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Abstract: Tree planting on degraded lands plays a key role in forest rehabilitation processes through afforestation and/or
reforestation. Moisture conservation structures have significant impact on seedling survivals at degraded lands. The objectives
of this study were to evaluate the effect of moisture conservation structures on seedling survival and growth performance of
selected tree species. Field experiment was conducted for four (2016-2020) in degraded area closure at Babile District East
Hararghe Zone, Ethiopia. The experimental design followed was the split plot design. The moisture conservation structures as
main plot used were Soil level bund, Trench and normal pit (used as control). The tree species grown as subplots were Moringa
oleifera, Melia azedarach, Grevillea robusta, Leuceana leucocephala and Sesbanea sesban. The five tree species were planted
by using seedlings. The tree survival rate, plant height, diameter at breast height and root collar diameter of the five tree
species were measured every three months in year after transplanting. The result shows that moisture conservation structures
were significant in tree survival rate, plant height, and root collar diameter but not in tree diameter at breast height. Tree
seedling height and root collar diameter grown in the Soil level bund were significantly higher than those grown in moisture
conservation structures, trench and normal pit (P<0.05). Survival rate and diameter at breast height grown in the Trench were
significantly higher than those grown in moisture conservation structures, soil level bund and normal pit (P<0.05). The survival
rate of tree seedling was higher when grown in Trench than normal pit (control) (P<0.05). The interaction of tree species
seedlings and moisture conservation structures shows that those seedlings grown on moisture conservation structures were
significantly thicker, taller and more survived than those grown on the normal pit (control) (P<0.05). Based on the
experiments, it is concluded that moisture conservation structures particularly the Trenches was considered as the most
appropriate planting pit. Therefore, further demonstration of Trenches tree planting should be carried out.

Keywords: Conservation Structures, Trench, Soil Level Bund, Multipurpose Trees, Normal Pit, Survival Rate

Consequently these areas are now characterized by loss of
soil fertility and soil erosion problem. If no remedial action is
taken, this will cause severe impact on agricultural
productivity leading to energy poverty and environmental
degradation. Eastern Ethiopia particularly, East Hararghe
high land is well known by vegetation cover and most of the
surrounding area is covered by forests comprising a rich
mixture of woody species [1]. In spite of the importance of
forest ecosystem to the livelihoods of the people in the area,
the forest is dwindling from time to time due to high
exploitation of woody and non-woody products.

1. Introduction

Land degradation in Ethiopia is the major problem due to a
number of factors. One of the importance causes is the
removal of forest and vegetation cover as result of increased
population leading to high demand for forest products land
for expanding agricultural activities [5]. In Ethiopia, rapid
deforestation caused by an escalating demand for fuel wood
and expansion of land for agriculture has brought an ever
increasing pressure on native woodland species [12].
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Forest plantation on degraded rangelands can play a key
role in harmonizing long-term forest ecosystem rehabilitation
process [14]. The process of forest ecosystem rehabilitation
can be accelerated through human intervention like
afforestation or/and reforestation with moisture stress tolerant
tree seedling transplanting from nursery sites in dry land
areas. Afforestation is the common approach of restoration on
degraded land and biodiversity conservation, and eco-
environmental improvement [4]. However, the vegetation
establishment on degraded land is constrained by many
factors in which the insufficient moisture availability listed as
the top constraint [11]. The conserved and stored rain water
supports flourishing plant growth and tree seedling survivals
in dry areas [17]. These could be possible through in-situ
rainwater harvesting devices which have hydrological
functions as it modifies water flows and facilitating plant
growth and improve vegetation cover [16]. This was
enhanced by reducing velocity of runoff and the water is
collected behind the structures. However, it only could be
realized through well designed and improved soil and water
conservation and harvesting devices [8].

Trees are known to bring about changes in edaphic, micro-
climatic, floral, faunal and other components of the eco-system
through bio-recycling of mineral elements, environmental
modifications (including thermal and moisture regime) and
changes in floral and faunal composition [15]. Multipurpose
tree species play a considerable role in addressing such multi-

faceted demands in mixed crop-livestock production systems
[3]. They have the ability to fit into farming systems to use as a
source of manure, soil conservation, fuel wood, farm
implements and others like shade and shelter [10]. Before
introducing any species to a given agro ecology, there is
always a need for a well conducted field trial for matching of
the species to a particular site [12]. The most reliable
information is based on trial planting in the proposed
plantation area. The first trial should be species screening trial
that will test the survival and early growth performance of the
species in one to three years [7].

In the degraded lands closure of Babille District,
particularly, around the study area, Farmers and government
have been planting many tree seedlings species year after
year but the survival of those seedlings are poor and variable
as the area is mainly affected by moisture stress and soil
fertility problems. The impact of in-field rainwater harvesting
technique (IRWH) practices or moisture conservation
structures on the number of planted seedling survival has so
far scarcely been investigated. Again, the area has not been
given much research attention and are still lacking regarding
the title. Therefore, the objectives of this study were to
evaluate the effect of moisture conservation structures on
seedling survival and growth performance of trees under area
closure of degraded land in Babille District and for the same
agro ecologies.
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Figure 1. Mean monthly rainfall and temperature during experimental period based on meteorological data nearest to the study area.

2. Materials and Methods
2.1. Description of the Study Site

The experiment was conducted in Bishan Babille kebele;
Babille District Eastern Oromia, Ethiopia (Figure 2). It is
located is situated in eastern part of Ethiopia, about 593 km
east of Addis Ababa, and 37 km east of Harar town. The
altitude of the study area ranges from 950 to 2000 meters
above sea level and latitude 9°21'-9.35° North and longitude

42°48'-42 8° east. The climate of the district is predominantly
agro-pastoral type (low land) which is characterized by high
temperature and the mean annual rainfall in the area ranges
from 600 to 700 mm (Figure 1). The area characterized by
very short rainy season of 3 to 4 months (single quarter of the
year), with all its intermittent condition and erratic distribution.
The mean annual temperature was 24°C. The soil experimental
site is clay loam in texture and medium in organic matter
content and high in exchangeable potassium. The pH of the
soil (7.94) is in the optimum range for growth of most plants.



Journal of Water Resources and Ocean Science 2021; 10(1): 1-8 3

42NPE S2IFDE A2IEUCE AXVIRDNE AZ2XDE A2°IT0CE 42°280°E

i a2
? The Study Area N
8- 201
A g 1ah
947
18
5714
- ¥ 942
. . 2114
Oromia Region
¥ L S | R
oL, SR, o)
é’l—f o hf i il 9810
- A i grgal
Legend o
Babile el
Reads =
1 9212
Bakilla tewn o a & 18
River 0" !

P B i T ol S A A . B S i i S it e e S
4Z0W0E  A2NZFTE APISTE S2T1B0E A22VrE 42724'0°E A2 I TICE

Figure 2. Map representing the study area (Babille district).

2.2. Nursery and Field Management

Seeds of the five tree species were obtained from Central
Ethiopian Environment and Forestry Research Center.
Seedlings were raised in polythene tubes of size 10cm
diameter and 15cm length at Kile nursery site. The out
planting site was cleared of bushes and the selected moisture
conservation structures (planting methods) were prepared
before planting the selected tree seedlings.

2.3. Species Selection

Five tree species were carefully selected for
experimentation based on the preference of the community’s
multi-criteria decision approach taking into account
indicators of ecological suitability, socio-economical
functions, protection functions and root characteristics.

2.3.1. Grevillea Robusta

G. robusta is from Proteaceae family with medium-sized
to tall tree up to 30 m high, usually less than 10 m in
Ethiopia. It is a very successful Australian tree planted and
widely used in dry, moist and wet WeynaDega and Dega agro
climatic zones, 0-3,000 m. It is used as firewood, charcoal,
timber (furniture), poles, fodder (leaves), bee forage, shade,
ornamental, soil conservation and windbreak.

2.3.2. Moringa Oleifera

Introduced to Ethiopia long ago and now naturalized in
many parts of GamoGofa and in the Rift Valley and tried
elsewhere. Requires well-drained soils with a high water
table, but is drought resistant. Occurs at low altitudes in Dry
and Moist Kolia agro climatic zones, 500-1,600 m. It is used
as Food 'young leaves, young fruit), medicine, fodder
(leaves, fruit), bee forage, soil conservation, shade,
windbreak, live fence, boundary marker, fibres, spice (young
roots), oil (seeds), water purification (seeds).

2.3.3. Melia Azedarach
Grows in most soils, both acidic and saline, in Bereha and

Dry, Moist and Wet Kolia and Weyna Dega agro climatic
zones, 0-2,400 m. It grows in most soils, both acidic and
saline, and is fairly drought resistant. It is used as Firewood,
poles, posts, timber (tool handles), medicine (bark), bee
forage, ornamental, shade, windbreak

2.3.4. Sesbania Sesban

One o f many useful African Sesbania spp. which survive
water logging and fix nitrogen. It is found at the margin of
fresh-water lakes and seasonal ponds. Some types tolerate
acid and saline soils. Easy to establish even in dry eroded
soil. It performs well in Moist and Wet Kolia and
WeynaDega agro climatic zones. It is used as Firewood,
poles, fodder (leaves), mulch, soil improvement, soil
conservation, nitrogen fixation, shade (young coffee), fibres
(young stems), soap (leaves).

2.3.5. Leucaena Leucocephala

An evergreen shrub or tree 5-20 m, depending on the
variety, medium leafy canopy, develops a deep tap-root even
as a seedling. It is widely introduced in the tropics over the
last 100 years, reaching Africa in 1950. It is grows best in
humid Bereha and Moist and Wet Kolia agro climatic zones
between 0 and 1,600 m altitude in full sunlight on well-
drained neutral or calcareous soil. It is used as firewood,
charcoal, poles, timber (from giant types), fodder (leaves,
shoots), bee forage, green manure, soil conservation, soil
improvement, nitrogen fixation, ornamental, live fence.

2.4. Moisture Conserving Structures (MCSs)

The effective MCSs which are familiar in the rehabilitation
of degraded land were adopted for the experiment. According
to the specification and design of the structures we used were
as follows.

2.4.1. Trench (TR)
Are rectangular and deep pits constructed along the
contours. The technical standards constructed and design we
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follow was; Size of the trench: 1.5 length x 0.4 m x width x
0.5 m depth (downside); Trenches were provided with a
small and low tie in the middle to regulate water flow (15 cm
width); Trees were not planted in the middle of the trench but
in front of it; Plantation pit 40 cm depth x 40 cm x width.

2.4.2. Soil Level Bund (SLB)

Are earth embankments constructed across the slope of the
ditch on their upslope side and the earth material excavated
thrown down slope. Dimension: 3 m length x 1.1 width x 0.5
m depth, Planting pit 40 cm depth x 40 cm width, was
prepared in front of the square shaped water collection pit.

2.4.3. Normal Pit (NP)
Are circular and deep pits constructed along the contour.

Size: 40 cm depth x 40 cm width and used as control.
2.5. Experimental Design and Layout

Five tree species were established in three MCSs in a split-
plot design with three replications. There were 15 treatments
combination of two factors (Three moisture conservation
structures x Five Tree species = 15 treatments) (Table 1).
Each treatment combination was tried on 3 replications and
thus a total of 45 plots (Three moisture conservation
structures x Five Tree species x Three replication= 45 plots).
Moisture conservation structures were the main plot factor in
this experimental design, and tree species were randomly
assigned to one of three moisture conservation structures.
The tree species were planted by using seedlings.

Table 1. The treatments of the experiment.

No Types of Structures (min plot) Tree species (subplot) Treatments (Code)
Melia azedarach Trenchx M. azedarach
Sesbania sesban Trench x S. sesban

1 Trench (TR) Grevillea robusta Trench x G. robusta
Moringa oleifera Trench x M. oleifera
Leucaena leucocephala Trench x L. leucocephala
Melia azedarach Soil level bund x M. azedarach
Sesbania sesban Soil level bund x S. sesban

2 Soil level bund (SLB) Grevillea robusta Soil level bund x G. robusta
Moringa oleifera Soil level bund x M. oleifera
Leucaena leucocephala Soil level bund x L. leucocephala
Melia azedarach Soil level bund x M. azedarach
Sesbania sesban Soil level bund x S. sesban

3 Normal Pit (NP) Grevillea robusta Soil level bund x G. robusta

Moringa oleifera
Leucaena leucocephala

Soil level bund x M. oleifera
Soil level bund x L. leucocephala

2.6. Data Collection and Analysis

The data collected were growth variables of tree species
like tree survival rate in%, Tree height (H) in cm; diameter at
breast height (DBH) in ¢cm and Root collar diameter (RCD
height) in cm.

2.7. Statistical Analysis

Data were analyzed using Genstat software. Analysis of
variance (ANOVA) was made to determine the significance
of wvariation between the tree species and moisture
conservation structures. Least Significant Difference (LSD)
Test was used to compare mean values of various growth
variables in each treatment at 5% level of significance.

3. Results and Discussion
3.1. Survival Rate of Tree Species

The Analysis of variance revealed that the interaction of
tree species survival with planting methods was found to be
insignificant (P>0.05), in all, trench, level soil bund and
normal pit at all four years of experimental period at the
study area. But highly significant variations among tree
species in survival rate (P<0.05) was recorded at all four
years of age. The tree survival rate decreased from while

passing through different growth intervals from first year to
fourth year in all evaluated moisture conservation structures
(Table 2). Survival rate decreased significantly with moisture
conservation structures at different intervals of growth within
year. At fourth year after establishment, the survival rate was
maximum (63.13%) first in Trench and decreased to 56.73%
during fourth year. This finding also support [6] that
interaction of tree/shrubs survival with planting methods was
found to be insignificant (P>0.05) at one, two and three years
of age after transplanting. The Trench recorded highest
survival rate (56.73%) followed by control (56.4%) and the
lowest were recorded for soil level bund (56%) after four
years after transplanting. The tree survival rate decreased
significantly with the tree species at different year intervals.
At fourth year the higher survival rate (60.12%) were noticed
due to Moringa oleifera followed by Melia azedarach and
Leuceana leucocephala. The lowest survival rate was
recorded for Grevillea robusta followed by Sesbania sesban.
Similarly, at first, second, and third years after treatment
there were corresponding decrease in survival rate for tree
species. In overall interaction i.e. moisture conservation
structures and tree species trench with Moringa oleifera,
Melia azedarach, Leuceanea leucocephala and sesbanea
sesban showed that, consistent higher in survival rate from
first to fourth year. However, lowest the survival rate was
recorded at fourth and third years compared to other fist and
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second years after establishment.

Table 2. Effect of moisture structures on survival rate of tree species within different years intervals.

Treatments Survival rate (%)

Min plots (Structures) Year I Year I1 Year 111 Year IV
Trench (TR) 63.13° 58.48° 57.13 56.73
Normal Pit (NP) 57.93° 53.00° 58.28 56.4
Soil level bund (SLB) 57.13° 52.40° 57.93 56

LSD (0.05) 2312 2.286 NS NS

cv 4.48 242 4.88 442
Sub plots (Trees)

Moringa oleifera 67.89° 64.11¢ 63.56° 60.12°
Melia azedarach 64.78% 60.11° 58.56° 57.07%
Sesbania sesban 62.89% 62.67¢ 61.78° 53.44°¢
Leuceana leucocephala 59.87° 59.89° 54.33° 56.56™
Grevillea robusta 42.11¢ 42.11°¢ 42.00° 37.11¢
LSD (0.05) 3.486 3.833 4.061 3.402
cv 7.89 7.44 7.06 597
Interactions (Structures x Trees species)

TR with M. oleifera 75.00° 58.331%° 65.03° 57.01°
TR with M. azadarach 75.01° 55.33%d 60.33% 55.00%
NP with M. oleifera 64.67° 62.33" 58.33% 55.67%
TR with L. leucocephala 64.67° 63.67% 58.33% 57.00*
SLB with M. oleifera 64.33 63.00° 57.00%¢ 55.67%
NP with L. leucocephala 62.67b° 61.67" 56.33%¢ 55.67%
TR with S. seshan 62.33% 61.33% 55.33%d 48.67°
SLB with M. azadarach 62.00>¢ 61.33% 56.33% 54.67°
NP with S. sesban 60.67°¢ 55.67% 53.67% 49.33%
SLB with L. leucocephala 60.67"¢ 60.00°> 55.33%d 54.33%
NP with M. azadarach 57.00% 55.33¢ 54.67% 51.03%
SLB with S. seshan 56.67° 55.33% 51.33¢ 48.67™
NP with G. robusta 44.33° 47.00¢ 37.33¢ 35.33¢
SLB with G. robusta 42.33° 40.33% 35.67¢ 32.67°
TR with G. robusta 39.67° 38.67¢ 32.33¢ 35.67°
LSD (0.05) 6.038 7.665 5.893 6.215
(0% 9.58 7.67 5.61 12.87

NB: TRs, trench (TRs), Soil level bund (SLB) and normal pit (NPs) as control. Similar letter in the row shows not significant difference and different letters
indicate significance differences, NS: not significant difference between moisture structures (MSs) at P<0.05

This finding supports [2] who reported that the effects of
moisture stress account for more than 87.9% in the death of
tree seedlings. In similar ways, the moisture stress commonly
limits growth, survival and distribution of tree seedlings [18].
These reduced soil moisture conditions may be viewed as a
significant barrier to artificial reforestation [13].

3.2. Plant Height

The Analysis of variance revealed that tree height
increased different year’s interval. The main effect of
moisture conservation structures was not significant, But
highly significant variations among tree species in height
(Table 3). The plant height is increased from 0.70 m to 1.89
m as recorded at different years interval i.e. first, second,
third and fourth year after treatment but not significantly
different. Plant height is increased due to moisture
conservation measures at different intervals of growth within
years. While at second, third and fourth years after treatment
imposition there is a corresponding increase in plant height in
all the treatments. The Soil level bund (SLB), recorded
significantly highest plant height (0.72 m, 1.02 m, 1.62 m

and 1.25 m at first, second, third and fourth vyear,
respectively) followed Trench (TR), with 1.53 m at third,
after treatment and the lowest is recorded in control (NP)
with 0.70 m, 0.99 m, 1.47 m and 1.57 m at first, second, third
and fourth year after treatment respectively. Trees species at
M. oleifera had a significant effect on plant height from first
year (0.91 m) to fourth year (1.89 m) over the other
treatments.

The interaction of soil level bund with M. oleifera, trench
with M. oleifera and normal pit with M. oleifera had
exhibited significant effects on plant height at all the
intervals. Among combinations of soil moisture conservation
measures and tree species interactions, the interaction
between Soil level bund (SLB) with M. oleifera recorded
significantly highest plant height at all the intervals (first year
to fourth year) followed by trench with M. oleifera, and
normal pit with M. oleifera. The finding is in line with the
previously stated that the major limitations of plant height are
soil nutrients and moisture availability within the rooting
zone and a planted seedling’s ability to access it [9].



6 Bira Cheneke et al.: Performance Evaluation of Multipurpose Tree Species Integrated with Moisture Conservation
Structures on Degraded Area Closure at Babille District, Ethiopia

Table 3. Effect of moisture structures on Tree height of tree species within
different year intervals.

Treatments Plant height (m)

Min plots (Structures) Year 1 Year I  YearIII  Year IV
Soil level bund (SLB) 0.72 1.02 1.48 1.62
Trench (TR) 0.7 1.01 1.53 1.59
Normal Pit (NP) 0.7 0.99 1.47 1.57
LSD (0.05) NS NS NS NS
cv 937 7.49 13.64 7.01
Sub plots (Trees)

Moringa oleifera 0.91¢ 1.32° 1.80° 1.89°
Melia azedarach 0.75" 1.02° 1.48° 1.58°
Sesbania sesban 0.67% 0.98° 1.43° 1.53%
Leuceana leucocephala 0.64° 0.92" 1.41° 1.51%
Grevillea robusta 0.55¢ 0.82° 1.33° 1.43°¢
LSD (0.05) 0.079 0.124 0.158 0.14
cv 10.91 10.73 8.28 7.86
Interactions (Structures x Trees species)

SLB withM. oleifera 0.9 137 1.85° 1.63°
TR with M. oleifera 0.96 1.36° 1.79* 1.88°
NP with M. oleifera 0.88 1.23° 1.77% 1.52%
NP with M. azedarach 0.77 1.03° 1.51% 1.92°
SLB with M. azedarach 0.75 1.02° 1.49% 1.91°
TR with S. sesban 0.71 1.00™ 1.48% 1.48%4
NP with S. sesban 0.67 0.96" 1.45% 1.53%4
SLB with S. sesban 0.67 0.96™ 1.44% 1.54%
TR with M. azedarach 0.77 0.95™ 1.44 < 1.52%
TR with L. leucocephala 0.63 0.94% 1.43% 1.544
SLB with L. leucocephala  0.66 0.92%  1.43% 1.51%¢
NP with L. leucocephala 0.62 091  1.41¢ 1.61%
NP with G. robusta 0.57 0.85% 1.39¢ 1.34¢
SLB with G. robusta 0.55 0.83° 1.28% 1.59%
TR with G. robusta 0.52 0.81° 1.244 1.37%
LSD (0.05) NS 0.229 0.238 0.102
Ccv 12.87 12.87 10.22 9.301

Note: Trench (TRs), Soil level bund (SLB) and normal pit (NPs) as control.
Similar letter in the row shows not significant difference and different letters
indicate significance differences, NS: not significant difference between
moisture structures (MSs) at P<0.05

3.3. Diameter at breast height (DBH)

Analysis of variance reveals that there was no significant
difference in diameter at breast height (cm) of seedlings with
respect to moisture conservation structures during the second
and third years. The diameter at breast height (DBH)
increased from 1.130 cm to 5.48 cm while passing through
different intervals. DBH from second to fourth year after
treatment is presented in (Table 4). Tree DBH increased
significantly due to different moisture conservation structures
at stages of growth in fourth year. At fourth year, the DBH of
5.19 cm was noticed in TR (Trenches). The Trenches (TR)
recorded significantly higher DBH (5.19 c¢m) followed by
Soil level bund (4.33 cm) and the lowest was recorded in
control (4.11 at fourth year). DBH increased significantly
with the tree of M. oleifera at different intervals. At fourth
year maximum DBH (4.83 c¢cm) was noticed at M. oleifera
tree. The overall interaction, effect of moisture conservation
methods and tree species showed that SLBM (Soil level bund
with M. azedarach recorded higher DBH and it has increased
from second (1.130cm) to fourth year (5.48 cm) as compared
to normal pit with M. oleifera (1.13 cm at first year and 5.47

at fourth) and lowest was recorded in control (3.05 cm at
fourth year).

Table 4. Effect of moisture structures on Tree height of tree species within
different year intervals.

Treatments Diameter at breast height (cm)
Min plots (Structures) Year 11 Year 111 Year IV
Trenches (TR) 0.18 1.24 5.19*
Soil level bund (SLB) 0.26 1.27 433°
Normal Pit (NP) 0.24 1.24 4.11°
LSD (0.05) NS NS 1.121
cv 52 5.69 42.64
Sub plots (Trees)

Moringa oleifera 1.244° 1.310° 4.83°
Melia azedarach 1.130° 1.230° 3.47°
Sesbania sesban 1.130° 1.230° 3.22°
Leuceana leucocephala 1.130° 1.230° 3.93%
Grevillea robusta 1.130° 1.230° 4.05%
LSD (0.05) 0.189 0.059 1.09
(A% 5.5 4.96 26.05
Interactions (Structures x Trees species)

SLB with M. azedarach 1.130° 1.230° 5.48°
NP with M. oleifera 1.120® 1.213° 5.48"
SLB with M. oleifera 1.301° 1.413* 474
NP with M. azadarach 1.130° 1.230° 4.74%
NP with L. leucocephala 1.130° 1.230° 438"
TR withG. robusta 1.130° 1.230° 4.28%
TR with M. oleifera 1.230 1.303% 425"
NP with G. robusta 1.130° 1.230° 4.24%
SLB withL. leucocephala 1.130° 1.230° 3.75%
SLB with G. robusta 1.130° 1.230° 3.61®
TR with L. leucocephala 1.130° 1.230° 3.60™
NP with S. seshan 1.130° 1.230° 3.05°
SLB with S. sesban 1.130° 1.230° 2.85°
TR with S. sesban 1.130° 1.230° 2.84°
TR with M. azadarach 1.130° 1.230° 2.60°
LSD (0. 05) 0.103 0.104 1.712
(0\% 89.14 87.14 29.204

Note: Trench (TRs), Soil level bund (SLB) and Normal Pit (NPs) as control.
Similar letter in the row shows not significant difference and different letters
indicate significance differences, NS: not significant difference between
moisture structures (MSs) at P<0.05

3.4. Root Collar Diameter

Analysis of variance reveals that there was no significant
difference in RCD (cm) of seedlings with respect to moisture
conservation structures during the first and second years. The
plant collar diameter increased from 1.94 cm to 8.93 cm
through two growth stages from third to fourth year after
treatment (Table 5). Plant collar diameter increased
significantly with moisture conservation measures at
different intervals of growth. At third year the plant collar
diameter (2.09 cm) increased significantly in SLB (Soil level
bund). While at fourth year after treatment there was a
corresponding increase in plant collar diameter in the
treatment. The Soil level bund (SLB) recorded significantly
higher collar diameter (1.94 cm and 8.93 cm at third and
fourth year after treatment) followed by Trenches (TR) (1.95
cm and 5.28 cm at third and fourth year) and the lowest was
recorded in control (1.68 cm, 1.93 cm, 1.94 cm and 6.56 cm
at first, second, third and fourth year after treatment
respectively).
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Variations were also recorded among the tree species tested.
Trees species at M. oleifera had a significant effect on collar
diameter from I year (2.34 cm) to fourth year (7.52 cm) over
the other treatments. Trees species at M. azedarach had
significantly increased the collar diameter from first year (1.73
cm) to fourth year after treatment (5.61 cm) as compared to
control. The interaction of SLB with M. olifera, TR with M.
oliefera, NP with M. oleifera, and TR with M. azedarach
exhibited significant effects on plant collar diameter at all the
interval. In case of main plot treatment and sub plot treatment
interactions, interaction between Soil level bund (SLB) with
M. oleifera SLB with M. oleifera (2.69 cm) recorded
significantly higher plant collar diameter at all the intervals
(first to thirdyearafter treatment) followed by TR with M.
oliefera, NP with M. oleifera, and TR with M. azedarach.

Table 5. Effect of moisture structures on collar diameter (cm) of tree species
within different year intervals.

Treatments Collar Diameter (cm)

Min plots (Structures) Year | Year 11 Year IIl  Year IV
Soil level bund (SLB) 1.82 1.92 2.09° 5.83°
Trench (TR) 1.72 2.08 1.95% 5.28°
Normal Pit (NP) 1.68 1.93 1.94° 6.59°
LSD (0.05) NS NS 0.145 3.067
Ccv 8.92 8.26 22.68 51.71
Sub plots (Trees)

Moringa oleifera 2.34¢ 2.57° 2.57° 7.52°
Melia azedarach 1.73° 1.97° 1.97° 5.61°
Sesbania sesban 1.63% 1.79™ 1.80™ 5.82°
Leuceana leucocephala 1.53¢ 1.80% 1.88" 4.64°
Grevillea robusta 1.47° 1.72° 1.75°¢ 5.91°
LSD (0.05) 0.188 0.216 0.187 1.84
(6\% 10.56 10.95 15.73 20.94
Interactions (Structures x Trees species)

SLB with M. oleifera 2.37° 2.60™ 2.60° 4.82
TR with M. oleifera 2.45° 2.69° 2.42° 6.91
NP with M oleifera 2.20° 2.42% 2.68" 6.5
NP with M. azadarach 1.55°¢ 1.84°¢ 1.84° 6.73
SLB with M. azadarach 1.55°¢ 1.78°¢ 1.67° 8.93
TR with S. sesban 1.65° 1.85¢ 228 4.6
NP with S. sesban 1.56° 1.82¢ 1.79¢ 6.21
SLB with S. sesbhan 1.67° 1.71¢ 1.82¢ 4.79
TR with M. azadarach 2.07° 2.29° 1.94¢ 5.01
TR with L. leucocephala 1.51¢ 1.84¢ 1.84¢ 4.73
SLB with L. leucocephala 1.53¢ 1.82¢ 1.75¢ 4.6
NP with L. leucocephala 1.55¢ 1.75¢ 1.88° 7.13
NP with G. robusta 1.52¢ 1.79¢ 1.82¢ 6.20
SLB with G. robusta 1.46° 1.67° 1.71¢ 5.41
TR with G. robusta 1.43° 1.71° 1.89°¢ 6.14
LSD (0.05) 0.366 0.364 0.369 NS
CV 12.87 10.96 10.36 32.72

Note: Trench (TRs), Soil level bund (SLB) and normal pit (NPs) as control.
Similar letter in the row shows not significant difference and different letters
indicate significance differences, NS: not significant difference between
moisture structures (MSs) at P<0.05

4. Conclusion and Recommendation

The moisture conservation methods have a potential to
forma chief component in the rehabilitation of degraded land
and forest establishment. Particularly, moisture conservation
structure devices are an important way in facilitating

favorable conditions for plant growth as well as tree seedling
survival in moisture stress areas. Four years after
establishment, the study results revealed that moisture
conservation structures (MCSs) are verified as effective
structures in producing well survived and grown trees
species. The growth parameters of the tree species planted in
the soil level bund (SLB) is better than trench (TR) in height
and root color diameter. Tree species planted in trench (TR)
were also the most appropriate planting pit in surviving plant
than normal pit (NP). The interaction effect was significant;
strongly indicating it was influenced by the combined
treatments (tree species and moisture conservation
structures). The moisture conservation structures shows great
potential in increasing tree survival and growth performance
due to helping to harvest rainwater and protecting them.
However, the use moisture conserving structures (MCSs) for
L. leucocephala and G. robusta tree species didn’t affect their
growth performance and survivals. So, expanding moisture
conserving structures (MCSs) is the most appropriate
afforestation method particularly for degraded area. More
studies needed on slope, type and runoff storage capacity
before transplanting the trees. More elaborative studies are
required with more representative locations and in different
soil and agro ecology.
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