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Summary Gas chromatographic analysis of hydrogen in non-sterile soil incubated aerobically 
and anaerobically revealed that consumption of the gaseous hydrogen correlated very highly 
with the initial hydrogen substrate concentration. Hydrogen consumption was not observed 
in sterile soil. In anaerobically incubated soil, methane evolution was not related to H 2 con- 
sumption. The optimum temperature range for H 2 consumption in both aerobic and anaerobic- 
ally incubated soil was between 20 and 30~ Activity rapidly decreased at soil temperatures 
above and below this optimum temperature range. 

Introduction 

The hydrogen-oxidizing bacteria are taxonomically a diverse group of 
28 species belonging to 15 genera (Pseudomonas, Alcaligenes, Azospiril- 
lium, Derxia, Flavobacterium, Microcyclus, Paracoccus, Renobacter, 
Rhizobium, Xanthobacter, Arthrobacter, Bacillus, Mycobacterium, 
Nocardia and Hydrogenomonas 1,6. As a group, the hydrogen bacteria 
are very metabolically diverse bacteria. Their mixotrophic metabolism 
allows them to use both inorganic and organic compounds as energy 
and/or carbon sources. A recent publication reported the kinetics of 
soil hydrogenases catalyzing the oxidation of atmospheric hydrogen. 
Two types of  hydrogenase activity were described; one active under 
aerobic soil conditions and the other under anaerobic conditions 2. In 
another study a, it was suggested that the ecological niches of  hydrogen 
bacteria could only be those soil microsites which are aerobic yet 
adjacent to anaerobic sites where high mixing ratios of H2 are made 
available during the degradation of organic compounds. Since hydrogen 
is an important intermediate in the mineralization of decomposing 
organic matter under anaerobic conditions, the hydrogen can then be 
used as an electron donor, allowing the formation of methane and 
hydrogen sulfide. It has also been suggested that high H2-mixing ratios 
could be created by the root nodules of leguminous plants, producing 
H2 while fixing dinitrogen a. 

The influence of  various environmental conditions on hydrogen- 
consumption in soil still requires additional research as a complete 
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understanding of this activity is not known 6. In the present study, a 
gas chromatographic method for measuring hydrogen-consumption in 
soil was used to investigate the effect of temperature, aerobic and 
anaerobic gas phase conditions, and substrate concentrations on H~ 
consumption in soil. 

Materials and me thods  

Soil samples 
Sandy loam was collected from the surface 10 cm of an agricultural field at Floradale, 

Ontario,  Canada. The soil was passed through a 2 m m  sieve and used in H 2 consumpt ion  experi- 
ments .  Some characteristics of  the soil were measured as previously described ~ and are pre- 
sented in Table 1. 

Table 1. Some characteristics of  the  soil 

Soil texture  (sandy loam) 
Sand 56% 
Silt 34% 
Clay 10% 
pH (water) 6.5 
Water holding capacity 0.43 ml/g 
No. he tero t rophs  1.3 • 107/g dry weight 

H 2 consumpt ion  in soil 
A 10-g sample of  freshly sieved soil was placed in a 50-ml Erlenmeyer flask and adjusted 

to 60% of  its water holding capacity with sterile distilled water. All flasks were capped with 
serum stoppers (Suba-Seal, Barnsley, England) and the appropriate volume of  pure H 2 was 
injected into the  flask with a Hamil ton gas-tight syringe to give a range of  H 2 concentrat ions 
f rom 178 to 893 nmoles/f lask.  Anaerobic flasks were prepared by evacuating for 5 min and 
refilling with pure hel ium to 1 a tm prior to addit ion of  the  hydrogen substrate.  This was re- 
peated 3 t imes to ensure anaerobic conditions.  This method  of  establishing an anaerobic en- 
v i ronment  has been previously used for s tudying anaerobic nitrogen fixation ~, and leaves only 
a trace of  O 2 which is barely detectable using gas chromatographic  analysis. Sterile control 
soils were prepared by autoclaving flasks containing soil for 1.5 h at 121~ on two consecu- 
tive days. All incubat ions  were carried out  statically at the  desired temperature  in the  dark. 
Hydrogen consumpt ion  was measured using a thermal  conduct ivi ty  gas chromatograph equipped 
with a 183 cm • 6 m m  stainless steel co lumn packed wi th  80 /100  mesh  molecular sieve 5A 
support .  The gas chromatograph was operated at a bridge current  of  170 mA and the oven 
temperature  was mainta ined  at 50~ At the appropriate t ime,  1.0 ml of  the gas phase in the 
serum-stoppered flasks was removed using a gas-tight syringe, and injected into the  gas chro- 
matograph.  All exper iments  were carried out  in triplicate. Hydrogen concentrat ions  were 
de termined from internal s tandards o f  pure H 2 gas. All gas concentrat ions were corrected for 
tempera ture  and gas phase volumes within  the  flasks. 

The effect o f  temperature  on H~ consumpt ion  in soil was studied using the same me thod  
as previously described. Pure H 2 was added to either aerobic or anaerobically incubated soil 
at a concentra t ion of  892 nmoles/f lask.  Flasks containing soil and substrate were then incu- 
bated in the  dark for 2 4 h ,  at which t ime H 2 analysis was carried out  using the  gas chromato-  
graph. 

Methane which could be evolved in anaerobically incubated soil, was moni tored  with an 
Antek  300 gas chromatograph  equipped with a f lame ionization detector and a 183 cm • 3 ram, 
80 /100  mesh  Porapak N co lumn operated at 100~ Nitrogen was used as the  carrier gas at a 
flow rate of  30 ml /min.  The flow rates for H 2 and air were 30 and 300 ml /min ,  respectively. 
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Pure methane standards were used to prepare a standard curve for the determination of  un- 
known CH 4 concentrations. 

Statistical analysis 
Lines of best fit and correlation coefficients were estimated using an Apple I1 plus micro- 

computer and a CMA statistics program (Charles Mann and Associates, Santa Fe Trail, California, 
USA). 

Results and discussion 

Hydrogen consumption in aerobically incubated soil supplied with a 
range of initial H2 concentrations was measured after 24, 48, and 72 h 
(Fig. 1). Hydrogen consumption correlated very highly with the initial 
H2 substrate concentration. For example, the lowest correlation co- 
efficient calculated was 0.83, indicating a high correlation between 
activity and substrate (Table 2). However, the increases in H2 con- 
sumption were very gradual, especially during the first 48 h. The 
24 -48  h lag period suggested that an adaptation period may be necess- 
ary for enzyme synthesis, and/or time is required for the hydrogen- 
oxidizing bacteria to increase in numbers. 

As seen in Fig. 2, H2 consumption in anaerobically incubated soil 
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Fig. 1. H 2 consumption in soil as a function of the initial H 2 substrate concentration when incu- 
bated aerobically at 20~ for 24 h (o); 48 h (e) and 72 h (zx). Sterile controls displayed no activity. 
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Table 2. Relat ionship between H 2 consumpt ion  and initial H: substrate concentrat ion in soil. 
Lines of  best fit and correlation coefficients were calculated from the data presented in Figs. 
1 and 2, where X (nmoles H z) and Y (nmoles H2 consumed/f lask)  

Incubat ion Correlation coefficient 
(hours) Line of  best fit (r 2) 

Aerobic 
24 Y = 0 . 3 9 - X  ~ 0.83 
48 Y = - 711.87 + 147.35 -log X 0.91 
72 Y = l X +  1 1.0 

Anaerobic 
24 Y = 1 3 . 6 7 . X  T M  0.92 
48 Y = - - 9 6 6 . 7 6  + 218.26-1og (X) 0.94 
72 Y = 1 . 7 2 , X  ~ 0.99 
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Fig. 2. H 2 consumpt ion  in soil as a funct ion of  the initial H 2 substrate concentra t ion when  
incubated anaerobically at 20~ for 24 h (o); 48 h (e) and 72 h (/,). Sterile controls  displayed 
no activity. 

was slightly higher during the 72 h period, as compared to H2 con- 
sumption in the aerobic soil. Under anaerobic conditions, most H2 
is assumed to be utilized in the production of  methane. However, gas 
samples taken from the anaerobic gas phase, and analysed using a flame 
ionization chromatograph, indicated that methane was not evolved 
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during the 72h anaerobic incubation period. This suggested that H 2 
consumption during this time was not related to methanogenesis. It 
has been reported that hydrogen can act as an electron donor for 
sulphate-reducing bacteria and hydrogen-metabolizing methano- 
genie bacteria s. Competition for H2 could be one of the major causes 
for the apparent ecological separation between methanogenesis and 
sulfate reduction s. In the present study, it is also possible that methano- 
genie bacteria were not present, or only present in very insignificant 
numbers in the soil. This would suggest that anaerobic bacteria other 
than methanogens were responsible for H2 consumption in the anaerobic- 
ally incubated soil. 

Figure 3 shows the significant effect of temperature on H2 consump- 
tion in soil over a range of temperatures from 4 to 37~ The optimum 
temperature range for activity was observed to be between 20 and 30~ 
with activity sharply declining above and below this range. Hydrogen 
consumption in anaerobically incubated soil was higher at 4, 15 and 
37~ than in the aerobic soil incubated at the same temperatures. A 
temperature of 30~ for maximum activity has been reported for pure 
cultures of H2-oxidizing bacteria in sterile soil 2. This observation is in 
reasonable agreement with the results of this experiment. 
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Fig. 3. H 2 consumpt ion  rate as a funct ion  o f  temperature  in aerobically incubated soil (o) 
and anaerobically incubated soil (e) after 48 h. 
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Most Ha-oxidizing bacteria are similar to other heterotrophic aerobic 
bacteria. However, they are able to obtain energy by the oxidation of 
atmospheric Ha using their electron transport system. Hydrogen is an 
intermediate in the decomposition of  organic matter, and plays a 
central role in methanogenesis in anaerobic environments. Also, soil is 
the predominant sink for H2 in the biosphere. Hydrogen-utilizing 
dinitrogen fixing bacteria (Xanthobacter) are capable of coupling the 
oxidation of Ha with the fixation of N2 and CO2. It is possible that 
these organisms were responsible for some of the hydrogen consump- 
tion in soil. However, they generally prefer microaerophilic environ- 
ments with O 2 concentrations ranging from 3 to 5%. From an ecological 
perspective, it is important to understand the consumption of H2 in 
soil and the manner in which environmental factors influence the 
catalytic activity of soil hydrogenases. This is especially important if 
micro-organisms synthesize different types and amounts of hydro- 
genases under similar or different conditions. The activity of soil hydro- 
genases is most likely controlled by environmental conditions 3. It is 
not known whether hydrogenases are actually one enzyme or a group 
of enzymes with very specific catalytic activity or very diverse activity 3. 
This problem may be solved when it is possible to extract active hydro- 
genases from soil. Presently, this is not possible. 

The present study does indicate that aerobic and anaerobic Ha 
consumption occurs over the same temperature range. Also, good 
correlations were found between H2-consumption activity and the H2 
substrate concentration provided. 
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