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SUMMARY

The principle objective of terracing is to reduce runoff and soil loss but it also contributes to increasing the soil
moisture content through improved infiltration. A field experiment was conducted in Suswa, Narok County during
the short and long rain seasons of 2013-2015 to assess the effect of terracing on crop yields. A randomized complete
block design was used with maize and beans as the test crops. The study examined maize plant height, leaf area
index (LAI), above ground biomass yields, number of bean pods and grain yields in the upper (U), upper middle
(UM), middle (M), lower middle (LM) and lower (L) terrace, slope positions with farmers’ fields where terraces
were not maintained were used as the control. The results showed that yields were significantly (P<0.05) higher in
L>LM>UM>M>U, with values ranging from 7.2 t ha* to 3.0 t ha™* for maize and 1374 kg ha* to 306 kg ha? for
beans. Significant differences (P<0.05) were also observed according to cropping patterns with CP2 on average
recording the highest (803 kg ha*) bean yields and CP4 (control) the lowest (576 kg ha™) in season I. CP3 had the
highest (4.97 t ha') maize yields compared to CP4 (3.25 t ha?) in season Il. From the results of the study, it was
possible to conclude that soil conservation measures and cropping patterns implemented at Suswa increased crop
yields and the technology should be promoted for improved livelihoods.
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RESUMEN

El objetivo principal de las terrazas es reducir la escorrentia y la pérdida de suelo, pero también contribuye a
aumentar el contenido de humedad del suelo a través de una mejor infiltracion. EI experimento de campo se llevd a
cabo en Suswa, Narok County durante las temporadas de lluvias cortas y largas de 2013-2015 para evaluar el efecto
de terrazas en los rendimientos de los cultivos. Se utiliz6 un disefio de blogues completos al azar con maiz y frijoles
como cultivos de ensayo. El estudio examiné la altura de la planta de maiz, el indice de &rea foliar (IAF), los
rendimientos de la biomasa sobre el suelo, el nimero de vainas de frijol y los rendimientos de grano en la parte
superior (U), media superior (UM), media (M), media inferior (LM) e inferior, las posiciones de la pendiente en los
campos de los granjeros donde las terrazas no fueron mantenidas fue empleadas como el control. Los resultados
mostraron que los rendimientos fueron significativamente mayores (P<0.05) en L> LM> UM> M> U, con valores
entre 7.2 thal y 3.0 t ha para maiz y 1374 kg ha* a 306 kg Ha! para los frijoles. También se observaron diferencias
significativas (P<0,05) segun los patrones de cultivo con CP2 en promedio registrando los rendimientos de frijol mas
altos (803 kg Ha*) y CP4 (control) el mas bajo (576 kg Ha™) en la temporada I. EI mayor rendimiento de maiz (4.97
t Ha'l) comparado con el CP4 (3.25 t Ha) en la temporada Il. A partir de los resultados del estudio, se pudo concluir
que las medidas de conservacion del suelo y los patrones de cultivo implementados en Suswa aumentaron los
rendimientos de los cultivos y que la tecnologia deberia ser promovida para mejorar los medios de vida.

Palabras clave: Terrazas; Posicion de la cuesta; Patrén de cultivo; Rendimientos de los cultivos.
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INTRODUCTION

The principle objective of terracing is to reduce
runoff and soil loss but it also contributes to
increasing the soil moisture content through improved
infiltration. The efficiency of terraces can, however
be increased by applying additional conservation
practices such as appropriate land preparation
(contour ploughing), appropriate cultivation of crops
(strip cropping), permanent cover maintenance,
application of manure and fertilizer to the soil
(Dorren and Rey, 2004) and developing of an
appropriate cropping pattern that will utilize the
harvested water as well as the fertile soil at the
deposition zone in the terraced field. Proper
husbandry of rainwater is a key aspect of integrated
water resources management as it enhances
groundwater recharge, balances water resources
demands, and favours ecological sustainability (Botha
et al., 2007).

The rising demands for food and uncertainties
associated with climate change call for a paradigm
shift in water management with a stronger focus on
rainfed agriculture with emphasis on securing water
to bridge the dry spells and to increase agriculture and
water productivity (Ngigi et al., 2005). According to
Rockstrom et al. (2010), the actual cause of crop
failure is poor distribution of rainfall other than
absolute water scarcity and that farming systems
regularly suffer from agricultural droughts and dry
spells caused by management induced water scarcity.
On-farm water balance analysis indicated that, in
savannah farming systems in sub-Saharan Africa less
than 30 % of rainfal reicieved is used for productive
transpiration by crops and on severely degraded land,
this proportion can be as low as 5 % (Rockstrom,
2003). Thus, crop failures commonly blamed on
drought, might be prevented in many cases through
better farm-level water management (Rockstromm et
al., 2010). In rainfed farming the constraint is not
only the erratic rainfall distribution but the amount of
rainfall that can be stored in the root zone and its
effective utilization, hence there is need for field
specific management practices in order to improve
crop production and maximize on the limited soil
nutrients and moisture in the drylands. The objective
of this study was therefore to assess crop yields
within terraced fields in andosols under different
cropping patterns and how the farmers can exploit the
spatial yield variability for increased farm
productivity.

MATERIALS AND METHODS
Description of the study area

The study was carried out in Suswa, Narok County
located in the Southwest of Kenya.The county
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experiences bi-modal pattern of rainfall with long
rains expected from mid March to June and short
rains from September to November. The local
variations in topography play a major role in the
distribution patterns, with the highlands receiving as
high as up to 2000 mm per year while the drier areas
receiving less than 500 mm per year (Ojwang et al.,
2010). Two-thirds of the county is classified as arid
and semi arid.

Experimental layout and design

The experiments were laid out in both the short and
long rain seasons of 2013-2015, in a randominsed
complete block design (RCBD) with five treatments
each replicated three times as follows, CP1: Maize
and bean intercrop planted in the upper and lower
position of the terrace and sole maize in the middle
position, CP2: Maize and bean intercrop in the upper
and lower zone and sole bean crop in the middle
zone, CP3: Sole maize crop in all slope positions,
CP4: the control plot where terrace was not
maintained had maize and bean intercrop in all the
three slope positions and CP5: maize and bean
intercrop in all the three slope positions.

Crop performance

The crop performance was evaluated by monitoring
maize plants height, maize leaf area index, number of
bean pods per plant, estimating maize above ground
biomass yields and weighing grains yields for both
maize and beans on a line by line basis from the
terrace ditch to the terrace embankment.

Maize plant height

A representative sample of five maize plants were
selected randomly on a line by line basis from the
terrace ditch to the terrace embankment and average
height recorded. According to Yin et al. (2011), corn
yield could be predicted with plant height
measurements collected during the plant critical
growth stages (V10 to V12).

Leaf area index

LAl is a direct measure of the photosynthetically-
active surface area which converts light energy into
plant biomass (Omer et al., 2011). Five plants were
selected randomly per row were used. The average
total leaf area per plant was estimated according to
the method of Duncan and Hesketh (1968) for the
maize crop. Where LA = L x W x 0.75, where LA is
the average total leaf area per plant, L is the average
leaf length, W the average greatest width. Leaf area
index (LAI) = LAI is the leaf area per unit area of soil
below (FAO, 1998), therefore LAI= 0.75 x L X W X
nPx nL/land area covered. Where nP and nL are the
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number of plants and the number of leaves
respectively.

Crop yield

Five plants were selected in each line from the terrace
ditch to the embankment. The samples were cut and
weighed using a spring balance (to the nearest 0.1kg)
to determine the fresh weight (Burt, 2009).
Representative samples were shelled and the grains
dried at room temperature to a moisture content of
between 13-15%, then weighted to give the yield in
kilograms per square meter which was later adjusted
to metric tons per hectare.

Data analysis

Data was first entered and processed in Microsoft
Excel 2007 software then exported to GenStat
Windows 14" edition for analysis of variance
(GenStat, 2013). Significant difference between and
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within treatments was separated at P<0.05 using
Duncan’s LSD.

RESULTS AND DISCUSSION
Maize plant height at 9™ leaf stage

There were significant differences (p<0.05) in maize
height as affected by slope positions and cropping
patterns in all the seasons (Fig. 1).

Maize plant height at tasseling

There were significant differences (p<0.05) in maize
height as affected by slope positions and cropping
patterns in all the seasons (Table 1). At the 9™ maize
leaf stage height on average at the lower slope
position was highest (122 cm) followed by the lower
middle position (97 cm) and the upper middle
position (83 cm) respectively.
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Figure 1: Maize height (cm) at 9™ leaf stage in seasonl (a), season Il (b), season I1I(c), season 1V(d).

Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower

Treatments: CP1: Maize and Bean intercrop in the upper and lower zones and maize in the middle. CP3: Sole maize
crop in all the three zones. CP4: Maize and beans in all the three slope positions (farmers’ practice). CP5: Intercrop

of maize and beans in upper, middle and lower zone.
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Table 1: Maize plant height (cm) at tasseling

Ruto et al., 2017

Slope Season | Season Il

CP1 CP2 CP3 CP4 CP5 Mean CP1L CP2 CP3 CP4 CP5 Mean
U 133 131 136 125 134 132 126 129 133 106 131 125
UM 157 150 155 135 157 151 155 153 160 128 159 151
M 148 * 144 143 148 146 136 * 148 137 139 140
LM 180 169 176 152 170 169 168 174 173 150 175 168
L 199 195 196 164 196 190 180 187 187 162 182 180
Means 163 161 161 144 161 153 181 160 137 158
Slope Season IlI Season IV

CP1 CP2 CP3 CP4 CP5 Mean CPL CP2 CP3 CP4 CP5 Mean
U 120 117 122 124 120 121 104 102 104 102 110 104
UM 138 133 138 131 132 135 120 120 124 118 124 121
M 128 * 130 136 125 130 118 * 115 114 118 116
LM 148 148 150 144 147 148 134 133 134 130 134 133
L 163 166 166 151 165 162 143 143 144 140 144 143
Means 139 139 141 137 138 124 125 124 121 126
*=Bean plot
CV(%) =3.7, LSDgos= 4.937 , SE(TREATMENTS)=0.56, SE(SEASONS*CROPPING PATTERNS*SLOPE

POSITION)=2.52

U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower

Treatments: CP1: Maize and Bean intercrop in the upper and lower zones and sole maize in the middle. CP2: Maize
and Bean intercrop in the upper and lower zones and sole bean crop in the middle. CP3: Sole maize crop in all the
three zones. CP4: Maize and beans in all the three slope positions (farmers’ practice). CP5: Intercrop of maize and

beans in upper, middle and lower zone

The study revealed significant enhancement in plant
height at the lower middle and lower slope position
occasioned by moisture and nutrient availability next
to the terrace embankment resulting in improved
availability of nitrogen which may have caused rapid
cell division and elongation. CP 4 (control) had the
lowest height across all seasons. This observation was
probably due to the absence of the terrace ditch which
encouraged lateral seepage at the upper middle slope
position and terrace embankment which promoted the
settling and infiltration of moisture at the lower
middle and lower slope position, hence the lower
heights recorded. The results are in agreement with
those of Husain et al. (2013) who reported that, plant
height at the terrace plot was higher than that of
control. The highest plant at terrace plot was 156.6
cm while for control was 73.92 cm. The general
observation was that vegetative and generative
performances of maize planted in terrace were higher
than that of control (non-terrace).

Leaf area index

There were significant differences (P<0.05) in LAI of
maize as affected by slope position and cropping
pattern at 9" leaf stage and at tasselling stage (Fig. 2
and 3). The lower slope position had on average the
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highest LAI (1.96 at 9™ leaf stage and 3.69 at
tasseling stage) whereas the upper position had the
least (0.79 at 9" leaf stage and 1.34 at tasseling
stage). The upper middle slope position recorded
higher (1.03 and 2.01) LAI compared to both the
middle (0.84 and 1.73) and upper (0.79 and 1.34)
slope position in all the four seasons. CP 4 had the
least LAI (1.68) in season IV while CP 1 had the
highest (3.29) in season one. The lower slope position
had on average the highest LAl (4.95) in season |
whereas the upper position had the least (1.49) in
season two. In all the four seasons the LAI in the
upper middle slope position was on average higher
than in the middle and upper position in both crop
stages (9" leaf and tassling stage). This may have
been attributed to higher moisture and nutrient supply
due lateral seepage in the upper middle slope position
and due to sediment deposition, moisture and nutrient
availability at the terrace embankment, which resulted
in improved translocation of nutrients, water and root
growth. This could have been attributed to higher
moisture and nutrient supply due lateral seepage in
the upper middle slope position and due to sediment
deposition, moisture and nutrient availability at the
terrace embankment, which resulted in improved
translocation of nutrients, water and root growth
which enhanced leaf area and duration hence the high
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LAI. Thus, with the optimum supply of moisture and
nutrients, the basic infrastructural frame and the
photosynthesis production efficiency of leaves were
improved.

The generally lower LAI indices in season Il and IV
was probably due to low rainfall received compared
to season | and Il (450 mm in season I, 416 mm in
season I, 141 mm in season Il and 92.4 mm in
sseason 1V). The results agree with those of Gul et
al. (2015) and Amin et al. (2006), who found that

Ruto et al., 2017

ridge sowing of maize resulted in higher leaf area
index at different stages, which was attributed to
improved water and nutrient availability due to loose
fertile soil at the on ridges, resulting in better uptake
of nutrients. The availability of sufficient nitrogen is
linked to rapid cell division and cell elongation
thereby resulting in increased leaf area. Shivay and
Singh (2000) also found improvement in leaf area
index with incread levels of nitrogen.
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Figure 2: Maize LAl at 9™ leaf stage in season I (a), season Il (b), season I11(c) and season 1V(d).
Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower (LSDo.os)

Treatments: CP1: Maize and Bean intercrop in upper and lower zones and sole maize in the middle.

CP3: Sole

maize crop in all the three zones. CP4: Maize and beans in all the three slope positions (farmers’ practice). CP5:

Intercrop of maize and beans in upper, middle and lower zone
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Figure 3: Maize LAl at tasseling season | (a), season Il (b), third season I11(c) and season 1V (d).

Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower

Treatments: CP1: Maize and Bean intercrop in upper and lower zones and sole maize in the middle. CP3: Sole
maize crop in all the three zones. CP4: Maize and beans in all the three slope positions (farmers’ practice). CP5:

Intercrop of maize and beans in upper, middle and lower zone.

Maize above ground biomass yields

There were significant differences (P<0.05) in maize
above ground biomass as affected by slope position
and cropping patterns in the two seasons (Fig. 4). CP
3 had the highest (7.5 t ha) yield whereas CP 4
yielded the lowest (4.8 t hal) in season I. The lower
slope position had the highest (> 6 t ha) yield of
maize above ground biomass compared to the upper
slope position (< 4 t ha?) in both seasons (Fig. 4). The
upper middle slope position had higher (5 t ha?)
above ground biomass yield than the middle (4.2 t ha-
1y and upper (3.8 t ha) positions. The higher yields in
the lower position may have been attributed to the
accumulation of sediment and moisture resulting in
not only the availability of nutrients but also their
synergetic interaction. This also could explain the low
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above ground biomass yields in the loss zones and in
the control plot. Season IV had the lowest yields
across all treatments which was probably attributed to
lower rainfall received (416 mm in season Il and 92.4
mm in season IV). The results are in agreement with
those of Nwachukwu and lkeadigh (2012) and Di
Paolo and Rinaldi (2008) who reported a linear
relationship between water use, nutrient uptake and
above ground biomass yield in maize crops. The
increase in the growth of maize was also reported by
Adesoji et al., (2013) to be as result nitrogen effects
that lead to increased cell division, cell expansion and
increase in size of all morphological parts. CP 3 (sole
maize) had the highest (7.5 tha) aboveground
biomass yield whereas CP 4 (control) yielded the
lowest (4.8 thal) biomass in season Il. This
observation may have been attributed to lack of
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competition for nutrients and moisture in the sole
crop compared with intercrops, which agree with
observations by Egbe et al. (2010) and Maluleke et
al. (2005) who reported that intercropping maize with
cowpea significantly decreased ear length, cob length,
dry cob weight, dry grain yield and dry total plant
biomass.

Number of bean pods

There were significant differences (p<0.05) in
number of in bean pods according to slope position
and cropping patterns (Fig. 5). CP 1, 2, 3 and 5 had
the highest (19) number of pods whereas CP 4 had the
lowest (12) pods in all seasons. The lower slope
position had the highest (above 19) number of pods as
compared to the upper slope position (below 7) in
both seasons (Fig. 5). Like other yield parameters the
number of pods per plants was probably due to the
moisture and nutrient availability in the upper middle
position occasioned by lateral seepage and at the
lower middle and lower slope position by moisture
and sediment accumulation. This deposition zones
created a suitable environment for nutrient uptake,
resulting in increased pod formation.

Ruto et al., 2017

It was also observed that there was a general decline
in the number of pods in season Il and 1V with the
highest recording 15 pods on average in the lower
slope position and 5 in the upper slope position
compared to season | with 19 pods in the lower slope
position and 8 in the upper slope position. This low
number of pods was likely associated with lower
rainfall (141 mm in season Il and 92 mm in season
1V) compared to 450 mm in season | and 416 mm in
season Il. The control plot recorded on average the
lowest number of pods (12) in all seasons, an
observation that was linked to the absence of zones of
moisture and nutrient accumulation present in the
other treatments.

Similar results were reported by Nufiez et al. (2005)
who indicated soil water deficits that occur during the
reproductive development of dry beans decrease the
number of flowers, pods and number of seeds per
pod. The same is echoed by Emam et al. (2010), who
reported that plant height, number of leaves, leaf area,
number of pods, pod dry weight and total dry weight
of two common bean cultivars were significantly
reduced due to to moisture stress conditions.
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Figure 4 Maize above ground biomass yields in season Il (a) and and season IV (d).
Key-Upper, UM=Upper middle, M-Middle, LM-Lower Middle, L-Lower (LSD gs)

Treatments:

CP1: Maize and Bean intercrop in the upper and lower zones and sole maize in the middle.

CP3: Sole

maize crop in all the three slope positions. CP4: Maize and beans in all the three slope positions (farmers’ practice).
CP5: Intercrop of maize and beans in upper, middle and lower slope position.
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Figure 6. Number of bean pods in season | (a), season Il (b), season |1l (c) and season 1V (d).

Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower,

Treatments: CP2: Maize and Bean intercrop in the upper and lower zones and sole bean crop in the middle. CP4:
Maize and beans in all the three slope positions (farmers’ practice). CP5: Intercrop of maize and beans in upper,

middle and lower zone.

Bean grain yield

There were significant differences (p<0.05) in bean
grain yields as affected by slope positions and
cropping patterns in all seasons (Fig. 7). The lower
slope position had the highest (above 1380 kgha™)
bean grain yields, followed by the lower middle slope
position with 1200 kgha® while the upper middle
slope position recorded about 500 kgha compared to
the upper slope position (below 250 kg ha') and
middle slope below 400 kgha' in all seasons (Fig.
4.12). CP 2 and CP5 had the highest (1350 and 1250
kg hal) bean grain yields in season I and Il whereas
CP 4 (control) had the lowest (900 kg hal), in the
lower slope position. In the low rainfall season IlI
(141 mm) and IV (92.4 mm) the highest yields
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realised were 680 and 570 kg ha in the lower slope
position compared to 250 and 220 kg ha* in the upper
slope position. The higher yields recorded in the
upper middle position, lower middle and lower slope
position was likely occasioned by the availability of
moisture leading to improved nutrient uptake and use
by the plant. The same results are echoed by Araujo
and Teixeira (2008) who reported that continuous N
and P uptake due to favourable rainfall distribution
during early pod filling was responsible for higher
grain yields of common bean.

The lower yields in season 11l and 1V were associated
with lower rainfall received compared to season | and
11 (450 and 416 mm respectively).
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Figure 7. Bean yields in season | (a), season Il (b), season 11l and season IV (d).

Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower

Treatments: CP2: Maize and Bean intercrop in the upper and lower zones and sole bean crop in the middle. CP4:
Maize and beans intercrop in all the three slope positions (farmers’ practice). CP5: Maize and beans intercrop in all

the three slope positions

Maize grain yield

There were significant differences (P<0.05) in maize
grain vyields as affected by slope position and
cropping patterns in all seasons (Fig. 8). CP 3, 1 and 5
had the highest (5 and 4.8 t ha'!) maize grain yields
whereas CP 4 had the lowest (3.6 tha) on average in
season one. CP 3 had the highest ( 7.2 t ha'and 4.62 t
hal maize grain yields as compared to the upper slope
position (3t ha and 1 t hat) in season Il and Il (Fig.
8) respectively. The upper middle slope position had
on average higher (4.2 t ha*) yields than the middle
(3.8 t hat) and upper (3.1 t ha*) slope positions in
season | and Il. Season Il recorded the lowest yields
at all slope position on average, with the upper slope
position having (0.85 t ha') and the lower slope (4.13
t ha't).
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The yield gradient observed was probably attributed
to spatial redistribution of surface runoff resulting in
higher soil water availability and hence improved
utilization of nutrients (nitrogen and phosphorus) at
the lower slope positions.The presence of water and
nutrients at this slope position resulted in higher plant
height and leaf area index providing more availability
of assimilates which improved grain rows and
number of grain rows per cob and hence overall seed
weight. In this study it was observed that the maize at
the embankment had well filled double cobs
compared to one small cob near the terrace ditch. The
lower vyields in season Il was attributed to low
rainfall (141 mm) received compared to the amount
received in season | (450 mm), which restricted
nutrient uptake. In addition the moisture and nutrient
availability occasioned by deposition at the terrace
embankment and lateral seepage in the upper middle
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slope position created a suitable environment for N x
P x K interaction resulting in improved uptake of N
which significantly improved number of branches,
leaves and bean pods and the higher maize yields.
Moreover, higher leaf area index values noticed at
these slope positions meant the production of more
photosynthates leading to increase in grain number
and weight. Similar results were reported by Shehu et
al. (2009), who indicated that significant interaction
of N x P x K improved seed yield and dry matter due
to nutritional balance that favours the functioning of
each nutrient in the growth and development of crops.
The lower vyields recorded across season and slope
position for CP 4 (control), may have been associated
with the absence of both terrace ditch and terrace
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embankment which would have created the zones of
moisture and nutrient accumulation found in the other
treatments. The same could explain observations in
the upper and middle slope position which suffered
loss of both moisture and nutrient due to erosion
hence the low yields recorded. Ovuka (2000) also
reported that there were lowest grain yields on upper
slopes, increasing steadily down slope to often double
grain yields on the lower slopes indicating massive
transfer and deposition of nutrients. Similar results
were obtained in this study, where maize crops in the
lower slope position next to the terrace embankment
had up to two big cobs compared to one small cob in
the upper slope position.

(@)
5.0

7.0

0.0
5.0

—+H

Yield (t/ha)

3.0

40 /4 :
/ 1

20

1.0

0.0

U UM M LM L
Slope position from ditch to embankment

—(P1 CP3 =——CP4 —CP5

600 Y

500 I
240 =
S50 : :
2200 ] / J/'
- [P \/ T

10
=

(.00

U M M M L
Slope position from terrace to embankment

==(P] ==(P3 ==(P} =—(P3

(b)
10,00
8.00 :
7
<600 Pt
- T
0 —5 = B
b
200
000
U UM M LM L
Slope position from terrace to embankment
—(P1 (P} ——(P4 —CP5

Figure 8: Maize grain yields in season 1(a), season Il (b) and season Il1(c)

Key: U-Upper, UM-Upper middle, M-Middle, LM-Lower Middle, L-Lower

Treatments: CP1: Maize and Bean intercrop in upper and lower zones and sole maize in the middle. CP3: Sole
maize crop in all the three zones. CP4: Maize and beans in all the three slope positions (farmers’ practice). CP5:

Intercrop of maize and beans in upper, middle and lower zone.
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According to Shiene (2012) and Vancampenhout et
al. (2006), higher maize grain yield differences were
observed between lower and upper terrace positions.
The lower terrace position had 2.51 t h', compared to
1.64 th* and 1.24 t h'* for middle and upper positions
respectively and the grain yield on the lower
position was found to be 51 % higher than that on the
upper terrace position. Similarly in this study maize
grain yield in the lower slope position was 50 % more
than in the upper slope position and bean grain yields
in the lower slope were four times the yields in the
upper slope position.

The results are consistent with previous studies where
yield and soil moisture increased as one proceeded
downslope resulting in highest biomass production,
greater nutrient uptake, and highest maize grain yield
in the lower slope position (Earnshaw and Orr, 2013;
Jiang and Thelen, 2004; Gebremedhin et al., 1999).
Jiang and Thelen (2004) reported that the combined
effect of soil moisture and topography explained 28 to
85 % of the observed yield variability. Report by
Husain, et al. (2013) also showed that the grain
number of terrace plot was higher (486) than that of
control (218) and in addition the weight of 100 dry
grains was higher for terrace plot (29 g) compared to
that of control (24 g). Kravchenko and Bullock
(2000) indicate a correlation between rainfall
distribution and the performance of vyield
components, and a timing of leaf growth to soil water
availability and spatial variability can be exploited in
favour for increased crop production, as shown for
soil properties when using site specific precision
farming (Bouma et al., 2012). A significant increase
in the crop vyield for maize and beans by
implementing bench terraces, fanya juu or grass strips
was reported by Tenge and Hella (2005) however, the
results clearly showed that cross-slope barriers alone
may not significantly increase crop vyields unless
these are followed by other practices such as
manure/fertilizer application as well as appropriate
cropping pattern.

CONCLUSIONS

This study demonstrates the benefit of using terrace in
sustaining crop yields and land productivity as well as
reducing soil erosion of cultivated sloping land. It
was revealed that maize height, maize leaf area index
and grain yields of both maize and beans at terrace
plots were higher than that of control. The research
identified differences in maize and beans performance
among cropping patterns as a function of slope
position. The overall results showed that there is a
substantial increase in yields in the lower slope
position compared to other slope position. The
research also showed that the upper middle slope
recorded higher yields compared to the upper and
middle slope position indicating the effect of lateral
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seepage from the terrace ditch, meaning that there is
need to monitor and understand different soil types so
as to come up with suitable cropping patterns. From
the results of this study, it is possible to conclude that
terracing reduced soils erosion, improved soil
moisture and nutrients resulting in increased crop
yield, implying that there is an untapped potential for
yield improvement and farmers can benefit from the
spatial nutrient and moisture variability as a low
technology precision farming for increased crop
yields. The study has great policy implications for the
drylands of Kenya on how the soil quality as well as
crop vyield could be improved and maintained
sustainably with proper design and implementation of
soil and water conservation structures. This can also
be replicated in other arid and semi-arid regions of
Kenya.
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