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Abstract 

 

The effect of some indigenous trees on earthworm activities and physical properties of an ultisol were studied at 

Umudike, Nigeria. These studies were carried out under some indigenous tree canopies namely: cacao, breadfruit, 

avocado pear and mango, and were compared with the soils of their open adjacent sites, ten meters away at 

different soil depths (0-15 cm and 15 – 30 cm). Generally, soils under tree canopies at various soil depths had lower 

bulk density, higher total porosity, and water stable aggregates than the adjacent sites. Example, the soils under 

cacao (Theobroma cacao L.) canopy had significantly higher values of total porosity, water stable aggregate and 

lower values of bulk density than the soils under mango, avocado pear and bread fruit and their adjacent sites.  

Mango tree gave the least values at various soil depths. Also, soils under tree canopies gave significantly (P = 0.05) 

higher values of earthworm population and casts than those of their adjacent sites at various soil depths, for 

instance at 0 – 15cm soil depth, cacao (14.00 and 9.00) gave significantly higher mean values of earthworm 

population and casts than mango (5.00 and 2.33), breadfruit (9.67 and 6.00) and avocado pear (8.00 and 4.00) per 

M2, respectively. They were in the following significant decreasing magnitude: cacao > Breadfruit > avocado > 

mango. Mango gave significantly (P = 0.05) the least mean values of earthworm population and casts’.       
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INTRODUCTION  
 

Agroforestry has tremendous potentials to 

enhance productivity, sustainability and 

diversification of farming systems. Inclusion 

of trees and other woody perennials in farm 

lands can markedly improve soil physical 

conditions in the long run [4]. The major 

recognized avenue for addition of organic 

matter (and hence, of nutrients) to the soil 

from the trees standing on it, is through litter 

fall, that is, through dead and falling leaves, 

twigs, branches, fruits and so on [9]. Soils 

under trees have higher permeability, greater 

water-holding capacity, a higher infiltration 

rate and enhanced soil productivity 

[36],[1],[3]. Increased soil productivity is 

made possible by the build-up and subsequent 

decomposition of forest floor materials and 

release of nutrient elements. The buildup of 

the forest litter depends upon the annual input 

of litter and the rate of decomposition of the 

forest floor material by the decomposing 

community (Soil organisms) [23],[18]. 

Trees augment soil input, reducing losses, 

improving soil physical properties through 

soil organic matter build up form leaf litter. 

[31]. In addition, the presence of trees and 

litter restore soil organic matter as well as the 

physical condition  which are considered the 

key factors in soil fertility, improvement and 

maintenance [28]. 

Tree plantations are becoming an increasingly 

common land use type in tropical areas. [15] 

indicates that this land cover in the tropics 

accounts for more than 60 million hectares of 

plantations which have been established for 

different reasons including the shift in timber 

production from native forests to plantation 

restoration of degraded lands or as catalysts of 

forest succession [8] and buffer zones for 

biodiversity conservation [33] among others. 

[41] conceptualized that tree plantations may 

influence earthworm abundance by altering 

the chemical or physical properties of the soil 

such as the moisture regime, pH, soil organic 

matter levels and litter inputs. Also, native 

tree plantations can benefit the establishment 
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of populations of native earthworm species 

[40]. Since earthworms dominate soil 

macrofauna in tropical ecosystem, they 

greatly impact soil processes affecting plant 

growth. Their role as ecosystem engineers 

[21] is also important for biodiversity 

conservation and restoration of degraded 

lands. Plantation with native species, like 

breadfruit, can serve as refuge for native 

earthworm diversity and abundance. 

[6] examined the influence of earthworms on 

surface litter decomposition in maize agro 

ecosystems and noted an increased rate of 

decomposition of the surface litter. 

Earthworms are long time adored creatures in 

many cultures, probably because of the role 

they are believed to play in the fertility 

improvement of the soil. The Chinese 

characterized earthworms as the “angel of the 

earth”. Aristotle aptly referred to them as the 

‘intestines of the soil”, though he might be 

referring to the appearance rather than their 

functions, and Cleopatra decreed them 

“Sacred” [5]. However, [19] observed the 

usefulness of earthworms as an active agent in 

introducing suitable physical and micro-

biological changes in the soil, thereby, 

directly increasing the fertility and crop 

producing power of the soil. [24] noted that in 

Bangalore, India, earthworms successfully 

decomposed sugar factory residuals and 

turned them into soil nutrients that made 

farmers using the material reduce chemical 

fertilizer by 50 percent. Earthworm casts 

contain 5 times nitrogen, 1.5 times calcium, 3 

times magnesium, 11 times potash as well as 

1.4 times more humus than the already 

existing top soil [11]. [12] also noted that 

earthworm casts generally have a higher 

ammonium concentration as well as water 

holding capacity than the corresponding 

original top soil. In addition, earthworm casts 

have high denitrification potentials and 

assimilable products that mineralized rapidly 

and, therefore, represent a potentially 

significant source of readily available 

nutrients for plant growth [10]. [19] observed 

that there is early seedling and rapid plant 

growth when earthworm casts are mixed with 

soil.  

Earthworm borrows provide network of 

passages through the soil which improves soil 

aeration [26]. [5] stated that earthworm 

burrows can make up 5% of the total soil 

volume, and observed that high earthworm 

population enhances soil aeration, drainage 

and infiltration. [27] noted that earthworms 

bring to the soil surface casts of about 2 - 5.8 

t/ha on agricultural land, 15 t/ha in temperate 

woodland and about 50 t/ha in tropical forest. 

Trees affect earthworms positively (through 

litter inputs) thereby promoting the 

establishment of the earthworms benefited 

from the basal resource [37]. This study was 

carried to determine the effect of trees on 

earthworm activities and some physical 

properties of soils of southeastern Nigeria. 

 

MATERIALS AND METHODS  

 

General Description of the Site Location  

The studies were carried out on the 

experimental research farm of the Cacao 

Research Institute of Nigeria (CRIN) Ibeku 

sub-station at Ajata-Ibeku, Umuahia North 

Local Government Area, Nigeria and Abia 

State University Umuahia Campus Teaching  

and Research Farm all in, Abia State.  

The Cocoa Research Institute of Nigeria 

(CRIN) Ibeku sub-station at Ajata-Ibeku  is 

located on latitude 0.50 29N and Longitude 

0.70 33E in the rainforest ecological zone of 

south eastern Nigeria and lies at a mean 

elevation of 122 metres (400 ft) above sea 

level.  

The Abia State University Teaching and 

Research farm Umuahia Campus is located on 

Latitude 50 25N and Longitude 70 35E in the 

ecological zone of South eastern Nigeria at 

about 122 m above sea level. 

The study areas have most dry humid tropics 

with fairly even and uniform temperature 

throughout the two seasons (dry and rainy) 

each year. However, the mean annual rainfall  

of the area is between 1,000-2,000 mm, while 

rainfall distribution is biomodal [29]. Also, 

the mean annual maximum temperature is 

between 300c to 330c, whereas, the mean 

annual minimum temperature ranges from 

210c to 290c [13].  In addition, the vegetation 

of the study area is tropical rainforest.  
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Fig. 1.  Map of Abia State showing Umuahia, and 

Ikwuano Project Sites: Cocoa Research Institute of 

Nigeria,  Ibeku Substation. Umuahia and    Abia State 

University, Umuahia Campus, Nigeria                           

 

The soil associated with this experimental site  

is classified as ultisols (USDA) classification, 

[14]. These soils have a number of soil related 

constraint to agricultural productivity such as 

low inherent fertility, soil acidity, low clay, 

low organic matter content, low nutrient and 

water holding capacities, poor structural 

stability and high susceptibility to soil erosion 

and drought stress [32]. 

Selected Tress for the Study 
Four trees were used for the study as follows; 

Cacao (Theobroma Cacao L.)     -   Ca 

Bread fruit (Triculia africana) -    Br 

Mango (Mangifera indica)      -    Ma 

Avocado pear (Persea americana) -  Av   

The cacao was selected from the Cacao 

Research Institute of Nigeria (CRIN) Ibeku 

substation, Umuahia, Nigeria. While 

breadfruit, mango and avocado pear were 

selected from the Abia State University 

Umuahia Campus Teaching and Research 

Farm, Umudike, Umuahia, Nigeria. 

Species Description 

Mango (Mangifera indica) is one of the most 

important tropical fruits in Nigeria today. It is 

an indigenous to southern Asia and probably 

originates from the Indo-Burma region [7]. 

Cultivation of mango in Nigeria dates back 

over several decades and the trees flourish in 

many parts of the country. Worldwide, the 

major mango producing nations are India, 

Mexico, and Brazil, while the leading world 

export markets for fresh fruit include the 

United Kingdom, France, and Holland, [20]. 

Estimates show that up to 50,000 hectares 

with a corresponding yield of 625,000 tonnes 

of assorted mangoes are being grown in the 

states of Borno, Niger, Plateau, Oyo, Benue, 

and Kogi. The crop is grown by peasant 

growers and professional horticulturists on 

homestead gardens, and small, intermediate 

and large-scale plantations [22].  

Cacao (Theobroma cacao L) developed in 

the upper Amazon region of Latin America. In 

classical Mexican mythology, cacao, one of 

the foods of the gods originated in the garden 

of life. Cacao was introduced into Nigeria 

from Fernando Po by Chief Saviss Ibanningo 

in 1874. The generic name Theobroma which 

means “drink” (broma) of the “god”; (theo) 

emphasize the high regard India native in its 

land of origin attach to the crop. The word 

“Theorborma” is derived from the Greek 

words meaning ‘food for the gods’. Cacao 

belongs to the family of the sterculiaceae over 

20 species of Theobroma are recognized. All 

cacao cultivated for the international market 

belongs to the single species Theobroma 

cacao (L). Other Theobroma species are 

locally exploited by the indigenous 

populations either for making refreshing 

drinking from the sweatens or for making a 

type of chocolate from the cotyledons. Cacao 

is cultivated in tropical lowlands, 200N and S 

of the equator, but the main belt in 100N and S 

from sea level up to 500m, with rainfall range 

of between 1,800 and 2,000 mm. Cacao 

thrives in diverse soils. In Nigeria, cacao is 

grown mainly in the southern states of Ogun, 

Oyo, Ondo, Ekiti, Edo, Delta, Cross River, 

Abia and Akwa Ibom. 

Cacao seeds are the source of commercial 

cocoa, chocolate and cacao butter. Cacao 

beans contain about 50% fat, 12% protein and 

other minerals. The most important food 

products from cocoa are chocolate products.  

The non food products include pure industrial 

alcohol, components of skin cream etc.  
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Avocado pear (Persea americana) is a tree 

(native to central Mexico) it is classified in the 

flowering plant family (Lauraceae) along with 

the cinnamon. However, avocado or alligator 

pear is classified as fruit and  botanically also, 

as large berry that contains a single seed. 

Avocados are commercially valuable and are 

cultivated in tropical and Mediterranean 

climates throughout the world. In Latin 

America, the leaves are both beneficial in 

medicine, to the soil and for its culinary uses. 

Avocado leaves are prepared as tea and make 

it as tonic every day; it is referred to as 

miraculous because its effect could not be 

illustrated by some doctors.  

The Breadfruit (Treculia africana) 

Breadfruit (Treculia africana) in Africa is 

cultivated by its seed. It is propagated through 

building, cutting and shielding, grafting, using 

scions. Budded trees have produce fruit with 

viable seeds within 2-4 years. 

According to [2] breadfruit is underutilized 

especially in African Continental, Europe and 

United States of America where it is being 

newly introduced as ornamental trees. 

Treculia Africana seeds are sources of edible 

food which are rich in protein and fat [16]. 

They are commonly roasted, cooked, mashed 

and consumed either directly as snacks food 

or as flour for use in soup thickening and 

cake.  The major part of fruit consists of 75-

90% water [17].  

Data Analysis 

Significant differences in soil gravimetric 

moisture content, total porosity, bulk density, 

aggregate stability and particle size among the 

tree types were identified using ANOVA at 

5% probability level. However, the treatment 

means were compared using  Duncan’s New 

Multiple Range Test [DNMRT]. Also, 

analysis of variance ANOVA were performed 

using linear model with means separated 

using the technique of [34] to assess the effect 

of trees on gravimetric moisture content, total 

porosity, bulk density, water stable aggregate 

and  particle  size as well as activities of 

earthworms. Significance was reported at [P < 

0.05]. 

Laboratory Studies 
Soil samples were randomly collected using 

four undisturbed cores under the canopy of 

individual trees and those in the surroundings 

without a tree cover (Adjacent open land) at 

different depths (0-15, and 15-30cm). The 

dimensions of the core were 5.0cm (height) 

and 5.7cm (internal diameter). The core soil 

samples were used to measure soil moisture 

retention, bulk density, total porosity, water-

stable aggregates and particle size analysis. 

Also under each tree canopy and its adjacent 

open land a quadrant of 1m x 1m in 

dimension were demarcated. In the quadrant, 

the numbers of earthworm casts were 

determined from 0-15 and 15-30 cm soil 

depth. The earthworm population was 

determined, by hand sorting method. 

The procedures for soil analyses were outlined 

below.  

Particle Size Analysis 

Particle size analysis was determined on the 

soil sample using Bouyoucos hydrometer 

method. The technique used was the 

dispersion of sample with calgon (Sodium 

hexameta - phosphate). In this method, soil 

samples were soaked in calgon for 24hrs and 

later transferred into volumetric flask and was 

stirred for mechanical agitation before the 

hydrometer test. 

Soil Moisture Retention 

Also, disturbed soil samples were collected 

from the tree plot and 30g of each was 

weighed into robber bands (rings). This was 

used to determine the water content of the soil 

at 1.5 MPa (0.1 bar), using the pressure plate 

apparatus [36]. In each case the samples were 

placed on ceramic plate. Soil was soaked with 

water for 24hours. The plates with the 

samples were placed in the pressure chamber 

and were subjected to the different suctions 

until water ceased to drain out from the soil 

samples. The samples were weighed and over 

dry at 1050C for 24hours. 

Calculation  

The field capacity was calculated, that is 

0.01MPa suction, which simply entails the 

maximum amount of water the soil can hold 

after it has freely drained for 2-3days, and the 

saturation was followed without 

evapotranspiration occurring during the 

period.  

Wilting point, this value was as lower limit 
of plant available water. It was equivalent to 
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the soil water content with at least 1.5MPa 

(15bar) water potential. Equation is stated 

below: 

 

 =  wet soil [g ]-dry soil [g ]   x    100 

                      Dry soil [g]                   1  

 

Bulk Density 

Bulk density (Db) was the apparent density of 

the field soil and was calculated by dividing 

the mass of the soil that were dried in the 

oven. 

Db =   Ms g/cm3  

 V 

where 

Db  =  bulk density 

Ms  =  Mass of soil samples 

V  =  Volume of soil sample (equals 

volume of core) 

Total Porosity 

The total porosity was defined as the volume 

of the sample that is not occupied by solid 

materials and this was expressed as 

percentage of the sample volume [35]. 

This was calculated from the values obtained 

from bulk density. The calculation was the 

relationship between bulk density and particle 

density as well as on the assumption of 

particle density of 2.65mg m-3 for mineral 

soils. 

The formula is 

 

1-Bd  or  pd – bd  x  100 

pd        pd      1 

 

1 - Bulk density 

Particle density  

 

St  =  (1 – Dd)  x 100 

       Dp               1 

where; 

St  = total porosity (%) 

Db  = bulk density (mg m-3) 

Dp       = Particle density (mg m-3) 

 

Water Stable Aggregates (WSA) 

This was sieved in order to sieve wet 

aggregate. This was carried out for 2 minutes 

at one oscillation per second after which the 

sieves were removed from water and then the 

oven dry weight of the materials was 

determined. Mean weight diameter were 

determined. The materials were used in the 

following relationship: 

MWD  =   X1 W1 

MWD  = Mean weight diameter  

  X = Mean diameter of each size fraction 

(mm) 

W    =  The proportion of the total sample 

weight occurring in the corresponding size 
component. 
 

RESULTS AND DISCUSSIONS 

 

The physical properties of soils under some 

indigenous trees and its adjacent sites at 

various soil depths 

Tables 1, 2, 3 and 4 summarized the physical 

properties of soils under some indigenous 

trees namely: Cacao (Theobroma cacao L.), 

Avocado pear (Persea americana), Mango 

(Mangifera indica) and Breadfruit (Treculiar 

africana) as well as their adjacent sites at 

Umuahia, Nigeria. Generally, the performance 

show that the values of gravimetric moisture 

content, bulk density, total porosity and water 

stable aggregates obtained under trees were 

better than those of the adjacent soils. 

Example, the gravimetric moisture values of 

13.05, 12.30, 12.75 and 13.15% for cacao, 

avocado pear, breadfruit and mango, 

respectively gave significantly higher values 

than their adjacent soils of 9.85, 9.40, 8.38 

and 9. 67%, which were ten (10) meters away 

from cacao, avocado, breadfruit and mango, 

respectively at soil depth of 0 - 15cm. In 

addition, the results of 15-30cm soil depth 

followed the same trend as in 0 – 15 cm. Also 

the Tables revealed that the results obtained 

under the trees at both 0-15cm and 15-30cm 

soil depths had significantly (P < 0.05) lower 

bulk density, higher total porosity and higher 

water stable aggregates values than those of 

the adjacent soils. Also, the soils of cacao and 

mango trees were clay loam and loam in 

texture, respectively, while breadfruit and 

avocado were sandy loam  
Further evidence of the effects of trees on 

soils was obtained by comparing the physical 

properties under the tree canopy of individual 
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trees with those in the surroundings without a 

tree cover by [39]. He observed cases of 50-

100% increase in water holding capacity, total 

porosity and infiltration rate under tree 

canopies. Similar observations were made by 

[17], [1], [3]. The removal of the vegetative 

cover from the soil according to [30], 

generally results in an increase in bulk 

density, a decrease in porosity and a reduction 

in infiltration rate. This is also similar to the 

findings of [38] under bush fallow at Iwo, 

who reported, however, that the infiltration 

capacity and infiltration obtained were 118.9 

and 21.1cm hr-1, respectively. Also, at Oba, 

the infiltration capacity as well as rate were 

107.7 and 25.4cm hr-1, respectively. 
 

Table 1. Some physical properties of soils under cacao tree and its adjacent site at different soil depth 

Soil 

Depth 

(cm) 

 Particle size analysis Textual 

class 

Bulk 

Density 

Mgm-3 

Total 

Porosity 

(%) 

 

GMC 

(%) 

 

WSA 

(%) 

Total 

sand 

% 

Silt 

% 

Clay 

% 

0 - 15 

15 - 30 

0 - 15 

15 - 30 

F-

LSD0.05 

Under 

Tree 

 

Adjacent 

Site 

79.87 

70.49 

75.80 

65.80 

6.1* 

 

8.80 

14.11 

6.80 

12.80 

3.4* 

11.33 

15.40 

17.40 

21.40 

4.2* 

SL 

SL 

SL 

SCL 

1.38 

1.62 

1.67 

1.73 

0.15* 

57.01 

38.99 

37.98 

34.50 

10.1* 

13.50 

18.48 

9.85 

12.72 

3.5* 

64.49 

46.90 

48.67 

41.52 

9.8* 

SCL= Sandy clay loam, SL = Sandy loam, GMC = Gravimetric moisture content, WSA = Water stable aggregate,    

* =  Significant at P< 0.05        

Source: Own results.        

 

Table 2. Some physical properties of soils under Avocado tree and its adjacent site at different soil depth 

Soil 

Depth 

(cm) 

 Particle size analysis Textual 

class 

Bulk 

Density 

Mgm-3 

Total 

Porosity 

(%) 

 

GMC 

(%) 

 

WSA 

(%) 

Total 

sand 

% 

Silt 

% 

Clay 

% 

0 - 15 

15 - 30 

0 - 15 

15 - 30 

F-

LSD0.05 

Under 

Tree 

 

Adjacent 

Site 

78.80 

75.80 

84.47 

79.80 

3.5* 

7.13 

8.80 

6.13 

8.80 

1.3* 

13.07 

15.40 

9.40 

11.40 

2.5* 

SL 

SL 

SL 

SL 

1.50 

1.59 

1.62 

1.71 

0.08* 

48.13 

39.87 

38.86 

35.34 

5.4* 

12.30 

18.47 

9.40 

12.11 

3.8* 

64.41 

58.08 

57.59 

50.49 

5.6* 

SCL= Sandy clay loam, SL = Sandy loam, GMC = Gravimetric moisture content, WSA = Water stable aggregate,    

* =  Significant at P< 0.05         

Source: Own results.        
 

Some physical properties of soils under Breadfruit tree 

and its adjacent site at different soil depth are shown in 

Table 3. 

 

Table 3. Some physical properties of soils under Breadfruit tree and its adjacent site at different soil depth 

Soil 

Depth 

(cm) 

 Particle size analysis Textual 

class 

Bulk 

Density 

Mgm-3 

Total 

Porosity 

(%) 

 

GMC 

(%) 

 

WSA 

(%) 

Total 

sand 

% 

Silt 

% 

Clay 

% 

0 - 15 

15 - 30 

0 - 15 

15 - 30 

F-

LSD0.05 

Under 

Tree 

 

Adjacent 

Site 

75.80 

69.80 

79.80 

74.47 

4.1* 

11.47 

3.13 

10.80 

15.13 

5.0* 

12.73 

17.07 

9.40 

10.40 

3.4* 

SL 

SL 

SL 

SL 

1.51 

1.66 

1.68 

1.74 

0.08* 

43.01 

37.48 

36.60 

34.46 

3.1* 

12.75 

18.47 

8.38 

11.68 

4.2* 

60.39 

50.35 

53.16 

49.22 

4.3* 

SCL= Sandy clay loam, SL = Sandy loam, GMC = Gravimetric moisture content, WSA = Water stable aggregate,    

* =  Significant at P< 0.05         

Source: Own results. 

        

Some physical properties of soils under Mango tree and 

its adjacent site at different soil depth are presented in 

Table 4.  
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Table 4. Some physical properties of soils under Mango tree and its adjacent site at different soil depth 

Soil 

Depth 

(cm) 

 Particle size analysis Textual 

class 

Bulk 

Density 

Mgm-3 

Total 

Porosity 

(%) 

 

GMC 

(%) 

 

WSA 

(%) 

Total 

sand 

% 

Silt 

% 

Clay 

% 

0 - 15 

15 - 30 

0 - 15 

15 - 30 

F-

LSD0.05 

Under 

Tree 

 

Adjacent 

Site 

77.80 

66.49 

64.47 

59.80 

6.6* 

8.13 

14.13 

10.13 

10.80 

2.1* 

14.07 

19.40 

25.40 

29.40 

5.8* 

SL 

SL 

SCL 

SCL 

1.48 

1.58 

1.65 

1.74 

0.09* 

44.27 

40.25 

37.73 

34.46 

3.5* 

13.51 

19.08 

9.67 

12.07 

3.4* 

54.24 

50.12 

46.49 

40.29 

5.1* 

SCL= Sandy clay loam, SL = Sandy loam, GMC = Gravimetric moisture content, WSA = Water stable aggregate,    

* =  Significant at P< 0.05  

Source: Own results.        

 

Comparison of the physical properties of 

soils under some indigenous trees and their 

adjacent sites at 0 – 15 and 15 - 30 soil 

depths 

The textures of the soils under trees and their 

adjacent sites were affected significantly and 

gave statistically different results at various 

soil depths (0 – 15 and 15 – 30) (Table 5). In 

Fig. 2, it is shown that the clay contents of 

soils under cacao tree at various soil depths 

gave significantly the least values than other 

trees. 

 

 
Fig. 2. Effect of the indigenous trees on the clay 

content of the soils 

Source: Own design. 

Table 5. Comparison of particle size distribution of soils under some indigenous trees and their adjacent sites at 0 – 

15 and 15 - 30 soil depths 
Soil Depth Treatment Sand % Silt % Clay % TC 

Particle size analysis   
0 - 15  Und Adj Und Adj Und Adj Und Adj 

 Cacao 79.87 75.80 8.80 6.80 11.33 17.40 SL SL 

 Avocado 
pear 

78.80 84.47 7.13 6.13 13.07 9.40 SL SL 

 Breadfruit 75.80 79.80 11.47 10.80 12.73 9.40 SL SL 

 Mango 77.80 64.47 8.13 10.13 14.07 25.40 SL SCL 

 F-LSD0.05 1.7* 8.5* 1.8* 2.0* 0.9* 6.6*   

  15 - 30  Und Adj Und Adj Und Adj Und Adj 

 Cacao 70.49 65.80 14.11 12.80 15.40 21.40 SL SCL 

 Avocado 

pear 
75.80 79.80 8.80 8.80 15.40 11.40 SL SL 

 Breadfruit 69.80 74.47 3.13 15.13 17.07 10.40 SCL SL 

 Mango 66.49 59.80 14.13 10.80 19.40 29.40 SL SCL 

 F-LSD0.05 3.2* 7.7* 4.5* 2.3* 1.6* 7.7*   

TC = Textural class,  BD = Bulk density, TP = Total porosity, HC = Hydraulic conductivity,  SCL = Sandy clay loam, GMC = Gravimetric 

moisture content,  NS = Not significant,  * = Significant at P = 0.05, Und = Under tree canopy, Adj = Adjacent bush fallow 

Source: Own results. 

 

The results show that there were significant 

differences in dry bulk density among the 

indigenous tree species (P < 0.05) at 0 – 15 

cm soil depth (Table 6).   

 
 

0-15

15-30
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Table 6. Comparison of some physical properties of soils under some economic trees and their adjacent                                                                                                                     

sites,  at soil depths of 0 – 15 and 15 – 30cm 
Soil Depth Treatment GMC (%) BD  (Mg m-1) TP( % ) WSA  ( % ) 

    

0-15  Und Adj Und Adj Und Adj Und Adj 

 Cacao 13.50 9.85 1.38 1.67 57.01 37.98 64.49 48.67 

 Avocado pear 12.30 9.40 1.50 1.62 48.13 38.86 64.41 57.59 

 Breadfruit 12.75 8.38 1.51 1.68 43.01 36.60 53.16 60.39 

 Mango 13.51 9.67 1.48 1.65 44.27 37.73 54.24 46.49 

 F-LSD0.05 0.5* 0.5* 0.01* 0.02* 2.0* 2.3* 5.3* 5.8* 

15-30  Und Adj Und Adj Und Adj Und Adj 

 Cacao 18.48 12.72 1.59 1.73 38.99 34.50 46.94 41.52 

 Avocado pear 18.47 12.11 1.62 1.71 39.87 35.34 58.08 50.49 

 Breadfruit 18.47 11.68 1.66 1.74 37.48 34.46 49.22 50.35 

 Mango 19.08 12.07 1.58 1.74 40.25 34.46 50.12 40.29 

 F-LSD0.05 0.2* 0.3* 0.03* 0.01* 1.0* 0.3* 4.1* 4.7* 

TC = Textural class,  BD = Bulk density, TP = Total porosity, HC = Hydraulic conductivity,  SCL = Sandy clay loam,                                                                                                                                                                    

GMC = Gravimetric moisture content,  NS = Not significant,  * = Significant at P = 0.05,                                                                                                                                                                                       
Und = Under tree canopy, Adj = Adjacent bush fallow 

Source: Own results. 

 

In addition, the trees decreased the dry bulk 

density relative to their open adjacent sites. 

Also, at 0 -15 cm depth, Cacao (1.38 Mg m-3) 

gave significantly (P < 0.05) least bulk 

density value than Mango (1.48 Mg m-3), 

Avocado pear (1.50 Mg m-3) and Breadfruit 

(1.51 Mg m-3) in the following order : Cacao 

< Mango < Avocado pear < Breadfruit. At 15 

– 30 cm Breadfruit gave significantly higher 

dry bulk density value than the statistically 

similar values of Cacao, Mango and Avocado 

pear (Table 6). 

The higher bulk density values were obtained 

at 15 -30 cm soil depth than the corresponding 

0 – 15 cm soil depth which may be attributed 

to the high values of clay associated with the 

lower part of the soil (Table 6). 

Also, the bulk density values under trees were 

lower than their corresponding adjacent sites. 

This may be because of the exposure of the 

bare soil to erosion. Also, dry bulk density 

increases with time after tillage as a result of 

trafficking during field operations as well as 

other natural factors like the alternate wetting 

and drying cycles that cause large “ stresses”, 

in a tropical climate. Dry bulk density is a soil 

physical parameter used extensively to 

quantify soil compactness which has a very 

influential effect on root growth as well as 

proliferation which are both ‘indicators’, of 

soil productivity[1]. The gravimetric moisture 

content of the soil was significantly (P < 0.05) 

influenced by the tree canopies. The values of 

the moisture content of soils under trees at 0 – 

15 and 15 – 30 cm depth were higher than 

those of their corresponding open adjacent 

sites. Therefore, this could be as a result of the 

exposure of the top soil by erosion or other 

human factors. Also, at 0 – 15 cm depth, 

cacao (13.50%) and Mango (13.51%) under 

tree with statistically similar moisture content 

values were significantly higher than the 

similar values of Avocado pear (12.30%) as 

well as Breadfruit (12.75%). However, soil 

depth of 15 -30 cm followed the same trend. 

The significant improvement is in the order : 

Mango = Cacao > Breadfruit = Avocado pear 

(Table 6). 

Also, the results in Table 6 at both 0 – 15 and 

15 -30 cm soil depth show that total porosity 

increased (P < 0.05) under tree canopies more 

than their corresponding adjacent sites. Table 

6 also shows that Cacao (57.01%) had 

significantly higher total porosity value than 

Avocado pear (48.13%), whereas Breadfruit 

(43.01%) and Mango (44.27%) had 

statistically (P < 0.05) similar values. The 

trend in increasing total porosity is Cacao > 

Avocado pear > Mango > Breadfruit. 

The data obtained in Table 6 indicate that the 

values of water stable aggregate content under 

tree canopies was significantly (P < 0.05) 

higher than their corresponding   adjacent 

sites. The results show statistical difference in 

water stable aggregate between the soils under 

the trees at both 0 – 15 and 15 – 30cm depth.  
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Generally, the results obtained show that 

Cacao gave significantly lower results of dry 

bulk density and higher values of gravimetric 

moisture content, total porosity as well as 

water stable aggregate than breadfruit, 

avocado pear and mango. Highest values 

obtained with cacao could be attributed to the 

highest earthworm population and casts 

associated with it. Further evidence of the 

effects of trees on earthworm activities under 

canopy of individual trees was compared with 

those in the surroundings without tree cover 

by [25]. The authors reported that earthworms 

under tree influence the establishment and 

conservation of soil structure. Also the 

organic matter building through the leaf litter 

helps to multiply earthworms under such tree 

canopies by feeding on the leaves. [26] made 

similar observations. 

Effect of some Indigenous Trees on 

Earthworm Population  

Figures 3 and 4 summarized the effect of 

some indigenous trees on earthworm 

population at different soil depths 0-15 and 15 

– 30 cm, respectively, under tree canopies 

(cacao, mango, bread fruit and avocado pear) 

and their adjacent soils in Umuahia, Nigeria. 

At 0-15cm soil depth, the number of 

earthworms per square meter in the soils 

under tree canopies were significantly (p = 

0.05) higher than those of the adjacent sites. 

The mean values of 14.00, 9.67, 5.00 and 8.00 

were obtained for cacao, breadfruit, mango 

and avocado pear under tree canopies, while 

the lower values of 10.67, 7.00, 3.33 and 5.00 

were obtained at the adjacent soils (10 meters 

away) of the various tree canopies, 

respectively. Also, the mean values of 15 – 30 

cm soil depth had significantly similar trend 

with those of 0 – 15 cm. Generally, soils 

under cacao (14.00) had significantly higher 

(P = 0.05) mean values of earthworm 

population than the mean values of mango 

(5.00), breadfruit (9.67) and avocado pear 

(8.00) m-1. They were in the following 

significant decreasing magnitude: Cacao > 

Breadfruit > Avocado > Mango. However, 

mango gave significantly (P = 0.05) the least 

mean values of earthworm population. 

Therefore, significant differences were 

observed among the trees. Similarly, the 

results of earthworm population outside the 

tree canopies followed the same trend in the 

following significant order Cacao > Breadfruit 

> Avocado > Mango. 

Fig. 3.  Effect of trees on earthworms’ population (per 

m2) of an Ultisol at 0 – 15 cm depth at Umudike. 

Source: Own results 

 
Fig. 4.  Effect of tree on  earthworm population (per 

m2) of an Ultisol at  15 – 30 cm depth at Umudike 

Source: Own results 
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Further evidence of the effects of trees on 

earthworm activities under canopy of 

individual trees was compared with those in 

the surroundings without tree cover by [24]. 

The authors reported that earthworms under 

tree influence the establishment and 

conservation of soil structure. Also the 

organic matter building through the leaf litter 

helps to multiply earthworms under such tree 

canopies by feeding on the leaves. [26] made 

similar observations. [19] added that tree 

plantation influence earthworm abundance by 

altering the physical and chemical properties 

of the soil. Also, [37] concluded that tree 

affect earthworms positively through litter 

inputs thereby promoting the establishment of 

earthworms.  

Effect of Indigenous Trees on Earthworm 

Casts                              
Figure 5 summarized the effect of trees on 

earthworm casts at Umuahia, Nigeria. 

However, at 15-30 cm soil depth, no 

earthworm cast was observed.  At 0 - 15cm 

depth, the number of earthworm casts under 

the canopies (cacao, breadfruit, avocado and 

mango) were significantly (P = 0.05) higher 

than those of the adjacent open sites.  

 

 
Fig. 5.  Effect of tree on the earthworm cast number 

(per m2) of an Ultisol  at 0 – 15 cm depth at Umudike 

Source: Own results 

 

The results show that the mean values of 9.00, 

6.00, 2.33 and 4.00 were obtained for cacao, 

breadfruit, mango and avocado, respectively 

which were significantly higher than the lower 

values of adjacent open sites of cacao (5.67) 

breadfruit (4,00), mango (7.33) and avocado 

(2.33). Also, there were significant differences   

existing between the earthworm    casts under 

the tree canopies as well as the open adjacent 

soils. 

The results obtained in Fig. 3 show that the 

number of earthworm casts under cacao 

canopy was significantly (P = 0.05) higher 

than those of breadfruit, avocado and mango 

in the following significant order: Cacao > 

Breadfruit > Avocado > Mango.  However, 

mango had the least number of earthworm 

casts. The results of the member of earthworm 

casts outside the tree canopies (10 meters 

away) followed the same trend. The number 

of earthworms will, therefore, influence the 

number of casts. Hence, as the tree canopies 

enhance earthworm population, consequently 

this will also increase the number of casts. [5] 

stated that earthworm burrows can make up 

5% of the total soil volume, and observed that 

high earthworm population enhances soil 

aeration, drainage and infiltration. [27] noted 

that earthworms bring to the soil surface casts 

of about 2 - 5.8 t/ha on agricultural land, 15 

t/ha in temperate woodland and about 50 t/ha 

in tropical forest.     

  

CONCLUSIONS 

 

This research has documented basic 

information about the effect of trees on the 

physical properties of soils as well as 

earthworm population and casts in Umuahia 

southeastern Nigeria. The study has shown 

that soils under tree canopies at various soil 

depths (0 – 15 and 15 – 30 cm) had higher 

total porosity, water stable aggregates and 

lower bulk density than their open adjacent 

sites. Also, the study revealed that there were 

increase earthworm population and casts 

under the tree canopies (cacao, breadfruit, 

avocado and mango) than their adjacent sites. 

The results also pointed to the fact that leaf 

litter from trees especially cacao improved the 

soil physical properties, and increased 
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earthworm population and casts. 

Recommendations  

(i)It is recommended that farmers should plant 

cacao or breadfruit trees along the contour 

bunds or boundaries as alley, prune them 

periodically or allow the leaves to fall and 

decay to improve the structure of the soils. 

(ii)It is hoped that these trees if established on 

soils that are prone to erosion could help 

improve the soil aggregates, reduce the rate of 

runoff and encourage infiltration. 

(iii)Farmers should be advised to stop 

deforestation and adopt the method of tree 

planting.  
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