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Abstract: Change in temperature and rainfall patterns has resulted in lower midlands of Kenya to
become hotter and drier, resulting in lower sorghum yields in these marginal areas. A field experiment
was conducted in Eastern Kenya using cowpea-sorghum intercropping to compensate lower sorghum
yields. Random complete block design (RCBD) was adopted with four intercropping patterns
(treatments) replicated four times. The different intercropping patterns, included: sole sorghum [1(0),
control], sorghum-cowpea intercropping [1(1)], sorghum-cowpea-lines ratio [2(3)], mixed sorghum-
cowpea sowing. Plant height, number of leaves and leaf broadness were recorded at every 13 days,
initiated 7 days after emergence. The total grain yield was measured at harvesting. Data collected was
subjected to analysis of variance (ANOVA) using scientific analysis software (SAS, 9.1), and means
separated at Fishers 0.05 LSD. Sorghum in pattern 1, produced broader leaves and higher yield of
sorghum grains, (2.9 t ha®). Pattern 2 (2.5 t ha®), and 3 (2.3 t ha®), resulted in relatively lower yields.
The sole crop-sorghum [1(0)] was the poorest at 1.8 t hal, yielding below the cultivar potential of 2t ha™
! Sorghum-cowpea uniform intercropping [1(1)] resulted in higher sorghum yield potentially due to
fertility advantage of legume crop. This results indicate the importance of using suitable intercropping
patterns for realization of intercropping benefits in areas with low soil fertility and erratic rainfall.
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1. Introduction

Irrigation and application of fertilizers in modern
agriculture has been set up to solve problems of
increased incidences of erratic rains and poor soil
fertility in the tropics. These new found technologies
are still far-fetched for subsistence and small-scale
farmers of Eastern Kenya especially in Embu County.
In order to achieve millennium development goal of
food security, area under crop production need to be
expanded and vast dry lands including the marginal
areas in Kenya utilized for food production, this has
been exhibited by increased advocacy for use of
hardy crops, (Poulton and Kanyinga. 2014). Sorghum,
one of the hardy crops adapted to dry conditions,
despite it being embraced in these dry lands, the
yields obtained have been continually poor, (Rao et
al., 2015). This has been as a result of unpredictable
rainfall patterns causing high levels of water deficit to
the plant at critical stages of crop development,
increased temperatures and high levels of soil
infertility.

Evaluations of climate resilient conservation
planting systems of which one is intercropping offers

This is an open access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium provided the original author and source are properly cited and credited.

options for betterment of the situation of poor
performance of crops (Malézieux et al., 2009;
Lithourgidis et al., 2011; Otim et al., 2015; Brooker et
al., 2016; Himanen et al., 2016). In order to meet
future food demand and increase resource use
efficiencies, sustainable intensification is required in
agricultural crops (Mao et al., 2012; Yu et al., 2015;
Bai et al., 2016).

In this case a legume cowpea (Vigna unguiculata
L) came in handy as it is adapted to dry tropical

conditions (Varshney et al., 2009; Kumar et al., 2011).

In studies of ecology of intercropping, it had been
indicated that numerous indirect and direct
advantages of intercropped systems including
increased overall productivity, ecological services and
economic profitability are common (Singh et al.,

2003; Malezeux et al., 2009; Lithourgidis et al., 2011).

In that case when sorghum is intercropped with
cowpea, there would be benefits of increased nitrogen
(N) utilization (through ‘N’ fixation), and because of
this, that critical resource would be utilized by the
legume in N, forms and by the Non-legume in NO;
forms, the excess N due to fixation will increase the
supply to neighbouring plants of other species

(50)

Journal of Environmental & Agricultural Sciences (JEAS) . Volume 9


mailto:ayechoogola@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Egesa et al., 2016. 9:50-58. Journal of Environmental and Agricultural Sciences (ISSN: 2313-8629)

(Graham and Vance, 2003; Bedoussac and Justes,
2010; Cong et al., 2015). In addition to N fixation,
intercropped legumes also increase availability of
other nutrients including phosphorous (P) (Hinsinger
et al., 2011; Isaac et al., 2012; Betencourt et al., 2012;
Kolawole, 2012; Xia et al., 2013; Créme et al., 2016),
prevent nutrient losses (Cavagnaro et al., 2015) and
also help in Phytoremediation of heavy metal (Chen
et al., 2015). Therefore incorporation of legumes as
intercrop also increase microbial population in the
soil and their services (Wahbi et al., 2016).

Presence of rhizosphere  microflora and
mycorrhiza on one species in intercropped systems
lead to mobilization and greater availability of
nutrients (Monti et al., 2016) and not only to species
concerned but also to the associated species (Graham
and Vance, 2003; Aradjo et al., 2015; Doring, 2015;
Brooker et al., 2016; Weisany et al., 2016a; Weisany
et al., 2016b). Weed suppression rate is usually
stronger in intercropping than in the monoculture
situation (Chou, 199; Hauggaard-Nielsen et al., 2001;
Singh et al., 2003), same to decreased rates of serious
pest, (Ampong-Nyarko et al., 1994; Sanginga et al,
2003; Boudreau, 2013; Lopez et al., 2016) and
disease (Trenbath, 1993; Boudreau, 2013; Brooker et
al., 2016) incidences in intercrops. All the above
complex interactions are likely to enhance
productivity of intercrops if the cropping patterns and
the planting density were in their right proportions
(Hauggaard-Nielsen et al., 2016; Hu et al., 2016;
Huang et al., 2017).

Li et al., (2016), when discussing rhizosphere
alteration by legumes, argued that cereals lacking
strong rhizosphere acidification capacity, when
intercropped with legumes could benefit from
nutrients solubilized by the legume root exudates.
Colonization of cowpea roots with arbuscular
mycorrhiza, similar to the cases with many
myecorrhizal plants has been credited to improved P
availability and use efficiency in such plants,
improving their growth under limited P conditions,
these improvement also occurs in mycorrhizal plants
intercropped with non mycorrihizal ones (Ning and
Cumming, 2001; Taffouo et al., 2014). Increased
availability of P, K, Ca and Mg in intercropping than
in pure stands, for component crops grown in same
conditions but separately, has always been attributed
to collective resourcing of nutrients by their roots and
through the underground interlinks, as a result, excess
forms of a given nutrient are known to be used by the

other crop, especially where nutrient requirements
and use by the intercropped plants are different.

In sorghum-cowpea intercropping, competition for
space results in increased soil cover and reduced soil
erosion (Morel et al., 2012). Studies by Zougmore et
al., (2000), in West Africa showed reduced run off as
an effect of sorghum-cowpea intercropping. In pest
control, the disruptive crop effect especially to mono-
phagous pests, this together with mixed chemical
cues released by plants in polycultures creates
unsuitable environment resulting in a reduction of
pest activity, such cooperation has been observed to
be very wide with experiments carried out from 1983
to 1985 at Mbita research station (ICIPE) in the
periods of shoot fly (Atherigonas occata rond), stem
borers and Sesmia calamistis indicating legumes
contribution to reduction in these pests in sorghum —
legume intercrops.

Generally, there have been increasing interests in
conservation agriculture with agro forestry scientists
stating that it would assist to rebuild soil health and
enhance sustainability of resource poor agricultural
systems of developing world. Mousavi and Eskandari,
(2011), had singled out intercropping as very
important, among the sustainable and environmental
friendly agricultural systems, due to its promotion of
plant diversity. Similarly, alternative N sources for
plant growth have been encouraged for reduced
environmental pollution, and according to Garg and
Geetanjali, (2007), this could be generated by the
legumes-that serve as candidates for intercropping
systems. This study had its main interest in
evaluations of sorghum-cowpea intercropping
patterns, to understand the likelihood of presence of
an influence in sorghum growth and yields in poor
soils and where rainfall was insufficient and
unpredictable.

2. Materials and Methods

The field experiment was carried out at
Kanyuambora - Mbeere North in Embu County
(Kenya) during the rainy season of March-July, 2015.
This site is approximately located at 0.335°S, 37.37°E
and 900m above sea level in the zone 3 (medium
potential) of ecological zones of Kenya. Average
Rainfall received is about 640 to 1100 mm per annum,
temperatures, range from 24 to 32 °C and the soils are
ferrasols — sandy reddish brown, with low fertility
levels. Sorghum variety- Gadam and cowpea variety-
Katumani (K80), all from Kenya Agricultural and
Livestock Research Organization (KALRO) - Embu
were used.

GD
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Table 1. Sorghum plant height (cm) under different intercropping patterns of sorghum cowpea

Treatments 13 DAE 26 DAE 39 DAE 52 DAE 65 DAE
1(0) Sorghum (Monocrop) 9.55a 36.43a 70.08a 130.15a 135.05a
1(1) Intercropping 10.58a 39.98a 70.50a 133.73a 140.10a
2(3) Intercropping 10.78a 41.38a 70.55a 133.00a 138.68a
Mix cropping 9.28a 35.05a 67.30a 128.83a 130.10a
P value 0.1070 0.1313 0.8959 0.7582 0.0561

*Means of with the same letters within a column are not significantly different. DAE, days after emergence; 1(0), sole sorghum
(monocropping; 1(1), One linesorghum with one line cowpea; 2(3), two lines sorghum with three lines of cowpea; mix cropping,

sorghum-cowpea sown in the same line.

Four planting patterns (treatments) were adopted
as follows; sorghum sole crop as control 1(0)
(Sorghum monocrop); one sorghum to one cowpea
line i.e., 1(1), two sorghum to three cowpea lines i.e.,
2(3), sorghum-cowpea in the same line (mix
cropping). The spacing between rows and plants were
maintained 75 cm x 20 cm for sorghum and 20 cm x
15 cm for cowpea (Mburu, 2002). Sowing was done
with uniform plant density i.e., two plants of sorghum
and cowpea per hole, as per described in the
treatment. Two weeks after emergence, thinning was
carried out to reduce the sorghum population to an

average of ~60 plants per plot.

Compound fertilizer 23:23:00 (N:P,05:K,0) at a
rate of 87 kg/ha™ was used. In each hole, an amount
of 6.5 g of the fertilizer was placed (Mburu, 2002).
Top dressing was not carried out since beneficial
effect of N fixation and combined nutrient resourcing
were presumed to have occurred. Weed control was
done at three weeks and at one and a half months
after emergence. Third and fourth weeding were not
carried out, since the effect of cowpea canopies
would have enhanced weed suppression. Scouting for
pest and diseases was carried out regularly for prompt
control measures. A few symptoms and signs of aphid
and stem borers were observed but these were way
below economic threshold levels to warrant
establishment of control measures on growth; plant
height, length of the 3" leaf from the funnel, width of
the 3 leaf from the funnel taken at the middle and
number of leaves were recorded after every 13 days

as measures of growth rate. Panicle sizes were
recorded and yield measured by weighing of the dry
grains at critical moisture level.

The data collected on all parameters was
subjected to analysis of variance using SAS (Version
9.1) and significant difference of means separated at
Fishers 0.05 LSD.

3. Results and Discussion

3.1 Sorghum growth rate

Generally the variations in the maximum mean
height attained by sorghum plants across the
treatments was insignificant throughout the growth
period, (Table 1). The number of leaves on sorghum
plant was significantly varied 26 days after
emergence (DAE), Intercropping with higher ratio of
cowpea [2(3)] produced the highest number of leaves,
which was statistically at par with sorghum-cowpea
mix cropping and the sole crop sorghum [1(0)].
Intercropping with equal ration i.e, one sorghum to
one cowpea line pattern [1(1)], had significantly low
number of leaves, in comparison to all the other 3
intercropping patterns [1(0), 2(3) and mix cropping],
(Table 2), this could have been an indicator of
elevated interspecies competition for growth
resources or reluctant phenological advancement of
the crop. The later is believed to be a benefit of
unstrained resource supply to the plant. Cowpea,
when intercropped with sorghum enhances the
growth rate of sorghum by adding in the soil through

biological N fixation (Stern, 1993; Morel et al., 2012).

Table 2. Sorghum number of leaves under different intercropping patterns of sorghum cowpea

Treatments 13 DAE 26 DAE 39 DAE 52 DAE 65 DAE
1(0) Sorghum (Monocrop) 3.4a 6.1ab 9.0a 9.1a 8.6a
1(1) Intercropping 4.5a 5.4b 8.4a 8.8a 8.5a
2(3) Intercropping 3.6a 6.2a 8.7a 9.1a 8.3a
Mix cropping 3.3a 6.0ab 8.0a 8.9a 8.0a

P value 0.0892 0.0350 0.1370 0.08815 0.6070

*Means of with the same letters within a column are not significantly different. . DAE, days after emergence; 1(0), sole sorghum
(monocropping; 1(1), One linesorghum with one line cowpea; 2(3), two lines sorghum with three lines of cowpea; mix cropping,

sorghum-cowpea sown in the same line.

(52)
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Table 3. Leaf broadness of Sorghum under different intercropping patterns of sorghum cowpea

Treatments 13 DAE 26 DAE 39 DAE 52 DAE 65 DAE
1(0) Sorghum (Monocrop) 1.60a 4.95a 5.85ab 6.08ab 5.88ab
1(1) Intercropping 1.65a 4.58a 6.50a 6.95a 6.68a
2(3) Intercropping 1.58a 4.80a 5.30ab 5.75ab 5.40ab
Mix cropping 1.75a 3.784a 4.83b 5.28b 5.00b

P value 0.9011 0.0858 0.0485 0.0226 0.0323

*Means of with the same letters within a column are not significantly different. . DAE, days after emergence; 1(0), sole sorghum
(monocropping; 1(1), One linesorghum with one line cowpea; 2(3), two lines sorghum with three lines of cowpea; mix cropping,

sorghum-cowpea sown in the same line.

Variations in sorghum growth observed could
have been conferred by improved P and N supply to
the plant. Maintaining a rapid shoot development
with relaxed leaf set is an indicator of luxurious
growth. At four weeks, the cowpeas had relatively
broad leaves this enabled moisture conservation and
enhanced N fixation through nodulation. Benefits of
N fixation have been credited for enhanced sorghum
growth under intercropping systems by Mohammed
et al., (2008). Sole sorghum planatation [1(0)] is
likely to have been adversely affected with poor
resource utilization efficiency (Owuor, 2005; Awal et
al., 2006; Bedoussac and Justes, 2010; Chimonyo et
al., 2016; Xue et al., 2016).

At 13 DAE, the width of the third leaf from the
funnel did not wvary significantly across the
intercropped patterns, (Table 3). At 26 DAE, the case
was similar, with all the treatments having little
variation. However, at 39 DAE, significant variations
in leaf broadness across the treatments were observed,
intercropping pattern of one sorghum to one cowpea
line [1(1)] had broader leaves, this was an indicator of
increased assimilate accumulation which would later
translate to good yields. Similarly these leaves had a
high radiation use efficiency as a benefit of the large
photosynthetic area.

Results of enhanced growth performance of
intercrops had been previously attributed to a role of
the intercropped state, and the effects credited to the
optimal moisture conservation and N fixation benefit
in the intercropped field (Mucheru et al., 2009). It is
similarly important to note that in the 3 intercropped

patterns, penetration of the excess solar radiation was
known to have been relatively low because of
additional shade (ground cover). A higher ground
cover such that the sun rays penetrate less to the
ground is likely to be important. The cowpeas in
equal ratio of intercropping [1(1)] were vigorous,
developing a dense second canopy cover shading
much of the spaces in between sorghum lines, this
wasn’t the case to the other three patterns [1(0), 2(3)
and mix cropping]. The secondary canopy cover by
cowpeas is believed to have conferred better moisture
conservation to cereals as described by Morel et al.,
(2012).

3.2 Yields and yield component

In yields, intercropping pattern with equal rows of
both crops [1(1)], was the best performed in
comparison to all the other three patterns [1(0), 2(3)
and mix cropping]. This pattern can be visualized as
having been able to attain about more than 60% vyield
increase above the sole crop sorghum, higher yields
of sorghum in sorghum-cowpea research activities
had been previsouly reported by Richards, (2000) and
Musa, (2012). Similarly, sorghum-cowpea
intercropping pattern with equal rows of both crops
[1(1)], exhibited the best performance in both having
large panicles and high total grain yield per panicle,
(Table 4 and Table 5). Good growth of the sorghum
crop is likely to be a factor that resulted in higher
yields. Generally intercrop performance showed
increasing trend from sorghum-cowpea mix cropping,
and 2(3) intercropping and reached maximum at 1(1)
intercropping (Table 5).

Table 4. Sorghum panicle size under different sorghum-cowpea intercropping patterns

Treatments

Panicle Length(cm)

Panicle Width (cm)

1(0) Sorghum (Monocrop) 14.56c¢ 3.42¢c
1(1) Intercropping 19.35a 4.73a
2(3) Intercropping 17.71b 4.15b
Mix cropping 17.58b 3.92b
P value 0.0001 0.0001

*Means of with the same letters within a column are not significantly different. 1(0), sole sorghum (monocropping; 1(1), One
linesorghum with one line cowpea; 2(3), two lines sorghum with three lines of cowpea; mix cropping, sorghum-cowpea sown in

the same line.

(33)
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Table 5. Sorghum yield under different intercropping patterns of sorghum cowpea

Sorghum Cowpea . Sorghum Yield
Treatments Plant yield plot Panicle™ Plot™ Anomaly plot” (g) Anomaly
Population @ (9) (9) (%)
1(0) Sorghum 56 - 25.18c 1410.08  _ 100.00%
1(1) Intercropping 55 340.84 42.51a 2338.05 +927.97 +65.81%
2(3) Intercropping 53 651.95 38.03b 201559 +605.51 +42.94%
Mix cropping 53 171.65 34.25b 1815.25  +405.17 +28.73%
P value 0.0001

*Means of with the same letters within a column are not significantly different. 1(0), sole sorghum (monocropping; 1(1), One
linesorghum with one line cowpea; 2(3), two lines sorghum with three lines of cowpea; mix cropping, sorghum-cowpea sown in

the same line.

The sole crop sorghum [1(0)] was the least
performed in growth especially in case of plant height
and the final yields (Table 1 and Table 5). Reflecting
back on the growth for these varying intercrop
patterns, as in Table 2; leaf broadness is seen as the
top most factor leading to the higher yields; enhanced
photosynthesis of broader leaves was described as a
factor conferring potential for high yields by Cousins,
(2003). Other leaf based factors belived to have
enhanced efficient capture of solar radiations, include
a high leaf area index, which is believed to highly
benefit the plant by resulting into increased
photosynthesis as reported by Ceotto et al., (2013)
who attributed high canopy cover to interception of
photosynthetically active radiations.

Although sorghum has the C,; photosynthetic
pathway, the lower younger leaves at seedlings stage
do exhibit C3 like photosynthesis, which is similarly
low efficient same to reduced photosynthesis for
mature lower sorghum leaves affected by shading
effect, with this regard this research had a specific
bias to the 3" leaf from the funnel (Table.2), basically
because, at all the stages of sorghum development
this leaf would always be fully expanded and at most,
be exposed to more intense solar radiation, and hence
it is with that fact that it is presumed to exhibit more
of the C, photosynthesis, this was likely to be the case
being that, this activity was done at Mbeere north one
of the dry sunny parts of lower eastern Kenya. Many
studies have clearly elucidated that leaves are the
food assimilates powerhouses where minerals are
turned into nutrients; this clearly expounds the benefit
of having broad leaves in sorghum plant as seen in
one sorghum to one cowpea intercropping pattern
(Duli, 2004).

Mwangi, (2013), attributed development of
extremely narrow leaves in sorghum as an effect of
soil N deficiencies, this is likely to have been the
cause of the narrow leaves in sole crop sorghum and
Sorghum cowpea in the same line. One sorghum to
one cowpea line having broad leaves points out to the

enhanced supply of N for that intercropped pattern
(Table 2). Broad leaves have high absorbing rate for
solar radiation, this could have resulted into supper
manufacture of assimilates through the vital process
of photosynthesis (Midmore, 1993; Mao et al., 2012).
Better assimilate accumulation in the leaves at late
vegetative stage has been clearly presumed to cause
an influence in the resultant high grain weight, as
described by Nguyen and Blum, (2004). This cannot
be better explained when the concept of N fixation
benefits to the cereal crop by the legume are left out,
primarily considering the specific requirements and
conditions for the process. In view of the similarity
in the three varied sorghum intercropped patterns, all
having cowpea inclusion, except the sole crop, begs
the question why varied results? From this point we
note that sorghum and cowpeas are all crops adapted
to dry lands as illustrated by Shuaibu, (2015), they
have ability to utilize little moisture and nutrients for
their growth and development. The two crops exhibit
varied mechanisms, in which the Gadam sorghum
showing the stay green characteristic, while cowpea
showing faster uptake of water and slower utilization
(Ren et al., 2016). Therefore in case of sole crop
sorghum, the reduced crop height, and small panicle
sizes could have been as a result of remobilization of
assimilates in production of sorbital compounds that
could have enhanced increased osmotic potential of
the sorghum plant for water absorption in the dry soil
and or, retained plant tissue integrity in low water
levels. This sole crop sorghum provided low soil
cover. The poor canopy formed by the erect sorghum
leaves, resulting in less interception of solar radiation
(Awal et al., 2006) and rapid evaporation of water
from the soil is very common to sorghum monocrops
(Bidlake, 2000). Considering poor soil fertility, in all
the major nutrients, the low supply of these vital
resources also contributed to the poor growth of the
sorghum as a result the sole crop sorghum ended up
with poor yields, (Table 5).

(54)
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In sorghum-cowpea mix cropping, though the
sorghum plants were intercropped with the cowpea,
hence had a possblility of benefiting from potential N
fixation, enhanced nutrient resourcing by the
increased rhizobium coverage, water conservation by
the increased canopy, pest reduction by the repellent
effect and reduced weed development (Doring, 2015).
The performance of this treatment was fair and not
good, the most probable explanation is that, two dry
land adapted plants were grown in the same line, this
increased competition for water, similarly there was a
large space between rows uncovered. When the plants
were about 6 weeks old, reduced rainfall and
increased solar radiation resulted in super rapid loss
of water from the exposed soil surface this impacted
negatively on the formation of root nodules later on in
cowpeas, as the process is highly dependent on water,
this is the case to most legumes. Reduced activity of
nitrogenase due to limited water in Phaseolus
vulgaris L had similarily been observed by Ramos et
al., (2003). Related to nitrogrn fixation, there was a
likelihood of water deficit condition resulting in faster
death of mycorrhiza in the earlier stages of the plant
growth, a case described by Naim, (2013).

Two planting patterns of one sorghum to one
cowpea line and two sorghum to three cowpea lines
respectively performed well, this could have been due
to good root nodulation of cowpea (Oseni, 2010;
Morel et al.,, 2012), water conservation by the
enhanced canopy cover, and improved mineral
resourcing by the colonization of the roots of the
plants by mycorrhiza, reduced weed development and
the pest repellent effect by the cowpea (Shuaibu,
2015). All the same, it could have been that the N
fixation benefit was not much at two sorghum to three
cowpea lines because, the sorghum-legume roots
were a bit far apart and some larger surface between
two sorghum plant lines was left exposed to water
loss by evaporation. Equal ratio of sorghum-cowpea
intercropping [1(1)], enabled individual intercropped
plant roots interaction (Oseni, 2010), this could have
been the betterment of mineral resourcing, uptake and
use of N and other nutrients from the disintegrating
root nodules and mycorrhiza at and near the roots of
sorghum plants, resulting in yields of 2.9 tons per ha,
this was the highest yield attained. Musa, (2012), was
able to clearly elucidate the effect of nodulation as a
major factor that contributes to increase in mineral
composition of sorghum grains obtained in addition
to high grain weight. The yields of cowpeas of > 2kg
in an area of 32m* for pattern one is sufficient for use
as inputs for subsequent sorghum production.

Experimentation and use of other legumes in sorghum
intercropping patterns has potential of better yields
under low moisture and low soil N.

4. Conclusion

Intercropping sorghum and cowpea with low
fertilizer inputs under low rainfall conditions at lower
Embu in Eastern Kenya resulted in higher yields of
Gadam sorghum at intercropping pattern one
sorghum to one cowpea line i.e., 1(1). Two sorghum
to three cowpea lines i.e., 2(3), sorghum-cowpea in
the same line and the sole crop sorghum resulted in
relatively lower yields. Increased sorghum vyields,
especially where water and fertilizer inputs are
insufficient can be obtained through legume
intercropping; this is when done according to the
recommended planting patterns and plant densities
for the region. During provision of extension services
at Kenyan dry lands especially for the dry lands
where sorghum is grown; the available recommended
intercropping patterns should be demonstrated to
farmers. Researchers should also carry out more
study on different sorghum legume intercropping
systems. The role of nitrogen and varied water
regimes on sorghum crop growth should also be
extensively evaluated.
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