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ABSTRACT

This study was conducted with the objectives of determining the effect of intercropping
lablab (Lablab purpureus L.) and cowpea (Vigna unguiculata L.) at different planting
densities with napier grass (Pennisetum purpureum) on yield and nutritional qualities and
changes in the soil chemical properties due to legumes inter-cropping effects. The field
study was conducted at Haro sabu Agricultural Research site. The experimental design
was factorial combination arrangement in randomized complete block design (RCBD)
with three inter and intra spaces (i.e. Im X0.5m, 0.75m x 0.5m, 0.5mx 0.5m) and
intercropping with two tropical legumes (i.e. lablab and cowpea) with three replications.
Treatments were TI= Pure Napier grass at Im row spacing, T2= Napier grass
intercropped with lablab at 0.75m row spacing, T3= Napier grass intercropped with
cowpea at 0.5m row spacing, T4= Napier grass intercropped with cowpea at Im row
spacing, T5= Napier grass intercropped with lablab at 0.5m row spacing, T6= Pure
Napier grass at 0.75m row spacing, T7= Napier grass intercropped with lablab at 1m row
spacing, T8= Napier grass intercropped with cowpea at 0.75m row spacing, T9= Pure
Napier grass at 0.5m row spacing and totally nine treatments were used. Soil samples
were collected before and after forage harvested. Agronomic parameters, biomass yield,
chemical analysis, in vitro dry and organic matter digestibility (IVDMD, IVOMD) and in
sacco DMD and OMD of forage samples were determined. Results showed that
intercropping increased the soil pH value from 5.8 (before planting) to 6.0 (after planting)
for T2 and organic carbon increased from 3.72 (before planting) to 4.11 (after planting)
for T7 and total nitrogen increased from 0.31 to 0.35 for TS5 and T7. There was no
significant (p> 0.05) effect of intercropping on agronomic parameters of Napier grass
such as plant height (PH) and number of leaves per tiller (NLPT). However, number of
tillers per plant (NTPP), leaf length (LL) and total number of leaves per tiller (NLPT)
were significantly affected by intercropping at different planting densities of Napier grass
(p<0.05). Intercropping of lablab and cowpea had significant effect (p<0.05) on dry
matter yield, total dry matter yield and total crude protein yield (TCPY) of the Napier
grass and but had no significant effect (p>0.05) on crude protein yield. Intercropping at
different planting densities significantly affected the proximate composition of Napier
grass such as Ash, CP, OM and NDF. However, the DM, ADF, ADL, Hemicelluloses and
cellulose contents of the Napier grass was not significantly (P>0.05) affected. Napier
grass intercropped at different planting densities with lablab and cowpea had significant
effect (P<0.05) on the in vitro dry and organic matter digestibility (IVDMD, IVOMD) and
increased digestibility. The OM degradation constant (a, b, ¢ and PD (a + b), were
significantly different (P<0.05) but ‘ED’ were not and for DM degradation ‘c’ and ‘b’
was not significant (P>0.05) for Napier grass intercropped with lablab and cowpea at
different planting densities. In conclusion, Napier grass intercropped with lablab and
cowpea at a planting density of 24 plants m” (Imx0.5m space) could be a better choice
for high yield and forage quality in the current study. However, it is suggested to do on
animal performance trial of this result based on animal feeding practice and economic
feasibility in order to come up with sound recommendations.

Key Words: Cowpea, Digestibility, Lablab, Intercropping, Napier Grass, Nutritive
qualities, Dry Matter and Organic Matter Digestibility
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1. INTRODUCTION

The population of Ethiopian livestocks were 59.5 million cattle, 30.70 million sheep, 30.20
million goats, 2.16 million horses, 8.44 million donkeys, 0.41 million mules, and about 1.21
million camels and 56.53 million poultry (CSA, 2017). Despite the large number of livestock
resources of Ethiopia own, its productivity was extremely low in the contribute of gross
domestic product (GDP) at household and national levels (Tolera, 2008). The low
productivity is chiefly due to inefficient nutritional and management practices, high level of
disease and parasitic incidence, low genetic potential of the indigenous cows, poor access to
extension and credit services and inadequate information to improve animal performance
(Haile, 2011). Among these constraints, inadequate quantity and quality feedstuffs were
identified as a major limiting factor to the development of livestock production and
productivities in peri-urban and urban (Gizaw, 2010; Duguma et al., 2011) and the most
bottleneck of livestock farming in  Ethiopia is shortage of livestock feeds in terms of quantity

and quality, especially during the dry season (Hassen et al., 2010).

According to Tessema and Baars (2006) productivity of livestock which plays a crucial role
in peasant farming systems is much lower than expected. This is due to the dependence of
livestock on naturally available feed resources and little development of forage crops for
feeding to animals (Demissie et al., 2017). Livestock depend on natural pastures and crop
residues and both quantity and quality of these feed-stuffs are too low to sustain satisfactory
levels of animal production (Tessema and Baars, 2006). These natural pastures are declining
from time to time in both quantity and quality (Ulfina ez al., 2013). Fast growth of population
has reduced the natural grazing lands of the country from time to time due to demand of land

for crop production(Yayneshet, 2010).

The quantity and quality of natural pastures vary with agro ecology, rainfall pattern, soil type
and cropping intensity (Tolera, 2008). Also human population associated with expansion of
crop lands, seasonal fluctuation of rainfall resulted low total herbage and dry matter
production and lacks of grazing land management techniques (Ocho et al., 2016). According
to Belaynesh (2006) Natural pastures which provide more than 90% of the livestock feed are
generally very poorly managed. The total grazing and browsing land was estimated to be

61-65 million ha and the productivity estimate of natural pasture for the lowlands was 1 ton



DM/ha, while for the highland and mid-altitude on freely drained soils was 3 tons of DM/ha
and on seasonally waterlogged fertile areas yield was about 4-6 tons of DM/ha which is
further deteriorating (Alemayehu, 1998; Mengistu, 2006). Moreover these feed resources are
high in fiber, with low to moderate digestibility and low levels of nitrogen (Habte, 2000).
Low quality feeds are associated with a low voluntary intake, resulting in insufficient nutrient
supply, low productivity and even weight loss (Hindrichsen et al., 2004). The yields of
tropical grasses depend on many factors; most importantly, soil fertility and environmental

conditions (ILRI, 2010a).

Most tropical countries face shortages of fertilizers, especially nitrogen (N). The shortage of
N available in the soil is primarily limiting plant growth and productivity. According to
Quadros et al, (2003) the amount of biomass produced by vegetation in forage plant
communities is often limited by N availability. According to Plénet and Cruz (1997) N

availability in soil is mostly insufficient for plant growth up to the start of flowering period.

In forage crop production systems, grass-legume intercropping are preferred due to their
several advantages over monoculture. One of the advantage of grass-legume intercropping is
to improve the productivity of pasture lands by improving soil fertility and the feed value of
the biomass produced since they have more protein content than naturally occurring grass
swards and serve as good quality and quantity dry seasons feed source (Zewdu, 2006).
Consequently the proper management of nitrogen fertilization in forage cultivate should
provide N in sufficient quantities during the vegetation development so that they could
achieve their growth potential in the wake of intercepted light amounts (Plénet and Cruz,
1997). When grass-legume intercropping, the legumes have the ability to fix atmospheric
nitrogen into the soil by symbiotic living with bacteria of Rhizobium species and sustaining of
soil fertility (Albayrak et al, 2004). The other advantages of intercropping grass-legume

include the control of erosion, weed control and prolonged stand longevity (Casler, 1998).

Tropical legumes are annual or short term species in association with productivity could be
an advantage in improving the supply of cell wall carbohydrates containing grass species
such as Napier grass nutrients to livestock (Bayble et al., 2007). Forage production strategy
that can contribute in improvement of the CP concentrations and others nutrient content of

animal feed is the development of grass-legume intercropping (Bogdan, 1977) and thereby



their productivity could be the cultivation of grass-legume intercropped and offer them to
animals during critical periods in their production cycle and when other sources of feeds are

in short supply (Association, 2000).

Integration of forage legumes into forage production systems help smallholder farmers to
produce more biomass forage and increase fodder production in quality and quantity which
contributes to livestock directly (Tadesse et al., 2012). The reason of yield advantage of
intercropping are mainly that environmental resources such as water, light and nutrients can
be utilized more efficiently in intercropping than in the respective sole cropping systems (Liu
et al., 2006). Therefore, the use of grass-legume forage intercropping help to increase

productivity of land and livestock feedstuffs.

Napier grass (Pennisetum purpureum) was selected for this study based on its high potential
biomass yield to fill the gap of feed shortage intercropping with cowpea (Vigna unguiculata)
and lablab (Lablab purpureus) to improvement nutritional values of Napier grass and soil
fertility. According to Mengistu (2006) Napier grass is among forage grown for feeding dairy
cattle in Ethiopia. Napier grass could play an important role in providing a significant amount
of biomass yield of 20 to 30 t DM/ha/year with good agronomic and management practices
(Farrell et al., 2002). It is an adaptable, vigorous, highly productive species and with stands
considerable periods of drought. It rapidly recovers from stagnation of growth with the onset
of rains after extended dry periods (Sollenberger et al., 1990). Napier grass is palatable and
could be fed fresh, as silage or directly grazed on the field (Woodard and Prine, 1991).
However, like other tropical grasses Napier grass is considered to be low in CP and high in
structural cell wall carbohydrates (Van Soest, 1994). This implies the need for production
strategies that can help improve the CP concentration and digestibility of Napier grass
(Chalchissa et al., 2014).

Dolichos lablab has been noted for decades as being one of the most agro-morphologically
diverse (Pengelly and Maass, 2001) and versatile tropical legume species through its roles as
pulse, vegetable (green bean, pod, leaf), forage/green manure, herbal medicine, and even
ornamental (Adebisi and Bosch, 2004). Dolichos lablab plants can fix up to 400 kg N ha'yr”
(Amel et al., 2014), reducing the need for expensive and environmentally damaging nitrogen

fertilizer. Similarly, cow pea plays an important nutritional role in the sub-Saharan areas



because of high protein content in its grains and leaves (Pasquet and Fotso, 1994). Cowpea
can fix atmospheric nitrogen to ammonia and improve soil fertility and cropping system
productivity (Geleti et al., 2014). CRI (2006) report that Cowpea can fixing atmospheric
nitrogen up to 240 kg/ha and leaves about 60 to 70 kg nitrogen for succeeding crops.
Grasses-legumes intercropping of Napier grass with legumes species improve the nutritive
value of Napier grass (Mohammed et a/, 2016). However, according to (Zewdu, 2006), there
was significant effect of plant pattern on morphological characteristics and production of the
Napier grass. There is a controversial idea about the planting densities on the biomass yield
and nutritional value of Napier grass in different parts of the country. In addition lgumes like
lablab can be well associated with Napier grass but the effect of the two and above legumes
plant species on yieldand the nutritive qualities of Napier grass is poorly documented
.Considering the above merits of Napier grass, lablab and cow pea, evaluating the effect of
these two forage legumes on the yield and quality of Napier grass will be of great importance.
Information on the management practices and cropping system that influence yield quantity
and nutritive quality of this selected species when intercropped with lablab and cowpea at
different planting densities of Napier grass was not well practiced in our country
(Mohammed et al, 2016). Therefore the current study was being carried out with the
following objectives:
General objective
» To determine the effect of inter-cropping lablab and cow pea on the productivity and
nutritional qualities of Napier grass and changes in the soil chemical properties.
Specific objectives
» To evaluate the effect of inter-cropping lablab and cowpea on the productivity of
Napier grass
» To determine the effect of inter-cropping lablab and cowpea on the nutritional
qualities of Napier grass
» To determine changes in soil chemical properties due to inter-cropping lablab and

cowpea with Napier grass



2. LITERATURE REVIEW

2.1. Botanical description and Adaptation of Napier Grass

Napier grass is a perennial C4 grass species that native to Sub-Saharan Africa from where it
is believed to have been distributed to other tropical and subtropical regions around the world
(Harris et al., 2010; Kandel et al., 2016). It has been reported to be adapted a wide range of
soil conditions and agro-ecologies, from sea level to 2500 meters, and it can offer strong
resistance dry spells, although it grows best in areas where the annual rainfall is between 750
and 2500 mm (Singh et al., 2013). It is a tall, stout and deep-rooted perennial bunch grass
well known for its high yielding capability and mainly used for cut-and-carry feeding systems
for livestock (Woodard and Prine, 1991; FAO, 2015).

Napier grass is a highly productive forage species that can be easily adopted by farmers. The
importance of Napier grass (Pennisetum purpureum) can be seen from the role it plays as the
major livestock feed in smallholder dairy production systems. Napier grass requires full land
preparation and propagated usually by stem cuttings buried in 15 cm furrows, 2 nodes in soil
and one exposed, but root splitting gives a better performance than stem cutting. It performs
well in low, mid and highland areas of Ethiopia (Bediye et al., 1998; Zewdu, 2005). Napier
grass responds well to fertilizer applied after every cut (Bogale et al., 2008).

The yield and nutritional values of Napier grass mainly depends on the type of cultivar used
which in turn is influenced by both the environment and management practices
employed.(Oliveira et al., 2014). Napier grass yield have been reported around 60 tons
/ha/year (Rengsirikul et al., 2013) and about 10 tons/ha/one cut cycle of DM (ILRI, 2010b).
The nutritional value and other nutritional qualities of Napier grass have been reported across
different studies and show significant variation in dry matter production (DM), crude protein
(CP), neutral detergent fiber (NDF), and acid detergent fiber (ADF). However on average,
Napier grass is considered to contain 9% CP, 20% DM, 70% NDF, 50% ADF, 9% ash and
6% lignin in samples taken from 10—15 week old plants(Islam ef al., 2003; Gwayumba et al.,
2002).

2.2. Botanical Description and Adaptation of Cowpea (vigna unguiculata L.)

Cowpea is better adapted to high temperatures and other biotic stresses than other crop plant

species (Hall e al., 2003) and it is an annual herb with varying growth forms (Peksen, 2007).



It may be erect, trailing, climbing or bushy, usually indeterminate under favorable conditions.
It has a strong taproot and many spreading lateral roots in surface soil (Peksen, 2007). It is
primarily grown in drier regions of the world where it is one of the most drought-resistant
food legumes (Dadson et al., 2005). Cowpea is a heat-loving and drought-tolerant crop. The
optimum temperature for growth and development is around 30 °C. Many workers have
reported that cowpea is drought-tolerant and show a great deal of drought avoidance under
conditions of water deficit. Drought avoidance by cowpea appears to be mainly due to several
mechanisms for regulating rate of water uptake (Hall, 2004). According to Martins et al.
(2003) cowpea grow best during summer, the base temperature for germination being 8.5 °C
and for leaf growth 20 °C. It can grow under rainfall ranging from 400 to 700 mm per annum.
Cowpeas utilize soil moisture efficiently and are more drought tolerant than ground nuts,
soya beans and sun flowers. Cowpeas are grown on a wide range of soils but prefer sandy
soils which are less restrictive to root growth. It is drought tolerant, can be grown on relatively
poor soils, and fixes nitrogen, thereby improving soil fertility and more tolerant to infertile and
acidic soils than many other crops and it thrives best in well-drained soil and less on heavy
soils. Cowpea plays an important nutritional role in the sub-Saharan areas because of the high
quality protein and vitamins contained in its grains and leaves (Fotso ef al., 1994). Because of
its superior nutritional attributes, versatility, adaptability and productivity cowpea was chosen
by the United State National Aeronautical and Space Administration (NASA) as one of few

crops worthy of study for cultivation in space stations (Ehlers and Hall, 1997).

Cowpea is an herbaceous warm-season annual that is similar in appearance to common bean
except that leaves are generally darker green, shinier, and less pubescent (Timko et al., 2007).
Cowpea also is generally more robust in appearance than common beans with better
developed root systems and thicker stems and branches. Plant growth habit can be erect, semi
erect, prostrate (trailing), or climbing depending mostly on genotype, although photoperiod

and growing conditions can also affect plant stature (Timko ef al., 2007).

Most cowpea accessions have indeterminate stem and branch apicies. Flowers are borne on
racemes on 15- to 40-mm peduncles that arise from the leaf axils. Cowpea seed weighs
between 8 and32 mg and ranges from round to kidney shaped. Pods are cylindrical and may

be curved or straight, with between 8 and 15 seeds per pod (Timko ef al., 2007).



Cowpea grain and forage biomass contain a dense nutritional profile that is beneficial for
livestock. The grain and leaf of cowpea contains between 22% and 32% protein on a dry
weight basis (Singh, 2005). Ash content ranged between 3-4%, crude protein, crude fat and
moisture contents had range values of 20-27, 0.6-1, and 9-12, respectively (Henshaw, 2008).

2.3. Botanical description and Adaptation of Dolichos Lablab (Lablab purpureus)

Lablab is an ancient crop and has been documented by archaeo-botanical finds in India prior
to 1500 BC (Fuller, 2003). Lablab (Lablab purpureus), formerly Dolichos lablab, also called
Hyacinth bean, Egyptian bean, and Fuji mame (in Japan) is a popular legume vegetable in
Southern Asia, China, Japan, West Africa, and the Caribbean (Valenzuela and Smith, 2002b).
Furthermore (Morris, 2009) reviewed its bio-functional properties for use as pharmaceutical or
nutraceutica.

Lablab is a fast growing legume that can provide fodder in less than 3 months after sowing
(Heuzgé et al., 2016). It grows up to 1 m tall with long stems in climbing types extending as
much as 6 m from the base of the plant (Valenzuela and Smith, 2002b). The leaves are trifoliate
(having three leafs) and the flowers are purple or white. It has a strong taproot with many
lateral and adventitious roots (Valenzuela and Smith, 2002b). Both determinate (bush) and
indeterminate (vining) varieties exist (Valenzuela and Smith, 2002b). Lablab bean (Lablab
purpureus L.) is a widely cultivated, highly drought tolerant legume vegetable crop grown in
diverse environmental conditions (FAO and Isric, 2012). Lablab (Lablab purpureus L.)
combines a great number of qualities that can be used successfully under various conditions.
Its first advantage is its adaptability, not only is it drought resistant, it is able to grow in a
diverse range of environmental conditions worldwide (Murphy and Colucci, 1999). It is
reported to grow well under warm humid conditions at temperatures ranging from 18°C to
30°C and is fairly tolerant to high temperatures. Below 20°C the plant have a reduced growth;
leaves begin to drop at negative 2°C but the plant can survive frost for a limited period (Murphy

and Colucci, 1999).

Lablab is drought hardy and has been grown in arid, semi-arid and humid regions with
rainfalls between 200 and 2500 mm (Hendricksen and Minson, 1985). It needs rainfall or
irrigation (minimum of 10 to 20 mm) during germination and early establishment, although
once established it is extremely resistant to drought (Mayer et al., 1986). Being a hardy plant,
lablab can be found throughout the tropics and subtropics; ranging from 30°south to

30° North Latitude. It is normally grown from sea level up to elevations ranging between



1800 and 2100 meters (Hendricksen and Minson, 1985; Mayer et al., 1986). The leaves are
excellent hay for cattle and goats, but the steam is difficult to dry and must be mechanically
conditioned through crushing (FAO and Isric, 2012). The leaf has crude protein of 21 to 38%
and the seed contains 20 to 28% crude protein (Abdallah ef al., 2015).

The level of crude protein of lablab is variable according to its morphological parts such as
leaf, stem and seed fractions. However the mean crude protein content of lablab herbage was
17% with a range of 10% to 22% on a dry matter. Leaf crude protein varied from 14.3% to
38.5%, while the stem crude protein content ranged from 7.0% to 20.1%. Lablab follows a
familiar growth pattern as protein content drops with maturity (Murphy and Colucci, 1999).
The contents of crude fibre such as , neutral detergent fibre (NDF), acid detergent fibre
(ADF) and acid detergent lignin (ADL) values for the lablab vary based on dry matter basis
and various fractions. The average crude fibre of the whole plant is 27.8% with the average of
NDF, ADF, and ADL being 43 %, 38.6%, and 7.1% respectively (Murphy and Colucci,
1999).

2.4. Intercropping Systems

The inter cropping system is defined as the combination of crops grown on a given area and
time (Yellamanda et al., 2007). The important reasons to grow two or more crops together are
the increase in productivity per unit area. In intercropping system, all the environmental
resources utilized to maximize crop production per unit area per unit time). According to
Grossman and Quarles (1993) inter-cropping is divided in to four basic spatial arrangements.
1) Row inter-cropping: two or more crops are planted simultaneously both in distinct rows. 2)
Strip inter-cropping: planting two or more crops together in strips wide enough to permit
separate crop production practices using machines but close enough for the crops to interact.
3) Mixed inter-cropping: planting two or more crops together without any distinct row
arrangement. 4) Relay inter-cropping: planting of a second crop in to an already standing
crop at a time when the standing crop is at its reproductive stage or has completed its stage or

has completed its development but before harvesting.

2.4.1. Advantage of intercropping system

The principal advantage of intercropping is the more efficient utilization of the all available
resources and the increased productivity compared with each sole crop of the mixture

(Willey, 1979; Mucheru-Muna et al, 2010). Yield advantage occurs because growth



resources such as light, water, and nutrients are more efficiently absorbed and converted into
crop biomass by the intercrop over time and space as a result of differences in competitive
ability for growth resources between the component crops which exploit the variation of the
mixed crops in characteristics such as rates of canopy development final canopy size (width
and height) photosynthetic adaptation of canopies to irradiate conditions and rooting depth

(Tsubo et al., 2001;Midmore, 1993).

Legumes enrich soil by fixing the atmospheric nitrogen converting it from an inorganic form
to forms that are available for plants uptake. Biological fixation of atmospheric nitrogen can
replace nitrogen fertilization wholly or in part. In addition, roots of the legume component
can decompose and release nitrogen in to the soil where it made available to subsequent crops
(Lunnan, 1989). Intercropping like common bean with corn improve silage yield and protein

content of forage compared with sole crops (Lunnan, 1989).

The dry matter, crude protein and ash content of maize forage increased by intercropping
with legumes compared with maize mono-culture (Javanmard et al., 2009). Furthermore,
intercropping legumes with maize significantly reduced neutral detergent fiber and acid

detergent fiber content, increasing digestibility of the forage.

2.4.2. Advantage of mixing grasses and legumes for herbage yield and nutritive value

Integration of tropical legumes in the fodder grass production system has shown to enhance
livestock feed production elsewhere (Njoka-Njiru et al, 2006a). Legume-grass mixtures are
easily established in degenerated pasture or field conditions. Legumes are rich in terms of
protein concentration, whereas grasses have higher carbohydrate contents and can benefit
from the nitrogen fixed by legumes when they are grown together (Albayrak and Tiirk, 2013).
The grass-legumes mixture improved the forage yield, root: shoot ratio and contents of crude
protein and lignin (Liu et al., 2016). Improved yield is one of the benefits of sowing grass -
legume mixtures (Berdahl et al., 2001; Papadopoulos ef al., 2012). Mixed cropping especially
with legumes can improve both forage quality and yield because legumes are good source of
protein (Zhu et al., 2001). Inclusion of a legume in grass mixtures also improves feed quality

as legume species fix nitrogen from the air.

Legumes have higher protein content than grasses and as a result the protein requirements of
growing animals can be met to a large degree by adequate legumes in the forage mix.

(Legesse et al., 2012) found that alfalfa mixture with grass pasture contained more crude



protein, compared to grass pasture. The DM yields of both the binary and ternary legume—
grass mixtures were greater than the yield of any grass under mono-culture (Albayrak and
Tiirk, 2013). Intercropping of fodder maize with lablab bean significantly increased protein
content and reduced crude fiber content (Mugendi et al., 2011). Under water stress crude
protein content and mineral content of intercropped maize were increased. Intercropped
maize had higher contents of mineral elements lower content of crude fiber and higher
content of crude protein in the second season compared to pure stand of maize with applied

nitrogen (Khogali et al., 2011).

Cultivation of intercropping grass with legume has increased and growth a number of
potential advantages yield in comparison to mono-cultures. Mixtures extend harvest and
income flow, provide diversity of feed and reduce disease. The yield of grass/legume
mixtures is more stable under changing environmental conditions than mono-cultures. This
results in higher mean biomass production in comparison to their components grown in
mono-culture (Arturi et al., 2012). According to Njoka-Njiru et al. (2006a) napier grass
intercropped with siratro and seca legumes did not influence the level of mineral in napier
grass. Level of P and Ca increased over time from 9 months to 2 years while K declined.
After 9 months the only significant effect of legume occurred in fiber and ash content of
Napier grass. The sole Napier grass had higher fiber contents but lower ash than the
intercropped Napier grass. After 2 years the Napier grass intercropped with siratro and seca
had more CP (9.64 - 9.96%) than sole Napier grass (8.14%). However the level of fiber
remained high but only the ADF content was significantly more in sole Napier grass than
Napier grass grown with the legumes. The legume had significant effect on degradability of
Napier grass (Njoka-Njiru et al., 2006a).

Significant effects of Napier Grass/ Lablab associations and their interactions was observed
on crude protein yield (CPY), in vitro organic matter digestibility (IVOMD), content of CP,
neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), ash
and hemicelluloses (Bayble ef al, 2007). Association of Napier grass with Lablab species
generally improved the nutritive value of Napier grass (Bayble et al., 2007). Therefore, to this
effect Napier grass may get additional nutritive value from intercropping Lablab. These

indicated the possibility of improving the feeding of animals in tropical regions by planting
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Napier grass which is reputed for its high biomass yield along with lablab, thus enhancing the
quality of nutrients supplied to animals (Bayble et al., 2007).

2.4.3. Biological nitrogen fixation

In the face of the prevailing N limitation rising costs of inorganic N fertilizers and deleterious
side-effects of excessive N application (Galloway et al., 2008; Canfield et al., 2010),
increased sustainability and improved N self-sufficiency can be gained through home-grown
N, fixing crops. Grassland-based livestock production of medium to high management
intensity depends largely on high-yielding pure grass stands requiring large inputs of mineral
N fertilizers. Production and distribution of mineral N fertilizers need large amounts of
energy (Kitani, 1999;Engineering and Kitani, 1999) and their application can result in
substantial N losses as nitrate (Ledgard et al, 2009) and green house gases (GHG) to the
environment (Suter et al., 2015; Schmeer et al., 2014). For example, each kg of N produced
as ammonium nitrate in the industrial Haber-Bosch process consumes 58 MJ of energy and
emits 8.6 kg of CO; equivalents (Kitani, 1999). Moreover, according to the guidelines of the
IPCC (2006), for every 100 kg of N fertilizer added to the soil, on average 1.0 kg of N is
emitted as N,O, a GHG that is approximately 300 times more potent than CO,. A major
challenge is to increase home-grown forage protein with reduced input of mineral N
fertilizers and at the same time reduce N losses to the environment (Peyraud et al., 2009;

Liischer et al., 2014).

Grass-legume combinations (GLCs) with different grass legumes ratios (GLR) legumes
were established and available N concentration increased when legumes component
increased from GRL:1:0 (grass mono-culture) to GLR1:1 (Grass: legumes). But decreased as
legumes component increase further from GLR1:3 (grass legume 1:3) to GLRO:1 Legume
mono-culture (Li et al., 2015). Legumes potential to Fixation of Atmospheric Nitrogen
(ANF) depend on atmospheric nitrogen, therefore legume-based cropping systems important
when fertilizer-Nitrogen is limited (Ito et al., 1996). Biological N, fixation by leguminous
plants is a significant source of available N in both natural and managed ecosystems
(Galloway, 1998). Annual rates of symbiotic N, fixation by cultivated legumes are often at
least one order of magnitude higher than rates of N, fixation in natural ecosystems (Cleveland

et al, 1999; Ledgard et al., 1995). Cultivated legumes still provide nearly as much N
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annually to agricultural systems as N fertilizer although global inputs by fertilizer have
recently exceeded those of N, fixation (Vitousek et al., 1997).

Grass-legume mixtures offer the benefit of symbiotic N2 fixation by legumes, which are able
to utilize atmospheric N, for their requirements and thereby produce more protein with less N
input (Carlsson and Huss-Danell, 2003). Besides symbiotic N, fixation, other processes have
been found to increase yield and efficiency in resource uptake by grass-legume mixtures.
These include facilitation, that is N transfer from legumes to grasses (Pirhofer-Walzl et al.,
2012; Rasmussen et al., 2013) and increased exploitation of soil resources through spatial
(deep and shallow-rooting) or temporal niche complementarities in resource uptake (van
Ruijven and Berendse, 2005; Mueller et al, 2013). All of these processes can lead to
considerable gains in N yield of mixtures compared to grass mono-cultures; consequently, the
use of such mixtures in agricultural grassland systems could allow substantial reductions in

the application of industrial N fertilizers.

2.4.3.1. Importance of lablab in the biological nitrogen fixation (BNF)

Biological nitrogen fixation (BNF) is the process whereby atmospheric nitrogen (N=N) is
reduced to ammonia by living microorganisms e.g. rhizobium in the presence of nitrogenase

enzyme (Lindemann and Glover, 2003b).

Lablab prolific root system remains in the soil after harvest and enriches the soil with organic
carbon. Lablab plants conserved soil moisture; Lablab intercropping increased phosphorus
and calcium content compared to mono crop (Kabirizi et al, 2007). When in symbiotic
association with Bradyrhizobium japonicum, Dolichos lablab (Lablab purpureus) is popular
as a nitrogen-fixing green manure to contribute to soil N and improve soil quality. It is a
popular choice as a cover crop on infertile, acidic soils, and it is drought tolerant once
established (Valenzuela and Smith, 2002a). According to Lindemann and Glover (2003a)
lablab can fix atmospheric nitrogen up to 120 to 200 kg N/ha when it is planted either as an
intercrop or as a sole crop depending on the climatic and soil conditions. Creamer and

Baldwin (2000) reported BNF of 40 to 80 kg N/ha when lablab is planted in sole cropping.

2.4.3.2. Importance of cow pea in the biological nitrogen fixation (BNF)

Cowpea is more tolerant of low fertile soil, due to its high rates of nitrogen fixation (Elowad

et al., 1987), effective symbiosis with mycorrhizae (Kwapata and Hall, 1985), and ability to
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better tolerate soils over a wide range of pH when compared to other popular grain legumes
(Fery, 1990). Cowpea plays a major role in tropical cropping systems as it has been estimated
to fix as much as 201 kg N haper season and contribute up to about 42 kg N ha™ to the N
nutrition of a following maize crop (Dakora et al., 1987). Because of its ability to improve
the N economy of cropping systems cowpea is traditionally grown as an intercrop with millet,

sorghum, maize, and more recently cassava (Ehlers and Hall, 1997).

2.5. Advantage of Intercropping Legumes on Nutritive Value of Napier grass

By the introduction of legumes in the system of fodder production, the quantity as well as
quality of herbage production can be substantially increased (Powell and Unger, 1997). The
benefits of growing grass and legumes as mixed fodder crop are to maximize yield and

quality in forage production (Yisehak, 2008).

Intercropping of Napier grass with legumes species generally improve the nutritive value of
Napier grass (Bayble et al., 2007). Therefore, by this influence Napier grass may get
additional nutritive value from intercropping of legumes. These indicated the possibility of
improving the feeding of animals in tropical regions by planting Napier grass, which is
reputed for its high biomass yield along with legumes such as cowpea and lablab, thus
enhancing the quality of nutrients supplied to animals (Bayble et al., 2007). Plant densities or
pattern intercropping with has significant effect on dry matter production of the Napier grass.
According to Wijitphan et al. (2009a) plant spacing did have effect on crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber (ADF) and dry matter digestibility. Also
Wijitphan et al. (2009a) reported that there is a significant effect of plant spacing on total dry
matter yields. The wider the plant the lower the dry matter yields.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The study was conducted at Haro Sabu Agricultural Research Center during the main
cropping season. The center is located in western Ethiopia at 550 km from Addis Ababa. It
lies at latitude of 8°52°51” N and longitude 35°13°18”’ E and altitude of 1515 m.a.s.l. It hasa
warm humid climate with average minimum and maximum temperature of 14 and 30°C
respectively (HSARC, 2012). The area receives average annual rainfall of 1000 mm and its
distribution pattern is uni-modal (HSARC, 2012). The main rainy season covers from April
to October. The soil type of the experimental site was vertisol with sandy loam in
texture(Abebe, 2007). The area is characterized by coffee based farming and crop-livestock

mixed farming system (HSARC, 2012).

Table 1: Agro-metrological data of the study area during 2017 at Haro Sabu Agricultural

Research Center, Oromia, Ethiopia

Description Months of the year 2017

Jan Feb Mar Apr May Jun Jul Aug  Sept Oct Nov Dec

RF (mm) 0.0 17.6 16.2 158.2 248.7 180.1 291.5 307.1 2232 117.8 33.1 04
T°C Max.) 33.0 329 Xx XX 274 272 246 252 261 267 273 29.7

T°C (min)  xx 8.8 145 15.7 146 116 114 113 11.2 109 105 10.3

RH (%) 372 545 453 583 669 690 772 738 747 775 727 537

Remarks: Max. = Maximum; Min. = Minimum; mm= millimeter RF= mean Rain fall;, RH=
Relative Humidity; T°C = Mean temperature in degree Celsius; xx= data not available

Source: Asosa Meteorological Agency (2017)
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Figure3.1. Map of the purposed study area

3.2. Experimental Layout, Design and Treatments

The experimental design was factorial combination arrangement in RCBD with three blocks
consisting of three levels of inter and intra row spacing of Napier grass (ILRI 16840
accession ) i.e. 0.5 m x 0.5 m, 0.75 m x0.5 m and 1 m x 0.5 m intercropping with two
tropical forage legumes of cowpea (vigna unguiculata 1..) Bole variety and Lablab (Lablab
purpureus) 14455 accession between the rows of Napier grass and totally nine treatments
were used (Table.2). Total area of land 525m?® (35m x 15m) was selected and thoroughly
prepared for sowing (Appendix figure.1). The land was ploughed and harrowed with a tractor
and then hoe to make the soil fine. The land was divided in to three blocks and each of them
has contained nine treatments. The plot size was 12m* (4mxx3m) and spacing between plot
and between blocks was Im and 1.5m respectively (Appendix figure.1). Treatments were
assigned to each plot within a block by SAS 9.3 version generated randomization code to

each plot.

The Napier grass ILRI 16840 (Pennisetum purpureum) which was used as a parent plant
material was cut into stems with a minimum of three nodes per cut for planting and was
planted 15-20cm deep at angle of about 30° - 45° (Ansah et al., 2010) and the seed of vigna
unguiculata was drilled in between the rows of Napier grass at a seeding rate of 10 kg/ha

(Mullen et al., 2003) and Lablab purpureus was drilled in between the rows of Napier grass
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at a seeding rate of 8 kg/ha in 7-10 cm depth (Antony, 2006; ILRI, 2010b). Fertilizer was
applied at the rate of 100 kg ha’ DAP during establishment for all experimental units.
Weeding was done as early as possible to eliminate re-growth of undesirable plants and in
order to promote fodder grass growth by increasing soil aeration the plots was kept weed free

throughout growth period (Orodho, 2006).

Table 2: Row spacing, Plant spacing and intra row structure of the Napier grass during the

experimental periods

Treatments  Row Intercropped  Area/plant  No. napier
spacing(m) materials (m?) grass/plot
T1 1 - 0.5 24
T2 0.75 Lablab 0.375 32
T3 0.5 Cowpea 0.25 40
T4 1 Cowpea 0.5 24
T5 0.5 Lablab 0.25 40
T6 0.75 - 0.375 32
T7 1 Lablab 0.5 24
T8 0.75 Cowpea 0.375 32
T9 0.5 - 0.25 40
Where:-

T1= Pure Napier grass at 1m row spacing

T2= Napier grass intercropped with lablab at 0.75m row spacing
T3= Napier grass intercropped with cowpea at 0.5m row spacing
T4= Napier grass intercropped with cowpea at 1m row spacing
T5= Napier grass intercropped with lablab at 0.Sm row spacing
T6= Pure Napier grass at 0.75m row spacing

T7= Napier grass intercropped with lablab at 1m row spacing
T8= Napier grass intercropped with cowpea at 0.75m row spacing

T9= Pure Napier grass at 0.5m row spacing
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3.3. Data Collected

3.3.1. Soil Sampling and analysis procedure
3.3.1.1. Soil sample collection

Three composite soil samples from representing nine surface soils before forage planting
practice were collected followed a ‘zigzag” method where a conscious effort is made to force
the path into corners and along edges as well as the central parts of the site being sampled by
using auger (Ryan, 2017) and from each plot representing five surface soil samples (in each
corner and center of plots) of the experimental field after forage harvesting was taken

diagonally at a depth of 0-30 cm by using auger.
3.3.1.2. Soil analysis procedure

The collected soil samples were dried in open air, ground, sieved to pass through 2mm sieve
for analysis of soil nutrients and then pounded to pass 0.2mm for nitrogen, soil pH, organic
carbon, available phosphorus, electronic conductivity and Cation exchange capacity (CEC).
Soil samples were analyzed at Oromia water works design and supervision enterprise at soil
fertility and water laboratory service. The soil pH was measured with digital pH meter
potential metrically in supernatant suspension of 1:2.5 soils to distilled water. Cation
exchange capacity (CEC) was analyzed by ammonium acetate. Organic carbon was
determined following wet digestion method as described by (Walkley and Black, 1934) and
the available phosphorus was measured by shaking the soil samples with Extracting solutions
of 0.03mole ammonium fluoride in 0.1mole hydrochloric acid by using Olsen II methods

(Olsen, 1954).

3.3.2. Agronomic parameters

The number of tillers and leaves were counted and the height of the grass (cm) and the leaf
length (cm) were measured at the last cut of sample grass on the 90 days. Four plants were
randomly selected in the middle of each plot to avoid edge effect and tagged for data
collection. Data were collected on four napier grass stand per plot on tiller number, plant

height and leaf length, total leaves per plant and total leaves per tiller.
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3.3.3. Biomass yield determination

Total forage per plot was harvested when Napier grass reached 90 days stage of maturity
(Bayble et al., 2007) and leguminous forages was at 50-55 days or 50 percent flowering stage
based on continuous visual observation. The harvested green biomass was separated into grass
and legume components. The fresh weight was recorded in the field using a top loading field
balance. Fresh sub-samples were measured from each plot and each plant species separately
weighed and chopped into short lengths (2-5cm) for dry matter determination. The weighed
fresh sub-samples (FWss) were oven dried at 60°C for 72 hours and reweighed (DWss) to
have an estimate of dry matter production. The dry matter production was calculated as (10 x
TotFW x (DWss /HA x FWss)) (Tarawali, 1995). Where:

TotFW Total fresh weight from plot in kg;

DWss Dry weight of the sample in grams

FWss Fresh weight of the sample in grams

HA Harvest area

10 A constant for conversion of yields in kg m”to ton/ ha

Dry matter yield (DMY) was then multiplied with CP content of the feed samples to
determine crude protein yield (CPY).

3.3.4. Chemical compositions

From each plot samples of Napier grass, lablab and Cowpea were taken and dried in a forced
draft oven at 60°C for72 hours and samples were ground using Wiley mill to pass through a
Imm sieve screens for chemical analysis. The AOAC (1990) procedure was used for the
determination of DM, Ash and CP. The DM content was determined by oven drying at
105°C for 24 hours. The ash component was determined by igniting the dried sample in a
muffle furnace at 600°°C overnight. The residue after burning in the furnace was the ash. The
OM was determined by subtracting the ash component from100. The nitrogen was
determined using the micro-Kjeldahl technique. The CP was calculated as 6.25xNitrogen.
The method of Van Soest and Robertson (1985) was used to determine neutral detergent fiber
(NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL). Hemicelluloses was
calculated by subtracting the ADF from the NDF content, while cellulose was determined by
subtracting the ADL from the ADF content
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3.3.5. In Vitro dry matter digestibility

All samples used for chemical analysis was used for in vitro dry matter digestibility
(IVDMD). The two-stage rumen inoculates pepsin method of Tilley and Terry (1963) was
used to determine [VDMD. Rumen liquor was collected from three rumen fistulated steers
and transported to the laboratory using thermos flask that have been pre-warmed to 39°C.
Rumen liquor was taken in the morning before animals were offered feed. A duplicate sample
0.5 g each was incubated with 30 ml of rumen liquor in 100 ml test tube in water bath at
39°C for a period of 48 hour for microbial digestion followed by another 48 hour for enzyme
digestion with acid pepsin solution. Blank samples containing buffered rumen fluid was
incubated in duplicates for adjustment. Drying of samples residues were done at 105°C for
24 hours. The samples were then ashed to estimate [IVOMD. An IVOMD analysis was carried
out at Holeta Agricultural research center animal feed analytical laboratory.

Metabolisable energy (ME) was calculated from IVOMD using the equation: ME (MJ kg™
DM) = 0.15*IVOMD (Pinkrton, 2005).

3.3.6. In Sacco digestibility

In Sacco digestibility was also done at Holeta Agricultural Research Center animal Nutrition
analytical laboratory. Composite samples of Napier grass for each treatment were taken and
dried in a forced draft oven at 60 °C for 72 hours. Samples were grounded through a 2 mm
screen (mesh) using Wiley mill for in Sacco digestibility.

Nylon bag have Number 6.5x14 cm dimension with a pore size of 41 mm was taken into an
oven dry at 60—65°C for 30 minutes and measure their empty weights immediately or after
allowing to cool to room temperature in a desiccators and 3.0 g of dried forage samples were
tightly using nylon string which is resistant to rumen micro-organisms and then take in three
rumen fistulated steers for 0, 6, 12, 24, 48, 72 and 96 hours. Each feed sample was incubated
in duplicates in the three steers for any one incubation time. At the end of each incubation
hours, all the bags (including the zero hour samples) were immediately washed with cold
water for about 30 minutes in a washing machine or under running tap water while rubbing
gently between thumb and fingers until the water runs clear and then the washed bags were
dry in an oven at 60-65°C for about 48 hours. Duplicate bags of each sample were washed
without incubating in the rumen in order to determine the washing loss. The dried bags were

then taken out of the oven and allowed to cool down in desiccators and weigh immediately.
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The digestibility or Disappearance of DM (DMD) and OM (OMD) of each incubation time
were determined as (AOAC, 1990).
Disappearance = (SWa - BW) x DMa - (SWb - BW) x DMb

(SWa - BW) x DMa

Where:

SWa = Weight of the original sample + nylon bag

BW = Weight of empty nylon bag

DMa = Dry matter of feed sample

DMb = Dry matter of residue sample

SWb = Weight of the sample + nylon bag after incubation
The DMD and OMD values at various times of incubation is fitted to the exponential
equation;p=a+b (1l —e ™).
Where; a= washing loss (rapidly soluble fraction); b= slowly degradable fraction and c= the
rate of degradation, e =the natural logarithm, p = the potential disappearance of DM / OM at
time t and t = time as described by(@rskov et al., 1981) using the Neway Excel
programme(Chen, 1995). The potential degradability (PD) was estimated as
PD = a + b Whereas the effective degradability of DM and OM (ED) was calculated
using(Orskov and McDonald, 1979) formula: ED = a + [(b*c)/(c + k)] at 0.03/hour for grass

rumen out flow rate (k). Where a, b and c are as described above and k = passage rate.

3.3.7. Statistical Analysis

Data were subjected to ANOVA procedure by using SAS software (SAS, 2009 version 9.3)
(Littell et al., 2002). Significant means were separated and compared using Least Significant
Difference (LSD) test at 5% significant level. The model used for data analysis was:-

Y ij=p+ Ti+ Bi+ e

Where;

Y ij= Individual observation

u = overall mean

Ti= treatment effect,

Bi=block effect

eii= Residual error
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Since fistulated animals were used as a replication, the analysis of variance model for the in
Sacco degradability parameters were

Y ij=p+ Ti+ Ai+ej

Where:

Yij = individual observation

u = overall mean

Ti = Treatment effect

Ai = Animal effect

eij = residual error
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4. RESULTS AND DISCUSION

4.1. Soil Physical and Chemical properties of the Study Area

4.1.1. Soil Physio- chemical properties before planting of forage

The soil physio-chemical analysis results before planting were shown in Table 3. The
variations observed in most of the soil parameters such that soil pH, available phosphorus
(AP), total nitrogen (TN), organic carbon (OC), organic matter (OM), and Cation exchange
capacity (CEC) were not statistically compared but would help to see the general nutrient
status of the soil before forage planted and after forage harvested. The pH of the soil of the
composite sample before planting was 5.8 indicating that the soil was moderately acidic

based on the rating suggested by (Karltun ez al., 2013).

The AP (5.9 ppm) of the study area before forage planted was rated as low based on
classification that categorize a relative range of extractable phosphorous of 0.5 ppm, 6-10
ppm, 11-15 ppm, 16-20 ppm and 21-25 ppm as very low, low, medium, high and very high,
respectively (Waugh, 1973). The TN, OC and OM percentage content of the study area
before planting was 0.35, 3.72 and 6.41, respectively.

4.1.2. Soil Physico- chemical properties after forage harvested

The pH of the soil after harvest showed slight changes above or below the initial soil pH
value depending upon the treatment combinations. The changes in soil pH above the initial
value was noticed for treatments T1, T2, T3, T4 and T9.This small change might be due to
high organic matter content of the soil that influences the change in pH values. The current
result agreed with Abebe (2007) who reported that the soil which has high pH value contain
high organic matter.

The AP for soil samples after harvest was lower than the initial soil P level. This might show
that utilization of P by the grass and/or legume was high. P might have also been locked by
fixation as the soil had an acidic condition. The AP values after forage harvest in the Napier
grass with 0.75m x0.5m space intercropped by cow pea (T8) was increased and decreased in
the rest treatments. The reduction in the AP is due to the sole Napier grass at different intra
space and/or some mixture legumes using the available nutrient and at increase observed is

due to the contribution to the soil by the legumes that has shown better with more proportion
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intra spaces of the Napier grass. Teshome et al, (2012) reported that legumes in

the mixture treatments facilitate the utilization of phosphorous.

OM will help to raise the pH and thereby have soil acidity partly corrected. At the same time
the potential of such soils to provide mineralized ammonium-nitrogen and nitrate-nitrogen
would be increased (Abebe, 2007). Except Napier grass intercropped with cowpea by 0.75m
x0.5m spaces (T8) the OC and/or OM content of the soil was higher for soil samples taken

after harvest as compared to the before planting soil samples (Table 4).

Total nitrogen (TN) is more often deficient than any other essential element in soils in
general and acid soils in particular (Abebe, 2007). However, an excess amount on N in
relation to other nutrients such as Phosphorus (P), potassium (K) and sulphur (S) can delay
crop maturity (Brady and Weil, 2008). Except in the sole Napier grass planted with 1m x
0.5m space (T1) in all treatments TN content of the soil was higher for soil samples taken
after harvest as compared to the before planting soil samples (Table 4) and this could be due
to the N fixation by the respective legume mixtures and lower TN in the sole Napier grasses
planted with 1m x 0.5m space (T1) was due to the absorption of only soil N by the Napier
grass. According to the Netherlands Commissioned Ministry of Agriculture and Fisheries
(1985) all of the soil samples analyzed after forage harvested were classified in the Very high
range of the total nitrogen percentage contents. Similarly (Murphy, 1968; Tadesse et al.,
1991) also classified the soil total nitrogen content less than 0.10% as low, 0.10-0.15% as

medium, 0.15-0.25% as high and greater than 0.25% as very high.

CEC is the reversible process by which positive ions or exchangeable cations are exchanged
between the negatively charged solid and the liquid phase of soils (Abebe, 2007). Reduction
of CEC values after forage harvest in the sole Napier grass planted with 0.5m x 0.5m space
(T9), the Napier grass with 0.5m X 0.5m space intercropped with cowpea (T3), Napier grass
with 0.75m X% 0.5m space intercropped with cowpea (T8) and Napier grass with Im x 0.5m
space intercropped with lablab (T7) and increase in the sole Napier grass planted with Im
x0.5m and 0.75m X 0.5m space (T1) and(T6) and Napier grass with 0.75m X 0.5m space
intercropped with lablab (T2), Napier grass intercropped with cowpea with Im x 0.5m space
(T4), and Napier grass with 0.5 m x 0.5m space intercropped with lablab (T5). The reduction

in the CEC is due to the sole Napier grass using the available nutrient and the increase is due
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to the contribution to the soil due to the legumes that has shown better with more proportion

of the legumes in the mixture treatments (Animut and Hailemariam, 2014).

Table 3: Some soil physicochemical properties after and before forage harvested

Treatments PH Available Nutrient (%) CEC
(1:2.5 H,0) (ppm) (mg/100 g soil)
P oM oC TN

CS 5.8 5.90 6.41 372 0.3l 40.10
T1 6.0 4.22 6.84 397 031 40.90
T2 6.0 4.02 642 372 032 40.16
T3 59 4.14 6.89 4.00 0.34 37.98
T4 59 3.24 6.85 397 03l 41.72
T5 5.8 3.94 6.74 409 035 41.86
T6 5.8 3.44 6.72 4.07 035 40.46
T7 5.7 3.43 6.29 411 035 34.84
T8 5.8 5.52 630 3.66 0.32 36.38
T9 6.0 4.10 696 4.04 035 36.44

T1= Pure Napier grass at Im row spacing, T2= Napier grass intercropped with lablab at
0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing, T4=
Napier grass intercropped with cowpea at Im row spacing, T5= Napier grass intercropped
with lablab at 0.5m row spacing, T6= Pure Napier grass at 0.75m row spacing, T7= Napier
grass intercropped with lablab at 1m row spacing, T8= Napier grass intercropped with
cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row spacing, PH = power of
Hydrogen, P = Phosphorus, TN = total nitrogen, OC = organic carbon, OM = organic matter, CEC =
Cation exchange capacity, ppm = parts per million, mg = milligram, g = gram, mmhos= mili mhos,
Cs=composite soil sample
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4.2. Agronomic parameters

The results of effect of intercropping of Napier grass with lablab and cowpea at different
planting densities on some plant morphological characteristics of Napier grass were
presented in Table 5. Except for plant height (PH) and number of leaves per tiller (NLPT)
other agronomic parameters were significantly affected by intercropping of lablab and

cowpea with different spaces of Napier grass (p<0.05).

4.2.1. Plant Height

Plant height of Napier grass was not affected (P>0.05) by Napier grass intercropping with
lablab and cowpea at three different planting densities Table.5. This is in agreement with
the reported of Animut and Hailemariam ( 2014) that stated different legumes mixed with
Sudan grass by different ratio had no much variation on plant height. However, relatively
within the treatments the longest height was measured at napier grass intercropped with
cowpea (T3) at 0.5m x 0.5m space has (182.75cm) followed by sole napier grass with
0.5m x 0.5m space (T9). This result was agreed Abdallah et al, (2015); Tilahun et al.,
(2017) who reported that narrow space give a longest height of dasho grass when
harvested at different age maturity by different spaces, rather wider space of dasho grass
was depressed. The current result was also in agreement with the report of Olanite et al.
(2010) who noted that plant height of S. almum were greater at less dense row spacing than

high dense row spacing.

4.2.2. Number of tillers per plant

Number of tillers per plant (NTPP) of Napier grass was significantly (p<0.05) affected by
intercropping of lablab and cowpea by three different densities. The Napier grass
intercropped with lablab at Im x 0.5m space (T7) had highest (NTPP) as compared to the
other treatments. While Napier grass intercropped with lablab (T5) at 0.5 m x 0.5m space
had lower Number of tiller per plant (NTPP) when compared with sole Napier grass
planted by the same spaces i.e. 0.5m x 0.5m space (T9) and this might be due to the
increased amount of legumes intercropped and lower amount of the grass returned
development of root at the time when the plant formed many tiller due to narrow space

that did not get enough space.
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Table 4: Least square means and standard errors for morphological characteristics of

Napier grass

Morphological characteristics

s PH (cm) NTPP LL (cm) TNLPP NLPT

T1 165.25£9.72  25.00+£2.64®  108.92+1.81%" 245.66+521™%  12.17+1.01
T2 161.75+19.22  22.33+3.52%  117.08+4.63"  246.08+1.58"¢  13.17+0.71
T3 182.75+16.09  18.00£0.57%  116.80£1.97° 264.92+5.35*  12.25+1.52
T4 155.92422.70  24.33+1.76™  108.42+4.29" 236.67+2.48°  14.34+1.55
T5 161.17+18.47 16.33+2.33°  111.08+6.12%° 258.83+9.16™  13.25+1.37
T6 154.42+15.17  24.00+£3.00  104.17+3.75° 242.67+7.08°  10.82+1.34
T7 169.17+11.02  26.66+1.33"  114.08+1.02® 263.00£1.29°  12.65+2.55
T8 160.58+9.75  19.00£3.60°  114.17£2.51™ 248.08+1.37°¢  12.67+1.52
T9 173.17+15.80  19.66+1.33"% 116.50+1.84* 254.83+3.62™°  12.50+0.63
Mean 165.65 21.70 112.28 251.29 12.64
P-value  0.8017 0.0096 0.0420 0.0086 0.9157
abcde

Means in a columns, values followed by different letters differ significantly (P < 0.05),
T1= Pure Napier grass at Im row spacing, T2= Napier grass intercropped with lablab at
0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing,
T4= Napier grass intercropped with cowpea at Im row spacing, T5S= Napier grass
intercropped with lablab at 0.5m row spacing, T6= Pure Napier grass at 0.75m row
spacing, T7= Napier grass intercropped with lablab at 1m row spacing, T8= Napier grass
intercropped with cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row
spacing, LL = Leaf length, NTPP =Number of tiller per plant, PH= plant height

Napier grasses intercropped with cow pea (T3) at 0.5m x 0.5m space and Napier grasses
intercropped with cow pea (T8) at 0.75m x 0.5m space had lower when compared to the
sole Napier grass planted at 0.5m x 0.5m (T9) and 0.75m x 0.5m (T6) space. Napier grass
intercropped with cowpea (T4) at Im x 0.5m space was lower as compared to the values

in sole Napier grass planted at Im % 0.5m space (T1).

4.2.3. Leaf length

For the leaf length (LL), the intercropped Napier grass with legumes at three different
planting densities was significantly (p<0.05) longer than the sole Napier grass planted
with three different spaces across all the treatments. The longest LL was recorded for
Napier grass intercropped with lablab (T2) at 0.75m X% 0.5m space followed by Napier
grasses intercropped with cow pea (T3) at 0.5m % 0.5m space. The higher yield at closer
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spacing is attributed to the higher tiller height and number per unit area, as well as to
number of leaves per plant. The result is in line with the finding of Alalade et al. (2014)
who recorded highest mean values of leaf length for Panicum maximum when
intercropped with Stylosanthes hamata and Canavalia than for the sole Panicum
maximum. Yasin et al. (2003) reported that narrow planting density (10 and 30 cm)
produced longer leaves than wider planting density (10 and 50 cm) supports the results of
which that narrow spacing in Napier grass increased interplant competition, causing
individual plants to grow taller with longer internodes, plus slender, thin and weak stalks

due to poor light exposure and hence poor photosynthetic output.

4.2.4. Total number of leaves per plant

In the forage agronomy the Leaves are an excellent indicator of Herbage yield and
nutritional quality and the higher the amount of leaves has the higher content of protein
and digestible dry matter (Miller, 1984). Total number of Leaves per plant (TNLPP) which
determines the photosynthetic capacity of the plants was significantly (P<0.05) affected by
intercropping legumes at different planting densities (Table 5). The highest TNLPP
(263£1.29) and (264.92+5.35) were obtained from Napier grass intercropped with cowpea
and lablab at narrow spaces ie. 0.5m % 0.5 m space(T3) and 1mx0.5m space(T7)
(Table.5). This is in line with Ishiaku (2016) who reported that total number of leaves per
plant (TNLPP) of columbus grass (Sorghum almum) was greater at the lower planting

density under rain fed conditions in Nigeria.

4.2.5. Number of leaves per tiller

Number of leaves per tiller (NLPT) was not affected (P>0.05) by Napier grass
intercropping with legumes at different planting densities spaces (Table.5). But
numerically the Napier grass intercropped with cowpea (T4) at Im X 0.5m space had
highest NLPT as compared to the other treatments followed by Napier grass intercropped
with lablab at 5Sm % 0.5m space (T5). Whereas the sole Napier grass planted at 0.75m x
0.5m space without intercropped (T1) followed by sole Napier grass planted at 0.5m
x0.5m space without intercropped (T9) had lowest NLPT.
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4.3. Herbage Yield Determination

Dry matter yield (DMY) over nine treatments were affected (P <0.05) by Napier grass
intercropping with lablab and cowpea at three different planting densities (Table.6). The
pure stand of Napier grass (T9) planted at 0.5m x 0.5m spaces had more DMY (23.06%)

as compared to the other treatments.

Nevertheless, improvement in the DMY of napier grass with three different spaces
intercropped with legumes had been observed where the Napier grass intercropped with
lablab (T2) at 0.75m X 0.5m space had the highest followed by sole napier grass planted
without intercropped at 0.5m x 0.5m space (T6), Napier grass intercropped with cowpea
(T3) at 0.5m x 0.5m space and napier grass intercropped with lablab (T7) at Im x 0.5m
space. The current study agreed with the finding of Animut and Hailemariam (2014) who
noted that significant (P <0.05) variation was observed in the biomass yield when Napier
grass intercropped with legume grown as mixture. This result was agreed with many other
previous findings. For instance, Wijitphan et al. ( 2009b) showed that there was an
increment of biomass in Napier grass intercropped with lablab association and Napier
grass biomass is increased when inter and intra row spacing is decreased. Zewdu (2008)
noted that difference in DM yield among the different plant density in Napier grass and
DMY increased as plant density increased. Wijitphan ef al (2009b) obtained the
maximum green matter yield of forage with 0.5m x 0.5m spacing. The current study
contradicts with other previous finding. For instance, Njoka-Njiru et al. (2006b) did not
observe significant effect (P>0.05) in DMY of Napier grass when it is intercropped with
Seca stylo and siratro, rather herbage yield of Napier grass was depressed. Mohammed et
al, (2016) also noted that Spacing and intercropping legumes with Napier grasses had no
significant effect (P>0.05) on DMY of the Napier grass.

Intercropping has a highly significant effect on the total dry matter yield (TDMY) and
total crude protein yield (TCPY) (P<0.05). In evaluating forage crops, CP content should
not be used as the only parameter to be considered. It is the CPY, which describes the
overall and actual productivity of quality forage. Intercropped Napier grass with lablab
and cowpea had higher TCPY value at three different planting densities.
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Table 5 : Least square means and standard errors for productivity yield Napier grass

(ton/ha)
Herbage productivity yield (ton/ha)
Treatments

DMY CPY TDMY TCPY
T1 536+ 0.53bc  0.74+0.12 4.48+ 0.44b 0.62+ 0.10d
T2 6.83+£0.54ab  0.97+0.075 10.69+0.53a 1.53+0.08a
T3 5.93+0.58abc  0.90+0.11 9.52+0.77a 1.41£0.09a
T4 4.93+£0.37bc  0.73£0.057 9.10+0.85a 1.25+0.07ab
T5 4.80+0.31c 0.73+0.08 9.43+0.11a 1.39+0.00a
T6 6.23+0.76abc  0.74+0.08 5.29+0.64b 0.62+0.07d
T7 5.65+1.16abc  0.86+0.16 9.35+0.95a 1.36+0.14a
T8 5.38+0.05bc  0.74+0.01 10.01+0.26a 1.05+0.21bc
T9 7.51+£0.80a 0.94+0.10 6.26+0.66b 0.77+0.08cd
Mean 5.33 0.82 8.23 1.11
P-value 0.04632 0.4716 <.0001 <.0001

abed

Means in a columns, values followed by different letters differ significantly (P < 0.05),
T1= Pure Napier grass at Im row spacing, T2= Napier grass intercropped with lablab at
0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing,
T4= Napier grass intercropped with cowpea at Im row spacing, T5= Napier grass
intercropped with lablab at 0.5m row spacing, T6= Pure Napier grass at 0.75m row
spacing, T7= Napier grass intercropped with lablab at Im row spacing, T8= Napier grass
intercropped with cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row
spacing, CPY= crude protein yield; DMY= dry matter yield; TCPY= Total crude protein yield
(Crude protein yield of napier grass and both legumes; TDMY= Total dry matter yield (the sum of
all harvests forages of Napier grass and both legumes from each plots).

Whereas sole Napier grass of TCPY mean comparison treatments were not significant
(P>0.05). This is due to the component legumes had benefitted through transfer of fixed
N2 by the legume components to grass intercropped with legume mixture was possibly to
utilizing the additive resources soil nutrients more efficiently (Geleti et al., 2003). The
present result is in agreement with the finding of (Mohammed et al, 2016) who reported
that intercropping of Napier grass with lablab produce significantly higher TDMY and
TCPY when compared to the sole Napier grass.

As shown in Table 7, significant effect (P<0.05) were observed on DMY of lablab and

cowpea intercropped with Napier grass by three different spaces also significant effect
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(P<0.05) observed on mean comparison were observed on CPY of lablab and cowpea
intercropped with Napier grass by three different spaces. This is in line with Hassen et al.
(2006) who reported that Lablab produced more forage DM both as a pure crop and as a

simultaneously planted intercrop .

Table 6: Least square means and standard errors Herbage productivity yield for lablab and

cowpea intercropped at different planting density

Legume types Row spacing Herbage productivity yield (tone/ha)
DMY CPY
Lablab Imx 0.5m 3.64+0.29" 0.77+0.05"
0.75mx 0.5 m 3.8620.39" 0.87£0.11%
0.5mx0.5m 4.63+0.32° 0.98+0.05°
Cowpea Imx 0.5 m 4.17+0.48" 0.89+0.08%
0.75mx0.5m 4.63+0.21 0.98+0.04
0.5mx0.5m 3.59+0.37° 0.78+0.04°
Mean 4.09 0.88
P —value 0.033 0.039

“*Means in a columns, values followed by different letters differ significantly (P < 0.05); CPY =
Crude Protein Yield; DMY = Dry Matter Yield; ha = hectare; M = meter

4.4. Chemical Composition

Analysis of variance showed that there was a significant (P<0.05) effect of intercropping
of lablab and cowpea with Napier grass at three different planting densities on Ash,

organic matter (OM), crude protein (CP) and neutral detergent fiber (NDF) (Table 8).

Regarding the DM content, there was no significant (P >0.05) variation among the DM
values of the sole Napier grass and intercropping with legumes. This can be attributed to
the differences in soil related factors, climate and probably the physiological stage of the
plant at harvest. Animut and Hailemariam (2014) reported that not observed different DM

value when Sudan grass intercropping with lablab at different plant mixing proportion.

The ash content is the concentration of minerals in the forages. Forage with higher ash
content indicates a high concentration of minerals. The ash content was highest (P<0.05)

for Napier grass Im x 0.5m space intercropped with lablab (T7) and was least for Napier
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grass with 0.5m x 0.5m space intercropped by cowpea (T3) and for Napier grass with 1m
x 0.5m space intercropped cowpea (T4). The concentration of minerals in forage varies
due to factors like plant developmental stage, morphological fractions, climatic conditions,
soil characteristics and fertilization regime (McDowell and Valle, 2000; Jukenvicius and
Sabiene, 2007). Animut and Hailemariam (2014) observed that sole Sudan grass planted
without lablab and cowpea showed significant variation (P < 0.05) on the ash content of

forage.

Analysis of variance showed there was significance different (P<0.05) on Napier grass
intercropped with lablab and cowpea at three different planting densities on %OM content
of Napier grass (Table 8). Organic matter (OM) is inversely related to Ash value and the
lower Ash value content has higher OM content and vice versa. Among Napier grass
intercropped with lablab and cowpea at three different planting densities the highest
percent of OM was recorded from Napier grass intercropped with cowpea (T3) at 0.5m X
0.5m space (90.85+0.52%) followed by Napier grass intercropped with lablab (TS) at
0.5m x 0.5m space (90.03£037%) and Napier grass intercropped with cowpea (T4) with
Im x 0.5m space (90.01£0.07%) and the lowest value (88.984+0.46%) was obtained from
Napier grass intercropped with lablab (T7) at Im x 0.5m space.

Significant variation was observed (P < 0.05) in the CP content of Napier grass
intercropping with cowpea and lablab of the treatments at different planting densities. The
Napier grass intercropped with cowpea (T4) at Im x 0.5m space had highest in the %CP
content followed by Napier grass intercropped with lablab(T7) at Im x0.5m space while
the sole Napier grass planted at 1m x 0.5m space (T1) has the lowest followed by sole
Napier grass planted at 0.75m x 0.5m space (T6) of all. The difference in %CP content of
the studied Napier grass might be due to atmospheric nitrogen fixation by the respective
legumes intercropped. This result is in line with the findings of Bayble et al. (2007) who
reported that Napier grass associations with lablab and desmodium resulted in higher (P <
0.05) CP content than sole Napier grass or when harvested forage at ninety days. The CP
content of all treatments is above the minimum level of 7% required for optimum rumen
function (Van Soest, 1994). The main advantages of legume-cereal mixtures have been
increased CP yield relative to sole cereal crops (Demissie et al., 2017). Legumes supply
nitrogen to grass-legume mixtures, so it may produce more forage yield than grasses

grown alone and grasses grown in intercropping with legumes also contain a higher
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percentage of protein. Liu et al. (2006) concluded that crude protein of plants in

intercropping system was increased when compared with those for mono-cropping maize.

The neutral detergent fiber (NDF) content of a feed is important for determining within the
parameter of digestibility. Roughage diets with NDF content of 45-75% and below 45%
were generally considered as medium and high quality feeds respectively (Singh and
Oosting, 1992). Accordingly, the current results in NDF content lies in medium range
signifying the good nutritional value of the forages of the current study. According to Van
Soest (1982) reducing the contents of in NDF content has been associated with increasing
digestibility and hence improve feed intake. The lower NDF content in Napier
grass/legume associations as compared to Napier grass sole indicated improvement in
nutritive value, since decrease in NDF content has been associated with increase in
digestibility and hence feed intake (Van Soest, 1994). Legumes benefited Napier grass by
fixing atmospheric nitrogen and therefore improving the CP content and reducing the

fibers content of forages (Schwenke and Kerridge, 2000).
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Table 7: Least square means and standard errors for Chemical composition of Napier grass

Ttrs Chemical composition (%for DM basis and %DM for others)

DM Ash OM CP NDF ADF ADL Hemi. Cellu.
Tl 94.07+0.11  10.30£0.06™  89.71£0.06™ 12.22+0.5°  66.78+1.61° 43.50£1.94 9.24+0.40 23.28+0.37 34.26+1.53
T2 94.57+0.63  10.30£0.33®  89.70+0.33*° 14.85£0.20°  63.20+0.51°  42.06+0.53 8.94+0.35 21.14+0.61  33.11£0.39
T3 94.23+0.22  9.15+0.52° 90.85+0.52"  14.19£0.26™ 63.39+1.35" 43.28+1.54 9.31£0.23 20.11+0.48  33.96+1.31
T4 93.97+0.16  9.99:+0.07™ 90.01£0.07° 15.34+0.28"  63.29+0.66°  41.93+0.36 8.79+0.65 21.36£0.56  33.14+0.89
T5 93.90+£0.21  9.97+0.37™ 90.03£0.37" 13.19+0.50*°  63.90+0.74°  40.86£0.41 8.60+0.16 23.04£1.09  32.26+0.57
T6 94.18+0.09  10.24£0.75™  89.76£0.75™ 12.65+0.51°  64.63+0.44" 43.17+0.98 8.82+0.37 21.47+1.42 34.35+0.64
T7 93.93+0.13  11.02+0.46°  88.98+0.46° 15.15+0.53"  63.37+0.53"  42.02£0.54 9.21+0.23 21.35+0.157 32.81=0.33
T8 93.90+£0.09  10.430£0.11"  89.57+0.11*° 14.31£0.35" 63.46+0.81° 42.06£0.68 8.88+0.17 21.40+0.33  33.17+0.52
T9 94.23+0.06  10.50£0.37"  89.50£0.37™ 13.28+0.69*° 63.57+0.30"  42.93£1.10 9.14+0.87 20.65+1.23  33.78=1.79
Mean  94.11 10.21 89.79 13.91 63.95 42.42 8.99 21.53 33.43
P-value 0.628 0.034 0.034 0.002 0.054 0.648 0.657 0.256 0.885

a, b,c

Means in a columns, values followed by different letters differ significantly (P < 0.05); TI= Pure Napier grass at Im row spacing, T2= Napier grass

intercropped with lablab at 0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing, T4= Napier grass

intercropped with cowpea at Im row spacing, TS= Napier grass intercropped with lablab at 0.5m row spacing, T6= Pure Napier grass at

0.75m row spacing, T7= Napier grass intercropped with lablab at Im row spacing, T8= Napier grass intercropped with cowpea at 0.75m
row spacing, T9= Pure Napier grass at 0.5m row spacing, ADF = Acidic detergent fiber, ADL = Acidic detergent lignin, CP = Crude protein, DM= Dry
matter, NDF=neutral detergent fiber, Trts=treatment
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Intercropping Napier grass with lablab and cowpea at different planting densities have a
significant impact (P<0.05) on %NDF contents of the Napier grass. The least %NDF
contents was recorded from Napier grass intercropping with cowpea and lablab compared
to sole Napier grass planted with three different space. Among Napier grass planted sole
and intercropped with legumes at different planting densities the highest value was
recorded from Napier grass planted sole at 1m x0.5m space (T1) (66.78+1.61%) followed
by Napier grass planted sole at 0.75m x 0.5m spaces (T6) (63.46+0.44%) while the rest
treatments are statistically similar. This current result agreed with Njoka-Njiru et al.
(2006b) who noted that intercropping of Napier grass with legumes has significant effect
on NDF contents of the forage. Bayble ef al. ( 2007) noted that intercropping Napier grass
with legumes has an advantage in reducing NDF content of forage. However the current
result was disagreed with the finding of Mohammeda et al.(2016) who noted that
Spacing, intercropping and interaction of spacing with intercropping Napier grass with
lablab has no significant effect on NDF contents of the forage. This difference is might be
due to atmospheric nitrogen fixation by the respective legumes are improve nutritional
values. Generally, the mean values of NDF (63.95%) obtained in the present study was
lower than the mean NDF values of reported by Animut and Hailemariam (2014) around
70.36% . The variability in %NDF content might be attributed to varietal difference of the

legumes mixed with the grass at two studies.

Intercropping legumes at different planting densities did not have a significant impact
(P>0.05) on DM, ADF ADL, Hemicelluloses and cellulose contents of the forage. There
was no significant variation observed (P > 0.05) in the ADF values in all treatments. This
result is in line with the finding of Mohammed ef a/ (2016) who noted that there is no
significant effect (P > 0.05) of intercropping and spacing and their interactions on DM,
ADF, ADL, and cellulose and hemicelluloses.

Njoka-Njiru et al., (2006b) also reported that the level of fibers remained unaffected but
only the ADF content was significantly more in sole Napier grass than Napier grass grown
with legumes. Conversely, Bayble et al. (2007) noted that intercropping Napier grass with
lablab resulted to significantly in reducing ADF content of forage at 90 days cutting stage
but in that study both lablab and Napier grass were harvested together as a mixture.

The composition and content of cell walls are the key factors affecting herbage

digestibility.
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Napier grass intercropping with lablab and cowpea at different planting densities had no
significant (P>0.05) effect on ADL. Ishiaku (2016) reported that ADL value of Sorghum
almum were not affected significantly (P>0.05) when planted with different planting
densities. However, the result of the current study was contrary with Tilahun et al. (2017)
who reported that desho grass was affected by harvesting age and planting densities in the
highlands of Ethiopia. However all the treatments consisted ADL value below 10% which
limits DM intake (Reed et al, 1988). Lignin is a component that gives strength and
resistance to plant tissue thereby limiting the ability of rumen microorganisms to digest

the cell wall polysaccharides.

Analysis of variance show that there was not significant (P>0.05) effect of Napier grass
intercropped with lablab and cowpea at different planting densities on hemicelluloses.
However, the highest hemicelluloses content (23.28+0.37%) was recorded from sole
Napier grass at Im x 0.5m space (T1) followed by Napier grass intercropped with lablab
(T5) at 0.5m x 0.5m space (23.04+1.09%) whereas the lowest (20.11+£0.48%) was
recorded from Napier grass intercropped with lablab (T3) with 0.5m X 0.5m space
followed by Napier grass at 0.5m x 0.5m planting space without intercropped (T9)
(20.65+65) but statistically similar with the rest of treatments. This result is in line with
Mohammed ef a/.(2016) who reported that no significant effect (P>0.05) of intercropping
and spacing and their interactions on hemicelluloses and cellulose. Contrarily, the result
was disagrees with Demissie et al. (2017) who reported that significant effect (P<0.05)
observed when Mixed Pure Stands of Oats and Vetch by different plant population on
hemicelluloses contents oats forage. Such variation might be associated with
environmental factors. The higher hemicelluloses content in the feed limits forage intake

and digestibility (Lundvall et al., 1994).

The cellulose content of Napier grass did not show significant (P > 0.05) difference on the
Napier grass intercropping with legumes and planted alone at three different planting
densities. However, numerically the highest celluloses content (34.35+0.64%) was
recorded from sole Napier grass at 0.75m x 0.5mplanting space without intercropped (T6)
followed sole Napier grass at Im x0.5m space without intercropped (T1) (34.26+1.53)
whereas the lowest (33.11+0.39%) was recorded from plants Napier grass intercropped
with lablab (T2) at 0.75m x 0.5m space with a mean of (33.11%). This result was
contrarily with Demissie et al. (2017) who reported that Mixed and Pure Stands of Oats
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and Vetch significantly affected (P<0.05) of the cellulose contents oats forage. This
difference might be due to harvest time, different ecological conditions and varietal

materials different.

4.5. In vitro Digestibility

4.5.1. In Vitro dry matter digestibility

Napier grass at different planting densities intercropped with lablab and cowpea had
significant effect (P<0.05) on the in vitro dry matter digestibility (IVDMD) (Table 9).
Napier grass intercropped with lablab (T7) and cowpea (T4) at spacing of Im % 0.5m has
highest IVDMD with the mean result of (64.85+£1.99%) and (66.92+0.66%) value
respectively while other mean comparison were not significant (P>0.05). On the other
hand, sole Napier grass planted at plant spacing of 0.5m x 0.5m (T9) has the lowest value
of the IVDMD and generally IVDMD increased with wider spaces of Napier grass in the
sole and intercropped at three different planting densities. The result noted by Bayble et al.
(2007) for IVDMD of Napier grass at spacing of Im x 0.5m intercropped with lablab
harvested at 90 days was (68%) and it was higher than the mean result (64.85+£1.99%)
for Napier grass at Im x 0.5m space intercropped with lablab of the present finding. Such
variation could be associated with various factors like rain, humidity, light and
temperature, soil fertility, and other management practices have very profound influence

on [IVDMD of Napier grass (Assefa and Ledin, 2001).

The nutritive value of forages like voluntary feed intake, crude protein and structural
carbohydrates and the digestibility of the grass could be improved when inclusion of
associated legume with grass (Demissie et al, 2017). Grass associated with legume
inclusion might increase feed intake as the IVDMD and feed intake are positively
correlated (Van Soest, 1994). The IVDMD value of Napier grass with different spaces
intercropping by lablab and cowpea of the current study was fit the digestibility of tropical
grasses which lies between 50 to 60% (Owen and Jayasuriya, 1989).

36



Table.8: Least square means and standard errors for /n vitro dry matter (IVDMD), organic

matter digestibility (IVOMD) and ME content of Napier grass

Treatments IVDMD & IVOMD percentage values (%)
IVDMD (%) IVOMD (%) ME (MJ/ kg)
Tl 55.75+1.74° 56.86+2.29% 8.53+0.34%¢
T2 57.64+1.06 58.20+1.58"¢ 8.73+0.23
T3 55.82+1.17° 62.22+0.82% 9.33+0.12%°
T4 66.92+0.66° 60.70+1.28% 9.33+0.19%
T5 54.26+2.01° 60.39+0.582> 9.06+0.08"*
T6 53.99+0.90° 57.69+1.66% 8.65+0.25%
T7 64.85+1.99% 63.73+0.98" 9.56+0.14*
T8 56.77+1.54° 56.35+2.16% 8.45+(.32%
T9 53.03+1.87° 52.58+0.65° 7.88+0.09°
Mean 57.67 58.75 8.81
P —value <.0001 0.0012 0.0012

“bcdeNeans in a columns, values followed by different letters differ significantly (P < 0.05);
T1= Pure Napier grass at Im row spacing, T2= Napier grass intercropped with lablab at
0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing,
T4= Napier grass intercropped with cowpea at Im row spacing, T5= Napier grass
intercropped with lablab at 0.5m row spacing, T6= Pure Napier grass at 0.75m row
spacing, T7= Napier grass intercropped with lablab at Im row spacing, T8= Napier grass
intercropped with cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row
spacing, IVDMD = In vitro Dry Matter Digestibility, IVOMD = In vitro Organic Matter
Digestibility, kg = kilo gram, ME = Metabolizable Energy, MJ = Mega Joule

4.5.2. In vitro organic matter digestibility

The effect of intercropping of Napier grass with lablab and cowpea at different plating
densities on IVOMD was significant (P < 0.05). This is in line with the finding of
(Mohammed et al, 2016) who noted that Napier grass intercropped with lablab with
different spaces or planting densities was significantly (P < 0.05) higher values of [IVOMD
than sole Napier grass. Mixing of Napier grass with lablab and cowpea improved the
IVOMD of the Napier grass indicating that the feeding value of Napier grass can be
enhanced in terms of nutrient content and digestibility. The IVOMD values of all the
treatments were above the critical threshold level of 50% required for feeds to be

considered as having acceptable digestibility (Owen and Jayasuriya, 1989).

The forages below this level of IVOMD content may result in reduced feed intake due to
lower nutrient content and digestibility. The highest IVOMD value (63.73%=0.98) was
recorded from Napier grass intercropping with lablab (T7) at 1 m x 0.5 m space and the

lowest value (52.58+0.65%) was recorded from sole Napier grass planted at 0.5m % 0.5m
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space without intercropped with legumes (T9) which was lower than the 67.96% noted by
(Bayble et al., 2007) at ninety days of harvesting. Such variation might be due to a number
of factors likes, climate, season, weather, soil type and fertility, soil moisture,
physiological and morphological characteristics and these factors may vary with annuals
versus perennials, grasses versus legumes, etc. (Kilcher, 1981). Those factors bring rate of
change in nutrient composition and digestibility with advancing plant development and
maturity stages. Generally, increased with wider spaces of Napier grass in the sole and in

intercropped.

4.5.3. Metabolizable energy

Since the ME was calculated from IVOMD values in this study, the ME content took a
similar trend like that of IVOMD, and generally increased with increasing proportion of
legumes in the mixture. Metabolizable energy of all treatments were above the critical
threshold level of 7.5 (MJ kg DM) for roughages and forages as noted by Owen and
Jayasuriya (1989).

4.6. In sacco Digestibility
4.6.1. In Sacco DM disappearances and rumen degradability characteristics

Analysis of variance show that there was a significant effect (P<0.05) of Napier grass
intercropping with lablab and cowpea at different planting densities on the in sacco dry
matter disappearances (INDMD) of Napier grass at 12 and 72 hours of incubation time
(Table 10). Across all incubation periods (Table.10) there was the trend in variation of the
incubation hours between Napier grass intercropped with two legumes and Napier grass
planted alone at different planting densities. Napier grass intercropped with lablab at 1m x
0.5m spaces (T7) had higher disappeared percent value when compared with Napier grass
grown alone at the same space (T6) and similar trend Napier grass intercropped with
lablab at 0.5m x 0.5 m (T5) was quick degraded than Napier grass grown alone at the
same space (T9) at 12, 96 and 48 hours of incubation respectively. Napier grass
intercropped with lablab with 0.75m x 0.5 m (T2) was quick disappeared than Napier
grass grown alone with the same space (T6) at 48 hours of incubation. This was in
agreement with (Mohammed ez al, 2016) who noted that Interaction of intercropping and

spacing has a significant effect on in sacco DM disappearance at 12 and 48 hours of
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incubation times (P<0.05). Generally a DM disappearance was higher in Napier grass

intercropped with lablab than alone.

Napier grass intercropping with cowpea (i.e. T3, T4 and T8) at three different planting
densities were disappearance more than Napier grass grown alone at the same planting
densities (i.e. T1, T6 and T9) at 72 hours of incubation. Iz sacco DM recorded at 48 hours
incubation period was highest in Napier grass intercropping with lablab and cowpea and
the lowest value was recorded in Napier grass planted alone at three planting densities
because 48 hours of incubation time is considered as good measurement of in sacco DM
disappearance in the animal digestive system. Generally, from 12 to 96 hours of
incubation, the in sacco DM disappearance also increases. This is similar to the result
reported by (Klopfenstein et al., 2001a) who reported that in sacco DM disappearance

increase with time incubation hours.

In general, effect of intercropping lablab and cowpea at different plants densities was
significant for DM disappearances across the incubation hour for 12 and 72 incubation
hours. The greatest DM disappearance at 12-hour incubation was recorded in Napier grass
intercropped with cowpea (T4 ) at 1m x0.5m space (40.00+1.64%) followed by Napier
grass intercropped with lablab (T5) at 0.5m x 0.5m space (38.09+1.75) and Napier grass
intercropped with lablab (T7) at 1m x 0.5m space (38.36+0.84%) whereas the lowest DM
disappearance at 12-hour incubation was recorded from Napier grass at 0.75m x0.5m
space without intercropped (T6) (32.37+£1.80%) followed by Napier grass Im x 0.5m
space without intercropped (T1) (33.41+0.72%) and Napier grass with 0.5m x 0.5m space
without intercropped (T9) (36.30+1.77%). Napier grass intercropped with lablab (T7) at
Im x 0.5m space was also the greatest DM disappearances at 72 and 96 h incubation in

contrast to the rest of the treatments (P < 0.05).
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Table 9: Least square means and standard errors for /n sacco DM disappearances of Napier grass

Treatments In sacco DM disappearances (%) at Rumen incubation time (hr)

6 12 24 48 72 96
Tl 21.68+1.17 33.41+0.72°  43.08+4.63  66.77+2.35 72.02+0.14°¢ 82.77+0.47
T2 23.22+0.67 37.23+1.84% 45.27+2.50 71.60+0.58 73.84+0.68%° 83.74+0.50
T3 23.50+1.10 37.87+0.47% 43.34+0.26 68.16+2.43 71.68+0.71¢ 85.04+1.17
T4 21.11+1.07 40.00+1.64" 43.93+0.74 70.87+1.78 72.96+0.86" 84.40+0.90
TS 21.47+0.89 38.09+1.75% 45.35+0.61 72.03+1.57 72.30+1.25° 83.50+0.92
T6 20.98+0.66 32.37+1.80° 42.94+0.66 67.73+£0.45 70.40+1.17° 81.81+0.44
T7 23.80+0.24 38.36+0.84" 46.13+1.07 70.61+0.71 74.88+1.066" 85.28+1.28
T8 22.99+1.58 36.50+1.77% 44.42+0.70 69.05+1.02 74.16+1.28% 84.26+0.24
T9 21.70£1.18 36.30+0.82% 42.81+0.23 66.84+1.43 70.57+1.07¢ 82.82+1.38
Mean 22.27 36.68 44.14 69.29 72.54 83.74
P- value 0.387 0.051 0.855 0.144 0.005 0.160

abcd

means in a columns, values followed by different letters differ significantly (P < 0.05), hr = hour;, DM = dry matter, T1= Pure Napier grass at
Im row spacing, T2= Napier grass intercropped with lablab at 0.75m row spacing, T3= Napier grass intercropped with cowpea at 0.5m row
spacing, T4= Napier grass intercropped with cowpea at Im row spacing, TS= Napier grass intercropped with lablab at 0.5m row spacing,
T6= Pure Napier grass at 0.75m row spacing, T7= Napier grass intercropped with lablab at 1m row spacing, T8= Napier grass intercropped
with cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row spacing
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Yet at a 48-hours incubation, the Napier grass intercropped with lablab (T5) at 0.5m x
0.5m space had the greatest DM disappearances (72.03+£1.57%) followed by Napier grass
intercropped with lablab (T2) at 0.75x0.5m space (71.60+0.58%) and the least value of
DM disappearances Napier grass at Im x0.5m spaces without intercropped (T1)
(66.77+2.35%) and napier grass at 0.5m x0.5m space planted without intercropped (T9)
(66.84+1.43%).

Generally, the highest in sacco DMD was recorded at 96 hours incubation period and the
lowest value was obtained at 6 hours incubation period in all treatments in the present
study. This is similar to the result reported by Klopfenstein et al. (2001b) indicated that
the period of incubation period increases from 0 to 96 hours in the rumen, the in sacco

DM degradability also increases.

Analysis of variance showed that there was a significant effect (P<0.05) of Napier grass
intercropped with lablab and cowpea at different planting densities on the Rumen DM
disappearances characteristics of Napier grass at k= 0.03 per hour of rumen fractional
outflow rates for all treatments except for the slowly degradable fraction and rate of
degradation(c) (Table .11). The greatest washing loss (@) of Napier grass was recorded in
Napier grass intercropped with cowpea and lablab (T4 and T7) at Im % 0.5m space while
the least value recorded was in the Napier grass planted at Im X 0.5m space without
intercropped (T1). For potential degradability(PD) the highest value was recorded in
Napier grass intercropped with lablab (T7) at Im % 0.5m space while in the Napier grass
planted with 0.5m % 0.5m space without intercropped (T9) recorded the least value (P <
0.05).

The highest effective degradability (ED) value was recorded in Napier grass intercropped
with lablab (T7) at Im x 0.5m space followed Napier grass intercropped with cowpea (T4)
at Im x 0.5m space and the least value was recorded in Napier grass planted at 0.75m x
0.5m space without legumes intercropped(T6). Generally, Napier grass intercropping
with lablab has higher Rumen DM degradability characteristics when compared with
Napier grass planted alone at different planting densities. This was in agreement with
(Njoka-Njiru et al., 2006a) who noted that washing loss and effective degradability was
significantly higher in the intercropped Napier grass than the sole Napier grass. Napier
grass intercropping with cowpea at three different planting densities was higher than

Napier grass grown alone with the same space by rapid soluble fractions (wash losing).
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Table 10: Least square means and standard errors for /n sacco dry matter rumen

degradability characteristics

Trts Rumen Degradability Characteristics

a b PD (a + b) c ED ( kp=0.03)
Tl 7.09+0.93 77.66£3.93  84.75+4.75®  0.0343x0.007  47.23+1.88>
T2 10.56+0.31°Y  75.86+1.63  86.42+1.90®  0.0303+0.002  48.45+0.72%
T3 12.88+£0.82°  76.96+2.34  89.85+2.71"  0.0247+£0.002  47.39+0.34°"¢
T4 14.42+0.23*  75.23+£1.49  89.64+1.31°  0.0251+0.001 48.57+0.91%
TS5 11.26£0.44°  74.94+1.01  86.20£0.56™  0.0290+£0.000  48.07+0.56"*
T6 8.59+0.41%  76.43+1.69  85.03+1.29®  0.0277+0.001  45.26+0.44°
T7 15.29+0.10°  76.10+3.29  91.39+3.39"  0.0248+0.002  49.42+0.22°
T8 9.75+0.70%  77.36+1.43  87.1140.84™  0.0286+0.000  47.51+0.02*"
T9 8.36+0.16°  75.66+0.71  84.03+0.58"  0.0294+0.001  45.85+0.56"
Mean  10.92 76.25 87.16 0.02824 47.50
P-value <.0001 0.989 0.036 0.404 0.032

@bede] Means in a columns, values followed by different letters differ significantly (P < 0.05), a=
washing loss (rapidly soluble fraction), b = slowly degradable fraction, ¢ = the rate of
degradation, ED = Effective Degradability, PD = Potential Degradability, TI= Pure Napier
grass at Im row spacing, T2= Napier grass intercropped with lablab at 0.75m row
spacing, T3= Napier grass intercropped with cowpea at 0.5m row spacing, T4= Napier
grass intercropped with cowpea at Im row spacing, T5= Napier grass intercropped with
lablab at 0.5m row spacing, T6= Pure Napier grass at 0.75m row spacing, T7= Napier
grass intercropped with lablab at Im row spacing, T8= Napier grass intercropped with
cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row spacingTrts=treatment

4.6.2. In sacco OM disappearances and rumen degradability characteristics

Analysis of variance showed that there was a significant effect (P<0.05) of Napier grass
intercropping with lablab and cowpea at different planting densities on in sacco organic
matter disappearances (OMD) at 6, 48 and 96 hours of incubation time but No significant

differences (P>0.05) were observed at rest hours of incubation time (Table.12).

Napier grass intercropped with lablab at 0.75m X 0.5m spaces (T2) had the greatest OM
disappearances when compare with Napier grass grown alone planted with the same space
(T6) at 6 hours of incubation and Napier grass intercropped with lablab at 0.5m x 0.5 m
(TS5), Napier grass intercropped with lablab with Im % 0.5 m (T7) were similar OM
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disappearances value with Napier grass grown planted alone with the same space (T9) and

(T1) at 6 hours of incubation.

Napier grass intercropped with lablab at different planting densities has no difference
disappearance percent value than Napier grass grown alone with the same space at 48
hours of incubation. This result disagree with Mohammed et a/. (2016) who noted that
interaction of intercropping and spacing has a significant effect on in sacco OM
degradability at 48 hours of incubation times (P<0.05). Nevertheless, improvement in the
in sacco OM disappearances of Napier grass with three different spaces intercropped with

lablab had higher Napier grass planted without intercropped was observed.

Napier grass intercropping with cowpea (T3) at 0.5m x0.5m space had higher degraded
than Napier grass grown alone with the same space at 96 hours of incubation while
decrease in the rest incubation hours. Napier grass intercropping with cowpea (T4) at Im
x 0.5m space had the higher disappearance percent than Napier grass grown alone with the
same space at 96 hours of incubation 6 and 96 hours of incubation. Napier grass
intercropping with cowpea (T8) at 0.75m % 0.5m space had the highest degradability than
at 48hrs and no difference has been observed the in the rest treatments. This was in
agreement with (Njoka-Njiru et al., 2006a) who noted that OM disappearance at 48 hours
of incubation was significantly higher for intercropped Napier grass than sole Napier
grass. Generally, the extent of digestion of Napier grass when intercropped with lablab and

cowpea at three planting densities than for sole Napier grass.
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Table 11: Least square means and standard errors for In sacco OM disappearances for Napier grass

Trts In sacco OM disappearances (%) at Rumen incubation time (hr)

6 12 24 48 72 96
Tl 21.24+0.67"¢ 32.18+1.09° 41.79+1.64 68.30+2.08% 74.21£1.32 76.00+£0.3¢
T2 23.74+0.58" 29.53+1.29% 42.61+1.54 69.03+1.22% 73.65+2.46 78.98+0.9%5¢
T3 22.74+0.56™ 28.19+0.68" 37.93+0.18 67.77£1.31° 76.46+0.85 79.36+0.42%
T4 23.65+1.18° 29.64+0.80 40.41+2.44 70.45+2.76™ 74.91+0.11 80.07+0.18°
T5 22.39+0.17%¢ 29.09+1.98" 41.46+2.58 71.51+0.42% 74.49+0.89 80.23+0.95°
T6 20.25+0.12¢ 30.41+0.82% 39.79+1.04 68.93+0.92% 73.97+1.39 77.36+0.80°¢
T7 20.41+0.17° 28.48+1.59° 43.83+1.42 70.23+1.05% 76.28+0.67 79.80+1.42%
T8 21.35+1.17"¢ 30.71+1.70% 42.28+0.84 72.18+0.21° 73.49+3.04 78.27+0.39%<¢
T9 22.11+0.46™ 30.67+1.68% 40.38+1.11 67.39+1.59° 73.66+0.98 76.79+0.84%
Mean 21.98 29.88 41.16 69.53 74.59 78.54
P —value 0.016 0.151 0.284 0.044 0.804 0.016

“" Means in a columns, values followed by different letters differ significantly (P < 0.05), hr = hour, OM = organic matter, T1= Pure Napier
grass at Im row spacing, T2= Napier grass intercropped with lablab at 0.75m row spacing, T3= Napier grass intercropped with cowpea at
0.5m row spacing, T4= Napier grass intercropped with cowpea at Im row spacing, T5= Napier grass intercropped with lablab at 0.5m row
spacing, T6= Pure Napier grass at 0.75m row spacing, T7= Napier grass intercropped with lablab at Im row spacing, T8= Napier grass

intercropped with cowpea at 0.75m row spacing, T9= Pure Napier grass at 0.5m row spacing, Trts=treatments
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The Rumen degradability characteristics of treatments studied were presented in Table 13.
Accordingly intercropping of lablab and cow pea had a significant effect for all Parameters
(P<0.05) except Effective degradability (P>0.05) and Napier grass intercropping with
cowpea (T3) at 0.5m x 0.5m space has the highest washing loss (rapidly soluble fraction),
insoluble but slowly degradation fraction and potential degradability, but has the lowest
rate of degradation. It reflected that these treatments have highly degraded materials as
energy source and high degraded protein source in the rumen. However, the Lowest value
recorded for slowly degradable fraction (b) and potential degradability (a + b) in the
Napier grass at Im X 0.5m space without intercropped (T1). Moreover, the Effective

degradability of each treatment was not significantly (p>0.05).

Table 12: Least square means and standard errors for /n sacco Organic matter rumen

degradability characteristics

Rumen degradability characteristics

Trts a b PD(a+b) C ED (kp= 0.03)
Tl 12.69+0.08® 71.81+0.14  84.50+0.18°  0.0257+0.001° 45.85+0.86
T2 13.78+1.54*  75.14+1.68"%  88.92+1.46™¢ 0.0229+0.002°° 46.27+0.67
T3 13.95+0.49" 83.21+1.55°  97.15+1.89"  0.0182+0.001° 45.23+0.38
T4 13.1740.64™ 79.34+3.93®  92.50+3.72°°  0.0220+0.002° 46.25+1.21
TS 12.36:0.40® 78.51+3.52™  90.86+3.61°°  0.0233+0.002°  46.32+0.35
T6 12.01£0.56™ 75.63+0.92°¢  87.63+0.40°¢ 0.0234+0.000° 45.14+0.16
T7 11.5340.38°  78.39+1.148" 89.92+1.52°¢ 0.0241+0.001° 46.37+0.16
T8 11.28+0.42°  75.2240.11°  86.505+0.53° 0.0261+0.000°  46.25+0.81
T9 13.89+0.41*  73.86+0.76°  87.75+0.55°¢ 0.0224+0.001° 45.37+0.98
Mean 12.74 76.79 89.53 0.0231 45.89
P-value 0.050 0.014 0.009 0.0310 0.865

“ P Means in a columns, values followed by different letters differ significantly (P <
0.05), a= washing loss (rapidly soluble fraction), b =slowly degradable fraction; ¢ = the
rate of degradation, DMD = Dry Matter Degradability; ED = Effective Degradability;
PD = Potential Degradability, TI= Pure Napier grass at Im row spacing, T2= Napier
grass intercropped with lablab at 0.75m row spacing, T3= Napier grass intercropped with
cowpea at 0.5m row spacing, T4= Napier grass intercropped with cowpea at Im row
spacing, T5= Napier grass intercropped with lablab at 0.5m row spacing, T6= Pure
Napier grass at 0.75m row spacing, T7= Napier grass intercropped with lablab at 1m row
spacing, T8= Napier grass intercropped with cowpea at 0.75m row spacing, T9= Pure
Napier grass at 0.5m row spacing, Trts=treatment
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5. CONCLUSION

Intercropping of lablab and cowpea with Napier grass at different planting densities at
Haro sabu Agricultural research center in western Ethiopia has revealed that to produce
high quantity of livestock feed with higher nutritional quality and improvement of soil
fertility structure when incorporating a legume with fodder grass production system. The
results further indicated that there were improvements of soil chemical properties after
forage harvested when compared with initial soil sample taken before forage planting and
through production system soil improvement was observed. Intercropping increased the
PH Value but did not affect the available phosphorous content of the soil before and after
forage harvested. Also increase total nitrogen and organic carbon of the soil among the

soil parameters.

Intercropping of Napier grass with lablab and cowpea at different planting densities has
significant effect (P<0.05) on number of tiller per plant (NTPP), leaf length (LL) and total
numbers of leaves per plant (TNLPP) of Napier grass but for plant height (PH) and
number of leaves per tiller (NLPT) were not significant effect (p>0.05) by Napier grass

intercropping with lablab and cowpea at different planting densities.

Napier grass intercropping with legumes at different planting densities resulted to higher
dry matter yield (DMY), total dry matter yield (TDMY) and total crude protein yield
(TCPY). Napier grass intercropping with lablab and cowpea at different planting densities
had no significantly different (P>0.05) on crude protein yield (CPY) of the Napier grass.
Significant effect (P<0.05) were observed on DMY of lablab and cowpea intercropped
with Napier grass at different planting densities and on CPY of lablab and cowpea

intercropped with Napier grass by three different spaces.

Significant variation was observed among sole and intercropped Napier grass with lablab
and cowpea at different planting densities on the on Ash, Organic matter (OM), crude
protein (CP), neutral detergent fiber (NDF) and no significant variation on dry matter
(DM), acid detergent fiber (ADF), acid detergent lignin (ADL), Hemicelluloses and

cellulose contents of the Napier grass (P>0.05). However, intercropping of Napier grass
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with lablab and cowpea at different planting densities increased the OM and CP contents

(P<0.05) of the Napier grass.

Intercropping of legumes increased the in vitro dry matter digestibility (IVDMD) and in
vitro organic matter digestibility (IVOMD) of Napier grass than sole cropping system.
Napier grass intercropped with lablab and cowpea at different planting densities had
significant effect (P<0.05) on the in vitro dry and organic matter digestibility (IVDMD,
IVOMD) and increased digestibility. /n sacco dry matter disappearances (DMD) and in
sacco organic matter degradability (OMD) of Napier grass for many of the incubation
hours was relatively higher for the Napier grass intercropping with lablab and cowpea at a

planting density of 24 plants m™ (T7 and T4) respectively.
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6. RECOMMENDATION

From the present study, legumes improved the overall total herbage yield and nutritive
value of fodder grasses than sole one. Accordingly, Napier grass intercropped with lablab
and cowpea at a planting density of 24 plants m™ could be a better choice based on forage
quantity and quality for the first three months stage of harvest. Therefore to strengthen this
research it is advisable to do on animal performance trial based on animal feeding practice
and it is economic feasibility and as well as the next stage of re-harvesting Napier grass
with possible way of intercropping legumes once the Napier grass established order to

come up with sound recommendations.
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8. APPENDICES
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8.1. Appendix in table

Appendix 1: Mean square of ANOVA for morphological characteristics of Napier grass.

Source DF Mean square
PH (cm) NTPP LL (cm) TNLPP NLPT
TRT. 8 232.59 ns 38.29** 58.37** 278.06* 2.72ns
Rep. 2 3452.66**  83.50%* 11.08ns 93.85ns 0.53ns
Error 16 422.11 9.76 39.61 69.05 7.14
Total 26
CV (%) 12.40 14.39 5.60 3.31 6.39

** ns= Significant and non significant at (P < 0.05); DF=degree of freedom; CV = coefficient
of variation; LL = leaf length per plant; NTPP =Number of tiller per plant; PH= plant height;
TRT= treatments, REP=replication.
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Appendix 2: Mean square of ANOVA for herbage forage productivity yield (tone/ha)of

Napier grass

Source DF Mean square

DMY CPY TDMY TCPY
TRT 8 2.36ns 0.029ns 15.57** 0.38%*
REP 2 0.37ns 0.03ns 1.70ns 0.07ns
Error 16 1.35 0.03 1.15 0.03
Total 26
CV (%) 18.43 20.75 13.06 16.54

** ns= Significant and non significant at (P < 0.05); DF=degree of freedom, CV=coefficient
of variation; CPY= crude protein yield; DMY= dry matter yield; TCPY= Total crude protein
yield (Crude protein yield of Napier grass and both legumes; TDMY= Total dry matter yield
(the sum of all harvests forages of Napier grass and both legumes from each plots); TRT=

treatments; REP=replication.
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Appendix 3: Mean square of ANOVA for Chemical composition of Napier grass

Source DF Mean square

%DM %Ash %0OM %CP %NDF %ADF %ADL %Hemi. % Cellu.
TRT 8 0.144ns 0.762** 0.762** 3.776%* 3.932%* 2.181ns 0.179ns 3.137ns 1.482ns
REP 2 0.071ns 0.599ns 0.599ns 0.063ns 8.352ns 5.758ns 3.435%* 0.352ns 0.655ns
Error 16 0.186 0.265 0.265 0.710 1.553 2.902 0.242 2.189 3.432
Total 26
CV (%) 0.46 5.05 0.57 6.06 1.95 4.02 5.48 6.87 5.542

** ns= Significant and non significant at (P < 0.05); % Ash= ash percent; %CP= percent of crude protein; CV=coefficient of variation;
%DM=percent of dry matter; %OM= percent of organic matter, %NDF= percent of neutral detergent fiber, %ADF=percent acid detergent
fiber; %ADL = percent of Acidic detergent lignin; %Hemi.= percent of hemicelluloses; % Cellu.= percent of cellulose TRT= treatments;

REP=replication
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Appendix 4: Mean square of ANOVA for In vitro Digestibility of Napier grass

Source DF Mean square

IVDMD (%) IVOMD (%) ME (MJ/ kg)
TRT 8 71.862%* 34.534%* 0.775%*
REP 2 3.023ns 11.963ns 0.267ns
Error 16 7.376 5.749 0.129
Total 26
CV (%) 4.71 4.08 4.07

**=Significant: ns= non significant at (P < 0.05); TRT=treatments; REP=replication; DF=
degree of freedom; CV=coefficient of variation; IVDMD = In vitro Dry Matter
Digestibility; IVOMD = In vitro Organic Matter Digestibility; ME = Metabolizable
Energy; MJ = Mega Joule
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Appendix 5: Mean square of ANOVA for In Sacco DM Disappearances and Rumen Degradability Characteristics

Source DF Mean square

6 hr 12 hr 24 hr 48 hr 72 hr 96 hr a b PD C ED
TRT 8  3.60lns 17.633** 4.423ns  12.440ns 7.312** 3.857ns 23.795** 2.654ns  19.854** 0.000ns 5.265%*
Animal 2 3.199ns 1.839ns  15.318ns 9.05Ins  9.171** 3.855 2.072ns 16.899ns  16.262ns 0.000ns 3.281ns
Error 16 3.132 6.729 9.305 6.705 1.615 2,172 0.72 14.075 16.663 0.000 1.803
Total 26
CV (%) 7.94 7.07 6.91 3.73 1.75 4.02 7.20 6.87 4.68 2.82

** ns= Significant and non significant at (P < 0.05); TRT=treatments; DF= degree of freedom; a= washing loss (rapidly soluble fraction); b
=slowly degradable fraction; C = the rate of degradation; CV = Coefficient of Variation; DMD = Dry Matter Disappearances; ED = Effective
Degradability; hr = hour; PD = Potential Degradability.
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Appendix 6: Mean square of ANOVA for In Sacco OM Disappearances and Rumen Degradability Characteristics

Source DF Mean square

6 hr 12 hr 24 hr 48 hr 72 hr 96 hr a b PD c ED
TRT 8 4.897**  4.693ns 9.179ns 8.245**  3.734ns 6.976**  3.111*%* 34.909**  41.427**  0.000** 0.779ns
Animal 2 1.303ns  29.728**  14.580ns  0.544ns 11.51lns 1.188ns  1.942ns 29.197ns  22.175ns  0.000ns  0.350ns
Error 16 1404 2.611 6.738 7.408 6.820 2.016 1.272 9.834 10.623 0.000 1.68
Total 26
CV (%) 5.38 5.41 6.31 391 3.50 1.81 8.85 6.87 3.64 12.59 2.82

** ns= Significant and non significant at (P < 0.05); TRT=treatments; DF= degree of freedom; a= washing loss (rapidly soluble fraction); b

=slowly degradable fraction; c = the rate of degradation; CV = Coefficient of Variation, OMD = Organic Matter Disappearance
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8.2. Appendix Figure

Appendix Figure 1: Experimental design setup.
Note TI1 = Sole Napier grass (1mx0.5m)
T2 = Napier grass x lablab (0.75mx0.5m)
T3 = Napier grass x cowpea (0.5mx0.5m)
T4 = Napier grass x cowpea (1mx0.5m)

T5 = Napier grass x lablab (0.5mx0.5m)

T6 = Sole Napier grass (0.75mx0.5m)

T7 = Napier grass x lablab (1mx0.5m)

T8 = Napier grass x cowpea (0.75mx0.5m)
T9 = Sole Napier grass (0.5mx0.5m
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Original and image processed photo of Experimental on field

Appendix Figure 2: Experiment on field site
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Original and image processed photo during growth and biomass yield data collecting

with guidance of advisor
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Appendix figure 3: photo of Agronomic and biomass yield data measured with guidance
of advisor

Original and image processed photo during soil and forage sample preparation

—%

Appendix figure 4: photo of soil and forage sample preparation

72



Original and image processed photo during laboratory analysis

Appendix figure 5: photo of sample laboratory analysis
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