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ABSTRACT 
 

Aims: Fanya juu terraces are constructed by digging a ditch and throwing the soil up-slope with the 
sole purpose of maintaining an embankment to slow down runoff flow. The effect of the terraces on 
crop yields along the slope varies with the soil type. The aim of this study was to determine the 
effect of Fanya juu terraces on maize (Zea mays L.) and bean (Phaseolus vulgaris L.) yields and 
how these yields differ with slope positions and depth of the ditches. 
Study Design:  Split-split plot design with four replications. 
Place and Duration of Study: The trial was established on Luvisols in Mua location, Machakos 
County in Eastern Kenya at 37o15’E 1o29’S and 37o15’E 1o29’S during both long rain (LR) and 
short rain (SR) seasons of 2014 and 2015 (February 2014 to March 2015). 
Methodology: Treatments consisted of three ditch depths (60 cm, 30 cm and 0 cm (control)) in the 
main plots and three cropping systems (maize/bean intercrop, sole maize and sole bean) in the sub 
plots. Grain yields were compared across the seasons at the upper, middle and lower slope 
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positions of the terraces using analysis of variance and means separated using least significant 
difference at P≤0.05. 
Results: There were significant differences in maize grain yields in the interactions of ditch depth 
and slope position (P=0.004) and ditch depth and season (P<0.001). Higher maize yields were 
realized when ditches were constructed than in the control. Yields increased from the lower to the 
upper slope position of the terraces with 30 cm ditch by 49.8% and in the 60 cm by 41.6%. Average 
yields from treatments with 30 cm ditch were significantly higher than from the control but non-
significant from those in the 60 cm ditch. Significant differences (P=0.037) in bean grain yields were 
observed in interactions of ditch depth and slope position. Higher yields were obtained from the 
lower position of the 30 cm ditch than the middle and upper positions. Significant differences 
(P=0.033) were also found in interactions of ditch depths, cropping systems and seasons. 
Conclusion: The results indicate that Fanya juu terraces had a significant effect on crop yields on 
hardsetting soils. The study recommends construction of Fanya juu terraces with a ditch depth of 
30 cm and intensive management of the lower slope position for improved maize and bean 
production on hardsetting soils in marginal areas.  
 

 

Keywords: Embankment; soil type; slope position; crop yields. 
 

1. INTRODUCTION  
 

Hardsetting soils have an unstable structure 
which collapses when the soil is wet and shrinks 
and hardens as the soil moisture dries up [1]. 
These soils are pulverized as a result of the 
instability of the surface layer and the detached 
particles clog and seal pores when soils are wet. 
The surface of the soils easily pond during 
rainfall events. This is followed by sealing and 
crusting as the water dries up [2]. On drying, the 
soils acquire high soil strength and crusting 
properties and the upper layer gets compacted 
[3]. Repeated cycles of sealing, crusting and 
compaction results in the hard-setting nature 
[1,3,4]. The crusting, compaction, ponding and 
hardness limit crop emergence, development of 
plant roots and infiltration and increases surface 
erosion [1,5].  
 
Hardsetting soils are common in the arid and 
semi-arid lands (ASALs) of sub-Saharan Africa 
(SSA). They are found in large parts of Eastern 
and Southern Africa and the Sudan-Sahelian 
region of West Africa [6]. Most of the soils in the 
ASALs of SSA are low in moisture and nutrient 
contents as a result of marginal rainfall, high 
evaporation rates and inadequate application of 
fertilizer inputs [7,8,9]. Rainfall is erratic and at 
times comes in intensive storms with escalated 
runoff causing further loss of nutrients and 
rainwater through erosion [10]. Soil and water 
conservation measures are therefore of 
paramount importance for effective crop 
production.  
 
Terraces are widely adopted to reduce erosion 
from the impacts of torrential rainfall and 
conserve soil and water in low rainfall areas 

[11,12,13]. The Fanya juu type of terraces are 
constructed by digging a ditch and throwing the 
soil up-slope with the sole purpose of maintaining 
an embankment to slow down runoff flow and 
hold soil sediments. The ditches and 
embankments shorten the length of the slope 
and minimize soil and water loss by reducing the 
speed and quantity of runoff flow [13,14,15,16]. 
At the same time the structures increase 
infiltration and can sustain productivity in sloppy 
areas with marginal rainfall [17,18,19,20]. 
 
Several studies have reported differences in crop 
yields between terraced and non-terraced fields 
as well as within the terraces [21,22]. Studies 
have also indicated that crop yields vary along 
the terraces slope and that this variability is 
dependent on the type of soil [23,24,25,26]. For 
instance, in well-drained Luvisols maize rows 
bordering the terrace ditch were more vigorous in 
growth and gave higher yields compared to those 
in the section away from the ditch [23]. This was 
attributed to an increase in soil moisture next to 
the ditch resulting from lateral seepage of water. 
In the light-textured Andosols maize rows next to 
the ditch had retarded growth and low yields due 
to excessive drainage and leaching of nutrients 
caused by moisture that was captured in the 
ditch [24]. These were immediately followed by 
rows of taller maize that benefited from moisture 
and nutrients that flowed laterally from the ditch 
before another set of rows of retarded maize at 
the depletion zone. A similar study in the heavy-
draining Vertisols [25] indicated increased yields 
from rows in the lower position at the furthest end 
of the slope compared to those next to the ditch. 
All these studies attributed the differences in 
maize yields to variations in soil moisture content 
along the terrace slope in the different soil types. 
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According to [24] the information on variability in 
crop performance in terraces is crucial in 
designing appropriate cropping systems for 
different slope positions in order to improve 
productivity in the ASALs. There is, however, 
limitation of this knowledge on different types of 
soils. This brought about the need to study effect 
of terraces on crop yield variability on hardsetting 
soils that are common in the ASALs of Eastern 
Kenya for enhanced exploitation of available 
resources. 
 

2. MATERIALS AND METHODS 
 

2.1 Description of Study Location 
 

The study was conducted for four seasons in 
Mua location of Machakos County in Eastern 
Kenya. The county is situated between 
longitudes 36° 45’ E and 37° 45’ E and latitudes 
0º 45’ S and 01º 31’ S. It lies at altitudes of 1000 
to 1600 meters above sea level (asl). The trial 
was set up in two adjacent farms at 37

o
15’E 

1
o
29’S and 37

o
15’E 1

o
29’S (Fig. 1).  

 

Rainfall is bimodal from March to May (long rains 
[LR] season) and October to December (short 
rains [SR] season) [27]. The experiment was 
conducted during long rains (LR) 2014, short rain 
(SR) 2014, LR 2015 and SR 2015 seasons. The 
mean annual rainfall is 650 mm with seasonal 
mean of 270 mm in LR and 380 mm in SR. 
Annual temperatures range from 13 to 24

o
C [27]. 

The rainfall seasons are also the crop growing 
seasons in the area. The SR season is more 
reliable in amount and distribution with a higher 
probability of occurrence than the LR [27]. A dry 
period extending from August until mid-October 
separates the two rainfall seasons. 
Evapotranspiration rates are high and exceed 
precipitation for most part of the year [27]. Poor 
distribution of rainfall and recurrent droughts 
during the crop growing season are common. 
The onsets, cessations, distribution and amounts 
vary from season to season with considerable 
effects on crop yields and food security 
particularly under rain-fed conditions [28,27,29]. 
Fig. 2a and b show rainfall distribution during the 
four seasons of the study.  
 

 
 

Fig. 1. A map showing the study site 
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(a) 
 

 
(b) 

 
Fig. 2. Seasonal rainfall distribution during LR and SR 2014 (a) and 2015 (b) 

 
Table 1. The pH, %total nitrogen, available phosphorous, exchangeable potassium and organic 

carbon contents of the soil in the trial site at commencement of study 
 

Soil property Status Soil property Status 

pH-H2o (1:2:5) 6.60 Potassium (Cmol/kg) 0.51 
Total Nitrogen (%) 0.07 Organic carbon (%) 0.63 
Phosphorous (ppm) 18.81 CEC) (Cmol/kg)  16.80 

Legend: CEC-Cation exchange capacity, ppm-parts per million, Cmol/kg- Centimols per kilogram 

 

Soils are sandy clay loam in texture with pH (H2O 
1:2:5) of 6.60. They are classified as Luvisols 
under FAO/UNESCO soil classification [30]. The 
soils are shallow and low in water holding 
capacity. They are pulverized and prone to 
surface sealing and crusting. They easily pond 
during rains especially when ridges are used at 
planting and crust at the surface when water 
dries up [2,31,32]. The soils are low in nutrients 
contents especially nitrogen and organic carbon 
(Table 1). The major cereal crop grown in the 
area is maize (Zea mays L.) while the major 
pulses are the Common bean (Phaseolus 
vulgaris L.) and pigeon peas (Cajanus cajan) 

legumes. The maize is usually grown in a sole 
crop system or intercropped with the pulses. 
During the two seasons previous to the study the 
experimental land was under maize/bean 
intercrop followed by sole maize system.  

 

2.2 Experimental Design and Treatments 
  
The trial was planted in a split-split plot design 
with four replications. Treatments consisted of 
terraces with three ditch depth dimensions; 60, 
30 and 0 cm (Control) located in the main plots 
and three cropping systems in the sub-plots. The 
cropping systems were maize/bean intercrop 
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(M/BI), sole maize (SM) and sole bean                      
(SB). Treatments were combined                    
(Table 2). 
 
Table 2. Summary of treatments studied in a 

split-split plot design, where ditch depths 
were allocated to the main plots, cropping 

system to the sub-plots and slope position to 
the sub-sub-plots 

 

Treatment Combination 

T1 60 cm ditch + maize/bean 
intercrop 

T2 60 cm ditch + sole maize 
T3 60 cm ditch + sole bean 
T4 30 cm ditch + maize/bean 

intercrop 
T5 30 cm ditch + sole maize 
T6 30 cm ditch + sole bean 
T7 0 cm ditch + maize/bean 

intercrop, 
T8 0 cm ditch + sole maize 
T9 0 cm ditch + sole bean 

 

The main plot were 14 m wide with a two (2) 
meter path separating adjacent plots. Each main 
plot had three sub plots of 4 m and a one (1) 
meter path between subsequent sub-plots. The 
length of the terraces depended on the slope and 
ranged from 14 to 17 m. The terrace area below 
each ditch was subdivided into three equal 
sections which were designated as the upper 
(next to the ditch), middle (at the centre of the 
terrace) and lower (adjacent to the embankment 
of the subsequent ditch) positions of the slope 
(Fig. 3). These sections formed the sub sub-plots 
from which data for analysis was collected. 
 

2.3 Land Preparation and Planting  
 

The land was prepared by clearing, ploughing 
and digging out the ditches before the onset of 
rains. The locations of the ditches were identified 
using the rod and string method and the three 
ditch treatments randomly allocated to the main 
plots along the identified positions. The 30 and 
60 cm trenches were measured and soil dug out 
by hand at the beginning of the first season.

 

 
 

Fig. 3. Sketch of a single replicate of the trial showing measurements and allocations of 
ditches (main plots), cropping systems (sub-plots) and slope positions (sub-sub plots) 

Legend: US Upper - slope position, MS - middle slope position, LS – lower slope position
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The first and subsequent land preparation was 
done using the oxen plough (common farmer 
practice) and the field leveled out by hand hoes 
before planting. Planting was done every season 
at the on set of rains to maximize on available 
rainfall. During the planting treatments on 
cropping system (maize/bean intercrop, sole 
maize or sole beans) were randomly allocated to 
the sub-plots. Maize (Zea mays L.) variety Duma 
43 and common bean (Phaseolus vulgaris L.) 
variety Kat B1 were used as the test crops. 
Maize was planted at a spacing of 90 x 30 cm. 
Beans were planted at 45 x 20 cm in the sole 
crop system and at 90 x 20 cm (one row between 
two maize rows) in the mixed system. Two seeds 
were planted per hill and the seedling thinned to 
on plant per hill two weeks after emergence. 
Maize was planted with Di-ammonium phosphate 
(DAP) and later top-dressed with calcium 
ammonium phosphate (CAN) at the 
recommended rate of 40 kg P2O5 and 40 kg N 
ha

-1
. Napier grass was planted on the terrace 

embankments for stabilization and ditches 
maintained in consequent seasons by scooping 
out any soil filing up the trench and heaping it 
back on the embankment. Prevailing agronomic 
practices were adopted for weeding, pest and 
disease control and the general management of 
the crop until harvest time. 
 

2.4 Data Collection  
 
All the crop data was collected from each of the 
sub sub-sub plots (slope position). The data 
included dates of planting, percent germination 
and stand after thinning for both maize and 

beans. At physiological maturity yield data was 
collected from a net plot area within each slope 
position. Yield data included number of plants 
harvested (both maize and beans), number of 
maize cobs harvested, field weights of cobs, 
grain weights of maize and bean per plot, and 
moisture contents of maize and bean grains at 
harvest. Dimensions of net plot areas were 
13.5m

2
 for maize (5 rows, 3m long) in both sole 

and intercropped systems and 10.8 m
2
 for beans 

3 meters by (8 rows in pure stand and 4 rows 
under intercropped system). Data was entered in 
Excel spreadsheets for ease of management. 
The yield and field grain moisture content data 
were used to compute the final grain yields in t 
ha

-1
 corrected to 12% moisture content. 

 

2.4 Data Analysis 
 

The crop data was subjected to GenStat [33] 
statistical package for two-way analysis of 
variance (ANOVA). Means were separated at 95% 
level of confidence. The Fishers’ protected least 
significant difference of means (LSD) and 
Duncan Multiple Range Test (DMRT) were used 
for comparison of significant means.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Ditches, Ditch Depths and 
Slope Positions on Maize Grain Yields 

 
Significant differences in maize grain yields were 
observed in interactions of ditch depths and 
seasons (P<0.001) and ditch depths and slope 
positions (P=0.004) as shown in Fig. 4. 

 

 
Fig. 4. Maize grain yields under sole maize (SM) and maize/bean intercrop (MBI) systems in the 

lower, middle and upper slope positions in terraces with 0., 30 and 60 cm ditch depths 
Legend: M/BI -Maize and bean intercrop system, SM - Sole maize system 
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Maize grain yields averaged over the four 
seasons were significantly higher in the 30             
(3.24 t ha

-1
) and 60 cm (2.55 t ha

-1
) ditch 

treatments than in the 0 cm (1.28 t ha
-1

) ditch. 
This could be attributed to the surface crusting 
and compacting nature of hardsetting soils [3]. 
This may have increased the loss of water and 
nutrients through runoff resulting in reduction in 
maize yields especially in the control treatment 
where the ditch was not constructed. According 
to some authors [15,18,34] Fanya juu terraces 
are effective in reducing water and soil losses. 
They increase infiltration when water is held in 
the trenches for longer periods. The maize in 
treatments with ditches therefore, benefited from 
an increased availability of soil moisture from the 
lateral flow of water held in ditches and the 
nutrients that were retained in the terraces. The 
low yields in the non-terraced treatment inform 
on what the farmers who have not constructed 
terraces get in this area. The results imply that 
farmers can benefit from the little rainfall by 
constructing terraces to capture runoff and using 
it in their farms to increase production. These 
results confirm a report by [35] indicating an 
increase in yields in terraced fields in Ethiopia. 
Similarly [11] also reported an increase in wheat 
grain resulting from 16% increase in soil moisture 
content when terraces were constructed in the 
sloppy rain-fed areas of Pakistan. 
 
Maize grain yields from terraces with 30 cm ditch 
depth (irrespective of the cropping system) were 
higher (average 3.24 t ha

-1
) but not significantly 

different from those obtained from treatments 
with 60 cm ditch (2.55 t ha

-1
). This implies that 

varying the depth of the ditch did non-
significantly affect grain yields although the 
conditions provided by the shallow ditch were 
more conducive for the maize performance than 
in the deeper one. It could be argued that the 30 
cm ditch held the runoff at an upper soil depth 
compared to the 60 cm ditch. The lateral flow of 
water in the shallow depth was closer to the 
upper soil horizon making it more available to the 
crop at the zone with high root concentration. 
This was more evident in seasons with low or 
poorly distributed rainfall (LR and SR 2014). As 
stated by [36] the response of plants to rainfall in 
the top layers of the soil is better compared to 
that in deeper profiles. Water in the deeper ditch 
was held at lower depths and could have been 
lost through deep percolation and lateral flow 
below the root zone. In SR 2015 the amount of 
rainfall received was high and evenly distributed 
with runoff filling the deeper ditches for several 
days during the season. This may have caused 

leaching of nutrients in terraces with 60 cm ditch 
depth and lower yields than those from terraces 
with 30 cm ditch. Construction of terraces with 30 
cm ditch depth could therefore be beneficial to 
the farmers through increased chances of soil 
moisture availability at the crop root zone and 
reduction in labour. Wairimu [25] reported no 
differences in maize yields from terraces with 
different ditch depths in a trial conducted in 
Vertisols. This was attributed to an impediment of 
the movement of water in wet Vertisols.  
 
The lower slope position generally recorded 
higher maize yields than the upper and middle 
slope positions of treatments with ditches in all 
seasons. Yields increased from the upper to the 
lower slope positions by 49.8% in the 30 cm and 
41.6% in the 60 cm ditch treatments. Significant 
difference (P=0.004) in yields was observed 
between slope positions in terraces with 30 cm 
ditch. These increased from the upper to the 
middle position by 20.7% and to the lower 
position by 49.8%. Maize grain yield from the 
lower slope position was higher than from the 
upper position in terraces with the 60 cm ditch. 
Significant difference between yields from upper 
and lower slope positions in the 60 cm ditch 
treatment were observed in the last two seasons 
of the study (LR 2015 and SR 2015) when 
rainfall was high and/or evenly distributed. Higher 
yields in the lower slope position may have 
resulted from the effect of soil moisture and 
nutrients trapped by the embankment as well as 
from the lateral seepage of the water in the 
ditches. A study by [37] showed that the crust 
strength increases as soil water content 
decreases. Other studies by [38,39]  indicated 
that maize performance is affected by lack of 
water at all stages of growth and especially at 
flowering period when the crop is most sensitive 
to drought. The higher moisture at the lower 
slope position could have reduced the strength of 
the crust and provided a conducive environment 
for the maize to grow. The availability of soil 
moisture at the lower slope position in treatments 
with ditches could have contributed to reducing 
moisture stress in maize. Earlier studies have 
proved that higher water content in the ditch can 
lead to efficient use of nitrogen and that 
increases in soil moisture can improve nitrogen 
absorption, transportation and accumulation 
resulting in enhanced crop yields [40,41]. In view 
of this the maize crop therefore benefited from 
nitrogen uptake in the roots through mass flux 
facilitated by the presence of water. The 
conducive environment created by the presence 
of the moisture can be exploited through 
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intensification of the lower slope position in order 
to increase production and the benefits of 
constructing terraces in hardsetting soils. The 
results of this experiment concur with reports 
from studies conducted by [42] in the Central 
highlands of Ethiopia. The authors found higher 
maize and wheat yields in the lower slope 
position than the upper slope and attributed it to 
increased fertility in the deposition zone. Similarly, 
[26] reported increase in yields in the lower slope 
of the terrace compared to the upper slope as a 
result of accumulation of nutrients and moisture 
at this site. No significant difference (P<0.05) 
was found maize grain yields between the three 
slope positions in the control treatment. This was 
because runoff was not trapped in a particular 
area giving no variations in accumulation of 
moisture or nutrients. This is the normal situation 
in farms where terraces have not been 
constructed in the area 
 
There were no significant differences (P≤0.05) in 
maize grain yield between the sole maize and 
maize/bean intercrop systems or in interactions 
of cropping systems, ditch depth and slope 
positions. Maize grain yields were not 
significantly affected by the type of cropping 
system (sole maize or maize/bean intercrop). 
This was probably because of lack of effective 

competition from the bean crop. Rainfall during 
the study seasons was either too low and 
sparsely distributed for the beans to survive and 
compete with maize for resources, or well 
distributed and high enough to provide sufficient 
soil water for both crops. 
 

3.2 Effect of Ditches, Ditch Depths and 
Slope Positions on Bean Grain 
Yields 

 
No bean grains were obtained in SR 2014. This 
was partially caused by the low (149.2 mm) and 
unevenly distributed rainfall. As reported in 
several studies [43,44,45] moisture stress 
reduces bean yields and the severity depends on 
the stage at which the stress occurs. According 
to [46] even brief periods of dry spell affect both 
the quality and quantity of bean yield. Such dry 
spells were common during the season. The 
ditches captured too little or no runoff to create 
any changes in soil moisture and subsequently 
on the yields of beans.  
 

Significant differences in bean green yields were 
found between interaction of ditch depth and 
slope positions (P=0.015) and cropping systems 
and slope position (P=0.037) (Fig. 5). 

 

 
 

Fig. 5. Bean grain yields under sole and intercropped cropping systems in the lower, middle 
and upper slope positions of terraces with 0, 30 and 60 cm ditch depths 

Legend: M/BI -Maize and bean intercrop system, SB - Sole bean cropping system 
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Significantly higher (P=0.019) bean grain yields 
were obtained from treatments with 30 cm (0.497 
t ha

-1
) and 60 cm (0.469 t ha

-1
) ditch depths 

compared to the control (0.359 t ha
-1

). Higher 
and significantly different mean bean yield (0.61t 
ha

-1
) was recorded in the lower slope position in 

treatments with 30 cm ditch depth than in the 
upper slope position of the control (0.33 t ha

-1
). 

Yields from the lower part of the slope in 
treatments with ditches were higher than those 
from the middle and upper slope positions of the 
same ditches depths. Higher yields in treatments 
with ditches and in the lower slope than the 
middle and upper positions was probably a result 
of the availability of water and nutrient trapped by 
the terrace embankments. The results concur 
with findings by [26] who reported higher bean 
yields in the lower slope position as a result of 
deposition of nutrients from the terrace through 
surface runoff milar results were reported by [47] 
who found that sorghum yields increased from 
0.4 t ha

-1
 in the upper area of the slope to 2.4 t 

ha
-1

 in the lower position. Average bean yields 
obtained from treatments with ditches were lower 
than from the control during SR 2015 season. A 
comparison between similar positions of the 
terraces also indicated that average grain yields 
from the lower slope position were significantly 
higher (P=0.015) in treatments with ditches than 
from the control treatment except in SR 2015. 
Lower yields in treatment with ditches during SR 
2015 season could be attributed to the effect of 
excessive rainfall. Conditions of high soil 
moisture contents can be unfavorable for proper 
bean performance because of the imbalances in 
oxygen levels in the root area and increase in 
infestation by pathogens which both cause 
losses in yields [46]. 
 

4. CONCLUSION AND RECOMMENDA- 
TIONS 

 
From the results of the trial, terraces had a 
significant effect on crop yields on hardsetting 
soils depending on the amount and distribution of 
rainfall. Treatments with ditches had significantly 
higher maize grain yields than the control and 
higher bean yields in seasons with low and 
unevenly distributed rainfall. This indicates that 
farmers in low rainfall areas can increase crop 
production by constructing terraces to capture 
runoff. Yields were higher in treatments with 30 
cm than the 60 cm ditches. Farmers can 
therefore save on labor and still achieve better 
yields by constructing terraces with the shallow 
ditch depth (30 cm). The lower slope position 
provided a more conducive environment for 

maize and bean production resulting in higher 
yields than the upper slope position. The 
conducive environment can be exploited through 
increased intensification in order to enhance 
production and increase the benefits of 
constructing terraces in hardsetting soils. The 
type of cropping system (sole or intercropped) 
did not affect maize yields. However, sole bean 
cropping system is recommended for production 
in low rainfall, terraced hardsetting soils. This 
study recommends construction of Fanya juu 
terraces with a ditch depth of 30 cm and 
intensive management of the lower slope 
position for enhanced crop production on 
hardsetting soils in marginal areas of Kenya.  
 

ACKNOWLEDGEMENTS 
 
The authors sincerely thank the European Union 
through NACOSTI for their support in funding the 
study and the farmers for providing land for the 
experiments. 
 

COMPETING INTERESTS 
 
Authors declare that there are no competing 
interests associated with this publication 

 
REFERENCES 
 
1. Daniells IG. Hardsetting soils: a review. 

Soil Research. 2012;50(5):349-359. 
2. Miriti JM, Kironchi G, Esilaba AO, Heng 

LK, Gachene CKK, Mwangi DM. Yield and 
water use efficiencies of maize and 
cowpea as affected by tillage and cropping 
systems in semi-arid Eastern Kenya. 
Agricultural Water Management. 2012; 
115:148–155.  

3. Giarola NFB, de Lima HV, da Silva AP. 
Hardsetting Soils: Physical Properties. In: 
Gliński J, Horabik J, Lipiec J, editors. 
Encyclopedia of Agrophysics. 
Encyclopedia of Earth Sciences Series. 
Springer, Dordrecht; 2011.  
DOI:https://doi.org/10.1007/978-90-481-
3585-1_261 

4. Bresson LM, Bissonnais Y, Andrieux P. 
Soil surface crusting and structure 
slumping in Europe. In: Boardman J, 
Poesen J, editors. Soil Erosion in Europe. 
John Wiley & Sons, Ltd; 2006. 
ISBN: 0-470-85910-5 

5. Rao KPC, Cogle AL, Srinivasan FT, Yule 
DF, Smith GO. Effect of soil management 
practices on runoff and infiltration 

https://doi.org/10.1007/978-90-481-3585-1_261
https://doi.org/10.1007/978-90-481-3585-1_261


 
 
 
 

Njiru et al.; IJPSS, 34(22): 682-693, 2022; Article no.IJPSS.90061 
 

 

 
691 

 

processes of hardsetting Alfisol in semi-
arid tropics. 8

th
 ICSO conference, 1994, 

New Delhi, India. 1994;1287-1293. 
6. Monin J. Soil crusting and sealing, Soil 

tillage in Africa: needs and challenges. 
Food and Agriculture Organization of the 
United Nations. FAO Soils Bulletin. 1993; 
69:95-128. 

7. Fries A, Silva K, Pucha-Cofrep F, Oñate-
Valdivieso F, Ochoa-Cueva P. Water 
balance and soil moisture deficit of 
different vegetation units under semiarid 
conditions in the andes of Southern 
Ecuador climate. 2020;8:30.  
DOI:10.3390/cli8020030 

8. Masso C, Nziguheba G, Mutegi J, Galy-
Lacaux C, Wendt J, Butterbach-Bahl K, et 
al. Soil fertility management in Sub-
Saharan Africa. Sustainable Agriculture 
Reviews book series (SARV). 2017;25. 

9. Recha JW, Mati BM, Nyasimi M, Kimeli 
PK, Kinyangi JM, Radeny M. Changing 
rainfall patterns and farmers’ adaptation 
through soil water management practices 
in semi-arid eastern Kenya. Arid Land 
Research and Management. 2016;30(3): 
29-238.  
DOI: 10.1080/15324982.2015.1091398. 

10. UNDP-United Nations Development 
Programme. Combating desertification in 
Kenya: Emerging lessons from 
empowering local communities. Nairobi, 
Kenya. 2013:44. 

11. Rashid M, Obaid ur R, Sarosh A, Kausar 
R, Akram MI. The effectiveness of soil and 
water conservation terrace structures for 
improvement of crops and soil productivity 
in rainfed terraced system. Pakistan 
Journal of Agricultural Science. 2016;53(1): 
241-248.  
DOI: 10.21162/PAKJAS/16.1502 

12. Widomski MK. Terracing as a measure of 
soil erosion control and its effect on 
improvement of infiltration in eroded 
environment. In: Godone D, editor. Soil 
erosion issues in agriculture. Shanghai, 
China: InTech. 2011:315-334.  

13. SUSTAINET EA. Technical manual for 
farmers and field extension service 
providers: Soil and water conservation. 
Sustainable agriculture information 
initiative, Nairobi. 2010;16. ISBN 978-
9966-1533-8-8.  
Accessed 20 June 2022.  
Available: https://wocatpedia.net 

14. Mesfin A. A field guideline on bench 
terrace design and construction. Ministry of 

agriculture and natural resources. Natural 
Resource Management Directorate; 2016.  
Accessed 20 June 2022.  
Available: https://www.researchgate.net 

15. Subhatu A, Speranza CI, Zeleke G, Roth 
V, Lemann T, Herweg K, Hurni H. 
Interrelationships between terrace 
development, topography, soil erosion, and 
soil dislocation by tillage in Minchet 
Catchment, Ethiopian Highlands. Land 
Degradation & Development. 2018 
Oct;29(10):3584-3594. 

16. Gachene CKK, Nyawade SO, Karanja NN. 
Soil and water conservation: An overview. 
In: Leal Filho W, Azul A, Brandli L, Özuyar 
P, Wall T, editors. Zero Hunger. 
Encyclopedia of the UN Sustainable 
Development Goals. Springer, Cham; 
2019.  
DOI:https://doi.org/10.1007/978-3-319-
69626-3_91-1 

17. Sheng TC. Bench terrace design made 
simple. In 12

th
 ISCO Conference. 2002; 

500–504.  
Accessed 20 June 2022.  
Available: http://tucson.ars.ag.gov 

18. Dorren L, Rey F. A review of the effect of 
terracing on erosion. In: Boix-Fayons C, 
Imeson A, editors. Briefing papers of the 
2

nd
 Soil Conservation and Protection for 

Europe (SCAPE) Workshop. Cinque Terre, 
Italy. 2004;97–108. 

19. Youssef AA, Touma J, Zante P, Slah N, 
Albergel J. Water and sediment balances 
of a contour bench terracing system in a 
semi-arid cultivated zone (El Gouazine, 
central Tunisia). Hydrological Sciences. 
2008;53(4):37-41. 

20. Hussein MH, Amien IM, Kariemb TH. 
Designing terraces for the rainfed farming 
region in Iraq using the RUSLE and 
hydraulic principles. International Soil and 
Water Conservation Research Journal. 
2016;4:39–44. 

21. Barungi M, Ng’ong'ola DH, Edriss A, 
Mugisha J, Waithaka M, Tukahirwa J. 
Factors influencing the adoption of soil 
erosion control technologies by farmers 
along the slopes of Mt. Elgon in eastern 
Uganda. Sustainable Development. 2013; 
6(2):9-25.  

22. Binyam AY, Asmamaw D. Rainwater 
harvesting : An option for dry land 
agriculture in arid and semi-arid Ethiopia. 
Water Resources and Environmental 
Engineering. 2015;7(2):17–28. 

https://www.researchgate.net/


 
 
 
 

Njiru et al.; IJPSS, 34(22): 682-693, 2022; Article no.IJPSS.90061 
 

 

 
692 

 

23. Gachene CK, Baaru M. Effects of 
vegetative macro contour lines on moisture 
conservation and crop performance in 
Kathekakai, Machakos District. A paper 
presented during the 4

th
 National 

conference for dissemination of research 
results and exhibition innovation. 3

rd
–6

th
 

May 2011. National Council of Science and 
Technology; 2011. 

24. Ruto AC. Optimizing moisture and nutrient 
variability under different cropping patterns 
in terraced farms for improved crop 
performance in Narok county, Kenya. PhD 
Thesis. University of Nairobi; 2015.  
Accessed 10 June 2022.  
Available: http://erepository.uonbi.ac.ke 

25. Wairimu HM. Effect of soil moisture 
variability on crop performance in a 
terraced vertisol, Machakos County. 
Master’s Thesis. University of Nairobi; 
2015.  

26. Ruto A, Gachene C, Gicheru P, Mburu D, 
Khali Z. Crop yields along the 
toposequence of terraced Andosols in 
Narok, Kenya. Tropical and Subtropical 
Agroecosystems. 2017;20:35-47.  

27. Jaetzold R, Helmut S, Shisanya C. Farm 
Management Handbook of Kenya vol. II. 
Atlas of agro-ecological zones, soils and 
fertilizing by group of districts in eastern 
province. Subpart C. Machakos and 
Makueni County; 2010. 

28. Mati BM. Overview of water and soil 
nutrient management under smallholder 
rain-fed agriculture in east Africa. Working 
paper 105. Colombo: Sri Lanka. 
International Water Management Institute 
(IWMI); 2005. 

29. Omoyo NN, Wakhungu J, Oteng’i S. 
Effects of climate variability on maize yield 
in the arid and semi arid lands of lower 
eastern Kenya. Agriculture and Food 
Security. 2015;4:8. 
DOI:https://doi.org/10.1186/s40066-015-
0028-2 

30. FAO/UNESCO. Food and Agriculture 
Organization of the United Nations/United 
Nation Educational, Scientific and Cultural 
Organization. Soil Map of the World. 
Revised Legend. World Soil Resources. 
Report 60. FAO: Rome. 1997;41. 

31. Scott EM, Bellis E, Gethin-Jones GH. The 
Soils of the Nairobi-Thika-Yatta-Machakos 
Area: Directorate of Overseas Surveys. 
Sheets D.O.S. 3013: 148/2, 148/4, 149/1-
4, 150/1 and 153 and D.O.S. 3014, East 
sheet and West sheet; 1963.  

Accessed 28 June 2022.  
Available:https://library.wur.nl/WebQuery/is
ric. 

32. Karuma A, Mtakwa P, Amuri N, Gachene 
CK, Gicheru P. Enhancing soil water 
content for increased food production in 
semi-arid areas of Kenya - Results from an 
on-farm trial in Mwala District, Kenya. 
Agricultural Science. 2014;6(4):125–134. 

33. GENSTAT. Release 14.2. Lawes 
Agricultural Trust-IACR. Rothamsted 
Experimental Station, U.K; 2016. 

34. Tenge AJ, Sterk G, Okoba BO. Farmers’ 
preferences and physical effectiveness of 
soil and water conservation measures in 
the East African highland. Journal of Social 
Sciences. 2011;1:84-100.  
Accessed 20 June 2022.  
Available: https://www.researchgate.ne 

35. Kosmowski F. Soil water management 
practices (terraces) helped to mitigate the 
2015 drought in Ethiopia. Agricultural 
Water Management. 2018;31(204):11–16.  
DOI: 10.1016/j.agwat.2018.02.025 

36. Rossato L, Alvalá RCA, Marengo JA, Zeri 
M, Cunha APM, Pires LBM. Impact of soil 
moisture on crop yields over Brazilian 
semiarid. Frontiers in Environmental 
Science. 2017;5. 
Available:https://www.frontiersin.org/article/
10.3389/fenvs.2017.00073 

37. Gicheru P, Gachene C, Mbuvi JP, Mare E. 
Effects of soil management practices and 
tillage systems on surface soil water 
conservation and crust formation on a 
sandy loam in semi-arid Kenya. Soil and 
Tillage Research. 2004;75(2):173-184. 
DOI: 10.1016/S0167-1987(03)00161-2 

38. Spitkó T, Nagy Z, Tóthné Zsubori Z, 
Halmos G, Bányai J, Marton LC. Effect of 
drought on yield components of maize 
hybrids (Zea mays L.). Maydica. 
2014;59(2):161-169. 

39. Aslam M, Maqbool MA, Cengiz R. Drought 
stress in maize (Zea mays L.): Effects, 
resistance mechanism, global 
achievements and biological strategies for 
improvement. Springer International; 2015.  
DOI: 10.1007/978-3-319-25442-5. 

40. Dijkstra FA, Cheng W. Increased soil 
moisture content increases plant N uptake 
and the abundance of 

15
N in plant 

biomass. Plant and Soil. 2008;302(1/2): 
263–271.  
Available:http://www.jstor.org/stable/42951
770 

https://doi.org/10.1186/s40066-015-0028-2
https://doi.org/10.1186/s40066-015-0028-2
http://www.jstor.org/stable/42951770
http://www.jstor.org/stable/42951770


 
 
 
 

Njiru et al.; IJPSS, 34(22): 682-693, 2022; Article no.IJPSS.90061 
 

 

 
693 

 

41. Huang D, Chen X, Zhang S, Zhang Y, Gao  
Gao Y, Zhang Y, et al. No-tillage 
improvement of nitrogen absorption and 
utilization in a Chinese Mollisol using 15N-
tracing method. Atmosphere. 2022;13(4):                 
530.  
DOI:https://doi.org/10.3390/atmos1304053
0 

42. Amare T, Terefe A, Selassie YG, Yitaferu 
B, Wolfgramm B, Hurni H. Soil properties 
and crop yields along the terraces and 
toposequece of Anjeni watershed, Central 
highlands of Ethiopia. Journal of 
Agricultural Science, 2013;5(2):1916-  
9760.  
DOI:https://doi.org10.5539/jas.v5n2p134 

43. Boutraa T, Sanders FE. Influence of water 
stress on grain yield and vegetative growth 
of two cultivars of bean (Phaseolus 
vulgaris L.) Journal of Agronomy and Crop 
Science. 2001;187(4):251-257.  
DOI: 10.1046/j.1439-037X.2001.00525.x 

44. Molina JC, Moda-Cirino V, Da N, Junior 
FS, Faria R, Destro D. Response of 
Common bean cultivars and lines to water 
bean (Phaseolus vulgaris L.) yield and 
water productivity at Jimma, Ethiopia. 

International Journal of Environmental 
Science and Natural Resources. 2019; 
16(1):555929.  
DOI: 10.19080/IJESNR.2019.16.555929 

45. Robel A, Addisu A, Minda T. Effect of 
growth stage moisture stress on common 
bean (Phaseolus vulgaris L.) yield and 
water productivity at Jimma, Ethiopia. 
International Journal of Environmental 
Science and Natural Resources. 2019; 
16(1):555929.  
DOI: 10.19080/IJESNR.2019.16.555929  

46. Ntukamazina N, Onwonga RN, Sommer R, 
Mukankusi CM, Mburu J, Rubyogo JC. 
Effect of excessive and minimal soil 
moisture stress on agronomic performance 
of bush and climbing bean (Phaseolus 
vulgaris L. Cogent Food and Agriculture. 
2017;3(1).  
DOI: 10.1080/23311932.2017.1373414 

47. Siriri D, Tenywa MM, Raussen T, Zake JK. 
Crop and soil variability on terraces in the 
highlands of SW Uganda. Journal of Land 
Degradation and Development. 
2005;16(6):569-579. 
DOI:https://doi.org/10.1002/ldr.688 

_________________________________________________________________________________ 
© 2022 Njiru et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/90061 

https://doi.org10.5539/jas.v5n2p134
http://creativecommons.org/licenses/by/4.0

