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Abstract

Physical and mechanical disturbances which interfere with shrubs survival are very common in
semi-arid regions. Biomechanical adoptive features of these shrubs therefore account for their
competitive and survival possibilities. Current study investigated physico-ecological properties of
five stem cuttings of selected dominating shrubs from Dodoma Municipal that explain their physi-
cal resilience. Experimental findings revealed that Acacia nilotica (AN) had the best mechanical
adaptations by having the highest values of Young’s modulus of elasticity (E) 332.61 kPa, percen-
tage critical height (PCH) 6.00, whole stem flexibility (WSF) 0.1, flexural stiffness (FS) 7.46 Nm2 as
well as angle of deflection (AD). Ziziphus mucronata (ZM) was next to AN, followed by Grewia bico-
Ior (GB) then Acacia tortilis (AT). Boscia grandiflora (BG) had the least mechanical adaptations
with the lowest E of 20.94 kPa, PCH of 4.00, WSF of 0.09 as well as FS of 2.90 Nm2. This implied
Acacia nilotica having the best ecological adaptations in the semi-arid region while Boscia gran-
diflora had the least adaptive feature compared to the rest.
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1. Introduction

The survival of all organisms is highly influenced and affected by both natural and anthropogenic activities.
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Physical forces triggered by living organisms’ actions, fast flowing ice and water, wind and moving debris have
contributed in the destructions and/or death of plants [1]-[6]. Beside physical destructions, natural selection fa-
vors survival of plant stems with biomechanical adaptations and competitive ability that optimize reconstruction
and maintenance costs [7]. Species with high mechanical strength in their stems and leaves are less affected by
herbivores, diseases and suffer less and recover quickly on mechanical damage [8] and [9]. These species are
said to have high resilience, a capacity to regain its fundamental structure, processes and functioning when
stressed [10] and [11]. In contrary, resistance refers to the capacity of an ecosystem to retain its fundamental
structure and processes despite stresses [12]. Both resilience and resistance are ecological aspect for shrubs sur-
vival in particular climatic conditions [13].

The interaction between plants and their environment is called plant ecology. The ecological adaptation of
these plants is referred as bio-mechanical strength. Shrubs’ adoptive features include Young’s modulus of elas-
ticity which describes the overall bending properties of a stem despite of the size and shape. Likewise flexural
stiffness describes the flexibility of the stem cutting and the second moment of inertia reflects size and the geo-
metry of the structure to which a force is being applied. In addition, whole stem flexibility is the measure of an-
gle of deflection on the applied force whereas densities of shrubs account for their tissue properties such as vo-
lume fraction of cell wall materials, hemicellulose and cellulose contents, and microfibril angles in the cell wall
of fiber cells. Furthermore, percent critical height explains the highest height and weight that can be applied to
the stem cutting without causing critical demerging to the plant. Although biomechanical properties proved
clearly being an influence in plant survival, but investigations regarding shrubs biomechanical properties in
semi-arid regions are rarer as similarly supported in [8], [14] and [15]. Therefore this article is intending in ad-
dressing biomechanical properties of the five most dominating semi-arid species from Dodoma Municipal to-
wards their physical resilience.

2. Materials and Methodology
2.1. Study Area

Dodoma municipal is located at the central plateau of Tanzania, having an elevation of 1200 meters above the
sea level. Dodoma plains are covered with open grassland having little or less tree and/or bush coverage. Aver-
age rains of 570 mm last between November to April which account for the wet seasons. Its average lowest
temperature of July is 13°C, that followed by strong heat about 31°C which causes much of parse grasses except
in the low lying lands. The land is mostly covered by grasses and bush lands with thickest.

Five stem cutting from the most dominating shrubs were collected from Ng’hong’onha, Ndwenhwe and
Mhande villages located at Latitude: —6.19979 and Longitude: 35.82342 Eastern of the University of Dodoma at
Dodoma municipal. During a short survey in the study area, apart from many plant species, the most plentiful
species were identified for this study. The identified species cover about 52% of the total vegetation of the se-
lected areas as per Figure 1. Fresh cuttings of identified shrubs namely Acacia tortilis, Acacia nilotica, Grewia
bicolor, Boscia grandiflora and Ziziphus mucronata were collected from the three named villages then trans-
ported to physics laboratory at the University of Dodoma for further studies.

2.2. Characteristics of Selected Species

Acacia tortilis also known as is a species hame for the umbrella thorn acacia tree natively found in the Savanna
and Middle East as well. It belongs to kingdom Plantae, order Fabales, family Fabaceae, genus Vachellia and
species tortilis. It grows in the extremely arid conditions, with high tolerance in alkalinity, drought, high tem-
peratures, stone and sand soils, and they are frost resistant once fully grow with curled pods. It produces timbers,
fodder, strings and edible gums. Other parts of this plant are used for decoration, weapon tools and medicines.
The plant greens the desert because of it’s extremely resistance to harsh arid environment.

Acacia nilotica is a taxonomic name for Vachellianilotica also commonly known as gum Arabic tree. It is
common in Africa, Middle East and India. Major classifications are Kingdom Plantae, order Fabales, family
Fabaceae, genus Vachellia and species V. nilotica. The tree has thin straight spines usually in three to twelve
pairs with fissured trunk bark when they are young whole mature tree lack thorns. It has strong hairy and soft
pods with approximation of 8000 seeds in a kilogram. It has forage and fodder values as supplement in poultry
feeds while dry seeds are used as supplement to green fodder. It is also used as teeth brush, hedges and produces

timbers.
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Figure 1. Dodoma municipal map showing the study area.

Grewia bicolor commonly known as false brandy bush or white raisin is a forage tree belonging to Grewia
bicolor species. It is a frost resistance, small hardy shrub which adapted to drought lands belonging to kingdom
Plantae. It grows to about 9 m high, having deeply fissured bark that peals away as it grows. It produces round
and fleshy fruits like plums which becomes reddish-brown when ripe. Every part of this shrub is useful where
the bark provide fibres, the wood provides handles whereas leaves are food for animals and its fruits are edible.

Boscia grandiflora belongs to the family capparaceae found in tropical of East Africa. It is a dense evergreen
much-branched shrub with average height of 10 m. It is a perianal grows well in the dry lands, bush lands and
thickets. As a desert plant, has well adaptive feature with all its parts being consumable.

Ziziphus mucronata also known as Buffalo thorn with classification plantae, angiosperms, eudicosts, rosids,
order rosales, family rhamnaceae, genus ziziphus and species Z. mucronata. It grows up to 10 m mostly grow on
the termite mounds. It has a zigzag, hooked and straight thorns with rectangular cracked barks with read colora-
tion under bark. Leaves are edible, while the whole plant is used for fencing. It also has a medicinal value.

3. Experimentation

Measurement of Young’s modulus of elasticity involved measuring deflection of rigid vegetative elements fixed
on the bench with G-clamp. Loads of known weight 100, 150, 200 and 250 grams were separately mounted onto
the known lengths of the fixed stem cuttings, starting with the least. In each mounted weigh, the extension/
deflection was recorded. Their corresponding moment of inertia was accordingly calculated. Flexural stiffness is
the product of Young’s modulus of elasticity and the second moment of inertia. The whole stem flexibility was
measured as the ratio of angle of deflection “a” to the applied loads. By using electronic beam balance, gradu-
ated ruler and caliper the densities of these shrubs were computed. Percent critical height was calculated for
each stem accordingly.

In the course for determination the results, Young’s modulus of elasticity was computed as per Equations ()
and (b);

Pxl®
3%l xw

@

where P is applied load [N], I, is moment of inertia [m*], w = deflection of sample [m], | is sample length (m)
from a fixed point to the point where the load has been applied. D in the next Equation (b) is the diameter of the
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sample.
_ nD*
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Flexural stiffness is the product of Young’s modulus of elasticity and as second moment of inertia as indi-
cated in Equation (c); flexibility (Equation (d)) is the ratio of deflection (D) to the applied force (f);
Pxl? .
FS=E*l =——=0.25*mx*r (©)

*Ix*W

(b)

where r is the radius measured in the middle of the stem is (mm)

F=—. d
. (d)
Percentage critical height was calculated as per Equation (e) below;
EY®
H, =1.26*(—) *(d, )2/3 (e)
w

where E is Young’s modulus of elasticity (Pa), w is fresh weight/unit volume (Nm™3), and dj, is diameter at base

(m).

4. Results and Discussion

General physical properties and appearance of shrubs cuttings are presented in Figure 2. Although both the
lengths and diameters had high proximity, their masses varied uniformly. Variation in masses depends on the
compactness of plant tissues as well as fibers. The variation in masses which lead into variations in the densities
was also an indication of irregularities in length to mass relationships. Densities which had a correlation value of
—0.035 in respect to mass depict the inverse relationship between mass and density. Masses and length had a
perfect negative correlation. Small related densities mean these shrubs have small volume fraction of cell wall
materials, compacted hemicellulose and cellulose contents and significantly high micro fibril angles in the cell
wall of fiber cells. The Ziziphus mucronata was found to be denser among the species and the Boscia grandi-
flora was the least dense. The density directly influence its flexibility hence accounts to its survival probabili-
ties.
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Figure 2. Physical properties of the selected shrub species.
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Stem deflection account for the obvious bending capacity of a cutting without deformation as indicated in
Figure 3. With the weights ranging from 100 to 250 grams, AT had a maximum deflection meaning it can with-
stand strong winds and animal disturbance. ZM was the least meaning under strong winds it may experience
more effects compared to the remained species.

Variations in the whole stem flexibility of the shrubs species is an indication of rigidity of the stem. From
Figure 4, Acacia nilotica had the highest value the fact that increases its survival probabilities, and the Boscia
grandiflora had the lowest, the fact that lower its survival probabilities in this ecological feature. The proximal
flexibility values of these species is a substantial suggestion of common adaptive features of the species.

Flexural stiffness varied among the species with AN showing the greatest flexural stiffness among the species
as per Figure 5. It implied better ability to withstand mechanical loads. The Acacia tortilis had shown the lowest
flexural stiffness among the species, hence it has shown the worse ability to withstand mechanical loads among
the species. Figure 5 indicates the Acacia tortilis having the lowest probability to remain free standing during
the disturbances due to lowest flexural stiffness. The Acacia nilotica was found to have the highest percentage
critical height 6.0% hence the highest probability to remain free standing when disturbed.

Figure 6 in this context shows mean values of Young’s modulus of elasticity of the shrubs that expressively
varied among the species. It is percussion of dissimilarity in mechanical strength among shrubs. The species
with smallest Young Modulus, the Boscia grandiflora is the one which is less rigid hence the lowest resistance
to deflection. In contrast, Acacia tortil with the highest young modulus is more rigid and high resistive to deflec-
tion. In general, the more rigid a species is, the more the resistant to breaking and hence the most competitive
species.
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Figure 6. Mudulus of elasticity E (Pa).

5. Conclusion and Recommendations

Present study revealed the existing interactions among physical, chemical and biological aspects of semi-arid
plants adaptations. Flourishing species like Acacia nilotica was the one with the highest and best mechanical
features. The overall compactness and strength of the species were a chemical aspect of very strong and short
chemical bonds at a molecular level which played a role in the survival chances. Further studies are recom-
mended to investigate other properties such as fracture toughness for stems and leaves as well as investigating
aqueous and organic soluble chemicals of these species to get better understanding on the chemical aspects.
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