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Adding CO2 to emissions from geothermal energy 
sources can prevent plant injury and even increase 

plant growth rate. 

missions generated by geothermal en- E ergy sources may be injurious or bene- 
ficial to crops, forests, or ornamental plant- 
ings, depending upon concentrations and 
composition of the gases. Noncondensable 
gases from these wells are usually made up 
of about four-fifths carbon dioxide (C02) 
with lesser amounts of hydrogen sulfide 
(H2S), ammonia (NH3), hydrogen (H2), ni- 
trogen (Nz), and methane (CH4). The addi- 
tional C02 may increase the rate of plant 
growth, and H2S, although injurious at 
high levels, could increase yield at  low lev- 
els. Recent studies by Shin et al. showed 
that adding CO2 up to 15 parts per million 
(ppm) above ambient levels plus 1 ppm H2S 
for 3 hours caused a stimulation in apparent 
photosynthesis and stomata1 relaxation 
with lettuce. 

The present studies were conducted to  aid 
in predicting what effects emission of H2S 
and C02 from geothermal energy develop- 
ment would cause on four important crops: 
lettuce, sugarbeets, cotton and alfalfa. A 
limited comparison was made between the 
effects of H2S and sulfur dioxide (SO2) on 
lettuce and beets because H2S is oxidized in 
the atmosphere to S02. 

Experiments 

The plants were grown in fiberglass-cov- 
ered greenhouses with an average light 
transmittency of 80 percent. Airflow at one 
exchange per minute was supplied by evap- 
orative coolers after purification by filtra- 
tion through activated charcoal. Tempera- 
ture range within the greenhouse approxi- 
mated that of the outside. All plants were 
grown from seed in containers in a soil mix- 
ture of peat, redwood shavings, and silt 
1-1-1. Essential nutrients were added to  the 
soil as salts and in solution when the plants 
were watered. 

The fumigating gases were dispensed 
from cylinders, and flow rates were con- 
trolled by means of pressure reducers and 
thermostated capillary flow controllers. 
The gases were injected continuously 
through capillary flow controllers into the 
incoming airstream immediately after the 
ventilating fans. H2S and SO2 concentra- 
tions, monitored intermittently with a Phil- 
lips Model P W  9700 H2S analyzer, re- 
mained uniform and reproducible over ex- 
tended periods of several weeks. Six treat- 
ments consisted of carbon-filtered air (con- 
trol); 30 parts per billion (ppb) H2S; 100 
ppb HzS; 300 ppb H2S; 300 ppb H2S + 50 
parts per million C02; and 300 ppb S02. 
Carbon dioxide was monitored with a Mod- 
el 215B Beckman Infrared Analyzer. 

Lettuce 
The first of three crops of Lactuca sativa 

‘Dark Green Boston’ head lettuce was 
grown from March 13 until May 10, 1976. 
Only the control and H2S treatments were 
used. Fumigation with 30 ppb H2S caused a 
large increase in fresh weight of the total 
plant (160 percent of control) but 100 ppb 
treatment results were equal to  the control, 
and 300 ppb caused severely reduced 
growth; head weight was 33 percent of con- 
trol. A second crop, grown August 12 to 
November 8, 1976, involved all treatments 
except the SO2 (see table 1). Plants exposed 
to 0, 30, and 100 ppb H2S did not exhibit 
visible injury. The fresh and dry weights 
following 0 and 100 ppb treatments were 
not significantly different at harvest time; 
with 30 ppb H2S, however, the plants 
formed larger and firmer heads as demon- 
strated by increased head weight. Exposure 
to 300 ppb H2S caused early chlorotic 
symptoms and gave the plants a mottled ap- 
pearance. The leaves remained narrow, no 

heads were formed and the weight of plants 
was reduced. At 300 ppb H2S + 50 ppm 
C02, the plants did not develop chlorotic 
symptoms until four weeks before harvest 
and initially grew faster than plants treated 
with 300 ppb H2S alone. Reduction in 
weight of plants was therefore less severe 
but no heads developed. 

The third crop, grown from October 20, 
1976 until January4, 1977, included a treat- 
ment with SO2 at 300 ppb. The fresh and 
dry weights a t  30 ppb H2S, 100 ppb H2S 
and 300 ppb SO2 were significantly in- 
creased but were reduced at  300 ppb H2S. 
The addition of 50 ppm C02 to 300 ppb 
H2S showed again to be beneficial as 
demonstrated by an increase in fresh and 
dry weights. Difference between the results 
of second and third crops may be a seasonal 
effect, since temperatures were considerab- 
ly lower during the latter experiment. 

Sugarbeets 
Three crops of Beta vulgaris ‘Holly’ hy- 

brid sugarbeets were grown, each receiving 
all six treatments. In the first crop five pots 
per treatment were planted with three beets 
per pot. In the second crop, replication was 
increased to  ten pots per treatment with 
three beets per pot. Because the beet is such 
a competitive species, one beet in each pot 
was stunted. Average weight per beet at 
harvest was recorded (see table 2). In the 
third crop two beets were grown per pot in 
an attempt to  overcome the stunting but 
some weight variation in the two beets still 
occurred. Average weights were used for 
statistical evaluation of all results in the 
beet study (see table 2). 

H2S at 30 and 100 ppb significantly in- 
creased fresh and dry weight of leaves and 
fresh weight of roots above controls in the 
first crop. Similar significant increases or 
numerical trends were shown in the second 
and third crops. At 300 ppb H2S, the three 
parameters were reduced in all three crops 
when compared with the values obtained 
with 30 ppb. Addition of 50 ppm C02 plus 
300 ppb H2S caused an increased dry weight 
of leaves in the first crop and fresh root 
weight in the second crop when compared 
with the 300 ppb H2S alone. 

Fumigation with 300 ppb SO2 caused an 
increase in fresh leaf weight in the first crop 
when compared with the control. No signif- 
icant difference between these two treat- 
ments was shown in the other two crops. 
Comparisons of the effects of 300 ppb H2S 
and 300 ppb SO2 showed them to be statis- 
tically equal except in the second crop 
where H2S reduced leaf dry weight more 
than SO2. On a few days when relative hu- 
midity increased in the greenhouses to 70 to 
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80 percent, severe foliar injury occurred on 
the beets being fumigated with S02. None 
was seen with H2S. 

Cotton 

Gossypium hirsutum ‘Acala SJ3’ cotton 
was grown as single plants in 18-liter pots. 
Ten plants per treatment and three treat- 
ments were used: carbon filtered air, car- 
bon filtered air + 300 ppb H2S, and carbon 
filtered air + 300 ppb H2S + 50 ppm C02. 

Fresh and dry weight of leaves and dry 
weight of combined leaves and stems were 
unaffected by 300 ppb H2S, but the addi- 
tion of C 0 2  caused a significant increase 
over H2S alone (see table 3). The sulfide 
seemed to accelerate maturity because flow- 
er and boll weights were tripled. The sulfate 
accumulation was less than in other plants 
such as alfalfa. The reduced level of sulfate 
with C 0 2  as compared with H2S alone 
could be a diluting effect caused by in- 
creased carbon fixation. 

Alfalfa 
Medicugo sutivu ‘Hayden’ alfalfa was 

grown, three plants per 18-liter pot, with 
the same three atmospheres as cotton. Ten 
pots per treatment were used. Six successive 
cuttings were taken, dried, and weighed (see 
figure). The results showed that 300 ppb 
H2S caused no effect on the first two cut- 
tings but reduced dry weight significantly 
during the succeeding four cuttings. Addi- 
tion of 50 ppb C02 stimulated growth sig- 
nificantly in five of the six cuttings above 
growth with H2S. With four of the six cut- 
tings growth was greater in the H2S + C 0 2  
treatment than in the control. The total for 
all six cuttings showed an average increase 
in yield of 24 percent. 

Conclusions 

Yield of lettuce in two of three experi- 
ments and the fresh and dry weight of 
sugarbeet leaves and roots was increased by 
30 ppb H2S. Toxicity of H2S was equal to  
or slightly greater than SO2 in a sustained 
“chronic” type of exposure with both let- 
tuce and sugarbeets, but SO2 caused foliar 
injury to  beets when humidity was high. 
Adding 50 ppm CO2 to 3 0 0  ppb H2S over- 
came growth depression caused by H B  
alone or increased growth above controls in 
cotton and alfalfa. 
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