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Stem carbohydrate reserves and its relationship with remobilization in wheat
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ABSTRACT

Water Water deficit especially after heading is one of the most effective factors of wheat yield loss in Iran and
across the world and identifying the physiological traits related to plant resilience is of great importance in
screening for tolerant varieties. The objective of this study was to evaluate the variation in stem reserves
accumulation capacity and its relationship with remobilization in some wheat cultivars. 22 wheat cultivars were
cultivated in a split plot design with three replications, full irrigation and 40% of field capacity being main plots.
The amount of accumulation and remobilization was estimated by measuring internodes weight and stem soluble
carbohydrates content (WSC). Significant genotypic variation among cultivars was observed under both normal
and drought conditions. Maximum accumulation was found in lower internodes followed by peduncle and
penultimate using dry weight measurement method. In WSC measurement method, however, maximum
accumulation was observed in penultimate followed by lower internodes and peduncle. Cultivars ranking based on
accumulation was also different in two methods. Drought stress caused decline in internodes weight, WSC and
yield and remobilization efficiency. The specific stem weight had the highest correlation with remobilization.
Significant correlation was found between grain yield and remobilization, specific stem weight and WSC.
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Table 1.The mean of square traits related to wheat stem reserves internodes in non-stress and drought stress conditions

Source of Stem lenf(t)};/er Stem dry Wil(il;te - Stem special weight
variation D Peduncl Penultim internod  Total Peduncle Penultima internode  Total Pedune Penultimate . Lower Total
(SOV) e ate es s le internodes
Replication 2 12.52"™ 122.18" 157.85™ 22.74™  1361.73" 7474.09™ 22535.1" 8090.32™  6.18™ 107.46™  30.54™  3.10™
r\e?;;e]; 1 59.69" 88.29"  3.07™ 236.37™ 173601.3" 404684 383932™ 2793985 99.44™  418.51"  639.05™ 330.03™
Error 2 46.53 65.55 0.76  205.60  31366.82  41.88 1578.33 29604.12  62.45 152.98 1.78 25.60
Cultivar 21 39.21"  25.32"  71.14° 14470 44368.21"" 22452.8"™ 91710.1" 321009" 34.66™  99.11" 117.30™ 58.83"
W «C 21 587"  2.26™ 581" 19.97™  5946.94" 5755.91° 10919.2" 45764.1™ 232"  16.02™ 10.97™  4.44
Error 84 13.71 8.10 3520  64.55 3240.87  3080.85 5026.47 9955.67 5.50 20.98 30.97 5.54
CV(%) 11.50 15.64 21.52 1030 11.33 13.85 11.25 6.50 14.91 20.19 22.53 11.87
als o,Sles g dazme Jl WSC (g5lwo puzd Slas il lg a5 325 -¥ Jgo
Table 2.The mean of the WSC accumulation square, remobilization and yield traits
WSC content (15days after anthesis) Remobilization Remobilization efficiency yield
Source of
variation Df Penultim Lower Penultim Lower Penultima  Lower
Peduncle internod Total Peduncle internode  Total Peduncle .
(SOV) os s te internodes
Replication 2 1808.91™ 1614.56™ 7755.92" 15658.6™ 9710.68" 492.63™ 39.12™ 7277.47" 823.49™ 267.56"™ 956.11"" 78107.98"
re“;:re 1 65742 135680™ 3048.08" 638942.2" 2308.36° 7153.5" 11810.5" 58225.7" 32.71"  235.74™  206.85™ 2393182.8"
Error 2 36329 30647 4062.13 25518.86 124343  88.97 249.92  2270.21 197.01 157.81 69.76 169572.62
Cultivar 21 6784.2™ 35994 ™ 32619." 149591 14078.2"" 29165 81859 255278"  727.62"" 2333.72" 2033.84™ 187277.21"
W=C 21 41863™ 8264.6™ 15461 ™ 40029.5 1802.76" 1323.9™ 1343.4™ 8379.85™  81.83" 116.32™ 56.74™ 21444.50"
Error 84 870.36  1190.35  860.09  2793.48 81.391 349.83 127532 2154.18 50.10 162.55 145.78 7585.55
CV(%) 20.61 18.53 18.20 11.53 19.86 13.33 14.07 9.40 23.80 24.02 18.74 14.24

D3 oo LIS TS (60 Fe aE NS 500,09 B 9 ) a0 (5o pxe oS A

9 s aS

ns, ** and * respectively shows non-significant, significant at 1 & 5 percent
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Table3.The mean comparison of the dry weight of wheat stem internodes in non-stress and drought stress conditions

Peduncle Penultimate Lower internodes Total
Normal Stress %Variation Normal Stress %Variation Normal Stress  %Variation Normal Stress  %Variation
Arta 500 344 -31.18 4674 340m -27.14 626 476" -23.97 15939 1160" -27.17
Akbari 637% 5041 -20.84 608*  405M -33.35 6058™ 4320 -28.65 1849« 13414 -27.51
Bam 4558 4710 3.59 3581 336 -6.24 599&m 580" -3.17 1412k 1387 -1.77
Baharan 426° 441 3.44 428m 273% -36.14 611¢ 446% -27.06 1465" 1160" -20.84
Parsi 449" 411k -8.61 4341 40984 -5.91 466" 445% -4.51 1350% 1264 -6.32
Pishtaz 387me 405'" 4.65 379" 235Y -38.08 5374 527 -1.92 1303™ 1167" -10.49
Pishgam 678 482M -28.87 570 355K -37.78 787% 633 -19.53 2035 1470™ -27.75
Chamran 423i° 404" -4.34 327 300 -8.42 5401 530" -1.73 1290°" 1234pr -4.28
Dez 560" 436 -22.10 44549 390" -12.50 5928 525k -11.26 15978 13514 -15.40
Dena 7112 663 -6.79 4180 304 -27.41 888 874% -1.50 2017%® 1841¢ -8.74
Rasul 657 5414 -17.66 5364 426™ -20.46 876% 8321 -4.95 2069* 18009¢ -13.00
Zare 453 405'" -10.60 286" 260" -9.17 599 596" -0.56 13384 1260 -5.80
Zagros 466" 405'" -13.16 424% 331w -22.08 59080 574/ -2.66 1480 1309™ -11.53
Shabrang 716* 677 -5.40 499b¢ 443¢ -11.10 89920 762¢ -15.31 2114* 1882 -10.96
Shiraz 521 493 -5.37 4371 3521 -19.49 691¢h 6419 -7.23 1649™ 14861 -9.89
Shoosh 521 438'° -16.05 423% 339mu -19.78 6078™ 529 -12.74 15511k 1306™ -15.77
Marvdasht 563 406'° -27.93 4634 315 -31.99 700°% 493™ -29.53 1726% 1214% -29.67
Moghan3 522 383m° -26.69 4564 337 -26.08 7584 496" -34.55 17374 1216% -29.96
Mehreegan 6202 582bF -6.23 506" 339mu -32.98 922° 7479 -18.98 2049* 1668™ -18.58
Hamun 5349 520% -2.56 529% 4514 -14.80 627 418" -33.24 1690 1390 -17.77
Azar2 484M 416% -14.06 478¢h 324w -32.22 685¢ 483™ -29.44 16471 1223% -25.73
Karim 5650 42750 -24.53 560 33408 -40.43 840 630 -24.99 1966 1391% -29.26
Average 539 466 -13.47 456 345 -24.28 684 576 -15.77 1678 1387 -17.35
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Table 4.The mean of accumulation based on comparison of WSC content of stem internodes of wheat in non-stress
and drought stress conditions

Peduncle (mg/g) Penultimate(mg/g) Lower internodes(mg/g) Total (mg/stem)
Normal  Stress Var(l;ztion Normal Stress %Variation Normal Stress ~ %Variation Normal Stress %Variation

Arta 1259 99t -21.07 366" 140 -61.78 195% 141 -27.57 686> 392m -42.87
Akbari 119% 70" -41.34 1934 124k -35.58 103 95p® -8.06 416" 294 -29.19
Bam 60™P 51 -14.53 710 56P -20.75 814 69 -15.16 2124 146 -30.87
Baharan 227 95¢n -58.15 247% 148" -40.00 1989 164" -17.31 672% 396™ -41.02
Parsi 1284 410 -67.96 211" 87™  -58.68 205" 157" -23.54 545 2314 -57.65
Pishtaz 95¢n 100°™ 5.26 163" 1740 6.97 99ps 115™ 16.37 356 532M 49.14
Pishgam 1154 103 -10.43 158 163hk 2.95 326 264% -18.94 5994f 579¢% -3.31

Chamran 91&° 72k -17.88 99'» 97 -1.69 834 75™ -8.91 273" 266 -2.34
Dez 67" 70%® 16.83 256 211M -17.56 376* 248¢% -34.10 700% 466" -33.48
Dena 147 1314 -10.68 3430 25240 26.46 1520 171 12.25 642¢ 743® 15.84
Rasul 1304 59mp -54.48 277 117k -57.81 225¢¢ 184 -18.05 632¢ 380k -39.89
Zare 9P 67" -15.25 117 102" -13.35 158 112 -29.11 354l 188" -46.80
Zagros 216 47 -78.36 3200 122k -61.73 289« 215¢h -25.61 824 292% -64.52
Shabrang 155 1264 -18.71 3370 232% -31.16 189% 181¢ -4.23 681% 536™m -21.29
Shiraz 101em 840 -16.23 1580 128k -18.99 35t 41w 16.73 294 327mp 11.18
Shoosh 65MP 75k 8.67 84" 69 -17.93 32w 35w 8.25 181% 175 -3.61

Marvdasht 1219 43P -64.29 212% 83" -60.79 134 101#* -24.63 467M 190" -59.39
Moghan3 145¢f 96&" -34.17 69 68° -1.45 291% 2011 -30.93 505¢ 266 -47.36
Mehreegan ~ 155% 137% -11.61 2071 1521 -26.29 149% 115™ -22.89 511¢ 4281 -16.15
Hamun 152 96¢" -36.48 316* 267 -15.40 236" 233¢f -1.27 704b¢ 648¢ -7.95

Azar2 250° 1284 -48.80 3718 329 -11.23 68" 71 4.93 689 6684 -2.95

Karim 187% 94¢° -49.64 226%  142im -37.26 2544 191% -24.81 667> 404m -39.48
Average 133 86 -29.06 218 148 -31.99 176 145 -18.03 528 389 -26.37
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Table 5.The mean comparison of remobilization of internodes in non-stress and drought stress conditions

Peduncle (mg) Penultimate(mg) Lower internodes(mg) Total (mg)
Normal  Stress %Variation Normal Stress %Variation Normal Stress %Variation Normal  Stress  %Variation

Arta 69 37 -46.63 104 81 -22.04 229k 178 -22.16 4021 296 -26.35
Akbari 128 85™" -33.59 235 179¢ -23.97 1637 128" -21.47 526' 3921 -25.54
Bam 20% 20% 3.39 26 24 -6.49 193m 213k 10.54 238 258M 8.11

Baharan 49% 83m 71.23 68" 45 -33.50 242 252 3.99 358km 3801 6.05

Parsi 90™a 607 -33.70 96P" 93P -2.44 144 143 -0.70 329 296™ -10.22
Pishtaz 33w 31 -6.06 57 83 45.03 211™ 187 -11.62 301™  300™ -0.29
Pishgam 152°¢ 126% -16.89 261 268 2.94 470* 400 -14.88 883° 795% -9.97
Chamran 87m4 78" -9.96 36™ 31 -14.81 17 115" -1.42 240 2244 -6.53
Dez 123¢ 143¢h 15.95 221% 235%4 6.25 288" 294" 232 6321 672¢F 6.35

Dena 198 218 10.08 247 221 -10.51 327% 288M -11.81 773% 728% -5.78
Rasul 141¢ 69 -51.30 1809 1464 -18.72 2700 230k -14.80 591¢ 445 -24.70
Zare 619 91k 49.73 43 744 74.22 96" 96" 0.00 2004 262" 31.05
Zagros 98kp 98kp 0.34 1730k 1631 -5.79 300¢ 308¢ 2.66 571¢ 569¢ -0.29
Shabrang 185% 1554 -16.25 21240 2094 -1.57 4164 358%¢ -14.01 813 7228 -11.27
Shiraz 27 44 62.96 139 152im 9.86 101" 73" -27.15 266" 270" 1.25

Shoosh 110m 86™ -21.28 153m 124 -19.00 1514 145 -4.29 414% 355km -14.22
Marvdasht 117 91k -22.51 1871 141 -24.60 308¢ 325™ 5.52 612 557" -9.04
Moghan3 54™ 921 69.75 120% 132m° 9.42 386% 396 2.68 560¢' 619" 10.60
Mehreegan 170 212 24.66 199¢h 1631 -18.09 3719 3754 1.08 740 7504 1.35

Hamun 1614 8oma -44.83 1621 152m -6.23 457 391 -14.37 780 6321 -18.97
Azar2 76" 105° 38.16 79% 57 -27.85 105" 1o -3.82 260" 263" 1.16

Karim 1361 87ma -36.12 251% 151 -39.97 448 3794 -15.40 834 616™ -26.16
Average 104 95 -8.05 148 133 -9.97 263 244 -7.19 515 473 -8.16
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Figure 1.The Mean comparison of seed yield of wheat cultivars in non-stress and drought stress conditions
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Table6.The Mean comparison of remobilization efficiency of wheat stem internodes in non-stress and drought stress

conditions
Peduncle Penultimate Lower internodes Total
Normal ~ Stress  %Variation ~Normal  Stress  %Variation ~ Normal  Stress  %Variation Normal  Stress  %Variation

Arta 13.86 10.7 -22.80 2236 239 6.89 36.55 374 233 25.26 23.1 -8.55
Akbari 20.10 169 -15.92 38.67 44.1 14.04 26.94 29.7 10.24 28.44 29.2 2.67

Bam 4.32 43 -0.46 7.17 7.1 -0.98 3222 36.8 14.21 16.88 18.6 10.19
Baharan 11.42 189 65.50 15.81 16.5 436 39.61 56.5 42.64 24.46 32.8 34.10
Parsi 20.03 14.5 -27.61 22.03 22.8 3.50 30.83 321 4.12 24.40 234 4.10
Pishtaz 8.52 7.6 -10.80 15.04 272 79.04 39.33 354 -9.99 23.11 257 11.21
Pishgam 2243 26.2 16.81 4573 75.7 65.54 59.76 632 5.76 43.40 54.1 24.65
Chamran 20.58 19.4 -5.73 11.00 10.2 -7.27 21.68 21.7 0.09 18.61 182 -2.20
Dez 22.04 328 48.82 49.66 60.3 21.43 48.59 56.0 1525 39.58 49.8 25.82
Dena 27.88 329 18.01 59.12 72.9 23.31 36.83 33.0 -10.40 38.30 39.5 3.13

Rasul 21.46 127 -40.82 33.51 342 2.06 30.87 271 -10.27 28.57 24.7 -13.55
Zare 13.48 22.6 67.66 14.92 28.6 91.69 16.03 16.1 0.44 14.93 20.8 39.32
Zagros 20.96 242 15.46 40.69 492 2091 50.94 53.7 542 38.56 435 12.81

Shabrang 25.80 22.8 -11.63 42.58 47.1 10.62 46.29 47.0 1.53 3848 383 -0.47
Shiraz 5.18 89 71.81 31.76 433 36.34 14.56 114 -21.70 16.15 18.1 12.07
Shoosh 21.04 19.7 -6.37 36.09 36.4 0.86 2497 274 9.73 26.68 272 1.95

Marvdasht 20.77 223 7.37 40.42 44.8 10.84 44.02 65.9 49.70 35.46 459 29.44
Moghan3 10.34 24.0 132.11 26.37 39.0 47.90 50.86 79.8 56.90 3225 50.9 57.83
Mehreegan 27.46 36.5 3292 39.30 48.0 22.14 40.20 50.2 24.88 36.12 45.0 24.58
Hamun 30.21 17.1 -43.40 30.69 33.8 10.13 72.86 93.5 28.33 46.18 455 -1.47
Azar2 15.71 253 61.04 16.52 17.6 6.54 15.28 20.8 36.13 15.77 21.5 36.33
Karim 24.01 20.3 -15.45 4479 45.1 0.69 53.27 60.1 12.82 4244 443 4.38

Average 1853 20.0 7.93 31.10 38.0 22.19 37.84 434 14.69 29.73 33.6 13.02
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Table 7.The Cultivar’s ranking based on accumulation, remobilization, and yield

Remobilization Accumulation yield
Remobilization Re;nﬁ(;lc)iiiijs;ion Stem dry weight Stem special weight WSC content
Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress
Arta 14 21 12 19 5 11 14 16 14 17 19 15
Akbari 7 11 9 11 16 14 12 12 12 12 18 22
Bam 18 9 15 9 21 22 21 21 19 20 17 16
Baharan 17 22 13 16 7 10 15 13 15 11 6 9
Parsi 19 14 18 10 12 18 16 17 16 16 3 10
Pishtaz 21 20 21 22 17 6 17 15 17 14 7 5
Pishgam 4 6 2 3 11 4 1 1 2 1 1 1
Chamran 22 16 20 18 20 16 20 22 18 21 11 12
Dez 13 10 8 8 3 7 7 5 4 3 5 3
Dena 5 2 3 2 9 1 5 3 7 9 13 14
Rasul 2 3 6 5 10 12 9 11 11 15 21 18
Zare 20 15 22 21 18 20 22 20 22 19 8 13
Zagros 16 12 19 12 1 15 10 9 5 8 12 11
Shabrang 1 1 1 1 6 5 3 4 6 10 2 6
Shiraz 15 13 14 14 22 21 13 14 13 13 14 7
Shoosh 11 5 16 13 19 13 18 18 20 22 15 17
Marvdasht 9 19 11 17 15 19 8 10 9 4 20 20
Moghan3 8 18 10 15 14 17 11 7 10 2 9 4
Mehreegan 3 4 5 4 13 8 6 2 8 6 4 2
Hamun 10 8 7 7 2 3 4 6 1 5 10 8
Azar2 12 17 17 20 4 2 19 19 21 18 22 21
Karim 6 7 4 6 8 9 2 8 3 7 16 9

St 15 5 gllas o a2 55 4Bl IS e JUitl 5 55l ol b das e lis (s Soron A Jyor
Table 8. The correlation coefficients between traits related to accumulation and remobilization of the stem in non-stress and
stress conditions

Remobilization Sg::::li;ag;? Stem length S‘t;?giiy ‘iz:;nhts(%e;\i;)) WSC content  yield
Remobilization 1
RE 0.95™ 1
Stem length -0.30™ -0.42" 1
Normal irrigation Stem dry weight 0.82" 0.62" 0.10"™ 1
SSW 092" 0.78" -0.31™ 091" 1
WSC content 0.56™ 0.60" -0.12" 0.40™ 0.45° 1
yield 0.51° 0.60" -0.12" 041m™ 0.46° 0.71" 1
Remobilization 1
RE 092" 1
Stem length -0.45™ -0.60" 1
Drought stress Stem dry weight 0.55" 0.19™ 0.24" 1
SSW 0.75" 0.46° -0.20™ 0.90" 1
WSC content 047 0.32" -0.17 0.39™ 0.49° 1

yield 0.59" 0.46° -0.45" 0.39™ 0.56™ 093" 1
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