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Comparison of Leaf Traits (SLA And LMA) on Different
Populations of Alcea apterocarpa
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ABSTRACT

n this study, we compared specific leaf area (SLA) and specific leaf mass (LMA) of Alcea apterocarpa (Fenzl)

Boiss populations in different localities. SLA and LMA are important leaf parameters because they are re-
lated to leaf nutrients, leaf economy and gas exchanges with atmosphere. So many species adjust leaf para-
meters (i.e. SLA and LMA) across to environmental gradients. A. apterocarpa is a ruderal plant and has wide
distribution area. Additionally it has got ethno botanic features for example use for medicine plant. We selec-
ted six individuals form three different localities for this study. Each locality has different density of the human
populations. We collected green and senescence leaves from localities and calculated SLA and LMA values of
these leaves. The results showed that there are very important differences between senescence and green leaf
and between localities. Especially, SLA values of A. apterocarpa population in city center are found to be higher
and LMA values are found to be lower than other populations.
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6ZET

B u ¢alismada, farkli lokalitelerdeki Alcea apterocarpa (Fenzl) Boiss popillasyonlarinin yaprak alani ve spesifik
yaprak agirligr degerlerini karsilastirdik. SLA ve LMA 6nemli yaprak karakterleridir. Clinkli SLA ve LMA
yaprak besinleri, yaprak ekonomisi ve atmosferle gaz alisverislerinde iliskilidir. Bu nedenle bir ¢ok tir yaprak
karakterlerini cevresel gradientlere karsi uyarlamaktadir. A. apterocarpa ruderal bir tirddr ve genis yayilis
alanlarina sahiptir. Ayrica etnobotanik 6zellie sahip olan 6rnek tedavi edici bitki 6zelligine sahiptir. Calisma
icin Uc farkli lokalitede 6 birey sectik. Her bir lokalite farkli nifus yogunluguna sahip bolgelerden secilmistir.
Lokalitelerden olgun ve senesens yapraklar toplanmis ve yapraklarin SLA ve LMA dederleri hesaplanmistir.
Sonuclar, senesens ile olgun yapraklar ve lokaliteler arasinda 6nemli farkliliklarin oldugunu gostermistir.
Ozellikle, sehir merkezindeki A. apterocarpa populasyonunda SLA degeri diger lokalitelere gére en yiiksek
iken, LMA dederi en distk bulunmustur.
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INTRODUCTION

eaf traits are very important in ecosystem

dynamics, they response to environment
and effect on plant functions. Specific leaf area
(SLA) and specific leaf mass (LMA) of leaf traits
are used in most studies [1]. Specific leaf area is
related to net assimilation rate and plant relative
growth rate [2,3]. Specific leaf mass related to
environmental gradient stress for example higher
LMA ratio was proved to be a primary adaptation
to drought stress [4]. Each leaf traits are not yet
clear explainto ecosystems dynamics at the global
scale, so leaf traits are interpreted together [5,6].

The examination of leaf trait relationships of
different ecosystems are therefore necessary.
However, there is some studies [7] that leaf
traits are evaluated with ecosystem properties
at the community and the dominant species level.
Community properties can influence ecosystem
functions [8], it is important to determine, such
as community level, dominant species and non-
dominant species, have similar pattern in terms
of leaf trait response to soil nutrient gradient and
leaf trait effect on ecosystem properties [1]. A leaf
nutrient economy spectrum runs from species
with stingily limited leaf area but short duration
return on investment, to species with high leaf
mass per area (LMA) and long leaf lifespan. Higher
nitrogen and phosphorus concentrations and
faster gas exchange rate are associated with the
lower LMA of the leaf nutrient economy. Herbs,
grasses and deciduous trees tend towards the
lower LMA final and evergreen shrubs and trees
towards the higher LMA final, but there is wide
overlap between growth forms [9-11].

In most of the studies on plant ecology and
plant physiology, the mainly used leaf traits are
specific leaf area (SLA) and leaf mass area (LMA)
[12]. Specific leaf area is one of the most widely
accepted key leaf characteristics used during
the study of leaf traits, among other factors [13].
Specific leaf area can be used to estimate the
reproductive strategy of a particular plant based
upon light and moisture (humidity) levels [14].
Specific leaf area is the ratio of the dry weight of
the plant leaf area and it is associated with the
type of plant, ability to obtain water capacity,
cover and the light intensity of the area where

the plant is located [15]. In the interpretation
of the plant's photosynthetic capacity and light
requirements, SLA and LMA values could be
seen as indicator leaf traits. LMA is expressed
that is the ratio of plant leaf area of the plant dry
weight. As LMA values may change depending
on species, it may change between individuals
of same species. Also depending on season and
environmental conditions, LMA values may vary
on the same species and also same leaf.

Alcea apterocarpa (Fenzl) Boiss is a perennial
herbaceous plants and endemic for Turkey (Figure
1). Although A. apterocarpa is in hazard category
of "LC", it has collected by the people for the aim
of medical and as ornamental plant. In this study,
it was compared specific leaf area (SLA) and leaf
mass area (LMA) values statistically in different po-
pulations of Alcea apterocarpa, distributed in three
different localities in Samsun. we aimed to investi-
gate SLA and LMA values of A. apterocarpa were
significantly changed or not in different populations.
In addition, these values will be provide informati-
on us to understand the strategies of the plant and
ecosystem dynamics.

MATERIALS AND METHODS

The study was conducted in three localities in
Samsun province, taking into account human
population and urbanization. The first locality,
where the urbanization and human population
is the most dense in city center namely Ilkadim.
The second locality, where the human population
and urbanization increasingly decrease, is
Karasamsun. And the last locality where the
absence of urbanization and is 20 km away from
the city is forest area (in Campus of 19 Mayis
University) (Figure 2).

In the population of the selected localities, six
different individuals have been identified. In
the green and senescence period, leaf samples
were collected from six individuals at between
2014 May and November. After cleaning the leaf
samples collected from the field are pressed
and dried. After drying, area of the leaf samples
was measured by planimeter. Areas measured
leaf samples are weighed and dry weight were
determined, after drying in an oven at 65°C
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Figure 1. Distribution area of A. aptocarpa in Turkey.
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Figure 2. The location of the samples collected by localities.

until constant weight. SLA and LMA values are
calculated using the following formula.

SLA= Total leaf area/Total dry leaf weight [1]

LMA =Total dry leaf weight/Total leaf area [2]
SPSS 20.0 software package was used for statistical
analysis. For evaluation of the values of SLA and
LMA, two-way analysis of variance (ANOVA) and
Tukey-HSD tests were applied.

RESULTS
Both SLA and LMA values are statistically significant

in terms of locality and season. When evaluated
together with locality and season, although SLA

value is statistically significant, LMA value is not
(Table 1). According to the Tukey HSD test results,
in terms of both SLA and LMA values, city centre
and campus localities show statistically significant
differences from each other. But there isn't
statistically significant differences between campus
and Karasamsun localities in terms of both LMA
and SLA values (Table 2). It has been determined
that A. apterocarpa populations taken from city

center had the highest SLA and LMA (Table 3).

SLA values are higher than senescence leaves
in green leaves, especially in the city center. The
highest SLA value is 3.157 dm?/g in green leaves
taken from city centre and the lowest SLA value is
0.724 dm?/g in senescence leaves of Karasamsun
locality (Figure 3). In contrast, LMA values are higher
than green leaves in senescence leaves, especially
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Table 1. Tests of between locality and seasonal effects in terms of SLA and LMA values.
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Dependent Type Il Sum )
Source Variable of Squares df Mean Square F Sig.
SLA 9.016 2 4.508 56.175 0.000**
Locality
LMA 2.775 2 1.387 73.006 0.000%**
SLA 0.700 1 0.700 8.724 0.006**
Season
LMA 0.152 1 0.152 8.009 0.008**
Locality * SLA 0.680 2 0.340 4.239 0.024*
Season LMA 0.018 2 0.009 0.474 0.627
*p<0.05, **p < 0.01
Table 2. The comparison of localities in terms of SLA and LMA values
95% Confidence Interval
Dependent . . Mean .
Variable Locality Locality Difference Std. Error Sig. Lower Upper
Bound Bound
City center -1.0006 0.11565 0.000%** -1.2857 -0.7155
Campus
Karasamsun 0.1131 0.11565 0.596 -0.1720 0.3982
City center 1.0006 0.11565 0.000** 0.7155 1.2857
SLA City center
Karasamsun 1.1136 0.11565 0.000%** 0.8285 1.3987
City center -0.1131 0.11565 0.596 -0.3982 0.1720
Karasamsun
Centrum -1.1136 0.11565 0.000%** -1.3987 -0.8285
City center 0.5092 0.05628 0.000** 0.3704 0.6479
Campus
Karasamsun -0.1358 0.05628 0.056 -0.2746 0.0029
City center -0.5092 0.05628 0.000%** -0.6479 -0.3704
LMA City center
Karasamsun -0.6450 0.05628 0.000** -0.7837 -0.5062
Campus 0.1358 0.05628 0.056 -0.0029 0.2746
Karasamsun
City center 0.6450 0.05628 0.000** 0.5062 0.7837
*p<0.05, **p < 0.01
Table 3. Tukey HSD Test result for SLA and LMA values in terms of localities.
Tukey HSD (SLA) Tukey HSD (LMA)
SUBSET SUBSET
Locality N
1 2 1 2
Karasamsun 12 0.8497 City center 12 0.5486
Campus 12 0.9628 Campus 12 1.0578
City center 12 1.9633 Karasamsun 12 11936
Sig. 0.596 1.000 Sig. 1.000 0.056
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Figure 3. Seasonal and locality patterns of SLA and LMA values in A. apterocarpa.

in city centre. The highest LMA value is 1.379 g/
dm? in senescence leaf of Karasamsun locality.
The lowest LMA value is 0.316 g/dm? in green
leaf of city center (Figure 3). Our results implied
that SLA was found to be high in A. apterocarpa
populations taken from city center. Because some
significant ecological factors such as light density
may be limited due to anthropogenic effects.

DISCUSSION

Specific leaf area (SLA) has a important role on
growth and development of the plant and is also
important in capturing the sun light [16]. Shipley
& Almeida-Cortez (2003) stated that low light
levels cause extreme increase in SLA [17]. The
leaf traits that have the greatest plastic response
could be more important for leaf functioning in
different light environments [18]. In the present
study, localities have got different light gradient
and population densities and the city centre
has low light level than the other localities due
to urbanization so it has maximum SLA values
in green and senescence leaves and their LMA
values are minimum.

Markesteijn et al. (2007) stated that the
correlation between SLA and leaf traits occur
at different light levels, this might have led to a
different detected plasticity among habitat types
[19]. The plant communities are composed of
semi-shrubs, forbs and grasses. In the present
study, population type is perennial herb and

characterized by low species richness. The mean
values of leaf traits in these populations are
similiar to those found by Wright et al. (2004) in
the global dataset (p>0.05) [20].

LMA generally has got high values in arid
habitats [21,22]. High LMA expresses high
allocation of biomass per unit area and so allows
for more photosynthetic tissue per unit area.
While this is advantageous under hard conditions
because of the trade-off with respiration [23].
In this study, we found maximum LMA values
in campus and Karasamsun populations. Thus
the strong relationships between plants are
determined in these localities because of natural
vegetation (ruderal vegetation).

When the leaves first occur, they have low
weight and thin. Also the amount of water which
they contain is more. Therefore, SLA value is high
in the newly formed leaves, unlike the LMA values.
In our study, we similarly found that SLA values
are higher than senescence leaves in green
leaves and LMA values are higher than green
leaves in senescence leaves. During senescence,
plants allocate nutrients in the leaves to resistant
tissue before pouring their leaves. Through this
mechanism, it is called resorption, leaf weight
decreases, and in this period, leaf area increases
parallely with increase amount of precipitation.
So, the SLA value is expected to increase [24]. In
our study, it has been shown that SLA values were
not increased during senescence period. Drought
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and water stress have varying effects on specific
leaf area. In a variety of species, drought caused
the decrease in specific leaf area [25-27]. Casper
(2001) reported that under drought conditions,
leaves were, on average, smaller than leaves on
control plants [28]. This is a logical observation,
as a decrease in surface area would mean that
there would be fewer ways for water to be lost.
Species with typically low specific leaf area values
are geared for the conservation of acquired
resources, due to their large dry matter content,
high concentrations of cell walls and secondary
metabolites, and high leaf and root longevity [29].

It has been shown that SLA reflects previously
captured resources and indicates that species
with high SLA exhibit high productivity [30,31].
Therefore, species with high SLA do better in
resource-rich environments while species with
low SLA do better in resource-poor environments
where retention of captured resources is a higher
priority. In our study SLA values are higher in
centrum locality where soil fertility is high. This
result shows that A. apterocarpa able to adapt
the different conditions.
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