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Abstract

To measure carbohydrate remobilization, the analysis of the entire stem yields underestimated
results in barley cultivars with simultaneous photoassimilates accumulation and remobilization in
their internodes. The aim of this research was to compare the amount of photoassimilates storage
and remobilization at the entire stem and at the internode’s level of different rainfed barley cultivars
grown under different climates.

Eight barley cultivars were cultivated under rainfed conditions-in Meshginshahr and Jafarabad-
Moghan during 2023-2024 growing season. Photoasimilate accumulation and remobilization were
measured at the entire stem and its internodes (peduncle, penultimate, and lower internodes) based
on dry weight changes.

Results showed that in the majority of cultivars grown at Meshginshahr and Moghan regions,
photoassimilates accumulation and remobilization occurred simultaneously. In such cultivars,
employing the entire stem for measuring photoassimilates remobilization underestimated its value.
Depending on the cultivars and the environmental conditions, the amount of underestimated
remobilization was also found to range from 1 to 38 mg. Therefore, it is necessary to measure
remobilization amount at the level of internodes and use their sum to estimate the trait amount at the
entire stem level.

Keyword: Barley, Mediterranean and subtropical climates, Stem internodes, Underestimated
remobilization.
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Minimum air temperature

Maximum air temperature

Mean air temperature

O O O
Meshginshahr Moghan Meshginshahr  Moghan = Meshginshahr Moghan
230ct-21Nov 2023 9.6 10.1 19.1 22.1 14.4 16.1
22Nov-21Dec 2023 3.7 3.7 13.4 15.4 8.5 9.6
22Dec-20Jan 2023 1.3 0.1 10.9 12.4 6.1 6.3
21Jan-19Feb 2024 -0.7 0.5 7.1 12 32 6.3
20Feb-19Mar 2024 -1.6 1.2 8.1 11.6 32 6.1
20Mar-19Apr 2024 5.1 7 15.7 20.6 10.4 13.8
20Apr-20May 2024 8.9 11.6 19.6 24.6 14.3 18.1
21May-20Jun 2024 13.1 17 24.7 32.1 18.9 24.5
21June-21Jul 2024 15.2 20.3 26.1 33.8 20.7 27

Rain and snow(mm)

Total evaporation (mm)

Relative humidity

(%)
Meshginshahr Moghan Meshginshahr Moghan Meshginshahr  Moghan
230ct-21Nov 2023 7.3 1.9 115 55.9 47 75
22Nov-21Dec 2023 12.7 11.8 77 16.5 46 76
22Dec-20Jan 2023 46 27.2 - - 51 75
21Jan-19Feb 2024 27.6 18.2 - - 61 77
20Feb-19Mar 2024 21.8 34.7 - - 60 71
20Mar-19Apr 2024 59.2 27.1 36.2 65 56 74
20Apr-20May 2024 91.3 38.4 131 141 57 71
21May-20Jun 2024 115.5 9 162 210 58 64
21June-21Jul 2024 65 33 192 256 57 60
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Barley Cultivars Characteristics Suitable cultivation areas
Barzin Six rowed Tropical and subtropical
Oxin Six rowed Tropical and subtropical
Khoram Two rowed Tropical and subtropical
Fardan Two rowed Tropical and subtropical
Jolgheh Six rowed Moderate and cold
Mahtab Six rowed Moderate and cold
Artan Two rowed Moderate and cold
Ghaflan Two rowed Moderate and cold
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Weight Weight Weight Weight Weight Weight Weight Weight Entire Entire
atg atg7 at ;g4 at ;gl at §8 at 3gS at 4%2 at 4%9 Rem. CR::: St%mu;nd Con. %1(1)1[111 St%mu;nd
anthesis DAA DAA DAA DAA DAA DAA DAA (mg) ’ ) (%) ’ ’
(mg) Rem. (%) Rem. Con.
(mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) differences differences
Barzin Peduncle 92 123 231 199 195 187 — — 44 2
Penultimate 150 163 250 256 213 181 - - 75 3.4
Lower In. 301 304 365 354 240 253 - - 112 5
Entire stem 543 590 846 809 649 621 - - 225 231 -6 10.1 10.4 -0.3
Grain per spike 2220
Oxin Peduncle 82 148 196 163 154 123 120 - 76 4.8
Penultimate 106 124 170 177 163 153 152 - 25 1.6
Lower In. 191 199 223 246 211 212 135 - 111 6.9
Entire stem 379 471 589 586 527 489 406 - 183 212 -29 11.4 133 -1.9
Grain per spike 1600
Khoram Peduncle 60 77 70 86 86 65 64 52 34 3
Penultimate 63 94 111 118 121 98 87 82 39 3.5
Lower In. 103 161 216 243 209 208 192 140 103 9.2
Entire stem 226 332 396 446 416 371 343 273 173 176 -3 15.4 15.7 -0.3
Grain per spike 1120
Fardan Peduncle 38 72 99 106 117 112 95 93 24 23
Penultimate 63 103 138 105 107 110 101 81 57 55
Lower In. 156 237 272 222 222 176 166 138 134 12.9
Entire stem 257 412 509 432 446 398 362 312 197 215 -18 18.9 20.7 -1.8
Grain per spike 1040
Jolgheh Peduncle 73 121 200 197 163 150 - - 50 3.2
Penultimate 100 126 211 180 139 124 - - 87 5.6
Lower In. 256 276 394 285 238 248 - - 146 94
Entire stem 429 523 805 662 541 523 - - 282 283 -1 18.2 18.2 0
Grain per spike 1550
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Weight Weight Weight Weight Weight Weight Weight Weight Entire Entire

at at7  atl4  at21  at28  at35  at42  at49  Rem. CRlel:: S“’Cmu;“d Con. %‘(‘)‘: Stecmu;“d
anthesis DAA DAA DAA DAA DAA DAA DAA (mg) ’ ) (%) o/ ’
(mg (mp (m (mp (my (mg (mp (mg) " i (%) Rem. Con.
differences differences
Mahtab Peduncle 142 195 228 208 200 163 - - 65 4
Penultimate 132 172 177 144 159 112 — — 65 4
Lower In. 218 257 211 207 198 178 - - 79 4.9
Entire stem 492 624 616 559 557 453 - - 171 209 -38 10.6 12.9 2.3
Grain per spike 1610
Artan Peduncle 68 133 160 157 120 132 — — 28 22
Penultimate 89 131 156 127 116 104 = - 52 4
Lower In. 307 350 425 369 349 311 — - 114 8.8
Entire stem 464 615 741 653 585 547 - - 194 194 0 15 15 0
Grain per spike 1290
Ghaflan Peduncle 81 129 181 133 126 130 - - 51 5
Penultimate 113 137 140 146 107 107 - - 39 3.8
Lower In. 405 414 432 402 328 329 - - 103 10
Entire stem 598 680 753 681 561 567 - - 186 193 -7 18 18.7 -0.7
Grain per spike 1030
LSD Peduncle 34 54 52 58 48 43 - - 19 2.6
Penultimate 32 43 68 63 45 71 - - 18 1.9
Lower In. 118 148 181 228 152 179 - - 23 3.9
Entire stem 137 207 265 288 184 245 - - 95 40 6.7 7.6
Grain per spike 510
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Weight Weight Weight Weight Weight Weight Cum. Entire stem Cum Entire stem
at ) at7 at 14 at 21 at 28 at 35 Rem. Rem. and Cum. Con. Con and Cum.
anthesis DAA DAA DAA DAA DAA (mg) Rem. (%) o Rem. Con.
(mg) (mg) (mg) (mg) (mg) (mg) (mg) differences (Vo) differences
Barzin Peduncle 67 52 38 38 42 - 25 2
Penultimate 119 77 75 73 73 - 46 3.6
Lower In. 367 316 288 290 270 - 97 7.6
Entire stem 553 444 402 401 385 - 168 168 0 13.2 13.2 0
Grain per spike 1270
Oxin Peduncle 76 78 79 71 69 63 16 1.4
Penultimate 59 76 69 65 62 47 29 2.5
Lower In. 264 344 292 257 253 224 120 10.4
Entire stem 399 499 441 393 384 335 164 165 -1 143 143 0
Grain per spike 1150
Khoram Peduncle 62 59 39 42 42 38 24 4.6
Penultimate 68 80 55 54 53 55 25 4.8
Lower In. 193 207 176 170 168 136 71 13.6
Entire stem 323 346 270 266 262 229 117 120 -3 22.5 23 -0.5
Grain per spike 520
Fardan Peduncle 63 49 36 42 44 42 21 2.3
Penultimate 67 53 44 42 45 44 23 2.5
Lower In. 236 237 230 205 201 192 45 4.9
Entire stem 365 339 310 289 290 279 86 89 -3 9.3 9.7 -0.4
Grain per spike 920
Jolgheh Peduncle 56 52 47 36 43 - 13 1.3
Penultimate 48 48 61 42 41 - 20 2.1
Lower In. 294 272 277 270 229 - 65 6.7
Entire stem 398 372 385 348 314 - 84 98 -14 8.7 10.1 -1.4
Grain per spike 970
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Weight Weight Weight Weight Weight Weight Cum. Entire stem Cum. Entire stem
at at7 at 14 at 21 at 28 at 35 Rem. Rem. and Cum. Con. Con. and Cum.
anthesis DAA DAA DAA DAA DAA (mg) (mg) : Rem. (%) (%) R.em. Con.
(mg) (mg) (mg) (mg) (mg) (mg) differences differences
Mahtab Peduncle 45 52 61 49 43 - 18 1.9
Penultimate 82 69 69 67 44 - 38 4
Lower In. 271 277 257 237 224 - 53 5.6
Entire stem 398 398 387 353 311 - 87 109 -22 9.2 11.5 23
Grain per spike 950
Artan Peduncle 46 32 32 27 22 - 24 4.1
Penultimate 49 42 39 40 33 N 16 2.8
Lower In. 303 268 225 225 213 - 90 15.5
Entire stem 398 342 295 293 268 = 130 130 0 22.4 22.4 0
Grain per spike 580
Ghaflan Peduncle 28 35 26 26 21 - 14 1.9
Penultimate 48 47 30 34 28 - 20 2.7
Lower In. 333 320 298 250 229 - 104 14
Entire stem 410 403 355 309 278 - 132 138 -6 17.8 18.6 -0.8
Grain per spike 740
LSD Peduncle 32 23 15 11 19 - 9 3.0
Penultimate 25 18 15 29 24 - 7 2.1
Lower In. 37 66 76 79 40 - 15 6.8
Entire stem 58 89 93 91 55 - 32 21 11 10.9
Grain per spike 340

a3 oo slid 1)l glao Siloo g 48l (59 S Tas ciloads Ayl pudes g0 4y a5 (golacl iax g
Jsl srezs oS i Cum Con aily s Slos 10 saze Jlatl 5 )L 100N ¢ rozs saze Jlasl :Cum Rem ooz Jlsl :Rem ¢ glidles 55 aa 59, :DAA
e e Sl Lower In «als s Slae o o SKilo suze
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