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Often, Dicranopteris linearis dominated lands attempt to restore after complete removal or strip cut, but with
minimal success rates.

Despite edaphic resources playing a critical role in seedling growth and establishment, soil-related factors
always overlook in restoration trials.

The study highlights the importance of evaluating edaphic resources prior introducing restoration measures in
fern-dominated lands.

Addition of soil amendments (chemical- and bio-fertilizers) could be practiced in order to ameliorate edaphic
conditions prior introducing restoration measures.
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Abstract: Land degradation is a global challenge leading to
loss of biodiversity and ecosystem services. The ever-increasing
population and developmental activities make it hard to confine;
thus, restoration of highly degraded habitats is the only solution
to lessen its impacts. Despite many restoration efforts to bring
back the original glory to highly degraded habitats, majority
of them are ended up in futility due to direct and/or indirect
causes. Dicranopteris linearis is identified as a noxious weed
prevalent in highly disturbed sites. Though the physical removal
of the fern is known as a way to assist natural succession, the
attempts to restore these fern-dominated landscapes in other
parts of the tropics showed limited achievements. International
Union for Conservation of Nature (IUCN) in Sri Lanka carried
out a pilot project in order to revert these fernlands back to
forests by transplanting native species following strip cutting.
However, transplanted seedlings show rather poor growth with no
apparent sign of successful finale. The lack of edaphic resources
is considered as a major limiting factor behind landscape recovery
following disturbances. The present study evaluated some edaphic
resources (soil nutrients and arbuscular mycorrhizal fungi, AMF)
in D. linearis dominated landscape to examine their implications
for restoration success. Accordingly, a soil analysis was carried
out in a fernland located in the buffer zone of the Kanneliya Forest
Reserve (KFR) in Sri Lanka to quantify some chemical, physical,
and biotic parameters. The results were compared with two
reference sites nearby, a lowland tropical rainforest (LR) and a
shrub-dominated land use (SD). The results revealed that despite
few significant changes between the three land use types, their
soils are generally of low fertility status. The fernlands (DD) also
showed conspicuously a lower abundance, richness, and diversity
of AMF community in comparison to the other two study sites.
Therefore, the lack of soil chemical and biotic resources converts
these fernlands into habitats with poor potential for revival on
their own. Therefore, carefully selected interventions are needed
(i. e., addition of an initial dosage of chemical, organic and/or bio-
fertilizers) to enrich the edaphic environment prior to introducing
native seedlings to convert these highly degraded fernlands into

some form of vegetated landscape.

Keywords: restoration; fernlands; edaphic properties; Kanneliya
Forest Reserve; Sri Lanka.

INTRODUCTION

In maintaining ecosystem functions, both above- and
below-ground factors play crucial roles (Lovelock and
Ewel, 2005). The restoration interventions often show
low success rates due to both above- and below-ground
factors including low seed availability, seed predation, fire,
competition from the matrix vegetation, poor soil structure,
lack of soil nutrients efc. (Uhl and Jordan, 1984; Uhl, 1988;
Uhl et al., 1988; Lugo, 1988; Holl and Kappelle, 1999;
Hardwick et al., 2004; Gunaratne et al., 2010; 2011 and
2014). Restoration interventions often yield futile endings
as practitioners pay more attention to fulfill above-ground
conditions with minimal focus on below-ground factors.
It is a known fact that to achieve above-ground success,
favorable below-ground conditions are critical. Therefore,
a highly degraded landscape needs more interventions to
ameliorate onsite conditions to stimulate and/or facilitate
the recovery processes (Kollmann et al., 2016; Gomes
et al., 2017). However, relatively few studies have been
undertaken to explore the role of below-ground resources
on the success of restoration efforts. In order to predict the
restoration trajectory and to introduce effective restoration
measures, it is important to understand both above- and
below-ground factors that could limit the success of costly
restoration efforts (Coutinho et al., 2015).

In Sri Lanka, the forest cover is diminishing at a
rapid rate leaving once large expanses of forests into
highly isolated fragments, which are inclined to further
deterioration through human activities (Lindstrom et al.,
2012; FAO, 2010a; GOSL, 2000). Deforestation is most
widespread in wet and intermediate zones of the island
where the forest remnants of the once widespread natural
forest cover remain (FAO, 1997). Kanneliya Forest Reserve
(KFR), a tropical lowland wet evergreen rainforest, is
located in the Southern Province of Sri Lanka. KFR is one
of the few remaining rainforest patches in the island, with
high biodiversity (Jayasuriya and Abeywardhane, 2008).
The forest edges and other disturbed habitats in the buffer
zone of the KFR are dominated by an aggressive fern,
Dicranopteris linearis (locally known as kekilla). This
fern-dominated landscape has been persisted for decades
or even centuries (Russell et al., 1998), due to its rapid
growth and ability to endure frequent fires (Maheswaran
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and Gunatilleke, 1998). This rapid clonal growth helps to
form a mat-like dense layer covering large expanses of
open area (Russell et al., 1999), thus preventing natural
regeneration (Cohen et al., 1995; Susanti et al., 2014,
Akib et al., 2018; Weerasinghe et al., 2018). In addition
to its light-loving nature, Dicranopteris is well-adapted
to highly degraded conditions with poor soil resources.
Dicranopteris is also known to incur allelopathic influence
on other forest species (Ismail and Chong, 2009), while its
litter is known to be highly recalcitrant (Amatangelo and
Vitousek, 2009). These inherent traits of Dicranopteris
adversely influence ecosystem processes such as tree
regeneration, forest succession and nutrient cycling (Tet-
Vun and Ismail, 2006; Negishi et al., 2006; Zheng et al.,
2008; Zhao et al.,, 2012). Attempts to revert these fern-
dominated landscape into forested areas are scarce, and
even those yielded discouraging outcomes (Cohen et al.,
1995; Zhao et al., 2012).

According to previous studies, physical removal has
been identified as the only plausible action to restore fern-
dominated landscape (Cohen et al., 1995; IUCN, 2016),
though it brings many practical difficulties. Recently, the
fern-dominated land in the buffer zone of KFR was strip-
cut along contours and planted with native tree seedlings
by the IUCN Sri Lanka. The tree seedlings showed a rather
poor growth, possibly due to the lack of soil resources
threatening the restoration efforts of Dicranopteris-
dominated landscape (personal communications). Thus,
the mere removal of the fern may not be the best solution
to revert fern-dominated landscape back to some form of
vegetated habitat without improving edaphic conditions.
The accumulation of highly recalcitrant Dicranopteris
litter may influence the nutrient turnover rates over time.
Nevertheless, comparatively few studies have been done
so far to evaluate the impacts of Dicranopteris on edaphic
properties, and how they influence the recovery process in
restoration efforts (Zhao et al., 2013). Therefore, the status
of edaphic resources in these fern-dominated landscapes
will provide some important baseline information to
introduce more effective restoration measures to convert
these unproductive habitats back to tree-dominated areas.
Thus, the main aim of the present study was to evaluate
some below-ground resources in Dicranopteris-dominated
landscape (DD). The results were then compared with
edaphic properties of two other reference sites, a lowland
rainforest (LR) and a shrub-dominated site (SD) located
nearby. The findings of this study could provide some
important baseline information to assess the restoration
potential of these fernlands and to adopt appropriate
restoration interventions to improve on-site edaphic
conditions.

MATERIALS AND METHODS

Study site description

Kanneliya Forest Reserve (KFR) is located in the Galle
District in the Southern Province of Sri Lanka (6" 15’
18.4998” /N, 80° 22° 24.2898/E). The area has a mean
annual temperature of 27 °C and a mean annual precipitation
of 4,445 mm. The KFR, a part of a large rainforest complex
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with an area of approximately 5,306 ha, is located in the
wet zone of the country (Bandaratillake, 2003). Despite
its significance in terms of biodiversity (Singhakumara,
1995; Ekaratne et al., 2003), the area has a history of
intense logging to provide raw material for plywood
industry. Since 2001, these unwarranted activities have
been decreased notably due to the demarcation of forest
boundaries. Together with Nakiyadeniya and Dediyagala,
KFR has been designated as an International Biosphere
Reserve in 2004 by UNESCO, and it is home to many
endemic plant and animal species (http://www.unesco.org/
mabdb/br/brdir/directory/database.asp).

The Dicranopteris dominated land (DD) is the most
common land use type in the buffer zone of the KFR. For
comparison, an undisturbed forest patch (LR), a lowland
tropical rainforest, and a shrub-dominated (SD) site were
selected from the near vicinity (Figure 1). The shrub-
dominated vegetation, also located in the buffer zone of
the KFR, seems to be an early successional vegetation
following some disturbances, though its origin is not clearly
reported. The study sites are located approximately 1 km
apart from each other and the field sampling was carried
out in May 2019.

Soil sampling

From each land use type, 20 well represented soil samples
(each sample is a composite of 4 soil samples taken 1 m
apart from each other) were collected randomly using a
spade with the help of a wooden 15 % 15 cm quadrat (up to
0-15 cm depth). Before sampling soils, the thick litter layer
in fernlands has been removed carefully in order to expose
the mineral soils (Zhao et al., 2012). In other two sites too
(SD and LR), the litter layer was removed before taking
soil samples as the main aim of the study is to evaluate
the edaphic resources of the mineral soils. In total, 60 soil
samples were taken from all three study sites. Soil samples
collected into labeled polythene bags were then transported
to the Department of Botany, Faculty of Science, University
of Peradeniya for further analyses. Approximately one half
of each soil sample was air-dried by spreading in shallow
plastic trays in a well-ventilated place protected from rain
and wind. The air-dried soil samples were crushed gently
to get rid of large lumps before sieving through a 2 mm
mesh to remove any gravel and other debris. The sieved
soil samples were stored in labeled paper bags. The other
part of the soil sample was placed in a refrigerator for the
analysis of biological parameters and available nutrients

such as NO, -N and PO *-P.

The soil samples were analyzed for chemical and
physical parameters such as exchangeable cations (Ca, Fe,
K, Mg, Na), organic carbon, NO, -N, available phosphorus,
soil pH (1:1.5 w/v ratio of soil: distilled water), soil texture
(feel method by USDA) and soil colour using standard
procedures (Van Reeuwijk, 1993). The soil moisture was
analyzed using the gravimetric method. For exchangeable
cations, Atomic Absorption Spectrophotometer was used
with appropriate standards. Organic C, available N and P
analyzed using colorimetric methods.
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Figure 1: The three land use types used in the study are; A - lowland rainforest (LR), B - shrub-dominated site (SD) and C -
Dicranopteris-dominated fernland (DD) in Kanneliya Forest Reserve, Sri Lanka.

AMEF spore abundance and richness

AMF spore abundance and richness were determined
using the wet sieving and decanting method described by
Brundett et al. (1996). Approximately, 100 g field-fresh soil
sample was used to extract the spores on to filter papers.
Using a compound microscope, the number of spores was
counted and morphotypes were identified using spore wall
characteristics, appendages and colour with the help of
INVAM (https://invam.wvu.edu/).

Statistical analysis

Data on mean density and richness of AMF spores were
compared among sites using one- way ANOVA (n=10). Soil
properties were too compared by using one- way ANOVA.
Mean separations were done using Tukey’s test at the 0.05
level of significance. All data were checked for normality
using Anderson-Darling test to meet ANOVA assumptions.
All statistical analyses were performed by using Minitab
(version 17.0) software. Diversity and similarity indices
(Shannon-Wiener and Jaccard indices, respectively) were
calculated using the data gathered. Principal Component
Analysis was carried out by using the statistical software
Canoco 5.

RESULTS

Soil physical and chemical characteristics

The soil was darker in colour at DD in comparison to
other two sites, while the texture was similar in all three
sites. This dark colouration in soil is resulted due to the
buildup of organic matter owed to the recalcitrant nature
of Dicranopteris litter. However, the SD showed the
highest soil organic carbon content among the three land
use types. The soil pH was significantly higher in SD and
DD in comparison to the LR. Soil available N was higher
in the LR than in SD and DD, though the soil phosphorus
availability did not vary significantly among sites. Most
cations are significantly higher in the fernland compared
to the other two sites due to the lack of immobilization of
cations in the highly recalcitrant litter layer (Table 1).
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Table 1: Mean values (SEM) of some soil chemical and physical characteristics of the three land use types, Dicranopteris-
dominated (DD), lowland rainforest (LR) and shrub-dominated (SD), at Kanneliya Forest Reserve in Sri Lanka. Different letters
indicate significant differences between means of different land use types

Soil Parameters Lowland Rainforest Shrub-dominated site Dicranopteris-dominated site

(LR) (SD) (DD)
#Soil Colour 10YR 2/2 10YR 3/3 5Y 2.5/1
Very Dark Brown Dark Brown Black
Soil texture Clay loam Clay loam Clay loam
Soil pH 4.86 (0.05)° 5.36 (0.02) 5.27 (0.02)
Soil Moisture (%) 31.1 (0.77) 25.3 (1.33)* 28.0 (0.79)°
Available P (mg/g) 0.505 (0.190)* 0.512 (0.180)* 0.493 (0.193)*

Organic C (%)

2.55 (0.109)°

3.50 (0.092)°

2.75 (0.133)

Nitrate-N (mg/g) 0.988 (0.029)" 0.751 (0.018)° 0.758 (0.024)
Ca (mg/kg) 100.1 (14.14)® 88.4 (5.34) 126.8 (6.66)°
Fe (mg/kg) 36.9 (1.03) 30.1 (0.40)° 34.7(0.72)
K (mg/kg) 50.8 (1.77)° 59.5 (4.59)° 139.2 (5.29)
Mg (mg/kg) 46.7 (1.88) 60.2 (2.79)° 75.7 (2.27)
Na (mg/kg) 249 (17.9) 236 (3.19) 267 (4.70)

Letters indicate significant differences using Tukey’s Honest Significant Differences for data reported in rows.

Soil colour notations have been denoted using the Munsell Colour Chart. ANOVA: soil pH, F =54.98, P=0.000; Cations: Ca, F =4.25,
P=0.021; Fe, F=20.70, P=0.000; K, F=135.95, P=0.000; Mg, F =38.32, P=0.000 and Na: F = 2.04, P = 0.143; soil moisture, F
=8.46, P=0.001; Available P, F = 0.40, p = 0.671; NO,N, F = 31.21, p = 0.000; Organic C, F = 19.85, p = 0.000.

Abundance and richness of AMF spores

The spore abundance and richness were significantly lower
in the fern-dominated land (DD) in comparison to the
reference habitats (LR and SD). The S-W Diversity index
too showed the lowest in DD followed by SD and LR. The
evenness values were close to 0.5 in all three land use types.
The Jaccard indices showed lower similarity between LR

and DD (24 %) than that of SD and DD (50%) (Table 2).

Despite significant differences between land use types,
their abundance and richness in terms of size categories
did not show any consistent changes among study sites
(Figures 2 and 3). However, the mean spore abundance
varied more in SD in comparison to other two sites, LR
and DD. The spore richness was significantly the highest
in LR, followed by SD and DD respectively. The diversity
indices too showed a similar trend to total abundance and

richness (Table 2).

In the study, spore morphotypes were characterized
into Glomus, Acaulospora, Gigaspora and Scutellospora,
with the highest prevalence from Glomus spp. (Figure
4). Interestingly, more exclusive spore morphotypes were
recorded in LR (13) in comparison to SD (3), while none
reported in DD (Figure 5).
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Figure 2: Density of arbuscular mycorrhizal fungal (AMF) spores (per 100 g fresh soil) under 4 size categories (500, 125, 63 and 45
pum in natural forest (LR), shrub-dominated site (SD) and Dicranopteris dominated fernland (DD) at Kanneliya Forest Reserve, Sri
Lanka. Each bar represents an average of 10 soil samples. Vertical bars represent the standard error of means (SEM). The different
letters indicate significant differences between means of different size categories in each land use type separately. The results were
presented separately for the three land use types for more clarity. ANOVA: LR, F =1.89, p=10.149; SD =F =9.25, p = 0.000 and
DD, F =29.99, p =0.000.
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Figure 3: Mean richness of arbuscular mycorrhizal fungal (AMF) spores (per 100 g fresh soil) under 4 size categories (500, 125, 63
and 45 pm in natural forest (LR), shrub-dominated site (SD) and Dicranopteris dominated fernland (DD) at Kanneliya Forest Reserve,
Sri Lanka. Each bar represents an average of 10 soil samples. Vertical bars represent the standard error of means (SEM). The different
letters indicate significant differences between land use types. In all three land use types, no significant differences were observed in
AMEF richness between the four size categories. ANOVA: n =40, F =932.67, p = 0.000.
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A B

Figure 4: Some AMF spores isolated during the study belonging to Glomus (A-C), Acaulospora (D), Gigaspora (E) and unidentitied
morphotype (F). Photographs were taken using an Optika Vision Lite 2.13 (at x 400 magnification) microscope.

Table 2: Arbuscular mycorrhizal fungi (AMF) spore characteristics in three land use types, lowland rainforest (LR), shrub-dominated
site (SD) and Dicranopteris-dominated fernland (DD) in Kanneliya Forest Reserve in the Sri Lanka

Lowland Rainforest (LR) Shrub-dominated site (SD)  Dicranopteris Fernland (DD)
Spore Size categories (um) >500 125 63 <45 >500 125 63 <45 >500 125 63 <45

Abundance 2,925 2960 3,252 2424 1486 2,558 3,876 3,150 1,620 1,878 1,869 838
Richness 21 21 21 20 11 12 12 11 7 7 7 6
Total Abundance 11,561 11,070 6,205
Total Richness 21 12 7
S-W Diversity Index 2.197* 1.576° 1.339¢
Evenness 0.4376 0.4053 0.5505
Jaccard Index

SD vs. DD 24 %

LR vs. DD 50 %
Mean spore abundance (per L156.1° 1,107.0° 620.5°
100 g fresh soil)

20.5° 11.4° 7.0°

Mean spore richness
(per 100 g fresh soil)

ANOVA: Shannon-Wiener Diversity Index n = 10, F =227.31, p = 0.000; Mean Spore Abundance, n = 10, F =23.11, p = 0.000;
Mean Spore Richness, n =10, F =932.67, p = 0.000.
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Figure 5: The relative abundance (as a %) of AMF morphotypes in three land use types; Lowland rain forest (LR), shrub-dominated
site (SD) and Dicranopteris-dominated fernland (DD) in Kanneliya Forest Reserve in the Sri Lanka.
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Figure 6: Ordination diagram (drawn with soil parameters, richness and abundance of AMF spores) of the first two components
generated in the PCA showing the distinct separation of the three communities, Lowland rainforest (LR), shrub-dominated site (SD)
and Dicranopteris-dominated land (DD) in the buffer zone of Kanneliya Forest Reserve, Sri Lanka.

Principal Component Analysis (PCA) showed a clear
separation of the three habitat types, indicating their
dissimilarities in terms of the abundance and richness of

AMF and soil parameters.
DISCUSSION

Soil resources: nutrients

Dicranopteris linearis has shown its potential to colonize
in nutrient poor sites due to its ability to withstand low
resource levels. This is a common trait among exotic
invasive species. Being a native species, D. linearis is not
categorized as an invasive in the island despite its robust
growth due to the misfit in the definition. Furthermore,
the shallow rhizomes, exceptionally high phosphorus use

efficiency, indeterminate growth and mat-forming capacity
are also identified as reasons for their vigorous growth and
massive colonization in highly degraded habitats (Russel
et al., 1998). Dicranopteris always maintain its dominance
by forming a dense mat and suppress the establishment
and regeneration of forest species by blanketing the site.
Previous studies have noted that changes in organic inputs
over a long period of time following changes in land
uses may incur impacts on soil properties through altered
nutrient processes and dynamics (Guo and Gifford, 2002;
Don et al., 2011; Sang et al., 2013; Weissert et al., 2016).
Despite higher accumulation of organic matter in fernlands
(DD), the soil organic C showed significantly lower levels
in DD than that in SD, confirming the highly recalcitrant
nature of Dicranopteris litter. However, the soil organic C
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levels in the present study are more or less comparable to
findings of a previous study carried out in the Sinharaja
Forest, the largest lowland rainforest patch in the island,
and fernlands associated with it (Sohng et al., 2017).

The results suggest that fernland soils are inherently
poor in nutrients, and except few differences, the fertility
status is not differed much from the soils under LR and SD.
Previous studies too noted a rather poor soil fertility status
at KFR in comparison to other tropical soils under ultisols
irrespective of some significant differences between land
use types (Perez et al., 2000). Soil available P at KFR is
comparatively less than in similar soils at Sinharaja (Sohng
et al., 2017). Ultisols, which is the main parental material
in the area, are relatively infertile compared to younger
volcanic rocks and sediments found in Central America
(Baillie et al., 20006). Dicranopteris litter are known to resist
decomposition (Vitousek et al., 1994), thus influencing the
edaphic characteristics via litter turnover and its quality. The
litter layer is biologically the most active, thus a significant
fraction of cations can be immobilized when passing
through the litter layer (Moslehi, 2010; Shabani, 2013;
Moslehi et al., 2019). However, due to the high recalcitrant
nature of the fern litter, the immobilization ability is less
in the litter layer allowing cations to freely leach into the
mineral soil layer. The present study confirmed that most
cations are significantly higher in fernlands compared to
the other two sites. In fernlands, the litter decomposes
well above the soil surface, thus the transplanted seedlings
are deprived of N and P from the soil-litter system. As a
result, the transplanted seedlings grown along strip cuts
perform poorly due to lack of major nutrients. The present
results too confirmed that the soil available N is relatively
less under Dicranopteris, especially in comparison to the
lowland rainforest nearby.

Soil resources: AMF

Soil microbes play a major driving force behind ecosystem
processes, thus playing a critical role in plant growth.
The importance of the abundance and diversity of the
soil microbiota to ecosystem recovery is well recognized;
however, the responses of microbial communities to
vegetation restoration and vice versa are poorly understood
(Li et al., 2019). The soil microbial community parameters
may help to assess the quality of the soil, resilience to
degradation and habitats’ potential to recover following
degradation (Harris, 2003). Of the soil microbiota, fungi
play a critical role in the survival of plants and also an
integral part of healthy soils (Dubey et al., 2019). The
findings of the present study revealed some interesting
outcomes in terms of AMF spore abundance, richness and
diversity, possibly driven by the single-species dominance
in fernlands. The abundance, density and richness of
AMF spores was the lowest in fernlands (DD) followed
by shrub-dominated landuse (SD) and mature forest (LR).
Invasion by exotic species is often associated with shifts
in the above-ground vegetation and ecosystem functions
(Levine et al., 2003). However, apart from few studies,
their impacts on soil microbiota are not well explored
(Mummey et al., 2005; Hawkes et al., 2006; Busby et al.,
2012; Madawala, 2014). The present scenario is somewhat
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different to an ‘invasion’ as D. linearis is not an exotic
species in the country. However, it is not completely out
of context to speculate that the impacts of an invasion on
the soil microbiota are more or less comparable to effects
caused by a mono-specific dominance by a native species.

Lekberg et al. (2013) showed that AMF richness can
even be higher in mono-dominant invasions, thus indicating
that above-ground diversity is not always predicts the
below-ground AMF richness. In contrast, the present results
confirmed that the single-species dominance by D. linearis
has declined the abundance as well as the richness of AMF
populations considerably. Previous studies indicated that
Dicranopteris influence the fungal communities more than
other groups of microbes (Wuetal.,2011; Zhouetal.,2017).
The present study observed approximately 13 exclusive
species in the lowland rainforest (LR) while none reported
in fernlands, further supporting its negative influence
on the AMF population. However, the common species
contributed more to the total abundance in all three habitat
types. These findings suggest that not only the abundance
and richness, but the composition of the AMF community
is also altered by the mono-specific dominance of D.
linearis. Some suggests that AMF-plant associations are
not always species specific, but soil properties play a more
overriding role in determining their community structures
(Opik et al., 2009). According to many evidences, the
plant-AMF interactions show little or no partner specificity
(Smith and Read, 2008). However, present results indicate
some form of host specificity in AMF-plant interactions.
In its favor, a previous study too observed a trend of AMF
specificity, highlighting the importance of protecting and
even promoting the native vegetation in order to maintain
the biodiversity in sensitive ecosystems (Torrecillas et al.,
2012). However, Davison et al. (2011) suggested that AMF
communities are not specific to an individual plant species,
but to a specific habitat range.

Soil resources: Implications for restoration

At present, land degradation is a huge issue worldwide.
To restore these degraded ecosystems, countries introduce
measures without much success. Invasion of habitats by
ferns may suppress other species through shading effect
(Holttum, 1938), allelopathy (Gleissman and Muller, 1978;
Walker, 1994) or competition for nutrients. Despite efforts
to restore fern-invaded lands by physically removing the
fern cover, many end in failure. The soil quality determines
the potential and the resilience of ecosystems to recuperate
following degradation. Soil nutrients and microbiota are
two important indicators determining the quality of soil
(MAFF, 2000; Arshad and Martin, 2002; Harris, 2003),
thus will decide the habitat’s ability to recover following
a disturbance. Restoring highly degraded tropical forests
pose even more challenges as they normally store minerals
in their above-ground biomass than in soils. Therefore,
tropical soils are generally nutrient-poor, and their nutrient
dynamics are more complex than that of nutrient-rich forests
(Vitousek et al., 2010; Grau et al., 2017). However, there is
a severe dearth of information to determine how the quality
of soil impacts restoration efforts. The present results
indicate that these fern-dominated habitats lack edaphic
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resources to facilitate the natural succession or to maintain
a reasonable growth of introduced tree seedlings/saplings
without any restoration interventions. Previous research
predicts that mere removal of D. linearis may stimulate
the natural regeneration. In addition, a study carried out
in Sinharaja, the largest lowland tropical rainforest in
Sri Lanka, show that any form of soil disturbances could
stimulate a non-fern vegetation, though no seedlings of
primary forest species were available (Cohen ef al., 1995).
Russell et al. (1998) too noted that following the removal
of D. linearis, the area was significantly bare of any
vegetation even after 3 years perhaps due to lack of soil
resources to support a reasonable vegetation. Therefore, the
long-term prevalence of D. linearis alters the micro-climate
as well as edaphic properties thus creating an oligotrophic
condition where the fern gains a competitive advantage
over more nutrient-demanding forest species (Russell e?
al., 1998). The network of roots and the thick litter layer
under the D. linearis may also prevent soil erosion in
the absence of a canopy (Shono et al., 2006). Therefore,
the removal of the fern may increase soil temperature,
decrease soil moisture and speed up soil erosion (Zhao
et al., 2012). These extreme edaphic and microclimatic
factors of severely degraded lands may impose significant
barriers to natural forest regeneration (Shono ef al., 2006).
Therefore, even if the D. linearis is cleared, the landscape
is unable to recover on its own without any interventions.
Studies also showed that the removal of D. linearis reduces
the microbial biomass especially imposing more specific
negative influence on fungal communities (Wu et al., 2011,
Zhao et al., 2012). Therefore, removing the fern layer may
eventually affect the already existing microbiota including
AMEF, which is considered as one of the major contributory
factors to encourage natural succession.

Despite showing some differences between sites, the
soils under D. linearis dominated landscape are rather low
fertile to sustain a good growth of introduced or naturally
emerging seedlings. The lowland tropical rainforest soils
are too inherently low in nutrients as they generally
show tightly controlled and an efficient nutrient cycling
process. Lowland tropical rainforests are often found
in high rainfall areas and on acidic soils, further making
them inherently poor in soil nutrients. Therefore, when
these forests are transformed into other vegetation types
due to anthropogenic activities, they can become highly
impoverished with low chances of recovery on its own.

CONCLUSIONS

The study showed that the edaphic resources are rather
poor in D. linearis dominated habitats, thus the mere
removal of the fern layer together with its root mat will
make conditions even further degraded over time, with
no capacity to sustain a natural or assisted succession.
Therefore, anticipating a natural succession or even a
reasonable growth of transplanted native tree seedlings
is unrealistic without any remedial measures to improve
overall micro-habitat conditions in the landscape.
Therefore, proper mitigatory measures (i.e., addition of
soil amendments) should be carried out before introducing
any form of restoration techniques to bring back a non-fern
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vegetation. Restoration interventions such as addition of
an initial dosage of organic/inorganic fertilizer and even
biofertilizers could be considered as effective measures
to ameliorate the edaphic conditions in order to anticipate
any success in restoring these highly degraded landscapes.
The selection of suitable species and possible pathways
for restoration of acutely degraded rainforests has been
comprehensively discussed in Ashton et al., (2001). Their
recommendations together with appropriate interventions
to improve edaphic conditions could assist restoration
practitioners to take more informed decisions to achieve
positive outcomes.
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