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Abstract

The fast-growing natures of conifer tree species and favorable economic returns from these trees have encouraged
the conversion of natural grasslands in open forests into tree plantations in Ethiopia. The dominant tree species used
for this purpose in open forest areas of Eastern Oromia were Podocarpus falcatus, Juniperus procera and Cupressus
lusitanica. These tree species plantations are spreading rapidly in mountain areas, specially, in protected open forest
areas. However, how different tree species affect soil chemical nutrients of the open areas after plantation is remain
largely unknown. Thus, the study was conducted at Keramile open forest of Goro-gutu district, Eastern Ethiopia, to
evaluate the effect of coniferous tree species on grassland or open areas found in the open forest. The coniferous tree
species used for our study were Podocarpus falcatus, Juniperus procera and Cupressus lusitanica. The current study
investigated the soil chemical contents under the three tree species canopies, outside canopies as well as the interactions
between tree species and canopy covers. Our results showed that the evaluated coniferous tree species had significant
effect on soil pH, cation exchange capacity (CEC), organic matter (OM), total nitrogen (TN), organic carbon (OC), available
phosphorous (av. P) and sodium (Na);in which soil pH, TN,0OM and OC contents were significantly higher under P. falcatus
than J. procera and C. lusitanica tree species. But no significant difference was detected in soil pH, TN, OM and OC
contents between J. procera and C. lusitanica tree species. The present results also revealed that the canopy cover
and their interaction had significant effect on soil OM, pH, OC, av. K, TN, EC, Na and CEC; were significantly higher OM,
pH, OC, av. K, TN and CEC were obtained in the outside canopy than under the tree canopy cover, whereas soil EC and
Na contents were higher under canopy than outside canopy cover. However, no significant difference was observed
between under canopy and the outside canopy in soilav. P, Ca and Mg contents. Generally, our study showed that the
coniferous tree species evaluated had negative impact on soil chemical properties (OM, pH, OC, av. K, TN and CEC) of the
open or grassland of the study area. Therefore, management and monitoring of soil chemical characteristics of grassland
found in open forest is crucial in Keramile open forest, Goro-gutu district, Eastern Ethiopia and other open woodlands
receiving similar practice.
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Introduction substantial role in nutrient cycling [5].

Land use change considerably influences on soil quality. Tree canopies alter the abiotic environment for understory
Vegetation affects the amount and type of organic matter ~ vegetation directly by affecting light availability, temperature,
added to a soil [1,2] and this tends to significantly affect
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humidity, etc. and indirectly by influencing soil processes [6].
The interception of solar radiation is a major factor affecting
the understory. Canopy is the key regulator of solar radiation
absorption and can prevent over 95% of light radiation from
reaching the Earth's surface. The negative effects of tree
canopy include reduced light availability for photosynthesis,
tree root competition for water and soil nutrients, allopathic
effects of trees, increased phytophagous fungi and pests
and rainfall interception [6]. Further, low soil temperatures
beneath a shade-tolerant canopy can also reduce decay
rates, leading to accumulation of organic matter and further
decreases in decomposition rates [7].

In evaluating the effects of afforestation with coniferous
species in the temperate zones it was observed that
afforestation caused changes in some soil chemical properties
such as reduced pH and increased nutrient uptake [8]. Conifer
litter, with higher amounts of secondary compounds such as
lignin and polyphenols, decays more slowly than that of grass,
which typically has lower phenolic and lignin concentrations
and may promote acidification and a decline in soil fertility
[9]. The effect of afforestation on grassland soil properties
showed that exchangeable cations (Ca, Mg, K) and N were
lower in plantations than in adjacent native vegetation [10].
The results of research on soil acidification and organic
carbon (C) in these plantations have shown that afforestation
in tropical regions leads to deep acidic litter layer and higher
cation concentrations [11]. Additionally, Farley et al. [12]
reported that soils have frequently been shown to be more
saline and acidic with afforestation. Despite the Forestry
Commission’s aim to substantially increase timber production
and sustain yields for the future, coniferous afforestation
has consequently led to significant changes in soil chemistry
across an ecosystem level [13]. There had been a dramatic
increase in coniferous forest throughout the world [14].

Due to their important in ecosystem services [15];
grasslands are particularly valuable habitats that are in the
focus of nature conservation and ecosystem restoration
[16]. Grasslands face immense pressure from human-
induced environmental change but are widely perceived to
be of low conservation priority relative to forests [17,18].
The undervaluation of grassland ecosystem is reflected
in national and international [19] environmental policies
that inadvertently exacerbate conversion for agriculture,
degradation caused by inappropriate management and
increasingly, tree planting [20]. Thus, the future threats
to grasslands appear high, given a need to feed a rapidly
growing human population. Therefore, the grassland biome,
specifically, is critically endangered [21] and it is the biome
most in need of conservation. However, due to the resulting
widespread clearance of forest, the newly established plan of
the country, rapidly acquired and managed previous grassland
sites across East Hararghe zone as coniferous plantation
forests. This rapid increase in coniferous afforestation was
dominated by the plantation of the faster growing, high
yielding, exotic and indigenous coniferous tree species such
as Cupressus lusitanica, Juniperus procera and Podocarpus
falcatus.

The fast growing natures of those trees and favorable

economic returns from tree plantations have encouraged
the conversion of natural grasslands into tree plantations.
Despite the increasing number of studies looking at the
stability of tree plantations [22,23], there have been few
efforts comparing the forests established and grasslands [24].
Furthermore, a lack of scientific management guidelines, soil
degradation, decline in biological diversity, and low resilience
of the ecosystem are common problems in afforested areas
[25]. The effects of tree species on the associated understory
herbaceous productivity vary with the environment or the
climatic conditions [26]. Additionally, factors that are critical
for vegetation diversity are not consistent across regions
or locals [27]. Thus, understanding how they affect the
soil chemical properties is critical to the understanding of
ecological functions of plantations and to the improvement in
their management [28].

For maintaining sustainability, soil nutrient should not be
significantly decreased, and no significant negative changes in
soil properties should happened [29]. Therefore, considering
the different effect of each species on soil properties,
understanding the soil characteristics is a principle of
suitable management [30] because for creating a sustainable
maintaining of soil nutrients has great importance. Many
studies have been done about the effect of tree species on
soil chemical and physical properties [31].

The Keramile open forest vegetation comprises of conifer
trees having scattered distribution interspersed with open
patches. A number of studies on herbaceous communities
have been carried out in semi-arid areas of the zone; most
of them have focused on floristic diversity, understory
biomass yield and soil chemical properties [2,32]. However,
no information is available on the influence of conifer tree
species on soil chemical properties in Keramile open forest
vegetation of Goro-gutu district, East Ethiopia; where levels
of protection for grasslands at high altitude are so low and
failed to inspire governments to protect them. Therefore,
the current study was carried out to investigate the effect
of Cupressus lusitanica, Juniperus proceraand Podocarpus
falcatus trees species on grassland soil chemical properties
in the open forest ecosystem of Keramile, Goro-gutu district,
Ethiopia.

Material and Methods

Description of the study area

Location: The study was conducted at Keramile exclosure
in Goro-gutu district. Goro-gutu district is found in eastern
highlands of Ethiopia, Eastern Hararghe Zone of the Oromia
National Regional State. It is 408 km from Addis Ababa at
9°35'N, 38°18'E; on the main road to Harar and it is located
107 km from the Zonal capital Harar. The district shares long
boundary with Western Hararghe Zone of Oromia and Shinile
Zone of the Somali National Regional State (Figure 1).

Climate: According to the district’s bureau of agriculture
report, the agro-ecological classification of the Goro-gutu
district indicated that 28% of the total area is classified as
mid-land “woina-dega “, 49% as lowland “kola” and 23%
as highland “dega”. The area is characterized by mountain,
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Figure 1: Location of the study area, Goro-gutu district, Eastern Oromia.

plateau, dissected gullies and degraded hills. It has bimodal
rainfall patterns. The shortest season is from mid-February to
April and the longest season is from June to October having
annual average rain fall of 900mm with the corresponding
temperature range of 16-20°c and 20-24° during the coldest
and warmest months respectively.

Flora: The study area is characterized by open forest
which is made up of trees or shrubs and dominated with
grass species. The vegetation description presented by
east harangue planning and economic development (2001)
shows that the study area is characterized by Dry Evergreen
Montane Forest and Grassland Complex on the basis that
the vegetation type occurring in an altitudinal range of 2000
- 2300 m, with average annual temperature and rainfall of 16-
24° C and 800-1200 mm, respectively.

The dominant tree species of the study area Juniperus
procera, Cupressus lusitanica, Podocarpus falcatus,
Croton macrostachyus, Cordia africana, Ficussycomorus,
Hageniaabyssinica,  Oleaeuropaea, Acacia abyssinica,
Acacia decurrens, Acacia saligna, Eulcalyptus globules,
Psidiumguajava, Schinusmolle, Gravillea robusta and
Casuarinas cunninghamiana. The whole area is dominated

by Juniperus procera, Cupressus lusitanica and Podocarpus
falcatus. The area is well known by its natural vegetation and
plantations of exotic tree species.

Selection of sampling sites

Based on visual field observation three dominant
coniferous tree species, representing one exotic (Cupressus
lusitanica) and two indigenous (Podocarpus falcatus and
Juniperus procera), found in isolation, were selected for this
study. The tree species used in this study are representative
of the dominant trees in the study area. Based on their
abundance, canopy sizes and tree heights, compared to other
woody species, they represent suitable tree species for a
purposive study of the effects of tree species on herbaceous
plants. Accordingly, 20 matured trees from each species were
purposively selected based on their similar canopy size and
tree height. No shrubs or termite mounds found under or
close to the selected trees. In total, 60 trees (3 tree species x
20 trees for each species) were selected for the study.

Tree height was measured using clinometers. The canopy
cover of the trees was measured by using the measuring tape
on ground level through the canopy length and then canopy
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area was calculated by using perpendicular diameters in two
dimensions at right angle according to Savadogo and Elfving
[33].

CA=CD, XCDZX%

Where: -
CA= Canopy/crown area

CD, and CD, = Canopy diameters in two dimensions at
right angle

Soil sampling and analysis

Soil sample data collected using a soil auger at depth of
0-20 cm in four directions (north, south, east and west) under
and outside canopies of each tree. An area of 1 m?used for
each quadrat (Figure 2). Soil samples collected from eight
quadrats (four quadrants for each canopy type) for a single
tree. Totally, 480 samples (3 tree species x 20 trees/species x
2 canopy cover x 4 directions as sample quadrats) of soil were
selected. The soil samples from the same tree species under
and outside canopy cover were pooled and mixed together
separately to form composite sample. Finally, 24 composite
soil samples (3 tree species x 2 canopy covers x 4 directions
as quadrat samples) were stored in plastic bags, labeled,
sealed and transported to the soil laboratory of Bedele Soil
laboratory for chemical analyses.

The soil samples were analyzed using different techniques.
Soil pH and electrical conductivity (EC) was analyzed using the
procedures of Peech [34], while his percentage organic carbon
(OC) was determined according to the Walkley and Black [35]
method. Organic matter (OM) was estimated as OC % *1.724
and total nitrogen was analyzed using the Houba et al, [36]

procedure. Available phosphorus (P) was determined using
Olsen et al, (1954) method. Exchangeable potassium (K) by
flame photometer method as described by Rowell (1994) and
Calcium (Ca) and magnesium (Mg) were analyzed by atomic
absorption spectrophotometer method [37]. Sodium (Na)
was analyzed according to flame photometer as described
by Rowell (1994). Cation exchangeable capacity (CEC) was
analyzed using the method of Chapman (1965).

Data analysis

The soil samples data from all quadrats were combined
tree species separately to it’s under canopy and outside
canopy. The data obtained were subjected to two ways ANOVA
(Analysis of Variance) in the factorial experiment, with tree
species as one factor and canopy type as the other factor. All
statistical analyses were performed using SAS software (SAS,
2009, version 9.1.3) by the General Linear Models (GLM)
procedure. The model included the effects of tree species,
canopy cover and their interaction as independent factor.
Mean separations were tested using the least significance
difference (LSD) and significant levels considered at P<0.05.
The statistical model used for this study was:

Yy =u+T+C; +CT; +g
Where: - YU = over all observation

M =overall mean
C = tree species effect
Cj = canopy effect

C];/, = interaction effect

e; =error effect

I

—_—
S— T |
Imx1m \ il Ontside
N
' Outside .
canopy

Figure 2: Sampling lay out for soil samples data collection under and outside tree canopies [31].
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Results and Discussions

Heights and crown diameters of the three
coniferous tree species

The mean heights and crown diameters of the three
dominant tree species, Cupressus lusitanica, Podocarpus
falcatus and Juniperus procera selected for this study is
presented in Table 1.

Tree species, canopy cover and their interaction
influence on the soil chemical properties

Soil chemical analysis carried out during the present study
revealed particular significant in soil chemical attributes
(Table 2).

Soil pH

The pH of soil in the study area was significantly affected
(P<0.01) by tree species (Table 2). Soil pH was neutral under
P.falcatus, while it was slightly acidic under J. proceraandC.
lusitanica. This result might be due to the low understory
vegetation of J. proceraandC. lusitanica. Herb layer species
richness and cover increased was positive effect on pH
[38]. Similarly, Ahmed [3] reported that vegetation tends to
significantly affect pH of soils. Additionally, the difference
in soil Ph might be associated with the difference in litter
quality and quality of the tree species. Similar to the current

Table 1: Heights and crown diameters of the three tree species
used in the study (mean+SE)

Tree species Height (m) Crown diameter (m)
P. falcatus 33.00+0.96 5.03+0.08
J. procera 26.001£0.96 5.201+0.08
C. lusitanica 29.67+0.96 5.40+0.08

finding, Macdonald and Fenniak [39] reported the change
in soil physicochemical properties depends on the litter
quality and quantity and the canopy architecture, which in
turn depends on the tree species. The significant difference
in soil pH under the three tree species examined may also
indicate that the decomposition rate of their litter differs,
as the addition of organic matter is known to reduce soil pH
[40,41]. The result obtained may suggest that the organic
matter from P.falcatus is probably more easily decomposed
than that from J. proceraand C. lusitanica tree species. The
lower pH values recorded in the soils collected from under.
Procera and C. lusitanica than under the other tree species
suggests that the presence of these two trees may have had
acidifying effect on soils under the trees, which probably may
have been attributable to the formation of organic acid and
releases of carbon dioxide due to litter decomposition. This
result suggests that the mechanism of acidification under tree
canopies and the actual impact of the change in pH depend
on the tree species.

Comparing soils under the tree canopies with the outside
canopies, soils under J. procera and C. lusitanica tree species
tend to be acidic than outside canopy. The pH of soil was
also significantly influenced by crown cover of trees species
showing lower pH value under canopy cover than the open
area. Consistent with the findings of Zemmrich et al. [42],
canopies are the main factors affecting soil pH. The difference
in soil pH might be due to their litter quality. Conifer litter
decays more slowly than that of grass, which typically may
promote acidification and a decline in soil fertility [9].The
widespread input of highly acidic pine needles onto the
tree floor also creates an extremely acidic litter, aiding soil
acidification. Berthrong et al. [4] also reported the presence of
a coniferous tree canopy has lead to considerable acidification
and long term changes in soil chemistry. Similarly, Berthrong.
et al. [4] reported that afforestation with native and non-

Table 2: Soil chemical analysis and nutrient content for soil samples taken under canopy and outside canopy of the tree species, with

statistical results of the GLM

P. falcatus J. procera
uc ocC uc ocC

PH | 6.80+0.14° 7.01+0.14° 6.20+0.14° 7.15+0.14°
EC |0.53+0.07° 0.36+0.07° 0.58+0.07° 0.32+0.07°
OC 6.77+0.34° 6.22+0.34% 4.50+0.34¢ 5.23+0.34
OM 11.66+0.5%  10.83+0.56*® | 7.75+0.56¢ 9.02+0.56"
TN | 0.58+0.03° 0.54+0.03% 039+0.03¢ 0.45+0.03¢¢
P 6.97£0.65° 5.54+0.65% 4.2840.65° 4.6910.65°
Ca 8.21+0.62° 8.18+0.62° 7.87+0.62° 8.17+0.62°
Mg  32.77+1.10* |30.44+1.10* 30.30+1.10° 30.15+1.10°
K 0.8610.18" 1.47+0.18° 1.1740.18%*¢ 1.36+0.18%
Na | 0.44+0.04° 0.26+0.04° 0.28+0.04° 0.30+0.04*
CEC | 13.68+0.80*° | 13.66+0.80° | 11.32+0.80* | 11.80+0.80%

C. lusitanica TS cC TS*CC
uc ocC SL SL SL
6.10£0.14° 6.89+0.14° *x Hokk ok
0.48+0.07° 0.40+0.07° ns * ns
4.40%0.34¢ 6.3610.34* Hokk * *x
7.58+0.56¢ 10.96+0.56%  *** * *x
0.38+0.03¢ 0.55+0.03* Hokk * *x
3.63+0.65°  5.37+0.65* * ns ns
7.38+0.62° 8.22+0.62° ns ns ns
32.13+1.10* | 29.88+1.10° ns ns ns
0.67+0.18° 1.51+0.18° ns *x ns
0.361£0.04*®  0.25+0.04° ns * ns
9.78+0.80° 13.99+0.80°  * * *

where®>“4Means within a row with different superscripts differ significantly (P < 0.05); * =(P < 0.05); ** = (P < 0.01); *** = (P < 0.001); SL:
significance level; ns = non significant; df= degree of freedom; TN =total nitrogen (%); OM= organic matter (%); OC= organic carbon, P =
available phosphorous (mg/kg soil); K =exchangeable potassium(Cmol (+)/kg; Na = sodium (Cmol (+)/kg); Mg = magnesium (Cmol (+)/kg) soil
ratio, EC = electrical conductivity (mmhos/Cm), CEC = cation exchange capacity (Meq/100g)soil), UC=Under canopy and OC=Outside canopy
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native tree species can potentially cause soil acidification.
However, this result was inconsistent to findings of Kahi et
al. [26] and Tessema and Belay, [32] who obtained higher pH
of soil under canopy than outside canopies in rainfall scarcity
areas, in a semi-arid savanna of Ethiopia. However, Conifers
in general are known for their ability to chemically alter
the environment, specifically by lowering the pH (Bol and
Vroomen2008). Soil pH was also significantly affected by the
interaction of tree species and canopy cover.

Soil electrical conductivity

Electrical conductivity which is important to measure in
soil in order to determine the relative amount of salt in soil
which may have adverse effect on plant growth at a maximum
level was no significant difference (P > 0.05) among the tree
species, as well as the interaction of tree species and canopy
cover (Table 2). However, the electrical conductivity of soil
was significantly influenced by canopy cover of tree species
showing higher EC value under canopy cover than the open
grassland. The result is in agreement with Farley et al. [12],
who reported that soils have frequently been shown to be
more saline with afforestation. Similarly, soil salinization has
been reported worldwide after afforestation was reported by
Berthrong et al. [10].

Soil cation exchange capacity

The cation exchange capacity (CEC) of soil in the study
area was significantly difference (P <0.04) among the tree
species (table 2). The soil CEC content under P. falcatus
species was higher than under J. procera and C. lusitanica
tree species. The soil CEC content was also significantly
influenced by canopy cover of tree species. Relatively higher
CEC content was recorded outside canopy than under the
tree species canopies. An important factor contributing to the
improvement of cation in outside canopy or grassland might
be the higher organic matter contents compared to under
tree canopy. Gao and Chang [43] showed that CEC is highly
correlated with organic matter content of the soil, which is in
turn, is affected by different soil management practices such
as changes in land use. Similarly, Teshome et al. [44] reported
the soil CEC values in agricultural land uses decreased mainly
due to the reduction in organic matter content. Soil cation
exchange capacity was also significantly affected by the
interaction of tree species and canopy cover.

Soil exchangeable Ca, Mg, K and Na contents of the tree
species did not differ significantly ((P > 0.05)). Soil Ca, Mg, K
and Na contents were also not significantly affected by the
interaction of tree species and canopy cover. However, there
was a significant difference in the soil P content among the
tree species evaluated, where higher value was recorded from
P. falcatus than J. proceraand C. lusitanica trees species. This
difference may be explained by the observed difference in
soil pH (Table 2) between the tree species, since pH is known
to influence the status and availability of soil phosphorus
[45,46]. No significant differences between canopies types
were detected in soil Ca, P and Mg contents. But there was a
significant difference in available K and Na between canopies
where higher available K content in the outside canopies than
under canopy areas of the tree species. This result agrees

with the conclusions of Farley et al. [12] and Berthrong et al.
[10] who found that exchangeable cations (K) were lower in
plantations than on grassland soil.

Soil organic matter, organic carbon and total nitrogen

Soil OM, OC, TN contents were significantly affected by
tree species (Table 2). These soil properties showed higher
concentrations under P.falcatus species than J. procera and
C. lusitanica. This might be due to the higher herbaceous
species richness and ground cover under P. falcatus canopies
[46]. Increased herbaceous vegetation ground cover under
P. falcatus may reduce the impact of soil erosion, decreases
run-off and reduced top soil loss which leads to elevated
levels of soil fertility. High biomass yield under P. falcatus
tree increased the residues added to soil surface. Because
these vegetation contributes to the stocking of soil organic
carbon, which is essential for good soil structure and nutrient
availability that supports aboveground productivity. The
herbaceous layer plays a key role in improving soil fertility,
stimulating soil nutrient cycles [48]. Additionally, it might
be also due to different in their litter quality. Different
tree species, through their different properties in terms of
produced litter, released nutrient and chemical composition
of litter, play a substantial role in nutrient cycling [5].

Soil OM, OC and TN contents were significantly affected
by canopy covers (Table 2). The higher percent of the three
soil nutrients were obtained in the open grassland/outside
than under canopy cover. The difference might be related
to the amount and quality of litter between the under the
trees canopies and the open grassland. Similar to the current
study, De Schrijver et al. [9], reported conifer litter decays
more slowly than that of grass and may promote acidification
and a decline in soil fertility. In addition, the difference might
be related to the higher herbaceous vegetation richness and
ground cover which accumulates higher litter biomass and
increases the contents of soil organic matter and protects the
soil from erosion. Consistent with the findings of Tessema
et al. [2], the higher herbaceous cover adds organic matter
and protects the soil from erosion. Also similar to the
present study, evaluated that soils in afforested areas with
Cupressus spp had lower TN and OM compared to grasslands
soils. The present finding was also in agreement with that
of Franzluebbers [49] who reported that soil organic carbon
under grasslands is usually greater than under other land
uses. This is why Pontes [50] point out that prevention of
soil loss due to water and air erosion, maintenance of soil
fertility is a very important non-market value of grasslands.
The low light and moisture availability which slows down the
decomposition rate of litter might be also the factors that
brought lower soil OC, OM and TN contents under the tree
canopies. The amount of OM in soil is the product of diverse
factors over a period of time on the relative rates of return of
organic residues to the soil and their subsequent breakdown
in the soil [51]. The higher growth rates of these conifer tree
species may lead to more drastic changes in soils than the
other a native tree species. The fast growth rates can lead to
higher demand for soil nutrients [52].
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Appendix Table 1: ANOVA for the effects of tree species, canopy cover and their interactions on soil chemical nutrients

Type 1l Sum Mean
Source DF of Squares Square F-value P >F cv
Tree Species
PH 2 0.80543 0.40272 4.05 0.045 4.668
EC (mmhos/Cm) 2 0.00031111 0.00015556 0.01 0.99 28.3274
0OC (%) 2 8.33874444 4.16937222 12.19 0.0013 10.48311
OM (%) 2 25.75914444 12.87957222 13.88 0.0008 9.997448
TN (%) 2 0.06164444 0.03082222 12.36 0.0012 10.38
P (mg/kg soil) 2 12.44981111 6.22490556 4.99 0.0265 21.99682
Ca (Cmol (+)/kg soil) 2 0.48250000 0.24125000 0.21 0.81 13.42149
Mg (Cmol (+)/kg soil) 2 5.69053333 2.84526667 0.79 0.476 6.134145
K (Cmol (+)/kg soil) 2 0.09563333 0.04781667 0.49 0.62 26.57351
Na (Cmol (+)/kg soil) 2 0.01074444 0.00537222 1.01 0.39 23.10253
CEC (Meq/100g soil) 2 15.47167778 7.73583889 4.07 0.0448 11.14204
Canopy Cover (CC)
PH 1 0.81493889 0.81493889 8.19 0.0143 4.668
EC (mmhos/Cm) 1 0.13005000 0.13005000 8.23 0.0141 28.3274
OC (%) 1 2.30408889 2.30408889 6.74 0.234 10.48311
OM (%) 1 7.28347222 7.28347222 7.85 0.016 9.997448
TN (%) 1 0.01742222 0.01742222 6.98 0.0215 10.38
P (mg/kg soil) 1 0.25442222 0.25442222 0.20 0.6597 21.99682
Ca (Cmol (+)/kg soil) 1 0.61235556 0.61235556 0.53 0.48 13.42149
Mg (Cmol (+)/kg soil) 1 11.18645000 11.18645000 3.10 0.104 6.134145
K (Cmol (+)/kg soil) 1 1.33388889 1.33388889 13.72 0.003 26.57351
Na (Cmol (+)/kg soil) 1 0.03645000 0.03645000 6.83 0.023 23.10253
CEC (Meq/100g soil) 1 10.90445000 10.90445000 5.74 0.338 11.14204
TS *CC
PH 2 0.19314444 0.09657222 0.97 0.407 4.668
EC (mmhos/Cm) 2 0.02253333 0.01126667 0.71 0.51 28.3274
0OC (%) 2 4.70047778 2.35023889 6.87 0.0103 10.48311
OM (%) 2 13.35647778 6.67823889 7.2 0.0088 9.997448
TN (%) 2 0.03417778 0.01708889 6.85 0.0104 10.38
P (mg/kg soil) 2 7.64847778 3.82423889 3.06 0841 21.99682
Ca (Cmol (+)/kg soil) 2 0.57401111 0.28700556 0.25 0.784 13.42149
Mg (Cmol (+)/kg soil) 2 4.58440000 2.29220000 0.64 0.55 6.134145
K (Cmol (+)/kg soil) 2 0.33307778 0.16653889 1.71 0.22 26.57351
Na (Cmol (+)/kg soil) 2 0.03243333 0.01621667 3.04 0.086 23.10253
CEC (Meq/100g soil) 2 16.07023333 8.03511667 4.23 0.0408 11.14204
Error
PH 12 1.19453333 0.09954444
EC (mmhos/Cm) 12 0.18973333 0.01581111
OC(%) 12 4.10446667 0.34203889
OM (%) 12 11.13173333 0.92764444
N (%) 12 0.02993333 0.00249444
P (mg/kg soil) 12 14.97746667 1.24812222
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Ca (Cmol (+)/kg soil) 12 13.85753333
Mg (Cmol (+)/kg soil) 12 43.23846667
K (Cmol (+)/kg soil) 12 1.16660000
Na (Cmol (+)/kg soil) 12 0.06400000
CEC (Meq/100g soil) 12 22.80986667

1.15479444
3.60320556
0.09721667
0.00533333
1.90082222

TN = total nitrogen; OM = organic matter; Av. P = available phosphorus; Na = sodium; K = potassium; Ca = calcium; Mg = magnesium; CEC=
cation exchange capacity, EC= electrical conductivity;Df = degree of freedom, CV= coefficient of variation, Pr> F = probability, CC= canopy

cover and TS=tree species.

Summary and Conclusion

In recent times, the realization that coniferous tree
species plantations leads to deterioration in soil quality has
been widely recognized. The negative influence of all tree
species on the soil chemical properties led to decrease in
soil fertility. The present steady revealed that tree species
showed significant effect on the soil chemical properties.
However, the soil chemical nutrients under the canopy of
P. falcatustree had significantly higher than under J. procera
and C. lusitanica tree species, but little differences observed
between J. procera and C. lusitanica tree species. These
results indicate the potential of P. falcatus for maintaining
soil chemical fertility while J. procera and C. lusitanicatree
species affect negatively soil chemical nutrients of the study
area. On the other hand, significantly higher concentrations
of soil chemical nutrients were found outside canopy than
under canopy. This showed that canopy cover of the tree
species was also found to be negatively affected soil chemical
nutrients of the study area. Therefore, proper management of
grassland soil nutrients in open woodland is very crucial under
the rapidly growing human population, changing climate and
global warming. Our finding showed that there is a need for
further understanding of the coniferous tree species and soil
interactions in high altitude open forest ecosystems of Eastern
Oromia, which serve as a home to grassland herbaceous
vegetation. Furthermore, efforts to conserve and manage
forests and grassland should be integrated. Also a further
study of changes in soil chemical properties in the long term
of different coniferous tree species in grassland is needed to
understand ecological consequences of tree plantation and
to promote sustainable management.
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