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ABSTRACT

The study sought to investigate the effect of two planting distances and Pigeon Pea (Cajanus
cajan) intercrop on the biomass yield, chemical composition and in vitro organic matter
digestibility (IVOMD) of Napier grass (Pennisetum purpureum). The treatments were laid in
a 2x2 factorial RCBD. The factors were two planting distances (0.5x0.5 and 0.5x1m) and two
levels of intercrop (Pigeon Pea intercrop and sole Napier grass). At 90-days, the grasses were
harvested and biomass yield measured. The fodder was separated into leaves and stems for
chemical and digestibility analysis in 2x2x2 factorial in CRD. The interaction at all levels was
not significant for all the parameters. There was a significant main effect of planting distance,
intercrop and botanical fraction on biomass yield, plant height, tiller number and fodder quality.
Whilst biomass yield was higher (P=0.02) in the 0.5x0.5m, no significant difference was recorded
in the effect of the intercrop. Whilst intercrop affected (P<0.05) IVOMD and ME, botanical
fraction significantly affected DM, CP and ME. The leaf fraction had more (P<0.05) DM, CP
and ME than the stem fraction. The study revealed that close planting distance enhanced biomass
yield whilst Pigeon Pea intercrop and botanical fraction affected fodder quality of Napier grass.
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Introduction
Demand for meat and meat products as
reflected in the number of animals imported
and produced in Ghana continues to rise
(SRID, 2014). This rise in demand requires
measures that will ensure that animal
production barriers are minimised to the barest
minimum. Forage for livestock production
has often been derived from natural sources
(Ansah & Issaka, 2018; Akapali et al., 2018),

exposing quantity and quality of forage from
these sources to fluctuations due to changes in
climatic conditions. Increase in urbanisation
and competition for land are major threats to
the availability of rangelands or natural pasture
for livestock production (Oba, 2013).

Napier grass (Pennisetum purpreum)
has for long been an important forage crop
in the tropics because of its high yields and
nutritive value. According to Francis (2004),
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yield range from 20 - 80 tDM/ha/year under
high fertilizer inputs. With no or inadequate
fertilizer, yields are in the range of 2-10
tDM/ha/year. With appropriate management
practices, Napier grass can provide a continual
supply of green forage throughout the year
and best suits intensive small-scale farming
systems (Orodho, 1988; Mengistu, 1997).

Pigeon pea (Cajanus cajan), is a
perennial legume crop with several uses such
as grain, vegetable, animal feed, green manure,
and firewood (Daniel & Ong, 1990). It can fix
up to 235 kg Nitrogen (N)/ha and produces
more N per unit area from plant biomass than
many other legumes. The nitrogen-fixing ability
of pigeon pea is desirable for environmentally
sustainable agricultural production (Peoples et
al., 1995).

The importance of herbaceous forage
legumes in increasing herbage production of
grasses and quality of feed produced has been
recognized in Kenya (Mureithi et al., 1995;
Mwangi & Wambugu, 2002). Including legume
plants in fodder grasses cultivation would not
only provide a nitrogen source to promote
grass growth but enhance the quality of feed.
Legumes benefit grasses by contributing
nitrogen to the soil through atmospheric
fixation, the decay of dead root nodules or
mineralization of shed leaves. Haque (1986)
reported that intercropping forage legumes
with grasses improved feed quantity and
quality. Mureithi et al. (1995) also reported
improved quantity and quality of fodder in an
alley farming system based on Napier grass
intercropped with Leucaena in coastal lowland
of Kenya.

37

The cultivation of Napier grass in the
Northern Savanna Region of Ghana is still at
the on-station level with the aim of identifying
the best production system for the forage.
Intercropping Napier grass with Pigeon Pea
in the dry savanna zone of Ghana has not
been explored. The study, therefore, sought to
investigate the effect of intercrop and planting
distance on the biomass yield and nutritive
value of Napier grass.

Materials and methods

Study Area

This study was conducted at the Nyankpala
Campus of the University for Development
Studies. Geographically, the field lies
within latitude 09.41001°N and longitude
000.98221°W. Nyankpala is 16 km away from
Tamale, the capital of the region at an altitude
of 167 m above sea level. The mean annual
rainfall of the area is 1043 mm distributed fairly
from April to late November. Temperatures
generally fluctuate between 15°C (minimum)
and 42°C (maximum) with a mean annual
temperature of 28.5°C. The mean annual day
time relative humidity is 54%. The terrain of
the area is somewhat flat with the soil type
being sandy-loam.
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Fig. 1: Amount of Rainfall in 2016 in the study area
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Fig. 2: Temperature Range of study area in 2016
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Fig. 3: Duration of Sunshine in the study area in 2016

Source of Planting Materials

The local variety of Napier grass commonly
found growing in Techiman in the Brong Ahafo
region of Ghana was selected for this study due
to its high yield and tolerance to the climatic
condition in the dry Savana Region (Cudjoe,
2017).

Experimental land preparation and layout and
planting

The field was ploughed and divided into 16
plots with each measuring 15 m? (5 m x 3 m).
The parent plant was cut into stems with
a minimum of three nodes per cutting for
planting and was planted 15-20 cm deep at an
angle of about 30°- 45° in the ground. There
were four treatments with three replicates each
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laid in a 2 x 2 factorial in randomized complete
block design. The factors were two levels of
planting distance (0.5 x 0.5 m and 1 x 0.5
m) and two levels of intercrop (Pigeon pea x
Napier intercrop and sole Napier grass).

Plant management and data collection
Weeding was carried out on the third and sixth
weeks after planting. Compound fertilizer
(NPK) was applied 21 days after planting at
a rate of 60 kg/ha. The fertilizer was surfaced
applied using the side placement technique.

Plant height and tiller number

Five plants were selected from each plot
randomly excluding those on the borders.
Plant height and tiller numbers were measured
weekly after 21 days post-planting. Plant
height was measured from the base of the tiller
to the tip of the selected leaf and tiller number
was measured by simple arithmetic counting.

Harvesting and herbage yield

The grasses were harvested 90 days after
planting using a machete and the total harvest
per plot weighed. Approximately 200 g of
sub-sample was taken from each plot and
chopped into short lengths (2-5 cm) for dry
matter determination using the AOAC (1990)
procedure. This involves drying in an oven
at 60°C for 48 hours. Herbage yield of each
plot was calculated on a dry matter basis by
multiplying the percentage dry weight of the
sub-samples from the whole fraction to the
fresh weight of the harvest from each plot.

Chemical analysis and in vitro digestibility

The harvested grass was further subjected to
feed quality assessment. The design was the 2 x
2 x 2 factorial in randomized complete design.
The factors were two planting distances (0.5
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x 0.5 m and 1 x 0.5 m), two legume intercrop
(Pigeon pea + Napier and sole Napier grass)
and two botanical fractions (leaf and stem).

About 10 whole plants from each plot
were separated into leaves and stems by hand
to represent the two botanical fractions. The
fractions were dried at 60°C for 48 hours and
ground using a laboratory mill to pass through
1 mm sieve screens for laboratory analysis.
The AOAC (1990) procedure was used in
the determination of dry matter (DM), crude
protein (CP) and ash. The method of Van Soest
et al. (1991) was used to determine neutral
detergent fibre (NDF) and acid detergent fibre
(ADF) and was analysed using the Ankom?*
fibre analyser (Method 5 and Method 6).

The in vitro gas production technique
of Theodorou et al. (1994) was adopted with
some modification in the source of rumen
fluid (Ansah et al., 2016; Ansah et al., 2018)
to estimate the 24 hours gas production which
was then used to compute the organic matter
digestibility and metabolizable energy. In
vitro organic matter digestibility (IVOMD)
was calculated using the equation /VOMD
(%) = 16.49 + 0.9042*GP + 0.0492*CP +
0.0387*ash of Menke and Steingass (1988),
while metabolizable energy was calculated
using the equation: ME (MJ/kg DM) = 2.20 +
0.136*GP + 0.057*CP according to Menke et
al. (1979), where: GP = gas production (ml/200
mg DM at 24 hours) and CP = crude protein (g/
kg DM).

Statistical Analysis

All data collected were subjected to analysis
of variance using GenStat Statistical package,
12th edition (Payne et al., 2008). Means were
separated using Least Significant Difference
(LSD) when F-test was significant at 5%.
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Results and discussion

The effects of planting distance and legume
intercrop interaction were not significant.
There was a significant main effect of planting
distance on biomass yield of Napier grass with
a higher yield (3143.0 kg/ha) recorded in the
closer (0.5 x 0.5 m) planting distance. The
results agree with the findings of Wijitphan et
al. (2009) who reported higher yield for Napier
grass planted with similar planting distance.
The difference in yield may be attributed to the
higher plant population in the close planting
distance. Nonetheless, Hamidia et al. (2010)
suggested that progressively yield of closely
spaced grasses decline as harvesting days
prolong due to competition. Harvesting Napier
grass planted at 0.5 x 0.5 m at 90 days appears
to be adequate to secure a higher yield in the
savanna zone of Ghana.

The effect of intercropping Napier
grass with Pigeon Pea was not significant.
This finding differs from what was reported
by Mureithi et al. (1995) and Anantawiroon et
al. (2006) who all found significant effect of
legume intercrop on the yield of Napier grass.
The biomass yield recorded for both treatments
were similar to what was reported by Cudjoe
(2017) in the savanna zone but was lower than
what was reported by Ansah et al. (2010) in the
humid zone of Ghana.

The Pigeon Pea intercrop resulted in
taller Napier grasses than the sole Napier (2.5
m vs 1.7 m). The Napier grass in the intercrop
may have benefited from the available nitrogen
fixed by the legumes.

Plant spacing did not affect plant height
and this agrees with the findings of Tilahun
et al. (2017). Generally, the plant height was
comparable to what was reported by Cudjoe
(2017) in the savanna zone but lower than
what was reported by Ansah et al. (2010) in the
humid zone.
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TABLE 1
Mean effect of planting distance and legume intercrop on agronomic parameters of Napier grass
Treatment Sed P value
Parameter 0.5X05M 1X05M .
Distance Intercrop
Intercrop Sole Intercrop Sole

Biomass yield (kg/ha) 2839 3446 1742 2154 616.8 0.02 0.27
Plant height (m) 2.17 1.75 2.86 1.73 0.12 0.07 0.003
Tiller number 9.83 7.19 8.43 7.13 1.42 0.47 0.05

The intercrop with Pigeon Pea significantly
increased the tiller number of Napier grass than
the sole grass (9.1 vs 7.2). This can be attributed
to a probably high uptake of nitrogen supplied
by the legume. Wolfson (1989) reported
increased tiller number in grass planted with
high nitrogen supply. The weekly tiller number
of the Napier grass as influenced by the legume
intercrop and planting distance is shown in
Fig. 3. Sole Napier grass increased in tiller
number after the 7th week till the 13th week.
The closer planting distance was also higher
in tiller number from the 4th week through
to the 13th week with the margin of increase
being wider between the 6th and the 10th week.
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Fig.3: Mean weekly tiller number of Napier grass as
affected by legume intercrop and planting distance.

Weekly plant height increased throughout the
growth period for both treatments. Legume
intercrop led to a higher margin of increase in
plant height after the 8th week to the end of the
growth period. On the other hand, Napier grass
in the closer planting distance treatment had
a higher plant height compared to the wider
distance throughout the growth period (Fig. 5).
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Fig. 4: Mean weekly plant height of Napier grass as affected by
legume intercrop and planting distance

Effect of planting distance, botanical fraction
and legume intercrop on the nutritive value of
Napier grass

Both three-way and two-way interaction
of planting distance, legume intercrop and
botanical fraction did not have significant
effect on the nutritive value parameters (Table
2). The CP concentration was higher (P < 0.05)
in the leaf than stem fraction. This agrees with
the finding of Tang et al. (2008) and Ansah et

al. (2010) who all reported higher CP in leaf
than the stem of grass. As grass matures, CP
content decreased in the whole plant, but this
has been found to be more rapid in the stem
than in the leaves (Achakzi et al., 2007; Ansah
et al., 2010). The CP concentration was lower
than the requirement (110 to 130 g/kg) for the
maintenance of small ruminants (NRC, 2007)
suggesting that protein supplementation will be
required when Napier grass is fed ruminants.

TABLE 2
Mean chemical composition (g/kg DM), digestibility and metabolizable energy of Napier grass as influenced by
planting distance, legume intercrop and botanical fraction.

Treatment

0.5x0.5M 1x05M P value
Parameter (g/kgDM) S.e.d

Intercrop Sole Intercrop Sole Distance Intercrop  Fraction

Leaf  Stem  Leaf Stem Leaf Stem Leaf Stem '
DM 224.1 122.1 2432 128.6 248.1 119.6 237.2 138.6 14.0 0.37 0.24 <0.001
CP 753 422 738 407 834 479 630 460 7.7 0.59 0.24 <0.001
NDF 619.8 06462 6364 6355 6319 633.8 628.8 628.6 13.8 0.59 0.93 0.33
ADF 399.1 4224 417 403 3843 383.8 391.1 395.1 11.6 0.001 0.48 0.59
Ash 140.1 1422 141.5 1334 1409 1439 142.1 1353 9.6 0.79 0.44 0.61
IVOMD (%) 40.6 398 304 302 389 412 295 302 1.0 0.60 <0.001 0.34
ME (MJ/kg) 8.8 7.4 7.2 5.4 9.0 75 64 5.8 04 090 <0.001 <0.001

CP: crude protein, DM: dry matter, NDF: neutral detergent fibre, ADF: acid detergent fibre, [VOMD: in vitro

organic matter digestibility, ME: metabolizable energy, P

:0.05.
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Planting distance significantly affected ADF
concentration with the highest concentration
recorded in the closer planting distance.
Tilahun et al. (2017) did not find significant
effect of plant spacing on ADF concentration in
Napier grass, even though, the values reported
were similar. Increasing dietary ADF has been
found to reduce voluntary feed intake (Gusha
et al. 2015) and this can affect the efficient
utilization of the nutrients in the closely spaced
plants.

Napier grass intercropped with Pigeon
Pea had a higher (P <0.01) mean IVOMD
and ME compared to the sole Napier. Similar
effects were reported by Njoka- Njiru et al
(2006) and Bayble et al. (2007) when Napier
grass intercropped with legume was compared
with sole Napier. The lower IVOMD in the
sole Napier may have been influenced by
the relatively higher mean ADF (410 vs 309)
recorded for the same treatment. Increasing
cell wall carbohydrate has been reported to
cause a decline in the digestibility of forages
(Van Soest, 1994). The IVOMD and ME were
comparable to what was reported by Cudjoe
(2017) for the same variety in a previous study.
However, the IVOMD was below 50% and
therefore may require supplementation during
feeding to enhance the digestibility. Botanical
fraction significantly affected ME with the
leaf fractions having superiority over the stem
fraction.

Conclusion and recommendation
Whilst biomass yield was higher in the closely
planted Napier grass, the legume intercrop did
not have an effect after 90 days. Plant height
and tiller number all appreciated in the legume
intercrop compared to the sole Napier grass.
Dry matter, crude protein and metabolizable
energy were all higher in the leaf fraction

than the stem fraction. The organic matter
digestibility and Metabolizable energy were
also higher in the legume intercrop than the
sole Napier grass.

Even though intercropping Napier
grass with Pigeon Pea did not influence yield,
its effect on quality makes its use in Napier
production very important since it has the
potential of enhancing animal productivity.
Most nutrients were stored in the leaf fraction
and therefore leaf losses during utilization or
storage should be minimized in order to ensure

optimum benefit for the animals.
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