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Moisture Harvesting Structures Enhance Survival and Growth Performance of
Multi-Purpose Tree Seedlings in Semi-Arid Hillsides of Tigray,Ethiopia

ABSTRACT

forest degradation in moisture stressed areas has been a great challenge. Moisture harvesting
structures could help to alleviate deforestation through enhancing seedling survival and growth.
A field experiment was carried outfor three years at two degraded hillsidesof Kilte Awlaelo
district, Tigray, Ethiopia.lt was conducted with the objective of evaluating the effect of moisture
harvesting structures on survival and growth of tree seedlings. The treatments were micro basin,
micro trench, eyebrow basin and conventional pit as moisture harvesting structures combined
with three multi-purpose tree seedlings namely; Schinus molle, Grevillea robusta, and Olea
europaea.The set up was asplit plot design with three replications. The moisture harvesting
structures were assigned to the main plots and the tree seedlings as the sub-plots.Data on
seedling survival, plant height, and collar diameter were collected. The collected data were
difference between and among treatment means were assessed using least significant difference
(LSD) at 5% level of significance. The results in main effect showed eyebrow basin >micro
basin >micro trench > conventional pit in the upper site; and micro basin > eyebrow basin >
micro trench > conventional pit in the lower site in their order of level of significance in
enhancing theseedlings survival and growth performance.The interaction effects alsoshowed
Schinus mollebacked with eyebrow and micro basinon above structure pit position had highest
survival rate and growth performances.Hence, eyebrow basin and micro basin as moisture
harvesting structure planted with Schinus molletree species at the above pit position should be
demonstrated and scaled up in moisture stressed areas of Kilte Awlaelo district and other areas
with similar climatic conditions.
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1. INTRODUCTION

Avrid environment constitutes a large part of the globe and suffers from various degrees of land
degradation with dry hydro-climate; where water is a limiting factor for biomass production,
combined together with fragile and inherently lessfertile soils [1, 2]. The main source of
livelihood in arid environments, is generally linked to poor management of water resources and
exploitation of vegetation cover which is one of the major constraints of eastern and central
African [3]. In the Sahelian zone, more than 90% of the population depends on land resources for
their livelihood [4]. The combined effects of physical, chemical, and biological processesand
human activities result in land degradation [5].According to Yirdaw et al. [6] land degradation is
a serious problem affecting 1.5 billion people globally.

Ethiopia as part of the globe, land degradation has been widespread and affecting
people’s livelihoods through limiting agricultural production, wood biomass and various
ecosystem goods and services[7-8].The major ecological problems in Ethiopia are forest
degradation and soil erosion [9-11].To alleviateforest degradation and deforestation,seedling
plantation-based landscape restoration were practiced using appropriate tree and shrub species,
as an important solution in the tropical ecosystem rehabilitation options[12, 13].In-situ rainwater
harvestingsupported seedling plantation is recommended to enhance water infiltration and reduce
runoff so as to increase seedling survival and growth performances [14, 15]. Vegetation
establishment on degraded lands are constrained by insufficient moisture availability as the main
constraint [16-18]; as a resutresult, survival and growth of seedlings are influenced byseason
[19]since the principal limiting factor controlling the growth and survival of tree seedlings is
moisture.

To redress the low survival and growth performances of planted seedlings, integration of
moisture harvesting structures have been practiced in dryland areas [20, 21]. Physical soil and
water conservation structuressuch as micro basin, eyebrow basin, micro trench, herring bones
etc.are classified as conservation structures for collecting, storing and spreading various forms of
runoff from different sources used to enhance agro-forestry, forage development and
forestry[22].The function of physical soil and water conservation is to protect erosion and to
harvest moisture[23]. Moisture harvesting soil and water conservation structureshelp to reduce
velocity of runoff and collect water behind the structures and the stored water facilitates plant
growth and improves vegetation cover in dryland areas [24, 25]. However, the choice of
moisture harvesting structures for best seedling survival and growth performances has not been
identified through research and remain a key challenge in implementing suitable moisture
harvesting structures in degraded land rehabilitation efforts [26]. Evaluating different moisture
harvesting structures to enhance planted tree seedlings survival and growth performances are
crucial in degraded hillsides. Therefore, an experiment was conducted aimed at evaluating
different moisture harvesting structures and their pit positions on survival and growth of different
multi-purpose tree seedlings in Kilte Awlaelo district of Tigray region Ethiopia.



2. MATERIALS AND METHODS

2.1 Description of the Study Area

The study area Kilte Awlaelo is found in Tigray, Ethiopia (Figure 1).Kilte Awlaelo is
geographically located at about 45 km north of Mekelle the capital of the Tigray region at a
distance of 898 km from Addis Ababa to the northern Ethiopia and found in 13° 30’to 13° 59° N
latitude and 39° 20” to 39° 40’ Elongitude. The experimental site is found at an elevation of 2081
ma.s.l in the Upper slope and 2021 ma.s.| in the lower slope.
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Figure 1.Study area

The Agro-climate classifications of Kilte Awlaelo district is characterizedas highland with an
average annual temperature of [20°% land the annual rain fall ranges from 350-400 mm(Figure
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2).The rain fall pattern of the study area is characterized as mono-modal and start rainfall on the
middle of June and lasts at early September [27].Concerning the hydrological aspects there are
many seasonal rivers in the district, which flow to Tekeze River basin and Afar basin and have
moderatelyhot temperature from the end of February to the end of May [28].
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Figure 2. Monthly average rainfall (mm) and temperature d"cb of 27 years
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2.2 Experimental Design

The experiment was conducted for three years from 2017 to 2019, in a split plotdesign with three
replicationsmoisture harvesting soil and water conservationstructures was assigned as main plot
and tree seedlings as subplots. Four plots of each 13 X 14 m (182 m?area) was laid in two sites as

uppersite andlowersiteat 17% slope gradient.Three moisture harvesting structures andone
conventional plantation pit as control and three tree seedlings in each site were included. The
seedling plantation pit positions in case of micro basin and eyebrow basin are above the structure
and below the moisture harvesting structure; whereas the pits positions in the micro trench are
inside the moisture harvesting structure, below the moisture harvesting structure and between the
two moisture harvesting structures. The control pit is the conventional pit with no moisture
harvesting structures around. The soil type of the study area is classified as Leptosols [29].

Treatment description

The treatments and treatment set up are presented in Table 1. Micro basins, micro trenches,
eyebrow basins and conventional pit were used as moisture harvesting structures.The tree
seedlings wereS. molle, Grevillea robusta(G.robusta) and Olea europaea(O. europaea)planted in
each plotat the starting of the rainy season in June 2017. Seedlings of 45 cm average height and
0.40 cm mean collar diameter was used. Spacing between seedlings and was dependent on the
type of structure and tree seedlings.

|
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Table 1. Description of the Treatments

Moisture harvesting Pit position Tree species Treatments
SWC structures

. robusta (Gr) MbAsGr
molle (Sm) MbAsSm
. europaea (Oe) MbAsOe
. robusta MbBsGr
molle MbBsSm
. europaea MbBsOe

Above structure
(As)

Micro basin (Mb)

Below Structure
(Bs)

robusta MtlsGr
molle MtlsSm

. europaea MtlsOe
robusta MtBtsGr
molle MtBtsSm
. europaea MtBtsOe
robusta MtBsGr
molle MtBsSm
europaea MtBsOe

Inside  structure

(Is)

Micro trench (Mt) Between
structure (Bts)

Below structure
(Bs)

robusta EbAsGr
molle EbAsSm
europaea EbAsOe
robusta EbBsGr
molle EbBsSm
europaea EbBsOe

Above structure
(As)

Eyebrow basin (Eb)

Below structure
(Bs)

robusta CplpGr
molle CplpSm
. europaea CplpOe

Inside the pit (Ip)

Conventional pit (Cp)
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2.3 Moisture harvesting Structures

Threemoisture harvesting structures were carefully selected based on the community based
participatory watershed development guideline ministry of agriculture of Ethiopia [22]. The
specification and design of the structures used for evaluation in the study areaare described
below:

Micro basins: Are small circular and stone-faced structures for tree seedling planting. Its
dimension was 2.50 m diameter, 40 cm height, 20 cm depth at the base of the structure with 40
cm diameter and 50 cm depth of plantation pit. This is suitable for medium and slightly low rain
fall areas, stony areas and shallow soils. Also applicable in steep and degraded hillsides.

Micro trenches: These were rectangular structures with 40 cm depth, 300 cm length, 40 cm
width constructed along the contours. The length of the tie within the structures was 50 cm with
40 cm diameter and 50 cm depth plantation pit. This can support the growth of tree seedlings and
applicable in a broad range of soils and slopes.

Eyebrow basins: Eyebrow basins are recommended on hillsides where stone is available.The
height of the structure was 40 cm, diameter 250 cm and the depth or base of the structure was 30
cm with water collection area of 100 cm length x 100 cm width x 25 cm depth. The plantation pit
was 40 cm diameter and 50 cm depth (Figure 3).



Figure3.Design and constructed eyebrow basin structure

Conventional Pit: Following the contour line the normal plantation pits was constructed with a
dimension of 40cm diameter and 50 cm deep. The pits were spaced at 300 cm between plants
and lateral differences.

2.4 Tree Seedling Selection

Three tree seedling types were selected based on the local community preference and
considering the indicators of ecological suitability, protection functions and socio-economic
functions of the species. Based on Orwa et al., [30] the selected species have the following
characteristics:

Grevillea robusta

G. robusta R. Br.is a Proteaceae family which reaches up to 30 m tall.lt is a very successful
Australian tree planted and widely used in dry, moist and wet mid highland and highlandagro
climatic zones.

Olea europaea

O. europaeais from Oleaceae family with 10-15 m height. It is widely distributed in dry forest in
east Africa and Ethiopia. It is best in good forest soil, but hardy and drought resistant once
established, even in poor soils. The species is found in moist and wet mid highland and
highlandagro climatic zones in all regions 1,400-3,100 ma.s.I.

Schinus molle

According to Orwa et al. [30]S. molle is an evergreen tree with 3-15 m height and tolerates high
temperatures and once established is extremely drought resistant. It is shallow rooted and can be
brittle and broken by strong wind. It grows in altitude zero to 2400 ma.s.I with mean annual
temperature 15-20 °C., mean annual rainfall 300-600 mm and it prefers well-drained sandy soils.



2.5 Data Collection

Data on planted seedling survival, plant height and collar diameter were collected at the end of
the rainy season for three consecutive years. However, only the third year data are used for this
article.

2.6 Statistical Analysis

The collected data were analyzed using [GenStat16 edition[31]software by general lliner| { Comment [cp8]: specifying the type of
model.Statistically significant difference between and among treatment means were assessed sl AR
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using least significant difference (LSD) at 5% level of significance [32].

3. RESULTS AND DISCUSSION
3.1 Contribution of Moisture Harvesting Structures on Seedling Survival
The planted seedling survival rate in percentdue to the moisture harvesting structures both in the
upper and lower sitesare presented in Figure 4. The lower site performed higher seedling
survival rate as compared to the upper site. The result showed that all moisture harvesting
structures at the lower site have higher seedling survival than the upper site, but in the upper site
there was even a complete loss of the seedling at the conventional pit (control).This result
supports to the findings of Daws et al. [33] who reported that bottom site area showed better
seedling survival on similar moisture harvesting structures of plantation than upper site. The
reason they forwarded wasthat nutrient and moisture could be translocated to the bottom site, so
that water and nutrient was very important for tree seedling survival.As discussed by Yu et al.
[34]seedling survival was significantly increased from upper to lower along slopes. Therefore,
the collected water helped the seedlings to get more moisture compared to the upper site.
Generally, the moisture harvesting structures showed highest seedling survival than the
conventional pit in both the upper and lower sites. This result was in line with the findings of
Eyasu et al. [21] who found seedlings planted in moisture harvesting structures survived better
compared to the conventional pit. Other authors also reported almost allmoisture harvesting
structures play a crucial role in conserving and storing moisture[35] and have a significant
impact on seedling survival [36] on degraded lands.
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Figure 4. Average seedling survival (%) comparison in moisture harvestingstructures

3.2 Tree Survival (%) in the Area

Figure 5 shows the survival of tree seedlings both in the upper and lower sites. TheANOVA
results of the seedling survivalshowed significant (p < 0.05) difference in both the upper and the
lower sites.S. molle showed the highest survival rate both in the upper and the lower sites.The
lower site performed higher seedling survival rate as compared to the upper site.Therefore, the
best tree survived for the area wasS. molle compared to G.robustaandO. europaea. According to
the authors like Orwa et al. [30]S. molle survived better thanG. robusta and O. europaea in

moisture stressed areas.
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3.3 Interaction Effect of Moisture Harvesting Structures and Tree Species on Seedling Survival
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Table 2 shows the survival rate of different tree species in percent due to the moisture harvesting
structures both in the upper and lower sites. The tree seedling survival was highly significantly (p
< 0.01) affected by the main effect moisture harvesting structures and tree species both in the
lower and the upper sites. Survival rate was also significantly (p<0.05) affected by the treatments
as a result of the interaction effects of small moisture harvesting structures and tree species. The
interaction effect of moisture harvesting structures and tree specieswere also highly significantly
(p < 0.01) affected in the lower site; whereas in the upper site, it wasonly significant at (p <
0.05). Even though,moisture harvesting structures generally helpful for seedling survival and

enhance tree growth [37]; there was a specific structure for a specific tree species.The highest
survival rate was recorded inS. molle tree species at eyebrow basin and micro basin moisture
harvesting structures.This result strengthens to the findings of Derib et al. [26] who found
eyebrow basin and micro basin moisture harvesting structures the best solution for dry spell
mitigation and enhance the overall seedling performance. Singh, [38] also proved efficiency of
moisture harvesting structures varied for the survival, growth, and productivity of seedlings.

O. europaea was totally dried in the upper site in the moisture harvesting structures and
the control except in the micro trench. The reason why O. europaea survived in micro
trenchwasdue the volume of water harvested in the micro trench (0.48m?) which was wider than
the other structures. However, this trench has also a side effect for seedling survival due to water
logging effect for seedlings such as S. molle and G. robusta. This shows O. europaeawasless
tolerant to moisture stress but tolerant for water logging(personal observation) compared with S.
molle and G. robustawith no moisture harvesting structures.f‘l’o the worst, all the three types of
seedlings planted in the conventional pit total dried out in the upper site\. This result strengthens
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to the findings by Siraj et al. [39] who found planted seedlings in moisture harvesting structures
survived well; whereas seedlings planted in a conventional pit dried out after four years.
Similarly, G. robusta andO. europaea dried out totally but S. molle survived only 8.3% in the
lower site. As Abdella and Cheneke, [40] proved G. robusta showed the leastsurvival rate and
performance as compared to Moringa oliefera, and Susbania sesbanafter three years of
establishment in Ethiopia.

Table 2. Moisture harvesting Structures with tree species on seedling survival (%)

MH Structures Tree species Treatment Upper Lower
Micro basin G. robusta MbGr 25.00° 37.5°
S. molle MbSm  66.67 91.7°
0. europaea MbOe 0.00 20.8*®
Micro trench G. robusta MtGr 13.89% 16.7"
S. molle MtSm 52.78° 69.4°
0. europaea MtOe 556"  22.2°
Eyebrow basin G. robusta EbGr 25.00° 37.5°
S. molle EbSm 79.17° 83.3%
0. europaea EbOe 0.00° 20.8%

Conventional pit G. robusta CpGr 0.00 0.0

Comment [cp12]: Can this be replaced as—
“Unfortunately, all three types of seedlings
planted in the conventional pit completely
dried out in the upper site"??




S. molle CpSm 0.00" 83"

0. europaea CpOe 0.00 0.0
Significance (p=0.05) MH structure (MHS) ** *x

Tree species (Tree faid *x

sps)

MHS X Tree sps * ol

0.05, * = significant (p < 0.05), ** = highly significant (p < 0.01), MH= moisture harvesting

3.4 Effect of Pit Position of Moisture harvesting Structures on Seedling Survival (%)

The results of the survival of different tree species due to the pit position on the moisture
harvesting structures both in the upper and lower sites are presented in Table 3. The interaction
effect of tree species and pit position was highly significantly (p < 0.01) affected in seedling
survival among the tree species in the different moisture harvesting structures’ pit position both
in the lower and the upper sites except the eyebrow basin in the lower site. Both in the micro
basin and eyebrow basin moisture harvesting structures the above structure pit position of the
upper site significantly (p < 0.05) affected in S. molle. Hence, S. molle survived better in the
above and below micro basin and eyebrow basin structure’s pit position.The lowest seedling
survival was recorded in the convectional pit and micro trench.From this result it can be
concluded that S. molle seedling has either the ability to absorb by its roots the moisture
harvested all around the moisture harvesting structures stored by micro trench, eyebrow and
micro basin structures without preferring the pit position, or it was moisture stress tolerant tree.
However, in case of G. robusta tree seedlings, it is better to plant on the pit above the eyebrow
and micro basin moisture harvesting structures both in the upper and lower sites.f‘l’adele et al.
[35] reported weak and short rooting system do not able to absorb conserved moisture far from
seedling roots, they then recommended to plant long rooted seedlings to absorb the stored water.\w

Table 3.Average seedling survival (%) on moisture harvesting structure’s pit position

Tree Pit Micro basin  Eyebrow Tree Pit Micro Trench
species position basin species  position Upper Lower
Upper_Lower Upper LOWer | G~ ta Inside 250° 2507

G. robusta Above 333" 50.0° 41.7° 50.0° . o

Below 16.7° 250° 83" 250t Between 0.0 8.3
Control  00° 00° 00° 00° Below 133% 167

S. molle Above 9174 91.7* 91.7% 91.7° Control 0.0° 0.0°
Below 41.7° 91.7* 66.7° 750 | S molle Inside 66.77  83.3°

Control 0.0° 83" 00° 83d Between 50.0%°  50.0°

d C d cd

A A A A
Control 00" 00 00" 00° control 0.0° 8.3"
Significanc Pit position ** *x xR Kk 0. Inside 0.0° 25.0%
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3.5 Contribution of Moisture harvesting Structures on Seedling Growth
The growth of tree seedling due to the moisture harvesting structures both in the upper and lower
sites of the third year are presented in Table 4. The height and diameter increment of the

seedlingsin different moisture harvesting structures in the third year were highly significantly (p Comment [cp15]: Not appropriate while
< 0.01) affected in the upper site. Similarly, height showed significant (p < 0.05) difference in riing sclentifc terature- consider rewriting the

the lower site. However, there was no significant (p > 0.05) difference in diameter in the lower
site. The significant differences were observed mainly between the moisture harvesting
structures and the conventional pit, but there were no as such significant difference among the
moisture harvesting structures in seedlings growth.

The better growth performance on the moisture harvesting structures was due to the
moisture advantage collected by the water collection ditch of the moisture harvesting structure
(see section 2.3). Therefore, the water collection ditch helped the seedlings to get more moisture
advantage to grow better.So many authors [21, 36, and 41] proved the advantage of moisture
harvesting structures on tree seedling growth. Generally, the lower site showed better height and
diameter increment of seedlings compared to the upper site. It was expected that if there was no
moisture stress in the area, there could have not been significant difference on the tree seedling
growth. That is why the |none significance differencein the lower site in case of diameter due to [ Comment [cp16]: no significant difference ]
the presence of better moisture compared to the upper site,because of the wider catchment area
to harvest the overtopped runoff from the upper site’s structure.

Table 4. Height and [diameter (of seedlings onmoisture harvesting structures third year [ Comment [cp17]: Collar diameter?? }
Moisture harvesting Upper Lower
structures Height Diameter Height Diameter
(cm) (mm) (cm) (mm)
Micro Trench 28.2% 47 41.3 8.6
Eyebrow Basin 38.5°% 6.3 44.2% 8.3
Micro Basin 23.0° 3.9° 35.2% 7.6
Conventional Pit 0.0° 0.0° 18.9° 3.3
P_value (0.05) ** ** * ns
CV (%) 145 13.1 8.9 7.1

3.6 Interaction Effect of Moisture harvesting Structures and Tree Species on Seedling Growth



Table 5 shows interaction effect of the differentmoisture harvesting structures and tree species on
height and diameter of the different seedlings both in the upper and lower sites. The plant growth
parameters such as plant height and plant diameter were significantly (p <0.05) affected by the
treatments as a result of the interaction effects of moisture harvesting structures and tree species
(MHS NTree sps) in the upper site. However, the interaction effect in the lower site was

[ Comment [cp18]: Use ‘x’ symbol

highlysignificantly (p < 0.01) affected by the treatments as a result of the interaction (MHS X
Tree sps) effects of moisture harvesting structures and tree species.

In the upper site highest plant height and diameter was recorded in S. molle tree species at
eyebrow basin moisture harvesting structure. Similarly, in the lower siteS. molle has the highest
plant height on eyebrow basin and micro trench but the highest diameter was recorded on the
micro trench by S. molle.This is in line with the findings of Cheneke et al. [36]diameter of
seedlings at breast height grown in microtrenches were significantly higher than those grown in
moisture conservation structures conventional pit.Poor growth performance was observed in the
conventional pit for all types of the species. The interaction of tree seedling species and moisture
harvesting structures showed that those seedlings grown on moisture harvesting structures were
significantly thicker and taller than those grown on the conventional pit.; especially O. europaea

[Formatted: Font: Italic

was totally dried in the upper site in the moisture harvesting structures and the conventional pit
but O. europaeaexisted in the micro trench in the lower site. Alem et al. [42] found significant
increment on diameter and height of A. saligna and C. equisetifolia on trench supported
plantations.

Table 5. Interaction effect of moisture harvesting structures and tree species on plant
height and diameter

Upper Lower
WH structures X Tree species height ~ diameter height  diameter
(cm) (mm) (cm) (mm)
G. robusta 31.2°4 4.8 27.2° 45"
Eyebrow basin. 5 molle 65.3°  11.7° 66.8° 11.1°
O. europaea 19.0%"  2.5% 38.5™ 9.5
G. robusta 26.2°%  3.3% 25.3% 42"
Micro basin S. molle 353  7.7° 47.0° 9.7°
O. europaea 7.5% 0.7 33,20 g pbede
G. robusta 27.7%  41° 38.2  59%
Micro Trench S. molle 41.7° 7.7 64.7° 15.3
O. europaea 15.1%  2.3% 20.9%" 48
Conventional pit G. robusta 0.0 0.0° 34.0°¢ 0.0
S. molle 0.0 0.0° 22.7°%  10.0™
O. europaea 0.09 0.0° 0.0° 0.09

Significance WH structure wx *x *x **




(p=0.05) Tree species *x wx *x *x
WHS X Treesps  * * e e

4. CONCLUSIONS

The studyrevealed that the potential advantages of selectedmoisture harvesting (micro basin,
eyebrow basin and micro trench) types of soil and water conservation structuresfor the survival
and growth of different tree species (S. molle,G. robusta andO. europaea)in the Leptosols soil
type of degraded hillslopes in Kilte Awlaelo district in eastern Tigray hills. Based on the results
of this study the following conclusions can be forwarded. The first part provided the effect of the
moisture harvesting structures on survival rate and growth of tree seedlings. The second part
focused on identification of the best tree species survived for the area without supporting with
any moisture harvesting structures. The third point also identified the bestmoisture harvesting
structure that fits with which tree species for survival and growth rate. The final result discussed
on identification of the effective pit position from the water collection ditch by the structure so
that the moisture will be easily accessedby the root hairs of the planted seedlings.

Accordingly, almost all the three moisture harvesting structures have a significant
positive effect on survival and growth of tree seedlings compared to the conventional pit but
withsome efficiency differences among the structures. The results in the upper site showed
eyebrow basin > micro basin > micro trench > conventional pit; but micro basin > eyebrow basin
> micro trench > conventional pit in the lower site in their order of level of efficiency in
enhancing the seedlings survival and growth performance.ln some cases, construction materials
formoisture harvesting structures and supporting seedlings with moisture may be difficult;
therefore, in this case the best tree species survived for degraded areas like Kilte Awlaelo isS.
molle.The results of the combined effect of moisture harvesting structures and tree seedlings
showed eyebrow basin and micro basin moisture harvesting structure gave best performance on
survival and growth of S. molle in this study.On the other hand, O. europaea survived best in
micro trench, ;-So that it can be used as an alternative moisture harvesting structure in areas with
no stones for construction of micro basin and eyebrow basin moisture harvesting structures with
enough soil depth.The effective pit passion for G. robusta on eyebrow and micro basinwas above
the moisture harvesting structure. Whereas, species like S. molle were selective no pit position.

f‘l’herefore, moisture stressed plantation areas like Kilte Awlaelo are better to plant S.
molle, backed either by eyebrow or micro basin. lFurther researches related with root length and
root biomass especially in the seedling stage of G. robusta, S. molle and O. europaea seedlings
should be done to better understand about the tree seedlings. |
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