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ABSTRACT: The effect of some tree species in improving 

the soil chemical properties and earthworm activities of 

degraded ultisol were investigated at Umudike, Nigeria. The 

study was carried out under some indigenous trees 

canopies such as Cacao, Breadfruit, Avocado pear and 

Mango, to investigate the level of soils nutrients and results 

were compared with the soils of their open adjacent sites 

which were ten (10m) meters away at 0 – 30 cm soil depth. 

Generally, soils under tree canopies had higher values of 

pH, Organic carbon, Organic matter,  Total N, Exchangeable 

Ca, Exchangeable Mg, Exchangeable K, Exchangeable Na, 

Effective Cation Exchange Capacity (ECEC), Base saturation 

and Available Phosphorus than the soils of their adjacent 

sites. However, soils under Cacao tree canopy had higher 

values of nutrient elements than those of Mango, Breadfruit 

and Avocado pear at 0−30 cm soil depth. Also, soils under 

tree canopies gave significantly (P < 0.05) higher mean 

values of earthworm population and casts than those of 

their adjacent sites at various soil depths (0 – 30 and 30 – 

40 cm). At 0−30 cm soil depth, Cacao (14.00 and 9.00) gave 

significantly (P < 0.05) 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. These 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. 

Therefore, trees when used as alley in farms added more 

nutrients to the soils via litter. These litters when broken 

down by the action of earthworms also release the 

nutrients which would therefore support the above-ground 

vegetation. Therefore, an increase in organic matter values 

of soils under the tree canopies and leaf litter might have 

influenced earthworms’ abundance. 

 

 

Keywords: Tree species, chemical properties, earthworm 

activities, soils, Nigeria 
 

 
INTRODUCTION 
 
Underlying all consideration of the role of agro-forestry in 
maintenance of soil fertility is the fundamental proposition 
that trees improve soils. The soil that develops under 
natural woodland or forest, the classic brown earth of 
temperate regions on red earth of tropics is fertile 
(Ojimgba et al., 2010). It is well structured, has good 
moisture-holding capacity, is resistant to erosion and 
possesses a store of fertility in the nutrients bound up in 
organic molecules (Young, 1989). From time immemorial,  

 
 
 
 
farmers have known that they will get good crops by 
planting on cleared natural forest. The cycles of carbon 
and major nutrients under natural vegetation have been 
demonstrated, most notably in rain forest but in savanna 
and semi-arid ecosystems, (Young, 1989; Ojimgba et al., 
2010). Agro-forestry practices involving the planting or 
retention of trees on croplands have been proposed as a 
simple solution to the restoration of soil fertility, especially 
in the semi arid regions (Dachung et al., 2013).  
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Trees characteristically contain large quantities of 

“living” biomass (including wood) and, therefore, a large 
inventory of chemical elements (Dachung et al., 2013). 
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 
(Ostertag et al., 2003). The bulk of organic matter that is 
so added to the soil is located in the top soil. Growing 
cacao in an agro-forestry system generates a productive 
use of the land, preserves the best conditions for 
physical, chemical and biological properties of tropical 
soils, play an important role in improving cacao 
production and fertility of degraded tropical soils (Enrique 
et al., 2015) 

Further evidence for the effects of trees on soils comes 
from comparing soil properties under the canopy of 
individual trees with those in surrounding without tree 
cover. For Acacia albida, cases of 50-100% increases in 
organic matter and nitrogen under the canopy are known, 
together with increased water-holding capacity (Felker, 
1978). In semi-arid climates it is common to find higher 
soil organic matter and nutrient content under tree 
canopies than in adjacent open land. 

Similarly, earthworms play a major role in overall soil 
fertility and production, and their activities in the 
decomposition of organic materials increase the amount 
of nitrogen mineralized and make available for plant 
uptake and growth (Edward and Lofty, 1995). Ojimgba 
and Onyejiji (2018) reported that through their activities of 
feeding, burrowing and casting, earthworms modify the 
physical, chemical and biological properties of soil and 
thus its ability to support above-ground vegetation. 

Earthworms play a vital role in the process of soil 
formation and in the maintenance of soil fertility. 
Earthworms incorporate organic matter and turn over 
large amounts of soil. This leads to improved soil 
structure, enhanced nutrient release and ultimately to 
better plant growth (Ojimgba et al., 2010). The main 
objective of this study is to determine the effect of some 
trees in improving the soil chemical properties and 
earthworm activities of degraded tropical Ultisol. This 
study will also help to select the best tree species that 
would be used to rehabilitate the eroded tropical soil and 
as well multiply the number of earthworms predominant 
in the area. 
 
 
MATERIALS AND METHODS 
 
Site description  
 
The study was carried out at Umudike (5

°
 25

1
N 7° 35

1
E 

and 120-125 m above the sea level) which lies 8 km 
south of Umuahia and located in the rainforest ecological 
zone of southeastern Nigeria. The trees located in two 
research stations and lying within 1km radius  were  used  
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to investigate the effect of some trees in improving the 
soil chemical properties and earthworm activities of 
degraded tropical Ultisol. The stations are: 
 
(a) Abia State University Teaching and Research Farm  
(b) Cocoa Research Institute of Nigeria (CRIN) Ibeku 
sub-station at Ajata-Ibeku. 
 
The Cocoa Research Institute of Nigeria (CRIN) Ibeku 
sub-station at Ajata-Ibeku  is located on latitude 0.5° 29N 
and Longitude 0.7°  33E in the rainforest ecological zone 
of south eastern Nigeria and lies at a mean elevation of 
122 metres (400ft) above sea level (Figure 1). The Abia 
State University Teaching and Research farm Umuahia 
Campus is located on Latitude 5°  25N and Longitude 
7°35E in the ecological zone of South eastern Nigeria at 
about 122m 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. The mean annual rainfall is between 1000 and 
2000 mm and rainfall distribution is biomodal. The mean 
annual maximum temperature ranges from 30°C to 33°C 
and mean annual minimum temperature ranges from 
21°C to 29°C (FAO/UNESCO, 1977).  The vegetation of 
the experimental area is tropical rainforest vegetation. 
The soil of the study area is classified as ultisols by 
United States Department of Agriculture (USDA) 
classification, (FAO, 1999). 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 (Stolte, 1997). 
 
 
 

 

         
 

 
Figure 1.  Map of Abia State showing Umuahia, Project Sites: Cocoa 
Research Institute of Nigeria, Ibeku Substation. Umuahia and Abia 
State University, Umuahia Campus, Nigeria.                           
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Selected trees for the study 
 
Four tree species 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 Teaching and 
Research Farm, Umudike, Umuahia, Nigeria. 
 
 
Soil sampling and analysis 
 
On each of the trees, soil samples were collected at the 
depth of 0-30 cm in three places under and outside the 
tree canopies. All samples from individual trees were 
bulked together at the depth of 0 – 30 cm each. Also 
under each tree canopy and at adjacent open land, a 
quadrant of 1m × 1m in dimension was demarcated. In 
the quadrant, the number of earthworm casts was 
determined. In addition, the number of earthworm 
population from 0 - 30 cm and 30 – 40 cm soil depths by 
hand sorting was also determined. The disturbed soil 
samples were air-dried, sieved through a 2 mm diameter 
sieve and used to determine the soil pH, organic carbon, 
and total nitrogen, exchangeable bases, (Ca, Mg, K and 
Na), ECEC, exchangeable acidity, base saturation, 
organic matter and available phosphorus. 
 
 
Soil reaction (pH) 
 
Soil pH was determined in O.1 N potassium chloride 
(KC1) solution using a soil: liquid ratio of 1:2.5.  20 g of 
soil sample was weighed into plastic beakers, distilled 
water of KC1 was added and stirred for 30 minutes, and 
then the pH values were read off using a glass electrode 
pH meter (McLean, 1982). 
 
 
Organic carbon (OC) 
 
This was determined by the Walkley and Black method in 
which the soil organic matter was oxidized using 1N 
K2Cr2O7 solution and conc. H2SO4, and the percentage 
organic carbon found by titrating with IN ferrous 
ammonium sulphate solution (Nelson and Sommers, 
1982). 

 
Organic matter (OM) 
 
The organic matter content was determined by 
multiplying    the    percentage   organic   carbon   by   the  

 
 
 
 
conventional “Van Bemmelen factor” of 1.724.  The use 
of this factor is based on the assumption that soil organic 
matter contains 58% carbon. 
 
 
Total nitrogen (N) 
 
This was determined by the micro-Kjeldahl method using 
CuSO4/Na2SO4 catalyst mixture.  The ammonia (NH3) 
from the digestion was distilled with 45% NaOH into 2.5% 
boric acid and determined by titrating with 0.05N HCl. 
 
 
Exchangeable bases 
 
Calcium (Ca) and magnesium (Mg) were determined by 
the complexometric titration method, while Sodium (Na) 
and potassium (K) were determined from 1N ammonium 
acetate (NH4 OAC) using the auto electric flame 
photometer. 
 
 
Exchangeable acidity (EA) 
 
Exchangeable acidity (H

+
 and Al

3+
) was determined using 

the titrimetric method.  The Effective Cation Exchange 
Capacity (ECEC) was determined by calculation.  (ECEC 
= ∑ bases + KCl – extractable (Al + H) values). 
 
 
Base saturation (BS) 
 
 
Base saturation (BS) was calculated by multiplying total 
exchangeable bases (TEB) by 100 and dividing by the 
corresponding cation exchange capacity value. 
Percentage base saturation  = TEB x100 
                                                            CEC 
 
 
Aluminum saturation 
 
Aluminum saturation was also calculated by multiplying 
exchangeable aluminum value by 100 and dividing by the 
corresponding cation exchange capacity (CEC) value. 
 

Al. Saturation  =    Exch Al
3-

 x  100 

         CEC  
  
 
Available phosphorus 
 
Available phosphorus was determined by the extractant 
method – Bray’s Method 11 (O.03N ammonium fluoride x 
0.1N HC1).  The ppm phosphorus was determined using 
a photo-electric calorimeter (Page et al., 1982). 
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Data analysis  
 
The data that were obtained from the study were 
subjected to statistical analysis of variance (ANOVA) 
using the technique of Steel and Torrie, (1980). Each tree 
was replicated three times in a Randomized Complete 
Block Design (RCBD). The comparison of the mean 
values that were obtained was also compared using F-
LSD at 5% probability level. 
 
 
RESULTS AND DISCUSSION 
 
Chemical properties of soils under the trees canopies 
and their adjacent sites at 0-30 cm depth 
 
Tables 1 and 2 summarized the chemical properties of 
the soils under cacao, breadfruit, avocado pear and 
mango tree canopies and their adjacent open sites (10 
meters away from the trees) at 0-30 cm soil depth. The 
soils under these trees generally had higher values of pH, 
Organic carbon, and consequently, higher Organic 
matter, Total nitrogen, Calcium, Magnesium, Sodium, 
effective cation exchange capacity (ECEC), available 
Phosphorus and percentage base saturation as well as 
C: N ratio than soils of the adjacent sites. The pH of the 
soil under cacao (5.6), breadfruit (5.1), avocado pear 
(5.5) and mango (5.3) were significantly (P < 0.05) higher 
than those of their corresponding adjacent sites, 4.6, 4.5, 
4.2 and 4.2, respectively.  

Therefore, the adjacent soils without tree canopies 
were significantly more acidic than those soils under the 
various tree canopies. However, the soils under the 
various trees gave statistically similar pH values. 
All the trees significantly increased in organic carbon 
concentration of the soil, but the magnitude of increase 
was more for mango tree (1.79%) than the other trees. 
The magnitude of increase in organic carbon was in the 
order: Mango (1.79%)>Cacao (1.40%) =Avocado (1.14%) 
=Breadfruit (1.00%). The organic carbon content 
increased from 0.89 to 1.40%, 0.20 to 1.00%, 0.53 to 
1.14% and 0.66 to 1.79% for cacao, breadfruit, avocado 
and mango, following the treatments i.e. adjacent sites 
and under trees, respectively (Table 1; Figure 2). Also, 
the organic matter content of the soil increased in the 
same trend as organic carbon content. However, the 
trees significantly increased the total nitrogen of the soil 
more than their adjacent sites. Total nitrogen increased 
from 0.077 to 0.121%, 0.018 to 0.092%, and 0.043 to 
0.099% and 0.057 to 0.154% for cacao, breadfruit, 
avocado and mango, following the treatments i.e. 
adjacent sites and under trees, respectively (Table 1).   
Mango gave statistically similar nitrogen values with 
cacao, but significantly higher than breadfruit and 
avocado pear. The trees also increased in phosphorus 
values from 3.45 to 9.45 ppm, 2.36 to 8.40 ppm, 3.42 to 
9.15 ppm and 5.50 to 8.77 ppm   for   cacao,   breadfruit,  
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avocado and mango, following the treatments i.e. 
adjacent sites and under trees, respectively (Table 1). 
According to the table similar P values were observed 
among the trees which were significantly higher than their 
adjacent sites. Also, from (Table 2), the values of 
percentage base saturation of soils under tree canopies, 
cacao (92.11%), breadfruit (90.80%), avocado pear 
(90.77%) and mango (89.59%) were higher than their 
adjacent sites values of (72.82), (81.97), (80.67) and 
(60.24%), respectively. Other nutrient elements followed 
similar trend. 

The very acidic nature of the soils of the adjacent open 
sites according to Ojimgba and Mbagwu, (2007) is as a 
result of a problem of very acidic subsoil due to erosion. 
Ojimgba and Mbagwu (2007) attributed this low values 
partly because the soils are heavily leached of the basic 
cations due to very heavy rainfall associated with the 
rainforest zone. Further evidence of the effect of trees on 
soils comes from comparing soil properties under the 
canopy of individual trees with those in the surroundings 
without tree cover by Young (1989). Young (1989) 
therefore, observed cases of 50-100% increases in 
organic matter, nitrogen and other nutrients under the 
canopy of Acacia albida. Also, Verinumbe (1987) 
reported in semi-arid climates that, it is common to find 
higher soil organic matter and other nutrient elements (N, 
K, Na, Mg) under tree canopies than in adjacent open 
land. Similarly, Kellman (1979) reported that trees 
showed preferential enrichment of the soil below them in 
terms of Ca, Mg, K, Na, P and N. In some cases the level 
of these nutrients approached or exceeded those found 
in the nearby rainforest. The study concluded that 
nutrient component of Prosopis juliflora under tree and 
open area were 0.73 and 0.25%, 0.075 and 0.027%, 37 
and 31mg100g

-1
 for organic carbon, total nitrogen, P, K,  

respectively. 
 
Effect of some tree species on earthworm population  
 
Figures 3 and 4 stated the effect of some trees species 
on earthworm population at 0 - 30 cm and 30 – 40 cm soil 
depth, respectively, under cacao, mango, bread fruit and 
avocado pear canopies and their adjacent soils in 
Umudike, Nigeria. However, at 0-30cm 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 open adjacent soils which were 10 meters 
away from the various tree canopies, respectively. 
Generally from the results, soils under cacao canopy 
(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
. 

Earthworm populations for the sampled soils were in the  
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Table 1.  Organic carbon, Total nitrogen, pH and   Available phosphorus of soils under some tree species 
and their adjacent sites at 0 – 30 cm depth in Umudike, Nigeria. 
 

Tree Type Soil Depth (cm) Treatment Attributes  
 OC OM N Avail. P  

pH (KCl) -------- % ---------------- ( ppm) C:N 

Cacao 0 - 30 Under Tree 5.6 1.40 2.41 0.121 9.45 11.57 
Adjacent Site 4.6 0.89 1.54 0.077 3.45 11.55 

Breadfruit  0 - 30 Under Tree 5.1 1.00 1.83 0.092 8.40 10.86 
Adjacent Site 4.5 0.20 0.35 0.018 2.36 11.11 

Avocado Pear 0 - 30 Under Tree 5.5 1.14 1.97 0.099 9.15 11.51 
 Adjacent Site 4.2 0.53 0.92 0.043 3.42 12.33 

Mango 0 - 30 Under Tree 5.3 1.79 3.08 0.154 8.77 11.62 
 Adjacent Site 4.3 0.66 1.14 0.057 5.50 11.57 

  F-LSD0.05 0.51* 0.37* 0.61* 0.04* 2.71*  

 
OC = Organic carbon, OM= Organic matter, N= Nitrogen, Avail. P =available phosphorus. 

 
 

Table 2. The exchangeable bases and cation exchange capacity of soils under the trees and their adjacent sites at 0 – 30 cm depth. 
 

 
Tree Type 

 
Soil Depth (cm) 

 
Treatment 

 
Na+ 

 
Ca++ 

 
Mg++ 

 
K+ 

 
Al++ 

 
H+ 

 
EA 

 
ECEC 

 
BS 

 
Al. Sat 

----------------- Cmol(+)kg-1  -------------------------------------------       ------%------ 
Cacao 0 - 30 Under Tree 0.11 9.77 3.80 0.663 0.68 0.20 0.88 15.22 92.11 4.47 
  Adjacent Site 0.10 8.67 1.60 0.172 1.10 0.82 1.92 12.46 72.89 8.83 
Breadfruit 0 - 30 Under Tree 0.11 5.60 2.80 0.174 0.57 0.31 0.88 9.56 90.80 5.96 
  Adjacent Site 0.10 3.40 1.80 0.158 0.93 0.27 1.20 3.19 81.97 29.15 
Avocado 0 - 30 Under Tree 0.11 5.20 2.40 0.169 0.50 0.30 0.80 8.68 90.77 5.76 
  Adjacent Site 0.10 3.00 2.10 0.145 0.80 0.48 1.28 6.63 80.67 12.07 
Mango 0 - 30 Under Tree 0.12 3.40 2.40 0.175 0.64 0.30 0.94 9.03 89.59 7.09 
  Adjacent Site 0.10 2.80 1.60 0.166 2.04 1.04 3.08 7.75 60.24 26.32 
  F-LSD0.05 0.01* 2.20* 0.51* 0.11* 0.42* 0.23* 0.52* 3.09* 9.43* 8.10* 

 
Na+  = Sodium; Ca++ = Calcium; Mg++ = Magnesium;  K+ = Potassium;  Al++ = Aluminum;  H+ = Hydrogen, EA = Exchangeable acidity; 
CEC = Cation exchange capacity; ECEC = Effective cation exchange capacity; BS = Base saturation; Al. Sat. = Aluminum saturation;  
* = Significant at P< 0.05 

 
 
 
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. However, 30 – 40 cm soil 
depth followed the same trend. 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 Ojimgba and Onyejiji 
(2018). 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. Gonzales et al. (1996) 
added that tree plantation influence earthworm 
abundance by altering the physical and chemical 
properties of the soil. Also, Wardle (2002) concluded that 
tree affect earthworms positively through litter inputs 
thereby promoting the establishment of earthworms. 

Therefore, increase in organic matter values of soils 
under the tree canopies and leaf litter might have 
influenced earthworms’ abundance. 
 
 
Effect of some tree species on earthworm casts                             
 
In addition, Figure 5 summarized the effect of some tree 
species (cacao, mango, bread fruit and avocado pear) on 
earthworm casts at Umudike, Nigeria. However, at 30-40 
cm soil depth, no earthworm cast was observed.  But at 0 
- 30cm soil 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. The results from the study 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 value of adjacent open sites of cacao (5.67) 
breadfruit (4,00), mango (1.33) and avocado (2.33). Also, 
there were significant differences existing between the 
earthworm casts under the tree canopies as well as   the  
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Figure 2:  Organic carbon storage under the trees and their adjacent sites.  
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Figure 3:  Effect of trees on earthworm population (per m2) of an Ultisol at 0 – 30 cm 
depth at Umudike. 

 
 
 
open adjacent soils. The results obtained in Fig. 5 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   as  also 
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Figure 4:  Effect of tree on earthworm population (per m2) of an Ultisol at 30 – 
40 cm depth at Umudike. 
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Figure 5:  Effect of tree on the earthworm  cast number (per m2) of an Ultisol  at 0 – 30 
cm depth at Umudike. 

 
observed by Ojimgba and Onejiji (2018). In addition, 
Ojimgba and Uwajimgba (2019) stated that earthworms 
casts under tree canopies had very high chemical 
nutrient compositions than their adjacent sites. Ojimgba 
and Onyejiji (2018) reported that through their 

 
activities of feeding, burrowing and casting, earthworms 
modify the physical, chemical and biological properties of 
soil and thus its ability to support above-ground 
vegetation.  
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Conclusion  
 
This study had basic information on the effect of trees on 
chemical properties of the soils and earthworm activities 
under cacao, breadfruit, avocado pear and mango 
canopies and their adjacent sites in Umudike, Nigeria. 
The study has shown that values of nutrient elements 
under tree canopies were higher than those of their 
adjacent sites. Also, this study revealed that earthworm 
population and casts were higher under tree canopies 
than those of their adjacent sites. The results, therefore, 
pointed to the fact that trees improved highly the 
chemical properties of the soil as well as increased 
earthworm population and casts, over the adjacent soils. 
 
 
Recommendations 
 
(i) The high nutrient of the tree canopies through their leaf 
litter can be utilized for arable crop production using the 
leaf litter either in or ex situ as organic manures. 
(ii) The study  therefore recommend that famers should 
plant some of these multipurpose trees along the contour 
bunds or boundaries as alley , prune them periodically or 
allow the leaves to fall and decay to improve the state of 
the soil. 
(iii) Farmers should avoid slash and burn under such 
trees to reduce the death of earthworms which are vital in 
soil improvement. 
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