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ABSTRACT

The impact of climatic variations on basal area growth of basswood (BA) (7ilia ameri-
cana L.), American beech (BE) (Fagus grandifolia Enrh.), bitternut hickory (BH) (Caria
cordiformis (Wang.) K. Koch), largetooth aspen (LA) (Populus grandidentata Michx.), red
maple (RM) (Acer rubrum L.), red oak (RO) (Quercus rubra L.), sugar maple (SM) (Acer
saccharum Marsh.), and white ash (WA) (Fraxinus americana L.) was studied in a south-
ern province of Quebec, Canada (45° 25 N, 73 ° 57 W). In total, forty-eight climatic
variations of precipitation (P) (13 variables), temperature (T) (13 variables), heat index
(H), (11 variables), and evapotranspiration (11 variables) from the current (C) and past
three years (P1, P2, & P3) were tested in regression models to find the best model of the
relationship between those independent variables and the last ten years (1985-1994) of
basal area growth of the species. Simple individual linear and second degree, mixed, and
combination of multiple regression models were used to develop the best regression model
for each tree species, separately. The best models explained 79% , 80% , 99% , 91% ,
71%, 99% , 49% , and 98% of the total variance of the growth in BA, BE, BH, LA, RM,
RO, SM and WA, respectively. The growth in BH, LA, RM, RO, SM, and WA were more
associated with the previous year’s climatic variations rather than the current year’s.
Bitternut hickory, LA, RM, SM, and WA growth were more related to the first year
rather than the second or third preceding year variables. The June heat index of the third
previous year of variables explained only 7% of the growth of white ash. It was concluded
that the impact of climatic variables on tree growth may vary and may depend on the
species and other unknown variables. Also, the results suggested that the first and second
previous climatic variables have an important role on the growth of some species. Ameri-
can beech, BH, RO, and WA seem to be a good species to use for the study in dendro-
chronological and dendroclimatological studies.
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INTRODUCTION

There are many recent publications dis-
cussing the apparent unprecedented decline
in tree species in North America and Europe
(e.g. Zedaker et al., 1987; Fuhrer, 1990).
Widespread regional tree mortality for a
number of eastern species such as northern
red oak (Quercus rubra L.), white oak
(Quercus alba L.), black oak (Quercus ve-
lutina Lam.), sugar maple (Acer saccharum
Marsh.), white ash (Fraxinus americana L.),

American beech (Fagus grandifolia Ehrh.),
quaking aspen (Populus  tremuloides
Michx.), and southern pines has been related
to drought and excessive temperatures
(McLaughlin, 1985). Warm winter tempera-
tures have been associated with the decline
in sugar maple in the U.S.A. (Bauce and Al-
len, 1991).

Recently, investigations show that the cli-
mate has changed, and this may bring about
rapid environmental changes (Hansen et al.,
1988) which may have extreme impacts on
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tree growth (Kelly et al., 1994). Many stud-
ies have been carried out to evaluate the ef-
fects of these variables in the current grow-
ing season (e.g. McLaughlin, 1991), but
only a few weather data were included as
independent variables. Some tree growth
models predicted growth from climate vari-
ables (Ryan et al., 1994), but none of them
were clearly explained and tested with all
the climatic variations to find the proportion
of each variable that relates to the growth
responses of trees both separately in indi-
vidual simple, quadratic, and multiple re-
gression models and in a combined model.
This is especially true for hardwood species,
except for sugar maple (McLaughlin, 1991;
Ryan et al., 1994). Species may respond dif-
ferently to atmospheric variables such as
temperature (Blasing et al., 1988), heat, pre-
cipitation (Larsen and McDonald, 1995),
and evapotranspiration (Moss and Davis,
1982) by modifying their growth rates. Cur-
rent and previous climatic variables, how-
ever, may have influenced tree growth
(Djalilvand, 1996).

Buds are formed during one, two, or three
years (depend on species), and the parts
formed within them thus expand into shoots
the next year. A favorable environment dur-
ing the year of bud formation produces long
shoots with many leaves (Kozlowski et al.,
1973), and thus the supply of nutrients
should be increased for the following year.
Growth may increase if the previous and
current seasons’ climatic conditions are suit-
able. Precipitation and evapotranspiration
levels are critical to tree growth if previous
and current temperature conditions prevail.

There are no previous reports evaluating
the previous year’s climatic variable impact
on tree growth in hardwood species in
southern Quebec. Studies on the effect of
climate on tree growth in which both pre-
cipitation and temperature are taken into
account tend to explain ring width better
than studies which considered only precipi-
tation or temperature alone in current or pre-
vious years. In the study of tree responses to
climatic variables, it seems that the current
and previous years' climatic variables (over
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three years) may correlate with tree growth.
In past work addressing the relationship be-
tween tree growth and climatic variables, the
current and previous years' climatic vari-
ables were rarely considered all at.

The suggestion has been made that tree
growth should be influenced by weather
conditions over the current and three past
years of the growing season. The responses
of hardwood species growing at the same
location would also differ depending upon
the atmospheric conditions. A manager mak-
ing decisions about and predictions of tree
growth or forest ecosystems would depend
on our knowledge of how natural species
respond to alternative environmental factors.
The results of this work may be useful for
the sustainable modeling of forest manage-
ment to improve ecological models that in-
volve climate factors and could also be use-
ful in dendroclimatological and den-
droecological studies. Some comparison be-
tween the growth of species responses in dry
years such as 1980-1981 and 1992-1993 in
southern Quebec could also be analyzed.
The objective was to find and develop the
best regression models that would allow us
to undrestand the relaionship between cli-
matic variables and tree growth.

MATERIAL AND METHODS

The study site was located in the Morgan
Arboretum on the west Island of Montreal in
Southern Quebec (45° 25 N, 73° 57 W; 15.2
m above sea level). Most of the Arboretum
is composed of natural forest stands ranging
from pioneer to climax forests typical of the
Great Lakes-Saint Lawrence forest (Rowe,
1972). The native vegetation of the area is
deciduous forest dominated by American
beech (Fagus grandifolia Ehm.), sugar ma-
ple (Acer saccharum Marsh), red maple
(Acer rubrum L.), yellow birch (Betula al-
leghaniensis  Britton), bitternut hickory
(Caria cordiformis (Wang.) K. Koch ), and
eastern hemlock (7Tsuga canadensis (L.)
Carr.).The study was carried out in a native
hardwood forest. The forest is underlain by a
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Ste-Sophie sandy soil series classified as
humo-ferric podzol that developed on a flu-
vial sand deposit (Millette, 1948).
Meteorological data for the study were ob-
tained from the nearest weather station in
Sainte-Anne-de-Bellevue (No. 7026839,
Latitude 45° 26, Longitude 73° 56°, Altitude
39 m). The mean annual temperature for the
study site was 6.2°C with a mean maximum
temperature of 7.5°C and a mean minimum
temperature of 4.9°C- averages obtained
from 40 years of weather data (Djalilvand,
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measured to compute the basal area incre-
ment for each species. Increment cores were
then dried, mounted, labelled, and sanded
using a series of grades of sandpaper (400
and 600 grit). Cores were cross-dated using
yamaguchi’s (1991) technique and the ring
width for the last ten years growth was
measured by Win/MacDENDRO™ software
for Macintosh Apple Computer (Regent In-
strument Inc. 1993).

The basal area growth (G) of each core
sample was computed using the following

Climatic variables

l .Simple:

© Table 4 (A)

,,,\

Stepwise

3 .Combined:

The best

Figure 1. Diagram of the model flow with input of climatic variables (Table 1), processing in
simple (linear and second degree), mixed, and combined multiple regression models of current
(C) and first (P1), second (P2) and third (P3) previous years’ climatic variations using stepwise
procedure under the SAS program. The results have been shown in Tables (2, 3,4 A & B, and

5).

1996). The average total annual precipitation
from 1954 to 1994 was 974.5 mm.

In 1995, one increment core from each
tree was extracted due south at breast height
(1.30 m above ground). In total, 180 cores
were obtained. Some increment cores had
very narrow rings and the contrast was often
poor. In some cores, rings appeared to be
missing or to be double. After the elimina-
tion of problematic cores, a total of 164
(BA, 20; BE, 20; BH, 22; LA, 18; RM, 22;
RO, 20; SM, 22; and WA, 20) cores were
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formula:

Gy =TI (R, - AR’}) (1)
where, R,; is the radius (R) outside of the
jth (1 to 10) ring for k = 1 to n (number of
samples for each species’ cores), Rjj is the
radius inside the ith tree sample for the jth
ring, and R - AR is the experimentally meas-
ured increment ring width from the outside
to the inside of the circles of the ith individ-
ual tree sample core for the jth ring. This
was measured with a ring width measure-
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ment microscope.

Standardized response functions were also
applied to compare the species, decline in
growth from the population zero mean (in-
dex) as a function of the impact of the sum-
mer drought (minimum precipitation in a
month of growing season where the tem-
perature was highest).

The weather data were computerized for
the period of 1982 to 1994. Using the pre-
cipitation and mean monthly temperature
data, heat index (H) and evapotranspiration
(E) were computed (Thornthwaite, 1948) for
yearly, monthly, seasonsl, and seasonal
growth.

Simple linear regression models using all
climatic variables (Table 1) as well as a
quadratic response of them as an independ-
ent variable, and annual basal area growth as
the dependent variable, were first carried out
for each species separately to screen for the
most promising predictors of the growth. A
second screening was carried out on the se-
lected variables to determine if the quadratic
responses were significant. All significant
variables were then mixed separately for
each species using stepwise regression
elimination (SAS Institute, 1990). This pro-
cedure was followed for both the current and
previous (one, two, and three) years’ cli-
matic variables. In the final step, both the

current and previous years’ variables were
combined simultaneously with stepwise re-
gression elimination (Figure 1).

RESULTS

Overall, good predictors of simple linear
regression models were found for: basswood
(BA) (Tilia americana L.), current minimum
precipitation during the growing season (R’
= 0.70); for American beech (BE) (Fagus
grandifolia Enrh.), current precipitation dur-
ing the growing season (R* = 82); for bitter-
nut hickory (BH) (Caria cordiformis
(Wang.) K. Koch), current and previous
summer temperatures (R> = 0.68 & 0.75);
for largetooth aspen (LA) (Populus gran-
didentata Michx.), two previous years of
August heat index (R* = 0.95); for red maple
(RM) (Acer rubrum L.), current year grow-
ing season evapotranspiration (R> = 0.44),
previous year October precipitation (R=
0.62), and two previous years, June heat in-
dex (R* = 0.87); for red oak (RO) (Quercus
rubra L.), current year April heat index (R*=
0.50) and two previous years, annual heat
index (R*= 0.75); for sugar maple (SM)
(Acer saccharum Marsh.), previous year
minimum precipitation of growing season
(R*> = 0.63); and for white ash (WA), one

Table 1. The following independent climatic variables were used to identify the effect of current year (C)
and previous (one, two, and three; P1, P2 & P3 respectively) years climatic variations on basal area
growth of deciduous tree species in individual, mixed, and combination simple first and second degree

regression models using stepwise procedures.

No P (mm) T (0 H E (mm)
April (PAP) April (PAP) April (PAP) April (PAP)
2 May (PMY) May (PMY) May (PMY) May (PMY)
3 June (PJN) June (PJN) June (PIN) June (PJN)
4 July (PJL) July (PJL) July (PJL) July (PJL)
5 August (PAU) August (PAU) August (PAU) August (PAU)
6 September (PSE) September (PSE) September (PSE)  September (PSE)
7 October (POC) October (POC) October (POC) October (POC)
8 Growing Season (PGR) Growing Season (PGR) Growing  Season Growing Season
(PGR) (PGR)
9 Spring (PSP) Spring (PSP) Spring (PSP) Spring (PSP)
10 Summer (PSU) Summer (PSU) Summer (PSU) Summer (PSU)
11 Minimum P In GRS (PMI) Minimum P In GRS (PMI)
12 Maximum P In GRS (PMA) Maximum P In GRS (PMA)
13 Annual (PAN) Annual (PAN) Annual (PAN) Annual (PAN)
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and two previous years, precipitation during
the growing season (R” = 0.56, 0.49), and
three previous years, growing season tem-
perature R* = 0.57), respectively (Table 2).

From those variables as they were pre-
sented for simple models, eighty-five (C=
27, P1 =20, P2 = 17, & P3 = 21) second
degree statistical regression models of cli-
matic variables bore a good relation with the
growth of tree species (Table 3).The results
show that, in most cases using simple linear
models, climatic variations significantly in-
fluenced tree growth, and the second degree
of these variables also significantly affected
growth.

From 64 significant simple linear vari-
ables, 51 of them remained in the models
(Table 4 A). From 85 second degree signifi-
cant models, 44 variables remained (Table 4
B). Most of them, however, influenced the
growth of diffrent species very little. The
linear mixed model of current climatic varia-
tions by partial coefficient of determination
explained most (91, 84, 80, 79, 74, and 49%)
of the total variances in red maple, Ameri-
can beech, bitternut hickory, white ash,
basswood, sugar maple, red oak, and large-
tooth aspen growth, respectively (Table 4
A). Most of them positively affected growth.
Exceptions were the minimum precipitation
in the growing season (BA, WA), the May
heat index (BE), temperature (LA),
evapotranspiration of the growing season
(RM), and September precipitation (WA).
One previous year’s variables explained
96% (RM), 93% (BH), and 85% (SM) of
these variances. Two previous mixed linear
variables explained 90 (RM) and 81% (RO)
of variances, while three previous variables
explained 85% (RM) and 81% (SM) of vari-
ances (Table 4 A). In the second degree
mixed models, most of them were the same
as the mixed linear models and explained the
growth of species, but fewer variables re-
mained in the models and the signs were
inverse in some cases (Table 4 B).

Among all climatic variables inserted in to
the combination or multiple regression mod-
els, one variable remained for BA, BE, RM,
and SM, two variables for BH, three for RO,

JAST
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four for LA, and five for WA (Table 5). Cur-
rent year minimum precipitation during the
growing season alone negatively explained
79% of the growth of basswood. Eighty per-
cent of the growth of beech, however, re-
lated to current precipitation during the
growing season. The previous summer mean
temperature positively affected the growth
of BH and explained 90% of the total vari-
ance, while the two previous year’s June
heat index explained only 6% of the vari-
ances. The highest relation between large-
tooth growth with climatic variables was
found with the previous May linear (R* =
0.54) and it’s second degree (R* = 0.18). For
red maple, only the quadratic of the previous
October precipitation influenced the growth
and explained 71% of variables. The growth
of red oak was mostly related to the annual
heat index (R* = 0.81) and precipitation (R>
= 0.18) over the two previous years. Sugar
maple showed a sensitivity to the minimum
precipitation of previous growing season.
Minimum precipitation during the previous
year.

Explained only 49% of variations. Precipi-
tation over previous year in the growing sea-
son (R* = 0.69) and September (R* = 0.15)
affected the growth of white ash greatly
compared to the other significant variables
in the model. The optimum of three previous
heat indices for June was 6.7 which was
very close to the mean (6.9), while the opti-
mum for the two previous year’s minimum
precipitation during the growing season at
50 was also close to it’s mean (48.7). The
current, two, and three previous climatic
variations explained together only 14% of
the total variances.

DISCUSSION

Growth rates among species were signifi-
canly different and a multiple test showed
that the highest growth rate was obtained by
sugar maple and red oak while the lowest
rate of growth was shown by red maple and
basswood (Figure 2).
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Figure 2. Comparison between species growth by Ryan-Einot-Gabrill-Wilsch multiple F
test. Means with the same letter are not significant, but the rest are significant (P<0.05).

Some terms in the models usually resulted
in a small but statistically significant in-
crease in R” values, e.g. the first and second
degree of current and previous years’ pre-
cipitations, the two previous years’ June
precipitation, and the previous years’ Sep-
tember precipitation in the models for large-
toothe aspen, red oak, and white ash, respec-
tively. It seems that the basal area growth as
a dependent variable was most likely was
caused by such factors as age, site quality,
stand density, topography, parent material,
and nutrients. Overall, in this study, the year
did not significantly affect growth, but the
growth of species in the 1988 and 1993
summer droughts or the minimum precipita-
tion in current and previous years negatively
affected the growth of species such as sugar
maple and basswood (Figure 3).

Thus, in future studies these variables should
be taken into account as a compositional
data set with a special statistical analysis of
a multivariate approach such as factor or
principal component analysis. Basswood
growth was sensitive to the current mini-
mum precipitation during a growing season,
while sugar maple was sensitive to the pre-
vious years’ minimum precipitation (Table
5). Most species showed that they required

221

one or two previous years’ precipitation and
temperature, especially during the summer,
the growing season, and the months of May,
June, August, and September. From all sig-
nificant variables, only the second degree of
the three previous years’ heat index with its
low explanation of total variance was sig-
nificant remaining in the model of white ash
growth. This result suggested that the
growth responses of species to climatic vari-
ables varied, and were more related to the
first or second years of the growing season
climatic variations.

In some species such as red oak and
bitternut hickory, growth was associated
with two and/or one previous years’ tem-
perature to a greater degree than with pre-
cipitation. Similar results were reported for
oak in Sought-Central USA (Blasing et al.,
1988), Boston Mountain, and Arkansas
(Gyette and Rabeni, 1995). Negative effects
of high June and July, early summer and
early previous fall temperatures, and posi-
tive effects of early summer precipitation
influenced the growth of sugar maple in
southern Ontario (McLauglin, 1991), central
and southern Ontario (Ryan et al., 1994),
and in Cook County, Minnesota to Ocean
County, Michigan (Lane et al., 1993), re-
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Figure 3. Standardized response function (X- /o ) of eight species from 1985 to 1994 in south-

ern Quebes in relation to the standardized minimum precipitation during growing season (PMI).
Both current and previous years (C & P1) had negative effects on the growth of red maple and
sugar maple, specially in the dryer summer (also see Table 5).

spectively.

Three previous years’ climatic variables
had a minor influence on white ash. This
result suggested that basal area growth was
related more to the current and previous
years’ climate. However, white ash and red
oak, which are more likely to grow at a
greater rate when the summer temperature
during two or three previous years is warmer
than those in current year of growing season.
Annual and early warmer conditions in the
growing season (e.g. The may temperature)
could increase the length of the growing sea-
son, and may favour the formation of large
buds in largetooth aspen, bitternut hickory,
red oak, and white ash (Table 5). Small buds
may probably lead to relatively low growth
in the following year. Favoured conditions
could provide a good environment for root
development, root respiration, and high root
density per unit area, and therefore, could
increase the nutrient uptake and water ab-
sorption. Wetter conditions in the first and
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the last months of the growing season may
negatively influence the growth of red maple
and large aspen. Since, root systems are near
the surface in shallow or poorly drained
soils, large aspen may grow better on soils
where a strong multi-layerd root could de-
velop. High growth requires a dependable
supply of well-aerated soil. The severity of
frost damage may also be greater on wet
soils (Stiell, 1976).

CONCLUSION

The responses of each species to the cli-
matic variables varied. The inclusion of
temperature or the heat index and precipita-
tion in the study significantly improved all
of the models in the final step, and suggested
that studies on climatic variables which af-
fect tree growth should always consider the
heat index together with precipitation and
temperature. As shown in Tables 2 to Table
5, the coefficient of variations consequently
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improved. Sugar maple showed more sensi-
tivity than the other species to the occur-
rence of a dry growing season in 1988 and
1993 (Figure 3).

The most important climatic variable for
basswood and sugar maple was minimum
precipitation during the growing season,
while for large aspen precipitation and tem-
perature in May were important variables,
even though it was from current or previous
years. The most important climatic variables
for beech, hickory, and red oak were the cur-
rent growing season precipitation, the previ-
ous years’ summer temperature, and the two
previous years’ annual heat index, respec-
tively (Table 5). For white ash, precipitation
during the previous year was more important
than the other variables, although it ex-
plained only 69% of variables. The previous
years’ October precipitation may have been
mis-identified for red maple. Saturation of
soil by water in the growing season may
have been problematic for all species, except
for red maple if we accept the present
model. It seems that more work on the rela-
tionship between the root systems of red
maple and water in different site conditions
is needed. This was truer for red oak and for
bitternut hickory than for the other species,
because they need dryer and warmer condi-
tions. Red maple, sugar maple, basswood,
white ash, aspen, and beech may be better
adapted to wet sites, possibly because the
wet condition is a specific need for these
species.The sensitivity of root system to dry
or wet sites might be one of the most impor-
tant factors to be taken into account. In fu-
ture studies, it seems that climatic variables
associated with morphological conditions of
the site (such as topography), upland or low-
land, water table movement in the growing
season, and nutritional conditions should be
considered by multivariate statistical analy-
sis.

REFERENCES

1. Bauce, E., and Allen, D.C. 1991. Aetiology
of a Sugar Maple Decline. Can. J. Forest

JAST

223

10.

11.

12.

13.

Res., 21: 686-693.

Blasing, T.J. Stahle, D.W., and Duvick,
D.N. 1988. Tree-ring-based Reconstruction
of an Annual Precipitation in the South-
central United States from 1750 to 1980.
Water Resour. Res., 24 : 163-171.
Djalilvand, H. 1996. Growth Response of
Pinus resinosa and Picea abies to Past and
Future Climatic Variations. M.Sc. thesis,
McGill University, pp 90.

Fuhrer, E. 1990. Forest decline in Europe:
Additional Aspects of its Cause. For. Ecol.
Manage. 37: 249-258.

Gyette, R.P., and Rabeni, C.F. 1995. Cli-
mate Response Among Growth Increments
of Fish and Trees. Oecologia ., 104: 272-
279.

Hansen, J., Fung, 1., Lacis, A., Rind, D.,
Lebedeft, S., Rvedy, R., and Russell, G.
1988. Global Climate Changes as Forecast
by Goddard Institute for Space Studies Three
Dimensional Model. J. Geophys. Res., 93
(D8):9341-9364. In: Climate Change and
Wildfire in Canada, Can. J. Forest Res. 21:
66-72. M.D. Flannigan and C. E. Van Wag-
ner. 1991.

Kelly, P.E. Cook, E.R., and Larson, D.W.
1994. A 1397-year Tree-ring Chronology of
Thuja occidentalis From CIliff Faces of the
Niagara Escarpment. Southern Ontario. Can.
J. Forest Res., 24: 1049-1057.

Kozlowski, T.T. Torrie, J.H., and Marshall,
P.E. 1973. Predictability of Shoot Length
From Bud Size in Pinus resinosa Ait. Can. J.
Forest Res., 3: 34-38.

Lane, C.J. Reed, D.D. Mroz, G.D., and
Liechty, H.O. 1993. Width of Sugar Maple
(Acer saccharum) Tree Rings as Affected by
Climate. Can J. Forest Res. 23: 2370-2375.
Larsen, C.P.S. and MacDonald, G.M. 1995.
Relations Between Tree-ring Widths, Cli-
mate, and Annual Burned in the Boreal For-
est of Alberta. Can. J. Forest Res. 25: 1746-
1755.

McLaughlin, D.L. 1985. Sugar Maple De-
cline in Ontario. Ontario, Ministry of Envi-
ronment. 18 pp.

McLaughlin, D.L. 1991. Dendrochronologi-
cal Study of Nine Tree Species Exposed to
Fluoride Emissions From an Aluminium
Smelter. M.Sc. thesis, University of Toronto,
Toronto, Ont.

Millette, G. 1948. Soil Map of the Morgan
Arboretum. W.H. Brittain Memorial Forest
Science Laboratory. Department of Natural


https://dorl.net/dor/20.1001.1.16807073.2001.3.3.7.4
https://jast.modares.ac.ir/article-23-10373-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-07 ]

[ DOR: 20.1001.1.16807073.2001.3.3.7.4 ]

Jalilvand et al.

14.

15.

16.

17.

Resource Sciences. Macdonald Campus.
McGill University.

Using a Mixed Linear Model. Can. J. Forest
Res., 24: 568-575.

Moss, M.R. and Davis, L.S. 1982. The Po- 18. SAS Institute Inc. 1990. SAS user's Guide.
tential and Actual Primary Productivity of Statistics. SAS Institute Inc., Cary, N.C.
Southern Ontario's Agro-ecosystem. Appl. 19. Stiell, W.M. 1976. White Spruce: Artificial
Geog. 2: 17-38. Regeneration in Canada. Canadian Forestry
Regent Instrument nc. 1993. Mac/ Win- Service. Information Report FMR-X-85.
DENDRO™, User Manual, V 3.3. National Forest Management Institute. Ontario, ON.
Optics Institute and Universite du Quebec 275 p.

Chicoutimi. 22pp. 20. Thornthwaite, C.W. 1948. An Approach
Rowe, J.S. 1972. Forest Regions of Canada. Toward a Rational Classification of Climate.
Can. J. Forest Serv. Publ. No. 1300. Minis- Geog. Rev., 38: 55-94.

try of Fisheries and the Environment, Ot- 21. Yamaguchi, D.K. 1991. A Simple Method
tawa, ON. for Cross-dating Increment Cores From Liv-
Ryan, D.A.J. Allen, O.B. McLaughlin, D.L., ing Trees. Can. J. Forest Res., 21: 414-416.
and Gordon, A.M. 1994. Interpretation of 22. Zedaker, S.M. Hyink, D.M., and Smith,

Sugar Maple (Acer saccharum) Ring Chro-
nologies From Central and Southern Ontario

D.W. 1987. Growth Declines in Red Spruce.
J. For. 85: 34-36.

99y JW (2198 9 ST Sl piin 49 &5 g (p@p (S0 G957 Culd WDy S STTg
Qg 55 3 GBS 50 Of 3 d Jlo 4w

e o 9 S W1 ol B N9 ey T

A S e Sy g 68 S el s e G @l 5 OT lae S

(Quercus rubra L.) JWi ;0 3 b ol « (Acer scccharum March.) o3 ) 3| (Acer rubrum L.)
«(Populus grandidentata Michx.) ,se Jif s « (Fraxinus americana L.) daw i oL
s (Carya cordiformis (Wang.) K. Koch.) ¢, « (Fagus grandifolia Ehrh.) @\QLJ‘T g-iB)
54 V¥ Jls 4ids YO 5 a3 £0) LIS )3 &S Okl o g s (Tilia americana L.) 5\ e
w53 (e W) (Sl glpn 5 T ke EA g pame 53 .35 15 adlllae 3550 (g 8 4id5 OV
5 ki dle 53 Gaane VY) B 5 s 5 Gaine VY) oty s ol 8 Lasls (i \F) &)l >~
e S iy Ll o e o e 8L shie & 0 S5 e 53 0T 31 S Jlo a5 55
Sl s « 8 (i Gldad 6l Jda o g A5 8 515 ool 3)se ey rei |y S e
T 51K o sl by lsls JS §same 51 ST 05 5 53 6131 ¢ Jlad a3 bk 5o 3
T PTG PORI SN T e 5 E1 ATV @) A8 A VA LSS e

iy dlo 3l S cladle ola ine 4 i $SianE OL5 5 B gl 3l ¢ Jlad o5 bl e 3

224


https://dorl.net/dor/20.1001.1.16807073.2001.3.3.7.4
https://jast.modares.ac.ir/article-23-10373-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-07 ]

[ DOR: 20.1001.1.16807073.2001.3.3.7.4 ]

Hard Wood Growth Response to Climatic Variations J’A\b; ]F

Sl ke 4 (8 ity (Sily €SaanE 05 5 B 5131 a3 Sl s (SIS S S L3 s
r,,ndu)aj,jcu@ufup;uw..umawuxf\,&),Ju;|ydue§iL;\}U,,T
Sl e 45 S (68 ot i Ol o ol gl 5135 et 1) &Kt 0L by 5l Ao y3 V
diy s e aslal Jelge 1 S adls Sgline g el gl S Aiy sy glen 5 T
IS dle 53 5 5 alpr 5 OT ot &5 3,8 Jasuie ol e L8 0 36 B slas S
(SIS (i a8 o ey ga i disls by 53 g o 4 Cod (5 A (R g5 Lo
@l s ST 5 (KIS Kby Slls Gl cmle SinE 0L 5 5 bk

.50 (Dendroecological and dendroclimatological studies)

225


https://dorl.net/dor/20.1001.1.16807073.2001.3.3.7.4
https://jast.modares.ac.ir/article-23-10373-en.html
http://www.tcpdf.org

