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ABSTRACT

Tree architecture affects how rainwater is partitioned into canopy interception, throughfall and stemflow. The
canopy shape and batk/leaf sutface motphology affects the plants’ ability to intetcept and tredistribute the
rainwater. Hence, the tree structure plays a key role in soil and water conservation, especially in erosion runoff.
This research was conducted to predict the most suitable tree species for soil and water conservation, and
recorded 32 rainfall events during the rainy season in January 2014-March 2015 in Purwodadi-LIPI, Indonesia.
The stemflow, throughfall, individual tree architectural characteristics, and leaf morphology were measured for
cight selected local tree species namely: Stercalia cordata, Alenrites moluccanns, Buchanania arborescens, Calophyllum
inophyllum, Dysoxylum gandichandianum, Peltophorum pterocarpum, Alstonia scholaris and Pometia pinnata. The species
which held the greatest amount of interception was Akurites moluccanus at 68.1% of rainfall. Special characteristics
of the leaves (like fine hairs), globose stem and long, grooved bark, probably resulted in an increased relative
interception of the rain water that was higher than those of other trees. The throughfall and stemflow for each

DOLI: 10.11598/btb.2020.27.1.726

species were closely related to rainfall amount, but not related to rainfall intensity.
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INTRODUCTION

Forest canopies are capable of intercepting
large quantities of precipitation, altering the
spatial and temporal inputs of precipitation to
forested landscapes (Levia ez a/ 2011). The
distribution of rain water across and through
plant canopies is therefore, a heterogeneous
aspect of the wvarious processes comprising
throughfall, stemflow, and the water retained by
the canopy as interception. Throughfall is the
portion of rain that reaches soils by dripping
from canopy through gaps.
Temporally-persistent canopy structures can
result in capable of creating storm-based pulses
in soil moisture (Coenders-Gerrits ez a/. 2013),
soil microbial community structure (Rosier ¢z 4/.
2015) and function (Moore e¢f al. 20106).
Stemflow is the portion of rain water that drains

surfaces or
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down the stem. Despite being a small
percentage of rainfall across the canopy area, it
has a considerable influence on the spatial
variability of soil biogeochemical processes.
Stemflow often moves to the soil layers along
the path of the roots indicating that the
stemflow does not only contribute to the
dynamics of water on the forest floor, but also
the flow of water infiltration in the root zone (Li
Liang et al. 2011).

'The amount of rainwater retained by the tree,
before it goes into the ground, depends on the
leaf size, leaf shape, canopy density and canopy
shape, roughness and straightness of bark
(Darmayanti & Figa 2017). Water entering into
the soil will undergo several processes. Some
will be absorbed into the ground, partly filling a
layer of water-saturated soil, and some will
detach as runoff (Schelemmer ez 4/. 2018). In this
way, interception by plants indirectly affects
infiltration and surface water runoff. Plant
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canopies also indirectly affect soil erosion as
they can reduce the kinetic energy of the
collision on the surface of the soil, so the soil
structure and aggregation are not damaged.

This study aimed to evaluate the influence of
plant canopy architecture model of the eight
plant species to rainfall factors, such as
throughfall, stemflow, and interception in the
Purwodadi Botanic Garden. The tree species
were selected from among local plants that have
known potential soil and water conservation
properties, such as those often found in springs,
and also have economic value. Furthermore, the
results can be used as reference for trees
recommended to rehabilitating degraded areas,
particularly due to soil erosion. Tree species
selection for restoration or rehabilitation of
degradation areas is critical in formulating
programs that are effective and efficient in
reducing the rate of degradation.

MATERIALS AND METHODS

The experiment was conducted at
Purwodadi-LIPI in February 2014 to March
2015. The hydrological parameters (throughfall,
stemflow and rainfall interception) were
measured for 20-30 rain events for each species.
Observations were made every morning at 07.00
am and the average daily rainfall, stemflow data
and throughfall were recorded. Rainfall was
measured by installing an ombrometer at the
open area. Throughfall was estimated by
measuring the volume of rainwater passing
through the canopy of each species and were
gathered in a plastic bucket. Stemflow was
measured by using small water hose, wax, rubber
tites and jerry cans. The water hose was cut to
fit the trunk circumference and then mounted
circularly at a height of about 1.3 m. The lower
part of the hose was tied with rubber installed to

the jerry can to collect the rainwater flowing
through the tree trunk, the volume of which is
the stemflow. Eight tree species were observed
including Sterculia cordata, Alenrites moluccanus,
Buchanania  arborescens,  Calophyllum  ingphyllum,
Dysoxcylum gandichandianum, Peltgphorum
pterocarpum, Alstonia scholaris and Pometia pinnata.
The stemflow was gathered by spliting plastic
hose stapled around the tree using galvanized
staple pins with one of its ends tapering
downwards to discharge water into a graduated
jar (Venkatraman & Ashwat 2016). The results
of stemflow and throughfall were incorporated
into the equation to estimate the value of
rainwater interception by plants as follows:

Interception (mm) = Rainfall — (throughfall + stemflow)

The size of leaves, as well as the architectural
dimensions of the tree were measured to enable
evaluation of their effects on throughfall,
stemflow and interception. Eight local tree
species were sampled with two replications.
Tree height, crown height, crown diameter and
diameter at breast height (DBH) were also
measured. The other characters such as bark
surface, leaf surface area, leaf width, and crown
gap were directly measured after the experiment
ended. Finally, all of the quantitative data were
analyzed using MINITAB 16, to evaluate the
different species performance. Regression of the
houtly canopy interception was analyzed using
Microsoft Excel to show a linear relationship for
each rainfall event.

RESULTS AND DISCUSSION

The tree species which has the highest
canopy interception was _Aleurites moluccanus
(13.4 mm), followed by Stercnbia cordata (5.8 mm)
and Dysosxcylum gandichandiannm (5.6 mm) (Fig.1).
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Figure 1 Interception, throughfall and stemflow of eight trees selected

Stercnlia cordata has the highest throughfall,
(10.7 mm), followed by  Dysoxylum
gandichaudiannm (10.3 mm), and Alstonia scholaris
(8.9 mm). Pometia pinnata has the highest
stemflow value (0.22 mm), followed by
Calophyllum inophyllum (0.16 mm) and Buchanania
arborescens (0.15 mm). Stemflow is only a small
part of gross rainfall, but plays an important role
in the ecology and biogeochemistry of soil
(Levia & Germer 2015; Van Stan & Gordon
2018). Water from the stemflow is the
concentration of nutrients that will fall to the
forest floor and into the ground, infiltrate into
the preferential soil and the hydrology and
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biogeochemistry of wooded ecosystems (Levia &
Germer 2015).

Based on the rainfall percentage, .Alkeurites
moluccanus has the highest canopy interception
(68.1%), ftollowed by Peltophorum pterocarpum
(53.8%) and Calophyllum inophyllum (48.9%)
(Fig. 2). Generally, plants that have high canopy
interception rate have low stemflow values
because rainfall is mostly clean and distributed
and retained on the header section. Plants with
low canopy interception values has stemflow
values that are considerably higher than the
other plants.

B Aleurites moluccanus

W Sterculia cordata
Peltophorum pterocarpum
Dysoxylum gaudichaudianum

B Alstonia scholaris

B Calophyllum inophyllum

B Pometia pinnata

B Buchanania arborescens

Figure 2 Interception percentage of several plants at Purwodadi Botanical Garden
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The canopy interception showed a linear
relationship with rainfall in each rain event
(Fig. 3). The regression lines indicated a positive
correlation between rainfall and throughfall or
rainfall and stemflow for each tree.

Throughfall is closely related to rainfall; the
higher the rainfall, the higher the throughfall.

27 No. 1, 2020

All species also showed that the increasing
rainfall intensity resulted in the increasing
interception percentage. Such a very strong
positive  relationship was observed in
B. arborescens (R* > 0.9) (Fig. 3), and strong
positive relationship was obsetved in . cordata
and C. ingphyllum (R close to 0.9). Stemflow was
not correlated with rainfall intensity.
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Figure 3 Rainfall average and partitioning rainfall patterns of canopy interception, throughfall and stemflow of: (a)

Alenrites moluccanus, (b) Sterculia cordata, (c) Buchanania arborescens, (d) Calophyllun inophyllum, (€) Disoxylum
gandichandianum, (£) Alstonia scholaris, (g) Pometia pinnata and (h) Peltophorum pterocarpum
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The process of canopy interception is
influenced by three main factors namely 1) the
type of rainfall event (magnitude, intensity and
duration), 2) the species and canopy structure
(Jian et al. 2015), and 3) the antecedent weather
(Livesley ef al. 2014). The interception rate,
capacity and losses depend on many factors
including vegetation charactetistics (Darmayanti &
Fiqa 2017). The amount of rainfall affects the
hydrological performance of the eight selected
species in terms of stemflow, throughfall and
interception processes during a heavy rain (>3
mm) (Table 1). A moluccanus has the highest
interception percentage, but has significantly
stemflow is quite high, but relatively low
throughfall values among the other species.
However, no morphological character of
A. moluccanns significantly differed from other
plants (Table 2). The leaves have positively
affected the amount of stemflow (Levia et 4/
2011). The leaf of A. moluccanus is long and
ovally elongated (Fig. 6), so it can retain water
drop down to the soil. The amount of stemflow
is determined by leaf shape and stem and branch
architecture. .A. moluccanus has smooth bark
(Fig. 4), but it is a tree species, with a rounded
canopy (Fig. 5b), large leaves with fine hairs on
the surface. These morphological structures

resulted in A. moluccanus having an interception
rate higher than other plants. Rounded canopy
can intercept more water than other canopy
shape. Crown structure and architecture directly
affect resource acquisition, mechanical support,
reproduction and competitive ability (Messier ez
al. 2017). The trunk is straight and round, and
grooved lengthwise, affecting the rate of
stemflow before it touches the ground. The
stemflow infiltration area could receive 2-7 times
mote precipitation than open areas in semi-arid
shrubs (Navar 2011). Generally, stemflow also
varied between species, but its overall
contribution to site water balance was only 4.5%
of the total rainfall received (Venkatraman &
Ashwat 2016).

D. gaudichandianum has a significantly different
interception value than other trees, although it is
not included in the highest three (Table 1). It
has a significantly different crown area and
crown height among other trees (Table 2), so it
can temporarily hold the rainwater in its canopy
and branches, before the rain falls to the ground
as throughfall. Canopy interception and storage
capacity varies considerably among tree species
which lead to different reductions in net
precipitation (Venkatraman & Ashwat 2016).

Table 1 Summary of throughfall, stemflow and intereption of eight trees based on rainfall intensity

Species Peltophorum — Aleurites Alrtom'? C.alop/yllum Buchanania D_?I.m.bglll-lm Sterculia P?metia

prerocarpum  mobuccanus  scholaris inoplyllum  arborescens  gaudichandiannm cordata pinnata
gli?)ughfau 3.8 (ab) 48 () 93 (@ 91 (@ 89 (@ 106 (@ 11.9 (3 72 (a)
ngl)ﬂow 0.003 (b) 007 () 003 (ab) 017 () 016 (b) 58 (ab) 01 (b 022 (b
g‘:zf)cepﬁ‘m* 824 (ab) 134 (@ 532 (ab) 514 (ab) 45 (@b 002 (b) 59 (@b) 4 (ab)

Notes: Means followed by different letters ate significantly different (least significant difference (LSD) p < 0.05).
*Interception was calculated only for rain events in which both throughfall and stemflow was occutred.
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Figure 4 (left to right-clockwise) Tree bark characteristics of Peltgphorum pterocarpum, Alentites moluccanus, Alstonia scholarss,
Calophyllum inophyllum, Buchanania arborescens, Dysoxylum gandichandianum, Sterculia cordata and Pometia pinnata

Tree architecture and bark properties greatly
influence the proportion of intercepted rainfall
that becomes stemflow that is directed to the
base of the stem (Inkildinen ef /. 2013). Canopy
and tree bark characteristics affect water
availability, soil water recharge or runoff
(Livesley et a4l 2016) through stemflow,
throughfall and interception process. Moreover,
stemflow quantity is affected by the batk
roughness (Nasiri ef @/ 2012). In this study, the
trees with significantly different stemflow values
than others have rough barks (i.e., C. ingphyllum)
(Table 1). P. pinnata shows a tree architecture
pattern of Koriba (Ferdy 2013). Trees with
Kotiba pattern have orthotropic branch units
and bear new branches near their ends. S. cordata
has the highest throughfall (Fig. 1), has a strong
positive relationship with rainfall (Fig. 3), and
has a significantly different crown area and
crown diameter (Table 2). Furthermore,

co

S. cordata has interception and throughfall values
ranking in the first three highest. Thus, S. cordata
is quite suitable for soil and water conservation.

Several soft functional traits of vegetation
(leaf size, leaf phenology, bark thickness, seed
mass) have been associated with species
response to water as a resoutce Of as a
disturbance agent (e.g., resprouting ability, plant
height) (Kukowski ez @/ 2013). Hence, species
differ from each other in leaf length, width, tree
height, DBH, and other characters (Table 2). As
these characters affect the trees performance of
its hydrological role. P. pterocarpam is a large tree
with a big stem diameter (104.6 cm DBH), and a
wide (281.6 cm® crown area and 22 m ctown
diameter) and high canopy (21 m height).
P. pterocarpum has small leaves (3.3 cm wide and
14.7 cm) which also contributed to its highest
throughfall value.
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Table 2 Characteristics of Sterculia cordata, Alenrites moluccanus, Buchanania arborescens, Calophyllum inophyllum, Dysoxylum
gandichandianum, Peltophornm prerocarpum, Alstonia scholaris and Pometia pinnata

Peltophorum ~ Aleurites  _Alstonia  Calophyllum  Buchanania Dysosxylum Sterculia  Pometia

e prerocarpum  moluccanns  scholaris  inophyllum  arborescens  gandichandianum  cordata  pinnata
Leaves length (cm) 147 ®)  21.7 (ab) 16.7 (ab) 14.3 (b) 25.4 (a) 197 @b) 131 (®) 143 ()
Width (cm) 3.3 (2 12.1 () 6.2 (2) 5.1 (2) 5.7 (a) 6 (2) 10@ 125 (@)
Height (m?) 21 (a) 18 (a) 20 (2) 20 (a) 22.5 (2) 1@ 221@& 13.5(@
Branch free stem height 16.3 (2) 6.8 (ab) 7.5 (ab) 17 (@) 9 (ab) 6.5@b) 4.5 (D) 8 (ab)
Crown height (m) 2.3 (b) 11 (ab) 7.5 (b) 17.1 (a) 4.3 (b) 3b) 250 35(0)
Crown diameter (m) 22 (a) 184 (ab) 14 (abc) 129 (abc) 10.8 (bc) 95(®bc) 72() 9 (bo)
Crown area (cm?) 2816 (@  271.5( 1994 (2 141.9 () 91.6 (2) 117 (& 53.2(a) 42 (a)
DBH (cm) 104.6 (a) 643 ()  68.6 (a) 100.3 (a) 76.9 (2) 569 569( 2590

Figure5 Canopy architectute of the species: (A) Leuwenberg's model: Calophyllum inophyliune, (B) Scatrone's model: Alenrites
moluccanus, Peltophorum pterocarpum, Buchanania arborescens, (C) Champagnat's model: Dysoxylum gandichandianum;, (D)
Prevost's model: Alstonia scholaris, (B) Kotiba's model: Sterculia cordata, Pometia pinnata
Note: Trees and leaves are drawn approximately to scale relative to each other.

Figure 6 Leaf characteristic of the species (clockwise): Alstonia scholaris, Alenrites moluccanus, Calophyllum inophyllum,
Buchanania arborescens, Sterculia cordata, Dysoxylum gandichandianum, Pometia pinnata and Peltophorum plerocarpum
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Table 3 Tree motphology forming their architecture

Crown

Species Family Leaves - Stems and branches Architecture
Peltophornm pterocarpum  Fabaceae Alternate, Large Single stem, Scarrone
bipinnately monopodial,
compound, even orthotropic, have a
pinnately sympodial structure
compound, oblong
Alenrites moluccanns Euphotbiaceae  Leaves simple, Large Single stem, Scarrone
vatiable in shape, monopodial,
young leaves large, orthotropic, have a
up to 30 cm long, sympodial structure
palmate
Alstonia scholaris Apocynaceae Dorsiventral, the Medium  Single stem, Prevost
leathery leaves are plagiotropic
natrowly obovate
to very narrowly
spathulate, base
cuneate, apex
Callophylum inophyltum  Clusiaceae Opposite, Medium  Single stem, Lecuwenberg
arrangements with monocarpic
thick shiny parallel
vasculatures
Buchanania arborescens  Anacardiaceae  Leaves are simple,  Large Single stem, Scatrone
oblong, narrowly monopodial with
ovate, spirally thythmic branching,
arranged orthotropic, have a
sympodial structure
Dysoscylum Meliaceae Opposite to Medium  Single stem, Champagnat
gandichandianum alternate toward sympodial, orthotropic
the base, very branches
unequal size and
shape
Sterculia cordata Sterculiaceae Alternate, simple, Medium  Single stem, Koriba
tripli- to penni- sympodial,
veined, lower plagiothropic
surface hairy and
yellow-whitish
coloured, leaf base
usually cordate
Pometia pinnata Sapindaceae Alternate, Medium  Single stem, Koriba
compound, leaflets sympodial,
penni-veined, plagiothropic
glabrous to densely
hairy, margin entire
to toothed
Branch architecture,  leaf  structure, such as light, temperature, humidity and

orientation and size, canopy volume and area
and bark surface roughness (or smoothness) are
known to have an influence on the partitioning
of rainfall into stemflow and throughfall
(Baptista ef a/. 2018). Tree architecture is also a
morphological description of certain phases of
tree growth that is observable at any time.
Though the architecture of a young tree growing
well is due to its genes, the architecture of the
tree is also influenced by environmental factors

10

availability of nutrients in the soil (Chatrier e 2/
2015). A. moluccanus has Scarrone tree
architecture. Its main stem is monopodial with
thythmic branching forming a canopy that is
hemispherical in the eatly (first two) years of
growth. The widest part of the canopy is located
in the midst of a long canopy length. This long
canopy length is almost the same as the width
(Murniati 2010). .A. moluccanas is one of the trees
that have a dense canopy. The average light
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intensity that went into the forest floor
irregularly reaches 7.5% with the forest floor
temperature  between 24-29 °C  and a
humidity of 88.2% to 92.8% (Sutyanto &
Suryawan 2015). A. moluccanus, also has a high
level of adaptation to degraded land (Sumarhani
2015). Hence, it can be one of those trees
recommended for the rehabilitation of the
region. In addition, these trees have economic
benefits, an added value, especially for the local
communities ot the farmers.

P. pterocarpum follows the Scarrone pattern, so
does B. arborescens. Scarrone model as
distinguished from other architectural models
has a special feature in the form of meristematic
terminal bud that grows orthotropic rhythmic,
and involves a monopodial trunk and sympodial
branch modules, both orthotropic and
branching rhythmically (Chomicki ez @/ 2017).
The composition of multiple pinnately
compound small leaves with acuminate form,
enables P. pterocarpum as a good rainwater
interceptor. This tree is a potential ornamental
tree because of its beautiful flowers (Babu ez 4/
2016) that are yellow green lit so often referred
to as the golden power. In addition, its leaves
can be used as fodder (Danarto 2015). The tree
has deep roots and rounded canopy implying its
good quality for soil and water conservation. In
agroforestry systems, the tree serves as a
windbreaker, a shade, a nitrogen-fixer, and a
green manure. P. pterocarpum has a faitly strong
stem due to the growth of branch diameter that
often times do not grow half of the main stem
diameter, therefore, making it good against the
wind. In addition, the tree is a good natural dye
for batik. B. arborescens follows the Scarrone
pattern. These trees are generally located in dry
areas with low humidity (Rosleine & Suzuki
2012).

Vegetation helps in the improvement of soil
physical and chemical properties. Litter
produced by tree foliage can increase the
content of organic material on the soil surface.
Lush canopy also plays a role in reducing the
amount of kinetic energy of rain falling to the
ground. Tree selection in rehabilitating degraded
areas is therefore, very important. However, it
requires considerations in accordance with the
conservation objectives. In dry area, the
preferred trees should have high intercept
values. A. scholaris follows the Prevost

architecture. These models involve determinate
trunk modules producing branch modules
(Chomicki e¢ 4l 2017). Theoretically,
plagiotropic branching results in a wider crown
diameter. The lateral meristem growth in
plagiotropic branching trees contributed to the
development of the stem diameter. Bark
characteristics of  Prevost model are
characterized by roughness. A. scholaris has a
relatively smooth bark surface except the
protrusion of lenticels that spread evenly
(Silalahi 2019). This lenticels bulge can produce
frictional force against the rainwater through.
Characters of bark, thus, affect the value of
stemflow.

C. inophyllum follows the Leeuwenberg
architecture model while P. pinnata and S. cordata
are those of the Koriba model. These
architecture models possess a sympodium
characteristic tree trunk. Terminal buds are
stopped due to apical meristem tissue
differentiating the parenchyma. Axillary buds
growing close underneath and forming
columnar form. One bud becomes a columnar
rod and the other becomes columnar branches.
D. gandichandianam follows that of Champagnat
model that has a characteristic form of
sympodium rods and each column is curved due
to being too heavy and not supported by tree
tissue. Spiral phyllotax is contained in the axis
which is not much different from the tip and
base morphology (Hasanuddin 2013). Hence,
the tree architecture shows the pattern of the
structure and growth of the tree canopy.

The difference in the distribution of
rainwater among trees is affected by several
factors including, branching growth pattern, leaf
surface area, stem surface pattern and soil
density. The branching pattern will form the
shape of the tree canopy, while soil density will
influence the hydraulic conductance. Branches
function in the mechanism of movement of the
water system in trees, in the process of
transpiration and photosynthesis (He & Deane
2016). The distribution points around the
straight line indicate that the amount of rainfalls
affect the amount of intercepted rainwater in the
vegetation. However, interception of rainwater
can be ignored at a very high rainfall since the
trees ability to pass water is also very high, so
high that almost all of the water can be dropped
quickly toward the ground and not get stuck in

11
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the canopy. Thus, tree branching patterns are
influential in anatomical property system such as
biomechanics and hydraulic functions.

Dimensions of tree architecture are
influential in the input process of rainwater.
When the precipitation is retained as interception
by the canopy, it will then spread and enter as
throughfall and stemflow (Mali e 2/ 2020). Tree
architectural patterns are also influential in the
process of kinetic rainfall toward the ground.
The height of the first branch from ground level
is one factor among others. Tree architecture
and characteristics of stems play important roles
in the interception of rainwater by trees, which
will flow on the stem as the stemflow to the
bottom of the trunk (Ahmed ez @/ 2015). The
interception process by the canopy is influenced
by the type of rainfall events (heaviness,
intensity and duration); tree species and its
canopy structure as well as the previous weather
(Livesley ez /. 2014). Wind direction and speed
affect the process of rainwater interception by
trees (Nytch ez 4/. 2019).

CONCLUSION

Partitioning of rainfall into throughfall,
stemflow and interception varied among the
species. The highest value of tree interception
was exhibited by _Alkearites moluccanus (68.1%),
tollowed by Peltophorum pterocarpum (53.8%) and
Calophyllum inoplyllum (48.9%). Tree architecture
significantly influenced the transformation of
rainwater into stemflow, throughfall and canopy
interception. However, the interception of
rainwater can be ignored at very high rainfall
intensities rates. .Aleurites moluccanus is the one
that has the highest value of interception
(68.1%), but both throughfall and stemflow did
not significantly correlate to rainfall intensity.
Throughfall, however, was found to be closely
related to rainfall events in Buchanania arborescens,
Stercnlia cordata and Calophyllum inophyllum.

ACKNOWLEDGEMENTS

The research was sponsored by DIPA
thematic funds of Purwodadi Botanical Garden
of Indonesian Institute of Sciences.

12

REFERENCES

Ahmed A, Tomar JMS, Mehta H, Alam NM, Chaturvedi
OP. 2015. Influence of canopy architecture on
stemflow in agroforestry trees in Western
Himalayas. Cutrent Sci 109(4):759-64.

Babu M]J, Anand AV, Hakkim L, Haq KMI. 2016. A
review on phytopharmacological aspects of
Pelsophorum (DC) Baker Ex K. Heyne. Int ] Adv
Res 4(11):801-7.

Baptista MD, Livesley SJ, Parmehr EG, Neave M. 2018.
Terrestrial laser scanning to predict canopy area
metrics, water storage capacity, and throughfall
redistribution in small trees. Rem Sensing 10:1-22.

Charrier G, Ngao ], Saudreau M, Ameglio T. 2015.
Effects of environmental factors and management
practices on microclimate, winter physiology, and
frost resistance in trees. Front Plant Sci 6:259.

Chomicki G, Coito M, Renner SS. 2017. Evolution and
ecology of plant architecture: integrating insights
from the fossil record, extant motphology,

developmental genetics and phylogenies. Ann of
Bot 120:855-91

Coenders-Gerrits AM]J, Hopp L, Savenije HHG, Pfister L.
2013. The effect of spatial throughfall patterns on
soil moisture patterns at the hillslope scale. Hydrol
Earth Syst Sci 17:1749-63.

Danarto SA. 2015. Keragaman dan potensi koleksi
polong-polongan  (Fabaceae) di Kebun Raya
Purwodadi [Diversity and potency of Fabaceae
collection at Purwodadi Botanical Gardens]. Nat
Sem X Biol Sci:1-9.

Darmayanti AS, Figa AP. 2017. The canopy structure and
its impact on hydrological performance of five
local trees species grown in the Purwodadi Botanic
Garden. ] Trop Sci 7(1):40-7. doi: 10.11594/
jtls.07.01.07

Ferdy SR. 2013. Jenis dan bentuk arsitektur pohon di
hutan alam Bengkung, Kabupaten Bantul, Provinsi
Daerah Istimewa Yogyakarta [Types and forms of
tree architecture in Bengkung natural forest, Bantul
Regency, Yogyakarta Special Region Province]
[Undergraduate Thesis]. Retrieved from Faculty of
Forestry, Universitas Gadjah Mada.

Hasanuddin. 2013. Model atsitektur pohon hutan kota
Banda Aceh sebagai penunjang praktikum
morfologi tumbuhan [Architectural model of
Banda Aceh city forest trees as a support for plant
morphology practicum]. Jurnal Edubio Tropika
1(1):38-44.

He D, Deane DC. 2016. The relationship between trunk
and twigwood density shifts with tree size and
species stature. Forest Ecol Manag 372:137-42.



Stemflow, throughfall and rainwater interception of eight Indonesian tree species — Sofiah and Soejono

Inkildinen ENM, McHale MR, Blank GB, James AL,
Nikinmaa E. 2013. The role of the residential
urban forest in regulating throughfall: A case study
in Raleigh, North Carolina, USA. Landscape
Utban Plan 119:91-103.

Jian S, Zhao C, Fanga S, Yu K. 2015. Effects of different
vegetation restoration on soil water storage and
water balance in the Chinese Loess Plateau. Agri
Forest Meteorol 206:85-96.

Kukowski KR, Schwinning S, Schwartz BF. 2013.
Hydraulic responses to extreme drought
conditions in three co-dominant tree species in
shallow soil over bedrock. Oecologia 171:819-30.

Levia DF, Germer S. 2015. A review of stemflow
generation dynamics and stemflow-environment
interactions in forests and shrublands. Rev
Geophys 53:673-714.

Levia DF, Keim RF, Catlyle-Moses DE, Frost EE. 2011.
Throughfall and stemflow in wooded ecosystems.
In: Levia DF, Catlyle-Moses DE, Tanaka T,
editors. Forest Hydrology and Biogeochemistry:
Synthesis of Past Research and Future Directions
(Ecological Studies Series 216). Heidelberg (DE):
Springer. p. 425-43.

Li Liang W, Kosugi K, Mizuyama T. 2011. Soil water
dynamics around a tree on a hill slope with or
without rainwater supplied by stemflow. Water
Resour Res 47:1-16.

Livesley SJ, Baudinette B, Glover D. 2014. Rainfall
interception and stem flow by eucalypt street trees
— The impacts of canopy density and bark type.
Utban Forest Urban Green 13:192-7.

Livesley S], McPherson EG, Calfapietra C. 2016. The
utban forest and ecosystem services: Impacts on
urban water, heat, and pollution cycles at the tree,
street, and city scale. ] Environ Qual 45:119-24.

Mali SS, Sarkar PK, Singh AK, Bhatt BP. 2020. Predictive
models for stemflow and throughfall estimation in
four fruit tree species under hot and sub-humid
climatic region. Hydrol Res 51(1):47-64.

Messier ], Lechowicz MJ, McGill BJ, Violle C, Enquist BJ.
2017. Interspecific integration of trait dimensions
at local scales: The plant phenotype as an
integrated network. J Ecol 105:1775-90.

Moore LD, Van Stan JT, Gay TE, Rosier C, Wu T. 2016.
Alteration of soil chitinolytic bacterial and
ammonia oxidizing archaeal community diversity
by rainwater redistribution in an epiphyte-laden
Quercus virginiana canopy. Soil Biol Biochem
100:33-41.

Murniati. 2010. Arsitektur pohon, distribusi perakaran dan
pendugaan biomassa pohon dalam sistem
agroforestry [Tree architecture, distribution of
roots and estimaton of tree biomass in
agroforestry systems]. Jurnal Penelitian dan
Konsetvasi Alam 7(2):103-17.

Nasiti M, Zare N, Jalilvand H. 2012. Investigation of the
effective factors on rate of stemflow for tree
species in Hyrcanian forests. Egyptian J Biol 14:37-
44,

J. 2011. Stemflow variation in Mexico’s
northeastern forest communities: Its contribution
to soil moisture content and aquifer recharge. ]
Hydrol 408:35-42.

Nytch CJ, Meléndez-Ackerman EJ, Pérez M, Ortiz-Zayas
JR. 2019. Rainfall interception by six urban trees in
San Juan, Puerto Rico. Urban Ecosyst 22:103-15.

Rosier et CK, Van Stan JT, Moore LD, Schrom JOS, Wu
T, Reichard JS. 2015. Forest canopy structural
controls over throughfall affect soil microbial
community structure in an  epiphyte-laden
maritime oak stand. Ecohydrol 8:1459-70.

Navar

Rosleine D, Suzuki E. 2012. Secondary succession at
abandoned grazing sites, Pangandaran Nature
Reserve, West Java, Indonesia. Tropics 21(3):91-
103.

Schlemmer L, Schir C, Liithi D, Strebel L. 2018. A
groundwater and runoff formulation for weather
and climate models. ] Adv Modeling Earth Syst
10:1809-32. Available from: https://doi.org/
10.1029/2017MS001260

Silalahi M. 2019. Botani dan bioaktivitas pulai (Akonia
scholaris) [Botany and bioactivity of pulai (Alstonia
scholaris)). ] Pro-Life 6(2):136-47.

Sumarhani. 2015. Aplikasi Agroforestri sebagal upaya
rehabilitasi Taman Wisata Alam Gunung Selok,
Cilacap yang terdegradasi [Agroforestry application
as a rehabilitation effort for the degraded Gunung
Selok Natute Tourism Park, Cilacap]. Proc Nat
Sem Indonesian Biodivers Soc:1627-32.

Suryanto H, Suryawan A. 2015. Struktur dan komposisi
hutan rakyat tajuk lebar di Sulawesi Selatan
[Structure and composition of broad canopy
private forest in South Sulawesi]. Proc Nat Sem
Indonesian Biodivers Soc:574-80.

Van Stan JT, Gordon DA. 2018. Mini-review: Stemflow as
a resoutce limitation to near-stem soils. Front
Plant Sci 9:248. doi: 10.3389/pls.2018.00248

Venkatraman K, Ashwat N. 2016. Canopy rainfall
intercepted by nineteen tree species grown on a
phytocapped landfill. Int ] Waste Resour 6:1-16.
doi: 10.4172/2252-5211.10002

13



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

