
Citation: Liu, C.; Du, W.; Cao, H.;

Shen, C.; Ma, L. Aboveground

Biomass and Endogenous Hormones

in Sub-Tropical Forest Fragments.

Forests 2023, 14, 661. https://

doi.org/10.3390/f14040661

Academic Editor: Dirk Landgraf

Received: 15 February 2023

Revised: 7 March 2023

Accepted: 18 March 2023

Published: 23 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Aboveground Biomass and Endogenous Hormones in
Sub-Tropical Forest Fragments
Chang Liu 1, Wenzhi Du 2, Honglin Cao 3, Chunyu Shen 4,5,6,* and Lei Ma 4,5,6

1 School of Physical Education and Sport, Henan University, Jinming Avenue No. 1, Kaifeng 475004, China
2 Jigongshan National Nature Reserve, Xinyang 464039, China
3 Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical

Garden, Chinese Academy of Sciences, Xingke Road 723, Guangzhou 510650, China
4 Dabieshan National Observation and Research Field Station of Forest Ecosystem at Henan,

Xinyang 464000, China; lma@vip.henu.edu.cn
5 Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, Henan University,

Ministry of Education, Kaifeng 475004, China
6 The College of Geography and Environmental Science, Henan University, Jinming Avenue No. 1,

Kaifeng 475004, China
* Correspondence: shency@henu.edu.cn

Abstract: Associated endogenous hormones were affected by forest fragmentation and significantly
correlated with aboveground biomass storage. Forest fragmentation threatens aboveground biomass
(AGB) and affects biodiversity and ecosystem functioning in multiple ways. We ask whether and how
forest fragmentation influences AGB in forest fragments. We investigated differences in AGB between
forest edges and interiors, and how plant community characteristics and endogenous hormones
influenced AGB. In six 40 m × 40 m plots spread across three forest fragments, AGB was significantly
higher in plots in the forest interior than in those at the edge of forests. The proportion of individuals
with a large diameter at breast height (DBH > 40 cm) in the forest edges is higher than that in the
forest interiors. Further, trees within a 15–40 cm DBH range had the highest contribution to AGB in
all plots. Trees in interior plots had higher abscisic acid (ABA) and lower indole-3-acetic acid (IAA)
concentrations than those in edge plots. In addition, AGB was significantly positively and negatively
correlated with ABA and IAA concentrations at the community scale. In this study, we provide an
account of endogenous hormones’ role as an integrator of environmental signals and, in particular, we
highlight the correlation of these endogenous hormone levels with vegetation patterns. Edge effects
strongly influenced AGB. In the future, more endogenous hormones and complex interactions should
be better explored and understood to support consistent forest conservation and management actions.

Keywords: forest fragmentation; endogenous hormones; edge effects; high-performance liquid
chromatography; aboveground biomass

1. Introduction

Forests play an important role in responding to global climate change, especially
the carbon cycle. Forests contributed more than half of the organic carbon to terrestrial
ecosystems according to previous studies [1,2]. Therefore, accurate estimation of forest
carbon storage is crucial to our response to global climate change and other unknown
factors [3,4]. Intact evergreen forests store much more living carbon per unit area than
fragmented forests do, most of it in AGB and soil [4]. Further, forest fragmentation is
globally pervasive and increasing in extent, with forest fragments now accounting for 46%
of all remaining forested areas [5,6]. Fragmentation has been a major driver of declining
forest biomass and altered carbon fluxes, contributing 6%–17% of global anthropogenic
CO2 emissions to the atmosphere [7]. However, forest fragmentation likely alters forests’
potential for carbon storage in ways that are not yet completely understood.
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Fragmentation can result from various types of human disturbances, such as selec-
tive logging, understory fires, fragmentation, and overhunting [8–10]. Most ecological
research on carbon storage of forests has either focused on monitoring change in relatively
undisturbed primary forests or on quantifying deforestation and the effects of forest frag-
mentation on AGB [11–13]. In addition, forest fragmentation creates isolated forest patches
and degrades forest edges [14]. The discontinuities fashioned between forest patches by
open, deforestation habitats induce a transition zone at the border where a suite of edge
effects occur [15,16].

Forest edges are ubiquitous in many fragmented landscapes, and they strongly influ-
ence biodiversity [17]. Indeed, edge effects have been reported as one of the most significant
patterns structuring both flora and environmental conditions [18], making it crucial to un-
derstand how vegetation, ecological processes, and ecosystem services are affected by
edges [19,20]. Edge effects can influence species composition, community structure, AGB,
and nutrient cycling [21]. Bueno and Liambí [22] reported that both facilitation and edge
effects influence the effectiveness of vegetation regeneration within old-field communities
in the high tropical Andes. De Paula [23] suggested that fragmented forests and the con-
sequent establishment of forest edges drastically limit forest capacity for carbon storage
across human-modified landscapes, since the loss of carbon due to the reduced abundance
of large trees is not compensated for by either canopy or understory trees. Forest edges
also have different microclimates than interiors do, often with more light, wind, warmer
temperatures, and drier air and soil than forest interiors [19]. However, higher rates of
tree mortality caused by microclimatic changes in forest edges lead soil carbon stocks to
increase in central Amazon Forest fragments [20].

Plants face environmental challenges including competition with neighbors for sun-
light, as well as acclimation to ambient temperature fluctuations and to prevailing moisture
and nutrient conditions [24]. To complete their life cycle under abiotic and biotic environ-
mental stresses, plants have developed sophisticated mechanisms to sense and adapt to
ever-changing and often adverse environmental conditions [25]. It is well known that plant
hormones, such as ABA and IAA, are involved in plant adaptation to adverse environ-
ments [26]. ABA has been widely reported for its role in adaptation to different kinds of
abiotic stress responses, such as high salinity, drought, high temperature, and freezing [27].
ABA has been extensively studied for its importance in the regulation of plant growth and
development [28].

Auxin is also a key integrator of environmental signals, and emerging evidence
implicates auxin biosynthesis as an essential component of the overall mechanisms of
plants’ tolerance to stress [29]. Auxin is involved in numerous biological processes ranging
from control of cell expansion and cell division to tissue specification, embryogenesis,
and organ development [30]. As the main auxin in higher plants, IAA plays a central
role in developmental programming and environmental responses such as gravitropism,
phototropism, and plastic root development [31,32]. Dinis [33] reported that environmental
signals stimulate variations in IAA levels and/or their redistribution and transport in
order to regulate plant growth and development. Our standing of how endogenous
hormone levels shift in response to fragmentation, and how these hormone affects translate
to changes in AGB potential of tree communities remains incomplete. More research is
needed to understand how endogenous hormones limit the capacity of AGB in fragmented
forests. Furthermore, there is a lack of estimation of the role of endogenous hormones on
AGB within forest fragments.

In the interest of filling the knowledge gap, we evaluate the relationships between
AGB and hormone concentrations within fragmented forests in South China. We addressed
the following three questions: (1) How do edge effects influence AGB distribution within
these forest fragments? (2) How are the concentrations of hormones of seven dominant tree
species affected by forest edges within these fragments? (3) How do endogenous hormones
influence AGB in these forest fragments? The results of this study provide new knowledge
on the relationship between endogenous plant hormone levels and vegetation distributions,



Forests 2023, 14, 661 3 of 11

and its underlying mechanism. Our study could help elucidate the underlying mechanism
of fragment structure and provide a basis for the development of planning strategies for
the conservation of these forest fragments.

2. Materials and Methods

This study was carried out in Guangzhou City, South China (22◦26′–23◦56′ N, 112◦57′–
114◦03′ E) within the most threatened region of the fengshui forests. The region is influenced
by a typical sub-tropical monsoon climate. The annual mean temperature is 21.8 ◦C, and the
annual precipitation is 1690 mm. Typhoons and thunderstorms occasionally damage trees
and the mild climate permits continuous vegetation growth throughout the year. In rural
areas of South China, sub-tropical forest fragments can be found near local villages. These
remnants are called fengshui forests and have been protected by local residents. As a result,
these fragmented forests have retained features of the original vegetation and provide a
basis for testing the various theories of fragmentation in sub-tropical forests. Although
these fengshui forests occur near local villages, human disturbance has had no significant
effect on most of the community characteristics [34]. Certainly, such human-modified
landscapes offer an interesting opportunity to examine the potential effects of habitat loss
and fragmentation on AGB.

This study was carried out from September to December 2017. Three forest patches
were selected in this study. These three forest fragments share similar climatic and soil
conditions due to being very close in space (they are less than 10 km away from each
other), leading to relatively similar soil and plant community characteristics. Previous
research has shown that species turnover among these fragments is limited [34]. In the
present study, we established two 40 m × 40 m plots within each forest fragment. The
two plots are located in the forest core area and near the forest edge. All trees with DBH
greater than 1 cm were identified and DBH was recorded within all plots. Tree species
were identified by an experienced field botanist. Plant community characteristics (species
richness, abundance, number of individuals within different DBH ranges, and basal area)
were estimated according to the data from field censuses.

The forest floor biomass includes woody debris and surface litter in this study. Three
randomly distributed 2 m × 2 m subplots were established within every plot. The fresh
weight of debris and litter was obtained by using an electronic balance. In order to calculate
the ratio between fresh and dry mass, subsamples of the debris and litter were then
transported back to the lab and oven dried at 80 ◦C until constant weight.

Tree AGB was estimated using the allometric equation developed by Wen [35] for
sub-tropical mixed forests in Dinghushan Nature Reserve not far away from these forest
fragments:

TAGB = a × DBHb (1)

where a and b are statistical parameters (see Table S1 for equations and summary statistics).
TAGB was the sum of the dry weight of trunks, branches, leaves, and roots. This model
has been successfully applied to estimate tree biomass in sub-tropical forests located in
Dinghushan Nature Reserve [36]. Finally, AGB of each plot was calculated by summing
forest floor biomass and TAGB.

Wood samples were collected from randomly chosen individuals of seven tree species
within each plot (two or three replicates dependent on the abundance of per tree species;
Table 1). In order to obtain a 1 mm diameter core, an increment borer was applied at about
1.5 m high on the main stem of each individual. In addition, the litter of seven tree species
was collected within each plot with the assistance of an experienced field botanist. All
these samples were immediately placed into a liquid nitrogen tank (−80 ◦C) and then
transported to the laboratory and stored to minimize damage to the live tissue and changes
to ion concentrations. We determined endogenous hormone concentrations of IAA in wood
samples and ABA in litter using high-performance liquid chromatography (HPLC). IAA
and ABA content in these seven tree species within each plot represent the endogenous
hormone levels of each plot.
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Table 1. Seven common tree species were selected in each plot within three forest patches.

No. Species Shade Tolerance

1 Castanopsis chinensis Hance Light-demanding
2 Aleurites moluccanus (L.) Willd. Light-demanding
3 Cryptocarya concinna Hance Mid-tolerant
4 Syzygium rehderianum Merr. et Perry Light-demanding
5 Schima superba Gardn. et Champ Mid-tolerant
6 Carallia brachiata (Lour.) Merr. Shade-tolerant
7 Gironniera subaequalis Planch Mid-tolerant

Statistical analysis was performed using SPSS 20.0. Before statistical analysis, all data
were tested for normality using the Shapiro–Wilk test and for homoscedasticity using the
Levene test. Results were represented as the mean ± standard error. Differences among
means of IAA and ABA concentration between forest edges and interiors were analyzed
with one-way ANOVA tests. The statistical significance of the difference between means
was determined with Duncan’s new multiple range test. Pearson correlation analysis was
also conducted in this study.

3. Results
3.1. Vegetation Distribution in Fragments

Both basal area and stem density were significantly lower (p < 0.05) near forest edges
than in interior plots, respectively (Table 2). In addition, the number of stems within two
DBH ranges (DBH < 15 cm; 15–40 cm) was significantly lower in forest edge plots than
in forest interior plots. Smaller trees (individuals within 1–15 cm DBH range) had the
highest proportion in all forest fragments. However, both the number of individuals and
the percentage of larger trees (DBH > 40 cm) were higher near forest edges (191; 8.2%)
than in interior plots (153; 6.4%). Aboveground biomass (AGB) was significantly lower
near forest edges (80.6 Mg ha−1) than in the forest core area (143.2 Mg ha−1). In addition,
AGB of smaller trees and medium trees (DBH: 15–40 cm) were significantly lower in forest
edges than in forest interiors (p < 0.05). Although smaller trees had the largest stems, AGB
was highest in medium trees (38.5 Mg ha−1; 77.9 Mg ha−1) and larger trees (33.2 Mg ha−1;
36.4 Mg ha−1) both in forest edges and interior within these studied plots (p < 0.05). In
addition, medium trees had the highest contribution to AGB storage in the studied plots
due to their relatively higher mean DBH and abundance.

Table 2. Community characteristics of fragmented forests from edge to interior plots.

Classification Edge Plots Interior Plots

Aboveground biomass (Mg ha−1) 80.6 ± 12.2 a 143.2 ± 11.9 b

Stem density 1735 ± 215 a 2969 ± 308 b

Basal area (m2 ha−1) 30.0 ± 2.6 a 52.5 ± 1.4 b

Stems N (DBH < 15 cm) 1421 ± 125 a 2292 ± 168 b

Stems N (DBH: 15–40 cm) 161 ± 69 a 486 ± 112 b

Stems N (DBH > 40 cm) 153 ± 21 a 191 ± 28 a

Stems AGB (DBH < 15 cm) 8.9 ± 1.7 a 28.9 ± 2.3 b

Stems AGB (DBH: 15–40 cm) 38.5 ± 5.2 a 77.9 ± 5.4 b

Stems AGB (DBH > 40 cm) 33.2 ± 5.3 a 36.4 ± 4.2 a

Lowercase letters stand for significance between each row.

3.2. Endogenous Hormones Contents of IAA and ABA

ABA concentrations in the leaf litter and IAA concentrations in the trunks of seven
tree species within six plots are shown in Figure 1. ABA and IAA concentrations of three
tree species differed within the studied plots. ABA concentrations in all these seven tree
species (Table 1), except for Castanopsis chinensis, were significantly lower in edge plots
than in interior plots. Mid-tolerant tree species had the highest ABA concentration in
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interior plots (Figure 1A). IAA concentrations of all these tree species, except for Gironniera
subaequalis, were significantly higher in edge plots than in interior plots. In addition, both
Gironniera subaequalis and Carallia brachiata had the highest IAA concentration in the studied
plots (Figure 1B). Further, IAA concentration differences were even larger between the tree
species (Castanopsis chinensis, Aleurites moluccanus, Cryptocarya concinna, and Schima superba)
than between the residual species. The ratios between IAA and ABA of these seven tree
species present a similar trend: values in edge plots were higher than those in interiors
plots (Figure 1C). Further, the ratios of two tree species (Gironniera subaequalis and Carallia
brachiata) were the largest both in forest edge and interior in the present study.
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Figure 1. The concentration of endogenous hormones and their ratios in seven common species in
edge (EP) and interior plots (IP). (A) The concentration of ABA in litter falls; (B) The concentration
of IAA in tree trunks; (C) The ratios of IAA to ABA in 7 common tree species. Number 1 stands
for Castanopsis chinensis Hance; 2 stands for Aleurites moluccanus (L.) Willd.; 3 stands for Cryptocarya
concinna Hance; 4 stands for Syzygium rehderianum Merr. et Perry; 5 stands for Schima superba Gardn.
et Champ; 6 stands for Carallia brachiata (Lour.) Merr.; 7 stands for Gironniera subaequalis Planch.

3.3. Relationships between AGB and Endogenous Hormones Level

The relationships between AGB and endogenous hormones are shown in Figure 2.
In the present study, AGB was significantly positively correlated with mean ABA concen-
tration among six dominant tree species (except Castanopsis chinensis). In addition, the
gradients of four tree species (Aleurites moluccanus, Syzygium rehderianum, Carallia brachi-
ate, Gironniera subaequalis) were even higher than the last two species, which indicated
that slight changes in ABA may cause large fluctuations in AGB (Figure 2A). Mean IAA
concentrations of six tree species (except Gironniera subaequalis) had significant negative rela-
tionships with AGB regardless of plot type (edge or interior) (Figure 2B). In addition, higher
IAA:ABA ratios were significantly correlated with lower AGB in these forest fragments
(Figure 2C).
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stands for Syzygium rehderianum Merr. et Perry; Blue stands for Schima superba Gardn. et Champ;
Grey stands for Carallia brachiata (Lour.) Merr.; Orange stands for Gironniera subaequalis Planch.

4. Discussion

In this study, the patterns of aboveground biomass storage and endogenous hormone
concentrations of seven dominant tree species were studied. Three fragmented forests
were significantly affected by edge effects, and their AGB ranges were 80.6–143.2 Mg ha−1

(Table 2). In addition, endogenous hormone concentrations were also significantly affected
by forest edges (Figure 2). Compared with intact forests, fragmented forests showed a
higher proportion of habitat edges exposed to other habitats, resulting in a higher probabil-
ity of edge effects according to previous studies [21,33]. Furthermore, the forest edge can be
regarded as a buffer zone, and the ecological conditions gradually change within a certain
distance, which has a significant impact on AGB. Edge effects are among the primary
mechanisms by which forest fragmentation can influence the link between biodiversity and
ecosystem processes [21,29].

Habitat fragmentation and the consequent establishment of permanent forest edges
reduce forest capacity for AGB because forest edges retain only one-third as much biomass
as forest interior habitat according to former studies [37]. In the present study, AGB
storage near forest edges contributes about 36.0% to the total AGB (Table 2). Our study
fragments are consistent in size with previous studies, and we also found that the changes
in community structure along fragment transects were consistent with knowledge of forest
edge effects. The higher basal areas in the forest interior suggest that AGB in the forest
interior could contain more biomass, were it not for the edge effects [38]. In this study, the
AGB storage within different DBH ranges was also significantly affected by forest edge.
In addition, AGB storage within different DBH ranges differed within different types of
plots (edge plots and interior plots). Larger trees (DBH > 40 cm) accounted for a greater
proportion of all trees at the forest edge than in the interior (Table 2), where the mean basal
area of individual trees was lower than at the forest edge habitat. However, in contrast to
our results, other studies have reported that tree density at forest edges generally exceeds
that in the interior [39]. Our results suggested that AGB reduction in edge-affected habitats
results from reduced larger tree individuals together with insufficiency of biomass make
up by residual trees (Table 2). Furthermore, larger trees are likely particularly important
for maintaining AGB at the forest edge, as we observed little changes in the amount of
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AGB held in smaller trees at forest edges in these fragments. Therefore, any impacts
on larger trees, either by global change or other disturbances that affect the abundance
and persistence of these large stems, are therefore likely to have a major impact on forest
AGB [40]. Our results agreed with other tropical forest studies, wherein the lower number
of large and medium emergent trees near the forest edges is a major contributor to the loss
of AGB [41,42].

AGB is an important ecosystem function altered by edge effects, with implications for
the management of micro-environmental conditions in forest fragments [22]. The estab-
lishment of forest edges during fragmentation and the ensuing alteration in microclimate
affect plant populations [4]. We observed a significant increase in the proportion of larger
trees with proximity to fragment edges, likely a consequence of increased temperature and
light availability. Higher biomass storage is predicted at the edge compared to the interior
as a result of increased productivity resulting from increased sunlight and temperature at
the forest edge. Edges expose organisms to dry, windy, high-light conditions that differ
considerably from the dark, humid forest interior [43]. Elevated wind stress in fragmented
forests is widely reported and has been proposed as a likely factor in reducing AGB in
fragmented forests. In addition, the relaxing of competition for light as a result of lower
stem density, more open canopies, and increased lateral light penetration from habitat
edges might further reduce AGB in fragments [44]. Moreover, forest edges were dominated
by shade-intolerant, fast-growing pioneer species, as compared to the more shade-tolerant
maple, ironwood, and elm species that dominated the fragment interiors according to
former studies [45]. Barros [17] reported that fragment edges had greater exposure to
harsh winds compared to the forest interior, directly increasing tree mortality. As a result,
there is increased biomass loss due to the mortality of large trees [27,35]. This might be an
explanation for our result that plants in edge plots experience a relaxing of competition for
light and have decreased biomass density.

The present study has focused specifically on the ways in which edge effects can alter
the link between endogenous hormones and ecosystem functions occurring within sub-
tropical forest fragments. As sessile organisms, plants have evolved mechanisms allowing
them to control their growth and development in response to environmental changes [46].
As a primary source of energy, light is one of the most important environmental factors for
plant growth [17]. The number of stems within interior plots was significantly higher than
that in edge plots in the present study (Table 2). Distances between two adjacent plants are
reduced, creating changes in environmental factors [47]. Moreover, the distance and size of
neighboring plants determine the type of stress the plant will suffer. If a plant is exposed to
intense neighboring shade, it will receive limited light input, but in open areas, it is more
likely to be exposed to heat and oxidative stress caused by the high radiation load [20].
Competition for light determines the success of individual plants in dense vegetation, and
the presence of neighbors is an important environmental factor inhibiting plant growth [45].
It is well known that ABA is an essential mediator in triggering the plant responses to
many environmental stresses including shade [46]. Such analysis was already reported in
competition among Arabidopsis plants, suggesting the involvement of plant hormones in
responses to the presence of neighbors [47,48]. In the present study, higher stem density
was accompanied by higher ABA concentration in leaves in the interior areas of forest
patches, probably due to competition for light. Moreover, the inhibition of lettuce plant
growth under increased planting density was accompanied by the accumulation of ABA in
the shoots of competing plants [49]. These results confirm the important role of ABA in the
growth-inhibiting effect of increased planting density.

ABA concentration is closely related to IAA concentration according to former stud-
ies [15]. Vysotskaya et al. [49] suggested that ABA is involved in the allocation of IAA
in competing plants. Shkolnik-Inbar [50] reported the role of ABA accumulation in the
reduction of polar auxin transport and a resulting decrease in root auxin. Our results are
in accordance with theirs: concentration of ABA increased in leaves within interior plots,
accompanied by a decline in the concentration of IAA in trunks. Moreover, higher stem
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density leads to shade avoidance syndrome, which decreased the IAA content and auxin
polar transport [51,52]. The same results were observed in this study: the decline in the
proportion of larger trees (DBH > 40 cm) and simultaneous increase in stem density was
accompanied by a decrease in the concentration of IAA in leaves within interior plots.

It is thus not surprising that auxin has emerged as an important regulator of adaptive
growth responses to environmental stresses [53]. It was discovered that local auxin biosyn-
thesis maintains optimal plant growth in response to environmental signals, including light,
temperature, and humidity [54]. Auxin is one of the most important plant hormones me-
diating endogenous developmental signals and exogenous environmental cues to control
various plant growth and developmental responses [55]. Strong evidence for induced auxin
production are indications that auxin sensitivity is also increased in response to stress [56].
Light and temperature are arguably two of the most important signals regulating the
growth and development of plants [57]. Meanwhile, light and temperature patterns are
often correlated under natural plant growth conditions [58]. Islam [59] reported that light
quality is sensed by different photoreceptors in plants, which are involved in a wide range
of developmental processes, and IAA is an important determinant of shoot elongation in
poinsettia, as shown for a wide range of species. Earlier, it was generally believed that
drought results in a decrease in IAA content. At present, however, it became gradually clear
that the adaptation to drought is accompanied by an increase in the IAA content [60,61].
In our results, the higher concentration of IAA in plants at edge plots might result from
decreased soil moisture at the forest edges compared to the forest interior. Our results
are in accordance with the reports that higher auxin content in Arabidopsis might create
positive regulation of drought stress resistance [62]. However, the present study focuses
only on the AGB storage, endogenous hormones concentration, and its relationships within
the edge and interior plots in forest fragments. In the future, research will be carried out on
how endogenous hormones regulate the growth of trees to affect biomass storage under
the influence of forest fragmentation.

5. Conclusions

The distribution of AGB and its associated plant endogenous hormones were ana-
lyzed in three sub-tropical forest fragments in the present study. AGB and the number of
individuals were considerably reduced at forest edges, however, the proportion of larger
trees (DBH > 40 cm) increased near forest edges. In addition, it is evident from our work
that community characteristics change from forest edges to interiors. Plant endogenous
hormone concentrations were likely affected by edge effects due to micro-environmental
conditions. IAA and ABA decreased and increased from the forest edge to the interior,
respectively. Higher stem density was accompanied by higher ABA concentration in leaves
in the core areas of forest patches while IAA concentrations of woody species were higher
at edge plots. This study shows that the fragmentation of forests and thus the spread of
marginal habitats drastically reduces aboveground biomass storage, resulting from the
regulation of plant growth by endogenous hormones. The present study also provided
key data for the development and validation of AGB conditions in subtropical forests in
southern China.
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