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~cid precipitatiGn may alter the rates of microbial processes in 
soil that are ini0ortant for forest productivity (Evans et al. 
1981). Acidification of soil can result in a depression of car- 
ben mineralization (Tamm et al. 1977; Chang and Alexander 1983). 
Tne inhibition of CO 2 formation may be accompanied by a stimula- 
tion of nitrogen mineralization (Tanm et al. 1977) or nitrate 
accumulation (FranCis 1982). Tamm (1976) postulated that acidi- 
fication depresses the rate of nitrogen ~bilization because 
of reduced microbial activity, leading to a net increase in the 
organic nitrogen available for mineralization. Though the in- 
crease in nitrogen mineralization is probably temporary (Tamm 
1976; Abet et al. 1982), the duration of this effect is ~Lknown 
(Bosatta 1982). A mathematical model has been developed by 
Bosatta (1982) to describe this phenomenon. 

One method to simulate the long-term exposure of soil to acid 
rain involves the addition of single doses of eoncentrated acid. 
The inhibition of carbon mineralization acconpanied by a stimu- 
lation of nitrogen mineralization may result frcra this severe, 
unnatural treatment. 

The present study was designed to determ/ne whether the inhibi- 
tion of carbon mineralization and the ac~anying enhanced nitro- 
gen mineralization would occur when soils are treated with more 
dilute acid for long periods of time, as takes place in nature. 

MATERIALS AND METHODS 

The soil was a spodosoi (coarse-loamy, mixed, frigid Typic Fragi- 
orthod) obtained frcra the Panther Lake watershed of the Adiron- 
dacks region of New York. The fresh litter layer at the surface 
was removed, and portions of the underlying organic (02 horizon) 
and mineral (A2 horizon) layers were collected. The soil frcm 
each layer was passed through a 4-ram sieve and mixed separately. 
Polyvinyl chloride cylinders (4 cm in diameter, 7 aa high) were 
filled with 12.5 g of the mineral layer (pH 4.1, 2.26% organic 
matter, 0.09% N) at the bottom and 25 g of the organic layer (pH 
3.6, 49.3% organic matter, 2.06% N) at the top. The soil was re- 
tained in the cylinders by a fiberglass screen on top of which 
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was plaoed a glass fiber filter (~a~nan GS/A, Laboratory Prod- 
ucts Inc., Clifton, N.J.) to retain small soil particles. 

Simulated rain was applied to the soil through two I0-~i capil- 
lary pipets placed about 5 cm frc~ the top of the cylinder. The 
pipets were connected to a plexiglass reservoir that centained 
the liquid. The simulated rain was applied twice weekly by al- 
lowing 105 ml of the solution to drip onto the soil for 90 min. 
Each application was equivalent to 8.4 cm rain. The area fr~n 
which the soil was taken usually receives about i00 cm of pre- 
cipitation per year. The s~ated rain was formulated as pre- 
viously described (Strayer and Alexander 1981), but the pH of the 
solution was adjusted to 3.5 with IN HCl or 5.6 with IN KOH. The 
small quantities of K + or CI- used ~o adjust the pH of--the rain 
probably do not affect microbial activity in soil (Sindhu and 
Cornfield 1967). The concentrations of nitrate and sulfate, 
which may influence microbial activity, were the same in all 
samples of simulated rain. 

Each soil sample initially received 66 cm of simulated precipita- 
tion at pH 5.6. Half of the soil samples continued to receive 
simulated precipitation at pH 5.6 thereafter, and the other half 
received precipitation at pH 3.5. The temperature was 21~ 

After the soils received 58, 125, 208, or 308 cm simulated precip- 
itation in 25, 53, 88, or 130 days, respectively, the rates of car- 
bcn and nitrogen mineralization were measured simultaneously. For 
this purpose, the soil moisture in 16 cylinders previously exposed 
to solutions at pH 5.6 or 3.5 was adjusted to field capacity, and 
the tops and bottc~s of the cylinders were covered with polyethyl- 
ene to reduce water loss. The soils were incubated at 28~ At 
intervals, the organic and mineral layers from four cylinders ex- 
posed to the simulated precipitation at each pH value were extrud- 
ed and separated, and each layer was well mixed. Separate 5.0-g 
portions of each organic and mineral layer were extracted by shak- 
ing with 25 ml of i. 5N K2SO 4 for 60 min, and the filtrate passing 
through Whatman no. 42 paper was analyzed for anmcnium by the phe- 
nol hypochlorite metb/>d (Weatherburn 1967) and nitrate by the 
c~tropic acid method (West and Ramachandran 1966). 

To measure rates of C~ evoluticn, the soils in four additional 
cylinders were placed in 500-ml glass bottles, the moisture level 
being first adjusted to field capacity. A 10-ml beaker contain- 
ing 5.0 ml of 0.33N KOH and a piece of filter paper to increase 
the rate of CO 2 absorpticn were placed in each bottle. The bot- 
tles were then sealed with a In[bher stopper. Four cylinders of 
soil from each pH treatment were incubated at 28~ Every 3 or 4 
days, the contents of each beaker were transferred to 125-mi 
flasks, and the carbcnate in the alkali was precipitated with a 
saturated BaCI 2 solution. The residual alkali was titrated with 
a standard HCI solution to detezaatne the anount of CO~ formed. 
The pH of the soil was determined using a i:i ratio os soil:dis- 
tilled water by the method of Peech (1965). 
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Figure 1. Carbcn dioxide evolution frc~ soil treated with 58, 
125, 208, or 308 an sin~lated precipitation at pH 3.5 or 5.6. 

Linear regression equations were used to cc~pare the rates of 
carbon and nitrogen mineralization and to determine whether dif- 
ferences were statistically significant (Kleinbaum and Kipper 
1978). 

RESULTS AND DISCUSSION 

The pH of the organic layer, which was initially 3.60, increased 
to 3.97 during the initial treatment with 66 c~n of simulated rain 
at pH 5.6. The pH of th~ organic layer was 3.72 and 4.18 follow- 
ing application of 308 on of simulated rain at pH 3.5 and 5.6, 
respectively. 

The rates of CO 2 evolution were essentially linear for at least 
I0 days (Figure i). Carbon mineralization rates were signifi- 
cantly lower (p < 0.05) in soil that had received sin~lated pre- 
cipitation at pH 3.5. The more acid simulated rain inhibited 
carbon mineralization by 32, 32, 22, and 19% after application 
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of 58, 125, 208 or 308 an, respectively. In soil receiving sir~- 
lated rain at pH 5.6, the rate of 002 formation was significantly 
less after exposure to 308 om than 58 and 125 an of rain. This 
may be a result of a decline in the a~ount of readily available 
organic carbon with time. The consistently lower rates of carbon 
mineralization in soil receiving the more acid solution may re- 
sult from the lower levels of soluble organic carbon in these 
samples. Seto (1981) and Seto and Yanagiya (1983) showed that 
carbon mineralization is correlated with the amount of dissolved 
organic matter and that factors which influence the anount of 
this soluble carbon affect the rate of carbon dioxide evolution. 

An~oni~n levels in the mineral layer were less than 40 ~g of N per 
cylinder and did not increase during incubation. The quantity of 
ammonium in the organic layer never accosted for more than 5% of 
the total inorganic N that accumulated during incubation. 

Nitrate was the predcnttnant form of inorganic nitrogen that accu- 
mulated in this highly acid soil. Nitrate formation during the 
45-day incubation period was significantly slower (p < 0.05) in 
tb~ soil treated with the more acid rain after the application 
of 58, 125, or 308 cm of precipitation (Figure 2). The effect of 
the solution at pH 3.5 was not significant after treatment with 
208 om of precipitation for the 45-day period, although the rate 
of nitrate formation was significantly inhibited (p < 0.05) dur- 
ing the first 14 days of incubation. 

Except for soil treated with 208 cm of precipitation, the rates 
of CO 2 and nitrate acc~a/laticn were inhibited by acid rain. The 
approach used here involved the application of 8-fold greater 
volumes of simulated rainfall than that which normally occurs in 
the Adirondacks region from which the soil was taken. However, 
the hydrogen ion concentration of the solution that was applied 
was similar to that of the rainfall that presently falls in this 
area. The relatively low hydrogen ion concentration of the sim- 
ulated rain used in this study probably did not disrupt the micro- 
bial ccrarunity to the same extent as other studies using high ap- 
plications of solutions with much lower pH values (Tamm et al. 
1977; Francis 1982). Hence, the changes in carbon and nitrogen 
mineralization noted here probably more accurately reflect what 
occurs in nature. Under these more mild conditions, both nitro- 
gen and carbon mineralization are inhibited, in contrast with the 
reports that nitrogen mineralization is enhanced when CO 2 evolu- 
tion is inhibited. 

Acknowledgaents. This study was supported by Electric Power Re- 
search Institute as part of t_heir Integrated Lake Acidification 
Study (RP-II09-5) and by the EPA/NCSU Acid Precipitation Program 
(a cooperative agre~nent b e ~  the U. S. Environmental Protec- 
tion Agency and North Carolina State University). It has not 
been sujbected to EPA's required peer and policy review and there- 
fore does not necessarily reflect the view of the Agency, and no 
official endorsement should be inferred. 

701 



1.2 

0.8 

z 0.4 

D 
_1 
O 
O 

~ 1.6 

I.-- ,< 

I- 
1.2 

r,..9 

0.8 

0.4 

5 8 c m  

f pH 5 �9 

- 2 0 8 c m  o 

I I I 

15 30 45 

1 2 5 c m  

- 3 0 8 c m  

J - p H  

_ 
/,o,, 

15 30 45 

DAYS 

Figure 2. Nitrate accumulation in soil treated with 58, 125, 
208, or 308 cm of simulated precipitation at pH 3.5 or 5.6. 
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