
 

 

 

INTRODUCTION 

 

An increase in the milk performance of dairy cows and a 

rising demand for GMO-free milk, observed in recent years, 

have led to changes in cattle nutrition. In order to meet the 

nutrient requirements of high-yielding dairy cows, their diets 

should contain high concentrations of protein and energy per 

kg dry matter. Protein is the most expensive component of 

ruminant feeds, and protein yields significantly affect 

production profitability (Elsaesser et al., 2014; Huhtanen and 

Broderick, 2016). Alfalfa is a forage crop that supplies large 

amounts of non-GMO protein. In addition to its numerous 

nutritional benefits, alfalfa has also a serious disadvantage. 

The main limitation of alfalfa as an ingredient of cattle diets 

is that its protein is less efficiently utilized by animals than 

the protein from other types of roughage. Alfalfa has low level 

of carbohydrates in dry matter and alfalfa protein undergoes 

rapid ruminal degradation. Efficient utilization of dietary 

protein requires adequate energy intake (Andrzejewska et al., 

2013; Baert and van Waes, 2014). Water-soluble 

carbohydrates play an important role in cattle nutrition as the 

main source of highly available energy for microbiological 

processes in the rumen. Therefore, alfalfa should be grown 

with grasses to minimize protein loss, increase the 

carbohydrate content of biomass and produce fodder with an 

optimal energy and protein balance (Simili da Silva et al., 

2013; Bélanger et al., 2014; Luscher et al., 2014; Vasileva 

and Naydenova, 2017; Olszewska et al., 2019). The biomass 

of alfalfa-grass mixtures has more diverse chemical 

composition and, consequently, higher nutritional value. The 

yields of mixtures are higher and more stable than the yields 

of pure-sown species (Bélanger et al., 2014; Luscher et al., 

2014; Vasileva and Ilieva, 2016; Staniak and Harasim, 2018; 

Vasileva et al., 2019). Mixture components complement each 

other. Soil moisture deficit is particularly undesirable for 

grasses with shallow root systems and contributes to the 

predominance of alfalfa which has higher drought tolerance 

due to its more developed root system. Thus, stable yields can 

be attained when alfalfa and grasses are grown together 

(Tomić et al., 2011; Staniak and Harasim, 2018). Alfalfa-

grass mixtures help animals reach their full genetic potential 

by addressing protein deficiency in cattle nutrition. Selection 

of the appropriate plant species for mixtures is an important 

determinant of the quantity and quality of green fodder. 

Previous research shows that cocksfootis well-suited for 

growing with alfalfa due to its high competitiveness and a 

similar growth pattern (Bijelić et al., 2013; Knežević et al., 

2014; Vasileva and Naydenova, 2017). Alfalfa-cocksfoot 

mixtures are characterized by high yields and forage quality 

(Samuil et al., 2012; Bijelić et al., 2013). 

The aim of this study was to determine the effect of different 

proportions of alfalfa in mixtures with cocksfoot on the yield 

and major parameters of feed value of green fodder: the 

content of crude protein (CP) and water-soluble 

carbohydrates (WSC), and the WSC:CP ratio. 
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A field experiment was performed in 2011–2013 in Poland. The aim of the study was to determine the effect of different 

proportions of alfalfa (Medicago media Pers.) in mixtures with cocksfoot (Dactylis glomerate L.) on the yield and feed value 

of green fodder, crude protein (CP) content, water-soluble carbohydrates (WSC) and the WSC:CP ratio.The experimental 

factor was the proportion of alfalfa seeds in the mixture: 30%, 50% and 70%. Pure-sown cocksfoot and pure-sown alfalfa were 

the control treatments. The results of this study indicate that the proportion of alfalfa in the aboveground biomass of mixtures 

increased gradually in successive years. In the second and third year of full utilization, alfalfa was the predominant species in 

the analyzed mixtures, regardless of the proportion of sown seeds. During the growing season, the proportion of alfalfa was 

lowest in the first regrowth of sward. The tested mixtures were characterized by higher feed value than pure-sown components. 

Alfalfa as a component of mixtures with cocksfoot contributed to high and stable dry matter and crude protein yields, whereas 

cocksfoot significantly increased the content of water-soluble carbohydrates and improved the WSC:CP ratio. The mixture 

containing 70% alfalfa was characterized by the highest yield and the best feed value. 
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MATERIALS AND METHODS 

 

Field experiment: The study was conducted in 2011–2013 in 

Poland. A small-area field experiment was performed at the 

Agricultural Experimental Station in Bałdy (53o72'N; 

20o42'E) owned by the University of Warmia and Mazury in 

Olsztyn. Plot area was 10 m-2. The experiment was 

established on mineral soil of quality class IVa and very good 

rye complex according to the Polish soil classification system. 

The arable layer was characterized by very low phosphorus 

content (4.6 mgP2O5 in 100 g of soil) and moderate 

concentrations of potassium (14.9 mg K2O in 100 g of soil) 

and magnesium (5.0 mg Mg in 100 g of soil). Soil pH was 

neutral (pHKCl7.2). The experiment was established in the 

spring of 2010, and it had a randomized block design with 

four replications. The analyzed species were cocksfoot 

(Dactylis glomerate L.) (Dg) cv. Berta and alfalfa (Medicago 

media Pers.) (Mm) cv. Radius. The experimental factor was 

the proportion of alfalfa seeds in the mixture: 30%, 50% and 

70%. Pure-sown cocksfoot and pure-sown alfalfa were the 

control treatments. Before sowing, nitrogen, phosphorus and 

potassium fertilizers were applied to all plots at the following 

rates: 30 kg N, 80 kg P2O5 and 60 kg K2O·ha-1. In pure-sown 

treatments, the seeding rate was 20 kg·ha-1 for cocksfoot and 

15 kg·ha-1 for alfalfa. In the experimental treatments, the 

seeding rates corresponded to the percentages of the analyzed 

species in the mixture. Seeds were broadcast, and cover crops 

were not used. In the years of full utilization, pure-sown 

cocksfoot as fertilized with nitrogen at 180 N·ha-1, mixtures 

were fertilized with nitrogen at 90 kg N·ha-1, whereas pure-

sown of alfalfa was not fertilized with nitrogen. Nitrogen 

fertilizer was split into three equal doses and applied in early 

spring, after the first and second harvest. All plots were 

fertilized with phosphorus at 80 kg P2O5·ha-1 (one spring 

application) and potassium at 120 kg K2O·ha-1 (half in the 

spring and half after the first harvest). 

Botanical and chemical analyses: The sward was mowed 

three times in every growing season. The first regrowth of 

mixtures was mowed at the beginning of cocks foot heading 

and the next one at the stage of alfalfa budding. One-kilogram 

samples of green matter were collected after each harvest to 

determine the dry matter yield and the chemical composition 

of swards. The actual proportion of alfalfa in the mixtures was 

determined in botanical analyses on a weight basis. The 

content of WSC in plant material was determined with the 

anthrone reagent (Thomas, 1977) and CP content was 

determined by the Kjeldahlmethod (AOAC, 1995). The 

WSC:CP ratio was calculated.  

Statistical analysis: The results were processed statistically 

by analysis of variance (ANOVA) in the Statistica 12.0 

program. The significance of differences was determined with 

Tukey's test at p<0.05. 

Weather conditions: Weather conditions during 2011–2013 

are presented in Table 1. The growing season of 2011 was 

characterized by favorable conditions for plant growth and 

development, and average monthly temperatures 

approximated the long-term average. With the exception of 

April and September, total precipitation in 2011 exceeded the 

long-term average, and rainfall levels in July were nearly 

four-times higher than the long-term average. The second 

year of full utilization was characterized by moderate average 

temperatures, high precipitation in April, June and July, and a 

minor water deficit in August and September. In 2013, 

weather conditions were less favorable for plant growth due 

to low temperatures in early spring and considerable rainfall 

deficiency in June and August. 

 

RESULTS AND DISCUSSION 

 

Proportion of alfalfa in sward of mixtures: The proportion 

of alfalfa in the analyzed sward mixtures varied across years 

of the study and harvests. The proportion of alfalfa was 

highest in the second-cut herbage in the first and third year of 

utilization and in the third-cut herbage in the second year 

(Fig. 1), which was related to weather conditions. Under 

rainfall deficit, sward re growths were characterized by a high 

proportion of alfalfa. Alfalfa, which develops a deep and 

extensive root system, is more drought-tolerant than grasses 

(Samuil et al., 2012; Bijelić et al., 2013). The proportion of 

alfalfa in the sward continued to increase in successive years 

Table 1. Mean air temperature and sum of rainfalls in the years 2011–2013 

Year The vegetation period  

 IV V VI VII VIII IX  

 Mean air temperature (o C) Average (IV-IX) 

2011 9.1 13.1 17.1 17.9 17.6 14.1 14.8 

2012 7.8 13.4 15.0 19.0 17.7 13.5 14.4 

2013 5.9 14.8 17.5 18.0 17.4 11.3 14.2 

Multi-year 7.7 13.5 16.1 18.7 17.9 12.8 14.5 

 Sum of rainfalls (mm) Total (IV-IX) 

2011 22.5 51.1 81.7 202.8 82.1 67.5 507,7 

2012 73.1 51.1 103.2 121.0 45.1 45.7 439,2 

2013 28.5 54.5 61.2 121.9 37.6 101.1 404,8 

Multi-year 33.3 58.5 80.4 74.2 59.4 56.9 362,7 
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of the study. Regardless of the proportion of alfalfa seeds in 

the mixture and the number of cuttings, alfalfa accounted for 

around 47% of the sward in the first year of the experiment 

and for around 66% in the third year. An increase in the 

proportion of alfalfa in successive years of utilization was also 

observed by other authors (Ćwintal and Sowa, 2006; 

Sulewska et al., 2007). The actual proportion of alfalfa plants 

in the sward differed considerably from the proportion of 

sown seeds. At 30%, 50% and 70% alfalfa seeds in the 

mixture, alfalfa accounted for approximately 33–81%, 42–

79% and 44–77% of total yield, respectively. The above 

differences resulted from varied weather conditions and 

different competitive ability of the analyzed species (Samuil 

et al., 2012). 

Dry matter yield: In the first year of the study, the lowest dry 

matter yield was noted in pure-sown alfalfa (10.24 Mg·ha-1). 

Dry matter yield was significantly higher in pure-sown 

cocksfoot (11.56 Mg·ha-1), and the average dry matter yield 

of mixtures reached around above 12.00 Mg·ha-1. The dry 

matter yield of mixtures was significantly higher compared 

with pure-sown alfalfa, and comparable with that of pure-

sown cocksfoot. No significant differences in dry matter yield 

were found between treatments with different proportions of 

alfalfa seeds (Table 2). In the second year of the experiment, 

dry matter yield was lowest in pure-sown cocksfoot (9.18 

Mg·ha-1), and significantly higher in pure-sown alfalfa and 

mixtures. The highest yield was noted in the mixture 

containing 70% alfalfa seeds (12.45 Mg·ha-1). In the third 

year, dry matter yield was also lowest in pure-sown cocksfoot 

and significantly higher in pure-sown alfalfa and mixtures. No 

significant differences in dry matter yield were found between 

pure-sown alfalfa and mixtures with different proportions of 

alfalfa seeds. An analysis of average dry matter yield over 

three years revealed that it was lowest in pure-sown cocksfoot 

(9.45 Mg·ha-1), significantly higher in pure-sown alfalfa 

(11.15 Mg·ha-1) and the mixture containing 50% of both 

components (11.13 Mg·ha-1), and the highest in mixtures 

containing 70% and 30% alfalfa seeds. The dry matter yield 

of the mixture with 70% alfalfa seeds was around 7% higher 

than the yield of pure-sown alfalfa and 27% higher than the 

yield of pure-sown cocksfoot. The yield of the mixture 

containing 30% alfalfa seeds was approximately 4% and 23% 

higher, respectively. An analysis of dry matter yields across 

years and harvests revealed that they were highest in the first-

cut herbage, except in pure-sown alfalfa in the first year of 

utilization, where the dry matter yield of alfalfa increased 

after every successive harvest. Alfalfa grows and develops at 

a slower rate that grasses, therefore the grass component 

ensures stable yields of mixtures in the first spring regrowth 

(Ćwintal and Sowa, 2006; Sulewska et al.,2007; Tomić et al., 

2011).  

 

 
Figure1. The share of alfalfa in the yields of mixtures with various proportions of alfalfa (30%, 50%,70%) 
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Table 2. Dry matter yield (Mg·ha-1) 

Treatment I cut II cut III cut Sum 

 2011 

Mm 100% 2.96 a 3.48 c 3.80 a 10.24 a 

Dg 100% 5.13 b 2.41 a 4.02 ab 11.56 b 

Mm70%+ Dg30% 4.86 b 3.14 b 4.32 b 12.33 b 

Mm50%+ Dg50% 4.61 b 3.19 b 4.41 b 12.21 b 

Mm30%+ Dg70% 4.93 b 3.12 b 4.29 b 12.34 b 

 2012 

Mm 100% 5.75 b 3.73 bc 2.45 b 11.93 bc 

Dg 100% 4.60 a 2.73 a 1.85 a 9.18 a 

Mm70%+ Dg30% 5.93 b 4.10 c 2.43 b 12.45 c 

Mm50%+ Dg50% 5.53 b 3.38 b 2.40 b 11.30 b 

Mm30%+ Dg70% 5.55 b 3.70 bc 2.40 b 11.65 bc 

 2013 

Mm 100% 4.83 a 3.60 c 2.88 c 11.31 b 

Dg 100% 4.78 a 1.55 a 1.30 a 7.63 a 

Mm70%+ Dg30% 5.75 b 3.00 b 2.43 b 11.18 b 

Mm50%+ Dg50% 5.18 ab 2.58 b 2.13 b 9.88 b 

Mm30%+ Dg70% 5.70 b 3.08 b 2.10 b 10.88 b 

 Average (2011–2013) 

Mm 100% 4.51 a 3.60 d 3.04 b 11.15 b 

Dg 100% 4.83 ab 2.23 a 2.39 a 9.45 a 

Mm70%+ Dg30% 5.51 d 3.41 cd 3.06 b 11.98 c 

Mm50%+ Dg50% 5.10 bc 3.05 b 2.98 b 11.13 b 

Mm30%+ Dg70% 5.39 cd 3.30 bc 2.93 b 11.62 c 
Mm-Medicago media, Dg-Dactylis glomerate; Values within a 

column marked with different letter are significantly; different at 

p < 0.05. 

 

Content and yield of crude protein: Taking into account the 

average CP yield during the three-year experiment, the 

highest CP yield was noted in pure-sown alfalfa (1.90 

Mg·ha-1). The CP yield of alfalfa-cocksfoot mixtures was 

significantly lower, by 11%, 17% and 18% in mixtures 

containing 70%, 50% and 30% alfalfa seeds (Table 3). Similar 

CP yields of pure-sown alfalfa and alfalfa-cocksfoot mixtures 

were reported by Bijelić et al. (2013). In the current study, CP 

yield was lowest in pure-sown cocksfoot (1.07 Mg·ha-1), by 

around 44% lower relative to pure-sown alfalfa and by around 

31–37% lower relative to mixtures with different proportions 

of both components. The CP yield of alfalfa increased, and 

the CP yield of cocksfoot decreased during successive years. 

Among the tested mixtures, the mixture containing 30% 

alfalfa seeds was characterized by the most stable CP yields, 

whereas the greatest decrease in CP yields (by 21% in the 

second year of the study and by 27% in the third year) was 

noted in the mixture containing 50% of both components. CP 

yield was the highest in the first-cut herbage, except in pure-

sown alfalfa in the first year of the experiment. 

Pure-sown alfalfa was characterized by the highest average 

CP content (Fig. 2), which reached 168.0 g·kg-1 on a dry-

matter basis and was 42% higher than the CP content of 

cocksfoot. Protein concentration in the tested mixtures ranged 

from 137.7 to 151.0 g·kg-1, and it was from 16.4% to 27.6% 

higher (depending on alfalfa proportions in the mixture) 

relative to pure-sown cocksfoot and from 10.1% to 18.0% 

lower relative to pure-sown alfalfa. The mixture composed of 

50% Mm+50% Dg had the highest CP content, followed by 

the 30% Mm+70% Dg mixture.  

 

Table 3. Total crude protein yield (Mg·ha-1) 

Treatment I cut II cut III cut Sum 

 2011 

Mm 100% 0.53 a 0.62 c 0.65 c 1.80 d 

Dg 100% 0.55 a 0.32 a 0.42 a 1.29 a 

Mm70%+ Dg30% 0.64 b 0.48 b 0.54 b 1.66 c 

Mm50%+ Dg50% 0.75 c 0.47 b 0.67 c 1.88 d 

Mm30%+ Dg70% 0.58 ab 0.50 b 0.46 ab 1.54 b 

 2012 

Mm 100% 0.88 c 0.63 d 0.42 c 1.93 d 

Dg 100% 0.46 a 0.30 a 0.24 a 1.00 a 

Mm70%+ Dg30% 0.82 c 0.61 d 0.38 bc 1.80 c 

Mm50%+ Dg50% 0.64 b 0.48 b 0.37 b 1.49 b 

Mm30%+ Dg70% 0.65 b 0.55 c 0.37 b 1.57 b 

 2013 

Mm 100% 0.93 d 0.59 c 0.46 c 1.97 d 

Dg 100% 0.54 a 0.19 a 0.19 a 0.93 a 

Mm70%+ Dg30% 0.79 c 0.44 b 0.39 c 1.62 c 

Mm50%+ Dg50% 0.67 b 0.40 b 0.30 b 1.37 b 

Mm30%+ Dg70% 0.77 bc 0.46 b 0.32 b 1.55 c 

 Average (2011–2013) 

Mm 100% 0.78 c 0.61 d 0.51 d 1.90 d 

Dg 100% 0.52 a 0.27 a 0.28 a 1.07 a 

Mm70%+ Dg30% 0.75 c 0.51 c 0.44 c 1.69 c 

Mm50%+ Dg50% 0.69 b 0.45 b 0.44 c 1.58 b 

Mm30%+ Dg70% 0.67 b 0.50 c 0.38 b 1.55 b 
Mm-Medicago media, Dg-Dactylis glomerate; Values within a 

column marked with different letter are significantly; different at p< 

0.05. 

 
Figure 2. Content of crude protein (average for years). 
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Yield and content of water-soluble carbohydrates: In the 

present study, the mixture containing 70% alfalfa seeds was 

characterized by the highest average total WSC yield (0.63 

Mg·ha-1), which was approximately 47% higher relative to 

pure-sown alfalfa (0.43 Mg·ha-1) and around 13% higher 

relative to pure-sown cocksfoot (0.56 Mg·ha-1). The WSC 

yields of the remaining mixtures were comparable with that 

of cocksfoot, which indicates that the grass component 

contributed to an increase in the WSC yield of the tested 

mixtures (Table 4). An analysis of mean values revealed that 

in pure-sown cocksfoot and in alfalfa-cocksfoot mixtures, the 

WSC yield was highest in the first-cut herbage, whereas the 

WSC yields of pure-sown alfalfa did not differ significantly 

between harvests. A decrease in WSC concentrations at 

successive grass harvests was also reported by Lessire et al. 

(2014), Purwin et al. (2016) and Truba et al. (2018). 

According to Watts (2008), the above decrease could be 

associated with higher air temperatures in the second half of 

the growing season, which increase respiration and speed up 

sugar depletion in plants. 

 

Table 4. Water soluble carbohydrates yield (Mg·ha-1) 

Treatment I cut II cut III cut Sum 

 2011 

Mm 100% 0.16 a 0.09 a 0.18 ab 0.43 a 

Dg 100% 0.39 d 0.14 c 0.17 a 0.56 e 

Mm70%+ Dg30% 0.27 c 0.13 bc 0.24 d 0.63 d 

Mm50%+ Dg50% 0.20 b 0.12 b 0.19 bc 0.50 b 

Mm30%+ Dg70% 0.26 c 0.09 a 0.20 c 0.55 c 

 2012 

Mm 100% 0.13 a 0.19 b 0.11 b 0.43 a 

Dg 100% 0.19 b 0.16 a 0.08 a 0.43 a 

Mm70%+ Dg30% 0.29 c 0.22 d 0.12 b 0.63 b 

Mm50%+ Dg50% 0.21 b 0.21 cd 0.18 c 0.61 b 

Mm30%+ Dg70% 0.30 c 0.19 bc 0.12 b 0.61 b 

 Average (2011–2012) 

Mm 100% 0.14 a 0.14 a 0.15 b 0.43 a 

Dg 100% 0.29 c 0.15 a 0.12 a 0.56 b 

Mm70%+ Dg30% 0.28 c 0.18 b 0.18 c 0.63 c 

Mm50%+ Dg50% 0.20 b 0.17 b 0.19 c 0.56 b 

Mm30%+ Dg70% 0.28 c 0.14 a 0.16 b 0.58 b 
Mm-Medicago media, Dg-Dactylis glomerata; Values within a 

column marked with different letter are significantly; different at 

p < 0.05. 

 

WSC yield is determined by the WSC content in plant dry 

matter. Alfalfa biomass was characterized by very low WSC 

content (Fig. 3). The average WSC content of alfalfa on a dry 

matter basis was estimated at 40.00 g·kg-1, and it was by 12.20 

g·kg-1 lower than in cocksfoot. Mixed sowing of alfalfa and 

cocksfoot increased WSC concentrations in the dry matter of 

mixtures, and improved the feed value of green fodder. The 

average WSC content of mixtures containing 70% and 50% 

alfalfa seeds reached 50.00 g·kg-1, and it was lower in the 

mixture containing 30% alfalfa (47.30 g·kg-1). WSC content 

was the highest in the third-cut herbage of alfalfa, and in the 

first-cut herbage of cocksfoot. The WSC content of biomass 

was determined by plant species and the actual proportions of 

components in mixtures. 

 
Figure 3. Content of water-soluble carbohydrates 

(average for years) 

 

Carbohydrate-to-protein ratio: The WSC:CP ratio is an 

indicator of protein availability for animals (Jafari, 2012; 

Simili da Silva et al., 2013; Huhtanen and Broderick, 2016). 

In ruminants, the optimal value of the WSC:CP ratio is 0.8–

1.5, and it should not be lower than 0.4. In the current study, 

the highest WSC:CP ratio was noted in cockfoot biomass 

(Fig. 4).  

 
Figure 4. Carbohydrate-to-protein ratio (average for 

years) 
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It should be stressed that cockfoot is characterized by high CP 

content (Maleux and Vanden Ende, 2007; McEniry and 

O’Kiely, 2013; Sosnowski et al., 2016; Trubaet. al., 2018) 

and low WSC content, which contributed to a low WSC:CP 

ratio. In the biomass of pure-sown alfalfa, the average 

WSC:CP ratio was determined at 0.25, and it was below the 

minimum value. The analyzed mixtures were characterized 

by more desirable WSC:CP ratios (0.33–0.36) than pure-sown 

alfalfa, but the noted values did not meet the nutrient 

requirements of ruminants. Similar values of the WSC:CP 

ratio were reported by Simili da Silva et al. (2013) in legume-

grass mixtures. 

 

Conclusions: The proportion of alfalfa in the aboveground 

biomass of mixtures increased gradually in successive years. 

In the second and third year of full utilization, alfalfa was the 

predominant species in the analyzed mixtures, regardless of 

the proportion of sown seeds. During the growing season, the 

proportion of alfalfa was lowest in the first regrowth of sward. 

The tested mixtures were characterized by higher feed value 

than pure-sown components. Alfalfa as a component of 

mixtures with orchard grass contributed to high and stable dry 

matter and CP yields, whereas orchard grass significantly 

increased the content of WSC and improved the WSC:CP 

ratio. The mixture containing 70% alfalfa seeds was 

characterized by the highest yield and the best feed value. 
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