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Abstract

Livestock grazing is an anthropogenic disturbance on the soil properties in montane forests of
the northern slopes of Mount Kilimanjaro. It was determined the effect of livestock grazing on
SOC, N, CEC, SAS, SFD and P in the montane forest. Forty plots were randomly established for
collection of soil samples. Data showed livestock grazing decreased the accumulation of SOC and
consequently negatively affected the natural pattern of N, P, SFD, CEC and SAS. An opposing pat-
tern of available soil phosphorus was interpreted that the nutrient pool retained in plant tissues
particularly in the long-lived trees, which were absent in heavily grazed area. The observed
positive correlation between SOC with TN and CEC implies the livestock grazing impacts on the
former negatively affected the later soil parameters. Low fungal density in degraded parts of the
montane forest indicates that they are sensitive to the current land use change. Based on the
observation from this study, it can be regarded that excessive livestock grazing has a long-term
negative ramification for soil conservation in montane forest. An important decision has to be
sought off with regard to the conservation management of soil characteristics of the montane
forest in Kilimanjaro Mountain.
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1. Introduction

Mount Kilimanjaro is among biodiversity conservation sanctuaries in Tanzania and has recently being promoted
to a national park. The mountain is internationally recognized for its richness in biological diversity with over
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900 plant species in the montane forest belt and 2500 species for the whole mountain [1]. The mountain has a
complex biodiversity composition and distribution due to multiple bioclimatic belts at different altitudes [2].
These belts can be distinguished along the slopes of Mount Kilimanjaro and the montane forest belt covers the
major part of the mountain. Despite of the biological complexity of Mount Kilimanjaro, it has been encroached
by livestock grazing particularly on the northern slopes of the montane forest. The use of natural habitat for li-
vestock production has caused serious degradation of ecosystems worldwide [3]. This is because of the human
population pressure associated with increased in the land-use changes that affect soil properties [4]. The recent
land use change from pasture to cropland in Longido District has caused scarcity of pasture and consequently
increased the encroachment in montane forests through livestock grazing [5]. The negative impacts of livestock
grazing on soil properties in montane forest of Mount Kilimanjaro forms part among recent ecological studies
([5] [6]). Livestock grazing disturbance may be reflected through its impacts on every aspect of soil structure,
nutrient cycles and soil microbial communities [7]. Disturbance on surface soils through livestock grazing can
influence terrestrial ecosystem fertility by changing the vegetation cover, soil microbial communities, soil or-
ganic carbon, nitrogen (N) fixation and phosphorus storage and this may have happened in the montane forest.

The chemical composition of soil organic matter is important for C and N cycling and often has been regarded
as the limiting factor to primary productivity of an ecosystem [8]. The distribution of the aforementioned nu-
trient can be altered through livestock grazing in an ecosystem [9] and this may affected their allocation patterns,
storage and dynamics [10]. The livestock grazing may affect SOC through changes in plant communities and
composition of soil organic matter (SOM) [8]. Vegetation is the source of organic matter that provides with an
adsorptive capacity for soil nutrients in forms available for uptake by plants [11] and therefore determines the
cation exchange capacity (CEC). As the livestock graze and tramples the soil around the pasture they impair the
organization of soil minerals and organic particle aggregates [12] and this may affect soil aggregate stability.
Since soil aggregate stability being a major factor determining the level of soil degradation [13], the increased
livestock grazing impacts has a negative consequence to the quality of habitat and soils of the montane forest.
Soil aggregate stability (SAS) is an indicator of the ability of the soil to accumulate SOC and loss of soil par-
ticles through erosion [14] [15]. The SAS is the result of organization of minerals and SOC [12] with a main-
tained force between particles and this depends on natural habitat conservation management. The encroachment
through livestock grazing may contribute to the declines in organic carbon content and aggregate stability [16].
Soil organic carbon (SOC) can be modified by the impact of land use changes [17]. However, the negative im-
pacts of livestock grazing on soils may not be exceptional in the montane forest in Mount Kilimanjaro that has
been encroached through livestock grazing over the years because of changes in land-use from conserved mon-
tane forest to a pasture. An important management issue is about the impacts of livestock grazing on the amount
of SOC, N, P storage in the soil at the moment in which the montane forest is used as pasture land with consis-
tently encroachment in the upper montane within Mount Kilimanjaro. The objective of this study is to assess the
impacts of livestock grazing pressure on soil organic carbon, total nitrogen, available soil phosphorus, cation
exchange capacity, soil aggregate stability and soil fungal density in montane forest of the northern slopes of
Mount Kilimanjaro that has been exposed to a combination of livestock grazing species for effective biodiversi-
ty conservation of Kilimanjaro National Park.

2. Material and Methods
2.1. Location and Characteristics of the Study Area

Mount Kilimanjaro is located in the Northern Tanzania adjacent to Tanzania-Kenya international boundary
(Figure 1). The mountain is found between Latitudes 2°45'S and 3°25'S and between longitudes 37°00'E and
37°43'E about 300 Km south of equator [2]. Kilimanjaro is the highest mountain in Africa with three discrete
peaks, Kibo (5895 m a.s.l.), Mawenzi (5149 m) and Shira (3962 m) [18]. The mountain has a complex biodiver-
sity composition and distribution due to occurrence of many biomes in a single mountain that can be distin-
guished along its slopes. These include savanna at the lowest altitude (700 - 1000 m.a.s.l.), narrow vegetation of
transitional belt (1000 - 1500 m a.s.l), montane forests (1500 - 2800 m.a.s.l) and alpine belt (2800 - 3500 m.a.s.l)
(Figure 1). The montane forest belt covers large part of the mountain and is characterized by a high plant diver-
sity, distributed along an extensive altitudinal range between 1600 m and 2800 m.a.s.l [2]. The climate of Mt.
Kilimanjaro varies from one biome to the other based on altitude gradients and aspect where the montane forest
is experiences a typical equatorial climate. The rainfall also varies with exposure to the wind blowing from the
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Figure 1. A map showing an altitudinal zone of montane forest in Mount Kilimanjaro.

Indian Ocean where the northern slopes on the shadow sides receive much less rainfall [19]. The montane forest
experiences two distinct rainy seasons where the long rainy period occurs between March and May and the short
rain periods occurs between November and December and hence the rainfall pattern being bimodal [5]. The
maximum mean annual rainfall reaches up to 3000 mm at 2100 m.a.s.l. on the central southern slopes at the
lower part of the montane forest belt and this exceeds an average precipitation received in African high moun-
tains [1], which gradually decreases to less than 500 mm above 4000 m in the alpine zone. The mean annual
temperature at the foot of the mountain in Moshi (altitude 813 m.a.s.l.) is 23.4°C and gradually decreases to
18°C at 1500, 9.2°C at 3100 m.a.s.l. up to 4.5°C at 4000 m.a.s.l. [19]. The Kibo (i.e. at 5800 m.a.s.l) normally
reaches up to —7.1°C [20]. However, the alpine belt (3500 to 4000 m.a.s.l) experiences summer during the day-
time and winter periods during the night [19]. Moshi, Rombo, Hai and Siha Districts of Kilimanjaro Region
surround the mountain on the southern-eastern, southwestern and northwestern slopes respectively. Longido
District of Arusha Region borders the montane forest on the northern slopes of Mount Kilimanjaro where the
study was carried out particularly at Kamwanga, Irkaswa, Kitendeni and Lerangw’a villages (Figure 1). Pasto-
ralist communities have inhabited the district since 1952 [21] and the expansion of aforementioned villages has
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been associated with montane forest encroachment following the increase in livestock populations.

2.2. Vegetation Characteristics in Montane Forest of Mount Kilimanjaro

According to Kikoti (2013) [22], variations in species composition among vegetation communities in livestock
grazing affected areas of the montane forest based on the dominant plant species and grazing regimes. The
commonly occurring plant species in ungrazed areas are Teclea simplicifolia, Cassipourea malosana, Bersama
abyssinica, Prunus africana, Erythrococca bongensis, Clausena anisata, Ficus thonningii, Turraea holstii, Olea
europaea subsp. africana, Teclea simplicifolia, Ficus lutea, Cassipourea malosana whereas in the least grazed
areas are Olea europaea subsp. africana, Teclea simplicifolia, Clausena anisata, Turraea robusta, Vangueria
infausta, Turraea holstii, Erythrococca bongensis, Rinorea ilicifolia, Euclea divinorum and Celtis Africana. The
vegetation communities in moderately grazed sites are commonly represented by Turraea robusta, Diospyros
abyssinica, Olea europaea subsp. africana, Tarenna graveolens, Croton megalocarpus, Commelina benghalen-
sis, Malacantha alnifolia and Teclea simplicifolia [5]. However, the heavily grazed areas are composed of
shrubs viz. Carissa spinarum, Indigofera volkensii, Leucas deflexa, Lantana trifolia, Solanum incanum, Hibiscus
micranthus and herbaceous community viz. Senecio abyssinicus, Conyza pyrrhopappa, Ruellia tuberosa, Thun-
bergia alata with a few grass cover represented by Setaria sphacelata, Hyparrhenia filipendula, Heteropogon
contortus and Dichanthium annulatum [5]. Some species are common among study sites while others are re-
stricted in some sites only based on the habitat characteristics influenced by livestock grazing. The variation in
sensitivity among plant species to livestock grazing pressure may have contributed to their absence in grazed
than in ungrazed areas in the montane forest in the northern slopes of mount Kilimanjaro.

2.3. Soil Sampling Procedures

The choice of the sampling procedure was based on the observation made during the preliminary survey of
which the area was defined based on livestock grazing impacts on soil characteristics, the sampling areas to be
covered and the statistical properties for the independent sample representatives of the study area. Based on in-
tensity of livestock grazing, the study area was subdivided into four sampling sites i.e. the overgrazed, mod-
erately grazed, least grazed and ungrazed sites. An area was considered heavily grazed if >65% of the quadrat
was grazed; moderate if 33% - 64% was grazed and the least grazed if <33% was grazed as recommended by
Warren et al., (1986) [23]. Ten sampling locations were randomly established in each of the four study sites
making a total of 40 locations in the entire study area. The soil samples were excavated from three depth classes
of 0-5cm, 6 -10 cm and 11 - 20 cm in each sampling location. The three depth classes were categorized so as
to determine variations in the soil parameters along vertical section of soil horizons. The soil surface layer
represented the most impacted with livestock grazing than the subsurface layers, which was expected to be the
same in unaffected areas of the montane forest. The variation in soil conditions along the disturbance gradients
was predicted based on the floristic composition of the selected site. The excavated soil samples were sealed in
plastic bags, labeled and taken to the laboratory of the Botany Department University of Dar es salaam for ana-
lyses.

2.4. Laboratory Analysis of Soil Samples

The soil samples were air-dried, loosened and sieved through a 2 mm sieve for determining soil organic carbon,
cation exchange capacity, soil aggregate stability, available phosphorus, total nitrogen and soil fungal density.
Soil organic carbon (SOC) was determined by using wet oxidation method where 0.5 g of air dry soil sample
was oxidized by 10 ml of potassium dichromate and then titrated against 0.5 N FeSO, (Iron (I1) sulphate) using
Orhto-phenonthroline indicator [24] to get the amount of SOC. The total N was determined by the Kjeldahl me-
thod [25]. The available soil phosphorus was determined by using the ascorbic acid method that involved ex-
tracting P with 0.5 N NaHCO; from the soil at pH 8.5 and then determined its concentration through phospho-
molybdenum blue method ([11] [26]). The cation exchange capacity (CEC) was determined colorimetrically us-
ing ammonium nitrogen ( NH, -N) [11] where 10 g of the soil sample was leached with 30 mil of 6% KCI solu-
tion and then treated with ammonium nitrogen to exchange with metal ions on the surface soil colloids. The soil
aggregate stability was determined using the flat sieve method as described by Singh and Khera, (2009) [27].
The soil fungal density was determined using spread plate count methods where 10 g of soil sample was sus-

©



C. Mligo

pended in 90 ml NasP,0,-10H,0 to disperse soil organic colloids. It was further diluted with NaCl (0.9%) at the
ratio of 1:20,000 and then plated (1 ml per plate) on 10 replicates of 5% potato-dextrose agar (PDA). The plates
were incubated at 40°C and then isolated for fungi from each replicates in each PDA sample. The number of co-
lony forming units per gram of dry weight (CFU/g of dwt) was obtained for the total mycoflora.

2.5. Data Analysis

Repeated measures analysis of variance (ANOVA) was used to compare soil parameters particularly the soil or-
ganic carbon, cation exchange capacity, soil aggregate stability, soil fungal density, total nitrogen and soil
available phosphorus among grazing regimes (ungrazed, least, moderate and heavily grazed) [28]. The signifi-
cant difference was assessed at 5% critical limit and the least significant differences (LSD) among means were
assed based on Steel and Torrie, (1980) [29].

3. Results

3.1. The Soil Organic Carbon (SOC), Available Soil Phosphorus (P) and Total Soil Nitrogen
(N)

It was found SOC in a range between 17.32% and 12.24% and the pattern decreased with increased livestock
grazing pressure among sampling sites within the Montane forest of the northern slopes of Mount Kilimanjaro
(Table 1). A significantly higher percentage soil organic carbon was observed in soil samples from ungrazed
areas than those from the least grazed areas (Lsd = 5.41, g = 5.22, p < 0.01), but no significant difference was
observed between soils from ungrazed area to those from moderate and heavily grazed areas (p > 0.05). The
SOC decreased significantly with increasing in soil depth regardless of little variation in each layer among graz-
ing regimes with no any reflection of the impacts of livestock grazing pressure. The available soil phosphorus P
was in a range between 0.129% and 0.329% with the highest in heavily grazed areas with consistent decreasing
against livestock distruabnce gradient. Except for the soil samples from the moderately grazed area, the availa-
ble soil phosphorus was significantly lower in soils from ungrazed sites than those from least grazed area (Lsd =
0.07, g = 5.18, p < 0.01) and heavily grazed sites (Lsd = 0.174, q = 12.35, p = 0.001). Although soils from the
least grazed area had significantly higher phosphorus than those in moderately grazed sites (Lsd = 0.055, g = 3.9,
p < 0.05); it had significantly lower than the same in soil samples from the heavily grazed parts (Lsd = 0.101, q =
7.17, p <0.001) (Table 1). The uppermost soil layer (0 - 5 cm depth) recorded the lowest percentage available P.
The soil sample from heavily grazed areas had the highest concentration of soil P than all other soil horizons
from ungrazed, least and moderately grazed sites. While significant difference existed among soil depth classes
in the soil sample from ungrazed (F = 22.20, df = 29, p = 0.0001) and heavily grazed sites (F = 4.25, df =29, p =
0.024), there was no significant different among soil layers in least and moderately grazed sites (p > 0.05)
(Table 2). The amount of total soil nitrogen ranged between 0.63% =+ 0.07% and 0.96% = 0.04%, with a significant

Table 1. The amount of soil organic carbon (SOC), nitrogen (N), phosphorus (P), cation exchange capacity (CEC), soil fun-
gal density (SFD and soil aggregate stability (SAS), among grazing regimes in montane forest of Mount Kilimanjaro. Dif-
ferent letters (a, b, ¢ & and d) means significant difference, df = degree of freedom, ANOVA-analysis of variance, F = va-
riance ratio/F-statistic. (The significance difference was assessed at 5% critical level).

Heavily grazed

Soil parameter Ungrazed area Least grazed area Moderately grazed area area ANOVA

Organic carbon (%) 16.71 + 0.609° 11.30 +1.28° 13.69 + 0.95 1352 +1.28" F :P7 j% 6151:139'
. b b . F = 30.88, df = 39,

Phosphorus (%) 0.15 % 0.02 0.22£0.015 0.16 £ 0.04 0.32£0.01 b < 0.0001
Nitrogen (%) 0.96 + 0.04° 0.63 0.07° 0.72 +0.051° 0.71+ 0.06° F=7.12,df =39,

F=0.0011
CEC (meq/100g) 121.22 + 4.28° 97.05 + 4.78° 96.74 +5.28° 88.45 + 3.81° F= ;1:'201'0?)‘;; 39,
F=10.78, df = 39
0, a a b b ’ ’

SAS (%) 76.13+ 1.68 77.23+1.96 68.19 + 2.39 64.34+0.76 b <0.0001
Soil fungal density a b C d F=7141, df =39,

X105 (cfulg dwt) 4.86+0.31 3.47 £0.23 1.54 £0.27 0.25 +0.02 P < 0.0001
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Table 2. The pattern of change in soil organic carbon (SOC), nitrogen (N), available soil phosphorus (P), cation exchange
capacity (CEC), soil fungal density (SFD) and soil aggregate stability (SAS), with depth among grazing regimes in Montane
forest of Mount Kilimanjaro. Different letters (a, b, ¢ & and d) means significant difference, df = degree of freedom, F = va-
riance ratio or F-statistic. (The significance difference was assessed at 5% critical level).

Soil parameters at
various depth classes

0C (%) 0-5
5-10
10-20

N (%) 0-5
5-10
10-20

P (%) 0-5
5-10
10-20

CEC (meq./100g)
0-5
5-10
10-20

Ungrazed

24.36 + 1.22°
16.09 +0.72°
9.70 + 0.64°

F = 66.24, df = 29,
p = 0.0001

1.38 +0.07°
0.94 +0.05°
0.57 +0.042°

F=49.42, df = 29,
p = 0.0001

0.05 +0.01°
0.11 +0.02°
0.278 +0.03"

F = 22.20,df = 29,
p = 0.0001

146.01 + 4.76°
122.65 + 2.79®
95.01 + 11.55

F=11.93, f=29,
p = 0.0002

SFD x10° (cfu/g dwt)

0-5
5-10
10-20
SAS (%) 0-5
5-10
10-20

7.67 +0.39°
477 +0.44°
2.15 +0.35°

F = 46.86,df = 29,
p = 0.0001

80.53 £ 2.37
73.78+1.98
74.08 £2.14

F =3.08, df = 29,
P =0.062

Least grazed

15.95 + 1.91*
12.07 £ 1.25°
5.9+1.23°

F = 11.44, df = 29,
p =0.0003

0.86 +0.11°
0.69 + 0.06%
0.34+0.07°

F=9.45 df =29
p = 0.0008

0.19+0.01
0.21+0.01
0.251+0.03

F=2.01, df = 29,
p=0.153

114.28 + 7.49°
101.31 +5.22%
75.58 + 5.55°

F = 12.23, df = 29,
p = 0.0005

5.75 + 0.21°
2.97+0.31°
1.7 +0.31°

F =46.36, df = 29,
P =0.0001

75.75 +2.118°
72.78 + 3.29%
83.143 + 1.85

F =454, df = 29,
p=0.0199

Moderate Grazed

20.02 +1.81°
13.62 +0.77°
7.44 +1.03°

F=23.82, df = 29,
P =0.0001

0.92 +0.12°
0.83 +0.05
0.39 + 0.05°

F = 12.36, df = 29,
p = 0.0002

0.18 £0.02
0.16 £0.01
0.150 +£0.01

F = 1.65, df = 29,
p=021

110.93 + 6.95
99.53 + 5.59%
79.75 + 4.01°

F=7.82, df = 29,
p=0.0021

2.6 +0.40°
1.6+0.37°
1.03+0.23°

F=5.29, df = 29,
p=0.0115

7331+211
67.42 £ 2.42
63.849 + 5.87

F =153, df = 29,
p=0235

Heavily grazed

20.12 +1.91°
13.73 +1.55°
6.7 £ 0.67°

F =20.67, df = 29,
P =0.0001

1.06 + 0.07%
0.76 £ 0.07°
0.33+0.05°¢

F=1.6,df=29,
p=0.21

0.29 +0.01%
0.32+0.01®
0.34 +0.006"

F = 4.26, df = 29,
p=0.0247

98.59 + 4.24%®
91.48 +4.28°
75.28 + 4.28°

F =7.84, df = 29,
p=0.0021

0.48+0.19
0.28 +0.07
0.27 £ 0.05

F=0.88, df = 29,
p=0.423

62.87 £ 1.09
66.13+1.34
64.03+1.12

F=1.92, df =29,
p=0.166

difference among sites affected with livestock grazing regimes (F = 7.12, df = 39, p = 0.0011) (Table 1) and the
same was significantly correlated with SOC in all study sites (Table 3) regardless of the prevailing livestock
disturbance regime. The post ANOVA test at the least significant difference showed higher concentration of to-
tal nitrogen in ungrazed than in the least grazed areas (Lsd = 0.334, q = 6.169, p < 0.001); moderately grazed
(Lsd =0.249, g = 4.599, p < 0.05); and heavily grazed areas (Lsd = 0.251, q = 4.63, p < 0.05). However, no sig-
nificant difference in concentration of total soil nitrogen was observed among the remaining pairs of the study
sites (Table 1), although a significant decrease in TN with depths was observed in livestock grazing regimes in
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Table 3. The relationship between soil organic carbon (SOC) with nitrogen (N), available soil phosphorus (P), cation ex-
change capacity (CEC), soil fungal density (SFD) and soil aggregate stability (SAS), in areas with different levels of grazing
pressure in Montane forest of Mount Kilimanjaro. The significance of the relationship was assessed at 5% critical level, r =
correlation coefficient, P = probability of the relationship.

Soil parameters Ungrazed Least grazed Moderate grazed Heavily grazed
N r 0.966 0.936 0.718 0.9566
p 0.0001 0.0001 0.0127 0.001
P r 0.103 0.9293 —0.3657 0.2796
p 0.7628 0.0109 0.2695 0.4051
CEC r 0.1434 0.8526 0.7715 0.8155
p 0.674 0.0009 0.0054 0.0022
SFD r 0.0266 0.0701 0.273 0.507
p 0.9168 0.8357 0.4167 0.114
ASA r —0.3898 —0.1541 —0.2866 —0.1614
p 0.236 0.6509 0.3929 0.6354

the study area.

3.2. The Soil Cation Exchange Capacity (CEC)

The cation exchange capacity was an aspect of importance considered in this study about nutrient mobility
within the soil colloidal surface such that livestock grazing was regarded to have interfered with natural cationic
interplays. The soil CEC ranged between 96 and 125.50 meqg/100g of oven dry soil and varied significantly
among sampling sites under different livestock grazing exposure (F = 11.21, df =39, p = 0.0001) (Table 1). Post
ANOVA test showed a significantly higher CEC in the soils from ungrazed sites than those in the least grazed
(Lsd =2.4.16, q = 5.72, p < 0.01), moderate (Lsd = 24.48, q = 5.79, p < 0.01) heavily grazed areas (Lsd = 32.77,
q = 7.76, p < 0.001). It was observed no significant difference in CEC values from among the least, moderate
and heavily grazed areas (p > 0.05) (Table 1). The uppermost soil layers experienced the highest CEC but sig-
nificantly decreased with soil depths. Regardless of high CEC values in the upper most soil layer than the deeper
horizons, the heavily grazed parts had consistently lowest CEC of all the grazing regimes in the montane forest
(Table 2), which was significantly correlated with SOC (Table 3).

3.3. The Soil Aggregate Stability (SAS) and Soil Fungal Density (SFD)

The soil aggregates were more stable in soils from least grazed (77.23% + 1.96%) followed by ungrazed
(76.13% + 1.68%), moderate grazed and the lowest was observed in heavily grazed sites with the significant
differences (F = 71.41, df = 39, p = 0.001) among sites (Table 1). The post ANOVA test (at the least significant
difference) showed an observable significant decline in SAS with increasing grazing pressure i.e. the ungrazed
parts had significantly more stable soil particulate aggregation than it was in the least (Lsd = 1.39, q =5.75, p <
0.01), moderate (Lsd = 3.316, g = 13.73, p < 0.001) and heavily grazed sites (Lsd = 4.613, g = 19.1, g < 0.001)
(Table 1). Also, the SA stability decreased with depth in ungrazed and moderately grazed parts with no clear
pattern in soil samples from heavily grazed areas. However, an observable significant decrease in soil aggregates
stability with increasing soil depth classes in ungrazed sites. The negatively impacted soil fungal density (SFD)
was observed in grazed areas of the montane forest such that soil samples from ungrazed areas recorded the
highest density (4.86 + 0.31) x 10° colony forming unit per gram of dry weight (CFU/g dwt) and the lowest was
observed in soils from heavily grazed sites (0.25 + 0.021) x 10° (CFU/g dwt). Because of the negative impacts
of livestock grazing, a significant differences in fungal densities existed among soils between non-impacted and
impacted areas at different levels based on repeated measures analysis of variance, (F = 71.42, f = 39, p =
0.0001). The pattern followed the trend of increasing in grazing pressure and a significantly lowest soil fungal
density was observed in soil from heavily grazed sites than in moderate (Lsd = 1.297, q = 5.37, p < 0.01), least
(Lsd = 3.22, q = 13.34, p < 0.001) and ungrazed site (Lsd = 4.61, g = 19.01, p < 0.001) (Table 1). The pattern of
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SFD significantly decreased with increasing in depth classes in ungrazed, least and moderately grazed, however
it was observed no difference among depth classes in heavily grazed sites (P > 0.05) (Table 2).

4. Discussion
4.1. The Effect of Livestock Grazing on Soil Organic Carbon (SOC)

A number of studies reported on the influence of livestock grazing on the amount of soil organic carbon (SOC)
[4]. Observation from this study demonstrated a significantly decreased in SOC with increased grazing pressure
in the montane forest of Mount Kilimanjaro. Previously Kikoti and Mligo, (2015) [5] reported on the impact of
livestock grazing on plant species composition and diversity including the natural regeneration patterns within
the montane forest. These impacts are accompanied with changes in accumulation of soil organic carbon in the
montane forest. As the domestic animals graze on fresh forage, they contribute to the reduction in the amount of
soil organic carbon accumulating in the montane forest.

A significantly higher SOC was observed in ungrazed area than the least grazed site regardless of the pattern
of increasing in grazing pressure. However, the existing little variation in amount of SOC between ungrazed and
moderate to heavily grazed sites implies that the impacts on the aforementioned soil parameter may have not
reached the level of significance. The soil organic carbon originates from numerous plant species of which their
high representation have been favoured by moderate and the least levels of livestock grazing. The more pristine
zones in the montane forest had high organic carbon than those in heavily grazed areas. Trampling on litter and
herbaceous life forms as the livestock in numbers move around in grazed parts of the montane forest, they also
destroyed the vegetation cover and reduced the incorporation of plant residues into the soil organic carbon and
this may have affected its dynamics in the soil.

The undisturbed soils contained SOC accumulated far deeper into the soil horizons while those from the
heavily grazed sites had its SOC accumulating near the soil surface which makes it vulnerable to losses follow-
ing high microbial activity. The reduced vegetation cover through grazing causes an increased land surface
heating that accelerates organic matter decomposition rate [30] and soil organic carbon loss. However the pres-
ence of deep-rooted plants (trees) that gradually decomposing when plant dies in combination with leaf litter
decomposition may have contributed to high SOC in ungrazed and least grazed area than in heavily grazed area.
A few shrubs, grasses and herbs with shallow roots contribute to annual litter deposition that is also suppressed
by herbivores and this resulted into low SOC accumulation. It can be considered that, the observed higher SOC
under moderate grazing in the montane forest implies that, there is a room that allows gradual littler decomposi-
tion and organic matter buildups and that is why a significantly low of the same was observed in soils exposed
to heavy grazing. In contrast, some studies have reported a higher soil C storage in heavily grazed sites ([31]-
[33]), mainly because of increased root production in the surface soil that accompanied with changes in species
composition. It is strongly suggested that, excessively livestock grazing is the cause of a significant negative
impacts on SOC in the encroached montane forest.

4.2. Variation in Total Available Soil Phosphorus among Grazing Regimes

There was an observable significant difference in percentage soil phosphorus among sampling sites in the mon-
tane forest of Mount Kilimanjaro and high concentration was recorded in heavily grazed area. Regardless of
having high percentage P in the least than in moderate grazed sites, they both recorded significantly lower P than
it was found in heavily grazed areas. This implies that the nutrients pool remained in the soil in the absence of
long-lived plants or large trees. It was expected higher concentration of P in shallow depth (0 - 5 cm) than in
deeper horizon (10 - 20 cm), however a significantly higher concentration was observed at 10 - 20 cm depth
than other depth classes except in the least and the moderately grazed areas. Mligo, (2008) [34] found a very
small concentration of phosphorus in soils of the less affected area and large amount was found in plant mate-
rials in heavily grazed areas in the semi-arid Mbulu District. This implies that any small amounts of the availa-
ble soil phosphorus may always be taken up by the plant species growing in the ungrazed areas. Plant species
have the ability to concentrate even a small amount of phosphorus available in the soil [35] leaving soil with
poor of the aforementioned elements. The presence of long-lived trees in ungrazed or least grazed sites accumu-
late large amount of soil P making it low in the soil than in the plant tissues [34] and therefore the P reservoir in
most tropical forests. The absence of long-lived plant species because of heavy grazing makes soil phosphorus

O,



C. Mligo

to easily dissolve in soil water and leached in the deeper soil horizons. Based on this controversy in P patterns, it
can be considered heavy grazing contribute to inhibition of trees regeneration that could otherwise controls the
biogeochemical cycle of P in the montane forest. As the soil is being trampled with livestock continuously in
heavily grazed, it becomes compact and difficult for root penetration and consequently reduced the uptake of
phosphorus by plants from the soil. This is the reason why in heavily grazed area; the soil remained with high
concentration of available soil phosphorus. However the soils in ungrazed area replenish phosphorus through
mineralisation of soil organic matter [36]. The decomposition of organic matter possibly provides favourable
effects on phosphorus dynamics of the soil in addition to the mineralisation and release of the element [37].

4.3. The Effect of Livestock Grazing on the Total Soil Nitrogen

The impacts of livestock grazing on total soil N storage have been reported through a number of studies ([4]
[38]). The percentage total nitrogen (N) responded negatively with increased livestock grazing gradients such
that soils from moderate and heavily grazed areas in the montane forest were significantly lower than in the least
and ungrazed areas. Heaney and Proctor (1989) [39] pointed out that nitrogen is the most common limiting nu-
trient for plant growth because it is needed by plants in large quantity than other nutrient elements. The removal
of aboveground biomass by grazing and browsing animals reduces nitrogen inputs into the soil and affected the
regeneration and performance of forest dependent plant species in heavily grazed sites. Since nitrogen being an
integral component of essential plant compounds [40], its presence in the soil stimulates plant species root de-
velopment and the uptake of other nutrient elements. Low concentration of soil nitrogen therefore favours nega-
tively the establishment of plant species in heavily grazed sites where a number of plant patches has previously
been observed in heavily grazed area of the montane forest [22]. Because of plant species failure to regenerate in
the heavily grazed sites [6], it results into low plant species composition and consequently low organic matter
deposition in N deficient soils. In this regard, soil nitrogen remains one among limiting nutrient elements be-
cause of its influence on plant species composition [41] and soil organic matter deposition in the study areas.

Because of livestock grazing degrades natural habitat and the plants become disabled to absorb mineralized
nitrogen efficiently from the soil, thus a loss of nitrogen through leaching [42]. The high soil total nitrogen in the
least and ungrazed sites determined the natural performance of plant species with a concomitant accumulation of
organic matter which ensures continuous mineralization of N in the soils. Nitrogen mineralization is accelerated
by an increase turnover rate of biomass [43], which in turns increased the rate of organic matter decomposition
[44]. Therefore the increased in total soil nitrogen is contributed by the decomposition of soil organic matter as
pointed out by Hatton and Smart (1984) [45].

The soil organic carbon content in least and ungrazed area influences the rate of freeing of nitrogen by the
microorganisms since nitrogen is tied up within an organic carbon complex [46]. The soils not impacted with li-
vestock grazing as it was observed in ungrazed sites of the montane forest stored large amount of nitrogen in
tissues of a long lived stands where only the excess nitrogen is nitrified and used by plants. The grazing and
browsing affected areas composed of low nitrogen concentration because the rate of Nitrogen (N) supply in the
soil through mineralization has also been interfered. With an observed significant positive correlation in Table 3
implies an intimate relationship between the soil organic carbon and nitrogen contents in the soil as they are
tightly coupled as pointed out by Gol (2009) [47], such that livestock grazing impacts on the former significant-
ly affect the later in the montane forest. Decrease in carbon input due to grazing decrease nitrogen retention
within the soil [48]. Soils from ungrazed areas recorded high total nitrogen concentration because the nitrogen
mineralization process has not been interfered with livestock grazing. The pristine habitat/ungrazed ensures high
turnover rate of biomass that maintain nitrogen mineralization in a course of organic matter decomposition; al-
though the patterns depends on variations in soil moisture contents [49]. The least and ungrazed areas contain
plant species with large canopy cover (eg. Teclea simplicifolia, Cassipourea malosana, Prunus africana, Ficus
thonningii, Turraea holstii, Teclea simplicifolia and Ficus lutea [5], that preserves moisture favourable for mi-
crobial activity and this increase litter decomposition rate that resulted into higher nitrogen than the soils from
ungrazed parts. Low N in heavily grazed area compared with the same in ungrazed area implies that livestock
grazing has a negative potential to nitrogen storage in the montane forest habitats. However, my results are con-
trary to those by Li et al., (2011) [10] that, soils in heavily grazed sites had a better potential for N storage re-
gardless of the differences in the study habitats conditions. It is most probably that, the montane forest habitat is
more sensitive to livestock grazing disturbance as reflected in this study.
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4.4. The Effect of Livestock Grazing on Soil Aggregate Stability

Shrestha et al., (2007) [50] concluded that different management practices (viz. conservation and pasture) have
strong impacts on soil organic carbon dynamics and soil aggregate stability. The soil organic carbon content de-
termines the stability of soil particle aggregates [12]. It was observed a negative effect of livestock grazing on
soil aggregate stability in the montane forest of Mount Kilimanjaro (Table 1). The soil particle aggregates were
significantly stable in ungrazed than in grazed areas (Table 1). This is because soils in heavily grazed areas are
frequently occupied by livestock and face a high level of trampling impacts that significantly lowered the soil
aggregate stability than the less impacted areas or sites not occupied by livestock in Montane forest. The fre-
quently translocated livestock in the montane forest defragment soil clods (macro-aggregates) through hooves
into fine particles (micro-aggregates), which resulted into low soil aggregate stability in heavily grazed area. The
existence of fine particles increases the rate of organic matter decomposition and lowers SOC, as was the case in
heavily trampled soils. Since SOC is a SA linking constituent [51], low soil organic carbon accumulation may
be the outcome of unstable soil particle aggregates in grazed parts of the montane forest. Because SOC enhances
soil particle aggregates [12] it may be the reason for the observed pattern of SAS in the montane forest where
heavy grazing resulted to a significantly lower SAS than ungrazed parts. Treading impairs soil aggregates (that
protect SOC from excessive microbial activity [52], therefore the reason for low SAS in heavily grazed area.
Since soil organic matter provides the basic structure of soil particle aggregates [52], trampling enhances micro-
bial turnover rate and promotes the rate of decomposition and consequently decreased SAS under heavily grazed
condition. Regardless of highest SOC turnover rate contributed by annual plants in grazed areas, it lasts shortly
because of lack of protection from stable soil particle aggregates.

Because of livestock grazing pressure in montane forest, the particle aggregates have been impaired and has
been unable to retain similar amount of SOC as it was in un-impacted sites. Finding from this study have been
supported by Hobley et al., (2014) [53] that livestock grazing pressure contribute to poor SOC storage because
of an impaired soil aggregation. Because of soil compaction in the uppermost layer in moderate and heavily
grazed areas, a significantly lower aggregate stability was observed and this makes the soil surface vulnerable to
further degradation. Low SAS may cause rapid desiccation as water surface runoffs do little to infiltrate within
soil layers. The soil compaction, low aggregate stability and dry habitats may have prevented the performance of
trees in heavily grazed areas in the montane forest. The lowest SAS in heavily grazed sites of the monante forest
can be regarded as an ecological degraded habitat, which may not be suitable to support high biodiversity.

4.5. The Effect of Livestock Grazing on Soil Fungal Density (SFD)

It was observed significant difference in fungal density in soil from among study sites affected by livestock
grazing pressure (Table 1). High fungal density was observed in soil samples from the pristine habitat where no
indication of negative livestock impacts (Table 1). Frank et al., (1995) [31] reported that soil microorganisms
are important in nutrient biogeochemistry (e.g. decomposition, mineralization, absorption and soil stabilization)
and therefore greatly influence the nutrient storage in the soil. The grazing pressure in the montane forest nega-
tively affected the fungal communities where the composition decreased and only in favour of disturbance tole-
rant species in degraded montane forest habitats. Kageyama et al., 2013 [54] concluded that a response of the
microbial community to major disturbances implies a rapid shift to new environment that include the decrease in
substrate quality. The changes in substrate availability required for mineralization potentially influence microbi-
al growth and communities [55]. The removal of plant cover through livestock grazing exposed soils to drying
and lowered the soil fungal density and this limits soil microbial activities. The fungal density required for de-
composing leaf litter on the forest floor and ground surface affects soil organic carbon and nutrient pools. With a
prevailing microbial activities performed by small number of fungi in heavily grazed areas, it is anticipated that
the fungal communities may be characterized by species that can survive livestock impacts and those that are
sensitive to grazing are only available in ungrazed areas of montane forest.

The soil in natural habitats accommaodates diverse microbes [56], which in turn are responsible for soil struc-
tural resilience. The soil compaction through livestock grazing degrades the quality of microbial habitat and this
is the result of low fungal density in heavily grazed parts of the montane forest. Allison and Martiny (2008) [57]
pointed out that the composition of microbial communities depends on the ability of individuals to survive and
adapt to new conditions following large-scale disturbance. The significantly lowest fungal density in heavily
grazed areas implies that only a few fungal communities are able to perform in highly impacted parts than the
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undisturbed areas. Low fungal density is a result of low soil microbial diversity and this implies livestock graz-
ing reduces the composition of microbial community and limit variety soil biotic activity in the soil. The inter-
fered microbial process makes the soil unfavourable for the support of the aboveground vegetation cover and
this jeopardizes the biodiversity conservation in montane forest of Kilimanjaro Mountain.

4.6. The Impacts of Grazing Pressure on Soil Cation Exchange Capacity (CEC)

Kadeba (1974) [58] pointed out that a significant correlation between soil organic matter and extractable cations
exists. It has been reported the highest CEC value by (Mligo, 2004) [59] at the soil depth of 0 - 5 cm that de-
creased with increasing soil horizons (6 - 10 cm and 11 - 20 cm) in the semi-arid Mbulu District that has been
used for livestock grazing since the beginning of 19" century. Similar findings have been observed in montane
forest belt in Mount Kilimanjaro which has been affected by livestock grazing. Since the upper horizons contain
higher organic matter contents than the deeper horizons, they provide adsorption sites onto which the cations are
attached. Heavy grazing in parts of the montane forest removes SOC on the soil surface layers that reduced the
binding sites for cations resulting into low CEC in the upper horizons than the least and moderate as well as in
the ungrazed areas. Since the pattern of soil CEC followed the intensity of livestock disturbance gradient, it was
considered in this study that livestock grazing resulted into low CEC in grazed sites of the montane forest.

5. Conclusion

Data from this study allowed establishment of livestock grazing to be the major soil degrading activity in the
montane forest based SOC, N, P, SAS, CEC and SFD. Livestock grazing decreased the accumulation of SOC
and consequently negatively affected the natural pattern of N, P, SFD, CEC and SAS. An opposing trend of the
pattern of impacts on available soil phosphorus was interpreted that the nutrients pool retained in plant tissues
particularly in the long lived trees, whereas high P in soil of the heavily grazed area implies the absence of long
lived trees and the soil remains as P reservoir. However, it is hard to establish the impact of livestock grazing on
the vertical distribution of the determined parameters because of the recent land use history in which the eco-
system has had no enough time to adjust consistently under livestock grazing disturbance. The observed positive
correlation between SOC with TN and CEC implies the livestock grazing impacts on the former negatively af-
fected the later soil parameters. The negative correlation between SOC and SAS regardless of the negative li-
vestock grazing impacts means the aforementioned parameters respond independently under this disturbance.
Low fungal density in degraded parts of the montane forest showed that livestock grazing affected the microbial
habitat. The soil fungal communities of the montane forest have not been adapted to the aforementioned impacts
and hence are sensitive to the current land use change, which is not compatible with natural biodiversity conser-
vation objectives. Based on the observation from this study, it can be regarded that excessive livestock grazing
decreases the soil quality in the impacted parts of the montane forest. This has a long-term negative ramification
for biodiversity conservation in montane forest of Mount Kilimanjaro. An important decision has to be sought
off with regard to the conservation management of soil characteristics of the montane forest in Kilimanjaro Na-
tional Park.
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