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Abstract

The objective of this study was (i) to compare the amount of stemflow in deciduous
broadleaved trees (with and without leaves) in accordance with different growth seasons and
(ii) to compare the rate of stemflow in coniferous and broadleaved trees in according to the
canopy cover area. Stemflow was measured on 20 marked trees using a stemflow collector.
Rates were different for the different tree species Beech Fagus orientalis L, Ironwood Parrotia
persica L., Alder Alnus subcordata L. and Hornbeam Carpinus betulus L., and were greater in
autumn than winter even though trees were then in leaf. The stemflow increased with
increasing canopy cover area. Even though canopy cover in conifers (Cupressus sempervirens
var. horizontalis) was less than the broad-leaved beech, the rate of stemflow was higher, up to 7
litres per hour with relatively small canopies.
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Introduction

The Hyrcanian zone is a humid zone in the north of Iran (Ebrahimpour et al. 2011). The
average annual rainfall ranges between 530 mm in the east and 1350 mm in the west,
occasionally reaching up to 2000 mm. Based on climatic data from meteorological stations, the
maximum annual rainfall is experienced during spring, and late autumn - winter. Most people
shelter under the trees during rainfall because the tree foliage prevents raindrops from reaching
the ground. Leaf-water or interception is defined as a part of rainfall water which is absorbed
by plant cover. The amount of interception depends on the type of vegetation cover (coniferous
or broadleaved), leaf area index, age of forest stands, the garnish of leaves on the tree and the
type of rainfall. VValues from coniferous forests are higher than those from broadleaved forests,
and old and dense forests have higher values than thinned and young forests (Mohajer 2007).

The amount of interception during rainfall of short duration is high, while it is low
during rainfall of long duration. The amount of rain caught in coniferous forests (Picea sp.) is
20 to 80 percent and in broadleaves forest (beech) is 10 to 50 percent, in the latter on average
5% less in winter than in summer because of the lack of leaves on the trees in winter (Helvey
& Patric 1965). Continuous rainfall causes water to saturate tree foliage, and then additional
water is conducted to the ground via the stem of trees. The stemflow is defined as the amount
of water which moves as flow from foliage to stem and down to the ground. Throughfall is
defined as the amount of rainfall which comes through the leaf canopy via the empty spaces
between the leaves to the ground (Alizadeh 2007). Thus when it rains, some water is lost as
water vapour, while the rest reaches the ground either directly (throughfall) or indirectly
(stemflow) (Hanchi & Rapp 1997).

Morphological differences among trees have been quantified to explain stemflow
variability. During precipitation, the morphology and distribution of trees and, collectively the
forest, control the fate of the water. The morphology of the vegetation can influence the
quantity and distribution of water descending from the canopy to the ground surface (Schroth
et al. 1999). Crown area is a significant factor in predicting variability in stemflow (Lawson
1967; Aboal et al. 1999). Matsubayashi et al. (1995) studied broadleaf trees and found that
stemflow was concentrated in a 6-cm-wide band around the tree. Using this narrow area to
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determine the unit depth of stemflow revealed that stemflow was being delivered at a rate 22
times that of rainfall .Based on trunk projected area 1.5 m above ground, Durocher (1990)
found that rainfall input at the base of some trees was 30 to 40 times larger than the mean
throughfall. Essentially, throughfall is distributed over a very large area while stemflow is not.

Cape et al. (1991) conducted a study in a forest in northern Britain consisting of Pine
(Pinus sylvestris L.), Norway spruce (Picea abies (L.) Karst), Sitka spruce (Picea sitchensis
(Bong.) Carriere), larch (Larix decidua L.), Oak (Quercus petraea Matt.), and Alder (Alnus
subcordata (L.) Gaerta). They concluded that the branching habit of each species was the
main determinant of stemflow, and also noted that the provenance of a species affects the
branching habit and, therefore the stemflow of that species.

The objective of this study was (i) to compare the amount of stemflow in deciduous
broadleaved trees (with and without leaves) in accordance with different growth seasons and
(i) to compare the rate of stemflow in coniferous and broadleaved trees in according to the
canopy cover area.

Materials & Methods

The study was conducted in Sonbolrood forest (Fig. 1), at the southeastern edge of the city of
Savadkooh in Mazandaran province, Iran. In order to provide a beautiful landscape at the sides
of the forest roads, stands of Cyprus Cupressus sempervirens var. horizontalis and Alder have
been planted separately. The forest has natural stands containing Beech Fagus orientalis,
Alder, Ironwood Parrotia persica and Hornbeam Carpinus betulus.

Figure 1: Map and geographical location of the study area

In order to measure the stemflow, firstly 20 trees of each species were randomly selected and
then marked with spray paint. For each of the marked trees, the rate of stemflow was measured
(in litres) during one hour of rainfall using a stemflow collector (Fig. 2) designed as a bucket,
water-collecting gutter, pipe, black gum and tape. Tape is attached around the bark of the tree
trunk using black gum, so that there are no gaps or holes. Then the edge of the water collector
gutter is placed beneath the tape and fixed using gum and pins. The collected water from the
outlet of the gutter is transmitted to the collection bucket through the pipe. On a sampling day,
the rainfall was measured by the Synoptic station of Allasht; on average this was 3.2 cm.

In order to investigate the role of crown area on the rate of stemflow, the minimum and
maximum radius of the crown on the ground was measured in field surveys, and the crown
area calculated. The collected data were analysed using ANOVA implemented in SPSS.
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Figure 2: Measurement method of stemflow and typical stemflow collector

Results

Results show that trees with leaves in autumn have rates of stemflow that are significantly
greater than in winter, when they lack leaves (Table 1). This ratio of the difference between
autumn and winter was high in each case, but higher for Beech (4.1) than Ironwood (3.6),
Alder (1.7) or Hornbeam (1.9). The mean of the absolute value of the stemflow for Beech was
2 to 4 times more than that of the other broadleaf species. When the data for individual trees
are ranked by crown area, it is clear that the lack of leaves causes irregularities in the rate of
stemflow (Fig. 3).

Table 1: ANOVA table for statistical comparsion of stemflow rates in the two different seasons
of autumn and winter in four different tree species.

Treatment DF SS MS F Sig

Fagus orientalis season 1 99.2 99.2 150.3 <0.001
error 38 25.08 0.66

Parrotia persica season 1 49.95 49.95 70.7 <0.001
error 38 26.83 0.7

Alnus subcordata season 1 16.4 16.4 41.0 <0.001
error 38 15.15 0.4

Carpinus betulus season 1 27.9 27.9 59.1 <0.001
error 38 17.93 0.47

The results of the investigation about the effect of tree crown area on the rate of
stemflow indicated that stemflow increased with increasing canopy cover area. There was a
linear relationship between crown area and the rate of stemflow in Beech (R? = 0.90), but
clearly non-linear relationships in Alder (R* = 0.74), Ironwood (R? = 0.92) and Hornbeam
(R?=0.90) (Fig. 4).

There were statistically significant differences in the average stemflow rates among tree
species (Table 3). From a post-hoc multiple-range test (Table 4), the mean stemflow rate in
Beech was greater than in Ironwood, which in turn was greater than the other two trees (which
were not significantly different from each other).
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Figure 3: Comparison of stemflow rates (I hr') in different seasons of 20 individual trees,
ranked by crown area. F = Beech Fagus orientalis ; A = Alder Alnus subcordata; P =
Ironwood Parrotia persica ; C = Hornbeam Carpinus betulus

Table 2: ANOVA comparing rates of stemflow in different tree species

SS df M S F Sig
among trees 188.45 3 62.81 82.8 <0.001
error 57.6 76 0.76

Table 3:  Differences in the mean rates of stemflow for different tree species, from the post hoc
Duncan’s multiple-range test after the Anova of Table 2.

Litter type Fagus orientalis Parrotia persica Alnus Carpinus betulus
Data subcordata
Stemflow (I hr') 7.16° 4.44° 3.48° 3.33°

Note: mean values with different letters are significantly different at the 0.05 probability level
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Figure 4: Relationship between crown coverage (m2) and the rate of stemflow (I hr') in

different tree species, F = Beech Fagus orientalis ; A = Alder Alnus subcordata; P =
Ironwood Parrotia persica ; C = Hornbeam Carpinus betulus

Results of the comparison between broad-leaved and coniferous trees (Table 5) showed that
rates were very high in Cyprus conifers despite their low canopy cover. In Cyprus trees with
canopies greater than 40 m?, the stemflow rates were more than 7 | hr-1, a rate not achieved by
broad-leaved species unless their canopy cover was greater than 100 m2,
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Discussion

Hyrcanian forests stretch from sea level up to an altitude of 2800 m, encompassing various
forest types that contain a total of 80 woody species (trees and shrubs). The area is rich in
hardwood species, but there are only four kinds of native softwood trees: Taxus, Juniperus,
Thuja and Cupressus. From a forest geography point of view, the northern forests of Iran are
classified as deciduous broad-leaved forests rather similar to Mediterranean forests (Mohajer,
2007). In these northern forests of Iran the leaves of hardwood trees fall in winter in response
to temperature decreases. The lack of leaves decreases the interception of rain by trees, and
increases the throughput (Xiao et al. 2000). In forest stands with dense canopies, the rate of
interception is very high in summer, reaching 100% when the rain starts (Alizadeh 2007). In
study area, the widespread canopy cover of beech and the strong light competition among
individual trees increases the rate of rain interception.

Beech has simple, smooth and rippled leaves (Fig. 6). Observations during this study
demonstrated that the ripples collect water on the ends of the leaves. In most cases this water
drips in large drops onto the trunk and to the ground. The leaves of Parrotia persica are oval
and arranged alternately on the branches (Fig. 6). The tree does not grow tall, but has a wide
canopy. The alternate leaves and the shape of the crown increase interception, but because
canopy cover is low compared to beech, the interception and stemflow is less. The shape of
crown in Carpinus betulus and Alnus subcordata is irregular and less dense and widespreading
in forest stands. The main reason for this is the tall growth of these trees. Species which have
more crown area can provide more stemflow. When lacking leaves in winter, this process is
irregular and the effects of crown area seem to be less.

Figure 6: Leaves of the studied broad-leaved trees; F = Beech Fagus orientalis ; A = Alder
Alnus subcordata ; P = Ironwood Parrotia persica ; C = Hornbeam Carpinus betulus

A further significant factor in rain interception is the nature of the bark (Helvey &
Patric 1965) (Fig. 7). The bark of trees such as Parrotia persica and Fagus orientalis conduct
stemflow in a very suitable manner with minimum loss. In Carpinus betulus and Alnus
subcordata, a large proportion of the stemflow is collected in the bark of the trunk and cannot
reach the ground. The main reason for this is the ragged and unsmooth condition of the bark
and leaves of these species. The existence of epiphytic plants which use the trunk of these trees
for reach sunlight (especially Carpinus betulus) prevents stemflow reaching to the trunk. In
addition, parameters of the structure of the tree crown, such as the angle of the branches and
the number of trunks, have significant effects on stemflow volumes.
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Figure 7:  Trunk of broad-leaved trees; F = Beech Fagus orientalis ; A = Alder Alnus
subcordata; P = Ironwood Parrotia persica ; C = Hornbeam Carpinus betulus

Horizontal branches of the tree crown causes drops to fall from branches, preventing the
production of stemflow. In trees that can have multiple trunks (Parrotia persica) the
probability of stemflow production is high. In spite of their relatively low canopy cover,
Cupressus sempervirens have a very high rate of interception, mainly because of their dense
canopy and the needle-like leaves. The water absorbed by the trunk of these trees produced
high rates of stemflow in our study area. In most conifers the crown is cone-shaped and the
angle of the cone has significant effects on the rate of interception. It seems that in cypresses
the rate of stemflow is less than that of other conifers because of the existence of horizontal
branches.
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