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The aim of this investigation was to determine appropriate perennial grasses and their most suitable 

mixture ratios, which can be grown with alfalfa in binary mixtures. The research was conducted 

during 2009-2011 in Isparta (37.50 °N, 30.32 °E), located in the Western Mediterranean climate 

conditions. In the study, alfalfa was planted as a binary mixture with perennial ryegrass (Lolium 

perenne L.), orchardgrass (Dactylis glomerata L.), meadow fescue (Festuca pratensis Huds.), and 

smooth bromegrass (Bromus inermis Leyss.) in a randomized block design with three replications. 

Sowing ratios of alfalfa in the mixtures varied 20, 30, and 40%, and grass species ratios were 80, 

70, and 60%. In the study, significant differences were found among the applications regarding hay 

yield, crude protein content, crude protein yield, NDF, ADF, land equivalent ratio (LER), and grass 

ratio in the hay (GR). The highest hay yield was obtained from alfalfa + orchardgrass and alfalfa + 

smooth bromegrass binary mixtures (25.98 and 25.78 t ha-1, respectively). Alfalfa + perennial 

ryegrass and alfalfa + meadow fescue mixtures gave the highest crude protein contents as 14.93 and 

14.80%, respectively. The highest LER values were observed on perennial ryegrass and smooth 

bromegrass binary mixtures, and the highest grass ratios were determined in orchardgrass and 

smooth bromegrass mixtures made with alfalfa. Increasing the alfalfa sowing ratio in the mixtures 

positively affected all quality characteristics such as crude protein, NDF, and ADF. It was 

concluded that orchardgrass and smooth bromegrass binary mixtures with alfalfa produced high 

yield and quality hay and that the mixture should contain 40% alfalfa and 60% grass. 
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Introduction 

Growing forage crops in a mixture have many 
advantages over pure plantings. Since root and branch 
spreads of plants are different in legume and grass 
mixtures, soil and light are better used. Besides, nitrogen 
fixed in legume roots is used by grasses. For this reason, 
mixes are superior to pure sowings in terms of yield (Ta 
and Faris, 1987; Dhima et al., 2007). Although the 
ecological demands of the species in the mixtures are 
different, the plants in the mixtures can inevitably compete 
with each other. Therefore, the species to be included in the 
mixtures should be selected very well. Otherwise, mixtures 
of incompatible plants cannot provide the expected 
benefits (Sheaffer et al., 1981; Coulman, 1987). Since the 
competitive power of the mixture components is different, 
unwanted changes may occur over time after all one of the 
species can suppress the other. Mixtures of alfalfa with 
perennial grasses produce more balanced roughage in 
terms of crude protein and carbohydrates. In this way, 
mixtures eliminate the adverse effects that may arise in 
animals due to swelling or one-way feeding.  

Alfalfa is one of the most commonly used legumes for 

both hay and pasture in Turkey because of its high yield, 

high nutritional quality, ability to fix nitrogen and vigorous 

fall regrowth (Acikgoz, 2001). Moreover, alfalfa is highly 

resistant to high summer temperatures in both arid and 

irrigable conditions. Therefore specifically cool-season 

grasses are positively affected by the mixtures made with 

alfalfa in terms of yield and quality. Cecen et al. (2005) 

reported that the yields of alfalfa and smooth bromegrass 

mixtures were higher than pure plantings also pure 

plantings of smooth bromegrass and perennial ryegrass 

were negatively affected by high summer temperatures. 

Celiktas et al. (2003) reported that the mixtures made with 

alfalfa were more efficient in mixes of alfalfa, white clover 

and red clover, and smooth bromegrass, orchardgrass, and 

perennial ryegrass. Moreover, Amendola et al. (1997) 

stated that in the mixtures of alfalfa and birdsfoot trefoil 

with orchardgrass, perennial ryegrass, and tall fescue, the 

highest yields were obtained from the mixes of alfalfa-
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orchardgrass (22.41 t ha-1) and alfalfa-tall fescue (21.35 t 

ha-1). In a study carried out under irrigable conditions in 

Diyarbakir, alfalfa, crested wheatgrass, orchardgrass, 

timothy, smooth bromegrass, and meadow fescue were 

planted in pure and binary mixtures. According to the two-

year average results, the highest hay yield was obtained 

from the mixture of alfalfa-smooth bromegrass, while the 

lowest hay yield was obtained from smooth bromegrass 

(Basbag et al., 2007).  

In this research, it is aimed to determine some perennial 

grasses and their most suitable mixture ratios that can be 

grown in binary mixtures with alfalfa under irrigable 

conditions in Isparta. 

 

Materials and Methods 

 

Site Description 

This research was conducted during 2009-2011 in 

Isparta (37.50 °N, 30.32 °E), south-western Turkey, located 

at about 1014 m altitude above the sea level. The soil of the 

experimental area was slightly alkaline (7.65 pH), low in 

organic matter (0.82 %), moderate in phosphorus content 

(11.48 kg ha-1), but rich in potassium content (161.55 kg ha-

1) at the depth of 30 cm.  The total rainfall of the 

experimental area was 628.8 mm in 2010 and 400.0 mm in 

2011 years. The annual average temperature was 14.1 and 

12.1 oC 2010 and 2011 years respectively (Table 1).  

 

Experimental Design and Crop Management 

Alfalfa (Medicago sativa L.) (cv. Altiva) was grown 

with perennial ryegrass (Lolium perenne L.) (cv. Bizet), 

orchardgrass (Dactylis glomerata L.) (cv. Amba), meadow 

fescue (Festuca pratensis Huds.) (cv. Senu), and smooth 

bromegrass (Bromus inermis Leyss.) (population) in binary 

mixtures in randomized block design with three 

replications. The binary mixtures were sown in 20, 30, and 

40% alfalfa, and 80, 70, and 60% grass, mixture ratios in 

alternative rows. The row spacing in the plots was 30 cm 

(Altin and Gokkus, 1988), and each plot was 6 rows of 5 m 

in length. The seeding rates were 20 kg ha-1 for alfalfa, 

meadow fescue, and smooth bromegrass and 30 kg ha-1 for 

orchardgrass and perennial ryegrass. Sowing was 

performed by hand on 11 April 2009. Fertilizer rates of 100 

kg ha-1 N and P were applied at sowing and 50 kg ha-1 N 

and P were applied in 2010 and 2011 (Atis and Hatipoglu, 

2008). Plots were irrigated with sprinkler irrigation at 

intervals of 7-10 days, depending on the soil moisture. 

Harvest was made when the alfalfa in the mixtures was at 

10% bloom stage (Gokkus et al., 1999). The harvests made 

in 2009 were excluded from the evaluation, and four 

harvests were made in 2010 and 2011 each. 

 

Forage Quality and Statistical Analysis 

Collected samples following each harvest were hand 

separated, dried at 70°C for 48 h, and weighed. The dried 

samples were reassembled and ground to pass through a 1 

mm screen. The crude protein content was calculated by 

multiplying the Kjeldahl nitrogen concentration by 6.25 

(Kacar and Inal, 2008). NDF (neutral detergent fiber) and 

ADF (acid detergent fiber) concentrations were analyzed 

according to standard laboratory procedures for forage 

quality analysis Ankom Technology, (Anonymous, 2010). 

Crude protein content, ADF, and NDF analyzes were made 

separately for each cutting and species, and the total values 

were calculated according to the formula below. 

The crude protein content of the mixture plots (for each 

cutting): (Crude protein content of alfalfa x Ratio of alfalfa 

in hay) + (Crude protein content of grass x Ratio of grass 

in hay). 

Total crude protein ratio: (1st cutting crude protein 

content (%) x 1st cuttings share in total (%)) + (2nd cutting 

crude protein content (%) x 2nd cuttings share in total (%)) 

+ (3rd cutting crude protein content (%) x 3rd cuttings share 

in total (%)) + (4th cutting crude protein content (%) × 4th 

cuttings share in total (%)). 

The land equivalent ratio (LER) was used as an index 

for mixed stand advantage for both alfalfa and grass. LER 

values were calculated as the following formula (Willey 

and Osiru, 1972). 

 

LER= (Yij/Yii) + (Yji/Yjj) 

Yij = Yield of alfalfa under mixed stand conditions  

Yji = Yield of grass under mixed stand conditions  

Yii = Yield of alfalfa under sole crop conditions  

Yjj = Yield of grass under sole crop conditions   

 

The data, obtained from the study were analyzed using 

the JMP 10.0.0 computer software program at the P≤0.05 

and 0.01 levels of significance, and means were compared 

using the least significant difference test at P<0.05. 

 

Table 1. Monthly precipitation and mean temperature in the experimental area. 

Months 
Precipitation (mm) Temperature (°C) 

1947-2010 2010 2011 1947-2010. 2010 2011 

January 64.2 68.0 34.6 1.7 4.2 2.9 
February 54.9 136.8 51.8 2.6 5.7 3.7 
March 52.8 33.2 50.4 5.9 8.7 6.3 
April 58.8 47.0 54.7 10.5 11.9 10.3 
May 46.0 32.4 43.1 15.5 17.1 14.4 
June 27.8 64.5 62.2 20.1 19.2 19.8 
July 12.8 40.1 1.8 23.4 24.8 25.0 
August 0.3 0.2 0.6 25.8 27.0 24.5 
September 15.4 29.7 13.2 18.3 20.3 20.3 
October 38.0 79.1 50.4 12.8 12.7 11.1 
November 51.5 13.6 0.2 6.9 10.8 4.2 
December  70.9 84.2 37.0 3.0 6.8 2.5 

 Total Mean 
 493.4 628.8 400.0 12.3 14.1 12.1 
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Table 2. Results of analysis of variance and mean squares of the traits determined. 

Sources of Variation Df 
Mean Square  

Hay yield CP CP yield NDF ADF LER GR 

Year 1 50.85** 8.49** 3.11** 94.34** 0.058 0.13** 2358** 

Block (Year)  4 0.91 0.18 0.04 0.07 0.207 0.11** 12.3 

Mixture (M) 3 33.23** 3.91** 0.20 18.48** 1.213** 0.54** 196.9** 

M × Y int. 3 19.40** 0.27 0.44** 1.39* 1.365** 0.06* 159.1** 

Mixture Rate (MR) 2 16.25** 1.343** 0.77** 9.26** 2.050** 0.05 777.2** 

MR ×  Y int. 2 0.85 0.08 0.03 3.34** 0.030 0.001 70.2** 

M × MR int 6 1.77 0.08 0.05 1.30* 0.547* 0.009 26.5** 

M × MR ×  Y int. 6 1.62 0.12 0.04 0.22 0.244 0.003 2.8 

Error 44 3.06 0.10 0.08 0.44 0.23 0.019 5.9 

CV (%) 7.07 2.20 7.86 1.36 1.45 10.07 10.60 
Df, degree of freedom; CP, crude protein ratio; NDF, neutral detergent fiber; ADF, acid detergent fiber; LER, land equivalent ratio; GR, grass ratio; 
CV, coefficient of variation; **P≤0.01; * P≤0.05. 

 

Table 3. Hay yields of alfalfa-grass binary mixtures in different mixture ratios (t ha-1)* 

Year 

(Y) 

Mixture 

(M) 

Mixture Ratio (MR) Mean 

(Mixture) 

Mean 

(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 23.17 23.48 23.22 23.30cd 

23.92B 

Alfalfa + Orchardgrass  25.42 25.30 26.87 25.86ab 

Alfalfa + Meadow fescue 21.97 21.33 22.79 22.03d 

Alfalfa + Smooth bromegrass 22.72 25.28 23.46 24.49bc 

Mean (Mixture Ratio) 23.32 23.85 24.58  

2011 

Alfalfa + Perennial ryegrass 21.49 22.66 24.90 23.01cd 

25.60A 

Alfalfa + Orchardgrass  25.13 26..0 27.08 26.10ab 

Alfalfa + Meadow fescue 26.16 25.89 26.56 26.20a 

Alfalfa + Smooth bromegrass 25.71 27.28 28.11 27.07a 

Mean (Mixture Ratio) 24.65 25.48 26.66  

2010 

-

2011 

Alfalfa + Perennial ryegrass 22.33 23.07 24.06 23.15B 

24.76 

Alfalfa + Orchardgrass  25.28 25.70 26.97 25.98A 

Alfalfa + Meadow fescue 24.07 23.61 24.68 24.12B 

Alfalfa + Smooth bromegrass 24.27 26.28 26.79 25.78A 

Mean (Mixture Ratio) 23.98B 24.67AB 25.62A  

 LSD (0.05) Y: 0.83; M: 1.17; M x Y int: 1.66; MR: 1.02 
*The means of year, mixture, mixture x year interaction and mixture ratio values shown in the table with the same letters are not significantly different 
at the P≤0.05 level. 

 

Results and Discussion 

Variance analysis results of binary mixtures of alfalfa 

and some cool-season grasses are shown in Table 2. 

According to the table, the years caused significant effects 

at the P≤0.01 level on all the properties considered in the 

study except the ADF ratio. On the other hand, mixtures 

caused significant effects at P≤0.01 level on properties 

other than crude protein yield. While mixture ratios caused 

significant effects on all properties except LER at P≤0.01 

level, mixture × mixture ratio interaction caused 

statistically significant effects on NDF and ADF ratios at 

P≤0.05 level (Table 2). 

In the study, hay yields of the mixtures were 

determined as 23.97 t ha-1 in the first year and 25.60 t ha-1 

in the second year. The average hay yield for two years was 

24.76 t ha-1 (Table 3). The difference between years in the 

study may be due to the plants being stronger in the second 

year. The mixtures with meadow fescue and smooth 

bromegrass, which significantly increased the performance 

in the second year, and the mixtures with perennial 

ryegrass that lost yield in the second year, were effective 

on the mixture x year interaction of the mixture. 

It can be said that the perennial ryegrass is not 

sufficiently adapted to the climate of the study area 

compared to the other grasses included in the study. On the 

other hand, the mixtures made with orchardgrass are at 

high levels in terms of yield in both years of the study. In 

the study performed by Singh (2007) which included 

orchardgrass and perennial ryegrass, it was reported that 

orchardgrass was the earliest blooming species among 

grasses in the experiment and it bloomed 12 days earlier 

than perennial ryegrass. In the studies, it is reported that the 

hay yields of alfalfa + orchardgrass mixtures changed 

between 22.35 t ha-1 and 26.60 t ha-1 (Amendola et al., 

1997; Celiktas et al., 2003; Karakoy and Gulcan, 2007), 

and hay yields of alfalfa + smooth bromegrass mixtures 

varied between 7.86 t ha-1 and 26.85 t ha-1 (Sleugh et al., 

2000; Karakoy and Gulcan, 2007; Albayrak et al., 2011). 
When the hay yields are considered in terms of mixture 

ratio, it is seen that mixtures with 30% and 40% alfalfa are 
more successful in an average of two years. In general, the 
increased alfalfa ratio in the mixtures increased the hay 
yields. In this respect, it seems possible to say that the ratio 
of alfalfa in the mixtures is the main factor determining the 
hay yield. It has been stated that mixtures made with alfalfa 
are more efficient in terms of hay yield than sole plantings 
(Casler, 1988; Atis and Hatipoglu, 2008; Albayrak and 
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Turk, 2013). However, it has been stated that the 
competitive ability of alfalfa increases in mixtures, made 
under irrigable conditions. For this reason, pure alfalfa can 
sometimes be more efficient than mixtures (Nicols and 
Clanton, 1985; Acikgoz, 2001).  

The crude protein ratios of the mixtures in the study 
varied between 14.16% and 14.85% between the years, and 
the highest crude protein ratio was recorded in the second 
year of the study (Table 4). This difference between years 
may be due to the increase in the proportion of alfalfa in 
the herbage obtained from the mixtures in the second year 
of the study. Indeed, it has been reported by many 
researchers that the crude protein content of legumes is 
higher than that of grasses (Celen et al., 1989; Ayan et al., 
1997; Sleugh et al., 2000; Weller and Cooper, 2001; 
Albayrak et al., 2011). Based on mixtures, the highest 
crude protein ratios were obtained from alfalfa + meadow 
fescue and alfalfa + perennial ryegrass mixtures (14.93%, 
14.80%), while the lowest crude protein ratio was 
determined as 13.90% from alfalfa + orchardgrass mixture. 

It is thought that the main factor that causes the 
difference in the crude protein contents of the mixtures is 
the ratio of alfalfa in the mixture herbage. The determining 
higher crude protein ratios in the mixtures made with 
perennial ryegrass and meadow fescue can be considered 
as an indicator that the competitiveness of alfalfa in these 
mixtures is higher than other mixtures. Moore et al. (1990) 
reported that in legume + cereal mixtures, the botanical 
composition affects the quality of the mixture and the crude 
protein ratio of the mixtures varies between 12.4% - 15.4%. 
In previous studies, it has been reported that the crude 
protein content of alfalfa + smooth bromegrass binary 
mixtures varied between 11.6% and 18.0% (Spandl and 
Hesterman, 1997; Celiktas et al., 2003; Berdahl et al., 
2004; Albayrak and Turk, 2013). It was emphasized that 
the crude protein contents of alfalfa + perennial ryegrass 
varied between 13.5% and 17.02% (Celiktas et al., 2003), 
while this ratio varied between 12.2% and 15.0% in alfalfa 
+ orchardgrass mixtures (Celiktas et al., 2003; Majak et al., 
2003). There are differences and similarities between the 
findings reported by the researchers and those we found. 
These differences may be due to ecological conditions and 
other treatments.  

In terms of mixture ratio, crude protein contents also 
increased with the increasing alfalfa ratio in the study 
(Table 4). The highest crude protein contents were found 
in mixtures containing 40% alfalfa, while the lowest crude 
protein contents were found in 20% alfalfa plots. 
Consistent with our findings, it has been reported that the 
crude protein contents of the mixtures increased with an 
increasing alfalfa ratio (Majak et al., 2003; Atis and 
Hatipoglu, 2008). 

The crude protein yields of the applications were 3.38 t 
h-1 in 2010 and 3.80 t h-1 in 2011, and this difference was 
found to be statistically significant at P≤0.01 level. This 
difference among the years may be due to the increasing 
hay yield of the plots in the second year. Also increasing 
alfalfa proportion of the plots caused an increase in crude 
protein yield in the second year. The increased crude 
protein yield of alfalfa + smooth bromegrass and alfalfa + 
meadow fescue plots as opposed to alfalfa + perennial 
ryegrass in the second year resulted in a statistically 
significant effect on the mixture x year interaction. When 
the mixtures in the study are evaluated according to 
mixture ratio, it is understood that the highest crude protein 
yields were obtained from 40% alfalfa + 60% grass plots 
as 3.78 t h-1, and the lowest values were obtained from 20% 
alfalfa + 80% grass plots as 3.43 t h-1(Table 5). The 
increases in the mixture ratios of alfalfa, which is rich in 
crude protein content, also increased the crude protein 
yield of the mixtures. Atis and Hatipoglu (2008) reported 
in their study that increased legume ratio in binary mixtures 
caused an increase in crude protein yield. In this respect, 
our findings are similar to the researchers. In the previous 
studies, some researchers reported the crude protein yields 
of binary mixtures that 1.26 t ha-1 in alfalfa + smooth 
bromegrass, 1.82 t ha-1 in alfalfa orchardgrass by Ayan et 
al. (1997), 1.84 t ha-1 in alfalfa + perennial ryegrass, 2.28 t 
ha-1 in alfalfa + meadow fescue by Serin et al. (1998), 0.61 
t ha-1 and 1.52 – 2.35 t ha-1 in alfalfa + smooth bromegrass 
by Basbag et al. (2007) and Yolcu et al. (2010). Some of 
these results are lower than our results and some are close. 
Different practices together with the climatic and soil 
conditions of the regions where the studies were carried out 
caused different crude protein yields. 

 

Table 4. Crude protein contents of binary alfalfa-grass mixtures (%)* 

Year 
(Y) 

Mixture 
(M) 

Mixture Ratio (MR) Mean 
(Mixture) 

Mean 
(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 14.58 14.12 14.87 14.52 

14.16B 
Alfalfa + Orchardgrass  13.51 13.66 13.91 13.70 
Alfalfa + Meadow fescue 14.31 14.45 14.80 14.52 
Alfalfa + Smooth bromegrass 13.60 13.87 13.40 13.90 
Mean (Mixture Ratio) 14.00 14.03 14.46  

2011 

Alfalfa + Perennial ryegrass 15.22 15.41 15.39 15.34 

14.85A 
Alfalfa + Orchardgrass  13.59 14.17 14.57 14.11 
Alfalfa + Meadow fescue 14.99 15.05 15.21 15.09 
Alfalfa + Smooth bromegrass 14.68 14.74 15.14 14.86 
Mean (Mixture Ratio) 14.62 14.84 15.08  

2010 
- 

2011 

Alfalfa + Perennial ryegrass 14.90 14.77 15.13 14.93A 

14.51 
Alfalfa + Orchardgrass  13.55 13.92 14.24 13.90C 
Alfalfa + Meadow fescue 14.65 14.75 15.01 14.80A 
Alfalfa + Smooth bromegrass 14.14 14.31 14.69 14.38B 
Mean (Mixture Ratio) 14.31B 14.44B 14.77A  

 LSD (0.05) Y: 0.15; M: 0.21; MR: 0.19 
*The means of year, mixture and mixture ratio values shown in the table with the same letters are not significantly different at the P≤0.05 level. 
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Table 5. Crude protein yields of the binary alfalfa-grass mixtures (t ha-1)*. 

Year 
(Y) 

Mixture 
(M) 

Mixture Ratio (MR) Mean 
(Mixture) 

Mean 
(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 3.38 3.32 3.46 3.38de 3.38B 
Alfalfa + Orchardgrass  3.43 3.46 3.74 3.54cd 
Alfalfa + Meadow fescue 3.14 3.09 3.37 3.20e 
Alfalfa + Smooth bromegrass 3.09 3.52 3.63 3.41de 
Mean (Mixture Ratio) 3.26 3.34 3.55  

2011 

Alfalfa + Perennial ryegrass 3.27 3.50 3.83 3.54cd 3.80A 
Alfalfa + Orchardgrass  3.42 3.70 3.95 3.69bc 
Alfalfa + Meadow fescue 3.92 3.90 4.04 3.95ab 
Alfalfa + Smooth bromegrass 3.79 4.02 4.26 4.02a 
Mean (Mixture Ratio) 3.59 3.78 4.02  

2010 
- 

2011 

Alfalfa + Perennial ryegrass 3.32 3.41 3.65 3.46 3.59 
Alfalfa + Orchardgrass  3.42 3.58 3.84 3.61 
Alfalfa + Meadow fescue 3.53 3.49 3.71 3.58 
Alfalfa + Smooth bromegrass 3.44 3.77 3.94 3.72 
Mean (Mixture Ratio) 3.43B 3.56B 3.78 A  

 LSD (0.05) Y: 0.13; M × Y int: 0.27; MR: 0.16 
*The means of year, mixture × year interaction and mixture ratio values shown in the table with the same letters are not significantly different at the 

P≤0.05 level. 

 

Table 6. NDF contents of the binary alfalfa-grass mixtures in different mixture ratios (%)*  

Year 
(Y) 

Mixture 
(M) 

Mixture Ratio (MR) Mean 
(Mixture) 

Mean 
(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 48.84 48.97 48.09 48.63c 

49.50A 
Alfalfa + Orchardgrass  51.72 50.87 49.03 50.14a 
Alfalfa + Meadow fescue 49.96 49.47 47.83 49.09bc 
Alfalfa + Smooth bromegrass 50.67 49.28 48.78 49.58b 
Mean (Mixture Ratio) 50.30a 49.65b 48.44c  

2011 

Alfalfa + Perennial ryegrass 45.71 45.43 46.16 45.77e 

47.17B 
Alfalfa + Orchardgrass  49.98 48.30 48.05 48.78c 
Alfalfa + Meadow fescue 47.61 47.10 46.95 47.22d 
Alfalfa + Smooth bromegrass 47.18 46.71 46.86 46.92d 
Mean (Mixture Ratio) 47.62d 47.00e 46.89e  

2010 
- 

2011 

Alfalfa + Perennial ryegrass 47.27ef 47.20f 47.13f 47.20C 

48.34 
Alfalfa + Orchardgrass  50.85a 49.59b 48.54cd 49.66A 
Alfalfa + Meadow fescue 48.78c 48.29cd 47.39ef 48.15B 
Alfalfa + Smooth bromegrass 48.93bc 48.00de 47.81d-f 48.25B 
Mean (Mixture Ratio) 48.96A 48.27B 47.72C  

 LSD (0.05) Y: 0.31; M: 0.44; M × Y int: 0.63; MR: 0.38; MR×Y int: 0.54; M × MR int: 0.77 
*The means of year, mixture, mixture ×year interaction, mixture ratio, mixture ratio × year interaction and mixture × mixture ratio interaction values 

shown in the table with the same letters are not significantly different at the P≤0.05 level. 

 

The NDF ratios of alfalfa + grass binary mixtures 

varied between 47.17% and 49.50% over the years (Table 

6). The NDF ratios determined in the second year were 

statistically lower than the first year at the level of P≤0.01. 

It is possible to explain this situation with the rate of alfalfa 

that increases the second year dominance in the mixture 

plots. Because the NDF ratios of legumes are lower than 

those of grasses. On this topic, Moore et al. (1990) reported 

that the botanical composition significantly affects the 

yield and quality in legume + grass mixtures.  Similar to 

our findings, some researchers reported that NDF rates 

decreased with the following years, and the reason for this 

situation was the increased legume ratios in the botanical 

composition of the mixtures (Dhima et al., 2007; Atis and 

Hatipoglu, 2008). 

The NDF ratios of the mixtures varied between 47.20% 

and 49.66% on the average of the two years, while the 

lowest NDF ratio was found in alfalfa + perennial ryegrass 

mixtures, and the highest NDF ratio was found in alfalfa + 

orchardgrass mixtures. The dominance of orchardgrass in 

the mixture plots compared to other grass has higher NDF 

ratios, whereas the low performance of perennial ryegrass 

in mixtures caused the NDF rates to be lower. In the second 

year of the study, the increases in alfalfa competition in 

perennial ryegrass and smooth bromegrass plots, in 

addition to the increased alfalfa ratios in the second year, 

caused the year × mixture interaction to be found 

statistically significant (Table 6).  

When the NDF contents are considered in terms of 

mixture ratios, it can be seen that the NDF ratios decrease 

in parallel with the increasing alfalfa ratio in the mixture 

ratio. In terms of mixture ratios, the lowest NDF ratios 

were detected as 47.72% in 40% alfalfa + 60% grass plots. 

In the average of the two years, the NDF ratios of the plots 

showed significant differences at P≤0.01 level in terms of 

mixture × mixture ratio interaction and the values varied 

between 50.85% and 47.13%. In this context, the highest 

NDF ratio was determined in the mixture of 20% alfalfa + 

80% orchardgrass, while the lowest NDF ratio was 

determined in 40% alfalfa + 60% perennial ryegrass plots. 



Yüksel and Balabanlı / Turkish Journal of Agriculture - Food Science and Technology, 9(6): 1020-1029, 2021 

1025 

 

This may be because the perennial ryegrass performed 

poorly compared to other grass species in the trial, together 

with the increased alfalfa ratio in mixtures, as well as the 

superior performance of the orchardgrass. 

In previous studies, it has been reported that the NDF 

contents of alfalfa + smooth bromegrass mixtures vary 

between 50.19% - 62.40% (Spandl and Hesterman, 1997; 

Berdahl et al., 2004; Albayrak et al., 2011). However, 

Kunelius et al. (2006) stated that NDF contents were 42.1% 

in alfalfa + timothy grass + perennial ryegrass and 43.4% 

in alfalfa + timothy + meadow fescue. The NDF contents 

determined in this study were generally lower than the 

values reported by the researchers. These differences in 

results may be due to botanical composition, harvest time, 

and ecological factors at trial sites. 

Average values of ADF contents of alfalfa-grass 

mixtures in different mixture ratios are shown in Table 7. 

On the average of two years, ADF contents varied between 

32.70% and 33.32% based on mixtures, and the lowest 

ADF contents were found in alfalfa + perennial ryegrass 

mixtures. However, other mixtures were found to be 

statistically insignificant from each other. ADF contents 

varied between 32.72% and 33.25%, the lowest ADF 

contents were determined in 20% alfalfa + 80% grass 

mixtures in terms of mixture ratios. It is known that ADF 

contents of grasses are higher than legumes. However, 

ADF content is decreasing despite the increasing rate of 

grass in the study. This situation may be since, in mixed 

plantings, grasses cannot achieve the stem development 

sufficiently due to the shading effect of the alfalfa. On the 

other hand, the fact that alfalfa had more branching and 

stem development at low-density seeding rates may have 

increased ADF contents. In previous studies on alfalfa + 

grass mixtures, ADF contents were found 39.5% in alfalfa 

+ smooth bromegrass (Spandl and Hesterman, 1997), 28% 

in alfalfa + timothy grass + perennial ryegrass, 29% in 

alfalfa + timothy grass + meadow fescue (Kunelius et al., 

2006) and 37.05% in alfalfa + smooth bromegrass 

(Albayrak et al., 2011). Our results were found to be lower 

than the values expressed by the researchers. Considering 

that the differences in the ecological conditions in the 

studies as well as the differences in the experimental 

factors can significantly affect the quality of the herbage, 

the difference between the research results can be 

considered as a natural result. 

The land equivalent ratio is a value calculated to reveal 

the possible advantages and disadvantages of the mixtures 

in the study against pure sowings. It refers to the amount 

of area required to obtain the yields of the mixture systems 

from the unit area, even when the plants are grown alone 

(Kizilsimsek and Erol, 2000). In the study, while LER 

values were determined as 1.33 in 2010, it was determined 

as 1.41 in 2011 (Table 8). The reason for this difference 

that emerged between years can be demonstrated that the 

grasses in the mixtures benefit more from the nitrogen 

fixed by the alfalfa the second year, as well as the shade 

effect of the alfalfa that protects the C3 character grass from 

high temperatures. Cinar and Hatipoglu (2014) reported 

that the LER values in alfalfa and some perennial hot 

season grass mixtures varied between 1.05 and 1.57 years, 

and the LER values in the second and third years were 

higher than the first year. This result supports our findings. 

Among the applications, the highest LER values were 

determined as 1.53 and 1.50 in alfalfa + perennial ryegrass 

and alfalfa + smooth bromegrass mixtures, respectively. 

According to this result, it is possible to say that perennial 

ryegrass and smooth bromegrass are more positively 

affected by cultivation together with alfalfa than 

orchardgrass and meadow fescue. In previous studies, LER 

values of the mixtures were determined 1.28 in alfalfa + 

smooth bromegrass by Gokkus et al. (1999). Cinar and 

Hatipoglu (2014) stated that the LER values varied 

between 1.19-1.63 in alfalfa and some perennial hot season 

grasses mixtures. LER values of all mixtures in the study 

were found to be greater than 1. In other words, mixtures 

are more advantageous than pure plantings. In terms of 

these results, our results are in agreement with the values 

reported by the researchers. It has also been emphasized in 

previous studies that planting in the mixture is more 

advantageous than pure sowings (Albayrak et al., 2011; 

Kavut et al., 2014; Atis and Acikalin, 2020). 

 

Table 7. ADF contents of the binary alfalfa-grass mixtures in different mixture ratio (%)*. 

Year 

(Y) 

Mixture  

(M) 

Mixture Ratio (MR) Mean 

(Mixture) 

Mean 

(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 32.31 32.94 33.21 32.82cd 

33.03 

Alfalfa + Orchardgrass  32.80 32.82 33.13 32.91cd 

Alfalfa + Meadow fescue 32.53 33.08 32.81 32.81cd 

Alfalfa + Smooth bromegrass 33.19 33.89 33.70 33.59a 

Mean (Mixture Ratio) 32.71 33.18 33.21  

2011 

Alfalfa + Perennial ryegrass 32.00 32.86 32.90 32.59d 

33.09 

Alfalfa + Orchardgrass  32.73 33.09 33.90 33.24a-c 

Alfalfa + Meadow fescue 33.43 34.14 32.89 33.49ab 

Alfalfa + Smooth bromegrass 32.81 33.17 33.16 33.05b-d 

Mean (Mixture Ratio) 32.74 33.32 33.21  

2010 

- 

2011 

Alfalfa + Perennial ryegrass 32.16e 32.90cd 33.06a-d 32.70B 

33.06 

Alfalfa + Orchardgrass  32.76d 32.95cd 33.52ab 33.08A 

Alfalfa + Meadow fescue 32.98b-d 33.61a 32.85d 33.15A 

Alfalfa + Smooth bromegrass 33.00b-d 33.53ab 33.43a-c 33.32A 

Mean (Mixture Ratio) 32.72B 33.25A 33.21A  

 LSD (0.05) M: 0.32, M × Y int: 0.46, MR: 0.28, M × MR int: 0.56 
*The means of mixture, mixture x year interaction, mixture ratio and mixture x mixture ratio interaction values shown in the table with the same letters 
are not significantly different at the P≤0.05 level. 
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Table 8. Land equivalent ratio (LER) of the binary alfalfa-grass mixtures* 

Year 

(Y) 

Mixture 

(M) 

Mixture Ratio (MR) Mean 

(Mixture) 

Mean 

(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 1.51 1.49 1.30 1.44bc 

1.33B 

Alfalfa + Orchardgrass  1.35 1.27 1.27 1.30d 

Alfalfa + Meadow fescue 1.19 1.12 1.13 1.14e 

Alfalfa + Smooth bromegrass 1.40 1.48 1.40 1.43c 

Mean (Mixture Ratio) 1.36 1.34 1.28  

2011 

Alfalfa + Perennial ryegrass 1.69 1.64 1.57 1.63a 

1.41A 

Alfalfa + Orchardgrass  1.27 1.22 1.17 1.22de 

Alfalfa + Meadow fescue 1.29 1.21 1.19 1.23de 

Alfalfa + Smooth bromegrass 1.59 1.58 1.53 1.57ab 

Mean (Mixture Ratio) 1.46 1.41 1.36  

2010 

- 

2011 

Alfalfa + Perennial ryegrass 1.60 1.57 1.43 1.53A 

1.37 

Alfalfa + Orchardgrass  1.31 1.24 1.22 1.26B 

Alfalfa + Meadow fescue 1.24 1.16 1.16 1.19B 

Alfalfa + Smooth bromegrass 1.50 1.53 1.47 1.50A 

Mean (Mixture Ratio) 1.41 1.38 1.32  

 LSD (0.05) Y: 0.07, M: 0.09, M × Y int: 0.13 
*The means of year, mixture and mixture × year interaction values shown in the table with the same letters are not significantly different at the P≤0.05 

level. 

 

Table 9. Grass ratios in the total hay yield of binary alfalfa-grass mixtures (%)* 

Year 

(Y) 

Mixture 

(M) 

Mixture Ratio (MR) Mean 

(Mixture) 

Mean 

(Year) 20% + 80% 30% + 70% 40% + 60% 

2010 

Alfalfa + Perennial ryegrass 35.76 33.34 22.01 30.37a 

28.67A 

Alfalfa + Orchardgrass  40.05 30.02 19.82 29.96a 

Alfalfa + Meadow fescue 29.06 25.08 17.15 23.76b 

Alfalfa + Smooth bromegrass 36.62 30.81 24.28 30.57a 

Mean (Mixture Ratio) 35.37a 29.81b 20.81c  

2011 

Alfalfa + Perennial ryegrass 12.33 10.43 7.88 10.18e 

17.22B 

Alfalfa + Orchardgrass  29.69 21.77 15.36 22.27bc 

Alfalfa + Meadow fescue 19.73 15.59 12.82 16.05d 

Alfalfa + Smooth bromegrass 24.00 20.15 17.00 20.38c 

Mean (Mixture Ratio) 21.41c 16.99d 13.26e  

2010 

- 

2011 

Alfalfa + Perennial ryegrass 24.00cd 21.89de 14.94g 20.28B 

22.95 

Alfalfa + Orchardgrass  34.87a 25.89c 17.59fg 26.12A 

Alfalfa + Meadow fescue 24.39cd 20.34ef 14.99g 19.91B 

Alfalfa + Smooth bromegrass 30.31b 25.48c 20.64e 25.48A 

Mean (Mixture Ratio) 28.39A 23.40B 17.04C  

 LSD (0.05) Y: 1.16; M: 1.63; M ×Y int: 2.31; MR: 1.41; MR × Y int: 2.00; M × MR int: 2.83 
*The means of year, mixture, mixture × year interaction, mixture ratio, mixture ratio × year interaction and mixture × mixture ratio interaction values 
shown in the table with the same letters are not significantly different at the P≤0.05 level. 

 

 

The grass ratio values in the hay have shown in Table 9. 

Changing the grasses ratio based on the cuttings can be 

seen in Table 10. The rate of grasses in the hay was 28.67% 

in 2010 and 17.22% in 2011. In the second year, while the 

alfalfa ratios in hay yield increased, the grasses ratios 

decreased. These differences among the years may be since 

the alfalfa, which strengthened in the second year, shaded 

the grasses. Although the irrigation was carried out 

regularly in the study, the grasses could not be adapting to 

the cutting frequency of alfalfa in both years except for the 

first cuttings. Therefore, caused the grass ratio to remain 

low over time (Tables 9, 10). Similar to the findings in the 

study, Albayrak (2003) and Erol (2007) in the alfalfa + 

smooth bromegrass mixtures, Avci (2000), in alfalfa 

mixtures of perennial ryegrass and tall fescue, Atis and 

Hatipoglu (2008), in white clover and orchardgrass 

mixture, reported that the rate of grasses in mixtures 

reduced with the advancing years. 

When the ratios of grasses in hay yield are examining 

in terms of grass species that mixed with alfalfa, it can 

observe that the highest ratios of grass in hay determined 

in mixtures made with orchardgrass and smooth 

bromegrass. Accordingly, it possible to say that 

orchardgrass and smooth bromegrass are the best 

competing grass species with alfalfa. Orchardgrass had 

rapid development in the spring and, smooth bromegrass 

has rhizomes. Therefore, these grasses maintained their 

positions in the second years' ratios compared to the other 

grasses.  On the other hand, the contribution of perennial 

ryegrass and meadow fescue to hay yield remained at low 

levels in the second year. This situation caused the year x 

mixture interaction to be significant. In this regard, Altin 

and Gokkus (1988) reported that the most suitable mixtures 

for long-term hay production are alfalfa + smooth 

bromegrass mixtures. Avci (2000) stated that the perennial 

ryegrass ratio in alfalfa + perennial grass mixtures is 47% 
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on the average of three years. Albayrak (2003) reported 

that the rate of smooth bromegrass in alfalfa + smooth 

bromegrass mixtures is 24.93% on the average of two 

years, and Yavuz (2011) stated that the grass ratio varied 

between 27.51 - 35.73% in alfalfa smooth bromegrass 

mixtures and 27.11 - 29.94% in mixtures of alfalfa + 

orchardgrass. The values determined in this study are in 

harmony with the values reported by Albayrak (2003) and 

Yavuz (2011), while lower than the values reported by 

Avci (2000). 

When the mixtures compare according to the sowing 

rates in the study, the ratio of grass in the hay increased in 

parallel with the increased sowing ratio. The highest ratios 

of grasses in the hay yield were determined in mixtures of 

20% alfalfa + 80% grass, followed by 70% and 60% grass, 

respectively. But in all mixes, the sowing ratio of the grass 

could not be reached obtained in the harvest. Atis and 

Hatipoglu (2008) reported that the rate of grasses in hay 

increased in parallel with the increasing rate of grasses in 

white clover + orchardgrass and white clover + perennial 

ryegrass mixtures, and determined the grass ratio in the hay 

was between 19.9% - 47.9%, and 38.8% - 41.5%, 

respectively. Also, Erol (2007) determined that planting 

rates in alfalfa + smooth bromegrass mixtures do not reflect 

harvest, and grass ratios range from 9.3% to 47.2%. 

 

Table 10. Grass ratios of the hay yield according to the cuttings in average of two years (%)* 

Mixtures (M) 
Cuttings (C) 

1st 2nd 3rd 4th 

20% Alfalfa + 80% Perennial ryegrass 39.96d-f 12.88o-s 12.53o-t 10.19r-w 

30% Alfalfa + 70% Perennial ryegrass  39.22ef 9.66s-w 10.13r-w 6.85u-w 

40% Alfalfa + 60% Perennial ryegrass 28.79hi 6.59vw 9.41s-w 5.96w 

20% Alfalfa + 80% Orchardgrass 53.61a 28.47hi 21.76jk 19.90k-m 

30% Alfalfa + 70% Orchardgrass 43.67c-e 16.28m-p 17.89k-n 16.03m-q 

40% Alfalfa + 60% Orchardgrass 29.52hi 13.35n-s 11.23r-v 10.64r-v 

20% Alfalfa + 80% Meadow fescue 48.94ab 13.51n-s 11.75p-t 10.02r-w 

30% Alfalfa + 70% Meadow fescue 39.98d-f 11.53q-t 10.15r-w 9.57s-w 

40% Alfalfa + 60% Meadow fescue 32.56gh 8.07t-w 7.96t-w 9.06s-w 

20% Alfalfa + 80% Smooth bromegrass 46.71bc 26.20ij 20.98kl 14.69n-r 

30% Alfalfa + 70% Smooth bromegrass 44.37b-d 19.76k-m 16.70l-o 11.99p-t 

40% Alfalfa + 60% Smooth bromegrass 36.69fg 15.99m-q 11.38q-u 9.34s-w 

Mean (Cuttings) 40.33A 15.19B 13.49C 11.19D 

2010 51.25a 14.35c 11.51d 14.20c 

2011 29.42b 16.03c 15.46c 8.18e 

LSD (0.05) M × C int: 4.64**   Cuttings: 1.35**       C × Y int: 1.91**       

CV (%) 20.47 
*The means of M × C interaction, Cuttings and Year (Y) × cutting interaction values shown in the table with the same letters are not significantly 

different at the P≤0.05 level. **P≤0.01; CV, coefficient of variation. 

 

According to the cuttings, the highest grass ratio was 

determined as 53.61% in the mixture of 20% alfalfa + 80% 

orchardgrass, in the first cutting on average of the years. 

This mixture and 20% alfalfa + 80% meadow fescue 

mixture were included in the same statistical group. With 

the advancing cuttings, the share of grasses in hay yield 

decreased significantly. However, these decreases were 

more pronounced especially in mixtures formed with 

perennial ryegrass. This situation caused the importance of 

the mixture x year interaction. Although mixtures made 

with orchardgrass and smooth bromegrass show a more 

stable structure than mixtures made with perennial ryegrass 

and meadow fescue, alfalfa was dominant in all mixtures 

(Table 10). Many researchers (Spandl and Hesterman, 

1997; Avci, 2000; Berdahl et al., 2004; Yavuz and 

Karadag, 2016) emphasized that alfalfa became the 

dominant species in mixtures over time. 

Based on the cuttings, the highest grass ratios were 

obtained from the first cuttings, while the lowest rates were 

in the fourth cuttings. While the grass rate in the first 

cuttings was 40.33%, this rate decreased to 11.19% in the 

fourth cuttings. The fact that the grasses in the study consist 

of plants with C3 photosynthetic pathways can show as the 

reason for this situation. Thus it has been reported that with 

the increase of temperatures in areas where the 

Mediterranean climate observed, the grass yield of cool-

season forage crops generally decreases (Langer, 1994), 

and C3 plants present in the pastures disappear from the 

environment as the temperatures exceed 25 °C (Gundel et 

al., 2014). 

 

Conclusions 

 

According to the results, the superiority of alfalfa in the 

mixtures was felt in many parameters, specifically hay and 

crude protein yield. Especially in perennial ryegrass, with 

the effect of high temperatures, significant yield losses 

occurred in the second year in addition to the contribution 

of perennial ryegrass to the mixture yields was clearly low. 

Orchardgrass and smooth bromegrass are the most 

compatible species with alfalfa in terms of the development 

stage in the harvest. Nevertheless, not all of the grasses in 

the experiment were able to adapt to the cutting frequency 

of the alfalfa. On the other hand, the LER values of all 

mixtures were found over 1. In other words, all mixes were 

found more advantageous than sole plantings. Increasing 

the alfalfa sowing ratio in the mixtures positively affected 

all quality characteristics such as crude protein content, 

NDF, and ADF. It was concluded that orchardgrass and 

smooth bromegrass binary mixtures with alfalfa produced 

high yield and quality hay and that the mixture should 

contain 40% alfalfa and 60% grass. 
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