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Antarctic Dry Valley Soil Microbial
Incubation and Gas Composition'

ROY E. CAMERON and
HOWARD P. CONROW

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

In previous studies of antarctic soil microorga-
nisms, the abundance of populations has been deter-
mined following the cultivation of microorganisms
using enrichment or selective media in agar plates or
in liquid dilution tubes (Benoit and Hall, in press;
Boyd, Staley, and Boyd, 1966; Cameron, King, and
David, 1968; and Hall, 1968). Results have shown
that the total abundance of microflora ranges from
zero (not detectable) to an upper limit of ,-10
per gram of soil.

For some antarctic soils, as for other desert soils,
sprinkling or distributing the soil sample on agar
surfaces has been successfully used to detect low
numbers of microorganisms, i.e., 1-10 microorga-
nisms per 1-5 grams of soil. Under controlled condi-
tions, especially moderate temperature and high hu-
midity, it has been found that prolonging the incuba-
tion period can greatly increase the opportunity to
obtain colonies of antarctic soil bacteria and fungi
(Benoit, unpublished results). For temperate or trop-
ical desert soils, it has been observed in the field
that there is a rapid increase in numbers and activi-
ties of microorganisms following increments of pre-
cipitation. This observation applies especially to
thermophiles, which are common in the Sonoran
Desert and other hot deserts. Bacterial colonies are
visible in agar media within 6-24 hours in these soils.
For Death Valley soils, it has been shown that a
significant increase occurs in viable cell count when
the soils are wetted to maximal water holding ca-
pacity (Merek and Oyama, 1968). For temperate
arable soils, it has been shown that microbial activity
increases with increasing water content to -50-
80 percent of the moisture capacity (Bollen, 1959;
Siefert, 1961).

Microbial activity can be correlated with gas ex-
change, and increase in microbial abundance in a
virgin Mojave Desert soil has been correlated with
increase in CO, concentration, but a moisture value

This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California
Institute of Technology, under contract NAS 7-100, spon-
sored by the National Aeronautics and Space Administra-
tion. Logistic support and facilities for the investigations in
Antarctica were arranged by the Office of Antarctic Pro-
grams, National Science Foundation.
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approaching field capacity (0.1 bar) was found to be
optimum when compared to abundances and
amount of CO 2 evolved at either the hygroscopic
coefficient (31 bars) or moisture capacity (0.001 bar)
(Blank et al., 1965, and unpublished results).
Ancient, cultivated Iraqi desert soils show similar in-
creases in microbial abundance and CO2 concentra-
tion following moist-chamber incubation at an
optimum moisture value of approximately field ca-
pacity (Chandra, Bollen, and Kadry, 1962). For tem-
perate arable soils, except sands, the peak rate of
CO2 evolution is at or very near the aeration porosity
limit (0.05 bar) (Bhaumik and Clark, 1947).

For the purpose of this experiment, an attempt
was made to show the influence of long-term, moist
soil incubation and possible increase in gas concentra-
tion of incubated samples. Soil and gas samples were
collected from Taylor Valley, on an island —30
in of the Lake Bonney hut. 2 Duplicate soil
samples were placed in specially designed incubators
for further treatment. These incubators utilized the
modified open-cup soil slide and chamber principle
for studying soil microflora (Cholodny, 1934). Since
this is the first time that data have been presented
following the use of these incubators, and because
they will also be used in the forthcoming study of
the new volcanic island within the Deception Island
caldera, a brief description is given below.

The "soil multiple culture incubator" is a hand-
size model designed for sampling, culturing, and
incubating terrestrial or extraterrestrial materials,
especially soils, for microorganisms (Figs. 1 and 2).
It was pretested in July and August 1967 at White
Mountain Summit, California (elevation 4,350 m),
a simulated polar environment, where 16-mm motion
pictures were made of field operations. Following
successful incubation and analyses of samples, three
additional incubators were manufactured, with some
improvements, for use in the Antarctic.

The overall apparatus is essentially a light-weight,
sturdy, compact, sterilizable, machinable-plastic in-
cubator composed of two chambers separated by a
plate with detachable rods and tubes. The soil (or
rock) sample is sieved or placed into the larger incu-
bator chamber. The smaller chamber is used for
extract preparation or injection of sterile water or
nutrient solutions through one of the sidewall ports.
Upon inversion of the apparatus, the liquid solutions,
by gravity flow, enter tubes in the larger chamber
and seep through five holes into the surrounding soil
sample to promote cultivation of microorganisms in
an enriched environment of the indigenous soil
sample.

Following the introduction of soil samples, the

2 This site was investigated cooperatively with Prof. Robert
E. Benoit, Virginia Polytechnic Institute.

Figure 1.	Soil incubator unit with visible rods in
chamber.

Figure 2. Soil incubator unit with sieve in place prior
to sampling.

incubators can be placed in visible light to permit
development of possible photosynthetic microorgan-
isms exposed to light beneath the transparent quartz
window. The use of 0-ring seals helps to retain the
environment within the incubator until subsequent
analyses are made. Additional details of the materials,
construction, operations, advantages and purpose of
the incubator have been given previously (Cameron
and Conrow, 1967).
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Soil sample #600 (surface 2 cm) was placed in
two incubators and #603 (subsurface 60 cm) was
placed in two additional incubators. The smaller
chamber of one incubator for each sample was in-
oculated with 10 cc of sterile Lake Bonney water
(collected in 1967), and this was allowed to flow
down the tubes into the soil to provide a gradient of
soil moisture conditions. The remaining two incu-
bators, one for each soil, were treated as "dry" con-
trols, and no solutions were added to these soil
samples. All samples were taken to the McMurdo
Station biology laboratory and incubated at room
temperature under Sylvania GRO/LUX fluorescent
lights (—.' 250 ft.—c.) until they were subsequently
shipped to the Jet Propulsion Laboratory (JPL) for
microbiological analysis.

Gas samples were taken at the Taylor Valley site
immediately following soil sampling (and also one
day later, when the wind direction shifted). In situ
soil atmosphere samples were collected approximately
at the same depths as the soil samples, following 24-
hours' equilibration of the gas samplers. 3 Gas samples
were also taken from each incubator at the Mc-
Murdo Station biology laboratory and outside the
laboratory (windward of the Station) before ship-
ment of the incubators to JPL.

Properties of soils from the surface to a depth of
60 cm are given in Table 1. All of the soils were olive-
colored, gravelly sands, low in organic carbon and
nitrogen, with pH values of	The soils were
alkaline with predominate cations of Na,	and

Predominate anions were Cl -, SO4 , and
HCO3 . The cation exchange capacity was low, only
2 meq/gm of soil, corresponding to low values ob-
tained for typical desert soils of temperate regions.

At JPL, the soil incubators were opened after four
months, and the abundance of microflora was sub-
sequently determined. Microflora abundance deter-
mined by "standard" and "specialized" media are
shown in Tables 2 and 3•4 Although the quartz win-
dow of one of the control incubators was broken in
transit from McMurdo to JPL, it can be seen that there
was a significant increase in surface microflora fol-
lowing incubation of sample #600 compared to the
abundance determined at the in situ moisture con-
tent. Depending on the culture medium, the abun-
dance increased markedly on four of five media fol-
lowing wet incubation. This increase was from a
maximum of 200/gm on trypticase soy agar at in situ

by Allen G. Ford, Design Section, JPL.
'Analyses for microfiora at in situ moisture content were

performed at McMurdo Station by Drs. Charles N. David
and Jon King. Analyses of microflora in soil incubators were
performed at JPL by Mrs. Doris R. Gensel.

moisture content (Table 2) to 2.5 X 105/gm on
Burk's nitrogen fixation agar (Table 3). The least
increase in abundance for sample #600 was obtained
with the low pH medium, Van Delden's sulfate reduc-
tion agar, 10/gm of soil at in situ moisture to 710/
gm after wet incubation, and with simulated Taylor
Valley soil extract-organic medium at 2°C., which
showed an increase of 20/gm of soil at in situ moisture
content to 300/gm after wet incubation.

Following the incubation of subsurface sample
#603, the results were more variable and less spec-
tacular than for surface sample #600. Although
these samples contained 3 percent in situ moisture
(Table 1), an increase in microbial abundance follow-
ing "dry" incubation could be shown only with actino-
mycete isolation agar; otherwise the abundance either
remained at the same level (Table 3) or showed a
decrease compared to the original values (Table 2).
There was a significant increase following wet-soil
incubation and culturing at either 2° or 20°C. on
trypticase soy agar and actinomycete isolation agar.
On these media, the soil diphtheroids were the most
prominent group of microflora. More microflora could
be found in the soil aggregates adhering to moist rods
in the chambers (Fig. 3) than in the rest of the
chamber. No actinomycetes (streptomycetes), algae,
fungi (yeasts and molds), anaerobes, or coliforms
were detected in the samples, either in analyses per-
formed at McMurdo Station or at JPL.

The average results of duplicate gas analyses are
shown in Table 4, both for in situ samples and for
those collected from the incubators. 5 In situ air sam-
ples from Taylor Valley, regardless of sampling height
or depth, had percent-composition values comparable
to values of nonantarctic regions. However, there
was a higher percentage of water vapor in the air at
1 m above the surface for wind blowing from the NE
than from the SW, and no water vapor was detected
in the samples taken at or beneath the soil surface.
The 02 and N2 concentrations were slightly higher in
the atmosphere above the soil surface and at the soil
surface than below the surface. On the basis of the
analyses of in situ Taylor Valley samples, there was
no indication of a buildup of soil CO2, which could
have resulted from microbial activity. For compari-
son purposes, it was observed at White Mountain that
the soil CO2 concentration of a relatively rich soil
microflora (, 10/gm) was two to four times higher
than the concentration of the atmosphere above the
soil. For Wheeler Valley, which also has a compara-
tively abundant soil microflora (up to 107/gm), the

'Analyses by Maurice Frech, JPL Bioscience Section, using
a modified Consolidated Electrodynamics Model 21-103—C
mass spectrometer.
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Table 1. Taylor Valley, Antarctica, Soil Physical and Chemical Properties

	Ions 	 I
ppm in 1:5, Soil: H20 Extract

CU

Color and	 ID4

Texture	Munsell	 'o	a	 0	.c0Notation	 co —	 o	Z vsZ	 Air Dry'	
.2	aa	Q

cc
+	

+	
I	 a	a	2Ea	a	 +	 b8	 0 0	0' bo	be

	

L.	 °.	a	aacc	 ..	 Z	 o	cc	Z	0	0	0	0

600 Surf.	Loamy	5Y 5/3	0.51	7.9 4560 200 75 55 100 835	8 24 5 0.0 0.03 0.003 0.28	2.52	Sand	olive601	2-12	Sand	5Y 5/3	0.63 8.0 4800 230	9	89	85 800	120 26 5 0.1	0.02 0.003 0.02	2.5olive602	30	Sand	5Y 5/3	0.73	7.9 4480 200	9	52	60 600	130 26 4 0.1 0.02 0.002 0.02	2.5olive
603 60	Sand	5Y 6/3	3.01	8.2 3280	130	10	22	80 320	190 27 3 0.1 0.02 0.004 0.02	2.5pale olive

* Color of predominate minerals.

Table 2. Taylor Valley, Antarctica, Microflora Abundance, "Standard Media",
Microflora/gm of Soil'

200 C.	 2° C.	 200 C.	 2° C.
3ample Depth

No.	cm	In situ	Dry	Wet	In situ	Dry	Wet	In situ	Dry	Wet	In situ Dry	Wet

	

Mois-	Incuba- Incuba-	Mois ..	Incuba- Incuba-	Mois-	Incuba.. Incuba- Mois- Incuba- Incuba-

	

ture	tion	tion	ture	tion	tion	ture	tion	tion	ture	tion	tion

600 Surf. 2	50	•'	73 x 10'	200	**	28 x 10	<10	•	42 X 10	20	"	300

601 2-12	10	 <10	 100	 <10
602	30	200	 100	 <10	 <10
603	60	7 x 10'	275	14 x 108	10'	130	15 x 103	700	15	<10	<10	<10	<10

Culture Medium	 Trypticase Soy Ai,	 Simulated Taylor Valley Soil Extract + Yeast Extract

* No yeasts, molds, anaerobes, algae, or coliforms detected.	Incubator broken in shipment from McMurdo to JPL.

Table 3. Taylor Valley, Antarctica, Microflora Abundance, "Specialized Media",
Microflora/gm of Soil'

Sample No.	Depth	cm

600	Surf.	2

601	2-12

602	 30

603	 60

Culture Medium

	

In situ	Dry	Wet	In situ	Dry	Wet	In situ	Dry	WetMoisture Incubation Incubation Moisture Incubation Incubation Moisture Incubation Incubation

	

<10	**	13 x 10'	<10	 710	<10	**	>2.5 x 10r-

	

<10	___	 <10	 <10

	

<10	___	 <10	 <10

<10	900	5 x 10	<10	<10	<10	<10	<10	<10

Actinomycete Isolation Agar***	Van Delden's Sulfate	Burk's Nitrogen Fixation Agar
Reduction Agar

	

* All incubation, at 20°C.	 " No actinomycetes (streptomycetes) present; bacteria only.** Incubator broken in shipment from McMurdo to JPL.
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Table 4. Average Gas Analyses,
Taylor Valley and McMurdo Station

Volume % Composition
Sample Description

02 I co, I N, I Ar I H20 I CH4

Taylor Valley, Air, 1 m; Wind
NE; Dec. 7, 1967 --------------21.4 0.05 77.5 1.01 0.11

Taylor Valley, Air, 1 m; Wind
SW; Dec. 8, 1967 -------------20.2 0.07 78.7 1.00 0.02

Taylor Valley, Air, Surf.; Wind
NE; Dec. 7, 1967 --------------20.5 0.07 78.5 1.01 0.02

Taylor Valley, Soil, 15 cm; Wind
NE; Dec. 7, 1967 -------------20.8 0.03 78.2 1.01 _ _ __

Taylor Valley, Soil, 30 cm; Wind
NE; Dec. 7, 1967 ------------1.2 0.03 77.9 1.02 ----

60Taylor Valley, Soil,	cm; Wind
NE; Dec. 7, 1967-- --- ---------21.5 0.04 77.5 1.02 ----

Taylor Valley, Soil Number 600,
rySurf. 4 cm; D	Incubation;

Jan. 31, 1968 ----------------20.7 0.44 77.8 0.97 ----
Taylor Valley, Soil Number 600,

WSurf. 4 cm;	et Incubation;
Jan. 31, 1968 ------------------ 20.6 0.51 77.9 0.95 -----

Taylor Valley, Soil Number 603,
60 cm; Dry Incubation; Jan.
31, 1968 ---------------------20.6 0.44 77.7 0.94 0.06 0.21

Taylor Valley, Soil Number 603,
60 cm; Wet Incubation; Jan.
31, 1968 ------------------------20.7 0.30 78.0 0.95 0.05

1McMurdo Station, Air	m;
Wind 5; Jan. 31, 1968 ---------20.7 0.46 77.7 0.95 0.12

Figure 3. Photomicrograph of moist soil adhering to
5 mm. diameter rod following wet incubation.

CO2 within the soil was slightly higher, 0.10 percent,
than in the atmosphere above the soil, which was 0.06
percent. In McKelvey Valley, which is low in micro-
flora abundance (-.10-1,000/gm), the average CO2
concentration of both soil and air was 0.28 percent
(Cameron and Conrow, unpublished results).

Air samples taken from the incubator showed a
tenfold increase in CO 2 concentration compared to
in situ Taylor Valley samples. However, an analysis
of air taken from outside the laboratory at McMurdo
Station also showed a comparable CO2 level. This
high CO2 concentration, unexplained at this time,
may possibly be the result of the absence of sea ice
and increase in biotic activity.

There was a drop in argon, as shown by a com-
parison of in situ Taylor Valley values of 1.01 percent
with the normal concentrations, 0.94, from analyses
of samples in the incubators at McMurdo Station.
Values of 1.01 percent were found also in samples
taken from White Mountain Summit, California,
and even higher concentrations, - 1.09 percent, were
obtained for Wheeler Valley.

Although no moisture was detected for in situ
soil atmosphere samples from Taylor Valley, incuba-
tion of samples at room temperature released frozen
moisture for subsurface sample #603 and probably
allowed for some growth of microorganisms which
were favored by culture on actinomycete agar. For
some unexplained reason, the "dry" incubation of
sample #603 showed 0.21 percent CH4 , which is
presumably due to microbial activity. There was no
denitrification in the Taylor Valley soils, although it
was the most noticeable aspect of incubation of the
White Mountain soil.

While the results given above are preliminary, and
in some cases inconclusive, it is apparent that moist-
chamber incubation of antarctic soil samples can be
used to increase the abundance of antarctic dry-valley
microflora. Similar short-term incubations of dry-
valley surface samples also have been shown to in-
crease the microflora abundance following incubation
of three days to four weeks at 8°C. and 25°C. 6 Under

'Studies by Dr. Edward Merck, Life Detection Systems
Branch, Ames Research Laboratory.
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these conditions, the bacterial count has been in-
creased by 2-4 log units. 6 Twenty-four- to 48-hour
incubation of antarctic dry-valley soils at room tem-
perature (1 part soil to 9 parts water) has also been
found to give an increase in the microbial count of
nonpigmented bacteria (soil diphtheroids) but to
eliminate pigmented forms (micrococci) . Additional
experiments with single bacterial isolants have shown
that growth can sometimes be measured in 24 hours,
but it is usually 2-8 days before the amount of
growth may be increased by several log units. 7 This
initial slow rate of growth for antarctic soil isolants
could be an important factor to consider for culturing
possible microorganisms in extraterrestrial low-tem -
perature soils.
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The President's Midwinter Message

Wintering personnel at 35 antarctic installations of
10 nations received a midwinter greeting from Presi-
dent Johnson on June 21. The 261 men at five U.S.
stations and the Eltanin's complement were among
the recipients of the following message:

On Midwinter Day 1968 1 am pleased to send
my traditional greetings to the dedicated and hardy
citizens who strive selflessly for new knowledge in
the cold and darkness of the antarctic night. Your
contributions to mankind's fund of information,
gained through persistent self-denial, discomfort,
and danger, are an example of courage and co-
operation for all the world to admire. I join with
all whose hopes are renewed by the ins piring knowl-
edge of your undeterred commitment in the face of
the harshest conditions of our Earth's environment.
And I wish your endeavors every future success.

-LYNDON B. JOHNSON

John T. Crowell Retires

John T. Crowell, Special Projects Officer for the
National Science Foundation's Division of Environ-
mental Sciences, retired on November 21, 1968, after
almost 24 years of Government service, over a third
of it with the Foundation's antarctic activities.

Mr. Crowell began his polar work in the Arctic as
Master of the Bowdoin with Admiral Donald B. Mac-
Millan for the decade 1926-1936. In World War II,
as an Air Force major, he planned and operated
ferrying bases and weather stations in Canada and
Greenland, receiving the Legion of Merit for his
work. With Mrs. Crowell, he lived at Thule, Green-
land, in 1951-1953 representing the U.S. Weather
Bureau while the joint Danish-U.S. weather station
was undergoing transformation into the huge Thule
Air Force Base. Mr. Crowell continued in the Arctic
for six years with the Northeast Air Command.

On assuming a position with the Foundation in
June 1960, Mr. Crowell became the principal figure
in putting the U.S. Antarctic Research Program
afloat with a fleet of two research ships. He first
planned and monitored the conversion of the USNS
Eltanin from a cargo vessel to a floating scientific
station. Then, in rapid succession, he supervised
multiple contracts for feasibility studies of a man-
made Arctic Basin drifting station, led reconnais-
sance parties to the Antarctic Peninsula and de-
veloped with marine scientists and polar logisticians
the concept of a close-knit shore-station/research-
ship operation.

To implement this idea, Mr. Crowell oversaw every
detail of Hero's development from the selection of an
architect to the acceptance of the research vessel
by the Foundation in July 1968 and the shakedown
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