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Abstract 

High population pressure and poverty levels in Western Kenya and Eastern Uganda have led to 
continuous cultivation of land aimed at achieving a sTable food supply for the ever growing population 
resulting in a decline in food crop production and decline in soil quality over the years. Studies have 
underlined the advantages of Conservation Agriculture towards improving crop production and 
replenishment of soil fertility; increase in crop yields, increase in soil organic matter content and 
decrease in runoff and hence aid in controlling soil erosion. However, the mechanisms responsible for 
these improvements have not been fully explored. Studying soil biodiversity can help in understanding 
the dynamics of soil structure and the replenishment of nutrients. The population of soil invertebrates 
and soil pH in relation to Nitrogen application (+N and -N) were therefore studied under maize, beans 
and mucuna crops: 3 tillage systems; 1) No-Till (NT), 2) Conventional Tilage (CT), 3) Minimum Tillage 
(MT), and 3 cropping systems; 1) Strip cropping, 2) Intercropping with Mucuna riley, and 3) Maize-
Beans intercropping as done by the locals. A total of 20g of soil from a depth of 0-20cm was used at 
vegetative stage and before harvest, all sampled on a rainy day. From management perspective, tillage 
systems affected macroorganisms population densities differently with the order of highest to lowest; 
MT< NT <CT. There was a strong correlation between macrofauna numbers, and the amount and 
quality of residue returned to the soil as it was evident in the experimental plots with mucuna cover 
crop. The different Nitrogen fertilization regimes of +N and -N had strongest positive effect on 
earthworm population and density in a strip cropping system combined with MT, with Mucuna strip 
and +N recording the highest number of macrofauna (especially termites, earthworms, millipedes, 
centipedes) followed by beans plots (+N) and maize plots(+N). A negative correlation was realized 
between soil pH and earthworm population, with the population significantly reducing with soil pH 
below 5.00 (P<0.001). Residue returned to the soil under MT was decomposed by the increased number 
of soil macrofauna under mucuna cover crop plots and hence resulted to improved soil quality. 

Keywords: Soil fertility; Soil structure; Tillage; Cover crop; Soil biodiversity; Soil macrofauna; 
Nutrients; Soil pH; Soil Quality. 

Introduction 

Conservation Agriculture Production System (CAPS) have been widely promoted as low-input 
technologies suiTable for soil fertility replenishment and increasing the yields of legumes and most 
importantly maize, the staple crop, in smallholder agriculture in Eastern Africa (Sanchez 2002; 
Mafongoya et al. 2006). Tillage systems together with cropping and fertility replenishment regimes have 
been combined with the aim of improving soil quality besides improving crop yields. Cropping systems 
that include fast-growing leguminous species that produce large quantities of biomass have been 
recommended for use towards improved soils and crop production (Mafongoya et al. 1998a,b; 2006). 
Most of the studies on CAPS  have concentrated on the effect of legume improved fallows on maize 
yield, soil moisture retention capacity, as well as changes in chemical properties such as soil organic 
matter content (Barrios et al. 1997), nitrogen mineralization and physical properties (Mafongoya et al. 
1998a,b; Chirwa et al. 2004). Whilst soil invertebrates are the major determinants of soil processes such 
as organic matter decomposition and nutrient cycling (Lavelle et al. 2003), the potential for 
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manipulating the beneficial soil animals has rarely been studied in Western Kenya and Eastern Uganda. 
Little attention has been paid to monitoring the effects of legume-cereal related cropping systems on 
species on the soil biota. Sileshi and Mafongoya (2006) indicated the need for detailed studies on the 
effect of the quantity and quality of organic inputs produced by agroforestry species on soil biota to 
develop recommendations on species selection and management.  

Literature Review 

Cover crops protect the soil from splashing rains where they reduce rain drop impact leading to 
reduced surface run-offs. Cover crops protect soil from excess solar radiation and reduce surface 
crusting and high fluctuation in soil temperature and moisture in semi-arid areas. They improve soil 
physical, chemical, biological and economic properties (Triomphe and Sain, 2004) thus improving the 
soil structure.  

Under conventional tillage soil organic matter is lost easily (Tenywa, 2000; IIRR, 2002). Inversion of the 
top soil speeds up the breakdown of organic matter (oxidation) resulting in nutrient losses (Jonsson, et 
al., 2000) as well as reduced level of food and good habitat for the soil invertebrates. Conservation 
tillage reduces soil manipulation, saves on labour requirement and improves soil productivity by 
minimizing compaction and improves soil moisture storage within the plough layer thus reducing soil 
and water losses (Kaumbutho, 2000). 

While conservation agriculture is not new for large-scale farmers, some of whom have practiced it for 
the last three decades, small-scale farmers are struggling to change their mindset from intensive to zero 
tillage. The goal of conservation agriculture is to maintain and improve crop yields and land resilience 
against drought and other hazards while at the same time protecting and stimulating the biological 
function of the soil. Conservation agriculture is closely related to conservation tillage. According to 
Unger et al. (1988) conservation tillage embraces crop production systems involving management of 
surface residue. No tillage, minimum tillage, reduced tillage and mulch tillage are terms synonymous 
with conservation tillage (Willis and Ameniya 1973; Lal 1973, 1974, 1976; Phillips et al. 1980; Greenland 
1981; Unger et al. 1988, Antapa and Angen 1990; Opara-Nadi 1990; Ahn and Hintze 1990). Conservation 
agriculture also involves planning crop sequences over several seasons to minimize the build-up of 
pests or diseases and to optimize plant nutrient use through synergy between crop types and by 
alternating shallow-rooting with deep-rooting crops. While this is the classical description of 
conservation, farmers in the study area still hold on to conventional tillage. Generally, conservation 
agriculture states that soil is a habitat for roots and soil organisms and that any damage to it endangers 
soil fertility and leads to land degradation. Either a planned cropping system or a permanent soil cover 
is the only way to protect, feed and regenerate the soil as a habitat. Besides conventional tillage 
practices, burning of plant residue as a means of land clearing together with incorporation of organic 
matter or plant residue into the soil, disrupt soil life and structure, removes the soil cover, and destroys 
humus by enhancing organic matter mineralization. 

Materials and Method 

A field experiment was conducted from February,2011 to February, 2013 in Bungoma and Kitale located 
in Bungoma and Trans-Nzoia counties in Western Kenya region respectively, and Kapchorwa and 
Tororo districts in Eastern Uganda. Bungoma and Tororo sites have two rainy seasons distribution: the 
long rains in March- August and short rains from September to November. The Tororo and Bungoma 
sites lie next to each separated by a common Kenya-Uganda border with population densities 
averaging 129–456 persons per square kilometer (Wortmann and Eledu, 1999), are poorly endowed 
with natural resources. The region has mostly soils that are sandy, with low soil organic matter levels, 
highly susceptible to leaching, and consequently low in base saturation and rather acidic. Most of the 
Tororo district and Bungoma County is flat, lying at an altitude of 1,097 to 1,219 m above sea level and 
temperatures range between 15.7° to 30.6° C. The region is well known for its highly unproductive 
sandy ferralsols (Miiro, R. et al), with low Carbon (C), Nitrogen (N) and phosphorus (P). Agriculture is 
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the backbone of the economy of the two areas. The adjacent Kapchorwa District and Trans-Nzoia 
county of Uganda and Kenya lie on the northern slopes of Mt. Elgon with somewhat higher 
precipitation and better soils than the Tororo and Bungoma. Trans-Nzoia site is located in the Great Rift 
Valley on coordinates of 0°49'60" N and 35°0'0" E, at an elevation of 1,828 meters above sea level. 
Kapchorwa site landscape is steeply sloped (% slope size) and divided by many valleys with an average 
altitude 1466 m above sea level. The soils are derived mainly from volcanic parent material and are 
typically red clay loam, well drained, highly leached, often acid, but of good nutrient supply. Most of 
the land is intensively cropped while about 20% is woodland. Rainfall is unimodal, with peaks in April 
and May but is generally more than 100 mm per month from March to November. The soils are 
generally highly productive. Maize and beans are the main crops grown in these regions, with beans 
produced in association with other crops. In every experimental site an experimental block each 
measuring 32M by 32M was laid. The test crops were maize (Zea mays) and beans (Phaseolus vulgaris) 
and mucuna (Mucunapruriens).   

Field Methods 

Experimental Treatments 

The experiment involved three tillage and three cropping systems as factors. Tillage systems studied 
were traditional/local farmer practices, No-Till (NT) using herbicides to control weeds, and Minimum 
Till (MT) using shallow tillage to control weeds. Strip cropping and riley cropping system that utilize 
cover crops and, traditional/local cropping system were studied.  

The experiment was laid down in a split-split plot arrangement with tillage systems (Zero tillage, 
Minimum tillage and conventional tillage which is termed farmer practice) as main plot, cropping 
system (strip mono-cropping and relay cropping systems that utilize cover crops and, conventional 
cropping system) as sub-plots and N application (+N and -N) as sub-sub plots. Conventional 
intercropping systems were built up from the current system in use locally in each site. The order of the 
three tillage practice main plots was randomized within each block, with each tillage practice occuring 
across the whole block. However, cropping system and N fertilizer subplots were completely 
randomized within each tillage practice main plot. The treatments were then replicated in four blocks in 
a Randomized Complete Block Design (RCBD). 

Initial land preparation and planting 

Land preparation was done by hand digging using a hoe at a depth of 15cm for conventional/current 
tillage practice according to the local practice of that particular site as recommended by advisory group.  
For minimum tillage, limited manipulation of soil cover by scratching to reduce or eliminate weeds was 
done. Zero or No-till was done by use of eco-friendly chemicals before planting. Seeding in the 
minimum and zero tillage was done using a sharp stick. The main plots measured 10m by 10m. Maize 
(Zea mays) and beans (Phaseolus vulgaris) were the test crops while Mucuna (Mucuna pruriens) was 
used as a cover crop with the aim of organic matter building up. Certified seed was for each crop. The 
current cropping practice plus two alternative cropping systems that incorporate soil-building cover 
crops were studied. The current cropping system was Maize-Beans intercropping. One cropping system 
refered to as Rotation 1 (One) (ROT 1) was built from a current cropping system and it involved 
intercroppingg Maize-Beans with Mucuna cover crop relay after second weeding in maize and after 
bean harvest.. Alternative cropping system Rotation 2 (Two) (ROT 2) involved strip cropping having six 
rows of maize, six of beans and six of annual cover crop Mucuna pruriens. Nitrogen fertilizer 
application will serve as a split-split, with one side of the half of the sub-plot receiving the nitrogen 
fertilizer. Certified hybrid maize seed H502 H505 were used in Bungoma and Tororo site s respectively, 
while H6210 was planted in both Kitale and Kapchorwa. Certified bean seeds was acquired from Kenya 
seed company. Normal land management practices e.g. weeding, pest control was carried out on the 
experimental plots at appropriate stages of plant growth in the respective treatments. Bullock pesticide 
was used to control weeds in the Zero tillage (ZT) system, scratching was done to control weeds in the 
Minimum Tillage (MT) practice. Harvesting was done when the maize and beans attained physiological 
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maturity for maize and pod yellowing for beans, and yield data obtained. Maize and beans from each 
experimental plot were shelled, representative samples air dried for laboratory analysis. 

Soil fertility replenishment 

Phosphorus and nitrogen will be added as DiammoniumPhosphate (DAP) as a starterfertilizer to each 
plot. Maize monocrop will receive 60kg P2O5/Ha and 30kg N/Ha, with beans monocrop receiving 
40kg P/Ha (FURP, 1994). Additional N will receive 30kg P/Ha as a split-plot treatment (+(plus)N and –
(minus)N imposed on each plot) at vegetative stage of the crop, thus an area of 5m by 10m will receive 
the N while the other 5m by 10m will not. No fertilizer was added to Mucuna pruriens crop during 
planting as this was only meant for soil biomass build up studies. 

Fertilizers were applied at the time of sowing by banding close to the seed row in order to enhance 
contact between the fertilizer and the roots early in the growing season for enhanced nutrient uptake by 
plants. Crop residue from previous cropping season was incorporated back in their respective plots as a 
means to recycle nutrients.  

Crop harvesting procedures 

A simple random sampling method was adopted. Sample size of Ten (10) selected plants for both maize 
and beans were collected for the yield data for each of the treatments in a marked central area in the 
experimental plots. To eliminate the “edge effects” a central area of 8m by 7m was used to get the 
representative sample of ten plants (both maize and beans). However for Rotation 2 where we had 
minus N and plus N split put across the rows, only one border row and sampling the central plants 
(both beans and maize), while for mucuna a 1m x 1m quadrat area was harvested for biomass 
measurement done in two spots in each experimental unit. The rest of mucuna crop in rotation 2, 
rotation 1 and in current practice plots was incorporated back in the soil for both organic matter content 
and nutrient recycling. The plant population was taken for the central area marked for collecting 
biometric observations both for maize and beans in all rotations. For yield data the several yield 
parameters were measured. For maize:- total plant population, number of cobs, cobs weight (kg), 
weight of 10 cobs, total maize stover yield (kg) in the harvest area; Beans:- weight of plants harvested in 
a plot, weight of 15 plants randomly sampled from the total crop from the harvest area, Number of 
pods/plant for the 15 plants, fresh and dry weight of the 15 plants, dry weight of the grains from the 15 
plants,  100 grains test weight, grain yield; while for Mucuna:- biomass production per unit area (2 sites 
are taken using a 1 m2 quadrat, but only for rotation 2). 

The yield component method is based on the premise that one can estimate grain yield from estimates 
of the yield components that constitute grain yield. These yield components include number of ears per 
area, number of kernel rows per ear, number of kernels per row, and weight per kernel. Final weight 
per kernel is measured at harvest moisture and at oven drying for realistic results. The above data was 
used in yield estimation using equation 1: 

Yield (g) = {(Total Fresh Weight x 10,000)/ Effective area} x Dry matter factor………………..1 

Crop residue from  the prevoious cropping season was incorporated back in their respective plots, and 
left to rot. This was then incorporated in the soil during land preparation in CT plots, while for the 
other treatments it was used to form mulch for the other planted crops. 

Soil sampling and analysis 

Initial soil sampling was done prior to the onset of the experiment across all the four sites, at the  
following depths; 

0-10 cm 

10-30cm 

30-60cm 
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60-100cm 

A ‘W’ shape was used in every plot to mark four sampling spots, each randomly picked on the four 
arms of the ‘W’. Soil sampling of the soil down the profile were used for better assessment of nutrient 
status down the profile. Soil samples were collected in well labeled plastic polythene bags. Sampling 
errors were reduced by making composite sample (using buckets) at each depth in every plot. Soil 
samples were collected in plastic bags and properly labeled both on the outside and a written label 
inside. Soil samples for microbial, mineral nitrogen and moisture analysis was transported to the 
laboratory under reduced temperature conditions in a cooler box and analyzed upon arrival in the 
laboratory. Soil samples for chemical analysis were air dried and prepared by sieving through a 2mm 
sieve to remove large clods and organic matter, after which 250 g was obtained for laboratory analysis. 
Soil chemical analysis including percent organic carbon, soil pH, particle size analysis, total Nitrogen 
and phosphorus, soil organic carbon, mineral Nitrogen, available Phosphorus (Olsen Method) and 
exchangeable acidity were analyzed and determined according to the procedures as outlined by 
Okalebo et al., (2002). Soil macrofauna were analyzed from a 50g freshly sampled soil sample using the 
standard method of the Tropical Soil Biology and Fertility Programme (TSBF) Handbook of methods 
(Anderson and Ingram, 1993), in which the various groups representing the soil macrofauna (Table 3) 
are hand-sorted. This method has been successfully employed worldwide by a large number of 
researchers of the Macrofauna Network (Lavelle and Fragoso, 2000) and, despite its limitations (smaller, 
more rapid or more difficult to see organisms are frequently missed in handsorting, much labor is 
required, and social insects are often underestimated), has been shown to be fairly robust, rapid and do 
not require sophisticated materials. Soil macrobial population analyses were determined twice in every 
cropping season both at the vegetative and end of cropping season just before harvesting. Only the 0-
10cm depth was sampled. 

Experimental Design and Layout 

The experiment was laid down in a split-plot design having three main effects of tillage systems (Zero 
tillage, Minimum tillage and conventional tillage termed farmer practice) and sub-plots representing 
four cropping systems (strip cropping, intercropping system and intercrop with mucuna relay). 
Intercropping system with mucuna rilley was built up from the current intercropping system in use 
locally. The sub sub-plots were represented by nitrogen application at vegetative stage that is +N and –
N. The test crops were maize, beans and mucuna as a cover crop. Four study areas (Kenya-Bungoma 
and Trans Nzoia), and Uganda (Tororo and Kapchorwa) each having four experimental blocks 
measuring 32m by 32m. Each block had 9 experimental plots measuring 10m by 10m. The main plot, 
sub-plot and sub sub-plots were randomly distributed in these plots in a Randomized Complete Block 
Design (RCBD).  

Data collection and analysis 

Soil sampling was done at vegetative and at harvest of the crop for both soil microbial and chemical 
analysis. The test crops were harvested by hand at physical maturity. Dry matter production and grain 
yield for both the maize and the legumes was measured. The test crops were harvested from the 
experimental plots excluding the outer rows for grain yield assessment at 15 % moisture content. Dry 
matter production was measured by cutting and weighing all the stover and trash. From the harvested 
crop, grain yield will be determined and for the soils, soil samples will be taken from each plot for 
nutrient/chemical analysis, mainly pH, N, P, and soil organic carbon.  

Data obtained from the experimental variables was subjected statistical analysis using General Linear 
Model (GLM). Means were separated by Duncan Multiple Range Tests (DMRT). Relationships between 
crop yields and the treatments were drawn. Changes in the microbial biomass over time under different 
tillage and intercropping systems were also determined. 

Results and Discussions 

Seasonal rainfall in LR2011, SR2011, LR2012 and SR2012 cropping seasons for the four sites. 
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Rainfall at all the four sites- Bungoma, Tororo, Trans-Nzoia and Kapchorwa- was measured daily using 
rain gauge installed on every experimental farm. Rainfall intensities varied in the rain days within the 
season (Figure 1).  

 

Figure 1: Cumulative Rainfall data for the four sites between LR2011 and SR 2012 

 

Rainfall intensities varied in the rain days within the cropping seasons. This varied between the sites 
and cropping seasons (Figure 2). 

 

 

Figure 2: Rain days across all the four sites 
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The initial soil analysis data shows the depleted status of the soils across all the four sites (Table 1). The 
levels of phosphorus were below the required adequate levels for crop production, with the lowest 
levels recorded in Kapchorwa. The soils across the four sites indicate acidic soils with the soil pH 
ranging between 4.61–5.37. The percent organic carbon levels of the soils across the sites were low 
ranging between 1.09-1.40. 

 

Table 1: Initial soil chemical analysis data for the four sites 

    Kenya Uganda 

  Recommended Levels Bungoma Trans-Nzoia Tororo  Kapchorwa 

Soil pH (1:2.5H2O) 5.5 - 6.0 4.54 5.01 4.49 4.41 

Av. P mg Kg-1  13 - 15 6.457 8.453 6.045 5.435 

% O. C 1.5 - 3.0 1.48 1.32 1.43 1.40 

% N 0.2 - 0.3 0.168 0.131 0.185 0.143 

 

Effects of Tillage, Cropping Systems and Nitrogen application on earthworm population 

The interaction of Tillage by Nitrogen application had a high significant effect on the earthworm 
population count in Bungoma , in LR2011 (P≤0.815) and LR2012 (P≤0.893) cropping seasons. The 
population of the earthworms doubled in the subsequent seasons generally, with LR2012 recording the 
highest population of 3 earthworms from the sample of 50g of the soil.   

 

Table 14: Table of means of earthworm’s population; Bungoma and Trans-Nzoia 

 

Treatments 

Bungoma Trans-Nzoia 

LR2011 SR2011 LR2012 SR2012 LR2011 LR2012 

 

Tillage 

CT 1.08a 1.00a 2.33c 1.00b 1.00a 2.18c 

MT 1.10a 1.10a 3.85a 1.10a 1.10a 3.98a 

NT 1.03a 1.10a 3.35b 1.00b 1.10a 3.13b 

Cropping 
Systems 

CP 1.00a 1.00a 2.04b 1.00a 1.00a 2.08c 

ROT1 1.04a 1.00a 2.21b 1.00a 1.00a 2.33b 

ROT2 1.10a 1.11a 3.88a 1.06a 1.11a 3.68a 

Nitrogen 
Application 

+N 1.07a 1.13a 3.40a 1.07a 1.13a 3.35a 

-N 1.07a 1.00a 2.95b 1.00b 1.00b 2.83b 

Grand Mean 1.07 1.07 3.18 1.03 1.07 3.09 

SE 0.26 0.23 0.58 0.16 0.23 0.48 

% CV 24.39 21.76 18.16 15.88 21.76 15.52 

 

Tillage systems; CT- Conventional Tillage, MT-Minimum Tillage, NT-No-Tillage: Cropping systems; 
CP-Current Practice, ROT1-Rotation 1, ROT2-Rotation 2: Nitrogen Application; +N-Nitrogen applied, -
N-No Nitrogen applied. Means within particular treatments followed by different letters are 
significantly different 

LR2011 cropping season in Bungoma realized a significant effect on earthworm population count under 
the treatments; Tillage (P≤0.581), Nitrogen application (P≤0.733) which was highly significant, Tillage 
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by Nitrogen Application interaction (P≤0.815), Tillage by Cropping Systems interaction (P≤0.886), 
Nitrogen Application by Cropping Systems interaction (P≤0.665), and Tillage by Cropping Systems by 
Nitrogen Application interaction (P≤0.711) (appendix 1.e.i). ANOVA for other treatments in the 
subsequent cropping seasons of SR2011, LR2012 and SR 2011 revealed that even though there was an 
effect of the three treatments on earthworms population count, the differences were not significant. 

There was no significant effect on earthworm population counts in LR2011 and LR2012 cropping 
seasons of Trans-Nzoia site by the three treatments- Tillage, Cropping systems and Nitrogen 
application.  

Table 2: Table of means for Earthworm population count in soils of Tororo and Kapchorwa 

 

Treatments 

Tororo Kapchorwa 

LR2011 SR2011 LR2012 SR2012 LR2011 LR2012 

 

Tillage 

CT 1.00a 1.00a 2.15b 1.00a 1.03a 2.20c 

MT 1.03a 1.10a 3.50a 1.05a 1.10a 4.10a 

NT 1.08a 1.08a 2.33b 1.03a 1.10a 2.20b 

Cropping 
Systems 

CP 1.00a 1.00a 2.00b 1.00a 1.00a 2.11c 

ROT1 1.00a 1.00a 2.05b 1.00a 1.00a 2.55b 

ROT2 1.06a 1.10a 3.08a 1.04a 1.13a 3.81a 

Nitrogen 
Application 

+N 1.07a 1.12a 2.83a 1.05a 1.15a 3.88a 

-N 1.00b 1.00b 2.48b 1.00a 1.00b 3.03b 

Grand Mean 1.03 1.06 2.66 1.03 1.08 3.21 

SE 0.18 0.22 0.47 0.16 0.25 0.54 

%CV 17.12 21.00 17.58 15.68 23.33 16.69 

 

Tillage systems; CT- Conventional Tillage, MT-Minimum Tillage, NT-No-Tillage: Cropping systems; 
CP-Current Practice, ROT1-Rotation 1, ROT2-Rotation 2: Nitrogen Application; +N-Nitrogen applied, -
N-No Nitrogen applied. Means within particular treatments followed by different letters are 
significantly different 

The interaction between Tillage and Nitrogen application significantly affected earthworm population 
across all cropping systems-LR2011, SR2011, LR2012 and SR2012- in Tororo site (Table 2). In LR2012 
however, the interaction the significance effect was so high (P≤0.900) above all the rest. Also, in this 
cropping season the number of earthworms counted doubled as compared to the previous cropping 
seasons. Tillage systems also had a significant effect on the earthworm’s population across all cropping 
seasons apart from LR2012. MT recorded the highest earthworm population mean of 3.50 in LR2012 
cropping season, significantly different from NT and CT. There was however no significant difference 
between NT and CT. Nitrogen application significantly increased the number of earthworms across all 
cropping seasons from LR2011 to SR2012, with the highest grand mean being recorded in LR2012. 

In Kapchorwa, Tillage had a significant (P≤0.770) effect on earthworm population in LR2011 cropping 
season as compared to other treatments. In the same cropping season in Kapchorwa, Tillage by 
Cropping system, Tillage by Nitrogen Application, and Tillage by Cropping system by Nitrogen 
Application interactions had significant effect (P≤0.810; P≤0.762; P≤0.812 respectively) on the 
earthworm population count. In the subsequent cropping season of LR2012, there was an effect of the 
treatments on the population of the earthworms but only the Cropping system by Nitrogen Application 
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interaction recorded a significant difference (P≤0.665). The difference in means showed an increase in 
the population of earthworms in the successive cropping seasons in Kapchorwa. 

Generally, tillage systems significantly affected the number of earthworms counted in Bungoma and 
Trans-Nzoia. MT recorded the highest earthworm population as compared to MT, with CP recording 
the least (Table 1). A similar trend was realized with cropping systems in Bungoma and Trans-Nzoia, 
where ROT 2 recorded the highest earthworm mean population followed by ROT 1 and CP in that 
order. Nitrogen application significantly increased earthworm’s population in Bungoma, Trans-Nzoia, 
Tororo and Kapchorwa (Table 1 and 2). MT tillage systems recorded highest mean of earthworms 
counted above NT and CT in Tororo and Kapchorwa (Table 2). ROT 2 significantly increased the 
number of earthworms counted in both Tororo and Kapchorwa. 

Generally, there was a general increase in several nutrients tested. MT recorded the highest levels of soil 
pH, available phosphorus, earthworms and SOC, with NT and CT following suit in that order (Figure 
3). 

 

Figure 3: The nutrient status of the soil and earthworm population count under different tillage 
systems 

 

The test crops contributed to the improvement of the soil fertility status differently. There was more 
contribution of the soil nutrients- SOC, P, soil pH – as well as earthworms population count in the plots 
with mucuna as compared to maize and beans plots (Figure 4). 
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Figure 4: The nutrient status of the soil and earthworm population count under different test crops  

 

Mucuna pruriens improved SOC as well as percent nitrogen in the soil above maize and beans. There 
was a high earthworm population in plots under MT having mucuna cover crop. 

Effects of Tillage, Cropping Systems and Nitrogen application on soil pH. 

Soil pH ranged from 4.61 to 4.84in Bungoma, Trans-Nzoia and Kapchorwa sites in the first Long Rains 
season of 2011 (LR2011) (Tables 3 and 4). Conventional Tillage (CT) had significantly low soil pH as 
compared to Minimum Tillage (MT) and No-Till (NT) across the three sites (Table 3).  

An interaction involving all the three significantly improved soil pH in Bungoma from 4.61 initially to 
5.01 (soil pH; 1:2.5 H2O). The interaction between cropping systems and N-application significantly 
affected soil pH highly (P≤0.920) in LR2012 cropping season in Bungoma. Soil pH was significantly 
influenced by N-Application (P≤0.946, P≤0.954) in LR2011 and LR2012 cropping seasons in Trans-
Nzoia. Tillage by cropping systems by N-Application interaction also influenced soil pH significantly 
(P≤0.813, P≤0.808 in LR2011 and LR2012 cropping seasons respectively) in Trans-Nzoia site. This led to 
an increase in soil pH mean from 4.76 in LR2011 to 5.15 in LR2012 cropping season (Table 3). 

CT recorded the lowest soil pH means as compared MT and NT across all cropping seasons in both 
Bungoma and Trans-Nzoia (Table 3). There was significance difference between CT and the group of 
NT and MT. However, the soil pH was highest in the plots under MT treatments. Soil depth 
significantly affected soil pH, reducing with depths in both Bungoma and Trans-Nzoia (Table 3).  

Table 3: Table of means of Soil pH under different tillage, cropping systems and nitrogen 
application in Bungoma and Trans-Nzoia 

 

Treatments 

Bungoma Trans-Nzoia 

LR2011 SR2011 LR2012 SR2012 LR2011 LR2012 

 

Tillage 

CT 4.52b 4.68b 4.87b 4.90b 4.67b 5.06b 

MT 4.67a 4.87a 5.05a 5.08a 4.79a 5.18a 

NT 4.64a 4.83a 5.02a 5.06a 4.82a 5.21a 

Cropping CP 4.62a 4.81a 4.99a 5.02a 4.71a 5.10a 
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Systems ROT1 4.59a 4.79a 4.98a 5.02a 4.82a 5.21a 

ROT2 4.61a 4.79a 4.98a 5.01a 4.76a 5.15a 

Nitrogen 
Application 

+N 4.60a 4.79a 4.97a 5.01a 4.76a 5.16a 

-N 4.61a 4.80a 4.98a 5.01a 4.77a 5.14a 

Depth 0-10cm 4.78a 4.83a 5.16a 5.05a 4.80a 5.18a 

10-30cm 4.43b 4.76b 4.79b 4.97b 4.73a 5.10b 

Grand Mean 4.61 4.80 4.98 5.01 4.76 5.15 

SE 0.28 0.30 0.31 0.30 0.32 0.32 

% CV 6.07 6.26 6.13 6.05 6.66 6.17 

 

Tillage systems; CT- Conventional Tillage, MT-Minimum Tillage, NT-No-Tillage: Cropping systems; 
CP-Current Practice, ROT1-Rotation 1, ROT2-Rotation 2: Nitrogen Application; +N-Nitrogen applied, -
N-No Nitrogen applied. Means in row followed by different letters are significantly different 

The three treatments of Tillage, Cropping systems and N-Application individually affected soil pH 
significantly at both the beginning and at the end of the study (i.e. LR2011 and SR2012) in Tororo. 
Tillage significantly affected soil pH in Tororo from LR2011 to SR2012. Tillage highly influenced soil pH 
in SR2011 (significant at P≤0.986), and significantly influenced in combination with other treatments, a 
change from soil pH of 4.84 to 5.09 across the four cropping seasons. Also, an interaction involving 
cropping systems and Nitrogen application positively and significantly influenced soil pH across all the 
cropping seasons. The Tillage, Cropping systems and N-Application treatments resulted in to an 
improved soil pH, raising it from 4.84 to above pH 5.00. In Kapchorwa, N-Application significantly 
influenced a rise in the soil pH in all cropping seasons. The same was experienced with the interactions 
of all the three treatments, plus CS by NA that highly affected the soil pH significantly (P≤0.888; 
P≤0.914) in LR2011 and LR2012 respectively in Kapchorwa. 

Table 7: Table of means of Soil pH under different tillage, cropping systems and nitrogen 
application in Tororo and Kapchorwa 

Treatments Tororo Kapchorwa 

LR2011 SR2011 LR2012 SR2012 LR2011 LR2012 

 

Tillage 

CT 4.89a 4.85a 5.27a 5.14a 4.47b 4.86b 

MT 4.76b 4.75b 5.14b 5.01b 4.53b 4.89b 

NT 4.87a 4.86a 5.26a 5.13a 4.76a 5.15a 

Cropping 
Systems 

CP 4.83a 4.86a 5.22a 5.15a 4.56ab 4.95a 

ROT1 4.89a 4.84a 5.27a 5.09a 4.48b 4.83b 

ROT2 4.83a 4.80a 5.21a 5.08a 4.62a 5.01a 

Nitrogen 
Application 

+N 4.83a 4.83a 5.21a 5.08a 4.60a 4.97a 

-N 4.85a 4.82a 5.24a 5.11a 4.57a 4.96a 

Depth 0-10cm 4.86a 4.85a 5.24a 5.12a 4.62a 4.99a 

10-30cm 4.82a 4.80a 5.21a 5.07a 4.55a 4.94a 

Grand Mean 4.84 4.82 5.22 5.09 4.59 4.97 
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SE 0.35 0.31 0.35 0.35 0.28 0.30 

% CV 7.11 6.51 6.66 6.83 6.17 5.96 

 

Tillage systems; CT- Conventional Tillage, MT-Minimum Tillage, NT-No-Tillage: Cropping systems; 
CP-Current Practice, ROT1-Rotation 1, ROT2-Rotation 2: Nitrogen Application; +N-Nitrogen applied, -
N-No Nitrogen applied. Means in row followed by different letters are significantly different 

MT recorded the highest means of soil pH, significantly standing out from the other Tillage systems in 
both Tororo and Kapchorwa. Generally, there was an improvement in the soil pH across all the sites as 
influenced by Tillage, Cropping Systems and Nitrogen Application interactions except Tororo that 
realized an improvement in soil pH due to CS by NA interaction. 

 

Discussion 

Initial soil characterization 

The initial soil analysis data shows the depleted status of the soils across all the four sites (Table 5) with 
the measured parameters indicating lower levels of the measured nutrients. This is below the critical 
level for crop production of 10 mg Kg-1 of soil as per Okalebo et al., (2002). The acidic nature of the soils 
in these sites meant that the fertility status of the soils in question was inadequate to ensure good crop 
production. 

Effects of Tillage, Cropping Systems and Nitrogen application on earthworm population 

Tillage had a significant effect on the earthworms population count in Bungoma, Tororo and 
Kapchorwa. However, whenever there was no significance difference between means of the earthworm 
population as affected by the tillage systems, the number of earthworms counted doubled as it is 
evident in the LR2012 cropping seasons in Tororo and Kapchorwa (Table 2). Tillage by Nitrogen 
application interaction on the other hand significantly affected the earthworm’s population in all 
cropping seasons in Tororo. Earthworm’s population was improved in the conservation agriculture 
tillage systems of MT followed closely by NT.  

As the number and intensity of tillage operations increase, so does the physical destruction of burrows, 
cocoons, and the earthworm bodies themselves. This is attributed to the mixing of the soil between 
layers during land preparation by tillage to the extent of destroying the habitat of the earthworms. In 
the event, some are killed while reproduction is hampered caused by the adverse conditions. In this 
study, less intensive tillage systems that leave residues on the surface after cropping season prior to the 
subsequent one which are MT and Rotation 2 treatments respectively, improved the environment for 
earthworm’s habitat. The residue provides food, insulates earthworms from weather conditions, and 
provides cover to protect them from predators. Although a single tillage event will not drastically 
reduce earthworm populations, repeated tillage over time will cause a decline in earthworm 
populations as it is evident with the reduced number of earthworms under CT. Similar results have 
been recorded by researchers in different parts of the world. Edwards and Bohlen, (1996) records that 
No-till and other methods of conservation tillage such as Minimum Tillage and ridge tillage, can 
increase populations of both types of earthworms. According to their study, earthworms were reduced 
by 70% compared to previously undisturbed sod after five years of plowing (Edwards and Bohlen, 
1996). After 25 years of conventional tillage crop production earthworm populations were only 11-16% 
of what existed in the original grass field (Edwards and Bohlen, 1996). Edwards et al. (1995) reported up 
to 30 times more earthworms in conservation agriculture tillage systems compared to plowed fields. 
Tillage affects decomposition and availability of surface residue, while choice of crop determines the 
quantity and quality of the residue as a food source for earthworms. Earthworm populations decreased 
to low numbers under an exhaustive cropping system of conventional tillage, crop residue removal, 
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and no additions of nitrogen fertilizer as it was evident under CP cropping system under CT under no 
Nitrogen Application (-N) in which least population means were recorded (Table 2). Earthworms seem 
to multiply in legumes under a crop rotation system as their population under the legume crops in the 
crop rotation of Maize-bean-mucuna (Rotation2) was double as compared to the Rotation1 and current 
practice (CP). Researchers from the Agricultural Research Service National Soil Tilth Laboratory (Ames, 
Iowa) also found more earthworms in Thompson’s fields compared to an adjacent neighbor’s 
conventionally tilled field in corn-soybean rotation (Ernst, 1995). The larger earthworm populations 
were attributed to more food from legume crops beans and mucuna, as well as reduced tillage under 
MT. Using cover crops helps to increase earthworm populations by increasing their food supply 
(organic residue) and by giving them a longer season to eat and reproduce. The extra food and ground 
cover provided by cover crops are especially important where earthworms are removing a high 
percentage of crop residues, as it was evident in a study in the University of Wisconsin that reported 
residue cover being reduced from 30% to 15% by earthworms at planting time in no-till fields (Ernst, 
1995). Nitrogen application use of inorganic fertilizers resulted in to increased populations of 
earthworms and was of great benefit to the earthworms. This is probably an indirect effect of the 
increased crop biomass production and consequent increases in organic residues. Edwards and Bohlen, 
(1996), Edwards et al., (1995), and Hendrix et al. (1992) in different studies also reported that earthworm 
numbers in meadows receiving inorganic fertilizer averaged nearly twice the earthworms in 
unfertilized meadows on the Georgia piedmont. Although ammonia and ammonia-based fertilizers can 
selectively, but not always, adversely affect earthworm numbers. This is probably due to the effect these 
fertilizers have on lowering soil pH. However, in his study, Ernst (1995) reports that farmers realize 
increased numbers in the long run due to higher yields and more food for earthworms to feed upon.  

Generally, fertilizers increase earthworm numbers by increasing crop residues, especially when pH is 
maintained near neutral. Earthworms benefit soil quality by shredding residues stimulating microbial 
decomposition, thus improving soil fertility as it was evident with the improved measured soil 
chemical parameters. Producing food through crop residues and cover crops and leaving them on the 
soil surface through the use of conservation tillage practices provides food to increase earthworm 
numbers. 

Effects of Tillage, Cropping Systems and Nitrogen application on soil pH 

The soil pH in Bungoma, Trans-Nzoia, Kapchorwa and Tororo generally improved under conservation 
tillage treatment of NT and MT, together with strip cropping system under Rotation 2 (Tables 7 and 8), 
with Kapchorwa realizing a minimal improvement as compared to the other sites. Soil pH in the 
LR2011 was not significantly affected in Bungoma. This is attributed to the fact that the tillage and 
cropping systems treatments tested had not established well yet to have an effect on soil pH. Lack of 
soil mixing in NT and minimal disturbance of the soil as associated with MT  is often associated with 
pH stratification (Garcia et al., 2007) and accumulation of salts associated with fertilizer application on 
soil surface as compared to tilled soils (Veenstra et al., 2006).   The observed increase in acidity under 
NT and MT (Tables 3 and 4) is consistent with results of De Villiers et al., (2005) and could be attributed 
to the decomposition of high volumes of organic matter associated with conservation agriculture tillage 
systems relative to CT. Similarly, high acid release with decomposition of high quantities of plant 
biomass under mucuna, maize and beans rotational cropping enhanced soil acidity under Rotation 2 
and Rotation 1 rotations relative to Current Practice across all the sites (Tables 3 and 4).   The Minimal 
changes in pH observed over the study period could be attributed to application of Calcium 
Ammonium Nitrate (CAN) as N top-dress to maize and beans crop resulting in pH stabilization under 
both tillage practices. Furthermore, there was a well establishment of mucuna cover crop and this in 
combination with Nitrogen application as a top dress realized an increase in levels of plant biomass 
leading to increased decomposition activity. It is recorded that conservation tillage leads to 
accumulation of decomposing organic matter on the surface soil layer (Juo and Kang, 1989). The 
increased soil organic matter acts as a soil buffer, reducing the free H+ ions and stabilizing pH levels of 
the soil. The extent of acidification is however controlled by choice of cropping systems together with 
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soil and residue management. This resulted in to a minimal positive change in soil pH in Kapchorwa. 
However, according to USDA/NIFA, 2011 and Nkhalamba et al., 2003, it is worth noting that as the clay 
and organic matter content increases, the ratio of reserve to active acidity also increases. The authors 
however note that the relationship between active and reserve acidity is not constant across soils, and is 
depended on the type and amount of clay and organic matter content of the soil. Application of 
ammonium N fertilizers has also been reported to counter the increase in acidity arising from 
nitrification of such N sources (Malhi et al., 1998). Salts are recycled through plant biomass and 
decomposition of high crop residue inputs under NT and MT thus enhancing salts release to the soil 
compared to CT and Rotation 2 in across all the sites. Soil pH improved from acidic to lesser acidic 
levels in the Rotation 2 and Rotation 1 combined with conservation agriculture tillage systems of MT 
and NT, as compared to intercropping under the current practice combined with conventional tillage. 
Under the Rotation 2 and Rotation 1, there was a continuous buildup of organic matter on the surface 
soil and the compounded effect of not disturbing the soil surface layer. Hynes and Mokolobate (2001) 
reported in their study that an initial soil pH was realized after addition of organic materials, and that 
this was only sTable for the first 1-2 months after which a decline in the same was realized. The 
magnitude of the initial soil pH rise was dependent on the type of residue, application rate and biomass 
content (Hynes and Mokolobate, 2001). Also, the change in soil pH is influenced by time as it was 
evident with a slight increase in soil ph after the two cropping seasons in Kapchorwa as compared to 
the increment seen in Bungoma and Tororo which both have four cropping seasons each. 

Effects of Tillage, Cropping Systems and Nitrogen application on maize and beans yield 

The low yield obtained under Conservation Agriculture treatments in the first cropping season (data 
not shown) across all the four sites was due to the weeds proliferation especially in the NT and MT 
plots in that order. Gradual increase in the yield of maize and beans in the succeeding cropping seasons 
under MT and NT is attributed to the recycling of the nutrients through incorporation of the crop 
residues from the previous season. Increase of soil available phosphorus from deficient levels across all 
the sites could have resulted in to improved crop yields maize and beans. Also, this could have been as 
a result of suppression of weeds by the crop residues from the previous season. Reduced yields of 
maize and beans under CT plots could be attributed to the residue being inverted during tillage thus 
resulting in the C:N ratio of residue (above 24) and subsequent available soil N being consumed by 
microbes leading to a reduction in plant available nitrogen (Patra et al., 2010). Crop residue return in to 
the soil has been observed under conservation agriculture tillage and cropping systems in Brazil 
(Govaerts et al., 2005). Long term benefits of conservation agriculture production systems of reduced 
costs of production overrides those obtained under conventional tillage (Govaerts et al., 2005). Research 
has demonstrated that conservation production systems moderate soil surface conditions (Govaerts et 
al., 2009; Blanco-Canqui et al., 2010). This results in to improved crop production (Bescansa et al., 2006) 
thus increasing the net farm benefits due to reduced production costs (Chikoye et al., 2006; Sanchez-
Giron et al., 2007). With MT, diurnal soil temperature is dampened, surface runoff controlled, soil 
moisture maintained, crop rooting enhanced and hence improved maize-beans production.  

Crop rotations results in to distribution of the soils nutrients in the soil from season to season, making 
them available to the growing crops. Crop residues from previous cropping seasons ensures that there 
is recycling of soil nutrients enabling the maize and beans in the succeeding cropping season uptake 
these nutrients for their better growth and development. 

The application of nitrogen improved the soil cation exchange capacity (CEC) making more 
macronutrients available for better crop growth and development resulting in to higher yields. 

Conclussions 

The results of this study suggest that factors responsible for organic carbon accumulation also influence 
soil total N and pH changes.  The effects of tillage on pH in the four sites were not consistent. Minimum 
tillage and no till increased total N and pH compared to conventional tillage across all the sites. Tillage 
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systems, Cropping systems and Nitrogen Application either singularly or in combination of any of the 
three influence soil pH at different levels dependent on the soil type. Conservation of phosphorus may 
be a potential benefit of conservation tillage, improving phosphorus availability. Improvements in SOC 
and N levels under CA tillage and cropping systems impacted positively on soil structural stability, 
biotic activity and plant nutrient availability, thus improving soil quality generally. In agreement with 
other long-term tillage studies, there was higher soil extracTable phosphorus, SOC, total nitrogen as 
well as increased soil pH to the required minimum for crop maize and beans production (soil pH 5.0-
6.0) under minimum tillage followed by no-till as compared to conventional tillage in both sites.  
Minimum Tillage and crop rotations involving two legumes and a cereal crop as was in ROT 2 are 
essential components of conservation agriculture and both practices had a positive impact on maize and 
beans yield, as well as plant nutrient availability in this short-term study. Generally, the differences 
associated with tillage and crop rotations on soil chemical and crop growth parameters take long to 
emerge and further long-term studies may be needed to complement these findings. Minimum tillage 
systems that leave residues on the surface throughout the year improve the environment for 
earthworms. Crop rotation of maize-beans-mucuna (ROT 2) and the use of inorganic fertilizers also 
have a positive impact on earthworm population. This is probably an indirect effect of the increased 
crop biomass production and consequent increases in organic residues resulting in to increased SOC 
levels. The residues provide food, insulate earthworms from weather conditions, provide cover to 
protect them from birds and other surface predators, and protect their burrows. The increased 
earthworm populations are attributed to increased food supply from legume crops beans and mucuna, 
as well as reduced tillage under MT that ensures them a longer season to eat and reproduce/multiply. 
The study highlights that crop rotation, minimum tillage and crop residue incorporation practices have 
a potential to improve maize and beans yield throughout the year. The two optimizes soil pH, 
extracTable soil phosphorus, soil organic carbon, soil total nitrogen as well as earthworm’s population 
which all reflect in to an improved soil nutrient status, and soil quality in general. 

Recommendations 

The study recommends the use of a less intensive tillage system of minimum tillage in combination 
with crop rotation involving maize-beans-mucuna with nitrogen application in the study areas. This 
will realize both improved maize and beans production, and better soil nutrient status and overall soil 
quality replenishment. M. pruriens however could be the most preferred management candidate for the 
following reasons: In addition to all the benefits accrued from inclusion of legumes in cropping systems 
towards improving soil quality in general, M. pruriens provides excellent hay for livestock, and its 
seeds are used as protein rich feed supplement to livestock and as a beverage by some farmers in Trans-
Nzoia but after processing through roasting. More importantly, M. pruriens is used for food in some 
African countries (Rachie and Roberts, 1974). 

However, earthworm’s population studies should be undertaken for a longer period of time and on a 
wider scope in order to be able to study specific earthworm species associated with any particular 
treatments of tillage, cropping systems and nitrogen fertilizer application. 

The N contribution from legume cover crops could improve the performance of subsequent cereal crop. 
However, legumes contribute less to soil C accumulation compared to cereal cover crops. There is need 
to investigate whether mixed cereal/legume cover crops could improve both soil C and N for 
sustainable crop production in low organic C soils.  

The difference in soil C accumulation among crop rotations in this study was attributed to relative  
differences  in  residue  decomposition  rates  as  influenced  by  their  biochemical composition. A 
laboratory incubation study on rate of decomposition of rotational cover crops is recommended to 
substantiate this possibility.  
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Tororo had low soil P concentration compared to other sites at the initiation of this study in 2011 which 
was maintained till the end of the study. There is need to investigate P management strategies for 
optimizing maize yields in Tororo which is dominated by Ultisols soils.  
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