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Evaluation of yield and essential oil stability (GGE biplot) in 11 genotypes of Thymus lancifolius Celak
across 13 locations of Iran.
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Abstract
Background and Objectives

Thymus L. species (Lamiaceae family) are among the most important medicinal and aromatic
plants, showcasing significant morphological, genetic, and phytochemical diversity. Thymus
lancifolius Celak is one of the endemic species of Thymus in Iran, valued for its high
concentration of phenolic compounds, which contribute to its economic and medicinal
significance. The objective of this study was to cultivate, evaluate, and identify high-yielding and
stable genotypes in terms of aerial dry matter yield and essential oil yield using the GGE-biplot
method.

Materials and Methods

In the evaluation of thyme germplasm in the national botanical garden at the Research Institute
of Forest and Rangeland, Tehran, eleven genotypes of Th. Lancifolius was identified. The seeds
of genotypes were sown in pots in a greenhouse. The seedlings were moved to the field in 13
research farms in the provinces of East Azerbaijan, Isfahan, Razavi Khorasan, Zanjan, Qom,
Markazi, Hamadan, Golestan, Yazd, Semnan, Ardabil, and Tehran (Botanical Garden and
Damavand-Hamand Absard). The seedlings were transplanted in the field under dripping
irrigation as spaced plants with the arrangement of 75x75 cm (15 plants per plot) based on
randomized complete block designs with three replications in April 2009. No data were recorded
in the establishment year. In the second and third years, at the time of the 50% flowering stage,
thyme plants were harvested and dried under shade conditions. The hydro-distillation method
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extracted the essential oil from the dried and powdered shoots using a Clevenger design apparatus
for three hours. All collected data, including aerial dry matter yield, essential percentage, and oil
yield, were subjected to analysis of variance. The mean of genotypes was compared with the
control (Thymus vulgaris) using LSD (p<0.05). Since the result of the analysis of variance showed
significant effects of genotype, environment, and genotype by environment interaction for all the
traits. GGE biplot analysis was employed to evaluate the yield stability over 13 locations using
R4.5 software.

Results

A high value aerial DM vyield (1627 kg/h/year) was obtained in genotype 48, which had no
significant difference with the control (Th vulgaris). Whereas, DM vyields of the other genotypes
were significantly lower than the control, and they were ranked in the second class. For essential
oil percentage, the trend was different, and half of the genotypes had significantly higher essential
oil percentages than the control. The highest essential oil percentage, with values of 1.71 and
1.62%, was obtained in genotypes 1 and 45, respectively, which were significantly higher than
the control (1.04%). For essential oil yield, the average values of 22.8, 22.3, 24.1, and 23.9 kg/h
were obtained in genotypes 1, 45, 48, and 61, respectively, which were significantly higher than
the control (19.1 Kg/h). A stability analysis was made for functional traits using the average
environment coordination (AEC) axis with an ideal genotype; the stable genotypes were
recognized over all environments. For aerial DM yield, genotypes 45 and 48 and the control, for
essential oil percentage, genotypes 1 and 45, and for essential oil yield, genotypes 1, 41, 45 and
48, were close to the AEC axis, and they were recognized as a stable genotype over all
environments.

Conclusion

According to the results of the combined analysis of variance and stability using the GGE biplot
method, three genotypes, 1 (Farahan), 45 (Freydonshahr), and 48 (Khoramabad), were selected
as superior genotypes for evaluation in extension research projects and seed production due to
their high DM yield, essential oil content and essential oil yield, and general stability of yield in
multiple locations.
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Table 1 Climatic information and soil characteristics of the thyme study areas

Row  Province Research EC pH OC  Total P K Altitude  Rainfall Annual
Station dsm? % N%  (ppm)  (ppm) masl| mm Temp.°C
1 Isfahan Fozveh 280 770 120 0.12 90 210 1612 125 16.3
2 Golestan Gorgan - - - - - - 160 465.0 17.8
3 Hamdan Ekbatan 094 758 0.69 0.07 7.35 311 1720 317.7 11.9
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10 Zanjan Khairabad 150 7.80 0.75 0.07 10.3 363 1783 311.1 115
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Table 3- Analysis of variance and percentage of environment, genotype and genotype-environment interaction
variances for dry matter yield, essential oil percentage and essential oil yield of 12 7. lacnifolius genotypes in 13
locations over two years

Source DF DM Yield OIL % OIL Yield
SS MS SS% SS MS SS% SS MS SS%

Location (L) 12 1144918 104083  60.0% 55.12 5.01™  42.9% 746.93 67.90™  56.9%

Error 1 26 269777 22481 - 19.89 1.66 - 285.32 23.78 -
Genotype(G) 11 42699 4270™ 2.20% 6.14 0.61™  4.8% 16.86 1.69™ 1.30%

GxE 132 329800 3111™ 17.3% 30.56 0.29™  23.8% 164.71 1.57" 12.5%

Error 2 260 118309 1020 20.3% 16.71 0.14 28.5% 101.31 0.88 29.4%

Total 428 1908983 - - 128.61 - - 1313.12 -

A 0 e oy S Jloi | e 10 Dlay o ko **, significant at 1% probability level.
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Table 4. Means of dry matter yield, essential oil percentage and essential oil yield in 7. Jacnifolius at 13
locations (average of 12 genotypes).

Row Province County Abreviation DM vyield (Kg/h) Essential Oil % Oil Yield (Kg/h)
1 Esfahan Esfahan ES 2003 a 2.51a 50.18 a
2 Golestan Gorgan GR 1306 b 158a 2041b
3 Hamedan Hamedan HM 886 ¢C 0.95b 8.59 ¢
4 Khrasan Razavi Mashad MS 1711 a 1.36a 22.85b
5 Markazi Arak AK 895¢ 151a 12.89¢c
6 Qom Qom QM 1767 a 1.64a 29.52 b
7 East Azerbaijan Tabriz B 1603 a 142a 2251b
8 Yazd Yazd YZ 1385 b 197a 26.57 b
9 Tehran Damavand DM 1801 a 148a 27.07b
10 Zanjan Zanjan ZN 594 ¢ 1.00b 5.56 ¢
11 Tehran Tehran TE 1032 be 1.02b 10.01¢c
12 Semnan Semnan SM 1450 b 1.01b 15.07 be
13 Ardebil Ardebil AR 1459 b 1.24b 18.47b

Cowld 5 Slo 50 10 Jleis] da jo Jlo gme OS] 5929 pas cdims lid s 2 50 alie By >
Means within a column, followed by the same letter, are not significantly different (P<0.05).
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Table 5. Means of dry matter yield, essential oil percentage and essential oil yield in 11 genotypes of Th.
lacnifolius compared with control (average of 13 locations).

Genotype Gene bank Origin County DM vyield Essential Oil Yield
code code Kg/h Oil % Kg/h

1 13490 Markazi Farahan 1304 b 1.70a 22.82a

4 13498 Markazi Tafresh 1405 b 1.24b 18.65b
16 17009 Kurdistan Sanandaj 1292 b 1.32b 17.65b
25 - Unknown - 1301 b 157a 2150 a
41 6378 Fars Shiraz 1352 b 149a 21.12a
43 9182 Lurestan Aligodarz 1173 b 154a 20.90 a
44 4585 Kurdistan Sanandaj 1313 b 1.48a 19.83b
45 10126 Isfahan Farydonshar 1304 b 162a 22.25a
48 7507 Lorestan Khoramabad 1627 a 1.37a 2410 a
61 15626 Markazi Arak-Tureh 1411 b 159a 23.97 a
69 13500 Markazi Arak-Tureh 1246 b 1.27b 17.01b
Control T.vulgare Foreign 1807 a 1.04b 19.16 b

Cowla Sk 50 10 Jleixl e jo o e BT 5929 pae cdims s s o 50 alie By >
Means of columns followed by the same letter are not significantly different (p < 0.05).
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Table 6. Means of dry matter yield of 11 genotypes of Th. Lacnifolius for each location.
Genotype Locations # (Kg/h)

Code ES GR HM MS AK QM B YZ DM ZN TE SM AR
1 1741 1451b 936b 1014 501 2185a 1505 765 2455a  656a  1100b 1110 1534b
4 2408a 1270 670 2276a 882b 2005a 915 714 2126a 549 1269b 1743a  1439b
16 1685 1082 600 1275 1100a  1775b  2150a  2038a  1822b 474 805 1101 896
25 1729 1426b  1020b  1900b  1096a 1350 1665 1469 1338 516 738 1852a 819
41 2227a 1161 2115a  1784b 640 1715b 823 1564 1674b 300 682 1855a 1040
43 2480a 1196 295 834 626 1730b 1815 1389 1404 589 854 1426b 618
44 1818 1148 455 1429 998b 1415 1595 946 2241a 252 1032 1485b 2258a
45 2308a 1300 615 2544a 909b 1795a 960 1097 1528b  828a  1165b 812 1094b
48 2048a  1444b 850b 1734b 853b 2025a  2555a  1943a  2821a 836a  1151b 1231 1668b
61 1789 1309b 285 2148a 803b 1905a 1660 1430 1262 467 899 2009a  238la
69 1450 1036 465 1058 1138a  1690b 1288 1492 1343 825a 992 1194 2231a
Control 2350a  2150a 2330a 2541a  1188a  1613b  2303a 1778a  1600b  835a  1700a  1579b  1528b

el LSD5Y a3 ol sl :Kle b conlis b 55 stinsolis B 58 G 05 58 3
Means of columns followed by letters a and b indicate similarity or difference from the control (LSD5%).

The full names of locations are presented in Table 4
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Table 7. Means of essential oil percentage of 11 genotypes of Th. lacnifolius for each location.

Genotype Locations # (%)
Code ES GR HM MS AK QM B YZ DM ZN TE SM AR
1 3.27a 155a 122a 19%9a 2252 225a 100 226a 1.60a 1.39a 0.88 0.79 171a
4 198 1.63a 0.94 105 1.3% 2.15a 1.18 143 1.65a 0.82 0.75 0.50 0.70
16 1.82 2.13a 0.86 0.73 14la 1.65a 1.48a 1.22 1.00 1.04 0.69 147a 1.67a
25 2.68a 159 1.28a 1.70a 1.10 165a 2.16a 2.06a 1.80a 1.12a 154a 0.93 0.79
41 254a  0.89 096 182a 142a 140 1.6la 203a 1.80a 1.32a l1l44a 124a 0.98
43 3.18a 1.37 057 152a 182a 130 210a 245a 1.60a 1.13a 137a 0.71 0.87
44 199 1.70a 1.02 156a 192a 120 149a 22la 150a 1.34a 0.86 0.77  1.65a
45 293a 1.75a 1.76a 147a 1.44a 185a 1.63a 249a 1.65a 0.59 1.03a 0.82 1.70a
48 250a 193 084 090 128a 1.75a 1.3la 1l.76a 1.70a 0.70 0.71 1.10 1.32
61 3.03a 184a 065 1.72a 2.03a 165a 1.36a 2152 1.00 101 127a 180a 121
69 2.37a 132 0.43 1.05 1.18 2.00a 103 2.00a 145a 0.80 0.90 0.84 1.11
Control 1.80b 1.28b 08lb 0.79p 0.88b 081b 0.73b 157b 1.04b 0.77b 0.77b 1.20b 1.11b

2 LSD5% 05031 jolial b Sk b canlis L coslis sdmsplis D 58 G > 052 o o
Means of columns followed by letters a and b indicate similarity or difference from the control (LSD5%).

The full names of locations is presented in Table 4
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Table 8. Means of essential oil yield of 11 genotypes of Th. lacnifolius for each location.
Genotype Locations # (Kg/h)
Code ES GR HM MS AK QM TB YZ DM ZN TE SM AR
1 56.8a 224 114b 2018 1127 49.1a 1505 1725 39.2a 9.09a 9.68 8.79  26.2a
4 475 206 630 2378 1221 431a 1080 10.17 359a 451 @ 9.52 8.72 10.8
16 30.6 229 516 931 155a 2929 31.7a 2486 1822 493 556 162b 1497
25 46.2 226 136b 323a 120 2228 358a 30.la 2408 575 11.3a 17.1b 6.47
41 56.4a 103 20.2a 324a 9.09 2401 1321 316a 30.1la 394 9.82 23.0a 10.19
43 78.7a  16.3 1.67 1268 11.37 2249 38.la 339a 2247 6.65 11.6a 10.08 5.37
44 36.1 195 464 2229 191a 1698 2369 2086 33.6a 3.38 8.87 1145 37.2a
45 67.5a 200 10.7b 374a 13.04 332a 1565 2732 2521 484 12.0a 6.67 195
48 51.2a 278a 7.10 1561 1092 354a 334a 342a 479a 585 8.17 1357 221a
61 541a 242a 184 369a 16.3a 314a 2249 30.7a 1262 472 1l4a 36.1a 28.8a
69 34.3 13.6 198 11.06 1343 338a 1327 2984 1948 656  8.93 9.99 24.7a
Control  423b  274a 189a 20.1b 104b 137b 16.7b 278b 16.6b 6.45b 139a 189b 16.9b
2 LSD5% 05051 bl il Sk b sl U sl adasplis D 58 G > 052 a0
Means of columns followed by letters a and b indicate similarity or difference from the control (LSD5%).
The full names of locations is presented in Table 4 Wl o o33 DL g 3 OIS IS s
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Figure 1 a) Polygon diagram of GGE-biplot to determine the best genotypes for each environment, and b) GGE
biplot for the simultaneous selection of yield and stability of 7h. Lacnifolius genotypes using average
environment coordination (AEC). The full names of locations are presented in Table 4.
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Figure 2. a) Polygon diagram of GGE-biplot to determine the best genotypes for each environment, and b) GGE
biplot for the simultaneous selection of essential oil percentage and oil stability of 7h. Lacnifolius genotypes
using average environment coordination (AEC). The full names of locations are presented in Table 4.
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Figure 3. a) Polygon diagram of GGE-biplot to determine the best genotypes for each environment, and b) GGE
biplot for the simultaneous selection of essential oil yield and stability of 7h. Lacnifolius genotypes using average
environment coordination (AEC). The full names of locations are presented in Table 4.
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