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Evaluation of stem soluble carbohydrate accumulation and remobilization in spring
bread wheat genotypes under terminal heat stress conditions in Ahwaz in Iran
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Table 1. Monthly maximum and minimum temperatures and relative humidity for wheat growth duration in

Ahwaz (2010-2011)

58 )l a3 ke

Mean of air temperature (°C) o asby Sl
Month oL Maximum Minimum Mean of Relative humidity (%)
Nov. oLt 31.7 16.1 36.4
Dec. 53T 243 8.8 37.2
Jan. ©» 18.4 7.2 47.8
Feb. o 17.5 8.1 494
Mar. Al 23.6 11.5 41.1
Apr. ST 31.0 16.0 37.0
May i) 37.6 24.1 40.8
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Table 2. Mean comparisons of related traits with water soluble carbohydrate (WSC) storage in main stem for 10 spring bread wheat genotypes and two sowing dates

IS G, 5 S Slac Sl db Bl o guasen 35 S~ Bl Jgloe Dlytin g S ke 2SI Bl Jsloee Dlydin s S s S ol 5 dht sl
Wheat genotypes and sowing dates Stem length (cm) Max. Stem specific weight (mg.cm™) Max. WSC concentration (mg.g™") Max. WSC content (mg) No. Spike.m?
Genotype
Chamran 88.7d 14.66 c 196 ef 257 f 599 a
Falat 87.5 de 17.73 ab 277 ab 432 ab 475 e
Aflak 89.6 cd 13.67c 182 f 222 f 599 a
Atrak 83.9f 1825a 289 a 444 a 508 cde
Dez 84.7 ef 17.75 a 257 ¢ 386 cd 527 cd
Kavir 93.2b 17.21 ab 263 be 423 abc 480 e
S-78-11 99.5a 17.11 ab 213 e 365 ed 497 de
Darab2 85.1 ef 17.06 ab 271 abce 393 bed 503 de
Pishtaz 87.4 de 16.39b 233d 336¢ 542 be
S-83-3 92.2 be 17.35 ab 253 ¢ 405 abc 575 ab
Sowing date
Optimum 93.6a 17.56 a 246 a 407 a 543 a
Late 84.7b 15.87b 240 a 326b 518D

YAY

L1 (613 gan gl Lo ys ey ezl pelaw 53 LSD 05037 elil y etz &5 20 g - (61 S oSl D w5
Means in each column, followed by similar letters are not significantly different at 5% probability level, using LSD test
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Table 3. Maximum main stem weight and specific weight for 10 spring bread wheat genotypes and two

sowing dates

Bl oSis 0 2SI
Max. Stem weight (g)

Bl o sabn 05 S5
Max. Stem specific weight (mg.cm™)

Sowing date =.il5 5,6

Sowing date =.il5 5,6

(—Uf slas s el S0 e el
Wheat genotypes Optimum Late Optimum Late
Chamran 1.52d 1.10d 16.12 13.20
Falat 1.74 b 1.37 be 18.80 16.66
Aflak 137 1.08d 14.66 12.69
Atrak 1.66 bcd 1.41 ab 18.68 17.82
Dez 1.66 bcd 1.35bc 18.51 16.98
Kavir 1.68 be 1.52a 17.57 16.85
S-78-11 1.96 a 1.46 ab 18.64 15.58
Darab2 1.55cd 1.35be 17.83 16.28
Pishtaz 1.61bcd 1.26¢c 17.63 15.15
S-83-3 1.67 be 1.53 a 17.19 17.25
Mean 1.64 1.34 17.56 15.87
SE 0.07 0.94
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Fig. 1. Relationship between maximum main stem specific weight with maximum WSC concentration and

content in 10 spring bread wheat genotypes in two sowing dates (n=60)
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Table 4. Soluble carbohydrate (WSC) remobilization and its efficiency for 10 spring bread wheat genotypes

in optimum and late sowing dates
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WSC remobilization (mg.g™) Remobilization efficiency (%)
Sowing date a5 & )6 Sowing date =8 6

pS sl 5 —_ et Sl s e oS
Wheat genotypes Optimum Late Mean Optimum Late Mean
Chamran 60.9 101.6 81.3e 30.0 52.8 41.4d
Falat 153.6 178.1 165.9ab 53.7 66.5 60.1ab
Aflak 77.4 99.1 88.3e 443 52.6 48.5¢
Atrak 160.5 196.4 178.5a 55.7 67.4 61.5a
Dez 137.8 159.8 148.8bc 53.1 62.9 58.0ab
Kavir 110.9 140.4 125.7d 42.1 53.1 47.6¢
S-78-11 83.3 98.7 91.0e 37.9 47.7 42.8cd
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Pishtaz 74.0 113.8 93.9¢ 30.2 513 40.8d
S-83-3 124.9 162.9 143.9cd 48.3 65.6 56.9ab
Mean 110.4 142.5 44.0 58.5
SE 13.95 9.86 2.32 1.64
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Means in each column, followed by similar letters are not significantly different at 5% probability level, using

LSD test
(Ao ;3 YY) Jlil o1H)LS 5 (Ao s Y) @l J glos S Oglite (gyls gme Hsb 4 Caliee GlaC S 55 o
OT 3 (S § g om) (F Jgdr) Sl ol 531 65 6 sl S i Ll b s o sls 0l s
5 31 Jrol 0355 1 e 28l Iy oS ol Claslydia 5 S sdmee JLasl Kl coosls s

YAQ


www.SID.ir

VAT Sl o osle coas 3l 00l (o1 p ke el

5 iy S O jaz )1 5 o i DD 5 S
S yien g ST JUEST Ol s o 2eS” S-T8-11 oY
JUast 1,8 .azals |y ails 4 4l St 05 Al
G0 53 2 53 5 il gl Dl a5 S ss
jj:cQBUCGJOTJJ,_;jSJJIVS)):wK
5psds (F Jpz) 35 ke oy 2 58833 oY
LS 5 LS 6 5 Blum ez al., 1994) oIl en
b 1yl L3 Jlasl (Fokar er al., 1998)
ol 55 ol 2T 53 ks 8 I8 ksl
osb s S )L gs o 5a I 5 eSSl Lk
JL&!}RJJGM&U\}S@)\Jgﬂ"&-u
)df)k_é\r_S)a\_fuJb):cJ_bﬁd@l_uﬁLi-S
e ISl g paed 53 (sl U1y S78-11 (Y
Sty 5 Ol e o1 47 (g3 b izils Bl i3
JUisl ,LS 5 S 51 iS55 55 8 3
agrlse 3 (Ao oy o)y swl Slhdas S
Sy s 090 b gle S s Lol 5 L

YO IR N

ol e\
sl sl Cd bags 8 ol o
LISTL 5 als jalesT 5o ool (hl5l (Kt
a5 55 Jonll e (Tahir and Nakata, 2005)
sdoee Jlasl b 5l oles Calibes Lol 5 s (u\_'f
el 03 35 o glite Bl 153
slachdas S Cble Sl (G ol 5
Jsdowe Glaslydin 5 S sdioee Jlast b dblu J ghoea
QMMK@)U}JJJJDM\JQQLA
JUESH Ol e oyt (Stmed (Y JSC2) Sl (615 sme
G s Sl ydia g ST sdee Jlast o187 9 sdoes
e LLS 15 40 (1260, 1 =0.9, p<0.001) ,l5_—xs
oo glalyda y S Cble Slus o Hls o
33158 558 b g T Jlist o1, 5 Jlawl L &l
3 Sdex! «(Cruz-Aguado er al., 2000) Ol,LSas o
OLHLSKan 5 8y, 5 (Ahmadi ef al., 2004) ol ,\San

Sy gl 0l 3,058 55 (Ruuska ef al., 2006)

YA

Wle god Bl pb3 S eslizal 4 5,5 oS (sl
SLET Slas Y gane 6l Jgloee (Lo sutome JUH
EEDURRETINE SO U P SO
Uil ol 531l s bl o8 Jlab 05U 5
Al oo S lad 3 @l J pdoee (SladS s
ABl ST A (e g ae geaes ol o ias QLS
Cakibes Lo 3,155 s (Saeidi and Moradi, 2011)
Shodp g S 5 (omed e 5 Sikome JUESH 0l
Dl 5 o 55 4 i 43 5 S 55 Bl gl
plol 2ala3T )3 (Blum, 1998) Coul & slize 23
Ezat Ahmadi et ) 0, S 5 Gdor| & 3o Law 55 0
Sy Sz JLESl ) v 5 bt 4 (al, 2012
S oy by i daal b s el S 5
Sls an St o5l sdes JUsl o118 ¢ Slisles &
2394 3 YVIA msby 55 )l js A, dl s
il 0Ll s g Ao ys YAD Cnlie usb )y Lol i
Iy alw ;L3 sdmes Jlasl o1HLS 55 (gdmys VY
Ll 535 Slos 0l S Gln by 5 e sl
Ol g s S el s gl s
33 fo G5 55 i e b (Modhej et al., 2011)
S 1558 Sl 5 e S b 5
&u‘h{lﬁjswasu:w@j)}&bg
Ao )3 VP ap bl b 0 o b sl sl 5
ap SCis ol sizms 1§ 5 Ol (5 3L )3
SLebl oLl .ol JhalS ds )3 WY Lo e b
Gl o delasl Lol 5 53 4 S148 sl
ooalS s 4 sdoes JWl Ol e S Jlez| o
S0l bl esyls 55m g sy L;u(m\&:;o;)
G b 3 ol e Ol 1 e S 205 e
J_>-\]4).> odi 0 3 3l gs Sde Jlﬁ:;'\r.@,.»ub_]}‘
sl p Ol g5 b Glzdles § 51 LS
Fol 5o i e Sl Sl el s
JUisl 15U 5 sdms JUisl Cis 55 (6l 0 S

CU)‘MK@)U)JJ_A)J.Jﬁ)‘ka&AJ}J-W


www.SID.ir

= 250 1
4 y=13.895x-78.06 .
2 o R = 0.47, = 0.69, p<0.001
%’ 200 A
\’l“; g
g. g 150 A
4§
5] 5
A i
) § 100
'1 &)
— g 50 T T r T ]
3 10 12 14 16 12 20
2
Bl o geaius 055 /5 e
Max stem specific weight (mg. cm1)

T 250 -
3 % ¥=09691x-90211

P R* = 0.87, r= 093, p<0.001
} 2200 r=093,p0
L]

g
% 150 |
» g
3. =
. E 100 ~
) B .
3 g 50 -

z
,1 U

£ o
e T T T 1
. 150 200 250 300 350

il Jgloms Sl pun s 5 chle S0

Max stem WSC concentration (mg. g1)

aile Jghos (gle O s g 5 S JL)

Bl sl gls il yos 87 3ken JES)
WSC remobilization (mg. .g™)

WSC remohilization (mg. .g-!)

----- Gl pubn S suzms JUal 5 ez 251"

200 - a
o y=117Ix- 95203
R*=027,r=052,p<001 ¢
*
150 .
‘0
100
50
0 T T T r )
12 18 16 18 20 2
Wl o guais 05 5 I
Max stem specific weight (mg. cm™)
200 - €
y=0.799x- 86.495 .
R =0.72,1= 085, p<0.001 :
150 *
e
%
100 |
50 |
0 : : : :
150 200 250 300 350
Gl Jalons Dl jun g S Ll S0

Max. stem WSC concentration (mg. g-1)

CLle 5 o gadus 055 S o b dile J gl (Sl ydn 5 S sudoee JUEH Ol s oy alasl, -Y ISCS
(n:30) c)\.@' oL (a.f\.fg_..;jaj 63 4> (b,d) 6J:>-U}(a,c) WLA C..&K@)U)J aslw C)b.l:.&}:;

Fig. 2. Relationship between WSC remobilization with maximum main stem specific weight and WSC

concentration in optimum (a, c) and late (b, d) sowing dates in 10 spring bread wheat genotypes (n=30)
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Figure 3. Relationship between main stem WSC remobilization efficiency and chlorophyll loss rate per day

(from 10 to 30 days after anthesis) of 10 bread wheat genotypes in late sowing date.
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Table 5. Grain yield and grain number per main spike of 10 spring bread wheat genotypes in optimum and

late sowing dates and reduction (R%) yield at the late sowing date
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Sowing date =5 s b

Sowing date =8 4~ 6

15 slacs 55 ke b el as ) cls S5
Wheat genotypes  Optimum Late R%) Optimum Late
Chamran 2.03d 1.73de 14.7bcd 52.7de 48.3d
Falat 2.36b 1.91bc 19.2ab 58.0b 55.6bc
Aflak 1.87¢ 1.52f 18.5abc 49.6¢ 40.8¢
Atrak 2.06¢cd 1.81cd 12.4d 57.4bc 57.1ab
Dez 2.21c 1.85¢cd 16.0bcd 63.0a 59.1a
Kavir 2.56a 2.24a 12.5¢d 58.9b 55.7abc
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Pishtaz 2.38b 1.84cd  22.6a 54.0cd 46.0d
S-83-3 2.48ab 2.04b 17.8abed 63.3a 53.0c
Mean 2.24 1.86 17.1 56.99 51.86
SE 0.08 2.25 1.80
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Means in each column, followed by similar letters are not significantly different at 5% probability level, using
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Fig. 4. Relationship between maximum WSC content with main spike grain yield and number of grains per

main spike in 10 spring bread wheat genotypes in late sowing dates (n=30)
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Evaluation of stem soluble carbohydrate accumulation and remobilization in
spring bread wheat genotypes under terminal heat stress conditions in Ahwaz in

Iran
Mojtabaie Zamani, M.", M. Nabipour2 and M. Meskarbashee®

ABSTRACT

Mojtabaie Zamani, M., M. Nabipour and M. Meskarbashee. 2013. Evaluation of stem soluble carbohydrate accumulation
and remobilization in spring bread wheat genotypes under terminal heat stress conditions in Ahwaz in Iran. Iranian Journal

of Crop Sciences. 15(3): 277-294. (In Persian).

To evaluate the capability of different spring bread wheat genotypes for storage and remobilization of stem
water soluble carbohydrates (WSC) and their response to heat stress conditions during grain filling period, a field
experiment was carried out as factorial arrangement in randomized complete block design with three replications
in 2010-2011 growing season under Ahwaz conditions in Iran. The experimental factors consisted of 10 medium
maturity spring bread wheat genotypes (Chamran, Atrak, Aflak, Dez, Falat, Darab-2, Kavir, Pishtaz, S-78-11, S-
83-3) and two sowing dates; optimum (12 November) and the late sowing date (21 December). Results showed
that spring bread wheat genotypes were significantly different in stem specific weight, WSC concentration and
content, stem WSC remobilization and its efficiency. In heat stress conditions in the late sowing date, the amount
of WSC remobilization from stem to grain and its efficiency increased by 29% and 33%, respectively. In both
sowing dates, maximum stem specific weight had significant association with maximum WSC concentration and
the amount of remobilized WSC, and it was considered as a suitable criteria for selecting genotypes with
maximum storage and remobilization capability of stem reserves. In the late sowing date, grains.pike'1 was
positively correlated with WSC remobilization. This implies the effect of sink strength on increasing water
soluble remobilization. However, there was no simple relationship between grain yield and stem reserves
remobilization under heat stress conditions during grain filling period. Some genotypes supported grain growth
either by maintaining green leaf area and current photosynthesis or by increasing remobilization of more stem

reserves, under heat stress conditions.

Key word: Grain filling, Grain.spike™, High temperature stress, Remobilization efficiency and Spring bread wheat.
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