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Mapped soil fertility status and variation across disturbed and intact tropical coastal forest
sites in Tanzania

Abstract

Aims: Although an understanding of different levels of soil calcium, magnesium, potassium, sodium,
cation exchange capacity, and percentage base saturation, is important in the management of forest
ecosystems; however, there is limited documentation on the status of these elements in forest subjected to
crop-agriculture and livestock grazing disturbances in the tropical coastal forests. This study aimed to
map exchangeable bases’ properties across closed forest (control), agriculture and livestock disturbed
sites in the coastal zone of Tanzania to add knowledge on the management of tropical coastal forests.
Methodology: Systematic sampling and stratification approaches were used to get representative samples
of forested blocks and disturbed sites. Forty-seven (50m x 50m) sampling plots on each of the forest sites
were established in the study area from which 141 soil samples were drawn. Ammonium acetate solution
was used to extract exchangeable calcium, potassium, magnesium and sodium from which cation
exchange capacity and base saturation were calculated.

Results: The mean, correlation and t-values were used to compare nutrients across land uses. The mean
values of exchangeable bases were 3.75, 3.11 and 0.63; 0.80, 5.87, 6.67; 0.03, 0.55, 0.52; 0.01, 0.31, 0.31
(cmol/kg) 2.61, 13.74, 16.36 (cmol/kg); 10.29, 5.86 and 4.42 (V%) for calcium, magnesium, potassium,
sodium, cation exchange capacity and base saturation in closed forest, agriculture and livestock disturbed
sites respectively.

Conclusions: The variations show that crop-agriculture and livestock grazing disturb soil chemical
properties in tropical coastal forests. Therefore, it is important to protect closed forest sites while putting
more efforts to restore the disturbed sites for sustainable forest management along the coastal areas.

Key words: Base elements; cation exchange capacity; base saturation; forest ecosystems; land use change

1.0 INTRODUCTION

An understanding of different levels of soil calcium, magnesium, potassium, and sodium, is
important in the management of forest ecosystems [1,2,3]. This understanding is important
because base cation and cation exchange capacity highly influence vegetation growth in forest
ecosystems ([3]. Despite the importance of these elements, little is understood about their
patterns and variability in tropical forests particularly on crop-agriculture and livestock grazed
land uses [4]. There is limited documentation on the status and variations of calcium,

magnesium, potassium, sodium, cation exchange capacity and percentage base saturation in the
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closed forest, forest land sites subjected to crop-agriculture and livestock disturbances especially

in the tropical coastal forests like in many other tropical forest ecosystems [4].

This study was carried out in the coastal forest of Tanzania, the zone which represents some of
the remaining tropical forests after human activities and climatic change impacts [6,7]. Because
of long term above ground conversion of coastal forests, the below ground (soil) ecosystem is
affected too [6]. As a result, many of the tropical forests are characterized by limited soluble
bases and sodium [7]. The variation of nutrients exists between different ecosystems because of
processes such as pedogenesis variability of parent rock materials and land uses [2,9,10 ]. While
cutting down of native vegetation to convert forest land into farms is counted as one of the
processes which add soil nutrients, yet this addition is considered a temporal return of nutrients
in soil stock [9]. Thus, any conversion of natural vegetation into crop or grazing lands
contributes to alter some soil nutrients [9]. The depletion of nutrients is severe especially when
fertilizers are not used as one of the corrective measures [9]. Unfortunately, crop-agriculture in
the coastal forest reserves is practiced without additional of fertilizers, while literature on the
differences in nutrients status between and across intact forests, agriculture and livestock

disturbed sites is limited.

It is known that forest disturbances brought by human activities or natural processes affect the
above ground biomass (tree species), which in turn influence nutrients biogeochemistry through
variation in the quantity and chemistry of plant litter [10]. Forest disturbances affect litter
accumulation, thus lowering the capacity of forest ecosystems to slow soil erosion and mineral
leaching (the most factors for nutrients loss in the tropics) [8,11]. Activities which 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



UNDER PEER REVI EW

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

ecosystems [11,13]. 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 [12].

The existing studies have documented on the impacts of land cover change and carbon storage
[11,14,15]. Studies on soil organic carbon have been conducted by [13], Nitrous Oxide and
Methane by [14] and plant diversity in [15] and [16]. Although a study by [3] investigated soil
fertility on different land uses, documentation on the comparative differences of soluble bases
and sodium 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 status puts forests
management in risk because the knowledge about the existence of above ground forest resources
is not enough to address the entire reciprocal function of soil properties and the interplays
between above and below-ground forest ecosystems [8,19]. A study 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 [17].

This study was conducted to discover and generate information about the differences of
exchangeable bases and sodium pools in the disturbed tropical coastal forests. This information
is crucial in contributing on the effective management and protection of tropical coastal forest
ecosystems [12]. This work evaluated, analyzed and comparing the variation of top soil (30cm in
depth) nutrient concentrations across land uses. Specifically, the study addressed the following
objectives: (i) The study identified the relative differences of soil chemical quantities across
closed forest, agriculture and livestock disturbed sites at different elevations; (ii) the study

discussed the reasons for soluble bases variation across land uses and provided suggestions on
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the proper land use management of tropical coastal forests. This work was carried out to test the
following two hypotheses: (i) there is no significant difference in calcium, magnesium,
potassium and sodium amount in crop-agriculture and livestock disturbed sites from closed forest
sites at 5% level of significance. (ii) There is no significant difference in cation exchange
capacity and base saturation across land uses at 5% level of significance. The following
questions guided this study. (i) How do forest land uses subjected into crop-agriculture and
livestock grazing differ in soluble base contents from closed forest sites)? (ii) How cation
exchange capacity and base saturation differ across forest sites subjected into different land uses

and management practices?

2.0 MATERIAL AND METHODS

2.1  Site descriptions

This study was conducted in a coastal representative forest known as Uzigua forest reserve
(UFR) located in Bagamoyo and Chalinze Districts, Pwani Region in the coast of Tanzania
(Figure 1). The forest has a coverage area of 24,730ha located between 300 to 600m elevation
[18]. This forest is within 100 km from the Indian Ocean. It is because of this geographical
location, the UFR is placed among the remaining coastal forests ecosystems in Tanzania [19].
This forest is connected to villages named Mbwewe, Mpaji, Kwaruhombo, Kwang’andu,
Kwamduma and Changalikwa in Mbwewe ward. Because of its location and close proximity
with these surrounding villages, the reserve has been encroached for human activities such as
fuel-wood collection, fodder, livestock grazing and agriculture since 1960s. This reserve was
purposely selected for this study because of its importance since the forest is among a few of the
remaining coastal forests of Tanzania characterized by intact sites, agriculture and livestock

disturbed sites [15,21].
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Figure 1: The map of the study area

2.2 Sampling design

A systematic sampling design was used in this study. To cover a representative sample of
forested blocks and disturbed sites in Uzigua forest reserve (UFR), the stratification approach
was adopted from [18] and [21]. A comparison between impacts of disturbances was studied
under each forest site. For the purpose of comparing the impacts of disturbances on soils’
calcium (Ca), magnesium (Mg), potassium (K) and sodium (Na), forty-seven random plots were
established in each of the three major lands uses i.e., closed forest sites (CFS), crop-agriculture

disturbed sites (ADS) and livestock grazed sites (LDS).
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2.3 Data collection

A reconnaissance survey was conducted to get geographical coordinates, which were used to
produce different stratified land uses. Satellite images interpretation were used to identify areas
for on-site data collection [22]. Land-use and land-cover change (LCLU) were first analyzed in
this study. The spatial distribution of LCLU were obtained via classification of satellite images
[23]. The normalized difference vegetation index (NDVI) was used to assess the location and
extent of LCLU in the study area [24,25]. The NDVI was used together with the support vector
machine image classification technique to process LCLU classes. Indeed, the identification of
agriculture and livestock disturbed sites was supported by local peoples’ experiences because
human activities (mainly crop and livestock grazing) contribute to disturb forest ecosystems at
large [25]. Land uses were classified into: (i) Closed (ii) Open forest (iii) Shrub (iv) Grasslands
(v) Agriculture (vi) Grazing land (vii) Settlements and (viii) Bare land. Sites selection were
carried out based on patterns of human activities (crop-agriculture and grazing) as supported by
the maps and local people’s experience. Conspicuous land-cover changes because of agriculture

and grazing were purposely considered as the main sites for data collection
2.4  Soil sampling

Soil survey and sampling were carried out from May to August 2016. The study sites were CFS,
ADS and LDS. From each of the three strata, soil samples were collected by using an Edelman
auger at 1-30cm (topsoil) as adopted from [27,28,29]. A total of 141 soil samples were collected
(47 soil samples at each LU) drawn at 50m x 50m sampling plots. The soil samples in each
sampling plot were then mixed together to make one composite sample to eliminate variability.

Representative samples were put into tightened double plastic bags, labeled and stored at 4°C to
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reduce further microbial degradation. Fresh air-dried and oven dried weights were determined

before subjecting soil samples to further laboratory analysis.
2.5  Soil sample analysis

A combined glass—calomel electrode was used to determine the pH of aqueous suspensions
(1:2.5 soils: solution ratio to aid on deciding on the proper techniques for further analysis of
samples. Ammonium Acetate (1M NH40Ac) (pH 7.0) was used to extract exchangeable Ca, K
and Mg. Potassium content was determined by flame photometer [9]. Ethylenediaminetetraacetic
acid (EDTA) titration was done to measure Ca and Mg from the soil solution. Cation exchange
capacity (CEC) in (cmol/kg) and percentage base saturation BS (V%) were calculated following

the methods of [27] and [28] as shown in equation (i) and (ii)
CEC=%(Ca, Mg KandNa) (CMOIKQ) ......ooviiriii e (Eq. 1)

Where, Ca, Mg, K and Na exchangeable are in cmol/kg

CaMgKNa)

Base saturation (BS) (V %) = ! X L00% .o (Eq.2)

Laboratory results were further subjected into Statistic Package for Social Science (SPSS)
software and MS. Excel computer programs for computation of means, standard deviation and t-
values at 5% significance interval. These outputs were compared across the land uses and

elevations to gauge the differences and similarities of soluble bases.

3.0 RESULTS
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In comparing variation across CFS, ADS and LDS, the following consistence has been
maintained in the presentation of results. Means and t-values are kept constant in the order of Ca
(CFS vs. ADS), Ca (CFS vs. LDS), and Ca (ADS vs. LDS); Mg (CFS vs. ADS), Mg (CFS vs.
LDS) and Mg (ADS vs. LDS); K (CFS vs. ADS), K (CFS vs. LDS), and K (ADS vs. LDS); Na
(CFS vs. ADS), Na (CFS vs. LDS), and Na (ADS vs. LDS); CEC (CFS vs. ADS), CEC (CFS vs.
LDS), and CEC (ADS vs. LDS) and BS (CFS vs. ADS), BS (CFS vs. LDS), and BS (ADS vs.
LDS). In this work, all exchangeable bases are expressed in cmol/Kg/ha, CEC in cmol/Kg/ha

while BS values are expressed in percentage volume/ha.

3.1 Calcium variation across CFS, ADS and LDS

Calcium variation between CFS and ADS was: t = 3.78, p <.001. Due to the mean (mean *
standard error mean (SE)) values of Ca between CFS and ADS and the direction of the t-value, it
was concluded that there was a significant difference of Ca between these two land uses from
14.12 £ 1.07 to 10.37 £ 0.47 with a variation of 3.75 £ 0.99. The variation of Ca on CFS vs. LDS
was: t = 2.91, p <.001, with the mean difference from 14.12 + 1.07 to 11.00 + 0.22, a difference
of 3.11 £ 1.07, the variation in Ca between ADS and LDS was: t =1.10, p = .280, with a mean

difference from 10.37 £ 0.47 to 11.00 = 0.22, and a difference of 0.63 £ 1.10 (table 1).

3.2 Magnesium variation in CFS, ADS and LDS

Magnesium variation between CFS and ADS was: t = 4.71, p <.001. Due to the mean values of
Mg between CFS and ADS and the direction of the t-value, it was concluded that there was a
significant difference of this element between these two land uses from 2.96 + 0.06 to 2.16 +
0.17 with a variation of 0.80 + 0.17. The variation of Mg in CFS vs. LDS was: t = 13.85, p

<.001, with the mean difference from 2.96 + 0.17 to 8.84 + 0 .44, a difference of 5.87 £ 1.07, and
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the variation in Mg between ADS and LDS was: t = 17.11, p <.001, with a mean difference from

2.16 £ 0.17 to 8.84 + 0.44, and a difference of 6.67 = 0.39 (table 1).

3.3 Potassium variation between CFS, ADS and LDS

Potassium variation between CFS vs. ADS was: t = 0.41, p =.860. Due to the mean values of K
between CFS and ADS and the direction of the t-value, it was concluded that there was a
significant difference of K between these two land uses from 0.70 £ 0.05 to 0.72 + 0.05 with a
variation of 0.03 £ 0.06. The variation of K between CFS and LDS was: t = 5.88, p <.001, with
the mean difference from 0.70 + 0.05 to 1.24 £ 0.08, a difference of 0.55 = 0.09, and the
variation in K between ADS and LDS was: t = 5.88, p <.001, with a mean difference from 0.72 +

0.05to 1.24 £ 0.08, and a difference of 0.52 + 0.09 (table 1).

34 Sodium variation in CFS, ADS and LDS

Sodium variation between CFS and ADS was: t = 0.19, p = .240. Due to the mean values of Na
between CFS and ADS and the direction of the t-value, it was concluded that there was a
significant difference of Na between these two land uses from 0.13 £ 0.01 to 0.14 + 0.01 with a
variation of 0.01 + 0.01. The variation of Na between CFS and LDS was: t = 7.96, p <.001, with
the mean difference from 0.13 + 0.01 to 0.44 £ 0.04, a difference of 0.31 + 0.01, and the
variation in Na between ADS and LDS was: t = 7.37, p <.001, with a mean difference from 0.14

+ 0.01 to 0.44 + 0.04, and a difference of 0.31 + 0.04 (table 1).
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Table 1: Soluble bases variation across land uses

Ca Mg K Na
2g s 2 s 2 s 2 s 2
S » f<B) © fa5) © fa5) © J<5) ©
43 = T = z = T = T
CFS s 3.75 <.001 0.80 <.001 0.03 <.680 0.01 <.240
ADS + + + +
0.99 0.17 0.06 0.01
CFS s 3.11 <.001 5.87 <.001 055 <.001 0.31 <.001
LDS +1.07 + + +
0.42 0.09 0.04
ADS s, 0.63 <.280 6.67 <.001 0.52 <.001 0.31 <.001
LDS + + + +
0.58 0.39 0.09 0.04

35 The CEC variation in CFS, ADS and LDS

Cation exchange capacity variation between CFS and ADS was: t = 3.12, p= .030. Due to the
mean values of CEC between CFS and ADS and the direction of the t-value, it was concluded
that there was a significant difference of CEC between these two land uses from 26.92 + 0.30 to
24.31 £ 0.87 with a variation of 2.61 *+ 0.84. The variation of CEC between CFS and LDS was: t
= 8.62, p <.001, with the mean difference from 26.92 + 0.30 to 40.66 + 1.54, a difference of
13.74 £ 1.59, and the variation in CEC between ADS and LDS was: t = 7.48, p <.001, with a

mean difference from 24.31 + 0 .87 to 40.66 + 1.54, and a difference of 16.36 £ 2.19 (table 2).

3.6 Base saturation variation in CFS, ADS and LDS

Base saturation variation between CFS and ADS was: t = 2.75, p <.001. Due to the mean values
of BS between CFS and ADS and the direction of the t-value, it was concluded that there was a
significant difference of BS between these two land uses from 49.95 + 1.93 to 60.24 + 4.41 with

a variation of 10.29 + 3.74. The variation of BS between CFS and LDS was: t = 2.19, p =.030,
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with the mean difference from 49.95 + 1.93 to 55.82 + 2.01, a difference of 5.86 + 2.67, and
variation in BS between ADS and LDS was: t = 0.84, p = .400, with a mean difference from

60.24 + 4.41 t0 55.82 + 2.01, and a difference of 4.42 + 5.26 (table 2).

Table 2: The variation of CEC and BS across CFS, ADS and LDS

CEC BS
Land use mean p-value mean p-value
CFSvs. ADS 2.61+£0.84 <.030 10.29+ 3.74 <.010
CFSvs. LDS 13.74 £1.59 <.001 5.86 + 2.67 <.030
ADS vs. LDS 16.36 £ 2.19 <.001 36.03+ 5.26 <.400

3.7  Correlations of Ca, Mg, K, Na, CEC and BS between LU

There was a statically positive correlation between; Ca in CFS and ADS (r = 0.139); Mg in CFS
and LDS (r = 0.153); Mg in ADS and LDS (r = 0.168); K in CFS and ADS (0.062); Na in CFS
and LDS (r = 0.004); Na in LDS and CFS (r = 0.179); CEC in CFS and ADS (r = 0.290); BS in
CFS and ADS (r = 0.007). There was statistically weak positive correlation between Ca in CFS
and LDS (r = 0.005); Mg in CFS and ADS (r = 0.018); K in ADS and LDS (r = 0.004); Na in
ADS and LDS (r = 0.078). There was a negative correlation between Ca in ADS and LDS (r =
0.083); K in CFS and LDS (r = 0.006); Na in CFS and ADS (r = 0.005); CEC in ADS and LDS
(r = 0.375). There was strong negative correlation between CEC in CFS and LDS (r = 0.006); BS
in ADS and LDS (r = 0.054). Table 3 shows a correlation summary of soluble bases and table 4

indicates the correlation of CEC and BS between land uses.
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Table 3: Paired soluble bases correlation between across land uses

Ca Mg K Na
Land
uses @ @ @ 2
I 5 s s
3 3 3 3
S o _ o _ o — o
CFS s 0.373 <.010 0.135  <.365 0.247 <.094 0.042  <.780
ADS
CFS s 0.074  <.623 0.320 <.028 0.074 <622 0.421  <.003
LDS
ADS s 0.288 <.050 0.463  <.001 0.051 <.734 0.075 <616
LDS
Table 4: Paired sample correlation of CEC and BS across land uses
CEC BS
Land ® @
= =
uses - S - S
<3 S
CFS vs. ADS 0.279 <.058 0.538 <.000
CFSvs. LDS 0.079 <.596 0.082 <.584
ADS vs. LDS 0.613 <.000 0.263 <.001

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

The correlation was positive between base elements and elevation (E) as follows: Ca vs. E in
CFS, Mg vs. E in CFS, Navs. E in CFS, CEC vs. E in LDS and BS vs, E in CFS. The correlation
was negative in the following patterns: Ca vs. E in ADS, Cavs. E in LDS, Mg vs. E in ADS, Mg

vs. Ein LDS, K vs. Ein CFS K vs. E in ADS, Na vs. E in ADS, Na vs. E in LDS, CEC vs. E in

CFS, CEC vs. E in ADS, BS vs. E in ADS and BS vs. E in LDS (table 5).
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Table 5: Correlation of Ca, Mg. K, Na, CEC and BS with elevation

LU and Ca Mg K Na CEC BS
Elevation r p r p r p r p r p r p
Elevation 1 0.250 0.04 0.794 0.09 0.539 0.14 0.365 0.08 0.615 0.05 0.750
and CFS

Elevation 0.18 0.222 0.25 0.095 0.02  0.987 0.08 0.589 0.15 0.329 0.01 0.972
and ADS

Elevation 0.04 0.775 0.03 0.863 0.02  0.890 0.03 0.851 0.05 0.727 0.12 0.418
and LDS

4.0 DISCUSSION

4.1 Variations of soluble bases across land uses

The tested hypotheses in this study show that there is significant variation of soluble bases,
cation exchanges capacity and base saturation across forests sites subjected into different
management practices. This variation supports the findings by other researchers that spatial
nutrients variation is contributed by land use management ([29]. From these findings, we
establish that that soluble bases vary because of different land uses and management supporting
the findings by [27]. Across the study sites, agriculture and grazed disturbed sites have lost
soluble bases, the conditions which is associated with loss of vegetation [30]. The effect of land
use and management systems on soil fertility and chemical properties presented in this study is in
agreement with some observations made by [3] and [29]. 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 LDS 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, LDS and ADS is a good indicator of impacts of
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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 [9].

Low amount of Ca and Mg in ADS than in LDS shows that converting land into farms and
grazing use makes soil vulnerable to soil erosion and leaching and uptakes by crops [31] [32]
[33]. Low amount of Ca and Mg in ADS and LDS partially shows that human activities in these
land uses disturb nutrients through conversion of forests into other land uses. Low quantities of
soluble bases in disturbed soils is supported by [7]. Low quantities of soluble bases in disturbed
sites indicated that cropped and grazed sites have lost nutrients contributed by vegetation loss,
whereby loss of vegetation have influenced soil chemical properties by influencing 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 [3,10].

We established 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 [33]. 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 [7]. The wooden locked nutrients are released into soils
and animals where they are temporarily stored before they get lost [9]. Therefore crop-
agriculture and grazing disturb vegetation and litter hence soil nutrients in the tropics agreeing

the results in [29]. Higher amount of soluble bases in intact sites is a good indicator that
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undisturbed sites maintain nutrients circulation than the disturbed sites agreeing the findings of

[34].

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 [35]. These
environmental factors when combined with crop-agriculture and livestock grazing pressure affect
more K and Na in the tropics than other soluble bases [35]. Human activities accelerate the loss
of K in the tropics, in turn low K affects carbohydrate and protein formation in forests trees. In
this view, human activities cause K deficiency in forest ecosystems partly threatening the

productivity of these forests [28,30].

4.2 Correlation of soluble bases across land uses

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 [9]. Soluble bases such as Ca and Mg showed a positive and strong correlation
across all the land uses except in ADS. The negatively correlation of Ca and Mg in ADS is in
line with [12]. The interplays of nutrients as a result of disturbances can be 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 can be used to show that there are more declines in
Mg than Ca in the disturbed forests sites supporting the findings in [32]. 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 [36]. Because crop-agriculture and livestock grazing contribute to disturb forests

sites by affecting vegetation and accelerating soil erosion and leaching, it is established that crop
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agriculture and livestock grazing contribute to loss of Mg than Ca through leaching [10,12]. The
positive and negative correlation findings on soluble bases in the intact forests and disturbed sites
are also reported in [37]. Therefore, there is no uniformity in nutrients trends and dynamics other

than variation across forests sites when exposed to different land use.

4.3 Soluble bases, CEC and BS vs. elevation

The findings in this study show that base elements varied with elevation. There was significant
variation for Mg in ADS, Ca, in ADS, CEC in ADS, and Na in CFS and BS in LDS. These
variations show that Mg and Ca were low at high elevation (350 to 600m) across the study area
meaning that the agricultural activities carried out at high elevations pose some potential risk for
soluble bases depletion [12]. There were more less variations of nutrients in CFS against
elevation, a trend which can be associated with less leaching on nutrients in the CFS across
different elevations. The variation of nutrients in LDS against elevation compared to other land
uses was not significant. This little variation is partially explained by that, grazed land contains
some vegetation especially woods, which contribute to recycle soil nutrients, and partially
returning theses nutrients through animal feces [7,38,39]. Although LDS 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 results
into loss of soil nutrients more than the lower bottoms. This limited supply of nutrients in-turn
promotes nutrients insufficiency for wood production and thus livestock grazing continues to be

among the factors affecting soluble bases in our study area like in other tropical forests [27,31].



UNDER PEER REVI EW

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

4.4  Soluble bases CEC, BS and UFR sustainability

Although this study 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 can be used to establish soluble bases and coastal forest. 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 [12]. 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 [12]. 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, protection of forests and leaving trees regenerations must be in place. 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 because these bases largely govern soil acidity and,
consequently, plant species composition [12]. Improvement on the composition of species in turn
affects forest soils nutrients [12].These efforts will contribute into providing the function of
runoff, soil and nutrient loss reduction and improve circulation of nutrients in coastal tropical
forest [37]. A limitation in this study was that the interplays of nutrients variation on each were
not explored. Therefore, an understanding of how and reasons certain patterns of nutrients

correlations opens another area for further research.
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5.0 CONCLUSIONS

This study came up with a 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 intact
sites. These variations indicate that soils in the disturbed sites at high elevation ranging between
350 to 600m should be conserved for essential nutrients to maximize forest vegetation growth
and development along the ecological gradient. Improvements in forest ecosystems should not
necessarily need addition of base elements, rather than avoiding further disturbances, protecting
the intact sites and restoring disturbed sites by taking the advantage of natural forest capacities to
recycle nutrients. It is suggested for further studies to identify soils, correlation of soil elements
in the tropics in different land uses to establish a trend of nutrients at risk because of
anthropogenic activities mainly crop-agriculture and livestock grazing. Studies on forest nutrient
mapping should be carried out to contribute into exploration of the above and below ground
forest ecosystem nutrients pools and suggest possible remedies for sustainable coastal forests

across different regions and landscapes in Tanzania.

6.0 DECLARATION OF COMPETING INTERESTS

We authors declare that no competing interests exist in production of this paper.

7.0 REFERENCES

[1] Laiho, R., Penttil&, T., & Lainest, J. Variation in Soil Nutrient Concentrations and Bulk

Density within Peatland. Silva Fennica. 2004.38 (1):29-41.



UNDER PEER REVI EW

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Pulla, S., Riotte, J., Suresh, H. S., Dattaraja, H. S., & Sukumar, R. Controls of Soil Spatial

Variability in a Dry Tropical Forest. PLoS One. 2016. 11 (4):1-20.

Pal, S., Panwar, P., & Bhardwaj, D. R. Soil quality under forest compared to other land-

uses in acid soil of north western Himalaya , India. Ann. For. Res. 2013.56 (1):187-198.

Yavitt, J. B., Harms, K. E., Garcia, M. N., Wright, S. J., He, F., & Mirabello, M. J. Spatial
heterogeneity of soil chemical properties in a lowland tropical moist forest , Panama.

Australian Journal of Soil Research. 2009. 47:674—687.

UNDP. Extending the Coastal Forest Protected Area Subsystem in Tanzania: PIMS No:
2760 Proposal ID: 00058855, Project ID: 00073328,” Extending Coastal Forest area

Systesm of Tanzania. 2004. 107.

Johnson, D. W., Miller, W. W., Susfalk, R. B., Murphy, J. D., Dahlgren, R. A., and Glass,
D. W. Forest Ecology and Management Biogeochemical cycling in forest soils of the

eastern Sierra Nevada Mountains in USA, vol. 258. 2009. 2249-2260.

Heineman, K. D., Turner, B. L., Heineman, K. D., Turner, B. L., & Dalling, J. W.
Variation in wood nutrients along a tropical soil fertility gradient variation in wood

nutrients along a tropical soil fertility gradient. New Phytologist. 2016. 15.

Kaspari, M., & Yanoviak, S. P. Biogeography of litter depth in tropical forests : evaluating

the phosphorus growth rate hypothesis. Functional Ecology. 2008. 22: 919-923.

Moreira, A., & Fageria, N. K. Soil Chemical Attributes of Amazonas State , Brazil.

Communications in Soil Science and Plant Analysis (40). 2009. 2912—-2925.

[10] Hobbie, S. E., Eissenstat, D. M., Chadwick, O. A., Hale, C. M., & Mark, G. Linking litter



UNDER PEER REVI EW

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

[11]

[12]

[13]

[14]

[15]

[16]

calcium , earthworms and soil properties : a common garden test with 14 tree species.

Ecology Letters. (8). 2005. 811-818.

Kirby, K. R., & Potvin, C. Variation in carbon storage among tree species : Implications
for the management of a small-scale carbon sink project. Forest Ecology and Management

2 (246). 2007. 208-221.

Kabrick, J. M., & Goyne, K. W. Landscape Determinants of Exchangeable Calcium and

Magnesium in Ozark Highland Forest Soils. Soil Sci. Soc. Am. J, 75 (1). 2011. 164-180.

Shelukindo, H. B., E., S., Msanya, B. M., Singh, B. R., & Munishi, P. K. T. Soil organic
carbon stocks in the dominant soils of the Miombo woodland ecosystem of Kitonga Forest
Reserve ,Iringa, Tanzania. International Journal of Agricultural Policy and Research, 2

(4).2014. 167-177.

Ishizuka, S., Iswandi, A., Nakajima, Y., Yonemura, S., Tsuruta, H., & Murdiyarso, D. The
variation of greenhouse gas emissions from soils of various land-use / cover types in

Jambi province , Indonesia. Nutrient Cycling in Agroecosystems (71). 2005. 17-32.

Mligo, C. Conservation of plant biodiversity of Namatimbili forest in the southern coastal
forests of Tanzania. International Journal of Biodiversity and Conservation, 7 (3). 2015.

148-172.

Howell, K. M., Msuya, C. A., Mligo, C., Werema, C., Kihaule, P., Honorati, M. ., &
Suleiman, H. O. Biodiversity Surveys of Poorly Known Coastal Forests of Southeastern
Tanzania and Zanzibar (report). Dar es Salaam, Tanzania. 2012. 161 [accessed

05/06/2017]. Available on https:// coastalforests.tfcg.org/pubs/pdf.



UNDER PEER REVI EW

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ligate, E. J., Wu, S., & Chen, C. The status of forest ecosystem services and their
management : The Case of Uzigua Forest Reserve in Tanzanian Coastal Forests. Natural

Resources and Conservation. 5 (2). 2017. 21-32.

URT. National Forest Resources Monitoring and Assessment of Tanzania Mainland,;
Ministry of Natural Resources & Tourism, Tanzania Forest Services Agency in
Collaboration with the Government of Finland and Food and Agriculture Organization
(FAO) of the United Natitions, Dar es Salaam, Tanzania. 2015. 37. [accessed 12/04/2017].

available on http://www.fao.org/forestry/pdf.

Godoy, F. L., Tabor, K., Burgess, N. D., Mbilinyi, B. P., Kashaigili, J. J., & Steininger, M.
K. Deforestation and CO, emissions in coastal Tanzania from 1990 to 2007.

Environmental Conservation, 39 (1). 2011. 62-71.

IUCN. Guidelines for Application of IUCN Red List Criteria at Regional and National

Levels: Version 4.0. Gland, Switzerland and Cambridge, UK: IUCN. 2012.46.

Tomppo, E., Malimbwi, R., Katila, M., Mékisara, K., Henttonen, H. M., Chamuya, N., ...
Otieno, J. A Sampling design for a large area forest inventory: the case of Tanzania. Can.

J. For. Res., 18: 2014. 931-948.

Backéus, I., Pettersson, B. Stromquist, L., & Ruffo, C. Tree communities and structural
dynamics in miombo (Brachystegia-julbernardia) woodland, Tanzania. Forest Ecology

and Management, 230 (1-3). 2006. 171-178.

Hames, A. S. Comparison of Four Classification Methods to Extract Land Use and Land
Cover from Raw Satellite Images for Some Remote Arid Areas , Kingdom of Saudi

Arabia. Earth Sci., 20 (1). 2009. 167-191.



UNDER PEER REVI EW

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Yengoh, G. T., Dent, D., Olsson, L., Tengberg, A. E., & Tucker, C. J. The use of the
Normalized Difference Vegetation Index (NDVI) to assess land degradation at multiple

scales: a review of the current status, future trends, and practical considerations,” Lund,

Sweden. 2014. 47.

Li, R. Q., Dong, M., Cui, J. Y., Zhang, L. L., Cui, Q. G., & He, W. M. Quantification of
the impact of land-use changes on ecosystem services: A case study in Pingbian County,

China. Environmental Monitoring and Assessment, 128 (1-3). 2007. 503-510.

Curran, M. P., Heninger, R. L., Maynard, D. G., & Powers, R. F. Harvesting effects on
soils, tree growth, and long-term productivity of western forests: a forest product focus.
USDA Forest Service, Pacific Northwest Research Station, Portland, Oregon, USA,

General Technical Report PNW-GTR-642. 2003.176.

Yeshaneh, G. T. Assessment of soil fertility variation in different land uses and
management practices in Maybar Watershed. International Journal of Environmental

Bioremediation & Biodegradation, 3 (1). 2015.15-22.

Blanchet, G., Libohova, Z., Joost, S., Rossier, N., Schneider, A., Jeangros, B., & Sinaj, S.
Spatial variability of potassium in agricultural soils of the canton of Fribourg, Switzerland.

Geoderma, 290. 2017. 107-121.

Xia, S., Chen, J., Schaefer, D., & Detto, M. Scale-dependent soil macronutrient
heterogeneity reveals effects of litterfall in a tropical rainforest. Plant Soil, 391. 2015. 51—

61

Gairola, S., Sharma, C. M., Ghildiyal, S. K., & Suyal, S. Chemical properties of soils in

relation to forest composition in moist temperate valley slopes of Garhwal Himalaya,



UNDER PEER REVI EW

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

[31]

[32]

[33]

[34]

[35]

[36]

[37]

India. Environmentalist, 32 (4). 2012. 512-523.

Vourlitis, G. L., & Lobo, F. D. A. Low soil nutrient availability can limit tree growth and
forest expansion into savanna because nutrient availabil- ity may be insufficient for wood

production. Plant Soil, 389. 2015. 307-321.

Johnson, D. W., Todd, D. E., Trettin, C. F., & Mulholland, P. J. Decadal changes in
potassium , calcium and magnesium in a deciduous, Forest Soil. Soil Sci. Soc. Am. J., 72.

2008. 1795-1805.

York, N., Science, E., Drive, F., & York, N. Influences of a calcium Gradient on Soil

Inorganic Nitrogen in the Adirondack Mountains, New York, 18 (7). 2008. 1604-1614.

Quesada, C. A., L., P. O., Schwarz, M., Czimczik, C. 1., Baker, T. R., ~ S. P., Vieira, J.
Terborgh and J. L. Basin-wide variations in Amazon forest structure and function are

mediated by both soils and climate, 9. 2012. 2203-2246.

Yawson, D. O., Kwakye, P. K., Armah, F. A., & Frimpong, K. A. The dynamics of
potassium (K) in representative soil series of Ghana. ARPN Journal of Agricultural and

Biological Science, 6 (1). 2011. 48-55.

L. Y. Chapman, S. G. Mcnulty, G. Sun, and Zhang, Y. Net Nitrogen Mineralization in
Natural Ecosystems across the Conterminous US, International Journal of Geosciences,

(4). 2013. 1300-131.

Kizza, C. L., Majaliwa, J. G. M., Nakileza, B., Eilu, G., Bahat, I., Kansiime, F., & Wilson,
J. Soil and nutrient losses along the chronosequential forest recovery gradient in Mabira

Forest Reserve , Uganda. African Journal of Agricultural Research, 8 (1). 2013. 77-85.



UNDER PEER REVI EW

481 [38] Lehmann, J., Pereira, J., Steiner, C., Nehls, T., Zech, W., & Glaser, B. Nutrient

482 availability and leaching in an archaeological Anthrosol and a Ferralsol of the Central
483 Amazon basin : fertilizer , manure and charcoal amendments. Plant and Soil, 249. 2003.
484 343-357.

485

486

487



