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ABSTRACT 

We report on the 3-week exposure of a branch of a forest-grown red spruce (Picea rubens) 
sapling to the combination of gaseous hydrogen peroxide, ozone, and sulfur dioxide. The 
exposure was conducted continuously using concentrations of H 20 2 , 0 3 , and S02 that have 
been observed during the summertime on the summit of Whiteface Mountain, New York. 
Fluxes of H20, C02 , and the three pollutants were determined throughout the exposure. At 
weekly intervals, measurements of chlorophyll fluorescence, stomata! conductance, and 
hydrocarbon emissions were made. The response of the branch was compared to an equivalent 
branch of the same tree which received no pollutants but was otherwise treated identically. 
The exposure produced no visible injury symptoms but did produce an increase in dark 
respiration; the respiration rate more than doubled during the 21-day exposure period. Net 
photosynthesis was unaffected for both the experimental and the control branches. Nighttime 
fluxes of S02 and H20 2 to external plant surfaces were significant. The stomatal component 
of 0 3 uptake by the branch displayed a linear increase during the experiment, and showed no 
evidence of saturating. Daytime and nighttime fluxes of H20 2 were increasing at the end of 
the experiment. We observed that isoprene is emitted from red spruce, but saw no clear-cut 
change in emission rate in response to the exposure experiment. Possible relationships 
between our experimental results and observations of red spruce decline in the forests of the 
northeastern United States are suggested for further investigation. 

1. Introduction 

The decline of red spruce (Picea rubens) popu­
lations has been observed in the high-elevation 
forests of the northeastern US since the mid­
l 960s (Siccama, 1974; Siccama et al., 1982; 
Johnson and Siccama, 1983; Foster and Reiners, 
1983; Scott et al., 1984). Red spruce is very 
important ecologically and is the species which 
appears to have the greatest sensitivity to 
damage. Surveys have shown that at high elev­
ations, more than half of the red spruce are dead 
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or in the advanced stages of decline (Johnson and 
Siccama, 1983; Johnson and McLaughlin, 1986). 
The observed positive correlation of damage with 
elevation suggests atmospheric wet and/or dry 
deposition as a possible factor, since deposition 
tends to be greater at higher elevations (Lovett 
et al., 1982). Recent enhancement of atmospheric 
pollutant levels, induced by anthropogenic ac­
tivity, may be related to the onset of the current 
forest decline. 

A few experimental studies of the exposure of 
red spruce to various components of atmospheric 
wet and dry deposition have been conducted, but 
none has conclusively built a case for a particular 
pollutant as the cause of damage. Exposure of red 


































