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EFFECTS OF Eucalyptus camaldulensis Dehnh AND Croton macrostachyus
Del ON SELECTED SOIL CHEMICAL AND PHYSICAL PROPERTIES IN

NITSOILS IN BISHO WATERSHED, SOUTHERN ETHIOPIA

ABSTRACT

In the past, Ethiopia was rich in natural resources. As population pressure increased,
resources have been exploited greatly. In the study area the need to expand cultivated has
led to the removal of well-adapted, nutrient additive indigenous trees. The study was
conducted in Bisho watershed, Southern Ethiopia, to evaluate the Effect of Eucalyptus
camaldunesis Dehnh. and Croton macrostachyus Del. and distance away from tree trunk
on selected soil chemical and physical properties in Nitisols. Soil samples were collected
from four different distances (1, 3, 6, and 10 meters) away from tree trunk. A total of 8
composite soil samples were collected from both Eucalyptus camaldunesis and Croton
macrostachyus stands from the surface (0-20 cm) soil depth and replicated three times.
Except particle size distribution, bulk density, available phosphorus and exchangeable
sodium, all the other soil properties were significantly (P < 0.05) affected by tree species.
All the other soil properties, except particle size distribution, bulk density, available
phosphorus, exchangeable potassium and sodium, all the other soil properties studied
showed significant (P < 0.05) differences due to variations in horizontal distance from
tree trunk of both species. Among soil parameters that were significantly different, except
exchangeable acidity, the mean values of all the other properties were higher in soil
under Croton macrostachyus than Eucalyptus camaldunesis and near the tree trunk than
away from the tree trunk of both trees. The results showed that the quality of the soil
under the indigenous Croton macrostachyus was much better than that under the exotic
Eucalyptus camaldunesis tree. Regardless of the positive influence of the indigenous tree
on most soil properties, the soils are strongly to moderately acidic, low in organic matter
and total nitrogen content, available P, Ca, Mg, Fe and Cu and therefore require
integrated soil fertility management in order to improve crop productivity. The finding of
this study implied that croton macrostachyus significantly improve soil chemical
properties as compared to Eucalyptus camaldunesis.



1. INTRODUCTION

The livelihood of 85% of the Ethiopian population depends on agriculture. There are

more than seven million predominantly subsistence farm families who produce about

90% of the agricultural output such as food crops (cereals, pulses, vegetables and oil

seeds), livestock and coffee (Tilashwork et al., 2012). In the past, Ethiopia was rich in

natural resources. As population pressure increased, resources have been exploited

excessively. The need to expand cultivated land and shortages of fuel biomass has led to

the removal of well-adapted, nutrient additive indigenous trees (Tilashwork et al., 2012).

Cropping areas have expanded into marginal lands, such as steep slopes and mountainous

areas, and fallow periods have been shortened or abandoned (Jouquet et al., 2007).

Despite this expansion, food insecurity remains because agricultural productivity has

been seriously hampered by resource depletion (Tilashwork et al., 2012).

To alleviate the problem, the past emphasis was on introducing early maturing trees

rather than environmentally friendly trees, such as nutrient replenishing, leguminous trees

into agricultural systems in areas where trees can be combined with the production of

crops (Garay et al., 2004). Eucalyptus has been a dominant tree introduced during past

agroforestry efforts. Traditional agroforestry practices in Ethiopia involve tree planting to

meet the demand for fuel wood and construction (Kidanu et al. 2005). In recent years,

single rows of Eucalyptus trees planted along field borders have become a dominant

feature of the central highlands of Ethiopia including Gibe district.

Although quantitative evidence is scanty, there has been a perception that this practice

adversely affects crop productivity (Kidanu et al., 2005). Lane et al. (2004) found in

China that the expansion of Eucalyptus plantations on lands previously used for crops

and occupied by indigenous trees and grass lowers water tables and reduces water

availability for irrigation. Eucalyptus seedlings are vulnerable to severe water stress

unlike the seedlings of indigenous deciduous tree species in Ethiopia (Gindaba et al.,

2004).
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EI-Amin et al. (2001) in Sudan reported that Eucalyptus caused crop yield reduction due

to nutrient depletion and production of toxic exudates (allelochemicals). Finally, nutrients

are exported out from the plantation’s soil system by removing trees for timber sales and

fuel wood (Zerfu, 2002). In general, ecological implications of exotic trees like those that

Eucalyptus trees, which have been used for industrial purpose as well as for agroforestry

are often questioned since their ecology has not been appropriately studied (Bernhard-

Reversat, 1999).

In Ethiopia, Eucalyptus was introduced in 1980s because of the massive deforestation

around Addis Ababa for firewood (Pankhurst, 1961). In the highlands of Ethiopia,

Eucalyptus trees (hereafter referred to as Eucalypts) are commonly integrated  into  the

various  farming  systems  and  their  planting  has  resulted  in  high  economic

profitability  compared  with  agricultural  use  of  land  for  crop  production  (Mulugeta

Lemenih, 2010).

In Ethiopia, Croton macrostachyus grows between 500 and 3400 m (more frequently

between 1100 m and 2700 m) above sea level. The tree occurs in forest margins, along

edges of roads, mostly in moist lowlands, both dry and moist midlands, and highlands

areas of Ethiopia (Azene Bekele et al., 1993; Fichtl and Admassu Adi, 1994; Gilbert,

1995). Croton macrostachyus also occurs as pioneer trees commonly on degraded

mountain slopes, on disturbed areas, in borders of cultivated fields, on waste ground,

along river habitats. Furthermore Croton macrostachyus was the most preferred trees and

predominantly available on agricultural fields and farm boundaries, and as shade-trees for

coffee growing. Croton macrostachyus is employed in soil conservation, suitable for

intercropping and its leaf fall provides mulch and green manure. (Kebebew Wakjira,

2007).

Under the traditional agroforestry system in Ethiopia, Croton macrostachyus is

commonly grown in association with crops. It has significant contribution in traditional

agroforestry system in improving physical and chemical properties of soil and crop yield.

Croton macrostachyus is less vulnerable to drought compared with Eucalypts that is



3

regarded as drought tolerant and grow fairly comparable to the Eucalypts if moisture is

available (Dechasa Jiru, 1999; Gindaba et al., 2004a).

The ongoing expansion of Eucalyptus plantations by farmers have been the focus of two

major debates on the environmental impact and the economic role of the trees. The

former debate is related to soil acidification, nutrient depletion, allelopathic effect and

excessive water utilization of the trees. The later debate focuses on the importance of the

tree because of its fast growth, high biomass production and browsing resistance (Kidanu

et al., 2004). In Ethiopia, where there are huge gaps between demand and supply of wood

as a result of increasing deforestation, the use of fast growing trees which produce large

amount of biomass like Eucalyptus is inevitable. Nonetheless, though this genus is very

important and promising, the associated environmental concerns such as impoverishment

of soil fertility, aggressiveness to ground water and soil acidification are not yet

quantified and evaluated from the sustainable utilization point of view based on Ethiopian

specific site conditions (Zerfu, 2002).

In the study area, Eucalyptus is preferred to other genus due to a number of merits that

address the immediate needs of the farmers. Most farmers describe it as ‘life savior’,

‘safety net,’ or ‘tree bank’ as it is converted easily and quickly to cash whenever needed

(Mulugeta Lemenih, 2010). Even though there has been concern among scientists and

farmers that Eucalyptus trees are affecting ecosystem negatively in the watersheds,

environmental impacts of Eucalyptus trees have been studied only to limited extents in

Ethiopia and eastern Africa. Therefore, the objective of this study was to assess the

effects of Eucalyptus camaldunesis and Croton macrostachyus on selected soil chemical

and physical properties in the study area
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2. LITERATURE REVIEW

2.1. Environmental Effects of Eucalyptus

Soil degradation has become an increasingly serious problem, especially in the tropics

and subtropics, where many soils are inherently poor in nutrients and at high risk of

erosion. The main causes for soil degradation are poor agricultural practices,

deforestation and overgrazing, but also fast growing tree plantations which, when poorly

planned and managed, may lead to soil quality decline. Nevertheless, the impact of tree

plantations upon soil resources has been very much debated and any complete

consolidated view doesn’t exist, partly due to the fact that the impact is much dependent

on variable site and forest conditions (Zewdie, M. 2008). A number of studies indicated

that changes in some soil properties are influenced by tree species (Malik & Fries, 1985;

Poore & Fries, 1985; Lugo et al., 1990; Lemenih et al., 2004; Lemma, 2006).

In recent decades, afforestation of agricultural land has been one of the major changes in

land use in some developing countries (e.g. Brazil, India, and China). Eucalyptus is one

of the fast growing commercially introduced trees in many developing countries.

Previous studies have indicated that Eucalyptus plantations produce both positive and

negative effects on soil physicochemical or microbiological properties over a short term

rotation period of 5-7 years (Pellens and Garay, 1999; Behera and Sahani, 2003; Cao et

al., 2010; Zhang et al., 2010). These results have led to a lack of consensus about the

validity of concerns that Eucalyptus plantations might affect soil fertility. Afforestation

with Eucalyptus has been forbidden in some places on the basis of such changes, whether

merited or not (Brockerhoff et al., 2009). They propose that this lack of consensus might

result from differences in tree species, soil types, site conditions, climate, and the fact that

the effects of Eucalyptus on soil physicochemical and microbiological properties vary

over time due to different factors, including tree requirements, canopy effects,

environmental changes, and allelopathic effects (May and Ash 1990; Zhang et al., 2010).

Species vary widely in their inherent nutrient requirements and use (Cole and Rapp,

1981). Fast growing tree plantations such as Eucalyptus camaldunesis are associated with

a more intense uptake of nutrients from the soil into vegetation compared to slow
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growing forests. Various soil physical characteristics decreased with increasing age; soil

chemical properties, notably organic carbon, total N, P and K decreased as a result of

reforestation with Eucalyptus and further decreased with increasing age. Also plantations

of first and second rotation Hoop pine (Araucaria cunninghamii Aito ex A. Cunn.) on

Typic Durusutalf soil in subtropical Australia showed a declining trend for some soil

basic properties (Chen et al., 2004) with an increased number of cutting cycles. The

content of soil C was significantly higher in first rotation than in the second rotation.

Sheng et al. (2004) reported decreases in soil microbial activity, soil structure, soil

nutrient storage and nutrient availability as the number of cutting cycles increased in

Chinese fir (Cunninghamia lanceolata (Lambert) Hooks) plantations. Further, Turner and

Lambert (2000) observed a decreased soil organic content when they compared

Eucalyptus cultivation with the adjacent native forests in south-eastern Brazil.

Hase and Fölster (1983); Jorgensen and Wells (1986); and Pennington et al., (2001) have

also collected and summarized many data from across the tropics for pines, Eucalyptus

and Leucaena. They reported that the rates of removal were high except for Leucaena,

which enhanced soil fertility.

Pennington et al., (2001) found a significant soil quality change after clear felling and

high intensity burning in Australian Eucalyptus plantations. Soil bulk density increased

from 0.58 Mg m3 to 0.70 Mg m3, while there was a loss of 3850 kg C ha1 and 107 kg ha1

of N. Ghosh et al., (1978) reviewed the literature available on the effect of Eucalyptus

plantations on hydrology and soil properties in a number of countries and came to the

conclusion that in contrast to some suggestions, the benefits of these plantations

outweighed any adverse effects.

2. 2. Effects of Eucalyptus tree on Selected Soil Properties

The uptake of nutrients by plant roots, their incorporation into living tissue, and the

release of nutrients during organic matter decomposition cause nutrients to flow or cycle

within terrestrial ecosystems. Nutrient cycles are biogeochemical processes, because they

are controlled by the physiological activities of soil micro-organisms, and the

geochemical processes in soil that control nutrient supply (Schlesinger, 1991). Nutrient
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cycling and energy flow are inherently linked in such way that the cycling of nutrients is

concomitant to the transfer of energy (in some form) from one compartment to the others.

If an element cycles between the atmosphere and organisms, then the flow primarily is a

biochemical cycle, i.e., internal cycle within organisms system. Both types of chemical

cycles, i.e. biogeochemical and biochemical cycles exchange nutrients through different

input and output fluxes.

Nutrient cycling in forest plantations can be defined as the exchange of elements between

the living and non-living components of an ecosystem. The nutrient cycling process

includes: nutrient uptake and storage in vegetation in perennial tissues, litter production,

litter decomposition, nutrient transformations by soil fauna and flora, nutrient input from

the atmosphere and the weathering of primary minerals, and nutrient export from the site

by harvest, leaching, erosion and gaseous transfers (Johnson, 1994; Heilman and Norby,

1997). These processes are controlled mainly by climate, abiotic (topography, parent

material), and biotic factors (Marker, 2002).

In plants, growth is a function of soil nutrients, climate and neighborhood effects. This

extraction and consumption of soil nutrients varies depending on the developmental

stages of the plant and growing character of the species (fast growing or slow growing).

The extraction of soil nutrients by plants is also influenced by the accessibility of the

nutrients to the plant roots. Different tree species need different amounts of different

nutrients (Cole and Rapp, 1981). Those fast growing and short rotation tree plantations

such as Eucalyptus use large amounts of nutrients from the soil compared to slow

growing species (Heilman and Norby, 1997). Various studies showed that soil physical

properties are influenced by the species and age of the stands. For example, Chen et al.,

(2004) indicated that soil chemical properties, notably organic carbon, total nitrogen,

phosphorus and potassium decreased as a result of reforestation with Eucalyptus and

further decreased with increasing age. In general, monoculture forestry  activities may

affect soil chemical characteristics in different ways: 1) there is nutrient translocation

from the soil to the plant compartments (leaves, twigs, branches and stem, roots), 2) when

the organic litter raked continuously it could have significant effect on soil fertility by

prohibiting nutrient recycling (Zewdie, 2008).
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2. 2.1. The impact on the organic matter

Organic matter is the remains, residues, or waste products of any organism. It is also the

Contaminants derived from living organisms. It includes leaves, urine, perspiration, bugs,

animals, and other environmental debris or organic compounds containing carbon.

According to Science Daily (2001) mature pine plantations keep soil fertile. Soils under

pines have been found to store as much carbon as pasture soils. This suggests that

replacing pasture with pine plantations will not lead to a long-term reduction in soil

carbon or a large net release of carbon to the atmosphere with adverse greenhouse effects.

This indicates that pine plantations have a positive impact on the soil. Science Daily

(2001) also says that pine plantations do not change soil properties and in essence they

improve them for example organic matter seemed to be in abundance in pine plantations

as compared to native Eucalyptus plantations. Science Daily (2001) further suggests that

organic matter levels are marginally higher in the plantation soil. This has important

implications for carbon accounting and carbon credits as it indicates that the long-term

effect of converting land from pasture to pine is neutral. This shows that pine plantations

have a positive impact on the environment as they contribute to the ozone gases. They

also add more organic matter to the soil thus making the soil fertile. However forest

management under pine plantations may have a negative impact on the organic matter

content.

According to Marietta et al. (2004) Herbicide application in plantation forests may affect

soil properties. The organic matter content seems to decrease in plantations where the

forest was treated with herbicides. Another study by Turner and Lambert 2000) in Brazil

showed that the soil organic carbon content was less in Eucalyptus plantations compared

to the adjacent native vegetation site. This implies that some forest management practices

affect the soil organic matter content. In addition to that continuous cultivation can

decrease the organic matter content. Titus and Pereira (2008) gives an example of coffee

plantations where by continuous cultivation decreases the organic matter content. Titus

and Pereira (2008) further say that the organic matter content varies from soil to soil. For

example in cultivated soils it ranges from 1-15%, pit soils it is 90- 100%.
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In tropical soils for example the soil organic matter content is high due to the fact that

decomposition of organic residues is more rapid in warm regions. However, one must

bear in mind that the rich organic matter content in the soils is a result of a slow and

deliberate process, over thousands of years where in the leaf litter, wood wastes, wild

berries, animal droppings, subterranean portions of weeds and shrubs, above ground

tissues, animal tissues got mixed up in the forest floor bed and slowly by the action of

microorganisms converted it into precious organic matter. This indicates that forests are

rich in organic matter content.

The importance of soil organic matter on plants cannot be over-emphasized as it

improves root growth, uptake of minerals, and aid the plant in a host of physiological

activities (Marietta et al., 2004). Moreover, it increases mobilization of nutrients both

major and minor from the soil. It also produces growth promoting substances and higher

nitrogen fixation by bacteria. Furthermore, it enhances formation of soil aggregates and

soil structure, which has a direct bearing on soil aeration. In addition, soil organic matter

enables the production of antibiotics which are essential for keeping in check soil borne

pathogens. Finally, organic matter also influences the soil pH.

2.2.2. Impacts on soil pH

Soil pH is the "acidity" of the soil and is measured by the number of Hydrogen ions

present in the soil solution. It affects the solubility of minerals or nutrients essential for

plant growth (Sawyer, undated). Soils tend to become acidic as a result of decay of

organic matter, ammonium and sulfur fertilizers. Moreover, the combination of carbon

dioxide (CO2) from decomposing organic matter and rain water forming weak organic

acids may change the soil pH. On the other hand, pine plantations are normally associated

with acidic soils and their needle leaves have been found to contribute to acidification of

the soil (Gilman and Watson, 1994). Apart from pine plantations, Ringrose and Neilson

(2005) argue that management of Eucalyptus plantations involving the use of fertilizers

contributes to a significant reduction in soil pH, from 4.5 to 3.6 in the surface soil. The

reduction in soil pH is associated with a highest rate of fertilization. This is indicative of

the fact that management of forest plantations has an effect on the soil pH.
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A study in Ethiopia by Lemenih (2004) showed that sites where Eucalyptus plantations

were grown showed increased soil acidity while the base saturation declined compared to

native vegetation sites and adjacent agricultural lands. According to Lemenih (2004), the

soil pH as well as base saturation exhibited a marked decrease under Eucalyptus

compared to adjacent natural forest and other exotic tree species. By comparing

Eucalyptus to natural forest, Jha and Pande (1984) indicated that the area under

Eucalyptus tended to retain more moisture and to show an increase in pH while Sal

lowered the pH; both available P and total N were lower under Sal compared to

Eucalyptus.

Robson and Abbott (1989) discussed that soils are extremely heterogeneous with large

variations in pH in short distances due to root activity, decomposition of organic matter,

nitrification, etc. The other reason for lower pH in Eucalyptus woodlots could be high

Cation uptake by the tree and removal of cations with the frequent harvest of tree. As

reported by Binkley et al. (1992), intensive management, including frequent harvesting of

high nutrient content above ground biomass can lower the availability of all soil nutrients

and lead to soil acidification. As reported by Pritchett and Fisher (1987) when leaching of

acid soils proceeds over time, the proportion of exchangeable Al3+and H+ ions on clay

and humus increases, whereas the proportion of exchangeable Ca2+, Mg2+and K+

decreases. Lalisa et al. (2010) and Yihenew and Getachew (2013) reported that in

Ethiopian central highlands that soil pH is lower in wood lots or Eucalyptus plantation as

compared to homestead, croplands and grazing lands. Zerfu (2002) also noted that

Eucalyptus globules plantation sites showed high level of active acidity or low pH as

compared to agricultural lands. Rhoades and Binkley (1996) found a reduction in soil pH

from 5.9 to 5.0 after eight years of Eucalyptus saligna cultivation.

Berthrong et al. (2009) indicated that, afforestation with Eucalyptus tree species can

acidify soil - decreasing pH from 6.0 to 5.3. Bohra and Lodhiyal (2010) also indicated

that the soil pH value decreased with the increase in Eucalyptus plantation age. As Farely

et al. (2008) indicated Eucalypts plantation had stronger effect on stream by lowering pH

value by 0.6 units. Leite et al. (2010) showed that short-rotation Eucalyptus caused a

significant decrease in the pH in the different soil layers when compared with pasture
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land

2.2.3. Impacts on bulky density

Closely related to soil porosity is bulky density, which is defined as the density of soil in

loose form, granular, nodular, structure expressed as a ratio of weight to volume. The soil

bulky density is prone to destruction by forest management practices especially where

heavy machinery is used such as in harvesting. Once the bulk density is severely affected

shallow roots may have a problem in extension. However, forest plantations normally do

not have a profound effect on bulky density since they are grown once in decades and

during harvesting precautions to minimize compaction are taken through using one and

the same path.

Some management practices like clear felling and high intensity burning also had

significant impacts on soil quality (Pennington et al., 2004). For example, in Eucalyptus

plantations of Australia, the soil bulk density has increased from 0.58 Mg.m3 to 0.7

Mg.m3 after clear felling and high intensity burning. Ghosh et al. (1978) also showed that

such activities contribute to a loss of 3850 kg C ha-1 and 107 kg N ha-1.

Fekadu et al. (2012) reported for Wondo Gent area in Ethiopia as bulk density didn’t

show significant difference between the different land uses and soil depths with the range

of (0.93-1.07 g cm-3). Again Tilashwork et al. (2012) also found that in Koga irrigation

watershed, soils bulk densities at all depths and distances from Eucalyptus camaldulensis

sand Croton macrostachyus stands are low and ranged from 1.0 to 1.1 g cm-3. The lower

bulk density in crop lands as compared to Eucalyptus plantation also reported by

(Yihenew and Getachew, 2013). As noted by Kimmins (1997), structure, texture, and

porosity of soils, together with their organic matter content, combined together to

determine bulk density of a soil. For good plant growth, bulk densities need to be below

1.4 g cm-3 for clays soils (Miller and Donahue, 1997).

2.3. Impacts on Agricultural Crops

Eucalyptus is water intensive, and reduces water available for other plant species,

effectively out-competing them. This is worse in arid areas where the consequent
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suppression of other plant life, coupled with a high water demand, reduces soil moisture,

preventing the recharge of groundwater, and can reduce local water tables. This is

aggravated by a high transpiration rate indicative of the inefficient use of water. The

introduction of such species with high water demand will destroy the Hydrological

balance and contribute to increasing aridity and eventual desertification.

Eucalyptus is nutrient intensive, which creates deficits for other plant life, a process that

is exacerbated by its low returns in leaf litter to the soil. Thus it does not promote the

building of humus, and by implication, does not contribute to the long-term fertility of the

soil, as other species might resulting in an overall nutrient impoverishment of the soil.

Eucalyptus is toxic, due to allelopathic properties, which serve to reduce not only other

plant life, including crops, by restricting germination of other species. Eucalyptus can

jeopardize the biological productivity, principally of arid regions due to allelopathic

properties. It also has a deleterious effect on other plant life, including crops, by

restricting germination of other species, and is also detrimental to soil micro and macro

fauna (Shiva and Bandyopadhyay, 1985, Cited by Lawbuary).

Various Eucalyptus species can yield allelopathic chemicals which may be effective in

suppressing understory vegetation. This allelopathy was found to be in relation to rainfall

and the soil water balance. Though decay could reduce the allelopathic effects of

substances from Eucalyptus leaves and bark, some inhibitory chemicals remained in the

soil after 5 months (Mayand Ash, 1990).

In other instance, El-Khawas and Shehata reported that, the Eucalyptus trees reduced the

wheat crop germination under field condition. The forestry plantation residue of

Eucalyptus (leaf and branch) suppressed seed germination and early seedling growth of

the dicotyledonous species. They also reported that in a pot experiment, using Zea mays

Cv. Kasan grains sown on soil treated with extracts of Eucalyptus camaldulensis or tap

water found that percentage of germination of maize was reduced and germination was

delayed compared with the control. In addition, Eucalyptus grandis inhibited germination

of lettuce seeds.
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El-Khawas and Shehata (2005) also mentioned that the largest area of the ground surface

beneath Eucalyptus remains completely bare or with very limited vegetation. The result

was explained due the increase of cation exchange capacity and the decrease in both pH

and base saturation. Phenolic acids have been shown to be toxic to germination and, plant

growth processes and activities of many enzymes due to their interference with vital

growth processes and activities of many enzymes and phyto hormones. The

morphological reduction exerted due to the allelopathic potential of Eucalyptus is

accompanied by a reduction in the biochemical parameters of the treated plants. El-

Khawas and Shehata (2005) showed that the total chlorophyll content and consequently

the soluble sugar contents of maize and kidney-bean were reduced due to the application

of Eucalyptus leaf lactates.

Studies conducted in the highlands of Ethiopia have shown reduction in crop growth and

yield when agricultural crops are grown close to Eucalyptus (Jagger and Pender, 2003;

Jiregna Gindaba, 2003; Selamyihun Kidanu et al., 2004, 2005; Tilashwork Chanie et al.,

2013). Eucalyptus have been reported to cause crop loss by outcompeting crops for water

and soil nutrients (Michelsen et al., 1993; Jiregna Gindaba, 2003; Tilashwork Chanie et

al., 2013), through shading (Tilashwork Chanie et al., 2013) and producing

allelochemicals (Lisanework and Michelsen, 1993; Ahmed et al., 2008).

2.4. Croton macrostachyus and Soil Properties

Croton macrostachyus is a valuable indigenous tree of Ethiopia. It has significant

contribution in traditional agro forestry system in improving physical and chemical

properties of soil and crop yield (Jiregna Gindaba, 1997; Yeshanew Ashagrie et al., 1998;

Dechasa Jiru, 1999).

The tree is also recommended for planting in soil and water conservation measures

(Azene Bekele et al., 1993; Gilbert, 1995). Croton macrostachyus prevents soil erosion

and environmental degradation through its canopy that holds the water for some time and

drop it slowly. As the proportion of the canopy increases, water infiltration increases and

surface runoff decreases resulting in more water in the soil. The result is increased water

availability and greater volume and discharge to springs, and decreases the effective
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length of the dry season similar to other indigenous tree species such as Podocarpus

falcatus (Thumb) Mirb and Ficus spp. (Legesse Negash, 1995).

Croton macrostachyusis is a very competitive and densely canopied dry deciduous plant.

It rapidly grows and establishes although the species may acquire little additional weight

under high stresses (Jiregna Gindaba et al., 2004). It is known for its high litter

production and rapid decomposition after a period of leaf shedding due to drought

(Gilbert, 1995; Jiregna Gindaba, 1997; Yeshanew Ashagrie et al., 1998; Dechasa Jiru,

1999). A field study revealed that Croton macrostachyus litter underwent more rapid

mass loss and nutrient release than the leguminous Milletia ferruginea (Hochst.) Baker

(Jiregna Gindaba et al., 2004). This fast litter decomposition rate enriches the soil by

releasing nutrients that had been sequestered in the leaves. In line with this, Yeshanew

Ashagrie et al., (1998) had reported that the concentrations of available phosphorus,

cation exchange capacity, exchangeable cations (Mg, Ca, K, and Na), soil organic carbon

and total nitrogen were higher in the soil samples under the canopy of Croton

macrostachyus than at a distance of 8 m from the tree canopy.

Croton macrostachyus has been used in traditional agroforestry systems in southwest,

west, northwest, and central parts of Ethiopia (Yeshanew Ashagrie et al., 1998). Dechasa

Jiru (1999) reported increased yield of finger millet by 15% under the canopy of the tree

than at15 m away from the tree canopy. Yeshanew Ashagrie et al. (1998) also noted the

decreased maize yield as distance from the Crotonmacrostachyus tree canopy increases

compared to the yield obtained under the tree canopy. Similarly, interviewed farmers in

Wollega, west Shoa, Jimma, and Iluababor zones emphasized the valuable feature of this

species in increasing the yield of some crops. Farmers in these regions maintain

Crotonmacrostachyus trees on their farmlands in association with annual and perennial

crops, such as maize (Zea mays L.), sorghum (Sorghum bicolour (L.) Moench S.L.),

shade loving cash crops such as coffee (Coffea arabica L.), and different spices

(Kebebew Wakjira, 2007).
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3. MATERIAL AND METHODS

3.1. Description of the Study Area

3.1.1. Location

The study was conducted at Gibe district, located in Hadiya zone of the Southern Nation

Nationalities and Regional State, Ethiopia figure 1). It is situated at about 260 km south

of Addis Ababa and 30 km south west of Hosana town. Geographically, it lies at 7° 37ʹ

53"-7o 42' 43" N and 37° 37ʹ 07" - 37o 44' 25" E. The altitude of the study area ranges

from 980 to 2350 meters above sea level.

Figure1.Locationmap of the study area SNNPR in Ethiopia (A), Hadiya zone in SNNPR

(B), Gibe district in Hadiya zone(C) and specific study area in Gibe District (D)
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3.1.2. Climate

According to the local agro-climatic classifications, the study area has a Kola,

Woynadega and Dega climatic characteristics. According to records of metrological data

(2004-2013) the mean annual rainfall ranges from 600 to 1200mm. The rainfall is

bimodal, which is locally called belg and meher. Belg starts in March and ends in May

whereas Meher starts in June and ends in August. The mean annual temperature ranges

from 12.6 0C to 25 0C. The metrological data were collected from Hosanna

Meteorological station. The season June-August or September is the coldest season while

February-March is the driest months.

Figure2. Mean monthly rainfall, monthly minimum (Tmin) and maximum (Tmx)
temperatures of the study area for the years 2004 to 2013.

3.1.3. Soils of the Study Area

The dominant soil type of the study area has not been fully surveyed and studied. The woredal

bureau of Water and Mines Resources found the area associated with pre Cambrian rocks.

According to field observation and general visual reconnaissance survey the soil of the area were

red in color and deep. Litisols are deep, well-drained, red, tropical soils. They are generally

considered fertile soils. Besides, they are stable soils with favorable physical properties (FAO

2001).
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3.1.4. Land Use and Land Cover

The area coverage of the land use system indicates that 69.8% is cultivated land, 14.5% is

forest land, 8.4% is grazing lands and 7.3% is others. The main annual crops grown in the

study area under rain fed system are Wheat (Triticum aestivum),Barley (Hordium vulgar),

Maze (Zea mays L.), Tef (Eragrostis tef) and Sorgam (Sorghum bicolor L.) and among the

woody plants the dominant once are Eucalyptus species such as Eucalyptus camaldunesis

locally known as ‘Key Bahrzaf’ and Eucalyptus globules locally known as ‘Nech Bahrzaf.

The lower altitude part of the study area is more covered with Eucalyptus camaldulensis

while the upper part of the area is covered with Eucalyptus globulus because locally

woynadaga is suitable for Eucalyptus camaldulensis. Other indigenous woody plants in the

bisho watershed are Cordia africana, Ficus vasta, Acacia albida (Delile) Podocarpus

gracilior (Pilg), and Croton macrostachyus. The cash crops in the bisho watershed are

coffee (Coffea arabica), and khat (Catha edulis)

3.2. Site Selection and Soil Sampling

Field observation and general visual reconnaissance survey of the area was carried out to

determine as to which specific areas should be selected as representative sites of the study

area. Farmers of the sampled area were interviewed to know the ages of trees. Three

Eucalyptus camaldulensis trees aged more than twenty year old was selected randomly

with in watershed. Also three Croton macrostachyus trees that were aged more than

twenty years old selected to compare the effect of Eucalyptus with commonly grown

indigenous trees.

Both disturbed and undisturbed soil samples were collected by using augur and core

sampler respectively. A total of 96 samples were collected from 1 m, 3 m, 6 m, and 10 m

horizontal distances from tree trunk with in respective canopy at vertical depth of 0-20

cm from Eucalyptus camaldulensis and Croton macrostachyus trees from North, South,

West and East directions to make 48 sub composite samples. Finally 4 composite samples

were taken from Eucalyptus camaldulensis from 1 m, 3 m, 6 m, and 10 m horizontal

distances from tree trunk at vertical depth of 0-20 cm from North, South, West and East

directions.  Following the same procedures 4 composite soil samples were taken from
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Croton macrostachyus trees from 1 m, 3 m, 6 m, and 10 m horizontal distances at vertical

depth of 0-20 cm from North, South, West and East directions. In general 8 composite

soil samples were taken for both trees with three replications

3.3. Soil Sample Preparation and Laboratory Analysis

The soil samples were air-dried and ground to pass through 2 mm sieve. After sample

preparation the soil was analyzed in the Wolkite soil testing laboratory which is found in

southern Ethiopia. Selected physical and chemical properties of the soils were determined

in the Wolkite soil testing laboratory, include: The particle size distribution of the soils

was analyzed according to the procedure outlined by FAO (1984) with using of the

hydrometer method. The bulk density (BD) of the soil was estimated from undisturbed soil

samples which were collected by using a core sampler following the procedures used by

Blake (1965).

Measurement of soil pH was done using pH meter in the supernatant suspension of 1:2.5

soils to water ratio. Organic carbon of the soils was determined following the wet

digestion method as described by Walkley and Black (1934), while percentage organic

matter of the soils was determined by multiplying the percent organic carbon value by

1.724.  Available phosphorus was determined using the standard Olsen extraction method

(Olsen et al., 1954). Total nitrogen was determined titrimetrically following the Kjeldahl

method as described by Jackson (1958). Exchangeable acidity was determined by

saturating the soil samples with potassium chloride (1M KCl) solution and titrated with

0.02 NaOH as described by Roweell (1994).

The cation exchange capacity (CEC) and exchangeable bases were extracted by 1M

ammonium acetate pH 7 method (L.P. Van Reeuwij, 1993). In the extract,

exchangeable Ca and Mg were determined by atomic absorption spectrophotometer

(AAS) and exchangeable K and Na by flame photometer, whereas CEC w a s

determined from the displaced ammonium through distillation followed by titration.

Micronutrients (Fe, Mn, Zn and Cu) of the soil were extracted by diethylene triamine

pentaacitic acid (DTPA) method as described in Tan K. H. (1996) and determined using

AAS at their respective wavelength (Fe=248.3, Mn=279.5, Cu=324.8 and Zn=219.9).
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3.4. Statistical Analysis

The selected soil parameters measured on sample collected from under the trees were

subjected to analysis of variance (ANOVA) following the general Linear Model (GLM)

procedure of the statistical analysis system (SAS Institute, 1996). Mean values for the

trees were separated using Duncan’s Multiple Range Test.
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4. RESULTS AND DISCUSSION

4.1 Soil Physical Properties

4.1.1. Particle Size Distribution

The analysis of variance computed for the particle size distribution revealed that the

effect of the two trees was not significant (P > 0.05) (Appendix Table 2). As a result of

this, the soil textural class of soils collected from under the two trees is sandy clay loam

(Table 1). Nevertheless, slightly higher sand and silt content is recorded in soils from

under, Eucalyptus camaldulensis canopy as compared to that soils under Croton

macrostachyus canopy. On the other hand, the mean clay content is slightly higher under

Croton macrostachyus as compared to that under Eucalyptus camaldulensis. The reason is

that removal of finer particles by water erosion is higher under Eucalyptus camaldulensis.

Similarly, under both trees, particle size distribution was not affected significantly (P >

0.05) by distance from the tree trunk (Appendix Table 2). Accordingly, the textural class

at all distances is sandy clay loam (Table 2).

Table1. Effects of tree species on particle size distribution and bulk density of 0-20 cm
soil depth

Tree species
Particle size distribution (%) Textural

class
BD (g/cm3)

Sand Clay Silt
E. camaldunesis 53.91 26.08 20.00 SCL 1.04
C. macrostachyus 53.16 27.25 19.58 SCL 1.02

LSD (5%) ns ns ns ns
CV (%) 1.79 5.11 4.97 6.03

4.1.2. Bulk Density

Similar to the results obtained for particle size distribution, bulk density was also not

significantly (P > 0.05) affected by both trees and horizontal distance from the tree trunks

(Appendix Table 2). In line with this Birru et al. (2013) found that in Mecha district, West

Gojam Zone soil under Eucalyptus woodlots and land use changed from Eucalyptus to

cropland had similar bulk density. Fekadu et al. (2012) who reported similar results for

Wondo Gent area in Ethiopia as bulk density didn’t show significant difference between
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the different land uses and soil depths. Furthermore, Tilashwork et al. (2012) found that in

Koga irrigation watershed, soils bulk densities at all depths and distances from Eucalyptus

camaldulensis and Croton macrostachyus trees were low and ranged from 1.0 to 1.1 g/

cm3).

The bulk density values recorded in soils under both trees and at different distances from

the tree trunks were in the ranges that do not cause restriction to plant root penetration

(Jones, 1983).

Table 2. Effects of distance from tree trunk of two trees on particle size distribution and
bulk density

Tree species
Distance

(m)
BD (g cm-3 Particle size distribution (%) Textural

classSand Clay Silt

Eucalyptus
camaldulensis

1 1.00 54.3 26.0 19.6 SCL
3 1.06 54.3 26.3 20.3 SCL

6 1.04 54.0 26.0 20.0 SCL

10 1.04 54.0 26.0 20.0 SCL

LSD (5%) Ns ns ns ns

CV (%) 4.46 2.21 6.45 5.95

Croton
macrostachyus

1 0.99 53.33 26.66 20.0 SCL

3 1.08 53.33 27.66 19.0 SCL

6 1.04 52.33 28.00 19.6 SCL

10 1.01 53.66 26.66 19.6 SCL

LSD (5%) Ns ns ns ns

CV (%) 7.67 1.43 2.59 3.29

4.2. Soil Chemical Properties

4.2.1. Soil pH

The soil pH was significantly affected (P < 0.05) by the two trees (Appendix Table 2).

Accordingly, the mean pH value of soil collected from under Croton macrostachyus

canopy was higher than the pH of soil collected from under Eucalyptus camaldulensis

canopy (Table 3). This indicates that Eucalyptus has more acidification potential than the

Croton. The deep root system of the Eucalyptus might have enhanced leaching losses of

basic cations as a result of rapid movement of water through the channels created by the
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pore system (deep penetration of Eucalyptus roots which might have created some

channels). In line with this, Gilman and Watson (1994) pointed out that pine plantations

are normally associated with acidic soils and their needle leaves have been found to

contribute to acidification of the soil because of their low content of basic cations.

Furthermore, Costa et al. (1984) found smaller net negative charges in an Oxisol under

Eucalyptus than under native forest in the region of Viçosa, Minas Gerais. In both cases

the driving force for such changes was most likely the decrease in SOM. According to

Lemenih (2004), the soil pH as well as base saturation exhibited a marked decrease under

Eucalyptus compared to adjacent natural forest and other exotic tree species. Zerfu et al.

(2003) reported in the highland of Ethiopia the mean pH value for soil under Croton

macrostachys was found to be 5.0 while 4.8 for Eucalyptus camaldulensis site.

Furthermore, the pH of the soil was also significantly affected by horizontal distance

from the trunks of both trees (Appendix Table 2). The mean pH values, under both trees,

indicate that the soil near the tree trunk was more acidic than that found at 6 and 10

meters away from the trees (Table 4). This indicates that the combined effect of organic

acids produced by the roots and leaching associated with deep root system around

rhizosphere acidifies the soil and this effect decreases with distance away from the trees.

Based on ratings suggested by Tekalign (1991), the pH of the soil, across both trees and

horizontal distance from tree trunk, was within the range of strongly to moderately acidic.

The strongly acidic reactions were recorded near (1 and 3 meters) the Eucalyptus

camadulensis tree signifying the strong acidifying effect of this genus.

4.2.2. Organic matter and total nitrogen

The mean value of soil organic matter indicated that there was a significant (P < 0.05)

difference between the two trees. The Eucalyptus camaldulensis had significantly lower

mean SOM than Croton macrostachyu (Table3). The lower organic matter content under

Eucalyptus could be related to low organic input from the tree itself and absence of any

other undergrowth due to its known allelopathic effect on other plants or stunted growth

of other plants which results in low biomass addition to the soil. In line with this, Shiva
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and Banyopadhyay (1985) pointed out that, through its ability to restrict germination and

growth of other plants and detrimental effect on micro and macro fauna, Eucalyptus can

result in low organic matter than expected. Further, Turner and Lambert, (2000) observed

a decreased soil organic content when they compared Eucalyptus cultivation with the

adjacent native forests in south-eastern Brazil. Behera and Sahani (2003) reported lower

microbial biomass C, N and basal respiration in soils from Eucalyptus plantation

(presumed to contain high amounts of polyphenols and other secondary metabolites)

compared to that from a regeneration forest.

Croton Macrostachyus, on the other hand, is known for its high litter production through

leaf shedding during particularly dry periods (Gilbert, 1995; Jiregna, 1997; Yeshanew et

al., 1998; Dechasa, 1999). Furthermore, it ability to fix nitrogen may create favorable

environmental conditions for the growth of other plants and microorganisms around its

rhizospher. This may result in the production of relatively more biomass that will

improve organic matter level of the soil. Similar to the findings of this study, Yeshanew

et al. (1998) reported higher organic matter content in soils under the canopy of Croton

macrostachyus than a distance of some 8 meters away from the tree canopy.

Organic matter content was also significantly (P < 0.05) affected by horizontal distance

from the tree trunk. Under both trees, organic matter content decreased with distance

away from the trunk (Table 4). As a result, the lowest mean organic matter content was

recorded at 10 meters distance away from the trunk of both trees. This confirms the

presence of higher litter production around the tree trunk as compared to farthest

distances. Belay et al. (2014) reported that the variation in organic carbon with distance

away from the tree canopy was quite logical as the higher contents of organic carbon

under the tree canopies were due to the leaf litter fall and decomposition of dead roots

from the tree.

As per rating suggested by Landon (2014), the organic matter of the soils, under tree

species and across distances, was in the range of low.
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Table 3. Effects of tree species on pH, organic matter, total nitrogen and available
phosphorus content

Tree species pH OM (%) TN (%)
Available P (mg

kg-1)
Eucalyptus camaldunesis 5.36b 3.78b 0.19b 2.42
Croton macrostachyus 5.73a 4.42a 0.23a 2.43
LSD (5%) 0.07 0.04 0.02 Ns
CV 1.60 11.35 8.73 4.56

Values in a column with the same letter are not significantly (P < 0.05) different from
each other.

The mean total nitrogen contents of soils under the two trees were significantly (P < 0.05)

different from each other (Appendix Table 2). The mean total nitrogen recorded under

Eucalyptus camaldulensis was lower than the mean value under Croton macrostachyus

(Table 3). The higher total nitrogen under the Croton could be related to the higher

organic matter content recorded under the canopy of this tree as compared to that under

Eucalyptus. Furthermore, Eucalyptus is not a nitrogen fixing tree (El-Amin, 2006). Kindu

(2007) also reported lower total nitrogen content under Eucalyptus globules as compared

to other trees and attributed this to the poor decomposability (higher lignin and soluble

polyphenols) of Eucalyptus litter. Behera and Sahani (2003) also reported lower N in

soils from Eucalyptus plantation compared to that from a regeneration forest. Chen et al.

(2004) indicated that soil chemical properties, notably organic carbon, total nitrogen,

phosphorus and potassium decreased as a result of reforestation with Eucalyptus and

further decreased with increasing age.

On the other hand, Gindaba et al. (2004) reported higher nitrogen content under Croton

macrostachyus and ascribed this to absorption of N from subsoil and its subsequent

deposition into the surface soil through large quantity of leaf and root litter.

Total nitrogen content was significantly (P < 0.05) affected by horizontal distance away

from the trunk of both trees (Appendix Table 2). In both cases, total nitrogen content

decreased with distance away from the trunk (Table 4). In line with this, Tilashwork et al.

(2012) demonstrated that total (TN) decreased with distance from Eucalyptus trees

whereby near the Eucalyptus stand the TN was significantly larger (P ≤0.01) than the
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average TN of the field and the nitrogen content declined with increasing distance up to 5

m away from the tree.

As per ratings suggested by Landon (2014), the total nitrogen content of the soils, both

under trees and across distances, falls in the range of medium, which clearly indicates the

positive contribution, regardless of trees, plants have in improving the organic matter

content and, thus, total nitrogen level of soils.

Table 4. Effects of horizontal distance from tree trunk of two trees on soil pH, organic
matter, total nitrogen and available phosphorus content

Tree species Distance (m) pH OM (%) TN (%) Available P
(mgkg-1)

Eucalyptus
camaldulensis

1 5.15c 4.24a 0.21a 2.48
3 5.23c 4.06a 0.20a 2.46
6 5.43b 3.63ba 0.18ba 2.39
10 5.65a 3.19b 0.16b 2.39
LSD (5%) 0.09 0.63 0.03 Ns
CV (%) 0.87 8.90 9.02 3.22

Croton
macrostachyus

1 5.36b 5.58a 0.28a 2.47
3 5.77a 4.76ba 0.24a 2.43
6 5.85a 3.84b 0.19b 2.42
10 5.97a 3.82b 0.19b 2.37
LSD (5%) 0.223 1.025 0.0498 Ns
CV (%) 2.06 12.08 11.75 4.56

Means within a column followed by the same letter are not significantly (P  0.05)
different from each other; ns = non-significant.

4.2.3. Available phosphorous

Unlike organic matter and total nitrogen, available phosphorus content of soils under the

two trees on one hand and along horizontal distance from tree trunk on other was not

statistically (P  0.05) different from each other (Appendix Table 2). Under both tree, its

mean value decreased consistently with distance away from the tree canopy (Table 4).

This shows the positive contribution soil organic matter has on available P content of

soils, which through mineralization releases inorganic P. On the other hand, the relatively

better available P level in soils under Croton macrostachyus indicates the easily

decomposable nature of litter from this tree and subsequent release of P.
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The difference in nutrient requirement of the two trees can also be another reason. Most

Eucalyptus trees are known for utilizing high amount of resources to fulfill the demand

for their fast growth rates (Malik and Sharma, 1990). Another possible reason for low

available P under Eucalyptus camaldunesis could be due to the lower pH conditions

under Eucalyptus camaldunesis stand (5.36) than Croton macrostachyus stand (5.73)

(Table 2). Under acid conditions, phosphorus is precipitated as Fe or Al phosphates of

low solubility (Tisdale et al., 2002), whereby maximum availability of phosphorus

generally occurs in a pH range of 6.0 to 7.0. In a study by Lugo (1992) highest nutrient

concentrations (N, P and K) in litter fall were generally found in broad leaves.

As per rating suggested by Landon (2014), the available P content of the soils, under

trees and across distance from tree trunk, was in the range of low in which case response

to fertilizer application is likely. The strongly to moderately acid reaction of the soils

might have resulted in precipitation of the available P by the highly soluble Al and Fe in

the indicated pH range.

4.2.4. Exchangeable bases and base saturation

Except exchangeable Na+, all the other exchangeable bases were affected significantly (P

< 0.05) (Appendix Table 2) by both trees. Accordingly, with the exception of

exchangeable Na+, all the other exchangeable bases in soil under Croton macrostachyus

were significantly greater than those in soils obtained under Eucalyptus camaldunesis

(Table 5). This might be related to the relatively higher clay and organic matter content in

soils under Croton macrostachyus, which increase the surface charges for adsorption of

cations. Furthermore, the high litter produced by Croton macrostachyus, through

decomposition, can release these exchangeable bases which are then adsorbed on the

exchange complexes of these colloids. In consent with the findings with this study, Leite

et al. (2010) reported higher exchangeable Ca2+, Mg2+, and K+ in soils under Eucalyptus

plantation as compared to native forest areas. Silava et al. (2004) also reported that

indigenous species had higher exchangeable Ca2+ and Mg2+ than exotic species including

Eucalyptus.
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The exchangeable bases were also differently affected by horizontal distance away from

the trunk of both trees in which case only exchangeable Ca+2 and Mg+2 were significantly

(P < 0.05) affected under Eucalyptus camaldunesis and Ca+2 and K+ were affected under

Croton macrostachyus (Appendix Table 2). In general, the level of exchangeable bases

decreases with distance away from tree trunk of both trees (Table 6), which clearly

indicates the positive contribution of the organic matter from the litter of these trees and

also increased cation adsorption capacity of soil emanating from colloidal nature of both

organic matter and clay. Improvement of soil nutrients in the upper soil depths and close

to the tree stems has been reported to various tree and shrub species (Abebe et al., 2001,

Ashagrie et al., 1999, Gindaba et al., 2005, Hailu et al., 2000).

Nevertheless, based on rating suggested by FAO (2006), the exchangeable Ca2+ and Mg2+

were low to medium, while K+ was medium and Na+ low in soils under both trees. This

might be related to the strongly to moderately acidic reaction of the soils. This is

demonstrated by the low base saturation under trees and also as a function of distance.

As per rating suggested by Metson (1961), the base saturation of the soils ranges between

very low to low and indicates that the soils are strongly to very strongly leach.

Table 5. Effects of trees on exchangeable bases, cation exchange capacity, exchangeable
acidity and base saturation of surface soil (0–20 cm)

Exchangeable bases, CEC and exchangeable acidity (Cmol(+)kg-1)
Tree species Ca Mg K Na CEC Ex. A PBS
E. camaldulensis 2.18b 0.91b 0.49b 0.13a 13.64b 0.64a 13
C. macrostachyus 4.20a 1.46a 0.58a 0.13a 22.30a 0.30b 22
LSD (5%) 0.42 0.19 0.05 ns 0.61 0.02
CV (%) 15.07 18.73 11.11 4.40 2.44 7.01

4.2.5. Cation exchanging capacity (CEC) and exchangeable acidity

Both cation exchange capacity and exchangeable acidity were significantly (P < 0.05)

different under the two trees (Appendix Table 2). The mean CEC under Croton

macrostachyus was significantly higher than that under Eucalyptus camaldulensis (Table

5). The reason for the observed differences might be attributed to the greater organic
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matter and clay content, and higher pH recorded in the soil under Croton macrostachyus.

The CEC of a soil is strongly related with the organic matter content of a soil (Brady and

Weil, 2002).

On the other hand, the exchangeable acidity of the soil under Eucalyptus camaldulensis

was significantly greater than that under Croton macrostachyus. This might be related to

eroding influence of rain water, which penetrates much faster through the open canopy of

the Eucalypt camaldulensis. Due to this there is removal of bases by leaching and erosion

under Eucalyptus tree, which leaves the more resistant cation such as iron and aluminum.

In support of this finding, Leite et al. (2010) in the Rio Doce Valley, state of Minas

Gerais in Brazil reported that the Al3+ content in the Eucalyptus areas increased in

comparison to the pasture and as a consequence, the Ca2+/Al3+ ratio was lower.

Furthermore, the high acidity in Eucalyptus forests is also attributed to the fact that

Eucalyptus leaves have phenolic acids, tannin and flavonoids (Zewdie, 2008). Lemenih

(2004) showed that sites where Eucalyptus was grown showed increased soil acidity

while the base saturation declined as compared to native vegetation sites and adjacent

agricultural lands. Muluneh (2011) also revealed that Eucalyptus camaldulensis, like

other fast growing trees, can reduce soil nutrient contents and increase soil acidity.
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Table 6. Effects of horizontal distance from tree trunk of two trees on exchangeable bases, cation exchange capacity,
exchangeable acidity and base saturation of the surface soil

Tree species Distance (m)
Exchangeable bases, CEC and exchangeable acidity (Cmol(+)kg-1)

PB
S

Ca Mg K Na CEC Ex. A

Eucalyptus
camaldulensis

1 2.65a 1.38a 0.51 0.14a 16.79a 0.79a 16
3 2.45a 0.85b 0.49 0.13a 14.66ba 0.66b 14
6 1.89b 0.76b 0.49 0.12a 12.64b 0.64b 12
10 1.73b 0.66b 0.48 0.11a 11.47ba 0.47c 11
LSD (5%) 0.22 0.36 ns ns 1.14 0.04
CV (%) 5.54 21.14 14.20 12.36 2.17 3.72

Croton
macrostachyus

1 5.30a 1.81 0.70a 0.15 26.40a 0.40a 26
3 4.80ba 1.60 0.66a 0.13 24.28a 0.28b 24
6 3.76bc 1.27 0.48b 0.13 19.26a 0.26b 19
10 2.93c 1.15 0.42b 0.12 17.27b 0.27b 17
LSD (5%) 1.25 Ns 0.07 ns 1.67 0.07
CV (%) 15.86 29.19 6.58 12.54 3.01 13.52

Means with the same letter are not significantly different at P ≤ 0.05.
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Both CEC and exchangeable acidity were also significantly different due to distance

away from the trunk of both trees (Appendix Table 2). In general, both parameters

decreased consistently with distance away from trunk of both trees (Table 6).

4.2.6. Micronutrients

The amount of micronutrient (Fe, Mn, Cu, and Zn) in the soil under Eucalyptus

camaldunesis tree was significantly different as compared with the croton macrostachus

tree (Appendix Table 2 and Table 7). The decrease in the micronutrient (Fe, Mn, Cu, and

Zn) under Eucalyptus camaldunesis stand could be due to the lower addition of organic

matter soil under Eucalyptus camaldunesis. Teshome et al. (2013) in Abobo area,

western Ethiopia, reported that the availability of micronutrients was enhanced

significantly with increase in organic matter and associated this with the role of organic

matter in improving soil structure and aeration, protection of micronutrients from

oxidation and precipitation into unavailable forms and supply of soluble chelating agents

which increase the solubility of micronutrient contents. The available micronutrients

were found to increase with increase in CEC of soils due to more availability of exchange

sites on soil colloids (Kumar and Babel, 2011).

Table 7. Effects of trees on selected extractable micronutrients

Tree species
Extractable micronutrients (mg kg-1)

Fe Mn Cu Zn
Eucalyptus camaldunesis 2.09b 2.90b 0.62b 1.10b

Croton macrostachyus 2.70a 3.41a 0.84a 1.38a

LSD (5%) 0.35 0.39 0.11 0.17
CV (%) 16.65 14.14 17.82 14.64

The contents of soil micronutrients also showed significant difference (P<0.05) with

horizontal distance from tree trunk (Appendix Table 2). Generally, the extractable

micronutrients near the trunk were higher than those away from the trunk (Table 8). The

reason could be related to the higher organic matter inputs near to tree trunk.
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Table 8. Effect of horizontal distance from trunk of two trees on selected extractable
micronutrients

Tree species Distance (m)
Extractable micronutrients (mg kg-1)

Fe Mn Cu Zn

Eucalyptus
camaldulensis

1 3.60a 3.78a 0.95a 1.42a

3 1.96b 3.31a 0.66b 1.17ba

6 1.58b 2.36b 0.44cb 1.13ba

10 1.24b 2.15b 0.35c 0.95b

LSD (5%) 1.02 0.71 0.25 0.28

CV (%) 26.01 13.07 22.06 13.01

Croton
macrostachyus

1 4.03a 3.78a 1.05a 1.86a

3 3.24a 3.74a 0.90ba 1.53ba

6 2.24b 3.54a 0.83ba 1.39ba

10 1.61b 2.57b 0.72b 1.26b

LSD (5%) 0.95 0.87 0.23 0.55

CV (%) 18.12 13.67 14.27 19.34

Means with the same letter are not significantly different at P ≤ 0.05.

As per rating suggested by Jones (2003), the extractable Fe was in the range of low to

medium; Mn was medium; copper was low and Zn was medium to high. This suggests

that the soils may require application of Fe and Cu containing fertilizers and the litter

from either tree did not supply these micronutrients in adequate quantity.
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5. SUMMARY AND CONCLUSIONS

In the past, Ethiopia was rich in native nutrient additive indigenous trees. As population

pressure increased, resources have been exploited markedly. The need to expand

cultivated land and shortages of fuel biomass has led to the removal of well-adapted,

nutrient additive indigenous trees. To answer the problem of wood shortage for

construction and fuel in Ethiopia, the past emphasis was on introducing fast growing tree

species (Eucalyptus) rather than environmentally friendly tree species (Croton

macrostachyus).

Croton macrostachyus play a great role in maintaining soil nutrients as compared to

Eucalyptus camaldunesis. This could be associated with the high rate of nutrient uptake

by Eucalyptus camaldunesis as a result of its fast growing nature. Croton macrostachyus

is a valuable indigenous tree of Ethiopia. It has significant contribution in traditional agro

forestry system in improving physical and chemical properties of soil and crop yield.

The study was conducted in Bisho watershed, Southern Ethiopia. In recent years, in the

study area different native trees (Cordia africana, Ficus vasta, and Croton macrostachyu)

were replaced by Eucalyptus trees. Most farmers have been planting this tree on crop

farms without considering different impacts on soil physical and chemical properties. The

study was, therefore, conducted to assess the effects of Eucalyptus camaldunesis and

Croton macrostachyus on selected soil chemical and physical properties.

The study indicated that Eucalyptus camaldunesis and Croton macrostachyus had

significant influence on soil chemical properties. Some chemical properties were

significantly lowered soils under Eucalyptus camaldunesis canopy as compared to soils

under canopy of Croton macrostachyus. For instance, soil pH, organic matter (OM), total

nitrogen (TN), cation exchange capacity (CEC), exchangeable bases (Ca, Mg and K) and

micronutrients of Croton macrostachyus was significantly higher than the soil under

Eucalyptus camaldunesis. On the other hand, the results of the study revealed that

exchangeable acidity of soil under Croton macrostachyus stand was significantly (P <

0.05) lower than the Eucalyptus camaldunesis. However, significant differences were not
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observed between trees in available P, exchangeable sodium, bulk density and soil

texture.

From the study, it could be concluded that the Croton macrostachyus had significant role

in maintaining soil chemical properties as compare to Eucalyptus camaldunesis. The

result of this study also revealed that the effects of trees on selected soil properties

decrease with distance away from the canopy albeit the effect on the nearby soil was

more pronounced under Eucalyptus camaldunesis than under Croton macrostachyus.

The finding of this study implied that Croton macrostachyus improve sustainable and

efficient crop production, because it improves soil physicochemical properties.

Eucalyptus camaldunesis is economically viable but, environmentally affect some soil

chemical properties. Croton macrostachyus has significant contribution in traditional

agro forestry system in improving physical and chemical properties of soil and crop yield.

Thus, selection of tree species improves productivity of soil. Further detailed study

should involving different indigenous trees and Eucalyptus, to be conducted to make

comprehensive conclusions and recommendation of suitable agro-forestry trees.
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Appendix table1 A ten years (2004-2013) monthly total rain fall (mm) and mean annual minimum and maximum
average temperature of the study area and its surrounding

Rainfall
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
2004 96.8 19.4 90.6 176.2 82 123.4 133.6 152.3 182.1 74.8 17.3 14
2005 31.5 18.8 177.8 162.1 197.2 64.6 160.1 94.9 162.6 37.7 67.7 0
2006 28.9 53.9 131.5 160 75.8 169.8 183.9 222.2 88.2 50.3 6 27.2
2007 31.8 50.7 118.7 152 121.3 163.1 179.9 132.2 210.1 19 0 0
2008 0.00 1.20 43.0 71.3 238.9 144.6 192.9 136 138.6 126.1 117.5 0.5
2009 43.1 4.80 73.40 85.5 120.1 123.5 188.5 181.3 174.7 169.4 5.1 17
2010 11.8 110 139.9 111.3 182.8 94.4 116 145 138.5 18.9 19.3 33.7
2011 15.5 11.2 101.7 115.9 232.8 NA 163.8 193.5 119.3 0 49.2 0
2012 0.00 0.00 67.4 138.3 68.3 150.3 233.1 155.9 163.5 1.4 0 7.1
2013 0.40 17.2 128.6 67.9 131.6 181.5 200.8 211 173 64.4 0.4 3.5

Temperature
Tmax 24 25 25 27 26 25 23 24 24 24 23 22
Tmin 11 11 11 13 13 12 12 10 11 12 11 11
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Appendix Table 2.Analysis of variance for soils Physical and chemical properties under
treatment and distance

Mean squares for source of variation
Soil parameters Treatment Distance Error

MS MS MS
Sand (%) 3.37NS 0.70NS 0.92
Clay (%) 8.16 NS 0.88 NS 1.86
Silt (%) 1.04NS 0.04NS 0.97
Bd (g/cm3) 0.0004 NS 0.005NS 0.0038
pH 0.84* 0.32 * 0.007
OM (%) 2.45* 2.92 * 0.21
TN (%) 0.007* 0.006* 0.0003
Av.P (mg kg-1) 0.0009NS 0.01NS 0.01
Ca2+ (cmolc/Kg) 24.36* 3.36* 0.23
Mg 2+ (cmolc/Kg) 1.78* 0.55* 0.05
K+ (cmolc/Kg) 0.043* 0.09* 0.003
Na+ (cmolc/Kg) 0.0001NS 0.0008 NS 0.00003
CEC (Meq/100g) 20.09* 6.21* 0.48
Ex. Ac.(Meq/100g) 0.69* 0.05* 0.001
Fe 2.17* 7.16* 0.11
Mn 1.53* 2.40* 0.19
Cu 0.30* 0.30* 0.006
Zn 0.48* 0.79* 0.04

NS = Non significant;*=Significant at P ≤ 0.05


