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Abstract

Weekly rate of Beech tree ring increment were related to the changes of climatic factors in weekly intervals. In order to do so, small
samples were extracted from 5 Oriental beech trees located in Nowshahr educational forest in the central part of the Hyrcanian forests of
Iran during 2008 growing season. Microscopic sections were prepared and average increases in tree ring width were measured, standardized
and modeled using Gompertz equation. The results showed that the minimum air temperature and water evaporation had the strongest
and positive effect on the secondary growth rate while the role of precipitation was minor and negative. Air temperature and evaporation
variations during growing season were assumed to remain in their optimum level; increasing xylem formation by accelerating carbohydrate
production and carbon uptake of trees, respectively. Since the studied site had warm and humid climate receiving sufficient amount of
rainfall before and during growing season, water availability was not a limiting factor of radial growth and its minor negative relation
was interpreted according to its small hampering effect on the air temperature and sunlight absorption of trees. It was concluded that
meteorological factors affecting secondary growth rate of trees should be interpreted as a package racher than analyzed disconnectedly.
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Introduction

In woody gymnosperms and dicotyledon angiosperms
i.e. softwoods and hardwoods with distinct growth rings,
xylem is formed each year as a result of cambium reactiva-
tion and its divisional activity. The beginning and the rate
of wood formation during growing season is controlled by
internal and external factors (Begum ez al., 2012; Vaganov
et al., 2006). Climatic factors are among the main exter-
nal ones which have been extendedly studied especially in
cold and temperate regions of Europe and North America.
However, most of these studies have been focused on the
long term relations of climate-growth based on inter-an-
nual tree ring researches but results of such studies could
derive from the intra-annual climate/growth analysis (Seo
et al., 2011). There are few dendroclimatological studies
in the northern Iran but fully understanding of climate-
growth relation in that area needs further, high resolution
approaches (Pourtahmasi ez /., 2011). Hence, short term
studies are necessary to understand the link between cli-
mate and growth rate (Gruber e al., 2009).

Temperature and precipitation are generally the most
important regulators of biological growth and develop-
ment (Antonova and Stasova, 1997; Begum ez 4l., 2012;
Oliveira et al., 2009; Vaganov et al., 1999). However, the
long lists of other climate variables are influencing xylem
production (Gruber ez 4., 2009) and the effects of these
environmental regulators can be quite subtle (Barlow and
Powers, 2005). It is generally accepted that the onset of
cambium activity is strongly affected by the environment
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(Schweingruber, 1988; Sco ez 4l., 2011) and the timing of
maximum growth rate is controlled by either photoperiod
(Rossi ez al.,2006b) or temperature (Mikinen ez al., 2003)
but the studies on the relation between the growth rate
and environment during the growing period is less fre-
quent (Downes ez al., 2009) and this relation is still not
fully understood. It should be added that the nature of
this relation is reported to differ greatly according to site
conditions and species. In addition to the important cli-
matic factors like temperature and precipitation, the mean
growth rate could be a function of other less-known factors
like the extension of the crown (Briuning ez al., 2008) or
cardinal directions of stem (Mikinen ez /., 2003). These
great variations and complexity deserve more ecological
investigations.

The Hyrcanian forests in Iran are located in a nar-
row strip between the Caspain Sea and Alborz Moun-
tains which experience different climates from eastern to
its western parts. Due to its diverse ecological condition
(Mohadjer, 2005), it is a perfect area to study the effect of
climate on tree growth. Since Oriental beech (F orientalis
Lipsky) is well distributed in these forests; studying these
trees can provide useful information on the response of
trees to different climate and climatic factors.

The objectives of this investigation is to study the in-
fluence of different climatic factors on growth rate during
a growing season in high resolution intervals and finding
the most associated environmental parameter affecting
growth rate.
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Materials and methods

Study site

The study was conducted in an Instructional Forest in
the central part of the Hyrcanian region. The study site
(650 m a.s.l) is placed in a mixed Parrotio carpinetum for-
est with some beech stands in moist valleys and its distance
to Alborz Mountains is less than 2 km. The area has humid
temperate to subtropical climate with a mild and wet win-
ters and hot and humid summers (Fig. 1).
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Fig. 1. Monthly mean rainfall and air temperature recorded dur-
ing 23 years (1985-2008) by the Nowshahr synoptic weather
station located in the airport. Error bars show the standard error
of monthly rainfall during the recorded period (from Ahmadi
et al., 2009)

Meteorological date (daily mean, maximum and mini-
mum temperature, sum of daily precipitation and water
evaporation) were obtained from a well equipped meteo-
rological station placed in Nowshahr airport for the year
2008. This station (36°39" N, 51°30" E) is about 5 km
away from the study site and belongs to Iranian Meteoro-
logical organization (IMO).

Sampling

Five intact and upright beech trees (Fagus orienta-
lis Lipsky) with diameters of 45-50 cm were selected and
marked. It was tried to avoid choosing trees grown on steep
slopes since these kind of trees are susceptible to form reac-
tion wood. In 2008, from mid-March up to the time when
the trees had completely lost their leaves (early December),
micro-cores were extracted from two opposite directions
of each tree, using a specially designed tool for long-term
sampling named Trephor (Rossi ¢z al., 2006a). The micro-
cores (2 mm in diameter and 10 mm in length) contained
phloem, cambium, newly formed tree ring and 1-2 previ-
ous rings. The micro-coring from two opposite sides of the
tree may have helped to study and take into account the
effect of uneven growth or tree eccentricity around the
stem. To avoid wound effects, a spiral pattern of sampling
around the trunk were followed. The sampling was done at
10-day intervals during the first month and 20-day inter-
vals throughout the rest of the growing season.
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Tree ring increment measurement and standardization

and its relation to the meteorological factors

Eighteen pum thickness sections were prepared from
micro-cores using sledge microtome and stained with 1%
water solution of safranin-astra blue (Oladi ez 4/, 2011).
The sections were pictured under a Nikon YS 100 light
microscope and the developing and last year tree-ring
widths were measured along three radial files using Image
J software (Fig. 2).

Fig. 2. A microscopic section from a sample taken in the begin-
ning of May. Phloem (Ph), developing tree ring (DR) and a part
of previous tree ring (PR) have been labeled in the photograph

The cambial activity around the stem circumference
may differ at short tangential distances (Van der Werf ez
al., 2007). As a result, even at the same tree height, the
width of tree ring may not be identical at different posi-
tions around a stem. Hence, the two-step standardization
was conducted in order to correct the tree-ring width mea-
surements (Oladi ez al,, 2011). The pattern of tree-ring
loop is repetitive in the next year i.c. a point or side of a
tree which produced a narrower ring will almost always do
so and vice versa. This fact has been used to standardize the
tree ring width data at the first step (Rossi ez 4/., 2003).
In the second step, the corrected tree ring width of two
samples taken from opposite sides of a tree in each field
campaign was averaged. This value was used to calculate
the mean ring width of trees at each sampling date.

In order to obtain the weekly increment of tree ring
during the growing season, the mean growth pattern of
trees was modeled using Gompertz function. The three
parameter Gompertz function belongs to the exponential
decline family of growth equations which is widely used to
present relative growth rates in biological studies (Zeide,
1993). This equation is defined as:

y= Acxp[—e(ﬂ_w] (1)
were:

y = cumulative ring width at time #

¢ = Julian day



Oladi R. and Pourtahmasi K. / Not Sci Biol, 2012, 4(2):136-140

138
A = final asymptotic size, representing the maximum
ring width

f8 = x-axis placement parameter

k = rate of change parameter

In order to do so, first, Gompertz parameters (A4, 8 and
k) were obtained by SAS' software using actual cumulative
ring widths. Then by inserting # values (time) as Julian days
into the equation, the corresponding y (ring width) were
calculated.

Mean weekly increment of trees were assessed simply
by subtracting the mean cumulative tree ring width of
trees in a Julian day (y,) from the corresponding value of
the next week (y,, ):

Ny=1y.;=7, (2)

For the same intervals weekly mean, maximum and
minimum air temperature, precipitation sums and water
evaporation sums were calculated. Pearson product-mo-
ment correlation analysis (r) was applied to identify the
climatic factors most closely associated with xylem pro-
duction (Gruber ez 4/.,2009). Multiple (partial) regression
analysis was done and “parameter estimate” were calculat-
ed to determine the influence of particular climatic factor
on xylem production rate (Venugopal and Liangkuwang,
2007). The “parameter estimates” are the partial regression
coeflicients that show which factor had the greatest contri-
bution to the model.

Results

Cambium reactivation and formation of new tree ring
started at the beginning of April and lasted up to the end of
September. The weekly changes in climatic factors (mean,
maximum and minimum air temperature, precipitation
sums and water evaporation sums) and weekly increase in
tree ring during this period is plotted in Fig. 3a to c.

Pearson correlations coefficients () between mean tree
ring increment in weekly intervals and climate parameters
during 2008 growing season are summarized in Tab. 1. Be-
sides, in this table the “parameter estimate” for each factor
is listed. The strongest correlation coefficient was found
with water evaporation sum (r= +0.67, p<0.01), followed
by minimum temperature (r=+0.56, p<0.01), mean
temperature (r=+0.52, p<0.01), maximum temperature
(r=+0.46, p<0.01) and precipitation (r=-0.33, p<0.05),
respectively. All the climatic factors had positive relation
with tree ring growth except precipitation.

The multiple (partial) regression analysis has shown
that minimum temperature had the greatest contribution
to the model. However, the only statistically significant
parameter estimate was calculated for water evaporation
sum.
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Fig. 3. Weekly changes in mean, maximum and minimum air temperature (a), precipitation sums (b) and water evaporation sums
(c) and weekly increase in average ring width of trees during 2008 growing season. Interval between tick markers in horizontal axis
is 4 weeks
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Tab. 1. Correlation coefficient (r) and “parameter estimate”-values of weekly tree ting increment versus different climatic factors

Climatic factors

Weekly mean Weekl'y mean
temperature (°C) maximum
p temperature (°C)

Weekly mean

temperature (°C)

Weekly sum

precipitation (mm)

. Weekly sum water
minimum .
evaporation (mm)

Parameter Parameter Parameter Parameter Parameter
r
estimate estimate estimate estimate estimate
Weeldyreering o, 11 0.46 134 0.56 238 033 05 0.67 45

increment (um)

Note: All 7-values are significant at p<0.05; *parameter estimate-values are significant at p<0.05

Discussion

According to the statistical analyses, it can be concluded
that the minimum air temperature and water evaporation
had the most important effect on the rate of xylem for-
mation while precipitation role was minor and negative.
Similarly, Venugopal and Liangkuwang (2007) reported
that the peak activity of xylem production was generally
favoured by the mean minimum temperature in a species
grown in subtropical area of India but mean rainfall was
less important. In some conifers of alpine forests, rate of
tracheid production was related to the air temperature but
no significant correlations were found between wood for-
mation and precipitation or soil temperature (Gruber ez
al, 2009).

Although almost all researchers have confirmed the
role of temperature in activation of cambium and rate of
xylem formation especially in temperate regions (Moser
et al., 2009) but it’s not generally accepted which form
of temperature (Max and Min air temperature, stem and
soil temperature, the mean number of degree days, etc) has
the main contribution on tree radial growth. Adding to
this complexity, different species may respond differently
to this environmental factor (e.g. Begum ez 4/., 2010). An
increase in temperature might accelerate the conversion of
storage starch to sucrose which is used for cell production
(Begum ez al.,2007; Oribe ez al.,2003) and hence increase
the growth rate. Besides, it scems that temperature has a
positive effect on the rate of photosynthesis up to a certain
point (Hoshino ez al., 2008; Woledge and Parsons, 1986)
and if it exceeds an optimum level, it may impose limit-
ing effect on radial growth. That may be the reason why
Min temperature showed stronger relation with growth
than Max and Mean temperature (Deslauriers and Morin,
2005).

There are several reports about the importance of pre-
cipitation on wood formation in arid and semi-arid re-
gions (Pumijumnong and Wanyaphet, 2006) but in tem-
perate and cold areas, its role diminishes and there may be
no relation between annual growth and precipitation in
these areas (Gruber ez /., 2009; Hoshino ez al., 2008). Al-
though, water status of tree is highly related to the rate of
wood formation (Larson, 1994) but rainfall probably is an
important factor only in the regions where the soil mois-
ture content is dependent on rainfall (Eilmann ez /., 2011;
Rao and Rajput, 2001). In this study, water availability was
not alimiting factor of growth since the study site is gener-

ally very humid and large amount of precipitation in the
growing scason and previous autumn and winter (data not
shown) presented enough water resources for the trees.
The minor negative relation of rainfall on growth could be
interpreted according to its indirect effect on temperature
and solar radiation. On rainy days, air temperature and
light absorption of plant slightly drops; mostly because of
clouds. Therefore, the rate of wood formation somewhat
decreased in rainy weeks.

The relation between evaporation and tree growth has
not been studied comprehensively, so far. It can be suggest-
ed that an increase in water evaporation leads to a higher
rate of stomata transpiration in tree leaves which in turn
increase the carbon uptake and rate of xylem formation.
It should be mentioned that Stomata usually close when
the leaves are in danger of losing too much water (Thomas,
2004) and under high temperature and low soil moisture,
drought could be amplified by increasing evapotranspira-
tion (Eilmann ez /., 2011) but since water was not in short
supply and weather didn’t get too hot in studied area,
evaporation probably remained mostly in the optimum
level for the growth of trees.

Conclusions

In order to interpret the effect of different meteoro-
logical factors on the rate of wood formation, the mutual
dependence of these factors should be considered rather
than considering them separately (Seo ez 4/, 2011). Since
the studied trees received abundant amount of precipita-
tion before and during growing season and weather was
not too hot, the evaporation and minimum temperature
had the main positive influence on xylem formation of
beech trees.
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