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ABSTRACT: The experiment was laid using five Alfalfa accessions with the objective of evaluating forage 

biomass yield, chemical composition and in vitro dry matter digestibility at Andassa Livestock Research 

Center, North Western Ethiopia. The experiment was done under irrigation after the plot properly and finely 

prepared using randomized complete block design with four replications. During planting 100 kg/ha 

diammonium phosphate (DAP) was applied. Between January 2013 and June 2013, two cuts were taken on 

average at an interval of 73 days between harvest. Moreover, in 2014 two cuts were also taken on average 60 

days. Significantly higher (P<0.05) herbage dry matter yield was recorded for FG-9-09, FG10-09, Magna788 

and Magna801-FG, while herbage yield was slightly lower for Hairy Peruvian. Plant height was higher (p<0.05) 

for FG-9-09, medium for FG-10-09, Magna788 and Hairy Peruvian and lower for Magna801-FG. Crude protein 

content was higher (P<0.05) for Magna801-FG, FG-10-09, Magna788 and Hairy Peruvian but lower for FG-9-

09. In vitro dry matter digestibility (P<0.05) was significantly lower for FG-9-09, with the remaining four 

accessions exhibiting comparable values for both parameters. FG-9-09, FG-10-09, Magna 801-FG and Magna-

788 gave better dry matter yield as compared to standard check (Hairy peruvian) indicating their potential for 

better biomass and nutritional value as protein source for livestock feed under Andassa condition and other 

areas with similar agro ecologies. 
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INTRODUCTION 

 

Feed scarcity in qualitative and quantitative dimensions is one of the major impediments to livestock 

production in Ethiopia. The quality and quantity of feed resources available to the animals in most parts of the 

country is mainly affected by seasonal fluctuation of rainfall. Zinash and Seyoum [1] reported that the crude 

protein (CP) and metabolizable energy (ME) content of natural pasture showed seasonal variations which 

correspond closely to the seasonal pattern of rainfall. According to the results reported by same authors Zinash 

and Seyoum [1], peak CP and ME content of 11.2% and 8.2 MJ/kg observed in July declined steadily to 3.3% and 

7.1MJ/kg in March. In contrast, neutral detergent fiber (NDF) content increased from 61% in July to its peak of 

80% in March. This shows that during the long dry season, animals are prone to nutritional deficiency and need to 

be supplemented.  

Grazing systems typically increase productivity by increasing the number of heads and the land area used. 

However, currently expansion of cropping at the expense of grazing lands being triggered by increase in human 

population has led to further deterioration of grazing areas with the consequent erosion of biodiversity and 

disappearance of palatable pasture species [2]. Mixed farming also faces limitations as innovations in crop 

production are reducing crop residues and non-grain biomass available for feeding. Moreover, the contribution of 

agro-industrial by-products in animal production has been minimal due to high cost, unreliable supply and poor 

access [3].  

There is an acute shortage of feed supply during the dry season and the available feeds during this period are 

of very poor quality (low in protein and high in fiber content), which results in low digestibility and low voluntary 

intake by animals [4]. Very recently, however, policy environment for dairy production gained due attention with 

growing demands for livestock products. Intensified dairying has become a key direction of Ethiopian 

government to deal with low productivity problem of indigenous cattle and to enable resource poor small-holder 
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mixed crop livestock farmers to raise incomes. Therefore, in order to cope up with the up-coming problems there 

is a need to intensify feed and livestock production systems. To realize this, animal production should be 

supported with technological options that increase livestock productivity per unit of high energy feed and 

intensification of production need to be in place. Also, the existing backyard production system should be shifted 

to more intensive feedings via introduction and utilization among others of high yielding grasses and legumes. 

Improved forage crops play an important role in sustaining the livelihoods of small and medium scale 

farmers, mainly as a result of their positive effects on livestock production and contribution to economic and 

environmental sustainability. On the other hand, indigenous forage species in Ethiopia have low productivity or 

low digestibility, which reduces their usefulness for livestock nutrition [2]. Thus use of improved forages like 

alfalfa (Medicago sativa) is an important step in supporting and improving livestock productivity especially in 

mixed crop-livestock production systems. Though, some promising cultivars of forage grasses, legumes and 

shrubs are identified for limited agro-ecologies of the country, information on their adaptation and productivity 

under wider ecological conditions seems low. However, these alfalfa cultivars are adaptable and productive under 

Debre Zeit, central part of Ethiopia [5]. With all the above mentioned advantages, alfalfa could be a potential 

legume forage crop in North Western Ethiopia specially integrated with improved dairy production. Moreover, 

there are no recommended/introduced accessions of alfalfa for the area. Thus, this alfalfa adaptation trial was 

conducted to evaluate selected accessions of Medicago sativa for yield and quality characteristics and identify 

potential materials for subsequent variety evaluation.  

 

MATERIALS AND METHODS 

 

Description of the study area 

The study was conducted at Andassa Livestock Research Center (ALRC), located 11029' N latitude and 37029' 

E longitude at an altitude of 1730 m above sea level. The mean annual rainfall is 1434 mm and the mean 

maximum and minimum temperature ranged from 27.9 to 13.1oc and humidity ranged from 95% throughout the 

rainy season to 35% during the dry season. The topography of the area varies from river valley plain to gentle 

slope grassland. In general, the area is characterized by dark clay soil, which is seasonally water logged [6]. 

 

Experimental design and Treatments 

Five alfalfa accessions were brought from Debrezeit Agricultural Research Center (DARC) and evaluated at 

Andassa livestock research center (medebit trial site). The treatments used were FG-9-09, FG-10-09, Magna 801-

FG, Magna 788 and Hairy Peruvian. The accessions were planted in rows of 20 cm between rows after the land 

was finely prepared. The plot size used was 3mx4m (12m2). The design used was randomized complete block in 

four replications. 100kg/ha of DAP was applied during sowing. The seed was drilled in row carefully, slightly 

covered with soil and supply with water once per week. Weeding and all other management was done manually 

as required.  

 

 
Figure 1. Alfalfa during onset of flowering 
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Chemical analysis 

For chemical composition and in vitro dry matter digestibility, dried sample was taken and chopped herbage 

of the four replications were pooled into one and properly homogenized and one representative subsample was 

taken for each accessions within each cutting cycle. CP, NDF, ADF, lignin and in vitro dry matter digestibility were 

analyzed in Holeta Nutrition laboratory using near infra-red reflectance spectroscopy. 

 

Data collection and Statistical analysis 

Plant comprising leaf and steam were taken from middle four rows during 50% flowering, dried in air until 

constant weight for dry matter determination for two years and two cutting per year. Five plants were taken 

randomly and measured for plant height parameter. The General linear model (GLM) procedure of SAS was used 

to analyze both yield and chemical composition parameters[7] and significant mean differences were separated 

using LSD (Least Significant Difference) test. 

 

RESULT AND DISCUSSION 

 

Herbage dry matter yield and plant height 

Mean value for herbage dry matter yield (DMY) and average plant height (APH) of the five alfalfa accessions 

are presented in Table 1. The effect of accession was significant for DMY (P<0.05) and plant height (P≤0.01). FG-9-

09 showed significant difference as compared to Hairy peruvian but no significant difference was observed as 

compared to other three accessions in terms of DMY. Plant height was higher for FG-9-09, medium for FG-10-09 

and lower for Hairy Peruvian, Magna-788 and Magna801-FG. Plant height also showed highly significance 

difference between FG-9-09 with Magna 801-FG and Hairy peruvian but no significant difference was observed 

between FG-10-09, Magna-788 and Hairy peruvian. Cutting cycle significantly affected herbage DMY and plant 

height (P≤0.05).  

 
Table 1. Herbage DMY (tha-1) and plant height (cm) of the five alfalfa cultivars  

Variables APH DMY 
FG-10-09  72.0b 4.63ab 
FG-9-09  79.87a 4.87a 
Magna 801-FG   65.06c 4.65ab 
Magna-788 69.38bc 4.78ab 
Hairy peruvian  69.06bc 4.02b 
Overall 71.07 4.53 
SE  2.1408 0.2821 
CV  12 14.9 

APH= average plant height; DMY= dry matter yield; SE= standard error of mean; CV= coefficient of variation; *=significant at P≤0.05; **= 
significant at P≤0.01; means with the same superscript in columns are not significantly different. 

 
The significant accession differences observed for herbage DMY in the present study agree with other reports 

[5, 8]. Quite the reverse, other researchers [9, 10] reported a respective herbage DM yield values ranging from 

1.78 - 3.23 t/ha and 0.67 - 2.16 t/ha, figures that are lower than those recorded for the cultivars in the present 

work. The wide range of herbage DMY values observed in different reports could be attributed to varietal or 

environmental differences and/or their interactions. 

The significant accession differences observed for plant height in the present study was also in agreement 

with other report [11]. Ullah et al. [6] also stated variations in plant height to be linked to genotypic differences 

and explained this trait to be influenced by differential genotypic response to prevailing site and crop 

management scenarios. Similarly, Dineshkumar [13] indicated that plant height in alfalfa can be influenced by 

crop management factors such as application of fertilizers. 

 

Herbage yield across cutting cycles 

Mean value for average plant height (APH) and DMY by cutting cycles are presented in table2. A total of four 

harvest were taken during two years of data collection. Both APH and DMY showed significance difference by 

cutting cycles. First harvest was lower in its APH and DMY as compared to other cutting cycles which could be due 

to the time of establishment. 
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A total of two harvests obtained per year and four harvest within two years in the present study was very low 

as compared to eight harvest per year under Debre Zeit, Ethiopia condition [5]. This might be associated with 

experimental site seasonally waterlogged which reduce the growth and time of harvest. Evidence shows that 

alfalfa could be harvested at shorter intervals, around 30 days, with higher number of cuts achieved during the 

dry months of the year under irrigated conditions, which indeed is lower than an interval of around 60 to 73 days 

recorded in the present study. The interval between harvests in the current study was longer during wetter 

months compared to dry months, and this could be explained by the fact that the trial site of Andassa Livestock 

Research Center mostly dominated by black soil and seasonally waterlogged during July to October. 

 
Table 2. Effect of cutting cycles on herbage DMY (tha-1) and plant height (cm) averaged over the five alfalfa 
accessions 

Cutting cycle APH DMY tha-1 

Cycle1 63.29b 3.96b 

Cycle2 67.82b 4.79a 

Cycle3 85.38a 4.59ab 

Cycle4 67.8b 4.77a 

SE 2.14 0.28 
APH= average plant height; DMY= dry matter yield; SE= standard error of mean; CV= coefficient of variation; *significant at P≤0.05; ** 
significant at P≤0.01; means with the same superscript in columns are not significantly different. 

 
Chemical composition and in vitro dry matter digestibility 

Table 3 shows least square means of the different herbage quality traits for the five alfalfa accessions. The DM 

content was significantly (P≤0.05) higher for FG9-09 as compared to four cultivars FG10-09, Magna801-FG, 

Magna788 and Hairy Peruvian. Similarly, the CP content was significantly (P≤0.05) lower for FG9-09 as compared 

Magna-788, FG-10-09, Magna801-FG and Hairy Peruvian but no significance difference was observed between 

four accessions. The NDF and lignin concentrations were superior for FG9-09 (P≤0.05), with the other accessions 

exhibiting comparable values for both fractions. The IVDMD (P≤0.05) significantly lower for FG-9-09, with the 

remaining ones having comparable values for these traits. 

 
Table 3. Chemical composition and in vitro DM digestibility of five alfalfa accessions (Lsmean±SE) 

Treatments DM% 
Chemical composition (%DM) and in vitro DMD 

CP NDF ADF Lignin In vitro DMD 

FG-10-09 91.02b 18.92a±0.91 26.66b±1.07 25.58b±0.89 5.07ab±0.19 62.37a±0.52 

FG-9-09 91.3a 15.41b±0.95 30.62a±1.12 29.05a±0.93 5.39a±0.19 59.73b±0.54 

Magna 801-FG 90.88b 19.6a±0.95 26.46b±1.12 25.61b±0.93 4.73b±0.19 61.67a±0.54 

Magna-788 91.02b 18.62a±1.01 27.43ab±1.18 25.82b±0.98 5.29ab±0.21 62.12a±0.57 

Hairy peruvian 91.04b 17.63ab±0.95 28.23ab±1.12 26.45ab±0.93 5.09ab±0.19 62.01a±0.54 

Overall 91.05 18.06 27.86 26.5 5.11 61.58 

CV 0.25 17.4 13.2 11.6 12.6 2.9 

DM= dry matter; CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; CV= coefficient of variation; *significant at 
P≤0.05; ** significant at P≤0.01; means with the same superscript in columns are not significantly different. 

 

High quality alfalfa was reported to contain >19 % CP, <31% ADF and <40 % NDF [14]. In this study, the 

cultivar Magna801 had CP content with in the indicated threshold value, while the other three cultivars had 

comparable CP values, ranging from 15.41% for FG9-09(F) to 18.92% for FG10-09(F), values lying slightly below 

the threshold of 19 %. Indeed, all the cultivars had CP contents of above 15%, a level suggested for a protein 

source feed to be considered optimal for use as supplement for lactation and growth in dairy cattle. Thus each one 

of the cultivars can be used as a potential source of plant protein supplement for dairy cattle [15]. The NDF 

content of FG9-09(F) was comparatively higher than the figure recorded for the other cultivars, but the result was 

below the threshold level of 40%. On the other hand, the ADF content of all the cultivars was observed to be 

below the 31% upper threshold level that good quality alfalfa hay was reported to contain.  

The in vitro dry matter digestibility (IVDMD) values varied significantly among the accessions and this agrees 

with what has been reported extensively. For instance, Volenec and Cherney [16] reported significant differences 

in IVDMD among alfalfa cultivars and accessions and these differences were indicated to be associated with 

variation in digestibility of the stem fraction [17]. Similarly, significant differences in IVOMD were reported for 14 
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alfalfa varieties, with values ranging from 59.15 to 66.33% [18], which were much lower than values recorded for 

the cultivars in the present study. Selection for improved forage quality has also been successful for increasing 

IVDMD in alfalfa [8]. 

 
CONCLUSION AND RECOMMENDATION 

 

 The effect of cultivar was significant for DMY and plant height. FG-9-09 showed significant difference as 

compared to Hairy peruvian but no significant difference was observed as compared to other three cultivars in 

terms of DMY. Plant height was higher for FG-9-09, medium for FG10-09 and lower for Hairy Peruvian, Magna-788 

and Magna801-FG. From the present study all cultivars had CP contents of above 15%, a level suggested for a 

protein source feed to be considered optimal for use as supplement for lactation and growth in dairy cattle. Thus 

all the tested alfalfa cultivars can be used as a potential source of plant protein supplement for dairy cattle. Except 

standard check (Hairy peruvian), the four tested alfalfa cultivars FG9-09, FG-10-09, Magna 801-FG and Magna-788 

gave better dry matter yield. Therefore, FG-10-09, Magna 801-FG, Magna-788 and FG-9-09 can be promoted as 

source of protein feed for livestock production under Andassa condition and in areas having similar soil and 

climatic conditions.  

 

Acknowledgements 

The authors would like to thank ARARI (Amhara Region Agriculture Research Institute) and EAAP (Eastern 

Africa Agricultural Productivity Improvement Program) for their financial support. Moreover, Staff of Andassa 

Livestock Research Center Yihenew Agajie for experimental follow up and data collection and Assemu Tesfa for 

his valuable support in publication of research article is highly acknowledged. 

 

Competing interests 

The authors declare that they have no competing interests. 

 
REFERENCES 

 
1. Zinash S and Seyoum B. 1989. Utilization of feed resources and feeding systems in the central zone of 

Ethiopia. In: IAR proceedings. Third national livestock improvement conference, 24-26 May 1989, Addis 
Abeba, Ethiopia. 

2. Alemayehu M. 2002. Forage production in Ethiopia. A case study with implications for livestock production. 
Ethiopian Society of Animal Production (ESAP), Addis Ababa, Ethiopia. P. 93. 

3. Tessema, Z, Getenet A and Yohanes T. 1995. Effect of under sowing of Annual Forage Legumes and 
fertilization on Wheat grain, straw and forage production at Adet. Proceeding of 3rd Conference of Ethiopian 
Society of Animal Production (ESAP), pp 245-249. Addis Ababa, Ethiopia. 

4. Adugna T, Merklel RC, Goetsch, AL, Tilahun S and Tegene N. 2000. Nutritional constraints and future 
prospects for goat production in east Africa. In: Merkel, R.C., Girma Abebe and A.L., Goetsch, (eds.). The 
Opportunities and Challenges of Enhancing Goat Production in East Africa.  Proceedings of a conference held 

at Debub University, Awassa, Ethiopia, 10 to 12 November, 2000.  

5. Diriba G, Mekonnen H, Ashenafi M and Adugna T. 2014. Biomass yield potential and nutritive value of selected 
Alfalfa (Medicago sativa L.) cultivars grown under tepid to cool sub-moist agro-ecology of Ethiopia. Journal of 
Agricultural Research and Development 4(1): 007-014. 

6. Yihalem D. 2005. The effect of stage of harvesting on botanical composition, dry matter yield (DMY) and 
nutritive value of natural pasture at Andassa Livestock Research Center, Ethiopia. MSc. theses, Alemaya 
University, Ethiopia. 

7. SAS (Statistical Analysis System) 2002. SAS Institute Inc., Version 9.00, Cary, NC, USA. 

8. Monirifar H. 2011. Path analysis of yield and quality traits in Alfalfa. Not Bot Horti Agrobo 39: 190-195. 

9. Awad OA, Bakri E. 2009. Effect of water quality and weeding on yield and quality of three alfalfa (Medicago 
sativa L.) cultivars. Australian Journal of Crop Science 3: 315-321. 

10. Afsharmanesh G. 2009. Study of some morphological traits and selection of drought resistant alfalfa cultivars 
(M. sativa L.) in Jiraft, Iran. Plant Ecology 3: 109-118. 

11. Sengul S. 2002. Yield components, morphology and forage quality of native alfalfa ecotypes. Online Journal of 
Biological Sciences 2: 494- 498. 



 
To cite this paper: Walie M, Eshetie T, Mekonnen W, Hunegnaw B and Kebede A. 2016. Dry Matter Yield, Chemical Composition and In Vitro Dry Matter 
Digestibility of Selected Alfalfa (Medicago sativa L.) Accessions in North Western, Ethiopia. J. Life Sci. Biomed., 6 (3): 60-65. 
Journal homepage: www.jlsb.science-line.com 

65 

12. Ullah F, Alam A, Yamamoto S, Khan N and Honna T. 2009. Screening for agronomic performance of six 
indigenous cultivars of alfalfa (Medicage sativa) at Karina northern areas of Pakistan. EJEAFChe., 8: 950-968. 

13. Dineshkumar SP. 2007. Effect of fertilizer levels and seed rates on growth, forage yield and quality of Lucerne 
(Medicago sativa L.) under irrigation. Thesis submitted to the University of Agricultural Sciences, Dharwad in 
partial fulfillment of the requirements for the Degree of Master of Science in Agriculture. 

14. Kazemi M, Tahmasbi AM, Naserian AA, Valizadeh R and Moheghi MM. 2012. Potential nutritive value of some 
forage species used as ruminants feed in Iran. African Journal of Biotechnology 11: 12110- 12117. 

15. Nsahlai IV, Zinash S, Seyoum B and Umuna NN. 1996. Nutritional characteristics and strategies to enhance 
utilization of tropical feeds for low resource livestock producers. In: Proc. 4th Conference, Ethiopian Society 
of Animal Production (ESAP), held 18-19 April 1996, Addis Ababa, Ethiopia. 

16. Volenec JJ, Cherney JH. 1990. Yield components, morphology and forage quality of multi-foliate alfalfa 
phenotypes. Crop Sci. 30: 1234– 1238. 

17. Tremblay GF, Belanger G, McRae KB and Michaud R. 2002. Leaf and stem dry matter digestibility and ruminal 
undegradable proteins of alfalfa cultivars. Can. J. Plant Sci. 82: 383–393. 

18. Kamalak A, Canbolat O, Gurbuz Y and Ozay O. 2005. Prediction of dry matter intake and dry matter 
digestibility of some forages using the gas production technique in sheep. Turk. J. Vet. Anim. Sci. 29: 517- 523. 

 


