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Effect of Seed Rate on Forage Yield,  Morphological Characteristics, and Chemical 
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ABSTRACT 

Sudan grass is an annual forage grown with fine stems and it has been gaining increasing 

importance in animal feed due to its rapid establishment. To maximize the quality and 

quantity of Sudan grass grown with legumes is recommended. Hence, intercropping of Sudan 

grass (Aden gode) and Vetch (Vicia dasycarpa) with different seed rate proportions may 

increase the nutritive values of the forage grown. Therefore, the experiment was conducted in 

the North Mecha district with the objectives of identifying the effect of seed rate on forage 

quantity and quality of sudan grass (Aden gode) and vetch (vicia dasycarpa) intercropping 

grown under irrigation condition. The experiment was laid with randomized completed block 

design (RCBD) with five (5) seed rate  treatments (100%, 75%:25%, 50%:50%, 25%:75%, 

and 100%) and intercropped under three (3) replications on a 4×3m plot size. Irrigation, 

weeding, and hoeing were used as management practices. All data were recorded from four 

middle rows (4th, 5th, 6th, and 7th) of ten (10) plants with a total of 3.6m2 area to determine 

forage yield. Subsamples were weighted, dried, and then grounded for chemical composition 

analyses. All recorded data were subjected to the GLM procedure of SAS (9.0). The results 

showed that morphological, dry matter yield, and chemical compositions were significantly 

(P<0.05) affected by different seed rate treatments. Whereas, stem thickness, root length, and 

ADF% of Sudan grass (Aden-gode) and root length and ADL% of vetch (Vicia dasycarpa) 

were not significantly (P>0.05) affected. The highest total dry matter yield (13.21t/ha) and 

the lowest total dry matter yield (5.04t/ha) were found from 75%:25% seed rate treatment. 

LER in present study greater than one (>1) in all treatments and Sudan grass had less 

competitive and aggressively in 75%:25% seed rate treatment. The highest CP% and CP 
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yield (12.19% & 0.96t/ha), respectively and the lowest crude fiber fractions of Sudan grass 

(Aden-gode) was found from 75%:25% seed rate treatment. Whereas, highest CP (24.06%) 

with lowest crude fiber fractions was observed from 50%:50% seed rate treatment of vetch 

(Vicia dasycarpa). However, the highest CP yield (1.39, and 1.33t/ha) were recorded from 

sole (100%) and 25%:75% seed rate treatment of vetch (Vicia dasycarpa), respectively. 

Morphological characteristics, forage yield, and chemical composition of the forage grown 

was correlated. Therefore, production of 75%:25% seed rate intercropping of Sudan grass 

(Aden-gode) with vetch (Vicia dasycarpa) would be more beneficial to produce optimum 

forage yield and better nutritive value.    

Keywords: Chemical composition, Forage yield, Intercropping, Seed rate, Sudan grass, Vetch  
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CHAPTER ONE: INTRODUCTION 

1.1. Background and Justification  

Ethiopia has the largest livestock population in Africa with an estimation of 70 million cattle, 

42.9 million sheep, 52.5 million goats, 13.33 million equines, 8.1 million camels, and 57 

million poultries (CSA, 2021). Livestock production has been contributing a substantial 

portion to the economy of the country (CSA, 2021). In addition to this, the livestock sector 

has been contributing a significant role to the Ethiopian economy by providing food, cash 

income, promoting saving, social functions, and employment. Therefore, livestock sectors 

contribute about 16.5% of the national GDP and 47% of the agricultural GDP (IGAD, 2011). 

Animal production is the main component of agriculture that can support the livelihoods and 

security of large numbers of people in a developing country (Shimelis Mengistu et al., 2021).  

However, insufficient animal production is mainly due to less nutritional and management 

practices, disease and parasitic occurrence, low productivity and genetic potential of the 

indigenous cows, lack of extension services, and inadequate information to improve animal 

performance (Aynalem Haile et al., 2011). Among these constraints, inadequate quantity and 

quality of feedstuff were identified as a major limiting factor to the development of livestock 

production and productivity in peri-urban and urban (Boufennara et al., 2012; Belay Duguma 

et al., 2012) and the most bottleneck of livestock farming in Ethiopia is the shortage of 

livestock feeds in terms of amount and quality, especially during the dry season (Alemayehu 

Mengistu et al., 2017).  

The livestock feed resources in Ethiopia are classified as natural pasture, crop residues, 

improved pasture and forage, agro industrial by products, and also hay production (Addisu 

Jimma et al., 2016; CSA, 2021) of which the first two feed resources are the major feed 

contributors for the livestock production in Ethiopia but they are lacking in protein and 

minerals. Natural pastures contributes about 80-85% (Sefa Salo, 2017) of animal feed in 

Ethiopia and are including naturally occurring grasses, legumes, shrubs, hurbs, and also tree 

foliages (Adugna Tolera, 2007). Crop residue is one of the feed resources used for animal 

production in Ethiopia and is available in those areas in which livestock and crop production 

are practiced (Sefa Salo, 2017). Around 30 million tonnes of DM (Adugna Tolera et al., 2012) 
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of agricultural crop residues are produced annually on the national scale, of which 70% are 

used as animal feed. The major agro-industrial by products commonly used in Ethiopia are 

obtained from different agro-industries. The nutritional values of agro-industrial by products 

are excellent (Berhanu Gebremedhin et al., 2009; Malede Birhan, 2014) but their productivity 

is small, limited, and limited to few farms in urban and peri-urban areas and they contribute 

much less to livestock feed (Alemayehu Mengistu, et al., 2017).  

Improved forage development practices in our country were more related to the objective to 

increase improved forage production (Muluken Shiferaw et al., 2018). As pointed out by 

Shimelis Mengistu & Temesgen Alen (2016) different mechanisms of forage development 

strategies like backyard forage development, under sowing of cereal crops with forage 

legumes, forage development on stock exclusion area, forage development on conservation 

structures, and over sowing on existing grazing/pasture land are practicing in Ethiopia even 

though, their production potential is very low.  

Purely improved forage production contribution to livestock feed at national level is very 

limited though almost five decades of research and development efforts have been done by 

governmental and nongovernmental organizations in the country. Therefore, intercropping is 

used to boost forage production potentials for livestock production. Intercropping is the 

production of two or more companion forages in the same field concurrently, and as a result 

increases the productivity of forage biomass per unit area through efficient use of soil 

nutrients and water resources (Alla et al., 2014). Intercropping has its advantages in the 

productivity of forage, solving the land shortage, yield stability, pest control, and nutrient use 

efficiency (Hailu Gebru, 2015). However, grass forage is relatively low nutritive value as 

compared to legume forages (Eskandari et al., 2009). Legumes are intercropped with grass 

due to a good source of protein (Ayan et al., 2012). Asci et al. (2015) and Singh (2020) noted 

that the benefits of cereal-legume intercropping mainly depend on the choice of the right crop 

combination and their seed rate proportion, plant density, different growing habits, shading, 

and nutrition, because competition between plants could reduce the yield and quality of 

forages. Similarly, Mut et al. (2017) reported that sowing rate is extremely critical factor to 

achieve high yield and quality in intercropping.  
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Among potential forage grasses that required knowledge is Sudan grass. Sudan grass has been 

gaining increasing importance in animal feed, due to its ease of cultivation, rapid 

establishment, and growth (Guleria & Kumar, 2016; Najmaldin & Ali, 2019). Guleria & 

Kumar (2016) and Moyer et al. (2004) stated that Sudan grass could be used for grazing, and 

silage due to its high production (5.56-9.1t/ha DM) potential especially in drought. Trials at 

numerous places have demonstrated that Sudan grass promises high value for hay with a 

12.98% CP (Lima et al., 2017). Similarly, Mut et al. (2017) stated that Sudan grass had the 

highest crude protein content sown with Cow pea (11.73%) compared to its sole (8.16%). 

Sudan grass can be intercropped with legumes such as cowpea cluster bean, soybean, etc. 

which are compatible with Sudan grass in terms of sowing time and irrigation (Iqbal et al., 

2015). Alemu Tarekegn et al. (2020) conducted research on five improved Sudan grass 

cultivars such as DRLME, Mezrut, Wichello, Michello, and Aden-gode in Ethiopia. Of these 

identified Sudan grass cultivars; DRLME and Aden-gode have the maximum plant height 

with value of 83.44 and 80.03cm respectively. As pointed by Alemu Tarekegn et al. (2020) 

these identified Sudan grass cultivars had a dry matter yield ranged from 5.78 up to 6.95t/ha, 

and they had total CP yield ranged from 0.61 up to 0.76t/ha.     

Among the annual forage legumes, vetches are well adapted and more promising as short-

term fodder crops in Ethiopia (Fantahun Dereje, 2016; Gezahegn Kebede et al., 2020). Forage 

legumes including vetches are a rich source of nitrogen for livestock with cheaper prices 

compared to concentrates, especially in developing countries (Muluneh Minta and Angaw 

Tsige, 2014). Knowing information on plant height, days to maturity, growth habit, and other 

growth characteristics of the forage legumes are important to integrate with other forages 

(Gezahegn Kebede et al., 2013). Therefore, Vicia dasycarpa, Vicia villosa, and Vicia 

atropurpurea have creeping growth habits, tall plant height, and intermediate to late maturity 

(Gezahegn Kebede et al., 2013). Vetch species which has creeping or climbing growth habit 

has better compatibility with large grasses in intercropping or under-sowing systems 

(Gezahegn Kebede, 2018; Gezahegn Kebede et al., 2020). Due to this tangible reason, vetch 

(Vicia dasycarpa) species is selected for intercropping with Sudan grass (sorghum sudanenese 

“Aden gode”) to evaluate the effect of seed rate on Sudan grass (Sorghum sudanense “Aden-

gode”) and vetch (Vicia dasycarpa) intercropping on morphological, forage yield and 

chemical composition of the forage grown under irrigation conditions. 
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1.2 Statement of the Problem 

Despite the large livestock number and the importance of animal production in our country, 

their productivity is low due to various problems such as poor management practices, 

inappropriate infrastructure, feed shortages both in quality and quantity, and health constraints 

(Alemayehu Mengistu et al., 2017; Ashenafi Mengistu et al., 2019). Among these problems, 

the shortage of feed was identified as one of the primary constraints for livestock production 

in our country. Furthermore, traditional livestock feed supply mainly depends upon natural 

pasture and crop residues, which have low crude protein and other chemical composition. 

However, there is tremendous potential to alleviate feed shortages using improved forage 

production. To fulfill this gap, producing a stable improved forage in the livestock sector is 

mandatory. For that reason, the legume and grass intercropping system is important to 

increase biomass production and forage yield. Hence, Sudan grass (Aden gode) known with 

its plant height (Alemu Tarekegn et al., 2020) than other cultivars and vetch (Vicia 

dasycarpa) have greater plant height and creeping growth habit that enable compatible to 

larger grass species and they are selectible forages to enhance the forage yield and quality. 

Therefore, Sudan grass (Aden gode) and vetch (Vicia dasycarpa) intercropping have the 

potential to increase the biomass and quality of forages due to legumes being a good source of 

protein. However, in Sudan grass-legume intercropping, sowing seed rate is an extremely 

critical issue to achieving high yield and quality of forages (Alla et al., 2014; Ayan et al., 

2012; Mut et al., 2017; Singh, 2020). Even though, there is typically insufficient information 

on their agronomic management of the ideal level of seeding rate for maximum biomass 

production and to increase yield and quality of grown forages, an appropriate seed rate 

combination must be developed to intercropping Sudan grass (Aden gode) and vetch (Vicia 

dasycarpa). Due to the above profound problems, this research was designed.   
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1.3 Research Objectives  

1.3.1 General objective  

The general objective of the research was to assess the agronomic, forage yield, and chemical 

composition of Sudan grass (Sorghum sudanense “Aden-gode”) and vetch (Vicia dasycarpa) 

intercropping grown under irrigation conditions in the study area.  

1.3.2 Specific objectives  

 To evaluate the effect of seed rate on Sudan grass (Sorghum sudanense “Aden-gode”) 

and vetch (Vicia dasycarpa) intercropping on morphological characteristics of the 

forage grown under irrigation condition  

 To determine the effect of seed rate on Sudan grass (Sorghum sudanense “Aden-

gode”) and vetch (Vicia dasycarpa) intercropping on forage yield and compatibility of 

the forage grown under irrigation condition  

 To evaluate the effect of seed rate on Sudan grass (Sorghum sudanense “Aden-gode”) 

and vetch (Vicia dasycarpa) intercropping on chemical composition of the forage 

grown under irrigation condition  

1.4 Research Questions  

 Does seed rate of Sudan grass (Sorghum sudanense “Aden-gode”) and vetch (Vicia 

dasycarpa) intercropping affect agronomic, forage yield, and chemical composition 

differences? 

 What is/are the best seed rate proportion of Sudan grass (Sorghum sudanense “Aden-

Gode”) and vetch (Vicia dasycarpa) intercropping that was/were fit to the study area? 

 What about the correlations between the morphological and chemical composition of 

grown forage?  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Major Feed Resources in Ethiopia  

Feed resources in Ethiopia are classified in to free grazing pasture, crop residues, improved 

feed, hay, industrial by-product, and other feed resources (CSA, 2021). Similarly Malede 

Birhan & Takele Adugna (2014); and Sefa Salo (2017) reported the most endowed feed 

resources used for animal production in our country Ethiopia are free grazing pasture, 

preserved hay, produced forage, crop residue, Agro-industrial by-products, aftermath feed, 

and weeds from cultivated land. From these feed resources, communal grazing pasture land is 

a large amount of feed resource in Ethiopia (Tilahun Amede et al., 2005; Azage Tegegne et 

al., 2011; Malede Birhan & Takele Adugna, 2014). According to CSA (2017) report 54.59, 

31.06, 6.81, 1.53, and 5.11% of natural pasture, crop residue products, hay, agro-industrial by-

products, forage productions, and other feed resources account for the nation's overall of 

livestock feed supply respectively. Similarly CSA (2021) reported that grazing pasture 

(54.54%) is a major type of feed resource followed by crop residue (31.13%), hay (7.35%), 

other feed type (4.37%), by-products (2.03%), and improved feed (0.57%). However, most of 

feed resources are subjected to seasonal variations and are low in nutritional value and also in 

quantity (FAO, 2018).   

Therefore, the productivity of the livestock sector has been challenged by the availability of 

feed resources, quality of feed, and seasonal availability of feed, as well as lack of 

accessibility to veterinary services and infrastructures (Andualem Tonamo, 2016). Besides 

these, Coleman & Moore (2003) who outlined that the capability of animal production and 

reproduction is determined by the availability of quality and quantity of feed.  

2.1.1 Natural pasture  

Natural pasture is grassland that is suitable for herbivorous animals to graze on, and it is the 

greatest endowment in Ethiopia which supply 80% of the total animal feed (Sefa Salo, 2017). 

Natural pasture contains grasses, legumes, various herbaceous and fodder shrubs, and trees 

are the main sources of feed for animals (Ararsa Derara and Amanuel Bekuma, 2020). 

According to the reports of Belay Duguma et al. (2012); Endale Yadessa (2015) in certain 
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regions of Ethiopia where mixed crop-livestock production is dominating agricultural activity, 

natural pasture continues to be a significant component to livestock feed. 

Most brows plants have better nutritional value containing CP contents  ranging from 10-25% 

on the dry matter basis due to they have deep root system enables to absorb sufficient amount 

of water and nutrients from the soil (Teferi Aregawi et al., 2008). The CP content for most of 

immature grasses ranged from 7.2-20.20% on dry matter basis, whereas for matured  grasses 

ranged from 5.6-11.5% on dry matter basis (Emana Megersa et al., 2017).  

Now a day, the development of crop production onto grazing fields, the redistribution of 

communal lands to the landless, land degradation, tramped all year without break and the 

resulting loss of fertility on the remaining pasture lands are all contributing factors to the 

current decline and shrinkage of natural pasture (Tadese Amsalu & Solomon Addisu, 2014; 

Sefa Salo, 2017). Natural pasture reduced its biomass output due to extinction of palatable 

species and invasion of unpleasant species, increased soil erosion, land degradation, and these 

cause to severe feed shortage in crop-livestock mixed agricultural system (Beyene Teklu et 

al., 2011; Fekede Feyissa et al., 2011). Similarly Mesay Yami et al. (2013); and Mesfin 

Dejene et al. (2014) who stated that declining of natural pasture is a common problem for 

feed shortage occurring in the dry season and it is a key challenge for overall feed quality and 

quantity. 

2.1.2 Crop residues  

Crop residue is one of the main feed resources for Animal production in Ethiopia, 

predominantly in those areas in which livestock and crop production are practiced (Sefa Salo, 

2017). The major crop residues available for livestock feeding in the highland area are 

included residues from wheat, barley, bean, and field pea (Ararsa Derara and Amanuel 

Bekuma, 2020). While the major crop residues feed resources in mid-altitude areas including 

maize, teff, and haricot bean (Solomon Melaku et al., 2008; Endale Yadesa, 2015; Ararsa 

Derara and Amanuel Bekuma, 2020).  

Hence, around 1.14 billion (FAO 2017) and 30 million (Adugna Tolera et al., 2012) tons of 

DM of agricultural crop residues are produced annually on a global and national scale, 

respectively, of which 70% are used as animal feed. However, the contribution of crop 
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residues is estimated to reach up to 30-80% of the total dry matter available for livestock in 

the highlands of Ethiopia (Thorne, 2015).  

However, smallholder farmers have used these crop by-products for different purposes 

including livestock feeding, domestic fuel, bedding material, source of income, housing 

material, and mulching crop lands (Adugna Tolera, 2007; Sefa Salo, 2017). Moreover, the 

availability of different types of crop residues for livestock feeding depends on multiple 

factors such as agro-ecology, altitude, the season of the year, and size of land allocated for 

different crops species by farmers (Tadese Amsalu & Solomon Addisu, 2014; Solomon 

Zewdu et al., 2014). In addition, Poor post-harvest feed handling, low forage improvement, 

and inefficient utilization practices are critical problems to Accessing consistent and quality 

livestock feed resources in Ethiopia’s livestock sector (Shapiro et al., 2015; Balehegn 

Mulubrhan et al., 2020). 

The fact that the nutritional value of crop residues are poor and therefore, chemical 

treatments, biological treatment, use of different supplements and physical processing were 

acknowledged to be of substantial benefit in improving the nutritional value of crop residues 

(Tesfaye Agajie & Chairatanayuth, 2007). Physical processing (chopping/threshing, grinding, 

soaking/spraying, baling), chemical treatment (urea molasses), biological treatment (effective 

microorganisms) and feed supplements (salt, molasses, oil seed cakes, milling by-products, 

and legume forages) are used to improve the nutritive value of crop residues in Ethiopia 

(Tesfaye Agajie & Chairatanayuth, 2007; Getnet Assefa et al., 2022).  

2.1.3 Agro-industrial by-products 

The major agro-industrial products commonly used in Ethiopia are obtained from different 

agro-industries such as flour milling industries (wheat bran, wheat short, wheat middling, and 

rice bran), edible oil extracting plants (Noug cake, cottonseed cake, peanut cake, linseed cake, 

sesame cake, sunflower cake, etc), breweries and sugar factories (molasses) (Malede Birhan 

& Takele Adugna, 2014). But agro-industrial by-products and manufactured feed contribute 

much less to livestock feed (Alemayehu Mengistu, et al., 2017). Additionally, the country's 

contribution from agro-industrial byproducts is small, limited, and limited to few farms in 

urban and peri-urban areas (Alemayehu Mengistu, et al., 2017). The reports of FAO (2019) 

the total annual agro industrial by-products in Ethiopia is about 7.58 million tonnes (DM) and 
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762,846 tonnes and 73.34x109 MJ of CP and metabolizable energy (ME) respectively. 

According to the author Sefa Salo (2017) particularly in peri-urban and urban livestock 

production systems, agro-industrial byproducts are valuable for feeding animals.   

The nutritional qualities of these agro-industrial by-products are excellent and the availability 

and utilization of these feed resources are limited only to towns where different agro-

industries are found and the beneficiaries of the products are mainly livestock fattening 

operations and urban and peri-urban dairies located in the area with better accessibility to the 

resources and even when they go down to the smallholder farmers, transportation costs are 

increased time to time (Berhanu Gebremedhin et al., 2009; Malede Birhan, 2014).  

2.1.4 Non-conventional feed resources  

All feeds that haven't been utilized traditionally for feeding cattle and are not used commonly 

in the production of livestock feeds are often called non-conventional feed sources 

(Alemayehu Mengistu & Sissay Amare, 2003). Therefore, non-conventional feeds includes 

vegetable refusals, sugarcane leaves, enset leaves and fish offal, kitchen waste, and coffee 

residues are used as animal feed. However, the categories of non-conventional feeds are vary 

according to the feeding habit of the society (Endale Yadessa et al., 2016). Thus, non-

conventional feeds could partly fill the gap in the feed supply and contribute to self-

sufficiency in nutrients from locally available feed sources. 

However, non-conventional feeds are rare and made a limited contribution to livestock 

feeding and due to their low cost and availability, small-holder farmers frequently use by-

products from nearby breweries and distilleries as a source of non-conventional feed (Yosef 

Mekasha et al., 2003; Ajebu Nurfeta, 2010). 

2.1.5 Improved forage production 

Improved forage crop production has diversified advantages. Forages can be divided into 

three categories: legumes, grasses, and multipurpose browses (fodder trees). Improved 

forages, especially legumes, are required to increase the nutritional content of crop residues 

even in the presence of abundant crop residues, which are frequently fed to ruminants. The 

main aim of improved forage production in Ethiopia is to increase feed availability and 

enhance the intake and digestibility of the low nutritional value hay and the crop residues 
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through fresh green forage supplementation (Getachew Assefa, 2021). The attempts to 

establish improved forages have been reported an inefficient and limited success rate (Abebe 

Mekoya et al., 2008) and having a contribution of less than 1% (CSA, 2018) which requires 

additional extension and research work in the country. 

Improved forages can play much more important to the traditional feed resources by 

providing 8 to 10 times more yield than naturally grown pastures and these forages are of 

sufficient quality to promote income generation and optimal livestock productivity (Fantahun 

Dereje et al., 2020; Kindu Mekonnen et al., 2022). Forage legumes are important for nitrogen 

fixation and can be utilized as a protein supplement for animals due to the high crude protein 

content, rich in minerals (calcium, phosphorus), and vitamins A and D (Lukuyu et al., 2012). 

However, in the present country’s condition fodder crops including oats, vetch, alfalfa, and 

fodder beet are not well established (Alemayehu Mengistu, 2005). 

2.2 Improved Forage Production in Ethiopia and its Challenges and Opportunities  

Despite the introduction of new forages, Ethiopia has poor management and utilization of 

forage resources (Solomon Tefera, et al., 2019). Hence, the contribution of improved forage 

to the total feed resource is still low (0.32%) because of factors such as type of livestock 

production system, lack and un adoptable forage technologies, poor extension services, and 

others (CSA, 2018). To enhance or improve forage production, these criteria such as selection 

of forage species, forage development strategies, preparation and servicing of extension 

practice, and formulation of forage seed production system are the main consideration 

(Getachew Assefa, 2021). 

2.2.1 Opportunities 

A good possibility for the production of improved forages is the integration of pasture and 

forage crops into the current farming system. As a success of forage production in Ethiopia, 

Farmers raised the improved forage production used for their dairy and fattening animals 

increased their income, increase animal products, reduced their feed cost due to compensating 

concentrate cost, and enhanced the feed availability year-round (Getachew Assefa, 2021). 

However, integrated feed and forage development practices such as forage development and 

grown fodder trees can address livestock feed and forage-related challenges and improve 
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livestock productivities (Kindu Mekonnen et al., 2022). Similarly Alemayehu Mengistu 

(2006) stated that the integration of pasture and forages into the farming system is one of the 

best opportunities for highland farmers to utilize land effectively. Some of the potential for 

forage production in Ethiopia include fourth livestock development project (FLDP), forage 

development strategies, availability of water, and presence of sizable livestock population 

(Alemayehu Mengistu, 2006). 

2.2.2 Challenges 

In Ethiopia, the failures of green forage production in many areas are due to a shortage of land 

and water for irrigation. Forage crops cannot be produced in sufficient quantities due to the 

increasing demand for land resources and increased cropping intensity from populations that 

are expanding at an alarming rate (Alemayehu Mengistu, 2002). Similarly in the highlands of 

Ethiopia, where a mixed crop-livestock farming system exists, farmers give priority to crop 

production rather than producing green forage for their livestock (Getachew Assefa, 2021). 

Low availability of forage seed and seed production is also a problem for the adoption of 

improved forages, which must be addressed (Muluye Fekade, 2019). Devastating of improved 

forage produced by some farmers with the animals of the others due to the reason open/free 

grazing system is adopted and this problem may reduce forage production and adoption in 

Ethiopia (Getachew Assefa, 2021). Generally, land scarcity, overpopulation, particularly in 

pastoral areas, seasonal variations in the availability of forage seeds, lack and high cost of 

planting materials, poor extension service, drought, lack of awareness, and low adoption of 

improved forages at the level of smallholder farmers are the main forage-related constraints 

(Getnet Assefa et al., 2012). 

2.3 Advantage of Supplementation of Fresh Forage to the Livestock   

Green forages have a cooling effect on the Animals, are also more palatable, and have easily 

digestive nutrients. According to Khan et al. (2012) description, green forage tends to contain 

more minerals than matured or dry forage. The leaves contain 20–30 times as much vitamin E 

as the stems for the maintenance of cellular membranes, immunity, and reproductive function.  

Green herbage is also an exceptionally rich source of β-carotene, a precursor of vitamin “A” 

and used for vision, normal growth and development, spermatogenesis, and maintenance of 
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skeletal tissue and epithelial tissue. Green feeds also provide vitamin K to animals for the 

synthesis of proteins. Green feed is also used to reduce methane emissions to the environment 

(Prusty et al., 2014). The enteric methane emission was reduced by 5-12% by feeding green 

fodder-based rations to river buffaloes (Prusty et al., 2014). The authors Nathani et al. (2015) 

also reported that increasing green fodder proportion in the diet might have also reduced the 

active genes for the production of methane by reducing the methanogenic archaea population 

in the rumen. 

2.4 Over View of Intercropping Forage Production System 

Intercropping is the way of producing or cultivating two or more forages together on a 

specific piece of land during the same cultivation period (Guleria & Kumar, 2016). 

Production of two or more forages together has the effect to increase forage biomass 

production. One of the most affordable and efficient agronomic techniques to increase forage 

biomass output, nutritional quality, and financial returns is grass-legumes intercropping (Iqbal 

et al., 2019). In highland, moderate altitude, and lowland areas, intercropping of annual 

leguminous species with grass provides the predominant quantity and quality of forage 

production strategies (Muluye Fekade, 2019). However, sometimes nutrient competition 

occurs between intercropped forage crops or mixed forage crops and this competition might 

indicate the compatibility of these forage growing together for better quality and quantity of 

forage (Usman et al., 2017). 

Intercropping is thus typically carried out in four different methods. Row intercropping is the 

first intercropping technique. Row intercropping can be done in two different methods. The 

first is additive series (no sacrifice of main crop lines) and the second is replacement series 

(main crop row is reduced for each intercrop row) (Iqbal et al., 2017). On the other hand, 

mixed intercropping is a technique in which the seeds of various fodder crops are blended, 

mixed, and sown in the same row, or broadcast. (Iqbal et al., 2019). Relay intercropping 

techniques include sowing a second crop in a standing crop that is almost finished with its 

production cycle before harvest (Fitsum Reda et al., 2005). Strip intercropping involves 

sowing two or more crops in strips that are both wide enough to accommodate numerous rows 

and near enough to allow for interactions (Li et al., 2001). 
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2. 5 Advantages of Grasses and Legumes Intercropping System 

2.5.1 Grass-legumes intercropping for herbage yield and nutritive value 

Forage legume and grass intercropping are climate-smart options that has potential for 

enhancing herbage production simultaneously. Previous studies have reported that legume 

intercropping can enhance biomass and yield over corresponding monoculture (Zhang et al., 

2011; Zafaranieh, 2015). According to the author Rusdy (2021) the way to overcome the feed 

shortage problems sustainably is through establishment of grass-legume intercropping. Grass-

legume intercropping also has the advantage to improved forage yield, reduced weed 

invasion, and improved forage nutritive value and animal production. 

In the study conducted by Sturludóttir et al. (2014); Unathi et al. (2018) grass grown in 

association with legumes also contain a higher percentage of protein. Besides, Eskandari et al. 

(2009); Mousavi & Eskandari (2011) reported that grasses intercropping with legumes 

contained higher crude protein than grasses harvested from the monoculture. Generally, 

intercropping has various advantages such as increasing forage biomass production, crude 

protein yield, increase in economic profitability, and the efficiency of land use, and also has 

its effect on soil conservation mechanism. From these advantages Dhima et al. (2007) showed 

that vetch intercropped with cereals resulted in higher forage yields and profitability. 

2.5.2 Advantage of grass-legumes intercropping for nitrogen fixation  

According to the authors Unathi et al. (2018) producing legumes for biological nitrogen 

fixation has additional advantages that used as ecosystem, economic, and environmental 

advantages. Furthermore, due to biological nitrogen fixation (BNF) process, intercropping 

legumes with grass has the potential to be a nitrogen-saving approach (Iqbal et al., 2019). The 

researchers Weisany et al. 2013; Unathi et al. (2018) stated that legumes intercropped with 

grass have a unique ability to fix atmospheric nitrogen. Legumes can fix atmospheric free 

nitrogen into the soil by symbiotic living with bacteria of Rhizobium species and sustaining 

soil fertility (Demissie Negash et al., 2017).  

The improvement in nutritive value is due to a slower decline in digestibility with advancing 

maturity and higher levels of protein in legumes (Unathi et al., 2018). When compared to 

grass monocultures legumes can improve palatability, digestibility, nutritional value, and 
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often herbage yield by increasing the nutritive content of the low-quality grass cultivated 

inside them (Kumar et al., 2016, 2018). One of the strategic interventions for optimizing the 

productivity of a given land use system is the integration of forage legumes into the grass-

based forage production system using various ways (Gezahegn Kebede, 2018). 

2.5.3 Advantage of grass-legumes intercropping for biological competitiveness  

2.5.3.1 Land equivalent ratio 

The land equivalent ratio measures the proportion of a single forage relative area needed to 

produce the yield obtained through intercropping (Azraf et al., 2006). Land equivalent ratio is 

also the relative area of land under monocrop which is needed to obtain the yield produced in 

intercropping (Belel et al., 2014). Grass and legume intercropping has been acknowledged as 

a productive method that maximizes fodder production per unit area and unit time while also 

using better resources (Guleria and Kumar, 2016). Grass and legume intercropping was the 

obvious intercropping method and the most productive, stable, and advantageous in respect to 

the land equivalent ratio under irrigated conditions.  

However, the authors Azraf et al. (2006) reported that there is no yield benefit if the LER 

value is one, but there is a yield advantage if the LER value is more than one. Grass and 

legumes intercropping is the most efficient intercropping system and resulted in better land 

equivalent ratio (Naim et al., 2013; Rathor, 2015). Intercropping of sorghum with cowpea 

gave the higher value of land equivalent ratio (1.88) which indicating a significant effect of 

intercropping over sole grown forages (Mohammed et al., 2008). Similarly  Makoi & 

Ndakidemi (2010) reported that grass and legume intercropping system is most advantageous 

in land equivalent ratio ranged from 1.29-1.61 with respect to sole sown forages. Therefore 

grass and legume intercropping system is most effective in land equivalent ratio compared 

from grass and legumes sown as a pure stand.    

2.5.3.2 Competitive ratio 

Another method of determining how much one forage competes with other crops is 

competitive ratio (CR). Competitive ratio is a ratio of competitiveness of the intercropped or 

mixture of grass and legumes to individual forage land equivalent ratio with respect to sown 

seed proportion (Dinesh et al., 2021). Whereas, the author Yahuza (2011) stated that an index 
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that measures the impact of competition between two species in an intercropping system is 

called the competition ratio (CR), which reflects how much one species competes with the 

other in an intercrop. Intercropping of cowpea in forage sorghum is the most efficient system 

of intercropping with forage sorghum due to cowpea is most competitive than other legumes 

(mungbean, clusterbean, and susbania) (Azraf et al., 2006).  

2.5.3.3 Aggressiveness  

Biological compatibility especially aggressiveness in grass and legume intercropping have its 

positive and negative effect in forage yield. When forage is cultivated in combination with 

another forages, aggressiveness is a crucial competitiveness function to evaluate the potential 

to compete and when the grown forage aggressiveness values is zero, it means that component 

forage are equally compete (Azraf et al., 2006). Ahmad et al. (2006) reported that in Sorghum 

and legume intercropping system sorghum appeared dominant crop with positive 

aggressiveness. Singh et al. (2008) revealed that positive aggressiveness in intercropping of 

sorghum and cowpea was observed, which have the yield advantage of intercropping over 

sole crops. Moreover, Verma et al. (2005) revealed that intercropping of fodder sorghum with 

pigeon pea in row intercropping and obtained the higher values of aggressivity index (0.53) 

and this positive value indicates that there have a yield advantage in intercropping. 

2.6 Over View of Sudan Grass Origination and Used for Forage Production   

Important fodder that originated in Sudan is Sudan grass. Sudan grass is an important grass 

due to its being very leafy with very fast growth (Guleria & Kumar, 2016; Najmaldin & Ali, 

2019). Sudan grass (Sorghum sudanense) is an annual forage grass that yields a lot, and grows 

quickly (Guleria & Kumar, 2016; Mut, 2017). Sudan grass is annual forage with fine stems 

that works well in short periods. Sudan grass can tolerate both warm and drought and can be a 

promising crop to solve the forage dry matter shortage during winter season and emergencies 

(Najmaldin & Ali, 2019). Sudan grass (Sorghum sudanense) a promising fodder that may be 

cultivated under irrigation, which has been neglected in Sudan for a long time (Najmaldin & 

Ali, 2019). The plant develops only fibrous roots and does not have rhizomes, but a single 

seed can produce many stems (tillers). Its tiller is extensively and have rapid re-growth 

potential (Armah-Agyeman et al., 2002). During a time of scarcity, this grass can fill the gap 

of feed shortage (Najmaldin & Ali, 2019).  
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2.7 Effects of Seed Rate Intercropping on Morphological Development of Sudan Grass 

(Sorghum sudanense) 

2.7.1 Plant height 

Plant height is affected by the seed rate (Najmaldin & Ali, 2019). The plant height of Sudan 

grass (Sorghum sudanense) is higher in intercropping than its sole cropping due to the seed 

rate probably create suitable growth condition in the intercropping. In addition, the seed rate 

proportion of sown forages has its effects on plant height (Najmaldin & Ali, 2019). It is 

possibly due to light competition between forages grown together or component crops in the 

intercropping (Basaran et al., 2017).  

Hence, the differences in plant height are due to intercropping seed rate of both grass and 

legume components, Sudan grass planted combined with legumes gave the tallest plants 

(Hassan et al., 2017). When Sudan grass intercropping with leguminous fodder, overall height 

increased dramatically regardless of the seed content (Awad & Ahmed, 2012). Seed rate in 

Sudan grass has a significant effect on plant height and where seed rate increased in Sudan 

grass sown as sole and leads to decreasing plant height due to intra-specific competition for 

nutrients (Najmaldin & Ali, 2019). Basaran et al. (2017) stated effect of seed rate of Sudan 

grass with Soybean intercropping on plant height of Sudan grass hybrid was significantly 

increased in plant height compared to alone sowing.  

2.7.2 Leaf development parameters   

Leaf number is one of the advantageous morphological parameters of Sudan grass that 

contribute to the total dry matter yield. It is known that fresh matter and then dry matter yields 

are formed by photosynthesis in leaves, so it is important to determine the effect of 

technological measures such as seed rate on leaf development and leaf surface formation in 

the plant. In the experiment, Sudan grass seed rate affected the leaf developments (Atabayeva 

et al., 2021). Therefore, values recorded for the number of leaves per plant for forage 

sorghum-sudanense are generally between 14 and 17 (Monteiro et al., 2012; Gnanagobal & 

Sinniah, 2018).  

Leaf growth has been illustrated widely for plant growth is mostly reflected in increases in 

leaf length accompanied by relatively small increases in width (Gnanagobal & Sinniah, 2018). 
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Increasing leaf lengths is important for the survival and contribution of the forage biomass of 

individual plants (Barre et al., 2015). Leaf length and width observed for Sugar graze were 

95±2.0cm, whereas leaf width was (6±0.58 cm) (Gnanagobal & Sinniah, 2018). Another 

scholars Singh et al. (2014) revealed that leaf length and width of sorghum hybrids were 

45‒70 cm and 4‒7 cm, respectively. 

2.7.3 Tiller number and root development parameters   

The number of shoots per plant is an important yield contributing character that may affect the 

forage yield of Sudan grass (Sorghum sudanense). The intercropped Sudan grasses (Sorghum 

sudanense) gave better tillers number per plant (Hassan et al., 2017). Hence, the seed rate 

increased the number of tillers per plant decreased. Higher seed rate had a negative 

relationship with the tiller number per plant and hence, the tiller's number per plant increased 

with low rates of seeds (Najmaldin & Ali, 2019). Although, with seed rate intercropping of 

Sudan grass and legumes affected tiller number. Significant differences had observed between 

solid crops and their intercropped (Hassan et al., 2017).  

The development of root length as densely would have competition between plants. The much 

greater plant populations would have resulted in substantially greater root length. As a result, 

the densely would have had a better opportunity to utilize soil water and nutrients than at 

wider spacing, resulting in higher DM yields (Gnanagobal & Sinniah, 2018). 

2.8. Effects of Seed Rate in Intercropping on Nutritional Value and Yield of Sudan 

Grass 

2.8.1 Dry matter and dry matter yield  

Grass-legume combination plays a key role in higher dry matter productivity. Dry matter 

percentage is the part of forage without water. Fibers, crude proteins, ash, carbohydrates, and 

lipids are driven from dry matter content of the forage. Dry matter is also very essential as the 

moisture content will give indications as to how forage will preserve when stored by baling or 

ensiling (Schroeder, 2012). Due to this reason, efficiently knowing the dry matter content of 

forage is advantageous for storing dry forages. 

In particular, it can be seen that the sowing rate in intercropping can affects the dry matter 

yield. The author Basaran (2017) noted that dry matter yield (19.54t/ha) was obtained from 
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50%:100% seed rate intercropping treatments of Sudan grass and cowpea (Yemsoy) 

compared to dry matter yield (17.19t/ha) Sudan grass sown alone. This greater results was due 

to intra-specifiic nutrient competition in sole and higher dry matter in intercropping was due 

to less seed rate of Sudan grass and may be good water use efficiency in intercropping than 

sole sown. There have been studies on the effects of sowing patterns and seed rates on the 

yield of forage Sudan grass (Sorghum Sudanense). Therefore Sudan grass was sown with 20 

kg of seed rate per hectare and gave the dry matter yielding 111.4 q/ha which means 11.14t/ha 

(Atabayeva et al., 2021). Sudan grass sown intercropping with cowpea on the seed rate 

proportion (75%:25%) had significantly increased dry matter yield (2.18t/ha) than Sudan 

grass sown alone (1.95t/ha) (Asem et al., 2020) due to direct effect of seed rate decreasing in 

intercropping and contribution to forage yield. In addition to this, Najmaldin & Ali (2019) 

stated that seed rate had a significant effect on dry matter yield. According to Basaran et al. 

(2017) Sudan grass (Sorghum Sudanense) intercropped with legumes cowpea, and soybean 

exhibited greater hay yield. Two forages are beneficial if seed rate proportion are considered 

and intercropping system led to higher fodder yield (Rathor, 2015). The scholars Najmaldin & 

Ali (2019) results showed that there were significant differences among seed rate treatments. 

Generally, the seed rate have a significant effect on the dry forage yield of Sudan grass.  

2.8.2 Crude protein percentage and yield  

To get crude protein, multiply the forage's nitrogen content by 6.25. Crude protein percentage 

(CP%) of Sudan grass (Sorghum sudanense) in relation to intercropping with cowpea was 

shown to be significant because intercropping of cowpea improve CP% of Sudan grass 

(Sorghum Sudanense) (Asem et al., 2020). The effects of seed rate intercropping has 

significant difference and the highest CP percentage (16.74%) was recorded in intercropping 

Sudan grass (Sorghum sudanense)+Susbania-susban and forage against the minimum (9.74%) 

Sudan grass (Sorghum sudanense) forage grown alone due to legume intercropping can 

increase nitrogen concentration of grass (Azraf et al., 2007). 

Hence, seed rate has the greatest effect on protein yield in separate and combined 

intercropping. Sudan grass (Sorghum sudanense) in intercropping has greatest protein yield 

than its alone sowing. Therefore, High forage quality in grass-legume intercropping might be 
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associated with the seed rate of plants in a intercropping (Basaran et al., 2017). Similarly the 

authors Hassan et al. (2017) showed that crude protein yield was influenced by intercropping. 

2.8.3 Crude fiber fractions   

Crude fiber percentage (CF%) of Sudan grass in respect of planting patterns with cowpea, and 

intercropping seed rate were significantly different (Asem et al., 2020). Hence, CF% of mixed 

forage with the addition of cowpea in the intercropping which were (35.21%) compared with 

planting Sudan grass (Sorghum sudanense) as a pure stand which was (38.17%) (Asem et al., 

2020). Mixing Sudan grass with cowpea significantly improved forage quality in terms of 

decreasing the crude fiber and increasing the digestibility in the mixture compared to Sudan 

grass (Sorghum sudanense) grown as a pure stand (Awad & Ahmed, 2012). The crude fiber 

percentage of Sudan grass on average was 38.48, compared with (35.02) for mixed forage 

respectively (Asem et al., 2020). These decreasing the crude fiber percentage was due to the 

intercropping of Suudan grass with legumes in decreasing seed rate and it enables increasing 

the nitrogen concentration of Sudan grass and as well as intercropping with legumes may 

improve the nutritive value of the grown forages.   

From the crude fiber fractions, NDF in the forage increased, animals were able to have poor 

digestibility and consume less fed, which is consistent with the fact that NDF and digestibility 

are inversely associated. NDF can be used to forecast forage intake more accurately, allowing 

for the formulation of better rations (Harper & McNeill, 2015). Due to the restriction imposed 

by rumen fill, the higher NDF concentrations can affect overall DM intake (Alves et al., 

2016). 

Hence, the author Erkovan (2022) showed that Sudan grass cultivated with common vetch has 

lower neutral detergent fiber than sole. Cross-seeding exhibited the significantly lowest 

NDF% and there were significant variations in the NDF% content. Cross-seeding row 

conducted significant decrease in NDF% content compared to the sole. The seed rate of 

sorghum (Sorghum bicolor L.) have significant effect on neutral detergent fiber. Differences 

in seeding rate are the main effect of the total variation in NDF (Aklilu Mekasha et al., 2020). 

The reduction in NDF with decreasing in seeding rate could be associated with a decrease in 

plant stalk. However, Aklilu Mekasha et al. (2020) noted that increasing seed rate shows a 

significantly decreased in acid detergent fiber (ADF). Generally, different authors have 
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revealed the chemical composition of Sudan grass can be affected by seed rate in 

intercropping. Hence, the table below is the summary of the chemical composition of sole 

Sudan grass and intercropped Sudan grass revealed by the authors.  

Table 1. Chemical composition of Sudan grass and sorghum Sudan grass hybrids in alone and 
intercropping 

 DM% CP% NDF% ADF%  Source  
Sudan grass (Jumbo) alone - 10.0 64.9 42.6 ( Choi et al., 2017) 
Sudan grass alone  - 8.8 65 40 (Lang, 2001) 
Sorghum hybride intecrop  8.40 - - (Basaran et al., 2017) 
Sudan grass alone - 9.03 66.04 48.32 (Uzun et al., 2009) 
Sudan grass alone   - 15-18 57.2 33.9 (Millner et al., 2011) 
Sorghum hybrid alone 26.83 8.64 55.18 36.52 (Lopes et al., 2020) 
Sorghum hybride intecrop  9.21 -6.37 - (Akhter et al., 2013) 
Sudan grass alone - 14.66 38.63 33.12 (Erkovan, 2022) 
Sudan grass intercrop  - 15.47 38.94 33.25 (Erkovan, 2022) 
Sudan grass hybrid (Piper) 
alone  

- 8.7 65.6 41.1  (Choi et al., 2017) 

Sudan grass alone  23.9 12.6 72.4 43.4 (Beck et al., 2014) 
Sudan grass alone  - 12.42 59.24 33.18 (Ates & Tenikecier, 2019) 
Sudan grass intercrop  16.10 39.15 32.98 (Erkovan, 2022) 
Sudan grass alone 24 10 48 28 (Lyons et al., 2019) 
Sudan grass hybrid (Sunstar) 
alone 

- 10.0 63.5 39.7 (Choi et al., 2017) 

DM% = Dry matter percent, CP% = Crude protein percent, NDF% = Neutral detergent fiber percent, ADF% = 
Acid detergent fiber percent   

2.9 Over View of Vetch Species Adaptation and Used for Forage Production 

Vetch species are predominately found in Ethiopia's central highlands and midland areas 

(Fantahun Dereje, 2016). Predominantly vetch species are known by their adaptability, 

versatility (either in green manure or as a pasture), they are used for ruminant feed (Gezahegn 

Kebede et al., 2020). Vetches (Vicia spp.) are the most common annual leguminous forage 

used for animal feed (Demirhan et al., 2018). More research has classified vetch species based 

on growth behaviors, morphological variations, climatic adaption, and other factors. As a 

result, the growth behaviors of vetch species can be classified as erect, creeping or climbing 

(Fantahun Dereje, 2016; Gezahegn Kebede et al., 2020). As a result, Vicia dasycarpa, Vicia 

villosa, and Vicia atropurpurea grow creeping or ascending, whilst Vicia narbonensis and 

Vicia sativa grow erect.  
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These differences in growing habits are the basis for variation in nutritional values and also 

define their production potentials. for this reason, vetch species with upright growth habits are 

more compatible with small cereals in intercropping systems, whereas creeping or climbing 

growth habits are more compatible with large cereals in intercropping/under sowing systems 

and yielded higher green forage yields (Gezahegn Kebede et al., 2020). On the other hand, 

variation in forage maturity is an essential agronomic feature to consider when selecting 

partner crops for maximum productivity. Getnet Asefa et al. (2003) also noted that choosing 

companion or mixed crops with the best compatibility and forage yield had an advantage in 

terms of days to maturity. 

2.9.1 Adaptability measurements of vetch species 

2.9.1.1 Plant height  

Forage legumes must be integrated with grass in mixed stands or in intercropping, so 

information on plant height and other growth traits of the forage legumes is crucial things. 

Plant height and growth habits should be taken into account during integration because they 

affect compatibility in intercropping. Vicia dasycarpa has greatest plant height than other 

Vicia species followed by Vicia villosa, and Vicia atropurpurea in Holleta (Gezahegn Kebede 

et al., 2013). Alemu Tarekegn (2014) reported that plant height adaptability of vetch species 

at harvesting stage,  Vicia villosa (144cm) has highest plant height and Vicia dasycarpa 

(125cm), Vicia atropurpurea (132cm), and Vicia benghalensis (114cm) are different from 

Vicia sativa (65.3cm) in North Gondar. In other study, Vicia dasycarpa and Vicia 

atropurpurea are the first in plant height at Holetta and Ginchi respectively and Vicia 

narbonensis had the shortest plant height at both locations (Gezahegn Kebede et al., 2019). 

2.9.1.2 Number of branch  

Number of branching/tillering performance of vetch species is an important agronomic traits 

for selection of crops to better forage yield. Environmental, genetic variability and 

managemental practices have a significant impact on the branching performance of vetch 

species (Gezahegn Kebede et al., 2019). Alemu Tarekegn (2014) found that number of branch 

of vetch species at harvesting stage; Vicia villosa (3.1), Vicia benghalensis (2.9), Vicia 

dasycarpa (2.8), and Vicia atropurpurea (2.8) are different from branch number of Vicia 

sativa (2.4) in North Gondar. Vicia dasycarpa (10.8) and Vicia villosa (14.5) gave the highest 
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branches at Holetta and Ginchi respectively, while Vicia narbonensis (1.3-2.4) gave the 

lowest branches at both locations (Gezahegn Kebede et al., 2019). 

2.9.1.3 Dry matter yield  

As reported by Gezahegn Kebede et al. (2013) vetch species DM yields were ranged from 

1.39 to 5.84 and 1.99 to 7.62 t/ha at Holetta and Ginchi respectively and Vicia villosa gave 

relatively higher total DM yield followed by Vicia dasycarpa in Holetta. Whereas, Alemu 

Tarekegn (2014) reported that highest herbage yield was obtained from Vicia villosa 

(32.0t/ha) while the lowest herbage yields from Vicia sativa (9.6t/ha). On the other hand, 

Vicia villosa (8.2t/ha), Vicia atropurpurea (6.9t/ha), and Vicia dasycarpa (6.7t/ha) are more 

adaptive and productive in dry matter yield than others in North Gondar. The dry matter yield 

of vetch species in the Highland of Guji Zone reported by Usman Semmana et al. (2019) 

ranged from 0.17-5.83t/ha and from these vetch species Vicia sativa (5.83) have highest dry 

matter yield followed by Vicia villosa (3.77), Vicia dasycarpa lana (3.38), Vicia 

atropurpureum (3.19),  Vicia villossa Holeta (2.82), and Vicia dasycarpa namoi (0.17). 
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CHAPTER THREE: MATERIALS AND METHODS 

3.1 Description of the Study Area 

The study was conducted in Kudmi kebele, North Mecha district under irrigation condition. 

North Mecha district is one part of West Gojjam Zone, Amhara Regional state, Ethiopia. The 

study area is 34 km far from Bahir Dar, the capital city of the Amhara region, and situated 

500 km northwest of Addis Ababa, the capital of Ethiopia. Mecha district is located at an 

elevation of 1800–2500 m.a.s.l. The experimental kebele (Kudmi) is located at 11021'0'' to 

11024'0'' N latitude and 3706'0'' to 3709'0''E longitude. Based on six month (December 2021-

May 2022) of forage growing season, the area has an average monthly maximum temperature 

ranges between 28.9 and 29.4°C with a mean value of 29.2°C and the average monthly 

minimum temperature of the area ranges between 9.1 and 9.9°C with a mean value of 9.5°C. 

The rainfall of the area in six month ranges between 0 and 3.9 mm with a mean value of 0.8 

mm (Bahir Dar National Meteorological Agency). From the total area coverage of the district, 

5,927 ha which is 4% is addressed by the Koga irrigation command area (Eyasu Elias, 2016). 

The soil in the district is dominated by red soil (nitisol) (Likawunt Yeheyis et al., 2012). 

 

                                                 Figure 1. Experimental site 
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3.2 Site Selection, Land Preparation, and Management Practices  

The experimental site was selected purposely based on the potential for forage production and 

irrigation capacities of the area. After selecting the experimental site, the land was cleaned 

and harrowed by oxen. The land was leveled out to maintain a well prepared seedbed and laid 

down experimental plots. The cultivars of Sudan grass (Aden gode) and vetch (Vicia 

dasycarpa) were purchased from Debre Birhan and Gondar agricultural research centers, 

respectively and sown in deep soil cover on a well-prepared plot. The sowing plots were 

irrigated three times per week (Basaran et al., 2017) and weeding management was held by 

hand weeding practice. Follow-up activities were held throughout the experimental period 

(until forages were harvested).             

3.3 Experimental Design and Treatment Allocation  

Experimental design and treatment allocations were employed using a randomized complete 

block design (RCBD). Plant materials have consisted of Sudan grass (Aden-gode) and vetch 

species (Vicia dasycarpa) with five seeding rates with the proportions of (100%, 75%:25%, 

50%:50%, 25%:75%, 100%) Sudan grass (Aden-Gode) and vetch species (Vicia dasycarpa), 

respectively and it was intercropped under three (3) replications. The experiment has a total of 

five (5) treatments with fifteen (15) experimental units. Therefore, the experimental area was 

laid down by using a 3, 4, and 5 triangular method and the total experiment size was 288m2 

(24m*12m) with 12m2 (4m*3m) individual plot size (Appendix 7.3). The space between plot 

and block was 1m and 1.5m respectively. 25 kg/ha for Vicia dasycarpa of vetch species and 

10 kg/ha (Webb et al., 2010) of Sudan grass (Aden-Gode) were sown in each experimental 

plot with respective to their seed rate proportions. The vetch species was intercropped 

between two consecutive rows of Sudan grass which have 30 cm space between the vetch 

species and Sudan grass and also one plot had 10 rows. The sowing method was applied 

through row broadcasting without considering seed spacing. The two varieties of grown 

forages of Sudan grass (Aden-gode) and vetch species (Vicia dasycarpa) were sown at the 

same time (Iqbal et al., 2015).  
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Table 2. Treatment setup of the Sudan grass (Aden-gode) and vetch (Vicia dasycarpa) 
intercropping 

Treatments Intercropping seed 

rate 

sowing seed rate (Sudan grass+vetch) in 

kg/ha 

T1(Sole Sudan grass) 100% S 10kg/ha 

T2 75% S:25% V 7.5kg/ha+6.25kg/ha 

T3 50%S:50% V 5kg/ha+12.5kg/ha 

T4 25%S:75% V 2.5kg/ha+18.75kg/ha 

T5 (Sole vetch) 100% V 25kg//ha 

T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, S= Sudan 
grass (Aden-gode), V= Vetch (Vicia dasycarpa), kg/ha= kilogram per hectare  

3.4 Agronomic Parameter Data Collection Methods   

3.4.1 Agronomic parameter data collection methods for Sudan grass (Aden-gode) 

During the time of data collection, different agronomic parameters were recorded. Agronomic 

parameters were collected at the first heading stage for Sudan grass (Enchev, 2021) and vetch 

species when it reaches the fifty percent flowering stage. For agronomic parameters, ten 

plants (Ahmed et al., 2019) from each Sudan grass and vetch species were randomly selected 

from the middle rows of each plot leaving outer edge rows due to border effect. Therefore the 

following agronomic data were measured and recorded methodically.  

Plant Height: For Sudan grass forage, the height agronomic parameter was recorded by using 

tap meter from ten plants randomly selected from the four middle rows of each plot leaving 

the two edge rows by considering the border effect. Plant heights were measured from above 

the soil surface to the tips of the tallest leaf (Natural standing height) for Sudan grass 

(Rayburn et al., 2007). After measuring the height of the plant average mean value was 

determined.  

Number of Leaf per Tiller: Numbers of leaves per tiller were recorded through selected ten 

plants from the middle rows randomly considering the border effect as other agronomic 

characteristics. Just before cutting plants for fresh biomass, the number of leaves were 

counted and average value was recorded. 
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Leaf Length: Such like to that plant height, and leaf length also was measured by using a tap 

meter. Leaf length was measured from the peak of the sheath or the base of the leaf blade to 

the apex parts of the leaf. Ten plants were selected from the middle rows and randomly select 

the leaf and measurement was preceded and the average value of leaf length was recorded.  

Leaf Width: Leaf width was measured by selecting ten plants randomly from selected rows 

considering border effect and such like leaf length; leaves were selected randomly from 

selected plants. Leaf width was also measured by using Ruler. Leaf width was measured from 

three parts of the leaf (Arendonk, & Poorter, 1994) such as; at the base of the leaf blade, at the 

middle of the leaf, and below the tip parts of the leaf, and the average was recorded.    

Number of Tillers per Plant: The number of tillers per plant was also counted by taking ten 

plants from each experimental plot randomly by leaving edge rows and then the average 

number of tillers per plant was determined for each plot.   

Stem thickness: To measure stem thickness, ten plans were selected from the middle rows 

randomly considering the border effect like other agronomic parameters. Stem thickness 

(stem circumference) was measured by using a tap meter after avoiding all leaves and leaf 

sheath from the steam and the average value was recorded.  

Root Number and Root Length: The number and length of roots from each plot were 

measured by thoroughly digging out. Immediately after the sample is taken and washed with 

water gently to clean the soil and other debris that enabled to count and measure properly. The 

numbers of the root of each plot were counted and determined the mean value of the root 

numbers. The root length was measured from the crown root part to the tip of the longest root 

and determined the average length.  

Leaf to stem ratio: Leaf to stem ratio was determined by taking a fresh subsample weight of 

about 500g from harvested fresh biomass for each treatment and then leaves and stems were 

alienated carefully. The fractioned subsample of leaf and stem were brought into air dried in 

airtight bag and then the leaf to stem ratio was calculated by dividing leaf dry weight to stem 

dry weight (Nguku et al., 2016). 
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3.4.2 Agronomic parameter data collection methods for vetch (Vicia dasycarpa) 

Plant Height: For vetch species, the height agronomic parameter was recorded by using a tap 

meter from ten plants randomly selected from the four middle rows of each plot leaving edge 

rows by considering the border effect. Plant height was measured from the soil surface to the 

end part (tip) of the tallest branch (Rayburn et al., 2007). 

Number of Branches: The number of branches of vetch was recorded by separating the 

individual vetch from each plot carefully. The branch numbers of the vetch were recorded by 

only considering the first branch rather than the fine branch of the vetch plant.    

Root Length and Root Number: length and number of roots from each plot were measured 

by carefully digging out as soon as immediately after the sample was taken and washing with 

a droplet of water to clean the soil and other debris that enables to count and measure 

properly. The numbers of the root of each plot were counted and determined the mean value 

of the root numbers. The root length was measured from the base of the branch root part to the 

tip of the largest branch or tap root and was determined by the mean values of the root length 

from each plot. 

Number of Nodules: The number of nodules was recorded from each plot. Ten vetch plants 

were selected as soon as immediately after the sample is taken and appropriately dug out from 

the soil and also thoroughly washed the root with clean water to remove the soil and debris for 

counting nodules effectively.   

3.5 Sampling Methods for Fresh Biomass and Dry Matter Yield (ton/ha) 

The harvestable plant for fresh biomass and dry forage yield determination was cut down at 5 

cm and 2.5 cm for Sudan grass (Aden-gode) and vetch (Vicia dasycarpa) above the ground 

level respectively. Fresh biomass was collected for vetch species when it reaches the fifty 

percent flowering stage and the first heading stage for Sudan grass (Enchev, 2021). The plot 

size of each treatment was 12m2 and from each plot, four middle rows (4th, 5th, 6th, and 7th) 

with a net harvestable area of (3.6m2) per plot and 54m2 per total harvestable area from fifteen 

plots by considering border effects (leaving 50cm lengthwise from each side). A fresh 

herbage yield of the Sudan grass and vetch was measured immediately after harvesting and 

weighed soon after harvesting using field balance. Fresh biomass yield was measured for each 
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sole crop as well as for both components in the case of intercropping. The dry matter 

percentage was determined by taking about 500g (weighted by field sensitive balance) of 

fresh subsamples from the total fresh biomass from each plot. Subsamples were chopped into 

short lengths (2-5cm) and then packed with an air-tight bag and subjected to oven drying at 

65ºC for 72 hours to estimate dry matter yield (ton/ha). The dry matter percentage was 

determined through the dry weight of the subsample divided by the weight of the fresh 

subsample and multiplied by 100. After determining the dry matter percentage, the dry matter 

yield was calculated. The weighed fresh sub-samples (FWss) were oven dried and reweighted 

(DWss) to estimate dry matter yield (DMY). The dry matter yield (DMY) of forage grown in 

the study area was calculated through Tarawali (1995) formula, (10×TFW×DWss 

/(HA×FWss)).  

Where:  

TFW = Total fresh biomass weight in kg  

DWss = Dry weight of the subsample in grams  

FWss = Fresh weight of the subsample in grams  

HA = Harvested area in m2  

10 = A constant for conversion of yields in kg/m2 to ton/ ha  

Therefore, to determine crude protein yield (CPY), Dry matter yield (DMY) is determined 

and then multiplied with the CP content of the feed samples (CPYt/ha = CP% × DMY). 

3.6 Biological Compatibility 

3.6.1 Land equivalent ratio (LER)  

Land equivalent ratio (LER) was determined as the sum of the two fractions of the yield of the 

intercrops relative to their sole crop yields according to the following formula (Willey, 1979). 

LER = +  

Where,  

LER = land equivalent ratio  
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YsI = yield of Sudan grass in intercropping  

YsS = yield of Sudan grass in sole cropping  

YvI = yield of vetch species in intercropping   

YvS = yield of vetch species in sole cropping   

3.6.2 Competitive ratio (CR) 

The CR also was determined through the ratio of the forages sown in a mixed stand and 

represents the proportion of individual LERs of forage in intercropping and multiplying the 

value by their respective seed rate intercropping proportion. The following formulas can be 

used to determine the CR (Fuller & Madella, 2001; Petrie & Bates, 2017). 

CRs = (LERs/LERv) X Zvs/Zsv)    

CRv = (LERv/LERs) X (Zsv/Zvs) 

CRS/CRV = (LERs/LERv) X Zvs/Zsv)/ (LERv/LERs) X (Zsv/Zvs)  

Where; 

CRs and CRv = competitive ratio of Sudan grass and Vetch,  

LERs and LERv = the Land Equivalent Ratio of Sudan grass and Vetch 

Zsv = Sown ratio of Sudan grass in the intercropping  

Zvs = sown ratio of Vetch in the intercropping  

3.6.3 Aggressiveness (A)  

The aggressiveness of Sudan grass and vetch in this experiment was determined by using the 

dry matter yield of both forages. The following formula (Kingwell-Banham, 2015) was used 

to calculate the aggressiveness of forage grown in the experiment.     

 Asv =  -           

Where;  

Asv = the Aggressiveness of Sudan grass and vetch  
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Ysv = dry matter yield of Sudan grass in the intercropping  

Yvs = dry matter yield of Vetch in the intercropping 

Ys and Yv = dry matter yield of Sudan grass and vetch on their sole stand 

Zsv and Zvs = Intercropping proportion of Sudan grass with vetch and vetch with Sudan 

grass, respectively  

3.7 Chemical Composition Determination 

Chemical composition analysis of forage samples was carried out using representative 

samples from respected sample plots. From total fresh biomass 500g of Fresh samples were 

taken and stored in an airtight bag and samples were dried in a forced-air draft oven at 65°C 

for 72 hours for dry matter determination and other chemical composition analysis. The dried 

samples were ground with a mill and allow passing a 1mm Aperture width sieve (Zaklouta et 

al., 2011) at Bahir Dar University College of Agriculture and Environmental Sciences in 

Animal Nutrition Laboratory. Representative grounded samples from each treatment plot have 

waited in an airtight bag until subjected to chemical analysis. Then after, representative 

grounded samples were subjected to chemical analysis following the methods (AOAC, 1990) 

to determine the dry matter (DM), ash, organic matter (OM), and nitrogen (N) (Kjeldahl 

procedure). Forage quality measurements such as determination of acid detergent fiber 

(ADF), neutral detergent fiber (NDF), and acid detergent lignin (ADL) were analyzed by 

using the Van Soest method (Van Soest et al., 1991). Crude protein was determined through 

determine nitrogen contents of sample forages and multiply by 6.25. Ash content was 

determined by igniting at 550°C overnight.  

3.8 Statistical Analysis  

Microsoft excels spreadsheet and SAS version 9.0 (SAS, 2004) software package was used 

for the data record, data management, and data analysis. After collecting and recording data, 

the data was checked for its normality. After checking data normality, the general linear 

model procedure (Proc GLM) of the statistical analysis system was used to analyze all 

variables. Data on morphological characteristics, total DM yields, and chemical composition 

were subjected to Analysis of Variation (ANOVA). With the assumptions attended, the 

analysis of variance was performed with the application of the F test. Significant (P<0.05) 
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differences between treatment means were compared by applying the Least Significant 

Difference option of the SAS package. Pearson correlation (r) was used to describe the 

relationships between plant morphology, dry matter yield, and chemical composition. The 

model for data analysis was:- 

Yijk = + Bi + Sj +eijk  

Where:  

Yijk = result from the variable of morphological characteristics, forage yield, biological 

compatibility and chemical composition 

 = overall mean  

Bi = block effect  

Sj = treatment effect (seed rate effect) in the Sudan grass and vetch intercropping 

eijk = experimental error effect 
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CHAPTER FOUR: RESULT AND DISCUSSION 

4.1 Effects of Seed Rate on Morphological Parameters of Sudan Grass (Sorghum 

sudanense “Aden gode”) Intercropping with Vetch (Vicia dasycarpa)   

All morphological parameters of Sudan grass (Aden gode) i.e. plant height, number of leaves 

per plant, number of tiller per plant, leaf length, leaf width, leaf area, root number, leaf to 

stem ratio, and dry matter percentage presented in (Table 3) was significantly affected 

(P<0.05) on seed rate of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) intercropping. 

Whereas, root length and stem thickness of Sudan grass (Aden gode) were not significant 

different (P>0.05). In the current study as shown in (Table 3), the better results of 

morphological parameters of Sudan grass (Aden gode) such as plant height, number of leaves 

per tiller, number of tiller per plant, leaf length, leaf width, leaf area, root number, and leaf to 

stem ratio was recorded in 75%:25% seeding rate intercropping of Sudan grass (Aden gode) 

with vetch (Vicia dasycarpa).  

4.1.1 Plant height 

A seed rate of vetch (Vicia dasycarpa) and Sudan grass (Aden gode) intercropping had a 

significant (P<0.05) effect on plant height. The current result revealed in (Table 3) the overall 

mean value of plant height (153.13±3.05cm) of Sudan grass (Aden gode) was recorded. The 

highest plant height (161.17cm) was recorded in 75%:25% of seed rate intercropping. The 

medium plant height (156.3cm and 151cm) of Sudan grass (Aden gode) was recorded on seed 

rate treatment combination of 50%:50% and 25%:75%, respectively. The shortest plant height 

(144.03cm) was recorded from Sudan grass sown alone. This high variation of plant height is 

due to the intercropping forage seed rate difference.  

Plant height in the current study was significantly (P<0.05) affected by intercropping seed rate 

treatments. This significant results of seed rate intercropping on plant height were supported 

by the authors Guleria & Kumar (2016) they reported that intercropping of Sudan grass with 

legumes produced significantly taller than a pure stand. The same result was found by 

Basaran et al.  (2017) and their results showed that plant height was significantly affected by 

intercropping seed rate (100%:100%; 50%:100%, 100%:50%) of Sudan grass hybride (Aneto) 

with cow pea (Ulkem) and soybean varieties. These results are also in harmony with the 
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authors Amanullah et al. (2016) who stated that intercropping forage cereals with legumes 

could increasing plant height in intercropping forages. The increasing plant height in 

intercropping forages from forages grown alone might be due to the reason competition of 

associated forages to light and resulted in increasing plant height.   

The mean plant height (153.13±3.05cm) of the current result was highly similar to the finding 

of Najmaldin & Ali (2019) who conducted a 12kg/ha seed rate of Sudan grass (Sorghum 

sudanese) sown and found a significant effect on plant height (152.6cm). On the other hand, 

the shortest plant height (144.03cm) was obtained from Sudan grass sown alone. This result is 

also similar with the authors Aklilu Mekasha et al. (2020) who showed that decreasing in 

plant height with increasing seed rate of forage Sorghum (Sorghum bicolar L.). These results 

might be due to high plant density in a specific area causing intra-specific nutrient 

competition.  

The highest plant height (161.17cm) recorded from 75%:25% seed rate of Sudan grass (Aden 

gode) was greater than the finding of Asem et al. (2020) they found (145cm) plant height 

recorded from 100%:25% Sudan grass (Sorghum sudanese) and cow pea (Vigna unguiculata) 

intercropping. The plant height of Sudan grass (Aden gode) was highest in intercropped than 

in its alone and this result is supported by Basaran et al. (2017) who showed the plant height 

of Sudan grass (Sorghum sudanese) is highest in the mixture than its alone. On the other hand, 

the results of plant height (151cm) in 25%:75%, intercropping seed rate was greater than the 

results found by Erkovan (2022) who outlined (52.38cm) plant height was obtained from 

25%:75% intercropping of Sudan grass (Sorghum sudanese) with common vetch (Vicia 

villosa). This greater result might be due to the genetic variation of Sudan grass and vetch, 

environmental variation, and also management variation.   

The higher (P<0.05) plant height in intercropping than Sudan grass (Aden gode) sown alone 

observed in the current study might be due to fixing nitrogen by the vetch (Vicia dasycarpa). 

It may also possibly due to competition to the light, decreasing of seed rate, and also low plant 

density could allow for good aeration in intercropping. This result is highly agreed with the 

finding of Basaran et al. (2017) who found the highest plant height of sorghum Sudan grass 

hybrid intercropped with soybean (Yemsoy) and cowpea (Ulkem) varieties with different seed 

ratios. It was possibly due to light competition between inter-species. This result is also 
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supported by the authors Adeniyan et al. (2014) who conducted research on intercropping of 

maize (Zea mays) and cassava (Manihot esculenta) and revealed that intercropping maize 

(Zea mays) was increased in plant height than its sole.  

Therefore, the plant height of Sudan grass (Aden gode) was higher in the intercropped than 

alone. It might be the reason high plant density (100%) Sudan grass prevents the passage of 

sunlight into the bottom leaves and due to inter-species light competition in intercropping is 

responsible for plant growth. This was in harmony with Basaran et al. (2017) who outlined 

the intercropping of Sudan grass (Aneto) with cowpea (Ulkem) and soybean (Yemsoy) 

varieties. Generally, the highest plant height is better agronomical management to achieve 

more biomass in forage development. 

4.1.2 Number of leaves per tiller 

The number of leaves per tiller is significantly (P<0.05) affected on seed rate of Sudan grass 

(Aden gode) and vetch (Vicia dasycarpa) intercropping with the overall mean value of 

(8.84±0.60). In the current result (Table 3) the largest number of leaves per tiller (12.33) was 

obtained from 75%:25% seed rate intercropping treatment. On the other hand, the lowest 

value of leaf number per tiller (8.97, 7.13, and 6.93) was obtained from 100%, 50%:50%, and 

25%:75% seed rate intercropping treatments, respectively. 

Significant (P<0.05) difference in leaf per tiller was found as shown in (Table 3) below. The 

highest leaf number per tiller (12.33) was obtained from 75%:25% seed rate intercropping of 

Sudan grass (Aden gode) and then leaf number decreased to (8.97) when Sudan grass (Aden 

gode) sown alone. This result was supported by the finding of Atabayeva et al. (2021) who 

outlined the number of leaves decreases from 7.0 to 5.5 as sowing rate increases. Whereas, 

present result was also greater than the finding of Kriukova (2020) who revealed the leaf 

number of Sudanese grass ranges from 6.6-7.9. Significantly higher value of leaf number per 

tiller (12.33) was obtained from intercropped Sudan grass (Aden gode) than it’s alone (8.97) 

(Table 3). This results were in line with the finding of Ginwal et al. (2019) who outlined that 

a higher value of leaf number per tiller was recorded in forage maize and cowpea 

intercropping. The greater number of leaf numbers per tiller in the intercropping might be due 

to the reason intercropping with legumes and hence, better forage canopy and efficient 

utilization of solar radiation. On the other hand, current results were akin to the finding of 
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Shahrajabian et al. (2021) they showed that the maximum and the minimum values of leaves 

per tiller were 11.04 and 10.88 and they stated that decreasing of leaf number is associated 

with increasing seed rate. This might be the reason high density or seed rate would have 

caused for decreasing leaf number due to nutrient competition. Besides to this, leaf number 

per tiller (12.33) from 75%:25% intercropping seed rate in the current result was similar to the 

finding of Keskin et al. (2018) who revealed that the number of leaves of sorghum Sudan 

grass hybrid (Hay day) which had 12.5.     

4.1.3 Number of tiller per plant 

The number of tillers per plant in the present study was significantly (P<0.001) influenced by 

the Seed rate of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) intercropping as shown 

in (Table 3). The mean values of the number of tillers per plant (11.58±0.80) were recorded. 

The greater number of tillers per plant (19.67) was recorded from 75%:25% intercropping of 

Sudan grass (Aden gode) with vetch (Vicia dasycarpa) and intermediate tillers number per 

plant (13.67) was observed from 50%:50% seed rate intercropping treatment. The lowest 

numbers of tillers per plant (5.67, & 7.33) was obtained from Sudan grass (Aden gode) sown 

alone and from 25%:75% Sudan grass (Aden gode) with vetch (Vicia dasycarpa) seed rate 

intercropping respectively.  

Results on Table 3 showed that 75%:25% seed rate intercropping has highest value of 

numbers of tiller per plant (19.67). This might be due to legumes i.e. vetch (Vicia dasycarpa) 

able to fix atmospheric nitrogen and this was supported by the authors Shahrajabian et al. 

(2021) who showed plant density had a significant effect on the numbers of tillers per plant. 

This significant result was also in line with the finding of Moosavi (2012) who revealed that 

significant effect of plant density on the number of tillers per plant. Tiller numbers (19.67) 

found in the current study was highly comparable with the finding of Lopes et al. (2020) who 

showed that 19.50 tiller number was obtained from Sudan grass cultivars. Present study of 

tiller number per plant was also greater than the value obtained by Alemu Tarekegn et al. 

(2020) who noted mean tiller number (6.53) was obtained from the same cultivar (Aden) in 

two season. Tiller number per plant (19.67) in 75%:25% intercropping treatment was higher 

than the finding of Shahrajabian et al. (2021) whose result revealed that the highest value of 

number of tillers per plant (2.91) had obtained from forage sorghum (Sorghum bicolor L. 
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Moench) compared with control treatment (2.87). These authors also noted that a higher tiller 

number per plant (3.28) was recorded when forage sorghum (Sorghum bicolor L. Moench) 

planted at less density than higher plant density treatments. Meanwhile, this result was 

supported by Moosavi (2012) who outlined that significantly decreasing tillers number per 

plant was observed with increasing seed rate density. This result was due to the reason less 

translocation of assimilates towards lower parts of the plants.  

The current results of seed rate treatments, the number of tillers per plant (19.67, 13.67, & 

7.33) was greater than the value of tiller number per plant (6.87, 6.67, 6.93) obtained by 

Hassan et al. (2017) who found that tiller number per plant was significantly affected by 

intercropping of Sudan grass (Sorghum sudanense ((P.) Staph) with cow pea (Vigna sinensis 

L.), guar, and lima bean (Cyamopsis tetragonoloba L.), respectively sown with 50%:50% 

seed rate intercropping that compared from Sudan grass (Sorghum sudanense ((P.) Staph) 

sown as solid. The more tiller number in intercropping forages were observed and it might be 

due to the favorable microclimate created by legume (Vicia dasycarpa) and better availability 

of nitrogen to Sudan grass (Aden gode) plants. Besides to this, greater results might be due to 

the reason intercropping legumes, seed rate difference and also might be water use efficiency 

due to intercropping forage might maintain the soil moisture.    

4.1.4 Leaf length and leaf width  

Leaf length and width are important parameters to determine green forage yield and quality. 

Leaf length and leaf width in the current study were statistically significant (P<0.001) on 

intercropping seed rate of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) as shown in 

(Table 3). In the current study, the longest leaf (45.27cm) and widest leaf (2.79cm) were 

obtained from 75%:25% intercropping seed rate of Sudan grass (Aden gode) and vetch (Vicia 

dasycarpa). The smallest leaf length (29.93cm) was recorded at 25%:75% and the narrow leaf 

(2.22cm) were obtained from 50%:50% intercropping seed rate treatments. Whereas, the 

intermediate leaf length (40.43cm, 35.67cm) was recorded from 50%:50% intercropping seed 

rate and 100% seed rate of Sudan grass (Aden gode) sown as a sole. On the other hand, the 

medium values of leaf width (2.27, 2.24cm) were obtained from Sudan grass (Aden gode) 

sown as sole and from 25%:75% intercropping seed rate treatment, respectively. leaf length 

and leaf width in intercropped Sudan grass (Aden gode) had the best leaf length and width 
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compared to Sudan grass (Aden gode) sown as solid. This might be due to the seed rate effect 

and intercropping of vetch (Vicia dasycarpa). The reason also might be legume intercropping 

had a complementary effect on Sudan grass (Aden gode) providing nitrogen and having an 

implication on increasing leaf length and width of Sudan grass (Aden gode). 

The present results revealed that the overall mean value of leaf length 37.83±0.82cm was 

obtained. This result disagreed with the finding of Pahuja et al. (2014) who revealed leaf 

length (95±2.0cm) was found from sugar graze affected by row spacing. The current result of 

the leaf length ranges (29.93, 45.27cm) was slightly lower than the finding of Singh et al. 

(2014) whose results showed that leaf length (45-70cm) of forage sorghum hybrid. This 

variation was due to the genetic variation between Sudan grasses and forage sorghum hybrid 

and also might be due to row spacing having greater variation in leaf length than seed rate 

factors. 

On the other hand, the overall leaf width (2.38±0.05cm) of the current result was statistically 

significant (P<0.001) on intercropping seed rate as shown in (Table 3). The current study 

revealed in (Table 3), the narrow and widest values of leaf (2.22, 2.79cm) were observed. The 

widest leaf was obtained from the 75%:25% intercropping seed rate. This greater value was 

attributed to plants’ response to the light competition to the canopy and due to intercropping 

of vetch legumes can atmospheric biological nitrogen fixation takes place in the root nodules 

responsible for morphological development. These results were agreed with the finding of 

(Ginwal et al., 2019). Whereas, it was lower than the finding of Singh et al. (2014) whose 

result showed that the leaf width (4-7cm) of the forage sorghum hybrid was recorded. This 

greater result might be the genetic variation between Sudan grasses (Aden gode) and forage 

sorghum. Meanwhile, smaller leaf width (2.79cm) was recorded in the current results than the 

finding of Pahuja et al. (2014) who outlined leaf width (6±0.58cm) was obtained in sugar 

grass sow spacing variation as a factor. 

4.1.5 Stem thickness   

Stem thickness is an important morphological parameter of grass forage which is an indicator 

of the quality of grass forage. It has a direct relationship with the crude fiber of grass forage 

and may have an inverse relationship with crude protein. If the Stem thickness increases it 

could be decreasing the protein content of the forage grass. Stem thickness is also an 
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important factor in determining the digestibility and palatability of grass forages. Stem helps 

plants to support upright on the soil surface and increase forage yield. Even though, having 

this advantage high Stem thickness is not desirable due to wooden plants containing cellulose, 

hemicelluloses, and lignin which are difficult to digest, reduced palatability, and affect forage 

quality. But, Stem thickness in the current results was not significantly (P>0.05) different in 

seed rate intercropping of Sudan grass (Aden gode) with vetch (Vicia dasycarpa) as shown in 

(Table 3).   

4.1.6 Root number and root length 

Root number and root length of Sudan grass are the most important morphological parameters 

of Sudan grass having a direct relationship to increasing other plant morphological parameters 

due to their nutrient uptake from the soil. Therefore, significant (P<0.01) differences in root 

number and insignificance (P>0.05) in root length were observed in different seed rates of 

Sudan grass (Aden gode) intercropping with vetch (Vicia dasycarpa) in the current results 

(Table 3). 

The root number of Sudan grass (Aden gode) in the current study was significantly (P<0.01) 

affected by seed rate treatments. The mean value of the root number (26.17±1.42) in the 

current study was obtained as shown in (Table 3). Therefore, the highest number of roots (35) 

in the current study was obtained in 75%:25% seed rate treatment. However, no significant 

differences were observed between 100% and 50%:50% seed rate treatments (Table 3). 

Meanwhile, the intermediate root numbers (29) per plant were obtained from 25%:75% seed 

rate treeatment. From the current results, greater root number per plant of Sudan grass (Aden 

gode) was found in intercropped than in its pure stand. This might be due to intercropping of 

different seed amounts having differences in root numbers and intercropping legumes fix 

atmospheric nitrogen could help plants growth and root development.   

4.1.7 Leaf to stem ratio 

Leaf to steam ratio is the most essential factor which helps determine the digestibility and 

palatability of any forages. Leaf represents the plant fraction of greatest importance in Animal 

feeds. Given its impact on diet choice, forage quality, and ruminant consumption, the ratio of 

leaf to stem biomass fractions for forage grasses is more important. 
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Leaf to stem ratio of the current result was statistically significant (P<0.001) on seed rate 

intercropping treatment (Table 3). The leaf to steam ratio is an important parameter to indicate 

better forage biomass production. Therefore, the mean value of the current results of leaf to 

steam ratio was 1.75±0.07 which means, the dry weight of the leaf was greater than the dry 

weight of steam of Sudan grass (Aden gode). In the current study, the highest leaf to steam 

ratio 2.05 was obtained from 75%:25% seed rate intercropping of Sudan grass (Aden gode) 

and vetch (Vicia dasycarpa). Whereas the have no significant difference between 50%:50% 

and 25%:75% seed rate treatments (Table 3). The highest value of leaf to stem ratio (2.05) 

was obtained from 75%:25% seed rate intercropping plot compared to sole (100%) treatment. 

Leaf number per tiller, leaf length, leaf width, and tiller number is the most important 

characteristics used to determine the leaf to stem ratio and forage quality. This leads to greater 

leaf dry weight than stem dry weight and the highest leaf to stem ratio was obtained.  

The current results of leaf to stem ratios (1.50-2.05) were in line with the finding of Millner et 

al. (2011) who outlined that leaf to stem ratio ranges (1.6-2.1) from Sudan grass varieties. The 

highest leaf to stem ratio (2.05) of the present study was in harmony with the finding of 

Bizelew Gelayenew et al. (2020) who showed that leaf to stem ratio (2.04) was found in 

Elephant grass (Pennicetum purpureum) planted with vetch (Vicia villosa). Whereas, the 

current study was in contrast to the finding of Ginwal et al. (2019) who stated that 

intercropping of grass forages with legumes (cow pea and guar) in varying row ratios and 

their respective sole treatment has no significance difference in the leaf to steam ratio. The 

current result was greater than the value of leaf to steam ratio studied by Ates & Tenikecier 

(2019) who observed that nitrogen levels had a significance result in the leaf to stem ratio 

(0.69 and 0.71) of two varieties of Sorghum-Sudan grass Nutri Honey and Aneto, 

respectively. On the other hand, Simili et al. (2013) reported that Sudan grass had 0.5 leaf to 

stem ratio. This significant value was less than the value obtained in the current study ranged 

from 1.50-205. When it comes to a plant's ability to absorb light and CO2, leafy biomass plays 

a significant role. The greater leaf component suggests its potential for carbon sequestration 

by absorbing and lowering atmospheric CO2 levels, and the larger leaf to stem ratio strongly 

suggests its competitive advantage to light for photosynthesis.    
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4.1.8 Dry matter percentage  

Determination of dry matter percentage in forage is essential to insure that animals are 

receiving the proper amount of nutrients through their diet. There was a significant effect 

(P<0.01) on dry matter percentage in current results (Table 3). From each treatment plot the 

mean value of dry matter percentage was 20.89±0.59% and there is no variations between 

other treatments. This greater result of dry matter percentage (23.87%) in 50%:50% seed rate 

intercropping treatment was due to the reason forages taken from this treatment was more 

moisture than other treatments. Whereas the lower dry matter percentage in 25%:75% and 

100% was due to the reason having less moisture content of Sudan grass (Aden gode).   

Dry matter percentage was significantly (P<0.01) affected by intercropping seed rate (Table 

3). Better dry matter percentages were obtained from intercropped than Sudan grass (Aden 

gode) sown alone. These high dry matter percentages were due to direct (increasing leaf 

number) and indirect (lower stem thickness) effects of morphological development. Present 

result is akin to the finding of Asem et al. (2020) who stated that dry matter percentages were 

affected by intercropping patterns of Sudan grass (Sorghum sudanese) and cow pea (Vigna 

unguiculata). Mean dry matter percentage (21.02%) of Aden in two season found by Alemu 

Tarekegn et al. (2020) was less than the dry matter obtained in present study. The result of 

Asem et al. (2020) dry matter percentage was significantly affected and produced a lower dry 

matter percentage (18.44%) in Sudan grass (Sorghum sudanese) intercropping with cow pea 

(Vigna unguiculata) than the current result of dry matter percentage (22.15%) of Sudan grass 

(Aden gode) intercropping with vetch (Vicia dasycarpa) in the same seed rate (75%:25%).  

Therefore, in the current result had better dry matter and forage quality than the result of 

(Asem et al., 2020). In addition to current results dry matter percentage of Sudan grass (Aden 

gode) ranged from 17.91%-23.87% was in line with the finding of Lyons et al. (2019) dry 

matter percentage (20%) on optimal harvesting time of Sudan grass. Besides those authors, 

dry matter percentages (17.91%-23.87%) obtained in the current study were in accordance 

with dry matter percentage (15.3%- 23.9%) obtained by Beck et al. (2014) studied on 

chemical composition and dry matter percentage of Sorghum-Sudan grass hybrid.  
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In contrast, the highest value of dry matter percentage was obtained by the scholars Keskin et 

al. (2018) their results showed that Sudan grass hybrid had dry matter percentage ranging 

from 32.0% up to 38.0%. This greater dry matter percentage might be due to genetic, 

environmental, and management variation. On the other hand, dry matter percentage obtained 

by the author Enchev (2021) ranged from 26.8%-34.8% of Sudan grass cultivar and these 

results were greater than the dry matter percentage obtained in the current study ranged from 

17.91% -23.87%. This greater value was due to genetic variation.  
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Table 3. Morphological parameters of sole and intercropped Sudan grass (Aden-gode) 

T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, PH = Plant Height, NLPT = Number of Leaves per 
Tiller, NTPP = Number of Tiller per Plant, LL = Leaf Length, LW = Leaf Width, LA = Leaf Area, Stt = Stem thickness, RN = Root Number, RL = Root 
Length, LSR= Leaf to Steam Ratio, DM% = Dry Matter percentage, SEM = Standard Error of Mean, CV% = Coefficient of Variation percent, R2 = 
Coefficient of determination, N = Number, cm = centimeter, a, b & c = level of mean difference, LSD = Least Significant Difference, NS = Non Significant 
level, * (p<0.05), ** (p<0.01), *** (p<0.001)  

                                     Measured Morphological Parameters 

Treatments PH (cm) NLPT(count) NTPP(count) LL (cm) LW (cm) Stt(cm) RN(count) RL(cm) LSR DM% 

T1(Sole Sudan grass) 144.03c 8.97b 5.67c 35.67c 2.27b 3.29a 17.67c 18.00ba 1.87b 19.63bc 

T2 161.17a 12.33a 19.67a 45.27a 2.79a 2.10ba 35a 23.33ba 2.05a 22.15b 

T3 156.3ba 7.13b 13.67b 40.43b 2.22b 2.85ba 23c 25.80a 1.61c 23.87a 

T4  151bc 6.93b 7.33c 29.93d 2.24b 2.95ba 29b 19.36ba 1.50c 17.91c 

T5 (Sole vetch) - - - - - - - - - - 

Over all mean 153.13 8.84 11.58 37.83 2.38 2.79 26.17 21.62 1.75 20.89 

SEM  (±) 3.05 0.60 0.80 0.82 0.05 0.28 1.42 1.14 0.07 0.59 

CV% 3.03 17.59 16.34 4.35 2.70 19.81 10.86 16.41 7.35 6.12 

R2 0.84 0.81 0.95 0.96 0.97 0.65 0.91 0.67 0.84 0.87 

LSD 9.28* 3.11*     3.78*** 3.29*** 0.13*** 1.11NS 5.68** 7.09NS 0.23** 2.55** 
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4.2 Effects of Seed Rate on Morphological Parameters of Vetch (Vicia dasycarpa) 

Intercropping with Sudan Grass (Sorghum sudanense “Aden gode”) 

 In the current study all morphological parameters such as plant height, number of branches, 

root number, nodule number and dry matter percentage production of vetch (Vicia dasycarpa) 

were statistically significant (P<0.05) effects on seed rate intercropping with Sudan grass 

(Aden gode)  (Table 4). While, root length of vetch (Vicia dasycarpa) was not statistically 

significant (P>0.05) on seed rate intercropping with Sudan grass (Aden gode) (Table 4). 

Therefore, most of the morphological parameters of vetch (Vicia dasycarpa) that intercropped 

with Sudan grass (Aden gode) were higher than the vetch (Vicia dasycarpa) that was not 

intercropped with Sudan grass (Aden gode) in the current study.  

4.2.1 Plant height 

Plant height is an important morphological parameter for forage production to obtaining high 

biomass and dry matter production. In the current study, a statistically significant (P<0.001) 

plant height of vetch (Vicia dasycarpa) was obtained on seed rate intercropping (Table 4). In 

the present results, the highest plant height (136.23cm) was obtained from the 75%:25% seed 

rate intercropping treatment. Whereas, shortest plant height (109.85cm) was obtained from 

100% seed rate of vetch (Vicia dasycarpa) sown as a pure stand (Table 4). Increasing plant 

height in intercropping treatment is due to inter-species light competition. On the other side, 

the intermediate plant heights (127.33, 117.33cm) in the current study were obtained from 

50%:50% and 25%:75% seed rate intercropping treatments that were compared from Vetch 

sown as a pure stand (Table 4).  

Statistically, plant height of vetch (Vicia dasycarpa) was significantly (P<0.001) affected by 

intercropping of seed rate with Sudan grass (Aden gode) in present study (Table 4). In 

contrast to present study, the plant height of common vetch (Vicia sativa L.) was insignificant 

(P>0.05) with Sudan grass (Sorghum sudanense (Piper.)) intercropping in different row 

configuration as shown by Erkovan (2022). Plant height of vetch (Vicia dasycarpa) was 

significantly (P<0.001) affected by intercropping of seed rate with Sudan grass (Aden gode) 

and the mean value of plant height (122.69cm) was obtained in the current study. Plant height 

(117.33 to 136.23cm) in the present study was increased with increasing seed rate proportion 

(25% to 75%) of Sudan grass and this result was similar to the finding of Erkovan (2022) who 
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noted that plant height of vetch (Vicia sativa) increase from 48.38cm to 52.38cm with 

increasing the Sudan grass ratio from 25% to 50%. Plant height of vetch species noted by the 

authors Kassahun Desalegn and Wasihun Hassen (2015) was statistically significant (P<0.05) 

and 130cm of vetch (Vicia dasycarpa) was obtained and compared with the current study of 

plant height (136.23cm). The highest value of plant height in the current result was due to the 

intercropping and light competition within inter-species and might be increasing plant height.  

These result was also in line with the finding of Yihalem Denekew and Habtemariam Asefa 

(2012) who noted that the plant height (131.15cm) of vetch (Vicia villosa) was intercropping 

with maize in Mecha woreda. In contrast, the smallest (73.32cm) vetch (Vicia dasycarpa) was 

obtained by the authors Eshetie Alemu et al. (2018) from oats–vetch mixtures at different 

harvesting stages. On the other hand, the highest plant height (139.2cm) of vetch (Vicia 

dasycarpa) was obtained by the authors Bizelew Gelayenew et al. (2020) noted that vetch 

(Vicia dasycarpa) intercropped with Elephant grass (Pennisetum purpureum) in Debre Zeit 

and Holeta. Whereas, the plant height (133.6cm) of vetch (Vicia dasycarpa) intercropped with 

Elephant grass (Pennisetum purpureum) in Debre Zeit was comparable with present plant 

height (136.23cm) of vetch (Vicia dasycarpa). Other study conducted by Malede Birhan 

(2018) noted that the plant height (114.22cm) of vetch (Vicia villosa) in 75%:25% seed 

proportion with triticale was less than the current study plant height of vetch (Vicia 

dasycarpa) in the same seed rate proportion. This less plant height was due to both vetch and 

the component grass genetic variation, and environmental.       

4.2.2 Number of branches  

The number of branches in legume forage production is more important for increasing the 

forage biomass and dry matter yield. Number of branches in the current study was statistically 

significant (P<0.001) within seed rate intercropping treatment. The current study (Table 4) 

revealed that the overall mean number of branch of vetch (Vicia dasycarpa) was 17.75±0.82. 

Besides to this, the highest value of branch number (27.00) was obtained from 50%:50% seed 

rate intercropping treatment. Whereas the lowest branch number (9.33) was obtained from 

100% vetch (Vicia dasycarpa) sown alone. Present study showed that numbers of branches 

were decreased with increasing seed rate in intercropping due to intra-species nutrient 

competition. Even as seed rate intercropping have advantageous for efficient water used and 
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enough moisture available and leads to increasing branch number of vetch (Vicia dasycarpa). 

On the other hand, intermediate branch numbers (19.00, 15.67) of vetch in the current study 

were obtained from 75%:25% and 25%:75% seed rate intercropping compared to the vetch 

(Vicia dasycarpa) sown as a pure stand (Table 4). This might be due to the reason increasing 

seed rate may be decreasing branch number. The highest branch number in 50%:50% seed 

rate intercropping treatment might be due to the reason less nutrient competition between and 

within species and also it might be due to Sudan grass gaining its importance for supportive 

mechanisms for vetch and leads to increasing branch numbers.  

The number of branches (17.75±0.82) in the current study was significantly affected by seed 

rate intercropping and higher than the result obtained by Malede Birhan (2018) who noted 

that the mean value of branch number of vetch (Vicia villosa R.) mixture with Triticale 

(Xtriticosecale wittmack) in different seed rate proportion in North Gondar Ethiopia. In 

contrast, the highest value of number of branch (14.62) was found from the 100% vetch sown 

as a pure stand as noted by the author Malede Birhan (2018) whereas, the greater value of 

branch number (27.00) was obtained from 50%:50% seed rate intercropping treatment in 

present study. Inconsistency, seed rate was statistically insignificant (P>0.05) on number of 

branches found by Shahrajabian et al. (2017) noted that the branch number of common vetch 

(Vicia sativa L.) sown as a pure stand had higher branch number than intercropped with oat 

(Avena sativa L.) under seed rate and row configuration treatments. The current mean value 

of branch number (17.75±0.82) of vetch (Vicia dasycarpa) was greater than the mean value of 

branch number (11.43) noted by Eshetie Alemu et al. (2018) on oats–vetch mixtures at 

different cutting stage under residual moisture condition in Ethiopia. This greater result was 

due to environmental factors, soil type, and also might be the component grass variations. 

4.2.3 Root number and root length  

The root number of vetch (Vicia dasycarpa) was affected by seed rate intercropping with 

Sudan grass (Aden gode). Significant (P<0.001) variation was observed on root number of 

vetch (Vicia dasycarpa) in seed rate intercropping with Sudan grass (Aden gode). However, 

in this study insignificant (P>0.05) root length was observed among seed rate intercropping 

treatment as shown in (Table 4). Significantly root number (38.00) of vetch (Vicia dasycarpa) 

was obtained from 75%:25% seed rate intercropping plots (Table 4). Whereas, significantly 
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lower root number (20.01) was found from 25%:75% vetch (Vicia dasycarpa) intercropping 

seed rate. Greater root number in 75%:25% seed rate intercropping compared to 25%:75% 

vetch (Vicia dasycarpa) intercropping indicated that lower seed rate had factor to increasing 

root number and leads to increasing forage production. However, the intermediate root 

numbers (31.07, 26.33) were found from the 50%:50% and 100% seed rate intercropping 

treatments, respectively (Table 4). The lower value of root number in vetch (Vicia dasycarpa) 

grown in sole compared to 50%:50% seed rate intercropping and this was due to the reason 

highest seed rate cause for intra-species nutrient competition and it may decrease the forage 

production.  

The significant (P<0.001) variation of root number with different seed rate intercropping 

treatments was similar with the finding of Acikbas et al. (2021) they showed that root number 

was significantly (P<0.01) affected by seed rate intercropping of common vetch (Vicia sativa 

L.) and Triticale (Xtriticosecale Wittmack) compared from common vetch (Vicia sativa L.) 

sown alone. In the current results, root number (38.00) of vetch in 75%:25% seed rate 

intercropping significantly higher than vetch sown as alone. This result was inconsistent with 

the study of Acikbas et al. (2021) outlines that the root number (17.95) of common vetch 

(Vicia sativa L.) sown as a pure stand was greater than the value of root number (11.42) in the 

80%:20% intercropping of Triticale (Xtriticosecale Wittmack) and common vetch (Vicia 

sativa L.). The present study showed that a positive effect of intercropping on root number of 

vetch (Vicia dasycarpa). This was attributed from Sudan grass (Aden gode) has a positive 

effect on vetch root number and might be intercropping had important in efficient water used 

and retention of moisture leads to increasing of root number in vetch (Vicia dasycarpa). The 

present study was supported by the finding of Bukovsky-Reyes et al. (2019) noted that there 

have positive significant variation was observed in root number in ray grass (Secale cereale) 

intercropped with hairy vetch (Vicia villosa). This significant result was expected, in mixture 

vetch root number was adapted when inter-species competition. 

4.2.4 Number of nodules  

Root nodules have more importance for nitrogen acquisition through symbiotic nitrogen 

fixation in the leguminous plants. Root nodules are also used for converting atmospheric 

nitrogen into soluble nitrogenous compounds and used for increasing leguminous forage 
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production as well as grass forages when intercropping with leguminous forage plants. 

Therefore, root nodules in the present study was statistically significant (P<0.001) variations 

were observed under seed rate intercropping treatments. The mean value of root nodules 

(21.42±0.94) in the recent study were found significantly affected by seed rate intercropping 

of Sudan grass (Aden gode) with vetch (Vicia dasycarpa) as revealed in (Table 4). 

Significantly higher root nodules (31.67) were obtained from the 75%:25% seed rate 

intercropping treatments. Whereas, the smallest number of root nodules (11.01) in the current 

results were obtained from 100% seed rate vetch (Vicia dasycarpa) sown as a pure stand. This 

greater number of root nodules in the present study was due to intra-species competition could 

be decreasing root nodules. Increasing seed rate would be caused for decreasing the number 

of nodules. However, the medium numbers of nodules (26.09, 17.03) of vetch (Vicia 

dasycarpa) were observed from 50%:50% and 25%:75% seed rate intercropping treatments.  

Root nodules in the present study was a significant difference among seed rate treatments 

similar to the finding of Kosev & Vasileva (2018). A recent study of root nodule numbers 

ranged from (11.01-31.67) which was higher than nodule number of vetch varieties ranged 

from (26.47-29.73) noted by the authors Kosev & Vasileva (2018). In addition, lowest nodule 

numbers  (11.3-13.33) were obtained by the scholar Yang (2017) intercropping of common 

vetch with oat compared to the recent study of seed rate intercropping with Sudan grass. The 

recent results of the number of nodules in vetch (Vicia dasycarpa) were less than the number 

of nodules (53) noted by the authors Muluneh Minta and Angaw Tsige (2014) on vetch (Vicia 

dasycarpa) that was un-inoculated with rhizobium bacteria. Therefore, the highest number of 

nodules in the seed rate treatment has the ability to increase biological atmospheric nitrogen 

fixation (Golparvar, 2012) in the intercropping and leads to increasing forage yield in both 

forages grown under the experiment.            

4.2.5 Dry matter percent of vetch 

Dry matter percentage production revealed in (Table 4) was statistically significant (P<0.05) 

on seed rate intercropping treatment of Sudan grass (Aden gode) and vetch (Vicia dasycarpa). 

Significantly, the highest value of dry matter percentages (19.48, 19.24, and 18.95%) were 

found in 50%:50%, 100%, and 75%:25% seed rate treatment in the recent study. Whereas, the 

lowest value of dry matter percentage (17.22%) was obtained from 25%:75% seed rate 
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intercropping plots (Table 4). Therefore, the highest dry matter percentage seed rate 

intercropping treatments would give better dry matter yield than the lowest dry matter 

percentage seed rate treatment. On the other hand, the lowest dry matter percentage is vital 

when forages are stored for a long period due to low moisture content compared to the highest 

dry matter percentage production. Whereas, the lowest dry matter percentage would have 

better nutritional value than the greater dry matter percentage production.    

Dry matter percentages of the current results were significantly (P<0.05) different in seed rate 

intercropping of Sudan grass and Vetch. This significant effect of dry matter were comparable 

with the finding of Song et al. (2021) showed that statistically significant of dry matter 

percentages was found on Sorghum-Sudan grass (Sorghum bicolor) intercropped with cow 

pea (Vigna unguiculata L.Walp) and lablab (Lablab purpureus (L.) Sweet). Hence, the mean 

value of dry matter percentage (18.72%) in the present study was significantly (P<0.05) 

greater than the mean value of dry matter percentage production (9.40%) of Cow pea (Vigna 

unguiculata L.Walp) intercropped with Sorghum-Sudan grass hybrid (Sorghum bicolor) noted 

by the author Song et al. (2021). Meanwhile, the mean value of dry matter percentage 

(13.82%) of lablab (Lablab purpureus (L.) Sweet) intercropped with sorghum-Sudan grass 

(Sorghum bicolor) outlined by Song et al. (2021) was less than the mean value of dry matter 

percentage (18.72%) of vetch (Vicia dasycarpa) intercropped with Sudan grass (Aden gode) 

in the present study.  

Inconsistency to the recent study, the dry matter percentage production revealed by Demissie 

Negash et al. (2017) had no statistically significant (P>0.05) on seed rate intercropping of oat 

(Avena sativa) and vetch (Vicia villosa). However, comparable result of dry matter percentage 

(19.48%) production was found from 50%:50% seed rate intercropping with the finding of 

Demissie Negash et al. (2017) noted that dry matter percentage (19.43%) production from 

75%:25% seed rate intercropping treatment of oat (Avena sativa) and vetch (Vicia villosa). 

contradictory, the lower value of dry matter percentage (18.05%) production was found by 

Demissie Negash et al. (2017) from 100% vetch sown alone compared to the recent study of 

dry matter percentage production obtained from 100% vetch sown as pure stand. But, the dry 

matter percentage (19.29%) obtained by the authors Demissie Negash et al. (2017) from 

25%:75% intercropping oat and vetch was greater than the value of dry matter percentage 

(17.22%) production found from 25%:75% Sudan grass intercropped with vetch in the present 
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study. These variations of dry matter percentage productions were due to genetic and 

environmental variations.   

Table 4. Morphological parameters of sole and intercropped vetch (Vicia dasycarpa) 

 Measured Parameters 
Treatments PH (cm) NBr (count) RN (count) RL(cm) NN (count) DM% 
T1(Sole Sudan grass) - - - - - - 
T2 136.23a 19.00b 38.00a 22.00ba 31.67a 18.95a 
T3 127.33b 27.00a 31.07b 24.32a 26.09b 19.48a 
T4 117.33c 15.67b 20.01d 21.34b 17.03c 17.22b 
T5 (Sole vetch) 109.85d 9.33c 26.33c 23.33ba 11.01d 19.24a 
Over all mean 122.69 17.75 28.83 22.75 21.42 18.72 
SEM  (±) 1.16 0.82 1.02 0.67 0.94 0.92 
CV% 1.85 9.98 4.13 5.81 7.26 3.86 
R2 0.97 0.96 0.98 0.65 0.98 0.90 
LSD 4.55*** 3.54*** 2.38*** 2.64NS 3.11*** 1.44* 
T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, PH = 
Plant Height, NBr = Number of Branch, RN = Root Number, RL= Root Length, NN = Nodule Number, DM% = 
Dry Matter percentage, SEM = Standard Error of Mean, CV% = Coefficient of Variation percent, R2 = 
Coefficient of determination,  N = Number, cm = centimeter, a, b & c = level of mean difference, LSD = Least 
Significant Difference, NS = Non Significant level, * (p<0.05), ** (p<0.01), *** (p<0.001)   

4.3 Effects of Seed Rate on Dry Matter Yield and Crude protein Yield     

Seed rate intercropping of Sudan grass (Aden gode) with vetch (Vicia dasycarpa) in the 

current study was statistically significant (P<0.01, P<0.05, and P<0.001) on Sudan grass dry 

matter yield, vetch dry matter yield, and total dry matter yield, respectively as shown in 

(Table 5). Meanwhile, 5.75±0.37, 5.77±0.28, and 9.21±0.53 mean values of DMYt/ha of 

Sudan grass, vetch, and Total (Sudan grass and vetch intercropping) was obtained from all 

seed rate intercropping treatment, respectively as shown in (Table 5).        

4.3.1 Dry matter and crude protein yield of Sudan grass (Aden gode) 

Dry matter yield of Sudan grass (Aden gode) in present study was statistically significant 

(P<0.01) on seed rate intercropping as shown in (Table 5). The mean value (5.75±0.37t/ha) 

dry matter yield of Sudan grass (Aden gode) was obtained in present study. The highest value 

of DMY (7.84t/ha) of Sudan grass (Aden gode) in the current study was harvested from 

75%:25% seed rate intercropping plots. Whereas, lowest DMY (4.02t/ha) was found from 

25%:75% seed rate intercropping compared to the Sudan grass (Aden gode) sown as a pure 

stand (Table 5). This might be due to the reason, increasing in plant height, number of leaves 

per tiller, number of tillers per plant, and other morphological parameters of Sudan grass 
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(Aden gode) could be increasing forage yield in 75%:25% seed rate intercropping treatment. 

On the other hand, the dry matter yield (6.10t/ha) was revealed from 50%:50% seed rate 

intercropping that compared to dry matter yield (5.04t/ha) harvested on Sudan grass (Aden 

gode) sown as a pure stand (Table 5). The harvested dry matter yield in the current study was 

relatively highest in intercropping Sudan grass (Aden gode) than from its alone. Dry matter 

yield in the current study shown that relatively increasing when decreasing seed rate in 

intercropping. And then, decreasing the dry matter yield was observed when seed rate 

intercropping becomes low. Therefore, to low seed rate leads to decreasing the dry matter 

yield and also a pure stand cultivation might be decreasing dry matter yield. 

Dry matter yield of Sudan grass (Aden gode) was statistically significant (P<0.01) differences 

on seed rate treatments in intercropping as shown in (Table 5). This significant difference was 

confirmed by Hassan et al. (2017) who reported that intercropping pattern significantly 

increases dry forage yields. In addition, the scholars Basaran et al. (2017) who showed that 

intercropping Sudan grass hybride (Aneto) and cow pea (Ulkem) had highest dry matter yield 

in intercropping than Sudan grass hybride (Aneto) sown as alone. This could be due to 

legumes have the ability to fix atmospheric nitrogen and provide nutrient for intercropping 

grass as noted by Mergia Abera et al. (2022) conducted research on herbage accumulation and 

nutritive value of mixtures of desho grass (Pennisetum glaucifolium) and Vicia spp. in 

southern Ethiopia.  

The mean value (5.75±0.37t/ha) of DMY obtained in present study was similar with the 

finding of Alemu Tarekegn et al. (2020) who showed that 5.78 t/ha of mean dry matter found 

from the Sudan grass (Aden gode) in two season. These results were in agreement with the 

results of Ginwal et al. (2019). But, decreasing dry matter yield was observed when 

decreasing seed rate as shown in Table 5. This result also in line with the finding of 

Shahrajabian et al. (2021) who stated that seed rate has a significant effect on dry matter yield 

and they reported that when decreasing seed rate in intercropping may decreasing the dry 

matter yield tone per hectare. The greater dry matter yield in present study was due to sowing 

rate has an extremely critical value for increasing dry matter yield as reported by Alla et al. 

(2015).   
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Crude protein yield was significantly (P<0.01) affected by seed rate intercropping of Sudan 

grass (Aden gode) and vetch (Vicia dasycarpa) as shown in (Table 5). From these significant 

results, the highest CP yield (0.96t/ha) was found from 75%:25% seed rate intercropping 

treatment followed by 50%:50% (0.70t/ha), 100% (0.47t/ha), and the lowest value of CP yield 

was found from 25%:75% (0.40t/ha) seed rate intercropping treatment with a mean value of 

CP yield (0.63±0.06t/ha). Relatively, crude protein yields were increased with decreasing seed 

rates of Sudan grass (Aden gode) in intercropping. The difference in crude protein yield 

observation was due to the seed rate intercropping effect. Whereas, the variations of crude 

protein yield in the present study might be due to the variations of crude protein contents and 

dry matter yield difference.  

Similarly, Hassan et al. (2017) who noted that crude protein yields were significantly affected 

by the intercropping pattern of Sudan grass (Sorghum sudanense ((P.) Staph) intercropped 

with (Vigna sinensis L.), guar (Cyamopsis tetragonoloba L.), and lima bean (Phaseolus 

vulgaris L.). In addition, authors Mergia Abera et al. (2022) showed that significantly 

increased crude protein yield was observed in Desho (Pennisetum pedicellatum) intercropped 

with vetch species. In contrast, higher protein yield (1.27t/ha) was found from sole Sudan 

grass compared to the present CP yield (0.47t/ha) of sole Sudan grass (Aden gode) as well as 

in intercropping of Sudan grass (Aneto) with cow pea (Ulkem) and soybean (Yemsoy) ranges 

from 1.31-2.16t/ha (Basaran et al., 2017). Similar to the present study, the scholars Ghanbari 

et al. (2010); Basaran et al. (2017) stated that forage qualities and quantities were highly 

achieved in intercropping. This could be crude protein yield per unit area is mostly dependent 

on dry matter production (Abuneram, 2013). These results demonstrate that to achieve high 

yield and quality in intercropping, the sowing rate in intercropping are crucial factor as noted 

by previous scholars (Singh et al., 2008; Seran & Brintha, 2010; Alla et al., 2015).  

4.3.2 Dry matter and crude protein yield of vetch (Vicia dasycarpa) 

Dry matter yield of vetch (Vicia dasycarpa) was statistically (P<0.05) influenced by seed rate 

intercropping (Table 5). Significantly higher dry matter yield (7.89t/ha) was found from 100% 

seed rate of vetch sown as a pure stand compared to intercropping vetch as shown in (Table 

5). Whereas, the lowest dry matters yield (3.62t/ha) was found from 50%:50% vetch 

intercropping with Sudan grass. These significant variations was due to increasing seed rate 
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would have able to increase dry matter yield. Intermediate dry matter yields (6.19 & 5.37t/ha) 

were found from 25%:75% and 75%:25% of vetch (Vicia dasycarpa) seed rate intercropping 

with Sudan grass (Aden gode), respectively.  

On the other hand, yield of intercropping had certain changes under different intercropping 

seed rates. The mean value of DMY (5.77±0.28t/ha) in the present result was higher than the 

DMY (0.29±0.10t/ha) obtained by Yihalem Denekew and Habtemariam Asefa (2012) of 

vetch (Vicia villosa) intercropped with Maize (Zea mays) in Northwest Ethiopia. Recent 

results of dry matter yield revealed that increasing of vetch seed rate would have increased 

dry matter yield but decreased in 50%:50% seed rate, similar to the finding of Sun et al. 

(2014). This might be due to the competition of vetch on light, temperature, and other nutrient 

resources in the intercropping. The recent dry matter yield (6.19t/ha) obtained from 25%:75% 

treatment was higher than the result of Muluneh Minta and Angaw Tsige (2014) who showed 

that 5.45t/ha of dry matter yield was found from un inoculated vetch (Vicia dasycarpa) in 

Ethiopia.  

In the recent study, the highest dry matter yield was obtained from pure stand plots of vetch 

(Vicia dasycarpa) than the other intercropping seed rate treatments. The reason for the highest 

yield in the sole stand is that the seed rate amount was greater than the intercropped one and 

this result is comparable to the result of Mergia Abera et al. (2022) who stated that the dry 

matter yield of vetch species in the pure stand was greater than the intercropped vetch species. 

The present study also in agreement with the finding of Unathi et al. (2018) who revealed that 

the higher dry matter yield production of legumes sown alone relative to its intercropped. This 

might be due to the fewer disturbances habitat in the intercropped environment and seed rate 

factor.   

Crude protein yield was significantly (P<0.05) affected by seed rate intercropping of vetch 

(Vicia dasycarpa) with Sudan grass (Aden gode). Crude protein yield (CPY) is the result of 

the plant total dry matter yield multiplied by the concentration of CP, which is supported by 

the numbers acquired from CP percent and the dry matter yield derived from each treatment 

(Geleti Driba, 2014). Sole vetch (Vicia dasycarpa) and 25%:75% seed rate treatments were 

not significantly different with having higher CP yield (1.39 & 1.33t/ha) whereas, 1.12t/ha CP 

yield was found from 75%:25% treatment and lowest CP yield (0.90t/ha) was recorded from 
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50%:50% with the mean value of 1.18±0.07t/ha. This CP yield difference is due to the seed 

rate in intercropping had its value to increasing CP yield.  

Present mean CP yield (1.18±0.07t/ha) was greater than the mean CP yield (0.75t/ha) 

obtained by Eshetie Alemu et al. (2018) from oat (Avena sativa) and vetch (Vicia dasycarpa) 

mixture in different harvesting stage. This was due to harvesting age could be decreasing the 

CP content of forages. Lowest and highest CP yield (0.90 &1.39t/ha) in the present results 

were similar to the lowest and highest CP yield (0.96 & 1.6t/ha) of vetch mixtures with barley 

at the third harvesting stage obtained by Malede Birhan (2013).    

4.3.3 Total dry matter and total crude protein yield of forage grown   

Total dry matter yield in the recent study was significantly (P<0.001) affected by seed rate 

intercropping (Table 5). The mean dry matter yield (9.21±0.53t/ha) was obtained from seed 

rate intercropping of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) and from both 

sole sown forages. Highest dry matter yield (13.21t/ha) was found from 75%:25% seed rate 

intercropping of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) in the current result as 

shown in (Table 5). This might be attributed from highest values of measured morphological 

parameters in 75%:25% seed rate intercropping of Sudan grass (Aden gode) and vetch (Vicia 

dasycarpa) and are responsible for increased total dry matter yield. Whereas, no significant 

mean differences of dry matter yield between 50%:50% and 25%:75% seed rate intercropping 

treatments as shown in (Table 5). On the other hand, lowest total dry matter yield (5.04t/ha) 

was obtained from Sudan grass (Aden gode) sown as a pure stand (100% seed rate) and it is 

lower than the dry matter yield (7.89t/ha) obtained from vetch sown as alone. This was due to 

legume forages had higher dry matter yield than the grass forage species.  

Dry matter yield in intercropped seed rate was higher than the total dry matter yield obtained 

from Sudan grass and vetch sown as a pure stand. Thus recent results were akin to the 

previous study of Mergia Abera et al. (2022) who stated that the total dry matter yield of 

intercropping of Desho grass (Pennisetum pedicellatum) with vetch species had the highest 

dry matter yield than the Desho (Pennisetum pedicellatum) and vetch species sown alone. 

This could be due to grass-legume intercropping had the advantage of efficiency of water and 

nutrient used (Sani et al., 2011; Lima et al., 2018) and also due to lower evapotranspiration 

and also might be the reason intercropping of legumes had the advantage to fix atmospheric 
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nitrogen (Unathi et al., 2018). In addition to this, highest dry matter yields in the intercropped 

were observed in the recent study due to the beneficial effects of intercropping on nutrient 

uptake for both forages grown as confirmed by the authors Sharma & Chander (2006) who 

conducted a research on Sudan grass (Sorghum sudanense) with cow pea (Vigna unguiculata) 

intercropping. In comparison with the present study Reza et al. (2013) observed a higher dry 

weight of sorghum when grown with lima bean (Phaseolus lunatus) in additive series at 

different planting proportions of crops.  

Total crude protein of the forage grown was significantly (P<0.001) affected by seed rate 

treatments (Table 5) and higher total CPY (2.08t/ha) was obtained from 75%:25% seed rate 

treatment, while no statistically mean difference was observed between 50%:50% and 

25%:75% seed rate treatments (Table 5). Lowest values of total CPY (0.47 and 1.39t/ha) was 

obtained from both sole Sudan grass (Aden gode) and vetch (Vicia dasycarpa) seed rate 

treatments, respectively. The variation of total CPY between seed rate treatments was 

attributed from morphological difference of both forages. High total CPY (2.08t/ha) obtained 

from 75%:25% seed rate treatment was due to better morphological characterstics of both 

forages grown under irrigation and laso might be due to legumes could be enhance CP content 

of grass in the intercropping. The present results were supported by the previous scholars 

Malede Birhan (2013); Hassan et al. (2017); Eshetie Alemu et al. (2018); and Mergia Abera 

et al. (2022).  
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Table 5. Dry matter and crude protein yields of Sudan grass (Aden-gode) and vetch (Vicia 
dasycarpa) on their alone and intercropping 

 Sudan grass  vetch  Total 
Treatments DMYt/ha CPYt/ha  DMYt/ha CPYt/ha DMYt/ha CPYt/ha 
T1(Sole Sudan grass) 5.04c 0.47cb - - 5.04d 0.47d 
T2 7.84a 0.96a 5.37c 1.12b 13.21a 2.08a 
T3 6.10b 0.70b 3.62d 0.90b 9.72b 1.61b 
T4 4.02d 0.40c 6.19b 1.33a 10.21b 1.73b 
T5 (Sole vetch) - - 7.89a 1.39a 7.89c 1.39c 
Over all mean 5.75 0.63 5.77 1.18 9.21 1.44 
SEM (±) 0.37 0.06 0.28 0.07 0.53 0.09 
CV% 14.46 20.50 16.24 13.35 12.08 11.52 
R2 0.84 0.85 0.87 0.75 0.89 0.95 
LSD 1.68** 0.26** 1.98* 0.32* 2.16*** 0.32*** 
T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, DMYt/ha 
= Dry Matter Yield in ton per hectare, CPYt/ha = Crude protein yield in ton per hectare, SEM = Standard Error 
of Mean, CV% = Coefficient of Variation percent, R2 = Coefficient of determination, a, b & c = level of mean 
difference, LSD = Least Significant Difference, NS = Non Significant level, * (p<0.05), ** (p<0.01), *** 
(p<0.001)           

4.4 Biological Compatibility of Sudan Grass and Vetch Species in Intercropping  

4.4.1 Land equivalent ratio  

Land equivalent ratio (LER) was used to evaluate the output efficiency of intercropping. 

Significantly (P<0.01) land equivalent ratios were higher LER of Sudan grass (Aden gode) 

than intercropped vetch (Vicia dasycarpa) as shown in (Table 6). However, no significant 

(P>0.05) effect of LERV was observed in all intercropping treatments. LERT in the recent 

study was statistically significant (P<0.01) affected by each seed rate intercropping 

treatments. Statistically highest LERT (2.21) was obtained from 75%:25% seed rate 

intercropping (Table 6). This was due to highest dry matter yield recorded and yield 

advantage was observed from this intercropped seed rate treatment. Whereas, the lowest 

LERT (1.55) was found from 25%:75% seed rate intercropped treatment. This lower LERT 

indicates that there is less intercropping yield advantage than 75%:25% and 50%:50% seed 

rate intercropping. 

Hence, results in (Table 6) showed that seed rate intercropping of Sudan grass (Aden gode) 

and vetch (Vicia dasycarpa) had effects on LERT. These positive effects of LERT on seed rate 

intercropping were similar to the finding of Hassan et al. (2017) who noted that the yield 

advantage was obtained from Sudan grass (Sorghum sudanense ((P.) Staph) intercropped with 
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cow pea (Vigna sinensis L.), guar (Cyamopsis tetragonoloba L.), and lima bean (Phaseolus 

vulgaris L.). LERT in current results ranged from 1.55 to 2.21 and it was higher than the 

scholars Dariush et al. (2006) who revealed that LERT (1.70-1.89) obtained from Sorghum 

intercropped with legumes and had yield advantage of intercropping over pure stand forages. 

Awad & Ahmed (2012) and Asem et al. (2020) who were found that intercropping of Sudan 

grass (Sorghum sudanense) and cow pea (Vinga unguiculata) had significantly (P<0.05) 

increased forage productivity and land equivalent ratio.  

The higher LERT (2.21) was obtained from 75%:25% seed rate intercropping and this 

indicated that almost 121% of more land would be required for plants the sole forages to 

produce the same amount of dry matter yield. Hence, more dry matter production and yield 

advantages were found from this seed rate intercropping of Sudan (Aden gode) grass and 

vetch (Vicia dasycarpa). Whereas, the lowest LERT (1.55) was obtained from 25%:75% seed 

rate intercropping and which means that 55% of more land would be required for planting the 

sole forages to produce the same dry matter yield per hectare. Therefore, similar LERT results 

were observed when maize (Zea mays L.) intercropped with cow pea (Vigna unguiculata L.) 

in 100:100, 75:25, 50:50, and 25:75 seed rate noted by Dahmardeh et al. (2010) and it 

indicated that intercropping had yield advantage compared to monoculture. Generally, the 

current results were in agreement with those reported by many investigators including Shri et 

al. (2014); Dwivedi et al. (2015) they noted that yield occurs when the intercropped forages 

due to less compete for the same ecological niches and the intra-specific competition. 

4.4.2 Competitive ratio 

The competitive ability of the constituent species in intercropping system is indicated by the 

competitive ratio (CR). The CR expresses the frequency with which one component crop is 

more competitive than another. When CRS/CRV <1, there is a benefit since there is less 

competition between the component crops, allowing them to be cultivated as intercrops. There 

is a negative effect if the CR value is more than one (CRS/CRV >1). Sudan grass (Aden gode) 

significantly (P<0.05) had less competitive in 75%:25% seed rate intercropping than others 

and had higher dry matter yield compared to other intercropping treatments.  

Hence, the results shown in (Table 6) CRS and CRV were significantly (P<0.05, P<0.01) 

affected by seed rate intercropped of Sudan grass (Aden gode) and vetch (Vicia dasycarpa), 
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respectively rather than CRS/CRV (P>0.05). In all other seed rate intercropping, the values of 

CRS were mostly greater than the value of CRV in the recent study (Table 6) and it is in line 

with the finding of Hassan et al. (2017) noted that Sudan grass (Sorghum sudanense ((P.) 

Staph) more competitive than cow pea (Vigna sinensis L.), guar (Cyamopsis tetragonoloba 

L.), and lima bean (Phaseolus vulgaris L.). Sudan grass was more competitive in 25%:75% 

and vetch (Vicia dasycarpa) in 75%:25% seed rate intercropping. Therefore, result (Table 6) 

indicated that the value of CRS/CRV (0.55) was obtained from 75%:25% treatment and yield 

advantage was observed in this treatment. Recent results were in line with the previous 

scholars (Al-Bakri et al., 2003; Singh & Tarawali, 2007; Abuneran, 2013).  

4.4.3 Dominance of aggressiveness 

Aggressiveness (A) is a simple way to assess how much the relative yield increases in forage 

species over other intercropping forage species. Aggressiveness (A) zero means, neither of the 

forages is thought to be aggressive or both forages are equally capable of competing. Hence, 

in current study significantly (P<0.01) Sudan grass (Aden gode) was aggressive over 

intercropped vetch (Vicia dasycarpa) where aggressiveness is positive in all intercropped 

treatment except 75%:25% intercropping treatment. Vetch (Vicia dasycarpa) in 75%:25% 

intercropped treatment was aggressive or dominant over Sudan grass (Aden gode) where AT 

value turns negative. Even though, Sudan grass (Aden gode) aggressiveness in the recent 

study was less in 75%:25% seed rate intercropping treatment than others and leads to 

increasing yield advantage. Whereas, AT in a recent study (Table 6), revealed the 

aggressiveness of Sudan grass (Aden gode) and vetch (Vicia dasycarpa) was less at 75%:25% 

intercropping and increased at 50%:50% seed rate intercropping and then decreased at 

25%:75% seed rate intercropping. This might be due to less inter-species competition in 

75%:25% seed rate and increasing inter-species competition in 50%:50% and 25%:75% seed 

rate intercropping.      

Similar results were observed by the authors Verma et al. (2005) showed that intercropping 

space of forage sorghum (Sorghum bicolor) with pigeon pea (Cajanus cajan) had 

significantly effect on aggressiveness (0.53). Ahmad et al., (2006) also noted that forage 

sorghum-legume intercropping had positive aggressivity due to forage sorghum appearing 

dominant forage over legumes. The study of Oseni & Aliyu (2010) who showed that forage 
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sorghum (Sam-sorg 10) intercropped with cow pea (Yar-Itas) under different intercropping, 

forage sorghum remained the dominant of aggressiveness.  

Table 6. Biological compatibility of Sudan grass (Aden-gode) and vetch (Vicia dasycarpa) in 
intercropping 

 Land Equivalent Ratio Competitive ratio Aggressiveness 
Treatments  LERS LERV LERT CRS CRV CRS/CRV AS AV AS -AV 
T2 1.52a 0.69a 2.21a 0.73b 1.36a 0.55a 2.02b 2.73a -0.71b 
T3 1.21ba 0.48a 1.68ba 2.55a 0.41b 6.80a 6.08a 2.4a 3.68a 
T4 0.77b 0.78a 1.55b 3.12a 0.34b 10.52a 3.09b 1.04b 2.05a 

Mean  1.17 0.65 1.81 2.13 0.71 5.95 3.73 2.06 1.67 
CV% 17.41 23.05 14.50 34.98 22.42 18.53 16.89 20.21 54.49 
LSD 0.46* 0.34NS 0.59** 1.69* 0.36** 2.18NS 1.43** 0.94* 2.06** 
T2=Treatment two, T3=Treatment three, T4=Treatment four, LERs = Land Equivalent Ratio of Sudan grass, 
LERv = Land Equivalent Ratio of vetch, LERT = Total Land Equivalent Ratio, CRS = Competitive ratio of Sudan 
grass, CRV = Competitive ratio of vetch, AS = Aggressiveness of Sudan grass, AV  = Aggressiveness of vetch, a & 
b = level of mean difference, CV = Coefficient of Variation, LSD = Least Significant Difference, NS = Non 
Significant level, * (p<0.05), ** (p<0.01)   

4.5 Effect of Seed Rate Intercropping of Sudan Grass and Vetch on Chemical 

Composition 

 4.5.1 Chemical composition of Sudan grass (Sorghum sudanense “Aden gode”) 

4.5.1.1 Dry matter (DM %) 

Dry matter content of Sudan grass (Aden gode) in present study was significantly (P<0.001) 

affected by seed rate intercropping treatments as shown in (Table 7). There was a significant 

effect (P<0.001) on dry matter percentage in current results (Table 7). From each treatment 

plot the mean value of dry matter percentage was 19.14±0.24%. The highest value of DM 

(22.18%) was recorded from 50%:50% seed rate intercropping while, lowest DM (16.12%) 

was found from 25%:75% seed rate intercropping treatment. The lowest value of DM content 

(16.12%) obtained from 25%:75% seed rate treatment might be due to deacreasing sudan 

grass seed in the proportion. The highest DM contents are most important due to most 

nutritional values of feed are drived from the drymatter contents of the feed. The DM 

variations between treatments were due to the seed rate proportions in the intercropping. 

Better dry matter percentages were obtained from intercropped treatments than Sudan grass 

(Aden gode) sown alone. These better dry matters were due to direct (increasing leaf number, 

tiller number, and others) effects of morphological development. 
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Therefore, the present result is akin to the finding of Asem et al. (2020) who stated that dry 

matters were affected by intercropping of Sudan grass (Sorghum sudanese) with cow pea 

(Vigna unguiculata). The current result of DM (22.18%) of Sudan grass (Aden gode) 

intercropping with vetch (Vicia dasycarpa) in the 50%:50% seed rate treatment was greater 

than the authors Asem et al. (2020) dry matter was significantly affected and produced a 

lower DM (18.44%) in Sudan grass (Sorghum sudanese) intercropping with cow pea (Vigna 

unguiculata).  Therefore, in the current result had better dry matter and forage quality than the 

result of Asem et al. (2020). In addition to current results dry matter percentage of Sudan 

grass (Aden gode) ranged from 16.12%-22.18% was in line with the finding of Lyons et al. 

(2019) dry matter (20%) on optimal harvesting time of Sudan grass. The variations of the 

present result to the previous was due to the seed rate intercropping treatment variations. 

4.5.1.2 Ash content 

Ash content of Sudan grass (Aden gode) in the present results were statistically significant 

(P<0.05) on seed rate intercropping with vetch (Vicia dasycarpa) (Table 7). The lowest value 

of total ash (5.79%) content was found from 25%:75% seed rate intercropping followed by 

75%:25% seed rate intercropping (6.52%). Whereas, the intermediate value of ash (7.43%) 

content was found from 50%:50% seed rate intercropping and the higher ash (9.13%) content 

was recorded from Sudan grass (Aden gode) sown as a pure stand with the mean 

(7.22±0.49%) value of ash contents of Sudan grass (Aden gode) in the present study. Seed 

rate in the intercropping was factored for increasing or decreasing the ash content of Sudan 

grass (Aden gode). When the seed rate decreases in intercropping, decreasing ash contents 

were observed as shown in (Table 7). These lowest values of ash contents in the intercropped 

Sudan grass were due to the fact that Sudan grass (Aden gode) in the intercropping had better 

crude protein content and better leaf to stem ratios. It might be due to Sudan grass (Aden 

gode) in the intercropping having less fiber fraction than its pure stand. 

According to Linn & Martin (1999), the majority of forage has an ash level that ranges from 3 

percent to 12 percent. Hence, present studies of ash content ranges (5.79-9.13%) were similar 

to the finding of Mahmood et al. (2013) who noted that ash contents of sorghum ranged from 

(6.1-9.7%) obtained in their trial of nutritional quality of forage sorghum. Less ash contents 

(5.79-9.13%) were found in present study compared from the mean Ash (10.02%) value 
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obtained by Alemu Tarekegn et al. (2020) in two season with the same Sudan grass (Aden 

gode) cultivar. This might be due to intercropping helps to decrease cell wall accumulations 

of Sudan grass in present study. In agreement with the finding of Mergia Abera et al. (2022) 

who showed that when compared to intercropped desho (Pennisetum pedicellatum) with Vicia 

species, the pure stand of desho grass (Pennisetum pedicellatum) produced a greater ash 

content. Besides, the present study was in harmony with the finding of Malede Birhan, (2018) 

who noted that ash content of Triticale (Xtriticosecale wittmack) had significant affected by 

seed rate intercropping with vetch (Vicia villosa R.).  

But, disagreement to the finding of Malede Birhan (2018), the ash contents of Sudan grass 

(Aden gode) was lower in intercropped than its pure stand. Ash contents were significantly 

affected by seed rate intercropping and Sudan grass (Aden gode) ash contents were lower than 

the finding of Aysheshim Bantihun, et al. (2022) who noted that ash content of grass species 

such as Brachiaria (Brachiaria mutica), Desho (Pennisetum pedicellatum), and Napier grass 

(Pennisetum purpureum) ranged in (14.7-18.7%) factored with harvesting age in Ethiopia. 

This difference was attributed in forage grasses changes from species to species and might be 

due to differences in morphological fractions, climatic conditions, and soil properties 

(Beyadglign Hunegnaw, 2019). The lower ash content might be due to soil nutrient uptake 

competition among inter-species. Whereas, the higher ash content of Sudan grass (Aden gode) 

in sole indicated that higher concentration of mineral. This study was in agreement with the 

finding of Aychew Zewdu (2021) who noted that The highest ash contents were recorded in 

both sole desho (Pennisetum pedicellatum) and Phalaris (Phalaris aquatica (acc6583)).  

4.5.1.3 Organic matter 

Organic matter content of Sudan grass (Aden gode) in the present study was significantly 

(P<0.05) affected by seed rate intercropping similar to ash content due to organic matter 

obtained through the difference of ash content from 100 percent. When treatments applied in 

the present study had a lower value of ash contents, they would have higher value of organic 

matter. Hence, higher organic matter (94.21%) was found from 25%:75% intercropping 

followed by 75%:255% (93.48%) and 50%:50% (92.57%) seed rate intercropping of Sudan 

grass (Aden gode) and vetch (Vicia dasycarpa) with the mean value of organic matter 

(92.78%). The variation of organic matter in the current study might be due to the variation of 
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seed rate in the intercropping and due to the significant difference in Sudan grass (Aden gode) 

ash content with regard to seed rate.  

A significant difference was obtained in the organic matter of Sudan grass (Aden gode) in 

present study similar to Jiao et al. (2022) who shown that Sudan grass (Sorghum sudanense 

(Piper) Stapf.) organic matter content was significantly affected by fertilizer application. The 

same to present study Aychew Zewdu (2021) who showed that organic matter of Desho 

(Pennisetum pedicellatum), phalaris (Phalaris aquatica (acc6583)), and oat (Avena sativa), 

had a significant difference on their sole and intercropped. Besides to this, Aysheshim 

Bantihun et al. (2022) who showed that organic matter (81.3%-86.5%) contents of grass 

species such as Desho (Pennisetum pedicellatum), Brachiaria (Brachiaria mutica), and Napier 

grasses (Pennisetum purpureum) were significantly affected by the harvesting stage and lower 

than the organic matter in the present study. This was due to OM differed significantly among 

species, and this might be attributed from grass genetic variation, environmental factors, soil 

types, soil healthiness, and also seed rate factors.  

4.5.1.4 Crude protein 

Crude protein is the most important chemical composition parameter in forage production. 

The crude protein content of grass is lower than the crude protein content of legumes. 

Therefore, intercropping grass with legumes is crucial to increasing the crude protein content 

of grass. In the current study, increasing crude protein was observed in seed rate intercropping 

of Sudan grass (Aden gode) and vetch (Vicia dasycarpa). Significant (P<0.01) differences in 

Sudan grass (Aden gode) crude protein were observed in the current results. Significantly 

highest value of CP (12.19%) was found from 75%:25% seed rate intercropping treatment and 

followed by 50%:50% seed rate treatment which has 11.02% CP compared from CP (8.97%) 

obtained from Sudan grass (Aden gode) grown alone as shown (Table 7). This might be due 

to intercropping of grass with legumes having the ability to increase the CP contents of 

intercropped forages. The greater CP in this seed rate treatment might also be due to a good 

morphological performance of Sudan grass (Aden gode) leading to increasing in crude 

protein.  

Current results of CP (12.19%) in 75%:25% intercropping were greater than CP (10.90%) 

obtained by Basaran et al. (2017) who revealed that Sudan grass hybrid (Aneto) intercropping 
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with soybean (Yesilsoy) from a 100%:100% seed rate. Results of CP (8.97%) from sole 

Sudan grass (Aden gode) in the present study was similar to Asem et al. (2020) who outlined 

that CP (8.90 to 8.74%) obtained from sole Sudan grass (Sorghum sudanense) for two 

seasons. This greater value of crude protein could be the high availability of Nitrogen in 

intercropping and also due to less nutrient competition among inter-species due to decreasing 

seed rate intercropping. Besides to this, current results of crude protein were higher than the 

finding of Asem et al. (2020) noted that CP (9.18%) of Sudan grass (Sorghum sudanense) had 

higher in intercropped with cow pea (Vinga unguiculata) in 75%:25% seed rate intercropped 

compared to its alone. In addition higher CP (12.19%) was obtained compared from CP 

(10.58%) obtained by Alemu Tarekegn et al. (2020) for the same Sudan grass (Aden gode) 

cultivars. This lower value might be attributed from seed rate intercropping with legumes to 

increasing protein content of component grass.  

Current results of increasing CP of Sudan grass in intercropping were in line with the previous 

study by Erkovan (2022) who reported that seed rate intercropped of Sudan grass (Sorghum 

sudanense (piper.) (16.73%) with common vetch (Vicia sativa L.) had significant differences 

in CP contents of sole Sudan grass (14.66%). Legumes could improve the crude protein 

content of grasses due to legumes provide nitrogen content to the intercropping grass as 

shown by Iqbal et al. (2019). The present study was in agreement with the study of Uher et al. 

(2019) crude protein of maize (Zea mays L.) intercropped significantly higher than its sown 

sole. This could be due to the higher availability of nitrogen in the intercropping treatment. 

Current results also comparable with the finding of Guleria & Kumar (2016) who were noted 

that intercropped Maize (Zea mays L.) with cow pea (Vigna unguiculata) had higher crude 

protein than sole sown. Meanwhile, the current study was similar to the finding of Khan et al. 

(2005) who stated that seed rate proportion in cereal-legume intercropping had significant 

effects on forage quality. Therefore, in agreement with the previous studies by Hassan et al. 

(2017); Javanmard et al. (2017); Salem et al. (2019) who noted that crude protein was higher 

in intercropping than forages sown as a pure stand.   

4.5.1.5 Neutral detergent fiber  

Neutral Detergent Fiber (NDF) content is one of the determinations of forage nutritional 

value. When Neutral Detergent Fiber (NDF) component of forages is high, intake is affected 
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due to that of increasing the structural carbohydrates in the forage (Lopes et al., 2020). The 

decreasing of neutral Detergent Fiber (NDF) ratio indicates forages had higher quality (Kir & 

Dursun, 2018). Although, NDF does not assess how digestible the fiber in forages is,  and it is 

a useful predictor of "bulk" and hence feed consumption (Oh et al.,  2016).   

Neutral detergent fiber percentage with respect to seed rate intercropping with vetch (Vicia 

dasycarpa) was significantly (P<0.01) affected in the current study as shown in (Table 7). In 

decreasing seed rate of Sudan grass (Aden gode) results in decreasing NDF% content and also 

decreased NDF% content of Sudan grass (Aden gode) in intercropped with vetch (Vicia 

dasycarpa) compared to its pure stand. The lower value of NDF (61.30%) was recorded from 

75%:25% seed rate intercropping followed by 25%:75% intercropped which had 64.18% of 

NDF relative to its pure stand (69.99%) revealed in (Table 7). It could be due to better 

morphological development of Sudan grass due to its intercropping effect.  

Similar results of NDF% contents of Sudan grass (Aden gode) in the present study were found 

by Mergia Abera et al. (2022) who noted that the NDF% of Desho (Pennisetum pedicellatum) 

grass in sole sown was higher than the intercropped with vetch species. Current results of 

NDF% content of Sudan grass ranged from (61.30%-69.99%) which were lower than the 

finding of Lopes et al. (2020) who outlined that (73.82 to 78.19%) NDF contents of forage 

sorghum were observed. Intercropping Sudan grass (Aden gode) with vetch (Vicia dasycarpa) 

significantly increased forage qualities through decreasing NDF% contents and increasing the 

digestibility with respect to its alone. This result was akin to the finding of Awad & Ahmed 

(2012) who outlined that the mixing Sudan grass (Sorghum sudanense) with cow pea (Vigna 

unguiculata L.Walp) significantly improved forage qualities with respect to Sudan grass 

grown as a pure stand. This is also in line with the finding of Asem et al. (2020) who noted 

that intercropping of Sudan grass (Sorghum sudanense) with cow pea (Vinga unguiculata) 

significantly enhanced forage quality through decreasing CF% of Sudan grass compared to its 

sown alone. Besides this, the present NDF% results were in line with Erkovan (2022) who 

stated that NDF% content of Sudan grass (Sorghum sudanense (piper.) stapf.) was altered by 

seed ratio and seeding row arrangement in the intercropping with forage legumes. 

Osman et al. (2010) also noted that row seeding configuration is thought to reduce NDF% of 

forages in the intercropping. This reduction of NDF% in the intercropping might be due to the 
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seed ratio in the intercropping is thought to be reduced nutrient competition and heat stress in 

the intercropped than sole sown forages. In comparison to the current results of NDF%, the 

authors Erkovan (2022) who showed that seed rate intercropping of common vetch (Vicia 

sativa L.) with Sudan grass (Sorghum sudanense (piper.) stapf.) had a significant effect on 

NDF% and had the ability to decrease NDF% content compared to its pure stand. Therefore, 

decreasing seed rate in intercropping had the ability to decrease NDF% compared to Sudan 

grass (Aden gode) sown alone and this was in line with the finding of Erkovan (2022) who 

stated that, less seed ratio in the intercropping had lower NDF% compared to sole sown. This 

might be due to fewer competition conditions and affect NDF% due to nutrients availability 

and decreasing cellulosic content. The present study was In contrast with Aklilu Mekasha et 

al. (2020) who noted that increasing seed rate had an effect on decreasing the NDF% content 

of forage sorghum varieties studied on their nutritive values in Ethiopia. Therefore, NDF% 

value in 75%:25% seed rate intercropping treatment had better nutritional value than others 

due to low NDF%. This might be due to less stem thickness and also it might be due to better 

morphological development in this treatment.    

4.5.1.6 Acid detergent fiber 

Acid Detergent Fiber was not significantly (P>0.05) affected by Seed rate intercropping of 

Sudan grass (Aden gode) and vetch (Vicia dasycarpa) in the current results as shown in 

(Table 7). The overall mean value of ADF (43.34±1.59%) but not significantly affected by 

seed rate. Current results were comparable with  Erkovan (2022) who revealed that the ADF% 

contents of Sudan grass (Sorghum sudanense (piper.) stapf.) was not significantly differenced 

among seed rate intercropping with common vetch (Vicia sativa L.) in Turkish. 

4.5.1.7 Acid detergent lignin  

Acid detergent Lignin contents of forages are one of the indicators of forage nutritional value. 

Acid Detergent Lignin lowers the consumption and digestion of hay or feed, which lowers the 

quality of those products. Therefore, acid detergent lignin contents of Sudan grass (Aden 

gode) in the present study were significantly (P<0.01) affected by seed rate intercropping with 

vetch (Vicia dasycarpa) (Table 7). The higher ADL (14.05%) was obtained from 100% seed 

rate of Sudan grass (Aden gode) and followed by 50%:50% (13.18%), 25%:75% (11.61%) of 

ADL contents, and less ADL value from 75%:25% (9.41%) seed rate intercropping with the 
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mean value of ADL (12.06±0.46%). Less ADL value from 75%:25% (9.41%) seed rate 

intercropping means Sudan grass (Aden gode) in this intercropping has better nutritional 

value due to less structural carbohydrate and also due to higher leaf steam ratio. The variation 

in ADL% might be due to seed rate and could be a factor in increasing and decreasing the 

lignin content. Whereas, it could be the availability of nitrogen in intercropping due to vetch 

can fix atmospheric nitrogen through their nodules and reduce fiber synthesis.  

In agreement with the present study, Malede Birhan (2018) showed that seed proportion had a 

significant difference in ADL% of Triticale mixture with vetch in Ethiopia. Meanwhile, 

9.70% of ADL 75%:25% Triticale (Xtriticosecale wittmack) with vetch (Vicia villosa R.) 

mixture and agreed with the present study of Sudan grass (Aden gode) ADL% content. The 

higher ADL (14.05%) was obtained from 100% seed rate of Sudan grass (Aden gode) and is 

comparable with the finding of Malede Birhan (2018) who noted that higher value of ADL 

(15.30%) was found from 100% of seed rate of forage Triticale (Xtriticosecale wittmack) in 

Ethiopia.  

Table 7. Chemical composition of the sole and intercropping of Sudan grass (Aden-gode)   

 Chemical composition Parameters 
Treatments DM% Ash% OM % CP% NDF% ADF% ADL% 
T1(Sole Sudan grass) 17.37c 9.13a 90.87b 8.97c 69.99a 45.48a 14.05a 
T2 20.90b 6.52b 93.48a 12.19a 61.30c 41.29a 9.41c 
T3 22.18a 7.43ba 92.57ba 11.02ba 65.88b 44.38a 13.18ba 
T4 16.12d 5.79b 94.21a 9.81bc 64.18cb 42.19a 11.61b 
T5(Sole vetch) - - - - - - - 
Overall mean 19.14 7.22 92.78 10.50 65.34 43.34 12.06 
SEM (±) 0.24 0.49 0.49 0.34 0.96 1.59 0.46 
CV% 4.79 11.83 0.92 6.59 2.77 8.41 6.65 
R2 0.94 0.83 0.83 0.86 0.86 0.38 0.91 
LSD 1.83*** 1.71* 1.71* 1.38** 3.62** 7.28NS 1.61** 

T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, DM = Dry 
Matter, OM = Organic Matter, CP = Crude Protein, NDF = Neutral Detergent Fiber, ADF = Acid Detergent 
Fiber, ADL = Acid Detergent Lignin, SEM = Standard Error of Mean, CV% = Coefficient of Variation percent, 
R2 = Coefficient of determination, N = Number, cm = centimeter, a, b, c& d = level of mean difference, LSD = 
Least Significant Difference, NS = Non Significant level, * (p<0.05), ** (p<0.01), *** (p<0.001)   
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4.5.2 Chemical composition of vetch (Vicia dasycarpa)  

4.5.2.1 Dry matter (DM %) 

The dry matter contents revealed in Table 8 was statistically significant (P<0.05) on seed rate 

intercropping treatment. The highest value of DM (18.02%) was found from 25%:75% seed 

rate treatment. Whereas, the lowest value of DM (16.08%) was obtained from 50%:50% seed 

rate intercropping plots. Therefore, the highest dry matter seed rate intercropping treatments 

would give better nutritional value than the lowest dry matter seed rate treatment. On the 

other hand, the lowest dry matter is vital when forages are stored for a long period due to low 

moisture content compared to the highest dry matter percentage production.    

DM of the current results were significantly (P<0.05) different in seed rate intercropping of 

Sudan grass and Vetch. This significant effect of dry matter were comparable with the finding 

of Song et al. (2021) showed that statistically significant of dry matter contents was found on 

Sorghum-Sudan grass (Sorghum bicolor) intercropped with cow pea (Vigna unguiculata 

L.Walp) and lablab (Lablab purpureus (L.) Sweet). Hence, the mean value of dry matter 

percentage (17.18±0.12%) in the present study was significantly (P<0.05) greater than the 

mean value of dry matter content (9.40%) of Cow pea (Vigna unguiculata L.Walp) 

intercropped with Sudan grass hybrid (Sorghum bicolor) noted by the author Song et al. 

(2021). Comparable result of dry matter content (18.02%) was found from 25%:75% seed rate 

intercropping with the finding of Demissie Negash et al. (2017) noted that dry matter 

percentage (19.43%) production from 75%:25% seed rate intercropping treatment of oat 

(Avena sativa) and vetch (Vicia villosa). These variations of dry matter percentage 

productions were due to genetic and environmental variations.   

 4.5.2.2 Ash content 

On its DM% contents of Vetch, ash content of vetch in the present study was slightly 

statistical significantly (P<0.05) affected by the seed rate intercropping treatment as shown in 

(Table 8). Therefore, highest value of ash (10.12%) content was recorded from vetch (Vicia 

dasycarpa) sown as a sole (100%) seed rate followed by 25%:75% (8.46%), 50%:50% 

(7.45%) and the lowest ash (6.15%) was obtained from 75%:25% seed rate intercropping and 

8.04±0.59 mean value of ash content was found. These variations in ash content of vetch 
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(Vicia dasycarpa) in sole and in intercropped were due to seed rate intercropping, and 

morphological development differences. When the seed rate of vetch (Vicia dasycarpa) 

increases, the ash content becomes increases while, decreasing the seed rate, increasing 

organic matter observed in the present study.  

In harmony with the present results, the highest value of ash (13.71%) content was obtained 

from sole vetch (Vicia dasycarpa) and the lowest ash (10.67%) from 75%:25% seed rate 

treatment. However, relatively similar Ash (8.1%, 12%, & 11.2%) content was recorded from 

Vicia sativa, Vicia villosa, and Vicia dasycarpa (Kassahun Desalegn & Wasihun Hassen, 

2015). Whereas, similar results of ash contents were found in the present study ranged from 

(6.15-10.21%) with a mean (8.04±0.59%) to the results of Usman Semmana et al. (2019) who 

outline that, ash contents of vetch species ranged from (6.45-9.18%) with a mean value of 

8.22%. 

Inconsistently, lower ash contents range from 6.15-10.12% were recorded in present study 

compared to the study of Muluneh Minta and Angaw Tsige (2014) who noted that the ash 

content of Vicia dasycarpa ranged from 12.31-12.41%. Whereas, Eshetie Alemu et al. (2018) 

revealed that, vetch (Vicia dasycarpa) intercropped with oat (Avena sativa) had no significant 

difference and the ash contents ranged from 10.23-11.90 in different harvesting ages. These 

results of ash content obtained by Eshetie Alemu et al. (2018) were greater than the ash 

content of Vetch (Vicia dasycarpa) in the present study. Besides to this, the mean (8.04%) 

value of ash content in present study was less than the value obtained by Malede Birhan 

(2018) who revealed that the mean (11.21%) value of ash obtained in different harvesting 

stages of vetch (Vicia villosa R.) mixture with Triticale (Xtriticosecale wittmack) in Ethiopia. 

Inconsistently, lower ash content (6.15-10.21%) was obtained compared to the results of 

Demissie Negash et al. (2017) ranging from 12.41-12.94% in different seed rate mixture of 

vetch (Vicia villosa) and oat (Avena sativa). These variations were due to seed rate, species 

variation, management difference, agro-ecology difference, and soil fertility.    

4.5.2.3 Organic matter 

Organic matter content of vetch (Vicia dasycarpa) in this study was statistical significantly 

(P<0.05) affected by the seed rate intercropping treatment as shown in (Table 8). Hence, 

75%:25% seed rate treatment had the highest value of OM (93.85%) followed by 50%:50% 
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(92.55%), and 25%:75% (91.53%) while, the lowest OM was recorded from sole vetch 

(89.88%) with the mean (91.96±0.59%) value of organic matter (Table 8). When the seed rate 

of vetch (Vicia dasycarpa) decreasing the seed rate, increasing organic matter observed in the 

present study. These variations in OM content of vetch (Vicia dasycarpa) in sole and in 

intercropped were due to seed rate intercropping, and morphological development differences.  

The lower organic matter contents of Vetch species ranging from 73.1-76.6% obtained by the 

authors Teshale Jabessa et al. (2020) compared to the present results of Vicia dasycarpa 

ranged from 89.88-93.85% of DM basis. Similar results of organic matter (92.55%) were 

obtained from 50%:50% treatment with the finding of Kassahun Desalegn & Wasihun Hassen 

(2015) who noted that, 92.1% of organic matter of vetch (Vicia dasycarpa). Whereas, the 

present results of organic matter (89.88-93.85%) on seed rate intercropping treatment were 

significantly similar to the finding of Kassahun Desalegn & Wasihun Hassen (2015) who 

noted that organic matter ranged from 90.4-92.1% of different vetch species. However, the 

higher values of organic matter (89.88-93.85%) with the mean value (91.96%) of vetch (Vicia 

dasycarpa) in the present study were obtained compared to the study revealed by Usman 

Semmana et al. (2019) who outlined that organic matter of vetch species ranged from (84.21-

84.51%) with a mean value of (84.37%) study conducted on the performance evaluation of 

vetch species on the highland area of Ethiopia. The variations obtained in the current results 

from previous studies were attributed from seed rate treatments, variation in agro-ecologies, 

management difference, and also due to edaphic factors.     

4.5.2.4 Crude protein 

Crude protein content in livestock feeding is the most important to increase the Animal 

products such as egg, meat, milk, and milk products. Plant source protein is cheap than 

Animal source protein and hence the development of forage is advisable to increase the 

protein content of forages for Animals.  

Hence, crude protein contents of the present result as shown in (Table 8) were statistically 

significant (P<0.01) affected by seed rate intercropping of Vetch (Vicia dasycarpa) and Sudan 

grass (Aden gode). Results revealed in (Table 8) showed that crude protein content in seed 

rate intercropping of 50%:50% (24.06%), 25%:75% (21.80%), 75%:25% (20.98%), and 

100% (17.63%) with a mean value (21.12±0.76%) were obtained in the present study. 
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Therefore, the highest crude protein was found from 50%:50% (24.06%) and the lowest 

(17.63%) was from vetch sown as a pure stand. The higher CP (24.06%) from 50%:50% seed 

rate treatment was attributed from hhaving greater number of branch and root length, have 

able to capture nutrient from the soil. This intercropping has a significant effect on increasing 

crude protein contents of forages. In addition, increasing seed rate in intercropping of vetch 

showed that decreasing the crude protein value as revealed in the current results. 

All seed rate intercropped vetch had CP contents that were higher than the typical diet's 10.6 

% CP value but lower than the 32.6% CP value for feed with protein supplements. The 

outcome is greater than what Van Soest (1982) suggested, young herbage had a CP content of 

up to 14% to 16%. The present results of crude protein shown in (Table 8) significantly higher 

than the study of Kassahun Desalegn & Wasihun Hassen (2015) who outlined that the crud 

protein (CP) concentration of Vicia dasycarpa was the most promising one (18.9%) compared 

to 12%, 9.2%, and 9.1% of Vicia atropurpurea, Vicia villosa, and Vicia sativa were obtained, 

respectively.  

However, in agreement with the authors Eshetie Alemu et al. (2018) higher crude protein 

ranged from (17.63-24.06%) in the present study obtained compared to the crude protein 

ranged from (13.97-21.38%) in vetch (Vicia dasycarpa) mixtures with oat (Avena sativa) in 

Ethiopia. Increase crude protein in the present study was due to the higher morphological 

parameters recorded and intercropping could enhance forages to soil nutrient uptake and 

water use efficiency. Whereas, The high CP value found in the current study, intercropped 

forages is corroborated by Berhanu Alemu et al. (2007) who found that mixed forages 

containing up to 25–50% legume generated higher-quality forage and yields than exclusively 

planted forages. On the other hand, crude protein (21.80%) obtained from a 25%:75% seed 

rate in the present study was similar to the finding of Usman Semmana et al. (2019) who 

noted that crude proteins ranging from (22.01-22.18%) found from vetch (Vicia dasycarpa) 

accessions. Inconsistency to the present study, the finding of Dura et al. (2012) who were 

noted that crude protein in the intercropped legumes was lower than in the pure stand 

legumes. Therefore, the variations of the present study might be due to the reason seed rate 

intercropping, agro-ecological variation, edaphic factors, and experimental management.   
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4.5.2.5 Neutral detergent fiber 

The neutral detergent fiber in the present study was statistically significant (P<0.001) on the 

effect of seed rate intercropping of vetch (Vicia dasycarpa) and Sudan grass (Aden gode) as 

shown in (Table 8) below. Results showed in (Table 8), lowest NDF% were 41.14%, 43.01%, 

45.73%, 48.48% obtained from 75%:25%, 25%:75%, 50%:50% and 100% of seed rate 

intercropping treatments. Seed rate had a significant effect on NDF% in the present study. A 

result revealed that an increased seed rate in the treatment indicates that increasing the NDF% 

except in 50%:50% treatment indicates a slightly decreased NDF% as shown in (Table 8). 

Increase in NDF content has been associated with the decrease in crude protein content and 

leaf to stem ratios. These difference results of NDF% observed between treatments might be 

due to variation in seed rate in the intercropping. 

Hence, the current results of neutral detergent fiber (NDF) content of vetch ranged from 

41.14%-48.48% with a mean value of 44.59±0.65%. This NDF value was below 45-55% of 

NDF which indicates that vetch (Vicia dasycarpa) in the present study was high quality in 

nutritional value (Singh & Oosting, 1992). Relatively greater NDF (49.81%-50.38%) of Vicia 

dasycarpa had been reported by the Scholars Eshetie Alemu et al. (2018) compared from the 

present study. NDF% of vetch (Vicia dasycarpa) in present study were significant (P<0.001) 

and similar NDF% results of cow pea (Vigna unguiculata L.Walp) is and lablab (Lablab 

purpureus (L.) Sweet) intercropped with Sudan grass hybrid (Sorghum bicolor) obtained by 

Song et al. (2021). The finding of Lithourgidis et al. (2006) revealed that sole vetch (Vicia 

sativa) had higher NDF content similar to the present study. On the other side, significant 

results of NDF% were found by Muluneh Minta & Angaw Tsige (2014) who noted that 

NDF% contents of vetch species ranged from 40.25%-50.17%, and similar results were 

observed in the present study ranging from 41.14%-48.48% of NDF contents of vetch (Vicia 

dasycarpa). The value of NDF (48.48%) obtained from a 100% seed rate agreed with the 

finding of Kassahun Desalegn & Wasihun Hassen (2015) who found that 47.1% NDF from 

Vicia dasycarpa on the evaluation of vetch species in Ethiopia. 

However, significantly similar mean (46.15%) value of NDF content of vetch species was 

obtained by Gezahegn Kebede et al., (2013) compared to the present mean (44.59%) value of 

NDF%. Inconsistency to present study, the higher NDF (87.5%) content of Vicia dasycarpa 
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was found by the authors Teshale Jabessa et al., (2020). The decreasing of neutral detergent 

fiber has been associated with the digestibility of the forage. Therefore, highly digestible 

Vicia dasycarpa was found in the present study on the effect of seed rate intercropping. This 

difference in NDF contents of vetch in different seed rate intercropping from the previous 

studies might be due to the vetch species difference, seed rate variation, edaphic factors, agro-

ecological variations, and also management differences.   

4.5.2.6 Acid detergent fiber 

Seed rate had significant (P<0.01) effect on acid detergent fiber (ADF) in the present study as 

shown in (Table 8). Lowest ADF (26.12%) content was recorded from 75%:25% seed rate 

treatment followed by 28.15% of ADF from 50%:50% seed rate. Intermediate ADF (31.30%) 

content of vetch was recorded from 25%:75% seed rate treatment. Whereas, higher ADF 

(34.31%) content was found from sole vetch (Vicia dasycarpa). These variations of ADF% 

contents of vetch in the present study were due to seed rate variation. Therefore, increasing in 

ADF% contents of vetch (Vicia dasycarpa) was observed with an increasing seed rate in the 

intercropping (Table 8).  

Present ADF (26.12-34.31%) contents of vetch (Vicia dasycarpa) were less than the ADF 

contents found by Song et al. (2021) noted that 38.66-46.30% of Lablab (Lablab purpureus 

(L.) Sweet) and cow pea (Vigna unguiculata L.Walp) intercropped with Sudan grass hybrid 

(Sorghum bicolor). Besides these scholars, Muluneh Minta & Angaw Tsige (2014) who 

outlined that the ADF of vetch species had 36.47-41.80% but they found that higher ADF 

(41.80%) content of Vicia dasycarpa compared to the present results of Vicia dasycarpa. 

Whereas, scholars Kassahun Desalegn & Wasihun Hassen (2015) found that higher ADF 

(35.1-37.3%) values of vetch species with the higher value of Vicia dasycarpa ADF (37.3%) 

contents compared to the present study. In addition to these scholars, the lowest ADF contents 

of Vicia dasycarpa were recorded compared by the authors Getu Kitaw et al. (2010) who 

reported that ADF (77.7%) was recorded from Vicia dasycarpa at Holleta agricultural 

research center 

However, the lowest ADF (20.8%) content was found from alfalfa (Medicago sativa) 

intercrop with oat (Avena sativa) (Befekadu chemere & Yunus Abdu, 2015) compared to the 

present study. The lowest value of ADF% contents of Vicia dasycarpa in the present study 
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might be due to the reason seed rate variation in intercropping, better morphological 

development, and better crude protein content variation among the treatments. Whereas, the 

difference observed in ADF% from the previous study might be due to the treatment 

variation, environmental, edaphic, and species variation factors. 

4.5.2.7 Acid detergent lignin 

Acid Detergent Lignin (ADL) in dry matter basis was not significantly (P>0.05) affected by 

seed rate intercropping of vetch (Vicia dasycarpa) with Sudan grass (Aden gode) in the 

present study as shown in (Table 8). There is no significant difference was observed between 

the seed rate treatments. A similar result was found by Eshetie Alemu et al. (2018) who noted 

that ADL content was not significantly affected in the mixtures of vetch and oat. In addition 

to this, the authors Demissie Negash et al. (2017) also showed that ADL contents of vetch 

(Vicia villosa) were insignificant with the seed rate proportion that has sown with oat.  

Table 8. Chemical composition of the sole and intercropping of vetch (Vicia dasycarpa) 

 Chemical composition of vetch (on DM %) 

Treatments DM% Ash% OM% CP% NDF% ADF% ADL% 
T1(Sole Sudan grass) - - - - - - - 
T2 17.56b 6.15c 93.85a 20.98b 41.14c 26.12c 5.67b 
T3 16.08c 7.45bc 92.55ba 24.06a 45.73b 28.15c 6.40ba 
T4 17.09b 8.46ba 91.53bc 21.80ba 43.01c 31.30b 7.02ba 
T5(Sole vetch) 18.02a 10.12a 89.88c 17.63c 48.48a 34.31a 8.47a 
Overall mean 17.18 8.04 91.96 21.12 44.59 29.97 6.89 
SEM (±) 0.12 0.59 0.59 0.76 0.65 0.68 0.48 
CV% 3.83 13.61 1.19 6.22 2.49 4.55 15.36 
R2 0.89 0.79 0.79 0.87 0.93 0.91 0.66 
LSD 1.31* 2.19* 2.19* 2.63** 2.22*** 2.72** 2.12NS 
T1=Treatment one, T2=Treatment two, T3=Treatment three, T4=Treatment four, T5=Treatment five, DM = Dry 
Matter, OM = Organic Matter, CP = Crude Protein, NDF = Neutral Detergent Fiber, ADF = Acid Detergent 
Fiber, ADL = Acid Detergent Lignin, SEM = Standard Error of Mean, CV% = Coefficient of Variation percent, 
R2 = Coefficient of determination, N = Number, cm = centimeter, a, b & c = level of mean difference, LSD = 
Least Significant Difference, NS = Non Significant level, * (p<0.05), ** (p<0.01), *** (p<0.001)   
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4.6 Correlations Between Morphological Characteristics, Forage Yield, and Chemical C

omposition of Sudan grass (Sorghum sudanense) Intercropped with Vetch (Vicia 

dasycarpa) 

The relationship between morphological characteristics, forage yield, and chemical 

composition was studied and revealed in (Table 9) below. Hence, plant height in the present 

result showed that high positively significant correlated to the number of tillers per plant and 

dry matter content, and has moderate positive correlation to crude protein and crude protein 

yield. On the other hand, it has negatively correlated with stem thickness, Ash, NDF, ADF, 

and ADL. These results were in agreement with the finding of Tiruset Tesfaye (2019) who 

noted that the plant height of Desho grass (Pennisetum pedicellatum) was moderately 

correlated with crude protein and crude protein yield. Plant height has also positively 

correlated with LSR in line with the authors Bimrew Asmare et al. (2017) but, disagreed with 

the authors Tiruset Tesfaye (2019); Aychew Zewdu et al. (2021) who noted that Desho grass 

(Pennisetum pedicellatum) intercropped with vetch species. This might be attributed from 

seed rate proportion in the intercropping and grass species variations.  

The number of Leaves per Tiller (NLPT) was positively correlated with all morphological 

parameters (except stem thickness), CP, and CPY. These results were in line with the finding 

of Aychew Zewdu (2021) who noted that NLPP had positive correlation with all 

morphological parameters of Desho (Pennisetum pedicellatum), Oat (Avena sativa), and 

Phalaris (Phalaris aquatica (acc6583)) intercropping with vetch (Vicia dasycarpa). Positive 

correlation of NLPT with plant height was in line with  Bimrew Asmare et al. (2017); Genet 

Tilahun et al. (2017). In addition, Tiruset Tesfaye (2019); Aychew Zewdu (2021) who were 

reported that NLPP was positively correlated with all NTPP, LLPP, DMY, and CPY of Desho 

grass (Pennisetum pedicellatum) intercropped with vetch species. NLPT was significantly 

positively correlated with LSR and this was similar to the finding of Aychew Zewdu (2021) 

who stated that NLPP was correlated with LSR. while, Tiruset Tesfaye (2019) noted that 

NLPP was not correlated with LSR. The present result of NLPT was similar to the finding of 

Beyadglign Hunegnaw (2019) who reported that NLPP has negatively correlated with ADF in 

the case of brachiaria cultivars. This might come from efficient soil nutrient utilization and 

nitrogen availability in the intercropping leads to increasing leaf number per plant and 

decreasing Ash, ADF, NDF, and ADL contents of Sudan grass in the present study.   
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NTPP in the present study was highly positively correlated with LL and DM, DMY, CP, and 

CPY and negatively correlated with stem thickness (Stt), NDF, ADL, Ash and ADF. This was 

supported by Aychew Zewdu (2021); Beyadglign Hunegnaw, (2019) in the case of Desho 

(Pennisetum pedicellatum), oat (Avena sativa), phalaris (Phalaris aquatica (acc6583)), and 

brachiaria cultivars, respectively. Besides to these authors, Tesfaye Belayneh et al. (2020) 

also showed that NTPP had negatively correlated with ADF and ADL of vetch in 

intercropping and a pure stand. This was due to NLPT correlated to NTPP and leafy plants 

have better protein contents and which might be reduced the fiber fractions of the forage.  

LL was highly positively correlated with (NTPP, DM, DMY, CP, and CPY) whereas, medium 

positive correlated with NLPT and LSR. This could be leaf have responsible for capturing 

sunlight for photosynthesis and leads to increasing crude protein. However, LL has negatively 

less correlated with stem thickness, NDF, ADF, and ADL contents. Therefore, LL might have 

responsible for increasing the NTPP, DM, DMY, CP, And CPY while it might have 

decreasing fiber fractions. Present results were similar to the results of Bimrew Asmare et al. 

(2017) who defined that LL has positive relationship with plant height, DM, and DMY. 

Whereas, Tiruset Tesfaye (2019) showed that LL has a positive relationship with PH, NTPP, 

NLPP, LSR, DMY, CP, and CPY but is inversely related to DM and ash.  

In agreement with the results of Bimrew Asmare et al. (2017) LSR have negative relationship 

with NDF, ADF  and  ADF, and ADL (Tiruset Tesfaye, 2019) but disagreed to DM, DMY, 

and CPY (Bimrew Asmare et al., 2017). DMY in present result has significantly strong 

positive correlated with CP and CPY (Tiruset Tesfaye, 2019), moderately with DM (Aychew 

Zewdu, 2021), weakly correlated with ash and ADF. In present study  significant strong 

positive correlations were observed between CP with CPY, NDF with ADL and moderately 

insignificant with ADF similar with the previous studies Bimrew Asmare et al. (2017) but 

contradict with the results of Yihalem Denekew et al. (2005); Bayble Taye et al. (2007); 

Genet Tilahun et al. (2017).  
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Table 9. Correlation of morphological and chemical composition parameters on effect of seed rate on Sudan grass (Aden-gode) and 
vetch (Vicia dasycarpa) intercropping 

 PH NLPT NTPP LL Stt LSR DMY DM ASH CP CPY NDF ADF ADL 

PH 
1.00 

 
0.20 0.73** 0.54 -0.54 0.26 0.68* 0.75** -0.50 0.61* 0.69* -0.61* -0.35 -0.56 

NLPT  
1.00 

 
0.52 0.64* -0.61* 0.78** 0.58* 0.43NS -0.02 0.52 0.60* -0.29 -0.39 -0.42 

NTPP   
1.00 

 
0.84*** -0.70* 0.46 0.75** 0.89*** -0.31 0.85*** 0.81* -0.73* -0.41 -0.66* 

LL    
1.00 

 
-0.49 0.69* 0.91*** 0.70* 0.07 0.78** 0.90*** -0.34 -0.09 -0.39 

Stt     
1.00 

 
-0.44 -0.37 -0.72** 0.52 -0.53 -0.43 0.56 0.80** 0.42 

LSR      
1.00 

 
0.62* 0.36 0.13 0.29 0.56 -0.10 -0.14 -0.30 

DMY       
1.00 

 
0.58* 0.03 0.78** 0.97*** -0.32 0.00 -0.44 

DM        
1.00 

 
-0.43 0.69* 0.64* -0.63* -0.51 -0.50 

ASH         
1.00 

 
-0.35 -0.11 0.59* 0.39 0.52 

CP          
1.00 

 
0.89*** -0.64* -0.21 -0.64* 

CPY           
1.00 

 
-0.46 -0.07 -0.56 

NDF            
1.00 

 
0.55 0.92*** 

ADF             
1.00 

 
0.35 

ADL              
1.00 

 
PH= Plant Height, NLPT = Number of Leaves per Tiller, NTPP= Number of Tiller per Plant, LL= Leaf Length, Stt = stem thickness, LSR = Leaf to Stem 
Ratio, DM = Dry Matter, DMY = Dry Matter Yield, CP = Crude Protein, CPY = Crude protein Yield, NDF = Neutral Detergent Fiber, ADF = Acid 
Detergent Fiber, ADL =Acid Detergent Lignin, * (p<0.05), ** (p<0.01), *** (p<0.001)   
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion  

In this study, Sudan grass (Aden gode) seed rate with Vetch (Vicia dasycarpa) intercropping 

reflected on morphological parameters, dry matter yield, and chemical composition of both 

grown forages. The 75%:25% seed rate of vetch intercropping had significant effect on 

morphological parameters of Sudan grass (Aden gode). Whereas, significantly higher PH, 

RN, and NN of vetch (Vicia dasycarpa) were observed in 75%:25% seed rate intercropping 

treatment. The highest DMY (7.84t/ha) of Sudan grass was recorded from 75%:25% seed rate 

treatment compared from sole while, 7.89t/ha of dry matter was obtained from sole vetch and 

significantly higher total DMY (13.21t/ha) and CPY (2.07t/ha) was found from 75%:25% 

seed rate intercropping treatment. LER in present study greater than one (>1) in all treatments 

and Sudan grass had less competitive and agressivity in 75%:25% seed rate intercropping than 

others and had higher dry matter yield compared to other intercropped treatments. 

Whereas, chemical compositions of Sudan grass (Aden gode) was affected by seed rate and 

higher 12.19 CP% and 0.96 CPYt/ha were found from 75%:25% seed rate treatment while, 

lower NDF% and ADL% were obtained. On the other side, higher CP% (24.06) and CPYt/ha 

(1.39t/ha) of Vetch (Vicia dasycarpa) were obtained from 50%:50% and sole (100%) seed 

rate treatment respectively. Whereas, lower NDF% and ADF% contents were found from 

75%:25% seed rate intercropping treatment. Correlations of morphological and chemical 

composition of the forage grown was revealed in present study and plant height have positive 

correlations with number of tillers per plant, dry matter, dry matter yield, crude protein and 

crude protein yield. Most morphological parameters were negative insignificant correlated to 

NDF, ADF, and ADL content of forages grown in intercropping and in their sole.  

5.2 Recommendations 

Based on the above provided conclusions, the following recommendations are forwarded to 

the next research, extension activities.  

 Better morphological parameters, dry matter and dry matter yield, chemical 

compositions in terms of crude protein and crude protein yield, land equivalent ratios, 

and low agressivity and competivity was found from seed rate intercropping treatment 
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compared from sole. Hence, to increasing the forage yield, seed rate intercropping 

should be considered.   

 From the employed seed rate intercropping treatment, 75%:25% of Sudan grass (Aden 

gode) and vetch (Vicia dasycarpa) was recommended for increasing morphological, 

forage yield and quality. 

 Further studies should be conducted for evaluating appropriate agronomic and 

management practices to increase productivities of Sudan grass (Aden gode) and vetch 

(Vicia dasycarpa) and also future studies should be conducted research on Sudan grass 

(Aden-gode) and vetch (Vicia dasycarpa) in different intercropping system with 

animal trial in the same study area with similar agro-ecologies.    
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CHAPTER 7. APPENDIX 

Appendix 7.1. ANOVA Tables 
ANOVA for Sudan grass plant height  

                                                          Sum of 
Source                      DF                     Squares                     Mean Square          F Value    Pr > F 
Model                       5                      663.6091667               132.7218333             6.16       0.0234 
 Error                        6                      129.3133333                21.5522222 
 Corrected Total       11                     792.9225000 

R-Square              Coeff Var        Root MSE               PH Mean 
0.836916              3.031796          4.642437                 153.1250 

Source                 DF             Type I SS              Mean Square         F Value      Pr > F 
Treatment            3               485.7691667          161.9230556          7.51            0.0187                

ANOVA for Sudan grass NLPT  

Source                 DF                 sum of Squares               Mean Square        F Value        Pr > F 
 Model                  5                    61.52916667                 12.30583333          5.09             0.0363 
 Error                     6                    14.52000000                 2.42000000 
 Corrected Total    11                   76.04916667 
 R-Square             Coeff Var        Root MSE                          Nlpt Mean 
 0.809071              17.59436        1.555635                            8.841667 

Source                  DF                 Type I SS                     Mean Square           F Value        Pr > F 
Treatment            3                      56.30250000               18.76750000            7.76             0.0173 

ANOVA for Sudan grass NTPP 

                                                               Sum of 
Source                     DF                         Squares                      Mean Square       F Value        Pr > F 
Model                       5                           371.4166667               74.2833333        20.73          0.0010 
Error                         6                           21.5000000                   3.5833333 
Corrected Total       11                          392.9166667 
R-Square                 Coeff Var              Root MSE                   NTPP Mean 
0.945281                 16.34218                1.892969                     11.58333 
Source                      DF                     Type I SS                  Mean Square           F Value      Pr > F 
Treatment                 3                        368.2500000              122.7500000         34.26           0.0004 
 

 ANOVA for Sudan grass LL 

                                                                  Sum of 
Source                          DF                        Squares                      Mean Square      F Value      Pr > F 
Model                           5                          387.8408333               77.5681667         28.62       0.0004 
Error                             6                          16.2616667                  2.7102778 
Corrected Total           11                          404.1025000 
R-Square                   Coeff Var              Root MSE                    LL Mean 
0.959759                    4.352392              1.646292                       37.82500 
Source                    DF                         Type I SS                      Mean Square        F Value   Pr > F 
Treatment                3                            387.3558333                129.1186111         47.64      0.0001 

ANOVA for Sudan grass LW 
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                                                                     Sum of 
Source                  DF                              Squares                       Mean Square      F Value        Pr > F 
Model                     5                               0.69497583                  0.13899517       33.57         0.0003 
Error                       6                               0.02484483                  0.00414081 
Corrected Total      11                               0.71982067 
R-Square                Coeff Var                    Root MSE                     LW Mean 
0.965485                2.701851                      0.064349                        2.381667 
Source                    DF                           Type I SS                     Mean Square        F Value     Pr > F 
Treatment               3                                0.66007067                   0.22002356       53.14        0.0001 

ANOVA for Sudan grass Stem thickness 

                                                               Sum of 
Source                   DF                       Squares                            Mean Square        F Value        Pr > F 
Model                    5                          3.36597500                      0.67319500           2.19          0.1835 
Error                       6                         1.84211667                       0.30701944 
Corrected Total      11                        5.20809167 
R-Square                  Coeff Var             Root MSE                       Stemthick Mean 
0.646297                   19.81854              0.554093                          2.795833 
Source                      DF                         Type I SS                      Mean Square      F Value     Pr > F 
Treatment                 3                           2.26115833                     0.75371944        2.45           0.1609 

ANOVA for Sudan grass RN 

                                                              Sum of 
Source                      DF                       Squares                       Mean Square         F Value     Pr > F 
Model                        5                         507.1666667               101.4333333        12.55        0.0039 
Error                          6                        48.5000000                  8.0833333 
Corrected Total        11                        555.6666667 
R-Square                 Coeff Var               Root MSE                     RN Mean 
0.912717                 10.86543                 2.843120                       26.16667 
Source                      DF                      Type I SS                    Mean Square       F Value        Pr > F 
Treatment                  3                        505.0000000               168.3333333          20.82         0.0014 

ANOVA for Sudan grass RL 

                                                       Sum of 
Source                      DF                Squares                      Mean Square            F Value         Pr > F 
Model                        5                  158.8041667               31.7608333             2.52               0.1458 
Error                          6                  75.6383333                 12.6063889 
Corrected Total        11                  234.4425000 
R-Square                  Coeff Var      Root MSE                    Mean 
0.677369                   16.41872      3.550548                      21.62500 
Source                     DF                Type I SS                     Mean Square          F Value           Pr > F 
Treatment                 3                   115.7691667                38.5897222            3.06                0.1131 

ANOVA for Sudan grass DM% 

                                                             Sum of 
Source                      DF                       Squares                     Mean Square        F Value      Pr > F 
Model                        5                        63.49514167           12.69902833            7.77           0.0134 
Error                           6                        9.81015000             1.63502500 
Corrected Total         11                       73.30529167 
 R-Square                 Coeff Var            Root MSE               DMp Mean 
0.866174                    6.124195             1.278681                20.87917 
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Source                         DF                  Type I SS           Mean Square         F Value             Pr > F 
Treatment                     3                     62.42242500       20.80747500         12.73                0.0052 

ANOVA for Sudan grass DMYt/ha 

                                                           Sum of 
Source                      DF                     Squares                        Mean Square       F Value        Pr > F 
Model                        5                       23.93229167               4.78645833          6.06          0.0243 
Error                          6                      4.74080000                  0.79013333 
Corrected Total         11                     28.67309167 
R-Square                 Coeff Var          Root MSE               DMYtha Mean 
0.836660                  14.46376          0.888894                  5.745833 
Source                      DF                     Type I SS              Mean Square           F Value       Pr > F 
Treatment                  3                       23.68542500           7.89514167             9.99          0.0095 

ANOVA for TCPYt/ha 

                                                        Sum of 
Source                    DF                   Squares              Mean Square       F Value    Pr > F 
Model                      6                    4.62812000          0.77135333          26.62    <.0001 
 Error                       8                     0.23177333          0.02897167 
 Corrected Total      14                   4.85989333 
R-Square               Coeff Var         Root MSE           Tcpytha Mean 
0.952309                11.52148          0.1440211              1.4427333 
Source                    DF                  Type I SS           Mean Square        F Value  Pr > F 
trmt                         4                    4.57542667            1.14385667         39.48    <.0001 
ANOVA for Sudan grass LSR 

                                                      Sum of 
Source                      DF               Squares                       Mean Square           F Value         Pr > F 
Model                        5                 0.92735000                 0.18547000            14.01            0.0029 
Error                           6                0.07941667                 0.01323611 
Corrected Total         11               1.00676667 
 R-Square               Coeff Var      Root MSE                   LSR Mean 
0.921117                6.814312        0.115048                     1.688333 
Source                      DF                 Type I SS                Mean Square            F Value        Pr > F 
Treatment                  3                  0.87103333                0.29034444           21.94             0.0012 

ANOVA for Vetch Plant Height 

                                                           Sum of 
Source                      DF                    Squares                  Mean Square      F Value    Pr > F 
Model                       5                     1206.424167            241.284833         46.62    0.0001 
Error                          6                    31.053800                5.175633 
Corrected Total        11                   1237.477967 
R-Square               Coeff Var          Root MSE               PH Mean 
0.974906                1.854294          2.275002                122.6883 
Source                      DF                  Type I SS               Mean Square        F Value    Pr > F 
Treatment                   3                   1195.368900         398.456300          76.99    0.0001 

 ANOVA for Vetch Nbranch  

                                           Sum of 
Source                     DF                Squares                           Mean Square           F Value       Pr > F 
Model                      5                   487.4166667                   97.4833333              31.06          0.0003 
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Error                         6                   18.8333333                     3.1388889 
Corrected Total       11                  506.2500000 
R-Square             Coeff Var           Root MSE                         nbr Mean 
0.962798               9.981358          1.771691                         17.75000 
Source                      DF                 Type I SS               Mean Square               F Value        Pr > F 
Treatment                  3                   486.9166667             162.3055556             51.71            0.0001 

ANOVA for Vetch Plant RN 

                                                        Sum of 
Source                      DF                  Squares                   Mean Square            F Value          Pr > F 
Model                       5                    541.1666667             108.2333333           76.40              0.0001 
Error                         6                    8.5000000                 1.4166667 
Corrected Total       11                   549.6666667 
R-Square             Coeff Var            Root MSE                rn Mean 
0.984536              4.127993           1.190238                  28.83333 
Source                   DF                   Type I SS                  Mean Square              F Value         Pr > F 
Treatment             3                      519.0000000              173.0000000             122.12          <.0001 

ANOVA for Vetch RL 

                                                        Sum of 
Source                      DF                  Squares                         Mean Square         F Value       Pr > F 
Model                        5                   19.75000000                 3.95000000            2.26             0.1751 
Error                          6                   10.50000000                 1.75000000 
Corrected Total        11                  30.25000000 
R-Square                Coeff Var          Root MSE                 rl Mean 
0.652893                5.814838           1.322876                  22.75000 
Source                    DF                  Type I SS                      Mean Square         F Value         Pr > F 
Treatment                 3                   16.25000000                5.41666667              3.10            0.1110 

ANOVA for Vetch Nodule Number 

                                                    Sum of 
Source                     DF              Squares                       Mean Square             F Value       Pr > F 
Model                      5                 770.4166667               154.0833333               63.76         <.0001 
Error                        6                 14.5000000                  2.4166667 
Corrected Total      11                784.9166667 
R-Square         Coeff Var            Root MSE                    nn Mean 
0.981527         7.258661              1.554563                    21.41667 
Source                      DF               Type I SS                  Mean Square            F Value         Pr > F 
Treatment                   3                 762.2500000              254.0833333          105.14           0.0001 

ANOVA for Vetch DM percentage 

                                                      Sum of 
Source                       DF             Squares                   Mean Square              F Value        Pr > F 
Model                         5                27.10887500            5.42177500               10.37           0.0065 
Error                           6                3.13761667               0.52293611 
Corrected Total         11               30.24649167 
R-Square              Coeff Var        Root MSE                 DMp Mean 
0.896265               3.862085         0.723143                   18.72417 

Source                      DF                Type I SS                Mean Square          F Value        Pr > F 
Treatment                  3                 9.42715833              3.14238611            6.01              0.0307 

ANOVA for Vetch DMYt/ha 
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                                                      Sum of 
 Source                      DF               Squares                    Mean Square              F Value       Pr > F 
 Model                       5               26.83428333              5.36685667                 5.44            0.0312 
 Error                         6               5.92298333                 0.98716389 
 Corrected Total       11              32.75726667 
 R-Square             Coeff Var      Root MSE                  dmytha Mean 
 0.839186             16.23608        0.993561                    5.767333 
 Source                      DF             Type I SS                Mean Square           F Value         Pr > F 
Treatment                   3               25.97466667            8.65822222             8.77             0.0130 

ANOVA for LER Total 

                                                           Sum of 
 Source                      DF                   Squares                  Mean Square      F Value      Pr > F 
 Model                        4                     0.84797178            0.21199294          3.05         0.1531 
 Error                          4                     0.27837911             0.06959478 
 Corrected Total         8                     1.12635089 
 R-Square                  Coeff Var        Root MSE              LERtot Mean 
 0.752849                  14.50381          0.263808                1.818889 
Source                       DF                   Type I SS               Mean Square        F Value      Pr > F 
Treatment                  2                      0.69190489            0.34595244           4.97           0.00823 

ANOVA for Competition Ratio of Sudan grass 

                                                       Sum of 
Source                      DF                Squares                   Mean Square         F Value         Pr > F 
Model                        4                  9.98717778            2.49679444            4.47              0.0880 
Error                          4                  2.23324444             0.55831111 
Corrected Total         8                  12.22042222 
 R-Square                Coeff Var      Root MSE              CRS Mean 
 0.817253                 34.98866      0.747202                 2.135556 
Source                      DF               Type I SS               Mean Square            F Value       Pr > F 
Treatment                  2                 9.32968889            4.66484444               8.36           0.0373 

ANOVA for Competition Ratio of Vetch  

                                                          Sum of 
Source                      DF                  Squares                Mean Square         F Value       Pr > F 
Model                        4                   1.99706667             0.49926667          20.06         0.0065 
Error                          4                   0.09953333              0.02488333 
Corrected Total         8                   2.09660000 
R-Square                Coeff Var        Root MSE               CRV Mean 
 0.952526                22.42813         0.157745                 0.703333 
Source                      DF                Type I SS               Mean Square           F Value         Pr > F 
Treatment                  2                  1.96686667             0.98343333             39.52            0.0023 

ANOVA for CRs/CRv 

                                                    Sum of 
 Source                      DF            Squares                  Mean Square         F Value    Pr > F 
 Model                        4               174.6079111            43.6519778           2.16    0.2365 
 Error                          4               80.6877778              20.1719444 
 Corrected Total          8               255.2956889 
R-Square              Coeff Var         Root MSE            CRS/CRV Mean 
 0.683944               75.37175         4.491319                 5.958889 
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Source                      DF             Type I SS            Mean Square     F Value    Pr > F 
Treatment                  2             152.2105556           76.1052778       3.77       0.1200 
 

ANOVA for Total Aggressiveness of Sudan grass and Vetch 

                                                       Sum of 
 Source                         DF             Squares                     Mean Square        F Value        Pr > F 
 Model                           4              30.02497778              7.50624444           9.04             0.0278 
 Error                             4               3.32197778                0.83049444 
 Corrected Total            8               33.34695556 
 R-Square                 Coeff Var      Root MSE                   ASVt Mean 
 0.900381                   54.49722      0.911315                     1.672222 
Source                          DF             Type I SS                   Mean Square          F Value        Pr > F 
 Treatment                     2               29.47402222               14.73701111           17.74          0.0103 

ANOVA for Sudan grass DM% 

                                                      Sum of 
Source                      DF              Squares                  Mean Square        F Value           Pr > F 
Model                       5                 80.05820833         16.01164167          8.87               0.0097 
Error                         6                 10.83208333           1.80534722 
Corrected Total       11                90.89029167 
R-Square     Coeff Var      Root MSE       DM Mean 
0.880822      1.467555       1.343632         91.55583 
Source                      DF            Type I SS          Mean Square         F Value              Pr > F 
treatment                   3              70.46469167        23.48823056           13.01              0.0049 

ANOVA for Sudan grass Ash% 

                                                        Sum of 
Source                   DF                    Squares                      Mean Square         F Value       Pr > F 
Model                     5                     21.73907500              4.34781500                5.96         0.0252 
Error                        6                    4.37381667                 0.72896944 
Corrected Total      11                     26.11289167 
R-Square                 Coeff Var        Root MSE                   ASH Mean 
0.832504               11.82681            0.853797                   7.219167 
Source                      DF                  Type I SS                   Mean Square         F Value         Pr > F 
Treatment                  3                    18.67155833               6.22385278          8.54               0.0138 

ANOVA for Sudan grass CP% 

                                                             Sum of 
Source                      DF                    Squares                  Mean Square         F Value     Pr > F 
Model                        5                    18.31650833            3.66330167            7.65           0.0139 
Error                          6                      2.87258333             0.47876389 
Corrected Total         11                     21.18909167 
R-Square                 Coeff Var           Root MSE                  CP Mean 
0.864431                   6.589264           0.691928                   10.50083 
Source                      DF                    Type I SS                    Mean Square         F Value       Pr > F 
Treatment                 3                      17.78949167               5.92983056            12.39           0.0056 

ANOVA for Sudan grass NDF% 

                                           Sum of 
Source                      DF                 Squares                  Mean Square          F Value         Pr > F 
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Model                       5                  121.9594083            24.3918817           7.43                0.0150 
Error                         6                  19.6984833               3.2830806 
Corrected Total       11                 141.6578917 
R-Square           Coeff Var           Root MSE                NDF Mean 
0.860943             2.773111           1.811927                   65.33917 
Source                    DF                   Type I SS                 Mean Square        F Value           Pr > F 
Treatment               3                      118.6986917           39.5662306            12.05               0.0060 

ANOVA for Sudan grass ADF% 

                                                       Sum of 
Source                      DF                Squares                 Mean Square             F Value     Pr > F 
Model                        5               49.4802417              9.8960483                  0.74           0.6180 
Error                          6                79.7038500              13.2839750 
Corrected Total        11                129.1840917 
R-Square           Coeff Var          Root MSE          ADF Mean 
0.383021             8.409434          3.644719               43.34083 
Source                      DF               Type I SS            Mean Square              F Value        Pr > F 
Treatment                  3                33.59922500          11.19974167             0.84            0.5183 

ANOVA for Sudan grass ADL% 

                                                            Sum of 
Source                     DF                      Squares               Mean Square           F Value        Pr > F 
Model                      5                    38.70320833           7.74064167              12.02           0.0044 
Error                        6                     3.86501667             0.64416944 
Corrected Total       11                    42.56822500 
R-Square             Coeff Var             Root MSE              ADL Mean 
0.909204               6.653693              0.802602                12.06250 
Source                     DF                Type I SS                  Mean Square             F Value         Pr > F 
Treatment                 3                  37.25715833              12.41905278             19.28           0.0018 

ANOVA for Sudan grass OM% 

                                                      Sum of 
Source                    DF                 Squares                      Mean Square            F Value         Pr > F 
Model                      5                   21.73907500                 4.34781500             5.96             0.0252 
Error                        6                   4.37381667                     0.72896944 
Corrected Total      11                  26.11289167 
R-Square              Coeff Var        Root MSE                   OM Mean 
0.832504                0.920230        0.853797                       92.78083 
Source                   DF                   Type I SS                Mean Square           F Value          Pr > F 
Treatment               3                    18.67155833             6.22385278             8.54                0.0138 

ANOVA Table for Vetch DM% 

                                                       Sum of 
Source                      DF                 Squares                   Mean Square              F Value            Pr > F 
Model                        5                   78.9880417              15.7976083                3.00               0.1067 
Error                          6                   31.5843833              5.2640639 
Corrected Total        11                  110.5724250 
R-Square                 Coeff Var        Root MSE                DM Mean 
 0.714356                 2.552758        2.294355                        89.87750 
Source                      DF                  Type I SS                  Mean Square             F Value         Pr > F 
Treatment                  3                    78.82209167             26.27403056              4.99              0.0454 
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ANOVA Table for Vetch Ash% 

                                                           Sum of 
Source                       DF                   Squares                     Mean Square              F Value      Pr > F 
Model                        5                     27.28950833               5.45790167               4.55           0.0462 
Error                          6                     7.19358333                 1.19893056 
Corrected Total        11                     34.48309167 
R-Square              Coeff Var              Root MSE                 ASH Mean 
0.791388              13.61181               1.094957                    8.044167 
Source                      DF                    Type I SS                   Mean Square           F Value      Pr > F 
Treatment                  3                      25.27349167               8.42449722               7.03          0.0217 

ANOVA Table for Vetch CP% 

                                           Sum of 
Source                      DF                Squares                   Mean Square             F Value            Pr > F 
Model                       5                  68.73700833              13.74740167            7.96              0.0126 
Error                         6                  10.35868333               1.72644722 
Corrected Total        11                79.09569167 
R-Square              Coeff Var        Root MSE                 CP Mean 
0.869036               6.221077        1.313943                    21.12083 
Source                      DF               Type I SS                 Mean Square            F Value          Pr > F 
Treatment                  3                 63.78849167            21.26283056             12.32             0.0056 

ANOVA Table for Vetch NDF% 

                                                         Sum of 
Source                         DF               Squares                     Mean Square        F Value       Pr > F 
Model                           5                 97.4172917               19.4834583           15.71          0.0022 
Error                             6                 7.4400000                  1.2400000 
Corrected Total           11                 104.8572917 
R-Square                 Coeff Var        Root MSE                  NDF Mean 
 0.929046                 2.497269         1.113553                   44.59083 
Source                        DF                Type I SS                   Mean Square         F Value       Pr > F 
Treatment                    3                  92.58742500               30.86247500         24.89         0.0009 

ANOVA Table for Vetch ADF% 

                                                             Sum of 
Source                      DF                     Squares                    Mean Square        F Value      Pr > F 
Model                       5                       119.0331083               23.8066217        12.81          0.0037 
Error                         6                       11.1537833                 1.8589639 
Corrected Total       11                      130.1868917 
 R-Square               Coeff Var           Root MSE                 ADF Mean 
 0.914325               4.549217            1.363438                   29.97083 
Source                     DF                     Type I SS                  Mean Square        F Value      Pr > F 
Treatment                 3                      116.0180917              38.6726972           20.80        0.0014 

ANOVA Table for Vetch ADL% 

                                                        Sum of 
Source                      DF                  Squares                    Mean Square        F Value           Pr > F 
Model                        5                   12.92678333             2.58535667          2.31                0.1692 
Error                          6                   6.72871667               1.12145278 
Corrected Total        11                  19.65550000 
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R-Square               Coeff Var         Root MSE                  ADL Mean 
0.657667               15.35876          1.058987                     6.895000 
Source                     DF                  Type I SS                    Mean Square       F Value        Pr > F 
Treatment                 3                     12.74723333               4.24907778         3.79             0.0776 

ANOVA Table for Vetch OM% 

                                                       Sum of 
Source                    DF                   Squares                     Mean Square        F Value      Pr > F 
Model                     5                      27.28950833            5.45790167            4.55           0.0462 
Error                       6                      7.19358333               1.19893056 
Corrected Total      11                     34.48309167 
R-Square               Coeff Var          Root MSE                OM Mean 
 0.791388              1.190742           1.094957                   91.95583 
Source                     DF                  Type I SS                  Mean Square           F Value         Pr > F 
Treatment                 3                    25.27349167             8.42449722              7.03             0.0217 
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Appendix  7.2. Field Photo with activities throughout the Experiment  

      

Packed seed of Sudan grass                          Vetch seed rate measurment 75% (18.75kg/ha) 

              

  Land preparation and Plot layout 

          

  Harrowing practis                                           Sole (100% seed rate) Sudan grass  

               

   Sudan grass one month growth stage (a) and one month and half growth stage (b) 
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                                Sudan grass two month and 10 days of growth stage     

                   

Three month stage, Sudan grass at (1st heading) & Vetch at (50% flowering) and fresh 
biomass and leaf length measurement    

 

 Ash determination at experimental laboratory 
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Appendix  7.3 Figure of Plot and Block arrangement (Layout)  

 
          24m 

B1 

 

 

B2 

 

B3 

Plot 1 

T1 

 

1m 

Plot 2 

T3 

 Plot 3 

T4 

 Plot 4 

T2 

 Plot 5 

T5 

  
 
 
 
 
12m 
 
 
 
 

1.5m 

Plot 10 

T4 

 

 

Plot 9 

T2 

 Plot 8 

T5 

 Plot 7 

T3 

 Plot 6 

T1 

1.5m 

Plot 11 

T5 

 Plot 12 

T1 

 Plot 13 

T3 

 Plot 14 

T2 

 Plot 15 

T4 

12m*24=288m2 

Where,    

Treatments Intercropping seed 
 rate    

sowing seed rate 
 (Sudan grass+vetch) in kg/ha    

T1(Sole Sudan grass) 

T2 

T3 

T4 
T5(Sole vetch) 

100% S 

75% S:25% V 

50%S: 50% V 

25%S: 75% V  
100% V 

10kg/ha  

7.5kg/ha+6.25kg/ha 

5kg/ha+12.5kg/ha 

2.5kg/ha+18.75kg/ha 
25kg//ha 

   

Experimental periods  

Sowing date: January/19/2022 

Harvesting date: April/23/2022  
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