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Effect of post-anthesis water stress on remobilization of soluble carbohydrates from
peduncle and penultimate internodes to the developing grains of two bread wheat
cultivars
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Fig. 1. Grain yield of Zagros and Marvdasht wheat cultivars in non-stress (control), drought stress during first

stage (anthesis to 14 days later), and second stage (14 days after anthesis till maturity). Mean comparison

performed using Duncan test (a=0.05)
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comparison performed using Duncan test (¢=0.05)
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Fig. 3. Total soluble sugars concentration in the stem of Zagross and Marvdasht wheat cultivars in

non-stress (control), drought stress during first stage (anthesis to 14 days later) and second stage (14 days

after anthesis till maturity)
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Fig. 4. Total soluble sugars concentration variations in the peduncle and penultimate of Zagros and
Marvdasht wheat cultivars in non-stress (control), drought stress during drought stage 1 (flowering to 14
days after) , and drought stage 2 (14 days after flowering till maturity). Mean comparison performed using

Duncan test (0=0.05)
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Table 1. Maximum and minimum of total soluble sugar content of peduncle and penultimate (at anthesis and maturity stages, respectively), remobilization rate and

remobilization efficiency in Zagross and Marvdasht wheat cultivars in water stress and non-stress (control) treatments

Jgloen (st Ol ST Jlome (slacS Ol 3l e JUSI ) ke (A y3) 3dme JUisl 51,18
Maximum concentration of soluble sugars ~ Minimum concentration of soluble sugars Remobilization rate Remobilization efficiency (%)
uu_)flj Sl e u.:_)flj Sl e uu_)flj Clidg 0 u.:_)flj Sl e
Zagross Marvdasht Zagross Marvdasht Zagross  Marvdasht Zagross Marvdasht
Treatments Lo loiT gla,les mg Glucose .g”"' DM ez 0jsp S o SK e 8 s
Control dals 198+4.5 18243.7 81+4.4 77+2.4 11746.3 105+4.4 59.0 57.8
Water stress at stage 1 Val> 0 Ko i3 249+3.5 87+3.9 13£2.3 12+3.7 136+4.3 75£5.5 91.0 86.2
Water stress at stage 2 Yab> »  Sis 55 174£4.3 180+3.9 20+0.8 4543.0 154+4.4 136+4.9 88.3 74.8
Mean+SE S olzsl Kl
Remobilization efficiency = (Mobilized WSC/maximum WSC content)*100 (st Ui lie/ J ghown (SLakis Ol s 1o)XV ¢ ¢ = sdzes Sl 01,8
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Table 2. Maximum and minimum of total soluble sugar content of peduncle and penultimate (at anthesis and maturity stages, respectively), remobilization amount and

remobilization efficiency in Zagross and Marvdasht wheat cultivars in the water stress and non-stress (control) treatments
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Mean=SE Shae sl ks
+ Remobilization efficiency = (Mobilized WSC/maximum WSC content)* 100 (it JUi i/ J ghomn (Ul Ol e ST Is)X Y ¢ ¢ = sdoes JUasl 1,8 T
oov


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

e SLles 85 e S p 1"

e D) 2 43 0d U 5 (6 i 58 5 50 g5 Al 1
Cble talswes e e di ) Jl- s sladls 4
033 o o 53 (St 15 L 55 s glauis
G dd s JUisl &S oo Cle 4 j2i 4l s
«(Blum, 1998) &l iy Il 3 sladils a5 J slome
) Jol e 5o (St S S S 0 ol
b b el o b 1l g e cdas 5 4l s
sdiren JUiSH ity 28l el il (g 5lue o3
g il s Shes 2als Colg o 5 s

S 03 sy ol 035 slro Slos o
s S o8 558y p o bl ST cals
el e33 g S5 Jaomia 050 5 S GOl gme b
5L 5 LadlsS s b o bale Loyl 5 o an s
JS8) 3 5m 2 Sing o 5l e S5 085 (slao Sl
bl EalS Oy ek el 055 53 .6
Cble casls Wiy Jsl Sas dnys 5855 5 5,8 L
il ol SLadles & 5l da 54, VP L &l OS5
e S S5 et o35 35 50 3 Wl 2L
Jsl 595 VF ol 552555 55,8 L o Lls
Sladles b Cble i U s (615 e 5ol
S Sl a5 Loy (Bl o)l sen clao ST
s LaolsS s 5 Lol claosle iy 55555 5
L Cdog e od)y 02 555 54 5 5, e ChE fals
5553 Ul el a5 BB a0y 3 e 2l
G e cble Sl okl Ay, 055 smed o S5
ol 03 Yl o8 s e 0L LOLS 5 3 5 55575 5
4 e 5 Bl ag ol o)l 5,5l s o3,
oSy 3 A5 sl by o Slag 5T Lo 5 OT o
352 50 5 5 i Sols phgad p s 5 gl Al e 5o
s ol Sl a3 525 LOLS 5 5 5 1 5
15 i 5ad Jgl b= 0 95 2 53 LOLS 5 5 USlen 0
(& JSK8) dzals sl Xy,

Ay ey5n pad ade e s (SCis i lesl L
sled 4 Camd LaplsSTy 3 o ble [ialS Wy, cails

00A

23 sladils 4 LS 5 ol suze Jasl 5,4 T
Ll 03 5 by =

55535 T e o Sils 55 Laoksy 3 ke
Sol3mn sy b Gl tdles, € 5luwF
33 5T 0 Kl )3 55 o (SLAOLS 3 51 iy
i 0, Sl ol ST iy HLghl Ol g5 e ol
o 4 J o (Slad S siome JLil 55 6 S e
Sl e Lyl ay Jls s sladils 4 OS5 3
AT o SKka 53 LokS Ty 5 Ll dey o >l 5o
53Y30 0500 Al 4 gy b e ST LSl
s «Wardlaw and Willenbrink, 2000) ¢S 2L 5
(Simpson and Bonnett, 1993) C—y § O s—wraner
ol 2 L La0lS 3 Ol ials oS W5 S odaline
SET g ol pon Y g5dmy ST 0L 5 3 o 5T b
Clble ials (i laQlS g 5 Ol jw LialS Wy,
O JS) as s =T il o Sl 55 55575 5
GeSaplbl el sl S
Sl (65555 9 Slad sty au LaolS 5 5 hus
SoalS 55 0T L3 & (Virgona and Barlow, 1991)
A T sl o Kl 5555755 Ol (Jo5 s
255

Ao g 53 Bl 43 3 g0 SIS 5558755
B 5o s Gl Dl 58 L o 55T
Ld e Jie by s s gladsls au g ols
il 0 53 Sis a5 (Willenbrink et al., 1998)
woled Cble s e 2alS Eel sl sy Jf
L amglin 53 2T J3lo 5 5T 0 Sibe J gloms (slais
(0 J@)uul;u)p;wfﬁ,uu,w
Sis 55 56 e bl ol Clle 2alST O 5
ol gy 2T Sl Sl iy 5T 8l o Kb 55
2 S a0 Hles o bds ol o bl sudl
Sge ool Card 4S5l i ails Ay gl Al e
oo 53 5T Jile o Sibs 5 5T 6 Sibo glo 3
93 Ylazot 48" Il 3 (55 o A 5 4l iy !


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

920

75

60

45

B3 A ™

Sucrose (umol g Dw)

30

15

40

30

20

o

Glucose (umol gt Dw)

/

10

90
75
60
45

30

395798
Fructose (umol g* Dw)

200

160

120

80

EEgT
Fructan (umol g'* Dw)

40

HJJ")"J"LTJ‘;L‘UQL:”)J:’LT"JQ\?‘)’

WA ol o o)led s ol 0Lt 215 sl W

AT sl o Sbo

Penultimate

I: LSDy 05

I: LSDg 05

J=LSDoos

4

39599
Fructose (umol g! Dw)

I:LSDo.os

21 28 35
Sl o5 3lam 395
Days after anthesis

~
N
>

90
75
60
45
30
15

B3 ™

Sucrose (umol g* Dw)

40

30

o

Glucose (umol gt Dw)

10

90
75
60
45

30

200

160

120

80

Obs9 8
Fructan (umol g* Dw)

40

20 1

AT oS
Peduncle

I:LSDo.os

14 21 28 35

I: LSDy 5

I:LSDo.os

Jol 40 58 (K> S
(water stress during first stage)

(water stress during second stage)

LR e K
+

(control) ualy

7 14 21 28 35

Sl o 5l aw 595
Days after anthesis

>}>}AL;l.&g\:{}fj)ﬁ}fc;}lfc))l{bw&\ﬁ:ﬁu\;)}—a‘_}gﬁl
g P n . . PRT I S - .o e G
&W}(MJ})\?UGL&QBAFC)’Z)‘)\&f&w Lua'.u QJJ{MLN‘)‘.A::)J w)),&)w;brv\j

Ao y5 iy eha 53 LSD (5l e Sslis e s (olE iy 0,93 OLL b Slidles S 51w 59, VF 5D Y o e

Fig. 5. Sucrose, glucose, fructose, and fructan concentration variations in the peduncle and penultimate

of Zagross and Marvdasht wheat cultivars in the non-stress (control), drought stress during drought stage

1 (anthesis to 14 days later) and drought stage 2 (14 days after anthesis till maturity). I: Indicating LSD

value at a=0.05

004


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

e SLles 85 e S p 1"

09 50 3 2l
. Marvdasht zagross
25 25
20 A
5 ]::LSDO_05 'g\ 20 A I:LSDoos
[a]
3® 151 35 15 -
2., b g
310 A2 10
S 5 4 g
3 g °]
0 T T T —= 0 : : : :
7 14 21 28 35

40 7 40 -
5 35 35 |
) 301 T=tsDyss g 301 T=LsD4s
42 257 % 25
w3 20 ¥y3s 20 4
@ 1S
g 15 - ™2 15 4
g 101 2 10
5 3 54
0 ‘ ‘ ! 0 : : : : ‘
T2 283 7 14 21 28 35
80 80 -

)]
o
|

I =LSDy s
60 4
40 -
20 4

7 14 21 28 35

359
Fructose (umol g* Dw)
N
o
L

N
o
|

39595
Fructose (umol g* Dw)

o
o

160 - [=LsDyss 160 -

I:LSDovos
- — g
(water stress during first stage]
120 5120 —— ot s
z (water stress during secons
: .2 L e
> 80 - g E 804 (control) satz
xS =
g § s
2 40 - s 407
= i
s
w 0 T T T T 1 o i i '
7 14 21 28 35 7 14 21 28 35

SUdl o 3lam 595

LSl o 5w 39 :
< 4 Days after anthesis

Days after anthesis
Slass 3 Eing e s o 8150 055 55 Wil 53 3 pe GOLS 53 5 555 58 S S G L ke Sl i Ly, -8 IS
Asy 0555 0L b (GLadles S 51 e 555 F DY Al e (St 555 (s 535V F B Slidles 8 s 0 50 ) oo (St 25 bl
A3 ey o 53 LSD (sl gne 35 sl LG6LE
Fig. 6. Sucrose, glucose, fructose, and fructan concentration variations in the stem of Zagross and Marvdasht
wheat cultivars in non-stress control, drought stress during drought stage 1 (flowering to 14 days after) and drought

stage 2 (14 days after flowering till maturity). I: Indicating LSD value at a=0.05

Ls,ui\,ﬁjé_:;gg,wvg}_@p‘w;\; osb g e el 085 53 Lol oy wlie dals

.upu\JM@\ﬁd\)ngﬁbsﬂw 45@)@}5@.(9J§$)QQJUL§L§)1:@A

(LalsS 5 5 dsle) @lo LS 5 sudome JUat ) 551 55 53 LaDES 53 2als Ly Hls gme 2l pde
o\


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

WA ol o o)led s ol 0Lt 215 sl W

Gl g S sl 6 5 (glo 3 JSE o 5 ege
Jle ol (7 JS2) dil o LaOlS 5 3 J s
oo s 3 Shae olly (ol BV 51 (S6 Wl o0
sl Sis pis 50 0le y e, S5 Jese
ULSKer 5 ol ol L sl G (slaaily
Zils Caslles «(Dubois et al., 1990)
)sg._&:}frjju\zzj_(l&osﬁj‘ﬁlg@@jp
Jeiley 15 08y ol (T O Aals Ll
S ol 5 e Lol 5 Sl eslial 55 6 5L
DMe 03 Simly 4 e § by Sl Jpame A 5
Ll 53 815 oy 4 S O Wil L3
ot OT pla3 5 (65l s 8 Ylazml ¢ Jamen o glas
S S 53 6 S salS Joale Slsdles S
o sl el Bl e 05 ol 53 4l 5 Slas
Yang and Zhang ) 5515 5 ¢SSL s L 3las (b
S (O m) Je) eSasans 5 &Sas bl 43 (2005
4_?\,,(,4_?&) sl e 53 T Cusguous b
dby Slidles § 51 84S W5 camlis o) cdizean
Gladile )3 A5 (¢ thy jldie 5 axdls oolbe ius
sdome JUisl SLidlos ;8 5l ey 5 S 0,55 5 45
(0 2050 55 4 4T ilen U555 5,5 T 5ag)
o=l s 6 oLl als 5, Shee (b oy w515
Al 5 Ll

References

Fon g S il e o (S 25 5 s
Lol 5lods 13l 0355 3l5a [2aLS 5 olS
ool Yzl 35 by o s (ol 4 oS jri g
DS 5 sdzms Il gl o ply S5 Bl 55 ks
03,5 Joe iy dl> 3 gladils 4 Ladsle glo 503
Ao s o 3l JLis &S5 o ol i ol
Azt 53 503, 1) i 55 L s SRS O
sy g el 055 93055 4 4l 3 Slas ialS
glin 53 Cddg 0 b 05 53 Doy (g
wf)gug_:k-u:.;_:dwvfuwvs,p
G Le cble juas rals Coge dls Aiy Jyl
5 5T 080 53 5 50 OUS 5 b 5 555 55 S I
Sol gy L6 PS8 a2 T Jil o Sl
Loaol=STg 505 o o doe lad 545,800
S o 5 Sis 55 Ll s s 4ils 0ds o
Ayl gl IS i Bl s, Shes LS E
Ay s B3 4 ((Wardlaw and Willenbrink, 2000)
(ing g ol o8 45 5 Slas s alS &
Jlesl als wiy Jol d e y3 S 2568 Sl
Jgdoes lads Jlasl s pals cle 4 s
oLl ol sl o3 g b 4l 4 bl (gl 5
Jodoes GLalpdon 52 S Ol e 457 3 50d it
S (S 4 Jammte 035 (slae Kila 43 5 g 50

}ugwwbjfwwr_é)j\%aﬂw

ooliwl 3390 @b

AOAC. 1995. Official method of analysis.16th ed. VA., USA: AOAC, Arlington. pp: 452-452.

Bai, X. F., Y. P. Cai and F. Nie. 1989. Relationship between abscisic acid and grain filling of rice and wheat.

Physiol Commun. 3: 40-41.

Blum, A. 1998. Improving wheat grain filling under stress by stem reserve mobilization. Euphytica 100: 77-83.

Blum, A., J. Sinmena, G. Mayer and L. Shpiler. 1994. Stem reserve mobilization supports wheat grain filling

under heat stress. Aust J. Plant Physiol. 21: 771-781.

Bonnett, G. D. and L. D. Incoll. 1992. Effects on the stem of winter barley of manipulating the source and sink

during grain-filling 1. Changes in accumulation and loss of mass from internodes. J. Exp. Bot. 44: 75-82.


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

e SLles 85 e S p 1"

Castrillo, M. 1992. Sucrose metabolism in bean plants under water deficit. J. Exp. Bot. 43: 1557-1561.

Dubois, D., M. Winzeler and J. Nosberger. 1990. Fructan accumulation and sucrose: sucrose fructosy
Itransferase activity in stems of spring wheat genotypes. Crop Sci. 30: 315-319.

Ehdaie, B., G. A. Alloush, M. A. Madore and J. G. Waines. 2006. Genotypic variation for stem reserves and
mobilization in wheat: 1. postanthesis changes in internode dry matter. Crop Sci. 46: 735-746.

Ehdaie, B. and J. G. Waines. 1996. Genetic variation for contribution of preanthesis assimilates to grain yield
in spring wheat. J. Genet. Breed. 50: 47-55.

Gebbing, T. and H. Schnyder. 1999. Pre-anthesis reserve utilization for protein and carbohydrate synthesis in
grains of wheat. Plant Physiol. 121: 871-878.

Gent, M. P. N. 1994. Photosynthate reserves during grain filling in winter wheat. Agron. J. 86: 159-167.

Kiniry, J. R. 1993. Nonstructural carbohydrate utilization by wheat shaded during grain growth. Agron. J. 85:
844-849.

Ravindar, K. S., L. M. Shin, H. E. Flores and A. W. Galston. 1982. Rlation of polyamine synthesis and titer
to aging and senescence in oat leaves. Plant Physiol. 69: 405-410.

Saeidi, M. 2008. Study of the some physiological and biochemical traits related to source and sink strength in
two wheat varieties differing in drought-resistance. Agricultural and Natural Resources Campus, University
of Tehran. Karaj, Ph.D Dissertation. (In Persian).

Schnyder, H. 1993. The role of carbohydrate storage and redistribution in the source-sink relations of wheat and
barley during grain filling - a review. New Phytol. 123: 233-245.

Simpson, R. J. and G. D. Bonnett. 1993. Fructan exohydrolases from grasses. New Phytol. 123: 453-469.

Van Herwaarden, A. D., J. F. Angus, R. A. Richards and G. D. Farquhar 1998. Haying-off the negative
grain yield response of dry-land wheat to nitrogen fertilizer. II. Carbohydrate and protein dynamics. Aust. J.
Agric. Res. 49: 1083-1093.

Virgona, J. M. and E. W. R. Barlow. 1991. Drought stress induces changes in the non-structural carbohydrate
composition of wheat stems. Aust. J. Plant Physiol. 18: 239-247.

Wagner, W. A., A. Wiemken and P. Matile. 1986. Regulation of fructan metabolism in leaves of barley
(Hordeum vulgare L.). Plant Physiol. 81: 444-447.

Wardlaw, 1. F. and J. Willenbrink. 1994. Carbohydrate storage and mobilization by the culm of wheat
between heading and grain maturity: the relation to sucrose synthase and sucrose-phosphate synthase. Aust. J
Plant Physiol. 21: 255-271.

Wardlaw, I. F. and J. Willenbrink. 2000. Mobilization of fructan reserves and changes in enzyme activities in
wheat stems correlate with water stress during kernel filling. New Phytol. 148: 413-422.

Willenbrink, J., G. D. Bonnett, S. Willenbrink and I. F. Wardlaw. 1998. Changes of enzyme activities

associated with the mobilization of carbohydrate reserves (fructans) from the stem of wheat during kernel

o1y


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

WA ol o o)led s ol 0Lt 215 sl W

filling. New Phytol. 139: 471-478.

Yang, J., J. Zhang, Z. Huang, Q. Zhu and L. Wang. 2000. Remobilization of carbon reserves is improved by
controlled soil-drying during grain filling of wheat. Crop Sci. 40: 1645-1655.

Yang, J., J. Zhang, K. Liu, Z. Wang and L. Liu. 2007. Involvement of polyamines in the drought resistance of
rice. J. Exp. Bot. 50: 25-32.

Yang, J., J. Zhang, Z. Wang, Q. Zhu and L. Liu. 2001. Water deficit induced senescence and its relationship
to the remobilization of pre-stored carbon in wheat during grain filling. Agron. J. 93: 196-206.

Zhang, J., X. Sui, B. Li, B. Su, J. Li and D. Zhou. 1998. An improved water-use efficiency for winter wheat

grown under reduced irrigation. Field Crops Res. 59: 91-98.

o1y


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.8.6
https://agrobreedjournal.ir/article-1-120-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1390.13.3.8.6 ]

e SLles 85 e S p 1"

Effect of post-anthesis water stress on remobilization of soluble
carbohydrates from peduncle and penultimate internodes to the developing
grains of two bread wheat cultivars

Saeidi, M.'and F. Moradi?®

ABSTRACT
Saeidi, M. and F. Moradi. 2011. Effect of post-anthesis water stress on remobilization of soluble carbohydrates from
peduncle and penultimate internodes to the developing grains of two bread wheat cultivars. Iranian Journal of Crop

Sciences. 13 (3): 548-564. (In Persian).

This research was conducted to investigate the effect of water stress during cell division (stage 1, water
limitation from anthesis untill 14 days after anthesis), grain filling stage (stage 2, water limitation from 14 days
after anthesis untill physiological maturity) and control (soil water at field capacity), on soluble carbohydrates
remobilization from peduncle and penultimate. The experiment was carried out in greenhouse using two wheat
cultivars; Marvdasht and Zagross (sensitive and tolerant to post-anthesis water stress, respectively). A factorial
experiment arrangement in randomized complete block design with three replications was used. All traits were
estimated in five stages (7, 14, 21, 28 and 35 days after anthesis). Results showed that the amount and efficiency
of soluble carbohydrates remobilization from penultimate was higher than peduncle, and greater in cv. Zagross.
Water deficit significantly increased soluble carbohydrates remobilization from peduncle and penultimate to the
developing grains. This increase in cv. Zagross was higher than cv. Marvdasht. The highest concentration of
glucose, fructose and sucrose and fructans in peduncle and penultimate were observed at 7 and 14 days after
anthesis, respectively. Concentration of these sugars in penultimate was higher than peduncle. When water
stress was imposed in stage 1, the concentration of sugars decreased more significantly in peduncle and
penultimate as compared to the other stages. Fructan was the most important sugar in the two internodes of
the two cultivars. Glucose, fructose and sucrose are used for biosynthesis of fructans in early stages of
grain filling. Considering the results of this experiment, starch had no significant role in remobilization to
the growing grains. The contribution of penultimate in remobilization of sugars to the growing grains was
higher than peduncle. Tolerance of cv. Zagross to water stress after anthesis could be attributed to its

higher storage of sugars in stem and efficiency in remobilization of these sugars to the developing grains.

Key words: Bread wheat, Fructans, Fructose, Glucose, Remobilization, Soluble carbohydrates and Water stress.
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