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Environmental Stress in the Forest 
"This is the forest primeval. . .  " 

wrote Longfellow, in reference to the vast 
reaches of forested land undisturbed ex
cept for moccasinned footfalls. Those 
days and those forests are gone. Today, 
the activities in Canada's forests have 
dramatically increased. Although almost 
half the nation remains classified as for
ested land, various activities on those 
lands have collectively a very significant 
impact. As well as straightforward harvest 

of the trees, other activities include ex
tensive recreational uses and mineral re
source exploration, extraction, processing 
and removal. 

These developments demand increased 

awareness of possibJe undesirable impacts 

on the basic qualities that trees and for

ests provide: wood fibre, watershed, wild

life habitat, recreational aesthetics and air 
refreshment. liuch an awareness is reflec-

ted in protective legislation and regula

tions of various levels of government. 

Methods of implementing this protective 

legislation are being continually improved 

to minimize undesirable impacts and to 

ameliorate exiSting problems. 

This issue of FORESTRY NEWS de

scribes some of the involvement of the 

Northern Forest Research Centre in these 

subjects. � 
KEY 

1. ·Freeman River 

2. gas processing plant 

3. highway 

4. access road 

5. seismic line 

6. pipeline 

7. well site 

B. oil spill site 

9. salt water spill site 

10. salt water disposal 
plant 

11. collection battery 

12. hydrocarbon con-
densate release site 

Fig. 1. Aerial photo of Swan Hills oil field and Judy Creek gas field in Alberta. The key (right) locates 
the prominent topographical features and identifies some (not all) of the impacts on the forest. 



Why did they die? 

Diagnosing Tree lriur y 
Trees die for all manner of reasons: 

flood, fire, insect attack, diseases, poison 

sprays, pollution of air or soil, to name a 

few. Once a tree is dead, it is usually im

possible to say exactly what killed it. It is 

best to look at nearby, sick but still living 

Fig. 2. The direct signs of tree injury are 
inspected and photographed for the re
cord. Tree injury often shows up from 
the outside-inwards. Here we have needle 
tip injury on balsam fir, caused by a 
hydrocarbon condensate release. FOliage 
injury occurs first. New foliage often is 
produced, sometimes in the same year. 

trees. Commonly, more than one cause 

was at work. Many skills are called upon 

to diagnose the main cause, the one that 

administers the "coup de grace". The 

most obvious causes may usefully be ex

amined first. If a child has swallowed an 

Fig. 3. After foliage, injury proceeds to 
kill buds and shoots. New buds may or 
may not be produced on a twig injured to 
this extent, but the tree may have other, 
uninjured twigs. 

Fig. 6 (below). A healthy pine needle 
shows (L r.egu/ar arrangement of cells in 
distinctive structures easily recognized by 
an expert like Russ Blauel. 

overdose of a toxic medicine, the doctor 

doesn't start analyzing for a vitamin de

ficiency, although this might later be 

identified as a contributing factor. lIS. 

Fig. 4. Once injury proceeds to the cam
bium /ayer beneath the bark, the tree is 
liable to die. This tree was killed outright 
by the hydrocarbon condensate release, 
as indicated by the discoloration under 
the bark. 

Fig. 7 (below). A pine needle that has 
been injured by air pollutants has charac
teristic malformations of the cells that 
help to diagnose what caused the injury. 

Fig. 5 (left). When the cause of an injury is not clear, more detailed examinations are 
needed. Here, Russ Blauel, a biologist at the NFRC, examines cross sections of injured pine 
needles under the microscope. 
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DETECTION 

SATELLITE 

Up-to-the-minute, remote sensing techniques are valuable to 

measure the impacts of some kinds of forest stresses. The ERTS 

satellite beams back regular information on the extent and spread 

of forest injury from different sources. But by far the majority 

of stresses are on a scale not detected readily on satellite photos 

and are first discovered by people on-the-spot. I/;$. 

PEOPLE 

Fig. 8. Most of the forest stresses investigated by 
the NFRC are communicated to us directly by 
staff of provincial or private agencies. 

Fig. 6 (above). A composite satellite photograph '·of the 
Flin Flon area, a mineral smelting centre: The bright centre 

-

indicates an area of decline and death of the forest vegeta
tion. 

Fig. 7 (left). From a lower level, the areas oJ aenuded rock are 
evident. Low altitude aerial photos like this one help us to inter
pret information from satellite photos. 

Fig. 9. When a request for an investigation has 
been received, the first step is often an aerial sur
vey in a small, fixed-wing aircraft, to delimit the 
extent of injury and to select sites for more de
tailed ground examination. 
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Fig. 1 0. Helicopter time, often provided by a co
operating Provincial or Territorial agency, is needed 
for access to more remote sites requiring detailed 
examinations. 

Fig. 16. When soil influences are suspected 
to be a factor in the decline of trees, 
samples are collected to be analyzed in 
the laboratory. 

Impact Assessment 

Figs. 1 1  & 1 2. Once on the 
ground, the affected trees are 
photographed and sampled for a 
closer look in the laboratory. 

Figs. 1 3  - 1 5. Where research is required 
to determine the potential long-term ef
fect of some type of forest stress, perma
nent plots are sited, measured and located 
with pegs and string for photographic 
records. The strings are then removed, 
but the pegs remain for easy relocation. 
Changes in the vegetation can thus be 
followed over several years. 

Fig. 1 7  (right). The soil samples must be dried and ground in preparation for anal
ysis. Behind the protective face mask is Jim Ridgeway, a technician at the NFR C. 

Fig. 1 8  (above). Many analytical instru
ments and skills are required to deter
mine the range of potential harmful sub
stances. Here, Frank Radford, a techni
cian at the NFRC, measures lead content 
in contaminated soils, using an atomic ab-
sorption spectrophotometer. 
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The extraction and transportation of 

petroleum resources are subject to a 

variety of accidents with potential to in

jure the forest. Most oil-bearing rock for

mations also contain concentrated salt 

water, a residual of the pre-historic seas 

which produced the oil-forming organ

isms. This salt water is many times as con

centrated as normal sea water is today, 

and poses a serious hazard to vegetation if 

it escapes from control. Normally, it is 

collected by pipelines at a central place, 

to be reinjected into the rock formations 

underground. But it is very corrosive and 
as such, leads to rather frequent breaks in 

the pipelines with consequent spills. Such 

salt water spills are more common and a 

more serious problem than the highly 

visible oil spills. /IS. 

Figs. 21 & 22. Aerial view of an oil pipe
line rupture and what it looks like on the 
ground. Experiments with university co
operators at the NFRC have shown how 
mop-up, aeration, and fertilizers can ra
ther quickly restore such injured sites. 

Fig. 1 9. High concentrations of 
chloride salts in the soil caused this 
rather pretty, but deadly, magenta 
tint to the needles of white spruce. 

Fig. 20. An overflowing sump pit is another 
source of salt water injury. The trouble with 
salt water is that the highly concentrated salts 

, are not biodegradable; they can only be washed 
away gradually, often causing injury as they go 
until they become sufficiently diluted. 

Figs. 23 & 24. A ruptured salt water pipe
line has a more subtle effect because it is 
not initially so visible. The first sign 
might be dying of trees such as is seen 
above. The trouble started with a cor
roded flange four feet underground. 

5 



Air Pollution I�ill Trees? YOU [jET! 

Fig. 25. A large, modern, natural gas proces
sing plant that produces over 4000 tons of 
elemental sulphur per day. In this picture, 
company engineers are assisting NFRC re
searchers to inject a white, harmless marker 
into the normally colourless plume to trace 
where it might impinge on the forest. The 
main polluting component of gas plant 
plumes is sulphur dioxide. 

Fig. 26. Besides emitting large amounts of 
gaseous and particulate air pollutants, 
smelters commonly inundate a large area of 
forested land with liquid tailings, killing 
the trees by flooding and with toxic con
taminents. 

Fig. 28 (left). To learn the threshold levels of 
sulphur dioxide that cause injury, carefully con
trolled fumigations are conducted in the labora
tory. Here, research scientist Drake Hocking of the 
NFR C places a white spruce seedling into a micro
fumigation chamber with controls on light, tem
perature, humidity and windspeed. 

Fig. 29. Larger seedlings are tested for relative 
sensitivity to sulphur dioxide by Orville Fenn, a 
technician at NFRC. 
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Fig. 27. The Athabasca Oil 
Sands are an area of topical 
concern where NFRC has a pro
gram of research. Here the 
smoke plume from an extraction 
plant is mostly water vapour; 
but invisible sulphur dioxide is 
also emitted. 

Society's needs for mineral 

resources demand increasing 

numbers of processing plants to 

provide them. Partly because of 

their pollution potential, more 

and more of these plants are be

ing located in remote forested 

areas. But the trees, too, suffer 

from air pollution of all kinds: 

gases, particulates, aerosols, and 

others. How sensitive they are, 

and the extent to which they are �;�;
R
��e research topics � 
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Figs. 30 - 32. Sometimes, elemental sulphur from a gas plant accidentally catches fire, 
producing large amounts of concentrated sulphur dioxide. The resulting acute fumiga
tion has striking effects on the forest nearby, but if the fire is soon put out and the 
fumigation short, most trees will leaf out again next year. 

Figs. 33 - 39 (above). Acute sulphur dioxide fumigation causes characteristic injuries to most species of forest vegetation. 
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The typical symptoms of sulphur di

oxide fumigation are produced as a result 

of interference with some basic plant me

chanisms such as photosynthesis and res

piration. In our laboratory, we have 

shown that low concentrations of sulphur 

dioxide (which normally do not show any 

visual symptoms on the vegetation) in

crease the activity of degradative enzymes 

such as chlorophyllase (the enzyme re

sponsible for chlorophyll breakdown). If 

exposure of vegetation to even very low 

concentrations of sulphur dioxide should 

continue over a long period of time, inter

ference with physiological and biochemi

cal processes may result in chronic injury. 

High concentrations of sulphur diox

ide, on the other hand, were shown to 

cause almost complete destruction of 

photosynthetic pigments, and inhibition 

of enzyme activity. Magnesium, an essen

tial component of chlorophyll molecules, 

is lost after exposure to high sulphur di

oxide concentrations. 

The measurement of degradative en

zyme (chlorophyllase) activity and loss of 

magnesium from chlorophyll may provide 

tools for mapping sulphur dioxide pol

luted areas and for determining the 

threshold limits for injury to vegetation 

by this gas. /IS 
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Fig. 40. Research scientist Surj Malhotra injects 
isolated pine chloroplasts into a test mixture to 
measure the effect of very low exposure to sulphur 
dioxide. 

Fig. 41 . The oxygen emission of the chloroplasts is 
followed on the strip chart by technician John 
Shuya. 
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The NFRC environmental team is indebted to many people in provincial government agencies, universities, private industry, 

and other federal agencies for their cooperative and constructive roles. We thank the numerous caring individuals for their valuable 

contributions towards understanding and reducing environmental stress in the forest. 

1+ Environment 
Canada 

Forestry 
Service 

Environnement 
Canada 

Service 
des Forets 

Contributors to this issue of FORESTRY REPORT: Dr. D. Hocking, Dr. S. Malhotra, Mr. R. Blauel, the staff of the Air 

Pollution group and the Forest Insect and Disease Survey of the Northern Forest Research Centre. 

RORESTR Y REPORT is published by the Northern Forest Research Centre, Canadian Forestry Service, Environment 
Canada, 5320 - 1 22nd Street, Edmonton, Alberta T61 1 3S5. For further details concerning articles in this issue address the 
Director or Information Officer. 
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