&0 lio FEO-YAY (o AFY 3l o o )lod pimiy ol S 3blio 55 o3 pale wlivdo

5990 78 — 99590 9 (£1)) SLRANS 1S )0 (g il Slge due JWl g zezx
TR0 @l e < 55 Jalowsl Soma ) 6352 (5340

Olrl o)l eyl 3o olKiily ol (Kie (659l 04K (09> (laLS g (LS pole 095 =)
Olnl e ep e oS ((5)sliS oSl ¢ ALS SB] g Mg (wign 095 =V

ol el ST oyl e oDl ST oS3l clie SLT u)ly a5y ec55,5LS 095 =¥
mehdijoudi@gmail.com; joudi@uma.ac.ir :4s5Ke Jgiuws *

VENVIYY sl g,

DOI: 10.22034/CSRAR.2023.342095.1236 VPN [o0/o¥ b pdy g b

ERVCES

S Ol b e (St Sliao ppas o o Gl 5 alST Sl (65,5 VU wls ,Sha b pui o) 5 ne 5 3ol gz
Sl s 4 Caaglie 5 ails 0, Shoe b o o (So5glgn 5 Do 0 etee 51 ails 4y oyl oo JUiil 5 aBls ;0 (5550mgid Slge 0 33 .00l
koo Kilie ,o Lol joungs S aib o ol 5o Joloe slacljoingy,S paus dBle 10 oo 0,53 dlge Lol (oS )5 el paiS o Joie
(o55n (335 40 s ) myain (335 5 Jolo b o 8,1 08l o Jua5 o 8o o1 5L o atl o gard (il el
Bl o gjlmorid ke o dasme wallas Lyl 10 ks 555 4Bl 45 (o 5iimsid olgs aazs gy 6yt gl @bl aslio
Saislse3e slaaly il omd loails S 55Ty 5, 5itegid oS Wl o HT o et (glo e Slye s JUEEl il o el
A8 53 ol Sl (530,90 e 5 59,51 prbans Vot el 0k paein JlS p5bo @0 sme JUil 9,0 (sl oy (yms 0925
OmeS Sz JUS LS 5 aBle (gilue e lade Langh o8, 8 50 daome JUWI Jlade andly andls GBS RS ayied £9,0 5
JUESI jlade g £9,8 Gloj (e (sla i 00,5 (oo (aduie (35 ©)a8) &l ()39 g Sl Lawgs 13 saoee JUEI (oI 058 oo
Ol st g awmre Lyl 15 en3) ) e g 039y ukie a5 &ls (53,5 5 40 Same JLS! &8 Lie e i o )8 il o | sase
sazme Jail b pB,l =Mool aes oo ylis jol () 06 sod odalive sazxs Jlal g ails o Slas (pn castivn alayl) . auiS oo poss als (59
sl god (glosls I8 YL ails 5,Slas o YU

L (slao Siloo sty 3 Shac ol 55 Jobous sloclanign 5 St 25 gl sloels

o (Plaut et al., 2004) 595 o sl alices ;5 00 0 dodile

Sl 5 Ol L (s 50 (ogar palS CiS pj (>l i
E g o) ddmie o 1 b pauS s o cslasl oo
Ll i o LS 5 (Sid la i 09 e 4190 o)
Gk ol i S 5 S5 aiile b leny (S GBS
g o ailo 0l 4 Oyl cely gt o (Lol
Ghals Sl als (s p pgs al> o 5l s oS Iy 5 65m
390 Ol iaied o baails Bl ay 6l (gwgid Blge 4o ye
s baails G,k 51 (6 yiinsd Slga (sl Lol a8 ool Jl>
o 90lss ol 655 lsz ()l Fiagid ggazme ;0 5 95
gy splasl (o 00l 0,53 lge el Lyl ) Co
5 o Wilg3 o olS g dnore Jal B ay iy g 00l iy
0 eS| als 50,5 slp 5L 390 S el L

bl jl el)y SV gmazmo (St 5 (So Olgre 4 puS
L) sote G5 5 009 Ol 5o g e 9 iS5 el
R SR ORGP NP O-S I DN PE RV B u,..aL 59
For 29z j0 45 00 LS (yguleo VYo Lo S5 [0 pais
ks (Gr—ae G5 IS 5l ey - (oo i (5 ek
5 (0 poiS g (655 el jlade S e (el
B+ 5l S poiS (635 0 slmil 9 48 5 ol 3T Jlo aiils
S50 aS Sl oald o )Ll pum s sl ool (5138 as o
Argd 15 Sl gl )0 paiS CiS 5 (e 5l ped — S
(Reynolds et al., 2007) el ax3,5 1,3
Faimwgi® =) rade dow 3l paiS jo ally Hald g 0,

SMowlgied -V g dug; slaplail 1o 9250 ()59 5



Ohes 5 5392

\id4

Coal S o Ll olF Calizes slocia w8 4y bl joing S
b pe j0 00l 033 olge pl Heas o engay ol Lol
D)o & (g Blge dlile gy Jsbo o el o lgae
0 S Lidgse slo sl o loaid L b il
W og—d Jatie by joee 4 Wilgs oo o plSn )3 5 00
ales 2ol YF Jsb o a8 0,08 gies ol baosss JalS
Al oS ool B 1) pdsilos 6l 5L 3550 () 3,
Oz ed 9 ol £45 4y azuy (Sheikh Ahmed et al., 2020
3 e o s Sglite L33l e alsp g of Lasl,
3595 b 3 45 (598 (n e gyl laS
wlis 0,5 oo 8 ool wl 0y90 o 3 90,33 S
ol aaclisS a3 w3 lacS s o a8 Jlo s il e

(Liang et al., 2019) aib o atwlis g Jolxo slonsd

-

apeumynuag
e
apounpad
st

SIPOWIAJUT JaMOT

oiotconoo

(Blum, 1998)

ra )0 598 Sl b JBh o il slaagly
5 ool P53 (s g olge same JIES! 5 (553l S
9 4575 i 9 5 LS )0 (plate) St 5 yaitie
5 Gl g T i8] el ool s gl Judo
e 03liiul g gangen (Bl g 0ud ;S e o9 o9z
Sl oo el B 1) pauS 8B | Aol sbiwly jo Sledlsl )

ol g Gaodligs wlad
23 Sy S300lsS S il e gazd Sawaily 5 SoeelisS

4_.@).: W-'Ld.l” )é SR L’M.Q; 9 Y SR W) L.u‘ Lbuj).a

rsseene

.
.
.
.
-
.

T
'.-|u'oocn-'oa.oocn|>'oo.o-o|u.oocno.-o.ooocnu.o

PSS a3l cilizeo o il 30 (6 3uwgid Slgo (uzralais i) (s 5lwal3T g () o idd) zoss —) JSi

Figure 1- Schematic of photo-assimilates accumulation (solid arrows) and remobilization (dashed arrows) in different internodes of
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Figure 2- Changes in different internodes weight (mg) of wheat grown under irrigation (left-hand) and drought stress (right-hand)

conditions. Each point represents the mean value of 81 cultivars across 2 years. Means followed by the same letter do not differ at
0.05 probability level. Data taken from Joudi (2009).
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Figure 3- Amount of dry matter remobilization (mg) in main stem of 81 wheat cultivars grown under irrigation and drought stress

conditions. Each point represents the mean value of one cultivar across 2 years. Data taken from Joudi (2009). LSD: Least

Significant differences at 5% probability level.
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Table 1- Contribution (%) of stem reserves to grain yield of wheat measured by different researchers

CaS)L....a céjm
o8, olass o
s Contribution range (%)
oo . ’f CialesT oyl
Researchers Num e(rjo Experimental conditions
teste S S PR Al
cultivars o .
Irrigation Drought Rained Greenhouse
Ehdaie and Waines, 1996 8 4-65 - 9-18
Sile
46 13
Mean
Shakiba et al., 1996 2 3.8-4.7 - -
Sile
4.2
Mean
Inoue et al., 2004 2 - 56-109 -
Sl
82
Mean
Uzik and Zofajova, 2007 10 - - -
Sile
Mean
Ehdaie et al., 2008 11 11.4-47.2 28.6-53.5 - -
Sile
41.3
Mean
Joudi, 2010 81 16-78 - -
Sl
40
Mean
Bahraini et al., 2010 18 61-153 - -
Sile
94
Mean
Ardalani et al., 2015 4 15.9-22.6 26.6-54 - -
Sile
26
Mean
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Abstract

Introduction: Wheat is the most important source of carbohydrates in a majority of countries. It
provides more nourishment for people than any other food source. Limited rainfall and drought stress
occur frequently during the grain filling stage of wheat in many areas. Accumulation of
photoasimilates in the stem of wheat and remobilization of theses storages could be considered as
important adaptive traits to environmental stresses and are important in breeding cultivars with
improved grain yield.

Materials and Methods: Previous published researches on carbohydrates accumulation and
remobilization in wheat were studied. The results of these articles were summarized systematically
and then critically analyzed. Approaches for future works in terms of carbon accumulation and
remobilization were also presented.

Results and Discussion: Water-soluble carbohydrates (glucose, fructose, sucrose, and fructans)
accumulate in the stem of wheat plants. The accumulation of reserves in the different internodes
started near the end of extension growth. That is to say, the accumulation of reserves in the lower
internodes takes place over long periods of time compared to the upper internodes. Accumulation of
stem reserves, depend on environmental conditions and cultivars, continues until 10-25 days after
anthesis when maximal amounts are reached. Wheat cultivars with optimum stem length and stem
specific weight (stem dry weight per unit stem length) have higher potential for stem storages. Under
optimal conditions, where photosynthesis takes place over long periods of time, storage of assimilates
is high. In contrast, stress conditions such as drought reduce the amount of accumulated
carbohydrates. Typically, remobilizations of stem reserves are started at the second half of linear grain
growth when the current photosynthesis is declined. Physiological bases for remobilization initiation
have not been understood well. It is probable that sucrose level as well as abscisic acid (ABA)
concentration in the stem are involved in this process. The amount of remobilization in each cultivar
is determined by stem reserves and remobilization efficiency. The later factor is affected, in turn, by
grain number and grain weight (sink strength). That is to say, cultivars with higher stem storage do
not necessarily show higher carbohydrates remobilization. Abiotic stresses (such as drought, salinity
and heat stress) have pronounced effects on the amount and initiation of carbohydrate remaobilization.
However, wheat cultivars respond to such conditions differently. Researches on 81 Iranian wheat
cultivars showed that drought stress increased stem dry matter remobilization from 2 to 45% whereas
this trait was decreased from 1 to 72 percent in the remaining cultivars. Interestingly, the response of
each stem segment (internode) to imposed stress conditions may be different with respect to
remobilization amount. The flow of carbon (carbohydrates) to the grain from stored stem materials
has been classified to pre- (All the carbon in the grain which is derived from photosynthesis prior to
anthesis) and post-anthesis (All the carbon in the grain which is derived from photosynthesis after
anthesis) remobilization. The contribution of stem dry matter to grain growth is not consistent and
varies depends on the cultivar, environmental conditions, and grain weight changes. Clear association
is not found between grain yield and remobilization. No clear relation was found between stem reserve
mobilization and year of cultivar release.
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Conclusion: Weather conditions have pronounced effects on carbohydrates accumulation and its
subsequent remobilization in wheat stem. Therefore, when breeding for these traits are considered,
special attention should be paid to the environmental conditions. Typically, the lower internodes of
wheat stem have higher potential for carbohydrates accumulation and remobilization when compared
with the upper internodes (peduncle and penultimate). Clear relations were not found between grain
yield and remobilization. This suggests that manipulating of this trait (remobilization) in wheat
breeding program is a challenging task.
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