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Anatolia region in Turkey. The aim of our research was to study the
morphologic characteristics of natural Orchardgrass and to assess the genetic
diversity of collected genotypes to determine the best genotypes available for

Keywords future breeding programs. In each location, the seeds of Orchardgrass were

randomly collected and then were planted in the greenhouse. After germination,
Dactylis glomerata, the Orchardgrass seedlings were transferred from the greenhouse to the field.
Fodder crop, Genotypes were investigated regarding plant height, flag leaf length, flag leaf
Morphological character. width, number of nodes per plant, length of the upper internode. The results of

this study showed highly significant differences between genotypes for studied
traits. Furthermore, our results showed that the morphological traits studied
(plant height, flag leaf length, flag leaf width, node number per plant, and length
of the upper internode) had the following respectively ranges (47.43 -77.57 cm,
9.00-15.57 cm, 4.21- 6.93mm, 2.14 -3.00, 9.64-17.57 cm, respectively). The
analysis indicated that there was a positive significant correlation among the
most morphological traits studied. The cluster analysis showed that the
genotypes of the fourth group, (H5, M75 and A121) had the best genotypes for
morphological traits studied. These genotypes can be used in future breeding
programs.

Dogu Anadolu'nun Dogal Cayir ve Meralarinda Yayihs Gosteren Domuz Ayrig
(Dactylis glomerata L.) Genotiplerinin Baz1 Morfolojik Ozelliklerin Taranmasi

Makale Bilgileri Oz: Domuz ayrig1 (Dactylis glomerata L.), serin iklimlerde dogal olarak yayilis
gosteren ¢ok yillik bir yem bitkisidir. Bu calisma 2019 yili vejetasyon
doneminde Dogu Anadolu Bolgesi’nde yiiriitiilmiistiir. Caligma, bdlgemizin
cayir ve meralarinda dogal olarak yetisen Domuz ayrig1 (Dactylis glomerata L.)
genotiplerinin morfolojik 6zelliklerini belirlemek amaciyla yiiriitilmustiir.
Yapilmasi planlanan islah ¢aligmalari i¢in en uygun Domuz ayrigi (Dactylis
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Anahtar kelimeler glomerata L.) genotipleri belirlenmeye c¢alisitlmistir. Her lokasyondaki

bitkilerden sansa bagl olarak toplanan tohumlar serada ekilmistir. Cikis yapan
Dactylis glomerata, bitkiler tarlaya sasirtilmistir. Genotiplerin bitki boyu, bayrak yaprak boyu,
Ornek olarak; bayrak yaprak eni, list bogumlar aras1 uzunlugu ve bitki basina bogum sayisi
Morfolojik karakter. incelenmistir. Incelenen ozellikler agisindan genotipler arasinda onemli
Yem bitkisi farklihklarin oldugu belirlenmistir. Bitki boyu, bayrak yaprak boyu, bayrak
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yaprak eni, bogum sayisi ve iist bogumlar arasi uzunlugu sirasiyla 47.43 -77.57
cm, 9.00-15.57 cm, 4.21- 6.93mm, 2.14 -3.00 ve 9.64-17.57 cm olarak
dlgiilmiistiir. Incelenen morfolojik 6zellikler arasinda pozitif ve anlamli
korelasyon belirlenmistir. Kiimeleme analizinde dort grup olusmus, H5, M75 ve
A121 morfolojik olarak en iistiin genotipler olarak belirlenmis ve 1slah materyali
olarak degerlendirilebilecegi sonucuna varilmistir.

1. Introduction

Orchardgrass (Dactylis glomerata L.) is a widespread, highly cross-pollinated, cool-season,
perennial grass, which is strongly adaptive to several environmental conditions (Madesis et al., 2014).
The genus Dactylis is an essential forage crop, with a large geographical distribution in temperate
zone. This genus includes one species, Dactylis glomerata; this species encompasses many subspecies
whose traits have not been completely characterized (Zhao and Cheng, 2016) .

Meadows and pastures are the most important gene sources in Turkey. Early grazing and
overgrazing have affected negatively the botanical composition of these areas; consequently, their
production and biodiversity have decreased. Fodder crops grown in agricultural fields and natural
ranges and pastures constitute the most important inputs in the production of animal food, which is of
great importance in human nutrition. In addition, fodder crops grown in agricultural fields produce
organic matter that benefits poor soil and other field crops (Mut and Ayan, 2008).

Natural pastures are important genetic resources in the development of new plant species and
such lands constitute almost one-fifth of Turkey's surface area. In order to provide adequate and cheap
animal products through securing quality fodders for our animals, it is necessary to improve our
pastures and to forage crop cultivation within the field of agriculture (Uysal et al., 2015). For this
reason, through breeding programs, it is necessary to develop types of high-quality fodder plants that
can be cultivated within agricultural fields or in different environmental sites (Jiang et al., 2013).

The Eastern Anatolia region of Turkey is home to many rangelands and forage crop species
(Aygln et al., 2009). Furthermore, it has 35% of total pasture lands, which are considered a gene
source of various plants used in pasture and meadows of Turkey (Uysal et al., 2015). It is one of the
richest countries in the world in terms of a variety of plants. The most important reasons for this are:
climate differences, topographic diversity, geological diversity, diversity of water sources, and altitude
differences (Erdogdu et al., 2018). Although it has excellent potential concerning both the
rehabilitation of natural rangelands and the establishment of artificial pastures, studies on the
possibilities of cultivation of these genotypes are almost nonexistent. Thus, there is a need for
characterization of those species widely found in the natural rangelands of the region. This is of
importance regarding the sustainability and success of new variety development and rangeland
rehabilitation studies since these lines and genotypes can easily be cultivated, and they can prove high
and sustainable yield level especially under the influence of the East Anatolian climate due to natural
selection over thousands of years.

The aim of this research was to study the morphologic characteristics of natural orchardgrass
and to assess the genetic diversity of collected genotypes from 20 different geographically locations in
Eastern Anatolia to determine the best genotypes available for future breeding programs.

2. Material and Methods
2.1. Climate characters

The research was carried out in the experimental field and greenhouse of Van Yiiziincii Yil
University Faculty of Agriculture, Field Crops Department. Climate factors of the experiment site

recorded during the growing season of (2019); Monthly total rainfall (mm), monthly average
temperature (C°) and long years average values were given in (Table 1) (Anonymous, 2019).
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Table 1. Climatic information for the studied area (Temperature (C°) and rainfall (mm) for the studied
area (Van city) during the growing season and through long term) (Anonymous, 2019)

During growing season in 2019 Long term (C°)

Temperature (C°) Rainfall Temperature (C°) Rainfall
Month

(mm) (mm)

Max Min Average Max Min Average
March 6.5 -2.8 15 46.4 6.8 -2.1 1.9 48.9
April 12.8 2.5 7.6 55.6 12.9 33 8.1 53.2
May 18.5 7.0 131 459 18.2 7.6 13.2 48.3
June 23.9 10.8 18.2 18.6 23.9 11.7 186 17.9
July 28.2 14.6 22.2 6.2 28.0 155 225 6.2
August 28.4 14.6 22.1 5.8 28.1 154 221 4.2
September 24.3 10.7 17.8 15.8 24.1 115 175 14.0
2.2. Materials

The seeds of Dactylis glomerata L. were randomly collected from 20 different locations which
are naturally spread in Flora of the Eastern Anatolia Region of Turkey during July and August in
2018. (Table 2)

Table 2- The genotypes used in the study and geographical regions where they were collected

NO Genotype Location Latitude Longitude Altitude (m)
1 H2 Hakkari — Merzan 37°33.639' 043°41.629' 2166
2 H3 Hakkari — Ademan 37933.502' 04340417 2543
3 H5 Hakkari - Kamigh koyii 37934.259' 04332195 1717
4 H6 Hakkari - Cevizdibi kéyi 37032.511' 04329609' 1575
5 H21 Hakkari- Durkankaya 37037.980' 04337165 2999
6 H27 Hakkari - Durkankaya 37037.648' 04337355 3011
7 H41 Hakkari — Merkez 37943.755' 04358169' 2347
8 M74 Mus-Varto 39009.297' 04141311 2073
9 M75 Mus-Varto 39°09.489' 04141010 2088
10 M81 Mus- Merkez 38435.980" 04133786 1438
11 M115 Mus-Bulanik 3849314’ 041972540' 1532
12 Al21 Igdir -Patnos 3944116’ 042 54890' 1637
13 V141 Van-Ergis 3905549’ 04337911 1750
14 R163 Egdir-Merkez 3849922 04340526 1725
15 V189 Van-Kampiis 3857119 04328818' 1665
16 V202 Van-Bostanci 3852552 04344658 1688
17 K240 Kars-Dagpinar 4047510' 04331681 2119
18 V241 Van- Gevag 38929934 04340640' 1750
19 B261 Bitlis-Merkez 3842022 049212354 1558
20 E283 Erzrum-Merkez- Saltuklu 3990226’ 04197740 1870

The seeds of plants in each location were mixed together, and then the seeds of each location
were planted in greenhouse in pots with a height of 22.5 cm, a base diameter of 7.5 cm and a top
diameter of 10 cm, in each pot. After completion of germination and growth, the seedlings in each
genotype were transferred into the field and were planted in seven replications by randomized
complete block design (RCBD). In the field, plants were planted by lines, with spacing of 30*50cm.

The observations were obtained from plants of each line with during the season of 2019. N,
and P2Os fertilizer as well as organic fertilizer (animal manure) were applied and mixed into the
surface of soil. In addition, the irrigation for seedlings was carried out regularly. Moreover, weed
control was carried out by hoeing.

In each line, 7 plants of each genotype randomly were sampled for five morphological
characteristics: Plant height (The distance between soil surface and portion of the spike (cm)), Flag
leaf length (Mature leaf length (cm)), Flag leaf width (Mature leaf width (mm)), node number per
plant (node number per plant), length of the upper internode (the length of the node of top (cm)).
(Ozkose and Tamkoc, 2014)
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2.3. Statistical Analysis of Morphological Data

Statistical analysis was performed with Microsoft Excel and SPSS v23 and GenStat v12
software. A descriptive summary of morphological traits was calculated for each trait and means were
compared by ANOVA followed by LSD tests to investigate further the differences between these
morphological traits. Histograms were constructed to show the frequency distribution of
morphological traits studied. UPGMA dendrogram cluster analysis was drawn for grouping the
collected genotypes studied. Correlation tests were performed between morphological traits studied.

3. Results
3.1. Morphological traits

Plant height: According to analysis of variance for plant height, there were highly significant
(p<0. 01) differences between genotypes. The mean of plant height for 20 genotypes studied was
59.10 cm (Table. 3). The highest genotype was M 75 with (77.57) cm, whereas the lowest plant height
genotype was H27 (47.43 cm) (Table 4). Coefficient of variation (CV%) was 12.5% (Table.3). The
frequency distribution of plant height showed that the vast majority of genotypes were between 55 and
65 cm (Figure.l1).

Flag leaf length: The variance analysis for flag leaf length (p<0.01) indicated that highly
significant differences between genotypes. The average of the flag leaf length of Orchardgrass
genotypes was 11.62 cm (Table. 3). Genotype M75 (15.57 cm) was the longest flag leaf length, while
genotype V241 (9.00 cm) had the shortest flag leaf length (Table .4). Coefficient of variation (CV%)
was 20.5%. (Table .3). Frequency distribution of flag leaf length showed that the most of genotypes
were between 10 and 12 cm (Figure.1).

Flag leaf width: According to analysis of variance for flag leaf width (p<0.01), there were
highly significant differences between genotypes. The average of the flag leaf width of Orchardgrass
genotypes was 5.62 mm (Table.3). Genotype A121 (6.93 mm) had the highest flag leaf width, while
genotype E288 (4.21 mm) had the lowest flag leaf width (Table 4). Coefficient of variation (CV %)
for this trait was 14.3% (Table.3). Frequency distribution of flag leaf width showed that the most of
genotypes were between 5.00 and 6.00 mm (Figure.1).

Node number per plant: According to analysis of variance for, there were highly significant
differences between genotypes for node number/plant (p<0.01). The average node number/plant for
Orchardgrass genotypes was 2.79 (Table. 3). Genotypes H5, M75, M115, K240, V189, V202 were the
largest node number/plant 3.00, while the smallest node number/plant were 2.14 at H27 genotype
(Table 4). The CV% for this trait was 13.0% (Table.3). Frequency distribution of average node
number per plant showed that the most of genotypes were between 2.50 and 3.00 (Figure.1).

Length of the upper internode: Variance analysis for length of the upper internode indicated
highly significant differences between genotypes (p<0.01). The mean of length of the upper internode
of Orchardgrass genotypes was found as 13.19 cm (Table.3). Genotype M75 and V189 (17.57cm) was
the highest length of the upper internode while genotype H3 (9.64 cm) had the lowest value for this
trait (Table 4). The CV% for this trait was 17.4% (Table.3). Frequency distribution of length of the
upper internode showed that the most of genotypes were between 11.00 and 13.00 cm (Figure.1).

Table .3. Summary of statistical values observations for some morphological traits of 20 Orchardgrass

genotypes
Minimum Maximum Mean Mean Std. Error  Std. Deviation Variance CV%
Plant height (cm) 47.43 77.57 59.10 0.97 1151 132.49 125
Flag leaf length(cm) 9.00 15.57 11.62 0.24 2.89 8.33 20.50
Flag leaf width (mm) 4.21 6.93 5.62 0.09 1.017 1.03 14.30
Node number per plant 2.14 3.00 2.79 0.03 0.41 0.17 13.00
Length of the upper internode (cm) 9.64 17.57 13.19 0.27 3.18 10.10 17.40

CV = Coefficient of variation.
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H2 55.43 F-1 10.79 E-G 5.50 C-E 2.86 A-B 11.36 D-G
H3 48.57 H-1 11.39 D-G 5.79 B-E 2.86 A-B 9.64 G
H5 72.29 A-C 14.86 A-B 6.50 A-B 3 A 16.36 A-B
H6 49,57 H-1 12.14 C-E 5.93 B-D 2.71 A-B 11.00 E-G
H21 55.57 F-H 10.71 E-G 6.43 A-B 2.86 A-B 13.00 C-E
H27 47.43 | 10.29 E-G 5.86 B-E 2.14 C 10.17 F-G
H41 54.71 G-l 11.86 D-F 5.36 C-E 2.57 B 11.50 D-G
M74 48.43 H-1 10.29 E-G 4.50 F-G 2.86 A-B 10.71 E-G
M75 77.57 A 15.57 A 6.57 A-B 3.00 A 17.57 A
M81 55.86 F-H 12.36 B-E 5.93 B-D 2.71 A-B 12.57 C-F
M115 63.14 D-F 10.07 E-G 5.86 B-E 3.00 A 12.43 C-F
Al121 76.29 A-B 14.64 A-C 6.93 A 2.86 A-B 17.21 A
V141 62.71 D-G 9.86 E-G 5.36 C-E 2.71 A-B 14.50 B-C
R163  69.00 B-D 10.93 D-G 536 C-E 257 B 14.21 B-C
V189 67.00 C-E 11.86 D-F 5.29 D-E 3.00 A 17.57 A
V202 58.43 F-G 12.21 C-E 5.07 E-F 3.00 A 13.69 C-D
K240 57.71 F-G 10.93 D-G 5.36 C-E 3.00 A 12.43 C-F
V241 48.00 H-1 9.00 G 4.47 F-G 2.71 A-B 13.50 C-D
B261 5900 E-G 13.39 AD 614 A-C 2.86 AB 1293 C-E
E283 55.29 F-1 9.36 F-G 4.21 G 2.57 B 11.50 D-G

LSD 0.05 = 7.85 LSD 0.05=250 _ LSD 0.05=0.43 LSD 0.05 = 0.39 LSD 0.05 =2.42
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Figure 1. Frequency distribution of morphological traits of Orchardgrass genotypes.
3.2. Cluster analysis
UPGMA dendrogram (Figure 2.) was drawn and evaluated as four groups to present the
relationships among genotypes. Cluster analysis is usually used for grouping the collected germplasm.
Orchardgrass genotypes were divided into 4 groups based on cluster analysis. The genotypes

H5, M75 and A121 were placed into the forth group and they had the highest value and mean for all
morphological studied traits (Table 5.). However, the genotype H27 was placed into the second group
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and this genotype had the lowest value and mean for plant height, and node number per plant, as well
as the third group consisting of M74, V241, and E283 genotypes which having the lowest value and
mean for flag leaf length and flag leaf width, while the first group consisting of H2, H3, H6, H21,
H41, M74, M115, V141, V163, V189, V202, K240 and B261 genotypes. In general the first group had
the medium values for all studied traits; however M115, V142, R163 and V189 had high plant height,
while the B261 had high flag leaf length and width, for node number per plant V189 and V 202 had
high value, as well as V 189 had highest value for Length of the upper internode.

H2

Group 1 k240 E
M115
V202 —
H3
HB
M31
Hal
H21l
B261
vidi
Group 2 == }
Vi8g —
H27
Group 3 M7 ] s
V24l
E283 j
Group 4 "
M75 j

AL21

Figure 2. UPGMA dendrogram of some morphological traits of the studied genotypes for 20
Orchardgrass genotypes.

Table 5. The mean of morphological traits in each cluster group

g:gjger Plant height (cm) Flag leaf length (cm) I(:rﬁlr%)leaf width Node number per plant :;]etg?;g doef (t?;;mper
Group 1 58.21 11.42 5.64 2.82 12.83
Group 2 47.43 10.29 5.86 214 10.17
Group 3 50.57 9.55 4.39 271 11.90
Group 4 75.38 15.02 6.67 2.95 17.05

3.3. Correlation

The positive significant correlation was between all traits studied except node number per
plant with flag leaf length and flag leaf width was not significant. (Table .6).

Table 6. correlations between studied morphological trait for Orchardgrass

. Length of the upper
Flag leaf length (cm) Flag leaf width (mm) Node number per plant internode (cm)
Plant height (cm) 0.47** 0.37** 0.21* 0.75**
Flag leaf length(cm) 1 0.58** 0.11 0.34**
Flag leaf width (mm) 1 0.10 0.25**
Node number per plant 1 0.17*

*Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
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4. Discussion and Conclusion

Prior studies have studied the genetic diversity of Dactylis glomerata L by assessing many
genotypes in many different geographic locations , and these studies have found there were significant
differences among the studied genotypes for the morphological traits ( Sagsoz et al., 1996; Garcia and
Lindner, 1998; Sahuquillo and Lumaret, 1999; Tuna et al., 2004; Mut and Ayan, 2008; Peng et al.,
2008; Ayan et al., 2010; Uysal et al., 2015).

In the current study, the genotypes of Dactylis glomerata were collected from the different
geographical locations of the Eastern Anatolia region and then planted in the same location to
determine the genotypic features of these plants by eliminating the effects of environmental factors by
the current study. This method was consistent with previous studies carried out by (Ayan et al., 2006,
Mut and Ayan, 2008; 2010; Uysal et al., 2015). Several previous studies were carried out to evaluate
the genetic diversity of Orchardgrass genotypes in many different geographic locations, for example
(Uysal et al., 2015) has assessed the genetic diversity of Eastern Anatolia region that were collected
from natural vegetation of Agri, Ardahan, Artvin, Bayburt, Bingol, Erzurum, Kars and Mus to
determine the genotypes available for breeding. Moreover, (Mut and Ayan, 2008) have collected the
plants of Orchardgrass from different places of Ondokuzmayis University Kurupelit campus to
determine the genetic diversity among these plants. In addition, (Sagsoz et al., 1996) found
differences in terms of morphological and biological characters among the plants of Orchardgrass that
were collected from the different regions of Erzurum. As with other studies, Orchardgrass plants were
collected from natural flora of Samsun, Sinop and Ordu provinces located in the Middle Black Sea
Region (Ayan et al.,, 2010), While (Madesis et al., 2014) sampled their genotypes from 3
geographically separate locations in north, central, and south Greece.

The most important finding of this study was the highly significant differences (P<0.01)
between studied genotypes for all morphological studied traits (plant height, flag leaf length, flag leaf
width, node number per plant, length of the upper internode). This finding is consistent with that of
(Madesis et al., 2014) who found significant differences among the studied locations (P < 0.05) for 7
of the 8 morphological traits.

In the present study, the plant heights ranged between 47.43 to 77.57 cm, in other previous
studies by (Tosun and Sagoz, 1994; Mika, Kohoutek, and Odstrcilova, 2002; Mut and Ayan, 2008;
Aygln et al., 2009; Ayan et al., 2010; Uysal et al., 2015) the plant height were respectively (59.8-64.5
cm, 49.1- 95 cm, 74.7-101.47 cm, 63.00 -160.00 cm, 45.5- 114.6 cm, and 70-111cm). In the current
study, the flag leaf length of studied plants ranged between 9.00 -15.57 cm. Various studies reported
between 14.99- 27.40 cm, 7.00-20.50 cm, 2.00 - 36.00 cm, and 7.00 -26.00 cm, in respective order by
(Tosun and Sagoz, 1994; Aygun et al., 2009; Ayan et al., 2010; Uysal et al., 2015). For flag leaf width
ranged between 4.21 to 6.93 mm, in previous study (Tosun and Sagoz, 1994; Aygun et al., 2009; Ayan
et al., 2010; Uysal et al., 2015) reported different results, respectively were 5- 11 mm, 5.18-7.19 mm,
2.70-10.00 mm, and 3.00-5.00 mm. In the current study, the node number per plant ranged between
2.14 to 3 nodes per plant. Several previous results by (Tosun and Sagoz, 1994; Mut and Ayan, 2008;
Ayan et al., 2010; Uysal et al., 2015) were consistent with our findings that have shown the nodes
number per plant were between (2.7-4.0 nodes per plant, 3-6 nodes per plant, 3-5 nodes per plant, 2-7
nodes per plant). However, our finding is contrary to previous study by (Mut and Ayan, 2008) which
have suggested that the node number plant were not significantly different among the genotypes. The
current study found that the length of the upper internode was between 9.64 to 17.57 cm. Several
studies (Ayan et al., 2010; Uysal et al., 2015) have shown that the length of the upper internode were
respectively 1.50-29.30 cm and, 15-27cm.

A possible explanation for differences in the morphological traits might be that studied plants
were sourced from highly different altitudes. Another possible explanation for this is genetic
differences between these studied plants that were obtained from different locations. Furthermore, this
differentiation might be attributed to the species mating system, gene flow, genetic drift, long term
evolutionary history (Hogbin and Peakall, 1999), habitat differentiation, or management (Peter Schmid
et al., 2008). Also, this difference may be explained by the fact that inter location differences may be
due to genetic structure of Orchardgrass (Tiikel and Hatipoglu, 1994; Mut and Ayan, 2008).

The current study found that positive significant correlations between the studied
morphological traits. This finding is consistent with that of (Tosun, Sagsoz, and Akgun, 1996) who
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found positive and significant correlations between some morphological traits such as hay yield and
plant height, leaf length, leaf width.

In the present study, UPGMA dendrogram was drawn to evaluate the morphological traits for
Dactylis glomerata and to classify the collected genotypes in different groups. Our current study found
Orchardgrass genotypes were divided into 4 groups based on cluster analysis. The genotypes H5, M75
and A121 had the highest value and mean for all morphological studied traits. A possible explanation
for this might be that these genotypes have adapted well with the new environment. Also maybe the
positive significant correlations between these traits contributed to be this group has the highest value
for all studied traits. Similar to previous studies (Aygun et al., 2009; Uysal et al., 2015), they drew
UPGMA dendrogram to grouping the collected germplasm. The differences in morphological traits
between cluster groups may be explained by the fact that these differences are not caused by
environmental conditions (Aygln et al., 2009). Another possible explanation for this may be due to
only genetics factor differences between these groups.

In general, Orchardgrass is an important plant due to the fact that it is consumed with appetite
by animals. furthermore, Orchardgrass is tolerant to drought, cold, grazing, cutting (Manga, Acar, and
Ayan, 2002; Acikgodz, 2008; Ayan et al., 2010;) our results revealed significant variation among
studied genotypes for studied traits plant height, flag leaf length, flag leaf width, number of nodes per
plant, and the length of the upper internode. This may be considered as an advantage since it provides
an opportunity in multipurpose breeding studies. Determination of the genetic diversity of these
genotypes with large variations and grouping them accordingly may help in the decision-making
process of the breeding line selection phase. Genotypes used in this study were very promising for
releasing new cultivars to use in pasture improvement and forage cultivation, where was determined
the prominent genotypes for morphological studied traits H5, M75, and A121 were can be used in
future breeding programs to develop forage species in Turkey.
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