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Abstract: Knowledge about the biomass productivity of trees planted in a rainwater harvesting
structure, i.e., a trench (T), relative to a normal pit (P) on degraded land is scarce. The objective of
this research paper is to compare the effect of T with P on the growth and biomass production of the
Acacia saligna and Casuarina equisetifolia which were planted on degraded land. All the individual
stems of both species in the T and P, their diameters at breast height (DBH) and heights in 2016
and 2020 were measured. Species-specific allometric equations were used to quantify the biomass
production of the studied species. The t-tests were used for data analysis; both A. saligna and
C. equisetifolia individuals planted in the T had higher DBH and height increment as compared with
A. saligna and C. equisetifolia that were planted and grown in a P. The results also revealed significant
differences on the mean DBH and height of A. saligna and C. equisetifolia planted in a T and P (p < 0.05).
Between 2016 and 2020, the total biomass (TB) of A. saligna planted in a T and in a P increased
significantly (p < 0.05) on average by 25.5 kg/tree and 7.7 kg/tree, respectively (p < 0.05). Similarly,
the mean TB values of the C. equisetifolia planted in a T and a P between 2016 and 2020 increased
significantly (p < 0.05) by 28.9 kg/tree and 13.1 kg/tree, respectively. Finally, establishing trenches to
restore degraded lands was shown to facilitate growth and biomass production of planted species on
degraded land.

Keywords: conservation structures; degraded land; dry biomass; soil moisture; restoration; semi-arid
region; Casuarina equisetifolia; Acacia saligna

1. Introduction

Land degradation is a broad term and is defined as the temporary or permanent decline in the
productive capacity of land resources to perform essential functions and services, which decreases
land biological productivity and/or usefulness to humans [1,2]. Land degradation problems may
occur through different physical, chemical, and biological processes that are induced naturally
and/or by human activities such as deforestation, shifting cultivation, overgrazing, steep-slope
farming, and overuse of chemical fertilizers and forest resources [3]. These problems prevent
land from functioning effectively within an environmental system, which poses a major long-term
challenge to humans in terms of adverse impacts on biomass productivity, food security, biodiversity,
and environmental sustainability [1,4,5]. Land degradation is becoming a major problem in many
regions of the world, especially in arid and semi-arid regions, and it affects the ability of land resources
to perform essential ecosystem services and functions by indirectly affecting the type of plant grown in
an area, reducing the availability of potable water, decreasing volumes of surface water, depleting
aquifers, and causing biodiversity loss [6–12].
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Problems related to land degradation can be prevented by using various mechanisms and
activities [13], such as maximizing vegetation cover in degraded lands which should be given a
priority since this action can prevent erosion and replace soil nutrients removed by erosion [4,14,15].
However, to maximize vegetation cover through natural regeneration and artificial plantations,
factors such as shortages in soil nutrients and limited available water during the dry season in
degraded lands affect the restoration process [16,17]. To enhance tree growth and facilitate natural
regeneration, studies recommend placing different soil and water conservation structures in degraded
lands, as it is assumed that these structures can improve soil water by improving infiltration and soil
nutrients [16,18–20]. Establishing different soil and water conservation structures in degraded lands can
play an important role in supplying water directly to the root zone and in reducing the sediment load
and erosion at downstream sites [21]. Increasing soil water availability in degraded lands, especially in
dry seasons, promotes the survival and growth rate of planted juvenile tree seedlings, while soil water
limitations may increase seedling mortality and limit the growth of trees [22].

Research has shown that implementing rainwater harvesting structures in degraded
lands increased water supplies, vegetation cover, and facilitated plant growth and biomass
production [18,20,23–26]. Although many rainwater harvesting structures are used to conserve
soil and water in degraded lands, research findings have shown variability in their effectiveness for
plant growth, biomass production, restoration of degraded lands, etc. [14,21,24,27]. This result shows
that the extent to which different soil and water conservation structures influence plant growth and
rehabilitation on severely degraded lands needs to be further investigated, as their effect could vary
depending on the severity of the degraded land, precipitation pattern, and the type of planted species
used for restoration. In addition to this, the different pieces of research conducted on the impacts of
rainwater harvesting structures on the growth of trees were performed at a plot level [14,21,24,27],
which is confined to a small space in an experimental area. However, findings on the impact of moisture
harvesting structures on large scale degraded land restoration projects on the growth performance of
trees are scant. The objectives of this research paper are (1) to evaluate the impact of water harvesting
structures, mainly trenches established at the back of a tree-planting pit (T), on the growth and dry
biomass production of Acacia saligna (Labill.) H.L.Wendl and Casuarina equisetifolia L. relative to
the same species planted in a normal pit (P) on degraded land and (2) to compare and contrast the
performances of A. saligna and C. equisetifolia on degraded land planted in a T and P. At the beginning
of the study, it was hypothesized that trees planted in a T would achieve better growth and dry biomass
production than the same species planted only in a P that was not supported by a trench.

2. Materials and Methods

2.1. Description of the Project and Study Area

This study was part of a project supported by the Czech Development Agency, which was
implemented by Mendel University in Brno, Czech Republic. The purpose of the project was to
restore degraded land through physical and biological soil and water conservation measures for the
benefit of the local community by reducing flooding problems and also to keep water for the dry
season. With afforestation activities on the degraded land, the project established water harvesting
structures, that is, a trench (50 cm depth × 50 cm width × 1 m in length = 0.25 m3), to reduce the
runoff water and to facilitate the recharge of water into the ground. Downhill, which is approximately
25 cm away from the trench, a normal tree planting pit was prepared and used for seedling planting
(Figure 1a). Similarly, in some areas of the degraded land, only normal plantation pits (without any
water harvesting structures), were established for seedling planting purposes (Figure 1b). The seedlings
of A. saligna and C. equisetifolia were planted in July 2012 in the T and P. Both species planted and
grown in a T and P were planted randomly and in a mixture.
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Figure 1. Acacia saligna trees grown in the trenches (a), originally 50 cm deep, 50 cm width, and 1 m 
long, and in the pits (b). 

 

Figure 2. Mean monthly rainfall (mm) and temperature (°C) of Hawasa, Ethiopia. 

2.2. Data Collection 

All the trees of A. saligna and C. equisetifolia that were planted in the degraded land in the T and 
P and their diameters at breast height (DBH) at 1.3 ms above the ground were measured using a 
calliper. The heights of all the trees were also measured using a metre stick. The height and DBH data 
of the trees were measured in 2016 and 2020. The total number of measured tree stems of the species 
in the different years that were grown in a T and P is presented in Figure 3. The reason for the 
reduction in the number of trees measured in 2020 relative to 2016 was associated with the trees that 
were cut by the local communities. 

Figure 1. Acacia saligna trees grown in the trenches (a), originally 50 cm deep, 50 cm width, and 1 m
long, and in the pits (b).

The project area is located in Kajimma Umbullo Kebele, Hawassa Zurya Wereda, Sidama region,
Ethiopia. Geographically, it is located at 7◦1′45” N and 38◦16′30” E, and it is at an altitude of 1700 ms
above sea level. The nearest meteorological data recorded in Hawassa municipality, 20 km away from
the study site, show that the area receives bimodal rainfall, and it has a mean annual rainfall of 959 mm
per year (Figure 2). Soils are eutric and haplic cambisols [28]. Because of the loss of vegetation cover
and overgrazing problems, the soil is exposed to erosion, and as a result, the topsoil of the study
area is severely degraded; therefore, it has very poor soil nutrients and was an inhospitable place for
plant growth [28].
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2.2. Data Collection

All the trees of A. saligna and C. equisetifolia that were planted in the degraded land in the T and P
and their diameters at breast height (DBH) at 1.3 ms above the ground were measured using a calliper.
The heights of all the trees were also measured using a metre stick. The height and DBH data of the
trees were measured in 2016 and 2020. The total number of measured tree stems of the species in the
different years that were grown in a T and P is presented in Figure 3. The reason for the reduction in
the number of trees measured in 2020 relative to 2016 was associated with the trees that were cut by
the local communities.
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Figure 3. Number of measured stems by their diameters at breast height (DBH) and height in 2016 and
2020 that were planted in 2012 and grown in a trench and pit only.

2.3. Data Analysis

For the biomass data analysis, i.e., aboveground biomass (AGB) and belowground biomass (BGB),
species-specific allometric equations were used. Hence, for the quantification of A. saligna AGB and
BGB, the species-specific allometric Equations (1) and (2) developed by Jonson and Freudenberger [29]
were used. Similarly, for the quantification of C. equisetifolia AGB and BGB, the species-specific
allometric Equations (3) and (4) developed by Vidyasagaran and Paramathma [30] were used. The total
biomass (TB) of the studied species was analysed by summing the AGB and BGB (Equation (5)).

Ln(AGB) = −2.01 + 2.341 Ln (DBH) (1)

Ln(BGB) = −2.525 + 1.815 Ln (DBH) (2)

Ln(AGB) = −2.495 LN (DBH) − 1.875 (3)

Ln(BGB) = −2.4517 LN (DBH) − 3.35 (4)

TB = BGB + AGB (5)

The statistical software program SigmaPlot 13 (Systat Software, Inc., San Jose, CA, USA) was used
in the analysis. The data was evaluated for its normality assumption and it was found fulfilling the
normality distribution. The normality of the data was evaluated using a Shapiro–Wilk test, and then
the data was analysed using a t-test with the significance level of p = 0.05.

3. Results

3.1. Growth of Trees

The mean DBH measured in 2016 and 2020 for the A. saligna species planted in the T was relatively
higher (7.0 cm and 9.8 cm) than the mean DBH of A. saligna grown in the P only (6.1 cm and 6.8 cm).
Hence, between 2016 and 2020, the mean DBH increased significantly by 2.8 cm and 0.7 cm, respectively
(Figure 4A,C, p < 0.05). This was supported by the t-test showing significant differences (Figure 4A,C,
p < 0.05). The mean heights of the A. saligna trees planted in the T were 4.2 m in 2016 and 4.9 m in 2020,
while the mean heights of A. saligna planted in the pit had a mean height of 3.8 m in 2016 and 3.9 m in
2020, respectively. This shows that the mean height of A. saligna planted in the T was higher than the
mean height of the A. saligna trees planted and grown only in the P (Figure 5A,C). The mean height of
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A. saligna measured in 2016 and 2020 showed significant differences between the trees planted in the T
and P (Figure 5A,C, p < 0.05).
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The mean DBH and height of C. equisetifolia planted in T and P are presented in Figures 4 and 5,
respectively. No significant differences between the mean DBH of C. equisetifolia planted in the T
and P measured in 2016 (Figure 4B, p > 0.05) were proved according to statistical analysis. However,
the statistical analysis revealed significant differences between the mean DBH of C. equisetifolia planted
in T and P (Figure 4D, p < 0.05) measured in 2020. The results further indicated that between 2016
and 2020, the DBH of C. equisetifolia planted in the T and P increased on average by 3.5 cm and
1.8 cm, respectively. Similarly, between 2016 and 2020, the height of C. equisetifolia planted in T and
P increased on average by 1.8 m and 1 m, respectively. Significant differences between the mean
heights of C. equisetifolia species planted in the T and P (Figure 5B,D, p < 0.05) appeared based on
statistical analysis.

3.2. Biomass Production

Between 2016 and 2020, the mean AGB values of the A. saligna planted in the T and P increased by
22.7 kg/tree and 6.8 kg/tree, respectively. This indicates that the mean AGB values of the A. saligna
planted in the T were 3.3 times higher than the mean AGB values of the A. saligna planted in the P.
Significant differences between the mean AGB values of the A. saligna planted and grown in the T
and the P (Figures 6E and 7, p < 0.05) were proved in statistical analysis. The mean BGB values of
the A. saligna for the 2016 and 2020 measurements, which were planted and grown in the T and P,
are presented in Figures 6 and 7, respectively. The results show that between 2016 and 2020, the mean
BGB values of the A. saligna planted in the T and P increased by 2.8 kg/tree and 0.8 kg/tree, respectively.
Significant differences in the BGB values of the A. saligna planted in the T and P (Figures 6 and 7,
p < 0.05) showed the statistical analysis.
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Figure 6. Mean above-ground biomass (AGB), (A,B), belowground biomass (BGB), (C,D), and total
biomass (TB), (E,F), of A. saligna (AS) and C. equisetifolia (CE) that were planted and grown in a trench
(T) and a plantation pit (P) in 2016. Grouping letters are given above the bars (species-wise comparisons
via t-test at p = 0.05).



Appl. Sci. 2020, 10, 8560 7 of 10Appl. Sci. 2020, 10, x FOR PEER REVIEW 8 of 11 

 

Figure 7. Mean above-ground biomass (AGB), (A,B), belowground biomass (BGB), (C,D), and total 
biomass (TB), (E,F), of A. saligna (AS) and C. equisetifolia (CE) planted and grown in a trench (T) and a 
plantation pit (P) in 2020. Grouping letters are given above the bars (species-wise comparisons via t-
test at p = 0.05). 

4. Discussion 

Degraded lands have limitations related to soil depth, nutrient deficiencies, moisture issues, etc., 
and for this reason, these lands are inhospitable for carrying out restoration activities [31]. The present 
study shows that both the A. saligna and C. equisetifolia species planted in the T had relatively good 
growth (DBH and height increment) as compared with that of the same species planted and grown 
in the P. This could indicate that the moisture harvesting structure (trench) established in the 
degraded land served as one of the treatments to facilitate the growth of the planted species. Such a 
facilitation role of the trench in improving the growth and the biomass of the trees could be associated 
with its ability to trap runoff water and infiltrate it into the soil, which could help the planted trees 
utilize it for growth also during a substantial part of the dry season. Sumbal et al. [32] and Panigrahi 
et al. [33] described that soil moisture conservation structures reduce runoff and help the infiltration 
of rainwater during the rainy season. Rainwater is then available for plants during the dry period, 
which vigorously enhances plant growth and increases plant biomass compared with that of trees 
planted without moisture harvesting structures, i.e., planting pit only. Manivannan and Desai [34] 
reported that the performance of tree species increased in continuous trenches, which was attributed 
to increased moisture availability for the growth of plants. The present study result is in line with the 
findings of Sumbal et al. [32], who reported that Acacia auriculiformis planted with a soil and water 
conservation structure had better growth and productivity than those of species grown only in a tree-
planting pit. Singh et al. [27] also reported that rainwater harvesting structures resulted in higher 
growth of Emblica officinalis on degraded land than in only a pit. Derib et al. [21] also found that 
compared with that planted in a normal pit, A. saligna species planted in a trench and eyebrow basin 
structures produced 68%, 95%, and 52% increases in root collar diameter, DBH, and height, 
respectively. 

BGB and AGB values of A. saligna planted in the T were greater than those planted only in the 
P. The rainwater harvesting structure therefore not only favours diameter and height increments in 
the studied species but also facilitates their biomass productivity on the degraded land. Singh [23], 
in a study on the restoration of degraded lands, recorded higher biomass production of Acacia catechu 

A

Species in a trench (T) and Pit (P)

Bi
om

as
s (

K
g)

0

20

40

60

80

100

120

140 AS AGB AS BGB

AS T AS P CE T CE P AS T AS P CE T CE P AS T AS P CE T CE P

A

B

A

B A
B

A
B

A

B

A

B

p = <0.001p = <0.001 p= <0.001

B
CE AGB

C
CE BGB

D
AS TB

E
CE TB

F

p = <0.001 p = <0.001 p = <0.001

Figure 7. Mean above-ground biomass (AGB), (A,B), belowground biomass (BGB), (C,D), and total
biomass (TB), (E,F), of A. saligna (AS) and C. equisetifolia (CE) planted and grown in a trench (T) and a
plantation pit (P) in 2020. Grouping letters are given above the bars (species-wise comparisons via
t-test at p = 0.05).

The mean AGB and BGB measurement results for the C. equisetifolia measured in 2016 and 2020
are presented in Figures 6 and 7, respectively. Between 2016 and 2020, the mean AGB values of the
C. equisetifolia planted in the T and P increased by 24 kg/tree and 10.9 kg/tree, respectively. No significant
differences between the mean AGB values of the C. equisetifolia planted in the T and P in 2016 (Figure 6B,
p > 0.05) were proved. However, the 2020 results indicated significant differences between the mean
AGB values of the C. equisetifolia planted and grown in the T and P (Figure 7B, p < 0.05). Between 2016
and 2020, the mean BGB values of the C. equisetifolia grown in the T and P increased by 4.9 kg/tree
and 2.2 kg/tree, respectively. The analysis for the 2016 measurements shows no significant differences
between the BGB values of the C. equisetifolia planted and grown in the T and P (Figure 6C, p > 0.05),
however, the 2020 measurement results showed significant differences between the mean BGB values
of the C. equisetifolia planted and grown in the T and P (Figure 7D, p < 0.05).

The total biomass (TB) values of the A. saligna and C. equisetifolia planted in T and P for the 2016
and 2020 measurements are presented in Figure 6E,F and Figure 7E,F, respectively. Between 2016
and 2020, the mean TB values of A. saligna and C. equisetifolia that were planted and grown in the T
increased by 25.5 kg/tree and 28.9 kg/tree, respectively. In 2016–2020, the mean TB increases in A. saligna
and C. equisetifolia planted in the P were 7.7 kg/tree and 13.1 kg/tree, respectively. The 2016 results
revealed significant differences between the TB values of the A. saligna grown in the T and P (Figure 6I,
p < 0.001) while there were no significant differences between the TB values of the C. equisetifolia grown
in the T and P (Figure 6F, p > 0.001). The analysis of data from 2020 revealed significant differences
between the TB values of the A. saligna grown in the T and P (Figure 7E, p < 0.05). Similarly, for the
same year measurements of Casuarina equisetifolia, there were significant differences between the TB
values in the T and P (Figure 7F, p < 0.05).

4. Discussion

Degraded lands have limitations related to soil depth, nutrient deficiencies, moisture issues, etc.,
and for this reason, these lands are inhospitable for carrying out restoration activities [31]. The present
study shows that both the A. saligna and C. equisetifolia species planted in the T had relatively good
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growth (DBH and height increment) as compared with that of the same species planted and grown in
the P. This could indicate that the moisture harvesting structure (trench) established in the degraded
land served as one of the treatments to facilitate the growth of the planted species. Such a facilitation
role of the trench in improving the growth and the biomass of the trees could be associated with its
ability to trap runoff water and infiltrate it into the soil, which could help the planted trees utilize it for
growth also during a substantial part of the dry season. Sumbal et al. [32] and Panigrahi et al. [33]
described that soil moisture conservation structures reduce runoff and help the infiltration of rainwater
during the rainy season. Rainwater is then available for plants during the dry period, which vigorously
enhances plant growth and increases plant biomass compared with that of trees planted without
moisture harvesting structures, i.e., planting pit only. Manivannan and Desai [34] reported that
the performance of tree species increased in continuous trenches, which was attributed to increased
moisture availability for the growth of plants. The present study result is in line with the findings of
Sumbal et al. [32], who reported that Acacia auriculiformis planted with a soil and water conservation
structure had better growth and productivity than those of species grown only in a tree-planting
pit. Singh et al. [27] also reported that rainwater harvesting structures resulted in higher growth of
Emblica officinalis on degraded land than in only a pit. Derib et al. [21] also found that compared
with that planted in a normal pit, A. saligna species planted in a trench and eyebrow basin structures
produced 68%, 95%, and 52% increases in root collar diameter, DBH, and height, respectively.

BGB and AGB values of A. saligna planted in the T were greater than those planted only in the
P. The rainwater harvesting structure therefore not only favours diameter and height increments in
the studied species but also facilitates their biomass productivity on the degraded land. Singh [23],
in a study on the restoration of degraded lands, recorded higher biomass production of Acacia catechu
in a contour trench and V-ditch than in a plantation pit. Similarly, Kumer et al. [35] found that soil
and water conservation measures such as terraces and trenches contributed to relatively high biomass
production in Achras zapota trees. Our study results showed no significant differences between the
biomass production of A. saligna and C. equisetifolia planted in the T. Similarly, there were no significant
differences between the total biomass production of A. saligna and C. equisetifolia planted in the P.
These results could further indicate that the two studied species performed equally on the degraded
land of a semi-arid region. However, there were significant differences between the species planted
in T and P, which shows that the differences in the biomass values were much more influenced by
the rainwater harvesting structure than the planted species. In contrast to the results of our study,
Shone et al. [36] reported a variation in the performance of 45 native tree species on degraded land.

5. Conclusions

Based on the findings of the current study, it is concluded that establishing a moisture harvesting
structure, a trench, facilitated the growth and biomass production of the two studied species planted
on degraded land. The use of water harvesting structures within land degradation projects shows both
rise of soil moisture as well as an increase in biomass production of set species. These facts support the
reduction of soil erosion problems through an increase in vegetation cover. Finally, it is recommended
that if A. saligna and C. equisetifolia are used for afforestation/restoration purposes on degraded land,
then establishing the species with a rainwater harvesting structure will facilitate their growth and
biomass production.
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