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Abstract. Instrumental measurements were carried out on utbkamant Acer, Fraxinus and Tilia
species and varieties in the Buda Arboretum (N 8427" E 19°02'19.6") in order to evaluate
differences between their photosynthetic and gashange performance. Stomatal conductance,
transpiration, net photosynthesis and photosyrthatitive radiation (PAR) on sample leaves were
measured and calculated using the LCi infrared gyayzer (IRGA). Meanwhile the photosynthetic
activity (net CQ assimilation) of leaves showed correlation to PARymatal conductance and leaf
temperature, there are significant differences dobetween genera and species of urban trees, which
suggests that their GQassimilation capacity differs. This influences tedue of genera and species
considering the urban air cleaning due to their, @igation. Under the examined conditions leaves of
Tilia sp. showed higher photosynthetic capacity comptoddter or Fraxinussp. The transpiration rate
of leaves correlates to stomatal conductance afddenperature. The low transpiration raté=cdixinus
excelsior ‘Westhof's Glorie’ leaves suggests more economatew use. We also found considerable
differences in water use efficiency (WUE) betwepecdies and generdilia sp.Acer platanoidesand
Fraxinus excelsiofWesthof's Glorie’ showed higher WUE comparedAtcer negundo

Keywords: CO, fixation, stomatal conductance, transpiration ratater use efficiency, urban trees

Introduction

Due to a long selection process the studied treeisp and varietiesF(axinus
excelsior'Westhof's Glorie; Tilia tomentosdVI’ , Acer platanoidesCrimson King’)
adapted well to urban climate. Besides their a@istieand theoretical values the
currently used species and varieties in urban asdss help to make the human
environment much more comfortable due to their,G®@ation and water vapour
emission. Calculations were made recently to esértizeir value expressed in money
to aid the efforts of protecting the trees (Radi9%, Joszainé Parkanyi, 2007). There is
little information about the yield on environmenkanefits of urban trees and there are
only few references about systematic measurements.

Knowledge about the CQixation and water vapour emission of trees arrdishhas
to be confirmed with onsite instrumental examinagi®o get actual information. There
are little reliable data about LAI values and plsgtghetic activity of such trees and
shrubs which are exposed to various stress fag&irspollution, drought, human
impacts) in different environmental conditions. dsein urban spaces are exposed to
several harmful factors (heavy metal accumulatiorand in them, drought- and heat
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stress, human impacts), so it can easily be seantliese trees have to cope with
significantly different conditions than the oneasrig in forests.

Series of measurements began in autumn 2010. Tin@faourin situ instrumental
examination on urban park-trees was to evaluaie phetosynthetic activity, water use
efficiency and developing methodology for accuratgrumental examination, which
can be used in cities and can estimate the tresdtrstate, photosynthetic activity and
their impact on the urban microclimate and air gyal

Review of literature

There are estimated values for £@ssimilation and O emission mainly from
earlier studies under forest conditions carried mutrees between 20 and 90 years of
age (Radd, 2001). Urban climate, of course, credifesyent environmental conditions.
Several studies emphasized the importance of emwieatal conditions for leaf gas
exchange. Endres et al. (2009) found that lighirenment influence the CQixation.
The correlation between PAR (photosynthetic actaaiation) and photosynthetic rate
of Tabebuia chrysotrichaliffers depending on light environment: the catiein was
stronger (R=0.6699) at plants grown under shade and low&:qR9) at plants grown
in sunlight. They also found different correlatidevels between PAR and leaf
temperature (R0.86 under shade;?R0.25 in sunlight), and between PAR and water
use efficiency (B=0.71 under shade;*R0.4299 in sunlight). Fini et al. (2010) studied
the effect of light environment to leaf gas excleiagd found that response to shade is
species-specific. Rhododendron hybr responded to shading by decreasing its
transpiration and stomatal conductance. Shadingeased carbon assimilation of
Choisya ternatevhile Viburnum xpragensshowed a great adaptability to the different
light environments: plants grown in full sun anddan60% shade had similar leaf gas
exchange. Several studies on woody species haved fincreased photosynthetic
activity in elevated C@in controlled circumstances (Ceulemans and MoussEz04,
Curtis, 1996; Heath and Kerstiens, 1997).

In Spain, Gortan et al. (2009) measured daytimmatal conductance dfraxinus
ornusin different drainage places and the average vate 0.3-0.4 pmol hs?, the
maximum measured value was 0.58 pmof 1. In Switzerland, Leuzinger et al.
(2010) measured midday stomatal conductance in gadtkstreet circumstances and the
results ranged from 0.124 to 0.247 pmof 81 for all measured species, for example
Tilia tomentosa (0.193 pmol rif s?), Acer platanoides (0.143 pmol rfs') and
Platanus acerifolig0.247 pmol rif s7).

Several studies showed wide range of stomatal @badce measured on woody plants.
On Tabebuia chrysotrichafEndres et al. (2009) measured average 0.14 pfhgim
stomatal conductance in full bright and averag® @uthol m? s* under shade. Rodrigues
et al. (2010) measured daily stomatal conductamom f8:00 to 18:00 and found
maximum stomatal conductance in the morning Arnocarpus heterophyllus
(0.78 umol nif s*) and at noon oAnnona squamos®.93 pmol rif s%).

Although it is generally assumed that stomata cl@de night, Daley and
Phillips (2006), Snyder et al. (2003), Bucci et @004) and Grulke et al. (2004)
measured stomatal opening in some species. Forpedbaley and Phillips (2006)
measured that the stomatal conductance droppedyu®5% inBetula papyrifera but
in Quercus rubra and Acer rubrum they measured the stomatal conductance
approaching to zero.
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Considering the water use d&marix chinensisAnderson (1982) measured that the
plant transpires more than its own fresh mass kaahin bright sunlight conditions.

The measurements of photosynthetic activity andspaation rate of the leaves are
frequently used tools on horticultural crops, aises questions of methodology when
applied on urban trees. On fruit trees it has atgsegnificance as a great part of the
light energy absorbed by the leaves can be turmad vield (Hrotkd, 2002).
Gyeviki (2011) measured 9-1ifmol m?s®* CO, fixation and 4-10 mmol is*
transpiration on cherryPfunus aviumleaves in field conditions, while also on cherry,
Noitsakis and Nastis (1995) reported 3-4 mmdish and 10-20 mmol fis*
transpiration, in field and under shelter, respedyi.

M aterials and methods

We have chosen sample trees for the measurememsids fromTilia, Acer and
Fraxinus genera) which are suitable for modelling urbarkpar street-trees. For the
sake of proper statistical evaluation and data @vaiplity measurements were made in
bright sunny weather (average temperature: 20.2ZafChumidity: 57.67 %, maximum
wind blow: 7.63 m $) in the middle of September.

For the measurements we have chosen differentbtddctrees in Buda Arboretum.
The leaf gas exchange was measured using the lu@ragnt on 10 leaves per tree in
4-5 repetitions, so in all we got 40-50 measuremsientsingle leaves per each variety of
trees.

To measure the photosynthetic activity, an infragas analyzer was used (LCi
device of ADC Scientific Ltd.). It measured andocadited various parameters such as
the HO and CQ exchange rates of the leaves, the atmosphericsyes the
temperature, the PAR (photosynthetic active ragiitvalue at the surface of the leaf,
the CQ concentration between cells, the transpirationstathatal conductance.

From among the measured data the photosyntheticeaadiation (PAR), the
surface temperature of the measured leaf, the pmati®n rate, the stomatal
conductance, the photosynthetic rate and wateeffiseency (WUE) were evaluated.

The statistical analysis of data was carried ounhgughe statistical software
PASW18. Since the data were positively skewed arstfongly kurtic, first a Box and
Cox (1964) transformation was made. As the examuaeidbles are strongly correlated
we run a multivariate overall analysis of variafREANOVA) with a fixed factor of the
species and a follow-up between-subject analysis.dalculated the observed power
using alpha=0.05 and we also considered the effeetmeasure (denoted by partja
which gives the variance explained by a given darplg variable of the variance
remaining after excluding variance explained by otiger variables. Normality of the
residuals of the MANOVA model was checked with dosgno (1990) test.
Homogeneity of variances was tested with Levené &esl in case the result was
insignificant (p>0.05) we run a Tukey post hoc tedtile in case it failed, we applied
Games-Howell post hoc test, both indicate signifeeadifferences at p<0.05 level.
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Correlation and multiple regression analyses wevpaedacted to examine the
relationship amongst stomatal conductance, traasmir, photosynthesis, leaf
temperature and PAR in different model structurettem in general form of

Y =py+ P X+ P, X, + P X+ p, X, +E, (Eq. 1)

whereY denotes the dependent variable (chosen one frafrslgface temperature,
transpiration rate, stomatal conductance and piotbstic rate),
X, denote the explaining variables (selected suitétalgn variables PAR, surface

temperature, transpiration rate, stomatal condeetamnd photosynthetic rate),
multiplied by coefficientsp and

& denotes the normally distributed error term wighazexpectation.

The explaining variables were chosen with stepwis¢hod as the significance level
of the F value of the model was below 0.05 and were remdxad the model if the
significance of thd- value was over 0.1. The parameter estimations tested with t-
test. Normality of the error terms was proved wdfAgostino (1990) test (p>0.05).
Since there was significant correlation betweenarmg variables, the tolerance was
also calculated for each explaining variable. Isecthe tolerance was below 0.1, the
model was reduced to a smaller number of explamargbles.

Results and discussion

During our measurements in Buda Arboretum in aut2040, leaves ofAcer,
Fraxinus and Tilia genera were investigated with the LCi device. Tdwerall
MANOVA test was significant (Wilk’s lambda=0.027<0.001). The between-subject
ANOVA was significant for all variables (p<0.001)tlv observed power higher than
0.99. The effect size was the highest of leaf serfeemperature (partiaj®=0.219)
followed by the ones of transpiration and stomeseaiductance (partiaf=0.581; 0.406,
respectively). The effects of photosynthetic ratdeaves, water use efficiency and
photosynthetic active radiation are low (partjat0.379; 0.290; 0.219, respectively).

Photosynthetic active radiation (PAR) values measured on |eaf

Considering the absorbed PAR values it is cleaitjble that the measured trees
were located in different PAR-exposed conditiokgy( 1). The different PAR may
greatly influence the photosynthetic activity odpls (Endres et al., 2009). These values
were measured in a period from 12 am to 14 pm whmeans the highest radiation
during the day. The more shad&der platanoidesandTilia tomentosdBalaton’ trees
were exposed to significantly lower PAR exposittmmpared to the free standing, sun-
exposedrilia cordata This should be considered in further evaluation.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(2):95-206.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN 1785 0037 (Online)
© 2012, ALOKI Kft., Budapest, Hungary



Forrai et al.: Studies on estimation of leaf gashexge of ornamental woody plant species
-199 -

1000 -

873.50a
900 +

800 +
697.80a
7907 613.21
2la
o0 | 586.55a
o0 467.20ab
o 362.59ab
302.40ab 335.10ab
300 +
200 +
51.40b 107.10b
100
N m | [l

PAR on leaf (umol m?s™)

o o - n o 0 - © I « «
° hshke] Q 1] =1 Q P 1] 0 0
c <ot o s 2 c s s < o o o
5 58 ‘S 5 & 5] % O ° = == =
2 2 c c X EE o0 ] © o 8 o -
c e 8 8 s sg=% g o0 © £ E © £ >
> [ < 3 < O 2= < S S ® S
:— = _ —_ 0 e = = = —
7] o O o S o S O = m
2 2 c o £ 2 S = g 8 8
= ) [Tl = = =
3 S O @ ro [~ [~ [~
< < 2

Figure 1. Average PAR values on leavempl ni’ s%) of the measured plants. Different letters
mean significant differences according to Games-élopost hoc test (p<0.05).

Leaf surface temperature

Considering leaf surface temperature there ardafggnt differences found between
the trees of different genergig 2).

30 T
28 T

26 +
24183 53 e 23.53ab

“ 7721.96bc 22.17bc 21.94bc
=7 19.96de 19.95de 20.63cd

20 + 19.00e

18 +

16 +

14 +

12 +

10 A : : : : : | | |

Leaf surface temperature (C)

o o 0 n [%) -
S T T [ O o > .2 % 3 & 3
c c o k=] T & c S 5 S [©] =] [©]
=] S ) R © xX = = e € c e
=2} >0 X = 0O S c c 5 c
Q D »n % %C o= (%) o 2 mﬁ 2z
2tz & 5e B g¢ ¢ 5 E5 55
5 5% = 32 <3 £ 0o = = = A =
2 X - > E 2 3E = © o R
E = = = =
3 80 aQ ro = = [~
< < =

Figure 2. Leaf surface temperature (°C) with the mean vabidhe measured plants. Different
letters mean significant differences according tnt&s-Howell post hoc test (p<0.05).
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Within genusTilia the low PAR exposed 'Balaton’ did not show sigrafit lower
leaf temperature. Despite the great differenceAR Rbsorption, there is no significant
difference in leaf surface temperature either witlicer species, or withinAcer
negundo However, the PAR absorption differences are c&die in the leaf temperature,
SO we can say that the leaf surface temperatutieeoplant can be a subject of genera
features under similar environmental conditions.

The results showed that at the same time and wwaahee conditions three species of
Tilia genus had the highest leaf surface tempegattiten PAR exposition was similar.
The low PAR-exposedTilia tomentosa‘Balaton’ had some lower leaf surface
temperature but it is not proportional to the lodRPvalues. Species from tligaxinus
genus had significantly the lowest leaf surface perature in the measured period
(Fig. 2) though the PAR exposition of the leaves was magtiate.

Table 1. Regression diagnostics of the model of leaf sutiacgerature (°C)

Variance
Model Corr. R? | Parameters ¢ Toler- | F with | explained
Dependent | Explaining ' ance df by the
variable variables model
constant Po | 17.435( 73.52*** -

transpiration| 0.723** p, | 5.497 | 14.45**| 0.146

Leaf surfacg photosynthet 0.570%* 0172 | 600 | 0612 (133%)13242 0.777%+
temperaturq ¢ rate ' P ' ' ' b
stomatal | o 504 | p, | -38.527| -10.65% 0.14
conductance

*p <0.05; **p <0.01; **p<0.001

Table 1summarizes the regression analysis results: thagiate correlation between
the leaf surface temperature and the explainingabkes such as transpiration,
photosynthetic rate and stomatal conductance, stima@ed parameters, thealues of
the estimated parameters, the tolerance of the Imade@bles, theF value of the
ANOVA model test with its degrees of freedom ane thariance explained by the
model.

Table 1shows that the leaf temperature depends fromré®estnon-environmental
conditions which is indicated by the significantretation between the leaf temperature
and transpiration, photosynthetic rate as welltamatal conductance. The correlation
IS negative in case of stomatal conductance. Tta&gd parameters are all significant
and the explained variance of the model is high7D).

Stomatal conductance of leaves

We have found significant differences in stomatailductance between species and
genera even under similar temperature which suggeghin different responses to
environmental conditions=(g. 3).
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Figure 3. Stomatal conductancarfiol m” s?) with the mean values of the measured plants.
Different letters mean significant differences aduog to Tukey post hoc test (p<0.05).
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Table 2summarizes the regression analysis results: thagiate correlation between
the stomatal conductance and the explaining vasabsuch as transpiration,
photosynthetic rate, leaf surface temperature akid, Rhe estimated parameters, the
values of the estimated parameters, the tolerahtteeanodel variables, the value of
the ANOVA model test with its degrees of freedond &me variance explained by the
model.

The correlation between stomatal conductance amgpiration, photosynthetic rate
as well as leaf surface temperature are all sipmfi the latter two variables are
negatively correlated to stomatal conductankab(e 3. The estimated parameters are
all significant and the explained variance is aghlas 0.937.

Table 2. Regression diagnostics of the model of stomatalwctance gmol m? s¥

Variance
Model corr. R? | Parameters ¢ Toler- | F with | explained
Dependent | Explaining ' ance df by the
variable variables model
constant Po 0.208 9.62%** -
transpiration| 0.924*| p, 0.119 30.34***| 0.42
Stomatal PhotosyNNett o619+ | p, | 0.004 | 6.80% | 0.557 | (4;111)
omata 414.27 | 0.937%
conductance leaf surface K
0.504** | p3 | -0.012 | -10.20*** 0.429
temperature
PAR 0.367** | ps |-1.20E-05 -3.52** 0.649

*p <0.05; **p <0.01; **p<0.001
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Transpiration rate of the leaves

The leaves of trees of different species also sHosignificant differences in
transpiration rateHig. 4). The results revealed that varieti&ser platanoides, Acer
platanoides 'Crimson King'. Acer pseudoplatanugnd Fraxinus exc. ‘Westhof's
Glorie’showed low transpiration contrary to the@timeasured species of this genus.
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Figure 4. Transpiration rate (mmol fs") with the mean values of the measured plants.
Different letters mean significant differences ading to Tukey post hoc test (p<0.05).

Leaves of theTilia genus had high leaf surface temperature and tradsmore in
the measured period than leaves of other speciesurer at similar PAR values. In
comparison toPrunus aviumleaves measured by Gyeviki (2011), ornamentalstree
transpired significantly less on a leaf surfaceidoabBhe transpiration rate measured on
Tilia tomentosaleaves is close to the rate measured by Noitsakis Nastis (1995).
Within the Acer genus assuming proportional transpiration and RaRies, Acer
platanoides 'Crimson King' transpirated significantly less, iéh Acer negundo
transpirated as double as the otheer species.

Table 3summarizes the regression analysis results: thagiate correlation between
the transpiration rate and the explaining varialbdesh as stomatal conductance,
photosynthetic rate, leaf surface temperature akid, Rhe estimated parameters, the
values of the estimated parameters, the tolerahtteeanodel variables, the value of
the ANOVA model test with its degrees of freedond &me variance explained by the
model.

Strong correlation was found between transpiratae and stomatal conductance
(Table 3. This is in correspondence with the results Gogaal. (2009) measured on
Fraxinus ornus The transpiration rate of the leaves correlateth Wweaf surface
temperature, tooT@ble 1, the highest transpiration rate was measured eanebk
showing leaf surface temperature above 25°C.

The estimated parameters are all significant aeceiplained variance of the model
is high (0.955).
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Table 3. Regression diagnostics of the model of transpiratate ¢imol m? s™)

Variance
M odel . .
Dependent Explaining Corr. R® Parameters t Tac;:?e- F\(Ijvflth exg))l/allt?:d
variable variables model
constant Po -1.799 | -11.48*** -
Cosrﬁgum;;"ﬂce 0924+ | p, | 7.487 | 30.34%| 0.583
ph°t°53t’”the“‘ 0.600% | p, | -0.023 | -5.07%| 0.484| (4;112)
Transpiration rate 585.77 | 0.955%*
*%k%k
:gfnfps;gffri 0.723* | p, | 0109 | 13.34**| 0.576
PAR 0.495* | p, | 1.03E-04| 3.72%* | 0.656

*p <0.05; **p <0.01; **p<0.001

Photosynthetic rate of leaves

Although Acer platanoides’Crimson King' and Tilia cordata showed greater
differences in stomatal conductance, their,@8similation was higher which suggests
differences in CQfixation capacity of leaved={g. 5). The genudilia showed highest
net CQ assimilation except for the tree ‘Balaton’ whictasvexposed to lower PAR
value. Gyeviki (2011) measured similar £fxation values orPrunus aviuntrees in a
high density plantation. The photosynthetic acyiwf the leaves of other species was
significantly lower compared toilia.
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Figure 5. Photosynthetic rateufnol m?® s*) with the mean values of the measured plant.
Different letters mean significant differences ading to Tukey post hoc test (p<0.05).
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Table 4summarizes the regression analysis results: theibte correlation between
the photosynthetic rate and the explaining varmisiech as stomatal conductance, leaf
surface temperature and PAR, the estimated paresnéitet values of the estimated
parameters, the tolerance of the model variabhess tvalue of the ANOVA model test
with its degrees of freedom and the variance erpthby the model.

Table 4. Regression diagnostics of the model of the photisija rate of the leaves (mmof ')

Variance
M odel . i
Dependent | Explaining Corr. R | Parameters t Ta?lgra— F\(,jvflth exkil/a'?r?:d
variable variables model
constant po |-8.332( -2.609* -
Cosr:gumciﬁce 0.619% | p, |24.753| 5327+ | 0.731
Photosyntheti leaf surface (glglég) 0.516***
rate temperature 0.570** P2 0.469 2.82** 0.617 A )
PAR 0.519** ps 0.002 | 3.172* 0.715

*p <0.05; **p <0.01; **p<0.001

The correlation of net CQassimilation rate of leaves showed significantaation
to stomatal conductance, leaf surface and PARble 4. Though the estimated
parameters are all significant together with thpl@xed variance of the model (0.516),
the latter value is the lowest compared to therathgression models which implies that
other factors, like species or genus treats mighhiolved in correspondence to Endres
et al. (2009) and Fini et al. (2010).

Water use efficiency (WUE) of leaves

Calculating the water use efficiency (WUE) sigrafit differences were found
between genera and speciekig( 6). The leaves ofTilia species with high
photosynthetic activity and high transpiration rgféig. 4 and Fig. 5 showed
intermediate water use efficiency. According to oweasuremenfcer negundoand
Acer negunddKelly’s Gold’ have the lowest water use efficigntere the low net CO
assimilation was accompanied with high transpiratiate Fig. 4 and Fig. 5). Acer
platanoidesshowed the highest WUE.
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Figure 6. Water use efficiency of leaves on the investigptaats ([g CQ/kg HO] m? s?).
Different letters mean significant differences ading to Games-Howell post hoc test
(p<0.05).

Conclusions

There are considerable differences found in netgeyathetic rate and transpiration
rate in leaves of different species and generaaA®nsequence, these plants have
different capacity of environmental benefits.

We showed that transpiration rate was stronglyuericed by leaf temperature and
stomatal conductance. Since these variables aegingt during the day and the
vegetation period, an accurate comparison of gersgecies or cultivars would be
needed under the same environmental conditions.

Further on, for an exact evaluation of the GBsimilation capacity of the urban tree
canopy and green space systems we should followldtye and also the annual course
of the activity of the leaves. To follow this coarand to compare the species, varieties
and site conditions more precisely, measurememsldtbe carried out after the leaves
have completely developed, through all day andfferént periods of the year.

Only leaves exposed to direct sunlight were measseoefar, which are playing the
main role in photosynthesis, however, more shadauels also exploit some sunlight
which implies that measuring them would raise nepeats and questions.

Our study confirmed that the stomatal conductanfleences the transpiration rate
and CQ assimilation rate strongly. By observing the dalyd annual alteration of
stomatal conductance we could get a more accusagcaabout the photosynthesis and
the water use of each tree and about their envieomshvalue.
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