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Abstract Leaf functional traits are adaptations that enable
plants to live under various environmental conditions. This
study aims to determine the differences in leaf functional
traits among plants grouped by growth habit, leaf life span,
leaf lifestyle, leaf form, and origin. Specific leaf area
(SLA) of perennial or evergreen species was lower than
that of annual or deciduous species because longer-lived
leaves of perennial or evergreen species require more
investment in structural integrity and/or defense against
disturbances, especially with any resource constraint. SLA
of large individuals was lower than that of small individ-
uals. The low SLA in large individuals can improve their
response to changing light and water conditions because
increasing plant height is advantageous for light competi-
tion, but it can also impose a cost in terms of structural
support and water transport. Petioles of plants with com-
pound leaves were significantly longer than those of simple
leaves because branching is expensive in terms of gaining
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height. SLA of plants increased with increasing invasive-
ness accordingly, and SLA of invasive plants was higher
than that of their native congeners because invasive plants
should invest more biomass on leaf growth rather than leaf
structures per unit area to achieve a higher growth rate.
Overall, variation in leaf functional traits among different
groups may play an adaptive role in the successful survival
of plants under diverse environments because leaf func-
tional traits can lead to pronounced effects on leaf function,
especially the acquisition and use of light. Plant species
with different growth and leaf traits balance resource
acquisition and leaf construction to minimize trade-offs
and achieve fitness advantages in their natural habitat.

Keywords Leaf functional traits - Leaf shape index - Leaf
size - Petiole length - Specific leaf area

Introduction

Since leaves are exposed and sensitive to environmental
changes, the response of leaf functional traits to such
changes could enable plants to occupy a wide variety of
environmental conditions (Poorter et al. 2009; Campitelli
and Stinchcombe 2013). Thus, leaf functional traits can
offer a link between various environmental factors and leaf
function (Legner et al. 2014; Xiao et al. 2015; Wang et al.
2016).

Normally, leaf functional traits may vary by plant spe-
cies and groups because species and groups vary in their
tolerance to various environmental selection pressures;
thus, leaf functional trait differences among plants with
different growth and leaf types can reflect their success-
fully adaptive strategy (Poorter et al. 2009; Scheepens et al.
2010; Campitelli and Stinchcombe 2013). Hence,
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determination of the differences in leaf functional trait
among these different plant types is important in illumi-
nating the mechanism underlying the ecological strategy of
plant species to occupy different habitats successfully.

Generally, specific leaf area (SLA, defined as invest-
ment per unit of light capture surface deployed) is one of
the most important indices of leaves because it can be
used as an indicator of the resource-use strategy of
plants (Poorter et al. 2009; Scheepens et al. 2010;
Pietsch et al. 2014). In particular, high SLA indicates
high resource acquisition and use efficiency with low
investment in leaf construction and protective tissues
(Poorter et al. 2009; Scheepens et al. 2010; Pietsch et al.
2014). Petiole length, leaf size (indicated by leaf length
and leaf width), and leaf shape index (calculated as the
ratio of leaf length to leaf width) are also important
indices of leaf functional traits because these indices can
also be used as indicators of resource-use strategy of
plants (Poorter et al. 2009; Wang and Zhang 2012;
Soudzilovskaia et al. 2013).

This study aims to determine the differences in leaf
functional traits among different groups of plant species in
Zhenjiang, China and then assess the role that the main
factors played in successful ecological strategies. In par-
ticular, leaf functional traits, including petiole length, leaf
length, leaf width, leaf shape index, and SLA of 50 plant
species grouped according to different traits (growth habit,
leaf life span, leaf lifestyle, leaf form, and origin) were
assessed to provide insights into the resource-use strategy
of these plant species.

Materials and methods
Experimental design

The leaf samples of the 50 plant species (the names and
characteristics of the 50 plant species are shown in
Table 1) were collected from Zhenjiang having subtropi-
cal, humid climate. The annual mean temperature of the
area is approximately 15.6 °C, and its monthly mean
temperature reaches a maximum of 25 °C in July and
decreases to a minimum of —1 °C in January. The annual
precipitation is approximately 1088 mm. The 50 species
were the common plants in the surveyed sample sites. The
50 species were divided into different groups based on their
life form (four categories: tree, shrub, liana, and herb), leaf
life span (two categories: annual and perennial), leaf life-
style (two categories: evergreen and deciduous), leaf form
(two categories: simple and compound), and origin (three
categories: native, alien, and invasive) (Table 1). Sixteen
adult plant samples for each species were collected ran-
domly. At least five fully expanded and intact leaves of one
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plant sample were selected randomly to determine the
functional traits.

Determination of leaf functional traits

Four indices of leaf functional traits (petiole length, leaf
shape index, leaf length and width, and SLA) of the fifty
plant species were determined. Petiole length was deter-
mined by ruler measurement (Xiao et al. 2015; Wang et al.
2016). Leaf shape index was calculated as the ratio of leaf
length to the corresponding leaf width (Wang and Zhang
2012; Xiao et al. 2015; Wang et al. 2016). Leaf length, the
maximum value along the midrib, and leaf width, the
maximum value perpendicular to the midrib (Wang and
Zhang 2012) were measured using a ruler (Xiao et al. 2015;
Wang et al. 2016). SLA was computed using the ratio of
the leaf area to the corresponding leaf dry mass (cm* g~ ")
according to previous studies (Scheepens et al. 2010; Xiao
et al. 2015; Wang et al. 2016).

Statistical analyses

Data were evaluated to determine the deviations from
normality and homogeneity of variance before analysis.
Differences among various dependent variables were
assessed using an analysis of variance between groups
followed by multiple comparisons using the S—-N-K test
when appropriate. Variance analysis for the differences in
the leaf functional traits among different plant groups were
assessed based on the classification of the 50 species sur-
veyed in this study. Statistically significant differences
were set at P < 0.05. Correlation patterns among various
dependent variables were determined by correlation anal-
ysis using SPSS Statistics (version 22.0; IBM, Armonk,
NY, USA).

Results
Leaf functional traits of different plant groups

Differences were observed among leaf functional traits
among the 50 species (Table 2). In particular, mean petiole
length of trees, lianas, and herbs was 48.04 % (P < 0.05),
55.09 % (P < 0.05), and 60.04 % (P < 0.05), respectively,
higher than those of shrubs (Table 3). Mean leaf length of
trees was 19.64 % (P < 0.05) and 32.44 % (P < 0.05)
higher than those of shrubs and lianas, respectively; leaf
length of herbs was 20.09 % (P < 0.05) and 37.87 %
(P < 0.05) higher than those of shrubs and lianas, respec-
tively (Table 3). Mean leaf width of shrubs, lianas, and
herbs was 40.79 % (P < 0.05), 28.21 % (P < 0.05), and
37.74 % lower (P < 0.05) than those of trees (Table 3).
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Table 1 Characteristics of plant species surveyed in the present study

Latin name of plant species Life form Leaf life span Leaf lifestyle Leaf form Origin
Abutilon theophrasti Herb Annual Deciduous Simple Native
Acer palmatum Shrub Perennial Deciduous Simple Native
Akebia trifoliata Herb Annual Deciduous Compound Native
Aucuba japonica Shrub Perennial Evergreen Simple Alien
Berberis thunbergii Shrub Perennial Deciduous Simple Alien
Broussonetia papyrifera Tree Perennial Deciduous Simple Native
Cerasus yedoensis Tree Perennial Deciduous Simple Alien
Cercis chinensis Shrub Perennial Deciduous Simple Native
Cirsium setosum Herb Perennial Deciduous Simple Native
Conyza canadensis Herb Annual Deciduous Simple Invasive
Crataegus pinnatifida Tree Perennial Deciduous Simple Native
Diospyros kaki Tree Perennial Deciduous Simple Native
Elaeocarpus decipiens Tree Perennial Evergreen Simple Native
Erigeron annuus Herb Annual Deciduous Simple Invasive
Forsythia viridissima Shrub Perennial Deciduous Simple Native
Ginkgo biloba Tree Perennial Deciduous Simple Native
Hedera nepalensis Liana Perennial Evergreen Simple Native
Helianthus tuberosus Herb Perennial Evergreen Simple Alien
Hemistepta lyrata Herb Annual Deciduous Simple Native
Hibiscus mutabilis Shrub Perennial Deciduous Simple Native
Hibiscus syriacus Shrub Perennial Deciduous Simple Native
Hosta plantaginea Herb Perennial Deciduous Simple Native
Firmiana platanifolia Tree Perennial Deciduous Simple Native
Lagerstroemia indica Shrub Perennial Deciduous Simple Native
Ligustrum quihoui Shrub Perennial Deciduous Simple Native
Liquidambar formosana Tree Perennial Deciduous Simple Native
Lorpetalum chindense Shrub Perennial Deciduous Simple Native
Magnolia grandiflora Tree Perennial Evergreen Simple Alien
Melilotus officinalis Herb Annual Deciduous Compound Native
Nerium indicum Shrub Perennial Evergreen Simple Alien
Osmanthus fragrans Tree Perennial Evergreen Simple Native
Photinia x fraseri cv. Red Robin Shrub Perennial Evergreen Simple Native
Phragmites australis Herb Annual Deciduous Simple Native
Plantago asiatica Herb Perennial Deciduous Simple Native
Polygonum hydropiper Herb Annual Deciduous Simple Native
Polygonum orientale Herb Annual Deciduous Simple Native
Prunus ceraifera cv. Pissardii Tree Perennial Deciduous Simple Native
Prunus mume Tree Perennial Deciduous Simple Native
Rhododendron pulchrum Shrub Perennial Evergreen Simple Native
Robinia pseudoacacia Tree Perennial Deciduous Compound Alien
Sapium sebiferum Tree Perennial Deciduous Simple Native
Sesbania cannabina Herb Annual Deciduous Compound Native
Sinobambusa tootsik var. luteoloalbostriata Shrub Perennial Evergreen Simple Native
Solanum nigrum Herb Annual Deciduous Simple Native
Solidago canadensis Herb Perennial Deciduous Simple Invasive
Spiraea japonica Shrub Perennial Deciduous Simple Native
Syringa oblata Shrub Perennial Deciduous Simple Native
Trifolium repens Herb Perennial Evergreen Compound Invasive
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Table 1 continued

Latin name of plant species Life form Leaf life span Leaf lifestyle Leaf form Origin
Ulmus parvifolia Tree Perennial Deciduous Simple Native
Wisteriasinensis sweet Liana Perennial Deciduous Compound Native

Mean leaf shape index of plants with different life forms
significantly decreased in the following order: herbs,
shrubs, trees, and lianas (Table 3). The mean SLA of lianas
was 23.23 % (P < 0.05) and 21.66 % (P < 0.05) higher
than those of trees and shrubs, respectively; the mean SLA
of herb was 25.64 % (P < 0.05) and 24.02 % (P < 0.05)
higher than those of trees and shrubs, respectively
(Table 3).

Mean leaf length, leaf shape index, and SLA of annual
species were 26.10 % (P < 0.05), 41.67 % (P < 0.05), and
17.97 % (P < 0.05) higher than those of perennial species,
respectively  (Table 3). No significant difference
(P > 0.05) was found for mean petiole length and leaf
width between the annual plants and perennial ones
(Table 3).

Mean leaf width and SLA of deciduous plants were
23.76 % (P < 0.05) and 9.05 % (P < 0.05) higher than
those of evergreen ones, respectively, whereas mean leaf
shape index of deciduous plants was 23.61 % (P < 0.05)
lower than that of evergreen ones (Table 3). Mean petiole
length and leaf length were not significantly different
(P > 0.05) between deciduous plants and evergreen ones
(Table 3).

Mean leaf length and width of plants with simple leaves
were 56.06 % (P < 0.05) and 60.58 % (P < 0.05) higher
than those with compound, respectively, while mean peti-
ole length and SLA of plants with simple leaves were
13.06 % (P < 0.05) and 22.10 % (P < 0.05) lower than
those with compound, respectively (Table 3). The differ-
ence in mean leaf shape index between plants with simple
and compound leaves was not significant (P > 0.05)
(Table 3).

Mean petiole length of plants with different origins
decreased significantly (P < 0.05) in the following order:
invasive, native, and alien (Table 3) but the order was the
reverse for mean leaf length (P < 0.05) (Table 3). Mean
leaf width of invasive plants was 50.85 % (P < 0.05) and
57.89 % (P < 0.05) lower than those of alien and native,
respectively (Table 3). Mean leaf shape index of invasive
plants was 15.49 % (P > 0.05) and 23.91 % (P < 0.05)
higher than those of alien and native, respectively
(Table 3). The mean SLA of invasive plants was 19.37 and
25.42 % higher than those of alien and native, respectively
(Table 3).
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Relationships between the indices of leaf functional
traits

Correlation patterns between leaf functional traits among
different plant groups were assessed with a correlation
analysis (Table 4). In particular, petiole length was posi-
tively (P < 0.0001) correlated with leaf length, leaf width,
and SLA, but negatively (P < 0.05) correlated with leaf
shape index (Table 4). Leaf length was positively
(P < 0.0001) correlated with leaf width and leaf shape
index (Table 4). Leaf width was negatively (P < 0.0001)
correlated with leaf shape index (Table 4). Leaf shape
index was negatively (P < 0.01) correlated with SLA
(Table 4).

Discussion

Perennial or evergreen species always produce leaves that
have a longer leaf life span than annual or deciduous
species. Thus, the leaves of perennial or evergreen species
had lower SLA and higher tensile strength than in those of
annual or deciduous species, and the leaves of trees and
shrubs also generally had a lower SLA and higher tensile
strength than those of lianas and herbs (Xu et al. 2014;
Silva et al. 2015). The results of this study are consistent
with those previous studies, i.e., the SLA of perennial or
evergreen species was lower than that of annual or decid-
uous species (Xu et al. 2014; Silva et al. 2015), and the
SLA of large individuals was lower than that of small
individuals (Liu et al. 2010). The longer life span of leaves
for perennial or evergreen species requires more invest-
ment in structural integrity and/or defense against distur-
bances, especially with resource constraints (Liu et al.
2010; Cianciaruso et al. 2013; Silva et al. 2015). Hence,
perennial or evergreen species allocate more biomass to
structural rather than metabolic components. The reason
that the SLA of trees and shrubs was lower than that of
lianas and herbs may be due to the higher photosynthetic
capacity of their leaves at a given investment (e.g., SLA, N
and phosphorus contents) because their canopies can
intercept more light than small individuals can (Liu et al.
2010). The low SLA in large individuals can improve their
response to changing light and water conditions (Liu et al.



Variations in leaf functional traits among plant species grouped by growth and leaf types

245

Table 2 Leaf functional traits of collected plant species

Taxon Petiole Leaf Leaf Leaf shape Specific leaf
length (cm) length (cm) width (cm) index area (cm2 gfl)
Abutilon theophrasti 17.06 £ 0.62 14.55 £ 0.34 15.21 £ 0.36 0.96 £+ 0.01 228.52 £+ 5.60
Acer palmatum 2.65 £ 0.09 6.00 £ 0.17 8.56 £ 0.23 0.70 £ 0.01 215.74 £ 5.59
Akebia trifoliata 0.16 + 0.01 3.74 £ 0.11 2.16 + 0.06 1.73 £ 0.02 267.39 + 10.72
Aucuba japonica 247 £ 0.06 14.59 £ 0.25 547 £0.11 2.67 £ 0.04 132.71 £ 1.82
Berberis thunbergii 0.92 £ 0.04 2.48 £ 0.08 1.56 £ 0.05 1.59 £ 0.03 162.77 + 4.41
Broussonetia papyrifera 4.97 + 0.34 11.52 + 0.49 9.74 £ 0.44 1.18 £ 0.01 237.28 £ 7.39
Cerasus yedoensis 2.68 £ 0.05 12.99 £+ 0.27 6.78 £ 0.57 2.01 £ 0.08 163.67 £+ 6.19
Cercis chinensis 0.83 £ 0.02 11.59 £+ 0.36 8.83 £ 0.26 1.32 £ 0.05 171.06 £+ 3.16
Cirsium setosum 0.25 £ 0.01 9.12 £ 0.31 3.19 £ 0.17 291 £ 0.07 204.58 £+ 7.96
Conyza canadensis 0.68 £ 0.04 8.75 £ 0.28 1.49 + 0.06 593 £ 0.17 229.94 £+ 9.29
Crataegus pinnatifida 3.94 + 0.11 8.62 £ 0.35 7.76 £ 0.36 1.12 + 0.02 126.76 £+ 5.72
Diospyros kaki 1.66 £ 0.10 13.58 £ 0.46 7.66 £ 0.31 1.79 £ 0.06 142.00 £+ 7.90
Elaeocarpus decipiens 0.38 £ 0.07 10.22 £ 0.35 3.05 £ 0.08 3.36 £ 0.10 193.62 £+ 11.50
Erigeron annuus 255 +0.24 8.53 £0.52 3.20 £ 0.21 272 £0.12 269.29 £ 6.85
Forsythia viridissima 1.38 £ 0.02 9.25 £ 0.45 3.20 £ 0.09 2.88 £ 0.09 124.09 £ 6.02
Ginkgo biloba 3.50 £ 0.05 5.04 £0.17 587 £0.18 0.86 £+ 0.03 129.82 £+ 3.72
Hedera nepalensis 9.70 + 0.41 6.05 + 0.19 7.84 £ 0.23 0.77 £ 0.02 226.14 £+ 15.49
Helianthus tuberosus 4.54 £ 0.15 18.62 £ 0.31 10.18 £+ 0.28 1.84 £+ 0.03 202.93 + 3.32
Hemistepta lyrata 0.42 £ 0.01 14.81 £ 0.39 7.08 £ 0.28 2.13 £0.08 314.01 £ 10.27
Hibiscus mutabilis 15.06 £ 0.49 13.08 £ 0.26 15.38 £ 0.31 0.85 £ 0.02 256.32 £+ 16.88
Hibiscus syriacus 1.28 £ 0.05 5.40 £ 0.13 3.69 £ 0.10 1.47 £ 0.02 189.32 + 5.41
Hosta plantaginea 16.35 £ 1.72 11.12 £ 0.31 4.54 £0.23 251 £0.10 223.46 £+ 5.24
Firmiana platanifolia 32.890 £ 1.93 24.44 £+ 0.85 34.07 £ 1.26 0.72 £ 0.01 185.46 £ 8.25
Lagerstroemia indica 0.10 + 0.00 6.05 + 0.18 4.05 £ 0.12 1.50 + 0.03 152.06 + 8.84
Ligustrum quihoui 0.35 £ 0.01 4.13 £ 0.25 239 £ 0.11 1.70 £ 0.03 180.68 + 11.31
Liquidambar formosana 6.39 + 0.16 11.01 £ 0.27 15.25 £ 0.38 0.72 £ 0.01 148.97 £ 3.31
Lorpetalum chindense 0.33 £ 0.02 348 £0.11 1.96 £ 0.07 1.79 £ 0.05 94.65 £+ 2.52
Magnolia grandiflora 2.11 £ 0.05 16.77 £ 0.37 7.45 £ 0.31 2.28 £ 0.05 85.27 £ 4.88
Melilotus officinalis 0.15 £ 0.01 2.90 £ 0.08 1.30 £ 0.04 2.25 £ 0.08 137.26 + 3.08
Nerium indicum 0.36 £ 0.02 13.79 £ 0.42 2.51 £ 0.06 551 £0.18 325.74 £+ 13.45
Osmanthus fragrans 0.78 £ 0.03 8.49 £ 0.23 3.58 £ 0.09 2.37 £ 0.04 74.82 + 1.22
Photinia x fraseri cv. Red Robin 1.59 £ 0.04 9.69 + 0.25 3.84 + 0.10 2.53 + 0.04 94.97 £ 2.98
Phragmites australis 9.79 + 0.61 33.67 + 1.64 248 + 0.19 14.08 £ 0.58 134.96 £ 3.51
Plantago asiatica 1.79 £ 0.09 5.83 £0.15 2.29 £ 0.06 2.55 £ 0.04 295.83 £+ 16.28
Polygonum hydropiper 1.54 £ 0.04 12.78 £ 0.23 4.58 £+ 0.09 2.80 £ 0.05 179.60 £ 2.34
Polygonum orientale 8.64 + 0.39 19.30 £+ 0.49 11.77 £ 043 1.65 £ 0.04 222.74 £+ 4.95
Prunus ceraifera cv. Pissardii 1.13 £ 0.05 535+£0.14 2.99 £ 0.10 1.80 £ 0.03 202.59 £ 5.57
Prunus mume 1.13 £ 0.03 6.16 £ 0.13 3.22 £ 0.09 1.93 £ 0.05 209.63 £ 4.62
Rhododendron pulchrum 0.56 + 0.04 6.13 + 0.19 2.28 + 0.04 2.69 + 0.05 178.36 £+ 5.59
Robinia pseudoacacia 0.27 £ 0.02 490 + 0.25 297 £ 0.13 1.65 £+ 0.04 368.677 + 19.85
Sapium sebiferum 2.72 + 0.10 4.84 £ 0.12 4.26 £ 0.13 1.15 £ 0.05 212.15 £ 4.24
Sesbania cannabina 0.25 £ 0.01 4.18 £ 0.19 1.63 £ 0.08 2.58 £ 0.09 156.00 £ 4.07
Sinobambusa tootsik var. luteoloalbostriata 5.54 £ 0.15 9.80 + 0.28 1.56 + 0.06 6.34 + 0.20 188.71 £ 6.92
Solanum nigrum 4.08 £+ 0.18 9.59 £ 0.37 6.57 £ 0.22 1.46 £ 0.02 391.50 £+ 9.86
Solidago canadensis 0.56 £ 0.05 4.96 £+ 0.17 2.56 £ 0.06 1.96 £ 0.09 206.10 £+ 7.08
Spiraea japonica 0.42 £ 0.01 6.03 £ 0.16 1.81 £ 0.07 3.38 £ 0.09 123.31 £ 3.68
Syringa oblata 2.14 + 0.09 8.14 + 0.21 741 £+ 0.26 1.11 £ 0.04 255.96 + 7.81
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Table 2 continued

Taxon Petiole Leaf Leaf Leaf shape Specific leaf
length (cm) length (cm) width (cm) index area (crn2 gfl)
Trifolium repens 26.86 £ 1.68 3.89 + 0.12 3.11 £ 0.11 1.26 + 0.03 316.43 £+ 6.38
Ulmus parvifolia 0.43 + 0.02 7.31 £ 0.22 3.38 + 0.14 2.18 + 0.06 130.87 £+ 5.20
Wisteria sinensis 0.32 £ 0.02 7.58 £ 0.30 3.46 £ 0.16 2.21 £ 0.06 228.03 £ 3.18
Values are mean + SE (n = 16)
Table 3 Differences in leaf functional traits among different plant groups
Life or Type Petiole Leaf Leaf Leaf shape Specific leaf
leaf trait length (cm) length (cm) width (cm) index area (cm2 g’l)
Life form Tree 4.33 £+ 0.52a 10.08 £ 0.35a 7.87 £ 0.51a 1.68 £ 0.05¢ 174.11 £+ 4.88b
Shrub 2.25 £ 0.23b 8.10 + 0.24b 4.66 £+ 0.23b 2.38 £ 0.10b 177.90 £+ 4.23b
Liana 5.01 £ 0.87a 6.81 + 0.22b 5.65 + 0.42b 1.49 £ 0.13¢c 227.09 £ 7.78a
Herb 5.63 + 0.48a 10.96 £ 0.47a 4.90 £ 0.24b 3.02 + 0.18a 234.15 £ 4.43a
Leaf life span Annual 4.12 &£ 0.41 ns 12.07 £ 0.66a 5.22 £ 0.34 ns 3.48 £ 0.28a 230.12 £ 6.03a
Perennial 4.14 £ 0.29 ns 8.92 + 0.19b 5.89 £ 0.23 ns 2.03 £ 0.05b 188.76 & 2.92b
Leaf lifestyle Deciduous 3.89 £ 0.27 ns 9.30 £ 0.25 ns 6.06 £ 0.24a 2.20 £ 0.09b 201.88 £+ 2.91a
Evergreen 4.99 £ 0.58 ns 10.73 £ 0.35 ns 4.62 £+ 0.20b 2.88 £ 0.12a 183.61 £ 6.56b
Leaf form Simple 4.06 £+ 0.24b 10.31 £ 0.23a 6.19 £ 0.22a 2.40 £ 0.08 ns 191.34 +£ 2.71b
Compound 4.67 + 1.05a 4.53 £ 0.17b 2.44 £ 0.09b 1.95 £ 0.05 ns 245.63 £+ 9.32a
Origin Native 4.17 £ 0.27b 9.50 + 0.24b 6.15 + 0.24a 2.26 + 0.09b 190.50 £ 2.80b
Alien 1.91 £ 0.14c 12.02 £ 0.54a 5.27 + 0.29a 2.51 + 0.12ab 205.97 £ 9.79b
Invasive 7.66 + 1.46a 6.53 + 0.31c 2.59 £ 0.11b 297 + 0.23a 255.44 £+ 6.41a

Values are mean + SE. Data with different letters within a column for the types of a life or leaf trait differed significantly by using multiple
comparisons with S—N-K test (P < 0.05); ns, not significantly different (P > 0.05)

Table 4 Relationship between

Jeaf functional traits among Petiole length Leaf length Leaf width Leaf shape index Ppecific leaf area
different plant groups PL ’ 1.00 0.41%* 0.67%* —0.08%* 0.16%*
P <0.0001 <0.0001 0.0331 <0.0001
LL r 1.00 0.53%%* 0.47%%* —0.07
P <0.0001 <0.0001 0.0556
LW r 1.00 —0.34%* 0.03
P <0.0001 0.4625
LSI r 1.00 —0.09%*
P 0.0092
SLA r 1.00
P

** Significant differences at 0.01 probability level by using correlation test. P values <0.05 are in bold face

2010; Silva et al. 2015) because their greater height can
serve as a strategy for light competition, although it can
also impose a cost in terms of structural support and water
transport (Ishii and Asano 2010). The SLA also often
decreases with increasing light availability (Liu et al.
2010). Thus, the SLA-leaf life span spectrum is a trade-off
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between the potential rate of return per leaf area per unit
time and the duration of return for plant species to achieve
the maximum individual resources possible, ultimately
leading to maximum fitness (Cianciaruso et al. 2013).
Large twigs may enhance the competitive potential of
plants because they minimize branching and thereby
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facilitate sapling growth to the unshaded overstory (Xiang
et al. 2009). The petiole mass disproportionally increased
with increasing lamina mass and twig mass, and the allo-
metric relationship between petiole mass and twig mass
implied that the costs of supporting the lamina increased
with increasing twig size (Xiang et al. 2009). Thus, the
biomass allocation to petiole for plants with compound
leaves may be significantly higher than those with simple
leaves. The result of this study showed that petiole length
of plants with compound leaves was significantly higher
than those with simple leaves. A previous study also found
that lamina support (including petioles, rachis, and peti-
olules) of compound-leaved species was significantly
higher than that of simple-leaved species (Li et al. 2008).
The higher biomass allocation of lamina support for com-
pound-leaved species may also provide advantages other
than lamina support (Li et al. 2008); for instance, branching
is expensive in terms of gaining height because not only is
C required for branch extension, but C is also required for
additional stem diameter growth to support the wider
crown. Although the function of petioles of compound-
leaved species is mechanically analogous to that of bran-
ches, they are much less costly in terms of C and nutrients
(Li et al. 2008). Meanwhile, compound leaves often
arrange the small leaflets along the rachis to maximize light
interception, which shifts the center of mass of the leaf,
thereby increasing the mechanical bending stress (Li et al.
2008). Thus, compound leaves may be an important
adaptive feature contributing to minimizing branching and
to rapid height gain, particularly in light-demanding tree
species (Poorter et al. 2006). Moreover, there was an iso-
metric relationship between leaf mass and twig mass and
between lamina mass and twig mass (Li et al. 2008; Xiang
et al. 2009). Plants with compound leaves can thereby
display high SLA characterized by high resource acquisi-
tion and use efficiency with low investment in leaf con-
struction and protective tissues and leading to a higher
relative growth rate.

Trait differences between invasive and native species
are believed to be closely related to whether the invasives
are successful because exotic and native plant species
coexisting in the same ecosystem are exposed to similar
environmental selection pressures (van Kleunen et al.
2010; Gao et al. 2013). Previous studies found that the SLA
of invasive plants is higher than that of their native con-
geners because invasive plants invest more biomass in leaf
growth than in leaf structures per unit area to achieve a
higher growth rate (van Kleunen et al. 2010; Hou et al.
2014). Meanwhile, a higher SLA is often highly correlated
with a growth advantage for invasive plants over native
species (Huang et al. 2016). Thus, the SLA of plants is
expected to increase with increasing invasiveness; that is,
the SLA of plants with different origins increases in the

following order: native, alien, and invasive (Smith and
Knapp 2001). The result of the present study is consistent
with this hypothesis, although there was no significant
difference in SLA values between native and alien species.
The higher SLA for invasive species can enable them to
more efficiently use energy, facilitating plant growth (Hou
et al. 2014; Huang et al. 2016).

Numerous studies have shown that leaf size was posi-
tively correlated with SLA because leaves with a high SLA
have low structural investment, but leaves with low SLA
likely invest more biomass into producing more leaf
structures (Poorter et al. 2009; Soudzilovskaia et al. 2013;
Pietsch et al. 2014). However, unlike these previous stud-
ies, SLA and leaf size were not significant correlated in the
present study. Empirical studies have also provided con-
flicting results, with observed correlations between leaf
size and SLA that are positive (Burns and Beaumont 2009),
negative (Wang et al. 2016), or unrelated (Xiao et al.
2015). These findings suggest that there is species speci-
ficity for the relationship among leaf functional traits.
Petiole length and leaf shape index, rather than leaf size,
were the important characteristics that led to pronounced
effects on SLA. The reason for the positive correlation
between petiole length and SLA may be due to the iso-
metric relationship between lamina mass and twig mass,
i.e., the biomass allocation to either leaves or laminas was
independent of twig mass (Xiang et al. 2009). The negative
correlation between leaf shape index and SLA was con-
sistent with a previous study (Wang et al. 2016), perhaps
because leptosomic leaves may allocate more biomass to
leaf construction, especially because the costs of lamina
support increase with increasing leaf shape index.

Conclusion

The purpose of this study was to evaluate differences in
leaf functional traits among different plant groups. Results
showed that leaf functional traits of plants vary among the
different groups. In particular, specific leaf area (SLA) of
perennial or evergreen species was lower than that of
annual or deciduous species because a longer life span of
leaves for perennial or evergreen species requires more
investment in structural integrity and/or defense against
disturbances, especially with resource constraint. The SLA
of large individuals was lower than that of small individ-
uals. The low SLA in large individuals can improve their
response to changing light and water conditions because
that increase in height is a benefit for light competition;
however, it can also be costly in terms of structural support
and water transport. Petiole length of plants with com-
pound leaves was significantly higher than those with
simple leaves because branching is expensive in terms of
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gaining height; carbon is required for branch extension and
the additional growth in stem diameter to support the wider
crown. The SLA of plants increased with increasing inva-
siveness and was higher than in the invasives than in their
native congeners because of their greater investment in leaf
biomass rather than leaf structures per unit area to achieve
a higher growth rate. The variations in leaf functional traits
among different groups may play an adaptive role in the
successful survival of these plants under diverse environ-
ments because leaf functional traits can have pronounced
effects on leaf function, especially the acquisition and use
of light. Successful plants in general obtain an optimal
trade-off between resource capture and conservation to
acquire more resources and achieve as great a fitness
advantage as possible in variable environments (Xiao et al.
2015; Wang et al. 2016).
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