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Abstract

Background and Objectives: Thymus daenensis Celak. is one of the most valuable medicinal and
aromatic plants native to Iran. Excessive harvesting from natural habitats, prolonged drought, and
recurrent rangeland fires have seriously threatened many native and endemic thyme populations.
Owing to its high adaptability to harsh environmental conditions and its high essential oil content, T.
daenensis is considered a promising species for rangeland restoration and cultivation in marginal
lands affected by water scarcity and poor soil fertility. Successful domestication, cultivation, and
ecological restoration using this species require the identification of appropriate seed storage
conditions that maintain seed viability and maximize germination. Since seed longevity is strongly
influenced by initial seed quality and storage conditions, determining the optimum storage
temperature is essential for both farmers and gene banks to minimize seed deterioration and preserve
seed quality during storage.

Materials and Methods: The plant material consisted of seeds collected from two natural
populations of Thymus daenensis originating from Fereydunshahr (Isfahan Province) and Lanjrud
(Markazi Province), Iran. Seeds were harvested from cultivated plants in September 2022, dried under
shade, and stored in paper bags. The effects of storage temperature and storage duration on seed
germination characteristics were evaluated using a factorial experiment arranged in a completely
randomized design with three replications. Treatments consisted of seven storage periods (0, 1, 2, 3,
4, 15, and 18 months) and three storage temperatures (ambient laboratory temperature, +4°C, and
—18°C). Germination percentage, germination rate, mean germination time, seed vigor index, root
length, shoot length, and root-to-shoot length ratio were recorded. Data were subjected to analysis of
variance, and treatment means were compared using Duncan’s multiple range test in SAS software.
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Results: A significant interaction was observed between storage temperature and storage duration for
most germination traits. In the Fereydunshahr population, initial germination immediately after
harvest was 59%, which increased after three months of storage to 84%, 91%, and 79% under ambient
temperature, +4 °C, and —18 °C, respectively. After 18 months of storage, germination percentages
were 61%, 81%, and 83% under the respective storage conditions. For short-term storage intended
for planting in the following growing season, seeds stored at +4°C exhibited significantly higher
germination percentage, seedling length, and seed vigor index than those stored under ambient
conditions or at —18 °C. In contrast, for long-term storage (up to 18 months), —18 °C proved to be the
most effective storage temperature for maintaining seed quality, whereas ambient temperature
resulted in the greatest decline in seed performance. In the Lanjrud population, initial germination
was 100%, and no substantial differences were observed among the three storage temperatures during
either short-term or long-term storage, indicating excellent seed longevity and storage stability in this
population.

Conclusion: The results demonstrated considerable variation in post-maturation behavior and storage
response between the two populations of T. daenensis. Dry storage significantly improved seed
germination, particularly in the Fereydunshahr population. For short-term storage (approximately
three months) intended for sowing in the subsequent growing season, storage at +4 °C is
recommended because it provides the highest germination percentage, seedling growth, and seed
vigor. Therefore, farmers are advised to store thyme seeds under refrigerated conditions rather than
at ambient temperature. For long-term conservation, storage at —18 °C provided slightly better seed
viability than storage at +4 °C. Although this difference was relatively small, it may become
economically important for large-scale seed production and long-term germplasm conservation.
Consequently, —18 °C is recommended for long-term storage in gene banks and commercial seed
storage facilities, whereas +4 °C is adequate for routine short-term seed storage and subsequent field
planting.
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Table 1. The results of the analysis of variance of the effect of interim seed storage on germination traits of population

Fereydunshahr
e Germination Germination Germination Vigor Root Shoot Seedling Root/shoot
Variation sources DF percentage rate time index length length length Length ratio
Replication 2 76.44" 1.508" 0.003" 0.086" 0.287" 0.014" 0.404" 0.008"
Storage temperature(T) 2 297.39" 0.173" 4.399™ 1.923™  1.644™  0.014™ 1.638" 0.808"
Storage period (P) 6 1356.10™ 5.175™ 7.076™ 5732 8641 0.375" 9.295™ 8.178™
T*P 12 505.85™ 2.604™ 2.901™ 2.428™  3.160™  0.161" 3.438™ 2.805™
Error 40 64.444 0.891 0.111 0.205 0.261 0.018 0.323 0.185
CV% 11.13 10.32 12.73 10.89 10.32 11.81 10.464 10.28

", *, **: Not significant, significant at 0.05 and 0.01 levels, respectively
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Table 2. The results of the analysis of variance of the effect of interim seed storage on germination traits of population

Lanjrud

. Germination Germination Germination Vigor Root Shoot Seedling Root/shoot

Variation sources D . . .
percentage rate time index length length length Length ratio

Replication 2 7.87" 1.239" 0.158" 0.2418" 0.143" 0.028" 0.283" 0.222"
Storage temperature (T) 2 17777 10.04™ 0.864™ 0.877™ 0.593™  0.137™ 0.989™ 0.278"
Storage period (P) 6 94.47™ 20.76™ 4277 10.229"  7.633"  0.490™ 8.865™ 7.638"™
T*P 12 86.12™ 8.523™ 1.699™ 3.342™ 2.558™  0.184™ 2.947 2.558™
Error 40 13.21 0.690 0.099 0.109 0.121 0.023 0.123 0.229
CV % 3.73 9.44 9.79 9.52 14.84 12.82 9.91 23.57

", *, **: Not significant, significant at 0.05 and 0.01 levels, respectively 2003 50 ok 3l gine 5 sl e st 5 4 P n
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Table 3- Mean of storage conditions, germination treatment and their interaction effects on the germination traits of population Fereydunshahr

Storage Storage period Germination Germination rate Germination Vigor Radicle Shoot length Seedling root/shoot
Temperature (months) percentage (seedling/day) time (day) index length (mm) (mm) length(mm) length ratio
Main effect
+25°C 68.00 b 6.27 a 215 ¢ 267 b 273 b 112 a 384 b 246 ab
+4°C 7543 a 6.12 a 3.07 a 320 a 3.09 a 115 a 425 a 2.71
-18°C 7276 ab 6.10 a 265 Db 269 b 254 b 117 a 371 b 2.32
Main effect Storage period
0 58.67 ¢ 6.22 b 171 d 3.16 a-c 447 a 1.09 bc 555 a 411 a
1 7289 b 6.17 b 257 ¢ 3.05 a-c 315 b 1.02 b-d 417 b 3.14 bc
2 5289 ¢ 543 b 137 e 112 d 115 d 093 d 208 ¢ 124 e
3 84.44 a 778 a 260 c 338 ab 2.87 bc 114 b 400 b 249 ¢
4 79.11 ab 581 b 330 b 293 bc 272 bc 099 «cd 372 b 2.75 bc
15 84.44 a 589 b 39 a 348 a 273 bc 139 a 412 b 1.99
18 82.66 a 6.13 b 353 a 315 ab 243 ¢ 146 a 389 b 1.75
Interaction effect
Temperature Storage period
0 58.60 f-h 6.21 a-c 1.70 fg 3.16 b-e 446 a 1.08 c-g 555 a 410 a
1 66.60 c-g 6.03 a-c 205 d-f 251 d-g 272 c-e 1.04 d-f 3.76 cf 2.66 c-e
2 52.00 gh 537 ¢ 133 g 085 i 085 g 0.76 h 161 i 114 j
+25°C 3 84.00 ab 773 ab 246 c-e 420 a 376 ab 123 b-f 500 ab 3.06 b-d
4 65.30 d-h 486 ¢ 248 c-e 243 e 276 c-e 0.96 gh 3.73 cf 2.87 b-e
15 88.00 ab 775 ab 3.08 ¢ 349 ac 250 de 146 b 3.96 b-f 173 g
18 61.30 e-h 5.89 bc 194 e-g 2.00 gh 201 ef 126 b-e 327 eg 1.60 h-j
0 58.60 f-h 6.21 a-c 1.70 fg 3.16 b-e 446 a 1.08 c-g 555 a 410 a
1 7460 b-e 594 bc 3.00 c 3.37 b-d 352 bc 0.98 f-h 450 ad 356 ab
2 56.00 gh 575 ¢ 142 ¢ 1.35 hi 137 fg 1.02 e-f 240 g-i 133 ij
+4°C 3 90.60 a 783 a 3.05 ¢ 3.67 ab 290 b-e 1.23 b-f 413 b-e 233 d-h



Storage Storage period Germination Germination rate Germination Vigor Radicle Shoot length Seedling root/shoot

Temperature (months) percentage (seedling/day) time (day) index length (mm) (mm) length(mm) length ratio
4 85.30 ab 6.41 a-c 368 b 329 b-e 2.80 c-e 1.06 d-f 3.86 c-f 2.64 c-e
15 81.30 a-c 491 ¢ 462 a 381 ab 3.30 b-d 138 b 4,68 a-c 239 cg
18 8130 a-c 575 ¢ 397 b 3.74 ab 3.30 b-d 1.29 b-d 459 a-d 255 cf
0 58.60 f-h 6.21 a-c 1.70 fg 3.16 b-e 446 a 1.08 cg 555 a 410 a
1 7730 ad 6.52 a-c 2.65 cd 325 b-e 3.20 b-d 1.03 d-f 423 b-e 3.16 bc
2 50.60 h 517 ¢ 134 ¢ 115 i 123 fg 1.00 e-h 2.23 hi 123 j
-18°C 3 78.60 a-d 775 ab 228 d-f 225 fg 1.93 ef 0.94 g¢h 287 f-h 207 e
4 82.60 ab 6.15 a-c 374 b 3.07 b-f 2.60 c-e 0.94 g¢h 354 d-f 272 c-e
15 84.00 ab 498 ¢ 417 ab 3.13 b-e 240 de 132 bc 372 cf 184 fj
18 82.66 ab 6.13 a-c 353 b 3.15 b-e 1.98 ef 183 a 3.81 c-f 1.08 j

sl 450 0 Jlaas! C.E.. 53 b sme Sl sl (SSls ;)‘,Aj_\ ol des i & > K Jslas s &S d\"’u‘i‘\“’ (Jlize ol 31 Jol sl 5 C"E’” aglia 5o
In comparisons of the main and interaction effects, means followed by the same letter have no significant diff erences at 5% probability by Duncan test.
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Table 4- Mean comparison results of storage conditions, germination treatment and their interaction effects on the germination traits of population Lanjrud

Storage Storage period Germination Germination rate Germination Vigor Radicle length ~ Shoot length Seedling Root/shoot
temperature) (months) percentage (seedling/day) time (day) index (mm) (mm) length (mm) Length ratio
Main effect

+25°C 9981 a 940 a 306 b 334 b 224 b 111 b 335 b 206 a

+4°C 9791 a 895 a 317 b 371 a 254 a 124 a 3.78 a 2.14

-18°C 9410 b 805 b 345 a 337 b 227 b 126 a 352 b 1.91

Main effect Storage period
0 100 a 1121 a 252 e 503 a 400 a 103 ¢ 503 a 398 a
1 99.11 a 921 bc 319 ¢ 326 d 221 «cd 1.08 c 329 d 209 b
2 9244 b 8.88 bc 2.65 de 209 f 123 f 1.02 ¢ 224 f 121 ¢
3 9511 b 873 ¢ 291 «cd 283 e 1.89 de 111 ¢ 3.00 de 1.70 bc
4 9422 b 738 d 369 b 262 e 170 e 110 ¢ 280 e 155 ¢
15 100 a 654 e 452 a 447 b 301 b 146 b 447 b 2.16



Storage Storage period Germination Germination rate Germination Vigor Radicle length  Shoot length Seedling Root/shoot
temperature) (months) percentage (seedling/day) time (day) index (mm) (mm) length (mm) Length ratio
18 100 a 964 b 310 ¢ 404 ¢ 243 ¢ 161 a 404 c 153 ¢
Interaction effect
temperature) Storage period
0 100 a 1121 a 252 h 502 a 400 a 1.02 eg 502 a 398 a
1 100 a 10.06 a-c 281 e-h 322 f-h 230 d-f 092 fg 322 f-h 248 bc
2 986 a 9.04 b-e 296 d-h 2.06 jk 1.08 i 1.00 eg 209 j 110 f
+25°C 3 100 a 9.75 ad 273 e-h 229 ij 1.28 hi 1.00 e-g 229 j 1.27 ef
4 100 a 839 d-f 3.33 de 236 ij 1.35 hi 1.01 eg 236 ij 133 d-f
15 100 a 7.05 fg 433 ab 473 ab 3.46 ab 126 c-e 473 ab 274 b
18 100 a 10.30 a-c 2.69 f-h 3.70 d-f 220 ef 150 a-c 3.70 d-f 1.46 d-f
0 100 a 1121 a 252 h 502 a 400 a 1.02 eg 502 a 398 a
1 100 a 8.74 c-e 3.26 d-f 3.26 f-h 2.02 eg 1.23 c-e 3.26 f-h 1.66 c-f
2 100 a 10.43 ab 264 h 264 h-j 148 g-i 116 d-g 2.64 h-j 1.27 ef
+4°C 3 946 a-c 762 e-g 332 de 347 ef 250 cf 1.16 d-g 3.66 d-f 215 b-e
4 906 ¢ 758 eg 325 d-g 267 0 190 e-h 1.06 e-g 296 g-i 181 cf
15 100 a 6.48 ¢ 453 a 443 a-c 3.03 bc 140 b-c 443 a-c 2.23 b-d
18 100 a 10.50 ab 2.65 gh 446 a-c 2.86 b-d 159 ab 446 a-c 181 cf
0 100 a 1121 a 252 h 502 a 400 a 1.02 eg 502 a 398 a
1 973 ab 8.79 c-e 3.48 «cd 328 fg 229 d-f 110 eg 339 eg 212 b-e
2 786 ¢ 7.16 fg 234 h 156 k 110 i 088 g 198 |j 1.25 ef
-18°C 3 906 ¢ 8.79 c-e 2.66 f-h 273 g 1.88 e-h 1.14 d-g 3.02 fh 166 c-f
4 92 bc 6.16 ¢ 448 ab 280 @i 1.83 f-h 122 d-f 3.05 f-h 150 d-f
15 100 a 6.07 ¢ 470 a 423 b-d 253 cd 170 a 423 b-d 149 d-f
18 100 8.11 ef 3.94 bc 3.94 c-e 222 d-f 172 a 3.94 c-e 131 d-f

sl o 4250 0 Jlazs! CL‘" 3l sme Sl ghols oSSl ;,,AJ'T ol des alie G > S Bl ol ASJLAU.Q\M (Jlize s 51y Lol s 5 C,L.w awslie 5
In comparisons of the main and interaction effects, means followed by the same letter have no significant diff erences at 5% probability by Duncan test.
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