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                                                  ABSTRACT 

This field experiment was conducted to evaluate the effect of fertilizer type and plant spacing on plant morphology, biomass yield and chemical composition of brachiaria hybrid mulato II grass grown in lowland of northwest Ethiopia. The experimental design used was a 3×3 factorial layout in a randomized complete block design with three replications giving a total of 27 plots, each measuring 2×2 m2. The plant spacing were 15, 30 and 45cm between plants and fertilizer types were commercial (NPS), manure and control. Morphological parameters such as plant height (PH), leaf length per plant (LLPP), number of leaves per plant (NLPP), number of tillers per plant (NTPP), leaf stem ratio( LSR), number of roots per plant (NRPP),root length per plant (RLPP), root circumference(RC), leaf area index (LAI), biomass yield and chemical composition were collected based on established methods. All data were subjected to GLM ANOVA following the procedures of SAS version 9.0.  The result indicated that there was no significant interaction between main factors. Most of the morphological parameters were significantly affected (P<0.05) by the type of fertilizer and plant spacing. Similarly significant (P<0.05) difference were observed in most of chemical composition of the grass by fertilizer type; but not by plant spacing. However, ADF and ADL were not affected (P>0.05) by effect of fertilizer. The highest CP (11.08%) and biomass yield (18.28t/ha) were obtained from NPS fertilized grass. More CP% (11.06) content was recorded for larger plant spacing but the reverse was for biomass yield (11.22t/ha. It can be concluded that fertilizer types has its own significant contribution on the brachiaria grass morphology and chemical composition grown in the lowland area. NPS fertilizer is recommendable for brachiaria hybrid production if it is accessible by smallholder farmers, otherwise, the use of manure could be an alternative in the study area and in similar environments elsewhere in Ethiopia. Moreover, for better biomass production 30cmx50cm planting space is recommended.
Key word: Brachiaria, Chemical composition, Fertilizer type, morphological characteristics, plant spacing 
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1. INTRODUCTION
1.1. Background and Justification

Ethiopia has been endowed with the largest livestock population in Africa (CSA, 2016/17). The total cattle, goat and sheep population for the country are estimated to be about 59.5, 30.2 and 30.7 million respectively. Livestock contribute 15-17% of GDP and 35- 49% of agricultural GDP and 37-87% of the household incomes (Ayele Solomon et al., 2003; IGAD, 2010). At the household level, livestock plays a significant role as sources of food and family income for smallholder farmers and pastoralists. About 80% of the Ethiopian farmers use animal traction to plough cropping fields (Melaku Tefera, 2011). Livestock also plays an important role in urban and peri-urban areas for the poor evoking a living out of it and for those involved in commercial activities (Ayele Solomon et al., 2003). So that livestock remain as a pillar for food security, human nutrition and economic growth of the county (Shapiro et al., 2015). In developing countries demand for human foods of animal product is increasing from time to time due to human population growth, rise in income and urbanization (Thornton, 2010) which could be seen as an opportunity to benefit from the livestock sector. However, the productivity livestock in developing countries is low because of poor feed quality and insufficient supply (Lanyasunya, 2006; FAO, 2010; Lukuyu et al., 2011). In Ethiopia livestock suffer from shortage of feed and even the available feed is markedly variable in quantity and quality across seasons (Mohammed Yasin and Abate Tedela, 1995;Khan et al., 2009).Therefore feed problem is one of the major factors that hinders the development and expansion of livestock production in the country (Sere et al., 2008, CSA, 2016).

The major livestock feed resources  in Ethiopia are mainly natural grazing land  and crop residues and the lesser contributions are coming from improved pasture, forage crops and agro-industrial by-products (CSA,2016/17). However, these major feed resources are inherently low in their nutritional value which cannot even provide maintenance level (Tessema Zewudu et al., 2010). Natural grazing lands of the country in these days are overgrazed and degraded; provide low biomass, poor forage species diversity and low nutritional values. Moreover, the contribution of improved forage as livestock feed in the country is very minimal lower than one percent (CSA, 2015/16). Among the possible reasons frequently mentioned (Abebe Mekoya et al., 2008) about its less contribution is land shortage. However, there are agrazing lands in the country that demand intervention of management through improved forages like Brachiaria species.

Brachiaria grass is one of the most important tropical grasses distributed throughout the tropics especially in Africa (Renvoize et al., 1996; De Souza- Kaneshima et al., 2010) where they are natural constituents of grasslands (Boonman, 1993). Brachiaria grass has been used for pasture production in South America, Asia, South Pacific and Australia (Miles et al., 1996). It has high biomass production potential and produces nutritious herbage thus increase livestock productivity (Ndikumana and de Leeuw, 1996; Holmann et al., 2004).

The inherent ability of Brachiaria grasses to grow in drought and marginal soils make them ideal forage for arid and semi-arid regions of East Africa. Brachiaria grasses produce palatable and nutritious biomass and increase both milk and meat production. Brachiaria hybrid mulato II grass contains 12-16% CP and IVDMD 55-62% (Guiot, 2005a). Besides their use as livestock feed, they are known to contribute significantly to carbon sequestration through its large roots system, enhance nitrogen use efficiency and reduce greenhouse gas emissions and nutrient losses from soils, soil erosion control, ecological restoration (Miles et al., 1996; 2004; McLaughlin and Kszos, 2005; Subbarao et al., 2009; Arango et al., 2014; Moreta et al., 2014; Rao et al., 2014). Brachiaria species have been important component of sown pastures in humid low lands and savannas of tropical America with current estimated of 99 million hectare in Brazil alone (Jank et al., 2014). 
It is mostly used for pasture improvement and diversification due to its advantages of higher leaf accumulation, high dry matter production, better soil tolerance and poorer drainage soils compared with Marandu grass (Caetano, L.P.S., Dias-Filho, M.B., et al. 2008) and indigenous grass and even greater resistance to leafhoppers than Xaraés (brizantha) cultivars (Valle, C.B., Euclides, V.P.B., Pereira, J.M., et al. 2013).

Brachiaria grass has the potential of meeting the challenges of feed scarcity since it provides more forage per unit area and ensures regular forage supply due to its multi-cut nature (Boonman, 1993; Stur et al., 1996). Brachiaria hybrid mulato IIgrass is suitable for intensive management and performs well at an altitude up to 1800 m.a.s.l, rain fall 700mm (Ndikumana and Leeuw 1996). In Ethiopia, there is limited information on the management practices that influence the herbage dry matter yield, chemical composition and animal performance of Brachiaria hybrid mulato II grass. There is a need to develop a management practice for Brachiaria hybrid mulato II grass   so as to contribute to the efforts of providing adequate quantity and quality feed for improving productivity of livestock and natural resource of the environment. This grass is to provide multipurpose suggests that it is a potential feed source in the dry season when feed availability in the tropics is critical. The combined benefits of Brachiaria grass suggest the use of the grass as potential feed source and climate smart grass which has a potential to adapt the given agro ecological condition and increase soil fertility.

It is known that the forage management practices such as fertilizer application and spacing affects DM yield and forage quality (Tessema Zewdu et al., 2002). Such attributed of forage quality are affected by interaction of plant morphology, environmental factor and stage of maturity (Papachristou and Papanastasis, 1994). The extent to which these factors affect the productivity and nutritive value and optimum plant spacing’s are not well known in Ethiopia, particularly, Brachiaria grass cultivar mulato II. Therefore, the objective of this study is to evaluate effect of fertilizer type and plant spacing on plant morphology, biomass yield and chemical composition of Brachiaria grass in lowland of northwest Ethiopia.

1.2 Statement of the problem
The quantity and quality of feed is a critical problem in livestock farming. As natural grazing lands are gradually shrinking due to cultivation to satisfy the food needs of the increasing human population, livestock are forced to graze on marginal areas which combined with the use of low quality crop residues as feed has resulted in poor livestock performance. Natural pastures from marginal lands are generally high in fiber, low in protein and energy from the main source of animal feed in Ethiopia. These resources are over utilized in the dry season. As result low milk production, loss of body weight, reduced draught power, increased susceptibility to diseases, reduced reproductive performance, retarded growth rate and high mortalities of animals.

Efforts have been made to promote indigenous species that are perceived to have evolved under the harsh climatic conditions. To meet feed shortage challenge more adopted indigenous feed resources need to be screened improved and introduced in the livestock production systems. Studies on Brachiaria grass species indigenous to East Africa and have been developed elsewhere is an opportunity to mitigate feed shortage challenge and consider reintroducing it back home. In particular, Brachiaria hybrid mulato grass has a moderate to high quality compared to other tropical grasses. Also it is a good source of the essential minerals sodium (Na) and phosphorus (P) has higher CP content than rice straw and it is highly palatable (Sath et al., 2013). It has higher CP content than finger millet, wheat straw and rice straw and it is highly palatable. Therefore, it can satisfy the nutrient requirement of the livestock throughout the production cycle. However, scientific evidence regarding their morphological characteristics, dry matter yield and chemical composition of Brachiaria hybrid mulato II grass is limited. So, these findings have be one of the efforts to show the potential of the grass for future animal production in small holder farmers. 
1.3 Objective of the study

1.3.1 General objective

The general objective of this study is to evaluate the effects of fertilizer type and plant spacing on plant morphological characteristics, biomass yield and chemical composition of Brachiaria (hybrid mulato II) grass in low land of Northwest Ethiopia.

1.3.2 Specific objective

·  To assess the effects of plant spacing on morphological characteristics of Brachiaria hybrid mulato II grass
· To evaluate the effects of fertilizer type on morphological characteristics of Brachiaria hybrid mulato II grass 
· To analize the nutritional quality of brachiaria hybrid mulato II grass grown by appling  fertilizer type and plant spacing 
· To recommend best combination of plant spacing and fertilizer type  on biomass  yield and nutritive value 
2. LITERATURE REVIEW

2.1 Mixed crop livestock system in Ethiopia

Mixed crop livestock farming systems, are characterized by interdependency between crop and livestock production activities (Ostergaard, 1995).It is the main system of production for smallholder farmers in many developing countries (Ostergaard, 1995; Blackburn, 1998). The largest share of the total milk and meat available in Ethiopia is produced by pastural farming followed by mixed farming systems (Ostergaard, 1995).

The principal objective of farmers engaged in mixed crop - livestock farming is to gain complementary benefit from an optimum mixture of crop and livestock farming and spreading income and risks over both crop and livestock production (Lemma Gitachew, 2002; Solomon Bogal, 2004). In the mixed crop livestock farming systems, livestock provide important inputs to crop cultivation, especially manure and traction. Livestock are often the major source of cash that farmers can use to buy agricultural inputs. In turn, crops provide livestock with feed in the form of crop residues and by-products from crop production, which are converted into valuable products like meat, milk, and traction (ILCA, 1992). The potential use of crop residues as livestock feed is greatest in integrated crop-livestock farming systems (Getachew Eshete, 2002; Lemma Gizachew, 2002). Crop residues are required by animals to supply feeds during the dry seasons; while they are also vital to crop. In this regard, it is very likely that changes in the way and time farmers harvest their crops and manage the residues offer a number of possibilities for increasing both crop and livestock production (ILCA, 1992).

2.2. Livestock production and productivity in Ethiopia

Ethiopia has the largest livestock population in African. With recent livestock population of Ethiopia estimates that the country has about 59.5 million heads of cattle, 30.7 million sheep and 30.2 million goats (CSA 2016/17).  Livestock contribute 15-17% of GDP and 35- 49% of agricultural GDP, and 37-87% of the household incomes (Ayele Solomon et al., 2003). By IGAD (2010) indicated that the livestock sector contributes about 47% to the Agricultural Gross Domestic Product (AGDP) in Ethiopia. 
Livestock remains as a pillar for food security, human nutrition and economic growth of the county (Shapiro et al., 2015). At household level livestock are important for in cash come, ploughning, trashing and livelihood. In the mixed farming systems milk and meat are also used mainly as food to the household and to a lesser extent as a source of income. But the livestock production and productivity is lower due to poor genetic makeup; nutrition and management system (Sethumadhavan, 2004). Unfortunately, our animals are low producers because of the shortage of nutrition. Poor nutritive values of feeds lower the production capacity and fertility potential of animals. If we they are fed well, 20-25 % more production can be obtained from the same livestock and yet, the feed supply is seasonal and shortage of green fodder is one of the major causes of severe decline of livestock nutrition (Rehrahie Mesfin, 2001). 
It is estimated that there is a 40% deficit in the national feed balance. This is again aggravated by seasonal availability of forage and crop residues in the highlands and by erratic rainfall in the lowlands. The common feeds in Ethiopia such as crop residues and natural pasture are inherently low in CP, digestibility intake and are deficient in minerals. Do to this scenario, livestock production and productivity is much lower than neighboring countries. According to FAO (1999-2008), 8kg of meat is produced annually per head of goat compared with 10.7 kg in the Sudan, 11 kg in Kenya and 12 kg in Rwanda. In terms of beef and milk production, the level of productivity in Ethiopia (108kg and 210 litter /head) is about 25-30 per cent lower than East Africa (205 kg and 551 litter /head) or the continental average of 134 kg and 369 litter /head Table 1. 
Compared to other countries in Africa, Ethiopians consume less dairy products. Per capita consumption of milk in Ethiopia is as low as 17 kg per head while the average figure for Africa is 26 kg per head (Geber wold et al., 1998). Among this Ethiopia livestock production and productivity is lower than neighboring countries. Although domestic demand for animal products in Ethiopia is increasing from time to time due to human population growth, rise in income and urbanization (Thornton, 2010). In this situation Ethiopian livestock sub sector has been intensified and changing natural grazing land into modern improved grazing to maximizing livestock production (MacDonald and Simon, 2011).
Table 1  Livestock productivity in African countries versus the world.
	  Country 
	                                Meat 
	      Milk 

	
	              carcass weight, per head per year
	

	
	Beef kilogram
	Mutton kilogram 
	Goat meat kilogram 
	Chicken gram  
	Kilograms per head per year

	Ethiopia 
	108
	10
	8
	800
	210

	Kenya 
	146
	12
	11
	1204
	551

	Malawi 
	205
	14
	12
	800
	451

	Rwanda 
	104
	12
	11
	900
	451

	Sudan 
	119
	16
	13
	1000
	400

	Tanzania
	108
	12
	12
	909
	174

	Uganda 
	150
	14
	12
	1300
	350

	Eastern Africa 
	127
	11
	11
	966
	321

	World 
	205
	16
	12
	1450
	2257


 Source; FAO (1999-2008)

2.3   Livestock feed Resource in Ethiopia

There are different type of livestock feed resource in Ethiopia which are subjected to seasonal availability. Feed resource is vary in type of Agricultural activities population pressure, agro-ecology, season of the year and environmental conditions (Seyoum Bediye et al., 2011).According to (Alemayehu Mengistu, 2005) livestock feed resource are grouped in to natural pasture and browse , crop residue, crop grazing and agro industrial by product. Among the feed resources, natural pasture and crop residues contribute the largest share in livestock production (Adugna Tolera et al., 2012).The use of communal grazing lands, private pastures and forest areas as feed resources have declined while the use of crop residues and purchased feed have generally increased (Benin et al., 2003). Though increased utilization of agro-industrial by-products has been reported (Benin et al., 2004), they are not available, affordable or feasible for most of the farmers in the lowlands of Ethiopia. Under smallholder livestock production system, animals are dependent on a variety of feed resources which vary both in quantity and quality. Feed problem is one of the major factors that hinders the development and expansion of livestock production (Sere et al., 2008 and CSA, 2016).

2.3.1   Natural Pasture

Natural pasture is an important sources of ruminant livestock feed in developing countries (FAO, 2001; Solomon Bogale et al., 2008). Similarly, natural pasture is the major contributor of livestock feeds in Ethiopia (CSA, 2015).Natural pasture includes annual and perennial species of grasses and herbaceous legumes (FAO, 2001). The availability of natural pasture in Ethiopia depends on the intensity of crop production, population pressure, the amount of rainfall, and distribution pattern of rainfall and seasons of the year (Mohammed Yasin and Abate Tedla, 1995). The contribution of these factors to the total feed resource base varies from area to area based on cropping intensity (Seyoum Bediye et al., 2001). The reliability of natural pasture as a source of feed in Ethiopia is restricted to the wet season (Zinash Silesh et al., 1995). Feed values of natural pasture fluctuate considerably in quality based on components such as protein and fiber, which are inversely proportional to each other. Natural pastures are categorized as poor quality roughage with low intake (Berhanu Gebremedihn et al., 2009) poor quality and diffidence of nutrient. 

In Ethiopia, the availability of grazing lands are steadily shrinking from time to time due to population pressure, expansition of crop farming and emerging of urbanization which result parcel of grazing land. In previous year, natural pasture has been reported ,the share of natural grazing pasture at the national level reduced from 88 % (Alemayehu Mengistu 1985) ,to  about 56.25% (CSA ,2015).The productivity of available natural grazing pasture is characterized as low production as compared to improved pasture (Adane  Kitabe and Berhan Tamir, 2005; Alemayehu Mengistu, 2006).Generally ,the natural pasture production has been improved to satisfy the need of livestock  feed and nutrient requirement .

2.3.2   Crop Residues

Crop residues are fibrous materials, which are the byproducts of cultivated crops. Crop residues provide about 50% of the total ruminant livestock feed resource. The basic limitation of crop residue with crude protein contents around the border line of 6 to 7% (Solomon Bogal and Alemu Yami, 2009). Most residues are deficiency of fermentable energy and minerals. The contributions of crop residues could be as high as 80% during the dry seasons of the year (Adugna Tolera, 2007). Crop residue has low palatability and digestibility that leads to poor intake, particularly when fed as the sole roughage. The production of crop residues is also seasonal, available in very large quantities just after harvest and less available thereafter (Solomon Bogale and Alemu Yami, 2009).  According to Daniel (1998), the supply of these crop residues are directly proportional to the land area used for cropping the grains. On the average, crop residues provide 10-15% of the total feed intake in the mixed crop-livestock producing areas (Alemayehu Mengistu, 2004) in low land area of Ethiopia. According to (Yayneshet Tesfay, 2010) Crop residues are the fibrous by-products which result from the cultivation of cereals, pulses, oil plants, roots and tubers and represent an important feed resource
Crop residues vary greatly in chemical composition and digestibility depending on varietal differences (Reed et al., 1986) and agronomic practices (Chaparro et al., 1996). The feeding value of crop residues is also limited by their poor voluntary intakes and low digestibility (Alemu Yami, 1991). The crude protein content of crop residues ranges between 2.4 and 7% and their IVDMD ranges between 34 and 52% (Gashaw Geda, 1992). Cereal straws have a mean CP, NDF, and IVDMD values of 4.5, 79.4 and51.1%, respectively compared to pulse straws, which have a mean CP, NDF and IVDMD values of 7, 62.9 and 63.5%, respectively. Straws of oil crops have CP and NDF values of 5.4 and 66.4%, respectively (Alemu Yami et al., 1991).The chemical composition of most crop residues was analyzed by different researchers illustrated as table1.
Table 2.Chemical composition of common feed resources in Ethiopia
	Feed resource
	DM
	CP
	ASH
	NDF
	ADF
	ADL
	IVDMD
	      Source 

	Maize stover
	85.7
	3.94
	6.2
	79.96
	40.55
	10.43
	51.1
	Mengistu Lemma et al 2016

	Barley straw
	94
	4.48
	19.7
	75.06
	49.46
	9.79
	57.51
	(Solomon  Bogal, 2004)

	Wheat straw
	94.2
	4.14
	8.22
	78.62
	47.58
	10.23
	53.92
	(Solomon Bogal,  2004)

	Natural pasture
	93.9
	9.64
	10.22
	73.58
	42.21
	5.12
	66.83
	(Solomon Bogal,  2004)

	Stubble
	94.5
	3.47
	8.57
	79.7
	55.34
	11.24
	45.63
	(Solomon Bogal, 2004)

	Rice straw
	88.9
	4.5
	17.6
	62.4
	38.8
	
	45.63
	(Abebe Hailu , 2007)


2.3.3   Improved forage
Forages play varying role in different livestock production systems. Even though improved forages are important as adjuncts to crop residues and natural pastures and may be used to fill the feed gaps during periods of inadequate crop residues and natural pasture supply. Similarly cultivation of improved forages used as supplementing widely available roughage feed resource in Ethiopia Alemayehu Mengistu (2006). Even in the presence of abundant crop residues, which are often free, fed to ruminants, forage crops especially legumes are needed to improve the utilization of crop residues, crop residues often provide energy while forage legumes provide proteins (Yeshitila Ademasu, 2008).

Feed scarcity is indicated as a factor responsible for the lower reproductive and growth performance of animals especially during the dry season. In addition to, inadequate feed supply both in terms of quantity and quality is the major constraint affecting livestock production in Ethiopia. Leguminous forage crops which are rich in protein and usually high in digestibility have been found beneficial as a supplement to improve intake and digestibility of crop residues. Improving cereal crop residues by supplementing with green forage legumes such as foliage from Leucaena, Sesbania, pigeon pea or hays from Trifolium, alfalfa and vetch, is the most practical method which can be adopted locally by small-scale farmers. At present, the contribution improved forage less than one percent (CSA, 2015) and agro-industrial by-products is also minimal and restricted to some urban and peri- urban farms (Alemayehu Mengistu, 2005).

A large number of annual and perennial forage and fodder species have been tested in the low altitude under rain fed conditions in Ethiopia. As a result, many improved herbage species have been identified for the ecology. Improved forages mainly legumes, can improve the productivity of natural pastures by improving the fertility status of the soil. They can also improve the feed value of the native pastures since they have more protein content than naturally occurring grasses (Yeshitila Ademasu et al., 2008). 
2.3.4 Agro-industrial by-products
Agro-industrial by-products have special value in feeding livestock mainly in urban and peri-urban livestock production system, as well as in situations where the productive potential of the animals is relatively high and require high nutrient supply. The major feed resources in the country are natural pasture and crop residues, with agro industrial by-products and manufactured feed contributing much less (Berhanu Gebremedihn et al., 2009). Natural pasture and crop residues are naturally of low quality and do not fulfill the nutrient requirement of animals. Hence, high producing animals such as dairy cattle and fattening animals should be supplemented with high energy and/or protein concentrates. The most commonly used concentrate feeds in Ethiopia belong to different agro-industrial byproducts including: Milling byproducts such as wheat bran, oilseed cakes such as noug cake, cottonseed cake, peanut cake, linseed cake, sesame cake, molasses from sugar factories, brewery byproducts and occasional surplus grain or grain damaged during processing (Fekede Feyissa et al., 2011). Further, agro-industrial by-products produced in Ethiopia include by-products from flour milling, sugar factory, and oil processing factories, abattoir, and breweries. These products are mainly used for dairy, fattening and commercial poultry production and the scope for their wider use by smallholder producers is low due to availability and price (Yoseph Mekasha et al., 2010).

2.3.5   Other feed resources
Livestock feed resources are classified as conventional and non-conventional (Alemayehu Mengistu, 2003) where the non-conventional ones vary according to the feeding habit of the community and others

Example. Vegetable refusals, sugar cane leaves, Enset leaves, fish offal and etc are non-conventional feed types. Yeshitila Ademasu (2008) also identified non conventional feeds and it includes like residues of local drinks coffee, areke, tela, chat left over called “Geraba,’’ fruits and vegetables reject.
2.4   Constraints in feed resources

Poor forage quality and shortages are major factors constraining animal production in Ethiopia. Nutritional stress causes low growth rates, poor fertility and high mortality, which is compounded by diseases. About 85% of feed intake is used to meet the animals' maintenance requirements and only 15% is utilized for production Alemayehu Mengistu (2005). Utilization of the feed resources is therefore highly inefficient. The area of improved pastures and fodder crops is insignificant and natural pastures are overgrazed causing invasion of inferior species. Seasonal feed deficiencies cause the loss of weight gains made during more favorable periods, while fodder conservation to help eliminate seasonal feed-supply fluctuations is rarely practiced. Generally, all stock is grazed together with no attempt to provide special treatment for different classes of stock. Controlled breeding is rarely practiced so that seasonal variation in feed supply and demand is not synchronized. Agro-industrial by-products are often wasted or poorly utilized and crop residues are fed without treatment or supplementation. Transport problems often prevent by-products being moved to areas where they can be utilized effectively. The incidence and effects of mineral deficiencies are poorly understood, although there is an overemphasis on concentrate feeding, even though the supply of concentrates is unreliable. Dairy calves receive poor weaning rations which lead to poor growth. 

2.5   Strategy for Feed Development
A strategy for feed development/improvement would incorporate reduction of livestock numbers improvement of feed availability and quality, and improvement in the efficiency with which feed supplies are used. A reduction of livestock numbers would concentrate initially on the intensively cultivated lowland where the stocking pressure is greater. The destocking would be accompanied by increased utilization of working oxen bred in the rangeland areas and eventually by mechanized cultivation. Strategies to improve the efficiency with which feed supplies are used include disease control so that animals can realize the benefits of improved nutrition, and improved feeding management techniques such as rotational grazing, fodder conservation, feeding fresh forage using the cut-and-carry method, and regulating the intake by different categories of stock. The introduction of seasonal calving and lambing would help to synchronize fluctuations in feed supply and demand. Dry-season supplementation with protein-rich feeds would help reduce seasonal losses. Improved use of crop residues and agro-industrial by-products would also be useful. Mixing cereal residues with legumes would be the preferred method of improving the efficiency of utilization of the residues, rather than chemical treatments which would be difficult to apply in Ethiopia. Some agro-industrial byproducts such as cane tops, coffee pulp, oilseed meals, and molasses are currently underutilized or wasted and the scope exists for improving their utilization. Prepared feeds could also be improved by up-grading the existing feed-milling facilities. 

Measures to improve the availability and quality of feed include establishment of grass/legume-based permanent pasture, fodder crops, forage intercropping, over sowing, under sowing, use of fodder trees and seed production. 
2.6 General description of brachiaria species 
Brachiaria, or signalgrass is a genus of plants in the grass family native to tropical and subtropical regions of Asia, Africa, Australia, southern Europe, the Americas, and various islands (Watson and Dallwitz, 2008). There are over 100 species distributed across tropical and sub-tropical region (Renvoize at al., 1996). A number of Brachiaria spp. have been recorded in East Africa are Brachiaria brizantha, B. ruziziensis, B. serrifolia, Brachiaria mutica, Brachiaria dictyoneura, Brachiaria nigropedata, Brachiaria solute, Brachiaria humidicola, Brachiaria radicans, Brachiaria serrate, Brachiaria jubata, Brachirai leucocrantha, Brachiaria platynota; Brachiaria bavonei and  Brachiaria mulato II (Solomon Mengistu, 1985) and (Argel et al., 2007).
2.6.1. Brachiaria hybrid mulato II grass 

Brachiaria cv. mulato II grass is a perennial grass that belongs to the Poaceae family. It is the result of three generations of crosses and screening conducted by the International Center for Tropical Agriculture (CIAT) in Colombia, including original crosses between Brachiaria ruziziensis R. Germ. & Evrard clone 44-6 (sexual tetraploid) x Brachiaria decumbens Stapf cv. Basilisk (apomictic tetraploid). Sexual progenies of this first cross were exposed to open pollination to generate a second generation of hybrids. From the second generation of hybrids, a sexual genotype was selected for its superior agronomic characteristics and was again crossed, to produce Mulato II. Subsequent progenies of this clone confirmed their apomictic reproduction, and results with molecular markers (microsatellites) showed that Mulato II has alleles that are present in the sexual mother B. ruziziensis, in B. decumbens cv. Basilisk, and in other Brachiaria brizantha accessions, including cv. Marandu (Argel et al., 2007).
2.6.2. Botanical description of Brachiaria hybrid mulato II grass

Brchiaria hybrid cv. mulato II (CIAT36087) is perennial grass. Its culms/stem/up to 1 m long and semi-decumbent and rooting at the lower nodes, vertical portion 90–200 (300) cm; nodes villous. Lower sheaths with papillae-based hairs, these denser distally, margins ciliate; collars pubescent; ligules is a short and membranous; panicles 4-6 racemes;spikles 5mm long and 2mm wide, blades 35–65cm in length, 2.5–4mm width (Guiot and Melendez, 2003), glabrous or sparsely pilose on both surfaces. 

2.6.3. Growth habit

Brachiaria hybrid mulato II grass is semi erected perennial apomictic growth. It is established by seed, although it could be propagated vegetatively with stem segments. This grass species is also adapted to many soil types, ranging from sands to clays; however, it does not tolerate poorly drained soils (Vendramini et al., 2010).  According to (Rao et a., 1993) mulato grass is adapted to a wide range of soil types, from Oxisols and Ultisols (low-fertility acid soils) to Alfisoils and Mollisols (high-fertility neutral soils) and performs much better on acid soils than other grasses. However, the grass is susceptible to water logging and frost but has high drought tolerance (Rao et al., 1995; Rao et al., 1996; Wenzl et al., 2002). Mulato II has an extensive root system which allows it to tolerate drought and enables it to have rapid re-growth at the onset of the wet season. Mulato II produced significantly more dry-season DM and significantly more dry-season leaf DM than ruzi, signal, Marandu and Toledo Brachiaria cultivars. It is the ability of Mulato II to maintain green leafy DM during the dry season (85% leaf ratio) that makes it outstanding, dry season forage. It grass is a warm climate grass that grows effectively at temperatures around 30-35°C ,altitude up to 1800m above sea level in humid tropics with high precipitation and in sub-humid condition with 5-6dry months and annual precipitation over 700mm and also well  (Argel et al., 2007).

Under furrow irrigated condition, this grass can be planted any time. It is essential to keep the ground moist during dry months to keep the grass green all the year round (Singh and Kumar, 2015). Brachiaria mulato II grass is best grazed on a rotational basis. It can be cultivated along with other grasses as mixture for supplying green fodder all the year round under assured irrigated condition. 

2.6.4. Benefits of brachiria hybrid mulato II grass

Brachiaria mulato II grass is a worm season forages native to Africa.  Mulato II is first introduced in tropical Australia in the early 1960s and subsequently in tropical South America in the early 1970s (Sendulsky, 1978). It is currently cultivated as forage grass in several part of the world.  According to (Kabirizi et al., 2013) Mulato is being used for cut-and-carry together with legumes like Clitoria ternatea or Centrosema molle in Uganda. According to (Mutimura and Everson, 2012) Mulato-II was preferred because of producing green forage year round without any fertilizer input, high above-ground biomass production, palatability, drought tolerance, quick re-growth, persistence, being a perennial and easy for cut-and carry in Rewanda. Khan et al. (2014b) also report that mulato II grass is used as a trap plant in the push-pull system that helps control maize stem borers and the parasitic weed, Striga hermonthica. This smart technology successfully harnesses agro-biodiversity for improving productivity of cereal crops while providing fodder for livestock. Besides their use as livestock feed, they are known to contribute significantly to carbon sequestration through its large roots system, enhance nitrogen use efficiency and reduce greenhouse gas emissions and nutrient losses from soils, soil erosion control, ecological restoration (Miles et al., 1996; McLaughlin and Kszos, 2005; Vagen et al., 2005; Subbarao et al., 2009; Arango et al., 2014; Moreta et al., 2014; Rao et al., 2014). Peters et al. (2012) and Djikeng et al. (2014) also report that Brachiaria grasses produce high biomass, enhance soil fertility, reduce greenhouse gas emission and contribute to carbon sequestration.
2.6.5.   Brachiaria is integrated crop livestock production systems

Brachiaria as a forage grass has been used in crop pasture integrated systems where the grass seed is over sown on maize crop planted earlier favoring the production of high quality forage in the off season (Maia et al., 2014). The accompanying advantages include reduced degradation of pastures, improved chemical, biological and physical properties of the soil and yield potential of grain forage and silage (Silva et al., 2010). Similarly, the species have abundant roots which contribute to the collection of water, soil aggregation and aeration (Kluthcouski et al., 2004). According to Pariz et al, (2010) and Maia et al. (2014) report that intercropping corn with Brachiaria species to produce higher production of dry matter. 

2.6.6   Nutritional Quality and Animal performance
Brachiaria habrid mulato II forages have good adaptability, tolerance and resistance to biotic factors. When fertilized with nitrogen and well managed they have high forage quality (Lascano and Euclides, 1996) and show high dry matter production making them capable of meeting nutritional requirements of animals especially in the dry season (Brighenti et al., 2008). Brachiaria species have high digestibility although this may vary among and within species. Variation is caused mainly by different levels of crude protein possibly associated with inhibition of nitrification (Lascano and Euclides, 1996). The Brachiaria grasses when grown with legumes lead to improved animal production and pasture performance Lascano and Euclides (1996). Values of IVDMD have ranged from 60% to 70% in immature forage, and from 50% to 60% in mature forage. The CP concentration fluctuating between 90 to 170 g kg-1 depending on soil fertility and management as well as  digestibility of 550 to 620 g kg-1 (CIAT, 2005;CIAT, 2006; Cook et al.,2005). According to Peters et al. (2003) among brachiaria species mulato is produce 25% more DM yield than palisade grass, signal grass and indigenous grass, increasing animal productivity from 1 to 2 kg milk cow per day.
2.7. Organic and inorganic fertilizer application 
Cow dung is an important source of nitrogen for forage production in the small holder sector. It helps farmers reduce inputs of commercial fertilizer, thereby increasing the profit margin of the farmer. Nutrients contained in organic manures are released more slowly and are stored for a longer time in the soil, thereby ensuring a long residual effect (Sharma AR and Mittra BN, 1991). Thus supporting better root development, leading to higher crop yields (Abou El-Magd MM, et al., 2005). Improvements of environmental conditions as well as public health are also important reasons for advocating increased use of organic materials. Maintenance of soil fertility is essential for optimum and sustained production. Whereas Inorganic fertilizers can be used to replenish soil nutrients and increase crop yields, but are too costly for the peasant farmers. The use of mineral fertilizers has been associated with increased soil acidity, nutrient imbalance and soil degradation (Kang BT and Juo ASR, 1980). Accordingly to Sunusi et al. (1997) use of organic manure is increase the dry matter yield of grass significantly increased.
2.8. Effects of fertilizer type and plant spacing 
2.8.1 Plant height  

Plant height is an important parameter contributing to biomass yield in forage crop and also it is an important component which helps determining the growth attained during the growing period (Tessema Zewdu et al., 2002). Competition for light between plants in narrow plant spacing resulted in significant taller plants compared to wider plant spacing. Individual plants to grow taller with longer internodes, plus slender, thin and weak stalks due to poor light exposure and hence poor photosynthetic output but it increases plant biomass yield (Muhammed Yasin et al., 2003). However, different literature indicated that the height of the plant is dependent on the application of organic and inorganic fertilizer. 
According to (Biniyam Mihret et al., 2018) the application of chemical fertilizer and manure were significantly effect on growth of plant than without fertilizer application. This implies nitrogen response for growth of plant. The increase in the plant height of grasses through fertilization depends on the availability of soil nitrogen. Nitrogen fertilizer application and growing legumes in association with grasses also increases the level of soil nitrogen. According to Prakasha et al. (2018) exhibited that different level of NPK fertilizer application were increase plant height of finger millet as increase level of fertilizer. Moreover, other researchers revealed that different rate of fertilizer application were increase of plant height of Napier fodder as well as increase fertilizer rate. Meanwhile, plant spacing was variance of plant height of sugar graze and jumbo plus sorghum hybrid. 
According to Hajarooba Gnanagobal and Jeyalingawathani Sinniah, 2018 said that  as plant spacing wider plant height higher than narrow spacing, means as plant spacing (30x60cm, 30x45cm and 30x15cm) plant height was (278cm,239cm and227cm) respectively. In contradict to this, as plant spacing from narrow to wider spacing with decrease plant height (Biniyam Mihret et al., 2018) of desho grass. Similarly, Amaglo et al. (2006) reported that, the mean plant height of moringa crop was increased with time, showing significant differences from the 6th week. The closer spacing (5 x 5cm) gave the highest increase in plant height followed by the medium spacing (10 x 5cm) then the wider spacing (15 x 5 cm). 
This study is, in line with the study conducted by (Schmitt and Wulff 1993) higher plant densities can sometimes stimulate increase in plant height. Overall, different variation could be the genetic makeup of grass. In contradict to this; plant spacing was not significant difference of plant height of desho grass (Genet Tilahun et al., 2017). Similarly, this finding agrees with the result of (Fikeru Tamiru et al., 2017) report that plant spacing was not significant difference on plant height of beetroot. Also, no significant differences between plant spacing on plant height of maize was detected among the three spacing levels, but the narrower plant spacing 10cm gave the tallest plants compared to 15cm and 20cm (Martin, 2007).

2.8.2 Number of tiller per plant

Tillers are new grass shoots, made up of successive segments ( phytomers) , which are composed of a growing point of stem, leaves, roots nodes, and latent buds; all of which can rise from crown tissue buds, rhizomes, stolons or above ground nodes (aerial tillers). Tillers are very important to understanding grass growth and re-growth (Forage Information System, 2018). The maximum tillers in Mott Napier grass were recorded in spacing of 120 cm*120 cm followed by 105 cm x 105 cm against the minimum tillers count in a spacing of 45 cm*45 cm (Muhammed Yasin et al., 2003). According to Berihun Melakie, (2005) the general trend of tiller increased as the spacing between plants and rows increased in Bana grass. Highest tiller number per plant (62.3) of Napier grass were observed from medium and lower plant density compared to higher plant density (Tessema Zewdu, 2008).Mean tiller numbers were highest for Marandu, MG4 and Basilisk Brachiaria species at week 4. At week 16, Llanero (30.5tillers/plant) recorded highest tiller numbers but Marandu (16.8 tillers/plant) was among the lowest in tiller recruitment MG4 (24.5tillers/plant), Piata (25.5tillers/plant), Xaraes (25.5tillers/plant), Mulato II (23.8tillers/plant) and Basilisk (20.5tillers/plant) also recorded high and similar tiller numbers with Llanero at week 16 (Nguku et al., 2016). 
In addition to  Karim et al. (2002) and Sengthong (2002) reported that System of Rice Intensification performed the highest number of total tillers hill in wider spacing of 40cm × 40cm.  In the contrary, Chris (2002) found the highest number of tillers hill from 20cm × 20cm from the same species. Wang et al. (2002) mentioned that, percentage of effective tillers was higher in the younger seedlings. According to Khan and Manghatt (1965) on pearl millet (Pennisetum typhoides) reported that the number of tillers increased consistently with an increase in plant spacing. Similarly, tiller number per plant increased linearly with increasing plant spacing (Sanderson and Reed, 2000). Generally, the ability of the plant to produce new tillers directly affects the population density and the grazing adaptability (Hodgson, 1990).

2.8.3. Number and length of leaves per plant

Leaf length is a key factor determining the vegetative yield of forage grasses. Leaf length in grasses plays an essential role in shaping the physical structure of the canopy and consequently on competition for light within the sword. One of the major adaptive responses to light competition in plants is an increase of plant height, i.e., leaf length during the vegetative period in grasses (Barre et al., 2009). But different finding shows that the length and number of the leaf can be affected either by plant spacing’s or fertilizer application and both. According to Berihun Melakie (2005) reported for Bana grass (Pennisetum purpureum × Pennisetum americanum hybrid), where length at relatively narrow plant spacing leaf was shorter than at medium and wider plant spacing. In contrast to, (Genet Tilahun et al., (2017) indicated that, the narrow plant spacing (10 and 30 cm) produced longer leaves than wider spacing (50 cm) also Leaf number per plant, which, in part, determines the photosynthetic capacity of the plants. According to (Begna et al., 2000) Leaves’ expansions from narrow spacing were smaller in length compared to those from wider spacing. Tessema Zewdu (2008) report that the highest total leaves per plant was obtained from medium and lower plant density compared to higher plant density per hectare. Similarly, in line with the highest number in leaves per plant was recorded in the wider plant spacing 20cm followed by 15cm and 10cm respectively (Martin, 2007).
2.8.4. Leaf to Stem Ratio

Leaf to stem ratio of grass is an important factor affecting diet selection, quality, and forage intake (Forbes and Coleman, 1993). According to (Smart et al., 2004) LSR is labor intensive process of hand separating of leaf from stem fraction. According to (Ball et al., 2001) leaves are higher in quality than stem, as plant matured forage quality decrease. Leaf to stem ratio was higher during the short-day and dry-month periods and lower during heavy rainfall periods (Velez-Santiago and Arroyo-Aguilu, 1980). 
LSR increase with increased as the spacing between plants and row increase in bana grass (Berihun Melakie, 2005). Napier grass planted at 50 cm*50 cm spacing produced 1.49 LSR (Taye Biyable, 2004) compared to plant spacing of 100 cm*50 cm with 1.91 LSR (Tessema Zewdu, 2000; Tessema Zewdu et al., 2003). This is the fact that Leaves expositions from narrow spacing were smaller in length compared to those from wider spacing (Begna et al., 2000).  In contradict to this (Venlayudham et al., 2011) report that leaf stem ratio was not influenced significantly due to different spacing while application of varied levels of fertilizers influenced this trait.

2.8.5. Root number, root length and circumference

Roots provide essential functions including the uptake of water and nutrients for plant growth, serve a role as storage organs, anchor the plants to the soil and are the site of interactions with pathogenic and beneficial organisms in the rhizosphere (Paez-Garcia et al., 2015). Plant roots also keep the soil in place, reduce water leaching and soil erosion and are key for soil phytoremediation. Deeper roots provide plants with better access to stored water and nutrients such as N, a soluble nutrient that tends to leach into the deeper layers of the soil (Wasson et al., 2012).
Root mass has been shown to be heritable in perennial ryegrass at levels that will allow breeding for larger root systems (Crush et al., 2006), and progress is now being made towards changing the shape of root systems towards deeper rooting patterns (Crush et al., 2010). Lengths of root per unit root dry weight (excluding the contribution of the taproots of the clovers) of each of the clovers were significantly lower than all of the grasses except L. Perenne (Evans, 1977). Matthew et al. (1991) examined that, the root mass and length distribution between 0-600 mm depth under two grazing management treatments, lax and hard (corresponding to 1800 and 800 kg DM ha-1 grazing residuals respectively).
According to (Sultana, 2012; MdAshraful Islam et al., 2017 and Biniyam Mihret, et al, 2018) report that as plant spacing increase ,means from narrow spacing to wider plant spacing with higher  number of root per plant. Similar result was report by (Abbasdokht et al., 2003; Moniruzzaman, 2011) plants grown in wider spacing produced the highest root length due to the low density of plants per unit area. Other research agree Barros et al. (2002) with as the root number per cassava plant is greater in plants with wider plant spacing, but yield per area is higher with narrower spaced plants. However, plant spacing was not significant difference of root length of beeroot Fikru Tamiru (2017); Riyana et al. (2018) Elephantopus scaber. Meanwhile, the applications of organic and inorganic fertilizer were significant difference of root number per plant (Biniyam Mihret et al., 2018). On the contrary, results of (Chan and Tan, 1994) who report that fertilizer application were not significant of root number of plant. The earlier   author revealed that application of organic and inorganic fertilizer was significant difference of root length of desho grass. In contradict to this manure application was not significant variation of root length of Elephantopus scaber (Riyana et al., 2018). 

2.8.6. Leaf area index 

The leaf area index (LAI) is the existing ratio of leaf area occupied by a population of any plant species, with the ground area, the productivity of a particular crop (Müller et al., 2005). Leaf area index is a better understanding of the relationship between environmental conditions and the dry matter accumulation in forages.  Generally as LAI increase with increase biomass yields whereas decrease with reduction in the growth rate (Molan, 2004). According to Carnevalli et al. (2006) the LAI is an important parameter to be measured to conduct a proper management in cultivated pastures as well as productivity of pasture (Vitor et al., 2009). (Dercas and Liakatas, 2007; Garofalo et al., 2011) sufficient nutrient is deficit leading to a lower leaf and stem development, having high influence of LAI of pasture. 
According to Tajul et al. (2013) revealed that lower plant density and higher fertilizer application was increase leaf area index of maize. The increased LAI might be due to the increased availability of N under the higher levels of N-fertilizer with lower population, which resulted in larger leaves. Other author, (Okpara and Omaliko 1999; Tajul et al., 2013) report that wider plant spacing was higher LAI than narrow spacing. However, this result is contradict to (Streck et al., 2014) report that treatments with smaller spacing had higher LAI throughout the development cycle, and the maximum LAI (7.6) was observed at the 0.8m spacing, followed by 1.0 m, 1.2 m and 1.5 m spacing, with LAI of 5.3; 4.6 and 3.3, respectively. Similarly, other author report that plant spacing and nitrogen level were significantly difference of leaf area index of coleus in Jabalpur. He observed that plant spacing 60x20cm with LAI was 5.05 where as 60x60cm LAI was 0.73 observed.  
2.9. Effect of fertilizer type and plant spacing on yield and nutritional quality of forage.

2.9.1. Dry matter content, Dry matter yield and Ash

The dry matter (DM) content of forages is the proportion of total components such as fibers, proteins, ash, water soluble carbohydrates and lipids etc. remaining after the water has been removed. Dry matter yield is the percentage of the forage that is not water. Dry matter content is important because all animal requirements are made on a dry matter basis. Dry matter is also very important as the moisture content will give clues as to how forage will preserve when stored by baling or ensiling (Schroeder, 2004).. The lower the dry matter content, the higher the fresh weight of forage needed to achieve a target nutrient intake, whether this is grazed grass or conserved forage. Dry matter is used to measure yield. 
The application of fertilizers on natural pasture has been clearly shown to improve the herbage yields (Adane Kitabe, 2003). Similarly, Yossif and Ibrahim (2013) reported application of fertilizer increased the forage yield of natural pasture. Chemical fertilization reduced the legume content and increased grass proportion and total yield (Hanife, 2010). The dry matter yield of fertilized plots of natural pasture has been shown to be 9.47 ton/ha as compared to unfertilized plots 5.67ton/ha at 90 days of harvest (Adane Kitabe, 2003). This was due to nitrogen fertilizer fasten the growth of grass to be competitive over legume. Other author noted that, NPS fertilizer and manure application were increased the dry matter content and dry matter yield of desho grass. However, the grass species (panicum maximum and cenchurus celiaries) and fertilizer levels as well as the interaction were not significant different of dry matter yield (Sodeinde et al., 2006). 
According to (Genet Tilahun et al., 2017 and Biniyam Mihret et al., 2018) noted that ,the narrow  plant spacing was higher dry matter yield than wider plant spacing (10cm,20cm and 30cm) of desho grass respectively. In addition to this, the highest total dry matter yield of 70.84 t ha-1 in Napier grass was obtained from a 50 x 40 planting configuration and this was significantly higher than that from other planting configurations. The 50 x 100 space, total dry matter yield was significantly lower than other spaces of planting and the yield was 55.8 t ha-1(Sumran et al., 2009). Spacing, intercropping and their interaction had no significant effect on dry matter (DM) and (DMY) yield of Napier grass (Usman Semman et al., 2014). In contrast to (Punpipat et al., 1995; Sumran et al., 2009) indicated that, the higher spacing of 75x75 cm gave the higher dry matter yield of 4,209 kg/ha than at spacing 50x75, 50x50 and 50x25 cm, which were 3,383, 3,043 and 3,065 kg/ha, respectively.
Ash is the inorganic residue remaining after the water and organic matter have been removed by heating in the presence of oxidizing agents, which provides a measure of the total amount of minerals within forage. Generally most of forages have ash content ranges 3%-12% (Linn and Martin, 1999). According to (Sodeinde et al., 2006) exhibited fertilizer level and grass varieties as well as its interaction were not significant difference of ash. However, in contrary report (Biniyam Mihret et al., 2018) fertilizer application was increase with increase the ash concentration of desho grass. According to (Fekadu Nemera et al., 2017) report applications of organic and inorganic fertilizer were increase the ash content of natural pasture. Although Ahmad et al. (2011) reported ash content increased application of inorganic, organic and mixed both type of fertilizer than without fertilizer forage of oat (Avena Sativa L.) respectively. Moreover, plant spacing was affecting the ash concentration of desho grass (Genet Tilahun et al., 2017 and Biniyam Mihret et al., 2018).
2.9.2. Organic matter 

Organic matter is matter that has come from living organism. Organic matter includes any plant or animal material that returns to the soil and goes through the decomposition process. In addition to providing nutrients and habitat to organisms living in the soil, organic matter also binds soil particles into aggregates and improves the water holding capacity of soil. Soil aggregation is improved by increased organic matter content and hence has a role in maintaining soil structure, drainage and aeration; all of which are necessary for good crop yield (FAO, 2014). According to (Biniyam Mihret et al., 2018) NPS fertilizer and manure (cow dung) were significantly increased of organic matter of soil. Similarly, plant spacing was significant difference of organic matter. In contrast to (Genet Tilahun et al., 2017) reported that plant spacing was not significant difference of organic matter of desho grass.
2.9.3. Crude protein 

Protein is commonly measured as crude protein (CP), which is 6.25 times the nitrogen content of forage. Crude protein is used because rumen microbes can convert non-protein nitrogen to microbial protein, which can then be used by the animal. Crude Protein was highest in the early stage compared with the intermediate stage and late stage. This could be attributed mainly to dilution of the CP contents of the forage crops by the rapid accumulation of cell wall carbohydrates at the later stages of growth (Van Soest, 1994). According to (Min et al., 2002; Fekadu Nemera et al., 2017), application of cattle manure, wood ash and lime had a higher crude protein (CP) contents of natural pasture compared with chemical fertilizer application. Similarly, the IVDMD value of natural pasture was higher with the application of cattle manure. This could be attributed due to the presence of high herbaceous legume botanical composition of the natural pasture reported under the cattle manure than chemical fertilizer applied plots. 
According to Ahmad et al. (2011), CP was affected significantly by different source of fertilizers so statistically the maximum crude protein (10.76 %) inorganic fertilizer application on forage oat. On the other hand, (Biniyam Mihret et al., 2018) also report that application of NPS fertilizer and manure were significantly difference of crude protein of desho grass. The same author, plant spacing was significantly difference of CP concentration of desho grass. The wider the plant spacing was higher CP content than narrow spacing. This indicated to higher absorption of nitrogen available in the soil with low competition as compared to higher plant density under narrow spacing. Similarly, the positive trend in CP content on wider spacing could also be attributed to a higher number of tillers promoting higher proportion of leaf material which contains higher CP compared to the other morphological fractions of plants. In the contrary, report that (Surmaran Wijitphan, et al., 2009) indicated that pant spacing did not significant (p>0.05) effect of CP content of napier grass.  Similarly, (Genet Tilahun et al., 2017) report that plant spacing was not significant difference of crude protein concentration of desho grass.
2.9.4. Crude Protein Yield

The effect of fertilizer application indicated an increasing trend in CPY with biomass yield. According to (Abedi Hassen, 2015), application of nitrogen fertilizer improved both quantity and quality of forages. Ashagire Abate (2008) also reported that quantity and quality of natural pasture was improved with application of fertilizer coupled with stage of harvesting. Therefore, Crude protein yields (CPY) increased with increase fertilizer application. Other author revealed that application of NPS fertilizer; manure and plant spacing were increase CPY of desho grass. By contrast, plant spacing had no significant effect on CPY with an overall mean of 1.57 t/ha (Genet Tilahun et al., 2017). Spacing, intercropping and their interaction had no significant effect on crude protein (CP) yield (CPY) of the Napier grass (Usman Semman et al., 2014). Spacing 75x75 cm also gave higher protein yield (300 kg/ha) than 50x75, 50x50 and 50x25 cm spacing which gave a CP yield of 240, 220 and 227 kg/ha respectively (Punpipat et al., 1995).

2.9.5. Neutral detergent fiber 

Neutral Detergent Fiber is good indicators of fiber contents in forages, they do not measure how digestible that fiber is, but NDF is a good indicator of "bulk" and thus feed intake. The insoluble portion of the forage (neutral detergent fiber) contains the cellulose, hemicelluloses, lignin and silica. It is commonly referred to as the cell wall fraction. According to (Buxton, 1996), intake potential of feeds is negatively related with NDF contents. The NDF content of some of the varieties grown as intercropping were similar to the critical level of 55-60%, which was reported to decrease voluntary feed intake and feed conversion efficiency due to longer rumination time (Shirley, 1986). (Buxton,1996) reported the extreme cell wall concentration (NDF) of diets that will not hinder intake and animal production can be as high as70 to 75% NDF for mature beef cows, and as low as 15 to 20% NDF for finishing ruminants. Similarly, (Adugna Tollera and Said, 1994) reported that total cell wall concentration (NDF) exceeding 60% was reported to be associated with lower voluntary feed intake, longer rumination period and decreased efficiency of conversion of ME to net energy. According to (Singh and Oosting, 1992), roughage diets are categorized into average quality feed, if NDF content is between 45%-65%, and feed, which had below 45% NDF contents were generally classified as high quality roughage feed. 
The NDF concentration of grass is decrease with increase fertilizer application. This may be elucidate that the urea fertilizer improves the plant growth and raise new leaves and shoots, which minimizes the NDF content as the urea fertilizer level increased (Van Nieker et al.,1993; González et al.,1998; Rethman et al., 2002) in Panicum maximum and Cenchrus ciliaris grass. Other author revealed that application of NPS and manure affect NDF concentration of dehso grass. Moreover, NDF concentrations decrease with increase plant spacing of desho grass (Genet Tilahun et al., 2017; Biniyam Mihret et al., 2018). Neutral detergent fiber (NDF) was significantly affected (p<0.01) by plant spacing (Sumran et al., 2009). In contrary to Sumran et al. (2009), plant Spacing has no significant effect on the NDF (Usman Semman et al., 2014).
2.9.6. Acid detergent fiber 

Acid detergent fiber is the portion of the forage that remains after treatment with a detergent under acid conditions. ADF is sometimes misinterpreted as indicating the acid content of fermented forages. The term acid detergent fiber has nothing to do with the acid content of forage. The name is derived from the procedure used to determine the cellulose and lignin content (Schroeder, 2004). It includes the cellulose, lignin and silica. Acid detergent fiber is a good indicator of digestibility and thus energy intake (Van Soest, 1994). Acid detergent fiber is important because it has been shown to be negatively correlated with how digestible forage may be when fed. As the ADF increases, the forage becomes less digestible (Schroeder, 2004). The ADF content is not different (P>0.05) between the two species of grass, but urea fertilizer decreased (P<0.001) ADF content with no difference between 50 and 100 kg urea fertilizer per ha. The highest ADF content was observed in the non-fertilized treatments, and it tends that as the urea fertilizer level increased the ADF content decreased. 
The result of the present study is in line with  by (Magani et al., 2010) who stated that the acid detergent fiber content of Panicum maximum was significantly influenced by nitrogen fertilization and increased nitrogen fertilization significantly decreased ADF content. ADF content of grass is decrease as level of fertilizer increase (Magani et al., 2010; Abedi Hasen et al., 2015) by panicum maximum forage. Acid detergent fiber concentration is significantly influenced by nitrogen fertilization and increased nitrogen fertilization significantly decreased ADF content, Acid Detergent Lignin. But plant spacing was not affected (Genet Tilahun et al., 2017). Similarly, other author said that Plant Spacing has no significant effect on the ADF (Usman Semman et al., 2014).
2.9.7. Acid detergent lignin 

Lignin is a component, which attributes strength and resistance to plant tissue, thereby limiting the ability of the rumen microorganisms to digest the cell wall polysaccharides, cellulose and hemicelluloses, resists microbial enzyme attack and hence reduces digestibility (Reed et al., 1988). As concentrations of lignin increase, digestibility, intake and animal performance usually decreases (Chaves et al., 2002). Lignin limits cell wall (fiber) digestion by providing a physical barrier to microbial attack and the concentration of both fiber and lignin increases as plants mature (Van Soest, 1994).Ruminants can digest the cellulose and hemicelluloses components of fiber but the lignin inhibits the rate and extent of digestion especially when the proportion of lignin in fiber begins to increase. Lignin precursors also have anti-microbial properties (Chaves et al., 2002). However, it benefits plants by providing mechanical support, water impermeability and protection from insects. Lignin is more prevalent in grass stem than leaf and absent from legume leaves. 
According to Aganga et al. (2005) the increased ADL with progressive stages of maturity was observed.  The polysaccharides of the cell wall become more digestible once the lignin has been removed (Jones and Wilson, 1987). Therefore, the brachiaria grass consistently has lower lignin content than the critical level of 10% which was indicated to limit DM intake (Reed et al., 1986). The ADL fraction forms complexes with cellulose and hemicelluloses fractions through physical encrustation (Kellemsand Church, 1998).This limits digestion of the cellulose and hemicellulose fractions to microbial enzymes (McDonald et al., 1995).
3. MATERIAL AND METHOD

3.1. Description of the study area

The experiment was conducted at the Pawe District at a specific area called mender 30 village of farmer training center   (36°03E’- 11°09’ N) of northwest Ethiopia located at 562 km from Addis Ababa. The mean annual rain fall is 1540mm with the main rainy season (June-September) of 2009-2010.The mean altitude is 1120 meter above sea level and the mean temperature is 32.7°c and soil sample analysis of the experimental plot is pH 5.878, P 20.997ppm, organic carbon 3.609%, Organic  matter  3.733% and total  nitrogen is 0.191% and soil classification is clay 30%,silt 29.6% and sandy 40.4 % and soil  texture  is clay loam soil (PARC agricultural and nutrition research laboratory result , 2018). The major farming system of the area is a mixed crop-livestock production system (Pawe Agricultural Development Office, 2016).
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Figure 1.  Map of the study area

3.2. Experimental layout, Design and Treatments

The experimental design used in the current study was a factorial arrangement of treatments in randomized complete block design (RCBD) consisting of 2 factors (fertilizer type and plant spacing) with 3 replications. There were three blocks, each containing nine plots resulting in twenty-seven plots in total with each plot measuring 2 m x 2 m. The experiment had a total of 9 treatments with a factorial combination of three levels of intra-row spacing/ plant spacing between plant (15cm, 30cm and 45cm) and was compared at 3 fertilizer application (organic, inorganic and without fertilizer). In all treatments inter-row spacing was 50 cm. The spacing between block and plots was 2 meter and 1 meter respectively. The total experimental area is 10× 26 m (260m2) with individual plot size of 4m2and net plot area (harvestable area) was 2m² (1m*2m) used by excluding one outer row on both sides of each plot and 0.075m for 0.15m, 0.15m for 0.30m and 0.22m for 0.45m row length and 0.25m for 0.5m row width were subtracted during planting on both ends of the rows to avoid possible border effects.
The Brachiaria hybrid mulato II grass was collected from Pawe Agricultural Research Center experimental site. Before planting, the experimental land was first cleared of weeds and then back-hoe, three times before subdividing it into blocks and plots. Before digging out the Brachiaria hybrid mulato II grass from the established area, the biomass was trimmed almost equally to facilitate re-growth after transplanting. The Brachiaria hybrid mulato II grass was planted in December 2018 by root split propagation mechanism for 3 monthes planting period. 
According to the recommendation of (Danano D, 2007) for desho grass.  Farmyard manure (cow manure) was applied at the rate of 5.5 ton ha-1and chemical fertilizer (NPS) was applied at the rate of 100 kg ha-1during planting. Weeds were controlled by hand weeding to avoid interference by interspecific competition.

3.3. Data Collection


The morphological data and yield parameters were collected after 3 months experimental period. In each plot five plants were randomly selected to record number of tiller per plant (NTPP), total number of leaves per plant (TLPP), leaf length per plant (LLPP), number of root per plant (NRPP),  root length  per plan(RLPP), leaf to stem ratio (LSR),  root circumference(RC) and leaf area index(LAI). Mean plant height from each treatment was determined by measuring the height of five randomly selected plants from ground level to the tip of the apical meristem. Sample tillers from each randomly-taken plant were used to determine the number of leaves per tiller (NLPT) (Tessema Zewdu et al., 2002).
3.3.1. Morphological parameters

3.3.1.1. Measurement of Plant Height
The heights of five randomly selected plants were measured from the base of the plant to the tip of the tallest leaf. The height of each plant was recorded in cm, and the mean values of five plants for each plot were determined (Tesema Zewdu et al., 2002). 

3.3.1.2. Number of tillers per plant 
The number tillers per plants were counted from the randomly selected sample of five plant of each plot from two rows to calculate the total mean tiller per plant.

3.3.1.3. Number of leaves per plant 
The number of leaves per tiller was counted from the sample of five tillers at the middle of two rows. Mean was calculated and then the total number of leaves per plant was estimated from the tiller number per plant and leaf number per tiller Tessema Zewdu et al., 2002).
.
3.3.1.4. Leaf length per plant 
Leaf length per plant was measured from the base of the collar region of the leaf to the tip of the leaf. It was measured from five randomly selected sample plants from the two rows at each plant spacing (Biniyam Mihret et al., 2018). 
3.3.1.5. Number and length of root per plant

The number and length of root were counted and measured after the shoot parameters were accomplished. At the end of harvesting, five sets of root samples were collected from all plots.  The five sets of samples from each plot were clean up from any residual soil and other debris. The numbers of roots per plant were counted and mean was calculated. Length of root was measured from the crown part to the tip of the root and their mean was calculated (Biniyam Mihret et al., 2018).
3.3.1.6. Root circumference

The length of the root was measured after the shoot parameter accomplished. Then at the end of harvesting five root samples were collected from all plot and measured it. After measuring each root was calculated mean of circumference. 

3.3.1.7 Leaf to steam ratio

The leaf to stem ratio of Brachiria hybrid cv. mulato II accession at each plot is measured by the fraction of weight of leaf of plants sampled to the weight of stem of plants sampled (Tessema Zewdu et al., 2002).
3.3.1.8. Leaf area index

The leaf area index (LAI) parameters are measured by the fraction of harvesting the vegetative part of leaf to the leaf area within a certain ground surface area (
3.3.1.9. Dry matter yield 

Dry matter yield was determined by harvesting in the central portion of the plot using 2m2 quadrant and the plants cut at the height of 5cm from the ground level. The samples were weighed fresh using a spring balance; then sub-samples of about 500g fresh plants were taken from the sample and weighed fresh after which they were air dried to give dry weights. Leaf and stem dry weight divided by leaf and stem fresh weight and multiplied by 100 to determine partial DM % for each sample. On the basis of these partial DM % and fresh biomass yield from the sample area of each plot were used to calculate total dry matter yields for each plot, thereafter, converted to metric tons (Biniyam Mihret et al., 2018)
3.4. Chemical Analysis
After drying, samples were ground to pass a 1-mm Wiley mill screen and stored in airtight containers for different chemical analyses. Samples of each were subjected to chemical analysis for determination of organic matter following the methods of (AOAC, 2004). Forage quality measurements such as determination of crude protein (N*6.25) (Kjeldhal procedure), Acid Detergent Fiber (ADF), Neutral Detergent Fiber (NDF) and Acid Detergent Lignin (ADL) were analyzed using (Van Soest et al., 1991). Ash was determined by igniting at 550 °C overnight for 6 hours, total DM by drying at 105 °C for 24 hour. Dry matter yield (DMY) was multiplied with CP content of the feed samples to determine Crude Protein Yield (CPY). 
3.5. Statistical Analysis

Data on agronomic parameters and quality of forage samples were  subjected to ANOVA based on the General Linear Model (GLM ) designed for a factorial design according to Gomez and Gomez (1984).To compare significant differences in response variables, ANOVA analysis was  done using SAS package (SAS, 2007). Duncan’s Multiple Range Test was carried out for subsequent comparison of means as described by Steel and Torrie (1980). Means were compared using significance level of 5% (p<0.05).

The statistical model for analysis of the data was:-

 Yijk = μ + Fi + Sj + eijk   where 

Yijk = all dependent variables (morphological data and chemical composition) collected

 μ = over all mean 

Fi = the effect of ith fertilizer types (control, chemical and manure)
Sj= the effect of jth spacing between plants (15, 30 and 45 cm)

Eijk = random error 

For correlation analyses of parameters such as morphological characteristics, chemical composition and yield, simple Pearson correlation was employed.
4. RESULTS AND DISSCUSION 

4.1 Effect of fertilizer type and plant spacing on morphological characteristics and dry matter yield of brachiaria hybrid mulato II grass
The effect of fertilizer type and plant spacing on morphological characteristics of brachiaria cv. mulato II grass is presented in (Table 3). Overall, there were no significant interaction (P>0.05) between the effects of the main factors (plant spacing and fertilizer types). So independent effects only are presented. 

4.1.1 Plant height 

The effect of NPS fertilizer and manure were significantly (P<0.05) affected plant height of brachairaia hybrid cv. mulato II grass (table 3 and appendix table 7.1)   while spacing had no significant effect on this parameter.  The highest mean plant height was observed for comercial NPS fertilizer followed by manure and control (79.31cm, 77.89cm and 64.56cm) respectively. The mean plant height (PH) of brachiaria (hybrid mulato II) grass in the current study was lower than earlier reports (Guiot, 2005a) for the same species. Similarly, plant height was lower than the recent reports of (Mimila Zemene, unpublished data). The reason might be associated with differences in the environmental conditions (soil type and fertility, temperature and altitude) and management practices applied on the plant. Similarly, the plant height obtained in the present finding was higher (73.92cm) than the results of Rambau et al. (2016) who reported that, plant height for Napier grass was 58.5cm after 12 weeks. In addition to the current result was higher than (Damry et al., 2009) report that different rate of urea application was plant height of 62.67cm brachiaria hybrid mulato II grass in Indonesia. The differences in plant height could be attributed to soil fertility, management and climatic conditions. 
Additionally, Mustaring et al. (2014) indicated that, Brachiaria mutica had the highest plant height (207.47cm) than B. brizantha and Brachiaria mulato at 8 week of harvesting. Similarly, the present finding is less than the finding of Mustaring et al. (2014) at the same grass. The reason for this variation may be due to different management system and agro ecology.  The current results agree with the result of (Genet Tilahun et al., 2017) who reported plant height was not significant due to variation between spacing of plants. Moreover, this finding agrees with the result of Fikeru Tamiru et al. (2017) report that plant spacing was not significant difference on plant height of beetroot. In line with (Velayudham et al., 2011) noted that different spacing did not significantly influence the height of bajra napier hybrid grass in Coimbatore.  Whereas application of higher dose of NPK 200: 70: 60 kg/ha had a marked effect on the growth and the plants grew taller. An adequate supply of nitrogen is essential for vigorous vegetative growth. The expected increment of plant height is application of fertilizer which improves soil nutrients results increase plant growth.  The growth-promoting effect of N increases cytokinin production, which subsequently affects cell wall elasticity, number of meristematic cells, and cell growth (Lawlor DW, 2002). 
In addition the current result disagree (Damry et al., 2009) revealed that different level of urea fertilizer application was not significant effect of plant height of brachiaria mulato II grass. The present result contradicts to (Biniyam Mihret et al., 2018) report plant spacing was significant difference of plant height of desho grass. Similarly, agree with (Qodliyati et al., 2018) revealed that plant spacing has significant difference on plant height of arrowroot (Marantha arundinacea) in Indonesia. This is in agreement with other reports for other grass species (Olanite et al., 2010) who report that plant spacing and fertilizer level were significant difference in plant height of Columbus grass(sorghum almum stapf) in southwest Nigeria. 
4.1.2 Number of tillers per plant 
The effect of NPS fertilizer and manure application were highly significant (P<0.01) affected number of tiller per plant (NTPP). The highest mean NTPP was observed from NPS fertilizer followed by manure and control (31.1, 27.67 and 21.5) respectively. In line with plant spacing there was highly significant difference (P<0.001) of NTPP of brachiaria hybrid mulato II grass. There was significant difference (p<0.01) in number of tillers per plant as the application fertilizer in the experimental plot. This study is in line with the study conducted by (Kizima et al., 2014) who reported that application of optimal level of nitrogen fertilization significantly affects the appearance of new tillers and increases the dynamics of tiller population of Cenchrus ciliaris. Moreover, the present result are also supported by the findings of (Mushtaque et al., 2010) who reported that Nitrogen triggers the activation of dormant buds and enhances the vegetation sward filling through the highest rate of tiller replacement, which supports a higher proportion of very active healthier young tillers for each plant. Means mulato II grass appears to efficiently absorb the increased nitrogen provided in the soil and use it to form new plants as indicated by increased tillage number associated with urea fertilizer and at the same time increased synthesis rate of nitrogenous substances of the plant tissues, either as protein or non protein nitrogen. 
In addition to, Chellamuthu et al. (2000) the combined application of bio fertilizers together with N and P fertilizers increased number of tillers per plant in bajra napier hybrid grass. This finding also support by (Charouvanh Bouathong et al., 2011) who reported that application nitrogen fertilizer affect tiller number of the grass. This suggests stronger effect of genetic makeup and tiller capacity. Damry et al. (2009) elucidated that diffrenet levels of urea fertilizer application was significant effect of tiller number of brachiaria hybrid mulato II grass. The effect of manure had shown intermediate value of NPS and control treatment. The NTPP obtained in the present finding was lower (26.76) than the results of Mustaring et al. (2014) who reported that, Brachiaria mulato was 117 tiller number of brachiaria mulato II grass after 8 weeks.   The reason for this variation may be due to different management system, soil type and agro ecology.  According to (Olanite et al., 2010) reports that as plant spacing and fertilizer rate increase with increase number of tiller per plant of Columbus grass (sorghum almum stapf).
In addition , the current finding support to the result of (Worku Bedeke et al., 2017 and Biniyam Mihret et al., 2018) as plant spacing increase the number of tiller increase. In line with, (Berihun Melakie, 2005) showed that the general trend of tiller increased as the spacing between plants and rows increased in Bana grass. The reason might be the fact that at wider spacing light can easily penetrate to the base of the plant this may have stimulated tiller development. In so far as, under wider spacing competition of environmental resource reduced especially light, space, moisture and nutrient (Tessema Zewdu, 2008).  So individual plants can support more tillers.  As narrow spacing, lower tiller count than wider spacing due to heigh coumpition for resources. The increase compition causes reduced growth and tillering capacity. So that overcrowding results in neighboring plants producing weak tillers (Boonman 1993). Therefore, the competitor plants are forced to grow upright to dominate other tillers produced on the same plant rather than expanding laterally by bearing more tillers.
4.1.3 Leaf length per plant 
 Fertilizer application had significant effect (P<0.05) on LLPP of brachiaria grass while plant spacing was not significant. The highest mean of LLPP was observed chemical fertilizer than manure and control plot (34.2cm, 32.1cm and 28.8cm) respectively.  The effect of NPS fertilizer application was significantly different of leaf length than the control. The current result support by (Biniyam Mihret et al., 2018) who revealed that chemical fertilizer and manure were significantly difference on LLPP of desho grass. Other researcher revealed that the application of manure (cow dung and chicken) were significant affected of leaf length Elephantopus scaber (Riyana et al., 2018). Manure is easily decomposed so that root can absorb more nutrient ions to be used in photosynthesis (Desyanto et al., 2014). 
The length of leaf was greater than earlier report (Biniyam Mihret et al., 2018) of desho grass. This could be associated with environmental condition, genetic makeup and post handling system. However, plant spacing was not significant in the study area. On the contrary, report by (Genet Tilahun et al., 2017; Biniyam Mihret et al., 2018) plant spacing was significant difference of LLPP of desho grass. This is agreement with other report that other plant species (Qodliyati et al., 2018) who report that plant spacing has significant difference length of tuber arrowroot plants. This might be due to environmental condition, agro ecology, genetic makeup and soil nutrient.

4.1.4 Number of leaf per plant 

The effect of fertilizer type (comercial NPS and manure) were highly significant (P<0.01) effect NLPP of brachiaria hybrid mulato II grass (table3). The highest mean of NLPP was observed by NPS fertilizer followed by manure and without fertilizer treatment. Similarly, as plant spacing increase there was an increase in the NLPP of brachiaria hybrid cultivar mulato II grass.
The number of leaf per plant (NLPP) of brachiaria hybrid mulato II grass was significant due to the effect of plant spacing (P<0.01).  The current result reinforced (Biniyam Mihret et al., 2018) revealed that NPS fertilizer and manure were significant affect NLPP of desho grass. This means application of fertilizer augment of NLPP than without fertilizer application of the experiment. This result disagree with (Riyana et al., 2018) showed that manure has no significant effect on the tapak liman (Elephantopus Scaber L) leaves number. The current finding observed that with the increase plant spacing, the greater the numbers of leaves which are an important for the photosynthetic and transpiration surface were produced from the newly emerging tillers. In addition to this more leaves per plant were produced at the wider plant spacing. This might be attributed to less competition between plants which resulted in taller plants and better growth of leaf which supports more leaves.
 According to (Qodliyati et al., 2018) report that plant spacing was significant difference of number of leaves per plant of arrowroot. Plants with a wide spacing will receive more light than plants with a narrow spacing. Plants that receive more light tend to have more leaves than the less one. This is because the more light received; the photosynthesis will goes well (Polnay.F et al., 2012). This result disagree with (Riyana et al., 2018) report that plant spacing did not give significant difference of NLPP of tapak liman (Elephantopus Scaber L) in Indonesia. Similarly, in line with results of (Berihun Melakie, 2005; Fikeru Tamiru et al., 2017; Biniyam Mihret et al., 2018) report that plant spacing was not significant difference NLPP of forage grass. The variation in the NLPP may come from the difference in their nature and nutrient in the soil over the extended growing period of the grass in the study area. On the other hand, the addition of the same rates of nitrogen in this experiment contributed to an increase in the average number of leaves per plant. This was probably due to the fact that, nitrogen increased plant growth and plant height this resulted in more nodes and internodes consequently more leaves.
4.1.5 Leaf to stem ratio

Leaf to steam ratio (LSR) was significantly (P<0.05) affected by fertilizer type and plant spacing. The highest leaf to stem ratio was observed at manure than NPS fertilizer application and control. The highest leaf to stem ratio was observed at wider spacing followed by intermediate and narrow plant spacing (1.39, 1.1 and 0.97) respectively. While the interaction was not significant (P<0.05).
The effect of plant spacing was significant difference of LSR of brachiaria hybrid mulato II grass in the study area. In the contrary (Velayoudam et al., 2011) report that  leaf to stem ratio was not influenced significantly due to different spacing while application of varied levels of fertilizers were influenced this trait. The current results agree with the result of Berihun Melakie (2005) who reports that LSR increase with increased as the spacing between plants and row increase in bana grass. Similarly in line with (Ishiaku Y.M et al., 2016) report that as plant spacing increase with increase LSR of Columbus grass. Napier grass planted at 50 cm*50 cm spacing produced 1.49 LSR (Taye Bayabele, 2004) compared to plant spacing of 100 cm*50 cm with 1.91 LSR (Tessema Zewdu, 2000; Tessema Zewdu et al., 2003). This is the fact that Leaves expositions from narrow spacing were smaller in length compared to those from wider spacing (Begna et al., 2000). Means competition of resource is reduced meaning individual plant bearing more leaves.  Leaves are higher in quality than stems and the proportion of leaves in forage declines as the plant matures (Ball et al., 2001).Generally, leaf stems ratio increase with increase plant spacing. Moreover, chemical fertilizer and manure application were significant difference of LSR of brachiaria hybrid grass. 
4.1.6 Root number per plant 

NPS commercial Fertilizer and manure were significant (P<0.05) affect NRPP of brachiaria hybrid mulato II grass. Similarly plant spacing was highly significant (P<0.01) difference of NRPP of brachiaria hybrid mulato II grass. As plant spacing increased there was an increase in NRPP of brachiaria hybrid grass. Means  45x50cm of plant space was observed 152.39 followed by 30x50cm of 139.24 and 15x50cm was 103.76 of number of root per plant of brchiaria grass was shown (Table 3). 

The highest mean NRPP was observed for wider plant spacing while the lowest number was recorded at narrow plant spacing. The current finding is similar to the results of (Sultana, 2012; Ashraful Islam et al., 2017 and Biniyam Mihret, et al., 2018) plant spacing of wider plant spacing was high number of root per plant of forage grass. The result is argued to Barros et al. (2002) evince that, the root number per cassava plant is greater in plants with wider plant spacing, but yield per area is higher with narrower spaced plants. Generally, as plant spacing increase with linearly increase root number of the plant.  
Chemical fertilizer and manure were significant difference NRPP of brachiaria hybrid mulato II grass. Similarly, the current result agrees with the results of (Biniyam Mihret et al., 2018) who reveal that NPS and manure application were significantly difference of NRPP of desho grass. On the contrary, results of (Chan and Tan, 1994) who report that fertilizer application was not significant difference root number per plant. This might be due to fact that environmental condition, soil type and management system of the plant.
4.1.7 Root length per plant 

The effect of chemical fertilizer (NPS) and manure were highly  significantly (P<0.01) affected of root length per plant of brachiaria hybrid mulato II grass (table3). The highest mean of RLPP was observed by NPS fertilizer application followed by manure and without fertilizer (36.24cm, 35.61cm and 31.57cm) respectively. This is the current result agree with (Biniyam Mihret et al., 2018) who report that application of manure and chemical fertilizer were significant difference of desho grass. Moreover, the current result is similar to (John, 2006) using organic and inorganic fertilizer increase dipper root and branched root patterns. This is disagreeing with (Riyana et al., 2018) report application of manure (cow dung and chicken) was not significant difference root length of takap liman (Elephantopus ScaberL). 
The current result of plant spacing was not significant difference of root length of brachiaria hybrid mulato II grass. Similarly, in line with (Riyana et al., 2018) report that plant spacing did not give significant difference of root length of takap liman plant. However, the current result contradict to (Biniyam Mihret et al, 2018) who report that plant spacing was significant difference of RLPP of desho grass. Also, other author, report that plant spacing was significantly affect root length of plant. Similarly, (Gnanagobal and Sinnah, 2018) report plant spacing was significant difference of root length of sugar graze and jumbo plus sorghum hybrid. According to (Abbasdokht et al., 2003; Moniruzzaman, 2011) report that plant growth in wider spacing produce the highest root length due to the low density of plants per unit area. 

4.1.8 Leaf area index and root circumference per plant 

Plant spacing was highly significant (P<0.05) difference of Leaf area index (LAI) of brachiaria hybrid grass while NPS fertilizer and manure application were not significant of this parameter. As plant spacing increase from 15x50cm, 30x50cm and 45x50cm were observed 1.78, 1.89 and 2.69 respectively. The effect of plant spacing was significant difference LAI of brachiaria hybrid mulato II grass in the study area.  As plant spacing increase with increase leaf area index. However Leaf area index is decrease as plant maturity. This reflects that loss some existing leaves through senescence. The highest mean leaf area index was observed as wider space (2.69) than narrow space (1.78).  Similarly, the current result agrees with Tajul et al., (2013) report that lower plant density and higher application of nitrogen is higher LAI of maize. The increased LAI might be due to the increased availability of N under the higher levels of N-fertilizer with lower population, which resulted in larger leaves. Reduction of LAI might be due to an interplant competition of nutrient and space (Gardner et al., 1985; Okpara and Omaliko, 1999). Plants with a wide spacing will receive more light than plants with a narrow spacing. Plants that receive more light tend to have more leaves than the less one. This is because the more light received; the photosynthesis will goes well (Polnay F et al., 2012). 
Opposite  result with (Streck et al., 2014) report that treatments with smaller spacing had higher LAI throughout the 1414development cycle, and the maximum LAI (7.6) was observed at the 0.8m spacing, followed by 1.0 m, 1.2 m and 1.5 m spacing, with LAI of 5.3; 4.6 and 3.3, of cassava plant  respectively. The same author report that plant spacing and nitrogen level were significantly difference of leaf area index of coleus in Jabalpur. Corroborate with the result found in the work (Singn, 2013) report that plant spacing 60x20cm with LAI was 5.05 where as 60x60cm LAI was 0.73 observed in coleus plant in Jabalpur.  On the other morphological parameter was root circumference of brachiaria hybrid grass. These parameter was not significant both fertilizer type and plant spacing in the study area.
4.1.9 Dry matter yield 

In the current finding, dry matter yield (DMY) of the brachiaria hybrid mulato II grass was highly significant affected (P<0.01) by fertilizer type and plant space (Table 3). The highest mean dry matter yield was observed for NPS fertilizer application while the lowest value of dry matter yield of brachiaria grass was recorded for without fertilizer application.

This is in line with the current study is agreement with the findings of Olanite et al. (2010) report that plant spacing and nitrogen fertilizer level affect DM yield of Columbus grass (Sorghum almum stapf). Similarly, the present result is supported by the finding of Ashagire Abate (2008) for application of nitrogen fertilizer affect the yield of natural pasture. Moreover, the current finding is similar to Abdi Hassen et al. (2015) the highly significant effect of chemical fertilizer on natural pasture might be due to the fact that grasses are more responsive to application of nitrogen fertilizer than organic fertilizers such as cattle manure in the first year of growth. The present result is also supported by the finding of (VLaseorolla et al., 2011 and Worku Bedeke et al., 2017) noted that the application of urea fertilizer had significant effect on dry matter yield of grass. On the other hand the result of (Diriba Geleti, 2000) report that nitrogen application resulted in improved dry matter yield for other grass species. 
The DMY for brachiria (hybrid mulato II) grass in the current study was similar to earlier findings (Fekadu Nemera et al., 2016) in Turkey showed hay yields of the grasslands increased by the application of chemical fertilizer. The highest proportion of grass component by application of chemical fertilizer might be due to quickly mineralize tendency of chemical fertilizers compared to organic fertilizer immediately after incorporation with the soil system, leading to release nitrogen that would fasten the growth of grass over legume since grass is highly responding to nitrogen fertilizer. Accordingly Fekadu Nemera et al. (2016) for inorganic fertilizer application immediate soil fertility improvement of the existing grasslands, it increased DMY of grass land. According to (Dssai SN, Deore DD, 1980) report that DMY increase with increasing nitrogen application. In another study, also report that (Valentim et al., 1988 and Siddiqui, 1994) application on nitrogen to Mott grass increased its DMY significantly over control.  According to (Ahemed SA et al., 2012) report that significant linear increase in the DMY of guinea grass, with an increasing rate of the FYM application at all harvests. Corroborate with the results found in the work Desalegn Ayichew (2017) report that as manure level increase with increase DMY of napier grass. In addition to this, plant spacing was significant effect on DMY of brachiaria hybrid II grass. This result is supported (Sumran et al., 2009; Biniyam Mihret et al., 2018) noted that plant spacing was significant effect on DMY of napier and desho grass respectively. However, this study is in contrary to report by (Genet Tilahun et al., 2017) plant spacing did not show significant difference of DMY of desho grass. The reason might be due to environmental condition, agro-ecology and management aspect. Generally, the highest DMY at the narrow spacing could be attributed to more number of plants per unit area, the higher the plant population, the greater the amount of total DMY compared to wider plant  spacing this result comparable to other reports (Sumran et al., 2009; Biniyam Mihret et al., 2018).
In general, the production of greater forage per hectare is very important for producers. However, production of forages with high nutritive value is also important for livestock producers. As a result, high production of forage is a viable option for farmers in the mixed crop-livestock production systems of Ethiopia.
Table 3 Morphological characteristics of brachiaria hybrid cv. mulato II grass as affected by fertilizer type and plant spacing

	Parameter
	Factors

	
	                   Fertilizer type 
	              Plant spacing 
	SE
	CV%

	
	NPS
	Manure
	Control 
	Mean
	Sig.
	15x50
	30x50
	45x50 
	mean
	Sig.
	
	

	PH(cm)
	79.31a
	77.89a
	64.56ab
	73.92
	*
	78.3a
	70.78a
	72.68a
	73.92
	ns
	2.47
	14.86

	LLPP(cm)
	34.2a
	32.1ab
	28.8b
	31.72
	*
	34.2a
	31.2a
	29.8a
	31.72
	ns
	0.96
	15.59

	NTPP(count)
	31.1a
	27.67a
	21.5b
	26.76
	**
	15.2c
	28.4b
	36.7a
	26.76
	***
	2.06
	17.76

	NLPP(count)
	287.7a
	273.2a
	194.7b
	251.87
	**
	133.54c
	260.3b
	362.89a
	252.2
	***
	21.94
	22.05

	LSR
	1.15ab
	1.38a
	0.93b
	1.15
	*
	0.97b
	1.1ab
	1.39a
	1.15
	*
	0.08
	27.41

	NRPP(count
	147.62a
	126.97ab
	120.78b
	131.79
	*
	103.76b
	139.24a
	152.39a
	131.79
	***
	6.69
	17.38

	RLPP(cm)
	36.24a
	35.61a
	31.57b
	34.47
	**
	34.27a
	35.4a
	33.74a
	34.47
	ns
	0.78
	8.17

	RC
	154.9a
	145.2a
	148.7a
	149.6
	ns
	147.4a
	158.6a
	142.7a
	149.6
	ns
	6.86
	14.43

	LAI
	2.29a
	2.14a
	1.94a
	2.12
	ns
	1.78b
	1.89b
	2.69a
	2.12
	***
	0.13
	19.06

	DMY(t/ha)
	18.28a
	13.89b
	11.61b
	14.59
	**
	16.83a
	15.72a
	11.22b
	14.59
	*
	1.07
	26.37


*=significant at 0.05;**=significant at 0.01;***= significant at 0.001; mean within row followed by the same letter are not significant  different; SEM=standard error of the mean ;CV=coefficient of variation; PH=  plant height; LLPP= leaf length per plant; NTPP= number of tiller per plant; NLPP= number of leaf per plant;LSR=leaf stem ratio ; RNPP= root number per plant ;RLPP=root length per plant ; RC = root circumference ;LAI =leaf area index. 
4.2. Chemical composition of brachiaria hybrid mulato II grass

The effect of fertilizer type and plant spacing on nutritional quality of brachiaria cv. mulato II grass was shown table 4. Overall, there were no significant interaction (P>0.05) between the effects of the main factors (plant spacing and fertilizer types). So independent effects only are presented. 

4.2.1 Dry matter content 

There was a significant (P<0.05) effect between fertilizer type and plant spacing on dry matter content of Brachiaria hybrid mulato II grass (Table 4). The highest dry matter content was observed for NPS fertilizer than manure and control experiments. Moreover, in plant spacing high dry matter content (90.21% and 90.14%) was obtained at intermediate (30cm) and narrow (15cm) plant spacing. while relatively the lowest dry matter content (89.87%) was observed at wider plant spacing. Therefore, the result showed that, the DM content was higher in intermediate plant spacing than wider spacing. The DM production potential of the grass in the present finding was lower than Tessema Zewdu and Baars (2006) for Panicum coloratum and Chloris gayana grass (93.4%, 93%). The reason might be associated with species difference and environmental condition. 
The current finding is contradict to (Abdi Hassan et al., 2015) who reported that application of fertilizer rate was not significant effect on dry matter content of Cenchrus ciliaris and Panicum maximum grass. Similarly, reported by (Biniyam Mihret et al., 2018) type of fertilizer and plant spacing were no significant effect of dry matter content of desho grass. The current result is agree with (Genet Tilahun et al., 2017) reported that plant spacing was significant effect of dry matter content desho grass. Moreover, the current result conformly by (Berihun Melakie, 2005) revealed that plant spacing pattern was significant (P<0.05) affected of DM content of bana grass.
4.2.2 Crude protein content and crude protein yield 

Chemical fertilizer and manure were significantly affected (P<0.05) crude protein content (CP %) of brachiaria hybrid mulato II grass. The highest mean crude protein (CP %) was observed for NPS fertilizer (11.08%) while the lowest value crude protein content (CP %) of brachiaria hybrid mulato II grass was recorded for the control plot (10.4%). The effect of plant spacing on the crude protein content of brachiaria grass was significantly affected (P<0.05) in the study area. 
Similarly crude protein yield was significant affected (P<0.05) by fertilizer type. While plant spacing was not affectd CPY of brachiaria hybrid cv. mulato II grass. The highest mean crude protein yield (CPY) was observed for NPS (1.81t/ha) while the lowest value was recorded for the control (1.21t/ha). 

In my study, the CP value for the brachiara hybrid mulato II grass was less than the value of brachiaria mulato II reported (Argel et al., 2007;Inyang et al., 2010;Ba et al.,2013; 2014;Mutimuna, 2016) but higher from those obtained in other Napier grass by (Mutimuna, 2016) faba bean and forage oats (Tesfaye Abiso, 2016). The reason might be associated with different of soil fertility level; agro ecology, use of fertilizer and management system on the plant.  However, CP content in the current study is comparatively similar to the value reported (Biniyam Mihret et al., 2018), which ranged between 9-10.95 % for the desho grass.  On the other hand, the result was higher to earlier report (Bimrew Asmare et al., 2017) of desho grass. The reason might be associated with species difference, soil type and management system. 
 The CP content obtained in this study agreed to other studies (McDonald et al., 2010; Biniyam Mihret et al., 2018) who reported decrease in CP content of grasses with narrow plant spacing and poor management the grass. The highest CP content (11.08 %) and lowest CP content (10.4%) CP was recorded in plants which type of NPS fertilizer application and without fertilizer, respectively. Hence, this study agreed with (Aderinola et al., 2011; Ba et al., 2013; 2014; Mcroberts et al., 2017) reported that crude protein content increase in forages with the addition of fertilizer. According to Ahmad et al. (2011) CP was affected significantly by different source of fertilizers so statistically the maximum crude protein (10.76 %) inorganic fertilizer application on oat. The highest CP content was exhibit at wider spacing and intermediate plant spacing while lowest crude protein was recorded at narrow plant spacing (10.19%). This result indicated that CP content in samples harvested during the experiment period significantly increasing in plant spacing increasing. The higher CP content in plants harvested at the middle and wider spacing might be attributed to higher absorption of nitrogen available in the soil with low competition as compared to higher plant density under narrow spacing. This effect might be due to less efficient soil total nitrogen exploitation at high plant densities (Muhammed Yasin, 2003; Berihun Melakie, 2005; Biniyam Mihret et al., 2018). Similarly, the positive trend in CP content on wider spacing could also be attributed to a higher number of tillers promoting higher proportion of leaf material which contains higher CP compared to the other morphological fractions of plants. 
In the contrary, report that (Surmaran Wijitphan, et al., 2009; Genet Tilahun et al., 2017) indicated that pant spacing did not significant (p>0.05) effect of CP content of desho grass. The effect of manure and NPS fertilizer application were significant difference on CPY of brachiaria cv. multo II grass. The current result, agree to the result of (Biniyam Mihret et al., 2018), who report fertilizer application had significant effect of CPY of desho grass. Because of as application of fertilizer which improve soil nuterent results increase CP and biomass yield consecountely higher CPY.  Similarly, the current result support by (Genet Tilahun et al., 2017) plant spacing was not significant difference of CPY for desho grass. The CPY increased according to stage of maturity (Lättemäe and Tamm, 1994). Spacing, intercropping and their interaction had no significant effect on crude protein yield (CPY) of the Napier grass (Usman Semman et al., 2014). Spacing 75x75 cm also gave higher protein yield (300 kg/ha) than 50x75, 50x50 and 50x25 cm spacing which gave a CP yield of 240, 220 and 227 kg/ha respectively (Punpipat et al., 1995).
In general, the mean CP content of the brachiaria grass in the current study was higher than the critical value of 7 % required for normal rumen microbial function and feed intake (Van Soest, 1994). Pasture and other roughage feeds are classified as high, medium and low quality according to their CP contents. Accordingly, roughage feeds with CP content of 9.92 to 15.2%, 6.6 to 9.1% and 3 to 6.5% were classified as high, medium and low quality roughage feeds, respectively (Nsahlai et al., 1996). The brachiaria hybrid mulato II grass evaluated in this study could be classified as high quality feed based on their CP contents. In addition, indicated proper utilization of the DM of feeds when CP content is higher than the critical value of 7%.
4.2.3 Ash content 

The interaction between fertilizer type and plant spacing were no significant (P>0.05) effect on the total ash content of Brachiaria hybrid mulato II grass (Table 4). In the current study total ash content was significantly affected (P<0.01) by fertilizer type. From all type of fertilizer type (NPS, manure and control) was resulted in higher ash concentration from control followed by manure and NPS fertilizer application (15.57, 14.93 and 14.26) respectively. However, plant spacing was not significantly difference (P<0.05) total ash content.

The highest mean total ash content was obtained in without fertilizer type compared with manure and NPS fertilizer appelication. The present result agrees with that reported by (Abdi Hassan et al., 2015) who noted that decreased ash content as a result of an increase in the level of urea application. Similarly, in line with reported by (Tessema Zewdu et al., 2009) who noted decreased ash content as a result of an increase in the level of urea application. In contradict to Ahmad et al. (2011) reported that ash content increased application of inorganic, organic and mixed both type of fertilizer than without fertilizer forage of oat (Avena Sativa L.). 
4.2.4 Organic matter 
The interaction between fertilizer type and plant spacing were no significant (P>0.05) effect on organic matter content of Brachiaria hybrid mulato II grass (Table 4). In the current study of organic matter content was significantly affected (P<0.01) by fertilizer type. From all fertilizer type NPS fertilizer was resulted in higher organic matter concentration as compared to without fertilizer (control).  However, plant spacing was not significantly difference (P<0.05) of organic matter content of brachiaria hybrid mulato II grass.
The current result is agree with (Biniyam Mihret et al., 2018) report that fertilizer type was significant effect OM content of desho grass. The OM concentration of brachiraia grass in the current study was lower than the reported value of 89% for brachiaria mulatoII grass (Mustaring et al., 2014; Mutimura, 2016), desho grass (Biniyam Mihret et al., 2018). The reason might be associated with environmental condition, soil type and fertility and agro ecology. However, the OM value in the current study was similar the value of Napier grass reported by (Mutimura, 2016).
4.2.5 Neutral detergent fiber 

The interaction between fertilizer type and plant spacing were no significant (P>0.05). But the effect of fertilizer type on NDF content had shown significant different (P < 0.05). The highest mean was recorded without fertilizer, so it indicates that as application of fertilizer increases the NDF decreases.This may be elucidate that the urea fertilizer improves the plant growth and raise new leaves and shoots, which minimizes the NDF content as the urea fertilizer level increased, but there is no rejuvenation of leaves and tillers in the non fertilizer treatments as a result plant tissue matures and accumulate more NDF.
 In the present study, the NDF content of the brachiaria was lower than the value reported for faba bean and oats (Tesefaye Abiso, 2016); desho grass ( Bimrew Asmare et al.,2017) and field pea (Solomon Bogale et al., 2008a). However, the NDF concentration in the current study was higher than the value of desho grass (Genet Tilahun et al., 2017; Biniyam Mihret et al., 2018). In the current result comparatively similar the value of brachiaria mulato II grass (Nukama, 2015).The current finding is similar to Fekadu Nemera  et al. (2017) who reported that the effect of organic and inorganic fertilizer application on improvement of degraded grazing land of the grass by using fertilizer and manure to decrease NDF content for different grass species. This is means, chemical fertilizer and manure improves the plant growth and raise new leaves and shoots, which minimize the NDF content of the grass. NDF concentration is the component most consistently associated with forage intake (Van Soest, 1994).On the other hand, the current finding supported by (Biniyam Mihret et al., 2018) who reported that NPS fertilizer and manure were significant difference of NDF content of desho grass. According to Mustaring et al., (2014) who exhibited that, the NDF content of Brachiria mulato, Brachiaria brizantha and Brachiaria mutica as 63.66%, 65.66%, and 71.96% at 8 weeks after planting respectively. Marques .D.L, et al., (2017) report that the NDF content of Brachiaria mulato (68.1%) is higher as compared to our result (61.92%) at the same grass. The reason might be associated soil type; environmental condition and management system of the plant.
According to (Buxton, 1996), intake potential of feeds is negatively related with NDF contents. The NDF content of some of the varieties grown as intercropping were similar to the critical level of 55-60%, which was reported to decrease voluntary feed intake and feed conversion efficiency due to longer rumination time (Shirley, 1986). The earlier author reported the extreme cell wall concentration (NDF) of diets that will not hinder intake and animal production can be as high as70 to 75% NDF for mature beef cows and as low as 15 to 20% NDF for finishing ruminant. Similarly, (Adugna and Said, 1994) reported that total cell wall concentration (NDF) exceeding 60% was reported to be associated with lower voluntary feed intake, longer rumination period and decreased efficiency of conversion of ME to net energy. According to (Singh and Oosting, 1992), roughage diets are categorized into average quality feed, if NDF content is between 45%-65%, and feed, which had below 45% NDF contents were generally classified as high quality roughage feed. In the current study, the mean of NDF concentration (61.92%) of brachiaria grass was considered average quality feed. Generally brachiraia grass is high quality of forage which is available to smallholder farmers. Similarly, the current result is supported by (Olanite et al., 2010 and Usman Semman et al., 2014) plant spacing has no significant effect on the NDF of the same grass.
4.2.6 Acid detergent fiber 

In the current study, acid detergent fiber content(ADF) and acid detergent lignin of brachiaria cv. mulato II grass were not significantly affected (P>0.05) by both fertilizer type and plant spacing in the experimental period. 

The ADF values of brachiaria grass in this study was lower than the values of desho grass reported (Bimrew Asmare, 2017;Genet Tilahun et al.,2017;Biniyam Mihret et al.,2018 ) faba bean and forage oats (Tesfaye Abiso,2016) and brachiaria mulato grass (Nukuma,2016). Kellems and Church (1998) characterized roughages with less than 40% ADF as high quality and above 40% as low quality. Likewise, legumes with ADF contents less than 31% are considered as high quality, although those with values greater than 55% are rated as poor quality.  Hence, the lower value of ADF in this study could be indicative of its better digestibility of rumen.

The current finding was the application of chemical fertilizer was no significant difference on ADF content of brachiaria cultivar mulato II grass. This result is reinforced by Olanite et al. (2010) who report that the application different rate of N (60,120 and 180kg) were not significant difference of ADF content of Columbus grass in southwest Nigeria. The current finding is similar to Marques et al. (2017) who reports that ADF concentration of brachiaria cultivar mulato II grass (32.72%).  The research result, within parameter, ADF content was observed higher in without fertilizer than manure and NPS fertilizer application. ADF is the percentage of highly indigestible and slowly digestible material in a feed or forage. Higher forage ADF results in reduced digestibility dry matter as a consequence of increased lignification of cellulose in the latter stage of the plants (Depeters, 1993). According to Van Soest (1994), this fact is negatively co-related to intake. However, fiber is also used by ruminants as an important energy source by the short fatty acids chain produced during fermentation in the rumen (Van Soest, 1994). Hence, chemical fertilizer and manure attribute to improve ADF concentration of forage. With regard to plant spacing, ADF content of brachiaria cultivar mulato II grass was not significantly affected. In line with the result, similar result of Olanite et al. (2010) who noted that plant spacing was not significant difference of ADF concentration of Columbus grass in southwest Nigeria. Similarly, other author noted that plant spacing was not significant difference of ADF concentration desho grass (Genet Tilahun et al., 2017). Although similar finding shows, plant spacing has no significant effect on the ADF of Napier grass (Usman Semman et al., 2014). 
4.2.7 Acid detergent lignin

The effect of chemical fertilizer and manure were not significant difference of ADL concentration of brachiaria cultivar mulato II grass. This result is, similarly to (Olanite et al., 2010) report that different nitrogen rate was not significantly affecting ADL concentration of Columbus grass in southwest Nigeria. The current result is lower than (Mustaring et al., 2014) who reported ADL content of (8.18%) Brachiara mulato grass. The reason might be associated with environmental condition, soil type and management system of the grass. In the contrary, (Biniyam Mihret et al., 2018) who report that NPS fertilizer application and manure were significant difference of ADL concentration of desho grass. Similarly, other author noted that use of fertilizer affect of ADL content of other species of grass (Magani and Okwori, 2010; Abdi Hassen et al., 2015). With regard to plant spacing, ADL content of brachiaria cultivar mulato II grass was not significantly affected. In line with the result, similar result of (Genet Tilahun et al., 2017) who noted that plant spacing was not significant difference of ADL concentration of desho grass.  Our finding is agreed with the finding of Usman Semman et al. (2014). Our finding is contradicted with the result of (Biniyam Mihret et al., 2018) who noted that plant spacing was significant difference of ADL content of desho grass. Similarly, line with Berihun Melakie (2005) who report the ADL content bana grass increase when plant spacing decrease from 100×75 cm to 75×50 cm.
Table 4.  Chemical composition of brachiaria hybrid mulato II grass as affected by fertilizer type and plant spacing.
	Parameters
	Factors

	
	                   Fertilizer type 
	              Plant spacing 
	SE
	CV%

	
	NPS
	Manure
	Control 
	Mean
	Sig.
	15x50
	30x50
	45x50 
	mean
	Sig.
	
	

	DM%
	90.2a
	90.19a
	89.91b
	90.1
	*
	90.14a
	90.21a
	89.87b
	90.1
	*
	0.07
	0.19

	Ash%
	14.26b
	14.93a
	15.57a
	14.92
	**
	14.92a
	15.09a
	14.75a
	14.92
	ns
	0.18
	3.24

	OM%
	85.74a
	85.07b
	84.43b
	85.08
	**
	85.08a
	84.91a
	85.25a
	85.08
	ns
	0.18
	0.57

	CP%
	11.08a
	10.44b
	10.4b
	10.65
	*
	10.19b
	10.7ab
	11.06a
	10.65
	*
	0.14
	3.77

	CPY(t/ha)
	1.81a
	1.35ab
	1.11b
	1.42
	*
	1.54a
	1.51a
	1.21a
	1.42
	ns
	0.13
	23.1

	NDF%
	61.7b
	61.6b
	62.43a
	61.91
	*
	61.97a
	62.06a
	61.76a
	61.92
	ns
	0.21
	0.82

	ADF%
	31.01a
	31.34a
	31.42a
	31.26
	ns
	31.39a
	31.23a
	31.16a
	31.26
	ns
	0.24
	2.90

	ADL%
	4.11a
	4.27a
	4.23a
	4.2
	ns
	4.23a
	4.23a
	4.1a
	4.2
	ns
	0.03
	3.64


*=(p<0.05) significant ;**=significant at (p<0.01),ns  = non  significant at 0.05;SEM = Standard Error of mean ;DM=Dry Matter%; Ash=Ash%; OM= Organic Matter%; NDF=Neutral Detergent Fiber%; ADF=Acid Detergent Fiber%; ADL=Acid Detergent Lignin% ;CP=Crude Protein% and CPY=crude protein yield in ton.
4.3. Correlation among morphological characteristics and chemical composition of brachiaria hybrid mulato II grass.

The simple linear bivariate correlation analyses among morphological characteristics and chemical composition of brachiaria hybrid mulato II grass are presented in Table 5. Dry matter yield is positively correlated with leaf length per plant, root circumference, crude protein yield, organic matter and neutral detergent fiber with each other, but negatively correlated (P<0.05) with ash. Crude protein content was positively correlated with number of leaf per plant and number of tiller per plant. Crude protein yield was positively correlated with leaf length per plant, root circumference, organic matter and neutral detergent fiber while negatively correlated with ash content. The NDF content was positively correlated (P<0.05) crude protein yield, acid detergent lignin, dry matter yield and other morphological parameters such as root length per plant,root circumference and leaf area index. ADF was positively correlated (P<0.05) with neutral detergent fiber, acid detergent lignin, plant height and root circumference while negatively correlated with leaf stem ratio. ADL was positively correlated (P<0.05) with neutral detergent fiber, acid detergent fiber and leaf area index.
Plant height was positively correlated (P<0.05) with leaf length per plant and acid detergent fiber while negatively correlated with root length per plant. .
Leaf length per plant was positively correlated (p<0.01) with plant height, dry matter yield, crude protein yield, organic matter while negatively correlated with total ash content and leaf area index. 

	
	DM
	DMY
	CP
	CPY
	Ash
	OM
	NDF
	ADF
	ADL
	PH
	LLPP
	NTPP
	NLPP
	LSR
	NRPP
	RLPP
	RC
	LAI

	DM
	1
	0.04
	-0.36
	-0.01
	-0.43*
	0.43*
	0.21
	-0.37
	0.12
	-0.31
	-0.12
	-0.22
	-0.22
	0.34
	0.11
	0.17
	0.37
	0.07

	DMY
	
	1
	0.15
	0.99***
	-0.49*
	0.49*
	0.57**
	-0.18
	-0.18
	0.24
	0.46*
	-0.08
	0.06
	0.13
	0.23
	0.34
	0.55**
	0.34

	CP
	
	
	1
	0.3
	-0.38
	0.38
	-0.11
	-0.25
	-0.23
	-0.08
	0.08
	0.69**
	0.68**
	0.10
	0.25
	0.24
	0.19
	0.27

	CPY
	
	
	
	1
	-0.52**
	0.52**
	0.52**
	-0.22
	-0.23
	0.2
	0.44*
	 0.04
	0.06
	0.15
	0.29
	0.36
	0.55**
	0.36

	Ash
	
	
	
	
	1
	0.99***
	-0.09
	0.4*
	-0.38
	-0.07
	-0.39*
	-0.14
	-0.16
	-0.12
	-0.39*
	-0.29
	-0.38
	-0.48*

	OM
	
	
	
	
	
	1
	0.09
	-0.4*
	0.22
	0.06
	0.39*
	 0.14
	0.16
	0.12
	0.39*
	0.29
	0.38
	0.48*

	NDF
	
	
	
	
	
	
	1
	-0.02
	0.63**
	0.09
	0.06
	 0.05
	0.08
	0.38
	0.14
	0.52**
	0.71**
	0.44*

	ADF
	
	
	
	
	
	
	
	1
	0.59**
	0.42*
	0.07
	-0.23
	-0.25
	-0.68**
	-0.34
	-0.38
	-0.54**
	-0.05

	ADL
	
	
	
	
	
	
	
	
	1
	0.26
	-0.01
	-0.16
	-0.11
	-0.06
	-0.23
	-0.06
	0.09
	0.42*

	PH
	
	
	
	
	
	
	
	
	
	1
	0.71**
	-0.24
	-0.25
	-0.08
	-0.38
	-0.58**
	-0.29
	-0.02

	LLPP
	
	
	
	
	
	
	
	
	
	
	1
	-0.30
	-0.36
	-0.04
	-0.03
	0.26
	0.09
	-0.45*

	NTPP
	
	
	
	
	
	
	
	
	
	
	
	1
	0.98**
	0.26
	0.41*
	0.19
	0.22
	0.44*

	NLPP
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.24
	0.39*
	0.14
	0.19
	0.53**

	LSR
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.09
	0.71**
	0.53**
	0.27

	NRPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.22
	0.46*
	0.48*

	RLPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.67**
	0.35

	RC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.35

	LAI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


Table 5 Correlation analysis of morphological parameters and chemical composition of brachiaria (hybrid mulato II) grass
Level of significance:**=P<0.01;*= P<0.05;DM=dry matter % ;CP=crude protein% ; Ash=ash% ;OM=organic matter %;NDF; neutral detergent fiber% ;ADF; acid detergent fiber %;ADL ;acid   detergent  lignin %; LLPP=leaf length per plant ;NTPP=number of tiller per plant;NLPP=number of leaf per plant;PH=plant height ;LSR=leaf to stem ratio;NRPP= number root per plant; RLPP= root length per plant ;RC=root circumference per plant ;LAI=leaf area index
Number of tillers per plant was positively correlated (p<0.001) number of leaf per plant, number of root per plant, leaf area index and crude protein content. Similarly number of leaves per plant was positively correlated (p<0.001) number of tiller per plant, number of root per plant, leaf area index and crude protein content. Leaf stem ration was positively correlated (p<0.01) with root length and root circumference but negatively correlated acid detergent fiber.
Number of root per plant was positively correlated with number of tiller per plant, number of leaf per plant, root circumference, leaf area index and organic matter content but negatively correlated with total ash.
Root length per plant was positively correlated with leaf stem ratio, root circumference and neutral detergent fiber however negatively correlated with plant height.
Root circumference was positively correlated most of morphological and forage quality parameter but negatively correlated with acid detergent fiber. 
Similar with leaf area index most of morphological and forage quality parameter were positively correlated but ash was negatively correlated from forage quality and leaf length per plant.
The analysis show that highest strongly positive correlation (r=0.99) was recorded between DMY, DM and CPY also strongly positive correlated (r=0.98) was observed between NLPP and NTPP and the moderately correlation NDF, RC and OM. A negative correlation (P<0.01) was observed ash. While NRPP with ash negatively correlated. Such results agree with other studies (Biniyam Mihret et al., 2018).
 DMY was negatively correlated with Ash but it is positively correlated with leaf length per plant, CPY, OM and NDF. This result is similar with the finding of Rambau et al. (2016) that shows, high correlations between growths parameters grass such as plant height, leaf length were observed in Napier grass. Again the correlation of DMY with different morphological parameters is in line with Long et al. (2005) who show, the high biomass may be the outcome of high shoot ratio of the grass. It is an agreed fact that leafy plants allow higher penetration of light and increased photosynthesis. Therefore, maximum growth rate of the plant results in increased dry mass production with rather efficient utilization of water, light and resources. Similarly in line with (Tesema Zewdu et al., 2003) reported that DMY was positively correlated with leaf length of napier grass.
The fiber components ADF and ADL were positively correlated with each others. This result is agreed with (Bimrew Asmare, 2017). This indicates that there was highly relationship among the different cell wall constitutes that resulted from increased age of the plants. The positive association of DMY with some of the morphological parameters (leaf length per plant and number of leaf per plant similar result with (Biniyam Mihret et al., 2018).  Generally, Plant height has a negative correlation with root length per plant. While LLPP and ADL are positively correlated. This is due to the Fact that growth parameters play a vital role in enhancing fodder yield (Imran et al., 2007) plant height as an important yield component and suggested that canopy height could be considered a valuable tool to make rough estimation of dry matter yield. Therefore, high correlations between production parameters such as plant height, leaf length and biomass yield have been observed. Similarly, in line with (Imran et al., (2007) reported that production parameters positively correlated to enhance biomass yield.
5. CONCLUSIONS AND RECOMMENDATIONS  

5.1 Conclusion 

The results of this study showed that appropriate spacing and fertilizer type are important parameters to be considered to maximize forage yield and quality of Brachiaria hybrid mulato II grass. In this point of view showes that most of the morphological parameters were higly affected by fertilizer type and plant spacing. Similarly, there was a significant (P < 0.05) effect between the plant spacing and fertilizer type for dry matter yield and chemical composition of Brachiaria hybrid mulato II grass. 
The results obtained shows that individual plants perform better for fertilizer type and at different plant spacing of NTPP, NLPP NRPP, LSR and CP were tended to increase at wider plant spacing. Plant height, LLPP, RLPP and CPY were significantly (p<0.05) increased with application of fertilizer. Leaf area index was increase with increase plant spacing because of low compitation of nutrent results increase canopy as well as leaf area index. DMY and DM were increase at narrow plant spacing. Ash, OM and NDF were highly significant (P<0.01) affect with application of fertilizer. NDF is agood indicator of feed intake.  So in this study the NDF content was at range of good quality (61.9%) for fertilizer application. 
Both fertilizer type and plant spacing had a significant effect on the CP with increased application of fertilizer and at wider plant spacing. Overall, it is possible to generalize that maximum biomass yield and improved forage quality can be obtained using artificial fertilizer. Inorganic fertilizer application allows for improvement in the productivity and chemical composition of brachiaria hybrid mulato II grass, With regard to plant spacing narrow plant spacing means (15x50cm) can be best to obtain maximum biomass yield. The result of this study implied that brachiaria hybrid mulato II grass can be planted with available fertilizer and proper spacing recommendable since it has exhibited good result for yield and quality of the grass. Therefore, based on this information, beneficiary making their decisions based on the relative importance of forage yield and qualities.
5.2 Recommendations

· Based on the above result the following recommendation was forwarded
· Brachiaria cultivar mulato II grass should be cultivated using chemical fertilizer to maximize biomass yield and improve forage quality.
·   Brachiaria hybrid mulato II grass should  be cultivated at narrow  spacing to get high biomass  yield and as an option to solve the scarcity of land 

· Among the spacing tested, the two closest spacing, 15 and 30cm, are recommended for the production of high dry matter yield than the wider spacing (45cm)
· To make the current finding valuable, the result should be supported with animal evaluation trials.
.
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 7. 1. ANOVA for Plant Height (PH)
	Source 
	DF
	SSE
	MSE
	F value 
	Pr>F
	R-square
	CV
	R MSE
	PH Mean

	PS*FT
	8
	2366.7
	236.67
	1.96
	>0.11
	0.55
	14.86
	10.99
	73.92

	Error
	18
	1931.5
	120.72
	
	
	
	
	
	

	Corrected

Total 
	26
	4298.2
	
	
	
	
	
	
	


7. 2. ANOVA for leaf length per plant (LLPP)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	LLPP

Mean

	PS*FT
	8
	309.37
	30.94
	1.49
	>.23
	0.48
	14.35
	4.55
	31.72

	Error
	18
	331.41
	20.71
	
	
	
	
	
	

	Corrected Total
	26
	640.78
	
	
	
	
	
	
	


7. 3. ANOVA for Number of Tiller per Plant (NTPP)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	NTPP

Mean

	PS*FT
	8
	2614.39
	261.44
	11.56
	<.0001
	0.88
	17.77
	4.75
	26.76***

	Error
	18
	361.69
	22.61
	
	
	
	
	
	

	Corrected Total
	26
	2976.08
	
	
	
	
	
	
	


7. 4. ANOVA for Number of Leaves per Plant (NLPP)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	NLPP Mean

	PS*FT
	8
	288508.5
	28850.8
	9.3
	0.0001
	0.85
	22
	55.6
	252.2***

	Error
	18
	49475.9
	3092.2
	
	
	
	
	
	

	Corrected Total
	26
	337984.4
	
	
	
	
	
	
	


7. 5. ANOVA for Leaf to Stem Ratio (LSR)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	LSR Mean

	PS*FT
	8
	2.61
	0.26
	2.6
	0.0426
	0.62
	27.4
	0.32
	1.15*

	Error
	18
	1.6
	0.1
	
	
	
	
	
	

	Corrected Total
	26
	4.21
	
	
	
	
	
	
	


7. 6. ANOVA for Root number per Plant (RNPP)
	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	RNPP Mean

	PS*FT
	8
	24184.8
	2418.5
	5.3
	0.0017
	0.77
	16.2
	21.3
	131.78**

	Error
	18
	7327.1
	457.9
	
	
	
	
	
	

	Corrected Total
	26
	31511.9
	
	
	
	
	
	
	


 7. 7. ANOVA for Root Length per Plant (RLPP)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	RLPP

Mean

	PS*FT
	8
	291.9
	29.2
	3.41
	<.0143
	0.68
	8.5
	2.9
	34.5***

	Error
	18
	137
	8.5
	
	
	
	
	
	

	Corrected 
	26
	428.9
	
	
	
	
	
	
	


7. 8. ANOVA for Leaf Area Index (LAI)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	LAI  Mean

	PS*FT
	8
	8.6
	0.86
	5.27
	0.0017
	0.76
	19
	0.4
	2.12**

	Error
	18
	2.6
	0.16
	
	
	
	
	
	

	Corrected Total
	26
	11.2
	
	
	
	
	
	
	


7.9. ANOVA for Root Circumference (RC)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	RC Mean

	PS*FT
	8
	25624.3
	2562.4
	5.5
	0.14
	0.77
	14.4
	21.6
	149.6

	Error
	18
	7455.3
	465.9
	
	
	
	
	
	

	Corrected Total
	26
	33079.6
	
	
	
	
	
	
	


7.10. ANOVA for Dry Matter Yield ton per hectare (DMYt/ha)
	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	DMYt/ha Mean

	PS*FT
	8
	568.2
	56.8
	3.84
	0.0084
	0.71
	26.4
	3.8
	14.6**

	Error
	18
	236.8
	14.8
	
	
	
	
	
	

	Corrected Total
	26
	805
	
	
	
	
	
	
	


7.11. ANOVA for Dry Matter (DM %)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	DM Mean

	PS*FT
	8
	1.37
	0.15
	4.71
	0.02
	0.84
	0.2
	0.18
	90.1*

	Error
	9
	0.26
	0.03
	
	
	
	
	
	

	Corrected Total
	17
	1.63
	
	
	
	
	
	
	


7.12. ANOVA for ASH%
	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	ASH Mean

	PS*FT
	8
	8
	0.89
	3.8
	<.0368
	0.81
	3.2
	0.48
	14.92*

	Error
	9
	1.87
	0.23
	
	
	
	
	
	

	Corrected Total
	17
	9.87
	
	
	
	
	
	
	


7.13. ANOVA for Organic Matter (OM %)
Source
DF
SSE
MSE
F-value     Pr>F
    R-square
CV     Root MSE       Mean
PS*FT     8          8        0.89  
    3.8
    0.0368          0.81      0.57
 0.48           85.08*
Error
   9       1.87
0.23






C  Total 17    9.87 







7.14. ANOVA for Neutral Detergent Fiber (NDF %)
	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	NDFMean

	PS*FT
	8
	10.83
	1.2
	4.81
	<.0187
	0.84
	0.5
	0.59
	61.93*

	Error
	9
	2
	0.25
	
	
	
	
	
	

	Total
	17
	12.83
	
	
	
	
	
	
	


7.15. ANOVA for Acid Detergent Fiber (ADF %)
	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	ADF Mean

	PS*FT
	8
	10.2
	1.28
	0.67
	0.72
	0.43
	3.61
	1.1
	31.26

	Error
	9
	7.63
	0.85
	
	
	
	
	
	

	Corrected Total
	17
	17.83
	
	
	
	
	
	
	


 7.16. ANOVA for Acid Detergent Lignin (ADL %)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	ADL Mean

	PS*FT
	8
	0.2
	0.02
	1.21
	0.4
	0.58
	3.26
	0.14
	4.2

	Error
	9
	0.15
	0.01
	
	
	
	
	
	

	Corrected Total
	17
	0.35
	
	
	
	
	
	
	


7.17. ANOVA for crude protein (CP %)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	CP Mean

	PS*FT
	8
	4.93
	0.55
	3.39
	<.0499
	0.79
	3.77
	0.4
	10.65*

	Error
	9
	1.29
	0.16
	
	
	
	
	
	

	Corrected Total
	17
	6.22
	
	
	
	
	
	
	


 7. 18 ANOVA for Crude Protein Yield (CPY)

	Source
	DF
	SSE
	MSE
	F-value
	Pr>F
	R-square
	CV
	Root MSE
	CP Mean

	PS*FT
	8
	4.76
	0.53
	3.25
	0.049
	0.78
	23.1
	0.4
	1.42

	Error
	9
	1.3
	0.16
	
	
	
	
	
	

	Corrected Total
	17
	6.06
	
	
	
	
	
	
	


* = Significant difference at P < 0.05, ** = significant difference at P < 0.01, *** = significant difference at P <0.001.
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Appendix figure 7.1 Plot establishment                   Appendix figure 7.2 Plantation time   
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   figure 7.4 Tiller and leaf counting     Appendix figure 7.3 At 90 day after    planting 
[image: image8.jpg]


[image: image9.jpg]



Appendix Figure 7.5 Height measurement Appendix Figure 7.6 Leaf measurements
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Appendix figure 7.8 Weighting biomass      Appendix figure 7.7 Harvesting time   
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Appendix figure 7.9 Separation of leaf to stemAppendix figure 7.10 Weighting stems   
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Appendix figure 7.12 Labeling                       Appendix figure 7.11 Weighting leaves                              
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