacuum. These tubes wore sealed and 
divided into two mb-groups of 6 each. One sub-group 
was maint.ained at a constant temperat.ure of 25° C. 
and the othor at 25° C. for Hi hr. and - 25° C. for 
8 hr. in an alternating cycle. The same procedure was 
followed with a second and a third group of 12 tubes. 
Nitrogen was flushed through the second group and 
t.he final pressurc adjusted to 65 mm. mercury, and 
air (65 mm. mercury) was used instead of nit.rogen 
in the third group. 

The tubes were cracked open at various intervals 
of 4 days-IO months. To determinn viability, the 
contents were poured and washed into bottles 
containing nutrient broth, and further serial dilutions 
were made in broth. The K. vneurnoniae cell countE: 
weN:' mack on blood agar baRe pour platoR. The Ct. 

Table 1. SURYIVAI, OF K. pneumoniae IX A SmL'LATED MARTLUi 
ENVIRONMENT 

EuyirOllmental conditions 
Atmo- Daily After 4 
sphere temperature days 

No. of organism.s/5 gIll. lava * 
After 6 After 4 After 6 After 8 
weeks months months months 

Vacnum 24 hr. at 25° C. 
16 hr. at 25" C. 
Shr.at -25"C. 

46 x 10' 100 100 10 
20 x 10' 40 x 10' 100 100 10 

Nitrogen 24 hr. at 25° C. 
16 hr. at 25" C. 

35x10' 25xlO' 90x10' 90x10' 
18 x 10' 40 X 10' 22 x 10' 15 x 10' 10 

Air 
R hr. at - 25" C. 
~4 hr. at 25" C. 18 X 10' 5'6 x 10' 10 x 10' 20 x 10"· 

* Initial counts on the order of 10'. 

botulinurn spores were counted by sceding heart 
infusion agar in Prickett tubes. To determine the 
virulence of K. pneurnoniae, mice were injected 
intraperitoneally wit.h 0·}-0·2 m!. of various dilutions 
and observed for 14 days. 

Table 1 shows the survival of K. pnewnoniae. 
Conditions of vacuum and alternating temperature 
were detrimental to survivaL While the viability of 
the organisms in nitrogen and air at a constant 
temperature appcared to be unchanged, the LD50 
values showed that virulence decreased considerably. 
K. pneurnoniae freshly isolated from an animal has an 
LDso of 200 cells. The LD50 after 6 weeks under 
vacuum was 2,800 cells, and after 6 weeks under 
nitrogen 29,000. The cell count remained almost 
constant after 6 weeks with those cells maintaincd 
in air or nitrogen atmospheres. However, the viru
lence of the organism had markedly decreased. 

Table 2 shows that Cl. botulinurn spores were still 
viable after 10 months. Constant temperature was 
less favourable to growth than aJt.ernat.ing tem
perature. 

Tahle 2. SURVIVAL OF C. butulinum IX 
ENVIRONMENT 

A SUIIJLATI;n MARTIAN 

Atmosphere 

Yacuum 

Nitrogen 

Air 

Daily 
temperature 

24 hr. at 25" C. 
16 hr. at 25" C. 
8 hr. at -250 C. 
24 hr. at 25" C. 
16 hr. at 25° C. 
8 hr. at - 25 0 C. 
24 hr. at 25" C. 
16 hr. at 25° C. 
8 hr. at -25" C. 

After 
1 month 
20 x 10' 
17 x 10' 

19 x ]0' 
29 X 106 

32 X 106 

33 x 10' 

After 
6 months 
13 x 10' 
78 x 10" 

16x 10" 
~O x ]0' 

90 x 10' 
90 x 10' 

* Initial counts on the onter of 106 , 

After 
10 months 

58 x 10' 
29 x 10" 

27 X 106 

53 x 1W' 

66 X 10' 
;)3 x 10,1 

Thus the results of this work show t.hat an encapsu
lat.ed, facultative anaerobic organism such as K. 
pneurnoniae will survive under Martian conditions for 
a few months and that it will be less virulent than 
the freshly isolated organism. Spores of anaerobiC' 
organisms such as Cl. botulinurn and perhaps the 
tetanus and gangrene organisms will survive the 
Martian atmosphere. 
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