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Abstract 

Soil moisture conservation through tillage is one of the appropriate ways of addressing soil moisture 
deficits in changing climates. This study was conducted in the long rains (LR) and short rains (SR) of 
2012 to evaluate the effects of tillage practices on soil moisture conservation in Mwala District, Eastern 
Kenya. Six tillage systems:  Mouldboard (MB), Mouldboard and harrowing (MBH), Ox-ploughing (OX), 
Subsoiling – ripping (SR), Hand hoe and Tied Ridges (HTR) and Hand hoe only (H) and, three cropping 
systems, namely, sole maize, sole bean and maize-bean intercrop, were investigated in a split-plot 
design with four replicates. Soil moisture decreased over time (p < 0.001), between soil depths (p < 
0.001) and also varied among the tillage methods (p < 0.019) in LR, 2012. The moisture trend was at 
HTR > MBH > H > OX > MB while in the SR at OX > SR > MB > HTR > H > MBH. In the SR, 2012, there 
was a  significant interactions between time and cropping systems (p = 0.003). Results show that tillage 
influenced soil surface roughness (p < 0.001) and crust strength (p < 0.001). High surface roughness 
observed in HTR is due to the raised ridges and basins created during tied ridging and higher crust 
strength observed in the SR and OX plots. These results suggest that tillage methods influence soil 
moisture conservation and soil properties in the semi arid areas of Kenya. 
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Introduction 

Many parts of semi-arid areas are characterized by temporal and spatial variability of rainfall. In most 
of the semi-arid and arid areas of Kenya, the rainfall is usually low and unreliable. The timing and 
relative lengths of each growing period vary substantially with location (Mudjeci et al., 2010). This leads 
to reductions in yields by 75% when they occur (Barron et al., 2003).  

The deficit of soil water in these areas is also attributed to low infiltration rates (due to surface sealing 
and crusting and low organic matter content) and subsequent high runoff rates (Rockstrom et al., 2003).  
The conservation of soil water in semi arid areas requires appropriate tillage practices that not only 
improve rain infiltration but also conserves adequate soil moisture for plant growth.  Conservation 
tillage practices such as tied ridging, subsoiling and ripping have the potential of soil moisture 
retention and mitigation of intra-seasonal dry spells that would otherwise  result in low productivity 
and crop failure (Manyatsi et al., 2011). Conservation tillage also conserves available rainwater currently 
lost in the magnitude of 70 - 85 % of rainfall from the cropping systems in Sub Saharan Africa, both 
through soil evaporation and through deep percolation and surface run-off (Rockstrom et al., 2003) and 
therefore makes it beneficial to the crops. Although conservation tillage is highly advocated, there is 
strong evidence that this kind of tillage may not be good with soils prone to surface crusting and 
sealing, a characteristic of most of the soils in semi arid areas of Kenya (Unger et al., 1991).  

The success of any tillage practices is directly related to the improvement of the soil physical properties. 
Research has shown that soil bulk density, porosity, soil surface sealing and crusting, surface 
roughness, hydraulic conductivity and infiltration rates are very important soil properties affecting soil 
moisture (Gicheru et al., 2005). This study was conducted to quantify the comparative effectiveness of 
selected tillage practices in conserving soil moisture and improving soil physical properties in Mwala 
District, Eastern Kenya. 

Materials and methods 
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Study site description 

This study is being conducted in Mbiuni Location, Mwala District, Kenya (1°15’S, 37° 25’E).  The study 
area is characterized by low, erratic and poorly distributed bimodal rainfall that makes crop production 
difficult under rain fed conditions. The main crops grown in the area are maize and beans. Soil chemical 
properties at the site (Table 1) indicate that initial soil N and P at the site were very low. Soil N contents 
below 0.12 % and P below 15 ppm are considered inadequate for crop production (Okalebo et al., 2002).  
The soils had low organic carbon content of < 2%. The CEC of the soil was low (< 12 cmol/kg) 
indicating that the soil has low nutrient retention capacity (Gachene and Kimaru, 2003). This implies 
there is need to supplement the nutrients in the study area to achieve reasonable crop yields through 
application of mineral fertilizers, animal manures and plant residues. 

Table 1: Selected soil physical and chemical properties of the experimental site (0 - 30 cm) 

Soil 
property 

pH 
(H2O) 

pH 
(0.01M 
CaCl2) 

% 
C 

% N 
K 
cmol/kg 

Na  
cmol/kg 

Ca  
cmol/kg 

Mg  
cmol/kg 

CEC  
cmol/kg 

P 
ppm 

Textural 
Class 

6.50 5.61 1.1 0.09 2.35 0.46 2.31 0.39 6.70 13.5 Clay loam 

 

Experimental design and layout 

The trials were established during the long rains (LR) of 2012 and short rains (SR) of 2012. Six tillage 
systems; Mouldboard (MB), Mouldboard and Harrowing (MBH), Ox-ploughing (OX), Hand hoe and 
Tied Ridges (HTR), Hand hoe only (H) and subsoiling - ripping (SR), three cropping systems namely, 
sole maize, sole bean and maize-bean intercrop were investigated in a split-plot design with four 
replications.  

Data collection 

Soil moisture was monitored from crop emergence to the time of harvesting at depths of 0 - 20 cm and 
20 - 40 cm using the gravimetric method (Okalebo et al., 2002). Soil surface roughness was measured 
immediately after the tillage operations and before weeding was done. A micro-relief meter similar to 
that described by Kuipers (1957) was used to measure surface roughness. Crust strength (penetration 
resistance) was measured at the soil surface using a hand-held penetrometer (Eijkelkamp equipment 
type 1B). Crust strength was calculated using the formula; 

 CR = I × (Cs / AC)  

Where, CR is the cone resistance (N cm-2), I is the impression on the scale (cm), Cs is the spring constant 
(N cm-1) and AC is the area of the cone (cm2). 

Saturated hydraulic conductivity (Ksat) determinations were done in the laboratory using the constant 
head method described by Klute and Dirksen (1982). The bulk density was determined using 
undisturbed core samples from each plot. Total porosity was then calculated from the bulk density. 

Statistical analysis 

The soil properties were subjected to analysis of variance (ANOVA) to evaluate the treatment effects. 
The Genstat for Windows® 14th Edition statistical analysis software was used. 

 

Results and discussion 

Soil moisture 

Moisture trends as affected by tillage methods. Soil moisture decreased over time during the growing 
seasons (LR and SR 2012) at different weeks after planting (WAP) (p < 0.001).  In both seasons, the soil 
moisture was higher in the 20 - 40 cm than in the 0 - 20 cm depth (p < 0.001) and varied among the 
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different tillage methods. The changes in profile water content could thus be attributed to a 
combination of rainfall, soil evaporation, transpiration or crop water uptake (Hobbs et al., 2008).  

In LR, 2012, there were also some significant interactions between time × depth (p < 0.001) and between 
time × tillage × cropping system (p = 0.005). Soil moisture trend in the 0 - 20 cm was in the order of HTR 
> MBH > H > OX > MB while in the 20 - 40 cm in the order of HTR > OX > MBH > H > MB. At both 
depths, the moisture trend was HTR > MBH > H > OX > MB. The greatest differences occurred when 
soil water content was highest shortly after the rain (Figure 1). The tied ridges (HTR) had high moisture 
levels due to the microbasin formation allowing more storage and infiltration. According to Guzha 
(2004), the higher moisture reported in ridges has been associated with higher roughness resulting from 
ridge conFigureuration through tillage and has benefits of harvesting rainwater and increasing the time 
for infiltration. 

In the short rains (SR, 2012), there were some significant interactions between time × cropping system 
(p = 0.003) and time × depth (p < 0.001). There were no variations within the tillage methods (p = 0.158). 
Soil moisture trend in the 0 - 20 cm was in the order of OX > SR > MB > H > HTR > MBH while in the 
20 - 40 cm was in the order of OX > SR > HTR > MB > MBH > H. At both depths, the moisture trend 
was at OX > SR > MB > HTR > H > MBH.  

 

Figure 1: Moisture trends as affected by tillage methods in the long rains of 2012 (LR, 2012)  

 

Moisture trends as affected by cropping systems. In the long rains (LR, 2012), there was significant 
interaction between time × tillage × cropping system (p = 0.005). Soil moisture distribution for LR, 2012 
as affected by cropping systems is shown in Figure 2. The sole bean and the intercrop had higher soil 
moisture than sole maize. The low moisture levels in sole maize plots suggest that maize consumes 
more moisture and extracts greater moisture than sole bean during its growth.  The canopy cover 
provided by the bean and the maize-bean intercrop help reduce evaporation, regulate the soil 
temperature thus improve infiltration and therefore reduces the wastage of available water (Steiner, 
2002). 

In the SR, 2012, there was no significant variations of moisture among the cropping system (p = 0.684). 
A time × cropping system interaction was observed (p = 0.003). In contrast to LR, 2012, the sole maize 
plots had more moisture (14.21 %) followed by bean (14.19 %) and intercrop (14.07 %) respectively. The 
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intercrop had the lowest moisture content because of the increased plant population density per plot 
resulting in higher moisture extraction.  

 

Figure 2: Moisture trends as affected by tillage and cropping systems (LR, 2012) 

 

Soil surface roughness (SSR) 

Soil surface roughness varied over time in the growing seasons (p < 0.001) and between the tillage 
methods (p < 0.001). In the SR, 2012, there was also a time × tillage interaction (p < 0.001). Soil surface 
roughness trend in the LR, 2012 was in the order of HTR > MB > OX > H > MBH while in the SR, 2012 
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in the order of HTR > SR > OX > MBH > MB > H (Table 2). The high surface roughness in HTR is due to 
the raised ridges and basins created during tied ridging. Soil surface roughness soon after tillage was 
significantly different among the tillage methods (p < 0.001).  Thereafter, surface roughness decreased 
progressively in each season. This could have been attributed by a combination of raindrop action and 
human traffic during planting and data collection. Soil surface roughness and concave soil surfaces 
have high ability to conserve rainfall and of increasing depression water. This explains why HTR had 
higher moisture levels in the LR, 2012 due to the depressional storage important for conserving rainfall 
which probably would have lost as runoff. Therefore, management practices aimed at adjusting the soil 
surface characteristics can promote soil processes that encourage soil moisture storage within the root 
zone (Lipiec et al., 2006; Moreno et al., 2008). 

Table 2:  Effect of tillage on soil surface roughness (SSR) 

Tillage 

Long rains (LR, 2012) Short rains (SR, 2012) 

At 
ploughing 

Before 
planting 

2 WAP 
At 
ploughing 

Before 
planting 

3 WAP 

Handhoe (H) 36.8 31.8 27.1 30.7 23.0 16.2 

Handhoe + tied ridges (HTR) 75.0 72.5 65.2 67.8 64.9 58.6 

Mouldboard (MB) 53.7 48.5 40.7 33.0 26.6 22.5 

Mouldboard+harrowing (MBH) 29.8 17.9 13.5 36.9 33.7 21.2 

Ox-plough (OX) 48.1 38.7 32.1 46.7 32.0 17.0 

Subsoiling - ripping (SR) - - - 50.8 47.2 36.6 

Mean 48.7 41.9 35.7 44.32 37.88 28.7 

LSD (5 %) 12.09 7.69 10.75 5.212 6.85 8.12 

CV % 9.4 6.5 7.7 4.8 6.3 7.8 

(-) = not measured in that season 

 

Crust strength 

Soil crust strength is an important soil physical property that provides information on the ability to 
allow water movement into the soil. The crust strength increased as the season progressed (p < 0.001) 
and varied among the tillage methods (p < 0.001) as shown in Figure 3. The increase in crust strength as 
the season progressed is attribuTable to natural formation of crust under raindrop impact since there 
was minimal human interference, only during weeding and data collection. According to Shivonje et al., 
(2005), higher crust strength has been reported to reduce soil moisture storage due to the reduction of 
crust conductance and infiltration rates. The trend observed in SR, 2012 was in the order of SR > OX > 
MBH > H > MB >HTR with values ranging from 10 - 12 kg cm-2. The high crust strength observed in SR 
and OX plots is therefore likely to cause raindrop splash, restrict water movement in the soil which can 
lead to runoff and low soil water storage. However, those findings contrast this study results as SR and 
OX had higher soil moisture content at the 0 - 20 cm soil depth compared to the other tillage methods. 
The crust formed on the ridges was weaker than other tillage methods as the season progressed. A 
probable cause of this was the inversion and mixing of top soil when constructing the tied ridges and 
this could have affected the structure of the top soil. Though not significant (p = 0.546), cropping system 
affected the crust strength with the intercrop having values of 11.68 kg cm-2 followed by sole bean (11.52 
kg cm-2) and maize (11.48 kg cm-2) respectively.  
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Figure 3: Soil crust strength as affected by tillage methods (SR, 2012) (p < 0.001) 

 

Bulk density, porosity and saturated hydraulic conductivity (Ksat) 

The results for hydraulic conductivity, porosity and bulk densities are shown in Table 3. The soil bulk 
densities ranged from 1.20 - 1.40 g cm-3 across the seasons which is within the accepTable range for a 
clay loam (Landon, 1991). At the beginning of SR, 2012, there were lower values as compared at harvest 
at the end of that season. According to Lal (1997), the lower bulk density and hence high porosity at the 
start of the season could be attributed to the loosening effects of tillage. This increase in bulk density 
could be due to a combination of raindrop impact and soil compaction due to repeated human traffic 
during weeding, data collection and other crop management activities.  

Though not significant (p = 0.424), there were differences observed in the different tillage methods used 
in the study. The trend was MBH > HTR > OX > H > MB > SR. The high densities in MBH and HTR 
could be attributed to the second passes of soil manipulation (harrowing and tied ridges) to the initial 
tillage method of mouldboard (MB) and handhoe (H).  The cropping systems also influenced the bulk 
densities in SR, 2012 at 2 WAP (p = 0.005). The intercrop had slightly higher densities (1.31 g cm-3) than 
sole maize (1.29 g cm-3) and sole bean (1.21 g cm-3). This was also noted over the two seasons, intercrop 
(1.38 g cm-3), sole maize (1.36 g cm-3) and sole bean (1.35 g cm-3).  

Porosity values of the soils varied across the seasons (p < 0.001) and ranged from 44 - 47 % in the LR, 
2012 and 47 - 53 % in SR, 2012.  There was improved pore space from 46 % to 51 % in the last season 
(SR, 2012). Soils with < 40% total pore space are liable to restrict root growth due to excessive strength 
(Brady and Weil, 2008). The current study shows that the soils were thus not liable to restrict root 
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growth. Though not significant, tillage (p = 0.424) showed a trend of SR>MB>H>OX>HTR>MBH. This 
trend is an inverse of the bulk density trend thus indicating high bulk densities leads to low porosity 
values. For any given soil, the higher the bulk densities, the more compacted the soil is and the lower 
the pore space. This also affects the rate of movement of water into the soils (Brady and Weil, 2008). 
Cropping system did not show a significant influence on the porosity (p = 0.139) but sole bean and 
maize had higher porosity values than the intercrop.  

Ksat values were very slow (< 0.8 cm/hr) in LR, 2012 and slow (0.8 – 2.0 cm/hr) in SR, 2012 (Landon, 
1991). The Ksat values varied across the season (p < 0.001) with LR, 2012 and SR, 2012 having mean 
values of 0.63 cm/hr and 1.43 cm/hr respectively. Tillage did not show significant effect on Ksat values 
(p = 0.528) but a trend of HTR > SR > OX > MB > H > MBH was noted. The low Ksat values imply low 
infiltration rates, low rainwater intake and probably higher runoff within the plots. There were no 
significant interactions observed among the cropping systems. 

Table 3: Effect of tillage methods on bulk density, porosity and saturated hydraulic conductivity 
(Ksat) 

Bulk density (g/cm3) Porosity Ksat (cm/hr) 

 
LR, 2012 

SR, 2012 
LR, 2012 

SR, 2012 
LR, 2012 

SR, 2012 

2 WAP Harvest 2 WAP Harvest 2 WAP Harvest 

Tillage (T) 

H 1.42 1.24 1.36 0.47 0.53 0.49 0.61 1.36 1.09 

HTR 1.42 1.28 1.33 0.46 0.52 0.50 1.08 1.85 1.26 

MB 1.41 1.26 1.34 0.47 0.52 0.50 0.59 2.07 0.78 

MBH 1.42 1.31 1.39 0.46 0.51 0.48 0.53 2.15 0.48 

OX 1.46 1.24 1.31 0.45 0.53 0.51 0.46 1.72 1.76 

SR - 1.32 1.32 - 0.50 0.50 - 1.54 0.87 

Mean 1.43 1.27 1.34 0.46 0.52 0.49 0.65 1.79 1.03 

SED‡ 0.033 0.054 0.027 0.012 0.025 0.0101 0.334 0.657 0.517 

Cropping system (C) 

Bean 1.43 1.21 1.35 0.46 0.54 0.49 0.52 1.90 1.12 

Maize 1.40 1.29 1.36 0.47 0.52 0.49 0.86 1.64 0.87 

Intercrop  1.45 1.33 1.32 0.45 0.5 0.50 0.58 1.82 1.10 

SED ‡ 0.0269 0.0335 0.0195 0.0101 0.0126 0.0073 0.268 0.445 0.376 

CV % 1.8 8.1 5.6 2.1 7.5 5.8 21 18.2 40.9 

H = handhoe, HTR =handhoe + tied ridges, MB = mouldboard, MBH = mouldboard + harrowing, OX = oxplough, 
SR = subsoiling-ripping, (-) = not measured in that season, ‡ = for comparing means within a treatment 

 

Conclusion and recomendation 

These results suggest that tillage methods influence soil moisture conservation and soil properties in 
the semi arid areas of Kenya. However, there were disparities observed in the data collected in the two 
seasons hence more seasons are required to validate the findings. 
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