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Article Info Extended Abstract

Article type: Introduction. The accumulation of photo-assimilates in stem internodes and their remobilization to developing grains
Research Article are among the most important physiological traits contributing to productivity and stress tolerance in winter cereals.
The accumulation and remobilization of photo-assimilates can be assessed either at the entire-stem or at individual
internode levels. In barley, it is possible for dry matter accumulation and remobilization to occur simultaneously within
different stem internodes, such that remobilization takes place in the lower internodes while photo-assimilate
accumulation continues in the upper internodes. Under such conditions, measuring assimilate storage and
remobilization solely at the entire-stem level may lead to an underestimation of their actual magnitudes. Therefore, the
objective of the present study was to compare the extent of assimilate accumulation and remobilization estimated at the
entire-stem level with that obtained from individual stem internodes in barley cultivars grown under rainfed conditions
across regions with contrasting climatic conditions.
Article hiStOl’y: Materi_als and Me_thods._ Eight barle_:y cul.tival_"s were grown under rainfed .conditions during t_he 2023—2024.1 growing
B season in two locations with contrasting climatic conditions, namely Meshgin-Shahr, characterized by a Mediterranean
Received: Febmary 16, 2025 climate, and Jafarabad-Moghan, representing a subtropical climate. The experiment was conducted using a randomized
Revised: November 18, 2025 complete block design (RCBD) with three replications. At anthesis, five uniform main stems were randomly harvested
Accepted: June 04, 2026 at ground level from each plot, and repeated at seven-day intervals until physiological maturity. The sampled stems
were transferred to the laboratory and dried in a forced-air oven at 65°C for 48 h. Thereafter, each stem was separated
into its constituent internodes, including the peduncle, penultimate internode, and lower internodes, and the dry weight
of each segment was determined individually. The sum of the dry weights of all internodes was considered as the entire-
stem weight. Dry matter remobilization of the entire-stem and individual internodes was calculated as the difference
between their maximum dry weight and their weight at physiological maturity. Cumulative internode remobilization
was estimated as the sum of dry matter remobilized from the peduncle, penultimate internode, and lower internodes.
The contribution of remobilization to grain yield was calculated by dividing the amount of remobilized dry matter
(either from the entire-stem or from individual internodes) by grain yield and expressing the result as a percentage.
Likewise, the cumulative contribution of internodes was obtained by summing the contributions of the peduncle,
penultimate, and lower internodes.
Results and Discussion. The maximum dry weights of the peduncle, penultimate, and lower internodes in the Meshgin-
Shahr experiment were 175, 173, and 329 mg, respectively, whereas the corresponding values in the Moghan
experiment were 59, 73, and 295 mg, respectively. Depending on the location and cultivar, the maximum dry weights
of individual internodes and the entire stem were attained at different times. The mean amounts of dry matter
remobilized from the peduncle, penultimate, and lower internodes under the conditions of Meshgin-Shahr were 47, 55,
and 113 mg, respectively, while the corresponding values in Moghan were 19, 27, and 81 mg, respectively. These
findings highlight the important role of the lower internodes in dry matter remobilization in barley grown under both
Mediterranean and subtropical climatic conditions. Therefore, lower internodes with greater length and higher specific
weight are desirable, as they can accumulate larger amounts of photo-assimilates prior to anthesis and subsequently
remobilize these reserves more efficiently to the developing grains during the post-anthesis period. The mean
cumulative internode remobilization (i.e., the sum of dry matter remobilized from the peduncle, penultimate, and lower
internodes) among cultivars grown in Meshgin-Shahr and Moghan was 214 and 127 mg, respectively. The mean dry
KeyWOI‘dSI matter remobilization estimated at the entire-stem level was 201 mg in Meshgin-Shahr and 121 mg in Moghan, which
B arley, were 13 and 6 mg lower than the corresponding values obtained from cumulative internode remobilization, respectively.
remobilization Conclusion. A cultivar-wise comparison between stem remobilization and cumulative internode remobilization
4 revealed that, in Meshgin-Shahr, the amount of dry matter remobilization estimated from the entire stem was
stem intemodes, underestimated in all cultivars except two, relative to the actual remobilization represented by cumulative internode
: : remobilization. The greatest discrepancies between stem remobilization and cumulative internode remobilization were
subtroplc':al chrpates, observed in cultivars Mahtab (38 mg), Oxin (29 mg), and Fardan (18 mg). Similarly, under Moghan conditions, stem-
underestimatation. based estimates of remobilization were lower than cumulative internode remobilization in all cultivars.
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Table 1. Meteorological data recorded at the Meshgin-Shahr and Parsabad-Moghan meteorological stations during the 2023-2024

growing season.

Minimum air temperature (°C)

Maximum air temperature (°C)

Mean air temperature (°C)

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 3.2 6.3
20Feb-19Mar
2024 -1.6 1.2 8.1 11.6 3.2 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 24.6 143 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 77
20Mar-19Apr
2024 59.2 27.1 36.2 65 56 74
20Apr-20May
2024 913 384 131 141 57 71
21May-20Jun
2024 115.5 9 162 210 58 64
21June-21Jul 2024 65 33 192 256 57 60

NEYNEY elys b 5o olie g jobpSde islej] 5 odlitsl 5)50 9 p)) .Y Jguia
Table 2. Barley cultivars used in the Meshgin-Shahr and Moghan experiments during the 2023-2024 growing season.

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
Jolgeh Six rowed Moderate and cold
Mahtab Six rowed Moderate and cold
Artan Two rowed Moderate and cold
Ghaflan Two rowed Moderate and cold




JFed) (090 6 )l sppicdd g oloely 6,90 opt) (<)) lolS pale Ao 9.

ol S S ga l lsS Lol d8le sae iy slasd (Zadoks GS 65, Zadoks et al., 1974) Jlidles 3 loj )
i pedSto Gialojl )3 Bl sl Sujglanzd (Supy oloj U5k Ko gy cim ya alold b gy pises a4
9ok Can plinzgj (Ll S s 4 pST 08y 390 5l (b 8w Slil 4 pB)) &Sl ()l paiges e
Sy b Slablos ) ol 3 p)] st e Gialojl o (Y Jgz) 50 gl paiged )l i 5 b g p 5 P
S S ges )b b plinagj (SLadles)S > 4 (38 5 p 3 ST pBl (g iad (6l piges )b iy «Solgn b
b opgl b 53 (pabSits ca g ord Jiitho olilojl 4 dloldl cals po ya 53 0 S (gladilos (F Jgaz) w0
als o D b b ol Kiid 59 9 0dw e a8l 5l alis s 505 0315 1,8 sl FA ok 4y 5] Kl a3 £0 (sl
(alitas 125 0)S5leo lgl) SOy sty ] 0110 JSUs (sl Silio & aBlas s 05 Bl aBlas (g9 31 S o OME (5
ES G ad SSE (ol 0)0ke slea U 9> Jold) (e slao,Sils g (Al 25 0,ke (13093) Capo Ly
b 485 s )3 dBle (459 (g 4 oSl (g Egeme b (s pSoill p)S p)lia B L (69l il ekl b Lao,Silee
:(Ehdaie et al., 2006b; Joudi et al., 2024) 1 dusloo yj Lailg) 5l odlaiwl b d8lu 5 o, Sl 3l saore Jil jlade

JSSIy jloasme Jlasl = Slidled S 5l am p> ISl (59 piSTue = (S 53 ISy (459

Cun by 5l saoee Jlinl = 5Lidles)S il w53 Cue Iy (55 M — (S ) Cun Ly 5

o) ey Sle jlaome sl = (SLisles 3 5l s 53 (5 sloe ke (459 yS s — (S )3 (p pj sl ke (9
Bl 3l daoe Jlasl = SLidles)S 5l am )3 aBles g yiSlas = S5glgs 3 (S y3 4Bl ()3

(o35 Soxe Jlil = Sl i saoxe JUiSl + e Uy Sl sa0m0 JU! +p 05 (sl )Sols l 2aee Jli]

5 boplal cpl (159 s o Canl (5905 o Sl g a8l s 53 duoe JUE! g (gjlwe 3 ke dunlie Cx

SiiS 59 « S paiges jlals po ya 53 yolaie s (Joudi er al., 2024) 395 (wyp AB s Gygod ivle] Ko ya
Sl 45 4 by jo SleMbl s A5 g OIS0 ) g (S Dot Bl g (305 (slaoSileo apn Ly ¢SSl
5105 i oo 5 (F 9T Jgh) 05 ooy 8 5050 S Sugosd Sy b ABIoss ol 3 (55 e
FSle 4y Jglate (6ol By Ay A sl 00 0 LS ¥ 9 Y ot j3 asslis b astine dBlw 9 o Sike 39
Olej S 3 a8l g Lo Sileo 48" iS5 S Bl 5l (S0 )3 98 o0 033 dBles g bno Silee SIS (]9 (s

a0 Jil g ((oreod s20me JUD]) boo ) Siloo I sa0me JU] ggeome (Jaslpd (i )3 sl 0ad Jol> (lejon) pasuie
59 AT B ple )3 s dalgss ably as 5l dae JWS] jeS 39l el dBlo 3,08 5 39y daled LS aBle )
59095 dBle Sis yjg yiSTas a8 2 )b dgng Jlaia] cpl il oads Juols  Jalite (sl loj 40 ddlu g bao ) Sile s
i Bl St g 51 o 33 35y S gl (ionad ] Cansty cam e b g Sy S5 51
dazee JWl 5l i xesd ddome Wl Hlade udl s g3y 10 g sdalin p iy slro,Sile Siid yje xSlas
sy dalgs lis o sdlg a5l 2eS 1y daome JG51 e plByl cpl 55 dBles 5l edlitel (30 S)heds g anlgs ddlus
(Joudi et al., 2024)
Olej )3 a9 glas Sl Bl p> il 3 )Shos I 98 o JooSS (SLtdlos S lej )3 alitas LSl &Sl & d295 L
5 eils 5,Slae 4> daome sl oS Lo lade (Ehdaie et al., 2008) sal canddy SLidlod, S loj g So5elgn b (Shem,
S )i (Toudi e al., 2025) 0 )by doyd O jgody g dols @ild 3 Sas p (d8lus b 0)S0ko) dazee il jlade s



9 Lo Sileo 43 (5 jciawsics o ylojad Suzmo Sl 3 5 5lwo puS b g2 ol )] 1 dblov pelaws ;3 Suzeo JUEii] yiaS 3,9] 4

ome g0t (e 5o )3 ool 39y (5 (sloo Sk g Cano ly (JSSly €S )lie goar ol 55 a0 Silio (re2
S Aol o pd g pdaw d (LSD) b pxe BMB! Blis da )l S 1Sl duwlio cpn ad Juloo 9 4 jo0
W oaltwl Jolus 5 W yloged pay dodly Julow g 4355 (gl Word g Excel SAS (sla)l5éle

S g g 3 sadl F
Wl g o yKilw 39 VY
JSIW Gy A=Y
e ptalef] )3 2 e YASYS (o g ebinSiio o] )3 25 e YASVEY oy SOy (55 (Lo S loj 50
9wl 005 jastie Mol g 5 paS Wile SLS ;3 o Sko (yj9 )0 g cde ax 51 (Y 5 ¥ Jolis) 29 jusiio
oh94 5 Jole Slamg S calo slam 3l )l (55, (sittgs co pu aBlo pB)) (So5ols b Dlio 5> Cglis
Blos g 0, be yogaie ()jg 9 Jsb wlo )l (3598590 Lo Sy > gl s 5 (Joudi er al., 2012) (LS5
il Slg o eodge cpix LY I (Saint Pierre at al., 2010)

JS3y i Sl b Sitio Ghlojl )3 ol Casday Jglite (slalo] 13 By 5 (IS 4 iy (JSly (59 ST
059 ¥ ¢ lie baylys )3 el Cnddy SLidlod,S 5l dm 595 YA )3 o8, 93 13 g (SLE81d,S 5w 595 VF )0 o8, b 4
SLidlod)S il 59) W )3 085 93 53 9 (SLiBles)S ) dw Go) Cuid )3 18 o SLtdled)S (loj 13 08 gy > JSShy
39 S Hlsle eSS SLidlos, S 5wy JSSIN 59 9 Ll clde a8 wled S lo (LS (cla b ))55 el cossay
Jgas 5 am JSShy i85 (Wakabayashi ef al., 2022) 13l o o 3 olS 5L p djle (slaclyiung S xoss
(F 9 Vsha) <8l (ials Suiglgsd (Saew) oloj b g gybias 0 g yShe

o by 39 Y-
P> 15)) Y 5 (i 98)) V0 iy jmedpStie bl )3 iy 3s Sl 5 YL (Sladles S o 5

2 0ubCutS plB)l g p,5 Jue (MO 9 aSk> 08)) FA 5 (025 083) MV i (lie tale] 53 5 205 e ()3
039 A1 e Sidie tlojl )3 000,] sy Jiglise (slagilos 3 1) 38 S Ty (1jg S clie 5 b nSde
otalojl o 0 Jols SLidlesS 5l VA 5o, 50 08, G 53 9 VY gy 5 08y a3 OF gy )3 o) Jlae > e Al
3w 5oy W50 08, o 53 9 Sy Cdn 3 88y 93 53 (SLiBles S (loj 3 o) g 3 o) Ske ul g S i
FA-VIA e i bl 5 2.5 e WNYDP 0 i Ly 3 apn sy 35 5100 o gy o S
byl 0 oo (pY 93 9 o) Jlos g9y &S i j3 (2019) Sarabadani Tafresh er al. (¥ o ¥ Jolis) 41 pusiio p )5 oo
ot 333 YTV oy Al 3 nn Ay 5 ISy 535 ST 63,5 55 ctishs plol b (slail (St 5
o byl 30 5 p )5 (o VY=YV o ol bl 0 SOl 59 piS s aSm 160,8 0,L) 575 yoli el sy a5
Ve O R bl 53 9 VYA bl )3 S Ay 035 S ren S5t et S e VN YA
bulyd o pB)) (2l 4 Slgi ooyl 3855 0 Cun Ay 9 ISy (g gomb Sde A ()15 25 (e VY
Johia) C8b ials Suigln s (Suwwy loj U ags jlade p8lus a () Sl ey ey (g 948 030> s o2
33 ol 4y Lol Jlanl 5 48l celoo,Silo )3 atblzos Jobre clodid 438 Lo 4 loo,Silo g )5 ials (Fs ¥

.(Joudi & Van den Ende, 2018) uil o iy Jb>



128 yo30 & losis i g olzniy 8,90 /i) 1)) HOLS pgle dlmo

r

Table 3. Mean dry matter accumulation, remobilization, and contribution to grain yield in the stem and its internodes of eight barley cultivars grown under rainfed conditions in Meshgin-Shahr
during the 2023-2024 growing season.

AFY-VF.Y u_cl))‘ JL» I ).Q(.uwiu.m uL-“’)-Q»*’ 23 2d Ja;\)..: 5 IXWPVLY PoS p.'é) Cuddy D C)T dl.tzm)ijl,,a 5 a8l » Qf)liu )L\in 9 ddoxe JLQ.J s L)AiJLA Y Jg.\b

Weight

Weight

Weight

Weight

Weight

Weight

Weight

Weight

Entire stem

Entire stem

at at7 at 14 at 21 at 28 at 35 at 42 at 49 Rem. CR':::: and Cum. Con. (él::: and Cum.
anthesis DAA DAA DAA DAA DAA DAA DAA (mg) (mg) ) Rem. (%) (%) R.em. 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 03
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 -29 114 13.3 -1.9
Grain per spike 1600
Khoram Peduncle 60 71 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 .03
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 .18
Grain per spike 1040
Jolgeh 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 9.4
Entire stem 429 523 805 662 541 523 - - 282 283 -1 182 18.2 0
Grain per spike 1550
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Weight Weight  Weight Weight Weight Weight Weight Weight Cum. Entire stem Cum. Entire stem
at at7 at 14 at 21 at 28 at 35 at 42 at 49 Rem. Rem. and Cum. Con. Con. and Cum.
anthesis DAA DAA DAA DAA DAA DAA DAA (mg) (mg) ) Rem. (%) (%) R.em. Con.
(mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) differences differences
Mahtab Peduncle 142 195 228 208 200 163 - - 65
Penultimate 132 172 177 144 159 112 - - 65
Lower In. 218 257 211 207 198 178 - - 79 49
Entire stem 492 624 616 559 557 453 - - 171 209 -38 10.6 12.9 23
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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Table 4. Mean dry matter accumulation, remobilization, and contribution to grain yield in the stem and its internodes of eight barley cultivars grown under rainfed conditions in Jafarabad-
Moghan during the 2023-2024 growing season.

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
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 14.3 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
Jolgeh 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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Table 4. Continued
Weight Weight Weight Weight Weight Weight Cum. Entire stem Cum. Entire stem
at at7 at 14 at21 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 2.3
Grain per spike 950
Artan Peduncle 46 32 32 27 22 - 24 4.1
Penultimate 49 42 39 40 33 - 16 2.8
Lower In. 303 268 225 225 213 - 90 15.5
Entire stem 398 342 295 293 268 - 130 130 0 224 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
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