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EFFECTS OF SPACING, VETCH INTERCROPPING, NITROGEN
FERTILIZATION AND HARVESTING HEIGHT ON
AGRONOMIC PERFORMANCE AND NUTRITIVE VALUE OF
ELEPHANT GRASS IN THE CENTRAL HIGHLANDS OF ETHIOPIA

Bizelew Gelayenew Aytegeb
PhD Dissertation
Addis Ababa University (2020)

ABSTRACT

The role of improved forage crops with proper management practices in enhancing the
quantity and quality of fibrous feeds has been widely recognized. This study was
conducted to evaluate agronomic performance and quality of elephant grass due to the
effects of spacing, vetch intercropping, nitrogen fertilization and harvesting height in the
central highlands of Ethiopia at Holetta and Debre Zeit. The experiments were laid out in
a randomized complete block design. In experiment 1- vetch intercropping and elephant
grass spacing: S1 (75 x 75 cm), S2 (100 x 50 cm), S3 (125 x 25 cm) and S4 (50 x 50 cm)
were evaluated. Most measured traits revealed significant (P<0.05) differences between
the treatments, locations and years. Vetch intercropping had more 70.0 and 8.5% dry
matter yield (DMY) advantage over pure stand elephant grass at Holetta and Debre Zeit,
respectively. When combined over years and locations, average annual DMY was 9.47,
12.16 and 12.01 t ha™ for elephant grass planted in pure stand, intercropped with V.
dasycarpa and V. villosa, respectively. In the combined analysis, forage DMY produced
was 12.96, 11.02, 10.55 and 10.32 t/ ha when planted at spacings of S4, S3, S2 and S1,
respectively. The crude protein (CP) content, in vitro dry matter digestibility (IVDMD)
and in sacco dry matter degradability (DMD) were higher in vetch intercropping
treatments than pure stand elephant grass over years and locations. Generally, vetch
intercropping after three weeks of elephant grass planting at inter and intra row spacing
of 50 cm substantially improved annual forage productivity. In experiment 2- harvesting

heights of elephant grass: HH1 (50), HH2 (100) and HH3 (150 cm) and nitrogen
XXii



fertilizer rates: N1 (0), N2 (50), N3 (100) and N4 (150 kg/ha) were studied. Elephant
grass harvested at HH2 resulted in 58.8 and 42.4% yield advantage over HH1 at Holetta
and Debre Zeit, respectively. In the combined analysis, fertilizer application rate of N3
had 0.6, 16.2 and 44.5% higher yield advantage when compared with N4, N2 and N1,
respectively. The CP content, IVDMD and in sacco DMD were higher at HH1 and HH2
than HH3 with comparable and higher values recorded in N2, N3 and N4 than in N1
over locations. Generally, elephant grass harvested at HH2 (100 cm) with the rate of N3
(100 kg N/ha) annually in split applications better performed in DMY, CPY, CP content,
IVDMD and in sacco DMD. In experiment 3- rates of nitrogen application: N1, N2, N3
and N4 and plant spacing: S1, S2, S3 and S4 were studied. The application of N3 at a
plant spacing of S4 resulted in higher DMY advantages of 21.6 and 14.5% at Holetta and
60.0 and 32.2% at Debre Zeit than N1 and N2, respectively. When combined over
locations, average annual DMY and CPY were 6.77, 7.84, 9.92, 10.69 t/ha and 0.51,
0.62, 0.83, 0.88 t/ha in application rates of N1, N2, N3 and N4, respectively. The DMY
and CPY of elephant grass were comparable and significantly (P<0.05) higher in N3 and
N4 than N1 and N2. In the combined analysis, forage DM produced in 7.08, 9.07, 8.51
and 10.57 t/ha when planted at spacings of S1, S2, S3 and S4, respectively. S4 had 24.2,
16.5 and 49.3% higher DMY advantage when compared with S3, S2 and S1, respectively.
The CP content and IVDMD were higher in N3 and N4 than in N1 and N2 at Debre Zeit
and over locations but the CPcontents were comparable and grater in N2, N3 and N4
than N1 at Holetta. Overall, in split applications of N3 (100 kg N/ha) annually at a
spacing of S4 (50 cm) substantially improved the productivity of elephant grass. In view
of its high potential and wider use as fodder, the different agronomic practices of this
study should be evaluated under irrigation schemes and wider environments. Future
research needs also to focus on management practice to minimize environmental stresses
like frost and drought, and designing appropriate conservation practices is very
essential.

Keywords: Elephant grass; vetch species; vetch intercropping, agronomic performance;

crude protein yield; nutritional quality
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1. INTRODUCTION

Ethiopia has large livestock population in Africa. It is estimated to be 60.39 million
cattle, 31.30 million sheep, 32.74 million goats, 56.06 million poultry, 2.01 million
horses, 0.46 million mules, 8.85 million donkeys and 1.42 million camels’ population
(CSA, 2018). The subsector contributed approximately 16-25% of the total Gross
Domestic Product and 40-44% of the Agricultural Gross Domestic Product in Ethiopia
(Stapleton, 2016).

Currently, livestock plays a central role in the Ethiopian agriculture, however, the
productivity per animal is very low and the contribution to the overall economy is much
lower than expected. Among many factors constraining the development of livestock,
feed shortage has remained to be the main restraining factor hindering the livestock
productivity subsector in the country (Yayneshet, 2010; Alemayhu and Getnet, 2012;
Getnet et al., 2016). The main feed resources for livestock in Ethiopia are natural pasture
and crop residues, making more than 90% of the livestock feed, but they are low in
quantity and quality for sustainable animal production (Alemayehu, 2004). Although
indigenous pastures contributed much to livestock feed supply, current trends indicate
that they are seriously overstocked and the existing grazing lands are shrinking from time
to time due rapid human population growth and encroachment of crop lands due to the
need to nourish the increasing human population. Furthermore, feed supply from natural
pasture fluctuates according to the seasonal rainfall dynamics (Yayneshet, 2010). In
developing countries, respond to the ever increasing demand for animal products
alternative strategies which improve high protein feeds supply for livestock is a priority
area in the development of feed resources (Getnet, 2007).

Improved forage crops can help not only mitigate livestock feed shortages but also reduce

pressure on natural pastures (Nigussie and Alemayehu, 2013). The production of
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sufficient quantity of good quality forages for supplementation of native pastures,
roughages and crop residues is the widely advocated strategy to overcome the feed
scarcity (Alemayehu et al., 2016). They are surely a cost effective feed instead of
commercial concentrates. Concentrates replacement with improved forages from 30 to
70% has been reported to reduce up to 30% of production cost in the dairy cattle diet
(Sanh et al., 2002).

In Ethiopia, among the introduced improved forage crops, elephant grass could play a
main role in providing a substantial quantity of quality forage, both for the smallholder
farmers and intensive livestock production systems under proper practices of
management (Tessema, 2005; Tessema et al., 2010). Elephant grass is a species of deep-
rooted bunch forming perennial tropical grass (Harris et al., 2010; Kandel et al., 2016).
The grass can be propagated by using root splits or stem cuttings (Tessema, 2008) and
frequently differ across agro ecological zones (Getnet and Gezahagn, 2012). When it is
grown at an altitude of 2000 meters above sea level, growth and regeneration after
mowing is slow (Francis, 2004) and it could be died due to frost or minimum temperature
stress (Francis, 2004; Fekede et al., 2005), but the portions of underground continue alive
unless the soil is frozen and growth resumes rapidly when situations become favorable
(Fekede et al., 2005).

Vetches are widely grown for both livestock and soil fertility improvement (Chowhurry,
et al., 2001) and they are well known groups of legumes with high crude protein content
(Getnet and Ledin, 2001; Alzaueta et al, 2001). Moreover, they increase soil nitrogen
through the process of nitrogen fixation in the existence of rhizobium bacteria; the fixed
N ranging from 32 to 115 kg ha™ (lannetta et al., 2016).

In interplanting /mixtures, the subsequent crops grown require minimized fertilizer
utilization, a reduction between 23 and 31 kg N ha™ (Preissel et al., 2015). The major

limiting factor of forage grasses are low crude protein content. They are usually
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incorporated with legumes to produce high forage quantity with more quality nutrition for
livestock feeding (Mwangi et al., 2004; Koc et al., 2013). Intercropping of legumes with
grasses reduce inputs through lower herbicide, pesticide and fertilizer application
requirements, and it provides to a greater uptake of nutrients and water, increased land
use efficiency, improved soil conservation, suppression of weeds, increasing the capture
and use of light, greater productivity and profitability than pure stand cropping systems
(Coll et al., 2012; Akman et al., 2013). Higher yields related with intercropping occur
when the component crops are complementary to each other, resulting in a more effective
use of environmental resources viz., nutrients, water and light compared to when grown
pure stand (Vandermeer, 1989). Generally, the planting of high quality forage crop
species with ability of a high yielding, adaptable to environmental stresses is one of the
possible options to improve livestock production under situations of smallholder farmers
(Tessema, 1999). But, forage crop species performances vary across locations and years
due to the variations in soil fertility, temperature, and amount and distribution of rainfall.

Two main technology constituents like plant spacing and sufficient nitrogen fertilization
rates are appropriate for grasses, which play a key role in growing fast and tillering
profusely grasses development, such as elephant grass (Bilal et al., 2002). Spacing of
plants substantially affects total DM vyield of elephant grass (Wijitphan et al., 2009).
Similarly, inter and intra row spacing of Bana grass (P. purpureum x P. typhoides)
influenced the CP, NDF, ADF, ADL, Ca, P and IVDMD contents (Berihun, 2005). In
most arable soils nitrogen fertilizer is commonly deficient (Havlin et al., 1999) and plants
grown on soils deficient in nitrogen fertilizer indicate yellowish color, retarded growth
and decreased yield (Pandey and Sinha, 2006). Nitrogen develops stronger cells for
photosynthesis (Bob, 2011) and benefits to grasses by escalating of forage dry matter
yield and its quality in terms of crude protein content, feed intake and digestibility
(Aderinola, 2007).



For most treatments of harvesting height and interval can have a considerable influence
on both forage yield and quality triats (Okwori and Magani, 2010). Similarly, many
research reports revealed that plant height at harvesting (Tessema et al., 2002b, 2003;
Lounglawan et al., 2014), stage of growth (Tessema et al., 2002a; Tessema and Baars,
2003) are the major factors affecting the chemical composition and digestibility of
elephant grass. The nutritional quality of plant decreases due to an increase in indigestible
fiber (more stem and less leaf fractions) and a decrease in nutrient content when the plant
matures. The lower the fiber values, the better the nutritional quality and digestibility of
the feed, because fibrous feeds are a mechanical barrier to the attack of microorganisms
on substrates in the rumen (Oliveira et al., 2017). Mahala et al. (2009) and Keba et al.
(2013) suggested that CP content often declines with increasing plant structural
constituents (NDF, ADF and lignin) and increasing age of maturity (harvesting stage).
Grasses mature faster than legumes, and the drop in nutritional quality with the delay in
harvesting stage (age) is faster in grasses than in legumes (Fekede et al., 2014).

The livestock demands high quantity and quality of feeds for growth, reproduction,
production and maintenance purposes, applying available means or technologies of
acquiring adequate supply of medium to high quality feeds is essential throughout the
year. However, farmers do not have adequate information on optimum management
practices of elephant grass (Mutegi et al., 2008). Hence, to fill the information gap stated
above the present study was proposed to evaluate the herbage yield and nutrient contents
of two important forage species, namely, elephant grass and vetch legumes under varied
plant spacing, intercropping, nitrogen fertilization and harvesting height. Therefore, the

present study was undertaken with the following general and specific objectives.



General objective:

To investigate effects of different management practices on agronomic performance,

forage yield and nutritive values of elephant grass in the central highlands of Ethiopia.

Specific objectives:

» To evaluate the effects of vetch intercropping and plant spacing on agronomic
performance and nutritional quality of elephant grass at Holetta (higher highland)
and Debre Zeit (medium highland).

» To evaluate the effects of harvesting height and nitrogen fertilization on
agronomic performance and nutritional quality of elephant grass at Holetta and
Debre Zeit.

» To evaluate the combined effects of nitrogen fertilization and plant spacing on
agronomic performance and nutritional quality of elephant grass at Holetta and
Debre Zeit.



2. LITERATURE REVIEW

2.1. Improved Forage and Pasture Crops in Ethiopia

Improved forage and pasture crops have various benefits. In the perspective of ruminant
livestock production, the main advantage is to produce higher yield of better quality feed.
Furthermore, improved forage and pasture crops have longer length of productive season,
which provides an opportunity for dairy and fattening production to develop and use
forage and pasture crops on a large scale (Alemayehu, 2006). They have been grown and
used in state farms, government ranches, farmers’ demonstration plots and dairy and
fattening areas (Alemayehu, 1985, 2004). Forage crops are commonly grown for feeding
dairy cattle like oats and vetch mixtures, elephant grass mixed with siratro and
desmodium, Rhodes and lucerne mixtures, phalaris and trifolium mixtures, fodder beet,
hedgerows of sesbania, leucaena and tree-lucerne. Improved forage grass and pasture
species, and legumes yields ranged from 6-8 and 3-5 DM ton/ha, respectively, and for
tree legumes 10-12 DM ton/ ha (Alemayehu et al., 2017).

Commonly, agronomic evaluation of forage crops focuses on biological attributes like
ease of establishment, biomass production and resistance to diseases and pests. But in
most cases, quality data base for promising materials has not been adequately generated
under diverse growing conditions. Improved forage cultivation is practiced for various
purposes such as source of animal feed, soil conservation, crop rotation, wind break,
fence and for fuel. In Ethiopia, amongst the purpose of forage production, animal
feeding, and soil and water conservation are accounted the largest share (Gebreegziabher
and Tsegay, 2016; Workye et al., 2018). In areas with problems of soil fertility, forage
crops that can suitably be planted on soil bands, soil conservation structures and as hedge
and alley crops can be considered. A summary of suggested forage species for various
agro-ecologies and their production strategies have been reviewed by Adugna et al.

(2012). In this regard, forage crops such as elephant grass, vetch, alfalfa, cow pea, lablab
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and others were observed to be suitable under intensified production systems according to

aforementioned authors.

Many studies indicated the potential role of improved forage crops in improving animal
performance (Diriba, 2014). They can generally be utilized as green feed or conserved in
the form of hay or silage for later use during the lean periods. Fodders with thicker stems
like elephant grass and others can more suitably be utilized as green feed using cut and
carry system. As previously stated, the leguminous species are rich in crude protein and
minerals and can thus be used as supplements to poor quality roughages (Cook et al.,
2005; Diriba, 2014). The use of improved forage legumes to incorporate into existing
farming systems is a valuable economic alternative to purchased protein or energy rich
concentrates as a practical on-farm solution for smallholder dairy production. Similarly,
in a study which compared oats-vetch mixture with native pasture hay using lactating
crossbred cows, oats-vetch mixture was reported to support high milk yield (5.7 kg cow™
day™) than native hay (5.0 kg cow™ day™) and this difference was attributed to improved

protein and energy intakes on the oats-vetch diet (EARO, 2000).

The major barriers of improved forages production in different parts of the country are
land tenure, lack of seed and planting materials, ecological deterioration, drought, weed
and bush encroachment, overgrazing and border conflict. Furthermore, improved forage
production and utilization are restricted in the smallholder systems owing to scarcity of
land, lack of effective extension system, insufficient technical and material inputs, lack of
specialization in livestock production, limited market orientation, and inadequate
knowledge and awareness of the farmers in the country (Zewdie et al., 2011; Adugna et
al., 2012). The potential role of adoption for improved forages might be higher under
market oriented livestock production system, for instance dairying with crossbreds or
improved breeds, and fattening of large and small ruminants (Gebremedihin et al., 2003).
With the support of externally funded projects, distinct efforts have been made by

different organizations to promote improved fodder crops in the farming communities of
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the country. For instance, Improving Productivity and Market Success of Smallholders
(IPMS) project showed only 0.15% of rural livestock keepers reported on-farm
production of some fodder crops (Tefera et al., 2010). In spite of the promotion of
improved forage production strategies in Ethiopia since in the 1940s, the contribution of

improved forage as feed of livestock is minimal (0.32%) in the country (CSA, 2018).

2.2. Characteristics of Elephant Grass

Elephant grass (Pennisetum purpureum) is one of the most important perennial forage
grass species and it has many usages in different parts of the globe which include grazing,
constituent of fish ponds, green manure, fire breaks, mulch, wind break and soil erosion
control (Farrell et al., 2002). It has been also identified as an important tool in the
integrated management of stem borers of maize and sorghum crops because of its
importance as a trap crop for these pests (Midega et al., 2010). Elephant grass is a very
multipurpose species that can be grown under a wide range of systems and conditions:
larger scale or smallholder agriculture, wet or dry conditions. This grass is propagated
vegetatively because seeds have low genetic stability and viability (Humphreys, 1994).
Elephant grass is planted or established in well-prepared land from root splits, canes with
3 nodes or from whole canes. It is planted 15-20 cm deep with splits upright, three node
canes planted at an angle of 30-45° while whole canes are buried in the furrow 60-90 cm
apart. It grows in sub-tropical and tropical regions with a wide range of annual rainfall
from 750 to 2,500 mm and ranging altitudes from sea level to above 2100 m, but
minimum tempreture stress or frost appears to restrict its cultivation over this altitude at
the beginning of the dry season (Skerman and Riveros, 1990). Hence, it has become by
far the most important species due to its wide ecological range of adaptation, ease of

propagation and management, and high herbage yield (ILRI, 2010, 2013).

Elephant grass forage is a valuable and very popular throughout the tropics,
particularly in cut and carry systems (FAO, 2015). It produces greater dry matter (DM) vi
8



elds than other grasses in the tropics (Boonman, 1997) as well it possesses high nutritive

value for dairyanimals especially when supplemented with feeds of  high  quality
such as legumes (Nyambati et al., 2003). Lukuyu et al. (2012) has recommended that
elephant grass weeding after each harvest to retain high productivity. Therefore, elephant
grass is the choice forage crops worldwide (Hanna et al., 2004) due to its desirable
characters such as drought tolerance and a wide-ranging of soil conditions and high water
use and photosynthetic efficiency (Anderson et al., 2008). Moreover, it tolerates repeated
defoliation under good weather conditions and it can be harvested within the range of 6-8
weeks giving up to 8 harvests annually, depending on fertilizer rate, amount and
distribution of rainfall. The diverse topography together with environmental
heterogeneity offers faverable environments for pasture species, herbaceous legumes and

browse trees/shrubs (Muluye, 2019).

2.3. Characteristics of Vetches

In the central highlands of Ethiopia, among numerous annual forage legumes, adaptation
of vetches is better and encouraging than the others. They are well adapted to altitudes
ranging from 1800 to 2500 meter above sea levels with annual rainfall more than 700
mm. According to Getnet (1999), vetches are adapted and widely used in the cool tropical
highlands. Moreover, they grow well on the black soils and the reddish brown clay soils
in areas of the highland. Once vetch plants reach seed setting phase further seeding in the
next season is not required as the seed can stay at least two years in the soil. Legumes in
general and vetches in particular are excellent sources of nitrogen for livestock feed and

the significance of forage legumes in livestock and crop production is well recognized.

Vetches are valuable crops as they enriched soil organic matter and nitrogen through

symbiotic fixation (Haffani et al., 2014). They can form a symbiotic relationship with

bacteria where fixation of atmospheric di-nitrogen (N2) occurs (Hu et al., 2012).

Moreover, they contribute to soil and water conservation in a number of ways which
9



comprising of soil cover during and after cropping seasons. Crop residues could be used
for mulching material laid as the soil cover (Mupangwa and Thierfelder, 2014) or the live
crops (Mhlanga et al., 2015). High soil covers protected the sun from directly heating the
soil surface which reduces water evaporation (Farzi et al., 2017). Herbaceous forage
legumes are multipurpose plants and generally increase resource and land use efficiency
in livestock production systems by increasing forage yield and quality, particularly during
the dry season; improving weed suppression, pest and disease reduction as a result of
increased ground cover and ecosystem diversification; add nitrogen to the soil through
symbiotic nitrogen fixation and improving nutrient cycling. Consequently, production
costs are reduced and profitability is increased owing to the reduced requirements of
external inputs, for instance fertilizers and pesticides, and there are benefits from less
environmental contamination (Peters et al., 2001). They have been identified as potential
protein supplements for ruminants since they comprise high crude protein (150-300 g/kg
DM) content required for the growth of ruminal microbes (Norton and Poppi, 1995).
They are rich nitrogen sources for feeding of livestock with cheaper prices than
concentrates particularly in developing countries (Seyoum, 1995). They have greater
crude protein content than many other herbaceous legumes in the tropics (Getnet and
Ledin (2001). For example, vetch species has high CP content (19.9%), in vitro organic
matter digestibility (IVOMD) (68.7%) and DM vyield (4-6 t/ha) (Getnet, 1999).
Moreover, as stated by Seyoum (1995) herbaceous legumes had the CP content of 12-
26%, neutral detergent fiber (NDF) of 37-54%, lignin content of 7-11% and in vitro
organic matter digestibility (IVOMD) of 53-74%. Hence, introduction of improved
forage legumes for instance vetch in the farming system is a vital factor to reduce feed

scarcity.

In assessing the nutritive values of forage legumes, CP content should not be used as the
only parameter to be considered. The crude protein yield (CPY) which describes the
overall and actual quality of forage productivity should be also used. The CPY is

determined as the product of CP content and herbage DM vyield (Starks et al., 2006).
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Creeping and intermediate maturing habits of vetch species growth had comparatively
enhanced ash, CP contents and CPY in tone per hectare than early ripening or maturing
and erect growth habit species. Species of vetch have different characterstics in terms of
growth habit, days to maturity, morphological fractions and climate adaptation. In
general, growth habit of vetch species can be broadly categorized as creeping or climbing
and erect types. For example, Vicia dasycarpa and Vicia villosa have creeping or
climbing growth habit, while Vicia narbonensis and Vicia sativa have erect growth habit.
These varations in genetic characterstics are the basis for difference in nutritive values
and also determine the production, utilization and the various management practices
(Gezahagn et al., 2014).

2.4. Production of Grass — Legume Mixed Forage Crops

Legumes supply nitrogen to grass-legume mixtures; in the mixtures greater yields have
commonly been attained in comparison with pure stand grasses. Numerous authors have
revealed better total dry matter production in grass-legume mixtures than pure stand
grasses or cereals. In Northern Europe and Canada greater yield in the legume-grass
mixtures than pure stand treatments in a study that was conducted by Sturludottir et al.
(2013). Aforementioned authors also reported that on average, the grass-legume mixtures
had 9, 15 and 7% higher DM production than the most productive pure stand in the first,
second and third year, respectively in a study they conducted. Similarly, Gulwa et al.
(2017) reported that higher total dry matter production in grass-legume mixtures in
comparison to pure stand grasses in a study that was done in the Eastern Cape Province,
South Africa. More production of grass - legume mixtures can be attributed to the higher
growth rate, reduction of weeds, decreasing pests and diseases and more effective use of
environmental resources like nutrients, water, space and light due to the differences in
resource consumption (“complementary effects”) between the constituents of the
mixtures (Zhang and Li, 2003; Mahapatra, 2011; Eskandari, 2012).
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According to Eskandari et al. (2009a) legumes are sources of a good crude protein and
can be used to compensate grass or cereal protein scarcity. Numerous authors have
showed that greater crude protein content in grass-legume mixtures than pure stand
grasses (Eskandari et al., 2009b; Ojo et al., 2013). Hence, legumes are commonly
intercropped with grasses due to their competence to enhance the herbage yield and to
produce with more balanced forage nutrition for feeding and improving livestock
production and productively (Albayrak et al., 2011; Koc et al., 2013). Herbaceous
legumes can give high yield when intercropped with elephant grass; those are compatible
and give high yields include: giant vetch (Vicia dasycarpa), silver leaf desmodium
(Desmodium uncinatum), green leaf desmodium (D. intortum), stylo (Stylosanthes
guianensis), glycine (Neonotonia wightii), centro (Centrosema pubescens) and butterfly
pea (Clitoria ternatea) (Kusewa et al., 1980; Orodho, 2006). The paramount use of cattle
is to provide draught power in the Ethiopian highlands. Improved forage grasses provide
all the needs for these animals. However, protein supply is the limiting factor for dairy
cattle. Thus, milk yields are expected to increase by supplementing the legume to a grass
based diets (Tilahun et al., 2005). Furthermore, a current meta-analysis has demonstrated
that legumes in the forage enhance dry matter intake and milk production as compared
with pure stand grasses (Johansen et al., 2018).

2.4.1. Factors affecting production of grass-legume mixtures by intercropping

Intercropping is a multiple cropping system, in which two or more crop species are
planted simultaneously in the same piece of land during a growing season (Ofori and
Stern, 1987). It does not mean that in the intercropping, plants can be planted at a time
together, but it is the purpose that two or more crops are planted and grown together in
the same plot, during their growing season or at least in a time frame. Plants are not the
same in terms of planting time and a plant is planted after the first plant established

(Mazaheri et al., 2006). Strategies of intercropping are planting a shallow-rooted crop

12



and a deep-rooted crop, or planting a short crop and a tall crop in the mixtures that
requires shade partly. Likewise, the mixture can contain annual plants with annual plants
and perennial plants with perennial plants (Ghanbari and Lee, 2003; Eskandari et al.,
2009a). Generally, herbaceous legumes are more compatible with erect bunch forming

grasses compared with stoloniferous grasses (Hare et al., 2004).

Tropical grass-legume mixtures by intercropping have been successful where the
management allows the legume component to compete favorably with grasses
(Hernandez et al., 1995). However, there are some factors that affect the growth of plant
species used in the intercropping, namely, cultivar selection, mixture ratios, spacing and
competition between the constituents of mixtures (Dhima et al., 2007; Akman et al.,
2013), and in addition cultural practices such as seedbed preparation, planting of seeds
and subsequent management practices of crops (Lithourgidis et al., 2011). Between the
mixture species, there can be aboveground competition for space and light, and
belowground competition for nutrients and water (Mariotte et al., 2012). Thus, above and
belowground competition conditions have important impacts on the production of grass-
legume mixtures and these factors should be taken into consideration in the intercropping
system.

The effects of different mixture ratios in the intercropping system have been assessed in
many studies. Pinar (2007) and Ozel (2010) reported that increasing the ratio of those
vetches whose forage quality was higher in the mixtures increased both forage yield and
nutrient content. Other researchers revealed contrary findings that increasing rate of
cereal/grass whose dry matter content was higher, resulted in a higher forage yield, but
lower forage quality (Dhima et al., 2007; Gunduz, 2010; Bedir, 2010). Similarly, an
increased ratio of the grass in mixtures with vetch considerably decreases the stand
lodging and has a positive effect on the forage yield, but the nutrient is inferior in quality
(Karagic et al., 2012), because a high grass proportion in the botanical composition of

grass- legume mixtures causes low protein content.
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2.4.2. Advantages of intercropping

Intercropping is common, especially in countries with high extents of subsistence
agriculture and low extents of agricultural mechanization. Intercropping is frequently
undertaken by farmers with low-input (high labour), low-yield farming on small areas of
land (Ngwira et al., 2012). Under these situations, intercropping can support increased
cumulative yields per unit input, insure against crop failure and market fluctuations, meet
food preference and cultural demands, protect and improve soil quality, and increase
income (Rusinamhodzi et al., 2012). Advantages of intercropping in the crop production
in comparison with pure stand cropping are due to the interaction between components of
crop mixtures and the variation in competition for environmental resources utilizaion
(Mahapatra, 2011). The major advantages of intercropping are discussed in the following

sections.

2.4.2.1. Efficient use of resources

One of the main reasons for the use of intercropping around the world is produced more
yields than a pure stand cropping in the same amount of land (Caballero and Goicoechea,
1995). Biomass production of diverse species systems was, on average, 1.7 times greater
than in pure stand cropping system in 79% of biodiversity experiments (Cardinale et al.,
2007). If the intercropping components are complementary in the use of
environmental resources, therefore it is more effective than a pure stand cropping
(Eskandari et al., 2009b; Eskandari and Kazemi, 2011). Grass - legume mixtures by
intercropping permit reduced inputs through lower fertilizer and pesticide requirements,
and it gives to a more uptake of moisture and nutrients, enhanced soil conservation,
increased land use efficiency, improving the capture and use of light, weeds supression,
better productivity and profitability compared to pure stand cropping system (Coll et al.,
2012; Akman et al., 2013). Furthermore, intercropping can decrease the nitrate leaching
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from the soil profile since it utilizes the soil nutrients more efficiently than pure stand
cropping systems (Zhang and Li, 2003).

2.4.2.2. Productivity

Forage productivity is affected by differences in environmental and management factors.
The soil fertility, moisture (water), ambient temperature, and planting and harvesting
management are some of the major factors. Intercropping in the mixtures can
substantially increase total forage productivity as compared to pure stand cropping
systems owing to better utilization of water, nutrients and solar energy (Qin et al., 2013;
Matusso et al., 2014). Meta-analysis carried out by Cardinale et al. (2007) showed that
mixtures are more productive than the average pure stand cropping in 79% of the 44
experiments. Legumes are especially good source of protein and integrating them in to
the cropping system could be of paramount significance for the nutritional quality of the
forage (Nadeem et al., 2010). The main reasons for higher forage productivity in grass-
legume mixtures by intercropping could be due to the symbiotic fixed nitrogen utilization
(Whitehead, 1995), more improved light interception (Hay and Walker, 1989) and
allelopathic. For instance, oats-legume mixtures considerably increase the dry matter and
nutritive value, suggesting a better alternative to utilize per unit area of land for a
maximum productivity of forage dry matter yield, enhancing the quality issue, and with

the potential to reduce weed infestation (Dangi et al., 2018).

2.4.2.3. Effects on soil fertility

Cultivation of forage grass-legume mixtures by intercropping provides not only high
quality feed for livestock but also they are complementary to the crop production through
improving soil fertility. The soil fertility emanating from biological nitrogen fixation by
the legumes comprise the improvement of soil nutrients, soil organic matter content, soil
pH, soil structure, soil porosity, biological diversity and pest cycle (Malik, 2010;

Mohammadi et al., 2012). Rhizobium bacteria are able to have a symbiotic relationship
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with plants of leguminosae family and can fix atmospheric nitrogen (N) into available
form of nitrogen for plants uptake. They have the potential to be nitrogen self-sufficient
and increase nitrogen availability in the soil for associated or subsequent crops, forage
grasses and soil biota by fixing atmospheric nitrogen (Chultze-Kraft et al., 2018).
Therefore, integration of forage legume in to grass mixtures improves forage quantity,
quality and soil fertility trough the addition of nitrogen. There are several reports
demonstrating that increasing the availability of nitrogen in non-legume plants due to the
intercropping of grasses with plants of leguminosae family (Eskandari et al., 2009a;
White et al., 2013; Li et al., 2014).

2.4.2.4. Contributions for pest, disease and weed control

One of the main benefits of intercropping is its ability to reduce pest and disease damage.
Even though intercropping does not constantly reduce pest or pathogen, but most findings
have showed that reduction of pests and diseases populations (Fujita et al., 1992; Anil et
al., 1998; Ratnadass et al.,, 2012). In a review reported by Francis (1989) in
intercropping, 53% of the experiments reduced the pest and 18% increased the pest than
the pure stand cropping systems. In intercropping systems, increased pests can be owing
to a number of reasons, for instance the second crop is a host for pests, or increasing the
shade in canopy which provides ideal conditions for pests and pathogens activity. More
species diversity in agricultural ecosystems can restrict the spread of plant pathogenic.
This system increases biodiversity like the natural ecosystems. Legumes have quicker
rates of growth than several weeds; hence they can have a competitive benefit over weeds
(Mhlanga et al., 2015). Weeds interfere with forage and pasture crops triggering serious
impacts through competition for nutrients, water, space and light. Intercropping
configurations are more effective than pure stand cropping in weed suppressions, but
their effectiveness varies considerably (Girjesh and Patil, 1991). It is an agricultural
practice which can be used for reducing the dependency on chemical herbicides in weed

control (Banik et al., 2006; Corre-Hellou et al., 2011). The positive effect of mixtures on
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weed suppression can generally be attributed to more efficient resource use in the

mixtures than in monocropping systems (Suter et al., 2017).

2.4.2.5. Sustainable productivity

The increasing concerns of environmental impacts and reduction of inputs need the
present cropping systems to transform for improved efficiency and sustainability (Vander
meer et al., 1998). Any production systems sustainability can be influenced by the
economic returns and the feasibility of various cropping practices. Numerous researches
reported that intercropping practices can confirm higher yield as well as productivity and
profitability in crops per unit land (Yildirim and Turan 2013). When crops can be grown
together in the same field, fail to produce a product, might be compensated by other crop,
and thus reduces the hazard. Hazard of agronomy failure in intercropping is lower than
pure stand cropping systems. It can be suitable growth condition for a species and
unsuitable for the other species (Eskandari et al., 2009a). Similarly, the development of
sustainable food production systems by intercropping is very vital predominantly in
cropping systems with limited external inputs (Adesogan et al., 2002).

2.4.3. Major challenges of intercropping

Intercropping of grasses and legumes can be an alternative to enhance the forage
production, quality, and the profitability and system sustainability in tropical regions
(Resende et al., 2003). However, the main limitation for the introduction of legumes in
the production systems is their low persistence under grazing (Barcellos et al., 2008).
Furthermore, some factors that affect the growth of plant species used in the
intercropping includes in cultivar selection, seeding ratios, mixture ratios, spacing and
competition between the constituents of mixtures (Dhima et al., 2007; Akman et al.,
2013), additional work in preparing, planting of seeds and management practices of crops
(Lithourgidis et al., 2011). Between the mixture species, there may be aboveground
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competition for space and light, and belowground competition for nutrients and water
(Mariotti et al., 2009; Mariotte et al., 2012). Thus, aboveground and belowground
competition conditions have important impacts on the production of grass-legume

mixtures and these factors should be considered in the intercropping system.

2.5. Planting Density and Spacing

The optimum planting density is a big challenge all the time to the farmers. Substandard
plant density result in high weeds infestation, poor radiation use efficiency and low yield,
whereas dense plant population on the other hand cause lodging, poor light penetration in
the canopy, reduce photosynthesis production due to shading of lower leaves and
drastically reduce the yield (Lemerle et al., 2004; Lemerle et al., 2006). According to
Tessema, (2008) reported that non significant effect of plant density on the
morphological characteristics of elephant grass was recorded during the establishment
year. Agronomic studies conducted on grasses revealed that the use of relatively cost-
effective and easy practices of management for instance correct or adjuste spacing of
plant, consistent weeding, application of optimal fertilizer rates and appropriate
harvesting height can help to increase the fodder production (Yasin et al., 2003). Proper
spacing enables to keep the farmers appropriate plant population (plant density), avoid
over and under population in a given plot of land which has negative effect on yield and
quality (EARO, 2004). Plant spacing differs depending on the annual rainfall of the area;
usually the higher the rainfall the closer the spacing is required. For inter-row and intra-
row spacing of elephant grass production, 50 cm x 50 cm in Ethiopia and Japan (Ishii et
al., 2005; Tessema, 2008), 100 cm x 50 cm in in Ethiopia and Ghana (Tessema, 2000;
Tessema et al., 2003; Ansah et al., 2010) and 100 cm x 100 cm in Kenya (Nyambati et
al., 2010) have been suggested. Berihun (2005) also reported that a significant effect of
plant spacing on the dry matter yield of Bana grass in semiarid areas of Ethiopia.
Similarly, Wijitphan et al. (2009) indicated a substantial influence of spacing on total

forage dry matter yield (DMY) of elephant grass. In plant spacing of 50 cm x 40 cm, the
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DM production was ranged from 2.6 - 10.19 t ha™ from 11 harvests. Several studies
revealed that elephant grass biomass yield was increased when inter and intra row
spacing was decreased (Saeed et al., 1996; Sumran et al., 2009). Furthermore, the highest
plant height of pure stand elephant grass was recorded at closer plant spacing (50 cm x 50
cm) compared to wider spacing (100 cm x 50 cm) (Tessema, 2000; Taye, 2004). Crude
protein content, neutral detergent fiber, acid detergent fiber and dry matter digestibility of
elephant grass was affected by plant spacing (Sumran et al., 2009). The CP, NDF, ADF,
ADL, Ca, P and IVDMD contents of Bana grass were also affected by the combination of
row and plant spacings of 100 cm x 50 cm, 100 cm x 75 cm, 75 cm x 50 cm and 75 cm X
75 cm (Berihun, 2005).

2.6. Response to Nitrogen Fertilization

High responses of crop growth, tiller production, tissue concentration of elements and
yield have been related with application of nitrogen fertilizer (Onyeonagu, 2005). The
majorities of highland soils are lacking in important nutrients and require fertilizer to
sustain crop yields. Soils of Ethiopian are generally low in available nitrogen and
phosphorus contents and cannot produce high crop yields without fertilizer applications
(Alemayehu, 2006). Although soil nitrogen is adequate for forage productivity during the
establishment year, it tends to drop during the subsequent years. The main way to supply
nitrogen to forage plants is through chemical fertilizer application because around 99% of
the nitrogen on earth is stored in the atmosphere and less than 1% is available in the
earth’s crust. The nitrogen molecules (N3) are chemically inactive in the atmosphere and
cannot be easily absorbed by plants. Hence, forage crops require extra nutrients from
inorganic fertilizer or farmyard manure in order to attain maximum production (Lukuyu
et al., 2012). It is considered the most important mineral for plants since it increases the

availability of forage and the amount of protein.
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The two possible mechanisms involved for superior yield of plants might be the
regulatory role of nitrogen in production of amino acids and plant hormones responsible
for cell division and enlargement (Siam et al., 2008). Silveira et al. (2015) studied the
effect of N rates (0, 60 and 120 kg N/ha/year) on Bahia grass (Paspalum notatum) dry
matter yield (DMY) which increased linearly with increasing N rates in all treatments.
Generally, optimum rate of nitrogen fertilizer applications considerably increases the
pasture yield. However, the efficiency of N application differs with plants, soils, seasons,
climatic conditions and application techniques. To maximize the N use efficiency, these
factors have to be taken into consideration (Sun et al., 2008). In the same way, cattle
manure application at the rate of 2.0 t ha™’gave a higher DMY of elephant grass than 1.0 t
ha™ and without manure and nitrogen applications (Tessema, et al., 2002b). However, the
effect of cattle manure application was not considerable as compared to nitrogen fertilizer
on DMY, which could be due to the small quantity of manure applied and the gradual
releasing of nutrient which was not yet completely decomposed or decayed.

Nitrogen fertilizer application was slightly affected on the herbage digestibility of grasses
and improved dry matter digestibility (DMD) during the early phase of growth but at the
later stage of maturity the nitrogen-fertilized grasses DMD was inferior to the non-
fertilized forage (Daniel, 1996). Excessive use of nitrogen fertilizer in several farmers for
best economic return lead to extra nitrate accumulating in ground-water or forage which
constitutes a risk to animal and human wellbeing. The fertilizer inputs are also expensive,
therefore, to determine an appropriate rate of nitrogen fertilizer increase yield and

economy of the farmers.
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2.7. Harvesting Management

The agronomic performance and yield of elephant grass is greatly influenced by
management practices, agro-ecology, climatic conditions and other edaphic factors
(Utamy et al., 2011). For the majority of forages, treatments of harvesting and interval
management can have a considerable effect on both yield and nutritive values (Okwori et
al., 2010). However, research results on the harvesting management of elephant grass
(Pennisetum purpurem) are scanty in the country. Forage management tools such as
timely harvesting and grass-legume mixture can attain optimum forage productivity
(Taye et al., 2007). Hence, harvesting height is an important parameter contributing to
yield and quality of forage crops. Research findings have shown that elephant grass
height is strongly correlated with both dry matter yield and nutritional quality of this
grass (Snijders et al., 1992; Muia et al., 2000). Other research results have also revealed
that plant height at harvest (Tessema, 2000; Tessema et al., 2003); growth stage (Seyoum
et al.,, 1998; Tessema and Baars, 2003; Taye, 2004; Berihun, 2005) and varietal
difference (Seyoum et al., 1998 and Tessema, 2005) are the major factors that affect dry
matter yield, chemical composition and digestibility of elephant grass in Ethiopia. But,
the optimum management practices for elephant grass species are unclear (Mutegi et al.,
2008). Hence, appropriate harvesting management is crucial for high production and

quality of elephant grass forage species (Jorgensen et al., 2010; Tessema et al., 2010).

2.8. Forage Quality

2.8.1. Chemical composition

Feed sample analysis is important for nutritionally characterizing forages and
highlighting the supplemental nutrients needed, such that rations can be effectively

formulated to optimize animal production. It is also valuable for quality assurance in feed
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manufacturing and for identifying the presence and concentrations of undesirable
substances in feeds, which adversely affect animal health and productivity. Thus, feed
analysis is indispensable for efficient resource use and profitability in livestock
production. Forage yield and nutritional qualities are affected by growth stage, forage
species, cultivar (Pascual et al., 2000; Rotili et al., 2001; Tremblay et al., 2003), soil type
(Aumont and Salas, 1996), climate conditions (for instance, rainfall, temperature)
(Pascual et al., 2000; Rotili et al., 2001) and growing conditions (Cox et al., 1994). The
crude protein (CP) content of forage is one of the most important criteria for forage
quality evaluation (Getnet and Ledin, 2001). In ruminant diet fiber is also a very
essential aspect. The contents of neutral detergent fiber (NDF) and acid detergent fiber

(ADF) are increased in forages with increasing maturity (Sarwar et al., 2006).

Legumes usually comprise less fiber contents than grasses (Kammes and Allen, 2012;
Ergon et al., 2016). On the other hand, legumes have more lignin content than grasses on
DM basis (Kuoppala et al., 2009). Grass-legume mixture containing lower fiber contents
as mixtures are expected to reduce the NDF contents. The level of CP, energy and fiber in
a given feed can give a clear indication on its digestibility, intake and its feeding value.
Elephant grass on average contains 20% DM, 9% CP, 70% NDF, 50% ADF, 9% ash and
6% ADL in feed samples taken from 10 to 15 weeks of harvesting age (Gwayumba et al.,
2002; Islam et al., 2003). The CP content below 6% disturbs animal health and
reproduction (Muhammad et al., 2010). Furthermore, the quality of forage is very
essential for human nutrition as the forage eaten by the ruminant is cycling into the

human food supply as milk and meat.

2.8.2. In vitro digestibility

Feed digestibility using in vitro biological methods which simulates the actual digestions
process is a more significant technique of feed assessment as microorganisms and

enzymes are more sensitive to factors influencing the rate and extent of digestion than the
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chemical methods (Van Soest, 1994), The in vitro dry matter digestibility (IVDMD)
technique is used widely to analyze feeds because of the high degree of correlation with
in vivo DM digestibility (Tilley and Terry, 1963; AOAC, 1990). Forage digestibility is
associated with intake, dietary nitrogen content and physical form of the forage. Forages
with crude protein contents above 6 - 8% have greater digestibility because of the
availability of required N for ruminal microbes (Styler et al., 1979). However, there is an
inverse relation between the ADF content of forage and its dry matter digestibility
(DMD) and total digestible nutrients values. Similar relation has been observed between
the NDF content of forage and its dry matter intake value; viz., as ADF content of a
forage increases, its dry matter digestibility and total digestible nutrients by livestock
decreases, in the same way, as NDF content of forage increases, the amount of forage
intake by livestock decreases (Schroder, 1994; Sayar, 2014). In the feed, relatively small
rises in IVDMD can result in measurable improvements in animal performance (Casler
and Jung, 2006).

2.8.3. In sacco degradability

As stated by Osuji et al. (1993) the nylon-bag technique provides a means of ranking
feeds based on their dry matter, organic matter, nitrogen or other nutritional parameters in
relation to the rate and extent of degradation. It encompasses feed samples incubation in
the rumens of fistulated animals for periods of 6 to 120 hours and subsequently to
determine the disappearance of the different feed components. This technique is
appropriate for use by national agricultural research systems because it does not involve
large quantities of imported inputs. According to @rskov (2000), the technique has also
provided relatively good predictions of forage intake and digestibility, and it has greatly
improved the understanding of nitrogen supply to ruminants and their microbes.
However, forage quality varies with species, variety, physiological maturity, regrowth,
season, harvesting height, fertilization and other factors (Getnet et al., 2008). Rumen
degradability of grass and legume species widely varies like the characteristics of other
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feed due to variations in the genetic makeup of the plants, its environment and stage of
growth. In forage plants, significant increase in NDF, ADF and ADL with increased
maturity (Kallenbach et al., 2002). In general, grasses contain higher concentrations of
NDF and ADF than legumes.

2.9. Effect of Season on Availability of Forage

Livestock production is influenced by the seasonal variation of feeds in terms of quantity
and quality in Ethiopia. Years of adequate amount and distribution of rainfall enabling
production of excess forage but years of poor rainfall result in shortage of forage
production to sustain normal development and production in livestock (Alemayehu,
1998). The seasonal pattern of feed supply interacts with the seasonal pattern of feed
requirement, for instance those caused by pregnancy, or lactation and to lesser extent, by
difference in metabolic requirements due to changing in climatic condition. This is true
due to the fact that controlled breeding with seasonal fluctuation of feed supply and

demand is not synchronized.

Considerable efforts have been made so far to alleviate the problem of feed shortage in
the Ethiopian highlands, aimed at improving feed availability and thereby improve
livestock productivity. But, the impact was so insignificant to cope with the problem that
livestock are still subjected to nutritional stress in the extended periods especially during
the dry seasons (LDMPS, 2006). Grazing of private and communal grasslands was a
common practice following the onset of rainfall from late April to early November
(Solomon et al., 2008). In general, giving due consideration for the quantity and quality
of seasonal availability of feed resources is of paramount importance for the development

of appropriate strategies and interventions of livestock feeding.
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3. MATERIALS AND METHODS

This chapter in general describes information on the study locations, the experimental
designs used to layout the field experiments and the experimental treatments assessed. In
addition it describes, the laboratory, digestibility (in vitro and in sacco dry matter) and
field research methods employed to gather the data and statistical procedures employed to
analyze and summarize the collected data. It has three set of activities (three independent
experiments were conducted): Experiment 1-Vetch intercropping and elephant grass
spacing; Experiment 2- Harvesting height and nitrogen fertilizer; Experiment 3- Nitrogen

fertilizer and plant spacing.

3.1. Descriptions of the Experimental Locations

Experiments were conducted at Holetta and Debre Zeit Agricultural Research Centers of
the Ethiopian Institute of Agricultural Research. Holetta Agricultural Research Center
(HARC) is situated at an altitude of 2400 masl between 9° 03'N latitude and 38° 30'E
longitude in Welmera district in the West Shewa Zone of Oromia Regional States and
presented in Figures 1. The rainfall of the area has a bimodal pattern where around 75%
falls during the main rainy season (June to September) and the rest 25% (February to
May) during the short rainy season. The average maximum and minimum temperatures
of Holetta were 24.1°C and 6.4°C, respectively at Holetta. Frost occurs during November
to January when the minimum temperature occasionally drops below zero (HARC,
2003). Soils in the area are predominantly nitosols, which are acidic in nature (pH = 5.5)
with medium status of fertility (Getachew et al. 2006). Debre Zeit Agricultural Research
Centre (DZARC) is located at an altitude of 1850 masl between 8°44" N latitude and 38°
58" E longitude in Adaa district in the East Shewa Zone of Oromia Regional States and
presented in Figures 1. It also experiences a bimodal rainfall pattern with a long rainy
season (June to October) and a short rainy season (March to May). The average

maximum and minimum temperatures of the area were 27.1°C and 11.9°C, respectively.
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The Long term (1971-2017) and the experimental period weather data of HARC and
DZARC are displayed in Figures 2 and 3. Prior to planting, using soil sampling augur
representative soil samples were taken at a depth of 0 - 30 cm layer from the
experimental fields. The soil composite samples were analyzed for physico-chemical
analysis and the result is presented in Table 1. Soil organic carbon (SOC) content was
determined by wet digestion (Walkley, 1947) while total nitrogen was measured by
Microkjeldahl method (Bremner and Mulvaney, 1982). Cation exchange capacity (CEC)
was determined after ammonium acetate extraction (Van Reeuwijk, 1995). Available
phosphorus was measured by the Olsen procedure due to soil samples were with pH <7
(Olsen and Sommers, 1982). Soil pH was determined with an electrode on a 1:2.5 soil —
water solution (Hendershot et al., 1993). Soil texture was analyzed using the hydrometer
method (Gee and Bauder, 1986).

Table 1. Soil physico-chemical properties from experimental locations at a depth of 0-30
cm at Holetta and Debre Zeit

P- Texture
i Textu N- CEC .
Loc Aval ocC OM Soil
a?ign pH bl\:eala Clay Sand  Silt ral Total 0 (%) (meg/ tyc;))le
om) (B) (%) (%)  class (%) 100 g
soil)

Holetta 519 6.45 66.66 1916 1426 Clay 019 157 27 23.33  Nitosol
Debre
Zeit 6.24 2545 61.67 225 1583 Clay 014 117 201 4242 Vertisol

P = phosphorus; N = nitrogen; OC = organic carbon; OM= organic matter; CEC = cation
exchange capacity; ppm = parts per million; meq = milli equivalent; g=gram
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Figure 1. Map showing the experimental locations at Holetta and Debre Zeit agricultural

research centers in the central highlands of Ethiopia
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Figure 2. Long-term average (LTA) (1971-2017) and during the experimental period
(year 1 (2016) and year 2 (2017)) maximum and minimum air temperature (°C) at Holetta
(1a) and Debre Zeit (1b)
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and year 2 (2017)) total annual rainfall (mm) and mean relative humidity (%) at Holetta
(2a) and Debre Zeit (2b)
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3.2. Field Preparation

The two districts (Welmera and Adaa) were selected purposely based on their dairy
farming potential and accessibility. Holetta and Debre Zeit Agricultural Research Centers
from Welmera and Adaa districts, respectively were also selected purposely as
experimental locations. Both experimental fields were plowed and harrowed using a
tractor mounted with moldboard plow and disc harrow to make seedbed with desirable
soil tilth in May and June 2016 before plots were laid out and the forages planted.
Furthermore, prior to planting, using soil sampling augur soil samples were taken at a

depth of 0 to 30 cm layer from the experimental locations.

3.3. Experimental Design and Treatments

3.3.1. Experiment 1- Vetch intercropping and spacing

For experiment 1, 36 plots at Holetta and 36 plots at Debre Zeit with a total of 72 plots
with a plot size of 13.5 m? (6 m long and 2.25 m wide), were used. The spacing between
the plots was 0.5 m and between the replications it was one meter with three replications.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with a
two factors factorial, with 3x4 arrangements: the 1% factor with three levels’
(intercropping/cropping methods) and the 2™ factor with four levels’ (plant spacings)

described as follows.

a) Three intercropping methods used in the experiment
1) Elephant grass (Pennisetum purpureum) pure stand - ILR114984
2) Elephant grass intercropped with vetch - Vicia dasycarpa

3) Elephant grass intercropped with vetch - Vicia villosa
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b) Four spaceings of elephant grass as described in table 2

Table 2. Description of the different spacings used in the experiment

Treatments Inter-row Spacing, cm Intra-row Spacing , cm
S1 75 75
S2 100 50
S3 125 25
S4 50 50

3.3.2. Experiment 2- Harvesting heights of elephant grass and nitrogen fertilizer

For experiment 2, 36 plots at Holetta and 36 plots at Debre Zeit with a total of 72 plots on
a plot size of 13.5 m? (6 m long and 2.25 m wide) were used. The spacing between the
plots was 0.5 m and between the replications it was one meter with three replications.
The experiment was laid out in a RCBD with a two factors factorial, with 3x4
arrangements: the 1% factor with three levels’ (harvesting heights) and the 2™ factor with
four levels’ (nitrogen fertilizer rates) with inter and intra row spacing (100 cm x 50 cm)

of plant described as follows.

a) Three elephant grass harvesting heights as described in table 3

Table 3. Description of the different harvesting heights used in the experiment

Treatments Harvesting height, cm
Harvesting Height 1 (HH1) 50
Harvesting Height 2 (HH2) 100
Harvesting Height 3 (HH3) 150
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b) Four nitrogen fertilization application rates as described in table 4

Table 4. Description of the different nitrogen fertilizer rates used in the experiment two

Treatments Nitrogen fertilize rates as
elemental N , (kg ha™* yr)
Nitrogen Fertilizer 1 (N1) 0
Nitrogen Fertilizer 2 (N2) 50
Nitrogen Fertilizer 3 (N3) 100
Nitrogen Fertilizer 4 (N4) 150

3.3.3. Experiment 3- Nitrogen fertilizer application rates and spacing

For experiment 3, 48 plots at Holetta and 48 plots at Debre Zeit with a total of 96 plots on
a plot size of 13.5 m? (6 m long and 2.25 m wide) were used. The spacing between the
plots was 0.5 m and between the replications it was one meter with three replications.
The experiment was laid out in a RCBD with a two factors factorial, with 4x4
arrangements: the 1% factor with four levels’ (nitrogen fertilizer rates) and the 2" factor
with four levels’ (plant spacings) with a recommended harvesting height of 1.0 m - 1.5 m

described as follows.

a) Four nitrogen fertilizers as described in table 5

Table 5. Description of the different nitrogen fertilizers used in the experiment three

Treatments Nitrogen fertilizer

rates, (kg ha™ yr?)

Nitrogen Fertilizer 1 (N1) 0

Nitrogen Fertilizer 2 (N2) 50
Nitrogen Fertilizer 3 (N3) 100
Nitrogen Fertilizer 4 (N4) 150
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b) Four planting spaces of elephant grass as described in table 6

Table 6. Description of the different spacings used in the experiment

Treatments Spacing between rows, cm  Spacing between plants, cm
S1 75 75
S2 100 50
S3 125 25
S4 50 50

3.4. Planting and Establishment

In experiment 1- vetch intercropping and plant spacing tratments; elephant grasses
(Pennisetum purpureum) were established using root splits obtained from Holetta
research center. It was planted in well-prepared plots in rows S1 (24 root split), S2 (30
root splits), S3 (45 root splits) and S4 (60 root splits)). The material was planted at a
depth of 15 - 20 cm with splits planted upright on 1 July 2016 and 14 July 2016 at
Holetta and Debre Zeit, respectively on a plot size of 13.5 m? (6 m long and 2.25 m
wide). Seeds of V. dasycarpa and V. villossa (the two vetch species) were as well
obtained from HARC and sown according to the treatments set-up, at the rate of 25 kg/ha
by broadcasting uniformly after three weeks of established elephant grass plots during the
establishment year and during the regrowth in the second year after harvesting of
elephant grass at the end of June. Using hand hoeing, the sown vetch seeds were mixed

with the upper soil layer to facilitate the germination process.

In experiment 2- harvesting heights and nitrogen fertilizer rates, and experiment 3-
nitrogen fertilizer rates and plant spacings. The planting materials of elephant grass and
nitrogen fertilizer as urea were also obtained from HARC. At the rate of 100 kg ha™* DAP
fertilizer (Diammonium Phosphate: 18% N and 46% P, Os) was uniformly applied for all

treatment plots at the time of elephant grass planting to enhance better root development
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at both locations. The nitrogen fertilizer (N) application rates as elemental were applied
in two splits (one third at the end of July- two third at the end of August in the
establishment year and half at the first week of July - half at the end of August in the
second year (regrowths) of establishment) annually in experiments 2 and 3. Hand
weeding and hoeing were performed during planting and establishment, and after every
elephant grass harvest to facilitate the regrowth.

3.5. Data Collection

3.5.1. Plant height at harvest

In experiment 1- elephant grass and vetch legumes harvesting were made when the vetch
species achieved at about 50% of flowering stage. During elephant grass harvesting, each
plant consists of a bunch of tillers. Elephant grass and vetch species plant heights were
determined by recording an average height of five randomly selected plants per plot prior
to harvest. Elephant grass height was measured using a graded measuring stick from the
ground level to its highest tip of the main plant or stem. Vetch height was also measured
from the ground level to the tip of the plant. The forages were harvested at about 5 to 10
cm height from the ground level manually using sickles. In experiments 2 and 3- elephant
grass harvesting was made at the predetermined harvesting height of HH1=50, HH2=100
and HH3=150 cm and within the recommended ranges of 100-150 cm harvesting height,
respectively. However, in experiment 2 and 3 during the establishment vyear,
aforementioned recommended harvesting height of elephant grass was not achieved due
to the perennial nature of the grass and the cooler central highlands at Holetta. However,
at Debre Zeit, the suggested harvesting height reached in both years (during the
establishment year (Year 1) and in the regrowth of the second year (Year 2).
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3.5.2. Tillering performance

In each of the three experiments- the number of tillers per plant (NTPP) of elephant grass
was determined by counting the number of tillers per plant (bunch) and taken as an
average number of tillers per plant from five randomly selected plants (bunches) per plot
at the time of harvesting during the establishement year and in the regrowth of the second

year.

3.5.3. Survival rate

In each of the three experiments- the survival rate (the bunch against to the initially
planted root splits) of elephant grass (a bunch considered as one plant) per plot was taken
during every harvest in the establishment year and in the regrowth of the second year in
order to determine its survival rate as a percentage of the total number of plants initially
planted using root splits per plot (S1= 24 root splits per plot (13.5 m?) = plant density=
17, 778 plants/ha), S2= 30 root splits (22, 222 plants/ha), S3= 45 root splits (33, 333
plants/ha) and S4= 60 root splits (44, 444 plants/ha) were used. In short, the survival rate
percentage of elephant grass was determined as the proportion of a number of living
plants (a bunch considered as one plant) per plot to the initially planted total number of

plants using root splits per plot and then multiplied it by hundred (100).

3.5.4. Forage yield

In each of the three experiments- the harvested fresh forage weight from each plot was
determined using field balance. Fresh subsamples of 900 g forage were as well taken
from each plot and plant species separately. The forage subsamples of elephant grass
were chopped and shredded to facilitate the drying process. Drying of forage subsamples
was performed using a forced air draft oven at 65°C for 72 hours (to constant weight).

Dry matter percentage was estimated by dividing the dried weight of forage subsample
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by the fresh weight of subsample and multiplied it by hundred. The dry matter yield

(DMY) was determined using the following formula.

DMY (t/ha) = TFW x (DWSss /HA x FWss) x 10; Where TFW = total fresh weight
kg/plot; DWss = dry weight of subsample in grams; FWss = fresh weight of subsample in
grams; HA = Harvest plot area in square meters and 10 is a constant for conversion of

yields in kg/m? to t/ha.

3.5.5. Leaf to stem ratio

In each of the three experiments an average leaf to stem ratio (LSR) of elephant grass was
determined by harvesting randomly selected five plants per plot and partitioning into leaf
(leaf sheath included in the leaf fraction) and stem fractions for each plot and experiment.
The fresh subsamples of elephant grass leaf and stem were separately weighed and dried
using an oven at 65°C to constant weights and the LSR was determined by dividing the
leaf dry weight by the stem dry weight of elephant grass.

3.5.6. Dry matter percentage

In each of the three experiments- dry matter percentage was estimated by dividing the
dried weight of forage (elephant grass and vetch legumes) subsamples by the fresh
weight of subsamples and multiplied it by hundred. Drying was done using a forced air
draft oven using the procedures described above for the forage dry matter yield

determinations.

3.5.7. Grass — legume proportions

In experiment 1- Grass — legume proportions for chemical composition, in vitro dry

matter digestibility and in sacco dry matter degradability were determined based on the
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percentage of elephant grass and vetch legume species dry matter yields in each plot

forage mixtures (total) dry matter yield.

3.6. Forage Quality Measurements

3.6.1. Chemical analysis of feed samples

Samples of forage from each experiment, 1, 2 and 3 were harvested and chopped to a size
of 3-5 cm and dried in air draft oven at 65°c for 72 hours (to constant weight) and
maintained for chemical analysis being packed in paper bags at room temperature. The
dried forage subsamples then ground to pass through 1 mm screen using Wiley mill for
chemical anaysis. For experiments 1 and 2, the DM and ash contents were determined by
oven drying at 105°C overnight and combusting in a muffle furnace at 500°C for 6 hours,
respectively (AOAC, 1990). The nitrogen (N) content was determined by Kjeldahl
method and CP was calculated as N x 6.25 (AOAC, 1995). According to the methods of
Van Soest and Robertson (1985), the neutral detergent fiber (NDF), acid detergent fiber
(ADF) and acid detergent lignin (ADL) were determined.

For experiment 3, the chemical composition (DM, ash, CP, NDF, ADF, ADL) was
determined using a calibrated near infra-red reflectance spectroscopy (NIRS) apparatus
available at Holetta Agricultural Research Center. The NIRS procedure was performed
on 3 g of ground sample using Foss NIRS 5000 in the 1108 — 2492 spectral range with an
8 nanometer step. Prior to scanning, the samples were pre-dried at 60°C overnight in a
forced air draft oven to normalize moisture conditions. Each sample spectra were taken
by scanning for three consecutive times (Win Scan 1.5, 2000 Infrasoft International)
(Dereje et al., 2010). The chemical analysis was conducted at Holetta Agricultural
Research Center (HARC).
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3.6.2. In vitro dry matter digestibility determination

In vitro dry matter digestibility (IVDMD) of experiments 1 and 2 was determined by
using the two-stage rumen inoculum pepsin method of Tilley and Terry (1963). Dried
feed samples were ground to pass through a 1 mm screen for IVDMD determination.
Duplicate samples of about 0.5 g each were incubated with 30 ml of rumen liquor in 100
ml test tube in water bath at 39°C for a period of 48 hours for microbial digestion. These
were followed by another 48 hours for enzyme digestion with acid pepsin solution. Blank
samples containing buffered rumen fluid only were also incubated in duplicate for
adjustment. Drying of samples residues was done at 105°C for 24 hours. The IVDMD
was calculated as dry sample weight- (residue- blank) / dry sample weight x 100.
However, the IVDMD of experiment 3- was determined using a calibrated near infra-red
reflectance spectroscopy (NIRS) apparatus available at Holetta Agricultural Research
Center. The NIRS procedure was performed on 3 g of ground sample using Foss NIRS
5000 in the 1108 — 2492 spectral range with an 8 nanometer step. Prior to scanning, the
samples were pre-dried at 60°C overnight in a forced air draft oven to normalize moisture
conditions. Each sample spectra were taken by scanning for three consecutive times (Win
Scan 1.5, 2000 Infrasoft International) (Dereje et al., 2010). The in vitro dry matter

digestibility was conducted at Holetta Agricultural Research Center.

3.6.3. In sacco dry matter degradability determination

In experiment 1, Year 1 forage samples and in experiment 2, Year 2 samples were used to
determine in sacco dry matter (DM) degradability of elephant grass in both locations.
Furthermore, for experiment 1, vetch intercropping (vetch legumes intercropped with
elephant grass and pure stand elephant grass) with a spacing of 50 cm between rows and
plants and for experiment 2, elephant grass harvesting height (HH1, HH2 and HH3) with
N3 in two split applications annually per treatments were selected and used for in sacco
DM degradability of forages based on their dry matter yield (DMY), crude protein (CP)
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content and in vitro dry matter digestibility (IVDMD). The in sacco DM degradability
was determined by incubating 3 g of ground each feed samples in a Willey mill to pass
through 2 mm sieve size in duplicate nylon bags with a dimension of 9 cm x 14 cm and a
pore size of 40-50 um using 3 rumen-fistulated crossbred (Boran x Fresian) steers
weighing approximately 550 + 15 kg, each kept under maintenance ration at Holetta
Agricultural Research Center. The steers were managed in door and were offered ad
libitum natural pasture hay (6.8% CP) supplemented with 2 kg concentrate per head per
day on DM basis. The concentrate has a mixture of 63% wheat bran, 36% noug seed cake
(Guzotia abyssinica) and 1% salt. Water was as well provided free choice. Rumen
degradability of the samples was determined by incubating at 6, 12, 24, 48, 72 and 96
hours. Immediately on removal from the rumen, the bags including zero hour was rinsed
thoroughly under running tap water and washed manually until clear water appeared at
the end. Then these bags were dried in a forced-draught oven at 65°C for 72 hours
(constant weight). Washing losses was determined by soaking duplicate bags per sample
in cold tap water for about half an hour and washed in a similar procedure as that of the
incubated bags. The dried bags were taken out of the oven and dry weights were
recorded. The residues were then pooled for each animal by incubation time and the
degradability of DM was determined. The degradability was measured in terms of

disappearance of DM and expressed as percentage.

Dry matter disappearance (DMD) = ((BW+S1DM1) — (BW+RW)) x 100
(S1 x DM1)
Where; BW = Empty Bag weight; RW = Dried Residue weight; S1 = Sample weight;

DM1 = Dry matter content of the original sample.

The degradability constants were fitted in to the exponential equations as described by
@rskov and McDonald (1979), using the Neway Excel program (Chen, 1995). P = a+b
(1-e); where P = the potential disappearance of dry matter at time t; a = rapidly
degradable or water soluble fraction; b = the potentially, but slowly degradable fraction; c

= the rate of degradation of b; e = the natural logarithm and t = the incubation time
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(hour). Potential degradability (PD) was estimated as (a+ b), while effective degradability
(ED) was calculated according to Dhanoa (1988) using the formula ED = a + [bc/ (k+c)]

at rumen outflow rate (k) of 3%/h.

3.7. Statistical Models and Data Analysis

In experiment 1,- vetch intercropping and plant spacing data on forage agronomic
performances and quality traits were subjected to model A: Yijum =+ Bi + Ij + Sx + L+
Hm+ (1*S)jit €ijim; Where Yijam = the measured response, p = the overall mean; Bj= the
effect of the i block; lj = the effect of the j™ vetch intercropping (j= 3); Sk= the effect of
the k™ spacing (k=4); L, = the effect of the I™ location (I= 2); Hp = the effect of m™
year of harvesting (m= 2); (I*S);= the interaction effect of vetch intercropping and plant

spacing; ejjxm = the random error.

The nylon bag data analysis over locations for year 1 forage samples was subjected to
model B: Yijk = p+L; + B + Lx + (I*L) ik + ejj, where; p = overall mean; I = vetch
intercropping effect; j = replication (animals) effect; Ly = location effect; (I*L) i =

interaction effect of vetch intercropping and location; eijk = the random error.

In experiment 2, nitrogen fertilizer and harvesting height data on forage agronomic
performances were subjected to model A: Yijm = p + Bi + HH; +Ny + Li+ Hpt
(HH*N)jt+ €jjam; Where Yijum = the measured response, p = the overall mean; Bi= the
effect of the i block; HH;= the effect of the i™ harvesting height (j=3); Ny = the effect
of the k™ nitrogen fertilizer (k= 4); L, = the effect of the I" location (I= 2); Hm = the
effect of m™ year of harvesting (m= 2); (HH*N);= the interaction effect of harvesting

height and nitrogen fertilizer; ejjum = the random error.

Forage DM and CP yields, and quality traits data were subjected to model B: Yijum = p +

B; + HHj +Ng + L + (HH*N) jkt Cijkim; where Yijklm = the measured response, L = the
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overall mean; B;= the effect of the i"" block; HH;= the effect of the j™ harvesting height
(i=3); Nk = the effect of the k™ nitrogen fertilizer (k= 4); L, = the effect of the I™ location
(I= 2); (HH*N) j= the interaction effect of harvesting height and nitrogen fertilizer; €jjxim

= the random error.

The nylon bag data analysis over locations from year 2 forage samples was subjected to
model C: Yix = ptHH; + B + Lx + (HH*L) i + ejjx, where; p = overall mean; HH =
harvesting height effect; Rj = replication (animals) effect; Ly = location effect; (HH*L) ix

= interaction effect of harvesting height and nitrogen fertilizer; ejx = the random error.

In experiment 3, nitrogen fertilizer and plant spacing data on forage agronomic
performances were subjected to model A: Yijum = p + Bi + Nj+ Sk + Li+ Hpt+ (N*S)j+
Eijim: Where Yijum = the measured response, p = the overall mean; B;= the effect of the jth
block; N;= the effect of the j™ nitrogen fertilizer (j=4); Sy = the effect of the k™ spacing
(k= 4); L, = the effect of the I™ location (I= 2); Hp = the effect of m™ year of
harvesting (m= 2); (N*S);= the interaction effect of nitrogen fertilizer and plant spacing;

gijim = the random error.

For forage DM and CP vyields, and quality traits were subjected to model B: Yijum = p +
Bi + Nj +Sk + Li + (N*S) jit €jjum; Where Yijum = the measured response, p = the overall
mean; B;= the effect of the i block; N;= the effect of the j™ nitrogen fertilizer (j=4); Sk =
the effect of the k™ spacing (k= 4); L, = the effect of the I location (1= 2); (N*S) j= the

interaction effects of nitrogen fertilizer and plant spacing; ejjum = the random error.

All data was collected from the field, laboratory and in sacco dry matter degradability
based experiments were subjected to analysis of variance using the general linear model’
(GLM) procedures of Statistical Analysis System, version 9.1 (SAS, 2002). Least
significance difference (LSD) at 5% significance level was used for comparison of

means.
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4. RESULTS

This section is divided into three parts. In experiment 1, results from evaluation of the
agronomic performances of elephant grass, subsequent dry mater yield, chemical
composition, in vitro dry matter digestibility and in sacco dry matter degradability as
affected by vetch intercropping and different plant spacing are presented. Data on
agronomic performances of elephant grass, subsequent dry mater yield, crude protein
yield, chemical composition, in vitro dry matter digestibility and in sacco dry matter
degradability of elephant grass forage as influenced by harvesting height and nitrogen
fertilizer rates are presented in experiment 2. In experiment 3, the effet of different
nitrogen fertilizer rates application and plant spacing on agronomic performances of
elephant grass, dry mater yield, crude protein yield, chemical composition, and in vitro
dry matter digestibility were evaluated.

4.1. Experiment 1- Intercropping of Vetch with Elephant Grass and Plant Spacing
4.1.1. Agronomic performances of elephant grass

4.1.1.1. Survival rate of elephant grass

The effects of vetch intercropping and plant spacing on the survival rate percentage of
elephant grass during the first establishment year (Year 1) and in the regrowth during the
second year (Year 2) are given in Table 7. The survival rate of elephant grass was
significantly (P<0.05) affected by vetch intercropping over years and locations. Higher
survival rate was recorded in pure stand elephant grass than vetch species intercropped
with elephant grass. The effect of vetch (Vicia dasycarpa and Vicia villosa) intercropping
reduced the survival rate of elephant grass by 7.4 and 27.6%, respectively as compared to

the pure stand elephant grass over years and locations.
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The survival rate of elephant grass was considerably (P< 0.05) affected by plant spacing
of the combined data analysis over years at Holetta, and combined over years and
locations revealed. Comparable and higher values were recorded at a wider plant spacing
of S2 (100 cm x 50 cm) and S1 (75 cm x 75 cm) than narrower spacings of S3 (125 cm X
25 cm) and S4 (50 cm x 50 cm) at Holetta and combined over years and locations. The
overall average survival rate of elephant grass was found to be 59.4%.

Table 7. Mean survival rate of elephant grass during the establishment year (Year 1) and
in the regrowth during the second year (Year 2) (% survived from the initial number of
root splits planted) as affected by vetch intercropping and plant spacing (combined over
years and locations)

Treatment Holetta Debre Zeit Yearl Year?2 Mean
Vetch Intercropping (1)

Pure stand Elephant G 75.7° 55.5% 68.4° 62.8°% 65.6°
Elephant G + V. dasycarpa  71.6° 50.6° 63.0° 59.2° 61.1°
Elephant G + V. villosa 61.4° 41.3° 54.0°  48.8° 51.4°
P-value 0.0001 0.0002 0.0001  0.0006 0.0001
Plant Spacing (S), cm

S1 (75 x 75) 70.5%® 52.0 64.4 58.1 61.2%°
S2 (100 x 50) 74.8° 50.6 65.4 60.0 62.7°
S3 (125 x 25) 68.3" 45.5 60.1 53.7 56.9"
S4 (50 x 50) 64.7° 48.6 57.3 55.8 56.6"
Mean 69.6 49.2 61.8 56.9 59.4
SEM 0.35 0.40 0.38 0.41 0.28
CV (%) 12.70 23.29 16.45 21.21 18.69
I*S NS NS NS NS NS
P-value 0.0095 0.3644 0.0730 0.4364 0.0472

%€ Means followed by different superscripts within a column are significantly different (P<0.05); S1= 24
root splits of elephant grass per plot (13.5m?) planted initially; S2= 30 root splits per plot; S3= 45 root
splits per plot; S4=60 root splits per plot; Elephant G = elephant grass; Year 1= 2016 harvesting; Year 2=
2017 harvesting; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.1.1.2. Tillering performance of elephant grass

Table 8 shows the number of tillers produced per plant in elephant grass during
establishment year and in the regrowth during the second year. In vetch intercropping at
different plant spacing, the number of tillers per plant was not significantly (P> 0.05)
affected by vetch intercropping, except the combined analysis of over locations in year 1
(P< 0.05). In the first year, considerably higher number of tillers per plant was recorded
in Vicia dasycarpa (19.8) and Vicia villosa (18.6) intercropping with elephant grass than
pure stand elephant grass (18.0) in year 1. The mean tiller numbers produced per plant of
elephant grass (Holetta vs Debre Zeit) was 32.1 vs 44.3, 32.9 vs 47.5 and 32.0 vs 48.0 for
pure stand elephant grass, Vicia dasycarpa and Vicia villosa intercropping, respectively.
On the other hand, mean tiller numbers yielded per plant of elephant grass (Year 1 vs
Year 2) were 18.0 vs 58.3, 19.8 vs 60.6 and 18.6 vs 61.9 for pure stand elephant grass,

Vicia dasycarpa and Vicia villosa intercropping, respectively.

The number of tillers produced was significantly (P< 0.05) affected by spacing both at
Holetta and Debre Zeit. The effect of spacing on tillering did not show significant effect
during the establishment year (Year 1), however, the regrowth tillering in the second year
(YYear 2) showed significant differences (P<0.05). The highest number of tillers per single
elephant grass was recorded at a wider plant spacing S1 (75 cm x 75 cm) followed by S2
(200 cm x 50 cm), S3 (125 cm x 25 cm) and the lowest was recorded at a narrow spacing
of S4 (50 cm x 50 cm) at Holetta. In the second year of regrowth, the plant develops so
tillering is high although it is enhanced by wider elephant grass spacing. At Debre Zeit, in
year 2 and the combined analysis over years and locations more or less similar trends

were observed.
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Table 8. Mean number of tillers per plant (NTPP) of elephant grass during the
establishment year (Year 1) and in the regrowth during the second year (Year 2) grass as

affected by vetch intercropping and plant spacing (combined over years and locations)

Treatment Holetta Debre Zeit  Year 1 Year 2 Mean
Vetch Intercropping (1)

Pure stand Elephant G 32.1 44.3 18.0° 58.3 38.2
Elephant G + V. dasycarpa 329 475 19.8° 60.6 40.2
Elephant G + V. villosa 32.4 48.0 18.6% 61.9 40.2
P-value 0.7981 0.3832 0.0350 0.5285  0.3363
Plant Spacing (S), cm

S1 (75 x 75) 36.7° 49.2° 19.5 66.3° 42.9°
S2 (100 x 50) 32.5° 45.4% 18.6 59.3% 38.9°
S3 (125 x 25) 30.6° 51.5° 18.8 63.3° 41.1%
S4 (50 x 50) 30.2° 40.4° 18.3 52.2° 35.3°
Mean 32,5 46.6 18.8 60.3 39.5
SEM 0.25 0.38 0.18 0.39 0.23
CV (%) 13.55 21.78 12.81 18.13 19.81
I*S NS NS NS NS NS
P-value 0.0001 0.0099 0.5225 0.0023  0.0006

a-c Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G = elephant grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting; SEM= standard error of mean;
CV= coefficient of variation; NS= non-significant
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4.1.1.3. Plant height of elephant grass and vetch species legumes at harvest

Plant height (PH) of elephant grass and vetch species (Vicia villosa and Vicia dasycarpa)
at the optimum harvesting stage of vetch (50% flowering) is presented in Table 9. Vetch
intercropping and spacing of elephant grass did not have significant (P>0.05) effect on
the height of elephant grass and vetch species forages with the exception of vetch species
in the combined analysis over locations at different plant spacing. The highest plant
height of vetch species was recorded at S4 (50 cm x 50 cm) and the lowest was measured
S2 (100 cm x 50 cm), while the rest of spacings S1 (75 cm x 75 cm) and S3 (125 cm x 25
cm) having intermidate values between the above two. Elephant grass did not attain the
recommended harvesting height (1.0 m to 1.5 m) during the establishment year (Year 1
harvesting) at Holetta. This finding was expected owing to its slow rate of growth in cool
highlands such as Holetta during the establishment year. However, at Debre Zeit, the
aforementioned recommended harvesting height (1.0 m to 1.5 m) was achieved in both
the establishment year and the second year of establishment due to warmer environmental
conditions in the area. The combined analysis over locations resulted in a total mean

height of elephant grass and vetch species 98.5 cm and 140.3 cm, respectively.
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Table 9. Mean plant height (cm) of elephant grass and vetch species at the optimum
harvesting stage of vetch (50% flowering) as affected by vetch intercropping and plant

spacing (combined over years at each location)

Holetta Debre Zeit Mean
Treatment Elephant Elephant Elephant
Vetch

grass grass Vetch grass Vetch
Vetch Intercropping (1)
Pure stand Elephant G 91.1 - 103.6 - 97.3 -
Elephant G+ V. dasycarpa 97.9 147.8 100.9 130.5 99.4 139.1
Elephant G + V. villosa 94.4 149.4 103.1 133.6 98.8 141.5
P-value 0.0814 0.6665 0.4436 0.5270 0.5579 0.4492
Plant Spacing (S), cm
S1 (75 x 75) 94.8 145.3 100.9 126.8 97.8 136.0"
S2 (100 x 50) 94.4 145.9 102.1 124.5 98.3 135.2°
S3 (125 x 25) 93.7 147.3 106.4 1415 1001  144.4%®
S4 (50 x 50) 94.7 156.0 100.1 135.4 97.8 145.7°
Mean 94.4 148.6 102.6 132.1 98.5 140.3
SEM 0.38 0.53 0.33 0.59 0.28 0.40
CV (%) 10.97 9.08 7.57 12.50 9.69 10.85
I*S NS NS NS NS NS NS
P-value 0.9896 0.1930 0.1176 0.0577 0.7178 0.0327

%% Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G =elephant grass; SEM=standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.1.1.4. Leaf to stem ratio of elephant grass

The effect of vetch intercropping, and plant spacing of elephant grass on the leaf to stem
ratio (LSR) of elephant grass is presented in Table 10. Vetch intercropping significantly
(P<0.05) affected on the LSR at both the locations and years as well as in the combined
analysis over years and locations. Higher LSR of elephant grass was recorded in vetch (V.
villosa and V. dasycarpa) intercroppings with elephant grass than pure stand elephant

grass, with a mean of 2.53 at Holetta and 1.88 at Debre Zeit.

Plant spacing did also significantly (P<0.05) affect the LSR of elephant grass at Debre
Zeit and in the combined analyses over years and locations. Higher LSR value was
recorded at a wider plant spacing of S1 (75 cm x 75 cm) than the other spacings of S2 (
100 cm x 50 cm), S3 (125 cm x 25 cm) and S4 ( 50 cm x 50 cm) in the combined analysis
over years at Debre Zeit (2.11 LSR highest; 1.75 LSR lowest). In the combined analysis
over years and locations, the highest value was recorded at a wider plant spacing of S1
(75 cm x 75 cm) followed by S2 (100 cm x 50 cm) and S4 (50 cm x 50 cm), while the
lowest LSR was recored at a spacing of S3 (125 cm x 25 c¢cm), with the highest and the
lowest values 2.37; 2.08, respectively with an overall mean value (2.21) of elephant
grass. The interaction of vetch intercropping and plant spacing significantly (P<0.05)

affected the LSR of elephant grass except at Debre Zeit and in year 2.
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Table 10. Mean leaf to stem ratio (LSR) of elephant grass at the optimum harvesting
stage of vetch (50% flowering) during the establishment year (Year 1) and in the
regrowth during the second year (Year 2) as affected by vetch intercropping and plant

spacing (combined over years and locations)

Treatment Holetta Debre Zeit Year1l Year?2 Mean

Vetch Intercropping (1)

Pure stand Elephant G 2.33° 1.65° 234" 1.64° 1.99°
Elephant G + V. dasycarpa 2.55% 1.95% 2.68*  1.86*° = 2.25°
Elephant G + V.villosa 2.71° 2.04° 2.89°  1.82° 2.38°
P-value 0.0345 0.0005  0.0025 0.0022  0.0001
Plant Spacing (S)

S1 (75 x 75) 2.63 2.11° 2.92 1.82 2.37°
S2 (100 x 50) 2.56 1.80° 2.59 1.77 2.18%
S3 (125 x 25) 2.41 1.75° 2.44 1.71 2.08"
S4 (50 x 50) 2.53 1.86° 2.59 1.77 2.20%
Mean 2.53 1.88 2.64 1.77 2.21
SEM 0.083 0.068 0.085 0.055  0.053
CV (%) 19.69 17.85 19.53 1238 1841
1*S 0.0396 NS 0.0164 NS 0.0035
P-value 0.6240 0.0103  0.0528 0.5082  0.0280

*® Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G = elephant grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting; I= vetch intercropping; S= plant
spacing; 1*S= interaction of vetch intercropping and plant spacing; SEM= standard error of the mean;
CV= coefficient of variation; NS= non-significant

4.1.1.5. Dry matter yields of elephant grass and vetch species

The dry matter yields of vetch intercropping was significantly (P<0.05) varied in the
combined analysis over years and locations (Table 11), except at Debre Zeit. Higher DM
yields were produced in vetch intercropping than in pure stand elephant grass combined
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over years and locations. Furthermore, Vicia dasycarpa and Vicia villosa intercropping
produced comparable and significantly (P<0.05) higher DM vyield than pure stand
elephant grass in the combined analysis over years and locations. The overall mean DM
yield of vetch intercropping was higher at Debre Zeit than at Holetta. Harvesting year
also affected the DM vyield of vetch intercropping and the overall mean DM yields were
8.03 and 14.39 t/ha in year 1 and 2, respectively. In general, at Holetta, V. dasycarpa and
V. villosa intercropping produced 67.1 and 72.9% DM yield advantages over the pure
stand elephant grass, respectively. In the same way at Debre Zeit, V. dasycarpa and V.
villosa intercropping yielded 11.0 and 6.0% more DM vyield advantages than the pure
stand elephant grass, respectively. As shown in Table 12, in vetch intercropping
treatment the DM vyield of vetch species significantly (P<0.05) varied over years and
locations. The DM vyield of V. villosa was significantly (P<0.05) higher than V.

dasycarpa.

The DM vyield of vetch intercropping significantly (P<0.05) varied at different plant
spacings of elephant grass. Total dry matter yields of pure stand elephant grass and vetch
intercropping showed an increasing trend with increasing plant density indicating: S1<
S2< S3< S4. Furthermore, S4 (50 cm x 50 cm) at narrower spacing of elephant grass
resulted in 17.6, 22.8 and 25.6% more DM yield advantages than S3 (125 cm x 25 cm),
S2 (100 cm x 50 cm) and S1 (75 cm x 75 cm), respectively. Generally, pure stand
elephant grass and vetch intercropping combined over years were produced higher DM
yield at Debre Zeit than at Holetta. These could be associated with the warm weather
condition at Debre Zeit which supports fast growth and higher DM production of
elephant grass. However, the different spacings of elephant grass did not significantly
(P>0.05) affect the DM vyield of vetch species (Table 12).
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Table 11. Mean total annual forage dry matter yield (DMY, t/ha) of elephant grass + vetch species during the establishment year (Year

1) and in the regrowth during the second year (Year 2) as affected by vetch intercropping and plant spacing (cm) (combined over

years and locations)

Holetta Debre Zeit Mean combined Overall
Treatment over locations Mean
Year1l Year?2 Mean Year 1 Year 2 Mean Year 1 Year 2
Vetch Intercropping (1)
Pure stand Elephant G~ 1-82° 998 500" 1046 1560  13.03 6.14° 12.78°  9.47°
Elephant G + V. 7.87° 1185  9.86°  9.30 19.63 14.46 8.58° 15.74% 12.16°
dasycarpa* (83.9) (2.4) (35.0) (32.8) (2.2) (12.0) (56.2) (2.3) (21.3)
Elephant G + 9.10° 11.31  10.20* 9.64 17.97 13.81 9.37° 14.64*  12.01°
V. villosa* (90.2)  (3.6) (42.3)  (44.8) (2.9) (17.5) (66.9) (3.2) (28.1)
P-value 0.0001 0.1343 0.0001 0.3081 0.1385 0.4111 0.0001 0.0374 0.0001
Plant Spacing (S)
S1 (75 75) 6.06 10.87  8.46 7.95° 16.39 12.17° 7.00° 13.63 10.32°
(80.8) (2.1) (45.4)  (36.1) (1.9) (19.6) (83.1) (3.0) (30.1)
52 (100 x 50) 5.70 1025  7.98 8.88"° 17.36 13.12° 7.29° 13.81 10.55"
(70.0)  (2.4) (45.0)  (27.7) (2.2) (16.2) (72.0) (3.4) (27.1)
$3 (125 x 25) 6.21 10.48  8.35 10.61*  16.76 13.68*  8.41° 13.62 11.02°
(76.5) (2.1) (44.8)  (19.0) (1.9) (12.9) (60.4) (3.0) (25.0)
S4 (50 x 50) 7.09 1259  9.84 11.77%*  20.41 16.09° 0.43? 16.50 12.96°
(78.0) (1.7) (45.9)  (21.0) (1.3) (12.7) (64.1) (2.2) (24.47)
Mean 6.26 11.05  8.65 9.8 17.73 13.77 8.03 14.39 11.21
SEM 0.177 0251  0.17 0.228 0.364 0.23 0.14 0.23 0.142
CV (%) 18.04 2051 252 19.13 27.11 26.79 18.38 26.97 26.06
I*S 0.0001 NS NS 0.0095 NS NS NS NS NS
P-value 0.0853 0.1426 0.0668 0.0008  0.2929  0.0163 0.0001 0.0827 0.0008

¢ Means followed by different superscripts within a column are significantly different (P<0.05); *Figures in parenthesis are percentage of vetch
species DMY from the total DMY (Elephant grass + Vetch species); SEM= standard error of the mean; CV= coefficient of variation; NS= non-

significant
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Table 12. Mean annual forage dry matter yield (t/ha) of vetch species during the

establishment year (Year 1) and in the regrowth during the second year (Year 2) as

affected when intercropped in elephant grass planted at different spacings (combined

over years and locations)

Treatment Location Mean
Holetta Debre Zeit Yearl Year?2
Vetch Intercropping (1)
Pure stand Elephant G. - - - - -
Elephant G + V. dasycarpa 3.45° 1.74° 483" 036" 259
Elephant G + V. villosa 4.31° 2.42° 6.27° 0.47% 3.37°
P-value 0.0024 0.0011 0.0001 0.0008 0.0001
Plant Spacing (S), cm
S1 (75 x 75) 3.84 2.39 5.82 0.41 3.11
S2 (100 x 50) 3.59 2.13 5.25 0.47 2.86
S3 (125 x 25) 3.74 1.76 5.08 0.41 2.75
S4 (50 x 50) 4.35 2.05 6.04 0.36 3.20
Mean 3.88 2.08 5.55 0.41 2.98
SEM 0.139 0.119 0.139 0.047 0.084
CV (%) 23.86 32.48 16.76 2555  22.58
I*S NS NS NS NS NS
P-value 0.2199 0.1658 0.0523 0.1032 0.0778
a-b

Means followed by different superscripts with in a column are significantly different (P<0.05);

Elephant G = elephant grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting; SEM= standard error of
the mean; CV= coefficient of variation; NS= non-significant

4.1.2. Forage chemical composition and in vitro dry matter digestibility

Chemical composition (CP, ash, NDF, ADF, and ADL) and in vitro dry mater digestibility

(IVDMD) of elephant grass as affected by vetch intercropping and plant spacing during the

establishement year and in the regrowth during the second years are presented in Tables 13

to 18. Comparable and significantly (P<0.05) higher CP content was recorded in vetch (V.

dasycarpa and V. villosa) intercropping than pure stand elephant grass at Holetta, Debre



Zeit, in year 1 and in the combined analysis over years and locations (Table 13). The

highest CP content was attained in V. villosa intercropping followed by V. dasycarpa

intercropping and the lowest was in pure stand elephant grass. Table 14 indicates the ash

content, which was comparable and significantly (P<0.05) lower in vetch (V. dasycarpa

and V. villosa) intercropping than pure stand elephant grass at Holetta, Debre Zeit, in year

1 and in the combined analysis over years and locations. Moreover, in year 2, significantly

(P<0.05) higher ash content was recorded in pure stand elephant grass followed by V.

villosa intercropping, while the lowest was recorded in V. dasycarpa intercropping.

Table 13. Mean crude protein (CP) content (% in DM basis) of elephant grass forage

during the establishment year (Year 1) and in the regrowth during the second year (Year 2)

as affected by vetch intercropping and plant spacing (combined over years and locations)

Treatment Location Mean
Holetta Debre Zeit Yearl  Year2
Vetch Intercropping (1)
Pure stand Elephant G 8.72° 7.01° 9.59° 6.15° 7.87°
Elephant G + V. dasycarpa  15.64° 12.17° 19.87° 7.94° 13.91°
Elephant G + V. villosa 15.36° 12.83° 19.31° 8.38° 14.09°
P-value 0.0001 0.0001 0.0001  0.0001 0.001
Plant Spacing (S), cm
S1 (75 x 75) 13.46 11.24 16.94 17.77 12.35
S2 (100 x 50) 12.96 10.91 16.29 7.57 11.93
S3 (125 x 125) 13.65 10.41 15.96 7.44 12.03
S4 (50 x 50) 12.90 10.13 15.84 7.18 11.51
Mean 13.24 10.67 16.26 7.49 11.96
SEM 0.212 0.174 0.174 0.095 0.139
CV (%) 24.40 18.86 13.42 8.71 23.19
I*S NS NS NS NS NS
P-value 0.8696 0.3569 0.4410  0.0632 0.6417

%€ Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G = elephant grass; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 14. Mean ash content (% in DM basis) of elephant grass forage during the

establishment year (Year 1) and in the regrowth during the second year (Year 2) as

affected by vetch intercropping and plant spacing (combined over years and locations)

Treatment Location Year Mean
Holetta Debre Zeit  Yearl Year 2
Vetch Intercropping (I)
Pure stand Elephant G 19.26% 16.19° 17.36° 18.08% 17.72°
Elephant G + V. dasycarpa ~ 14.79" 15.35° 13.46° 16.68" 15.07°
Elephant G + V. villosa 15.06" 14.90° 12.04° 1737  14.98"
P-value 0.0001 0.0013 0.0001 0.0013 0.0001
Plant Spacing (S), cm
S1 (75 x 75) 16.28 15.23 13.72 17.63 15.76
S2 (100 x 50) 16.08 15.18 13.78 17.31 15.63
S3 (125 x 125) 16.89 15.86 15.03 17.50 16.38
S4 (50 x 50) 16.23 15.64 14.63 17.08 15.94
Mean 16.37 15.48 14.29 17.38 15.92
SEM 0.180 0.128 0.172 0.132 0.117
CV (%) 14.22 7.58 14.85 7.20 12.38
I*S NS NS NS NS NS
P-value 0.7391 0.2436 0.1865 0.5748 0.4006

D Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G = elephant grass; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant

The NDF content was comparable and significantly (P<0.05) lower in vetch (V. dasycarpa

and V. villosa) intercropping than pure stand elephant grass at Holetta, Debre Zeit, in year

1, year 2 and in the combined analysis over years and locations (Table 15). The effect of

vetch intercropping did not significantly (P>0.05) affect the ADF contents over years and
locations (Table 16). Comparable and significantly (P<0.05) higher ADL (Table 17) and
IVDMD (Table 18) contents were recorded in vetch (V. dasycarpa and V. villosa)

intercropping with elephant grass than pure stand elephant grass at both locations and years

in the combined analysis. The effecs of plant spacing, and interaction between vetch
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intercropping and plant spacing were not significant (P<0.05) on the chemical composition
(ash, CP, NDF, ADF and ADL) parameters and in vitro dry matter digestibility (IVDMD),
except plant spacing of elephant grass on the NDF content in yearl; it was higher at
narrower plantg spacing than wider spacing.

Table 15. Mean neutral detergent fiber (NDF) content (% in DM basis) of elephant grass
forage during the establishment year (Year 1) and in the regrowth during the second year
(Year 2) as affected by vetch intercropping and plant spacing (combined over years and

locations)

Treatment Location Year Mean
Holetta Debre Zeit Year1l Year 2

Vetch Intercropping (1)

Pure stand Elephant G 67.69% 69.83% 61.73°% 75.78°% 68.76°
Elephant G + V. dasycarpa  60.74° 65.56° 52.70°  73.60° 63.14°
Elephant G + V. villosa 60.70° 64.43° 50.64°  74.49° 62.56°
P-value 0.0001  0.0001  0.0001  0.0011  0.0001
Plant Spacing (S), cm

S1 (75 x 75) 61.29 65.77 52.65" 74.42 63.53
S2 (100 x 50) 62.93 66.04 5433  74.65 64.49
S3 (125 x 25) 64.19 67.21 56.57° 74.82 65.70
S4 (50 x 50) 63.76 67.39 56.55% 74.60 65.58
Mean 63.04 66.60 55.02 74.62 64.82
SEM 0.256 0.212 0.234 0.164 0.176
CV (%) 7.51 4.84 7.15 2.60 6.90
I*S NS NS NS NS NS
P-value 02791  0.3374  0.0093  0.9400  0.1392

¥ Means followed by different superscripts within a column are significantly different (P<0.05); Elephant
G = elephant grass; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 16. Mean acid detergent fiber (ADF) content (% in DM basis) of elephant grass
forage during the establishment year (Year 1) and in the regrowth during the second year
(YYear 2) as affected by vetch intercropping and plant spacing (combined over years and

locations)

Treatment Loction Mean
Holetta  Debre Zeit  Yearl Year 2

Vetch Intercropping (1)
Pure stand Elephant G 45.16 45.35 38.75 51.76 45.25
Elephant G + V. dasycarpa 45.93 45.15 39.51 51.56 45.54
Elephant G + V. villosa 46.70 45.47 39.99 52.18 46.08
P-value 0.0862 0.8152 0.1576  0.5124  0.1625
Plant Spacing (S), cm
S1 (75 x 75) 45.39 45.07 38.85 51.61 45.23
S2 (100 x 50) 46.50 45.09 39.54 52.05 45.79
S3 (125 x 25) 46.05 44,91 39.81 51.19 45.50
S4 (50 x 50) 45.77 46.17 39.47 52.48 45.97
Mean 45.93 45.32 39.41 51.83 45.62
SEM 0.181 0.156 0.176 0.161 0.122
CV (%) 5.14 3.85 5.63 3.62 4.73
I*S NS NS NS NS NS
P-value 0.5540 0.1352 0.6163  0.2027  0.4808

Means followed by different superscripts within a column are significantly different (P<0.05); Elephant G
= elephant grass; SEM= standard error of the mean; CVV= coefficient of variation; NS= non-significant
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Table 17. Mean acid detergent lignin (ADL) content (% in DM basis) of elephant grass

forage during the establishment year (Year 1) and in the regrowth during the second year

(YYear 2) as affected by vetch intercropping and plant spacing (combined over years and

locations)
Treatment Loction Year Mean
Holetta  Debre Zeit Year1l Year 2
Vetch Intercropping (1)
Pure stand Elephant G 5.49° 5.50° 5.46" 5.53" 5.50°
Elephant G + V. dasycarpa 9.22% 9.43% 9.56° 9.08° 9.32°
Elephant G + V. villosa 9.60° 9.38° 9.65° 9.32° 9.49°
P-value 0.0001 0.0001 0.0001 0.0001 0.0001
Plant Spacing (S), cm
S1 (75 x 75) 7.90 8.00 8.31 7.59 7.95
S2 (100 x 50) 7.94 8.18 8.03 8.09 8.06
S3 (125 x 25) 8.05 8.10 8.07 8.08 8.08
S4 (50 x 50) 8.52 8.13 8.49 8.16 8.32
Mean 8.10 8.10 8.22 7.98 8.10
SEM 0.117 0.116 0.119 0.115 0.082
CV (%) 12.13 11.91 12.36 11.85 12.00
I*S NS NS NS NS NS
P-value 0.2202 0.9559 0.4941 0.2659 0.4216
a-b

Means followed by different superscripts within a column are significantly different (P<0.05);

Elephant G = elephant grass; SEM= standard error of the mean; CV= coefficient of variation; NS= non-

significant
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Table 18. Mean in vitro dry mater digestibility (IVDMD) (% in DM basis) of elephant
grass forage during the establishment year (Year 1) and in the regrowth during the second
year (Year 2) as affected by vetch intercropping and plant spacing (combined over years
and locations)

Treatment Location Year Mean

Holetta Debre Zeit  Year 1 Year 2

Vetch Intercropping (1)

Pure stand Elephant G 59.95° 56.09° 63.06° 52.99"°  58.02°
Elephant G + V. dasycarpa  62.69° 62.14° 69.69°  54.97° 62.41°
Elephant G + V. villosa 63.15% 62.00°% 70.13*  5490°  62.58°
P-value 0.0001 0.0001 0.0001  0.0159  0.0001
Plant Spacing (S), cm

S1 (75 x 75) 62.15 59.94 67.81 54.18 61.05
S2 (100 x 50) 62.41 60.79 68.43 54.49 61.60
S3 (125 x 25) 61.37 59.16 66.47 54.06 60.27
S4 (50 x 50) 61.79 60.42 67.80 54.41 61.10
Mean 61.93 60.08 67.62 54.28 61.00
SEM 0.186 0.207 0.185 0.190 0.146
CV (%) 4.00 5.16 3.63 4.81 5.06
1*S NS NS NS NS NS
P-value 0.6152 0.4366 0.1171  0.9579  0.3325

D Means followed by different superscripts within a column are significantly different (P<0.05);

Elephant G = elephant grass; SEM= standard error of the mean; CV= coefficient of variation; NS= non-
significant
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4.1.3. In sacco dry matter degradability and degradability characteristics of elephant
grass-vetch mixed forages

4.1.3.1. In sacco dry matter degradability

The in sacco dry matter degradability (DMD) of elephant grass forage as affected by
vetch intercropping is given in Table 19. Vetch intercropping (vetch intercropped with
elephant grass) had affected (P<0.05) in sacco degradability of elephant grass forage
incubated up to 96 hrs. Interaction effect of vetch intercropping and location has also
affected (P<0.05) in sacco degradability when incubated at 6, 12 and 96 hours. At
Holetta, comparable and significantly (P<0.05) higher DMD of elephant grass forage was
measured in vetch intercropping plots than pure stand elephant grass from 6-48 hours of
incubation, while at 72 and 96 hours significantly (P<0.05) the highest DMD was
observed in Vicia villosa intercropping followed by Vicia dasycarpa intercropping and
the lowest was recorded in pure stand elephant grass (P<0.05). At Debre Zeit, the DMD
of forage was significantly (P<0.05) higher in vetch intercropping than pure stand grass at
6, 12, 72 and 96 hours of incubation, while significantly (P<0.05) the highest DMD was
measured in Vicia villosa intercropping followed by Vicia dasycarpa intercropping and
the lowest (P<0.05) was recorded in pure stand elephant grass at 48 and 72 hours of
incubation. Generally, the trend of ruminal in sacco DMD was higher in vetch
intercropping plots than pure stand elephant grass at all incubation hours at both
locations. Furthermore, significantly (P<0.05) greater DMD was recorded at Holetta than
at Debre Zeit, except at 6 hours of incubation.

59



Table 19. In sacco dry matter degradability (DMD) (on % dry matter basis) of elephant grass forage as influenced by vetch

intercropping during the establishment year (Year 1) at Holetta and Debre Zeit (at a spacing of 50 cm x 50 cm between rows

and plants)
Location Treatment Incubation time (h)
(Vetch Intercropping) 0 6 12 24 48 72 96

Pure stand Elephant G 14.00 26.82° 39.27° 50.95° 62.69° 67.44° 68.05°
Elephant G + V. dasycarpa ~ 21.72 38.03? 49.43° 57.49% 66.38" 68.93% 71.31°

Holetta Elephant G + V. villosa 19.45 38.05° 47.33 57.92° 66.97° 71.34° 73.56°
SEM - 0.453 0.332 0.382 0.277 0.391 0.292
P-value - 0.0026 0.0005 0.0049 0.0031 0.0406 0.0024
Pure stand Elephant G 16.68 31.05° 39.46° 49.47° 59.73° 64.82° 65.89°
Elephant G + V. dasycarpa  23.70 36.21° 44.46° 54.87° 62.49° 66.81° 67.70°

Debre Zeit Elephant G + V. villosa 20.96 35.23° 44.95° 55.43° 64.99% 66.71% 68.33°
SEM - 0.378 0.424 0.137 0.245 0.264 0.274
P-value - 0.0163 0.0253 0.0001 0.0007 0.0292 0.0252

Significance

Location (L) - NS kel ** Fkk falalel falalel

Vetch Intercropping (1) - *xk *xk falaled falaled *x Fxk

L* | - * * NS NS NS *

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); Elephant G = elephant grass; SEM= standard error of
the mean; *= (P<0.05); ** = (P<0.01) ; *** = (P<0.001); NS= non-significant
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4.1.3.2. In sacco dry matter degradability characteristics

The in sacco DMD characteristics of elephant grass forage as affected by vetch
intercropping is presented in Table 20. Significant (P<0.05) effect of vetch intercropping,
and interaction between location and vetch intercropping were found on the in sacco
DMD characteristics of elephant grass at Holetta and Debre Zeit, except the rate at which
the “’b” fraction degraded (i.e., “c” fraction) at Holetta and the potential degradability
(PD) at Debre Zeit. At Holetta, the highest (P<0.05) rapidly degradable “’a” fraction was
observed in Vicia dasycarpa intercropping followed by Vicia villosa intercropping and
the lowest was recorded in pure stand elephant grass. The highest “’a” fraction was
recorded in Vicia dasycarpa intercropping followed by pure stand elephant grass and the
lowest was observed in Vicia villosa intercropping at Debre Zeit (P<0.05). At Holetta, the
highest (P<0.05) potentially, but slowly degradable “’b” fraction was obtained in pure
stand elephant grass followed by Vicia villosa intercropping and the lowest was recorded
in Vicia dasycarpa intercropping. The “b” fraction was comparable and lower (P<0.05) in
pure stand elephant grass and Vicia dasycarpa intercropping than Vicia dasycarpa
intercropping at Debre Zeit. Comparable and higher PD was observed in vetch
intercropping than pure stand elephant grass at Holetta (P<0.05), while the PD was not
significant (P>0.05) at Debre Zeit. Comparable and higher (P<0.05) effective
degradability (ED) was recorded in vetch intercropping than pure stand elephant grass at
both locations. The rate at which the “’b” fraction degraded (i.e., “c” fraction) was
significant at Holetta (P<0.05), but not at Debre Zeit in vetch intercropping treatment.
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Table 20. In sacco dry matter degradability (DMD) characteristics of elephant grass forage as influenced by vetch
intercropping during the establishment year (Year 1) at Holetta and Debre Zeit
Treatment Holetta Debre Zeit
(Vetch Intercropping) a b PD ED C a b PD ED C
(/h) % (/n)
Pure stand Elephant G 13.92° 54.73" 68.65° 47.64° 0.048 21.14° 4573° 66.87 47.47° 0.041°
Elephant G + V. dasycarpa  22.54* 47.53° 70.07"° 54.61* 0.063 24.13* 43.37° 67.50 51.54° 0.052°
Elephant G + V. villosa 20.84° 51.16° 72.00° 54.61° 0058 17.56° 49.77* 67.33 51.64*  0.065%
SEM 0.287 0.311 0.345 0.277 0.0237  0.200 0.387 0.358 0.225 0.0224
P-value 0.0003 0.0014 0.0456 0.0004 0.0559 0.0001 0.0108 0.7961 0.0006 0.0071
Significance
Source of variation a b PD ED C
Location (L) aas s aras aras NS
Vetch Intercropping (1) folekel falekal NS folakel folekal
L* I kel fakalel NS * *

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); Elephant G = elephant grass; a= rapidly degradable
fraction; b= potentially, but slowely degradable fraction, PD= potential degradability, ED= effective degradability, c= passage rate (the rate at which the
“’b” fraction degraded) ; SEM= standard error of the mean; *= (P<0.05); **= (P<0.01) ; *** = (P<0.001); NS= non-significant
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4.2. Experiment 2- Harvesting Height of Elephant Grass and Nitrogen-Fertilizer
Rates

4.2.1. Forage agronomic performances

4.2.1.1. Survival rate

Results of analysed data on survival rate percentage of elephant grass at three harvesting
heights: HH1, HH2 and HH 3 and four nitrogen fertilizer rates: N1, N2, N3 and N4 are
presented in Table 21. Comparable and significantly (P< 0.05) lower survival rate of
elephant grass was recorded at HH1 and HH3 than HH2 at Holetta, Debre Zeit, in year 1
and in the combined analysis over years and locations, whereas the effect of harvesting
heights was not significant on the survival rate of elephant grass in year 2 (P>0.05).
Generally, the trend of survival rate has increased from HH1 to HH2 and decreased from
HH2 to HH3. Nitrogen fertilizer (N) application during the establishement year and in the
regrowth of the second year at different rates significantly (P<0.05) affected the stand
count of elephant grass which is an indication of survival rate percentage. The highest
survival rate was observed in N4 treatment of N leveles followed by N3, N2 and the
lowest was recorded in N1 plots or treatments at Holetta, Debre Zeit, in year 1, year 2 and
over years and locations. With the exception of Holetta, the effect of interaction between
harvesting height and nitrogen fertilizer on the survival rate percentage of elephant grass

forage was not significant (P>0.05) over years and locations.
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Table 21. Mean survival rate of elephant grass during the establishment year and in the
regrowth during the second year (% survived from the initial number of root splits
planted) as affected by harvesting height (cm) and nitrogen fertilizer (kg/ha) (combined
over years and locations)

Treatment Location Year Mean
Holetta Debre Zeit Year1l  Year2

Harvesting Height

HH1 (50) 75.5% 53.1° 65.1" 63.5 64.3
HH2 (100) 76.6° 61.7° 72.2° 66.1 69.1°
HH3 (150) 74.6° 54.5° 65.8° 63.3 64.5°
P-value 0.0125 0.0051  0.0027  0.3396 0.0014
Nitrogen Fertilizer

N1 (0) 70.7° 51.7° 62.6° 59.9° 61.2°
N2 (50) 73.7° 56.5% 66.4  63.8° 65.1°
N3 (100) 76.5° 56.2% 68.6°  64.1° 66.4°
N4 (150) 81.3° 61.4° 73.3° 69.4° 71.4°
Mean 75.6 56.4 67.7 64.3 66.0
SEM 0.18 0.36 0.32 0.32 0.22
CV (%) 3.05 16.53 1110  11.23 10.83
HH*N 0.0001 NS NS NS NS
P-value 0.0001 0.0291  0.0009  0.0027 0.0001

#0 Means followed by different superscripts within a column are significantly different (P<0.05); HH =
harvesting height; N= nitrogen fertilizer; SEM= standard error of the mean; CV= coefficient of variation;
NS= non-significant
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4.2.1.2. Tillering Performance

Table 22 shows data analysis result on the number of tillers per plant (NTPP) of elephant
grass as affected by harvesting height (HH) and application of nitrogen fertilizer (N) rate.
Harvesting height of elephant grass has significantly (P<0.05) affected the NTPP of
elephant grass. Higher NTPP of elephant grass was recorded at HH1 than at HH3, with
the intermidate value at HH2 berween the two at Holetta, Debre Zeit, in year 1, year 2
and in the combined effect over years and locations. Application of different fertilizer
rates resulted in significant (P<0.05) effects on tillering performanc. The highest
(P<0.05) NTPP of elephant grass was recorded for N application rates of N3 and N4
followed by N2 and the lowest was recorded for N1 at Holetta, Debre Zeit, in year 1, year
2 and in the combined effect over years and locations. Generally, the number of tillers per
plant of elephant grass increased with an increase in application rates of nitrogen
fertilizer: N1 < N2 < N3 < N4.

4.2.1.3. Leaf to stem ratio

The leaf to stem ratio (LSR) of elephant grass at three harvesting heights (HH) and
nitrogen fertilizer (N) rates is presented in Table 23. Significantly (P<0.05) the highest
LSR of elephant geass was recorded at HH1 and the lowest was obtained at HH3 , with
HH2 having intermidate value berween the two at Holetta, Debre Zeit, in year 2 and in
the combined analysis over years and locations. In year 1, comparable and significantly
(P> 0.05) lower LSR was recorded at HH2 and HH3 than HH1. There was a decreasing
trend in the LSR of elephant grass with an increase in the harvesting height: HH1 > HH2
> HH3. Comparable and significantly (P<0.05) higher LSR was recorded in N rate
treatments of N3 and N4 than N1 and N2 at Holetta, Debre Zeit, in year 2 and in the
combined analysis over years and locations. In general, the trend of elephant grass LSR
increased with an increase in nitrogen fertilizer application rates: N1 < N2 < N3 <
N4. The effect of interaction between harvesting height and nitrogen fertilizer was not

significant on the LSR of elephant grass (P>0.05).
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Table 22. Mean number of tillers per plant of elephant grass stand during the

establishment year (Year 1) and in the regrowth during the second year (Year 2) as

affected by harvesting height (cm) and nitrogen fertilizer (kg/ha) (combined over years

and locations)

Treatment Location Year Mean
Holetta Debre Zeit Year1l Year2
Harvesting Height (HH)
HH1 (50) 44.3° 48.7° 246°  68.4° 465
HH2 (100) 41.5° 43.3° 239 609"  424°
HH3 (150) 40.6" 38.6° 20.8"° 584"  39.6°
P-value 0.0128 0.0001 0.0001 0.0001 0.0001
Nitrogen Fertilizer (N)
N1 (0) 37.4° 37.2° 19.4°  552°  37.3°
N2 (50) 41.6° 42.5° 231°  61.0°  42.0°
N3 (100) 44.7° 46.3° 24.8% 66.2° 45,5
N4 (150) 44.8° 48.2° 25.1° 67.9% 46.5°%
Mean 42.1 43.5 23.1 62.6 42.8
SEM 0.25 0.28 0.20 0.29 0.20
CV (%) 10.39 13.05 1276 971  12.80
HH*N NS NS NS NS NS
P-value 0.0001 0.0001 0.0001 0.0001 0.0001

#¢ Means followed by different superscripts within a column are significantly different (P<0.05);

SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 23. Mean leaf to stem ratio of elephant grass at forage harvesting stage during the
establishment year and in the regrowth during the second year as affected by different
harvesting height (cm) and nitrogen fertilizer (kg/ha) (combined over years and
locations)

Treatment Location Year Mean
Holetta D/ Zeit Yearl Year 2

Harvesting Height (HH)

HH1 (50) 2.44° 2.81° 2.93° 2.33° 2.62°
HH2 (100) 1.62° 2.29 2.01° 1.91° 1.96"
HH3 (150) 1.39° 1.87° 1.78° 1.45° 1.62°
P-value 0.0001  0.0001  0.0001  0.0001  0.0001
Nitrogen Fertilizer (N)

N1 (0) 1.54° 1.95° 1.99 1.49° 1.74°
N2 (50) 1.56° 2.24* 210 1.70° 1.90°
N3 (100) 2.12° 2.55° 2.41 2.20° 2.33°
N4 (150) 2.06° 2.56° 2.45 2.19° 2.32°
Mean 1.82 2.32 2.24 1.89 2.07
SEM 0.068 0.094 0.094 0.070 0.061
CV (%) 18.22 27.40 28.33 18.79 26.10
HH*N NS NS NS NS NS
P-value 0.0001  0.0166  0.0965  0.0001  0.0001

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant

4.2.1.4. Average annual forage dry matter and crude protein yields

Mean annual yields of forage dry matter and crude protein of elephant grass as
influenced by harvesting heights and nitrogen fertilizer application rates are presented in
Table 24. The yields of DM and CP were significantly (P < 0.05) affected by different
harvesting heights (HH) and nitrogen fertilizer (N) application rates. However, the
interaction effect between harvesting height and nitrogen fertilizer was not significant
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(P< 0.05) on the DM and CP yields at Holetta and at Debre Zeit, and over these

locations.

At Holetta, comparable and significantly (P< 0.05) higher elephant grass DM yields were
obtained at HH2 and HH3 than HH1. Significantly (P < 0.05) the highest DMY values
were recorded at HH3 followed by HH2 and the lowest was obtained at HH1 at Debre
Zeit and the combined analysis over locations. At Holetta and over locations, comparable
and significantly (P < 0.05) the highest DMY were recorded in N3 and N4 followed by
N2 and the lowest values were observed in N1 application rates. The overall mean dry
matter yield values of elephant grass (5.41 t/ha, 11.87 t/ha) over years at Holetta and
Debre Zeit, respectively were recorded. Generally, the trend of elephant grass DMY
increased with an increase in harvesting height and nitrogen fertilizer application rate:
HH1 < HH2 < HH3 and N1< N2 < N3 < N4, respectively.

Significantly (P < 0.05) higher elephant grass forage CP yields were recorded at HH2
and HH3 than HH1 at Holetta and combined effect over locations. At Debre Zeit,
significantly (P < 0.05) higher CP yield was obtained at HH3 followed by HH2 while the
lowest value was recoreded at HH1. On the other hand, significantly (P<0.05) higher
forage CP vyields of elephant grass were recorded for N rates: N3 and N4 followed by N2
while the lowest value was recorded for N1 at Holetta and over locations. Contrary to
what was recorded at Holeta, at Debre Zeit, comparable and significantly (P < 0.05)
higher CP yields were recorded for N rates of N4, N3 and N2 than N1. The overall mean
CPY values (averaged over HH and N) (0.50 t/ ha, 1.00 t/ ha) were recorded at Holetta
and at Debre Zeit, respectively. The trend of elephant grass CPY was also more or less

increased with an increase in harvesting heights and nitrogen fertilizer rates.
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Table 24. Forage dry matter and crude protein yields (t/ha) of elephant grass forage during the establishment year (Year 1) and
in the regrowth of the second year (Year 2) as influenced by harvesting height (cm) and nitrogen fertilizer (kg/ha) at Holetta and

Debre Zeit and over locations

Treatment Holetta Debre Zeit Overall Crude protein Overall
Mean Yield (t/ha) Mean
Year1l Year2 Mean Year 1 Year 2 Mean Holetta Debre Zeit
Harvesting Height
HH1 (50) 0.32 7.55 3.93° 357" 13.62° 8.60° 6.27° 0.39° 0.73° 0.56°
HH2 (100) 035 1212  6.24° 5.77° 18.73°  12.25 9.24° 0.57° 1.05" 0.81°
HH3 (150) 033  11.78*  6.05° 6.09% 23428  1475*  10.40° 0.54° 1.22° 0.88°
P-value 0.3907 0.0001  0.0001  0.0002  0.0001  0.0001  0.0001  0.0002  0.0001  0.0001
Nitrogen Fertilizer
N1 (0) 0.30 8.66" 4.48 3.47° 14.53" 9.00° 6.74° 0.39° 0.73 0.56°
N2 (50) 0.33 9.93 5.13% 5.22° 18.05°  11.64° 8.38" 0.47™ 0.99° 0.73°
N3 (100) 036  11.67*  6.02° 5.94° 21.00*  13.47° .74 0.57° 1.15° 0.86°
N4 (150) 033  11.67*  6.00° 5.95° 20.76*  13.35° 9.68% 0.56% 1.13° 0.84%
Mean 0.33 10.48 5.41 5.14 18.59 11.87 8.64 0.50 1.00 0.75
SEM 0.043  0.224 0.16 0.178 0.316 0.25 0.17 0.118 0.073 0.046
CV (%) 20.60  17.22 17.33 22.30 19.36 19.32 23.16 18.85 19.11 22.62
HH*N NS 0.0001 NS 0.0001  0.0002 NS NS NS NS NS
P-value 0.3515 0.0029 0.0050  0.0001  0.0021  0.0013  0.0001  0.0016  0.0003  0.0001

¢ Means followed by different superscripts within a column are significantly different (P<0.05); HH = harvesting height; N= nitrogen fertilizer; SEM=

standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.2.2. Forage chemical composition and in vitro dry matter digestibility

Elephant grass forage chemical composition (ash, CP, NDF, ADF, ADL contents) and in
vitro dry matter digestibility (IVDMD) at three harvesting heights and four nitrogen
fertilizer rates on the regrowths of the second year are presented in Tables 25, 26 and 27.
The interaction effect between harvesting heights and nitrogen fertilizer rates was not
significant (P>0.05) on the ash, CP, NDF, ADL contents and IVDMD except the ash

content at Debre Zeit and the ADF content over the combined effect of locations.

Table 25 shows the different harvesting heights of elephant grass did not significantly
(P>0.05) affect the ash contents at Debre Zeit and the combined effect over locations.
However, comparable and significantly (P<0.05) higher ash content was recorded at
HH1 and HH2 than at HH3 at Holetta. Significantly (P<0.05) higher CP content was
obtained at HH1 than at HH3, with intermediate value was recorded at HH2 at Holetta,
while at Debre Zeit, comparable and significantly (P<0.05) higher CP content was
recorded at HH1 and HH2 than at HH3 (Table 26). In the combined analysis over
locations, significantly (P<0.05) the highest CP content was recorded at HH1 followed
by HH2, while the lowest was obtained at HH3. The NDF content was comparable and
significantly (P<0.05) higher at HH2 and HH3 than at HH1 at both locations (Table 26).

The application of different nitrogen fertilizer rates did not significantly (P>0.05) affect
the ash contents of elephant grass. The CP content was comparable and significantly
(P<0.05) higher in treatment N2, N3 and N4 than in N1 at Debre Zeit and in the
combined effect over locations, but it was not significant at Holetta (P>0.05). The NDF
content was significantly (P<0.05) higher in N1 than in N2, N3 and N4 at Holetta. In the
combined analysis over locations, the NDF content was comparable and significantly
(P<0.05) higher in N1 and N2 than in N3 and N4, while at Debre Zeit the NDF content
was not significant (P>0.05).
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Table 25. Ash contents of elephant grass forage as affected by harvesting height (cm) and
nitrogen fertilizer (kg/ha) during year 2 (regrowths in the second year of establishment) at
Holetta and Debre Zeit

Treatment Ash (% DM basis)
Holetta Debre Zeit Mean

Harvesting Height (HH)

HH1 (50) 18.30° 17.21 17.76
HH2 (100) 18.14° 17.39 17.77
HH3 (150) 17.75° 17.46 17.60
P-value 0.0054 0.0953 0.2398
Nitrogen Fertilizer (N)

N1 (0) 18.23 17.33 17.78
N2 (50) 18.18 17.31 17.74
N3 (100) 17.94 17.51 17.73
N4 (150) 17.91 17.24 17.58
Mean 18.07 17.35 17.71
SEM 0.102 0.085 0.068
CV (%) 2.09 1.51 2.14
HH*N NS 0.0187 NS
P-value 0.2067 0.1914 0.4052

* Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 26. Crude protein (CP) and Neutral detergent fibre (NDF) of elephant grass forage
as affected by harvesting height (cm) and nitrogen fertilizer (kg/ha) during year 2
(regrowths in the second year of establishment) at Holetta and Debre Zeit

Treatment CP (% DM basis) NDF (% DM basis)

Holetta D/Zeit Mean Holetta D/Zeit Mean

Harvesting Height

HH1 (50) 9.72*° 858 9.15% 64.24°  62.79°  63.52°
HH2 (100) 0.16°  8.57° 8.86" 64.81°  63.64°  64.22°
HH3 (150) 8.87° 827" 8.57° 65.02°  63.74°  64.38°
P-value 0.0076 0.0129  0.0004  0.0137  0.0050  0.0001
Nitrogen Fertilizer

N1 (0) 8.78 8.06" 8.42° 65.24>  63.63  64.43°
N2 (50) 9.22 8.61° 8.92° 64.64°  63.80  64.22°
N3 (100) 9.53 8.62° 9.08° 6450°  63.01  63.76
N4 (150) 9.45 8.60° 9.03° 6439 6312  63.75
Mean 9.25 8.47 8.86 64.69 63.39  64.04
SEM 0.130  0.086  0.080 0.130  0.138  0.095
CV (%) 6.53 3.11 5.31 0.94 1.09 1.04
HH*N NS NS NS NS NS NS
P-value 0.0614 0.0003 0.0003  0.0339  0.0654  0.0054

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); D/Zeit=
Debre Zeit  HH = harvesting height; N= nitrogen fertilizer; SEM= standard error of the mean; CV=
coefficient of variation; NS= non-significant

The ADF and ADL contents were lower at HH1 (P<0.05) than the other harvesting
heights exhibiting comparable and significantly (P<0.05) higher values (for HH2 and
HH3) for both fractions (ADF and ADL) at Debre Zeit and the combined effect over
locations with the exception of the ADL content at Holetta (Table 27). Significantly
(P<0.05) the highest IVDMD value was obtained at HH1 followed by HH2, while the
lowest was recorded at HH3 at Holetta and the combined effect over locations, whereas
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at Debre Zeit comparable and significantly (P<0.05) higher IVDMD of elephant grass
forage was recorded at HH1 and HH2 than at HH3 (Table 27).

The ADF content of elephant grass forage was comparable and significantly (P<0.05)
higher in treatment N1 and N2 than in N4, with N3 having the intermediate value
between the two at Holetta. Comparable and significantly (P<0.05) the highest ADF
content was obtained in N1 and N2 followed by N4, while the lowest value was recorded
in N3 at Debre Zeit. In the combined analysis over locations, significantly (P<0.05) the
highest ADF content was recorded in N1 followed by N2, N4 and the lowest was
obtained in N3. Comparable and significantly (P<0.05) the highest IVDMD of elephant
grass was observed in treatment N3 and N4 and the lowest value was recorded in N1,
with N2 having the intermediate value between the two at Debre Zeit and the combined

effect over locations, while it was not significant (P>0.05) at Holetta.
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Table 27. Acid detergent fibre (ADF), Acid detergent lignin (ADL) and in vitro dry matter digestibility (IVDMD) of elephant

grass forage as affected by harvesting height (cm) and nitrogen fertilizer (kg/ha) during year 2 (regrowths in the second year of

establishment) at Holetta and Debre Zeit

Treatment ADF (% DM basis) ADL (% DM basis) IVDMD (% DM basis)
Holetta Debre Zeit Mean  Holetta Debre Zeit Mean  Holetta Debre Zeit  Mean
Harvesting Height
HH1 (50) 40.25° 40.85°  4055° 551 5.52° 552°  70.41*°  66.95° 68.68°
HH2 (100) 41.01*  41.14%®  41.07* 551 5.56° 553*  69.31°  66.58° 67.94
HH3 (150) 40.46™  41.43*  40.95° 552 5.56° 554°  67.48°  65.91° 66.69°
P-value 0.0032  0.0229  0.0066 0.1714  0.0135  0.0067 0.0001  0.0014  0.0001
Nitrogen Fertilizer
N1 (0) 40.96° 41420  4119° 551 5.54 552  68.47 66.00" 67.23"
N2 (50) 40.65° 41.29°  40.97* 551 5.55 553  69.12  66.26®  67.69%
N3 (100) 40.54*°  40.69°  40.62° 551 5.55 553  69.38 66.83° 68.11°
N4 (150) 40.16°  41.15®  40.65" 551 5.55 553  69.29 66.81° 68.05°
Mean 40.58 41.14 40.86 551 5.55 553  69.06 66.48 67.77
SEM 0.117 0.115 0.082  0.017 0.030 0.018  0.155 0.130 0.102
CV (%) 1.21 1.16 1.40 0.19 0.60 0.44 1.24 0.92 1.27
HH*N NS NS 0.0136 NS NS NS NS NS NS
P-value 0.0189  0.0223  0.0108 0.4231  0.7448  0.4888 0.1333  0.0183  0.0127

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); HH = harvesting height;

N= nitrogen fertilizer; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.2.3. Dry matter degradability and degradability characteristics of elephant grass

4.2.3.1. In sacco dry matter degradability

Mean values of in sacco dry matter degradability (DMD) of elephant grass at three
harvesting heights (HH) is presented in Table 28. Significant (P<0.05) effect of HH was
found on the DMD of elephant grass at all incubation periods (6-96) at Holetta and Debre
Zeit. The interaction (L* HH) effect of location and harvesting height on rumenal in
sacco DMD was significantly (P< 0.05) different at 6 and 12 hours of incubation. At
Holetta, significantly (P<0.05) higher DMD was measured at HH1 than HH2 and HH3 at
6 and 12 hours of incubation, but at 24, 48, 72 and 96 hours of incubation, significantly
(P<0.05) the highest DM degradability was recorded in HH1 followed by HH2 , while
the lowest value was recorded in HH3. At Debre Zeit, the highest (P<0.05) DMD was
recorded at HH1 at 6, 72 and 96 hours of incubation followed by HH2 and the lowest
(P<0.05) was measured in HH3. However, comparable and significantly (P<0.05) higher
DMD was obtained at HH1 and HH2 than HH3 at 12, 24 and 48 hours of incubation.
Except at 6 hours of incubation at HH2, significantly (P<0.05) higher DMD was recorded
at Holetta than at Debre Zeit. At the early phase (< 48 hours of incubation), rates of DM
degradability in all treatments were higher and afterwards the rate declined. The trend of
elephant grass DM degradability at any given incubation hour increased in the order of
harvesting height (HH1 > HH2 > HH3).
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Table 28. In sacco dry matter degradability (DMD) (% in DM basis) parameters of elephant grass forage as influenced by
harvesting height (cm) during year 2 (regrowths in the second year of establishment) at Holetta and Debre Zeit with the
application of 100 kg N /ha/year

Location Treatment Incubation time (h)
0 6 12 24 48 72 96
HH1 (50) 21.24 31.47° 40.77° 55.74% 69.81° 72.46° 72.98°
HH2 (100) 18.96 25.03° 38.00° 50.83" 65.89" 69.96° 70.44°
Holetta HH3 (150) 18.53 24.48" 37.26" 47.21° 62.70° 66.46° 68.16°
SEM - 0.295 0.273 0.389 0.287 0.258 0.307
P-value - 0.0007 0.0064 0.0040 0.0008 0.0007 0.0058
HH1 (50) 20.36 29.59°% 35.52° 48.03 65.77° 70.99% 71.73°
HH2 (100) 19.93 26.45" 34.43° 46.63 63.38° 68.15 68.80"
Debre Zeit ~ HH3 (150) 16.01 22.94° 29.59" 42.78° 58.55" 65.15° 65.26°
SEM - 0.306 0.328 0.364 0.441 0.345 0.364
P-value - 0.0017 0.0035 0.0129 0.0173 0.0068 0.0068
Significance
Location (L) ) NS s o s s o
Harvesting Height (HH) ) o o —_— . —_— —_—
L*HH - * i NS NS NS NS

¢ Means followed by different superscripts within a column are significantly different (P<0.05); HH= harvesting height;
SEM=standard error of the mean; CV= coefficient of variation; *= (P<0.05); ** = (P<0.01); *** = (P<0.001); NS= non-significant
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4.2.3.2. In sacco dry matter degradability characteristics

The in sacco rumen dry matter degradability (DMD) characteristics of elephant grass at
three harvesting heights is presented in Table 29. Significant (P<0.05) effect of
harvesting height (HH) was found on the DMD characteristics of elephant grass at
Holetta and Debre Zeit (except the potentially, but slowly degradable fraction “b” and the
potential degradability (PD) fraction at Debre Zeit). The interaction effect of location by
harvesting height was significant (P<0.05) on the rapidly degradable fraction “a” and
(P<0.05) the effective degradability fraction (ED). At Hoetta, comparable and
significantly (P<0.05) lower “’a” fraction was observed at HH2 and HH3 than HH1. The
“’a” fraction was comparable and significantly (P<0.05) higher at HH1 and HH2 than
HH3 at Debre Zeit. At Holetta, comparable and significantly (P<0.05) higher “’b”
fraction was recorded at HH1 and HH2 than HH3. However, the “b” fraction was not
significantly different at Debre Zeit (P>0.05). Comparable and significantly (P<0.05)
higher PD of elephant grass was recorded at HH1 and HH2 than at HH3 at Holetta and at
Debre Zeit. The highest (P<0.05) ED fraction of elephant grass was recorded at HH1
followed by HH2 and the lowest was obtained at HH3 at both locations. At Holetta, the
“c” fraction was not significant (P<0.05), but numerically higher at HH1, intermediate at
HH2 and lower at HH3. Higher “c” fraction was recorded at HH1 and HH2 than at HH3,
while it was not significant at Debre Zeit (P>0.05).
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Table 29. In sacco dry matter degradability (DMD) (% in DM basis) characterstics of elephant grass forage as influenced by
harvesting height (cm) duing year 2 (regrowths in the second year of establishment) at Holetta and Debre Zeit

Treatment Holetta Debre Zeit
A b PD ED c a b PD ED c
% (/h) % (/h)
HH1 (50) 20.09* 55.02® 75.11° 52.33° 0.042 1959° 56.85  76.44*®  4832° 0.031
HH2 (100) 17.02° 56.40*  73.26° 48.42° 0.038  18.69° 56.37  73.13"  46.49° 0.031
HH3 (150) 16.86° 53.56°  70.58" 46.24° 0.036  14.63° 5443  71.00°  42.35° 0.029
SEM 0.203 0.293  0.311 0.235 0.0158  0.236  0.448 0.433 0.190  0.0128
P-value 0.0007 0.0272 0.0079 0.0003 0.0586 0.0006 0.3253  0.0408  0.0001 0.2566
Significance
Location (L) NS NS NS Fek Fk
Harvesting Height (HH) ool NS il il *
L*HH Fkk NS NS ok NS

*¢ Means followed by different superscripts within a column are significantly different (P<0.05); a= rapidly degradable fraction; b= potentially, but
slowely degradable fraction, PD=potential degradability; ED= effective degradability; c=passage rate (rate of degradation of b ; SEM= standard error
of the mean; *= (P<0.05); ** = (P<0.01); *** = (P<0.001); NS= non-significant
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4.3. Experiment 3- Fertilizer Rate and Plant Spacing of Elephant Grass

4.3.1. Forage agronomic performances
4.3.1.1. Survival rate

Table 30 shows the effects of nitrogen fertilizer application rate (N) and plant spacing (S)
on the survival rate percentage of elephant grass. The survival rate of elephant grass was
comparable and significantly (P < 0.05) higher in treatment N3 and N4 than in N1 and N2
at Holetta and in the combined analysis over years and locations. The survival rate of
elephant grass was significantly (P<0.05) higher in treatment N4 than in N1 and N2, with
N3 having intermediate value between these two in year 1, while at Debre Zeit and in year
2, the survival rate of elephant grass was not significantly (P>0.05) affected by application

of nitrogen fertilizer rates.

The survival rate of elephant grass was comparable and significantly (P < 0.05) higher in
plant spacing treatment S1 and S2 than in S3 and S4 at Holetta, Debre Zeit, in year 2 and
in the combined analysis over years and locations. In year 1, comparable and significantly
(P<0.05) higher survival rate was recorded in S1 and S2 than in S4, with S3 having the
intermediate value between the two. The survival rate of elephant grass decreased with a
decrease in plant spacing (an increase plant population density): S1>S2 >S3 >S4
treatments. The interaction effect of nitrogen fertilizer rate and plant spacing was
significant (P < 0.05) on the survival rate of elephant grass forage over years and

locations.
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Table 30. Mean survival rate percentage (% survived from the initial number of root

splits planted) of elephant grass forage during the establishment year and in the regrowth

of the second year as affected by nitrogen fertilizer (kg/ha) and plant spacing (cm)

(combined over years and locations)

Treatment Holetta Debre Zeit Year 1l Year 2 Mean
Nitrogen Fertilizer (N)

N1 (0) 71.8° 51.7 63.5° 60.0 61.8"
N2 (50) 72.1° 51.5 63.3 60.5 61.9°
N3 (100) 77.2° 54.8 67.8% 64.2 66.0°
N4 (150) 80.5% 57.3 72.3 65.5 68.9°
P-value 0.0004 0.0534 0.0010  0.0821  0.0001
Plant Spacing (S)

S1 (75 x 75) 79.2° 55.6% 69.5° 65.3% 67.4°
S2 (100 x 50) 77.8° 57.0° 69.0° 65.8° 67.4°
S3 (125 x 25) 72.6° 51.4° 65.6% 58.5° 62.0°
S4 (50 x 50) 72.0° 51.3 62.8" 60.6™ 61.7°
Mean 75.4 53.8 66.7 62.5 64.6
SEM 0.29 0.29 0.30 0.30 0.21
CV (%) 10.47 15.25 12.79 13.94 12.91
N*S 0.0001 0.0008 0.0030  0.0241  0.0001
P-value 0.0029 0.0372 0.0262  0.0106  0.0002

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); SEM=

standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.3.1.2. Tillering performance

The effect of nitrogen fertilizer application rate (N) and plant spacing (S) of elephant grass
forage on the number of tillers per plant (NTPP) of elephant grass is given in Table 31.
The NTPP of elephant grass was significantly (P < 0.05) affected by N and S. Comparable
and significantly (P<0.05) the highest NTPP was obtained in N3 and N4 followed by N2,
while the lowest value was recorded in N1 at Holetta, in year 1 and over years and
locations. At Debre Zeit and in year 2, comparable and significantly (P<0.05) higher
NTPP was recorded in N3 and N4 than N1, with the value of N2 falling between the two.
Generally, the trend of NTPP of elephant grass increased with an increase in the rate of
nitrogen fertilizer (N1< N2< N3< N4). Comparable and significantly (P<0.05) higher
NTPP of elephant grass were recorded in treatment S1 and S2 than in S3 and S4 at Holetta
and in year 1. At Debre Zeit, in year 2 and the combined analysis over years and locations,
significantly (P<0.05) higher NTPP was recorded in S1, S2 and S3 than S4. The trend of
NTPP of elephant grass increased with an increase in plant spacing (S4 < S3 < S2 < S1).
However, the interaction effect of nitrogen fertilizer and plant spacing was not significant

(P>0.05) on the number of tillers per plant of elephant grass.
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Table 31. Mean number of tillers per plant (NTPP) of elephant grass during the
establishment year and in the regrowth of the second year as affected by nitrogen

fertilizer (kg/ha) and plant spacing (cm) (combined over years and locations)

Treatment Holetta Debre Zeit Yearl Year 2 Mean
Nitrogen fertilizer (N)

N1 (0) 37.6° 40.9° 25.7° 52.9° 39.3°
N2 (50) 41.1° 43.1%* 27.7° 56.4%° 42.1°
N3 (100) 445 46.0° 30. 5 60.1° 45.3
N4 (150) 43.7%° 45.8 29.3% 60.2° 44.7°
P-value 0.0001 0.0401 0.0003  0.0016  0.0001
Plant spacing (S)

S1 (75 x 75) 44.8° 45.6° 29.9° 60.5° 45.2°
S2 (100 x 50) 43.0° 46.8° 29.8° 60.0° 44.9°
S3 (125 x 25) 40.2° 45.4° 26.8" 58.7° 42.8°
S4 (50 x 50) 38.9° 38.1° 26.7° 50.3° 38.5°
Mean 41.7 44.0 28.3 57.4 42.9
SEM 0.23 0.27 0.20 0.27 0.18
CV (%) 11.75 15.78 13.57 1253 15.02
N*S NS NS NS NS NS
P-value 0.0003 0.0001 0.0022  0.0001  0.0001

€ Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant

4.3.1.3. Plant height at harvest

The effects of nitrogen fertilizer rate (N) and plant spacing (S) on the plant height of
elephant grass are presented in Table 32. Comparable and significantly (P<0.05) higher
plant height of elephant grass was recorded in treatment N3 and N4 than in N1 and N2 at
Holetta, Debre Zeit and in year 2. In year 1 and combined over years and locations,
comparable and significantly (P<0.05) the highest plant height of elephant grass was
recorded in N3 and N4 followed by N2, while the lowest value of plant height was

obtained in N1. Generally, elephant grass height was in the order of increasing with
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increasing nitrogen fertilizer rates (N1 < N2 < N3 < N4). Plant height of elephant grass
was comparable and significantly (P<0.05) higher in treatment S3 and S4 than in S1 and
S2 at Holetta and in year 2. At Debre Zeit, comparable and significantly (P<0.05) higher
height was recorded in S2, S3 and S4 than in S1. Significantly (P<0.05) higher elephant
grass height was recorded in S4 than the other three plant spacing configurations (S1, S2
and S3) in year 1. The interaction effect of nitrogen fertilizer and plant spacing was not

significant (P> 0.05) on elephant grass height except at Holetta and in year 2 (P< 0.05).

4.3.1.4. Leaf to stem ratio

Table 33 shows the effects of nitrogen fertilizer application rate (N) and plant spacing (S)
on the leaf to stem ratio (LSR) of elephant grass. The LSR value of elephant grass was
comparable and significantly (P < 0.05) higher in treatment N4 and N3 than N2 and N1 at
Debre Zeit, whereas significantly (P < 0.05) higher LSR was recorded in N4 than N1 and
N2, with the value of N3 falling between the two in year 1. However, LSR was not
significantly (P > 0.05) affected by the application of nitrogen fertilizer rates at Holetta,
in year 2 as well as in the combined analysis over years and locations. Significantly (P <
0.05) higher LSR was recorded in S1 than S4, with N2 and N3 having intermediate
values between the two at Debre Zeit and in year 1. In the combined analysis over years
and locations, comparable and significantly (P< 0.05) higher LSR was recorded in S1 and
S2 than S4, while S3 had intermediate value between the two. The interaction effect of
nitrogen fertilizer and plant spacing was significant (P< 0.05) on the LSR of elephant

grass at Holetta and in year 2 (P < 0.05).
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Table 32. Mean plant height (cm) of elephant grass during the establishment year and in
the regrowth of the second year as affected by nitrogen fertilizer (kg/ha) and plant

spacing (cm) (combined over years and locations)

Treatment Holetta Debre Zeit Year 1l Year 2 Mean
Nitrogen fertilizer (N)

N1 (0) 59.6° 122.6" 74.1° 108.1° 91.1°
N2 (50) 60.2° 125.3" 77.7% 107.8" 92.7°
N3 (100) 63.0° 132.7° 81.5% 114.2 97.8%
N4 (150) 64.2° 136.7° 85.4° 115.5% 100.5%
P-value 0.0008 0.0001 0.0001  0.0002  0.0277
Plant spacing (S)

S1 (75 x 75) 59.0° 123.4° 75.2° 107.2° 91.2
S2 (100 x 50) 58.6" 129.9 79.2° 109.4° 94.3
S3 (125 x 25) 63.8° 129.9% 79.3° 114.5% 96.9
S4 (50 x 50) 65.5° 134.0° 85.0% 114.5° 99.8
Mean 61.7 129.3 79.7 111.4 95.5
SEM 0.21 0.31 0.29 0.28 0.30
CV (%) 7.00 7.23 10.06 6.50 17.94
N*S 0.0026 NS NS 0.0392 NS
P-value 0.0001 0.0023 0.0009  0.0008  0.0933

*¢ Means followed by different superscripts within a column are significantly different (P<0.05); SEM=

standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 33. Mean leaf to stem ratio of elephant grass forage during the establishment year
and in the regrowth of the second year as affected by nitrogen fertilizer (kg/ha) and plant

spacing (cm) (combined over years and locations)

Treatment Holetta Debre Zeit Year 1l Year 2 Mean
Nitrogen Fertilizer (N)

N1 (0) 2.15 1.68° 2.04° 1.80 1.92
N2 (50) 2.20 1.67° 2.14° 1.74 1.94
N3 (100) 2.25 2.04° 2.35% 1.94 2.14
N4 (150) 2.24 2.07° 2.57° 1.75 2.16
P-value 0.9077 0.0093 0.0092 04709  0.1151
Plant Spacing (S)

S1 (75 x 75) 2.33 2.11° 2.60° 1.83 2.22°
S2 (100 x 50) 2.22 1.96% 2.36% 1.83 2.09%
S3 (125 x 25) 2.23 1.79 2.21% 1.80 2.01%
S4 (50 x 50) 2.07 1.61° 1.93° 1.74 1.84°
Mean 2.21 1.87 2.27 1.80 2.04
SEM 0.073 0.074 0.077 0.072 0.057
CV (%) 23.22 28.33 25.03 27.39 31.01
N*S NS NS NS NS NS
P-value 0.3673 0.0105 0.0012 09168  0.0293

%% Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant

4.3.1.5. Forage dry matter and crude protein yields

The forage DMY and CPY of elephant grass as influenced by nitrogen fertilizer (N) and
plant spacing (S) are presented in Table 34. Comparable and significantly (P< 0.05)
higher DM vyields were recorded in N3 and N4 than in N1 and N2 at Holetta and in the
combined analysis over locations. At Debre Zeit, comparable and significantly (P< 0.05)
the highest dry matter yield (DMY) values were recorded in N3 and N4 followed by N2,

while the lowest value was obtained in N1. The trend of elephant grass DMY was in
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order of increasing with an increasing in nitrogen fertilizer application rates (N1< N2<
N3< N4). At Holetta, Debre Zeit and combined over locations, comparable and
significantly (P< 0.05) higher DMY values were recorded at S4 followed by S3, S2
while the lowest values were observed in S1. The overall mean DMY figures (5.38 t/ha,

12.23 t/ha) were recorded at Holetta and Debre Zeit, respectively.

Comparable and significantly (P < 0.05) the highest elephant grass forage CP yields were
recorded in N3 and N4 followed by N2, while the lowest values were observed in N1 at
Holetta and over locations. At Debre Zeit, comparable and significantly (P < 0.05) higher
CP vyields were recorded in N3 and N4 than in N1 and N2 treatments. The trend of
elephant grass crude protein yield was also increasing with an increase in nitrogen
fertilizer rates (N1< N2< N3< N4). At Holetta and over locations, comparable and
significantly (P< 0.05) higher CP vyields were recorded at S4 followed by S3, S2 while
the lowest value was recorded in S1. Comparable and significantly (P < 0.05) higher CP
yields were recorded in S2 and N4 than in S1 treatments, with S3 having intermediate
value between the two at Debre Zeit. The overall mean crude protein yield values (0.46
t/ha, 0.96 t/ha) of elephant grass were recorded at Holetta and Debre Zeit, respectively.
The interaction effect between nitrogen fertilizer and plant spacing was not significant
(P< 0.05) on the DM and CP vyields of elephant grass.
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Table 34. Forage dry matter and crude protein yields (t/ha) of elephant grass forage during the establishment year (Year 1) and in the resgrowth

during the second year (Year 2) as influenced by nitrogen fertilizer (kg/ha) and plant spacing (cm) at Holetta and Debre Zeit

Treatment Holetta Debre Zeit Overall Crude proteinyield  Overall
Mean (t/ha) Mean
Year 1 Year2  Mean Year 1 Year 2 Mean (DMY, t/ha)  Holetta  Debre Zeit

Nitrogen Fertilizer

N1 (0) 0.41° 9.24° 4.82° 4.86" 12.60° 8.73° 6.77° 0.36° 0.65° 0.51°¢
N2 (50) 0.50° 9.74° 5.12° 5.65° 15.49° 10.57° 7.84° 0.45° 0.78" 0.62°
N3 (100) 0.48% 11.24° 5.86° 6.88° 21.06" 13.97° 9.92° 0.52° 1.14° 0.83°
N4 (150) 0.51° 10.96° 5.74% 7.33° 23.97° 15.65° 10.69° 0.51° 1.25% 0.88°
P-value 0.0452  0.0007  0.0025 0.0001  0.0001  0.0001 0.0001 0.0001 0.0001 0.0001
Plant Spacing

S1 (75 x 75) 0.33° 7.93° 4.13° 4.65° 15.42° 10.03° 7.08° 0.35° 0.81° 0.58°
S2 (100 x 50) 0.36" 10.24 5.30° 5.81° 19.89*  12.85® 9.07° 0.45" 1.03° 0.74%®
S3 (125 x 25) 0.59° 10.07° 5.33" 6.07" 17.29  11.68"™ 8.51° 0.45" 0.93* 0.69"
S4 (50 x50) 0.61° 12.94° 6.78° 8.19% 20.53° 14.36° 10.57° 0.58° 1.06% 0.82°
Mean 0.47 10.29 5.38 6.17 18.28 12.23 8.81 0.46 0.96 0.71
SEM 0.045 0.162 0.121 0.157 0.266 0.206 0.144 0.035 0.062 0.042
CV (%) 20.75 12.24 13.08 19.26 18.53 16.59 22.47 13.19 19.27 23.90
N*S 0.0001  0.0001 NS 0.0001  0.0001 NS NS NS NS NS
P-value 0.0001  0.0001  0.0001  0.0001  0.0021  0.0001 0.0001 0.0001 0.0107 0.0001

*@Means followed by different superscripts within a column are significantly different (P<0.05); N= nitrogen fertilizer; S= plant spacing; SEM=

standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.3.2. Forage chemical composition and in vitro dry matter digestibility

Ash, CP, NDF, ADF, ADL and IVDMD of elephant grass forage at different nitrogen

fertilizer application rates and plant spacings are presented in Tables 35 to 38.
4.3.2.1. Chemical composition

Table 35 shows the ash contents of elephant grass as affected by nitrogen fertilizer
application (N) and plant spacing (S). Comparable and significantly (P<0.05) the lower
ash contents were obtained in treatment N2, N3 and N4 than N1 at Holetta. At Debre Zeit
and in the combined analysis over years and locations, significantly (P<0.05) the highest
and lowest values were recorded in treatment N1 and N4, respectively with the remaining
treatments (N2 and N3) having intermediate values between the two. The effect of plant
spacing was not significant on the ash content of elephant grass (P> 0.05). The interaction
effect between nitrogen fertilizer and plant spacing was not significant on the ash content

of elephant grass (P>0.05).

Table 36 presents the crude protein (CP) and neutral detergent fiber (NDF) contents of
elephant grass as affected by nitrogen fertilizer (N) and plant spacing (S). The effect of N
application rates was significant (P<0.05) on the CP and NDF contents of elephant grass
but that of S was not significant (P>0.05) at Holetta, Debre Zeit and in the combined
analysis over locations. Comparable and significantly (P<0.05) higher CP content was
recorded in treatment N2, N3 and N4 than in N1 at Holetta. At Debre Zeit, comparable
and significantly (P<0.05) higher CP content was obtained in N4 and N3 than in N1 and
N2. In the combined analysis over locations, comparable and significantly (P<0.05) the
highest CP content was obtained in N3 and N4 followed by N2 while the lowest value
was recorded in N1. The interaction effect of nitrogen fertilizer and plant spacing was not

significant on the CP contents of elephant grass (P>0.05).
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Significantly (P<0.05) the highest NDF content of elephant grass was obtained in N1
followed by N2 while the lowest was recorded in N3 and in N4 at Holetta. Significantly
(P<0.05) higher NDF content was obtained in N1 than the other three nitrogen fertilizer
treatments of N2, N3 and N4 at Debre Zeit and the combined effect over locations. The
interaction effect of nitrogen fertilizer and plant spacing significantly (P<0.05) affected
the NDF contents of elephant grass at Holetta and Debre Zeit, but the effect was not

significant (P>0.05) in the combined analysis over locations.

Table 35. Ash content (% on DM basis) of elephant grass forage harvested in the second
year of regrowth as affected by nitrogen fertilizer (kg/ha) and plant spacing (cm) at
Holetta and Debre Zeit

Treatment Ash (% DM basis)

Holetta Debre Zeit Mean
Nitrogen Fertilizer (N)
N1 (0) 18.02° 17.93° 17.97°
N2 (50) 17.20° 17.55% 17.38°
N3 (100) 16.99° 17.37™ 17.18™
N4 (150) 17.05° 17.06° 17.06°
P-value 0.0001 0.0008 0.0001
Plant Spacing (S)
S1 (75 x 75) 17.21 17.42 17.31
S2 (100 x 50) 17.35 17.27 17.31
S3 (125 x 25) 17.35 17.48 17.42
S4 (50 x 50) 17.35 17.75 17.55
Mean 17.32 17.48 17.40
SEM 0.078 0.098 0.064
CV (%) 1.69 2.65 2.26
N*S NS NS NS
P-value 0.5651 0.1115 0.1339

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant
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Table 36. Crude protein (CP) and neutral detergent fibre (NDF) content (% in DM basis)
of elephant grass forage harvested in the second year regrowth as affected by nitrogen

fertilizer (kg/ha) and plant spacing (cm) at Holetta and Debre Zeit

Treatment CP (% DM basis) NDF (% DM basis)
Holetta D/Zeit Mean  Holetta D/Zeit Mean

Nitrogen Fertilizer (N)

N1 (0) 7.41°  751°  7.46° 6498  64.17° 64.58
N2 (50) 872  756° 814" 6298" 63.71° 63.34°
N3 (100) 8.81* 835" 858  62.26° 63.66° 62.96"
N4 (150) 8.82°  8.11° 847  62.25° 63.69° 62.97°
P-value 0.0001 0.0001 0.0001 0.0001 0.0053 0.0001
Plant Spacing (S)

S1 (75 x 75) 8.45 8.06 8.26 63.16  63.77  63.46
S2 (100 x 50) 8.42 7.99 8.20 63.15  63.86  63.50
S3 (125 x 25) 8.38 7.82 8.10 63.02  63.73  63.38
S4 (50 x 50) 8.51 7.66 8.09 63.15  63.86 6351
Mean 8.44 7.88 8.16 63.12  63.81  63.46
SEM 0.080 0.087 0.067 0.092  0.088 0.076
CV (%) 3.67 4.65 5.21 0.64 0.58 1.22
N*S NS NS NS 0.0001 0.0131 NS
P-value 0.7798 0.0578 0.4379 0.8099 0.7573 0.9298

¢ Means followed by different superscripts within a column are significantly different (P<0.05; D/ Zeit=
Debre Zeit; CP= crude protein; NDF= neutral detergent fiber; SEM= standard error of the mean; CV=
coefficient of variation; NS= non-significant
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Table 37 shows the acid detergent fiber and acid detergent lignin contents of elephant
grass as affected by nitrogen fertilizer (N) and plant spacing (S). The effect of N
application was significant (P<0.05) on the ADF and ADL contents of elephant grass but
that of S did not significantly (P>0.05) affect. The ADF content was significantly
(P<0.05) higher in treatment N1 than in N2, N3 and N4 at Holetta. Significantly (P<0.05)
the highest and lowest ADF contents were recorded in treatment N1 and N4, respectively
with the remaining two treatments (N2 and N3) having intermediate values between the
two at Debre Zeit and the combined effects over locations. The ADL content was
significantly (P<0.05) higher in nitrogen fertilizer treatment N1 than the other three
treatments of N2, N3 and N4 at Holetta. Comparable and significantly (P<0.05) higher
ADL contents were recorded in N1 and N2 followed by N3 while the lowest value was
obtained in N4 at Debre Zeit. In the combined effect over locations, the content of ADL
was comparable and significantly (P<0.05) higher in nitrogen fertilizer treatments of N1,
N2 and N3 than in N4. The interaction effect of nitrogen fertilizer and plant spacing was
not significant (P>0.05) on the ADF and ADL contents of elephant grass, except on the
ADF content at Holetta (P<0.05).
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Table 37. Acid detergent fibre (ADF) and acid detergent lignin (ADL) content (% in DM
basis) of elephant grass forage harvested in the second year regrowth as affected by
nitrogen fertilizer (kg/ha) and plant spacing (cm) at Holetta and Debre Zeit
Treatment ADF (% DM basis) ADL (% DM basis)
Holetta D/Zeit Mean Holetta D/Zeit  Mean

Nitrogen Fertilizer (N)

N1 (0) 41.00* 42.47° 4179° 554* 555 555
N2 (50) 40.73° 41.88° 41.30° 553 553° 5532
N3 (100) 40.63° 41.84° 41.23° 552° 547° 549
N4 (150) 40.69° 41.44° 41.07° 552° 508°  5.30°
P-value 0.0039 0.0001 0.0001 0.0010 0.0001 0.0001
Plant Spacing (S)

S1 (75 x 75) 40.78 4176 4127 553 5.42 5.48
S2 (100 x 50) 40.88  42.03 4145 552 5.41 5.47
S3 (125 x 25) 4077 4194 4136 553 5.40 5.46
S4 (50 x 50) 4071 4191 4131 552 5.40 5.46
Mean 4079 4191 4135 553 5.41 5.47
SEM 0.081 0.091 0.064 0.015 0.034  0.034
CV (%) 0.77 0.94 0.94 0.19 1.03 2.06
N*S 0.0134 NS NS NS NS NS
P-value 0.6430 0.4088 0.4093 0.0861 0.7283 0.9579

#¢ Means followed by different superscripts within a column are significantly different (P<0.05); D/ Zeit=
Debre Zeit; SEM= standard error of the mean; CV= coefficient of variation; NS= non-significant
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4.3.2.2. In vitro dry matter digestibility

Table 38 shows the in vitro dry matter digestibility (IVDMD) of elephant grass as
affected by nitrogen fertilizer (N) and plant spacing (S). The effect of N was significant
(P<0.05) on the IVDMD of elephant grass but that of S was not significant (P>0.05).
Comparable and significantly (P<0.05) higher IVDMD values were recorded in treatment
N3 and N4 followed by N2 while the lowest value was obtained in N1 at Holetta and the
combined effect over locations. At Debre Zeit, comparable and significantly (P<0.05)
higher IVDMD values were recorded in treatment N3 and N4 than the other two
treatments (N1 and N2). Generally, the trend of IVDMD of elephant grass was increased
in the order of nitrogen fertilizer (N1< N2< N3< N4). Plant spacing did not significantly
(P>0.05) affect the IVDMD values of elephant grass. The overall mean IVDMD of
elephant grass was 66.86, 63.94 and 65.40% at Holetta, Debre Zeit and in the combined
analysis over locations, respectively. The interaction effect of nitrogen fertilizer and plant
spacing was not significant (P>0.05) on the IVDMD of elephant grass except at Holetta
(P<0.05).
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Table 38. In vitro dry matter digestibility (IVDMD) (% in DM basis) of elephant grass
forage harvested in the second year regrowth as affected by nitrogen fertilizer (kg/ha) and

plant spacing (cm) at Holetta and Debre Zeit

Treatment IVDMD (% DM basis)

Holetta Debre Zeit Mean
Nitrogen Fertilizer (N)
N1 (0) 66.14° 63.43" 64.79°
N2 (50) 66.87" 63.62" 65.25"
N3 (100) 67.21° 64.30° 65.75°
N4 (150) 67.22°% 64.40° 65.80°
P-value 0.0001 0.0001 0.0001
Plant Spacing (S)
S1 (75 x 75) 66.87 63.93 65.40
S2 (100 x 50) 66.77 63.91 65.34
S3 (125 x 25) 66.86 63.88 65.37
S4 (50 x 50) 66.94 64.03 65.49
Mean 66.86 63.94 65.40
SEM 0.086 0.089 0.066
CV (%) 0.54 0.59 0.64
N*S 0.0099 NS NS
P-value 0.7218 0.7816 0.6602

%% Means followed by different superscripts within a column are significantly different (P<0.05); SEM=
standard error of the mean; CV= coefficient of variation; NS= non-significant
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5. DISCUSSION

In this section, results from the three experiments are discussed in the orders presented in
the preceding section. Therefore, results of forage agronomic performance, subsegent dry
matter yield, crude protein yield and nutritive value of intercropping of vetch with

elephant grass and elephant grass are discussed as follows.

5.1. Experiment 1-Intercropping of Vetch with Elephant Grass and Plant Spacing

5.1.1. Agronomic performances of elephant grass
5.1.1.1. Survival rate of elephant grass

The mean survival rate percentage of elephant grass in pure stand and vetch intercropping
during the the establishment year (year 1) and the regrowth in the second year (year 2)
experimental periods was lower than the value (73.4%) reported by Fekede et al. (2005)
over three years’ study period in the central highlands of Ethiopia, but higher than the
figure (55.6%) rereported by Ramadhan et al. (2015) in Kenya. Vetch intercropping has
resulted in lower survival rate of elephant grass in the second year of the regrowth. Vetch
intercropped with elephant grass might have dominated the elephant grass which resulted
in the drying out of some plants during the dry season when the elephant grass stand was
under stress (low moisture and high tempreture). This finding conforms to that of Fekede
et al. (2005) in a study carried out in the central highlands of Ethiopia. The effect of V.
dasycarpa and V. villosa intercropping decreased in the survival rate of elephant grass by
7.4 and 27.6%, respectively in comparision with pure stand elephant grass over years and

locations.

Comparable and significantly higher values of elephant grass survival rate were recorded

at wider plant spacing of S1 (75 cm x 75 cm) and S2 (100 cm x 50 cm) than narrower
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spacings of S4 (50 cm x 50 cm) and S3 (125 cm x 25 ¢cm). This might be attributed to the
greater competition of plants for water and soil nutrients when planted at narrower
spacing and hence higher plant density. The overall mean survival rate resulting from the
combined analysis over years and locations was 59.4%. This value is lower than the
reported value (89.9%) from a similar study carried out by Tessema (2005) that involved
different accessions of elephant grass assembled from various local sources in the
country. The moisture stress, frost and heat stress brought about extremes of temperature
in the year of establishment in the experimental period (Figures 2 and 3) could be the
probable causes for the recorded low survival rate percentage of elephant grass in the

present study.

5.1.1.2. Tillering performance of elephant grass

In this study intercropping of vetches enhanced tillering of elephant grass compared to
the pure stand of the grass. However, Fekede et al. (2005) found no differences on
tillering of elephant grass in pure stands compared with that when it was intercropped
with vetches. Tillering is mainly affected by environmental conditions such as air
temperature, availability of moisture and soil fertility. Higher number of tillers per
elephant grass plant was recorded in the warmer conditions at Debre Zeit than at Holetta
in both pure stand and vetch intercropped with elephant grass treatments. The values
recorded at Debre Zeit and at Holetta were greater and within the range of 26.4 to 38.2,
respectively as reported by Gezahagn et al. (2016), on similar studies. Much lower
values of tillers (21.3; 15.2) have been reported by Zhang et al. (2010) and Halim et al.
(2013), respectively based on their studies on elephant grass. Furthermore, the mean tiller
numbers per plant of elephant grass in year 2 (regrowth) vs year 1 was 58.3 vs 18.0, 60.6
vs 19.8 and 61.9 vs 18.6 for pure stand elephant grass, V. dasycarpa intercropped with
elephant grass and V. villosa intercropped with elephant grass, respectively. This high
variation between seasons could be due to the fact that year 1 is the establishment year

when plant tends to establish its root system that support tiller emergence in the next
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growing season. It could as well be due to the perennial nature of elephant grass, which
produces more tiller numbers per plant and high vegetative growth with increasing age
after establishment as stated by Tessema (2005). Number of tillers recorded in the first
year of the present study was lower than that reported for elephant grass by Fekede et al.
(2005) for Brachiaria grass in Kenya by Nguku et al. (2016). About 4.0 and 6.2% more
number of tillers per plant of elephant grass was produced in V. dasycarpa and V. villosa
intercropped with elephant grass, respectively than the pure stand elephant grass. This
might be due to vetch species domination in the year of establishment of elelphant grass
that resulted in some plants loss during the dry season with a subsequent creation of
wider spacing of plants and hence lowered competition for water, soil nutrients and light,
which in turn enhanced plants to produce more tillers in the following years of
establishment. This result is in agreement with the finding of Fekede et al. (2005) in
similar studies conducted in Ethiopia. In year 2, the mean number of tillers per plant of
elephant grass was higher than the value (54.3) in hybrid of elephant grass as reported by
Kesang et al. (2015) and concurs with the value (60.0) of elephant grass as documented
by Nyambati et al. (2010).

The number of tillers per plant recorded for elephant grass coincided with the findings of
Yasin et al. (2003) and Zhang et al. (2010) who reported higher number of tillers per
plant of elephant grass at wider plant spacing. The number of tillers per plant recorded in
the present study was also in line with the findings of Melkie (2005) in Bana grass and
Genet et al. (2017) in Desho grass who reported that the number of tillers per plant
increased with wider plant spacing. This could be due to lower nutrients, water or
moisture and light competitions at wider plant spacing of elephant grass. In contrast, at
the higher plant density, there is greater competition for light, moisture and soil nutrients
with a consequent reduction in the performance of tillering during the growing season
(Tessema, 2008; Wijitphan et al., 2009; May et al., 2016).
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5.1.1.3. Harvesting plant height of elephant grass and vetch species at harvest

Elephant grass did not reach the recommended harvesting height of 1.0 to 1.5 m during
year 1 harvesting (the establishment year) at Holetta. The present result was coincided
with the findings of Fekede et al. (2005) and Kariuki et al. (2016) based on the same
grass species in Ethiopia and Kenya, respectively. It could be due to its slow growth rate
of the grass in the cool highlands such as Holetta during the establishment year.
Furthermore, vetches as annual crops grew vigorously compared to elephant grass during
establishment year at Holetta and these climbing legumes suppressed the growth of
elephant grass. However, in the second year of elephant grass establishment attained the
recommended harvesting height within three months during the rainy season in the area.
The mean elephant grass height at harvest obtained in the present study was in agreement
with the finding of Fekede et al. (2005) from his study conducted in the central highlands
of Ethiopia. While at Debre Zeit, elephant grass achieved the recommended harvesting
height in both years (year 1 and 2). Unlike at Holetta, much shorter harvesting height
was recorded for vetch species in vetch intercropped with elephant grass at Debre Zeit in
both years. This would indicate that elephant grass could better express its full genetic
potential under warmer environmental conditions while vetches grow better in cooler

areas as compared to warmer areas.

The present result was in agreement with the findings of worku et al. (2017) and Genet et
al. (2017) who reported that Desho grass spacing (125 cm x 100 cm, 100 cm x 0.75 cm,
0.75cm x 0.5 cm and 0.5 cm x 0.25 cm) and (50 cm x 50 cm, 30 cm x 50 cm and 10 cm X
50 cm), respectively had no significant effect on the plant height at harvest. The overall
mean value of elephant grass height was 98.5 cm over years and locations in the present
study. The result of this study was closely lower than the figure (109.6 cm) reported by
Fekede et al. (2005) at Holetta. The low moisture stress encountered, frost and higher
maximum temperature in the establishment year of the study period which could be

resulted in non-significant effect of plant spacing on elephant grass and vetch species
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height with the exception of vetch species in the combined effect over locations (Figure 2
and 3). Height of vetch intercropping at harvest was relatively increasing in the order of
decreasing plant spacing (S1< S2< S3< S4) in the combined effect over locations. This
finding concurred with the value reported by Taleie et al. (2012) who showed that taller
stevia plants were attained by the closer plant spacing (50 cm x 20 cm). Such an increase
in plant height with increased plant density could be due to increased stem growth
hormone activity for sun light competition. On the other hand, Mujeeb-ur-Rahman et al.
(2007) who reported that wider plant spacing resulted in the tallest plant height which
was contrary to the present study. It might be due to lesser competition for nutrients,
moisture and sun light among the plants.

5.1.1.4. Leaf to stem ratio of elephant grass

Leaf to stem ratio (LSR) of elephant grass forage crops are good indicators of palatability
and nutritional values. Leaf is the nutritious part of most plants compared to stems and
hence a plant with high LSR is high in its forage quality. The results of LSR in the
present study are within the range of values (1.13 to 4.84) reported for a number of
elephant grass accessions tested in the central highlands of Ethiopia (Gezahagn et al.,
2016) and elephant grass cultivars LSR values (0.74 to 3.18) in Malaysia (Zailan et al.,
2018). While, at Holetta and at Debre Zeit the mean results were higher than the value
(1.02) reported from Malaysia and the value (1.38) reported from Uganda (Halim et al.,
2013; Kawub et al., 2014, respectively) for elephant grass. Higher LSR value was
recorded for vetch (Vicia dasycarpa and Vicia villosa) intercropping than pure stand
elephant grass according to the result of the combined effect over locations in year 1 and
2. Other documented studies indicate that the values of elephant grass LSR were ranged
from 1.7 to 3.1 in Thailand (Tudsri et al., 2002b) and from 1.65 to 6.1 in Kenya
(Mwendia et al., 2006). The findings of the present study were in agreement with these
reported ranges. In the present study of the combined analysis over years and locations,

the overall mean LSR value (2.21) of elephant grass was recorded. The result of the
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present study was coincided with the report of Tessema et al. (2003) who reported that
elephant grass LSR value (1.91) was recorded when planted at 100 cm x 50 cm plant
spacing, but higher than the value (1.49) reported by Taye (2004) at a spacing of 50 cm X
50 cm and (1.02) by Halim et al. (2013) in elephant grass varieties with plant spacing of
100 cm x 50 cm. The effect of interaction between vetch intercropping and plant spacing
was substantial on the elephant grass LSR at Holetta, year 1 and in the combined effect
over years and locations. Results of the present study were agreed with the finding of
Beyadglign (2019) who reported that the interaction effect of fertilizer, soil type and

cultivars was significant on the LSR of grass.

5.1.1.5. Dry matter yields of elephant grass and vetch legumes

Vetch intercropped with elephant grass produced higher total mean DMY (vetch legume
plus elephant grass forages) at Debre Zeit than at Holetta. The DMY of vetch
intercropping was also influenced by harvesting year and the total mean DM yields were
8.03 and 14.39 t ha™* in year 1 and in year 2 (the regrowth), respectively. Forage crops, V.
dasycarpa and V. villosa intercropping yielded in 67.1 and 72.9% more DMY
advantages, respectively than the pure stand elephant grass at Holetta. Similarly, V.
dasycarpa and V. villosa intercropping produced in 11.0 and 6.0% more DMY
advantages, respectively than the pure stand elephant grass at Debre Zeit. These might be
due to accretion of nitrogen in the soil from the vetch species to the grass through the
process of symbiotic nitrogen fixation (Tessema and Baars, 2006). Intercropped forage
legumes like vetches achieve competitive advantage in cooler areas like Holetta where
the grass component, elephant grass requires more time for establishment while at a later
stage it exploits fixed N from the legumes and produce higher forage biomass yield. The
combined effect over years and locations vetch intercropped with elephant grass gave
higher DMY than the pure stand elephant grass. In the present study, the pure stand
elephant grass DMY value (9.47 t ha™) was in line with the value (9.2 t ha™) as reported
by ILRI (2010). Moreover, vetch intercropping had more DMY advantages of 28.4 and
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26.8 % than the pure stand elephant grass, respectively. Substantial difference in DMY
was recorded among vetch intercropping and the pure stand elephant grass, and this is in
agreement with other results (Fekede et al., 2005; Samuel et al., 2015). Values from the
combined analysis of vetch intercropping and pure stand elephant grass, the present study
falls within a range of values 10 to 15 DM t ha™* per year as reported by Seyoum et al.
(1998) for pure stand elephant grass grown under rain fed conditions at Holetta.

The total DMY of vetch intercropping and pure stand elephant grass increased with
increasing of plant density at Debre Zeit and in year 1. In the combined analysis as well
showed a comparable trend in the DMY. Moreover, narrower elephant grass spacing of
S4 (50 cm x 50 cm) resulted 17.6, 22.8 and 25.6% more DMY advantage over S3 (125
cm x 25 ¢cm), S2 (100 cm x 50 cm) and S1 (75 cm x 75 cm), respectively. These might be
attributed to the higher plant density (more number of plants per unit area) at the
narrower plant spacings. As in the findings from the present study significantly higher
effects of spacing in pure stand elephant grass (50 cm x 80 cm) on the total DM vyield as
reported by Wijitphan et al. (2009). The DMY variations recorded among the tested
planting spaces of elephant grass were in agreement with the findings of Yasin et al.
(2003) and Geren et al. (2015) who reported higher forage yields at the narrower plant
spacing of pure stand elephant grass (45 cm x 45 cm) in Pakistan and giant king grass (70
cm x 50 cm) in Turkey, respectively. On the contrary, Genet et al. (2017) reported that
plant spacing (10 cm x 50 cm, 30 cm x 50 cm and 50 cm x 50 ¢cm) had no significant
effect on the DMY of Desho grass in the highlands of Ethiopia. The overall mean DMY
recorded in the present study was within the range values as indicated by Gezahagn et al.
(2016, 2017) in which the DMY of elephant grass accessions was ranged between 7.05 to
13.06 t ha™ at a spacing (100 cm x 50 cm) of the grass in Ethiopia. In the present study,
the overall mean DMY value (11.22 t ha™) was as well comparable with the finding of
Gezahagn et al. (2016) who indicated the DMY value (11.04 t ha™) of elephant grass at a
plant spacing (100 cm x 50 cm) was observed. In general, vetch intercropping and pure

stand elephant grass combined over years were produced greater DM vyields at Debre Zeit
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than at Holetta. These could be linked with the condition of warm weather which

enhances fast growth, rejuvination and higher DMY of elephant grass.

5.1.2. Forage chemical composition and in vitro dry matter digestibility

Forage yield and quality were highly affected by species composition in intercropping
(Ameri and Jafari, 2016). Grass-legume mixtures have multiple advantages of getting
high quality forage, economic benefits of effecint use of resources like land, labour and
ecological advantages as these forage legumes are an efficient nitrogen source (Havilah,
2011; Longo et al., 2012). The CP content of the present study was considerably higher
in vetch (V. dasycarpa and V. villosa) intercropping than pure stand elephant grass. This
result was concurred with the earlier findings of Eskandari et al. (2009b); Ojo et al.
(2013) and Gulwa et al. (2017, 2018) who indicated those legumes have the potential to
increase the CP contents of the herbage mixtures compared with grass monoculture. The
final concentration of the CP content in the present study was above the minimum level
(7.0%) required for optimal rumen function in vetch intercropping combined over years
and locations. Except over years at Debre Zeit and over locations in year 2 in pure stand
elephant grass; the present finding was agreed with the results of other studies in elephant
grass (Tessema, 2008; Ferreira et al., 2018) and in guinea grass (Jusoh et al., 2014).

Elephant grass spacing in vetch intercropping was not substantially affected the CP
content in the present study. This result was in agreement with the previous report of
Tessema (2008) who showed that non-significant effect of spacing (150 cm x 25 cm, 100
cm x 25 ¢cm, 50 cm x 25 cm, 150 cm x 50 cm, 100 cm x 50 cm, 50 cm x 50 cm, 150 cm x
75 cm 100 cm x 75 and 50 cm x 75 cm) on the CP contents of elephant grass. Sumran et
al. (2009) was also supported that elephant grass spacing (50 cm x 100 cm , 50 cm x 80
cm, 50 cm x 60 cm, and 50 cm x 40 ) did not have substantial effect on the CP contents
of elephant grass (Pennisetum purpureum) intercropped with or without lablab (Lablab

purpureus). Conversely, Berihun (2005) reported that the combination of row and plant
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spacing was greatly affected the CP contents of Bana grass in the semiarid areas of north
western Ethiopia. These variations of the CP content with the present study could be

attributed to the differences of management practices and environmental conditions.

The ash content of vetch (V. dasycarpa and V. villosa) intercropped with elephant grass
was significantly lower than pure stand elephant grass. The present result was agreed
with the findings of Usman (2014) in elephant grass intercropped with or without lablab
in Ethiopia and Njoka-Njiru et al. (2006) in elephant grass intercropped with herbaceous
legumes in the semi-arid regions of Kenya. On the other hand, the present finding was in
disagreement with the reports of Alalade et al. (2014) and Foster et al. (2014) showed
higher ash content was recorded in grass-legume mixture than in pure stand grass. Such
variations could be attributed to the differences of variety/ species of forage, management
and environmental conditions. The ash content of the present study was not significantly
affected by spacing of elephant grass. This finding was agreed with finding of Tessema
(2008) who reported that non-significant effect of spacing (150 cm x 25 cm, 100 cm x 25
cm, 50 cm x 25 cm, 150 cm x 50 cm, 100 cm x 50 cm, 50 cm x 50 cm, 150 cm x 75 cm,
100 cm x 75 cm and 50 cm x 75 cm) on the ash content of the same species grass. In
contrast to the present study, Genet et al. (2017) reported significant effect of plant

spacing on the ash content of desho grass.

The NDF content of roughage diets ranged from 45-65 and below 45%, which are
generally considered as medium and high quality feeds, respectively (Singh and Oosting,
1992). The NDF content of elephant grass forage intercropped with vetches (V.
dasycarpa and V. villosa) was closer to medium-quality feed (45- 65%) category, except
in pure stand elephant grass and in year 2 over locations which had higher NDF contents.
The NDF content of vetch (V. dasycarpa and V. villosa) intercropping was lower than
pure stand elephant grass in the present study. This result was agreed with the findings of
Taye et al. (2007) and Usman (2014) in elephant grass intercropped with lablab or

Desmodium, and lablab, respectively. According to Usman (2014), elephant grass
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intercropped with lablab had no significant effect on the ADF content which was in lined
with what was reported in the present study. On the contrary, Taye et al. (2007) reported
that there was a significant effect of elephant grass intercropped with lablab or
Desmodium on the ADF content. The ADL content of vetch (V. dasycarpa and V.
villosa) intercropping was considerably higher than pure stand elephant grass in the
present study. This result was agreed with the finding of Taye et al. (2007) who indicated
that elephant grass intercropped with lablab or Desmodium had significantly higher ADL
content than pure stand elephant grass. The ADL content was higher in the legumes
compared to elephant grass and this also caused an escalation of the ADL content in
legumes intercropped with elephant grass harvesting at 90 and 120 days. The result of the
present study might be expected due to greater ADL content in the tropical legumes than
grasses (Van Soest, 1994). On the contrary, elephant grass intercropped with or without
lablab had no significant effect on the ADL content (Usman, 2014).

The different spacing of elephant grass was not significantly affected the NDF, ADF and
ADL contents in the present study. These findings were in lined with the report of
Tessema (2008) who showed that no significant effect of elephant grass spacing on the
NDF, ADF and ADL contents. On the contrary, Berihun (2005) was reported that plant
spacing configurations (100 cm x 50 cm, 100 cm x 75 ¢m, 75 ¢cm x 50 cm and 75 cm x 75
cm) significantly affected the NDF, ADF and ADL contents of Bana grass in semiarid
areas of north western Ethiopia. Furthermore, Sumran et al. (2009) reported that elephant
grass spacing configurations (50 cm x 100 cm, 50 cm x 80 cm, 50 cm x 60 cm and 50 cm
x 40 cm) had significant effect on the NDF content and non- significant effects on the
ADF and ADL contents.

The IVDMD of elephant grass forage when intercropped with vetches (V. dasycarpa and
V. villosa) were higher than pure stand elephant grass. Legume interropping increased
the CP and decreased the NDF contents of the companion crops like elephant grass as the

legumes are a good source of fixed nitrogen (Eskandari et al., 2009). Legumes
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intercropping with grasses could contribute to improve the forage nutritional quality
(Nadeem et al., 2010). Lower NDF content has been associated with increasing
digestibility and feed intake (McDonald et al., 2002). The IVDMD of elephant grass in
the present study was higher than the digestibility of most tropical grasses (54%)
(Minson, 1990). The digestibility of elephant grass forage intercropped with vetch (V.
dasycarpa and V. villosa) was considerably higher than pure stand elephant grass and
this result was in lined with the findings of Njoka-Njiru et al. (2006) and Usman (2014)
who reported in herbaceous legumes intercropped with elephant grass had greater
digestibility than pure stand elephant grass. The variations could be attributed to the
increased nitrogen content obtained from biological fixation of atmospheric nitrogen (N)
by the legumes. Minson (1990) was also supported that intercropping of perennial
tropical grasses with forage legumes enhance pasture quality through increased CP and
reduced NDF contents, which was coincided with the result of the present study. The
different planting spacings of elephant grass were not significantly affected on the
IVDMD. This result was coincided with the finding of Wijitphan et al. (2009) who
reported that the dry matter digestibility of elephant grass was not significant at plant
spacing configurations (50 cm x 40 cm, 50 cm x 60 cm, 50 cm x 80 cm and 50 cm x 100
cm). On the contrary, Berihun (2005) reported that bana grass spacing had significant
effect on the IVDMD.

5.1.3. Dry matter degradability and degradability characteristics of elephant grass-vetch

legume mixture by intercropping

5.1.3.1. In sacco dry matter degradability

Significantly higher in sacco dry matter degradability (DMD) of elephant grass forage
was recorded in vetch intercropped plots than pure stand elephant grass at all incubation
hours (6-96) at Holetta and Debre Zeit. The present study was coincided to the findings
of Tessema and Baars (2004) and Njoka-Njiru et al. (2006) who reported those legumes

had considerable greater effect on the DMD of elephant grass. The present study was also
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agreed with the report of Usman (2014) who observed that considerably higher DMD
was recorded in lablab intercropping than pure stand elephant grass at 6, 12 and 24 hours
of incubation except the significant degradability at 48 hours and insignificant figures at
24 and 96 hours of incubation. Similar to the present study, in sacco DMD was increased
progressively as the incubation hours (6 - 96) increased during wet and dry seasons as
reported by Gebreyohannes et al. (2006) and Bizelew (2012) in the other grass species
and Camacho et al. (2010) and Bizelew (2012) in browse species. Substantially higher
interaction effect of elephant grass DM degradability was recorded in vetch intercropping
than pure stand elephant grass at 6, 12 and 96 hours of incubation. The higher
degradability could be associated with the greater CP content owing to vetch
intercropping which provides more nitrogen for microbial utilization. On the other hand,
Adugna and Sundstgl (1999) showed that the variation of DMD might be caused by the
NDF, cellulose and hemicellulose contents. Generally, the highest in sacco DMD was
recorded at 96 hours of incubation period and the lowest value was recorde at 0 hour of
incubation period in all vetch intercropping treatments in the present study. This result
was agreed with the findings of Klopfenstein et al. (2001) as the period of incubation
increased from 0 to 96 hours in the forage and Negash et al. (2017) who revealed that
from 6 to 96 hours of incubation in oats grown in mixture with vetch with or without
phosphorous fertilization, respectively in the rumen increased the in sacco DMD in East
shewa zone of Ethiopia. The in sacco DMD has a practical implication as there is
affirmative relationship between degradability and voluntary feed intake and digestibility
(Adugna and Sundstgl, 2001).

5.1.3.2. In sacco degradability characteristics

At Holetta, significantly higher dry matter degradabilitry (DMD) characteristics of
elephant grass forage were recorded when intercropping with vetch species than pure
stand except for the potentially, but slowly degradable fraction (“b”). The present study
was concurred with the finding of Njoka-Njiru et al. (2006) who reported that the
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effective degradability (ED) was significantly higher in lablab intercropping than pure
stand elephant grass. However, the present study was disagreed with the finding of
Njoka-Njiru et al. (2006) who observed that non significant effect of lablab intercropping
on the DMD characteristics (“a”, “b”, “c” and PD) of elephant grass. At Debre Zeit,
significantly higher DMD characteristics were recorded in Vicia villosa intercropping
than Vicia dasycarpa intercropping and pure stand elephant grass except the rapidly
degradable fraction of Vicia villosa intercropping. At Holetta, the rapidly degradable
fraction of pure stand elephant grass was lower than vetch intercropping with elephant
grass. The present study was concurred with the finding of Usman (2014) in lablab
intercropping. However, at Debre Zeit the highest rapidly degradable fraction was
recorded in Vicia dasycarpa intercropping followed by pure stand elephant grass and the
lowest was observed in Vicia villosa intercropping. These inconsistent values were
partially agreed with the report of Usman (2014) who showed that significantly higher
fraction was recorded in pure stand elephant grass than lablab intercropping. The rapidly
degradable fraction is an essential characteristic of roughage since the contribution of the
rapidly degradable fraction to the gut fill is little and almost completely digestible
(Drskov, 1998). At Holetta, potentially, but slowly degradable fraction was higher in pure
stand elephant grass than vetch intercropped with elephant grass. This result was
disagreed with the other study (Usman, 2014). The potentially but slowly degradable
fraction was comparable and lower in pure stand elephant grass and Vicia dasycarpa
intercropping than Vicia villosa intercropping with at Debre Zeit. The present study at
Holetta and Debre Zeit were concurred and disagreed with finding of Usman (2014),
respectively. The PD and ED fractions were higher in vetch intercropping than pure stand
elephant grass at Holetta and Debre Zeit. The PD of the present study was a bit lower
than as reported by Kariuki (1998) in elephant grass and Njoka-Njiru et al. (2006) in
lablab intercropping while the ED was higher than those reported by Tessema et al.
(2002a) in elephant grass at different harvesting height and Njoka-Njiru et al. (2006) in
lablab intercropping. The rate of degradation was significantly higher in vetch

intercropping than pure stand elephant grass at Debre Zeit. However, the present study
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was disagreed with the finding of Usman (2014) who reported that non-significant
differences was observed in the rate of degradation in lablab intercropping and pure stand

elephant grass.

5.2. Experiment 2- Harvesting Heights of Elephant Grass and Nitrogen-Fertilizer
Rates

5.2.1. Forage agronomic performances

5.2.1.1. Survival rate

Survival rate percentage is a crucial consideration in forage crop cultivation due to its
substantial effect on forage productivity. Elephant grass can be propagated from root
splits or stem cuttings, and estabishmnet could vary across agro-ecologies (Getnet and
Gezahagn, 2012). Plants from root splits make hastier early growth and give high forage
yields than from stem cuttings. Furthermore, mature stems are more reliable than young
stems for ease of establishment and tiller performances (Woodard et al., 1991). The
survival rate of elephant grass decreased with increasing age of harvesting over locations
in the present study. This result concurred with the finding of Getnet et al. (2012) in
multipurpose forage species, in the central highlands of Ethiopia. The average survival
rate of elephant grass tested over two years was 75.6% at Holetta. This result concurred
with the report of Fekede et al. (2005) who stated that the average survival rate of
elephant grass during experimental period of the three years was 73.8%. Moreover the
value is lower than what was reported by Tessema and Alemayehu (2010) who recorded
the average stands count to be 89.6% for elephant grass accessions at 100 cm height of
harvesting. Similarly, the average survival rate at Debre Zeit, in yearl (establishment),
year 2 (regrowth production) and in the combined analysis of over years and locations
was 56.4, 67.7, 64.3 and 66.0%, respectively. The present results were lower than the
finding of Fekede et al. (2005) for the same species and that of Tessema and Alemayehu

(2010) for a number of elephant grass accessions. The lower survival rate at Debre Zeit
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(56.4%) might be due to severe frost and moisture stress during 2016 establishment year.
However, there was no significant effect on the forage yield due to the lower survival rate
of elephant grass, which could be attributed to low competition for available nutrients and
water which resulted in vigorous growth of tillers produced by the survived elephant

grass plants.

The survival rate of elephant grass was low in the regrowth production (year 2) as
compared to year 1 (the establishment year). This result was in line with the finding of
Fekede et al. (2005) in the same species of grass. It could be attributed to the death of
some stands of elephant grass during the dry seasons. As the rates of nitrogen fertilizer
application increased from N1 to N4, the survival rate of elephant grass forage also
increased at Holetta, Debre Zeit, in year 1, year 2, and in the combined analysis over
years and locations. The present study was coincided with the finding of Premaratne and
Premalal (2006) who reported that the application of recommended NPK (120-60-
50 kg/ha) fertilizer rate increased on the survival rate of the grass. In contrast, the rate of
DAP (100 kg/ha) fertilizer application had no significant effect on the survival rate of the
elephant grass at Holetta (Fekede et al., 2005). These might be due to the differences of

soil fertility, environmental condition and management practices.

The interaction effect of harvesting height and nitrogen fertilizer rate affected the survival
rate of elephant grass at Holetta. This finding is contrary to the finding of Bizelew et al.
(2020) who reported that non-significant effect of vetch intercropping and plant spacing
on the survival rate of elephant grass over years and locations. It could be attributed to
the differences in management practices such as plant spacing, vetch intercropping,

nitrogen fertilization and harvesting height of elephant grass.
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5.2.1.2. Tillering performance

Plant growth characteristic in response to the different harvesting height, demonstrating
that harvesting influences the forage morphological development and quality (Tessema,
2005; Halim et al., 2013). The significant decline in the number of tillers with increasing
stages of harvesting height in elephant grass was in line with the findings of other studies
(Clavero, 1997; Onyeonagu and Asiegbu, 2012; Kesang et al., 2015). The low number of
tillers per plant produced under extended harvesting height has been linked to higher
tillers mortality under reduced intervals of harvesting frequency (Clavero, 1997). On the
contrary, Tessema et al. (2003) reported that the number of tillers per plant increased
with increasing elephant grass harvesting height. The variations could be attributed to the

differences in soil fertility and environmental conditions.

The effect of nitrogen fertilizer was significantly higher especially at higher application
rates on the number of tillers per plant (NTPP) of elephant grass over years and locations.
This result concurred with the findings of other studies (Kizima et al., 2014; worku et al.,
2017) in Cenchrus ciliaris and desho grasses, respectively. The highest NTPP was found
on elephant grass when nitrogen fertilizer applied at a rate of N4 (150 kg ha™) followed
by N3 (100 kg ha™), N2 (50 kg ha™) and the lowest was recorded in N1 (Control). This
result agreed with the finding of Rahman et al. (2016) who reported that the NTPP
increased with increasing rate of nitrogen fertilizer application in the same species of
grass. Similarly, Zahid et al. (2002) and Fekede et al. (2005) revealed that nitrogen
fertilizer application enhanced the production of more NTPP of elephant grasses.
According to Mushtaque et al. (2010) the application of nitrogen fertilizer in buffel grass
stimulated the activation of dormant buds and enhanced the NTPP. Generally, the NTPP
of elephant grass in the present study increased in the order of increasing nitrogen
fertilizer rate (N1< N2< N3< N4).
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5.2.1.3. Leaf to stem ratio

Higher leaf to stem ratio (LSR) is substantial from the forage viewpoint because it is the
central factor that affecting forage selection, quality and intake (Smart et al., 2004; Zailan
et al., 2018). Livestock performance is associated to the amount of leaf in the forage diet
(Tudsri et al., 2002a). The highest LSR of elephant grass was recorded at HH1 followed
by HH2 while the lowest value was observed at HH3 the combined effects over years and
locations. The trend of LSR in the present study was decreased with progressive
increasing of harvesting height (HH1 > HH2 > HH3). This is directly releated to the ages
of the plant, as the stage of the plant advanced to maturity the leaf to stem ratio declines.
This observation is also reported in the findings of other researchers (Smart et al., 2004;
Vendramini, 2010; Tessema et al., 2010; Mimila, 2018). The decrease in LSR with
increasing in harvesting height of elephant grass growth proposed that leaf mass does not
increase in the same ratio as stems. Therefore, aforementioned trend of growth is one of
the main reasons for decreasing forage quality from the declined ratio of leaves in the
total biomass of forage. Correspondingly, according to Butt et al. (1993) and Kesang et
al. (2015) the reduced LSR of elephant grass with extended harvesting intervals (ages) is
a function of physiological growth due to the reduced harvesting frequency that triggers
growth of stem at the expense of leaf production. In the present study, the combined
analysis of LSR values (1.63 - 2.63) of elephant grass at the range of harvesting height
from 50 cm to 150 cm was higher than the LSR values (0.44-0.55) of the same species of
grass with harvesting height ranged from 120 cm to 150 cm as reported by Ferreira et al.
(2018). However, the LSR value (1.96) of the present study at HH2 (100 cm) was higher
than (1.33 LSR; 1.00 LSR) what was reported by Tessema et al. (2003) and Tessema

(2008), respectively in the same species of grass.

The effect of nitrogen fertilizer application rates on the LSR of elephant grass was higher
in treatments N3 and N4 than N1 and N2 at Holetta, Debre Zeit, in year 2 and combined

over years and locations. The LSR of elephant grass was significantly greater at higher
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rates of nitrogen fertilizer applications. The present result was in lined with the finding of
Assaeed (1994) who reported that LSR of fodder oats (Avena sativa L.) was increased in
response to increase rates of nitrogen fertilizer applications. Similarly, Yossif and
Ibrahim (2013) confirmed that LSR of Rhodes grass was increased by increasing nitrogen
fertilizer rates. The present study was also supported by the finding of Tariq et al. (2011)
who revealed that the role of nitrogen fertilizer with respect to LSR was significant and
higher at higher rates and it could be largely attributed to more leaf mass production per
plant. On the other hand, the effect of nitrogen fertilizer application rates was not
significant on the LSR of elephant grass in year 1. This finding was concurred with the
report of Flores et al. (2012) who found that significant differences was not recorded

between nitrogen fertilizer rates (0 and 100 kg ha™) on the LSR of elephant grass.
5.2.1.4. Forage dry matter and crude protein yields

Substantial variations in forage DMY among the three harvesting height of elephant
grass treatments could chiefly be related to the differences of stand age. The effect of
harvesting height and nitrogen fertilizer treatments on the DMY of elephant grass ranged
between 3.93 to 6.24 t ha™ and from 4.48 to 6.12 t ha™, respectively, with a mean value
of 5.41 t ha™' at Holetta. At Debre Zeit, the DMY ranged from 8.60 to 14.75 t ha™ in the
harvesting height and between 9.00 to 13.47 t ha™* in nitrogen fertilizer treatments with a
mean value of 11.87 t ha™'; these considerable DMY varations were recorded within
treatments. This result was concurred with the findings of other studies (Ansah et al.,
2010; Obok et al., 2012). It could be the proportional increment of DMY with the age of
elephant grass (Taye et al., 2007); this could be also supported by the differences of
environmental conditions (moisture, light intensity and temperature) and soil fertility
(Campos et al., 2013). Elephant grass DMY value was increased with the increase of
nitrogen fertilizer application rates. This result was agreed with the other studies of
Hazary et al. (2015) in jJumbo grass and Galindo et al. (2017) in guinea grass.
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The CP yield of elephant grass was also varied among harvesting height and nitrogen
fertilizer treatments, which generally linked to the forage biomass yield. The present
finding was indicated that the CPY ranged between 0.39 to 0.57 t/ha at harvesting
heights of elephant grass and from 0.39 to 0.57 t/ha in nitrogen fertilizer treatments with
a mean value of 0.50 t/ha at Holetta. In the same way, at Debre Zeit the CPY ranged
from 0.73 to 1.23 t/ha at harvesting heights and from 0.73 to 1.15 t/ha in nitrogen
fertilizer rates with a mean of 1.00 t/ha. The CP content should not be used as the only
parameter in evaluating forage crops; the CPY demarcates the overall and actual

productivity of forage quality.

5.2.2. Forage chemical composition and in vitro dry matter digestibility

One of the main nutrients in forage quality determination is the CP content, since the dry
matter intake and growth of ruminal microbs enhance with escalating the CP content in a
feed (Chanthakhoun et al., 2012). The increased in elephant grass HH was resulted in the
reduction of CP content and IVDMD in the present study. These results were coincided
with the report of Tessema et al. (2002) in the same species of grass. Significantly the
highest CP content was recorded in HH1 (the early harvesting height) compared to HH2
(the intermediate) and HH3 (the late stages of harvesting height). These might be
predominantly due to the CP content dilution in the forage by the rapid cell wall
carbohydrates buildup at the later phases of growth (Van Soest, 1994). In other findings,
elephant grass CP contents were diminished with maturity or age of forage crops (Ansah
et al., 2010; McDonald et al., 2010; Jusoh et al., 2014; Rambau et al., 2016). In the
present study, the overall mean CP content (8.9%) of elephant grass was higher than the
value (5.4%) as reported by Deribe et al. (2017) at 100 cm harvesting height in distinct
accessions of elephant grass. The final CP content at different harvesting heights
exceeded the minimum CP level (7.0%) required for optimal rumen function in the
present study of elephant grass. This result was coincided with the findings of other

studies (Tessema, 2008; Ferreira et al., 2018) in elephant grass and Jusoh et al. (2014) in
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guinea grass. Correspondingly, Taye et al. (2007) and Ansah et al. (2010) were reported a
diminishing trend of CP content with escalating of elephant grass harvesting height (HH1
> HH2 > HH3). The CP content of elephant grasss was considerable among the nitrogen
fertilizer treatments at Debre Zeit and in the combined analysis over locations and it was
above the threshold level at Holetta, Debre Zeit and in the combined analysis over
locations. This result was concurred with the finding of Arshad et al. (2010) in elephant

grass.

The ash content of elephant grass was significantly varied in the different harvesting
height at Holetta. The present study was concurred with the finding of Adane and Berhan
(2007) in the natural pasture. The declined in the ash content with increased harvesting
height of elephant grass was could be caused by partly the effect of higher yields dilution
in the availability of a constant amount of minerals in the soil. This finding was
concurred with the other observations (McDonald et al. 2002; Rao et al., 2007).
Similarly, according to Taye et al. (2007) the ash contents of herbaceous forages were
declined as the maturity stage advances. The ash content of the present study was
decreased numerically due to increased rate of N at Holetta, Debre Zeit and in the
combined analysis over locations. This result was in lined with the finding of Khan et al.
(1996) who reported that applications of higher nitrogen fertilizer rates reduced oat
fodder ash contents. This could be due to soil characteristics, fertilization regime,
climatic conditions, plant developmental stage and morphological fractions (McDowell
and Valle, 2000; Jukenvicius and Sabiene, 2007).

The NDF content was significantly increased from HH1 to HH3 at Holetta, Debre Zeit
and in the combined analysis over locations. The present result was concurred with the
findings of other studies (Bovolenta et al., 2008; Ansah et al., 2010; Salamone et al.,
2012) who reported that the NDF content was increased progressively as the forage
maturity increased. Moreover, the overall mean NDF content of elephant grass in the

present study at different harvesting height and nitrogen fertilizer rates were reported
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within the range of medium quality roughage feeds (45 - 65%) suggested as reported by
Singh and Oosting (1992). At Holetta and in the combined analysis over locations, the
NDF contents of elephant grass were significantly higher in N1 than N2, N3 and N3
applications which were concurred with the report of Khaleduzzaman et al. (2007) in the
same species of grass. The ADF content was comparable and significantly higher at HH2
and HH3 than at HH1 at Holetta, Debre Zeit and the combined effect over locations.
These findings were coincided with the report of Tessema and Alemayehu (2010) who
reported that the NDF and ADF contents were increased with increasing of elephant
grass harvesting height. Acid detergent fiber is the proportion of significantly
indigestible and gradually digestible of forage. As with NDF, higher ADF contents
resulted in reduced forage DM digestibility due to increased lignification of cellulose
(Depeters, 1993). The ADF content of elephant grass was in the order of decreasing with
increasing nitrogen fertilizer rate (N1 > N2 > N3 > N4). This result was coincided with
the reports of Lee and Lee (2000) and Galindo et al. (2017) who found the ADF content
was reduced with the increasing rates of nitrogen fertilizer applications. The ADL
content of the present study was comparable and significantly higher at HH2 and HH3
than at HH1 at Debre Zeit and the combined effect over locations. This result was agreed
with the findings of other studies (Moreira et al., 2004; Taye et al., 2007; Bovolenta et
al., 2008) who recorded that the ADL content of elephant grass increased with advanced
maturity stages. Forage harvesting height at the late stage, had the highest lignin content
indicating that the lignin content would bind the hemicellulose and cellulose and inhibit
them from being efficiently digested and utilized by microbes of the rumen (Moreira et
al., 2004; Bovolenta et al., 2008; Ansah et al., 2010). Moreover, Van Soest (1982)
supported that forage digestibility was more influenced by the ADL content than other

chemical components.

Elephant grass harvesting height was reported to have a considerable effect on the in vitro
dry matter digestibility (IVDMD). As harvesting height increased from HH1 to HH3,

there had been a decreased in IVDMD from 68.68- 66.69%. This finding was within the
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range values (61-72%) as reported by Tessema and Alemayehu (2010). According to
Taliafero et al. (1975) and Tessema et al. (2002a) reported that harvesting of grasses at
increased defoliation interval had reduced the IVDMD contents. The nitrogen fertilizer
treatment on elephant grass IVDMD was also significantly varied and increased with
increasing nitrogen fertilizer rates at Debre Zeit and in the combined effect over
locations. This study was coincided with the other studies of Tegegn (2001) and Naroon
et al. (2006) who reported that the application of different nitrogen fertilizer rates had
considerable effects on Panicum coloratum IVDMD at all harvesting height stages and
across four grass species, respectively. The critical threshold level (50%) of feeds
IVDMD considered as having acceptable digestibility (Owen and Jayasuriya, 1989). In
the present study, elephant grass IVDMD was higher than (65%) and it was within
acceptable ranges reported previously by Owen and Jayasuriya. In general, the IVDMD
content of any forage crop varies with the stage of harvesting (Zinash et al. (1995); fiber
and cell wall constituents (Van Soest, 1994); proportions of morphological portions
(Fekede, 2004), and soil, plant species and climate (McDowell, 2003).

5.2.3. Dry matter degradability and degradability characteristics of elephant grass

5.2.3.1. In sacco dry matter degradability

The dry matter degradability (DMD) allows the description of the quantity of nutrients
degraded effectively in the rumen of livestock and the outflow rate of feed from the
rumen (Susmel et al., 1990). The decline in rumen DMD with maturity (age) of plant
growth has been showed extensively (Silva et al., 2008; Belachew et al., 2013; Ribeiro
Junior et al., 2014). This reduction in disappearance could be explained by the reduction
of CP content and escalation of ADL content in grass with maturity. The in sacco DMD
of elephant grass was significantly affected by harvesting height (HH) at all incubation
hours (6-96) at Holetta and Debre Zeit. This result was concurred with the value of
elephant grass cutting height which was significantly affected on the in sacco DMD

incubated up to 120 hours (Tessema et al., 2002b). In contrast, Rambau et al. (2016)
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indicated that non-significant variations of in sacco DMD of elephant grass leaves at
three stages of maturity at all incubation hours (0-120). In the present study, the reduction
in DMD was considerably greater when the grass matured. This result was concurred
with the finding of Baloyi et al. (2008) who recorded a decrease in DMD with advanced
stage of maturity of Cow pea and Silver leaf desmodium forage legumes. As projected, the
disappearance of DM escalated with increasing time of incubation, but decreased with advanced
stages of maturity or harvesting height. Generally, the trend of in sacco dry matter
degradability of elephant grass was declined at any given incubation hour in the order of
HH1> HH2 > HH3. It could be attributed to the declined in the crude protein
content and the increased in the structural components of elephant grass.

5.2.3.2. In sacco degradability characteristics

The significant effect of harvesting height (HH) was recorded on the DMD characteristics
of elephant grass at Holetta and Debre Zeit except the potentially, but slowly degradable
fraction “b” and the rate of degradation of “b” fractions “c” at Debre Zeit. The present
study was disagreed with the finding of Njoka-Njiru et al. (2006) who observed that non-
significant effect of lablab intercropping on elephant grass DMD characteristics except
the effective degradability (ED). Rambau et al. (2016) also reported that non- significant
effect of DMD characteristics of elephant grass leaves, except the rapidly degradable
fraction “a” and ED at the three stages of maturity. The highest “a” fraction of elephant
grass could be explained by the lowest NDF content across the harvesting heights. The
PD and ED values reveal the extent of the fermentation of the forages DM in the rumen.
The PD and ED of elephant grass at rumen outflow rate of 0.03 h™ were comparable for
PD and higher for ED at HH1 (50 cm) and HH2 (100 cm) than HH3 (150 cm) at Holetta
and Debre Zeit. This could be explained by the increasing of leaf to stem ratio (LSR) of
elephant grass in the order of harvesting height (HH1 > HH2 > HH3) at both locations.
The present study might be also attributed to the increase in cell wall constituents and the
decrease in LSR at a higher harvesting height (age). The present finding was concurred
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with the reports of other studies (Seyoum et al., 1998; Tessema et al., 2002b) in elephant
grass. The degradation rate “c” values of elephant grass were not significant in the
present study at Debre Zeit. These results were concurred with the finding of Bamikole et
al. (2004) who reported that the “c” values of Panicum maximum and Stylosanthes
hamata in Nigeria were not significantly different, unlike to Holetta where the “c” figures
were significant. Kabuga and Darko (1993) showed that the decreasing of DMD linearly
with increasing growth age of grass species in the tropics. Similarly, Tessema et al.
(2003a) and Soares et al. (2004) reported that maturity has a dramatic decreased effect on

the dry matter degradability of elephant grass.

5.3. Experiment 3- Fertilizer Rate and Plant Spacing of Elephant Grass

5.3.1. Forage agronomic performances

5.3.1.1. Survival rate

The survival rate percentage of elephant grass was increased as the rate of nitrogen
fertilizer applications increased at Holetta, in year 1 and combined over years and
locations. Fekede et al. (2005), and Premaratne and Premalal (2006) reported that basal
application of DAP (100 kg/ha) and NPK (120 - 60 - 50 kg/ha) fertilizer rates had no
significant effect and increased the survival rate of the grasses; these were coincided and
disagreed what was presented in the present study, respectively. The survival rate of
elephant grass was decreased during the second year of establishment as compared to the
establishment year. This result was agreed with the finding of Fekede et al. (2005) in the
same species of grass. It could be attributed to the seasonal variations and the length of

the dry season, which could affect the survival rate of the grass.

The survival rate of elephant grass was significantly higher at a plant spacing of S1 and
S2 (wider plant spacings) than in S3 and S4 (narrower spacings) at Holetta, in year 1 and
in the combined analysis over years and locations. At Debre Zeit and in year 2,
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comparably higher survival rate was recorded in treatment S1 and S2 than S3 and S4.
However, the trend of survival rate percentage in elephant grass was in the order of
increasing with successive increasing of plant spacing (S4 < S3 < S2 < S1). The overall
mean survival rate value (64.6%) of this study was lower than the values (73.4%; 72.0%)
as reported by Fekede et al. (2005) at Holetta, and Getnet and Gezahagn (2012) at
Ginchi, respectively in the same spicies of elephant grass spacing (100 cm x 50 cm).
Despite that it was observed the decreased survival rate of elephant grass that did not
affect the forage yield, and this could be attributed to the vigorous growth performance of
the number of tillers per plant produced at lowr densities of the survived plants, but the
value of this study was greater than the figure (55.6%) as reported by Ramadhan et al.

(2015) in the same species of grass at 100 cm x 50 cm spacing in Kenya.

The interaction effect of nitrogen fertilizer and plant spacing was significantly affected on
the survival rate of elephant grass over years and locations. The result of this finding was
disagreed with the finding of Bizelew et al. (2020) who reported that non - significant
effect of vetch intercropping and plant spacing on the survival rate of elephant grass over
years and locations. This could be attributed to the differences in the type of management
practices employed such as vetch intercropping and application of nitrogen fertilizer rates

on elephant grass.

5.3.1.2. Tillering performance

The application of nitrogen fertilizer (N) rates was significantly increased the number of
tillers per plant (NTPP) of elephant grass over years and locations. This result was
agreed with the findings of other studies (Okeagu, 1991; Kizima et al., 2014; 2016;
worku et al., 2017) who reported the NTPP were increased in response to successively
increased N rates in other grass species. This finding was also supported by Mushtaque et
al. (2010) who reported that N application stimulates the activation of dormant buds and
increases the NTPP of buffel grass. On the contrary, Zand and Shakiba, (2013) showed
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that the effect of N rates (40, 80 and 120 kg/ha) was not significant on the NTPP of

sorghum.

The highest NTPP of elephant grass was recorded at the lowest plant density (widest
plant spacing) at Holetta and Debre Zeit. This result was coincided with the finding of
Yasin et al. (2003) who reported that when appropriate spacing exists for each elephant
grass, there is capacity to increase the NTPP with the different spacing being attributed to
the inconstant nutritional areas and access to light. The result of the present study was
also in lined with the reports of other studies by Melkie (2005) and Genet et al. (2017)
who reported that the NTPP was increased with wider plant spacing in Bana and Desho
grasses, respectively. The reason could be due to the fact that light can penetrate without
difficulty to the base of the plant at wider plant spacing, and it may have encouraged a
number of tillers developments. Zand and Shakiba (2013) were also confirmed higher
tillering in response to low densities in sorghum. The present study showed increasing the
NTPP of elephant grass with increasing plant spacing from S4 to S1; hence, significantly
higher NTPP in S1 (75 cm x 75 cm) and S2 (100 cm x 50 cm) than S3 (125 cm x 25 cm)
and S4 (50 cm x 50 cm). This could be due to the fact that plants with relatively wider
plant spacing as compared to narrower spacing produced many fine-stemmed tillers due
to reduced competition for space, moisture and nutrients during the growing period as
reported by Mukhtar et al. (2003); Tessema (2008) and Wijitphan et al. (2009). The
overall mean value (42.8) of NTPP in this study was higher than (15.2) as reported by
Halim et al. (2013) in elephant grass varieties planted at a spacing of 100 cm x 50 cm in

Malaysia.

5.3.1.3. Plant height

Elephant grass harvesting height (HH) was not attained within the suggested range values
of 1.0 m to 1.5 m harvesting height during the establishment year at Holetta. The result of

this study in elephant grass was concurred with the earlier findings of Fekede et al.
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(2005) in Ethiopia and Kariuki et al. (2016) in Kenya. It was expected as a result of slow
growth rate during the establishment year in the cool highlands. In contrast, in the second
year of establishment (year 2), elephant grass was achieved aforementioned
recommended elephant grass harvesting height within three months of rainy season in the
area. Plant height of elephant grass in this study was not significantly affected by the
applications of different nitrogen fertilizer (N) rates. In contrast to the present study,
Afzal et al. (2012) and Abdi (2014) reported that considerably increased the plant height
of sorghum forage in Faisalabad district of Pakistan and Rhodes grass in Gewane district
of Ethiopia, respectively with the applications of increasing nitrogen fertilizer rates. This
could be due to the differences of soil fertility, soil types, environmental conditions and
management practices. The overall mean plant height of elephant grass in the present
study was coincided with earlier finding of Fekede et al. (2005) in the same study area at
Holetta. The recommended harvesting height of elephant grass was reached in both year
1 and year 2 at Debre Zeit. It showed that elephant grass can better genetic expressed its

potential comparatively under warmer than cooler environments.

Significantly the highest plant height of elephant grass was recorded in relatively at the
narrower plant spacing (higher densities) in both locations (Holetta, Debre Zeit), and
during the establishment (year 1) and regrowth (year 2), except in the combined analysis
over years and locations. The result of the present study was similar with earlier finding
of Zewdenesh (2011) who reported that plant height had the direct relationship with
population density. One of the main adaptive responses to light competition in plants is
an increase of plant height in grasses (Barre et al., 2010). According to Schmitt and
Wulff (1993) more plant densities sometimes stimulate higher plant height owing to
elongation of internodes. On the other hand, the present study was disagreed with the
finding of Tessema (2008) who revealed that plant height of elephant grass was
significant and taller in lower densities or wider plant spacing than higher densities.
Furthermore, according to Genet et al., 2017 and worku et al. (2017), plant density had

not significant effect on desho grass height which was disagreed with the present study
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except in the combined analysis over years and locations. The interaction effect of
nitrogen fertilizer and plant spacing was significantly affected on the plant height of
elephant grass at Holetta and in year 2. This result was agreed with the report of Mihret et
al. (2018) who showed that the interaction effect of fertilizer type and plant spacing was
affected the plant height of desho grass. This result was also coincided with the finding of
Beyadglign (2019) who reported that the interaction effect of inorganic fertilizer, soil
type and cultivars was significant on the plant height of Brachiaria grass. In contrast, the
present study was disagreed with the findings of Tegegn (2001) and Worku et al. (2017)
who found that non - significant interaction effect of nitrogen fertilizer and plant spacing
on the plant height of Panicum coloratum and desho grass (Pennisetum pedicellatum),
respectively at harvest. These variations could be attributed to the differnces of soil
fertility and types, environmental conditions (level of moisture availability and

temperature) and management practices.

5.3.1.4. Leaf to stem ratio

The LSR is one of the major criterions in evaluating forage quality for the reason that the
higher proportion of leaves compared to stem show a better nutritional quality. Leaf to
stem ratio is highly associated with forage quality (Julier et al., 2000; Sheaffer et al.,
2000; Smart et al., 2004). The LSR of elephant grass was significantly greater at higher
rates of nitrogen fertilizer applications at Debre Zeit and in year 1. The present result was
in lined with the finding of Assaeed (1994) who reported that LSR of fodder oats
(Avena sativa L.) was increased in response to increase rates of nitrogen fertilizer
applications. Similarly, Yossif and Ibrahim (2013) supported that LSR of Rhodes grass
was increased by increasing nitrogen fertilizer rates. However, forage harvested at
Holetta, in year 2 and in the combined analysis over the years and locations in the present
study showed non-significant differences on LSR due to application of different rates of
N fertilizer was agreed with the findings of Flores et al. (2012). On the other hand, the

present study was contrasted with the findings of Tariq et al. (2011) who reported that
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decreasing trends of LSR of millet (Pennisetum americannum L.) hybrid in response to
increasing nitrogen fertilizer rates. It might be attributed to improvement of plant growth

as a result of stem elongation.

The LSR of the present study was significant and higher at wider plant spacing than the
narrower spacing at Debre Zeit, in the establishment year and in the combined analysis
over years and locations. This result was concurred with the findings of elephant grass
planted at 50 cm x 50 cm spacing produced lower value (1.49) of LSR (Taye, 2004) than
at wider spacing of 100 cm x 50 cm with a figure (1.91) of LSR (Tessema et al., 2003).
In contrast, Tessema (2008) reported that non-significant and inconsistent LSR of
elephant grass was recorded at plant spacing configurations of 150 cm x 75 cm, 150 cm X
50 cm, 150 cm x 25 cm, 100 cm x 75 cm, 100 cm x 50 cm, 100 cm x 25 cm, 50 cm X 75
cm, 50 cm x 50 cm and 50 cm x 25 cm. The overall mean LSR value (2.04) of the
present study was higher than the figures (1.07; 1.02) as reported by Tessema (2008) and
Halim et al. (2013), respectively in elephant grass. Negasu at al. (2020) also reported that
the overall mean value (1.15) of brachiaria hybrid mulato 11 grass was lower than the
present study. These variations could be attributed to the differences of agronomic
management practices and environmental conditions. Generally, the trend of LSR was

increased with increasing plant spacing of elephant grass.

5.3.1.5. Forage dry matter and crude protein yields

Forage DMY is a function of growth parameters, including plant population per unit area,
tillering, rate of growth and level of fertilizer application. Furthermore, forage yield is
also a function of genetic and environmental factors which play a vital role in plant
growth and development. The DMY of elephant grass was significantly increased with
successive increasing rates of nitrogen fertilizer (N1 < N2 < N3 < N4). The current study
was agreed with the earlier findings of Nemera et al. (2016) in hay yields of grasslands

and Wijitphan et al. (2009) in elephant grass who reported that there were increased
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DMY with each increasing in level of nitrogen fertilizer application. Moreover, Nemera
et al. (2016) has also indicated inorganic fertilizer application results quick responses on
productivity of grasslands. Similarly, BenYoussef et al. (2019) reported that 30 kg ha*
of of nitrogen fertilizer application intensified the DMY of hairy vetch intercropped with
winter triticale grass. The present study was concurred with the findings of other
researchers (Polat et al., 2007; Worku et al. 2017) who found that the overall mean dry
matter yields of rangeland forage and desho grass increase with increasing rate of

nitrogen fertilizer applications, respectively.

Significantly the highest DMY was recorded in narrower plant spacing (S4) and followed
a decreasing trend as the spacing increases. These findings concurred with the reports of
other studies (Yasin et al., 2003; Berihun, 2005; Tessema, 2008) in elephant grass and
(Genet et al., 2017; Mihret et al., 2018) in Desho grass. The narrower plant spacing of
elephant grass might be attributed to greater plant numbers per unit area, where higher
plant densities (higher plant population), the greater quantity of DMY produced as
compared to wider spacing. Wijitphan et al. (2009) was also supported that narrower
plant spacing (50 cm x 40 cm) produced higher total DMY than wider plant spacing of
elephant grass configurations (50 cm x 100 cm, 50 cm x 80 cm and 50 cm x 60 cm). On
the other hand, Mokadem et al. (2002) was confirmed that increased row spacing reduced
yield of multi cut forage sorghum. The overall mean DMY of elephant grass was higher
than the figures (5.66 t/ha) reported by Wijitphan et al. (2009) in Thailand and (4.28 t/ha)
by Zailan et al. (2018) in Malaysia in cultivars of elephant grass spacing (100 cm x 50

cm).

The CPY of elephant grass was varied among nitrogen fertilizer rates and plant spacing
treatments, which generally followed a similar trend to the forage yield. Significant CPY
of elephant grass in the present study was ranged within the values of 0.39 to 0.57 t/ha as
reported by Bizelew et al. (2019) in nitrogen fertilizer treatments in the same species of

grass at Holetta. At Debre Zeit and over locations, the CPY of elephant grass was also
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agreed and within the range values (0.73 to 1.15 t/ha) as reported by Bizelew et al.
(2019). The overall mean CP vyields of the present study were coincided with the values
(0.50, 1.00 and 0.75 t/ha) as reported by aforementioned author in the same species of
grass at Holetta, Debre Zeit and over locations, respectively. The CPY of elephant grass
was substantially higher at narrower plant spacing than wider spacing at Holetta, Debre
Zeit and over locations. The findings of the present study were also concurred with the
reports of Genet et al. (2017) and Mihret et al. (2018) who indicated that higher CPY of
dasho grass was recorded at narrower (10 cm x 50 cm) and intermediate (20 cm x 50 cm)
plant spacing than wider (30 cm x 50 cm) spacing. In evaluating forage crops, the CP
content should not be used as the only parameter to be regarded; the CPY delineates the
overall and actual productivity of forage quality. As elephant grass matured there was a
decline in CP content and digestibility whereas the DM vyield and detergent fibers
increased (Cherney et al., 1993; Bizelew et al., 2019). However, the highest CPY was
recorded when the grass was young indicating that the decrease in CP content was faster
than the increase in DMY with maturity and identifying the right time of harvest

optimizes the forage with its quality and dry matter productivity.

5.3.2. Forage chemical composition and in vitro dry matter digestibility

5.3.2.1. Chemical composition

Higher nitrogen fertilizer (N) rates were significantly decreased on the ash contents of
elephant grass at Debre Zeit and in the combined analysis over locations. These results
were concurred with the finding of Kaplan et al. (2016) who reported that three rates of
nitrogen fertilizer (100, 200 and 300 kg N/ha) were applied and substantially decreased at
higher rates on the ash concentrations of corn silage. These results were also supported
by the report of Khan et al. (1996) showed that higher rates of nitrogen fertilizer
applications reduced oat fodder ash contents.
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Plant spacing (S) had no significant effect on the ash contents of elephant grass at Debre
Zeit and over locations, except at Holetta. These results were concurred with earlier
finding of Tessema (2008) who reported that plant spacing did not show considerable
differences on the ash contents of elephant grass. On the contrary, according to Genet et
al. (2017) plant spacing configurations of 10 cm x 50 cm, 30 cm x 50 cm and 50 cm x 50
cm in desho grass was significant on the ash contents in the central highlands of Ethiopia.
These differences might be due to variations in forage species, soil fertility,

environmental conditions and management practices.

Nitrogen fertilizer (N) applications affected the crude protein (CP) content of elephant
grass forage in which application of higher rate of nitrogen fertilizer resulted in higher CP
at Holetta, Debre Zeit and over locations. This result is in line with earlier finding of
Carpici et al. (2010) in forage maize. The higher CP content with application rates of
nitrogen fertilizer could be due to the enhanced amino acid formation and in turn it
increased the CP content (Afzal et al., 2013). Iptas et al. (2002) was also supported that a
positive effect of nitrogen fertilizer applications on the CP content of Sorghum — Sudan
grass hybrid. In contrast, Hussein et al. (2019) reported that CP content of Rhodes grass
(Chloris gayana kunth) was not significantly increased by application of nitrogen
fertilizer, but only slight increase on the CP content was obtained by applying the highest
rate of nitrogen (120 kg N/ha) in Sudan.

The CP contents obtained in the present study at Debre Zeit and in the combined analysis
over locations were concurred with the findings of other studies (Taye, 2004; McDonald
et al., 2010) who reported that a decline in CP contents of grasses with narrower plant
spacing. This result is also justified with the lower leaf to stem ratio obtained in narrower
spacing compared to the wider plant spacing. However, at Holetta the CP content was
coincided with the finding of Sanmugapriya and Kalpana (2017) who reported that at the
narrower plant spacing (30 cm x 10 cm) had more CP content of the multi cut forage

sourghum. On the other hand, Wijitphan et al. (2009) reported that non-significant effect
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of plant spacing (50 cm x 100 cm, 50 cm x 80 cm, 50 cm x 60 cm and 50 cm x 40 cm) on
the CP contents of elephant grass, which were disagreed with the present study. The
overall mean CP content was within the range figures (5.9-13.8%) reported by Kahindi et

al. (2007) in elephant grass and Bimrew (2016) in desho grass.

The structural carbohydrates (cell wall) fraction is the main factor influencing the
voluntary feed intake and digestibility of forages (Harper and McNeill, 2015). The result
of the present study was concurred with the findings of Abdi et al. (2015) in Panicum
maximum and Cenchrus ciliaris, and Mihret et al. (2018) in desho grass (Pennisetum
pedicellatum Trin.) who reported that the NDF content was significantly decreased as the
nitrogen fertilizer (N) application rates increased. It could be attributed to the enhanced
new shoots and leafiness of the plant, which lower in structural components of plant as a
result of nitrogen fertilizer applications. Nitrogen fertilizer decreased considerably the
ADF content with no statistical differences among 50, 100 and 150 kg N/ha at Holetta
and between 50 and 100 kg N/ha at Debre Zeit. The highest ADF content was recorded in
with the lowest rate of N application rate (N1) at Holetta, Debre Zeit and in the combined
analysis over locations. This result of the present study was in lined with findings of
Magani et al. (2010) in Panicum maximum and Abdi et al. (2015) in Panicum maximum
and Cenchrus ciliaris who reported that the ADF content was significantly influenced
and progressively declined with higher rates of N application. Furthermore, the ADF
contents of the present study were within the range values of 40.53 to 46.40% in elephant
grass applied at N rates of 0, 100, 200, and 300 kg/ha (Parente et al., 2012). The ADL
content was significantly decreased with increasing N rates. This result was coincided
with the report of Abdi et al. (2015) who indicated that the ADL contents of Cenchrus
ciliaris and Panicum Maximum species were significantly decreased with increasing
nitrogen fertilizer levels (0, 50 and 100 kg/ha). It could be due to the increased
application of nitrogen fertilizer rates promote new shoots and leaves of growth which
resulted in low lignin content. On the other hand, the present study was disagreed with

the finding of Galindo and Buzetti (2019) who reported that the ADL content of
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Mombasa guinea grass was not significantly affected by the application of N
rates. These differences might be the variations in soil fertility, environmental conditions,

forage species and management practices.

Plant spacing of elephant grass had no significant effect on the NDF, ADF and ADL
contents in the present study. The ADF content of elephant grass in the present study
was agreed with the finding of Genet et al. (2017) who reported that non - significant
effect of plant spacing was recorded on the ADF content. On the other hand, the results of
the present study were disagreed with the findings of Genet et al. (2017) who reported
that the NDF and ADL contents were increased considerably with narrower plant
spacing. Furthermore, Wijitphan et al. (2009) reported that the significant effect of plant
spacing (50 cm x 100 cm, 50 cm x 80 cm, 50 cm x 60 cm and 50 cm x 40 cm) on the
NDF content of elephant grass with the overall mean value (67.4%); it was also a bit
higher than the overall mean value (63.5%) of the present study. The NDF content of
elephant grass observed in this study was lower than the average figure (66.2%) of
tropical grasses (Barton et al., 1976). Based on the category of Singh and Oosting (1992),
elephant grass quality could be classified as medium quality, owing to the mean NDF
content was within in the range values (45-65). Relatively higher ADL content was
recorded at wider plant spacing than narrow spacing in the present study which was in
lined with the report of Berihun (2005) who reported that significantly higher ADL
content was recorded at wider spacing of elephant grass. On the other hand, Berihun
(2005) and Taye (2004) reported that there were greatly increased the ADL contents as
the plant spacing decreases from (100 cm x 75 cm) to (75 cm x 50 cm) in Bana grass and
from (100 cm x 50 cm) to (50 cm x 50 cm) in elephant grass, respectively. In the present
study, the overall mean value of the ADL content was lower than the figure (8.26%; 8.18
%) reported, respectively in elephant grass verities at a spacing of 100 cm x 50 cm in
Malaysia (Halim et al., 2013) and in Brachiara mulato grass (Mustaring et al., 2014). The
reason could be related with soil type, environmental condition and management

practices of the grass.
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The NDF content was significantly different between the interaction effect of nitrogen
fertilizer and plant spacing at Holetta and Debre Zeit. This was concurred with the
finding of Beyadglign (2019) who reported that the significant interaction effect of
cultivars, soil type and fertilizer on the NDF content of Brachiaria grass. On the contrary,
the present result was disconcurred with the finding of Mihret et al. (2018) who reported
that the non - significant interaction effect of fertilizer type and plant spacing on the NDF
content of desho grass. Moreover, Genet et al. (2017) and Wassie et al. (2018) showed
that non-significant interaction effects of cultivars, altitudes and harvesting dates of
Brachiaria grass ecotypes, and between harvesting age and plant spacing of Desho grass
on the NDF contents, respectively. The ADF content was considerably varied between
the interaction effect of nitrogen fertilizer and plant spacing at Holetta. This was
coincided with the finding of Wassie et al. (2018) who reported that significance
interaction effect of cultivars, altitudes and harvesting dates of Brachiaria grass ecotypes
was recorded on the ADF content. These varations could be due the differences of soil
fertility, fertilizer type, environmental conditions and management system where studies

were conducted.

5.3.2.2. In vitro dry matter digestibility

The IVDMD of elephant grass in the present study was varied from 63.43 to 67.22%. The
result of this study was within the range values (53.00 to 80.00%) of elephant grass dry
matter digestibility as reported by other studies (Wijitphan et al., 2009; Budiman et al.,
2012). The critical and acceptable threshold level of IVDMD in feeds is 50% (Owen and
Jayasuriya, 1989). According to this recommendation, the IVDMD content obtained in
the present study was within the acceptable level. The higher IVDMD of elephant grass
were recorded at higher rates of nitrogen fertilizer application (N3 and N4) compared to
lower rates (N1 and N2). The ADF contents were also lower in N3 and N4 levels of
fertilizer application. Similarly, Budiman et al. (2012) was supported that the ADF

content was negatively linked with the digestibility of elephant grass cultivars. The result
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of the present study was coincided with the finding of Cox and Charney (2005) who
reported that increased in vitro digestibility of corn silage with higher rates of nitrogen
fertilizer. Nitrogen fertilizer enhances plant cells for photosynthesis process (Bob, 2011)
and increases grass forage DMY; moreover its quality of CP content, feed intake and
digestibility (Aderinola, 2007).

The result of the present finding was agreed with the report of Wijitphan et al. (2009)
who showed that the DM digestibility of elephant grass was not significantly affected by
plant spacing. Zailan et al. (2018) also found that there was no significant variation in
IVDMD values (63 to 66%) of elephant grass observed among the cultivars. However,
the digestibility of the present study was lower than the values ranged from 68 to 71% as
reported by Manyawu et al. (2003) in a spacing of 100 cm x 50 cm in elephant grass and
hybrid Pennisetums. However, the present study was coincided with the report of Yasin
et al. (2003) who stated that digestibility of leaves and stem of Mott elephant grass was
higher at narrower plant spacing. On the other hand, Berihun (2005) reported that plant
spacing configurations of 75 cm x 50 cm, 75 cm x 75, 100 cm x 50 cm and 100 cm x 75
cm was significantly affected the IVDMD of Bana grass with the maximum and
minimum IVDMD was recorded at the wider and narrower spacing, respectively. Low
quality grasses which are low in digestibility comprise of high proportions of fiber, which
are mostly harder to digest (Lee et al.,, 2017). It could be attributed to high
temperature that encourages physiological alterations (increased lignin contents and
thicker cell walls) in plants (Kering et al., 2011). The IVDMD content was considerably
varied between the interaction of nitrogen fertilizer and plant spacing at Holetta. The
present finding was concurred with the other study of Wassie et al. (2018) who found that
significance interaction effect of cultivars, altitudes and harvesting dates of Brachiaria
grass ecotypes on the IVDMD. The result of present study was also agreed with the
finding of Beyadglign (2019) who reported that the interaction effect of cultivars, soil
type and fertilizer was significant on the IVDMD content of Brachiaria grass.
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6. CONCLUSION AND RECOMMENDATIONS

6.1. Conclusion

The study was conducted with the specific objectives to evaluate the effects of: 1) vetch
intercropping and plant spacing, 2) harvesting height and nitrogen fertilization and 3)
nitrogen fertilization and spacing on the agronomic performance and nutritional qualities
of elephant grass in the central highlands of Ethiopia, represented by Holetta (higher
highland) and Debre Zeit (medium highland). The following are the major conclusions

drawn based on the findings of the study.

¢ Vetch intercropping with elephant grass at different inter and intra row plant spacing
affected most agronomic traits: dry matter biomass yield and forage quality during the
establishment year and regrowths in the second year.

¢ Location has affected performance of intercropping of vetches with elephant grass:
higher forage yield of elephant grass was obtained in the warmer (medium highland)
ecology (Debre Zeit) than the cooler (higher highland) areas (Holetta). Vetch
intercropping with elephant grass resulted in better dry matter yield in cooler area
(like Holetta) than warmer places (Debre Zeit) with a yield advantage of 70.0 and
8.5%, respectively, over the pure stand elephant grass.

¢ Biomass produced form intercropping brings about improved feed quality. In this
study as well, due to the high forage quality of vetch the biomass produced from the
intercropped forage was remarkably improved. Therefore, it is concluded that
intercropping vetches with elephant grass increased forage quality especially the CP
and IVDMD compared to the pure stand elephant grass and the total CPY per hectare.
¢ In evaluating the effect of harvesting height and application of different rates of
nitrogen fertilizer on elephant grass production, elephant grass could not grow to the
recommended height of harvest (100 to 150 cm) during the establishment year in the
cooler highlands like Holetta at the beginning of the dry season. However, it can grow

to the recommended height of harvest in warmer areas like Debre Zeit.
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Elephant grass produced significantly higher dry matter yield when harvested at 100
cm and 150 cm than at 50 cm height in both the locations and years, except during the

establishmnet year at Holetta.

Application of nitrogen fertilizer at 100 kg ha™ in split application has affected the
performance of the different agronomic traits studied. It increased plant survival rates,
tillerings and leaf to stem ratio of elephant grass with increasing nitrogen fertilizer
rates in split application at both the locations and years. These growth characteristics
in turn afftected dry matter yield production and forage quality.

Harvesting height and nitrogen fertilizer application rates have affected forage quality
of elephant grass. Nitrogen fertilizer has improved crude protein (CP) content and in
vitro dry matter digestability (IVDMD) of elephant grass forage. Moreover, it reduces
NDF and ADF, and improves the overall nutitional value of elephant grass forage.
Planting density of elephant grass affected agronomic traits, like survivial rate,
tillering, plant height and leaf to stem ratio. Generally, it is concluded that a higher
planting density results in better forage productivity.

This study has ascertained that planting elephant grass at higher planting density (50
cm x 50 cm spacing) with application of nitrogen fertilizer at the rate of 100 to 150 kg
ha™ in a split application resulted in higher DMY, CPY, IVDMD and CP contents in
both the medium (Debre Zeit) and higher (Holetta) highland agroecologies.

6.2. Recommendations

Based on the findings of the present study, the following recommendations are drawn.

¢ Vetch intercropping at a seed rate of 25 kg ha™ after three weeks of elephant grass
establishment at a spacing pattern of 50 cm x 50 cm could result in higher annual
forage productivity with improved forage quality in terms of CP content, IVDMD and
in sacco DM degradability.

¢ Vetch intercropping has the advantage to offset the slow growth and low forage

productivity of elephant grass during the establishment year in the cooler highlands
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like Holetta. In warmer areas like Debre Zeit, there are other alternative annual forage
legumes like lablab that need to be evaluated in the future.

To achieve an optimum dry matter production of good quality forage from elephant
grass, it has to be harvested at the height of 100 cm to 150 cm. However, in cooler
areas where there is slow growth rate, intercropping fast growing forage legumes has
the advantage of producing more forages and improving soil fertility.

For higher productivity (dry matter forage and crude protein yields) and good quality
forage (crude protein content and in vitro dry matter digestibility) elephant grass
planting at higher densities (50 cm x 50 cm) with application of nitrogen fertilizer at
the rate of 100 kg/ha in split applications is recommended. Despite the feasibility of
applying fertilizer rates (such as 100 kg N/ha) there is a need to further assess the same
based on targeted production system and practices. Furthermore, studies on fertilizer
requirements and application rates need to be based on soil fertility test results.

These findings and recommendations are based on rain fed production system. In view
of its high potential and wider use as fodder, the different agronomic practices,
including plant spacing, fertilizer application, harvesting height and intercropping with
forage legumes should be evaluated under irrigation schemes and wider
environments.

Future research needs also to focus on management practice to minimize
environmental stresses like frost and drought. In countries like Ethiopia, especially
where elephant grass is usually produced under rain fed conditions under stresses of
extreme temperature and low soil moisture, designing appropriate conservation
practices is very essential. Feeding strategies and level of supplementation are deemed

important aspects of future research emphasis.
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Appendix B1. Combined Analysis of variance for forage dry matter yield (TDMY, t ha™)
of elephant grass + vetch species during year 1 and year 2 as affected by vetch

intercropping and plant spacing over locations and years

Source DF Type 111 SS Mean Square FValue Pr>F
loc 1 940.188906 940.188906  110.12 <.0001
year 1 1455.486084 1455.486084 170.48 <.0001
intcr 2 219.643668 109.821834  12.86 <.0001
spac 3 156.503941 52.167980 6.11 0.0008
intcr*spac 6 70.570249 11.761708 1.38 0.2317
R-Square Coeff Var Root MSE TDMY Mean
0.805891 26.06237 2.921936 11.21132

Appendix B2. Combined Analysis of variance for forage crude protein (CP) content of
elephant grass during year 1 and year 2 as affected by vetch intercropping and

plant spacing over locations and years

Source DF Type 11 SS Mean Square F Value Pr>F
loc 1 237.930625 237.930625 30.95 <.0001
year 1 2874.746944 2874.746944 373.97 <.0001
intcr 2 1203.566435 601.783217 78.28 <.0001
spac 3 12.936725 4.312242 0.56 0.6417
intcr*spac 6 7.921704 1.320284 0.17 0.9840
R-Square Coeff Var Root MSE CP Mean

0.815461 23.19028 2.772559 11.95569
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Appendix B3. Combined Analysis of variance for forage in vitro dry matter digestibility
(IVDMD) of elephant grass during year 1 and year 2 as affected by vetch

intercropping and plant spacing over locations and years

Source DF Type I1I SS  Mean Square F Value Pr>F
loc 1 123.395069  123.395069 12.94 0.0005
year 1 6502.003225 6502.003225 681.91 <.0001
intcr 2 640.236051  320.118026 33.57 <.0001
spac 3 32.834247 10.944749 1.15 0.3325
intcr*spac 6 23.288465 3.881411 0.41 0.8733
R-Square Coeff Var Root MSE IVDMD Mean
0.857448 5.061750 3.087871 61.00403

Appendix B4. Combined Analysis of variance for rapidly degradable fraction of vetch

intercropping over locations

Source DF Type 111 SS Mean Square  F Value Pr>F
loc 1 15.3585446 15.3585446 53.19 <.0001
inter 2 107.1099168  53.5549584 185.46 <.0001
loc*inter 2 82.9128592 41.4564296 143.56 <.0001
R-Square Coeff Var Root MSE A Mean
0.986199 2.683830 0.537371 20.02256
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Appendix B5. Combined Analysis of variance for slowly degradable fraction of vetch

intercropping over locations

Source DF Type I SS Mean Square  F Value Pr>F
loc 1 105.8992704  105.8992704  82.81 <.0001
inter 2 95.9883385 47.9941692 37.53 <.0001
loc*inter 2 44.6057043 22.3028522 17.44 0.0005
R-Square Coeff Var Root MSE B Mean
0.951328 2.321502 1.130881 48.71334

Appendix B6. Combined Analysis of variance for rate of degradation of b fraction of

vetch intercropping over locations

Source DF  Type Il SS Mean Square F Value Pr>F
loc 1 0.00006094  0.00006094 3.13 0.1075
inter 2 0.00094713  0.00047357 24.30 0.0001
loc*inter 2 0.00026691  0.00013346 6.85 0.0134
R-Square Coeff Var Root MSE C Mean
0.874908 8.091947 0.004415 0.054559

Appendix B7. Combined Analysis of variance for potential degradability (PD) of vetch

intercropping over locations

Source DF Type 11 SS Mean Square F Value Pr>F

loc 1 40.59936087 40.59936087 30.02 0.0003
inter 2 10.92488832 5.46244416 4.04 0.0518
loc*inter 2 6.67837806 3.33918903 2.47 0.1345
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R-Square Coeff Var Root MSE PD Mean

0.816608 1.691945 1.162974 68.73589

Appendix B8. Combined Analysis of variance for effective degradability (ED) of Vetch

intercropping over locations

Source DF Type 111 SS Mean Square  FValue Pr>F
loc 1 19.2731500 19.2731500 30.11 0.0003
inter 2 122.8905760 61.4452880 95.99 <.0001
loc*inter 2 8.1082481 4.0541241 6.33 0.0167
R-Square Coeff Var Root MSE ED Mean
0.959645 1.561111 0.800093 51.25147

Appendix C1. Combined Analysis of variance for forage dry matter yield (DMY, t ha™)

of elephant grass as affected by harvesting height and nitrogen fertilizer over

locations

Source DF Type 111 SS Mean Square F Value Pr>F
loc 1 750.9750125 750.9750125 187.66 <.0001
height 2 218.7819090 109.3909545 27.34 <.0001
fert 3 107.2903306 35.7634435 8.94 <.0001
height*fert 6 28.0241799 4.6706966 1.17 0.3367
R-Square Coeff Var Root MSE DMY Mean
0.836393 23.16388 2.000458 8.636111
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Appendix C2. Combined Analysis of variance for forage crude protein yield (CPY, t ha”

1) of elephant grass as affected by harvesting height and nitrogen fertilizer over

locations
Source DF Type 111 SS Mean Square  F Value Pr>F
loc 1 4.55516806 4.55516806 158.32 <.0001
height 2 1.38293611 0.69146806 24.03 <.0001
fert 3 1.04921528 0.34973843 12.16 <.0001
height*fert 6 0.23046389 0.03841065 1.34 0.2568
R-Square Coeff Var Root MSE CPY Mean
0.823247 22.62038 0.169621 0.749861

Appendix C3. Combined Analysis of variance for forage crude protein (CP) of elephant

grass as affected by harvesting height and nitrogen fertilizer over locations

Source DF Type I SS Mean Square F Value Pr>F
loc 1 10.74933889 10.74933889  48.63 <.0001
height 2 4.02560833 2.01280417 9.11 0.0004
fert 3 4.86137778 1.62045926 7.33 0.0003
height*fert 6 1.69588056 0.28264676 1.28 0.2817
R-Square Coeff Var Root MSE CP Mean
0.632981 5.306675 0.470171 8.860000




Appendix C4. Combined Analysis of variance for forage in vitro dry matter digestibility
(IVDMD) of elephant grass as affected by harvesting height and nitrogen

fertilizer over locations

Source DF Type 111 SS Mean Square FValue Pr>F
loc 1 120.6163347 120.6163347  163.19 <.0001
height 2 48.3662111 24.1831056 32.72 <.0001
fert 3 8.7349153 2.9116384 3.94 0.0127
height*fert 6 3.1449222 0.5241537 0.71 0.6435
R-Square Coeff Var Root MSE IVDMD Mean
0.811397 1.268576 0.859716 67.77014

Appendix C5. Combined Analysis of variance for rapidly degradable fraction of elephant

grass as affected by harvesting height over locations

Source DF Type 11 SS Mean Square F Value Pr>F

loc 1 0.56081110 0.56081110  2.95 0.1166
height 2 48.52161959  24.26080979 127.61 <.0001
loc*height 2 13.41508809  6.70754404  35.28 <.0001
R-Square Coeff Var Root MSE A Mean
0.970793 2.447603 0.436030 17.81459
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Appendix C6. Combined Analysis of variance for slowly degradable fraction of elephant

grass as affected by harvesting height over locations

Source DF Type Il SS Mean Square F Value Pr>F
loc 1 3.56774376  3.56774376 1.49 0.2501
height 2 2.78622958  1.39311479  0.58 0.5766
loc*height 2 19.12445118 9.56222559  4.00 0.0530
R-Square Coeff Var Root MSE B Mean

0.602857 2.790367 1.546964 55.43944

Appendix C7. Combined Analysis of variance for rate of degradation of b fraction of

elephant grass as affected by harvesting height over locations

Source DF Type III SS  Mean Square F Value Pr>F
loc 1 0.00032679 0.00032679 83.32 <.0001
height 2 0.00005028 0.00002514 6.41 0.0162
loc*height 2 0.00002188 0.00001094 2.79 0.1090
R-Square Coeff Var Root MSE C Mean
0.911139 5.716703 0.001980 0.034644
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Appendix C8. Combined Analysis of variance for potential degradability (PD) of

elephant grass as affected by harvesting height over locations

Source DF Type I SS  Mean Square FValue Pr>F
loc 1 1.29948694  1.29948694 0.58 0.4621
height 2 74.55882745 37.27941373 16.77 0.0006
loc*height 2 1.63940514  0.81970257 0.37 0.7006
R-Square Coeff Var Root MSE PD Mean
0.790086 2.035117 1.490806 73.25403

Appendix C9. Combined Analysis of variance for effective degradability (ED) of

elephant grass as affected by harvesting height over locations

Source DF Type I SS Mean Square F Value Pr>F
loc 1 48.2040894 48.2040894 276.55 <.0001
height 2 109.1845600 54.5922800 313.20 <.0001
loc*height 2 4.0713383 2.0356691 11.68 0.0024
R-Square Coeff Var Root MSE ED Mean
0.989483 0.881572 0.417500 47.35856
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Appendix D1. Combined Analysis of variance for forage dry matter yield (DMY, t ha™)

of elephant grass as affected by nitrogen fertilizer and plant spacing over

locations

Source DF Type 111 SS Mean Square  F Value Pr>F
loc 1 1124.565051 1124.565051 287.27 <.0001
spac 3 149.768471  49.922824 12.75 <.0001
fert 3 236.317173 78.772391 20.12 <.0001
spac*fert 9 19.027102 2.114122 0.54 0.8409
R-Square Coeff Var Root MSE DMY Mean
0.835792 22.46580 1.978535 8.806875

Appendix D2. Combined Analysis of variance for forage crude protein yield (CPY, t ha”

1) of elephant grass as affected by nitrogen fertilizer and plant spacing over

locations

Source DF Type Il SS  Mean Square F Value Pr>F
loc 1 5.98001667  5.98001667  209.59 <.0001
spac 3 0.71179167 0.23726389  8.32 <.0001
fert 3 2.21992500 0.73997500  25.93 <.0001
spac*fert 9 0.13518333  0.01502037  0.53 0.8511
R-Square Coeff Var Root MSE CPY Mean
0.805912 23.90309 0.168915 0.706667
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Appendix D3. Combined Analysis of variance for forage crude protein (CP) content of

elephant grass as affected by nitrogen fertilizer and plant spacing over locations

Source DF Type I SS Mean Square F Value Pr>F
loc 1 7.49283750 7.49283750 41.40 <.0001
fert 3 18.34695000 6.11565000  33.79 <.0001
spac 3 0.49659167 0.16553056 0.91 0.4379
fert*spac 9 0.93954167 0.10439352 0.58 0.8121
R-Square Coeff Var Root MSE CP Mean

0.669474 5.212503 0.425405 8.161250

Appendix D4. Combined Analysis of variance for forage in vitro dry matter
digestibility (IVDMD) of elephant grass as affected by harvesting height and

nitrogen fertilizer over locations

Source DF Type 111 SS Mean Square F Value Pr>F
loc 1 204.7796260 204.7796260 1169.35 <.0001
fert 3 16.4203865 5.4734622 31.26 <.0001
spac 3 0.2806865 0.0935622 0.53 0.6602
fert*spac 9 1.6424177 0.1824909 1.04 0.4151
R-Square Coeff Var Root MSE IVDMD Mean
0.943040 0.639893 0.418476 65.39781
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