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INTROUI1{, ION

A study was undertaken in 1974 to determine the effects on fo est

productivity of 802 emissions from a cop[Jf~r smelter in \"lhite Pine

Michigan (Kotar 1977) Annual radial growth ave a period of 30 y S vIas

determined for th ee tree species IDea d at various distances and wind

directions from the smelter Kota concluded that, on the nillTe severely

impacted sites, a substantial reduction in radial had occurred for

balsam fir ) DXld \'lhite spruce
"'~""=~$"'"""""~"""='

Kotarls

analysis indicated, however, that trembli

unaffected.

spen

. A re ··examina t i of Kat 's data conducted for two arts Fir t, vie

feel that basal area 18 more desirable measure of aetu 1 or

productivity than width of annual since basal
. .

area lilcrement 18 les s

dependent upon stem size than is radial increment (i e. radial increment

usually decreases as stem diameter increases whereas basal area increment

does not)0

Secondly, and ps of greater significance, we feel that a comparison of

average annual growth rates of impacted versus cant 1 trees at a gIven

point in time is not valid lust d a comparison of Les of trees

at SImIlar ages 18 preferred

function of age (Figure 1),

This is because the rate of grm'Jth is a

nd this will vary with the age of individual

trees Co illpar i n g t 11 (~ annu a 1 g r o \,1/ thofan e t r e e \,,] i t h t h t 0 fan () the r t 11. <1 t

is ten years older may be misleading$ Kotar acknowledges this problem but
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J / :; l:bmu Inl> 1" t ,) 0'-

c pee te d C' nd th t; ( e \'lOU ] d no t be I.e) 1 L 0 f.J C l

r a d i a 1 g r 0 v] t 11 11 nd e r rw r 11lale 0 n cJ i t ion s 11 '1'hi;:.; 1 8 t rue) lwvH:~v e r, on 1y i f t 11 e

gro\'Jth cu:cve du Lng the £i t 20 to 50 y s is linea , which it may

a decline of rad 1 would no be expected du this

age intervi1l~ it J_S pOSS Ie that different rates of growth may occu

When the average age of control trees 18 younger than the

as in the case of balsam ~ir and white spruce, a decline 1n tl1a t is

not necessarily related to 802 emISS10ns may be observed 1n the impacted

trees ..

PROCEDURE

Since the raw field data were una ilable, year estimates of average

radial growth for each spec1es teach s te extracted from

(Figures 2 and 3) 1n Kota pnper Ring widths were estimated to the

nearest .1 mm tree diameters of each species on the
. .
J_OU8 sU::es

were obtained from Kotar

be calculatede

From this information basal area

It should be noted that there are difficulties 1n utilizing averages

instead of raw data. Using average tree diame ers to calculate approximate

basal area (BA= 2) IS theoretically incorrect and will result 1n an

underestimation of the actual basal area Also, group

comparisons utilizing average ages when the individual tree ages varied as

much as 20 years (e g. balsam fir) may reduce our ability to identi rea 1

relationships Because the ra\Al data \Jere unavailable "'Jit:hin our time

requirements and because only general trends and relationships were of

interest, these problems were ignored.



BoLh v ge:l \llfI!!l. t d and annu:Jl L of

g a d liS t f () r (' ac h ,., C 1. S ite

Also, the differe In ave ge 1 th Les £0 cted

sites minus differences for control Lowe 10 ted;:l 1. t

ge (Figures 10-1J) A pe cent reduction In 1 a1C-'.8 t uted

to the effects of 'V,JE/S determined projecting the
,.

curves or

the impacted site to give an estimat of expected growth.

An estimate of expected was determined by extrapolat the

curves of the ted Eates For white spruce the curve

extended roughly parallel to the control curve which it had been

paralleling prior to smelter construction The control curve for

balsam fi , however, was of little use as guide to det ted

growth of the impacted sites because of its :Lca S10H te

As a result, expected growth was de ermined as th<'lt lcl

have continued at a rate SImIlar to that of the

smelter construction

period pY10r to

Because initial fumigation occurred at an early age on Site 3, when growth

had just begun to accelerate, only four years instead of five years were

used to predict the future growth rate

RESULTS

rIson of Data Pres ntation

The conclusions reached from the three methods of ing do not

significantly differ from those of Kotar The trends revealed by the more

comprehensive analysis are generally much cl arer, however



'I'll th e rile Lh od S 0 f t prf' Slon 8ho\'1 eh nels, aJ 1:11

diff In cIa ity and Plotting age nccumuI L d gr th

re 4-6) has th udvanta of ClOg a smooth curve a.nel is thu

less confusing to read Graphing the differences in rates of growth

(Figure 10-13) allows a campa ison of an impacted and control site to be

made on one curve

of Sites

Balsam Fir--A reduction in the rate of growth fo1 the construction of

the smelte'r s observed for balsam fir at Sites 1, 3, and 4 Although the

grm-lth te of Site 2 declined in relation to the control, this decline \,Jas

in it j.ated to the activation of the smelter The ma tude of the

reduction lD. cor es well with the relative S02 toxicity that

would be expected, based on distance and direction from the smelter

a 20-year period balsam fir at Site 3 had the grea est reduction In

Over

(1 7 percent; Figure 14) This was followed closely by Site 4 (20-23

percent) which was almost twice the distance from the smelter but located

downwind from the smoke stack. A smaller reduction in growth (11 18

percent) was found on Site 1 which was slightly closer to the smelter than

Sit e !+ but ina posit i 0 D. t:.hat was rnorefa v 0 I' a b 1e with res p e c t tothewi n d

rose Site 2, It/hleh had no observable decline in growth, v·las much further

from the smelter than Sites 3 or 4 and wa rarely downwind from the

smelter

There an:~ fac tor s other than S02 concen tra t ion that may have in£ luenced

the observed reduction in growth Trees exhibiting differ growth rates

and of differing age may respond differently to the same level of S02&

The greatest growth reduction occurred on trees at Site 3 which at the time



the It built 9 0 1cl ( 17 y

othe !1.J.nd t .:'1 t S i 2, [0 \/h ch no reduc Lh def: ted,

h d an elvera fron, 9 tu 2] y Al the

aver Cl. g e S 0 J the t (';; t Lh c: t I'JO S t e sse e 111 qui tee 1() j d i fer c nee S 0 f

.5 yea r s rna. y be ort Dt In aplin 81 trees It 18 during juvenile

stages that t es Hi id cleve Thus ,} leve 1 may

effect a 30 and 35 years old tree 1D a similar manner while having greater

effect on a 5 than a 10 year old tree. Because of greater t tic

rates) hence greater up hi levels may have a greater

affect on the rapid trees at Site 4 than the slowly trees

on Site 2

possible to

rf~d\Jction 1n

Thus, eVC::D if

lat

tion wer known it fi1 t not be

S02 concentration to percent

The tbod of (::'dicti g c may a] f~O influence the estimaU~d

reduct greeD The validi r-
OT. ex Iating a

linear rate for the next 20 years may be questioned A1 though the

growth curves appearea to be leveling off just before the smelter was

built, it is possible that would have decreased or accelerated

Because the

yet stabili

act of occurred at an early age, when grovlth had not

on Site 3, the extrapolation of the growth rate prior to

smelter construction may be particularly inaccurate. It is possible that

the grmvth curve may have continued to parallel the growth curve of Site 4,

making the calculated reduction a gross underestimate.

The e way 31 a be factors liJhich I'JOuld re~3ult III a natural

area increment fter the smelter was built Sue c e s s iona 1. c! u:m ge s rna y br i ng

about a closing of the forest canopy, increasing competition between



indiv u 1 1- s and be' n spec u 1L 111
, .

au J II n 10

a more moderate l(~vel of growth

\Alhite ce-o--Of t:l1(~ tJl site i UJ -'vh i!:e r>J] on those on SitE' 3

shmvec1 signs of reduc(c~d groVlth" Sitl;:' 6 s dOWrlvlirld of t11e te abollt

the same amount of time as Site :3 but was alnlOst fou times furthe from

the smeltero Figu 5 gra ically disp s the act of S02 on white

spruce at Site 3. Prien' to smelter cons ruction the gr t1:-1 curve of all

three sites were similar After S02 emis ions be n the basal area on

the control site and Site 6 continued to parallel each other and resliited

10 growth curves which closely correspond to the theoretical growth curves

of a nonsuppressed tree (Busch, Mille J and 1972). The rate of growth

at Site 3 did not pace with the other sit ,however The similari

of the curves of white spruce make extrapolation of expected growth

at Site 3 more accurate than could be done for the wide

curves of balsam fir

ry

As --Sulfur dioxide concentrations at Sites 3 and 4 apparently did not

affect the growth of aspen basal area on Site 3, which is the closest

to the smelter, decreased only slightly from the controlo

Because of the greater fluctuations in annual to bal,sam fir

and white spruce (probab due to greate sensitivi to precipitation

differences and insect infestations), this slight decrease in growth can

probably be explained by natural influences

1'J.80n

Only at Site 3 can a compar1son be made of relative sensitivities of the

three specieso White spruce had the greatest reduction in growth after 15



and Wilhou (1976) who iodie te

].n growth

t of the th

y s (47.5 pe cent) 011

S sholtJn for as

b:] ]

'Ib. ('

fi (15 0

rel3tllts d Ie

., C I

[l ) No It,d C Oil

orn of VJ

s pc n 1 s the mo n t

sensitive, cmd \'lhit spruce 1'" thJ:'~ t ensie The

findings of Davis and Wi1hour however, bused on visible u y and not

growth reduction Ko t .:n' s tatesth Cl. t fir s Iib i 0. ssp p ) a e tIl e mo s t

sensitive and aspe IS the least

on which these ratings are based

itive, but does not the criteria

The di ££0.1::0. nc:(~ 8 In the relative
" ~ r ~

senS:LtIvltJCS of the three s pee J. 0. f3 to

as indicated by the apparent reduction in growth may have been influenced

by several factors The methods used to estirnate the expected of

impacted balsam fir and white spruce are not direct 10. 0 The

extrapolation of the curve of bal am fir is less cert n than for

white spruce. Therefore, the difference between the two spe les may

actually be greater or smaller. Also, as previously discussed, variables

such as age at which fumigation begins, the relative rates of growth, and

differing species response to changing forest conditions may influence the

effect that S02 has on tree growth se correlation of

reduction and average tree age, for example, makes the assumption that age

is a variable which can be ignored very questionabl

SUHNARY

(see Table 1).

Conclusions reached In this paper are simila to those of Kotar (1977) A

reduction in growth was shown for balsam fir on Sites 1, 3, and 4 and for

white spruce on Site 3 Aspen did not appear to be affected The extent

of growth reduction corresponds to the relative S02 concentration



expected ::; cJ on ob LOll () C .:Jllcl d c t on r the

In a eern(~nt l!lith Kat rls Ii tu indings, con f s a lOU 11 rno

senslLlve to 802 then aspen 'Ill t r reduct on 111 growth of ~li e

spruce camp ed to balsam fir, however conflict with ious find

Several factors (e g method of ext polat projected growth, varlBtlO

in tree age at which fumigation be n, var1B 10n In growth rates prior to

fumi ion, and varying speCles response to chan ng forest conditions) may

have influenced the results to an unknown ee
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Table 1. Comparisons of age and growth rate with percent reduction in growth.



Age

Figure L Typical accunmLlt:ive curve for trec-'s
(From Busch Hiller cmd Beers 1972).



Figure 2. Radial growth of balsam fir (From Kotar ]977).



Radial growth of white spruce ond aspen
(from Kotar ]977).
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