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ABSTRACT

In the present study, we examined forage yield and quality features of annual ryegrass (Lolium multiflorum Lam.) lines
developed by using half-sib family selection breeding method. The study was conducted in a randomized complete block
design with three replications between 2009 and 2011 years in Samsun, Turkey. Based on the average of the results of
two years, significant differences were found for all parameters. In the studied lines and varieties, dry matter yields were
found between 6.66 and 9.37 t ha’', crude protein contents 11.46-13.81%, crude protein yields 0.80-1.18 t ha”', acid
detergent fiber 31.41-34.75%, neutral detergent fiber 48.77-52.80%, total digestible nutrient contents 56.49-60.80%,
total digestible nutrient yields 376.35-556.42 t ha! and relative feed values 109.33-122.83. Annual ryegrass lines 4, 5, 6,
10 and 11 were selected for further regional yield assessments due to their superior yield and quality attributes.

Keywords: Annual ryegrass; Dry matter yield; Crude protein; Total digestible nutrient; Relative feed value
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OZET

Bu c¢alismada yar1 kardes aile seleksiyonu 1slah yontemiyle gelistirilen tek yillik ¢im hatlarinin yem verim ve kalite
Ozelikleri arastirtlmigtir. Arastirma tesadiif bloklari deneme deseninde ti¢ tekerriirlii olarak 2009-2011 yillar1 arasinda
Samsun/Tiirkiye’de yiiriitiilmiistiir. iki y1llik ortalama sonuglara gére incelenen tiim parametrelerde nemli farkliliklar
bulunmustur. Incelenen hat ve gesitlerde kuru madde verimleri 6.66-9.37 t ha'!, ham protein oranlar1 % 11.46-13.81,
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ham protein verimleri 0.80-1.18 t ha'', asit deterjan lif oranlar1 % 31.41-34.75, nétral deterjan lif oranlar1 % 48.77-52.80,
toplam sindirilebilir besin oranlar1 % 56.49-60.80, toplam sindirilebilir besin verimleri 376.35-556.42 t ha! ve nispi yem
degerleri 109.33-122.83 arasinda belirlenmistir. Ustiin verim ve kalite 6zellikleri nedeniyle 4, 5, 6, 10 ve 11 numarali

yillik ¢im hatlar1 blge verim denmeler i¢in secilmislerdir.

Anahtar Kelimeler: Tek yillik ¢im; Kuru madde verimi; Ham protein; Toplam sindirilebilir besin; Nispi yem degeri

1. Introduction

Annual ryegrass (Lolium multiflorum Lam.) has been
one of the most important forage grass species being
cultivated in many parts of the world (Pivoriené &
Pasakinskiené¢ 2007; Lopes et al 2009) due to its
high productivity and forage quality (Simic et al
2009). Annual ryegrasses can contain high levels of
digestible nutrients for many ruminants to increase
their genetic capacity for production. Rich nutritious
content of annual ryegrass may be conserved for
three or more months before digestibility declines
(Lippke & Elis 1997). Water-soluble carbohydrate
ratio is quite high in the leaves of annual ryegrass
(Sandrin et al 2006) and dry matter digestibility can
reach up to 80% in the early stage of development
(Balasko et al 1995). In later stages of maturation
of annual ryegrass, CP and digestibility decrease
while ADF and NDF rates increase (Callow et al
2000; Aganga et al 2004). It is highly adaptable to
different environmental and soil conditions (Evers
et al 1997), and tolerant to intense and frequent
grazing (Lemus 2009). Annual ryegrass can be used
for grazing and sources of herbage or silage due to
easy establishing and long production period with
high productivity (Aganga et al 2004).

Forage production in Turkey is insufficient to
meet the need of high-quality roughage, and the
forage gap is compensated by using low-quality
forage such as cereal straws (Koc et al 2012). To
solve this problem, it is necessary to employ new
varieties of forage crops, especially annual species,
and to increase the production of forage. In the
world, many annual ryegrass varieties have been
improved for the production of high yield and
quality; however, only two varieties (Efe 82 and
Rambo) have been registered in Turkey.

© Ankara Universitesi Ziraat Fakiiltesi

The objectives of this study were to investigate
yield and quality characteristics of annual ryegrass
lines and to determine the new candidate varieties
for registration.

2. Material and Methods

Annual ryegrass (Lolium multiflorum Lam.) seeds
were collected from natural grassland vegetation in
the Black Sea coastal area of Turkey. Seeds were
sown in 2002 for the half'sib family selection breeding
process in city of Samsun in located the same coastal
area. Annual ryegrass plants were observed and
selected in terms of features such as flowering status,
and leaf and stem characteristics for two years. At the
end of this process, a total of fourteen quintet groups
were created by using the half sib family selection
breeding method in 2004. These groups were isolated
in order to prevent cross-pollination for four years.
When enough seeds were obtained, the yield trial was
established with a total of 19 accessions, fourteen
annual ryegrass lines and five standard cultivars (St-
1; Caramba, St-2; Trinova, St-3; Teenna, St-4; Bellem
and St-5; Orxy) in 2009.

Field studies were conducted during two growing
seasons (2009-2010 and 2010-2011) in Samsun,
Turkey (41° 13’ N, 36° 30’ E). The soil of the study
area was neutral (pH 6.8), clay loam, medium in
phosphorus (92 mg kg'), rich in potassium (384
mg kg'), with 1.99% organic matter content. The
monthly total precipitation and average temperature
for growing season (November through September)
were 810 mm and 12.7 °C in 2009-2010, 870 mm
and 11.4 °C in 2010-2011. Long-term average total
precipitation and temperature of this period were
601 mm and 11.5 °C, respectively.

The study was carried out in a randomized
complete block design with three replications. The
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amount of seed was 20 kg ha™'. Each plot consisted
of six rows, 4 m in length. The row spacing was
20 cm. The annual ryegrass lines and cultivars
were sown by hand in November. The plots were
harvested three times (on May 27, June 26, and
September 3 in 2010, and on May 26, June 22,
and September 5 in 2011) to determine dry matter
yield at the 50% flowering stage. After drying for
48 hours at 70 °C, the weighed samples were passed
through a 1 mm sieve and crude protein content was
measured by the Kjeldahl method (AOAC 1990).
Acid detergent fiber (ADF) and neutral detergent
fiber (NDF) concentrations were determined
by using the standard laboratory procedures of
Ankom Technology (ANKOM 2005). The total
digestible nutrient (TDN) content and the relative
feed value (RFV) were calculated according to the
methods of Moore & Undersander (2002). The total

digestible nutrient yield (TDNY) was calculated
by multiplying dry matter yield (DMY) with the
TDN value. All data were subjected to analysis of
variance using SAS (SAS 1998) and differences
between means were compared using Duncan’s test
at the 0.05 probability level (Steel & Torrie 1997).

3. Results and Discussion

3.1. Dry matter yield, crude protein content and yield

Annual ryegrass lines differed (P<0.01) consistently
in dry matter yield (Table 1). Dry matter yield
(DMY) varied from 5.36 to 9.18 t ha' in 2010
and from 5.58 to 10.52 t ha! in 2011. The average
value of dry matter yield (8.25 t ha!) in 2011 was
higher than in 2010 (7.12 t ha'!). This was due to the
fact that the total precipitation in 2011 was higher

Table 1- Dry mater yields, crude protein contents and crude protein yields of annual ryegrass lines

Cizelge 1- Tek yullik ¢im hatlarinin kuru madde verimleri, ham protein oranlar: ve ham protein verimleri

Lines DMY (t ha!) CP (%) CPY (t ha'!)

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean
1 6.40 c-f* 8.32b-e 7.36 cde 14.36 1243 1340ab 091la-e 1.03b-e 0.97 bed
2 5.93 ef 8.25cde 7.09 de 13.88 1342 13.65a 0.82cde 1.10a-d 0.96 bed
3 5.36f 8.38b-e 6.87de 12.16 11.55 11.86 bc  0.64 ¢ 0.96b-f 0.80d
4 8.24 ab 10.50 a 9.37a 13.52 11.94 1273 abc 1.11 ab 1.25 ab 1.18 a
5 6.74b-f  9.60 ab 8.17 be 12.13 1349 1281abc 0.83b-e 1.29a 1.06 ab
6 7.99abc  10.52a 9.25a 11.68 11.23 11.46 ¢ 0.93a-d 1.18abc 1.05ab
7 6.25def 9.39a-d 7.82bcd 11.56 1146 11.51¢ 0.72 de 1.07a-d  0.89 bed
8 6.27 def 9.51abc  7.89 bed 12.21 10.89 11.55¢ 0.76 cde 1.03b-e  0.89 bed
9 7.64a-d 8.64b-c 8.14Dbc 12.13 11.59  11.86bc 0.92a-d 1.00b-f 0.96 bed
10 9.18 a 8.36b-e 8.77 ab 12.50 1124 11.87bc 1.14a 0.94c-h  1.04 abc
11 7.95abc  8.68bcd 8.32bc 12.26 13.03 12.65abc 0.97a-d 1.13a-d 1.05abc
12 6.01 ef 736efg  6.69¢ 13.64 11.84  12.74abc 0.81 cde 0.87d-h 0.84d
13 6.89b-f 7.00 fg 6.95 de 13.62 11.30  1246abc 0.94a-d 0.79¢-h 0.86dc
14 7.86 a-d 5.58h 6.72 ¢ 12.02 13.23 12.63 abc 0.95a-d 0.74 gh 0.84d
St-1 6.94b-f 6.38 gh 6.66 ¢ 13.52 11.07 1229 abc 0.93a-d 0.70h 0.82d
St-2 7.67a-d 6.98fg 7.33 cde 12.04 11.15 11.60 ¢ 091ae 0.77fgch 0.84d
St-3 8.23 ab 6.35 gh 7.29 cde 12.02 11.09 11.56¢ 098 a-d 0.71 gh 0.85d
St-4 7.27bcd  8.08 de 7.67 cde 14.18 13.43 13.81a 1.03abc 1.08a-d 1.05ab
St-5 6.49 cef 8.81bcd 7.65cde 11.65 12.43 11.77bc  0.75cde 1.04a-e  0.90 bed
Mean 7.12 B* 825A 7.68 1269A 1196B 1233 0.90 B 0.98 A 0.94

CV (%) 11.77 8.31 9.96 10.20 9.65 9.95 15.85 13.50 14.63

*, means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level
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than in 2010. The increase in the total amount of
precipitation had a positive effect on DMY. Based
on the average of two years, DMY varied from 6.66
to 9.37 t ha!, and high values were determined for
line 4 (9.37 t ha'), line 6 (9.25 t ha!), and line 10
(8.77 t ha!). Higher values of DMY were obtained
from line 10, 4, St-3, 6, 11, 14, St-2 and 9 than the
other lines in 2010. In the second year of the study,
line 6, 4, 5, 8 and 7 provided higher values of DMY
than the others. Although Line 10 and 4 were in the
same statistical groups in the first year of the study,
these lines were categorized in different groups
in the second year of the study. So, the effects of
years on lines were different in both years and year
x line interaction was found statistically significant
(P<0.01).

Marais & Goodenough (2000) obtained 12.6
t ha'! DMY from annual ryegrass. Redfearn et al
(2005) reported that DMY in annual ryegrass was
7.8-11.9 t ha!. Butler et al (2007) found that DMY
of annual ryegrass was 4.55-10.51 t ha'. The dry
matter yield obtained in this study was lower than
values reported by Marais & Goodenough (2000).
These discrepancies likely resulted from differences
in ecological conditions and genotypes. Dry matter
yields obtained in the current study were within the
range of values reported by Redfearn et al (2005)
and Butler et al (2007), although the ecological
conditions and cultivars or lines examined were
different. According to our results, there were
significant differences between annual ryegrass
cultivars and lines. Our findings were different from
Redfearn et al (2002) in this regard because they
argued that there were no differences between dry
matter yields of annual ryegrass varieties.

There were no statistically significant differences
among the crude protein contents in both years of the
study, and the year x line interaction was statistically
insignificant (Table 1). Crude protein (CP) content
varied from 11.56 to 14.36% in 2010 and from
10.89 to 13.49% in 2011. The average CP content
in the first year of the study, which was determined
as 12.69%, was higher than the average CP content
in the second year (11.96%) of the study (P<0.01).
A statistically significant difference (P<0.01) was

found between two-year average CP ratios of lines
and standard cultivars. According to the two-year
averages, higher values of CP content were obtained
from lines St-4, 2, 1, 5, 12, 4, 11, 14, 13, and St-1
(12.29-13.81%) than the others. CP contents ranging
from 13.4 to 17.4% have been reported by others
(Meissner 1996; Johnston & Bowman 1998; Ferret
et al 1999; Tran et al 2009). Siirmen et al (2013)
expressed that the quality of forage might be altered
due to differences in temperature and precipitation.

Effects of year, line, and year x line interactions
on crude protein yield (CPY') were significant (Table
1). Crude protein yields for lines were 0.64-1.14 t
ha', 0.70-1.29 t ha'! and 0.80-1.18 t ha'in 2010,
2011 and as the average, respectively. The average
value of CPY (0.98 t ha!) in 2011 was higher than in
2010 (0.90 t ha'). In 2011, the increase in dry matter
yield due to greater rainfall had a positive effect on
crude protein yield, being related to CP content
and DMY (Albayrak & Gtler 2005). Based on the
averaged values over two years, higher values of
CPY were obtained from lines 4, 5, St-4, 6, 11, and
10 (1.04-1.18 t ha'!) than the others. The lines in the
same statistical groups in the first year of the study
(e.g. lines 4 and 10) were categorized in different
groups in the second year of the study, as the effects
of years on lines were statistically different in both
years indicating significant year x line interaction
(P<0.01).

3.2. Acid detergent fiber and neutral detergent fiber
contents

Lower ADF values were obtained from lines 12, 4,
7,3, 10, 1, St-5, 13, St-1 and 9 (30.62-32.72%) in the
first year (P<0.05), although there were no statistical
differences among the annual ryegrass lines (30.95-
36.63%) in the second year (Table 2). There was a
statistically significant difference between the two-
year averages of ADF ratios (P<0.05). The average
ADF value (32.61%) in 2010 was lower than the
average ADF value (34.59%) in 2011 (P<0.01).
According to the two-year average, lower ADF
contents were determined for line 1, St-5, 4, 3, 2,
12,5, 10, 7, and 8 than the other lines.
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Table 2- Acid detergent fiber and neutral detergent fiber contents of annual ryegrass lines

Cizelge 2- Tek yillik ¢cim hatlarinin asit deterjan lif ve notral deterjan lif igerikleri

Lines ADF (%) NDF (%)

2010 2011 Mean 2010 2011 Mean
1 31.87a-e* 3095 3l4lc  4932b-e 4822 48.77d
2 33.08a-d 3299  33.04abc 49.90bcd 53.66 51.78 ab
3 31.58b-e 3328  3243bc  49.72bed  54.14 51.93 ab
4 31.17de 3354  3236bc  50.22bc 5281 51.52 abc
5 33.75ab 3271  3323abc 51.67ab  51.88 51.77 ab
6 33.26a-d 3570  3448ab  52.96a  52.65 52.80 a
7 3144cde  35.14  3329abc 49.46b-e  51.88 50.67 a-d
8 33.12a-d 3395  33.54abc 49.47b-e 51.64 50.56 a-d
9 32.72a-e 3494  33.83ab 4746de  52.94 50.20 bed
10 31.69b-e 3483  3326abc 46.96e  52.07 49.52 bed
11 34.00 a 3456  3428ab  5025bc  52.40 51.33 abe
12 30.62 3578  3320abc 49.24b-e  51.65 50.45 a-d
13 32.03a-e 3521  33.62ab  48.63cde 49.80 4922 cd
14 33.00a-d 3649  3475a  4936b-e 51.03 50.20 bed
St-1 32.06a-c  36.63  3435ab 4893 cde 4933 49.13 cd
St-2 3337a-d 3472  34.04ab  50.05bcd 51.79 50.92 a-d
St-3 33.68abc 3535  34.51ab  51.02abc  51.50 51.26 abc
St-4 3346abc 3554  3450ab  51.12abc  49.01 50.07 bed
St-5 31.87a-e 3095 314lc  4931b-e 4822 48.77d
Mean  32.61 B*  3459A 33.60 4982B  51.53A  50.67
CV (%) 3.49 5.75 4.83 2.72 3.97 3.42

* means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level

The differences among NDF values of accessions
in the first year and averaged values of NDF over
two years were statistically significant (P<0.01),
but effects of this factor on the NDF content in the
second year was not statistically significant. (Table
2). Low NDF contents in 2010 were achieved
in lines 10, 9, 13, St-1, 12, St-5, 1, 14, 7 and 8,
while NDF contents in 2011 ranged from 48.22 to
54.14%. According to the averaged values over two
years, lines 1, St-5, St-1, 13, 10, St-4, 9, 14, 12, 8,
7 and St-2 had low NDF content. The year x line
interaction was statistically significant (P<0.05).
Line 10 placed in the group of low NDF values in
2010, although no significant differences existed
between lines in 2011, this line showed a high NDF
content in the second year.

It was reported that ADF contents of annual
ryegrass ranged from 30.3 to 39.9% and NDF from
43.1 10 60.6% (Meissner 1996; Johnston & Bowman
1998; Ferret et al 1999; Tran et al 2009). The ADF
and NDF contents of annual ryegrasses in present
study were similar to results other studies.

3.3. Total digestible nutrient content, total
digestible nutrient yield, and relative feed value

Effects of the lines on the TDN content in2010 and in
the combined analysis of two years were statistically
significant while TDN content values of the lines in
2011 were not statistically significant different from
each other (Table 3). The total digestible nutrient
contents for lines were determined between 57.45
and 61.81% in 2010. In the first year of the study,
lines 12,4,7,3,10, 1, 13, St-2 and 9 were in the same
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statistical group with higher TDN values in the first
year of the study. The total digestible nutrient values
in the second year varied between 54.06 and 61.40%.
The average value of the first year (59.25%) was
significantly higher (P<0.01) than that of the second
year (556.69%). Based on the average of two years,
higher TDN contents were determined for line 1, 4,
3,2,12,5,10, 7, and 8 than the other lines. The TDN
refers to the nutrients available for livestock and is
related to the ADF concentration of the forage. In
our study, significant differences were found among
annual ryegrass cultivars and lines in digestibility.
However, Redfearn et al (2002) reported that there
were not any significant differences in digestibility

of annual ryegrass varieties. Our results differed
from findings of Redfearn et al (2002) in this aspect.

The differences among the total digestible
nutrient yield (TDNY) values of the lines and
cultivars were statistically significant (P<0.01)
(Table 3). The total digestible nutrient yields varied
from 324.54 to 554.49 t ha' in 2010 and from
312.49 to 609.74t ha' in 2011. Average TDNY
(468.49 t ha') in the second year of the study was
higher than average TDNY (421.67 t ha') in the
first year (P<0.01). According to the averaged
values over two years, TDNY varied from 376.35
to 556.42 t ha'! (P<0.01) and the higher TDNY
values were obtained from lines 4, 6, and 10 than
the others. The first statistical group consisted of 4,

Table 3- Total digestible nutrient content, total digestible nutrient yield, and relative feed value of annual

ryegrass lines

Cizelge 3- Tek yillik ¢im hatlarmmin toplam sindirilebilir besin oranlari, toplam sindirilebilir besin verimleri ve

nispi yem degerleri

Lines TDN (%) TDNY (t ha'!) REV (%)

2010 2011  Mean 2010 2011 Mean 2010 2011  Mean
1 6020 a-c* 6140 60.80a  384.81cde 509.49bcd 447.15¢-h 120.67bed 12500 122.83a
2 58.65b-e 58.75 58.70abc 347.32e  485.85b-e 416.59d-1 118.00c-g 109.67 113.83 be
3 60.59a-d 5839 59.49ab 324.54c¢  489.36b-c 406.95e1 12033b-e 10833 11433 be
4 61.11ab 58.05 59.58ab 503.10ab 609.74a  556.42a  119.67b-f 110.67 115.17be
5 5777de  59.12  5845abc 39123 cde 567.50ab  479.37bed 113.00h  114.00  113.50 be
6 5841b-e 5526 56.84bc 466.55a-d 581.29ab 523.92ab 110.67h  108.00 109.33 ¢
7 60.76 abc 5599  58.37abc 379.88cde 525.96a-d 452.92c¢-h 12133a-d 11033 115.83b
8 58.60b-e 57.51 58.06abc 366.93de 547.30abc 457.12¢c-g 11833 c-g 112.67 11550 be
9 59.11a-e 5625 57.68bc 451.77bcd 486.77b-e 469.27b-f 124.67ab 108.67 116.67b
10 6044a-d 5639 5842abc 55449a  47145cf 512.97abc 12733a  110.67 119.00 ab
11 5745e¢ 5673  57.09bc 456.83bcd 491.73b-e 47428b-e 115.67d-h 110.00 112.83 be
12 61.81a 5517 5849abc 371.45de 405.67e-h 388.56ghi 123.00abc 110.00 116.50b
13 5999 a-¢ 5589 57.94bc 41436b-e 393.40f1 403.88f1 122.33abc 115.00 118.67 ab
14 5792cde 5622 57.07bc  45586bcd 312491  384.18h1  11433¢-h 113.67  114.00 be
St-1  58.74b-e 5425 5649c  406.96b-e 34575h1 376351  119.00b-g 11033  114.67 be
St-2  5996a-e 5406 57.01bc 459.22bcd 377.49ghi 418.35d-1  121.33a-d 114.00 117.67 ab
St-:3  5827b-e 56.53 57.40bc 479.24abc 359.93ghi 419.59d-1  117.00c-g 111.33  114.17 be
St-4  57.87cde 5572 56.79bc  419.93b-e 450.73d-g 43533 d-1  11433e-h 111.00  112.67 be
St-5  58.16cde 5546  56.81bc  377.26de  489.50b-e¢ 433.38d-1  114.00 fgh 125.00  115.00 be
Mean 59.25A* 56.69B 57.97 421.67B  46849A  445.08 118.68 A 112.07B 11538
CV(%) 2.48 453 3.6l 12.11 10.57 11.30 2.71 5.04 3.98

*, means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level
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6, 10 and St-3 lines in the first year, while 4, 5, 6, 7,
and 8 lines occurred in the first group in the second
year. The effects of years on lines were different in
both years and therefore, year x line interaction was
statistically significant (P<0.01).

In 2010, the differences among the RFV values
(127.33-110.67%) were statistically significant and
higher values of RFV were obtained from lines
10, 9, 12, 13, 7, and St-2 than the others (Table
3). In the second year of the study, the differences
among the RFV values were insignificant and they
ranged from 108.00 to 125.00%. The average RFV
value of the first year (118.68%) was significantly
higher than that of the second year (112.07%)
(P<0.01). According to the results of the combined
analysis of two years data, higher average values of
RFV were obtained from lines 1, 10, 13 and St-2
compared to the others. The effects of the years on
lines caused a statistically significant year x line
interaction (P<0.01). As a matter of fact, in 2010,
the differences of RFV values among the lines were
statistically significant. However, there was no
statistical difference recorded in 2011.

RFV values of forages are classified by Kapper
(2004) as prime (higher than 151%), premium (150-
125%), good (124-103%), fair (102-87%), poor (86-
75%), and rejected (less than 75%). Based on the
average of the two years, the annual ryegrass lines
had relative feed values ranging from 109.33 to
122.83 and they can be categorized as good quality
(Table 3).

4. Conclusions

In this study, fourteen annual ryegrass lines were
compared with five standard varieties for yield and
quality characteristics. Present results indicated
that some of the lines had similar or superior yield
and quality characteristics than standard varieties.
Therefore, lines 4, 5, 6, 10, and 11 were selected for
further regional yield assessments due to their high dry
matter yield, crude protein yield, digestible nutrient
content, and digestible nutrient yield capacities.
Some of these candidate lines may be registered as
cultivars for Black Sea region in the near future.
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