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ABSTRACT

This research was carried out under rainfall conditions of the Mediterranean climate to study the effects of
different seed mixture ratios (Berseem clover (BC100), annual ryegrass (AR100), BC80-AR20, BC60-AR40,
BC40-AR60, BC20-AR80) on forage yield and quality characteristics of mixture. The experiments were
conducted in a randomized complete block design with three replications during the growing season of 2020-
2021 and 2021-2022. Annual ryegrass sown as pure produced higher green forage yield than berseem clover
sown as pure and the mixtures. In the mixture of berseem clover at 20% seed rate and pure annual ryegrass,
higher hay yields were determined compared to the other mixtures. In terms of total LER, BC80-AR20 and
BC20-AR80 mixtures were the two most advantageous mixtures, while the aggressivity value of annual
ryegrass showed a positive value and became the dominant species. Pure sown berseem clover had lower ADF,
NDF and higher crude protein content than pure sown annual ryegrass and other mixtures tested. According
to these results, it can be said that berseem clover can be included in the mixture at low seed rates for high
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forage yield under rainfall conditions, while berseem clover can be grown as pure for high forage quality.

Keywords: Legume-grass mixture, seed mixture rate, yield and quality

INTRODUCTION

Intercropping systems, known as low-cost production
systems, not only produce more biomass, but also provide
a more balanced nutrient supply to ruminants than pure
legume or grass sowings (Tahir et al., 2022; De Silva et
al., 2023). This system, which is widely applied in
Mediterranean countries (Salama, 2020; Ertekin and
Yilmaz, 2022), serves the ecosystem by reducing the use
of chemicals (pesticides, herbicides, fertilizers) and
ensures the sustainability of agriculture due to climate
change (Lithourgidis et al., 2011; Brooker et al., 2015;
Erkovan, 2022). The fact that legume-grass species within
this system have different responses to diseases, pests, soil
and climatic conditions and different abilities to use
limited resources minimises the risks in terms of crop
production (Atis et al., 2012). Indeed, in legume-grass
mixtures, legumes reduce the need for nitrogen fertiliser
by fixing nitrogen (Giambalvo et al., 2011; Raza et al,,
2023) and increase the quality of the mixture forage with
high protein content (Solomon et al., 2011; Rajab et al.,
2021). On the other hand, grasses reduce legume-induced
risks such as bloat (Vasilakoglou and Dhima, 2008), bone
disorders (Hall et al., 1991), provide structural support and

also minimize harvest losses (Salama and Badry, 2015). In
addition, it should not be forgotten that the intercropping
system will reduce the grazing pressure on meadow-
pasture areas, which are dependent on natural rainfall,
especially in countries such as Turkey, which is located in
the arid zone, and will meet the quality roughage needs of
livestock by contributing to the utilisation of lands left
vacant in the winter period in barren areas (Kavut et al.,
2014).

Although intercropping systems have many
advantages mentioned above, it is quite difficult to
establish mixtures due to the difference in agricultural
practices of the species included in the mixture compared
to pure sowing. Sowing times, fertiliser and water
requirements, phenology and harvesting times may be
different for species grown in mixed cropping
(Droushiotis, 1989). In addition, species in the mixture
may compete with each other in terms of light, water and
nutrients, leading to yield losses (Chen et al., 2004). In
this context, it is necessary to select legume and grass
species suitable for the ecological conditions in which the
crop will be established and to adjust the seed rates of
these species correctly in order to obtain forage with high
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yield and quality and to ensure the sustainability of the
mixed crop (Osman and Nersoyan, 1986). Indeed,
Caballero et al. (1995) reported that oat had a competitive
advantage over vetch, and that oat sown pure gave higher
herbage yield than vetch-oat mixtures. Hatipoglu et al.
(2005) reported that in mixtures of Persian clover and
annual ryegrass at different seeding rates, pure Persian
clover and different mixture treatments gave higher
quality herbage yields than pure annual ryegrass. El-
Karamany et al. (2014) reported that in mixtures of
berseem clover and barley at different seeding rates, pure
sown berseem clover gave higher forage yield than the
mixtures, but had lower dry matter ratio than the other
mixtures. Salama (2020) studied the forage yield of
berseem clover and mixtures of some grass species at
different seeding rates and found that the highest forage
yield was recorded in the mixture of berseem clover and
triticale (75%:25%).

The aim of this study was to determine the effect of
seed mixture ratios on the forage yield and quality of a
mixture of berseem clover and annual ryegrass, which can
be grown as an alternative crop for the crop rotation of
wheat under rainfall conditions.
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MATERIALS AND METHODS
Site Description

This study was conducted for two years (2020-2021
and 2021-2022) at the research and application field of
Kozan Vocational School of Cukurova University
(37°27'57"N, 35°48'12"E, altitude: 151 m). According to
the results of the analysis of the soil samples taken from
the experimental area, the soil had a pH of 7.50, a high
lime content (26.9%), a low phosphorus content (47.7 kg
ha'), a high potassium content (922.7 kg ha') and a
clayey texture. The daily average precipitation and
temperature values of Kozan district, where the research
was conducted, obtained from the 6th Regional
Directorate of Meteorology, and the cumulative
precipitation values for the growing seasons and long
years are shown in Figure 1. As seen in Figure 1, the
cumulative rainfall realised in 2020/2021 (390.4 mm) and
2021/2022 (492.0 mm) was below the long-term average
cumulative rainfall (542.6 mm). In addition, the average
monthly temperature in the 2020-2021 and 2021-2022
growing seasons was 13.8 °C and 12.2 °C, respectively.
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Figure 1. Some climatical values of experimental area for the experiment periods and long term averages

Experimental Design and Treatments

The experiment was conducted in a complete
randomized block design with three replications.
Treatments were; berseem clover (Trifolium alexandrinum
L. cv Derya) in pure stand (BC); annual ryegrass (Lolium
multiflorum Lam. cv Elif) in pure stand (AR); and their
mixture with different seeding ratios (BC80-AR20; BC60-
AR40; BC40-AR60; BC20-AR80). Pure stands were
sown at a sowing ratio of 25 kg ha™! for berseem clover
and 20 kg ha'! for annual ryegrass (Acikgoz, 2001).

Agricultural Practices

In both years of the study, the experimental plots were
left fallow during the summer and prepared for sowing in
early autumn after ploughing and levelling. In the
experiment, each plot consisted of 6 rows of 5 m length.
The row spacing was 20 cm. In both growing seasons,
mixed and pure stands were sown by hand on November
18. The seeds of the species in the mixture were mixed
and sown in the same row. Diammonium phosphate (18-
46-0) fertilizer (100 kg ha') was applied to the area where
the experiment was conducted. There was no irrigation
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during the study years. No herbicide treatments were used,;
all plots were kept free of weeds by hand-weeding.

Sampling and Measurements

In both years of the study, harvesting was carried out
on 07.04.2021 and 12.04.2022, during the full flowering
period of berseem clover (Yucel et al., 2018a). At harvest
time, three 60x60 cm wooden frames were randomly
placed in each plot and clipped with sickle at a stubble
height of 5 cm. In each plot, green forage weight of the
plot was calculated by taking the average of the green
weights determined in three sampling areas, and green
forage yield per hectare was calculated by making the
necessary conversions. The mixture species harvested
from the three sampling sites were manually separated and
each species was placed in different paper bags and dried
in dry oven at 70 °C for 48 hours. The dried samples were
allowed to reach room temperature and the dry weights of
each species were determined. The dry weights of
berseem clover and annual ryegrass were collected for
each sampling area and the dry weight of the plot was
determined by averaging the total dry weights of the
species in the three sampling areas. Then, hay yield per
hectare was calculated by making the necessary
conversions. The dry weight of berseem clover
determined in each sampling area was proportioned to the
total dry weight and the proportion of berseem clover in
the botanical composition by weight was calculated by
taking the average of the values determined from the three
sampling areas. The dried samples of each species were
ground to pass through a 1 mm screen. Crude protein was
determined by the Kjeldahl procedure (N concentration x
6.25) (Kacar and Inal, 2010). Neutral detergent fibre
(NDF) and acid detergent fibre (ADF) were sequentially
determined as described by Van Soest et al. (1991) using
the semiautomatic ANKOM??° Fiber Analyzer (ANKOM
Technology, Macedon, NY, USA). Relative feed value
(RFV) was calculated using the equations described by
Sheaffer et al. (1995);

Digestible dry matter (DDM, % of body weight) =
88.9 - (0.779 x ADF, % of DM) (Eq. 1)

Dry matter intake (DMI, % of DM) = 120 / NDF, % of
DM (Eq. 2)

Relative feed value (RFV) = DDM (% of body weight)
x DMI (% of DM) / 1.29 (Eq. 3)

The land equivalent ratio (LER) was used as index for
mixed stand advantage for both legume (berseem clover)

and grass (annual ryegrass) (Willey, 1979). LER values
were calculated as follow;

LER: LERannual ryegrass + LERberseem clovers (Eq 4)

Yab Yha
LERannual ryegrass i: LERberseem clover— (Eq 5)
Yy, ¥h

Where Yy, and Y, were the yields of berseem clover
and annual ryegrass as sole crop, respectively, and Y, and
Yua were yields of berseem clover and annual ryegrass in
the mixture, respectively.

Aggressivity (A) was calculated using the equations
described by McGilchrist (1965);

Yab Ypha
Aannuz S — Eq. 6
annual ryegrass Ya Xza b Yb leb a ( q )
Yba Yab
A = — Eq.7
berseem clover Y.EJ " Zba Ya % zab ( q )

Where, Zy, and Z,, were the seed rates of berseem
clover and annual ryegrass in the seed mixture.

Competitive ratio (CR) is another index used to
determine the competition between species in a mixture.
The CR index was formulated as follows (Atis et al.,
2012);

LER Iy Zahb

CRannual ryegrass anmua regras X =2 (Eq 8)
LERperseem clover Zba

LERparseem clover X Zha (Eq. 9)
Zab

CRuerseem clover=
LERgnnual ryegrass

Statistical Analyses

The yield and quality values obtained from the
research were analysed by analysis of variance (ANOVA)
in the MSTAT-C (Michigan State University V. 2.10)
statistical package program. As a result of the analysis of
variance, treatment means for the statistically significant
were compared using the Duncan test at a significance
level of P<0.05 (Steel and Torrie, 1980).

RESULTS
Green Forage Yield

In the research carried out for two years, year and
mixture factors and year x mixture interaction made a
statistically significant (P<0.01) difference in green forage
yield (Table 1).
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Table 1. Mean squares for traits in different mixture treatments

Measurements Year (Y) Mixture (M) YxM
Green forage yield (t ha!) 116.10** 70.36** 21.71%*
Hay yield (t ha'!) 16.30%* 19.55%* 2.98**
Berseem clover ratio (%) 1142.39%** 2612.00** 12.59ns
LER value of berseem clover 0.01ns 0.36%* 0.04**
LER value of annual ryegrass 0.01ns 0.32%%* 0.01ns
Total LER value 0.03ns 0.03* 0.03ns
Aggressivity value of berseem clover 0.09ns 0.58** 0.23*
Aggressivity value of annual ryegrass 0.09ns 0.58** 0.23*
Competitive ratio of berseem clover 0.13* 0.50%* 0.24**
Competitive ratio of annual ryegrass 0.02ns 0.99%* 0.22ns
NDF (DM%) 109.69** 35.40* 20.59ns
ADF (DM%) 136.45%* 24.32% 15.17ns
Crude protein (DM%) 61.91** 52.57** 13.05%*
Relative feed value 871.74** 60.46ns 136.03ns
Degrees of Freedom (df) 1 5" 5*

*:P<0.05, **: P<0.01, ns: not significant, *3 for Berseem clover ratio, LER values, Aggressivity values and Competitive ratios

In the first year of the research, the averaged green
forage yield was 17.0 t ha!, while in the second year of
the research; the averaged green forage yield was
significantly higher than the first year of the research and

was determined as 20.6 t ha'. According to the two-year
mean values, the average green forage yield ranged from
15.6 t ha! (BC80-AR20) to 24.2 t ha! (AR100) in
different mixture treatments (Table 2).

Table 2. Means of green forage yield, hay yield and berseem clover ratio determined in different mixture treatments.

Green forage yield (t ha™!)

Hay yield (t ha!)

Berseem clover ratio (%)

Mixtures 2020- 2021- Mean 2020- 2021- Mean 2020- 2021- Mean
2021 2022 2021 2022 2021 2022
BC100 10.8 h* 21.5¢ 16.2d 1.6 f 3.8cd 2.7d - - -
BC80-AR20 13.6 g 17.6 ¢ 15.6d 2.6¢ 3.7d 32¢ 57.3 67.6 62.5a
BC60-AR40 14.7 f 17.8 ¢ 16.2d 2.7¢€ 39¢cd 33¢ 22.8 39.2 31.0b
BC40-AR60 19.7d 19.3d 19.5¢ 3.5d 4.3 be 39b 15.0 28.1 21.5¢
BC20-ARS80 20.3d 21.5¢ 209D 39cd 4.6 ab 43a 7.5 23.3 154d
AR100 22.7b 258a 242a 4.3 be 49a 4.6a - - -
Mean 17.0 b! 20.6 a 3.1b 42a 25.7b 39.6 a

*) There is no statistically significant difference between the means shown with similar letters in the same column according to the Duncan test at

P<0.05 level of significance.

1) There is no statistically significant difference between the means of the years shown with similar letters at P<0.05 level of significance

The fact that the year x mixture interaction was found
to be significant indicates that the effects of the years on
green forage yield differed significantly depending on the
mixture treatments. As a matter of fact, while the average
green forage yield did not differ significantly in BC40-
AR60 mixture, the average green herbage yield in the
other mixtures tested showed a significantly higher value
in the second year compared to the first year (Table 2).

Hay Yield

The results of variance analysis revealed that year
(P<0.01), mixture (P<0.01) and year x mixture (P<0.01)
interactions had a statistically significant effect on hay
yield (Table 1).

In parallel with the green forage yield, the averaged
hay yield was significantly higher in the second year (4.2 t
ha') compared to the first year (3.1 t ha'!) of the study
(Table 2). According to the two-year averages, the mean

hay yield varied between 2.7 t ha! (BC100) and 4.6 t ha™!
(AR100) in different mixture treatments (Table 2).

In the 2020-2021 growing season, the average hay
yield was between 1.6 t ha' (BC100) and 4.3 t ha'
(AR100), while in the 2021-2022 growing season, the
average hay yield was between 3.8 t ha! (BC100) and 4.9
tha' (AR100) in different mixture treatments (Table 2).

Berseem Clover Ratio

According to the results of the analysis of variance, the
effect of year (P<0.01) and mixture (P<0.01) factors on
the rate of berseem clover was statistically significant,
while the year x mixture interaction did not make a
statistically significant difference on the rate of berseem
clover (Table 1).

In the first year of the research, averaged berseem
clover ratio was 25.7%, while in the second year of the
research, averaged berseem clover ratio showed a
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statistically significant higher value and was determined
as 39.6%. According to the two-year average values, the
ratio of berseem clover in different mixture treatments
varied between 15.4% and 62.5%. The highest proportion
of berseem clover was found in BC80-AR20 mixture,
while the lowest proportion of berseem clover was found
in BC20-AR80 mixture (Table 2).

Land Equivalent Ratio (LER)

According to the results of variance analysis, the
mixture factor significantly affected the LER value of
berseem clover, the LER value of annual ryegrass and

total LER value. Also, it was found that year x mixture
interaction made a significant difference in the LER value
of berseem clover (Table 1).

According to the two-year average values, the
averaged LER value of berseem clover ranged between
0.24 and 0.80, and the average LER value of annual
ryegrass ranged between 0.25 and 0.78. The highest total
LER value average was found in the mixture of BC80-
AR20 (1.05), while the mixtures of BC20-AR80 (1.02)
and BC40-AR60 (0.98) were in the same statistical group
in terms of LER value average (Table 3).

Table 3. Means of LER value of species in mixtures and total LER value determined in different mixture treatments.

LER value of berseem clover LER value of annual ryegrass Total LER value
Mixtures 2020- 2021- Mean 2020- 2021- Mean 2020- 2021- Mean
2021 2022 2021 2022 2021 2022
BC80-AR20  0.92a" 0.67b 0.80a 0.26 0.25 0.25d 1.18 0.91 1.05a
BC60-AR40  0.39 cd 041c 040D 0.48 0.49 0.48 ¢ 0.86 0.90 0.88Db
BC40-AR60  0.32cd 0.32cd 032c¢ 0.68 0.63 0.66 b 1.00 0.95 0.98 ab
BC20-AR80 0.18 ¢ 0.29d 0.24d 0.84 0.73 0.78 a 1.02 1.02 1.02a
Mean 0.45 0.42 0.56 0.52 1.02 0.95

*) There is no statistically significant difference between the means shown with similar letters in the same column

according to the Duncan test at P<0.05 level of significance.

In the study, berseem clover LER value did not show a
statistically significant difference in BC60-AR40 and
BC40-AR60 mixtures according to growing seasons,
whereas in BC80-AR20 mixture, berseem clover LER
value showed a significantly lower value in the second
year compared to the first year. The LER value of berseem
clover in the BC20-AR80 mixture showed a significantly
higher value in the second year compared to the first year
(Table 3).

Aggressivity (A)

The results of the analysis of variance showed that the
effect of the year factor on the aggressivity value was
statistically insignificant, while the mixture factor and
year X mixture interaction made a significant difference on
the aggressivity values of the species in the mixture (Table

).

According to the two-year average values, the mean of
berseem clover aggressivity value varied between -0.54
(BC60-AR40) and 0.20 (BC20-AR80) in different mixture
treatments (Table 4).

Table 4. Means of aggressivity value and competitive ratio of species determined in different mixture treatments.

Aggressivity value of berseem

Aggressivity value of annual

Competitive ratio of berseem Competitive ratio of annual

. clover ryegrass clover ryegrass
Mixtures 2020-  2021- Mean 2020 2021- Mean 2020 2021 T 2020- 2020
2021 2022 2021 2022 2021 2022 2021 2022
BC80-AR20  -0.14 b* -040b -0.27b 0.14a 0.40 a 027 a 092b 0.70 be 0.81b 1.13 1.53 1.33b
BC60-AR40 -0.55b -0.54b -0.54b 0.55a 0.54 a 0.54 a 0.54c¢ 0.57 ¢ 0.56 ¢ 1.90 1.88 1.89a
BC40-AR60 -0.33b -0.25b -0.29b 0.33a 0.25a 0.29 a 0.72 be 0.78 be 0.75 be 1.46 1.38 1.42b
BC20-AR80 -0.13b 0.54a 0.20a 0.13a -0.54 b -0.20b 0.88b 1.60 a 1.24a 1.16 0.64 090 ¢
Mean -0.29 -0.16 0.29 0.16 0.77b! 091 a 1.41 1.36

*) There is no statistically significant difference between the means shown with similar letters in the same column according to the Duncan test at

P<0.05 level of significance.

1) There is no statistically significant difference between the means of the years shown with similar letters at P<0.05 level of significance

Effects of the year on the aggressivity values of
berseem clover did significantly change depending on the
mixture. In the second year, agressivity value of berseem
clover in the mixture of BC20-AR80 was significantly
higher than that in the first year while it did not
significantly vary in the other mixtures depending on the
year (Table 4).

Competitive Ratio (CR)

The results of variance analysis revealed that the
effects of year (P<0.05), mixture (P<0.01) and year x
mixture interaction (P<0.01) on berseem clover
competition rate were statistically significant, while the
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effect of mixture treatments on annual ryegrass
competition rate was significant at 1% level (Table 1).

In the first year of the study, the average competition
ratio of berseem clover was 0.77, while in the second year
of the study, the average competition ratio of berseem
clover showed a significantly higher value compared to
the first year of the study and was determined as 0.91.
Berseem clover competition ratio varied between 0.56
(BC60-AR40) and 1.24 (BC20-AR80), while annual
ryegrass competition ratio varied between 0.90 (BC20-
ARS80) and 1.89 (BC60-AR40) in different mixture
treatments (Table 4).

In the study, the significant effect of year x mixture
interaction on the competition rate of berseem clover
showed that the effect of the years on the competition rate
of berseem clover differed significantly depending on the
mixtures. In fact, while the competition rate of berseem

clover in the BC20-AR80 mixture showed a significantly
higher value in the second year compared to the first year,
the competition rate of berseem clover in the other
mixtures tested did not differ significantly between years
(Table 4).

NDF Ratio

The results of the analysis of variance showed that the
effect of year (P<0.01) and mixtures (P<0.05) on the NDF
ratio made a statistically significant difference (Table 1).

In the first year of the research, the average NDF ratio
was determined as 61.9%, while in the second year of the
research, the average NDF ratio was significantly lower
than the first year of the research and was determined as
58.4%. According to the two-year average values, the
average NDF ratio varied between 56.6% (BC100) and
63.3% (BC20-AR80) in different mixture treatments
(Table 5).

Table 5. Means of NDF, ADF, crude protein ratio and relative feed value determined in different mixture treatments.

NDF Ratio (DM%) ADF Ratio (DM%) Crude protein ratio (DM%) RFV
Mixtures 2020- 2021- Mean 2020- 2021- Mean 2020- 2021- Mean 2020- 2021- Mean
2021 2022 2021 2022 2021 2022 2021 2022
BC100 55.0 58.2 56.6 c* 374 33.7 355b 22.1a 19.7b 209a 98.0 90.5 94.2
BC80-AR20 62.1 55.2 58.7 be 40.2 353 37.8 ab 16.7 de 19.5 be 18.1b 83.5 103.5 93.5
BC60-AR40 65.1 59.5 62.3 ab 37.3 34.0 357b 12.7f 18.2 b-d 155¢ 81.5 96.6 89.0
BC40-AR60 61.3 58.8 60.0 a-c 41.0 35.0 38.0 ab 12.0f 17.7 c-e 148 ¢ 90.9 98.8 94.9
BC20-AR80 66.3 60.4 63.3a 42.6 352 38.9 ab 132f 16.0 ¢ 14.6 ¢ 81.1 95.0 88.0
AR100 61.8 58.5 60.1 a-c 39.9 41.8 40.8 a 119f 13.3f 12.6d 90.7 100.3 95.5
Mean 61.9a'  584b 39.7a 358D 14.8b 174a 87.6b 975a

*) There is no statistically significant difference between the means shown with similar letters in the same column according to the Duncan test at

P<0.05 level of significance.
1) There is no statistically significant difference between the means of the

years _shown with similar letters at P<0.05 level of significance

ADF Ratio

The results of the analysis of variance showed that the
factors year (P<0.01) and mixture (P<0.05) had a
statistically significant difference on the ADF ratio (Table

1.

While the average ADF rate was 39.7% in the first
year of the study, the average ADF rate in the second year
of the study was significantly lower than the first year of
the study and was determined as 35.8%. In different
mixture treatments of berseem clover and annual ryegrass,
the lowest ADF ratio average was 35.5% in the pure
sowing of berseem clover, while the highest ADF ratio
average was 40.8% in the pure sowing of annual ryegrass
(Table 5).

Crude Protein Ratio

According to the results of variance analysis, the effect
of year (P<0.01) and mixture (P<0.01) factors and year x
mixture interaction (P<0.01) on crude protein ratio was
statistically significant (Table 1).

While the average crude protein ratio was 14.8% in the
first year of the research, the average crude protein ratio in
the second year of the research was significantly higher
than the first year of the research and was determined as
17.4%. According to the two-year averages, the mean

crude protein ratio was significantly higher in pure sown
berseem clover (20.9%) than in the other mixture
treatments tested, while the mean crude protein ratio was
significantly lower in pure sown annual ryegrass (12.6%)
than in the other mixture treatments tested (Table 5).

In the study, the significant effect of the year x mixture
interaction on crude protein ratio revealed that the effect
of years on crude protein ratio differed significantly
depending on the mixtures. As a matter of fact, while the
average crude protein ratio of pure sown berseem clover
showed a significantly lower value in the second year
compared to the first year, the average crude protein ratio
of pure sown annual ryegrass did not show significantly
different values depending on the years. On the other
hand, the average crude protein ratio of the mixture
treatments including both species showed a significantly
higher value in the second year compared to the first year.

Relative Feed Value (RFV)

The results of the analysis of variance showed that the
effect of years (P<0.01) on RFV was statistically
significant, while the effect of mixture and the interaction
of year x mixture was not statistically significant (Table

1.

In the first year of the study, RFV was 87.6, while in
the second year of the study, RFV was significantly higher
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than the first year of the study and was found to be 97.5
(Table 5).

DISCUSSION

This study showed that pure sowings and mixtures of
annual ryegrass and berseem clover at different seeding
rates significantly affected forage yield and some quality
characteristics under rainfall conditions. However, the
yield values (green forage yield, hay yield) obtained from
pure sowings and mixtures of annual ryegrass and
berseem clover, and the beseem clover ratio differed
depending on the years in which the trials were conducted
(2020-2021, 2021-2022). This can be explained by the
fact that the first year of the study (2020-2021) was
warmer and drier than the second year of the study (2021-
2022), which was conducted under rainfall conditions
without irrigation (Figure 1). Osman and Nersoyan (1986)
reported that the effect of drought on the species in the
mixture varied and the herbage yield in the mixture
showed lower values in drought years. However, the
authors stated that the legume species in the mixture were
less affected by drought than the grass species and the
reason for this was that the ground water was high in the
experimental area where the research was carried out, and
the legumes benefited more from this water thanks to their
deep roots. In our study, contrary to the researchers, the
fact that our experimental area was not in the bottom land
and that the legumes could not fully benefit from the
limited rainfall in the first experimental year can be
considered as the reasons for the lower rate of legume
mixture participation in the yield in the first year
compared to the second year. (Yucel et al., 2018b)
reported that in legume-grass mixtures, the drought
resistance of legumes was lower than that of grass and the
rate of legume participation in the mixture yield decreased
in the drought year. Pedraza et al. (2017) reported that
yield losses in legume species in annual forage mixtures
grown under different environmental conditions in the dry
season (<300 mm) and in grass species in the wet season
(>630 mm). On the other hand, the quality of the mixed
diets (NDF, ADF, crude protein ratio, RFV) varied
according to the year of the study. The higher proportion
of berseem clover, an annual legume forage crop, in the
mixture yield in the second year compared to the first year
and the difference in climatic conditions between years
can be considered as reasons for the higher quality of the
mixture herbage in the second year compared to the first
year. Solomon et al. (2011) reported that the use of
legumes alone or in mixtures had a positive effect on
crude protein ratio compared to grass forage crops,
Thompson et al. (1992) reported that herbage quality
increased in mixtures with legumes. In another study,
Negesse et al. (2010) reported that low rainfall and high
temperature accelerated plant maturation, causing
excessive accumulation of structural carbohydrates in the
plant and decreased herbage quality.

In addition to the significant effect of years on the
forage yield and some quality values obtained from the
research, the effect of pure sowing of berseem clover and
annual ryegrass and their mixtures at different seed rates

were also significant. As a matter of fact, according to the
two-year average values, pure sown annual ryegrass gave
higher forage yield and hay yield than the mixtures of the
two species at different seed rates (except of BC20-AR80)
and pure sown berseem clover. This shows that the species
in the mixture compete with each other in terms of light,
water and nutrients, while intra-specific competition is
lower in pure sowings (Caballero et al., 1995). Although
many researchers (Osman and Nersoyan, 1986;
Giambalvo et al., 2011; Rajab et al., 2021; Meza et al.,
2022) reported that legume-grass mixtures gave higher
herbage yields than pure sowing of species, Pedraza et al.
(2017) reported that under rainfall conditions, there was
no significant difference in yield between pure sowing and
mixtures of species depending on soil structure, rainfall
and frost event during the year. Similarly, Vasilakoglou
and Dhima (2008) reported that there was no difference in
herbage yield between pure berseem clover and berseem
clover-barley mixtures. Lithourgidis et al. (2006) reported
that the herbage yields of legume-grass mixtures were
lower than those of the pure sowings of the species due to
the competition between the mixture species. On the other
hand, there was a linear increase in herbage yield as the
proportion of annual ryegrass seed in the mixture
increased (Ross et al., 2003), while the proportion of
berseem clover in the botanical composition decreased
linearly. Yucel et al. (2018a) reported that legume species
are less competitive than grass species and herbage yield
increased as the seed rate of legumes in the mixture
decreased.

The results of the study revealed that the mixtures of
berseem clover and annual ryegrass at different seed rates
had both complementary and competitive effects.
Different indexes are used to determine the effect of
competition between species in the mixture and the
advantage of the mixture (Anil et al., 1998). One of these
indexes, LER, shows the efficiency of mixed sowings of
species in utilising environmental resources in comparison
to pure sowings of species (Mead and Willey, 1980).
According to the two-year average values in our study, as
the proportion of berseem clover in the botanical
composition decreased, the LER value of annual ryegrass
increased, while the LER value of beseem clover
decreased (Dhima et al., 2007). In general, in different
mixtures, the LER value of berseem clover was less than
0.5, while the LER value of annual ryegrass was greater
than 0.5. In this case, it shows that the intercropping
system is an advantage for annual grass and a
disadvantage for berseem clover. In terms of total LER,
BC80-AR20 (1.05) and BC20-AR80 (1.02) were the two
most advantageous mixtures (Table 3). This result
indicates that between 2 and 5 per cent more land is
needed to obtain the same yields from the mixture species
than from the pure sowing (Ofori and Stern, 1987).
Another index used to determine the advantage of a
mixture is the aggressivity value, which expresses how
much the relative yield increase of one species in the
mixture exceeds that of the other species in the mixture
(McGilchrist, 1965). In the study, except for the BC20-
ARS80 mixture, the aggressivity value of annual ryegrass
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in the mixtures showed a positive value and it was the
dominant species. Saia et al. (2016) reported that in
legume-grass mixtures, grasses generally had higher
aggressivity values and grasses were more dominant
species than legumes. On the other hand, the competition
ratio is another way of assessing the competition between
different species in the mixture. In the study, except for
the mixture BC20-AR80, the competitive species in the
mixtures was annual ryegrass (Table 4).

In the study, lower NDF, ADF ratio and higher crude
protein ratio were determined in pure sown berseem
clover compared to pure sown annual ryegrass and
different mixture treatments. In addition, there was a
linear decrease in the crude protein ratio as the seed rate of
berseem clover in the mixture decreased (Salama and
Badry, 2015). De Santis et al. (2004) reported that
berseem clover leaves were soft textured and had high
digestible carbohydrates and protein. In another study,
Solomon et al. (2011) reported that the use of legumes in
pure or mixed cropping had a positive effect on crude
protein ratio compared to grasses. El-Karamany et al.
(2014) reported that pure sown legume species gave
higher crude protein than grass species and legume-grass
species and legume-wheatgrass mixtures. Salama (2020)
reported that while the inclusion of berseem clover in the
mixtures increased the crude protein content of the
mixtures as compared to the pure grasses, there was a
lower crude protein content in the mixtures compared to
the pure berseem clover.

In the light of these results, it can be said that in
regions with low rainfall, it would be more economical for
growers who prefer high-yielding forage as an alternative
crop for the crop rotation of wheat to establish pure annual
ryegrass or to include a low proportion of berseem clover
in the mixture. On the other hand, if high quality forage is
preferred, either a low proportion of annual ryegrass
should be included in the mixture or berseem clover
should be established as pure. However, it should be kept
in mind that pure berseem clover may cause bloating in
animals and may cause bone disorders in animals due to
Ca and P imbalance.
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