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Low purchasing power of inorganic fertilizers by farmers among other factors has led to a decrease in 
maize production in Kenya. Growing trees on-farm can improve the situation. A study was carried out at 
three sites in Western Kenya to investigate the effects of selected tree species on total organic carbon, 
cation exchange capacity, pH, growth and yield of maize. Top soil (0 to 15cm) and maize plants were 
sampled for measurements under the canopies of selected tree species at (2, 7 and 12 m) from trees. A 
complete randomized block design with four tree species, three levels of distance and three stages of 
growth was used. Soils under Grevillea robusta had a significantly higher pH (p=0.02) at Ulafu. Soil CEC 
under G. robusta and Leuceana leucocephalla were significantly lower (p< 0.001) compared to 
Markhamia lutea and Mangifera indica at Ulafu. Maize under G. robusta at Bumula had the highest yield 
(3.91

 
t ha

-1
). A significantly lower (p=0.001) maize yield was revealed under M indica in both Ulafu and 

Ndere. The study suggests some positive influences from all the trees by increasing total organic 
carbon in soils. Therefore, increasing the number of trees on farms may improve soil fertility and maize 
production. 
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INTRODUCTION 
 
Maize is one of the most important crops in Kenya 
(Howell et al., 1999) with current production standing at 2 
tonnes per hectare (t ha

-1
) against a potential yield of 5 to 

8 t ha
-1

 (MOA,  2013).  Factors  contributing  to  this  yield 

gap include poor soil fertility, poor crop husbandry and 
use of low yielding varieties among others (Murithi et al., 
1994; Achieng et al.,2001). Western Kenya is among the 
areas  in   the   country   with   great   potential   for   crop
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production due to high rainfall (1,740 to 1,940  
mm/annum). However, the soils in this region are 
currently depleted due to soil acidity and continuous 
cropping without soil replenishment. In fact the use of 
fertilizers by the small holder farmers is limited by high  
fertilizer cost and poor distribution (Kiptot, 2008; Sanchez 
et al., 2009). 

Smallholder farmers in western Kenya rely on organic, 
or a mix of organic and inorganic fertilizer application for 
maize production. Those who do not have access to 
manure, and cannot afford inorganic fertilizers constitute 
the majority of farmers and experience recurrent low 
yields due to lack of capital to invest in the necessary 
technologies (Murithi et al., 1994; Kapkiyai et al., 1998). 
Use of locally available organic materials from trees and 
shrubs has the potential to improve soil fertility even 
though this has not been applied to a large extent in 
western Kenya. Intercropping nitrogen fixing trees such 
as Gliricidia sepium Kunth ex Steud. with crops has been 
shown to improve the long-term efficiency of nutrient use 
and a positive nutrient balance in Malawi and Zambia 
(Mafongoya et al., 2006; Akinnifesi et al., 2007). 
Intercropping Gliricidia with maize increased maize yields 
by between 100-500% with an average of 315% over a 
ten-year period (Akinnifesi et al., 2006). Increase in yield 
was apparent from the third year after tree establishment. 
According to these authors, unfertilized maize under 
Gliricidia maintained yield at 3 to 4 t ha

-1
. When the 

intercrop plots were amended with 46 kg N ha
-1

 and 40 
kg P2O5 ha

-1
 (representing 50% N and 100% P, 

respectively), there was a 79% increase in grain yield 
over the recommended practice, indicating 
complementarity between the applied fertilizer and 
organic inputs from Gliricidia (Akinnifesi et al., 2007). 

Additionally, the use of Faidherbia albida for 
improvement of soil fertility and crop yields has been 
demonstrated in many parts of Africa (Saka et al., 1994; 
Kang and Akinnifesi, 2000). This species sheds its leaves 
during the wet season and resumes leaf growth during 
the dry season. This makes it possible to grow crops 
under its canopy with minimum shading on the 
companion crop. Several studies in Africa showed yield 
benefits when crops were grown under the canopy of F. 
albida. Saka et al. (1994) reported 100 to 400% increase 
in maize yield in the Lakeshore plain of Malawi. Others by 
Akinnifesi et al. (2008) showed that planted fallows of 
Sesbania sesban in Zambia, Malawi and Zimbabwe had 
doubled tripled maize yield compared with control plots. 
In a similar study in Kenya, soil organic matter fractions 
were significantly greater under the gliricidia-maize 
intercrop than under sole maize (Pers Com, 2008). These 
studies show potential of having an integrated approach 
that incorporates appropriate trees species in cropping 
systems for sustainable crop production. The influence of 

large canopy tree species on soil properties and maize yield 
has however not been extensively studied in Kenya. This 
study, therefore, sought to establish the influence of 
common tree  species  established  in  croplands  on  soil 

 
 
 
 
properties (soil pH, CEC and TOC) and maize yield in 
Western Kenya. 
 
 
MATERIALS AND METHODS 
 

The study area 
 

The study was conducted in three sites in western Kenya; Bumula 
division in Bungoma County, Ndere and Ulafu divisions in Siaya 
County. Bumula is located within latitude 0°

 

25.3’ and 0°
 

53.2’ N and 
longitude 34°

 

21.4’ and 35°
 

04’ E. The site is located mainly within 
the upper and lower midland agro ecological zones (UM1-4 and 
LM1-3 respectively) (GOK, 2007). The altitude ranges from 1200 – 
1800 meters above sea level (masl), with an average temperatures 
range from 16 to 30°C with an average of 23°C. Most of the soils 
are well drained (Jaetzold et al., 2007). There are varying soil types 
in the area with inherently fertile Andisols and Nitisols as the most 
prevalent. In 2009, the population of Bungoma where the site lies 
was 914,075 with a density of 515 persons per km2 and 175,313 
households (GOK, 2010). Agriculture is the main economic activity 
with maize being the main staple food.  

Ndere and Ulafu are located within latitude 0° 26’ to 0° 18’ North 
and longitude 33° 58’ East and 34° 33’ east (GOK, 2010). Altitude 
ranges from 1,140 to 1,400 m above sea level (masl) to 1400 m 
masl in the (GOK, 2006). The sites receive bi-modal rainfall: long 
rains fall between March and June, with a peak in April and May 
while short rains occur between August and November. The County 
receives between 800 to 1600 mm of rainfall per annum but rainfall 
amounts are quite variable and the short rains are especially less 
pronounced and unreliable (Jaetzold et al., 2007). In 2009, the 
population of Siaya was 550, 224 with a density of 325 persons per 
km2 and 175,313 households (GOK, 2010). Ecologically, Ndere and 
Ulafu sites fall in the lower midland (LM) agro ecological zone. The 
major agro-ecological zones are Lower midland zone (LM1), LM2, 

LM3 and LM4. 
 
 

Study design 
 
The study was an on-farm trial that followed a complete randomized 
block design with four tree species, three levels of distance and 
three stages of growth; a (4 × 3 × 3) factorial arrangement 
replicated five times. For the maize growth parameters, the three 
factors investigated were 4 tree species, 3 distance intervals and 3 
stages of plant growth; at levels 6, 9 and 12 after WACE in each 
site. The study units were maize plants selected in the marked plots 
under the selected tree species in each farm at the different 
distance intervals. 
 
 

Management of plots 
 
Land preparation was done manually by farmers and planting was 
done at the same time in the first two weeks of March. The farmers 
planted the same maize variety Duma 43 in the selected plots. The 
plant spacing used was 75 cm × 50 cm to give a plant population of 
approximately 27 000 per hectare. The farmers used the compound 
fertilizer (23:23:0) at an application rate of 10 g per planting station 
with two seeds. Weeding was done by farmers as per their usual 
practice but at the same time to reduce variability and they were 
requested not to prune the trees during the cropping season of 
study. 
 
  

Sampling procedure and data collection 
 

A baseline survey was carried out  at  the  four  study  sites  (Nzoia, 



 

 
 
 
 
Bumula Ndere and Ulafu) to determine the common tree species 
growing on farms. Twelve farms were randomly selected from each 
of the four sites to form a total of 48 farms. Selection of trees was 
based on stratified random sampling coupled with purposive 
sampling procedure focusing on farms that had rather common tree 
species growing along the boundaries of the cropping area. The 
selection of trees that were used for the study was also based on 
tree size and only those with diameter at breast height (DBH) 
between 15 and 25 cm and were separated from other trees by at 
least 10 m were selected to minimize interference. The DBH was 
attained by taking the circumference of the trees at 1.3 m above the 
ground using a tape measure and the diameter calculated. The 
farms with the trees that showed less variability in size were 
selected. The tree species that were found common in the three 
sites and were used for the study were Grevillea robusta A.Cunn.ex 
R.Br, Leuceana leucocephala (Lam de-Wit), Markhamia lutea 
(Benth.) K. Schum and Mangifera indica L. The study focused on G. 
robusta and L. leucocephala in Bumula and Ulafu and on M. lutea 
and M. indica in Ndere and Ulafu. Ulafu was the only site with all 
the four selected tree species. In Ndere and Bumula, 12 trees were 
sampled while in Ulafu site, 36 trees were used in the study. 

 
 
Data collection 

 
Study points were selected and fixed at 2, 7 and 12 m, away from 
each selected tree for soil sampling and measurement of the 
growth and yield of maize. Soil sampling was done before the start 
of the long rains crop season in April 2012. Four soil samples were 
randomly collected at a 1 m radius using a soil auger around each 
marked point and mixed to come up with a composite sample for 
each point. This was replicated for two other trees of the same 
species in the same farm. Sampling of top soil was done at 0 to 15 
cm from the soil surface. The soils were analyzed for soil pH, total 
organic carbon (TOC) and cation exchange capacity (CEC). The 
total organic carbon content of the soil was determined by the 
modified Walkley-Black procedure (Nelson and Sommers, 1996), 
the pH of the soil was determined in 0.01 M CaCl2 by pH meter 
method in a ratio of 1:2:5 soils to water while the CEC was 
determined using the pH 7 ammonium Acetate method Chapman 
(1965). These three soil properties were selected due to their 
significance in influencing the quality of soil for agricultural 
production. Soil pH was determined (1:2 soil/solution ratios).  

Maize was planted in the selected farms at the beginning of the 
long rainy season in March 2012. Six maize plants were selected 
randomly at each marked study points at 2, 7 and 12 m away from 
the selected trees for growth assessment. The maize plants were 
marked with a ribbon for repeated measurements. The measured 
parameters included: basal diameter and height of the maize plant 
(from the soil surface to the top of canopy) which were measured. 
The measurements were done at 6, 9 and 12 weeks after crop 
emergency (WACE). The maize yield in each farm was assessed at 
the end of the cropping season. The yield measurements included 
fresh cob weight and dry grain weight. The cobs were separated from 
the stover and weighed separately during harvesting. The maize cobs 
were placed in labeled bags and oven-dried at (105°C) for four days. 
The dry weight of the maize grain was then determined after shelling 
the cobs.  

 
 
Data analysis 

 
The data were analyzed with analysis of variance (ANOVA) using 
GENSTAT 13 statistical software. Significant difference means 
were separated using Fishers protected Least of significant test 
(L.S.D) at P=0.05 (Tulema et al., 2008). 
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RESULTS  
 
Effect of tree species and distance on pH, CEC and 
TOC in Western Kenya 
 
Tree species influenced soil pH differently at different 
study sites with some showing a significant influence 
(Table 1). At Ulafu site, the results showed a significant 
difference (p<0.05) in the pH of soils sampled under the 
canopies of G. robusta species. Unlike in Ulafu site 
where the soil sampled under the canopies of G. robusta 
had a significantly higher pH than soils sampled under 
canopies of L. leucocephalla, the pH of soils sampled 
under the canopies of G. robusta was not significantly 
different from the pH of soils sampled under the canopies 
of L. leucocephalla in Bumula site (Table 1). In both 
Ndere and Ulafu, plots with M. indica did not show any 
significant differences on soil pH with those under M. 
lutea (Table 1). Findings on soil pH revealed no 
significant difference (Table 1) at the three distance 
intervals for the entire selected tree at the three sites.  

The CEC of soils sampled under G. Robusta at 2, 7 
and 12 m in both Ulafu and Bumula was not significantly 
different from the CEC of soils sampled under the 
canopies of L. leucocephalla (Table 1). The soil sampled 
under M. lutea had the highest mean CEC of 70.07, 70.6 
and 66.56 at 2, 7 and 12 m respectively. Soils under G. 
robusta canopies had the least CEC with a mean of 
33.51, 34.03 and 35.80 at 2, 7 and 12 m away from the 
tree. The CEC of soils under M. lutea and M. indica was 
significantly different (p<0.05) from the CEC of soils 
under G. robusta and L. leucocephalla (Table 1). At Ulafu 
site, the TOC of soil sampled at 2, 7 and 12 m under the 
canopies of G. robusta was significantly higher (p < 0.05) 
compared to the TOC of soils sampled under the 
canopies of M indica, M. lutea as well as L. leucocephalla 
(Table 1). 

G. robusta canopies revealed the highest value of 3.3% 
TOC at 2 m in Ulafu site while L. leucocephalla had the 
least value of 0.84% TOC at 12 m. While the TOC of soils 
sampled under the canopies of G. robusta was 
significantly different from the TOC of soils under the 
canopies of L. leucocephalla in Ulafu, soils under G. 
robusta canopies in Bumula showed no significant 
difference in TOC from soils under L. leucocephalla 
canopies (Table 1). Soils under M. lutea were not 
significantly different from soils under M. indica in the 
amount of TOC in both Ulafu and Ndere.  
 
 
Effect of tree species on the growth of maize in 
Western Kenya 
 
At both Bumula and Ulafu sites, there was no significant 
difference in the height of maize under G. robusta and L. 
leucocephalla at 6, 9 and 12 weeks after crop emergence 
(Figure 1).  However, the height of maize sampled at  2 m  
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Table 1. Influence of selected tree species on pH, CEC and TOC in Western Kenya in 2012. 
 

pH 

                 Distance from trees (m)       

Site Species 2 sd 7 sd 12 sd 

Ulafu G. robusta 6.49
a
 0.43 6.49

a
 0.48 6.27

a
 0.52 

 L. leucocephalla 5.90
b
 0.36 5.99

b
 0.53 5.97

b
 0.48 

 M. lutea 5.83
b
 0.27 5.80

b
 0.53 5.88

b
 0.29 

 M. indica 5.91
b
 0.44 5.81

b
 0.36 5.79

b
 0.31 

 LSD 0.54  0.43  0.36  

        

Ndere M. lutea 6.12
e
 0.45 5.8

e
 0.57 5.87

e
 0.66 

 M. indica 6.75
e
 0.06 6.58

e
 0.73 6.38

e
 0.64 

 LSD 0.69  0.9  0.54  
        

Bumula G. robusta 6.23
x
 0.18 5.55

x
 0.44 6.03

x
 0.48 

 L. leucocephalla 6.07
x
 0.45 5.92

x
 0.17 5.95

x
 0.14 

 LSD 0.46  0.48  0.37  

        

CEC (Cmolkg
-1

) 

Ulafu G. robusta 33.51
b
 5.9 34.03

b
 10.6 35.80

b
 8.01 

 L. leucocephalla 32.09
b
 15.54 37.51

b
 11.34 30.86

b
 10.04 

 M. lutea 70.07
a
 15.3 70.60

a
 21.43 66.56

a
 20.16 

 M. indica 66.02
a
 18.58 67.53

a
 19.02 68.84

a
 20.05 

 LSD 18.71  18.65  16.97  

        

Ndere M. lutea 38.63
f
 18.05 33.23

e
 13.56 34.60

e
 13.32 

 M. indica 47.50
e
 18.14 40.65

e
 24.43 39.93

e
 11.23 

 LSD 8.74  7.7  7.11  
        

Bumula G. robusta 36.47
x
 11.08 38.9

x
 22.97 35.57

x
 15.13 

 L. leucocephalla 40.47
x
 10.15 40.83

x
 21.14 37.56

x
 7.44 

 LSD 8.21  9.89  7.46  

        

 TOC (%) 

Ulafu G. robusta 3.3
a
 2.14 1.24

a
 0.78 1.89

a
 1.21 

 L. leucocephalla 2.14
b
 1.31 1.63

a
 1.14 1.55

a
 0.76 

 M. lutea 1.55
b
 0.62 1.49

a
 0.71 1.54

a
 0.54 

 M. indica 1.63
b
 0.57 1.43

a
 0.11 1.50

a
 0.33 

 LSD 1.68  1.07  0.61  

        

Ndere M. lutea 2.13
e
 0.23 1.65

e
 0.66 1.50

e
 0.65 

 M. indica 1.69
e
 0.79 1.91

e
 0.71 1.47

e
 0.19 

 LSD 0.68  0.41  0.47  

        

Bumula G. robusta 1.2
x
 0.36 1.04

x
 0.45 1.11

x
 0.49 

 L. leucocephalla 1.31
x
 0.43 1.25

x
 0.49 0.84

x
 0.36 

  LSD 0.27   0.39   0.34   
 

*Means in the same column followed by the same subscript letters are not significantly different at 5% probability 
based on Fishers protected Least of significant test (L.S.D). 

 
 
 

recorded the least growth length at every growth period 
recorded compared to the height of maze plants sampled 

at 7 and 12 m away from trees (Figure 1). At Ndere site, 
the height of maize varied substantially.  At  6,  9  and  12  
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G. robusta L. leucocephalla 
L. leucocephalla G. robusta 

M. indica M. lutea 
M. lutea M. indica 

 
 

Figure 1. Effect of tree species on the height of maize (cm) in Western Kenya in 2012. The error bars show the standard 
error of means. Bars with different letters at each site show no significant differences on height of maize as influenced by 
the trees at p < 0.05. 

 
 
 
weeks after crop emergence, the height of maize 
sampled 2 m away under the canopy of M. indica was 
significantly lower (p<0.01) than the height of maize 
sampled at 12 m under the same canopy (Figure 1). The 
height of maize plants under G. robusta, M. indica and L. 
leucocephalla increased with increase in distance from 
the tree but this was not the case under M. lutea.  
 
 
Effect of tree species on the basal diameter (cm) of 
maize in Western Kenya 
 
At Ulafu and Bumula sites, the basal diameter of maize 
plants sampled under the canopies of both G. robusta 
and L. leucocephalla did not show a significant difference 
(p>0.05) at 6, 9 and 12 weeks after crop emergence. 

Similarly in Ndere and Ulafu sites, maize plants under the 
canopies of M. lutea and M. indica did not show any 
significant difference in the basal diameter of maize and 
all the stages of growth (Figure 2). 
 
 
Influence of tree species on the yield (t/ha) of maize 
in Western Kenya 
 
The selected tree species influenced growth and yield of 
maize differently. Maize plants sampled under the 
canopies of G. robusta at Bumula had the highest 
average yield (3.91

 
t ha

-1
) at 12 m. M. indica at Ndere had 

the lowest average yield of 1.6 t ha
-1

 at 2 m. At Ulafu and 
Bumula sites, the yield of maize under canopies of G. 
robusta  and    L. leucocephalla    was    not   significantly  
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G. robusta L. leucocephalla L. leucocephalla G. robusta 

M. indica M. lutea M. lutea M. indica 

 
 

Figure 2. Effect of tree species on the basal diameter (cm) of maize in Western Kenya in 2012. The error 
bars show the standard error of means. Bars with different letters at each site show no significant 
differences on the basal diameter of maize as influenced by the trees at p < 0.05. 

 
 
 
different p<0.05 (Figure 3). Findings revealed a 
significant difference p=0.001 in yield of maize under M. 
indica in both Ulafu and Ndere. The yield of maize 
sampled at 2 m under M. indica in Ulafu was significantly 
different from the yield of maize sampled at 12 m in the 
same site. At Ndere site the yield of maize at 2 m under 
canopies of M. indica was significantly lower compared to 
the yields at 7 and 12 m under the same canopies 
(Figure 3). Yields of maize under M. lutea did not show 
any significant difference in both Ndere and Ulafu sites. 
 
 
DISCUSSION  
 
The tree species had less influence on the mean soil pH 
of soils as shown by the soil pH at the various point away 
from the tree species. Only soils under G. robusta at 
Ulafu site had a significantly higher pH than soils under 
the canopies of the other trees. G. robusta increased soil 
pH hence lowering the acidity of the soil. These findings 
are in agreement with those of Nsimabamana (2008). 
However,     the    findings   in    this     study     contradict   
Ndlovu et al. (2013), whose study showed a significantly 
low soil pH value beneath the canopies of the G. robusta 
tree species when compared to other tree species. 

High CEC recorded in soils under M. indica and M. 
lutea was significantly different from the soils under G. 
robusta and L. leucocephalla. The highest soil CEC was 

recorded under M. indica while the least CEC was 
recorded under G. robusta. The differences in the soil 
CEC could be attributed to the amount of organic matter 
in the various soils (Ndlovu et al., 2013). The significantly 
high levels of soil organic carbon revealed in soils 
sampled under the canopies of G. robusta at Ulafu site 
may be explained by fast decomposition of its litter. 
These findings differed from the reports of Ndlovu et al. 
(2013) lower soil organic carbon was found under G. 
robusta tree species and attributed it to slow 
decomposition of its leaf litter despite the heavy leaf fall 
as observed under its canopies. However, Salazar et al. 
(2011) observed that agroforestry has positive effects on 
carbon stocks in the upper soil layer than the other crop 
management systems. The inclusion of trees in the 
farming system especially nitrogen fixing trees have great 
potential to increase TOC, aggregate stability and soil 
infiltration rates. This is because as the leaves of the 
trees and stem biomass decompose, they contribute to 
improving the organic matter content of the soil and also 
release nutrients which can then be used up by the 
adjacent crops (Dahiya et al., 2007). The influence of 
these trees on soils is mainly ascribed to the recycling of 
organic materials from the trees to the soil, which can 
eventually improve the physicochemical, nutritional, and 
biological properties of soils (Diaz et al., 2004). 

The significantly lower height of maize at 6 and 9 
weeks after crop emergence, under the canopies of M.  
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G. robusta L. leucocephalla L. leucocephalla G. robusta 

M. indica M. lutea M. lutea M. indica 

 
 

Figure 3. Influence of tree species on the yield (t/ha) of maize in Western Kenya in 2012. The 
error bars show the standard error of means. Bars with different letters per tree species show 
no significant differences on yield of maize as influenced by the trees at p < 0.05. 

 
 
 
indica is due to light competition between the crop and 
trees. Maize was more suppressed at 2 m under the 
canopies of M. indica at Ndere compared to the other 
tree species. The suppression of maize may be attributed 
to the shading effect of tree (which has a dense crown) 
on the crops and thus reduced growth due to intercepted 
photo synthetically active radiation (IPAR) as has been 
reported by Sinclair and Muchow (1999) and Liu et al. 
(2012). 

The low maize grain yield at 2 m under the canopies of 
M. indica canopies at both Ndere and Ulafu could have 
been due to the interaction of shading effect and low soil 
fertility under the M. indica trees that suppressed growth 
of maize. This is reflected in the growth parameters 
(height) of maize under the M. indica species which was 
consistently lower under the canopies of other species. 
The higher maize grain yield under G. robusta could be 
attributed to the higher levels of TOC recorded on soils 
beneath its canopies when compared to the other tree 
species. TOC is known to play important roles in the 
maintenance as well as improvement of many soil 
properties that affect both the fertility of the soil, the soil 
water content and infiltration rate. The higher grain yield 
recorded under the canopies of G. robusta compared to 
the yields under the canopies of other trees at the same 
distance intervals could be as a result that the ability of 
the tree to  improve  the  nutrient  balance  of  the  soil  by 

increasing nutrient inputs through nitrogen fixation and 
increase biological activities by providing biomass and 
suitable microclimate (Schroth and Sinclair, 2003).  

The findings indicated that the selected trees did not 
have adverse effects on the crops that were planted 
under their canopies apart from M. indica. The species 
studied also have other benefits that they give to farmers 
in terms of products and services implying that raising the 
number of trees in the fields could improve farm 
productivity with little effect on the crops up to the point 
where intense shading reduces crop productivity. 
Dominant tree species such as G. robusta and M. lutea 
are mainly planted due to the ability of the trees to 
provide timber and fuel wood, although utility of individual 
species may vary with family needs. Trees such as 
Leuceana leucocephalla is a source of fodder in addition 
to providing wood fuel while M. indica is a source of fruits 
for farmers and therefore farmers can also derive cash 
income from such tree species. The shading of crops by 
M. indica can be managed by use of grafted (dwarf) 
improved varieties which are massively pruned to reduce 
shade and control mango weevil. This can improve both 
crops productivity under the species as well as to 
generate income from sale of fruits from improved 
varieties. Minor uses of these trees include shadding, 
medicinal and aesthetic value. The prevalence of 
indigenous tree species  such  as  M. lutea  is  due  to  its  
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ecological adaptability and economic importance (Nair et 
al., 1984; Sebukyu and Mosango, 2012) and they could 
be useful in farmers’ climate change adaptation 
strategies.  
 
 
Conclusion 
 
The findings obtained show that majority of the trees 
investigated had some positive influence on soil 
properties as well as the growth and yield of maize hence 
has the potential of improving maize productivity in 
western Kenya. For example G. robusta and M. lutea 
which showed some potential as soil improving trees in 
agroforestry based on their influence on soil carbon, 
hence can be recommended for use by farmers in this 
region. Only M. indica showed negative influence on 
growth and yield of maize hence farmers should be 
advised to try other alternative trees and their 
agroforestry systems.  

Further studies should be conducted with grafted 
varieties of M. indica to determine their influence on 
maize yield. 
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