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Abstract

Water consumption by trees is one of the important components in water budget. The objective of this
research was to compare water consumption of needle and broad-leaved tree species growing on the same
site. Tree species and their wood physiologies are important factors influencing amount of water plants
transpire. Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe and Quercus petraeca (Matt.) Liebl were
selected as representatives of needle and braod-leaved tree species in the Atatiirk Arboretum-Belgrad
Forest. The study period was the first month of growing season. Two experimental plots next to each other
were established and 6 trees from each plot were selected based on the quantiles of total method. Trunks of
the sample trees were equipped with sap flow sensors measuring according to trunk heat balance method
for estimating water uptake by each tree and stand. Oak trees had no foliage whereas pine trees had needle
leaves at the beginning of the study. During the study period, total amount of precipitation was 18.7 mm
and mean daily temperature was 13.8°C. Despite low amount of precipitation during the study period,
moisture was high in the soil as a result of soil moisture discharge with sufficient winter precipitations and
mean soil water potential was -0.20 bar. Results showed that daily water uptake by individual trees varied
from 0.08 kg to 57.83 kg for pine trees while it changed between 0.05 and 52.55 kg for oak trees. Average
daily uptakes were 1.43 mm m-2 and 1.31 mm m-2 for oak and pine stands, respectively. When whole
study period was considered, water consumptions were 35.51 mm m-2 for pine and 38.75 mm m-2 for oak
stands. Based on preliminary results of this study, it seems that higher transpiration rates will be observed
from both study plots as vegetation period progresses and leaf area index increases.
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ibreli ve Genis Yaprakh Agac Tiirlerinin Vejetasyon Periyodunun ilk Ayindaki Su
Tiiketimlerinin Karsilastirilmasi

Ozet

Agaclarin su tiiketimi havzalarda su biitgesinin ortaya konmasinda 6nemli bilesenlerinden biridir. Bu
calismanin amaci, ibreli ve yaprakli tiirlerin ayn1 yetisme kosullarindaki su tiiketimlerini karsilagtirmaktir.
Agaglarm tiirleri ve odun yapilar1 transpirasyonla meydana getirdikleri su kaybimni etkileyen 6nemli
faktorlerdir. Ibreli ve yaprakl tiirleri temsilen Belgrad Ormani-Atatiirk Arboretumu’nda bulunan Anadolu
karagami1 (Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe) ve sapsiz mese (Quercus petraea (Matt.)
Liebl) tiirleri segilmistir. Arastirmanin siiresi vejetasyon periyodunun ilk aymni kapsmaktadir. Karsiliklr iki
deneme parseli alinmig ve toplamin dagilimi yontemine gore 6’ sar agac secilmistir. Secilen agaglarin
govdelerine birey ve mescere bazinda su tiiketimlerini hesaplamak igin govde 1s1 dengesi yontemine gore
calisan bitki 6zsuyu akis olgtim sensorleri yerlestirilmistir. Calismanin baglangicinda ¢am agaglarinda
gelismis yapraklar bulunurken, mese agaglarinda tomurcuklar patlamis ve yapraklanma yeni baglamistir.
Calisma siiresi boyunca 18.7 mm yagis gerceklesmis, giinliik ortalama sicaklik ise 13.8°C olarak
kaydedilmistir. Arastirmanin yiiriitiildiigu stire icinde yagis miktar1 az olsa da; kisin gelen yagislarin da
etkisiyle toprak nemi yiiksek seyretmis ve toprak su potansiyeli -0.20 bar diizeyini asmamistir. Sonuglar
cam agaclarinda giinliikk su tiikketiminin 0.08 - 57.83 kg; mese agacglarinda ise 0.05-52.55 kg arasinda
degistigini gostermistir. Calisma periyodu boyunca su tiikketimi cam mesceresinden 35.51 mm m-2; mese
mesceresinden ise 38.75 mm m-2 olarak gergeklesmistir. Devam etmekte olan bu ¢alisma vejetasyon
periyodu ilerledikce ve yaprak yiizey alani arttikga her iki mescereden de daha yiiksek su tiiketimi
miktarlarmin dlgtilecegini gostermektedir.
Anahtar Kelimeler: Bitki 6zsuyu akisi, Govde 1s1 dengesi, Su tiiketimi, Transpirasyon
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Introduction

Water is one of the main component for all
kinds of living organisms and it has an
important role on the quality of life. Countries
which have less water than 1000 m-3/per
year/per capita classified as “water poor
country”. Turkey has 1519 m-3 water per year
per capita today (URL1, 2016). According to
population grow projections by Turkish
Statistical Institute, (URL2, 2016) water
scarcity will be an important issue in 2030.

If a watershed considered as a factory,
precipitation can be accepted as an input, and
water flow as an output. Since the amount of
precipitation cannot be increased by humans
continuously, vegetation  management
practises are conducted to gain more water
from watersheds. Hence, it is important to
know consumption rates of tree species for
vegetation management and plantations in
these watersheds.

Variety of methods have been developed
to measure transpiration of plants such as,
transpirometer, lysimeter, tent, watershed
water balance and sap flow methods (Ozhan,
1982). Sap flow method has been developed
after the pioneer work of Huber in 1932 and
several methods have been announced based
on different principals (thermodynamic,
electric, magnetic resonance) ever since
(Cermak, 2004). The primary of them are,
trunk segment heat balance method (Cermak
vd., 1973, 1982; Kucera vd., 1977), stem heat
balance method (Sakuratani 1981,1984), heat
dissipation method (Grainer, 1987) and heat
field deformation method (Nadezdhina,
2012). The advantages of the sap flow
method can be summerized as being time and
cost effectiveness, measurement directly in
the pure nature without any restriction,
mobility, simple setting and reliability of the
results beside measuring without any damage
to the trees.

The main goal of this study was to compare
water consumption of needle and broad-
leaved tree species in the same site in order to
understand which one is more water efficient
or which one consumes more water than the
other.

Material and Methods
The study was carried out in Atatiirk
Arboretum - Belgrad Forest (41°09'48" - 41°
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10" 55" N, 28° 57' 27" -28° 59' 27" E) on two
experimental plots next to each other. Mean
annual precipitation is around 1090.4 mm and
mean annual temperature is 12.8 °C in the site.
The warmest month is July and the coldest is
February (Serengil et al; 2007).

Pinus nigra Am. subsp. pallasiana
(Lamb.) Holmboe and Quercus petraea
(Matt.) Liebl were selected as representatives
of needle and braod-leaved tree species,
respectively (Figure 1). The oak stand was
natural while pine stand was plantation. The
study period covered the first month of the
growing season (01.04.2016-30.04.2016).
Six trees in both plots were selected as sample
trees according to the quantil of total method
(Cermak et al, 2004). Leaf area index (LAI) of
the plots were 0.58 for pine and 0.54 for oak.
The area of the pine plot was 800 m-2 while
the oak plot was 1300 m-2.

Figure 1: The oak plot on the left and the

pine plot on the right in Atatiirk Arboretum-
Belgrad Forest

The equipment used for this study were 12
EMS 81 sap flow sensors (six sensors per plot
from Environmental Measuring Systems,
Brno, Czech Republic) working according to
the trunk heat balance method (Cermak vd.,
1973, 1982; Kucera vd., 1977); 12 electronic
dendrometers, one mini automatic weather
station including pluviometer, solar radiation
sensor, air humidity and air temperature
sensor (EMS

Minikin RTHI and rain gauge) just next to
the experimental plots, triple soil water
potential sensors for each plot (EMS Microlog
SP3) and one automatic meteorological
station (Campbell Scientific GRWS 1000) 5



International Forestry Symposium (IFS 2016)
07-10 December 2016, Kastamonu/TURKEY

Proceedings

km far away from the study area. Leaf area
index (LAI) was estimated by CL-110 plant
canopy imager (Bio-science.inc).

In the trunk heat balance method, a section
of a large tree trunk was heated from the inside
by an electric current (with electrodes), which
passes through the the tissues. There were four
electrodes and thermosensors in the system,
all of them were placed into the tree trunk
(Figure 2). Three of the electrodes were
heated and positioned up to 10 cm above from
one central electrode (Cermak et al., 2004).

The central electrode was not heated. The
temperature difference (dT) between upper
heated electrodes and reference end was
measured by needle type thermosensors.
Method was calculated the heat balance of a
defined heated space according to the
equation below (Cermak et al., 2004):

P= QdTcw+dTA

Where P is input power (W), Q is the sap
flow rate (kg s-1), dT is the temperature
difference in the measuring point (K), cw is
the specific heat of water (J kg-1 K-1) and A is
the coefficient of heat losses from the
measuring point (W K-1).

After installation of the sensors, tree trunks
were packed with polyuretan foams against
direct heat of the sun and heat isolation. The
data were evaluated by EMS Mini32 and
Microsoft EXCEL softwares.

Figure 2: EMS 81 Sap flow system with
electrodes and thermosensors on a tree trunk

Results
During the study period, total amount of
precipitation was 18.7 mm and mean daily
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temperature was 13.8°C. Even though low
amount of precipitation during the study time,
moisture was high in the soil as a result of soil
moisture discharge with sufficient winter
precipitations and mean soil water potential
was -0.20 bar.

Results showed that daily water uptake by
individual trees varied from 0.08 kg to 57.83
kg for pine trees while it changed between
0.05 and 52.55 kg for oak trees per day.
Maximum daily uptakes were 3.93 mm m-2
and 1.91 mm m-2, average daily uptakes were
1.43 mm m-2 and 1.31 mm m-2 for oak and
pine stands, respectively. When whole study
period was considered water consumptions
were 35.51 mm m-2 for pine and 38.75 mm
m-2 for oak stands. At the beginning of the
study period, oaks had no foliage while pines
had already grown up leaves, but
interestingly, water uptake of oak increased
dramatically, only 8 days after the beginning
of vegetation period, and never fell behind of
the the pine (Figure 3).

Discussion and Conclusion

There are not many research on
transpiration and water uptakes of pine and
oaks in our country. On the other hand,
Anatolian black pine is a native tree species to
Turkey. So results of this study were
compared with the results of similar studies
from all over the world. Results of this study
was inconsistent with those carried out in
different regions. For instance, Poyatos et al
(2005) found that Scots pine (P. sylvestris L.)
transpired almost twice more water than
pubescent oak (Q. pubescens Willd.) with 3.7
mm and 1.4 mm maximum transpirations
respectively for whole growing season. Other
researchers reported also lower transpiration
rates for pine, as 88 mm total in Austria
(Weiser et al, 2014) and 25 kg daily maximum
in Sweden (Cienciala et al, 2002), which are
quite lower compared to ours, but mean
annual temperature and precipitation was also
lower (7.3°C and 718 mm) in the study carried
out in Austria. Maximum stand transpiration
for Scots pine reported 3.9 mm (Moore et al,
2004). The water uptake of our pine plot did
not reach this value at the beginning of the
vegetation period, but it may reach as
vegetation period progresses.
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Figure 3. The water uptake comparison of black pine and sessile oak in the first month of
vegetation period

Moreover; daily maximum transpiration rates
reported as 71 kg for Q. alba L. and 46 kg for Q.
rubra L. (Wulschlegger et al, 2001). One of the
highest transpiration rate reported with 100 ears
old Q. robur L. as 400 kg daily maximum and
39000 kg total for growing season per tree, in a
floodplain forest, Czech Republic (Cermak et al,
1982). Compared our results, we have already
seen or we were very close to these values in the
beginning of the vegetation period except the one
in floodplain forest, so it is obvious that we will
see much higher amounts of transpiration rates in
the sessile oak. These differences can be
attributed to differences in both meteorological-
geographical conditions and the difference of the
species.

With considering the preliminary results of
this study, higher amounts of water uptake can be
expected for both species as air temperature
raises, leaf are index increases and vegetation
period progresses. It can also be expected that oak
stand will transpire 2-3 times more water than
pine stand for the whole vegetation period in the
sub-humid region. It is also apparent that more
researches should be done in Turkey about water
consumption of trees in order to practise water
efficient vegetation management studies for next
years.
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