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Deforestation continues to be extensive in the tropics, resulting in reduced soil water

content. Reforestation is an effective way to recover soil water content, but the recovery

depends on the type of reforestation efforts that are implemented. Monoculture of

fast-growing species is a common reforestation strategy, because it is an effective

means of preventing landslides resulting from the frequent typhoons and heavy rains

in the tropics and easy to implement. To quantify whether monoculture plantings can

help recover soil water content, we initiated a reforestation project within a 0.2 km2

area of an extremely degraded tropical monsoon forest. We hypothesized that much

higher transpiration rate of fast-growing tree species would deplete soil water more

than the dominant slow-growing species in the adjacent secondary tropical rain forest

during both wet and dry seasons, thereby resulting in much lower soil water content.

To test this hypothesis, we compared transpiration rates and key functional traits that

can distinguish transpiration rates between fast-growing and dominant slow-growing

species in both wet and dry seasons. We also quantified whether soil water content

around these species differed. We found that fast-growing species had transpiration rate

and transpiration-related trait values that were 5–10 times greater than the dominant

slow-growing species in both seasons. We also found that soil water content around

dominant slow-growing species was 1.5–3 times greater than for fast-growing species in

both seasons. Therefore, reforestation based on monoculture plantings of fast-growing

species seems difficult to effectively recover the soil water content. We also provide a

simple method for guiding the use of reforestation efforts to recover soil water content

in extremely degraded tropical rain forests. We expect that this simple method can be

an effective means to restore extremely degraded tropical rain forests in other parts of

the world.

Keywords: deforestation, fast-growing trees, freshwater scarcity, hydraulic response to seasonal drought, limited
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INTRODUCTION

Forests provide sustainable and high quality freshwater across
the globe (Vose, 2019). Forests store significant amounts of
water in soils, and are thus a key regulator of the global
freshwater supply (Evaristo and McDonnell, 2019). Compared to
agricultural and grassland ecosystems, forests have extensive and
deep root systems and the soil is characterized by a thick leaf litter
layers, which allow them to retain high levels of soil water content
(Neary et al., 2009). Together, these properties of forests result
in high soil infiltration rates and low soil surface runoff (Neary
et al., 2009). Of the precipitation infiltrating in the soil, a fraction
is taken up by roots and transpired, while the rest is stored in deep
soil layers to provide freshwater to human society via subsurface
runoff (Jackson, 2006). As a result, soil water content stored in
forests is vital for providing sustainable freshwater to human
society (Chapin et al., 2011).

Past and current human disturbances (e.g., ore mining, and
plantation of commercial trees) have resulted in high rates of
deforestation and ecosystem degradation across the world, which
have, in turn, resulted in a major threat to the global supply
of freshwater (Sahin and Hall, 2004; Foley et al., 2011; Lambin
and Meyfroidt, 2011; Vörösmarty et al., 2015). It is expected that
deforestation in the tropics will continue to accelerate in the near
future (Laurance et al., 2014), and a large amount of the water
stored in forest soils may thus be lost as a result. Indeed, many
studies have found that extensive deforestation in the tropics has
already led to large-scale losses of freshwater in these systems
(Castello and Macedo, 2016; Fugère et al., 2016; Luke et al., 2017;
Gebrehiwot et al., 2019; Mapulanga and Naito, 2019). It is thus
urgent to initiate and maintain reforestation projects aimed at
recovering soil water content and increasing freshwater supply
to human society (Chapin et al., 2011).

A serious challenge in managing soil water loss after
degradation in tropics is that frequent typhoons and heavy rains
can result in landslides that remove the soil layer (Guidicini
and Iwasa, 1977; Chang et al., 2008; Yumul et al., 2012; Acosta
et al., 2016; Villamayor et al., 2016). Such landslide events may
make reforestation of large areas extremely difficult. To alleviate
these problems, monocultures of fast-growing tree species with
high survival rates perform better than slower-growing late-
successional tropical tree species (Stokes et al., 2009; Walker
et al., 2009; Lohbeck et al., 2013; Pang et al., 2018). As a
result, monocultures of fast-growing tree species that are easy to
cultivate are used extensively in reforestation projects across the

tropics (Lu et al., 2017).
Although it is widely believed that reforestation will recover

the soil water content (Bruijnzeel, 2004), only the reforestation
in Flores, eastern Indonesia is proven to have successfully

restored soil water content, as mentioned by Carson (1989)

and Nooteboom (1987). Moreover, whether reforestation can
recover the soil water content depends on time and spatial
scales (Bruijnzeel, 2004). As a result, it is expected that
reforestation based on monocultures of fast-growing species may
be not able to recover soil water content in highly degraded
tropical forest. Nevertheless, nearly no study has evaluated
the influence of large-scale reforestation projects on soil water

content recovery in humid tropical regions (Solange et al.,
2017).

Plant functional traits including morphological and
physiological traits across species can directly capturing
critical dimensions of the vulnerability and response to seasonal
drought across species and ecosystems (Maherali et al., 2004;
Engelbrecht et al., 2007; Anderegg, 2014), comparing the
differences in functional traits between fast-growing tree species
used for reforestation and dominant slow-growing tree species
in the secondary tropical rain forest can reveal whether and
why reforestation with fast-growing tree species can recover
soil water content in highly degraded tropical rain forest. It
has been found that fast-growing tree species usually have
higher transpiration rates than the dominant slower growing
tree species in secondary tropical rain forests (Tardieu and
Parent, 2017), which often leads to higher rates of soil water
uptake for fast-growing species (Krishnaswamy et al., 2013).
These higher transpiration rates are expected to result in lower
soil water content in monoculture stands of fast-growing tree
species (Evaristo and McDonnell, 2019). Thus, we hypothesized
that during the wet season, fast-growing tree species used for
reforestation will have higher transpiration rates than dominant
slower-growing species in the secondary tropical rain forest.
As a result, we expect soil water content around fast-growing
species to be much lower than for dominant slow-growing
species (Figure 1). In the dry season, we expect that dominant
slow-growing species will exhibit suppressed transpiration rates
which make soil water content around slow-growing species
decline only slightly during the dry season. In contrast, for
fast-growing tree species, high transpiration rates are required
to meet their very high growth rates, which is impossible when
precipitation is limited. As a result, fast-growing tree species
must absorb large amounts of water from soils formed because
of stored precipitation in the wet season in the soil layers. In such
cases, we expect soil water content around fast-growing species
to decline precipitously during the dry season.

To test our hypothesis, we initiated a large-scale reforestation
project used to restore a 0.2 km2 area of extremely degraded
tropical rain forest in Sanya City, Hainan, China in 2016.
Outside of this degraded area is secondary tropical rain forest.
To prevent landslides, we planted monocultures of eight fast-
growing tree species separately. This project thus provides a
suitable system in which to test whether monocultures of fast-
growing species can help recover soil water content compared
with that in the secondary tropical rain forest. Specifically,
we compared differences in transpiration rates between the
eight fast-growing tree species used for reforestation and eight
dominant slow-growing tree species sampled from the secondary
tropical rain forest. Separate comparisons were made in both
the wet and dry seasons. We also determined whether water
content differed between soils surrounding fast-growing vs.
slow-growing tree species in both seasons. Tree transpiration
rates can be determined by using a suite of functional traits
associated with plant transpiration, including photosynthesis
rate, stomatal conductance, leaf hydraulic conductivity, and
drought stress tolerance (Tuzet et al., 2003; Miyashita et al., 2005;
Fisher et al., 2007; Maherali et al., 2008; Santos et al., 2018).
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FIGURE 1 | Hypothesized differences in transpiration, soil water uptake, and

soil water content between fast-growing tree species used for reforestation in

the 0.2 km2 extremely degraded tropical rain forest and dominant

slow-growing species in the adjacent secondary tropical rain forest in wet and

dry season respectively.

Therefore, we also compared these functional traits between
fast-growing species used for reforestation and dominant slow-
growing species in the secondary tropical rain forest in

both wet and dry seasons to reveal which factors regulate
transpiration for these two type of trees across wet and
dry season.

MATERIALS AND METHODS

Study Site
Our study site is located on Baopoling mountain (BPL),
which is a limestone mountain in Sanya City, Hainan, China
(109◦51′01′′E, 18◦31′99′′N). The area has a tropical monsoon
oceanic climate with a mean annual temperature of ∼28◦C.
The average annual precipitation on the island is 1,500mm,
∼91% of which occurs from June to October (Luo et al.,
2020). Vegetation of the BPL is described as species-rich
tropical rain broad-leaf forest (Luo et al., 2020). Due to 20
years of limestone mining by the cement industry, a 0.2
km2 area of the BPL has now become extremely degraded,
consisting of bare rocky soils where minimal plant life is
found. Areas of the BPL outside of the degraded site are
composed of secondary tropical rain forest (see Figure 2A). Here
we utilized a nearly natural reforestation method to perform
the reforestation to restored the extremely degraded tropical
rainforest and detail reforestation processes are described in
detail as below. In May 2016, reforestation was firstly enacted
by using the slope and the deep soil layer for the secondary
tropical forest as a reference to reconstruct slope and soil layers
(Figures 2B,C). Then separately refiling the same soils from the
secondary tropical monsoon forest to monoculture seedlings
[3m height and 2 cm diameter at breast height (DBH)] of
eight fast-growing species, which included Terminalia neotaliala,
Bombax malabarica, Cleistanthus sumatranus, Ficus microcarpa,
Muntingia colabura, Acacia mangium, Leucaena glauca, and
Bougainvillea spectabilis (Figures 2C–E). Seedlings from these
eight fast-growing species can be purchased commercially, and
are known to be fast-growing and have high survival rates within
the study region. Thus, these eight fast-growing species should
have high potential to prevent landslide resulting from frequent
typhoon and heavy rain. The eight fast-growing species was
separately monocultured from the top to the bottom of BPL
(Figure 2D) and planting density for each of the eight species
was all kept at 80 stems per hectare. The restoration project
was finished at end of year 2016. In 2019, thirty plots, each
of 20 × 20 m2 (an area of 400 m2 for each plot) that were
at least 100–300m apart from one another, were randomly
sampled across the adjacent secondary forest. Within each
plot, all freestanding trees with diameter of ≥ 1 cm at breast
height (DBH) were measured and identified to species. We
finally found 80 tree species in the secondary forest and we
select the 8 tree species (200–300 stems per hectare) (Bridelia
tomentosa, Radermachera frondosa, Lepisanthes rubiginosa,
Rhaphiolepis indica, Pterospermum heterophyllum, Fissistigma
oldhamii, Psychotria rubra, and Cudrania cochinchinensis) as our
candidate dominant slow-growing species.

Sampling
In the peak of wet season (August) in 2019, we sampled 20
fully expanded, healthy leaves from the same five independent
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FIGURE 2 | Baopoling mountain (BPL), the surrounding landscape and detailed procedures regarding the reforestation project in the 0.2 km2 extremely degraded

tropical monsoon forest. (A) BPL and the surrounding landscape including the 0.2 km2 area of extremely degraded tropical monsoon forest and the adjacent

secondary tropical monsoon forests. (B) the original landscape and slope of the 0.2 km2 extremely degraded tropical monsoon forest; (C) using the slope, the deep of

soil layers as a reference to reconstructing slope and soil layers, and to refill soils from the secondary tropical forests to form planting area in the extremely degraded

tropical monsoon forest; (D) separately mono-planting eight fast-growing tropical tree species; (E) the landscape of secondary tropical rain forest and the 0.2 km2

extremely degraded tropical rain forest after reforestation efforts in 2020.

individuals for each of the eight fast-growing species and
eight dominant slow-growing species found in the surrounding

secondary region. Resampling was performed again in the

dry season (February) in 2020. We selected trees that had a

DBH that was comparable to the mean DBH of the species

(Table 1). Leaf samples were used to measure five hydraulic
traits, including transpiration rate (TR; µmol m−2 s−1),

maximum photosynthesis rate (Aarea; µmol m−2 s−1), stomatal

conductance (SC; mmol m−2 s−1), leaf hydraulic conductivity

(LHC; mmol m−2 s−1 MPa−1), and leaf turgor loss point

(TLP; Mpa).

Measurement of Maximum Photosynthesis
Rate, Stomatal Conductance, and
Transpiration Rate
We used a Li-6400 portable photosynthesis system (Li-
6400, Li-Cor, Lincoln, Nebraska, USA) to measure maximum
photosynthesis rate, transpiration rate, and stomatal conductance
for the 20 fully expanded and sun-exposed leaves collected from
five mature individuals between 9:00 and 11:00 on sunny days.
We set photosynthetic photon flux density at 1,500 µmol m−2

s−1 to ensure that light-saturated photosynthetic rates were
measured for all forest species. We maintained ambient CO2
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TABLE 1 | The mean diameter at the breast height DBH (in cm) of the eight non-native species (Terminalia neotaliala, Bombax malabarica, Cleistanthus sumatranus, Ficus

microcarpa, Muntingia colabura, Acacia mangium, Leucaena glauca, and Bougainvillea spectabilis) and the eight dominant native species (Bridelia tomentosa,

Radermachera frondosa, Lepisanthes rubiginosa, Rhaphiolepis indica, Pterospermum heterophyllum, Fissistigma oldhamii, Psychotria rubra, and Cudrania

cochinchinensis) and the DBH values of the sampled individuals (n) of each study species.

Species name n mean DBH DBH of sampled individuals

Tree 1 Tree 2 Tree 3 Tree 4 Tree 5

Terminalia neotaliala 5 8.9 8.6 8.3 9.2 9.5 8.7

Bombax malabarica 5 8.2 8.1 7.5 8.8 9.2 7.8

Cleistanthus sumatranus 5 6.5 6.1 6.8 5.5 5.8 5.2

Ficus microcarpa 5 7.4 7.7 7.9 6.5 6.9 8.1

Muntingia colabura 5 8.2 8.7 8.3 7.8 7.5 9.1

Acacia mangium 5 9.6 10.3 10.7 9.8 9.1 8.9

Leucaena glauca 5 6.2 4.5 4.9 5.5 7.2 6.4

Bougainvillea spectabilis 5 7.8 7.5 7.1 8.2 9.3 8.5

Bridelia tomentosa 5 7.9 6.2 7.1 7.6 8.2 9.5

Radermachera frondosa 5 6.5 5.3 5.8 6.5 6.9 7.5

Lepisanthes rubiginosa 5 5.2 4.8 4.7 5.1 5.9 5.3

Rhaphiolepis indica 5 3.7 3.3 4.1 4.3 4.5 3.8

Pterospermum heterophyllum 5 4.2 3.2 3.1 5.1 4.9 3.5

Fissistigma oldhamii 5 4.7 3.8 4.2 4.6 4.3 5.6

Psychotria rubra 5 3.2 3 3.5 3.1 3.8 2.7

Cudrania cochinchinensis 5 4.3 3.6 4.5 3.5 4.8 3.8

and air temperature at 390 µmol mol−1 and 28◦C, respectively.
Before data were recorded, we exposed leaves to the above
conditions for about 5min to allow photosynthetic parameters
to stabilize.

Measurement of Leaf Hydraulic
Conductivity and Leaf Turgor Loss Point
We collected leaf-bearing branches from five individuals of
each forest species where the basal ends of the branches were
immersed in distilled water and re-cut to measure leaf hydraulic
conductivity and leaf turgor loss point. We rehydrated all branch
samples until leaf water potential was greater than −0.05 MPa.
Then 20 fully expanded and healthy leaves were selected to
measure leaf hydraulic conductivity using rehydration technique
following Brodribb and Holbrook (2003). We also selected
another 20 fully expanded and health leaves to determine leaf
turgor loss point using the pressure-volume relationship analysis
program developed by Schulte and Hinckley (1985).

Measurement of Soil Water Content in
Both Wet and Dry Seasons
We first randomly selected three individuals for each of the eight
fast-growing and eight dominant forest species in the secondary
forest. Then we collected one soil sample at a depth of 0–100 cm
in soils around each focal individual every day in the peak of wet
(August) in 2019 and dry seasons (February) in 2020, respectively
to measure gravimetric soil water content (g kg−1) in both sites
in both wet and dry seasons, respectively.

Statistical Analyses
We used a Wilcoxon signed-rank test to detect differences in
functional traits values between the dominant slow-growing
and fast-growing species. Separate comparisons were also
made within the dry and wet seasons. We also utilized
Wilcoxon signed-rank test to compare soil water content in
soils surrounding the fast-growing and slow-growing species. As
above, comparisons were made in both wet and dry seasons.

RESULTS

The restoration project was finished in 2016, and till now
typhoons and heavy rains during the wet season have not resulted
in destructive landslides (Figure 1E). DBH for these eight fast-
growing forest species are 2.2 times higher than the dominant
slow-growing forest species in the secondary tropical rain forest
in 2020 (Table 1). For dominant slow-growing species, all five
traits were lower during the dry season than in the wet season
(Figure 3, p < 0.001 based on Wilcoxon signed-rank tests). In
contrast, only transpiration rate and leaf hydraulic conductivity
were different for fast-growing species (Figure 3, p < 0.001).
During the dry season, functional traits values of fast-growing
species were 1.5 to 10 times higher than those of dominant
slow-growing species (Figure 4, p < 0.001). And during the wet
season, most functional traits values for fast-growing species were
3 to 10 times higher than for dominant slow-growing species.
However, we did not observe any difference in leaf turgor loss
point between fast-growing and dominant slow-growing species
(Figure 4, p > 0.05).
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FIGURE 3 | Differences in five hydraulic traits (i.e., transpiration rate, TR; maximum photosynthesis rate, Aarea; stomatal conductance, SC; leaf hydraulic conductivity,

LHC; leaf turgor loss point, TLP) between the wet and dry season for both the fast-growing species used for reforestation and the dominant slow-growing species in

the adjacent secondary tropical rain forest. *** indicates P < 0.05 and NS (short for non-significant) indicates P > 0.05 based on Wilcoxon signed-rank tests.

FIGURE 4 | Differences in distributions of five hydraulic traits (i.e., transpiration rate, TR; maximum photosynthesis rate, Aarea; stomatal conductance, SC; leaf

hydraulic conductivity, LHC; leaf turgor loss point, TLP) between the fast-growing species used for reforestation and dominant slow-growing species in the adjacent

secondary tropical rain forest in dry and wet seasons respectively. *** indicates P < 0.05 and NS (short for non-significant) indicates P > 0.05 based on Wilcoxon

signed-rank tests.

Soil water content around both the fast-growing and
dominant slow-growing species decrease significantly from
wet to dry seasons, with an 8% decrease in dominant slow-
growing species, but a 190% decrease in fast-growing species
(Figures 5A,B). That is, soil water content around the dominant
slow-growing species remained almost constant across the
seasons, whereas soil water content surrounding the fast-growing
species decline dramatically from the wet to dry seasons. Soil

water content in soils around the dominant slow-growing species
in the secondary tropical rainforest ecosystem was as much
as 1.5–3 times higher than in soils around the fast-growing
species in the restoration area in the both wet and dry seasons
(Figures 5C,D). Moreover, soil water content surrounding the
dominant slow-growing species in the dry season was still 1.3
times higher than that for the fast-growing species in the wet
season (Figure 5E).
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FIGURE 5 | (A,B) demonstrates the differences in soil water content between

wet and dry season for slow-growing tree species and fast-growing tree

species respectively. (C,D) shows the differences in soil water content

between slow-growing tree species and fast-growing tree species in wet and

dry season individually. (E) describes the differences in soil water content

between fast-growing tree species in the dry season and slow-growing tree

species in the wet season. ***indicates P < 0.05 and NS (short for

non-significant) indicates P > 0.05 based on Wilcoxon signed-rank tests.

DISCUSSION

Our study provides convincing evidence that transpiration rates
of the fast-growing species used for reforestation are much
higher than that of the dominant slow-growing species in the
secondary tropical rain forest, in both wet and dry seasons.
This results in more uptake of water from the soil by the fast-
growing species than by the slow-growing species, ultimately
lower soil water content around the fast-growing species than
that around the dominant slow-growing species, particularly
during the dry season.

We found DBH for these eight fast-growing forest species are
2.2 times higher than the dominant slow-growing forest species

in secondary tropical rain forest, indicating our selected fast-
growing species can indeed grow much faster than the dominant
forest species in the adjacent secondary tropical rainforest. We
also found typhoons and heavy rains during the wet season had
not resulted in destructive landslides on the reforestation project
which was implemented by separately mono-planting these eight
fast-growing forest species. These results demonstrated that
mono-planting fast-growing species can indeed be effective for
alleviating the potential landslide when performing reforestation
in tropics due to frequent typhoon and heavy rain. (Stokes et al.,
2009; Walker et al., 2009; Pang et al., 2018).

During the wet season, the fast-growing species had a much
higher photosynthesis rate and stomatal conductivity than the
dominant slow-growing species. Higher photosynthesis rates
and stomatal conductance usually require higher leaf hydraulic
conductivity to maintain high rates of transpiration (Tuzet et al.,
2003; Miyashita et al., 2005; Maherali et al., 2008). Indeed,
we found that the fast-growing species had much higher leaf
hydraulic conductivity and transpiration rates than those of
the dominant slow-growing species during the wet season.
This suggests that the fast-growing species have much higher
photosynthetic water demands and transpiration rates than the
dominant slow-growing tree species. However, we observed no
significant differences in leaf turgor loss point between them. Leaf
turgor loss point reflects leaf water supply, with low leaf turgor
loss point when plant leaf water supply is not enough (Bartlett
et al., 2012). This indicated that leaf water supply was likely
adequate for both types of trees. This is not surprising, as 90%
precipitation occur in the wet season (Luo et al., 2020), which
should meet the water demand of the trees. Nevertheless, higher
plant transpiration rates will result in higher soil water uptake,
which will lead to overall lower soil water content (Krishnaswamy
et al., 2013; Peña-Arancibia et al., 2019). Indeed, we found that
mean soil water content around the dominant slow-growing
species was 1.5 times higher than in soils surrounding the
fast-growing species. Thus, fast-growing species’ much higher
transpiration rates can indeed result in much lower soil water
content, although precipitation is not limited.

During the dry season, it is likely that leaf water supply was
insufficient for both fast-growing and dominant slow-growing
species. However, we found that dominant slow-growing species
had a much lower leaf turgor loss point during the dry season,
while for fast-growing species it did not differ between seasons.
This suggests that fast-growing species likely get adequate leaf
water supply, while dominant slow-growing species do not.
This was surprising, given that photosynthesis rate and stomatal
conductivity was very high for fast-growing species during the
dry season. This should make leaf water supply for fast-growing
species not be fulfilled by the very limited precipitation in the
dry season. Thus, fast-growing species must have a high leaf
hydraulic conductivity, resulting in a high transpiration rate to
meet their invariably high photosynthetic water demand. Indeed,
we found that the fast-growing species had much higher leaf
hydraulic conductivity and transpiration rates than in the wet
season. As a result, the fast-growing species absorbed higher
amounts of soil water than the dominant slow-growing species.
Actually, we found that soil water content around fast-growing
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species during the dry season were only half of the amount
observed during the wet season. Moreover, soil water content
around the dominant slow-growing species during the dry
season was also much higher than the fast-growing species.
These results demonstrate that the high photosynthetic water
demand of the fast-growing species cannot be fulfilled during
the dry season without uptaking large amounts of water stored
in soils. As a result, we expect that widespread plantings of fast-
growing species will lead to long-term depletion of water in
forest ecosystems.

A lower leaf turgor loss point also causes suppressed
photosynthetic water demand, which results in suppressed leaf
hydraulic conductivity and transpiration rates (Santos et al.,
2018). Indeed, we found that dominant slow-growing species
had much higher rates of leaf hydraulic conductivity and
transpiration during the wet season than in the dry season.
It is possible that dominant slow-growing species’ suppressed
transpiration rates can be sufficiently met by the limited water
supply. Thus, dominant slow-growing species only requires to
absorb a small amount of soil water content formed because of
stored precipitation in the wet season in the soil layers. Indeed,
we found that soil water content in soils around dominant slow-
growing species decreasedmerely 8% in the dry season compared
with the wet season. These results indicate that dominant slow-
growing species’ suppressed transpiration rates by lowering leaf
turgor loss point can be largely met by the limited precipitation
and thus they only absorb a small amount of soil water content
formed in the wet season, thereby maintaining relatively high soil
water content in the dry season.

Together, our results suggest that using monocultures of fast-
growing tree species for large scale reforestation projects is
difficult to recover the soil water content. Because of dominant
species’ lower transpiration rates, mixtures of fast-growing and
dominant slow-growing species may be useful. Indeed, many
studies from other sites have found that planting mixtures of the
dominant slow-growing plant species and fast-growing species
can enhance soil water content capacity (Sprenger et al., 2013;
Amazonas et al., 2018; Jonsson et al., 2019). We expect that at
our site, mixing dominant slow-growing species with the fast-
growing monocultures would be useful for recovering soil water
content. Still, initial plantings of fast-growing species remains
important for preventing adverse effects from landslides and
heavy rains (Stokes et al., 2009; Walker et al., 2009; Pang et al.,
2018).

Based on all findings, we recommend a three-step method
for recovering soil water content of extremely degraded tropical
forest ecosystems via reforestation. First, using the slope, the deep
of soil layers of the secondary tropical forest as a reference to
reconstruct slope and soil layers. Then refiling the same soils
from the secondary tropical monsoon forest to plant fast-growing
tree species to minimize impacts from landslides and other soil
disturbance events. Third, dominant slow-growing tree species
from the adjacent secondary area should be planted within the
fast-growing species stands to increase soil water content. We
expect that this simple three-steps method can be an effective
means of restoring extremely degraded tropical forests in other
parts of the world.

CONCLUSION

Here we clearly demonstrate that our nearly nature reforestation
method can help quickly and successfully perform reforestation
to restore extremely degraded tropical rainforest. However,
native forest species should be further mixed to effectively
recover the soil water content. We also provide a simple
method for guiding the use of reforestation efforts to
recover soil water content in extremely degraded tropical
rain forests.
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