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Abstract

This study was aimed to determine the characteristics of the soils of perennial ryegrass genotypes found in the
natural flora in the Central Anadolu Region in Turkiye. Within the scope of the study, perennial ryegrass
populations were collected from the provinces of Ankara, Eskisehir, Afyon, Konya, Aksaray, Karaman and Mersin
and Antalya provinces in 2006 and 2007. Plants were collected and soil samples were taken and analysed from
87 sites in Ankara (20), Eskisehir (9), Afyon (5), Konya (39), Aksaray (1), Karaman (5), Mersin (2) and Antalya (6).
According to the analysis results, the pH varied between 6.35-8.50, EC 52-1395 uS/cm, organic matter 0.04-9.1
%, lime 1.2-64.2%, P,0; 4.28-128.7 mg/kg, K,O 24.7-1360. 8 mg/kg, Ca 820-4030 mg/kg, Mg 32.7-3569 mg/kg, Na
0.6-2016 mg/kg, Fe 2.78-67.50 mg/kg, Zn 0.10-8.97 mg/kg, Cu 0.21-9.43 and Mn 2.33-42.34 mg/kg. As a result of
soil analyses, large differences were observed between the locations where plants were collected in terms of the
characteristics examined. This change shows the potential of developing grass varieties that can grow in different
soil properties with a good breeding study of perennial ryegrass populations.
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Introduction

Perennial ryegrass (Lolium perenne L) is a native plant of Asia Europe and North Africa (Hoover et al., 1948;
Watson and Dallwitz, 1992). Nowadays, it is widely distributed worldwide, including in North and South America,
Europe, New Zealand and Australia (Hannaway et al., 1999). It is also found naturally in the flora of Turkiye (Davis,
1985; Ozkése et al., 2012; Ozkdse and Tamkog, 2014a; Ozkése et al., 2015). Although the natural flora of Turkiye
contains a significant amount of perennial ryegrass (L. perenne L.) genotypes and has great breeding potential,
studies on this plant are still very few. Perennial ryegrasses are intensively used both in green areas and as forage
crops (Bolaric et al. 2005; Avci et al., 2012; Ozkése and Tamkog, 2014b). It is highly utilized in turf mixtures
especially in cool climate zones. Perennial ryegrass is also widely used in meadows for grazing in livestock farms.
High palatability and digestibility make this species highly valuable for the green fodder requirements of dairy
cattle and sheep (Hannaway et al., 1999).

The collection of perennial ryegrasses found in the natural flora of Turkiye, their use in breeding and the
development of new varieties suitable for the conditions of the country will increase the chances of success in
turf areas. With global warming, extreme temperatures, long summer and winter months without precipitation,
and decreases in total annual precipitation are becoming more common day by day. People must allocate less
water to turf areas with scarce water resources. Again, in areas where there is urbanization, the soils in the areas
where green areas will be established may not be very suitable for the healthy growth of turfgrass plants It may
be necessary to move a significant amount of soil for a good turf establishment. However, breeding plants that
are resistant or tolerant to soil-based stresses without high soil selectivity will reduce turf establishment costs
and contribute to the longevity of the turf establishment. This study aims to determine the soil properties of
perennial ryegrass genotypes found in the natural flora of Turkiye. Plants were collected from the areas where
perennial ryegrass genotypes were found in the natural flora, soil samples were taken, and the soil samples were
analysed. As a result of the analyses, information about the soil requirements of perennial ryegrass genotypes will
be obtained. In addition, if genotypes that grow in extreme soil conditions in the natural flora are identified, that
feature will be utilized in breeding.

Materials and Methods

In the study, perennial ryegrass plant collection trips were carried out in the Central Anadolu in Turkiye for two
years (2006 and 2007). The routes of the plant collection trips were determined according to the regions where
perennial ryegrass plants can grow, such as pastures, grasslands, riverbeds, etc. by the project team, which
knows as a result of many meadow pasture improvement projects, expertise and plant collection trips in the
region.

As a result of two years of field work, perennial ryegrass plants were collected and soil samples were taken from
87 locations in Ankara (20), Eskisehir (9), Afyon (5), Konya (39), Aksaray (1), Karaman (5), Mersin (2) and Antalya
(6). The locations where soil samples were taken are shown in Fig. 1.
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Figure 1. Distribution of Lolium perenne collection in the Central Anadolu Region of Turkiye.
Field work program in 2006;
25-26-27-28-29-30/07/2006: Konya - Afyon - Eskigehir - Ankara - Konya provinces
01-02-03-04-04-05-06/07/2006: Konya — Aksaray — Karaman - Konya provinces
08-09-10-11-12-13/07/2006: Konya - Mersin - Antalya - Konya provinces
Field work program in 2007;
21-22-23-24/6/2007: Konya - Aksaray - Karaman - Konya provinces
28-29-30/06 and 01-02-03-04/07/2007: Konya - Afyon - Eskisehir - Ankara - Konya provinces
07-08-09-10-11-12/07/2007: Konya - Mersin — Antalya - Konya provinces

Plants were collected from each location as seeds or rooted plants and soil samples were taken. The soil samples
were numbered and information about the collection site was recorded regularly. Soil samples were taken from
0-20 cm depth after removing the plants on the soil surface. The soil samples were dried in the laboratory in
accordance with the technique and crushed in a porcelain mortar (Karapinar, 2023), then sieved through a 2 mm
sieve and prepared for analysis.

Soil samples were analysed for soil reaction (pH) (pH meter), EC (EC meter), organic matter (Smith-Weldon
method - Saglam, 1979), lime (calcimeter), phosphorus (Olsen method - Bayrakli, 1987), potassium (1 N NH,OAc;
flame photometer - Bayrakli, 1987), Fe, Zn, Mn, Cu (by extraction with 0.005 M DTPA + 0.01 M CaCl, + 0.1 M TEA
(pH = 7.3)), available Ca and Mg (1 N NH,-Acetate (pH = 7) - Saglam, 1979), Na+ (flame photometer - Rhoades,
1982).

According to the results of the analyses, the highest, lowest, mean, quartile deviation, median value, range of
variation and standard deviation values for each trait were determined by JMP Statistical Software.

Results and Discussion

Plant and soil samples were taken from 87 locations during a two-year field study. The local names and
coordinates, altitudes and soil analysis results of the locations where soil samples were taken are given in Tables.
The Central Anadolu Region (Fig. 1), where the plants were collected, is a region with a continental climate, cold
winters, hot summers and annual rainfall ranging between 280 and 600 mm. Perennial ryegrass, which is the
subject of the study, is a plant that likes cool climates and rainfall. For this reason, perennial ryegrass is not
homogeneously distributed in the target region but can be found in riverbeds such as streams, around water
sources or in grassland areas. Moist pasture areas are the general distribution areas of perennial ryegrass.
Therefore, these soil analysis results also give us the soil characteristics of the pasture areas of the Central
Anadolu Region. For a better understanding of the soil analysis results, the basic parameters such as minimum,
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maximum, quartile deviation, median value, arithmetic mean, width of variation, standard deviation are given in

Table 3 and histograms of frequency distribution are given.

In the Central Anadolu Region of Turkiye, perennial ryegrass genotypes are naturally distributed between 538 m -
2067 m altitudes (Table 1 and Table 2). When we look at the frequency distribution (Fig. 2A), it is mostly
distributed at altitudes between 1000 and 1500 meters. The fact that the altitude change width is 1529 m shows

that the adaptation ability of the perennial ryegrass is high (Table 1).

Table 1. Soil characteristics of the natural distribution areas of perennial ryegrass.

N Min.  Quartile Median Quartile Max. Variation Width Mean  Std Dev.

Altitude (m) 87 538 979 1125 1372 2067 1529 173 280
pH 87 635 720 740 7.60 8.50 2.15 7.38 0.36
EC (uS/cm) 87 52 124 166 275 1395 1343 261 256
Org. M. (%) 87 004 070 1.56 3.20 9.10 9.06 2.21 1.98
Lime (%) 87 1.20 3.3 10.6 27.0 64.2 63 171 16.1
P,O; (mg/kg) 87 4.28 9.20 14.46 22.73 128.7 124.42 18.88 1710
K0 (mg/kg) 87 24.7 113.9 252.2 4217 1360.8 13361 3163 2717
Ca (mg/kg) 87 820 4030 4870 5826 8198 7378 4841 1543
Mg (mg/kg) 87 327 2065 416.6 729.2 3569 3536.3 620 651
Na (mg/kg) 87 0.6 8.0 23.0 97.7 3016.0 30154 1431 437.7
Fe (mg/kg) 87 2.78 510 8.12 17.67 67.50 64.72 14.57 14.98
Zn (mg/kg) 87 0.10 0.33 0.55 1.07 8.97 8.87 0.88 112
Cu (mg/kg) 87 0.21 1.00 1.43 2.80 9.43 9.22 2.05 1.62
Mn (mg/kg) 87 2.33 7.72 10.47 15.46 42.34 40.01 12.71 8.03

Table 2. Some location information and analysis results of soil samples results of the locations where perennial
ryegrass landraces were collected.

Lat. Lon. E Alt. pH EC OoM Lime

(N) ) (m) (ns/ (%) (%)
No Province Location ) em)
1 Konya Akoren 37.28 3214 1181 743 100 0.2 1.6
2 Mersin Ermenek - Mut 36.33 32.56 538 7.65 135 0.32 527
3 Konya Hatunsaray 37.35 32.2 1097 6.98 695 206 34
4 Konya between Fevziye - Kulu 39 33.09 950 8.1 870 1.44 26.7
5 Konya Cihanbeyli 38.45 33.07 910 79 1395 0.28 225
6 Konya Seydisehir 37.21 31.53 1091 7.87 12 0.6 3.4
7 Konya Akoren 37.34 32.21 1098 753 102 0.58 1.8
8 Konya Cihanbeyli 3839 3252 971 8.3 917 465 259
10 Konya Cihanbeyli 38.42 32.44 989 7.65 312 1.88 345
1" Konya between Cihanbeyli-Yunak ~ 38.53 32.2 1016 745 430 4.83 24.3
12 Eskisehir  Mihaliccik 39.52 31.29 1372 7.3 145 2.32 2.4
13 Ankara Akyurt 40.07 33.07 1090 75 338 7.2 13.4
14 Eskisehir  Cifteler 39.12 31.07 914 738 355 255 262
15 Eskisehir  between Alpu-Mihaliggik 39.49 311 861 7.27 363 6.93 26.1
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16 Eskisehir between 39.55 31.23 1569 743 166 0.77 10.4
Mihaliccik-Nallihan

17 Ankara between Ankara-Kulu 39.26 32.51 1091 765 174 363 232

18 Konya between Seydisehir-Konya  37.39 31.58 1360  6.51 77 024 12

19 Konya Huyuk 3753 31.33 141 7.38 136 1.25 12.9

20  Mersin between Karaman-Mut 36.56 33.16 1500 748 130 0.63 49.8

21 Ankara cubuk 40.24 32.55 1488 7.01 214 3.17 1.8

22 Ankara between cubuk-Karagol 40.19 32.58 1307 646 112 223 13

23 Eskisehir  between Alpu-Mihaliggik 395 31.2 979 72 176 0.21 46

24  Konya between 37.44 31.26 126 708 240 8.42 3.6
Kurucuova-Beysehir

25 Konya between 38.05 314 1475 669 81 056 3.0
Desdigin-Doganhisar

26  Konya between Inlice-Konya 37.44 32.03 1549 635 236 349 12

27  Konya between Sarkikaraagag 3755 3118 125 71 256 252 16.6
-Beysehir

28  Konya Desdigin 38.02 3137 1495 706 131 0.51 1.3

29 Konya Seydisehir 37.31 31.48 124 713 219 0.26 19.9

30 Konya Sarayonu 38.15 322 1039 738 151 0.81 394

31 Ankara between Cubuk-Karagol 40.23  32.56 1308 739 126 0.06 33

32 Karaman Karaman 37.31 31.27 127 7.09 357 2.77 19.7

33  Konya between Tarasci-Seydisehir  37.27 31.42 1680 726 90 1.04 1.5

34 Konya Kurucuova 37.36 31.27 1128 7.23 174 2.74 4.0

35 Konya between Yesildag-Beysehir  37.34 31.33. 170 713 136 0.91 27

36 Konya between 38.09 314 176 7.26 161 3 335
Argithan-Do@anhisar

37 Konya between Tarasci- 37.27 3143 1542 7.73 134 0.04 231
Seydisehir

38 Karaman Taskale 37.08 33.35 1278 748 147 1.03 56.6

39 Konya between Seydisehir 37.27 31.45 1219 728 87 0.04 188
-Taragcl

40 Konya Yukselen 38.06 32.16 1736 7.35 160 1.05 8.4

1 Konya between 38.1 314 158 727 15 044 64
Argithan-Doganhisar

42 Konya between 37.45 31.24 139 715 227 7.04 33.8
Sarkikaraagac-Beysehir

43 Konya Yukselen 38.04 3219 1524 7.21 175 1.65 28.0

44  Konya Guneyyurt 36.41 32.47 950 7 830 508 49.0

45  Konya between Doganhisar - 38.05 314 1400 723 155 505 34
Beysehir

Table 2. (continued).
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Lat. Lon. Alt. pH EC (o} Lim

e (W e o
No Province Location m)
46  Aksaray between Aksaray-Eregli 3732 34.22 1627 719 270 1.37 407
47 Karaman Tagkale 37.09 33.26 108 712 227 1.59 37.0
48 Konya Bozkir 3712 32.32 1372 718 222 1.56 20.5
53 Konya Yikselen 38.04 3218 1647 71 150 0.65 290
54  Konya Yikselen 38.05 3215 1675 745 180 3.05 1.4
56  Ankara between Akyurt-Kalecik 40.07 331 1es5 752 301 32 1.6
63  Konya Yukselen 38.04 3219 1524 7.2 185 1.6 27.0
64 Konya between Cihanbeyli-Sulukli 38.39 32.52 963 7.65 312 1.88 345
65 Konya Akoren - Konya 37.35 32.21 1099 74 96 063 15
66 Konya Seydigehir 37.21 31.52 1101 7.8 102 0.7 3.6
101 Antalya Yarpuz 37.08 31.5 1257 7.2 71 1.53 2.3
102 Antalya  Yarpuz 37.09 31.51 1240 75 106 332 24
103 Antalya Gerig 36.59 31.42 643 7 202 4.35 3.0
104 Antalya  Akbelenli 37.35 3052 966 75 130 31 39
105 Konya Korualan 36.58 32.22 1747 7.5 130 2.34 9.8
106 Antalya Egrigol 36.55 3212 2067 74 98 1.35 6.0
107 Antalya  Eksere 36.51 3204 1486 76 107 0.88 429
108 Afyon Karakuyu 38.03 30.16 1005 7.8 615 9.1 36.7
109 Afyon Gencgali 38.02 3005 932 77 154 117 64.2
110  Afyon Bozhuyik 38.11 30.03 821 7.6 285 4.48 304
m Afyon incehisar 38.52 3047 1135 7.4 m 1.02 1.7
12 Afyon Bayat 38.59 30.56 1059 77 155 0.7 8.8
113 Eskisehir Buzluca 39.15 31.21 857 7.5 1200 4.26 24.3
114  Eskisehir Nasrettin Hoca 39.29 31.39 986 7.7 162 1.43 537
115  Eskisehir Hamamkarahisar 39.26 31.46 838 8.5 795 413 10.6
116 Eskisehir Kavuncu Yaylasi 39.24 31.58 701 7.7 227 0.06 276
117  Ankara Aydinli 39.23 32.06 841 75 265 336 453
118  Ankara Polath 39.17 32.04 728 8 985 5.61 31.7
119  Kirsehir  between Kirgehir - Ankara 39.19 3333 1020 75 145 1.21 15.0
120 Kirikkale  Kirikkale - Ankara 39.23 33.35 1030 75 618 343 106
121 Kirikkale  between Kirikkale-Ankara 39.28 33.35 956 74 171 209 53
122 Ankara between Eskikdy - Ankara 40.08 3317 96 74 87 095 15

123 Ankara between Ciftlik kdyl - Ankara  40.09 33.19 1097 76 185 1.96 57
124 Ankara between Karahlyuk - Ankara ~ 40.11 33.19 1048 76 318 497 94
125  Ankara between Hasayaz - Ankara 40.2 33.23 748 7.3 403 119 10.6
126 Cankiri between Cankiri - Ankara 40.25 33.18 893 7.2 275 3.71 1.8
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127 Cankri between Cankiri - Ankara 40.33 3312 1386 6.5 67 1.66 20
128  Cankiri between Cankiri - Ankara 40.47 32.51 142 7.8 149 1.76 26.4
129  Ankara between Yukaricanli - Ankara  40.4 32.43 1483 6.9 52 063 15
130  Ankara Beypazari 40.09 3213 1087 7.3 111 1M 1.8
131 Konya Karasinir 3714 324 1089 74 124 114 53
132 Karaman Agagoba 371 32.45 1312 74 106 1.22 3.8
133  Karaman Habiller Koyl 37.05 32.43 1300 76 166 044 174
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Figure 2. Histograms of the frequency distribution of soil-related features in Lolium perenne habitats
collected from the Central Anatolia Region of Turkiye. (A) Altitude. (B) pH. (C) EC. (D) Organic matter.

The pH values of the soil samples were the lowest pH 6.35 and the highest pH 8.50 (Table 1). The pH of soil
samples mostly varies between 7.0 and 7.8 (Fig. 2B). The median value and the arithmetic mean were very close
to each other, and the pH values showed a normal distribution. It can be said that perennial ryegrass is more
common in neutral to slightly alkaline soils, or it is adapted to these soils because most of the soils in the region
are neutral to slightly alkaline.

The EC value of the areas where perennial ryegrass plants were collected varied between 538 - 2067 uS/cm, the
mean was 261 uS/cm, the width of variation was 1343 uS/cm and in general the soil was classified as non-saline
(non-saline: <2 mS/cm, Anonymous, 2023). EC values are mostly concentrated between 75-275 uS/cm (Fig. 20).

Organic matter content varied between 0.04 - 9.10% (Table 2). The mean was 2.21%, the median was 1.56% and
the width of variation was 9.06% (Table 1). Extreme values have an increasing effect on the average organic
matter content. In general, the organic matter content of the soils in which perennial ryegrasses are found
naturally is determined to be between 0 - 2.0% (Fig. 2D), very little or little (very little: 0-1%; little: 1-2%, Ulgen
and Yurtsever, 1974).

The lime content of the soil samples varied between 1.2 - 64.2% with an average of 171% (Table 1). Perennial
ryegrasses were naturally distributed in soils ranging from low to very calcareous (low calcareous: 0-1%; very
high calcareous: >25%, Ulgen and Yurtsever, 1974) (Fig. 3A).

The phosphorus (P,Os) content of soils from which perennial ryegrass plants were collected ranged from 4.28 to
128.7 mg/kg, with an average of 18.88 mg/kg (Table 1). However, a few extremely high values increased both the
mean and the standard deviation. Disregarding these extreme values, perennial ryegrasses were found to be
naturalized mostly in soils containing O - 30 mg/kg phosphorus (Table 3, Fig. 3B). The soils in which perennial
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ryegrass plants naturally spread were classified as very low, low, medium and high in phosphorus content
(according to Ulgen and Atesalp (1972), (alkaline soils) very low: <2.5; low: 2.5-6.0; medium: 6.0-12; high: »12
mg/kg) were determined.

Table 3. Analysis results of soil samples results of the locations where perennial ryegrass landraces were

collected.

P,O; K,O Ca Mg Na Fe Zn Cu Mn
No  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mg/kg) (mg/kg) (mg/kg)  (mg/kg)
1 19.03 132 1351 236 28.4 20.44 0.31 0.47 8.81
2 18.06 444 7059 730 8.1 7.66 033 0.79 8.46
3 46.04 75 4749 446 62.9 4.41 1.70 0.89 20.75
4 18.7 1361 4808 978 7245 9.91 0.41 1.95 1013
5 n7z 731 4626 396 1220.0 2.78 0.70 0.44 3.64
6 7.68 80 5173 135 8.0 117 0.18 1.27 1.7
7 9.37 525 4313 457 138.9 3.68 017 1.37 9.46
8 23.36 505 5844 2606 3016.0 3.7 0.85 3.39 20.49
10 13.4 230 5829 1078 192.0 3.40 048 1.25 15.45
1 59.82 1039 7561 2018 2468.0 16.61 1.47 517 25.68
12 15.52 15 5414 698 374 15.72 0.22 3.16 11.20
13 15.31 58 8113 673 1451 50.98 1.51 563 12.04
14 14.46 1085 6010 299 114.9 6.52 0.74 2.03 7.45
15 204 1028 5139 964 1.5 473 0.91 2.54 28.68
16 17 35 3401 108 33.6 9.64 0.47 1.00 11.62
17 19.87 283 4613 320 99.1 8.12 8.97 2.38 6.73
18 27.39 264 2117 487 1.1 19.81 0.50 1.34 42.34
19 16.58 517 8198 2246 19.7 528 0.33 1.50 7.72
20 11.28 122 4270 76 320 7.73 0.21 0.39 576
21 12.55 139 5196 2426 79.8 40.93 0.73 3.80 24.81
22 n7z 195 3000 308 96.5 59.16 0.55 1.00 15.85
23 19.55 310 2840 729 10.2 7.73 0.83 2.81 10.47
24 26.12 116 5882 285 18.3 58.37 1.83 3.07 4.24
25 14.67 25 1016 105 1.2 6.06 0.34 0.35 10.42
26 50.92 246 2217 318 97.7 67.50 1.53 1.08 1n.77
27 52.4 1060 5495 479 23.2 7.08 1.36 1.65 27.34
28 7.89 28 2193 424 1.4 19.68 0.28 0.58 14.55
29 8.74 59 4463 100 9.1 6.15 0.33 0.93 6.58
30 22.73 416 5417 159 0.8 4.74 0.37 0.76 9.24
31 14.67 268 7124 1945 88.0 26.62 0.46 2.56 5.68
32 28.87 185 4935 156 6.8 40.23 1.24 2.80 13.52
33 10.43 83 3576 334 8.1 4.81 0.27 0.57 8.95
34 21.03 278 4665 376 17.9 24.46 1.50 353 20.83
35 26.75 236 3517 234 6.1 11.81 0.39 143 29.81
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36 29.09 201 2151 121 0.6 19.97 0.76 1.80 16.89
37 513 29 4583 376 16.9 455 0.26 0.32 3.73
38 14.88 98 4030 78 1.3 16.71 1.07 0.69 5.53
39 098 56 4709 33 21 345 0.27 0.21 2.62
40 938 63 3645 144 20.7 4.29 0.10 1.50 8.68
1 8.1 174 5097 95 2.5 5.98 0.23 0.95 10.11
42 3142 169 6431 212 28.5 38.42 114 2.96 3.93
43 16.79 10 4870 18 51 7.66 0.64 0.98 7.31
44 12871 351 6811 551 1.4 8.69 4.04 943 11.51
45 69.79 262 3473 108 0.9 10.51 3.79 1.45 23.78
46 14.03 259 6731 813 1.0 17.67 0.29 3.15 11.06
47  26.97 323 41M 178 9.1 5.69 0.70 0.94 20.93

Table 3. (continued).

P,O; K,O Ca Mg Na Fe Zn Cu Mn
No  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mg/kg) (mg/kg) (mg/kg)  (mg/kg)
48 7.46 300 7361 657 63.9 7.84 0.16 4.26 9.38
53 15.69 100 4500 128 1.1 3.66 0.63 0.91 8.31
54 20.8 93 4655 165 30.6 510 0.16 1.61 10.63
56 9.2 48 820 652 140.3 40.10 1.55 5.20 1.14
63 16.29 il 4802 120 52 7.56 0.65 0.97 7.41
64 13.4 230 5829 1078 192.0 3.40 0.48 1.25 15.45
65 8.37 530 4450 477 128.9 3.50 0.18 1.41 8.96
66 7.52 79 5020 124 8.2 10.10 0.16 1.22 12.73
101 428 219 6840 207 12.6 7.55 043 1.38 23.60
102 789 102 4678 424 34 8.12 1.80 1.20 Mn.77
103 14.03 218 6386 342 41.2 25.72 0.98 2.55 14.86
104 8.1 82 3496 357 1.5 16.75 0.57 3.21 3.90
105 5.98 14 4347 531 10.4 30.74 0.39 2.60 8.07
106 134 109 6262 m 49 12.45 1.04 3.81 9.77
107 7.04 154 7198 417 5.4 8.51 0.24 1.65 4.06
108 31.84 406 2508 1806 2834 11.83 1.87 6.43 12.25
109 704 296 5312 457 85 6.94 0.33 1.02 9.37
10 2167 444 6828 1056 128.2 61.79 1.59 3.22 7.98
m 6.19 312 2533 585 914 4.64 0.23 1.28 9.24
112 17 566 3657 223 20.4 4.30 0.97 0.56 9.92
13 3248 959 6261 588 545 3.46 0.97 1.32 16.91
14 9.58 481 5431 322 16.9 4.06 0.48 1.52 15.46
115 18.49 649 3187 2096 588.6 50.20 1.51 0.86 8.39
116 10.01 681 5296 1320 106.2 5.75 0.21 214 2.33
17 8.95 422 5334 405 8.0 9.91 1.06 112 715
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254
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352

6.38
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18.01
6.25
717
10.35
32.61
6.73
7.32
13.55
18.03
3.77
437
9.67
13.23
11.47

1.53
0.34
1.42
0.94
0.33
1.54
1.32
0.60
0.81
0.52
0.38
0.20
0.49
0.46
0.80
0.28

1.59
1.31
6.05
1.21
1.35
2.85
6.02
2.05
249
1.97
1.33
1.09
0.72
1.61
412
1.26

15.83
10.23
36.16
11.16
777
11.53
19.02
6.63
38.88
24.09
3.96
6.40
14.28
17.35
4.60
10.59

The potassium (K,0) content of the soils of the lands where perennial ryegrass plants were collected varied
between 24.7 - 1360.8 mg/kg, with a mean of 316.3 mg/kg and a range of 1336.1 mg/kg (Table 1). According to
these results, the majority of perennial ryegrasses were distributed in all soils with potassium content of very low,
low and medium (according to FAO (1990), very low: <50; low: 50-110; medium: 110-290; high: 290-1000; very
high: >1000 mg/kg) (Table 3, Fig. 3C).

A

The calcium (Ca) content of the soils of the locations where perennial ryegrass plants were collected ranged from
820 to 8198 mg/kg with a mean of 4841 mg/kg and a variation width of 7378 mg/kg (Table 1). The soils in which
perennial ryegrass was distributed were mostly soils with low, medium and high (according to FAO (1990), low:
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Figure 3. Histograms of the frequency distribution of soil-related features in Lolium perenne habitats
collected from the Central Anatolia Region of Turkiye. (A) Lime. (B) P,Os. (C) K,0. (D) Ca.
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The magnesium (Mg) content of the soils of the locations where perennial ryegrass plants were collected ranged
from 32.7 to 3569 mg/kg, with a mean of 620 mg/kg and a variation width of 3536.3 mg/kg (Table 1). The soils in
which perennial ryegrass genotypes are naturally distributed are mostly soils with low, medium and high
(according to FAO (1990), low: 50-160; medium: 160-480; high: 480-1500 mg/kg) magnesium content. The
difference between the median value and the mean and the high standard deviation is because the extreme
values increase the mean and standard deviation. It can also be stated that perennial ryegrass can grow naturally
in soils with low magnesium content (Table 3, Fig. 4A).

The sodium (Na) content of the soils of the locations where perennial ryegrass plants were collected varied
between 0.6 - 3016 mg/kg, with a mean of 143.1 mg/kg and a variation width of 3015.4 mg/kg (Table 1). Most of
the soils (67 locations) in which perennial ryegrasses are naturally distributed have low sodium content
(according to Korkmaz et al. (2012), low: <100 kg/mg) (Table 3, Fig. 4B).

The iron (Fe) content of the soils of the locations where perennial ryegrass plants were collected ranged from
2.78 to 67.50 mg/kg, with a mean of 14.57 mg/kg and a variation width of 64.72 mg/kg (Table 1). The iron content
was medium at 16 locations where perennial ryegrass genotypes naturally spread, and high at 71 locations
(according to Lindsay and Norvell (1978), medium: 2.5 - 4.5; high: >4.5 mg/kg) (Table 3, Fig. 4C).

The zinc (Zn) content of the soils of the locations where perennial ryegrass plants were collected ranged from
0.10 to 8.97 mg/kg, with a mean of 0.88 mg/kg and a variation width of 8.87 mg/kg (Table 1). Zinc content was
very high in one location, high in two locations, very low in seven locations and low or medium in 77 locations
where perennial ryegrass genotypes were naturally distributed (according to FAO (1990), very low: <0.2; low:
0.2-0.7; medium: 0.7-2.4; high: 2.4-8.0; very high: >8.0 mg/kg) was found (Table 3, Fig. 4D).
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Figure 4. Histograms of the frequency distribution of soil-related features in Lolium perenne habitats
collected from the Central Anatolia Region of Turkiye. (A) Mg. (B) Na. (C) Fe. (D) Zn. (E) Cu. (F) Mn.
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The copper (Cu) content of the soils of the locations where perennial ryegrass plants were collected ranged from
0.21 to 9.43 mg/kg, with a mean of 2.05 mg/kg and a variation width of 9.22 mg/kg (Table 1). In all 87 locations
where perennial ryegrass genotypes were naturally distributed, zinc was sufficient (according to Follet (1969),
insufficient: <0.2; sufficient: 502 mg/kg) (Table 3, Fig. 4E).

Manganese (Mn) content of the soils of the locations where perennial ryegrass plants were collected ranged from
2.33 to 42.34 mg/kg, with a mean of 12.71 mg/kg and a variation width of 40.01 mg/kg (Table 1). Manganese
content was very low in 7 locations, low in 53 locations and medium in 27 locations where perennial ryegrass
genotypes were naturally distributed (according to FAO (1990), very low: 4<; low: 4-14; medium: 14-50 mg/kg)
(Table 3, Fig. 4F).

Sail, It occurs with the breaking down of the main rock into small pieces by external factors, mixing of many
organic materials with the soil and chemical dissolution (Bagdatli and Can, 2020). Soil is an important resource
for the natural and agro-ecosystems on earth to survive (Ozgiil, 2020). In general, a significant amount of land
area in the Central Anadolu Region of Turkiye has saline-sodic soil properties (Yildiz et al., 2017). However, soil
can vary almost step by step. The analysed properties of an entity with a heterogeneous structure like soil also
show a great variation (Sar et al. 2019). Topography, climate, vegetation and grazing constantly affect each other
in the rangeland ecosystem. Grazing has led to a significant annual and seasonal changes in which we measure
some of the soil parameters (Yalgin et al., 2016). For this reason, there are great differences in the soil properties
of the pasture areas where perennial grass is collected. Similarly, Korkmaz et al. (2012) analysed soil samples
taken from the natural habitats of some taxa belonging to the genus Cypsophila L. growing in Turkiye and found
significant differences in soil physical and chemical properties. Akin and Tagova (2019) conducted a study to
determine the nutrient contents in the agricultural soils of the Central Anadolu Region and found that 89.2% of the
soils in the region were slightly alkaline, 99.4% were non-saline, 85.5% were low and very low in organic matter
content, 56.1% were high and very high in lime, 75.4% were medium, low and very low in phosphorus, 94. 4%
had high useful potassium content, 99.2% had adequate, high and very high exchangeable calcium content,
93.4% had adequate, high and very high exchangeable magnesium content, 44.8% had low and very low iron
content, 75.3% had low and very low zinc content, 92.3% had low and very low manganese content and 98.8%
had adequate copper content. Zengin et al. (2019), who conducted a study in Beysehir District, which is within
the scope of our study area, found that agricultural soils generally have slightly alkaline pH, non-saline, medium
calcareous and low organic matter characteristics, and have sufficient levels of phosphorus, potassium and
microelement amounts. The results are generally similar to our research results. The differences may be that the
agricultural soils are continuously cultivated and fertilized, while the areas where we collected the plants are not
cultivated and fertilized, and the pasture areas are constantly covered with plants and the soil is moist most of
the year.

Conclusions

There have not been many studies on the collection and identification of perennial ryegrass in the natural flora of
Turkiye and not much information about their distribution in Central Anadolu has been recorded in the literature.
In this study, perennial ryegrass genotypes were identified, plant samples were taken, coordinate information
was recorded and soil samples were taken in the areas around the water flowing from small springs in the fields,
in the meadow areas, river banks, wetlands, seeps (seeps; sloping lands, areas where moisture is found in the soil
even in the hot summer period, oases of the steppe) in the Central Anadolu Region. The soil samples were
analysed and the results were summarized. According to these results, perennial ryegrass plants are adapted to
many different soil types and tolerate deficiency of some elements and excess of some elements. These results
give information about the general soil requirements of perennial ryegrass plants. In most of the areas where turf
will be established, suitable soil for the development of grass plants cannot be found. For this reason, a significant
amount of soil is transported to the the area where turf will be installed. This increases the cost of establishing
turf. The development of varieties that are resistant or tolerant to excess and deficiency of nutrients in turfgrass
plants will reduce the costs in the establishment of turf areas and extend the life span of turfgrass areas. It is
thought that perennial ryegrass genotypes collected from extreme soil conditions within the scope of this study
will provide a genetic advantage in breeding for unfavourable soil conditions.

Acknowledgments

The authors are thankful to The Scientific and Technological Research Council of Turkiye (TUBITAK) for funding
the study.

Funding Statement

The Scientific and Technological Research Council of Tiirkiye (TUBITAK) provided funding for this study (grant
number: TOVAG-1060159).

Conflicts of Interest

The authors declare that they have no conflicts of interest to report regarding the present studly.

2


https://cirworld.com/index.php/jaa

Journal of Advances in Agriculture Vol 14 (2023) ISSN: 2349-0837 https://rajpub.com/index.php/jaa

References

1) Akin, A. & Tasova, H. (2019). Assessment and mapping of soil fertility in Central Anatolian croplands.
Mediterranean Agricultural Sciences, 32 (special issue), 1-6.
https://doi.org/10.29136/mediterranean.558891

2) Anonymous, (2023). Soil Electrical Conductivity.
https://www.sdsoilhealthcoalition.org/technical-resources/chemical-properties/soil-electrical-conducti
vity/ (accessed on 06 September 2023)

3) Avcl, A, Ozkése, A. & Tamkog, A. (2012). Turfgrass quality changes from season to season on perennial
ryegrass (Lolium perenne L) genotypes collected from natural flora. World academy of Science,
Engineering and Technology, International Conference, June 2012 Paris France. Book of Conference pp.
547-550. https://zenodo.org/record/1063058

4) Avci, A, Ozkése, A. & Tamkocg, A. (2015). Determination of some plant characters of perennial ryegrass
(Lolium perenne L.) genotypes in polycross plots. Turkiye 11. Tarla Bitkileri Kongresi, 7-10 Eylil 2015,
Canakkale, Proceeding Book, Volume: Il, pp. 222-225 [In Turkish]

5) Bayrakl, F., (1987). Soil and Plant Analysis. Ondokuz Mayis University Faculty of Agriculture Publications,
Publication No: 17, Samsun, [In Turkish].

6) Bagdath, M.C., & Can, E. (2021). Spatial evaluation of land and soil properties in the example of Nevsehir
province, Turkey. International Journal of Engineering Technologies and Management Research, 8(7),
90-103. https://doi.org/10.29121/ijetmr.v8.i7.2021.1007

7) Bolaric, S., Barth, S., Melchinger, A.E. & Posselt, U.K. (2005). Molecular genetic diversity within and
among German ecotypes in comparison to European perennial ryegrass cultivars. Plant Breeding, 124,
257-262. https://doi.org/10.1111/].1439-0523.2005.01108.x

8) Davis, P.H., (1985). Gramineae (Poaceae), Vol. 9, p.159-626. In Flora of Turkey, Edinburg University Press,
Edinburg, UK,

9) FAO. (1990). Micronutrient, Assessment at the Country Level: An International Study. FAO Soil Bulletin by
Sillanpaa. Rome.

10) Follet, R.H. (1969). Zn, Fe, Mn and Cu in Colorado Soils. Ph. D. Dissertation. Colorado State University.

1) Hannaway, D., Fransen, S., Cropper, J., Tell, M., Chaney, M., Criggs, T., Halse, R., Hart, )., Cheeke, P,
Hansen, D., Klinger, R. & Lane, W. (1999). Perennial ryegrass, (Lolium perenne L.).
https://ir.library.oregonstate.edu/downloads/6108vb53s (accessed on 03.09.2023)

12) Hoover, M.M. Hein, M.A., Dayton, W.A. & Erlanson, C.O. (1948). Crass. The Yearbook of Agriculture, 1948.
United States Department of Agriculture. The superintendent of Document, Washington, 25, D.D., USA,
pp: 675-677.

13) Karapinar, H.S. (2023). Composition of some trace elements in wheat plant and soil. Anatolian Journal of
Botany, 7(1), 40-45.

14) Korkmaz, M., Ozcelik, H., & ilhan, V. (2019). Habitat Properties of Some Gypsophila L. (Caryophyllaceae)
Taxa of Turkey. Biyoloji Bilimleri Arastirma Dergisi, 5(2), 111-125.
https://bi n.tr/index.php/bi rticle/view/1

15) Lindsay, W.L. & Norvell, W.A. (1978). Development of a DTPA soil test for zinc, iron, manganese and
copper. Soil Science Society of American Proceeding 42: 421-428.

16) Lindsay, W.L. & Norvell, W.A. (1978). Development of a DTPA soil test for zinc, iron, manganese and
copper. Sail science society of America journal, 42(3), 421-428.
https://doi.org/10.2136/s552j1978.03615995004200030009x

17) Ozgil, M. (2020). Common Properties and Land Use Status of High Mountain and Grassland Soils in
Erzurum Kars Plateau. Ataturk University Journal of Agricultural Faculty, 51 (3), 309-320.
https://doi.org/10.17097/ataunizfd.710916

18) Ozkése, A., Avcl, MAA. & Tamkog, A. (2012). Situations encountered during the collection of perennial
ryegrass (Lolium perenne L.) plants (Cok yillik ¢im (Lolium perenne L.) bitkileri toplama calismalarinda
karsilagilan durumlar). 1. Ulusal Disiplinler Arasi Cevre Kongresi, 14 - 16 May 2012, Sakarya, Proceeding
abstract book p.19 [In Turkish]

19) Ozkése, A. & Tamkoc, A. (2014a). Morphological and agronomic characteristics of perennial ryegrass

(Lolium  perenne L) genotypes. Turkish Journal of Field Crops, 19(2), 231-237. DO
https://doi.org/10.17557/tjfc.15567

20) Ozkése, A. & Tamkoc, A. (2014b). Correlations among their characteristics and some morphological

21)

characteristics of perennial ryegrass genotypes. ICAFE 2014: XII International Conference on Agricultural
and Food Engineering, 4-5 December 2014, Penang - Malesia, Book of Conference pp: 214-218.
https://zenodo.org/record/1097365

Ozkése, A, Avci, M. A. & Tamkoc, A. (2015). Perennial ryegrass (Lolium perenne L.) genetic resources in
the Central Anatolia flora and environmental pressures on biodiversity. Fresenius Environmental Bulletin,
24(4a), 1434-1439.

22) Rhoades, J.D. (1983). Cation Exchange Capacity. In: Methods of Soil Analysis, Part 2. Chemical and

Microbiological Properties. Second Edition A.L. Page (Ed.). Agronomy Monographs. American Society of

”


https://cirworld.com/index.php/jaa
https://doi.org/10.29136/mediterranean.558891
https://www.sdsoilhealthcoalition.org/technical-resources/chemical-properties/soil-electrical-conductivity/
https://www.sdsoilhealthcoalition.org/technical-resources/chemical-properties/soil-electrical-conductivity/
https://zenodo.org/record/1063058
https://doi.org/10.29121/ijetmr.v8.i7.2021.1007
https://doi.org/10.1111/j.1439-0523.2005.01108.x
https://ir.library.oregonstate.edu/downloads/6108vb53s
https://bibad.gen.tr/index.php/bibad/article/view/180
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.17097/ataunizfd.710916
https://doi.org/10.17557/tjfc.15567
https://zenodo.org/record/1097365

Journal of Advances in Agriculture Vol 14 (2023) ISSN: 2349-0837 https://rajpub.com/index.php/jaa

Agronomy, Inc. Soil Science Society of America, Madison, Wisconsin, pp. 149-157.

https://doi.org/10.2134/agronmonogr9.2.2ed.c8

23) Saglam, M.T. (1979). Soil Chemistry Practice Notes. Ataturk University Press, Erzurum. [In Turkish]

24) Sari, S., Aksakal, E. L. & Oztas, T. (2019). Assessment of Spatial Distribution Patterns of Soil Properties at
the Experimental Fields of Igdir University. Journal of the Institute of Science and Technology, 9 (4),
2346-2363. https://doi.org/10.21597/]ist.598068

25) Taban, S. (2005). Soil Analysis and Its Importance as a Guide in Fertilization (Gibrelemede Yol Gosterici
Olarak Toprak anallzlerl ve Oneml)

(accessed on 06.09. 2023) [In Turkish]

26) Ulgen, N. & Atesalp, M. (1972). Determination of phosphorus available to plants in soil (Toprakta bitki
tarafindan alinabilir fosfor tayini). T.C. Tarim ve K&y Isleri Bakanligi. Toprak Su Genel Mudurligi. Toprak
ve Glbre Arastirma Enstitlist, Teknik Yayinlar Serisi Sayi: 21, Metin Matbaasi, Ankara. p. 17. [In Turkish]

27) Yalcin, E., Do@an, A. & Akgin, A. (2016). Effects of Crazing on Soil Parameters in Meadow Ecosystems.
Hacettepe Journal of Biology and Chemistry, 44 (2), 161-171. hitps://doi.org/10.15671/H|BC.20164418124

28) Yildiz O., Altundag E., Cetin B., Guner $. T., Sarginci M., Toprak B. (2017). Afforestation restoration of
saline-sodic soil in the Central Anatolian Region of Turkey using gypsum and sulfur. Silva Fennica, 51(1B),
1-17. https://doi.org/10.14214/s£.1579

29) Watson, L. & Dallwitz, M. J. (1992). The Crass Cenera of The World, CAB International, Wallingford Oxon
OX10 8DE,

.


https://cirworld.com/index.php/jaa
https://doi.org/10.2134/agronmonogr9.2.2ed.c8
https://doi.org/10.21597/jist.598068
https://docplayer.biz.tr/13122572-Gubrelemede-yol-gosterici-olarak-toprak-analizleri-ve-onemi.html
https://doi.org/10.15671/HJBC.20164418124
https://doi.org/10.14214/sf.1579

