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Abstract

Land use change attributed to increased population pressure, government policies, economic development, and biophysical factors has
affected the soil properties, which plays an important role in agricultural productivity. Thus, this study investigated the effects of changes in
land use on some selected soil physicochemical properties in the Kilombero valley floodplain, Tanzania. Soils were collected from the pristine
wetland, forest, upland cultivation, and rice farm. The agricultural land considered for this study has been converted from forest and wetland,
and under cultivation for over 10 years. The total of 48 soil samples were collected from depth of 0-20cm and 20-40cm to investigate the
variance of cation exchange capacity (CEC), total organic matter (TOM), total nitrogen (TN), soil pH, bulk density (BD), total phosphorus (TP),
soil moisture content (SMW) and water stable aggregates (WSA) in the four selected land use types. The two-way analysis of variance (ANOVA)
was employed. The results showed that TOM, TN, CEC, SMC, and WSA have significantly decreased (p-value, <0.05) while BD, soil pH and TP have
significantly increased (p-value, <0.05) as the forest and wetland converted to upland cultivation and rice farm, respectively. Moreover, Post Hoc
Test of LSD revealed that there is a significant difference at P<0.05 for all the selected soil physicochemical properties between wetland and
rice farm, showing that the wetland is highly sensitive to declining soil fertility, particularly organic matter. Therefore, this study recommends
the imposition of agricultural practices such as agro forestry, incorporation of crop residues, the use of organic manures, minimum tillage, and
crop rotation to facilitate soil organic matter building up. Moreover, to reduce the encroachment of farmers into wetland and forest area serious
attention should be given to the development of sustainable land use planning and management in the Kilombero valley floodplain.
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Abbreviations: CEC: Cation exchange capacity; TOM: Total Organic Matter; TN: Total Nitrogen; BD: Bulk Density; TP: Total Phosphorus; SMC: Soil
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Introduction

. . . . wetland is attributed to the increased dependence on the wetland
The land use change is associated with agricultural expan- ) O ) .
for food security and human livelihood [6]. For instance, in East

sion and intensification, deforestation and expansion of human o .
Africa, it was revealed that wetlands provide about 10-40% of the

settlement caused by increased population pressure, government )
annual food to the rural population [7]. Moreover, wetlands are

considered to have higher production potential and persistent to
global climate change, making it a resistant ecosystem than up-
land ecosystems [6]. These land use changes have considerable
effect on the dynamics of the soil properties resulting in soil deg-

policies, economic development and biophysical factors such as
climate change and variability [1,2]. During the last decades, wet-
lands in the globe have been degraded due to agricultural land use
change [3-5]. The intensification of agriculture land use into the
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radation and loss [8-10]. Land use change from pristine wetland
into farmland may reduce water availability and organic residues
that lead to a decline in soil fertility [11], increased rate of erosion
[12], the loss of soil organic matter and nutrients [13], and asso-
ciated wetland drainage that accelerated rate of soil degradation
[10,13,14]. Moreover, removal of vegetation cover such as forest,
woodland to agricultural land affects soil nutrients. In study by
[15] observed an increase in bulk density and decreased in SOM,
total nitrogen (TN), exchangeable cations and cation exchange
capacity (CEC) contents following the conversion of forest into
farmland. [16] indicated that deforestation has resulted in the
deterioration of SOM in the soil. The study by [17] indicated that
the clearing of the hardwood forest and tillage practices during
40 years in Golestan Province, Iran has lead to a decrease in SOC
by 71.5%, affecting soil fertility in the area. Moreover, agricultur-
al land use change may also affect biological properties such as
soil enzyme activities, which is a more significant indicator of soil
quality than physical and chemical properties [18]. This is due to
the fact that soil biological properties can provide quantitative
information on soil chemical processes, nutrient mineralization
rates, and organic matter accumulation [19]. Therefore, under-
standing the dynamics of soil nutrients and fertility on different
land use types will provide basic information that will help miti-
gate continuous soil degradation due to land use changes in vari-
ous ecosystems, particularly wetland.

Tanzania has potential four sites designated as the wetland
of International importance with surface size namely Malagara-
si-Muyovozi (3 250 000ha), Lake Natron Basin (224 781ha), Ki-
lombero Valley Floodplain (KVFP) (796 735ha) and Rufiji-Mafia
Kilwa (596 906ha) [20]. It is estimated that wetland occupies
10% of Tanzania’s land surface, extremely rich in wetlands rang-
ing from coastal marine to freshwater wetlands [21]. Studies that
based on remote sensing and GIS analysis have shown that in

the Kilombero valley floodplain agricultural land has increased
by 11.3% while the forest and wetland decreased by 10.3% and
4.6%, respectively from 1990 to 2016 implying deforestation and
wetland conversion to agricultural land, predominantly rice paddy
[22]. These changes in land use and the intensification of human
activities such as cattle grazing, irrigation and slash, and burning
have severely affected the soil condition particular, soil carbon is
of serious concern [23]. Therefore, this study aims to analyze the
effects of agricultural land use change on soil physical and chem-
ical properties in the Kilombero valley floodplain, Tanzania. The
study on the effect of agricultural land use on soil properties has
focused on soil moisture content, bulk density (BD), water sta-
ble aggregates (WSA), total organic matter (TOM), total nitrogen
(TN), soil pH, total phosphorus (TP), and cation exchange capaci-
ty (CEC) in two soil depths of the four selected land use systems;
pristine wetland, forest, upland cultivation and rice farm.

Materials and Methods

Study sites description

The study was conducted at Mofu and Mbigu wards in Kilom-
bero valley floodplain that lies between Latitude 10°00°S-08°40’S
and Longitude 37°10’-35°10’E, administratively the valley falls
in Kilombero, Ulanga and Malindi districts, Morogoro region in
Southeastern Tanzania (Figure 1). The valley runs south-west to
north-east, joining Selous Game Reserve in the east covering an
area of about 30, 700km? [24]. It contains the seasonal floodplain
at around 200m above sea level that covers an area of 7967km?
representing the largest inland freshwater wetland in East Africa
situated in low elevation. The valley has a sub-humid tropical cli-
mate with bimodal rainfall with an annual average between 1200
and 1400mm with a period of short rains between December and
February and long rains between March and May; and a mean an-
nual temperature of 23°C to 25°C [25].
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Figure 1: The location map of the Kilombero valley floodplain, southeastern Tanzania and sampling points. )
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Drainage, geology and soils

The valley is divided by River Kilombero that begins at the
south-west side where Mpanga, Mnyera and Ruhuji rivers enter
the valley [26]. Important tributaries on the western bank of the
Kilombero are Kihansi, Mngeta, Ruipa, Lumemo, and Msolwa [27].
River Ruipa passes through the study area, while Kihansi is loca-
ted few kilometers south of the study site. Geologically the valley
is described by sedimentary basin infillings forming a seasonal

alluvial floodplain. According to the Harmonized World Soil Data-
base (HWSD) [28] the dominating soils in the low level of the Ki-
lombero valley are Cambic Arenosois, Eutric-Gleyic Fluvisols and
Humic-Gleyic Fluvisols, whereas the uplands are predominantly
covered by Haplic Acrisols and Umbric Nitisols. Moreover, in the
high altitudes of the western parts of the Kilombero valley Haplic
Lixisols and Umbric Acrisol dominate and in the lower altitudes
of the eastern Kilombero valley mainly Chromi-Ferralic Cambisols
and Ferralic Cambisols are found (Figure 2).
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Figure 2: Soil types distribution in the Kilombero valley floodplain, southeastern Tanzania according to the Harmonized World Soil Database

ITUE

Natural vegetation and socio-economic activities

The vegetation habitat of the KVFP forms a gradient from high
altitude to the Kilombero River, where it starts with tropical rain-
forests, bushlands, and wooded grasslands, with some patches of
agricultural fields. The valley contains the seasonal floodplain in
the low altitude, which is characterized by rainfed lowland rice
cultivation during the rainy season dominated with grassland
vegetation, such as Hyparrhenia spp., Panicum fluviicola Steud.,
and Phragmites mauritianus Kunth. The fringes of the Kilombero
river successively change from grassland to Miombo woodland
characterized by species of Brachystegia and Julbernardia towards
the upper Kilombero valley floodplain. The main socio-economic
activities in the Kilombero valley floodplain area are namely small
scale rain-fed and subsistence farming, livestock keeping, and fis-
hing. The main crop grown includes sugarcane (Saccharum offi-
cinarum), maize (Zea mays), rice paddy (Oryza sativa), cassava
(Manihot esculata), sesame and more recently banana.

Soil sampling design and collection

Soil samples were collected in August 2018 from six locations
in each of the four land use types (pristine wetland, forest, upland
cultivation, and rice farms). The agricultural land considered for

DOI: 10.19080/IJESNR.2019.21.556074

this study has been converted from forest and wetland and has
been under cultivation for over 10 years. Upland cultivation in-
volved the farmland of maize, cassava, cocoa, sesame, and banana,
which was transformed from the forest. The rice farms involved in
sample collection were the adjust converted wetland to rice paddy
field. The selection of the location was based on the visual inter-
pretation of remote sensing images and field investigation. The
study area where the samples were collected covered an area of
20km?. The layout of the soil sampling design was pursued by the
intersection method, where the first sample point was taken from
the center of the land use type as intersection point, and other
the five sample midpoints of the intersection was taken linearly at
the distance of 1km from one another to the edges of the land use
type. Soil samples were taken from 0-20cm and 20-40cm at each
of the six locations of the land use type, making a total of 48 sam-
ples. During the soil sampling, core samples were taken from the
depth of 0-20cm and 20-40cm using soil sample rings with 100ml.

The core samples were excavated, then weighed before and
after oven drying at 105°C in the laboratory to determine the bulk
density and soil moisture content [29]. The core samples were ex-
cavated, then weighed fresh and weighed again after oven drying
at 105°C in the laboratory to determine the bulk density and soil
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moisture content. Other soil samples were collected in the plastic
zip-lock bags, labeled and then transported to the Sokoine Univer-
sity soil laboratory for further processing and analysis.

Soil samples analysis

Soil samples were analyzed in the soil laboratory unit at
Sokoine University of Agriculture (SUA), Tanzania. Before the lab-
oratory analysis, the soil samples were air-dried and sieved with
2mm diameter stainless steel sieve to remove stones, roots and
large particles. The soil properties considered in this study were
soil moisture content, bulk density (BD), water stable aggregates
(WSA), total organic matter (TOM), total nitrogen (TN), soil pH,
total phosphorus (TP), and cation exchange capacity (CEC). The
core samples were excavated, then weighed fresh and weighed
again after oven drying at 105° in the laboratory to obtain BD
and soil moisture content [29]. The wet sieving method of Kem-
per & Koch, (1966) was used with a set of sieves of 4.75, 2.0, 0.5,
0.25 and 0.212mm diameter. Approximately, 25g of soil sieved
through 8 mm and retained on 5 mm sieve was put on the first
sieve of the set and gently moistened to avoid a sudden rupture of
soil aggregates. The set was sieved in distilled water at 30 oscil-
lations per minute for 10 minutes, and the resistant aggregate on
each sieve was dried at 105°C for 24 hours, It was then weighted
and corrected for sand fraction by adding 100ml of 0.5% sodium
hexametaphosphate and shaking in the shaker machine for 24
hours to obtain the proportion of the true aggregates. The mass
of < 0.212-mm fraction was obtained by difference. The method of
Kemper and Rosenau (1986) was used to determine water stable
aggregates (WSA %) by using the Equation as follows

WSA:%XIOO

Where M (asg) 1S the mass of resistant aggregates plus sand (g);
M_ is the mass of the sand fraction alone (g) and M, is the total

mass of the sieved soil (g).

The model of van Bavel (1949) as modified by Kemper and
Rosenau (1986) used to determine the mean Diameter (MWD) of
wet-stable aggregates. Thus,

Mean Weight Diameter: MWD = z Xl.W;

Where: X= Mean diameter of each size fraction (mm); W, =
Proportion of the total mass in the corresponding size fraction af-
ter deducting the weight of stones as indicated above

SOC was determined by Walkle and Black wet oxidation meth-
od [30]. The total organic matter (%) (TOM) was obtained by
employing the formula of 1.724 x Organic Carbon (%). TN was
determined by the Kjeldahl process [31]. Soil pH was determined
potentiometrically in a slurry system using electronic pH meter as
suggested by [32]. The soil: water slurry was prepared by the ratio
of 1:2.5 (weight/volume) to determine soil pH. The determination
of total phosphorus (TP) was made using the Bray and Kurtz-1
method [33] for the soils with pH water less than 7 and Olsen
method for soils with pH water above 7 [34]. The cation exchange
capacity of the soil (CEC) was determined by saturating the soil
with neutral 1M NHOAc (ammonium acetate) and the adsorbed
NH4+ were displaced using 1M KCI.

Soil statistical analysis

The relationship between different physical and chemical
properties of soil samples mentioned as dependent variables and,
land use type and soil depth as independent variables were statis-
tically tested. From each land use type, twelve samples, six from
each soil depth were taken for the computation. The data were
analyzed by the Statistical Package for Social Scientists (SPSS ver-
sion 22) using two ways ANOVA analysis followed by Post Hoc
Test of Least Significance Difference (LSD), depending on whether
the normality assumptions were met. Differences of means were
calculated to compare significant effects at the alpha value of 5%.
Furthermore, a Pearson correlation was carried out to explore the
relationship between every single property of soil and the other
eight parameters considered in the analysis of this study.

Results and Discussion

Land use change effects on the chemical soil properties

Table 1: Selected soil chemical properties under different land use type and soil depth in the Kilombero valley floodplain, Southeastern Tanzania.

Forest Upland Cultivation Wetland Rice farm
0-20cm | 20-40cm | 0-40cm | 0-20cm | 20-40cm | 0-40cm | 0-20cm | 20-40cm | 0-40cm | 0-20cm | 20-40cm 0-40cm
pH 6.4 6.17 6.29 6.44 6.42 6.43 5.2 5.48 5.32 5.73 6.1 5.92
TOM (%) 40 43.7 41.63 24 15.2 19.7 66 63 64.6 19.5 12 16
TN (g/kg) 19 1.07 1.47 2 0.93 1.4 3.7 2.71 3.18 1.21 0.7 1
TP (mg/kg) 25 1.35 1.9 65 58.8 62.1 15 13.7 14.5 17.4 15.7 16.55
CEC (CmolKg?) 7.9 6.5 7.18 7 6.05 6.56 153 13.1 14 6.58 5 6
Table 2: Mean and significance level of selected soil chemical properties in the Kilombero valley floodplain, southeastern Tanzania.
pH TOM (%) TN(g/kg) TP (mg/kg) CEC(CmolKg1)
Land Use Soil Land Use Soil Land Use Soil Land Use Soil Land Use Soil Depth
Type Depth Type Depth Type Depth Type Depth Type
F 15.33 0.75 8.93 0.263 18.9 12.74 9.9 0.32 19.31 2.77
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P .001* | 0.393 | .001* | 0.611 | .001*

.001* | .001* | 0.577 | .001* 0.104

Mean

(n- 5.99 35.46 1.75

48)

22.71 8.38

The soil chemical properties were different under different
land use type in different soil depth (Table 1). Soil pH was low
in the wetland area; TN, TOM, and CEC were low in the rice farm
whereas TP was observed to be low in the forest area. A two-way
analysis of variance (ANOVA) was conducted to explore the impact
of different land use type (forest, wetland, rice farm and upland
cultivation) and soil depths (0-20cm, 20-40cm) on soil chemical
property parameters (soil pH, total Nitrogen, soil organic matter,
total Phosphorous and Cation Exchange Capacity) status. Results
revealed there was a significant difference (P<0.05) for soil pH,
TN, TOM, TP and CEC under different land use types. Howev-
er, there was no significantly different for selected soil chemical
property parameters between the two depths (0-20cm, 20-40cm),
with the exception of TN (Table 2).

Soil pH

Soil pH is a measurement of soil acidity and alkalinity [35],
thereby representing the H+ concentration in the soil solution.
Soils collected from the four land use types showed that the high-
est soil pH (average) was found in the upland cultivation a pH val-
ue of 6.43, followed by forest with value of 6.29 then, rice farm
with value of 5.92 while the lowest pH was found in wetland with

a pH value of 5.32 (Figure 3). The acidic condition of the upland
cultivation and rice farm is due to organic and inorganic fertilizer
application by the farmers. Interview with local farmers revealed
that most farmers apply inorganic fertilizers at a rate of 20-42kg
N and 10-15kg P ha? per year in the rice farms. Moreover, the
multivariate analysis of variance (ANOVA) showed that for soil
pH, there is the statistically significant difference at P<0.05 level
among land use types: F (3, 40) =15.33, P=0.001 while there was
no significant difference between soil pH and soil depth (Table 2).
The Post Hoc Test of LSD revealed that there is statistically sig-
nificant difference at P<0.05 for the soil pH between wetland and
rice farm; forest and wetland, upland cultivation and rice farm;
upland cultivation and wetland, whereas the soil pH difference
between forest and upland cultivation was not statistically signif-
icant (Table 3). Factors that influencing soil pH include organic
matter decomposition, nitrogen fertilizer source, weathering
of minerals and parent material, climate, and land management
practices [36]. There was no significant difference between forest
and upland cultivation due to the land management practice in an
upland that enforces the minimum use of inorganic fertilizers in
their farms.
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Figure 3: a- Soil pH; b- Total Organic Matter (TOM); c- Total Nitrogen (TN) d- Total Phosphorous (TP) values of soils collected from the
forest, upland cultivation, wetland and rice farm in the surface 0-20cm and subsurface 20-40cm layers. Bars represent standard errors.
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Table 3: Two-way ANOVA multiple comparisons for different soil chemical properties among land use types in the Kilombero valley floodplain, southeastern

Tanzania
Soil Properties Land Use Type (I) Land Use Type (J) Mean Difference (I-]) sig 95% Confidence Interval
Lower Bound Upper Bound

Forest Wetland 961* 0.001 0.48 1.438
Upland cultivation Rice farm .510* 0.03 0.03 0.987
pit Upland cultivation Wetland 1.106* 0.001 0.63 1.583
Wetland Rice farm -.596* 0.01 -1.1 -1.186
Wetland Rice farm 48.672* 0.001 20.2 77.185

TOM (%)
Wetland Upland cultivation 44.816* 0.001 16.3 73.329
Forest Wetland -1.710* 0.001 -2.6 -0.853
TN (g/kg) Wetland Rice farm 2.238* 0.001 1.38 3.096
Wetland Upland cultivation 1.780* 0.001 0.92 2.638
Forest Upland cultivation -10.459* 0.001 -93 -27.89
TP (mg/kg) Upland cultivation Rice farm 49.786* 0.001 17.4 82.138
Wetland Upland cultivation -47.679* 0.001 -80 -15.33
Forest Wetland -6.833* 0.001 -10 -3.557
CEC (CmolKg™") Upland cultivation Wetland -7.458* 0.001 -11 -4.182
Wetland Rice farm 8.328* 0.001 496 11.514

Total organic matter (TOM)

Total organic matter is the combination of plant and animal
residues at various stages of decomposition, and cells and tissues
of soil organisms [37]. The multivariate analysis of variance (ANO-
VA) revealed that TOM was significantly different at P< 0.05 by
different land use change; F (3, 40) =8.93, P=0.001 while there
was no significant difference between TOM and soil depth (Table
2). The highest TOM content was found in the wetland 64.56%,
followed by the forest 41.63%, upland cultivation 19.74% and the
lowest TOM content was found in the rice farm 15.8% (Table 1 &
Figure 3). The high content of TOM in the wetland is attributed to
the higher clay content which forms clay humus complexes that
protect the OM against oxidation and degradation. Clay particles
also act as an adsorption sink of OM [38], therefore the increase in
clay contributed to the high content of OM in the wetland soil. In
the forest decay of tree leaves, stems, barks, flowers, logs microor-
ganisms, animals, trees roots and fruits increase OM. On the other
hand, upland cultivation and rice farm had low TOM content. The
deterioration of TOM in upland cultivation and rice farm may be
due to the removal of biomass during cultivation, a low quantity
and quality C inputs to the soil combined with faster OM decom-
position and mineralization rates [13,39]. In addition, continuous
tillage and use of machinery during cultivation may cause period-
ically breakup of the macroaggregates, increases soil aeration and
expose previously protected OM [40]. Soil organic matter is con-
sidered to influence total nitrogen, available phosphorus, CEC and
other chemical and physical properties [41]. The Post Hoc Test of
LSD revealed that there is a statistically significance difference at
P<0.05 for the TOM between wetland and rice farms (Table 3).

Total nitrogen (TN)

The multivariate analysis of variance (ANOVA) showed that
TN was significantly affected (P <0.05) by different land use
change and soil depth. There was a significant difference be-
tween land use type and TN content; F (3, 40) =18.90, P=0.001.
Similarly, there was a significant difference between TN content
and soil depth; F (3, 40) =12.74, P=0.001 (Table 2). TN showed
similar trend as TOM, whereas the highest TN was found in the
wetland with an average range of values of 3.18g/kg, followed by
forest with TN value of 1.47g/kg, then upland cultivation with TN
value of 1.4g/kg and finally the rice farm had TN value of 1.00g/
kg, Figure 3 (Table 1). It has been reported by other studies that
the organic/inorganic amendments or their combination applica-
tion in cultivated land have significantly increased TN [42]. The
reduction of TN in upland cultivation and rice farm may be due
to cultivation practices such as tillage practices that reduced soil
nitrogen content by exposing the soil to more air that bacteria
need, comparing to non-tillage practices [43,44]. Moreover, TN is
decreasing with soil depth. TN of the four land use types at two
depths indicated that surface 0-20cm layer had significantly more
TN than subsurface 20-40cm layer (Table 2), showing a relative
increase of 31, 51, 56, and 76 % in wetland, rice farm, forest, and
upland cultivation, respectively.

Total phosphorus (TP)

Analysis of variance revealed that TP was the significant dif-
ference at P< 0.05 by different land use change; F (3, 40) =9.90,
P=0.001 while there was no significant difference between TP and
soil depth (Table 2). The highest TP was found in the upland cul-
tivation with the value of 62.1mg/kg, followed by rice farm with
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value of 16.5mg/kg, then wetland with the value of 14.5mg/kg
and finally the lowest TP was found in the forest with a value of
1.9mg/kg, Figure 3. Despite high soil pH and TOM in the forest
area, TP value appears to be low due to the parent soil type of Um-
bric Nitisol, which is characterized by low level available phospho-
rous [45]. The high value of TP in upland cultivation compared to
other land uses is due to the application of organic and inorganic
fertilizers. It has been reported by key informant interviews that
the use of manure has significantly increased TP throughout the
study area [46]. Moreover, the presence of phosphorus content
depends upon a number of factors such as climate, vegetation, soil
texture, land use pattern, fertilizer use, drainage, irrigation, and
soil pH, whereby the availability of phosphorus is greatest in the
soil pH range 6.0-6.5 [47]. The Post Hoc Test of LSD revealed that
there is statistically significance difference at P<0.05 for the TP
between forest and upland cultivation; upland cultivation and rice

farm; upland cultivation and wetland, whereas the TP difference
between wetland and rice farm was not statistically significant
(Table 3).

Cation exchange capacity (CEC)

The cation exchange capacity (CEC) is a measure of the num-
ber of adsorption sites per unit weight of soil at a particular pH
[47]. The multivariate analysis of variance (ANOVA) showed that
for CEC that there is a statistical significance difference at P<0.05
level among land use types: F (3, 40) =19.31, P=0.001 while there
was no significant difference between CEC and soil depth (Table
2). CEC was high in the wetland with the value of 14CmolKg?,
followed by forest 7.18CmolKg?, then upland cultivation with
the value of 6.56CmolKg* and lastly rice farm with the value of
6.00CmolKg? (Figure 4; Table 1). This is due to the difference in
TOM and clay content under different land use types.

Ve

CEC(CmoliKg-1)

2 4

0

. 0-20Cm
3 20-40cm

Forest

Upland cultivation  Wetland

Figure 4: Cation Exchange Capacity (CEC) values of soils collected from the forest, upland cultivation, wetland and rice farm in the surface
0-20cm and subsurface 20-40cm layers. Bars represent standard errors.

Rice farm

J

Generally, the CEC of soils is determined by their TOM content
and the amount and type of clay minerals present in the soil [48].
The low CEC in rice farm and upland cultivation in the study area
is due to low TOM, which is attributed to the cultivation practices
that expose previously protected TOM. The high CEC in wetland
and forest in the study area is due to high TOM and clay content in
these land use type. The Post Hoc Test of LSD revealed that there
is a statistical significance difference at P<0.05 level for the CEC
between forest and wetland; upland cultivation and wetland; wet-
land and rice farm, whereas the CEC difference between forest
and upland cultivation was not statistically significant (Table 3).

Land use change effects on the physical soil properties

The soil physical properties were different under different
land use type (Table 4). Mean bulk density (BD) was low in wet-
land while it was high in the forest area. A two-way analysis of
variance (ANOVA) was conducted to explore the impact of differ-
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ent land use type (forest, wetland, rice farm and upland cultiva-
tion) and soil depths (0-20cm, 20-40cm) on soil physical property
parameters (BD, Soil Moisture Content (SMC) and Mean Weighted
Diameter (MWD)) status. Results revealed there was a significant
difference (p<0.05) for BD, Soil Moisture Content (SMC) and Mean
Weighted Diameter (MWD)) under different land use types. More-
over, there was significantly different for selected soil physical pa-
rameters between the two depths (0-20cm, 20-40cm), with the
exception of the Soil Moisture Content (SMC) (Table 5).

Bulk density (BD)

Bulk density refers to the weight of dry soil per unit of vol-
ume, more compacted soil with less pore space will have a higher
bulk density [49]. The multivariate analysis of variance (ANOVA)
showed that BD had significantly affected at P<0.05 by different
land use types and soil depth (Table 4). The analysis showed for
BD that there is a statistical significance difference at P<0.05 level
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among land use types: F (3, 40) =4.90, P=0.005. Similarly, there
was significant different between BD and soil depths (0-20 cm;
20-40cm); F (3, 40) =4.22, P=0.047 (Table 5). The highest BD val-
ue was found in upland cultivation with 1129kg/m?, followed by
rice farm with 1211kg/m?3, then forest land with 1041kg/m?, last-
ly the lowest BD was found in the wetland with 950kg/m? (Figure
5). The soil in forest and wetland were observed to have low bulk
density owing to the fact that they have well-aggregated soil and
high organic matter compared to other land use types. On the oth-
er hand, in upland cultivation and rice farm observed to have high

bulk density, which is attributed to intensive cultivation practices
that reduced porosity, soil aggregate, and soil organic matter. Sim-
ilarly, Moreover, bulk density showed an increased trend with soil
depth (Table 4). This is because subsurface layers have reduced
organic matter, aggregation and root penetration compared to the
surface layers, thus contain less pore space hence high bulk den-
sity [50]. The Post Hoc Test of LSD revealed that there is the sta-
tistical significance difference at P<0.05 level for the BD between
wetland and rice farm (Table 6).
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Figure 5: a- Bulk Density (BD); b- Soil Moisture Content (SMC); c- Mean Weighted Diameter (MWD) values of soils collected from forest,
upland cultivation, wetland and rice farm in the surface 0-20cm and subsurface 20-40cm layers. Bars represent standard errors.
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Table 4: Selected soil physical properties under different land use type and soil
std error, n=48)

depth in the Kilombero valley floodplain, Southeastern Tanzania (Mean,

Forest Upland Cultivation Wetland Rice Farm
0-20cm | 20-40cm | 0-40cm | 0-20cm | 20-40cm | 0-40cm | 0-20cm | 20-40cm | 0-40cm | 0-20cm 20-40cm 0-40cm
BD (kg/m?) 1044 1038 1041 1100 1158 1129 850 1050 950 1129 1294 1211
SMC (%) 16.93 18.56 17.7 11.2 12.7 12 69.3 66.7 68 18.3 14.7 16.5
MWD (%) 43.43 35.4 39.4 17.9 13.4 15.7 29.8 9.9 20 21.1 9.57 15.3
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Table 5: Mean and significance level of selected soil physical properties in the Kilombero valley floodplain, southeastern Tanzania.

BD SMC (%) MWD (%)
Land use type Soil depth Land use type Soil depth Land use type Soil depth
F 49 4.22 84.32 0.07 18.32 17.02
P .005* 0.047* .001* 0.794 .001* .001*
Mean (n-48) 1082.99 28.54 22.56

Soil moisture content (SMC)

SMC refers to the ratio of the mass of water present in a soil
sample to the mass of the sample after it has been dried at 105 °C
to a constant weight [14]. Results showed that the highest value of
SMC was found in the wetland with 68%, followed by forest with
SMC value of 17.7%, then rice farm with 16.5% while the lowest
SMC was found in the upland cultivation with 12.0% (Figure 5).
The multivariate analysis of variance (ANOVA) for SMC indicat-
ed that there is a statistical significance difference at P<0.05 lev-
el among land use types: F (3, 40) =84.32, P=0.001 while there
was no significant difference between SMC and soil depth (Table
4). The decreased SMC in rice farm and upland cultivation is due
to cultivation and tillage practices that increased pores, creat-
ing more aeration exposing the soil to evaporation and making
it dry. SMC as a dependent variable using the Least Significance
Difference (LSD) test shows that there is a significant difference
at P<0.05 for the SMC between wetland and rice farms (Table 6).

Water stable aggregate (WSA)

The aggregate stability is the ability of the bonds of the ag-
gregates to resist when exposed to stresses such as tillage, water
and/or wind erosion causing their disintegration, measured by
mean weighted diameter (MWD) [40]. The results showed that
the highest MWD value was found in the forest (39.4%), followed
by wetland (20%), then upland cultivation (15.7%), lastly in the
rice farm (15.3%) (Figure 5 & Table 4). This shows that MWD de-
creased as forest and wetland are converted to upland cultivation
and rice farm, respectively. Significantly decreased in MWD at
P<0.05 was observed when forest converted to upland cultivation.
These are due to loss of OM, removal of vegetation that leaves the
soil bare and tillage practices that cause the breakdown of large
aggregates into smaller aggregates in the soil hence reduced soil
stability. Moreover, tillage practices tend to rapidly destroy plant
roots, fungal hyphae, earthworms, and termites, which favors the
formation of larger-sized aggregates in the soil [40]. The multivar-
iate analysis of variance (ANOVA) showed that there was signifi-
cant difference between MWD and land use type; F (3,40) =18.32,
P=0.001. Similarly, there was significant difference between MWD
and soil depth; F (3, 40) =17.02, P=0.001 (Table 5). MWD showed
a decreased trend with soil depth (Table 4). MWD as a dependent
variable using the Least Significance Difference (LSD) test shows
that there is a significant difference at P<0.05 for the MWD be-
tween forest and upland cultivation, forest and rice farm (Table
6). Similarly, [8,15,51] observed that the size distribution of ag-
gregates is affected by the change in land use and management.
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Pearson correlation of physical and chemical soil prop-
erties

A Pearson correlation was carried out to explore the rela-
tionship between each single properties of soil and the other 8
parameters considered in the analysis of this study. The correla-
tion between total organic matter (TOM) and total nitrogen (TN)
showed a strong positive partial correlation, r = 0.751, n=48, p
<0.01. Moreover, there was very strong positive correlation be-
tween TN and CEC, r = 0.831, n=48, p <0.01, and between TOM
and CEC, r=0.736, n=48, p <0.01, however, TN was strong nega-
tively correlated with BD, r = -0.749. This result concurred with
the findings of [8] who studied the soils in northwestern Ethiopia.
Moreover, this is also in line with the other studies [8,15,17] that
conversion of forest and wetland to agricultural land had lead to
declined TOM, and that TOM influence N in the soil, soil available
phosphorus (TN), and CEC. In addition, there was a strong neg-
ative significant correlation between BD and CEC (r = 0.739, n =
48,p < 0.01) and BD and TOM (r =-0.631,n =48, p < 0.01) (Table
7). On the contrary, a strong positive correlation was also noted
between SMC and, TN, TOM and CEC where r = 0.742, 0.620, and
0.812 respectively (Table 7). The total phosphorus has shown a
positive significant correlation with soil pH at (r = 0.329, n = 48,
p < 0.05) (Table 7), this shows that CEC depends upon the pH of
the soil.

Conclusion

The study was conducted to investigate the impact of agricul-
tural land use change on soil physico-chemical properties. The
study concluded that the magnitude of some soil quality param-
eters varies with depth in different land use types. Bulk density
increased with depth due to compaction and decreasing organic
matter contentand reduced aggregation with depth. Moreover, ag-
ricultural land use change in the study area has impacted the soil
conditions. Soils found in the wetland and forests were observed
to have high concentration of nutrients and good physical proper-
ties. In contrary, soils in agricultural land both upland cultivation
and rice farm showed sub-sequential decreased in soil organic
matter, total nitrogen (TN), cation exchange capacity (CEC), soil
moisture content (SMC) and soil aggregate stability. The low or-
ganic matter in agricultural land may be due to low inputs coupled
with reduced physical protection of TOM as a result of the burn-
ing of crop residues, tillage and oxidation of soil organic matter.
These low TOM and CEC under agricultural land have negatively
affected physical properties of the soil particularly, the aggregate
stability in the highland areas where the forest has been convert-
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ed into upland cultivation. However, bulk density, soil pH and total
phosphorus (TP) increased following these agricultural land use
change. The significant difference between physical and chemical
soil properties was observed when the wetland is converted to
rice farm showing that wetland area is highly sensitive to declined
soil fertility. These results highlight that the conversion of pristine
vegetation (forest and wetland) into agricultural land has an effect
on the soil fertility and physical conditions in the Kilombero valley
floodplain, southeastern Tanzania that requires establishment of
the proper agricultural practices that will effectively restore the
lost soil nutrients particularly, TOM. Therefore, this study recom-
mends the imposition of agricultural practices to the smallholder
farmers such as agroforestry, incorporation of crop residues, use
of organic manures, minimum tillage, and crop rotation that facil-
itates soil organic matter building up. These can improve the con-
centration of physical, chemical, and biological soil parameters
in the agricultural land. Moreover, to reduce the encroachment
of farmers into wetland and forest area serious attention should
be given to the development of sustainable land use planning and
management in the Kilombero valley floodplain.

Policy Implications
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