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This study investigate the impact of two species (Azadirachta 

indica and Eucalyptus camaldulensis) used in agroforestry for 

improvement of soil condition in semi-arid areas part of Katsina 

state. Soil samples were collected for analysis of physical and 

chemical properties from each of the two different areas where 

these  species  were planted on the farm lands. The soil analysis 

revealed improvement in physical and chemical properties, with 

lowering of the pH under the tree cover while there was an 

increase in organic matter, nitrogen, phosphorus and effective 

cation exchange capacity content among others in the soils under 

both areas covered by the two plant species. Generally, the result 

of the analysis indicate improvement in the soil fertility as a result 

of  planting of these exotic species in the two local government 

areas of the state. 
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INTRODUCTION 
 
Soils of semiarid areas of West Africa are increasingly 
exhausted of their nutrients which was  attributed to fast 
oxidation of organic matter, washing  and blowing away 
of nutrients  by runoff water and wind and increased 
intensive cultivation of crops without adequate 
replenishment of nutrients (Jaiyeoba, 1995). Agroforestry 
has been reported to have a lot of potential for increasing 
agricultural productivity with conservation of natural 
resources and enhancement of the sources of livelihoods 
for farmers (Osituyo, 2001). Abubakar, (2006) reported 
that agro-forestry systems have the potential to reduce 
severity of erosion and runoff, enhances soil organic 
matter, improve soil physical and chemical properties and 
aided nitrogen fixation and promote efficient nutrient 
cycling. 

 Agro-forestry is also recognized as a land use option in 

 
which trees provide both products and environmental 
services (Otegbeye, 2004) In most agroforestry systems, 
the trees grown do not have the usual silivicultural 
recommendations in terms of spacing (Onyewotu et al., 
2003). Kang, (1993) reported that besides direct 
agricultural benefit, trees have social and economic 
values. The socio - economic benefits of agroforestry can 
be evaluated in terms of productivity, stability and 
sustainability (Abubakar, 1996). 

 According to Omijeh et al., (1989), while studying the 
influence of agroforestry systems, one must  consider  
whether agroforestry systems control soil erosion, 
maintain soil organic matter, maintain soil physical 
properties, augment nitrogen fixation, enhance soil 
nutrient , promote efficient nutrient cycling, reduce soil   
toxicities,    promote     desirable     soil    faunal    activity,  
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aided long term retention of soil moisture for  crops. Out 
of the several benefits accrued from agroforestry systems 
in terms of soil quality, nutrient cycling is the most 
important. Plants take up nutrients from the soil and use 
them for metabolic activities. In-turn, these nutrients are 
returned back to the soil either naturally or fall as litter. 
These plant parts are decomposed as a result of 
microbial activities and release the nutrients held in them 
into the soil. The nutrient then becomes available for 
plant uptake once again (Adegbehin et al., 1990). The 
nutrient cycling in general has been defined as 
continuous transfer of nutrients that are already present 
within a soil-plant system (Mortimore, 2008). 

Another important contribution of agroforestry systems 
is enhancement of organic matter. Young, (1979) 
emphasized that agroforestry systems have the potential 
to control both water and wind erosion, which ultimately 
reduces the loss of soil organic matter and nutrients. Soil 
organic matter has many roles in maintaining fertility. 
These include improvement in soil physical properties, 
water holding capacity, the slow release of nutrients, 
particularly in low input farming systems, enhancement of 
cation exchange capacity, and the provision of a 
favorable environment for soil faunal activity. It has been 
observed that increase in population and pressure on 
land has exerted enormous pressure on the quality of soil 
particularly in the semi-arid areas of northern Nigeria 
(Leows and Gardiner, 1982; Jaiyeoba, 1995; Bello, 1986; 
Abubakar, 2006). Thus in many areas, agro-forestry 
practices have become common practice across semi-
arid parts of northern Nigeria due to its perceived 
advantages to the environment in general and soil fertility 
enhancement in particular. Different tree species that 
have been used in agro-forestry include Neem tree 
(Azadirachta indica) and gum tree (Eucalyptus 
camaldulensis).  

Although a number of studies have been carried out on 
the effects of Agro-forestry practices in the semi-arid 
areas of Nigeria, few attempts have been made to assess 
the impact of two exotic species (Azadirachta indica and 
Eucalyptus camaldulensis) on soil physical and chemical 
properties in this area. It is the dearth of information on 
the impact of these two exotic species on soil condition 
that prompted this study in parts of Rimi and Batagarawa 
local Government areas of Katsina state, northern 
Nigeria. 
 
 
MATERIALS AND METHODS 
 
Location and characteristics of the study area 
 
The study area comprises two local Government Areas in 
Katsina state, namely: Batagarawa and Rimi local 
government. Batagarawa is located between latitude   
12°54'17.81"N and longitude 7°36'11.84"E Batagarawa 
covered a total area of  about  627 km

2
  and  made  up  of 

 
 
 
 
many villages. Batagarawa shared boundaries with 
Katsina, Batsari, Jibia, Rimi, Charanchi and Kurfi. The 
local government has population of 184,575 (NPC, 2006). 
Rimi  local government is located between  latitude 
12°51′0″N and12.85000°N  7°42′56″ E and 7.71556°E.    
It has an area of 452 KM

2
 and a population of 153, 744 

(NPC, 2006) (Figure 1).  
The study area is characterized by a humid tropical 

climate with a relatively long dry season and shorter rainy 
seasons. Rainfall starts in May and ends in September 
with an annual range of between 600 to 800 mm. The 
monthly dry season average temperatures are above 
30°C but significantly drop in harmattan periods which 
stretch from November to February when the dry 
northeast trade wind start blowing, while the mean 
monthly temperature during the rainy season ranges 
between 22°C -28°C. Four distinct seasons are 
experienced in the area; these are dry and cool, dry and 
hot, wet and warm, and dry and warm seasons 
respectively. Relative humidity in Batagarawa/Rimi and 
environments does not exceed 20-25%, the highest 
humidity in the area occur in the months of August and 
September, while the lowest occur in the month of April 
(Lawal, 2017). 
 
 
Reconnaissance survey 
 
Reconnaissance visit of the study area was carried out in 
January, 2015 to select appropriate site for the study.  
Information sought included different ago-forestry system 
in the area, their locations and histories. This information 
was obtained from observation of local settings and from 
elderly farmers in the study area. The outcome of the 
reconnaissance survey facilitates the selection of four 
ago-forestry sites and two control sites for the study. 
 
 
Soil samples collection and analysis 
 
In each of the agro-forestry site selected, a 5 × 5 meters 
rectangular plot (quadrants) was demarcated and divided 
into 25 equal-sized grid squares. At mid-point of every 
square, soil samples were taken at the surface layer (0-
20 cm) using soil auger. The surface layer generally 
represents the plough layer in the study area. Fifteen (15) 
samples were collected from each of the two different 
areas where these tree species (Azadirachta indica and 
Eucalyptus camaldulensis) were planted on farm land. 
Another two adjacent bare lands were randomly selected 
as control sites near both agro-forestry sites. The two 
agro-forestry sites were characterized by similar age, soil, 
climate, and topographic characteristics. Each collected   
soil sample was put in a polythene bag and labeled after 
the tree species type and then transported to the 
laboratory for analysis. The equipment’s used for the 
extraction   of   soil   samples    included    a   soil   auger,  
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Figure 1:  Locations of the study sites.  

 
 
 
polythene bags, permanent marker, paper and measuring 
tape.  
 
 
Laboratory analysis of the collected samples 
 
While in the laboratory, the soil samples were air-dried, 
grounded and passed through a 2 mm sieve for the 
laboratory analysis. The sieved samples were used to 
estimate and determine levels of change in chemical and 
physical properties and making comparison with 
standards. Particles sizes distribution was determine 
using the pipette method. To determine soil pH, 20 g of 
air-dried soil sample was taken into a 50 ml beaker in 
which 20 ml of distilled water was added. The suspension 
was then stirred several times for 30 minutes with a glass 
rod after which it was allowed to settle for 30 minutes in 
order to allow suspended clay to settle down. Electrodes 
of pH were then measured. While taking the 
measurement, the suspension was not stirred and the 
electrodes were not allowed to touch the bottom of the 
beaker to avoid errors in measurement Soil organic 
matter was determined using Walkey-Black digestion 
method, total nitrogen was determined using regular 
macro Kjeidahl method and the available phosphorus 
was determined using Bray No 1 method as explained by 
Desbiez et al., (2004).  The Cation Exchange Capacity 
was determined using ammonium acetate extraction 
method and the leachate, which was preserved during 
the CEC determination, was used to determine the 
exchangeable cations (Gray and Morant, 2003). 

 
 
 
Data analysis 
 
Following the laboratory analysis of samples, descriptive 
statistics which comprised  mean (X), standard deviation 
(SD) and coefficient of variability  (CV %) values were 
computed for each of the soil properties determined for 
each agro-forestry site. Mean values were compared with 
other studies in similar environment. 
   
 
RESULTS AND DISCUSSION 
 
Soil physical properties under gum tree (Eucalyptus 
Camaldulensis) agroforestry 
 
Table 1 summarizes the status and variation of the 
analyzed physical properties of soil under gum tree agro-
forestry. It shows that the variations in the mean values of 
the soil properties under both neem tree, gum tree and 
control sites   in the study area.  Soil   under gum tree 
agroforestry system in Masabo recorded 77% sand, and 
Kaukai 76% value which appeared lower than in the 
control sites which recorded 81%. This indicates that 
percentage sand in the sampled soil is higher in control 
than under the two agroforestry systems. This may be 
due largely to the fact that the control sites serve as 
farmlands. This implies that the two agroforestry systems 
were contributing in improving soil texture in the study 
area (Figure 2). The result of soil textural class under the 
two agroforestry systems were more of sandy loam while 
the texture of soil under control site was purely sand.  
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Table 1. Soil physical properties under gum tree (Eucalyptus Camaldulensis) 
agroforestry and neem  (Azadirachta indica) 
 

Under Gum Tree   Under Neem Tree 

  Masabo Kaukai Control Eka Dabaibayawa Control 

Sand% 77 76 81 79 76 86 
Silt% 11 14 9 6 6 6 
Clay% 12 10 10 15 18 8 

           

Source: Field work (2015). 

 
 

 
 
Figure 2:  Spatial distribution of soil textural classes under Eucalyptus Camaldulensis 
(gum tree). 

 

 
 
   

Result of sand was almost similar under Neem tree 
agroforestry system, with percentage sand being 86% in 
the control site (Figure 2). Similarly, percentage silt 
content recorded under gum tree agroforestry system 
was a little higher than under Neem tree agroforestry 
system in the study area. Percentage of silt recorded 
under gum tree was 14% and 11% in Kaukai and Masabo 
villages respectively. While percentage silt under Neem 
tree was only 6% in both Eka and Dabaibayawa villages 
respectively. It could however be observed that soils 
under gum tree (E. camaldulensis) have higher silt 
content meaning that agroforestry system using gum tree 
helps improve soil chemical bonding thereby improving 
other nutrient dependent processes to operate in the soil 
(Figure 3).  

This conform with the work of Akpokodje and Aweto,    
(2007)  where they found higher silt in soils under E. 
Camaldulensis in south wetern Nigeria. Similarly, Clay 
content of the soil appeared almost similar in all the sites  

 
under gum tree agro-forestry. Unlike the findings of 
Akpokodje and Aweto, (2007), where clay contents in 
soils was reported high, results of soil clay content was 
relatively lower in all the selected sites. This could be due 
largely to the first area being under humid rainforest area 
while our study area being under an Alfisol soil type. 
 
 
Soil physical properties under Neem tree 
(Azadirachta Indica) agroforestry 
 
Soil physical properties were almost similar in all the 
sample sites with the exception of silt (Table 1).Soil under 
neem tree based agroforestry system in Eka recorded 
79%, Dabaibayawa 76% and controls 86% sand content 
in the soil samples. Mean sand value appeared to be 
higher   in   control site   than   in   the   two   study sites. 
This indicates that the two agro-forestry systems were 
beneficial to soil quality in  the  study  area  compared  to  
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Figure 3: Physical soil properties under gum tree (Eucalyptus Camaldulensis) 
agroforestry in the selected villages. 

 
 

Table 2. Soil physical properties under 
Neem tree (Azadirachta Indica ) based 

agroforestry. 
 

Sample ID Particle Size Distribution 

 % Sand % Silt % Clay 

Eka 79 6 15 
Dabaibayawa 76 6 18 
Mean  77.5 6 16.5 
Control 86 6 8 

 Source: Field work (2015). 
 
 
control sites. Similarly, mean silt value under neem tree 
agroforestry system appeared generally the same in all 
the study sites and control (6%). Mean clay contents 
differ  under the neem tree agroforestry system, with the 
control site having the lowest value (8%). This may be 
due to the fact that the control site serves as farmland 
being cultivated on annual basis using different 
implements. This breakdown the soil and subsequently 
erosion sets in thereby creating imbalance in all the 
properties. While under the two agroforestry systems, the 
sites appeared stable over a long period of time with litter 
falling on the nearby farm. In this way, farmlands 
neighbouring these systems were expected to have a 
higher fertility levels than other areas. Figure 2 further 
depict the spatial distribution of the soil physical 
properties in the study area. Mean soils textural under 
gum tree in Masabo village appears slightly different, with 
sand content being (77%) and that of control sites being 
(81%). Similarly, average silt in Masabo and Kaukai 

recorded 12.5% under gum tree and 9.0% of control 
sites. Average clay under gum tree in Masabo and 
Kaukai recorded 11% and 10% of control Site. This 
corresponds with the result of a study conducted in Lafia 
Nasarawa state by Alao and Shuaibu (2011) were they 
obtained similar values of sand, silt and clay. 

Averages of (76.5%) sand (81%) under gum tree and 
control sites were recorded respectively. However sand 
contents in Masabo and Kaukai is slightly lower than that 
of control site, though, this is as a result of accumulations 
of litters and microbial activities in the soil under 
agroforestry practices. The values of silt in Masabo are 
slightly lower than that of Kaukai but slightly higher than 
control site. Clay values appeared higher in Masabo but 
similar in Kaukai and control sites. Table 2 shows the soil 
physical properties under neem tree based agroforestry 
and the control site in the study area, Eka and 
Dabaibayawa. Soils under neem tree in Eka and 
Dabaibayawa are slightly different,  mean  value  of  sand 

0

10

20

30

40

50

60

70

80

90

Sand Silt Clay

Masabo

Kaukai

Control



Abdulrashid et al.         343
 
 
 
 

 
Figure 4: Physical soil properties under Neem tree (
among the selected villages.

 
 

Table 3. Mean and Standard Deviation of chemical soil properties under 
    

Sample Sites 
N 

(%) 
P 

(mg/kg) 
K 

(cmol/kg)

Masabo 0.19 9.3 0.4 
Kaukai 0.13 12.2 0.5 
Mean 0.16 10.8 0.45 
STDEV. 0.04 2.05 0.07 

     Source: Field  work (2015). 

 
 
 
(77.5%) and that of control sites (86%), mean value of silt  
in Eka and Dabaibayawa recorded 6% under Neem tree 
based agroforestry and 6.0% of control sites.  Mean 
value of Clay under Neem tree based agroforestry in Eka 
and Dabaibayawa recorded 16.5% and 8% of control Site 
(Figure 4). Averages of (77.5%) sand (86%) under Neem 
tree based agroforestry and control sites were recorded
respectively. However sand contents in Eka and 
Dabaibayawa is slightly lower than that of control site
though, this due to the availability of nutrients in the soil 
under agroforestry practices. The values of silt in Eka and 
Dabaibayawa and control appeared similar (6%). Clay 
values are higher in Dabaibayawa than Eka but lower in 
the control sites. 
 
 
Soil chemical condition under red gum tree 
camaldulensis) based tree agroforestry
 
Table 3 summarizes soil chemical properties under the 
Eucalyptus Camaldulensis based tree agroforestry from 
the two sample sites at Masabo and Kaukai villages in 
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Mean and Standard Deviation of chemical soil properties under Eucalyptus Camaldulensis. 

(cmol/kg) 
CEC 

(cmol/kg) pH 
EC 

(ug/g) 
OC 
(%) 

OM 
(%) 

Ca 
(cmol/kg)

5.2 6.9 1.2 0.6 1 3 
5.1 6.4 0.9 0.4 0.7 2.9 

 5.15 6.65 1.05 0.5 0.85 2.95 
 0.07 0.35 0.21 0.14 0.21 0.07 

(77.5%) and that of control sites (86%), mean value of silt  
recorded 6% under Neem tree 

try and 6.0% of control sites.  Mean 
value of Clay under Neem tree based agroforestry in Eka 
and Dabaibayawa recorded 16.5% and 8% of control Site 
(Figure 4). Averages of (77.5%) sand (86%) under Neem 
tree based agroforestry and control sites were recorded 
respectively. However sand contents in Eka and 

is slightly lower than that of control site, 
availability of nutrients in the soil 

under agroforestry practices. The values of silt in Eka and 
red similar (6%). Clay 

than Eka but lower in 

tree (Eucalyptus 
groforestry 

Table 3 summarizes soil chemical properties under the 
based tree agroforestry from 

the two sample sites at Masabo and Kaukai villages in 

Rimi/Batagarawa local government area, respectively. 
Total Nitrogen values range between 
a mean of 0.16 and standard deviation of 0.04 
approximately. Between the studied sites under 
Eucalyptus Camaldulensis based tree agroforestry, 
Masabo has the highest concentra
of 0.19% and 0.03% of control site. Moreover, this tallied 
with findings of Jaiyeoba et al. (2009), for s
Similarly, mean phosphorous content of soil under the 
Eucalyptus Camaldulensis based tree agroforestry in 
Kaukai and Masabo recorded 10.8 mg/k
compared to 3.7 mg/kg under control sites, thus, these 
values represent a good level for agricultural soils. 
Potassium mean value in the two sampling sites under 
Eucalyptus Camaldulensis based tree agroforestry 
recorded 0.45 cmol/kg in Masabo and Kaukai value 
higher than 0.20 mg/kg under control site and standard 
deviation of 0.07 (Figure 5).The mean values of CEC of 
the soils in Masabo and Kaukai
Camaldulensid tree agroforestry recorded 5.15
and 3.12 cmol/kg under control sites respectively Masabo 
has the highest  concentration, 

Silt Clay
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agro-forestry 

(cmol/kg) 
Mg 

(cmol/kg) 
Na 

(cmol/kg) 

0.9 0.2 
0.9 0.2 
0.9 0.2 
0 0 

Rimi/Batagarawa local government area, respectively. 
l Nitrogen values range between 0.13 to 0.19 % with 

a mean of 0.16 and standard deviation of 0.04 
pproximately. Between the studied sites under 

based tree agroforestry, 
Masabo has the highest concentration of Total Nitrogen 

and 0.03% of control site. Moreover, this tallied 
et al. (2009), for savannah soils. 

Similarly, mean phosphorous content of soil under the 
based tree agroforestry in 

Kaukai and Masabo recorded 10.8 mg/kg which is higher 
compared to 3.7 mg/kg under control sites, thus, these 

vel for agricultural soils. 
Potassium mean value in the two sampling sites under 

based tree agroforestry 
recorded 0.45 cmol/kg in Masabo and Kaukai value 
higher than 0.20 mg/kg under control site and standard 

ure 5).The mean values of CEC of 
the soils in Masabo and Kaukai under base Eucalyptus 

tree agroforestry recorded 5.15 cmol/kg 
and 3.12 cmol/kg under control sites respectively Masabo 

,  Which  corresponds  with  

Dabaibayawa
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Figure 5: Distribution of chemical properties in soil under gum tree (Eucalyptus 
Camaldulensis) in the three selected sites. 
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Figure 6: Comparative statistics of N, P, K between sites under Eucalyptus 
Camaldulensis and Azadirachta Indica.  

 

 
 
the result of a study conducted in Lafia Nasarawa state 
by Alao and Shuaibu (2011) whose CEC estimated at 5.3 
cmol/kg. Table 3 shows the recorded mean  pH  value  of  
6.65  in Masabo and Kaukai under Eucalyptus 
Camaldulensi  based tree agroforestry, which is slightly 
higher than that of control sites with pH 5.47, and 
standard deviation 0.35. A value recommended for good 
agricultural soils. The mean value of electrical 
conductivity (EC) of soils under Eucalyptus Camaldulensi  
based tree agroforestry in Masabo and Kaukai recorded 
1.05 (ug/g) and 0.42 under control sites and standard 
deviation of 0.21. The soil organic carbon in the two 

sampling sites recorded mean value of 0.5 in Masabo 
and 0.1 in the control sites and standard deviation of 
0.14, these correspond with the result of a study 
conducted in India (Ramesh et al., 2007; Ramesh et al., 
2008).  

Moreover, the mean value of soil organic matter 
content obtained in the study area is 0.85% and 0.2% 
under the control site respectively, with standard 
deviation of 0.21. This corresponds with the result of 
(Dexter, 2004), in India where he recorded 0.23% under 
(guava) tree based agroforestry (Figure 6). Mean calcium 
values   under   Eucalyptus   Camaldulensis   based   tree 
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Table 4. Mean and Standard Deviation of chemical soil properties under Azadirachta Indica. 
 

Sample Sites 
N 
% 

P 
mg/kg 

K 
cmol/kg 

CEC 
cmol/kg pH 

EC 
us/cm 

OC 
% 

OM 
% 

Ca 
cmol/kg 

Mg 
cmol/kg 

Na 
cmol/kg 

Eka 0.18 9.0 0.5 6.2 7.0 1.2 0.5 0.9 3.0 1.1 0.2 
Dabaiba-yawa 0.25 7.9 0.5 5.0 6.9 1.1 0.5 0.8 2.7 1.0 0.2 
Mean 0.21 8.4 0.5 5.6 6.9 1.2 0.5 0.9 2.8 1.1 0.2 
STDEV. 0.05 0.75 0.04 0.83 0.09 0.10 0.04 0.07 0.25 0.07 0.01 

Source: Field work (2015). 

 
 
 
agroforestry recorded 2.95 Cmol/kg in Kaukai  and 
Masabo village which is higher than 1.08 under control 
site, and standard deviation of 0.07 is recorded. This 
appeared similar with the findings of Young, (1979) were 
he obtained 0.31cmol/kg under a mango tree 
agroforestry. 

Mean magnesium values under Eucalyptus 
Camaldulensis based tree agroforestry in the soil of 
Masabo and Kaukai village both have the same values of 
0.9 (cmol/kg) with standard deviation of 0.Similarly the 
mean values of sodium soil in the study areas i.e. 
Masabo and Kaukai are the same with mean values of 
0.2 (cmol/kg) and standard deviation of 0 (Figure 6). A 
similar finding conducted in Nigeria by (Alao and 
Shuaibu, 2011) under Parkia biglobosa, based tree 
agroforestry.  

Table 4 shows the mean total Nitrogen at Eka and 
Dabaibayawa villages is 0.21% which is higher than the 
control site in which 0.007 was obtained, standard 
deviation of 0.05 approximately. However this value 
represent good level for soil productivity 8.4mg/kg 
represents mean values Available phosphorus under 
Azadiracta indica based tree agroforestry practice in the 
two selected villages, with 4.02 mg/kg under control sites 
and standard deviation of 0.75. This result appears 
similar to the findings of Otegbeye, (2004) in  other part 
of Nigeria under Azadirachta indica based tree 
agroforestry system which had a mean value of 
8.10%.Mean Potassium from (Table 4). The result further 
shows that the areas had the same value with 0.5 
cmol/kg, mean value of 0.5 cmol/kg was recorded and 
0.19 Cmol/kg under the control sites, also standard 
deviation of 0.4 recorded. This value corresponds with 
the result of a study conducted in Lafia Nasarawa state 
by Alao and Shuaibu, (2011) whose CEC estimated at 
5.3 cmol/kg. Table 4 indicates the mean pH value of 6.9 
in the soil of Dabai bayawa and Eka, and 5.47 under 
control sites.  Mean electric conductivity values under 
Azadirachta indica agroforestry in Dabaibayawa and Eka 
village is 1.2 ug/g as shown in (Table 4), and 3.01 under 
control sites, and standard deviation of 0.10. The mean 
value soil organic carbon in the two sampling sites is 
0.5% in Dabaibayawa and Eka and 0.14% under control 
sites with standard deviation of 0.04; these correspond 
with the  result  of  a  study  conducted  in  India (Ramesh 

et al., 2007; Ramesh et al., 2008).  
The mean value of organic matter under Azadirachta 

indica based tree agroforestry in Dabaibayawa and Eka 
is 0.8% from (Table 4 and Figure 7), similarly0.2% was 
recorded under control sites, with standard deviation of 
0.07. Mean calcium values under Azadirachta indica 
agroforestry in Dabaibayawa and Eka 2.8 cmol/kg and 
1.06 cmol/kg under control respectively with standard 
deviation of 0.25 this result correspond with the finding of 
(Das et al., 1993) in India, where they  recorded 3.5 
cmol/kg. Soil under Azadirachta indica recorded higher 
values of Magnesium 1.1cmol/kg compared to control site 
plots 0.50 cmol/kg and standard deviation of 0.07. 
Similarly the mean values of sodium soil in t. Dabai 
bayawa and Eka is 0.2 cmol/kg, and 0.10 under control 
plots with standard deviation of 0.01. Similar findings 
conducted in Nigeria by Alao and Shuaibu, (2011) under 
Parkia biglobosa, based tree agroforestry. 

Table 3 and 4 show the result of soil chemical 
properties under gum tree based tree agroforestry in the 
study area. It indicates the pH value (6.65) is lower in 
soils under gum tree based agroforestry system 
compared to (6.9) under neem tree based agroforestry 
system, thus represent requirement level in both 
agroforestry practices in the study area. Total nitrogen 
recorded below average (0.16%) in soils under gum tree 
compared to (0.21%) soils under neem tree based 
agroforestry. The (Tables 3 and 4) above recorded high 
values of mean available phosphorus (10.8 ) under gum 
tree compared to (8.4) under neem tree based 
agroforestry practice. Average potassium 0.45 cmol/kg 
and 0.5 cmol/kg under gum and neem tree agroforestry 
respectively, which is within average requirement level. 
Average CEC 5.15 mg/kg which is below average under 
gum tree based agroforestry compared to (5.60 mg/g) 
under Neem tree based agroforestry. Mean values of EC 
(1.02) is below average in soils under Gum tree based 
agroforestry system compared to (1.2) under neem tree 
based tree agroforestry system.  

An organic carbon mean value (0.5%) is the same in 
both soils under gum and neem tree based agroforestry 
system in the study area. Mean value of organic matter 
(0.85%) is lower under gum tree based agroforestry 
system compared to (0.9%) under Neem tree 
agroforestry practice in the study area. 
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Figure 7 : Summary of the distribution of chemical properties of soil under Neem tree 
(Azadirachta Indica)  in the th

 
 
 

 
Figure 8: Physical soil properties under Neem tree (
the selected villages. 

 
 

 
Mean Ca recorded (2.95 cmol/kg) under g
agroforestry is higher (2.8 cmol/kg) under Neem tree 
based agroforestry system. Mean Mg value (0.9 cmol/kg) 
is below average under Gum tree agroforestry compared 
to (1.1 cmol/kg) under Neem tree based agroforestry. 
Mean value of Na recorded (0.2 cmol/kg) under both 
Gum tree and Neem tree based agroforestry system.

However, it could be observed that agroforestry 
practice has positive impacts on soil chemical properties. 
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to (1.1 cmol/kg) under Neem tree based agroforestry. 
Mean value of Na recorded (0.2 cmol/kg) under both 
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However, it could be observed that agroforestry 

practice has positive impacts on soil chemical properties. 

Nitrogen, phosphorus and potassium are primary 
nutrients of most crops. The secondary nutrients include 
calcium, magnesium, sulphur etc. 
contribution of agroforestry systems is 
matter. Young (1979) emphasized that agroforestry 
systems have the potential to control both water and wind 
erosion, which ultimately reduces the loss of soi
matter and nutrients. Soil organic matter has many roles 
in maintaining fertility. 
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These include the effects on soil physical properties, 

including water-holding capacity, the slow release of 
nutrients, particularly significant in low input farming 
systems, enhancement of cation exchange capacity, 
especially where fertilizers are applied, and the provision 
of a favourable environment for soil faunal activity.  
 
 
Conclusion 
 
This study clearly indicates that agroforestry systems 
could lead to improvement in chemical and biological 
activity though his depends on the number of trees in the 
farmland. It can also maintain more favourable soil 
physical properties, lead to more nutrient cycling, check 
the development of soil toxicities, or reduce exiting 
toxicities-both soil acidification and salinization. The 
system utilizes solar energy efficiently than monoculture 
systems and may reduced insect pests and associated 
diseases. Agroforestry could be employed to reclaim 
eroded and degraded land; enhance soil water 
availability; could increase nutrient inputs by retrieval 
from lower soil horizons and weathering rock and   
minimize the effects of runoff and soil erosion, thereby 
reducing losses of water, soil material, organic matter 
and other essential nutrients. 
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