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EFFECT OF SEED PROPORTION AND PLANTING PATTERN ON DRY MATTER
YIELD, COMPATIBILITY AND CHEMICAL COMPOSITION OF OAT AND VETCH
MIXTURES AT SINANA DISTRICT, ETHIOPIA

ABSTRACT

Oat (Bonsa) and Vetch (Gebisa) mixture pasture experimental trial was conducted to evaluate
the effect of seed proportion and planting pattern treatment) on Dry Matter Yield (DMY),
compatibility and chemical composition of the mixed stand. Seeds of oat and vetch were mixed as
AIBI1(50%o0at+50%vetch), A2B3(75%oat+25%vetch), A3B3(25% oat+75%vetch), A4B1(100%
oat), A5SB2 (100% vetch), A4B2 (100 % oat), ASBI (100 % vetch), A4B3(100% oat) and
A5B3(100% vetch) and were sown in the same row (B2), alternate (B3) and broadcasting
pattern (Bl). Randomized complete block design in factorial arrangement having two factors
(five levels of oat-vetch mixture with three planting pattern and two  Locations) with three
replications were used to layout the experiment. The longest plant height (88 .3 and 115.83 cm)
was recorded for A3B3 and A2B3 in vetch followed by oat in mixture in both alternate row
pattern whereas the shortest (41.9 and 55.7cm) recorded for A2B2 (75%oat+25%vetch) and
A3B2 (25% vetch +75% oat) for vetch and oat seed proportion in both same row planting
pattern, respectively. Similarly, the highest FBY (21.7 and 3.95 t/ha) followed by (53.5 and 12.95
t/ha) was recorded in vetch followed by oat for A3B3 and A2B3(25% vetch+75%oat) and
(75%o0at+25%vetch) in both alternate row planting pattern respectively.The A2B3 and A3B3
(75%oat+25%vetch) and A3B3 (25%oat+75% vetch) seed proportion resulted in significantly
higher (P<0.001) DMY for oat and vetch (P<0.001) in the mixture. For oat and vetch, total
herbage yield, an alternate row planting pattern gave significantly the highest (p<0.0001) DMY,
followed by broadcasting. The maximum RY in oat(1.79)and vetch (0.77) was observed with RYT
of 3.2 forA2B3 and A3B3 in plots planted with alternate row pattern. Yet, the minimum (0.1) and
(0.17)was observed at A3B2 and A2B2 in oat and vetch in plots treated with same row pattern.
Similarly, the maximum CR in oat (9) and vetch (1.2) and total LER (5.94) was observed at A2B3
and A3B3 in plots treated with alternate row pattern .Yet, the minimum CR 2.13, 0.29 and 0.57
was observed in oat, vetch and total LER at AIB3, A2B1 and A3B2 in the treatment. The
maximum (22.23%) and minimum (12.1%) CP content was observed for A5BI and A4B2 in sole
vetch and oat in the treatment. Similarly, the maximum DM content was 92.6 observed for A3B1
whereas the minimum 88.2 % was observed A3B2 in plots treated with broadcasting and same
row pattern. The maximum Ash (12.72 %) recorded for A2B2 in plot treated with same row
pattern whereas the minimum 8.37 % was recorded for ASBI in plot treated with broadcasting.
Similarly, the maximum NDF (59.6%), ADF (33.39%) and ADL (7.65%) was recorded in plots
treated with same and broadcasting row pattern. Whereas, the minimum NDF (35.41 %) , ADF
(24.03 %) and ADL(3.23 %) was recorded for A5SB1, A3B3 and A5B2 in plots treated with
broadcasting, alternate and same row planting pattern respectively. Therefore, to get the
maximum DM yield A2B3 was appropriate for oat and vetch seed proportion whereas to get
maximum CP A5B1 in sole stand vetch was suitable among the treatments.

Key words: Dry matter yield, Relative yield, chemical composition,Oat and Vetch Mixture
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1.INTRODUCTION

The livestock production is one of the huge sectors that play a significant role in food security in
Ethiopia (Girma et al, 2017). The sub-sector supports about 16.5% of the national Gross
Domestic Product (GDP) and 35.6% of the agricultural GDP. It likewise supports 15% of export

earnings and 30% of agricultural employment (Samson and Frehiwot, 2014).

Ethiopia has huge livestock population in Africa comprising of 40 million sheep, 65 million
cattle, 51 million goats, 49 million chickens and 8 million camels in 2020 (Central Statistics
Agency, CSA, 2020a). Also the country has 6.19 and 8.44 million bee hives and donkeys
respectively (CSA, 2017/2018). It is eminent that livestock sector products and by-products of
the meat, milk, honey, egg, cheese and butter which provide portentous nutrients to human being
which contribute to the improvement of the nutritional status of the people, as well as supporting
and sustaining the livelihoods of an estimated 80% of the rural population (Negash et a/., 2017;
CSA, 2017/18) .

Livestock has many advantages such as draught power , manure for crop production , sources of
food , cash income , job opportunity creation , fuel , security and investment in the high land and
the low land as well as the national economy at large ( Kebede et al., 2016 ;Yihunet al.,2022).
However, the productivity level of the livestock resources was shown to be very low (Asfaw et
al., 2011; Anteneh and Moges, 2017). This is because of the reasons attributed to the scarcity of
feed in quality and quantity (Malede, 2013). Animal feed deficiency is one of the primary
limitations that hamper productivity of the sector (ILRI, 2014; Salo ef al., 2017).Climatic change
and seasonal variations highly affecting the availability of quantity and qualities of feed
resources that have been a common phenomenon inflecting serious challenges in livestock
production and productivity (Alemayehu, 2005).

The use of enhanced feed is restricted to 0.3% in non-urban areas of Ethiopia (CSA , 2015) and
used crop residues are poor in quality and known with high fiber content which causes low
livestock return /output due to malnutrition and exposed easily to disease with high prevalence

‘s rate (Malede and Takele, 2014). Mainly , the overall feed resources available for livestock



productivity for crude protein content is poor and crop residues which used for feeding is below

the critical CP level required for effective rumen microbial function (Solomon et al., 2008).

As well, grazing lands which are the principal feed source used as natural pasture are being
declined due to various reasons such as population rise, soil erosion and conversion of grazing
lands into cultivation (Wakgari e ¢ al., 2022). As a consequence, crop residues have emerged as
the main components of livestock diet to sustain and boost their production via cropping
intensification however, their nutritive value and digestibility is too low to support animals’ extra
productivity (Melkamu et al., 2016). In addition, crop residues are usually poor in their nutritive
value with low crude protein content (4%) and digestible organic matter(<50%)(Melkamu et al.,
2016) while use of agro industrial by products is little and limited to some urban and peri-urban
area (Alemayehu et al., 2017). As to other Ethiopian highlands, the highlands of Bale are known
by crop livestock mixed farming systems. Because of steady alteration of grazing lands into crop
lands, and lack of access for sufficient range land was the most a significant cause of feed
shortage (Belay and Geert, 2016). As a result, scarcity of feed in quantity and quality is
becoming the principal challenge to enhance livestock production and productivity (Solomon,
2004). Therefore, production of enhanced and more protein source fodder production to use in
feeding and feed quality improvement strategies is mandatory to satisfy feed and nutrient
demand of livestock if better production and productivity is needed (Shimelis and Temesgen,

2016).

One of the potential and strategic methods to enhance livestock feed availability in terms of
quality and quantity is the use of improved forages crops (Alemu et al., 2007). Among the most
economically as well as future improvement of agricultural activities in maintaining soil fertility
, easily fulfilling the livestock feed quality was oat-vetch mixture which is a good source of
protein and energy to satisfy the nutrient requirement of growing and young productive animals (
Shimalis, 2018). Hence, mixing of legumes and grasses help as the most forage supplementary
alternative since sole grasses deliver low quality fodder due to their inherent lower crude protein

content (Unathi et al., 2018).

The biomass yield of grass and legume in mixture stands significantly increase the DM and

nutritive value that have been superior to sole legume plots (Assefa and Ledin, 2001; Shanker,



2018). Furthermore, the role of such integrated mechanism of forage production is important to
ensure the quality and quantity of fodder for convenience use (Geleti, 2000; Tessema and Baars,
2004). The mixture of legume and grass was also recommended method in agricultural activities
to help for control of pests, weeds and diseases (Erla, 2011). Efficiency of oat and vetch
combinations are known to be superior to pure stands in yield and quality (Assefa and Ledin,
2001; Erol et al., 2009). Oat-vetch mixed fodder is a high source of protein and energy nutrient
in comparisons which can satisfy the nutritional requirements of growing animals if
supplemented with slight amount of concentrate feeds (Shimelis, 2018). Besides, Oat in
combination with vetch could be a potential model of intercropping to attain the healthier forage

dry matter yield that could address the condition of justifying DM scarcity (Swotantra, 2020).

Animal feed resources in the highlands of Bale zone is predominantly based on natural pasture
grazing and crop residues, which are low in quality and quantity (Bogale ef a/.,2008) and which
can be categorized as poor quality and enhanced forage crop restricted area in Ethiopia (Bediye
et al.,2007; Solomon et al.,2008; Yami et al.,2013). Tremendous, yield and quality improvement
of grass were obtained though optimal proportion of seeds and planting pattern of oat-vetch
mixture (Melkamu et al., 2016), which provides cheap home grown quality protein source for
livestock (Ayub et al., 2013). Natural pasture and crop left overs, which make up a large portion
of livestock feed, are of poor in quality and must be supplemented with forages of higher quality.
It’s crucial to cultivate enhanced forages with a high biomass production and sensible quality
that can mature quickly (Amanuel et al., 2019). This is important area of intervention that can
help farmers by improving the quantity and quality of the feeds (Getnet, 1999).As a result,
designing of agronomic measures that aid in controlling interspecies interactions and ensuring
balanced contributions from the component species to the overall herbage mass and quality

(Diriba and Adugna, 2013).

1.1. General Objective

The general objective of the study was to evaluate the effect of seed proportion and planting
pattern on plant height, dry matter yield, compatibility and chemical composition of oat and

vetch mixture at Sinana District in Bale Zone, South Eastern Ethiopia.



1.2. Specific Objectives of the Study

» To evaluate the effect of seed proportion on plant height, dry matter yield, compatibility and
chemical composition of oat and vetch mixture
» To evaluate effect of planting pattern on plant height, dry matter yield, compatibility and

chemical composition of oat and vetch mixture.



2. LITERATURE REVIEW

2.1. The Highland Crop Livestock Mixed Farming System

The highland crop- livestock mixed farming system comprises almost 40% of the country’s land
area and is situated above 1,500 m.a.s.l (Zinash, 2004). It is featured by a varied farming system
where crop cultivation and livestock production are undertaken side by side and counterpart each
other. According to the same resource, about 25% goats, 75% sheep and 80% of the cattle from
the total national livestock holdings are found in this production system. Regardless of the
contribution of livestock to the economy and small holders’ livelihood, production system is not
sufficiently and market -oriented (Tadesse and Solomon, 2014). Livestock is primarily kept on
natural pastures of non-arable (fallow land) between crop fields and majority fed crop residues

(Tesfayeet al., 2022)

2.2 Available Feed Resources in the Highlands of Ethiopia

In Ethiopia , there are numerous sources for feeding livestock , most of which are only accessible
during certain seasons (Mekuanint and Girma , 2017).The type of agricultural operations (
method and intensity of crop production ) , population stress ,agro - ecology , climatic factors
including rainfall distribution , and the time of year all affect the availability of the feed (
Ambaet al., 2022) . Natural pasture, crop leftovers, improved forage, and agro-industrial by
products were the categories used to describe animal feeds, with the first two accounting for the
majority of the livestock production in Ethiopia’s highlands (Alemayehu, 2003; Getahun and
Tegene, 2019).

2.2.1 Natural Pasture

Natural pasture is the main livestock feed resource in Ethiopia (Solomon et al., 2008; CSA,
2015) and it is estimated that grazing on natural pastures accounts for 56.23 percent of all
resources. The perennial and annual grasses, as well as herbaceous legumes, are present in the
natural pastures (FAO , 2001). The accessibility of natural pasture in the highlands of Ethiopia
depends on the intensity of crop production, population stress, the quantity of rainfall, and
distribution pattern of rainfall and season of the year (Saleem and Abate, 1995). The contribution
of those factors to the entire feed resource base varies from place to place to put support on

cropping intensity (Seyoum et al., 2001). The major feed resources are generally considered by
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deprived quality and unbalanced nature of the nutrients they supply to animals (Addisu et al.,
2016) and the reliability of natural pasture as a source of feed in Ethiopia is restricted to the wet
season and However, grazing fields are important for feeding cattle and are home to a variety of
grasses, legumes, shrubs and trees.Based on elements like fiber and protein, which are often
inversely proportionate to one another, feed values of natural pasture vary significantly in
quality. The main livestock feed resources (natural pastures and crop residues) were of low
quality and less efficiently utilized (Getahun and Tegene, 2019) and characterized as poor
quality roughage with low intake , abrasive texture, nutrient insufficiency, and low digestibility ,
particularly with regard to crude protein and metabolizable energy in relation to the needs of the
livestock.The efficiency of presently existing pasture lands is low due to poor management and
overstocking which causes fluctuation in yield and nutrient density in diverse seasons (Funte,
2010).The increased population pressure, emerging urbanization and expansion of crop farming
practices lead to further shrinkage of the existing natural pasture land across agro-ecologies
(Workyeet al., 2018). It has been reported that, the share of natural grazing pasture at the national
level has been decreased from 90% (Alemayehu, 1985) to around 56.23%(CSA, 2015).The
productivity of the accessible grazing lands is currently estimated in a range of 0.5 to 6 tons of
DM/ha, the value of yield per hectare classified under the lowest in productivity when compared

to the yield from enhanced pasture (Adane and Berhan, 2005, Alemayehu, 2006).

2.2.2. Crop residues

Crop residue is double purpose resources in the diverse crop —livestock systems of the Ethiopian
highlands (Ashraf et al., 2017). Crop left overs include teff (Eragrostis teff) stover , wheat ,
barley , maize , and sorghum are known feed resources in highlands as well as most areas of
Ethiopia ( Duressa et al., 2014 ; Tegegne et al., 2013; Duguma et al., 2012), and legume
residues such as field pea and fava bean (Yayneshet, 2010 ; Abate , 2012) and natural pasture are
among the major one among livestock feed resource (Getahun and Tegene, 2018). Furthermore ,
being animal feed source , crop residues increase soil fertility, prevent soil from easy exposure
to erosions by water and wind ; reduce evapotranspiration, increase soil organic carbon content
by 1ton /ha/year , through residue retention and other bio solids (Lal , 2006 ). Moreover, they are
crucial in covering feed gaps when there is a severe lack of a variety of feed resources.

Currently, the conversion of pasture area to farmland is happening more often.



This resulted in more biomass of crop residues which contribute for about 50% (that grow up to
80% ) of ruminant feeds during the dehydrated season of the year and are now the most
important feed resource , providing a substantial amount of animal feed in Ethiopia’s highlands
, especially during the dry season (Adugna,2007). However , quality and digestibility is very low
with less than 50% digestibility, high fiber content (more than 70% NDF ) and low crude protein
content(< 5%CP) (Gizachew and Smit , 2005 ).

2.2.3 Agro-industrial by products

Agro-industrial by products havebeen used as animal feed to reduce feed cost (Said et al.,
2018).Also, agro-industrial processing plants are sectors involved in oil processing, flour milling
industry products and brewery. They have exceptional value that can be used for feeding
livestock primarily in Urban and peri —urban areas for livestock production system. The main
agro-industrial by products commonly used are obtained from flour milling industries (rice bran,
wheat bran, wheat middling and wheat short), edible oil extracting plants (sunflower cake,
linseed cake, sesame cake, peanut cake, noug cake and cotton seedcake, breweries and molasses
(sugar factories) (Alemayehu et al., 2017). Most oil removal is done almost entirely by
mechanical processing methods (CSA , 2015) , among all wheat bran is the most important by-
product of wheat flour milling and mostly accessible energy concentrate feed with CP content
ranging from 80-140 g/kg DM (McDonald et al., 2010). Furthermore , noug seed cake is very
good protein concentrate with 29.7% ADF , 30.8% CP , and 32.4% NDF on DM basis (Abebe et
al., 2008 ).The present trends of rising urban population has an important effect on the
establishment of agro- industries due to the corresponding rising demand for the edible main
products(Yayneshet , 2010).

In addition , various feed resources of Ethiopia comprise of natural cultivated forages ,
multipurpose trees , and horticultural by-products (Berhanu et al., 2009; Adugna et al., 2012;
Dawit et al., 2013; Geleti et al., 2014; Alemayehu et al., 2017).Furthermore crop residues, crop
aftermath and natural pasture were the principal feed resources (Getahun and Tegene , 2019).
However, the major feed resources are generally considered poor in quality and unstable nature

of the nutrients they supply to livestock (Addisu et al., 2016).



2.1.3. Improved Forage

Enhanced forages legumes can increase the productivity of natural pastures by improving the
fertility status of the soil (Tesfaye , 2020). It can also increase the feed value of the native pasture
since they have more protein content than naturally occurring grasses (Yeshitila et al., 2008).
Recently several studies indicated that only 0.15% of rural livestock keeper’s cultivate forage
crops on their farm area to enhanced forage nutritional quality (Lemma et al., 2010).Though
numerous efforts have been made by investigation, extension, development projects and
programs, yet, the interventions are not fully accepted package’s by most farming communities
due to their interest to use their farm lands for cash crops and less appreciations for technologies.
Reason fully it was evaluated unsuccessful for extension services particularly on the application,
management and improvement intensification efficiency by participated farmers for cultivated
forages crop types and varieties, absence of economic stimulus for cultivating such forages, and
absence of appropriate seeds (EAFIA, 2012). Even if enhanced forage crop production has
immense benefits for farming communities if adopted well. The aim of intervention and
adoption has vital profits for producers to produce high quality and quantity forage to be used as
feed for farm animals. On the other side they accompaniment crop production through
conserving soil productivity by fixing nitrogen was highly appreciated. Moreover, enhanced
forage crop production could deliver useful nutrients in the non — urban areas where accessibility

to agro —industrial by —products is a difficulty (Mengistu, 2002

Production of cultivated forage and pastures relies on accessibility of species and varieties that
are modified to the climatic, topographic and animal physiological factors prevailing in the
environment in which they are to be utilized. Cultivated forage and pasture crops are essential as
cut-and-carry sources of feed and as a supplement to crop residues and natural pastures. The kind
of cultivated forage crop produced is varying from place to place relying upon the prevailing
climatic and soil factors. Over the past 50 years, a number of forage species and accessions have
been studied and some have been suggested for greater distribution in a variety of agro-ecologies
and production systems in Ethiopia. Since the national research system has created a variety
release system for forage and pasture crops, the number of registered forage varieties is currently

increasing (Geleti, 2014). Ethiopia’s agro-ecologies are highly diverse, with a wide range of soil



types , from arid and semi-arid low lands to moist , chilly mountains , and are mostly depending
on natural moisture rain ( for duration of the growing season) (MoARD , 2005) . This high
diversity in agro-ecology and soil types is an opportunity to grow diversified forage species
adapted to temperate, humid, dry, arid and semi-arid agro-ecological conditions. The cultivated
forage crops comprise grasses such as elephant grass (Pennisetum purpureum), Rhodes grass
(Chlorisgayana) , Guinea grass (Panicum maximum) and oats (Avena sativa L.) in the highlands.
Among the herbaceous legumes , the most common ones include Desmodiums(Desmodiumspp.)
, vetch (Viciaspp.) , Lucerne (Medicago sativa), lablab (Lablab purpureus), cowpeas
(Vignaunguiculata) while fodder tree legumes comprise Leucaenas (Leucaenaspp.),Sesbania
(Sesbania spp.) , Calliandracalothyrsus, Gliricidiasepium , pigeon pea (Cajanuscajan) ,Tagasaste
(Chamaecytisuspalmensis) are essential in the highlands (Tolera, 2007).The primary agro-
ecologies under Ethiopian conditions have established agronomic techniques such as
establishment procedures, seeding rates, and harvesting stages for selected and widely farmed

annual and perennial forages.



Table 1.List of major forage species and varieties registered by variety register book of MoARD

Species Variety Common Adaptation
name
Grass Avena sativa CI-8237 Oats High to mid altitude
Avena sativa Boons Oats High to mid altitude
Avena sativa Bona bas Oats High to mid altitude
Phalaris aquatic Sirossa Phalaris Low to mid altitude
Andropogon gayanus  Dirki Ayifera =~ Andropogon  Low to mid altitude
Pennisetum ILC-16984 Elephant Low to mid altitude
purpureum grass
Chloris gayana Massaba Rhodes grass  Low to mid altitude
Panicum coloratum Coloratum Guinea grass  Low to mid altitude
Legume
Vicia sativa Gebisa Vetch High to mid altitude
Vicia vilosa Lalisa Vetch High to mid altitude
Vicia narbonensis Abdeta Vetch High to mid altitude
Vicia dasycarpa Lana Vetch High to mid altitude
Triflium quartinia - Clover High to mid altitude
Lablab purpureus - Lablab Mid to low altitude
Vignaunguiculata Sewinet Cow pea Mid to low altitude

Source: MoARD, (2011).

2.1.3.1. Fodder Oats (Avena sativa L.)Agronomic Practices

Oats grow on a wide range of soils at temperatures ranging from 5 to 26°C and rainfall over 500
mm (Eco port, 2013).Further, oats perform better in loam soils but tolerate acidic and low fertile
soils with pH ranging from 4.5 to 8.6 (Heuz et al., 2016). It is well adapted to the cooler climates
(Welch et al., 2000).1t is a quick growing, palatable, succulent and nutritious fodder (Nazakat et
al., 2004).0ats is an annual grass that is supplemented to animals for cut and carry, as straw and
hay or can be ready for use in the form of silage which can be used for livestock feed during feed

scarcity (Suttie and Reynolds, 2004).Oats (Avena sativa L.) is a well-modified fodder crop grown
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for a prolonged period of time in the highlands of Ethiopia for livestock feed. It is an upright
annual grass up to 1.5m tall and best modified to elevation range of 1700-3000 m a.s.l. with 500—

800mm average annual precipitation (Mengistu, 2008).

Oat forage crop harvesting practices are alterable, relying on seasons in a year and ecology of
production. Average DMY range from 4 to 15 t/ha , but much higher harvests are achieved
(Assefa, 2006 ).Time of growth and development stages at cutting and ecological circumstances
play an important role in determining harvest ( Malik ef al., 2011).Oats cultivated specifically for
the spring season are the best forage because they provide fodder as soon as they are sown ,
even in chilly climates (Mues , 2013). Production of oats should not be done on basic or saline
soil types. The seed proportion per hectare, on the average, is 80 kg with a range of 75-100kg.
When seeded in combination, the seed proportion required for 1 ha is 15 kg vetch with 70 kg oat
(Fekede et al., 2008).

Intercropping of oat with vetch has not only enhanced dry matter production but also raised the
quality of the forage produced for CP improvement (Rahetlah et al., 2010). Now currently,
utilization of oats has been also shifted to supplement in diets of human being. This was
developed due to frequent failure of belg season crops, like barley as Oats relatively with stand
moisture strain according to the farmers. On the other hand, high livestock population
distributions demands suitable feed. Thus, Oat is used as the most suit and chief sources of feed
for livestock production in the form of green feed, hay, straw and grain as supplementary feed
(Gazahegn et al., 2016). It is chosen by farmers due to its superior performance under various
biotic and abiotic stresses prevailing in the area. Moreover, higher livestock population in the
area demands suitable feed and Oats is one of the major sources of animal feed in several forms

(Gezahagn et al., 2016).
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Table 2.Agronomic Traits and Nutritional Content of Bonsa and Bona-bas tested for Bale

Highlands

Variety Daysto Plant DM(t/ha) Nutritional content (%)

50% height(cm)

heading DM CP OM ADF NDF
Bonsa(Acc.No.79AB384) 106 128.4 10.3 90.1 11.5 88.5 32.7 539
Bonsa-bas (Acc.No.1660) 124 156.2 10.1 90.6 124 89.7 383 62.6

Source: Dawit and Teklu, (2011)

2.1.3.1. Vetch (Vicia sativa L.)

Vetch is an annual forage legume broadly modified to the highlands of Ethiopia. It grows up well
on the reddish brown clay soils and the black soils of the highland areas. It has been grown
effectively in areas of caustic soil with pH of 5.5-6.With the highest level of crude protein (CP),
for tropical ruminants which are suffering from poor quality tropical grasses, low protein feeds
and digestible crop residues (Kassahun and Wasihun, 2015). Forages which are moderate to high
in CP decrease the need for supplemental purchase of protein feeds (Gezahegn et al.,
2014).Vetch is an active climbing annual legume with an all —encompassing range of adaptation.
It grows well in between 1500 and 3000m.a.s .1 range agro-ecology and is appropriate to areas of
varied rainfall distribution mainly above 400 mm per annum. Vetch grows on a broad types of

soil characteristics and texture‘s but needs good drainage for the finest efficiency.

It develops quickly on a regular seed beds and is perfectly suited to under sowing, mixed pasture,
and back yard grazing plots. It develops quickly on irregular seed beds and is perfectly suited to
under-sowing , mixed pasture and backyard grazing plots. For broadcasting, the sowing ratio is
20 kg/ha, 12 kg/ha for under-sowing, and 5-12 kg/ha as a pioneer component of mixed pasture.
When sown at 12-20 kg/ha with oats, vetch makes extra ordinary hay (Mengistu, 2008).
Common vetch (Vicia sativa L.) is an only one year legume, which is usually grown in
combination with small grain cereals for forage production. It has ascending growth habit and
high levels of protein. These combinations increase development circumstances and increase
forage value (A4nil et al., 1998; Heuzé, 2015). Legumes can contribute up to 90% of their

nitrogen fixation through a natural mechanism that is significant in the agricultural industry
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(Herridge et al., 2008) as well they enhance soil structure and stability (Mohammadi et al.,
2012).

Table 2.Agronomic traits and nutritional content of vetch varieties tested for Bale Highlands

Variety Days to Plant DM(t/ha) Nutritional content (%)
50% height(cm)
flowering DM CP OM ADF NDF
Gebisa(Acc.No0.62632) 93 81.5 4.7 88.7 20.8 889 32.6 40.8
Lalisa(Acc.No.6792 113 126 7 89.2 24.1 882 354 41.8
DLot-2)
Abdeta(Acc.No.118) 97 77.2 3.25 89.2 248 89 216 293

Source: Dawit et al., 2011

2.1.4. Grass-Legume Mixtures

Grass-legume combination could importantly rise the DM and nutritive value , indicating a better
choice to utilize per unit area of land for a maximum DM harvest without endangering the
quality issue and with the potential to diminish unwanted plant infestation .Oat in combination
with vetch could be a potential of intercropping to achieve an improved forage DM yield that
could address the condition of mitigating DM deficiency, particularly during winter season

(Barsila , 2018).

Legumes supply nitrogen to grass-legume combinations, so combinations may produce more
forage yield than grasses grown alone in grass-legume combinations higher yields have always
been attained in comparison with sole grass plots Sturludottir et al. (2013). Forage quality and
seasonal distribution of forage from grass and legume mixtures are higher than that of pure

stands (Daniel, 1990).

Poor quality cellulose, which form the basal feeds in tropics, are low in nitrogen , energy,
vitamins and minerals. Economic restrictions in tropical countries have not motivated farmers to
use industry-based concentrates and chemicals as supplements to increase application of
roughage. Leguminous forage crops can increase the utilization of low quality roughage and they

are being used more widely all over the world. In several production schemes legumes are
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proficient of improving both crop production through sustained soil productiveness and livestock

production through improved accessibility of high quality feed (Assefa and Lendin, 2001).

Benefits of mixed cropping comprise higher feed quality owing to the higher crude protein (CP)
concentration of legumes (Umuna et al., 1995) , improved biomass yield (Lithourgidis et al.,
2006) , minimized use of non-renewable resources through minimized N fertilizer use , a
consistent production pattern, enhanced soil productiveness (Banik and Bagchi , 1993; Lopez-
bellido Garrido and Lopez-bellido, 2001) and improved livestock production (Umuna et al.,
1995).The persistence and contribution to the total forage yield of the legume component in
mixed stand depends, among other factors, on the relative seed proportion of the component
species. Onifade et al. (1994) for example reported a progressive seed proportion increase in the
contribution of the legume component as the seed proportion of the legume increases. Use of
Oats and Vetches in mixtures not only increases forage yield , but also provides physical support
to vetches and other benefits of these mixtures comprise greater use of light, better uptake of

water and nutrients, improved weed suppression, and better soil conservation (Anil ef al ., 1998).

In some study which evaluated oats-vetch mixture with indigenous pasture hay using lactating
crossbred cows, oats-vetch combination was described to contribute higher milk yield (5.7 kg
cow-1 day-1) than native hay (5.0 kg cow-1 day-1) , and this difference was attributed to
improve protein and energy intakes on the oats-vetch diet (EARO, 2000). These suggest the need
for mixing of oat- vetch mixtures in to feeding systems for various farming systems and agro-
ecologies of the highlands. The variation in growth patterns of legumes is reported to have a
capacity of leading to efficient use of resources such as light when grown in a combination than
when grown separately. All these various functional traits could support to positive interactions
between the species resulting in higher yields for mixtures in comparison to monocultures. The
achievement of better DM yield in the grass-legume combination plots may also be credited to
useful effects of combining grasses and legumes and also from the differences in the seasonal
growth pattern between the grass and legume species (Leuscher et al.,2005) or across years
(Nyfeler et al.,2009). Attaining balanced oat and vetch blended stands needs attention of the
interactions existing between the species, which can in turn be manipulated by the relative

seed proportions and the pattern in which they are planted, among others (Sanderson et al.,

1999; Hadji, 2000).
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2.2. Major Factors that Influence Forage Quality

Forage quality is influenced by forage nutritive value such as intake and chemical composition,
digestibility. Producers can predict and prepare for changes in forage quality by taking in to

account the elements that affect it (Eskandari ez al., 2010).

2.2.1. Maturity (harvest stage)

Maturity is the most significant factor affecting forage quality. Plants continually vary in forage
quality as they mature. As plants cell wall content rises indigestible lignin accumulates which
resulted in reduction of yield quality. Maturity strongly influences the digestibility of the forage
(Buxton, 1996). Maturity influences forage quality more than any other single factor , but
plant environment and agronomic factors modify the impact of maturity on forage quality and
cause seasonal , geographical location and year to year effects on forage quality even when

harvested at the stage of development (Gezahagn ef al.,2016 ).
2.2.2. Species and Varieties

Yielding of grass-legume combinations largely rely on the good selection of species and
varieties. Species variances in fodder quality between legumes and grasses can be very
enormous. The protein content of legumes is characteristically much superior than of that grasses
and legumes fiber tends to digest earlier than grass fiber, permitting the ruminant to eat more of
the legumes (Eskandari et al., 2010 ).These characteristics are similarly different under several

management practices and environmental condition for grain , forage or both (Getnet , 1999).

2.2.3. Soil Fertility

Soil fertility influences forage yield higher than quality though; it is likely to produce better
quality forage on productive soils but difficult to produce high yields of high quality forage on
unproductive soil type (Gezahagn et al., 2016).

2.2.4. Harvest and Storage

The variation in morphological characteristics such as flower fractions, pod , stem and leaf of

forages contain variation in feed quality (Gezahagn et al., 2014).The variation in morphological
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characteristics is important in the selection of forage crops , which are agronomical advantageous

and used for various purposes such as hay, silage and grazing (Getnet and Ledin , 2001).
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted in Madda Walabu University (MWU) and Sinana Agricultural
Research Center research site during main cropping season since 2019. The study site of MWU
is located at 6° 5'55" N latitude and 39°56°57 "E longitude in altitude range of 2400 m.a.s.l. The
site obtained a mean annual rain fall of 815mm and a minimum and maximum mean annual
temperature was 9.5 °C and 21.4 °C respectively (SOMSC, 2021). Agro-ecologically, it was one
of the highlands of Bale Zone with high rainfall of bimodal types.

The SARC site is located at 06°50'N latitude and 39° 17'E longitude with in altitude range of
1700 to 3100 a.s.l. The site receives total annual rainfall of 1015.2mm and the minimum and
maximum temperatures are 9.9°C and 21.4°C, respectively (SOMSC, 2021). The main cropping
season was locally known as (Meher) and extends from 15™ of July to December and the other

cropping season, locally called (Belg), extended from March to July (Fitsum et a/., 2017).
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Figure 2. Rainfall Minimum, Maximum and Temperature recorded during 2019 main cropping

seasons at SARC and MWU (Bale-Robe Meteorological Station, 2021)

3.2. Land Preparation and Planting

The experiment was done during of main cropping season in a year of 2019. Field experiment,
considers the effect of seed proportion and planting pattern on dry matter yield, compatibility

and chemical composition of oat and vetch mixtures on both sites.

A fine seed bed was prepared using tractor drawn implements and leveled manually before the
experimental plots were laid out. Then the plots were in the same way fertilized with NPS at a
rate of 100 kg/ha. For the same row and alternate row planting patterns , 30 cm between row

spaces were maintained while the seeds for broadcasting were uniformly distributed over the
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plots to avoid, irregular spacing of the seeds. Weeds were removed by hand as required to

protect their negative effect on forage growth and yields.

3.3. Experimental Treatments and Design

The study was conducted using 5*3 factorial arrangements in randomized complete block design
(RCBD). Among oat and vetch varieties; Oat (Bonsa) and Vetch (Gebisa) were used for the
experiment. The oat and vetch varieties used for the experiment were released by SARC in 2010.
The species were mixed at three varying relative seed rate proportions (25% Oat +75% Vetch,
50% Oat+50% Vetch, 75% Oat+25% Vetch) and the sole of the two varieties were sown in three
planting patterns (within the same row, alternate row and broadcasting) in early August of
2019.The experiment comprised of three replications with 15 treatment combinations which had
seed proportion and planting pattern as one factor. The spaces between plots and replications
were 1m respectively. Each experimental unit had 1.8m*3m with a total area of 5.4 m* The total
area of the experimental sites was 451m? each (41 m*11m). Each individual plots sown in row
planting were comprised of six rows per plot (4 harvestable rows and 2 border rows). The base
seed rate used for the trial was 80kg/ha for Oat (Dawit and Teklu, 2014) and 35 kg/ha for vetch

(Gezahegn et al., 2017). The treatment combinations are indicated in Table 4 below.
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Table 3.Description of Treatment Combinations

Amount of seed sown

Treatment(Trt) Treatment combinations (2)

AlBl1 50%o0at+50%vetch with broadcast 21.6(oat)+9.45(vetch
Al1B2 50%o0at+50%vetch with same row 21.6(oat)+9.45(vetch
AlB3 50%o0at+50%vetch with alternate row 21.6(oat)+9.45(vetch
A2Bl1 75%o0at+25%vetch with broadcast 32.4(oat)+4.7(vetch)

A2B2 75%o0at+25%vetch with same row 32.4(oat)+4.7(vetch)

A2B3 75%o0at+25%vetch with alternate row 32.4(oat)+4.7(vetch)

A3Bl1 25%o0at+75%vetch with broadcast 10.8(oat)+14.2(vetch)
A3B2 25%o0at+75%vetch with same row 10.8(oat)+14.2(vetch)
A3B3 25%o0at+75%vetch with alternate row 10.8(oat)+14.2(vetch)
A4Bl1 100% oat with broadcast 42.3 (oat)

A4B2 100% oat with same row 42.3 (oat)

ASBI 100% vetch with broadcast 18( vetch )

A5B2 100 % vetch with same row 18 ( vetch)

A4B3 100 % oat in alternate row 42.3 oat

AS5B3 100 % vetch in alternate row 18 vetch

T1=A1B1=50%0at+50%vetch, T2=A1B2=50%o0at+50%vetch, T3=A1B3=50%o0at+50%vetch,T4
=A2B1=75%0at+25%vetch, T5=A2B2=75%0at+25%vetch, T6=A2B3=75%oat+25%vetch,
T7=A3B1=25%0at+75%vetch, T8=A3B2=25%o0at+75%vetch, T9=A3B3=25%o0at + 75%vetch,
T10=A4B1=100% oat in broadcasting, T11=A4B2=100% in same row, T12=A5B1=100% vetch
in broadcasting, T13=A5B2=100% in same row, T14=A4B3=100% oat in alternate row
,T15=A5B3= 100 % in alternate row, g=gram, Trt=Treatment

3.4. Data Collection and Measurement

3.4.1. Plant Height
At herbage harvest, the height of five randomly selected plants per plot was measured from the

ground level to the tip of the main stem to calculate the plant height for each species (Tarawali et
al., 1995; Aklilu and Alemayehu, 2007; Gebremedhn et al., 2015; Kassahun and Wasihun,

2015). For broadcasting plants, quadrant of 1.2m*3m was used.
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3.4.2. Dry Matter Yield

To estimate fresh biomass yield, four adjacent rows from the middle of each plot were harvested
when the oat was in the dough stage and the vetch was in the flowering stage (Akililu and
Alemayehu, 2007). For the plots planted by broadcasting, a quadrant of 1.2m*3m was used. The
herbage was cut manually using sickle and fresh weight for each samples was recorded in the
field using a field balance immediately after mowing. Chopped sub-samples (500gm) of each
treatment were dried in the oven at 60-65 °C for 72 hours to determine the DMY on hectare
basis. Samples from each treatment used for quality assessment were oven dried at 60 °C for 72
hours and maintained for laboratory analysis packed in a paper bag. The percentage contribution
of the component species to the total DM yield were determined by dividing the DM yield of
each of the components by the total DM yield of each treatment. Crude protein yield (CPY) and
neutral detergent fiber yield (NDFY) of the treatments were determined as the product of CP and
NDF content and herbage DMY (Starks et al., 2006).

DM=Yield (t/ha) = (10*TFW*SSDW))/ (HA*SSFW) James (2008)

Where: 10 = Constants for conversion of yields in Kg/m?” to tone /ha;

TFW = Total fresh weight from harvesting areas (Kg);

SSDW = sub-sample dry weight (g);

HA=Harvest area (m?);

SSFW= sub-sample fresh weight (g)

Similarly, a chopped and oven dried forage sample material for each plot was prepared and saved

for chemical analysis.

3.4.3. Land Equivalent Ratio (LER)

Land equivalent ratio is defined as the land required for sole grass/legume to obtain the same
yield from mixtures under the same management levels (Arshad and Ranamuk, 2012).The LER
is explained as the amount of land required under monoculture to get the same DMY as produced
in the intercropping. It was calculated according to the equation proposed by (Willey and Rao,

1980):

LERab = (Yab/ Yaa) + (Yba/ Ybb)
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Where, Yaa = Pure grass yield of species 'a'’; Ybb = pure legume yield of species 'b'; Yab =
mixed stand yield of species 'a' in mixture with species 'b' and Yba = Mixed stand yield of
species ‘b’ in in mixture with species ‘a’.If LER of ab > 1, there is yield benefit.

The data for sole oat and vetch were collected to calculate and compare the sole yield advantages

of both oat and vetch species separately.

3.4.4. Relative Yield
The relative DM yields (RY) of the constituent species in the combinations were calculated

following the equations of De Wit (1960).

RYG =DMYGL/DMYGG
RYL =DMYLG/DMYLL

Where: DMYGG is the DMY of any grasses grown within one year ‘G’ as a sole stand; DMYLL
is the dry matter yield of any legume grown within one year ‘L’ as a sole stand; DMYGL is the
DMY of any grass “G” grown within one year in combination with any one year legume ‘L’; and
DMYLG is the DMY of any one year grown legume component ‘L’ in mixture with any one

year grown grass ‘G’.
Relative total yield (RTY) was similarly calculated following the formula of De Wit (1960):

RTYGL = (DMYGL/DMYGG) + (DMYLG/DMYLL)

3.4.5. Competitive Ratio (CR)

The CR represents the ratio of individual land equivalent ratio (LER) of the two component grass
— legume species in which they are initially sown. Competitive Ratio was calculated according to
the equation of Willey and Rao (1980) as:-

CRab = (DMYab/DMYaa) + (DMYba/DMYbb)

CRba = (DMYba/DMYbb) + (DMYab/DMY aa)

Where, ab is the performance of Oat‘a’ mixed with Vetch‘b’; ba is the performance of vetch ‘b’
mixed with oat ‘a’; aa is the performance of oat‘a’ as a monoculture; and bb is the performance
of Vetch‘b’ as a monoculture. The yield of one grass species was calculated separately for both

oats-vetch interactions in the intercrop.
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3.4.6. Chemical Composition

Chemical composition of feed was evaluated by means of the procedures described by AOAC
(2000).The fresh subsamples of 500g were dried in the air drying oven at 65°c for 72 hours and
then ground to pass a 1mm sieve screens for quality evaluation. The DM and ash were
determined by oven drying at 105°c overnight and igniting the samples at 550 °c in a muffle

furnace for 6 hours correspondingly (AOAC, 1990).

Dry matter and ash contents of representative samples were determined by oven drying at 105°C
overnight and by combusting in a muffle furnace at 550°C for 3 hours respectively. Total
nitrogen (N) content was determined using Kjeldahl method and crude protein (CP) was
calculated as Nx6.25(AOAC, 1990). Neutral detergent fiber (NDF), acid detergent fiber (ADF)
and acid detergent lignin (ADL) were determined by using the Vansoest et al, (1991)

procedures.

3.4.7. Statistical Analysis

The DMY, compatibility, LER, RY, RYT and chemical composition data were analyzed using
the General Linear Model Procedure of SAS (SAS, 2009) version 9.3. When significant,
Duncan’s Multiple Range Test (DMRT) was employed to locate differences and then grand

between the treatment means.
The following model was fitted in expressing the data:

Yijk = p + Ti+ Lj + Bk (j) + (TL) ij+eijk.

Where, Yijk = measured reply of treatment 1 in replication k of location j, u= grand mean, Ti =
effect of treatment 1, Lj = effect of location j, TL= treatment and location interaction, Bk (j) =
effect of replication k in location j and e ijk = random error effect of treatment 1 in replication k
of location (L), significant differences between means was separated at P<0.05 using Tukey

honestly significant difference test.
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4. RESULT AND DISCUSSION

4.1. Chemical and Physical Characteristics of Study Area Soil

The soil physical and chemical characteristics of the research sites are indicated in Table 5. The
result showed that, the soil physical properties of the experimental areas were dominated by clay
soil texture with proportion of sand, silt and clay for MWU followed by SARC respectively
(Table5). Correspondingly, the soil chemical properties comprised of 6.28%, 1.75%, 3.02%,
0.15%, 14.34%, 26.11%, 6.12%, 2.35%, 0.17%, 12.96% and 49.46% at MWU. The texture
properties of the soil influence the aeration, water intake rates, soil fertility and water holding
capacity. The PH value of the soil in the present experimental sites were slightly acidic, having
available phosphorous, high cation Exchange Capacity (CEC), medium Organic matter, nitrogen
contents. This showed that the soil type was good for fodder (Table 5). The probable reasons for
the suitable soil type (physiognomies of high quality soils) might be due to adequate depth
,virtuous drainage, resistant to soil productiveness decline, adverse changes in PH or salinity
,erosion, decline of the soils structural circumstances (Guginoet al.,2009).Table 5 indicates soil

physical and chemical characteristics of the study areas.

Table 4.Soil physical and chemical characteristics

Soil Physical Properties Soil Chemical properties
= —~ o ) = i
= s 2 o\o ~ S on
2 w A~ K ~ ° =5 ~
= > E @ — X — Q
Sit g = = 5§ = B 9 p Z > T E
e @ n O = U « O o = < = O = 2

MWU 22 26 52 Clay 6.28 1.75 3.02 0.15 14.34 26.11
SARC 20 26 54  Clay 6.12 235 2.35 0.17 12.96 49.46

Where TN= Total Nitrogen, Av.P=Available phosphorous, OC=0Organic Carbon, OM=0Organic
Matter, CEC=Cation Exchange Capacity, PPm= Part Permillion, Kg=Kilogram, MWU =
MaddaWalabu University, SARC = Sinana Agricultural Research Center, PH =Power of
concentration of hydrogen ion in solution.
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4.2. Plant Height

The combined analysis of variance of the plant height in vetch and oat showed that highly
significant (P<0.0001) difference between seed proportion and planting pattern (Trt) and location
(L) had been observed in the current study (Table 6).Similarly, the two way interaction of Trt
and L (TrtxL) showed that significant difference (P<0.01) on plant height of vetch whereas, non-
significant (P>0.05) difference for the two way interaction of Trt and L (TrtxL) on plant height
in oat (Table 6 and Appendix Table 2).

In view of this, the longest plant height (88.3 and 115.83 cm) was recorded for A3B3
(25%o0at+75%vetch) followed by A2B3 (75%o0at+25%vetch) for vetch and oat in the Trt with the
highest vetch and oat seed proportion in the mixture in alternate row planting pattern. Whereas,
the shortest plant height (41.9 and 55.7 cm) was recorded for A2B2 (75%o0at+25% vetch)
followed by A3B2 (25%oat+75%vetch) in the treatment with the highest oat for A2B2 and
lowest oat seed proportion for A3B2 in plots treated with both same row planting pattern for both
Trt (Table 6). The probable reasons for the longest and shortest plant height in mixed stand in oat
and vetch in the treatment might be due to genetic make of the component species (oat and
vetch) , soil type and adaptability of the oat and vetch to different environmental conditions
(Messina et al.,2009 ).This is quite in line with the finding of Muhammad et a/. (2010) who
reported the longest plant height (79.75cm) in oat followed by wheat (68.03cm),barley (66.94 cm
) and shortest by vetch (46.30cm) in Pakistan. Yet, the result of the current study was not in
accordance with the finding of Canan and Orak (2002) who reported that the longest plant height

from Vicia sativa under pure stand in Bulgaria.

The probable reasons for the shortest plant height observed in the same row for A2B2 and A3B2
might be due to unfavorable growing conditions created with same row and resulted in shorter
plant height and lower yield (Gezahagn et al., 2017). The average height of the plant is linked to
the yield of green forage and its nutritional quality, obviously perceiving that the proportion can
enhance the height in oat and vetch. Accordingly, the oat assists the vetch and this develops
better height (Contreras et al., 2019). When location is considered, the longest plant height in
vetch was observed at SARC (80.1cm) when compared to MWU (75.1cm) and the longest plant
height in oat was observed at SARC (123.4cm) when compared to MWU (115.85 cm) (Table 6).
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The significance difference (P<0.05) observed in plant height of oat and vetch between the two
locations indicates that the two locations had more or less variation in distribution and amount of
rain fall during the experimental year. The interaction effect of treatment over location was
cross-over which indicates change in ranking order of plant height performance between the two
locations and this might be because of discrepancy in amount and distribution of rain fall

between the two locations.

Overall, the earlier 50% flowering stages at 93 days in vetch than 50% oat heading stage at 106
days observed (visual observation) and this observation agrees with results reported by the
previous study of Abdeta (narbon vetch variety with Acc.No.118), Gebisa (Common vetch
variety with Acc.No.62632) and Lalisa (woolly pod vetch variety with Acc.No.6792 Dlot-2) for
Bale highlands (Dawit ef al., 2011).
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Table 5.Plant height of sole and mixed stand of oat and vetch as affected by seed proportion and
planting pattern (Trt), Location and two way interaction (TrtxL)

Treatments(TrtxL.) PHV(cm) PHO (cm)
AlBI 73.39 9 95.2 %
Al1B2 60.27" 84.2°¢
A1B3 75.17 € 99.2 <
A2B1 66.47 & 105.5°
A2B2 419% 65.83 '
A2B3 80.51° 115.83*
A3BI1 83.25* 92.29"
A3B2 71.77 ¢ 55.7)
A3B3 88.3° 99.83 ©
A4B1 - 90.2
A4B2 - 89.21 ¢
A5BI1 68.07 ° -

A5B2 449" -

A4B3 - 86.31"
A5B3 45.78 ) -
P-Value 0.0001 0.0001
Interaction(TrtxL)  *** NS
Mean 85 125
SEM 12.74 9.5

CV 16.89 11.63
Location

SARC 80.1° 123 4°
MWU 75.1° 115.85°
P-Value 0.0001 0.0001

abcdefghijk=Mean values within column and row followed the similar letters are not
significantly different at 5% probability level, SEM=Standard error of mean, SL=Significant
Level, Trt=Treatment, NS= Non —significant; CV=Coefficient of variation ;= broadcasting , in
same row , the symbol “-* represents absence of oat and vetch (it shows only pure stand vetch
and oat in the mixture),***=Highly significant and significant level at 5% ,
T1=A1B1=50%0at+50%vetch with broadcasting ,T2=A1B2=50%o0at+50%vetch with same
row, T3=A1B3= 50%oat+50%vetch with alternate row,T4=A2B1=75%0at+25%vetch with
broadcasting, T5=A2B2=75%oat+25%vetch with same row, T6=75%o0at+25%vetch with
alternate row, T7=A3B1=25%o0at+75%vetch with broadcasting, T8=A3B2=25%o0at+75%vetch
with same row, T9=A3B3=25%o0at+75%vetch with alternate row ,T10=A4B1= 100% oat with
broadcasting, T11=A4B2=100 %oat with same row, T12=A5B1=100% vetch with broadcasting
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,T13=A5B2=100% vetch with same row, T14=A4B3=100% oat with alternate row and T15=
A5B3=100 %vetch with alternate row.

4.2 Dry Matter Yield

The combined analysis of variance of the main effect of treatment (Trt) and location (L) showed
that highly (P<0.0001) significant difference on the above ground dry biomass yield in oat and
vetch (Appendix Table 2). Similarly, interaction effect of location with treatment showed
significant (P<0.01) difference on above ground dry biomass yield in oat and highly significant
(P<0.0001) difference in vetch in the treatment for the two component species (Appendix Table

2).

Treatment type and location has prominent effect on biomass yield of oat and vetch mixture. The
maximum fresh biomass yield ( 53.5 t/ha) and dry matter yield (12.95 t/ha) was observed in the
treatment with the highest oat seed proportion for A2B3 followed by GFY (21.7 t/ha) and DM
(3.95 t/ha) in the treatment with the highest vetch seed proportion for A3B3 in plots treated
with alternate row planting pattern while the lowest GFY (3.91 t/ha) and DM (1.01 t/ha) was
found for A3B2 in the treatment with pure stand vetch in plots treated by same row planting
pattern followed by minimum GFY (11.33 t/ha) and DM (2.29 t/ha) for A3B2 in plots treated by

same row planting pattern respectively ( Table 7).

In general, A2B3 (75%o0at+25% vetch) in plot treated with alternate row planting pattern
performed better in GFY (53.5 t/ha) and DM (12.95 t/ha) than A2B1( 75%o0at+25% vetch) in
plot treated with broadcasting which had GFY (8.92 t/ha) and DM (2.2 t/ha) in the treatment with
the highest oat seed proportion when compared to GFY (28.75 t/ha) and DM (7.91 t/ha) and
17.35 and 2.58 t/ha with equal seed proportion (50%o0at+50%vetch) for both oat and vetch

mixed stand in the treatment for A1B1.

The probable reasons for the highest GFY and DMY for A2B3 and A2B1 (75%o0at+25%vetch)
in the treatment with the highest oat seed proportion in plot treated with alternate row followed
by broadcasting pattern might be due to vital nature of grass growth and its capacity to
quickly to utilize nitrogen in the soil which is released following cultivation, contribution of soil

nitrogen by the vetch component via nitrogen fixation, DM showed increasing trend with

29



increasing seed proportion(Teshome et al.,2004) who reported the highest DMY from mixture of
0at-CI8237 with V.atropurpurea and v.villosa at seed rate of 60:22.5 and 40:15kg/ha in the
highlands of Bale in Ethiopia . Also, the probable reasons for the maximum FBY and DMY at
high seed rate for oat for A2B3 might be due to advancement of growth stage which was higher
at dough(heading stage) (Muhammad et al., 2010).The probable reasons for the highest DMY
observed in oat-vetch mixtures than sole vetch or sole oat might be due to enhanced interception
of light and utilization of symbiotically fixed nitrogen (Albayrak and Ekiz , 2005).Yet , probable
reasons for the lowest DMY observed with-in same row planting pattern might be due to the
competition for water and plant nutrients in the soil decreased the yield of component species
densely populated with-in same row when compared to alternate rows and broadcasting (Hakan

etal., 2008).

Generally in this trial, forage DM vyield of oat-vetch mixed treatments were higher when
compared to their counterpart treatments. The current result is in accordance with that of Getnet
and Ledin, (2001) and Alemu et al., (2007) who reported that yields for oat-vetch mixtures were
superior when compared to either of the pure stands at Holetta, Ethiopia. This finding also
supported by Malede, (2013) who reported that dry matter production in oat-vetch mixture had

been superior to pure cropping at North Gondar zone in Ethiopia.

Regarding locations, DMY of oat and vetch mixture sown by different seed proportions and
planting pattern over locations showed highly (P<0.0001) significant difference (Table 7). The
result indicated that effect of treatments over locations showed significantly higher (P<0.0001)
DMY for oat (7.92 t/ha) and vetch (5.89 t/ha) mixture for SARC when compared to DMY in
oat(6.52t/ha) and vetch(3.54t/ha) for MWU (Table 7) .The interaction was  cusp ( crossover
effects) which indicates variation in ranking order for dry matter yield performance between
the locations when oat and vetch mixtures are subjected to different treatments which implies
that there is a need of site specific recommendation for seed proportions and planting pattern of

oat and vetch mixture for both testing sites (Gezahegn et al.,2017).

This result agrees with the finding of Hintsa (2016) who reported the highest DMY (8.71 tha™)
and (6.48 tha™') from Embahasti and Tsibet at Endamehoni District, Southern Tigray. Moreover,
the lower DMY obtained for MWU might be due to waterlogged which inhibits root growth,
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nutrient absorption and soil aeration that made plants stunted and decreased growth rate (Striker,
2012). Relatively climatic circumstances such as soil fertility, better distribution and amount of
rain fall might be some of the major causes for getting an improved dry matter yield for SARC
when compared to MWU because these factors lead to differences both quality and quantity of
fodder plants ( Messina et al., 2009) .

Table 6.Dry matter yield of sole and mixed stand of oat and vetch as affected by seed proportion

and planting pattern (Trt), Location (L) and two way interaction (TrtxL)

Oat

Treatment(Trt) FBY DMY FBY DMY
Al1BI1 17.35° 2.58 28.75° 7.91°
A1B2 73f 2.15°¢ 1541° 5.1°¢
A1B3 14.95°¢ 35° 19.87 ¢ 6.19 ¢
A2B1 8.92°¢ 22°F 16.31° 8.19°
A2B2 3.53¢ 1.64"0 14.57°F 2.69¢
A2B3 10.5 3.01° 53.5° 12.95 2
A3BI 11.29¢ 3.78 % 12.69 & 5.44°
A3B2 3910 1.01° 11.33 & 229f
A3B3 21.7° 3.95° 23.41°¢ 4.61¢
A4B1 - - 13.21¢ 3.73
A4B2 - - 9.69 33¢
A5BI1 4.94 ¢ 1.8¢ - -
A5B2 348 1 1.19¢ - -
A4B3 - - 10.89 " 351
A5B3 8.52°¢ 1.71% - -
P-Value 0.001 0.0001 0.01 00001
Interaction(Trt*L) ok ook ok ok
Mean 7.51 4.1 12.54 6.31
SEM 1.01 1.2 1,31 1.5
CV 28.13 27.9 22.1 20.63
Location
SARC 15.19° 5.89° 18.32 @ 7.92°
MWU 12.13° 3.54° 14.71° 6.52°
P-Value 0.01 0.0001 0.001 0.0001

abcdefghi=Mean values within column and row followed the similar letters are not significantly
different at 5% probability level, SEM=Standard error of mean , The symbol “- *“ on the left
side of oat for A4B1 ,A4B2 ,A4B3 and right side of vetch for ASBl ,A5B2and A5B3
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represents absence of oat and vetch (it shows only pure stand vetch and oat in the mixture) ,***
=Highly significant and significant level at 5% ,NS= Non —significant ,Trt= Treatment , SL
=Significant Level

4.3. Relative yield of sole and mixed stand of oat and vetch as influenced by seed

proportion and planting pattern, location and two way interaction

The combined analysis of variance showed that the main effect of treatment (Trt) and location
(L) showed highly significant (P<0.0001) difference on relative yield of oat and vetch
component species .Similarly, the two way interaction effect of treatment (Trt) and location (L)
(Trt*L) for oat and vetch showed that highly significant difference (P<0.0001) on relative yield
of oat and vetch mixtures (Table 8 and Appendix Table 2).The maximum relative yield for oat
(1.79) and vetch(0.77) was observed for A2B3 and A3B3 in plots treated with both alternate
row planting pattern whereas ,the minimum (0.1) and ( 0.17) was observed for oat and vetch for
A3B2 and A2B2 in oat and vetch in plots treated with both same row planting pattern (Table
8).The vetch had superior relative yield values for A3B3 (0.77) in alternate row than in A3B1
(0.66) in broadcasting row planting pattern. This is in line with the finding of Lithourgidis et al
(2006) who reported that for common vetch grown in blend at 65% vetch +35% oats, the legume
component achieved superior relative yield than the grass. The total relative yield values for
A1BI1(2.6) and A2B3 (3.20) indicates that there was 60% and 20% more biomass yield in blend
stand of the oat and vetch than either of its pure stand. Similarly , the total relative yield values
observed in A2B1( 1.96) and A1B3( 1.86) indicates that there was 96% and 86% more biomass
yield in blended stand of the oat and vetch than either of their pure stands (Table 8).

An analogous trend was also noticed for planting pattern treatments where the oat was superior
across the patterns evaluated too .The relative yield values of oat and vetch followed an
analogous patterns with that of dry matter yield (Table 7) in that the alternate row planting
pattern significantly (P<0.0001) showed superior relative yield followed by that of broadcasting,
and with the minimum value for same row planting pattern which indicates that direct
proportional relationship existing between dry matter yield and relative yield in the mixture.

The oat in alternate row planting pattern for A2B3 also resulted superior relative yield values
(1.79) than A3B3( 0.77) which was being more than fourfold higher than that of vetch

component in both treatments (Table 8).The probable reasons for the superior relative yield
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values obtained in alternate row planting pattern might be due to sowing of oat and intercrop
vetch in alternate row facilitated well circulation of air and light penetration, providing
appropriate conditions for fodder growth and development than broadcasting and same row
pattern. This is in line with the finding of Asif et al., (2006) who reported sowing of maize and

intercrop legume in alternate row for better DMY than line sowing and broadcasting in Pakistan.

Regarding the locations, the relative yield of oat and vetch across locations showed highly
(P<0.0001) significant difference (Table 8). The highest total relative yield value in oat was
observed for SARC (0.62) when compared to MWU (0.33) which differed significantly across
the locations. Similarly, when the relative yield values of vetch was considered over locations,
the highest total relative yield was obtained for SARC (0.33) when compared to MWU (0.29) for
vetch (Table 8).

An analogous trend was likewise noticed for relative yield values of vetch treatments for the two
locations where relative yield values of vetch was higher for SARC compared to MWU where,
the relative yield value of vetch for SARC was (0.33), while that of MWU(0.29) (Table 8). As
can be observed from the main effects of the two factors, the vetch and oat performed poorly in
relation to the oat-vetch mixed stand for the agronomic traits assessed such as DMY and plant
height for both component species in pure stand. The probable reasons for the lowest
performance of vetch observed in this experiment might be due to climatic, soil fertility
deficiency and water logging problems were reasonably the main factors which decreased

performance of vetch for MWU when compared to SARC.

33



Table 7.Relative yield of sole and mixed stand of oat and vetch as affected by seed proportion
and planting (Trt), Location (L) and two way interaction (TrtxL)

Treatment(Trt) Oat Vetch Total Relative Yield
Al1BI1 0.58 ¢ 0.53° 2.6°
A1B2 021" 0.37¢ 0.6°
A1B3 1.19° 0.55°¢ 1.86 ¢
A2B1 0.86 0.24° 1.96°
A2B2 0.28 0.17°¢ 0.45°
A2B3 1.79°® 034 32°
A3BI1 0.33°¢ 0.66 ° 1.45¢
A3B2 0.1% 0374 0.5°¢
A3B3 0.9° 0.77 1.339
Interaction (TrtxL) * ok ok
Mean 0.202 0.211

SEM 0.05 0.076 0.25
CV 21.56 29.1 24.04
P-Value 0.0001 0.04 0.032
Location

SARC 0.62° 0.33 2 1.33°
MWU 0.33° 0.29° 1.01°
P-Value 0.0001 0.0001 0.0001

abcdefg=Mean values within column and row followed the similar letters are not significantly
different at 5% probability level; SEM=Standard error of mean, Trt =treatment,
MWU=MaddaWalabu University, Sinana Agricultural Research Center, CV=Coeftficient of
variation

4.4. Competitive Ratio and Land Equivalent Ratio of Oat and Vetch Mixed Stand as

Influenced by Seed Proportion and Planting Pattern, Location and their Interaction

Land equivalent ratio (LER) shows the effectiveness of combinations for using the available land
resources compared to sole cropping. Hence, LER value is being used often to compare
efficiency of the combination and sole stand growing (Yilmazet al., 2005; Dhima et al., 2007;
Atis et al., 2012; Arshad and Ranamuk, 2012). Results from the combined analysis of variance
for the total land equivalent ratio (LER) and competitive ratio (CR) of oat and vetch mixtures as
influenced by seed proportion and planting pattern (Trt), location (L) and two way interaction of

Trt and L (TrtxL) is presented in Table 9. The result showed that the main effect of treatment
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(Trt) ,location (L) and two way interaction of treatment and location (TrtxL) showed highly
significant (P<0.0001) difference on competitive ratio for oat (CRO) ,vetch ( CRV) and total
land equivalent ratio (Total LER ) in mixed stand of oat and vetch for the treatments (Table 9).

The current study showed that the highest competitive ratio of oat (CRO) , competitive ratio of
vetch (CRV) (9),(1.2) and total land equivalent ratio (LER) (5.94) were observed for A2B3 and
A3B3 with in alternate row planting whereas, the minimum CRO (2.13) ,CRV (0.29) and total
LER (0.57) were observed for A1B3 , A2B1 and A3B2 for CR for oat ,vetch and total LER with
alternate ,broadcast and same row planting pattern in the mixture. The maximum total LER for
A2B3 (5.94), A2BI (4.1)and A3B3 (2.2) shows more yield advantage and a total LER less than 1
shows less yield advantage in the mixture ( Mazaheri and Overysi , 2004).The probable reasons
for the total LER attained in plots treated for AIBI1 (1.52) , A2B3 (5.94) and A3B1 (1.69)
might be due to the fact that the area planted to monocultures would need to be 52% ,94% and
69% greater than the area planted to mixtures to produce the same combined yields ( 52% ,94%
and 69% more land would be required as sole stand to produce the same yield as mixture) (Mead

and Willey , 1980 ; Dariushet al.,2006).

For A2B3, the competitive ratio of vetch was decreased by 32% whereas; it was decreased by
20% for A3B3 within alternate row planting pattern for both treatments. The probable reasons
for the decreased competitive ratios of vetch for A2B3 (0.32%) than at A3B3 (20%) might be
due to the fact that dense plants compete for light, nutrients, shading effect of oat over vetch, the
suppression of aggressive oat (grass) in oat-vetch mixture intercropping and high seed proportion
of oat for A2B3 that negatively impact the growth rate of vetch (which reduced competitive
ratios of vetch). This result is in line with the finding of Sadig et al (2014) who reported plant

height increased with rising seed rate in Pakistan.

When location is considered, the highest CR in oat was recorded for SARC (1.7) when compared
to MWU (0.7). Similarly, the highest CR was recorded for vetch at SARC (0.35) when compared
to MWU (0.3) (Table 9). A similar pattern to that of the CR for oat and vetch was observed for
the total LER observed for SARC (1.97) when compared to MWU (1.1). The probable reasons
for the highest CR recorded for oat and vetch mixture at SARC than MWU might be due to

stronger competitiveness, greater capacity to acquire resources and superior ecological niche,
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productivity dominated total biomass yield and superior competitor of oat when compared to

vetch (Grace 1990; Jalal et al., 2017).

Table 8.Competitive ratio (CR) and land equivalent ratio (LER) of oat and vetch mixed stand as
affected by seed proportion and planting pattern (Trt), Location (L) and two way interactions

(TrtxL)

Competitive Ratio (CR)

Treatment (Trt) CRO CRV LER Total
AIBI 5.04 ¢ 0.6¢ 1.52°¢
A1B2 6.1° 0.56 ¢ 0.99 ¢
A1B3 2.13¢ 0.84 " 2°¢
A2B1 6.11°¢ 0.29 4.1°
A2B2 7.78 ° 0.77 ¢ 0.7¢
A2B3 92 0.32°¢ 5.94°
A3Bl 4.96 ¢ 0.97° 1.69°
A3B2 2981 0.79 € 0.57 ¢
A3B3 6.4° 12° 22°¢
Interaction (TrtxL) oAk oAk
Mean 5.03 0.43
SEM 1.1 0.13 0.5
1% 19.62 29.24
P-Value 0.0001 0.0001 0.0001
Location (L)

SARC 1.7 ® 0.35° 1.97°
MWU 0.7 ° 03 ° 1.1°
P-Value 0.0001 0.0001 0.0001

abcdefg =Mean values within column and row followed the similar letters are not significantly
different at 5% probability level, CV=Coefficient of variation; SEM=Standard error of mean;;
CRO =Competitive ratio in oat; CRV= Competitive ratio in vetch; LER Total=Total land
equivalent ratio in oat and vetch=Location
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4.5. Crude protein Yield and Neutral Detergent Fiber Yield

The CP yield (CPY) and NDFY was highly (P<0.001) affected due to seed proportion and
planting pattern (Trt) , location (L) and two way interaction of treatment (Trt) by location (L)
(TrtxL) (Table 11 and Appendix Table 4). Crude protein yield is a measure that relates to CP
concentration to the dry matter yield per unit area and gives a better estimate of a total CP
available in the season (Muhammad et al., 2014).Table 11 shows the calculated CPY and NDFY
from the DMY of sole and mixed stand of oat and vetch in the treatments. The highest CPY(
4.98 t/ha) and NDFY (7.65 t/ha) for oat and vetch was obtained in the treatment with the
highest oat seed proportion for A2B3 and vetch at A3B3 whereas , the minimum CPY (0.19
t/ha) and NDFY(1.1 t/ha) found in A5B2 for both treatment in pure stand vetch respectively
(Table 11 ).The probable reasons for the highest CPY obtained for A2B3 (75%o0at+25%vetch) in
alternate row planting pattern might be due to the maximum total dry matter yield observed in
the treatment with the highest oat seed proportion in oat-vetch mixture which contributed for the
superior CPY (Minichle et al.,2019). Also the probable reasons for the lowest CPY obtained for
AS5B2 (0.19) in plots treated with same row planting pattern might be due to the lower dry
matter concentration , higher water content in the plant tissues resulted in inferior dry matter

yield since CPY is the product of total dry matter yield and CP concentration in the plant.

In case of location (L), the highest CPY (1.87 t/ha) and NDFY (6.01 t/ha) was attained for SARC
when compared to MWU which was 1.45 and 4.1 t/ha with the total CPY and NDFY of 7.88 and
5.55 t/ha. This is in line with the finding of Diriba, (2000) who reported that the highest CPY
being an indicative of importance of forages in Panicum Coloratum under varying stages of
harvest due to its nutritive values. Also it is in agreement with the finding of Minichle et al.,
(2019) who reported that the highest (1.43 t/ha) CPY in DsDeHT3 followed by (1.27 t/ha) in
StDeHT3 in their report from Debre Markos University in Ethiopia.
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Table.9. CPY and NDFY as affected by seed proportion and planting pattern, Location and two

way interactions

Treatments(Trt) CPY(t/ha) NDFY(t/ha)
AlBI 3.52° 6.34
A1B2 1.49°¢ 3.92¢
A1B3 237°¢ 5.17°¢
A2BI 1.75 " 5.02°
A2B2 1.99" 523 ¢
A2B3 4.98° 674 %€
A3BI 1.88°¢ 6.82°
A3B2 1.1¢ 2.88F
A3B3 2.18¢ 765"
A4BI 0.52" 1.74
A4B2 0.42' 1.36 "
A5BI 0.42' 119"
A5B2 0.19™ 1.1°
A4B3 020k 1.18"
A5B3 02" 1.57"
SEM 0.43 1.78
SL skkk skkk
Interaction(TrtxL) ok ok
Location(L)

SARC 1.87° 6.01°
MWU 1.45° 4.1°

abcdefghklm =Mean values within column and row followed the similar letters are not
significantly different at 5% probability level, SARC=Sinana Agricultural Research Center;
MWU=MaddaWalabu University; SEM=Standard error of mean; SL=Significant level;
CPY=Crude protein yield; NDFY=Neutral detergent fiber yield; CPY+NDFY=Crude protein
yield and Neutral detergent fiber yield

4.6. Biological Compatibility of Oat and Vetch Mixtures

The relative yield (RY) which equate yield of the component species in the combinations with
the respective to sole stand species; as designated it was less than one. The RY values less than
one means that the yields achieved in mixed stand is less than those achieved in sole stands. In
the current study, the RY of oat (1.79) designated that the DM yield achieved from mixture of
75% oats+25%vetch was higher than 79% in pure stand of vetch(Gebisa) followed by 19% for
A2B3 and A1B3 in plots treated by alternate row planting patterns respectively. Similarly, the
RY exhibited relationship with the seed proportion which indicates a rising trend with better seed

proportion and vice versa and report is comparable to others (Lithourgidis et al., 2006; Dhima et
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al., 2007). It appears that yield of forages was influenced by seed rates (proportions).The
intercropping system resulted in superior cumulative total biomass yield than either of the sole
oat/vetch, caused in RYT values greater than one. This RYT does not only give a better
indication of the relative competitive capacity of the constituent species, but also it exhibited the
actual benefit due to intercropping (De wit and Van der Bergh, 1965). In the current study, oat
(Bonsa) mixed with vetch at 75%oat+25%vetch and 50%o0at+50%vetch seed proportion showed
that the yield achieved from combinations of this species was better than yield achieved in the
sole stand. This report was in accordance with that of Ibrahim et al. (1993) who reported a
comparable result in sorghum/lablab intercropping. Erol et al. (2009) also reported that
intercropping maize with faba bean gave maximum RYT than unity. The probable reasons for
the higher cumulative total biomass yield at A2B3 followed by A1B3 in plots treated by
alternate row planting pattern might be due to a better light use efficiency of the intercrops,
which has resulted in maximum cumulative leaf area of the intercrops. It was also exhibited that
the maximum RYT (1.79) shows that 79% more area would be required for a sole cropping
system to achieve the yield attained from an intercropping system. Geleti (2000) similarly
reported a comparable result from intercrops of Panicum coloratum and Stylosanthes giuanensis.
Jaballa, (1995) similarly reported that intercropped treatments had maximum combined leaf area
than sole/pure stand and the intercrops gave the highest biomass yield per unit area than sole
crops. Reddy, (2000) reported that rise in leaf area would lead to a rise in light interception and

photosynthesis, which results in better productivity.
4.7. Chemical Composition of sole and mixed stand of oat and vetch

4.7.1. Dry Matter Content (%)

Chemical composition of oat (Bonsa) and vetch (Gebisa) samples in pure stand and mixtures
were presented in Table 10. The combined analysis of variance for the main effects of treatment
(Trt) and location (L) showed highly (P<0.0001) significant difference on DM content of oat and
vetch mixture. However, the two way interaction effect of Trt and L (TrtxL) showed non-
significant (P>0.05) difference on DM content of sole and mixed stand of oat and vetch (Table
11 and Appendix Table 3).
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The maximum DM content was found for A3B1 (92.6%) in the treatment with the highest vetch
sowing rates at A3B1(25%oat+75%vetch) in plot treated with broadcasting whereas , the
minimum DM content was found for A3B2 (88.2%) in the treatment with the highest vetch seed

proportion in plot treated with same row planting pattern (Table 11).

In case of location, there was no significance (P>0.05) difference observed on DM content for
SARC (91.47) when compared to MWU (91.13) in terms of DM content (Table 11). This shows
that sole oat and vetch as well as their mixed stand had lost much of its water at 65 °C for 24
hours in the oven within a narrow range of 91.47 for SARC when compared to MWU 91.13
(Table 11).

4.7.2. Total Ash

The combined analysis of variance revealed that the main effects of treatments and locations
showed highly significant (P<0.0001) difference on ash content of sole and mixed stand of oat
and vetch (Table 10 and Appendix Table 3).However, the two way interaction of seed proportion
and planting pattern (Trt) and location (L) (TrtxL) showed non-significant (P>0.05) difference
on ash content of sole and mixed stand of oat and vetch (Table 10 and Appendix Table 3).

The highest ash content was observed from A2B2 (12.72%) in mixed stand with the highest oat
seed proportion in plot treated with same row planting pattern whereas, the lowest was observed
from in pure stand at ASB’1 (8.37%) in plot treated with broad casting respectively
(Tablel1).The probable reasons for the highest ash content recorded for A2B2(12.72%) in
mixed stand might be due to exogenous minerals which are associated with soil such as silica,
forages that are lodged due to heavy rains and wind might be more contaminated with unwanted
soil which rises ash content (Hoffman and Tayson, 2005).

The probable reasons for the lowest ash content recorded for A5SB1 (8.37%) might be due to the
best management practices including minimum contamination with soil, wide strips and cutting
(Digma et al., 2011) and this result was in accordance with the finding of Fantahun ,(2016) who
reported that 9.35% ash content in his trial at Bishoftu in Ethiopia.

In case of location , the ash content recorded for SARC(9.55%) was lower when compared to the

ash content recorded for MWU(12.33%).The probable reasons for the highest ash content
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recorded for MWU might be due to high mineral concentration, soil characteristics, plant
developmental stage, higher rainfall and morphological fraction and varieties which can result in
splashing of soil particles on to plants , mixed with sandy soil type may have contributed to the
increment in ash percentage (George and Jerry, 1994;Greene, 2000;Jukenvicius and Sabiene,

2007 ; Abby et al.,2017).

In general, the probable reasons for the variation of ash content in oat-vetch mixture, sole oat and
vetch might be due to the seasonal conditions, soil type, soil nutrient status, translocation of
different minerals associated with harvesting time and vegetative portion of leaf Mc Donald et

al. (2002).

4.7.3. Crude Protein

Crude protein content is one of the very vital criteria in forage quality evaluation (Geleti, 2000;
Lithourgidis et al., 2006). The CP content of oat and vetch mixture showed highly (P<0.0001)
significant difference due to the main effect of treatment (Trt) and location (L) whereas non-
significant (P>0.05) difference for the two way interaction of treatment (Trt) and location (L)

(TrtxL) (Table 11 and Appendix Table 3).

In the current study, the highest CP content (22.23%) was recorded for ASB1 (sole stand vetch)
in plot treated with broadcasting whereas, the lowest (11.1%) was recorded for A4B2 (sole stand
oat) in plot treated with same row planting pattern (Table 11). The current result is in accordance
with the finding of Starks et al., (2006) who reported the superior (26%) content in case of sole
stand vetch at flowering stage. The CP content recorded at A3B3 (18.7%) was in accordance

with the finding of Gezahagn et al., (2016) who reported 18% CP in oat-vetch mixture.

The probable reasons for the highest CP content recorded in A5SB1 (pure stand vetch) might be
due to the increased proportion of vetch (higher seed proportion) than in oat, genetic makeup of
the component species, chemical composition of plants might be varied depending on the species
(Borawskaet al.,2022) , less fiber ,fiber during growth stage might be changed (Fazel et al.,2012
), species difference (Chapman et al., 2014) , stage of maturity of the plants (Haklet al., 2016),
the nature of soil existing in the study areas (Schjoerringet al.,2019),altitude (Koidouet al.,2019)

and climatic situation of the study areas (Ghahramaniet al., 2019).This is in accordance with the
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finding of Mehdi et al., (2009) who reported that (19.65%) and (12.11%) crude protein in bean

sown alone than maize in Iran.

In case of location, the highest CP content (17.68%) was recorded for SARC when compared to
MWU (14.51%) (Tablel1).The probable reasons for the lowest CP content recorded for MWU
might be due to the dilution of the CP contents of the forage by the rapid accumulation of cell
wall carbohydrates at the latter stage of growth, environmental conditions such as waterlogged
soils, soil aeration, rainfall, temperature and nutrient absorption difficulties, which make plants
stunted and lessen its growth rate (Seyoum et al., 1998; Tessema et al., 2002; Kataryzna et al.,

2021).
4.7.4 Neutral Detergent Fiber

The NDF showed highly (P<0.0001) significant difference due to the main effect of treatment
(Trt) but not due to location(L) and their interaction (TrtxL) on NDF content of sole and mixed

stand of oat and vetch respectively (Table 11 and Appendix Table 3).

The maximum NDF (59.6%) was found in the treatment for A4B2 in pure stand oat in plot
treated with same row planting pattern whereas , the minimum was for A5B1 (35.41%) in pure
stand vetch in plot treated with broadcasting row planting pattern (Table 11). The outcome of the
study was supported by the report of Karachi (1997) who reported the minimum NDF contents
of legumes than grass at the similar stage of growth. Rising dietary NDF concentration most
often has undesirable impact on the amount of DM consumed by the animals (Allen, 2000).

The probable reasons for the highest NDF content observed for A4B2 might be due to an
increase of oat seed sowing rates that caused increase of NDF content , genetic makeup , an
increase in fiber content which could be accompanied by a decrease in CP content associated

with an increase in proportion of lignified structural tissue(Castro et al.,2000).

Generally, the NDF values of A3B3, A5SBI, ASB2 and A5B3 in sole vetch and mixed stand
was in a good quality forage category and the NDF value of A1B1 and A4B3 was in a medium
quality forage quality category and this is quite in line with the finding of (Singh and Oostng
,1992) who reported feeds comprising NDF value of less than 45% are ranked as high, those
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with values ranging from 45% to 65% as a medium and those with values higher than 65%

having poor quality in India .

The highest value of NDF recorded for A4B2 (59.6%) followed by A2B1 (57.4%) in mixed
stand of oat and vetch in this observation was in close agreement with results reported by Geleti
(2000), who reported the NDF value of 60% in panicum coloratum mixed with stylosanthes
guinensis in Bako agricultural research center in Ethiopia. However, the present result argued

with that of Vansoest (1965) who reported the critical value of NDF to be 55%.

In case of location (L), there was no significant (P>0.05) difference observed in NDF content for
SARC (50.8%) when compared to MWU (51.4%. The non —significant difference observed
between the two locations in NDF content in sole and mixed stand of oat and vetch implies that
cultivation of sole and mixed stand of oat and vetch over locations had neither difference at

SARC nor at MWU on NDF content in the study areas.

4.7.5 Acid Detergent Fiber

Acid detergent fiber was highly (P<0.0003) affected due to the main effect of treatment(Trt) but
not due to location (L) ( Table 10 and Appendix Table 3).Similarly, the two way interaction of
treatment(Trt) by location(L) (TrtxL) showed non- significant(P>0.05) difference on ADF

content of sole and mixed stand of oat and vetch mixture ( Table 11 and Appendix 3).

The ADF content is the percentage of indigestible and gradually digestible material like pectin,
lignin and cellulose in a forage or feed (McDonald et al., 2002). In the current result , the highest
ADF content of (33.39 %) was obtained in the treatment with the highest oat seed proportion for
A4BI1 (in sole stand oat ) in plot treated with broadcasting whereas, the lowest (24.03%) was
obtained in the treatment with the highest vetch seed proportion for A3B3 in plots treated with
alternate planting pattern (Table 11).The lowest ADF content recorded for A3B3(24.03%) in
plot treated by alternate row planting pattern shows that it is more palatable and more
appropriate which is in accordance with the finding of Negash et al., (2014) who reported that
23.7% of CV-SRCPX80 Ab2806 variety at Haramaya University. The grand mean of ADF
content 28.36% found in the current study was slightly comparable with Kezemi et al., (2012)
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who reported that ADF value falling within value less than 40 % are rated as first grade quality

standard and above 40% as low quality.

The probable reasons for the lowest ADF % observed in this study might be due to the increase
in leaf to stem proportion and the decrease in cell wall lignification which may lead to lowered
ADF concentrations at 50% heading and 50% flowering stage for sole and mixed stand of oat

and vetch respectively.

In case of location, the ADF content observed for SARC (27.76%) and MWU (28.88%) showed
non-significant (P>0.05) difference over locations (Table 11).The probable reasons for the non-
significant difference observed on ADF content over locations might be due to the similar
development of lignified structures in the cell walls over location on the contrary, Mohammad
and Halim (2014) reported that a higher lignin in legume than grasses, as legume synthesis lignin
for strength. The actual values for ADF found in this trial and the absence of significant

difference agrees with other studies (Castro et al., 2000).
4.7.6. Acid Detergent Lignin

The ADL content showed highly (P<0.003) significant difference due to seed proportion and
planting pattern (Trt) (Appendix Table 3) yet non —significant (P>0.05) difference due to
locations(L) and two way interaction of treatment(Trt) and location(L) (TrtxL) ( Table 11 and
Appendix Table 3) . The non —significant (P>0.05) difference observed on ADL content of sole
and mixed stand of oat and vetch implies that neither locations nor two way interaction of
treatment with locations could affect the ADL content in the treatments (Appendix Table 3).

The maximum ADL content ( 7.65%) was recorded in the treatment with the highest oat seed
proportion for A4B1 in plot treated with broadcasting whereas , the minimum(3.23%) was
attained in the treatment with the lowest vetch seed proportion for ASB2 in plot treated with

same row pattern in sole stand vetch (Table 11).

This result is higher than the finding of Umunna et al., (1997) who reported that 3.7% ADL
content of oat-vetch mixture in Debrezeit Research Center and lower than the finding of
Garduno-Castro et al. (2009) who reported the ADL content of 12.4% for oat-vetch silage in the
highlands of Mexico which is higher when compared to the ADL content of the present value.
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The probable reasons for the highest ADL content observed in the treatment with the highest oat
seed proportion for A4B1 (7.65%) might be due to ADL increment with advancing maturity,
rapid lignification’s as the result of concentrations structural carbohydrates and prolonged plant
growth stage McDonald et al., (2002). This finding is in close agreement with the finding of
Negash et al., (2017) who reported the contents of NDF and ADF appeared to rise with rising
proportion of oat in the mixture. However, the content of ADL decreases with increasing seed
proportion of vetch (Maynard and Lousli , 2009).This study is in contradictory with the finding
of Elgersma and Soegaard, (2018) who reported that legumes have higher ADL content than
grasses. Generally, the presence of insoluble fibers especially lignin, reduces the overall

digestibility of the feed and restricts nutrient availability (Mustafa et al., 2000).

In case of locations, the content of ADL recorded for SARC (4.99% ) was at par with MWU

(5.45%) which showed non —significant difference between the locations.
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Table 10.Chemical composition of sole and mixed stand of oat and vetch as affected by seed

proportion and planting pattern, Location and two way interactions

Trt % DM %Ash %CP % NDF % ADF %ADL
AlBI 9] ¢ 991 15.5% 52 4 25.31° 4749
AlIB2 88.7 <" 11.82° 133°¢ 53.8 % 30.71°% 4.53 %
A1B3 91.6 ™ 11.1°¢ 179°¢ 50« 26.31% 4.75
A2B1 89.7 % 12.1% 14.1% 57.4° 29.46 4 6,10
A2B2 90.5 12.72* 143 % 51.89 b« 26.56 % 6.5 %
A2B3 91.8 % 8.76 ' 16.7 56.6 > 29.77 @4 6220
A3B1 92.6 * 8.87 "1 18.2° 45.1 %t 30.49 *° 405"
A3B2 88.2° 10.96 ™ 15 49.6 26.88 e 3gg¢eh
A3B3 92,1 bede 11.33¢ 18.7 % 43.4 % 24.03 " 3.53 &
A4B1 89.6 def 11.47 14.8 ° 55.51 % 33.39*° 7.65°
A4B2 91.3°¢ 11.62 % 11.1"° 59.6° 30.71 % 5.11¢%¢
A5BI1 91.85 > 837" 2223 3541 7.1 e 5.28%¢
A5B2 90.6 8.56" 17.7 % 39.7 ¢ 27.65°%4  3p3¢h
A4B3 91.1°¢ 11.31¢ 11.7¢ 5431°¢ 29.85 % 5.97
A5B3 89.51" 9.1 e 16.43 ¢ 36.3 & 24.51°¢ 4.9 %t
TrtxL NS NS NS NS NS NS
Mean 91.3 10.94 17.1 51.1 28.32 5.22
SEM 1.7 1.65 2.1 6.7 3.4 1.43
CV 18.2 15.1 12.1 13.1 12.11 27.4
Location

SARC 91.47° 9.55° 17.68* 50.8° 27.76* 4.99°
MWU 91.13 ® 12332 14.51° 51.4% 28.88 ¢ 5.45%

Abcdefgh = Mean values within column and row followed the similar letters are not significantly
different at 5% probability level, Trt =Treatment, TrtxLL= Treatment interaction by location ;DM
% =Dry matter percentage ;CP=Crude protein ;NDF=Neutral Detergent Fiber ; ADF=Acid
Detergent Fiber; ADL=Acid Detergent Lignin; SEM=Standard Error of Mean ;CV=Coefficient
of variation ;NS=Non -significant at %5 ; L= Location ;SARC= Sinana Agricultural Research
Center ;MWU= MaddaWalabu University.
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

Ethiopia has huge livestock population in Africa (Central Statistical Agency, CSA, 2020 a)
which contribute significant portion to the economy of the country (Negash et al ., 2017) .
However , the productivity level of the livestock resources was shown to be very low (Asfaw et
al ., 2011; Anteneh and Moges , 2017) . This is because of the reasons attributed to the scarcity
of feed in quality and quantity (Malede , 2013) . Animal feed deficiency is one of the primary
limitations that hamper productivity of the sector (ILRI, 2014; Salo et al ., 2017).Climatic
change and seasonal variations highly affect the availability of quantity and qualities of feed
resources have been a common phenomenon inflecting serious challenges in livestock
production and productivity ( Alemayehu , 2005) . The use of enhanced feed is restricted to 0.3%
in non-urban areas of Ethiopia (CSA , 2015) and used crop residues are poor in quality and
known with high fiber content which causes low livestock return /output due to malnutrition
and exposed easily to diseases with high prevalence rate (Malede and Takele , 2014) . As to
other Ethiopian highlands, the highlands of Bale are known by crop livestock mixed farming
systems. Because of steady alteration of grazing lands into crop lands, and lack of access for
sufficient range land was the most significant causes of feed shortage (Belay and Geert, 2016) .
As a result, scarcity of feed in quantity and quality is becoming the principal challenge to

enhance livestock production and productivity (Solomon, 2004).

Therefore, production of enhanced fodder as a protein source and feed quality improvement
strategies is mandatory to satisfy feed and nutrient demand of livestock if better production and
productivity is needed (Shimelis and Temesgen, 2016). One of the potential and strategic
methods to enhance livestock feed availability in terms of quality and quantity is the use of
improved forages crops (Alemu et al., 2007). Among the most economically as well as future
improvement of agricultural activities in ways of maintaining soil fertility , easily fulfilling the
livestock feed quality was oat-vetch mixture which is a good source of protein and energy to

satisfy the nutrient requirement of growing and young productive animals (Shimalis , 2018).
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The effect of seed proportion and planting pattern  on dry matter yield ,compatibility and
chemical compositions (quality) of the sole oat (Bonsa) and vetch (Gebisa) as well as their

mixed stand were evaluated.

The result revealed that plant height and herbage DMY in vetch-oat mixture was significantly
(P<0.0001) affected by treatments with seed proportion for A3B3 (25%0at+75%svetch) for
vetch and A2B3 for oat with alternate row planting patterns in both treatments. In view of this,
the longest plant height (88.3 and 115.83 cm) in vetch and oat was recorded for A3B3
(25%o0at+75%vetch) and A2B3 (75%o0at+25% vetch) in plots treated by alternate row whereas,
the minimum (41.9 and 55.7 cm) was recorded for A2B2 and A3B2 in plots treated with same
row planting pattern respectively. When location is considered, the longest plant height (80.1 and
123.4 cm) was recorded for vetch and oat at SARC when compared with the plant height of
vetch and oat at MWU (75.1 and 115.85 cm).

The combined analysis of variance of the main effect of treatment (Trt) and location (L) showed
that highly (P<0.0001) significant difference on the above ground dry biomass yield in oat and
vetch (Appendix Table 2). In view of this, the highest FBY (21.7 and 53.5 t/ha) and DM (3.5 and
12.95 t/ha) was recorded for A3B3 and A2B3 respectively. However, the minimum FBY (3.48
and 1.01 t/ha) and DM (9.69 and 2.29 t/ha) in vetch and oat was recorded for A5SB2, A3B2,
A4B2 and A3B2 in plots treated with same row planting pattern respectively. With regard to
locations, the highest FBY (15.19 and 5.89 t/ha) and DM (18.32 and 7.92 t/ha) was recorded for
vetch and oat at SARC than MWU which was (12.13, 3.54, 14.71 and 6.52 t/ha) FBY and DMY

respectively.

The combined analysis of variance showed that the main effect of treatment (Trt) and location
(L) showed highly significant (P<0.0001) difference on relative yield of oat and vetch
component species. In view of this, the maximum relative yield in oat (1.79) and vetch (0.77)
was recorded for A2B3 and A3B3 in plots treated with alternate row planting pattern with the
total RY of 3.2 for A2B3 whereas, the minimum (0.1) and (0.17) in oat and vetch was recorded
for A3B2 and A2B2 in plots treated with same row planting pattern with the total RY of 0.45 for
A2B2 respectively.
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The two locations displayed significant (P<0.05) differences for a number of agronomic and
nutritional characters for different seed proportion of oat-vetch mixture and planting pattern
(Table 8).The maximum RY in oat (0.62 ) and vetch (0.33) was recorded at SARC than the RY
of oat (0.33 ) and vetch (0.29 ) at MWU with the TRY of 1.01.

The result showed that the main effect of treatment (Trt) ,location (L) and two way interaction
of treatment and location (TrtxL) showed highly significant (P<0.0001) difference on
competitive ratio for oat (CRO) ,vetch ( CRV) and total land equivalent ratio (Total LER ) in
mixed stand of oat and vetch for the treatments (Table 9). In view of this , the maximum
competitive ratio in oat (9) , vetch (1.2 ) and total LER (5.94) was recorded for A2B3 and A3B3
in plots treated with alternate row planting pattern whereas the minimum (2.13 ,0.29 and 0.57 )
CRO , CRV and LER total was recorded for A1B3 , A2B1 and A3B2 in plots treated with
alternate and same row planting pattern respectively. With regard to location CR in oat (1.7),
vetch (0.35) and total LER (1.97) was recorded at SARC when compared to MWU which was
0.7,0.3 and 1.1 in oat, vetch and total LER respectively.

The CP yield (CPY) and NDFY was highly (P<0.001) affected due to seed proportion and
planting pattern (Trt) , location (L) and two way interaction of treatment (Trt) by location (L)
(TrtxL) (Table 11 ).The maximum CPY (4.98 ) and NDFY (7.65 ) was recorded for A2B3 and
A3B3 in plots treated with alternate row planting pattern whereas the minimum CP (0.19) and
NDFY (1.1) was recorded for AS5B2 respectively. With regard to locations, the maximum CPY
(1.87) and NDFY (6.01) recorded at SARC when compared to MWU which was 1.45 and 4.1
CPY and NDFY respectively. The relative yield values greater than one in A2B3 and A1B3
means that the yield achieved in mixed stand is greater than those achieved in sole stands in oat.
In the current study, the relative yield of oat (1.79) designated that DM yield achieved from
mixture of 75%o0at+25%vetch was higher than 79% in pure stand of vetch (Gebisa) followed by
19% for A2B3 and A1B3 in plots treated by alternate row planting pattern respectively (Table 8).

Therefore, to get the maximum DM yield A2B3 was appropriate for oat and vetch seed
proportion whereas to get maximum CP, AS5B1 in sole stand vetch was suitable among

thetreatment.
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5.2 Recommendation

Based on the research findings obtained the following recommendations forwarded:

>

The mixture A2B3 (75%o0at+25%vetch) was the best performed followed by A3B3 in most
agronomic and nutritional parameters at bloom stage (50% flowering and heading or dough
stage in vetch and oat respectively) and it is recommended for improved fodder production in
Sinana district and associated agro-ecology to know proper seed rates and planting pattern in
order to solve improved fodder production difficulty for optimum production.

When growing oats-vetch mixture in different seed proportion and planting pattern over
location to know quality of the mixture is preferable to sow oat two weeks before vetch, this
is because vetch reaches 50% flowering stage earlier than oat heading (dough) stage
according to this thesis.

Though, this study was conducted over locations in a single season and it is better if studied
for more than a year (more than one seasons).

In addition, researchers should evaluate the effect of seed proportion and planting pattern on

oat and vetch mixture on animal performance to give fine /tuned recommendation.
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7. APPENDICES
Appendix Table 1 .The meteorological data of MWU and SARC on station from June to

November
Location Months Temperature (°c) Rainfall(ml)
Max. Min.

June 23.5 6.8 3.5
July 23.9 9.2 40.3
August 24.1 9.6 168.1
Sept 24 9.7 64.1
Oct 24.2 8.8 1.7

SARC Nov 23.5 6.8 30.7

MWU
June 22.1 6.1 0
July 21.5 9.4 0.4
August 22.1 9.7 123.3
Sept 21.7 9.3 70.3
Oct 21.9 8.9 65.57
Nov 21.3 7.6 23.5

Source: Bale -Robe Meteorological Station, (2021)
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Appendix Table 2.Mean square of ANOVA for plant height (PHV,PHO, DMY, DMYT, RYT,
LERT, CRO and CRV as affected by seed proportion and planting pattern (Trt) , location(L)

and two way interaction of TrtxL

Para
meter DMY |DM |DM |RY |RY LER | LER CR | CR
s PHv PHO | O YV YT O \ RYT | O \ LERT | O \
795.7 | 17.63 | 0.22n 6.32n | 0.20 | 0.14 | 0.12 | 0.30 | 033 | 0.34n | 09n | 0.ln
Rep 4 ns ns S 4.5ns | s Ons | ns ns Ins | ns S S S
0.29
8700. | 20808 | 192.7 | 71.1* | 358.2 | 33 0.27 1090 | 139 | 0.51 | 16.46 | 175. | 11.1
0.00 15.8
1095. | 839.3 | 49.61 | 101.3 | 292.8 | 0.06 | 292 | 0.09 |8 0.02 | 14.50 | 43.3 | 0.51
155.5 | 62.02 | 4.695 | 14.52 | 2533 | 0.00 | 0.02 | 0.03 | 6.26 | 0.00 | 6.148 | 14.1 | 0.20
Trth 4 skskok 3 ns * skoksk skoksk 53* sk sk skoksk 98** skskok skoksk 3***
0.00
TrtxR 17.73 | 47.9 2.402 | 0.86 |4.58 |0.00 |29 0.01 | 0.2 0.00 | 0.192 | 1.03 | 0.01
ep ns ns ns ns ns 3ns | ns ns ns 6ns | ns ns 3ns
0.00 0.00
LxRe 130.4 | 1099 | 1.393 | 2.631 | 2.78n | 311 | 0.02 | 0.00 | 0.25 | 452 | 0.323 | 0.01 | 0.00
p Ins 4ns ns ns S ns ns 74ns | 3ns | ns ns 9 ns | 17ns
0.00 | 0.129 0.01
Error 135.5 58.8 1.69 1.3 | 4.27 0 0 0.11 4 31 097 6
Corre
cted 95.24 498 | 0.12 0.30
T 2159 | 4830 47.3 22 1 0.1 0 6 3 5.54 | 44.7 2

DF=Degree of freedom; Rep=Replication ;Trt=Treatment; PHV=Plant height in vetch; PHO=plant height in oat;

DMYO =Dry matter yield in oat ;DMY V=Dry matter yield in vetch; DMYT=Dry matter yield total ;RYO =Relative

yield in oat ;RYV=Relative yield in vetch ;RYT=Relative yield total ;LERO =Land equivalent ratio in oat

;LERV=Land equivalent ratio in vetch ,LERT =Total land equivalent ratio in oat and vetch ;CRO =Competitive

ratio in oat; CRV =Competitive ratio in vetch ; NS= Non- Significant ,Corrected T= Corrected Total
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Appendix Table 3 .Mean square of ANOVA for NDF, Ash, DMO,CP,ADF and ADL content of
sole and mixed stand of oat and vetch as affected by seed proportion and planting pattern(Trt)

,Location(L) and two way interaction of Trt and L(TrtxL)

Source Mean squares
of DF NDF Ash DMO CP ADF ADL
variatio
n
Rep 2 19.167NS 40.421N | 0.373NS | 0.235NS 4.763NS 0.236NS
S
Trt 14 371.545%** | 6.880** 19.058* | 36.529%** | 32 34* 4.62%**
*
L 1 145.140NS | 151.813* | 1.257** | 16.358*** | 22 130NS | 1.332NS
sk *
TrtxL 14 143.626NS | 4.512NS | 10.589N | 10.037NS | 14.270NS | 3.667NS
S
TrtxRep | 28 90.031NS 5.294NS | 4.710NS | 3.213NS 13.242NS | 1.266NS
LxRep 2 42 988NS 0.830NS | 11.682N | 3.795NS 4.424NS 1.903NS
S
Error 28 83.452 3.710 5.086 5.063 12.66 2.251
Correcte | 89 163.98 9.01 9.381 12.563 1407.317 | 2.58
dT

DF=Degree of freedom ,NDF= Neutral Detergent Fiber ,DMO=0rganic Dry Matter ,CP= Crude
protein ,ADF=Acid Detergent Fiber=ADL= Acid Detergent Lignin, L= Location ,Trt=
Treatment,Rep=Replication ,TrtxL=Treatment interaction by location ,TrtxRep= Treatment
interaction by Replication ,Corrected T= Corrected Total ,NS= Non-significant at % 5, *,** and

***=gignificant and highly significant
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Appendix Table 4.Mean square of ANOVA for CPY, NDFY and CPY+NDF Content of sole and
mixed stand of oat and vetch as affected by seed proportion and planting pattern (Trt) ,
Location(L) and their interaction (TrtxL)

Source of variation Mean squares

DF CPY NDFY CPY+NDFY
Rep 2 0.138NS 2.934NS 3.718NS
Trt 14 0.61** 11.433** 16.78%*
L 1 3.999%** 84.541*** 125.315%**
TrtxL 14 0.607** 11.433%* 16.98**
TrtxRep 28 0.247NS 3.173NS 3.98NS
LxRep 2 0.00743NS 1.431NS 1.584NS
Error 28 0.185 3.169 4.349
Corrected Total 89 2.353 24.22 40.392

** =Significant difference at (P<0.05); ***= Highly significant difference at(P<0.01);NS=
Non-significant difference at (P>0.05);DF= Degree of freedom ;Rep=Replication;
Trt=Treatments ;L.=Locations;;TrtxL=Treatment interaction with location ;TrtxRep=Treatment
interaction with replication ;LxRep=Location interaction with replication

a) SARC b) MWU

Appendix Figure 1.Partial view during land preparation and sowing sole and mixed stand of oat

and vetch
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a) Mwu b) SARC

Appendix Figure 2.Partial view during weed removal from sole and mixed stand of oat and

vetch in experimental sites at left side MWU and right SARC at right side

—- CR . L TR ey

a) Pure(sole) stand vetch b) mixture of oat and vetch c¢) Pure (sole) stand oat

Appendix Figure 3.During 50% flowering stage and heading stage of sole and mixed stand of

vetch and oat
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Appendix Figure 5.During Sample Preparation for Laboratory Analysis for SARC and MWU
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