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ABSTRACT 
 

Understanding of different levels of soil calcium (Ca), magnesium (Mg), potassium (K), sodium (Na), 
cation exchange capacity (CEC), and percentage base saturation (BS), is important in the 
management of forest ecosystems. However, there is limited documentation on the status of these 
elements in the undisturbed forest sites (CFS) crop-agriculture (ADS) and livestock grazing (DGS) 
disturbances in the tropical coastal forests. This chapter attempts to address this deficit by presenting 
soil fertility based on exchangeable bases’ status and variations across undisturbed forest sites (used 
as a control), crop-agriculture and livestock disturbed sites in the coastal zone of Tanzania. The 
chapter aims to add knowledge on the management of tropical coastal forests. Indeed, this chapter 
shows that crop-agriculture and livestock grazing disturb soil chemical properties in tropical coastal 
forests. Therefore, it is essential to protect undisturbed forest while putting more efforts to restore the 
disturbed sites for sustainable forest management along the coastal areas.  
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1. INTRODUCTION 
 
Forest disturbances due to human pressures and poor management systems affect forest structure 
and ecosystems [1,2,3]. Human induced forest disturbances and degradation affect the structure of 
forest ecosystems at large [4]. Indeed, human activities contribute to forest biodiversity decline or 
loss. The main activities contributing to forest loss, especially in the tropics include clearing land for 
crop-agriculture, pole cutting, charcoal burning, timber harvesting, and settlements [5,6]. Human 
disturbances reduce the capacity of forest to regenerate, function, and offer various ecological 
services [7,8,9]. However, documentation shows that some degree of disturbances are actually 
beneficial, as they contribute to the increase of biodiversity and nutrient circulation. Beneficial 
disturbances are thus considered important for long term sustainability and productivity of most 
ecosystems on earth. Certainly, disturbances are important in the modification of forest structures 
(i.e., stand parameters and species diversity), thus helping forests to undergo successional stages 
and maintain values. Unfortunately, in many cases these structures are affected by natural and 
human activities under varied environmental conditions [4]. 
 
Encroachment through human activities threatens the coastal forests, which cover an area of about 
800 km

2
 along the coastal zone of Tanzania [8]. These activities alter the distribution and structure of 

the forests. Changes in spatial and temporal patterns, and the subsequent regeneration capacity put 
forest management efforts in jeopardy [10,11]. Yet, studies on how coastal forests, such as those 
comprising the study area, respond to crop-agriculture and livestock grazing disturbances are not 
available. 
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Human disturbance by activities such as plowing and logging greatly affect soil properties [12]. Forest 
disturbances for example, strongly affect soil characteristics mainly soil volume, chemistry and 
texture. Impacts consequences are soil degradation, soil erosion and the destruction of species, 
biomass and biodiversity [13]. Forest disturbances start to affect species composition, which in turns 
affects soils nutrients [14]. The impacts of vegetation destruction in soils nutrients pools is that, 
different plant species have different nutrient requirements and returns to soils [12]. Disturbances in 
forest affect the ecological relationship between forest vegetation and forest soils [15,16]. Therefore, 
in this chapter soil disturbances is defined as any physical, biological, or chemical alteration of the soil 
caused by forestry operations [17]. 
 
Human activities especially those involving clearance of forest vegetation pose soil to erosion, loss of 
organic matter and other necessary elements that are useful for vegetation growth. For example, a 
study by [12] shows that soil nitrogen of different ecosystems is concentrated mostly at the top 10 cm 
depth hence any effects on this layer would affect soil nutrients in these ecosystems. This effect is 
supported in [12] that soil nutrients such as phosphorus differences in different soil horizons may 
result from change of biological and geochemical processes at different depths after disturbances. 
However, in the same study, soil potassium was slightly higher in the disturbed than primary intact 
forest sites. Therefore, the findings in this work supports many existing literatures that disturbances on 
vegetation component of the ecosystems affects soil fertility. In this chapter we tried to present the 
variation of soil fertility across undisturbed, crop- agriculture and livestock grazing sites. Crop- 
agriculture and livestock grazing are used in this piece of work because these activities largely 
contribute to disturb coastal forest ecosystems in Tanzania [18]. 
 
The existing studies have documented on the impacts of land cover change and carbon storage 
[19,20,21]. Studies on soil organic carbon conducted by [22], Nitrous Oxide and Methane by [23] and 
plant diversity in [24] and [25]. Although a study by [26] investigated soil fertility on different land uses, 
documentation on the comparative differences of soluble bases and CEC across forest sites 
subjected to different land uses along the tropical coastal forests including those found in Tanzania is 
lacking. This lack of information is a challenge on the management of coastal forests in the tropics. 
 
Inadequate information about soil soluble bases and CEC puts forests management in risk because 
the knowledge about the existence of forest resources is not enough to address the entire reciprocal 
function of soil properties and the interplays between vegetation and soils soluble bases in the 
ecosystems [27,28]. A chapter about soluble bases status and variation is important in the tropical 
coastal forests because these forests face pressure from human activities mainly crop-agriculture and 
livestock grazing [18]. Information generated in this chapter is crucial in contributing on the effective 
management and protection of tropical coastal forest ecosystems [29]. 
 

1.1 Crop-agriculture and Forest Disturbances 
 
Coastal ecosystems especially forests are overexploited because of unsustainable use of resources 
as well as pressure from the growing agricultural activities [1]. Clear tree felling from intensive 
agriculture is associated with timber removal, and with major disturbances by using powered 
machinery contributes to the opening of larger sites for crop production [2] making coastal 
ecosystems vulnerable to disturbances. The detrimental effects of agricultural practices is 
deforestation, which in turn affects soils in ways such as erosion, desertification, salinization, 
compaction, lowering soil structure quality and loss of soil fertility [3]. Deforestation usually led to land 
degradation and ecological imbalance especially when clearing and burning are accompanied in 
deforestation methods in preparation of lands that are used for crop production [3]. Crop-agricultural 
activities disturb forests soils and cause high scale severity in soil and vegetation properties [4,30]. It 
is obvious that the ongoing agricultural practices of clearing land for crop production and improved 
pasture management by using uncontrolled fire accelerate the problem of forest disturbances [5].  
 

1.2 Livestock Grazing and Forest Disturbances 
 
Livestock grazing disturbances in forests is a concern in management because the life of every kind 
of human beings and civilization all over the world show well connections between these activities and 
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forest ecosystems [6,7,8]. Livestock grazing affects species composition, ecosystem function, and 
socioeconomic value of forests [9]. Literature show that livestock induced disturbances might be 
among the major factors constraining regeneration and recruitment of species in terrestrial 
ecosystems [31].  
 

The physical structure of plant communities is often changed by grazing. Defoliation by grazing 
herbivores alter plant height and canopy cover, and change species composition to include 
structurally different types of plants [32]. Defoliation can promote shoot growth and enhance light 
levels, soil moisture, and nutrient availability [31,10]. However, grazing animals can decrease flower 
and seed production directly by consuming reproductive structures, or indirectly by stressing the plant 
and reducing energy available to develop seeds [11]. Grazing animals can also disperse seeds by 
transporting them in their coats (fur, fleece, or hair), feet, or digestive tracts [11]. For some plant 
species, grazing may facilitate seed germination by trampling seed into the soil. Trampling and 
pawing disturb the soil and in some cases completely destroy soil crusts [32,12]. Trampling may also 
change the structure of plant communities by breaking and beating down vegetation [32]. In addition, 
the effect of trampling is compaction of soils, which damages plant roots, causing them to be 
concentrated near the soil surface [13]. 
 

Reduced vegetative cover and disturbed soil surfaces results into increased wind and water erosion 
[14]. The hoof-action of large grazing animals can incorporate plant materials into soils and increase 
organic matter. Grazers enhance mineral availability by increasing nutrient cycling within patches [18]. 
Also, the organic components of feces and urine from grazing animals can build soil organic matter 
reserves [6]. These organic components results into soils having increased water-holding capacity, 
increased water-infiltration rates, and improved structural stability, which can decrease soil loss by 
wind and water erosion [16]. Certainly, these changes may prevent plants from acquiring sufficient 
resources for vigorous growth [12]. 
 

2. LOCATION AND BIOPHYSICAL CHARACTERISTIC OF THE STUDY AREA 
 

2.1 Location 
 
This chapter presented the soil fertility information based on the study that was conducted in the 
coastal ecosystems located along the Coastal Zone of Tanzania. This zone stretches within 850km 
from the boarder of Tanzania and Kenya in in the north, and Tanzania and Mozambique in the south. 
This ecological area is rich in biodiversity as it has about 190 forest species, of which 92 are endemic 
[17]. However, as in many other tropical forests, farming (crop-agriculture), livestock grazing, timber 
harvesting, and charcoal production threaten these forests. As a result, these forests are disappearing 
at an alarming pace [18]. Because of the human activities, tropical coastal forests located in the 
coastal zone of Tanzania have lost about 69% of their primary vegetation [17]. If not abetted, further 
degradation will continue to threaten about 1500/300,000 (i.e., 0.5%) of global vascular plants found 
in this zone [19]. Nevertheless, crop-agriculture and livestock grazing continue to be the main human 
activities accelerating the rate of coastal forests degradation in Tanzania [20]. 
 

The coastal zone was purposely chosen because is among the areas with the leading forest cover 
loss in Tanzania particularly between 2000 and 2016 (Fig. 1 a & b). Specifically, the chapter presents 
information, which were obtained from the forestland cover and land use classifications for Uzigua 
Forest Reserve (UFR) found in Bagamoyo and Chalinze Districts, Pwani Region in the Coastal Zone 
of Tanzania Mainland. 
 

The UFR has a coverage area of 24,730 ha [21]. This forest was purposely selected to represent 
other forest ecosystems along the coastal zone, which have been encroached mainly for crop-
agriculture and livestock grazing. Certainly, this forest is within 100 km from the coast of Indian Ocean 
and thus considered among the tropical coastal forests in Tanzania [22]. The forest is under the 
Central Government that is represented by the Forest and Bee-keeping division of the United 
Republic of Tanzania, Ministry of Natural Resources and Tourism [21]. 
 
The UFR is supposed to be completely restricted from human use, serving for catchment and 
biodiversity conservation [21]. Unfortunately, due to poor protection and surrounding settlements, the 
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entire forest is affected by human based activities such as harvesting trees for fuel
grazing pressure and encroachments for agriculture. These activities have significantly affected this 
forest. Yet, this forest reserve is among a few remaining tropical coastal forests in Tanzania. 
Therefore, addressing the status of coastal 
management. This contribution is crucial in dealing with ecological management challenges 
emanating from crop- agriculture and livestock grazing pressures. 
variation on the status of soil fertility using 
understanding on how-crop agriculture and livestock grazing threaten the soils which harbors diverse 
plant species [23,24]. Consequently
agriculture and livestock grazing is very crucial in management of coastal forests.
 

2.2 Climate, Soils and Vegetation
 
The coastal zone of Tanzania mainland receives annual average rainfall of 917.23 mm where by the 
peak periods of rainfall are in January to
located in the tropical and sub-humid area with 700 mm to 1000 mm rainfall. October to May is a wet 
season while June to September is dry. The annual minimum temperature is 22.4°C while the 
maximum temperature is 31.7°C [25
friable top soils covered by more or less decomposed litter. The area is undulating with continuous 
hills with altitude ranging from 400 to 600 meters above sea level 
climate change and variability along the coast greatly influence temperature, rainfall, and the 
distribution pattern of plant species in these tropical coastal forests, and therefore the composition of 
the forest fragments at large [19]. 

 

Fig. 1. a. The coastal zone of Tanzania, b. A section of a disturbed area in the coastal zone of 
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entire forest is affected by human based activities such as harvesting trees for fuel
achments for agriculture. These activities have significantly affected this 

forest. Yet, this forest reserve is among a few remaining tropical coastal forests in Tanzania. 
addressing the status of coastal forests contributed to generate useful i

management. This contribution is crucial in dealing with ecological management challenges 
agriculture and livestock grazing pressures. Actually, the chapter highlights the 

variation on the status of soil fertility using cation exchange capacity differences to gain an 
crop agriculture and livestock grazing threaten the soils which harbors diverse 

Consequently, understanding the variation of nutrients on soils affected by crop
iculture and livestock grazing is very crucial in management of coastal forests. 

Vegetation 

The coastal zone of Tanzania mainland receives annual average rainfall of 917.23 mm where by the 
peak periods of rainfall are in January to April and November to December. Uzigua forest reserve is 

humid area with 700 mm to 1000 mm rainfall. October to May is a wet 
season while June to September is dry. The annual minimum temperature is 22.4°C while the 

25]. The soils are well-drained, red sand clay, loamy with brown 
friable top soils covered by more or less decomposed litter. The area is undulating with continuous 
hills with altitude ranging from 400 to 600 meters above sea level (masl) [26]. However, the current 
climate change and variability along the coast greatly influence temperature, rainfall, and the 
distribution pattern of plant species in these tropical coastal forests, and therefore the composition of 

a. The coastal zone of Tanzania, b. A section of a disturbed area in the coastal zone of 
Tanzania 
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3. HUMAN DISTURBANCES ON THE COASTAL FORESTS ECOSYSTEMS  
 
Deforestation due to human pressures and poor forest management systems affects forest structure 
and ecosystems [27,28,29]. Forest disturbances and degradation affect the structure of forest 
ecosystems at large [33]. Human activities contribute to forest biodiversity decline or loss [34]. The 
main activities contributing to forest loss, especially in the tropics, include clearing land for crop-
agriculture, pole cutting, charcoal burning, timber harvesting, and settlements [35,36,37,29]. Human 
disturbances reduce the capacity of forest to regenerate, function, and offer various ecological 
services [38,39]. However, documentation shows that some degree of disturbances are actually 
beneficial, as they contribute to the increase of biodiversity and nutrient circulation. These 
disturbances are thus considered important for long term sustainability and productivity of most 
ecosystems on earth [40,41]. Definitely, disturbances are important in the modification of forest 
structures (i.e., stand parameters and species diversity), thus helping forests to undergo successional 
stages and maintain values. Unfortunately, in many cases these structures are affected by natural and 
human activities under varied environmental conditions [33]. The impacts of disturbances are not only 
observed on vegetation but also on soil nutrients including calcium, magnesium, potassium and 
sodium hence cation exchange capacity along the coastal zones of many tropical ecosystems. 
 
3.1 Status of Soluble Bases on the Coastal Ecosystem of Tanzania 
 
3.1.1 Disturbances and soluble bases  
 
An understanding of different levels of soil calcium, magnesium, potassium, and sodium, is important 
in the management of forest ecosystems [42,43,44], because cation exchange capacity highly 
influence vegetation growth in forest ecosystems [45]. Despite the importance of these elements, little 
is understood about their patterns and variability in tropical coastal forest ecosystems particularly on 
crop-agriculture and livestock grazed land uses [46]. Disturbances on the tropical coastal forests 
affect soluble bases [47]. As a result, many of the tropical forests are characterized by limited soluble 
bases [48,49]. The variation of nutrients exists between different ecosystems because of processes 
such as pedogenesis variability of parent rock materials and land uses [43,44,50]. While cutting down 
of native vegetation to convert forestland into farms counts as one of the processes that add soil 
nutrients, yet this addition is considered a temporal return of mineral nutrients in soil stock [51]. Thus, 
any conversion of natural vegetation into crop or grazing lands contributes to alter some soil nutrients. 
The depletion of nutrients is severe especially when fertilizers are not used as one of the corrective 
measures [51]. Unfortunately, crop-agriculture in the coastal forest reserves is practiced without 
additional of fertilizers. Therefore, this piece of work tries to establish that forest disturbances brought 
by human activities or processes affect vegetation, which in turn influence nutrients biogeochemistry 
through variation in the quantity and chemistry of plant litter [52]. The processes of nutrients depletion 
begin with impacts of disturbances on litter accumulation, thus lowering the capacity of forest 
ecosystems to slow soil erosion and mineral nutrients leaching (the most factors for soluble nutrients 
loss in the tropics) [47,50]. 
 
Activities that cause land cover change for example those associated with deforestation cause soluble 
bases depletion and extinction of some plant species in the tropics hence limiting the development of 
forest ecosystems [53,54]. Because of the roles played by soluble bases in controlling soil acidity and 
plant community welfare, an understanding about soluble elements quantities and variation is crucial 
in forest management [55]. 
 
3.1.2 Variations of soluble bases across land uses  
 
The tested hypotheses in this chapter shows that there is significant variation of soluble bases, cation 
exchanges capacity and base saturation across forests sites subjected into different management 
practices (Tables 1, 2 3 and 4). This variation supports the findings by other researchers that spatial 
nutrients variations are contributed by land use management options [56]. From the findings and 
reviewed literature, we establish that soluble bases vary because of different land uses and 
management supporting the documentation by [57]. 
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Across the study sites, agriculture and grazed sites have lost soluble bases, the conditions, which in 
this work is associated with loss of vegetation (Lehmann et al. 2003). The effects of land use and 
management systems on soil fertility and chemical properties presented in this chapter is in 
agreement with some observations made by [45] and [56]. The evidence that intact soil sites harbor 
higher bases than disturbed sites has been clearly observed in Ca, Mg and CEC where by these 
bases and CEC were high in CFS than in ADS and DGS unlike the K, Na and BS. 
 
The variation shows that disturbances affect soluble bases differently across land uses. The 
significant differences of Ca and Mg in CFS and, DGS and ADS is a good indicator of impacts of 
disturbances on these two major soluble bases in the tropical coastal forests. The interpretation is that 
Ca and Mg highly get lost in disturbed than in the intact sites [51]. 
 
Low amount of Ca and Mg in ADS than in DGS shows that converting land into crop- land and grazing 
land use makes soil vulnerable to soil erosion and leaching and uptakes by crops [54,58,59]. Low 
amount of Ca and Mg in ADS and DGS partially shows that human activities in these land uses 
disturb nutrients through conversion of forests into other land uses. Indeed, [49], support low 
quantities of soluble bases in disturbed soils by indicating that soluble bases in disturbed (cropped 
and grazed sites) have declined. The loss is contributed by vegetation loss, whereby loss of 
vegetation influences soil chemical properties by manipulating the distribution and concentrations of 
soluble bases unlike in the intact forest sites where trees and other vegetation contribute to increase 
exchangeable bases in the soils [52,45]. 
 
This chapter establishes that low base elements in disturbed sites is partially explained by loss of 
vegetation or the removal of soil elements from the soil by crop harvests or livestock grazing and 
leaching [59]. A combination of these three factors (i.e. clearing vegetation, crop harvests and 
grazing) affects the status of nutrients in the coastal forests; in turn, these factors affect forests 
ecosystems because of the interdependence between above and below ground forests ecosystem 
components. For example, variations of Ca, Mg, K and Na between CFS and the disturbed sites 
indicate that conversion of forests in other land uses results into release of nutrients locked in 
vegetation mainly in the form of woody [49]. 
 
The wooden locked nutrients are released into soils and animals where they are temporarily stored 
before getting lost [51]. Therefore, crop-agriculture and grazing disturb vegetation and litter hence soil 
nutrients in the tropics. Higher quantity of soluble bases in intact sites is a good indicator that 
undisturbed sites maintain nutrients circulation than the disturbed ones agreeing the findings of [60]. 
 
Indeed, the variation across soluble bases in response to disturbances shows that nutrients loss is not 
uniform throughout all soluble bases. For example, across the study sites, K and Na were low in all 
land uses compared to Ca and Mg. Low K and Na is the condition reported in the tropical forests 
because of the origin of the soils, high rainfall and high temperatures effects [61]. These 
environmental factors when combined with crop-agriculture and livestock grazing pressure affect 
more K and Na in the tropics than other soluble bases [61]. It shows that human activities accelerate 
the loss of K in the tropics, in turn low K affects carbohydrate and protein formation in forests trees 
[62]. In this view, human activities cause K deficiency in forest ecosystems partly threatening the 
productivity of these forests [63,62]. 
 
Calcium had higher correlation with almost all other soluble especially in CFS. This correlation 
indicates that intact forest sites have the capacity to retain nutrients than disturbed sites in agreement 
with [51]. Soluble bases such as Ca and Mg showed a positive and strong correlation across all the 
land uses except in ADS. The negatively correlated Ca and Mg in ADS is in line with [55]. 
 
The interplays of nutrients because of disturbances is used to indicate that certain activities 
accelerated loss of some nutrients. For example, the negative correlation of Ca and Mg in ADS than 
in any other land uses is useful to show that there are more declines in Mg than Ca in the disturbed 
forests sites supporting the findings in [47]. The main reason for high loss of Mg than Ca is that, the 
former base is vulnerable to leaching than the latter in disturbed sites [64]. Because crop-agriculture 
and livestock grazing contribute to disturb forests sites by affecting vegetation and accelerating soil 



 
 
 

Advances and Trends in Agricultural Sciences Vol. 1 
Soluble Bases and CEC Variation across Undisturbed and Disturbed Coastal Forests in Tanzania 

 
 

 
116 

 

erosion and leaching, it is recognized that crop agriculture and livestock grazing contribute to loss of 
Mg than Ca through leaching [52,55]. The positive and negative correlation findings on soluble bases 
in the intact forests and disturbed sites are also reported in [65]. Therefore, there is no uniformity in 
nutrients trends and dynamics other than variation across forests sites when exposed to different land 
use. 
 

Table 1. Soluble bases variation across land uses 
 

LU Ca Mg K Na 
mean p mean p mean p mean p 

CFS vs. ADS 3.75 ± 0.99 <.001 0.80 ± 0.17 <.001 0.03 ± 0.06 <.680 0.01 ± 0.01 <.240 
CFS vs. DGS 3.11 ± 1.07  <.001 5.87 ± 0.42 <.001 0.55 ± 0.09 <.001 0.31 ± 0.04 <.001 
ADS vs. DGS 0.63 ± 0.58  <.280 6.67 ± 0.39 <.001 0.52 ± 0.09 <.001 0.31 ± 0.04 <.001 

Where: p = p-value 

 
Table 2. The variation of CEC and BS across CFS, ADS and DGS 

 
Land use CEC BS 

mean p-value Mean p-value 
CFS vs. ADS 2.61 ± 0.84 < .030 10.29± 3.74 < .010 
CFS vs. DGS 13.74 ± 1.59 < .001 5.86 ± 2.67 < .030 
ADS vs. DGS 16.36 ± 2.19 < .001 36.03± 5.26 < .400 

 
Table 3. Paired soluble bases correlation between across land uses 

 
LU Ca Mg K Na 

r p-value r p r p r p 
CFS vs. ADS 0.373 <.010 0.135 <.365 0.247 <.094 0.042 <.780 
CFS vs. DGS 0.074 <.623 0.320 <.028 0.074 <.622 0.421 <.003 
ADS vs. DGS 0.288 <.050 0.463 <.001 0.051 <.734 0.075 <.616 

Where: r = Correlation value, p = p-value 
 

Table 4. Paired sample correlation of CEC and BS across land uses 
 

LU CEC BS 
r p r p 

CFS vs. ADS 0.279 <.058 0.538 <.000 
CFS vs. DGS 0.079 <.596 0.082 <.584 
ADS vs. DGS 0.613 <.000 0.263 <.001 

Where: r = Correlation value, p = p-value 
 
3.1.3 Soluble bases, CEC and BS vs. elevation levels 
 
Soil fertility varies with elevation variations. The variation is real as indicated by differences on levels 
of Mg in ADS, Ca, in ADS, CEC in ADS, and Na in CFS and BS in DGS (see Table 5). These 
variations show that Mg and Ca were low at high elevation (350 to 600m) across the study area 
meaning that agricultural activities that were carried out at high elevations posed some potential risk 
for soluble bases depletion [55]. The low variations of nutrients in CFS against elevation could be 
associated with less leaching on nutrients in the CFS across different elevations. The variation of 
nutrients in DGS against elevation compared to other land uses shows non-significant values. This 
little variation partially explains that, grazed land contains some vegetation especially woods, which 
contribute to recycle soil nutrients, and partially returning the nutrients through animal feces 
[66,67,49]. 
 
Although DGS had less variation of nutrients across the elevation, it is established that low nutrients 
availability at high elevation (350 to 600 m) contributed to limit vegetation growth, which upon grazing 
pressure it resulted into loss of soil nutrients more than the lower bottoms. This limited supply of 



 
 
 

Advances and Trends in Agricultural Sciences Vol. 1 
Soluble Bases and CEC Variation across Undisturbed and Disturbed Coastal Forests in Tanzania 

 
 

 
117 

 

nutrients in-turn promotes nutrients insufficiency for wood production and thus livestock grazing 
continues to be among the factors affecting soluble bases in tropical coastal forests [54,57]. 
 

Table 5. Correlation of Ca, Mg, K, Na, CEC and BS with elevation 
 

LU and 
Elevation 

Ca Mg K Na CEC BS 
r p r p r p r p R p r p 

Elevation 
and CFS 

1 
 

0.250 0.04 
 

0.794 0.09 
 

0.539 0.14 
 

0.365 0.08 0.615 0.05 
 

0.750 
 

Elevation 
and ADS 

0.18 
 

0.222 0.25 
 

0.095 0.02 
 

0.987 0.08 
 

0.589 0.15 
 

0.329 0.01 
 

0.972 

Elevation 
and DGS 

0.04 
 

0.775 0.03 
 

0.863 0.02 
 

0.890 0.03 
 

0.851 0.05 
 

0.727 0.12 
 

0.418 

Where: r = Correlation value, p = p-value 

 
3.1.4 Soluble bases CEC, BS and UFR sustainability 
 
Although in this chapter we lacked baseline quantities of soluble bases, CEC and BS to make a 
comparison of whether the variation and quantities are sufficient or not to sustain UFR, still the current 
variation used to establish soluble bases in the coastal forests. The available data on Ca and Mg, 
CEC and BS are useful in predicating sustainability of coastal forests relationships because these 
factors largely control forest ecosystems by affecting the distribution of plants in forests [55]. Higher 
amount of Ca and Mg (for example) in CFS is a good indication that the uptake and recycling of these 
nutrients by trees and other vegetation is not in excess than the amount lost by leaching in disturbed 
soils [55]. Again, high amount of Ca and Mg in CFS is a good indicator that CFS health is promising 
because these two soluble bases are important in natural sustainability of forest ecosystems. 
 
In order that coastal forests maintain the forest capacity to retain nutrients, protecting the remnant of 
these forests and recovering disturbed sites is an important worldwide approach [68,24,8]. It is 
essential to implement the common strategies used locally and globally for examples applying 
approaches such as excluding human settlements, crop-agriculture, and livestock grazing 
[69,70,71,72]. These efforts aim to allow the regeneration of trees and other vegetation to return soil 
nutrients since tropical forests have a pronounced power of self-maintenance through regeneration 
[73]. 
 
It is important to protect vegetation in intact forests sites and restore disturbed sites to rejuvenate the 
lost nutrients and prevent further degradation of forests ecosystems. Protection and restoration must 
aim in improving the amount of soluble bases because these elements largely govern soil acidity and, 
consequently plant species composition [55]. Improvement on the composition of species in turn 
affects forest soils nutrients [55]. Protection and restoration efforts might contribute into providing the 
function of reducing runoff, soil and nutrient loss and improvement of nutrients circulation in coastal 
tropical forests [65]. Improvements on forest ecosystems should not necessarily need addition of base 
elements, rather it can be done by avoiding further disturbances, protecting the intact sites and 
restoring disturbed sites by taking the advantage of natural forest capacities to recycle nutrients [73]. 
 

4. CONCLUSIONS 
 
The chapter concludes by showing that there is significant spatial chemical attributes variation of 
calcium, magnesium potassium as well as sodium, cation exchange capacity and base saturation 
across closed forest, crop agriculture and livestock grazing disturbances. These elements were 
significantly different among sites. From chemical variations of soluble bases as representative of soil 
chemical properties, it shows that disturbed forest sites have low nutrients than undisturbed sites. 
These variations indicate that soils in the disturbed sites at high elevation ranging between 350 to 
600m are well conserved for essential nutrients to maximize forest vegetation growth and 
development along the ecological gradients. Some variations are recorded and expected to change 
because the effects of disturbances can be short or long-term occurring over decades or centuries. 
The variation across forest sites shows that forest disturbances affects an integral relationship 
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between vegetation and soils. This relationship is vital because soil gives vital support such as 
provision of moisture, nutrient and anchorage to vegetation while vegetation provides protective cover 
and nutrient maintenance. Certainly, the chapter shows that disturbances can eliminate some species 
and species composition while some disturbances bring changes in succession pathways, which are 
beneficial to maintain energy flow, nutrient cycling, species, genetic and structural diversity. 
Therefore, it is suggested that further studies should be carried out to identify soils, correlation of soil 
elements in the tropics in different land uses. These studies should aim to establish a trend of 
nutrients at risk because of human activities mainly crop-agriculture and livestock grazing, and 
suggest possible remedies for sustainable coastal forests across different regions and landscapes in 
Tanzania and elsewhere globally. 
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