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Abstract: Short period of high temperature stress, over 30°C , often happens during grain filling in many wheat production
areas in the world, and has been an important factor limiting wheat grain yield and quality. Starch, a major component of
wheat grain, has a close link with wheat grain yield and quality. It has been known that the grain starch accumulation
reduces due to the high temperature during grain filling, leading to the decreased grain yield. However, there is little

knowledge about how the formation of starch components, amylose and amylopectin, and the activity of the related enzymes
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change when wheat plants are exposed to high temperature stress during grain filling.

The study was conducted to investigate the effects of high temperature at different periods of grain filling on grain starch
formation of wheat. Two contrasting winter wheat ( Triticum aestivum L. ) cultivars, JM20 ( weak heat tolerance) and LM21
( strong heat tolerance) , were grown at Tai’ an Experimental Station of Shandong Agriculture University during the 2004 —
2006 growing season. Two treatments of high temperature stress were made in the field with plastic sheds in the early (5 —
9d after anthesis, T1) and middle (15 —19d after anthesis, T2) grain filling, respectively, in comparison with the control
plants that grew naturally. The treatments were arranged in a randomized complete block design with three replications.
Effects of high temperature stress at different grain filling periods in field on starch accumulation, starch granule
distribution, and activities of the related enzymes were examined in developing grain of winter wheat.

The results showed that there was significant effect of high temperature stress on grain starch accumulation. High
temperature stress after anthesis remarkably reduced starch accumulation at the maturity. The total starch and amylopectin
contents of high temperature treatments decreased markedly, but amylose content of heat treatments increased , as compared
with control. Then the ratio of amylose to amylopectin in high temperature treatments was significantly higher than that of
control. High temperature stress in the middle period of grain filling had a larger effect on the starch accumulation than that
in the early grain filling. The starch accumulation of JM20 was decreased due to high temperature more than that of LM21 ,
indicating that JM20 was more sensitive to high temperature. High temperature resulited in the significant increases of the
volume , number and surface area percentage of A type granule, but the decrease of B type granule, compared with control.

After 5d high temperature stress, the slight increases occurred in the sucrose content, the activities of sucrose synthase
(SS), adnosine diphosphate glucose pyrophosphorylase ( AGPP) , soluble starch synthase (SSS), granule-bounded starch
synthase (GBSS) and starch branching synthase (SBE) in T1 treatments of two cultivars. But after removal of the high
temperature stress in T1 treatment, the above parameters in JM20 and LM21 became lower than those of the control at both
15d and 20d. The significant decreases were observed in the sucrose content, SS, AGPP, SSS and SBE activities of T2
treatments, especially in JM20 after 5d high temperature stress. However, only a little difference existed in GBSS activity
between high temperature treatment and control. The grain starch accumulation was found in consonance with the grain
sucrose content, and the activities of SS, AGPP, SSS, GBSS and SBE, suggesting that it was poor supply of sucrose and
the decreased activities of the enzymes involved in starch synthesis that brought about the declined starch accumulation in
grain under high temperature stress.

As compared with LM21, JM20 had a larger decline in the starch accumulation and the activities of related enzymes,
indicating the difference between cultivars existed in tolerance to high temperature. Hence, it is suggested in this paper that
growing heat-resistant cultivars, and applying appropriate schedules of irrigation and fertilization would be effective to cut

dawn the influence of high temperature stress during grain filling on wheat production.

Key Words; winter wheat ( Triticum aestivum L. ) ; high temperature; starch; starch granule; enzyme activity

T B/ NEAFRL) BRI, RO ESE MmN e AR A . TEMAE BN T K
HulBREEEREN, B/ 50k thE 5w Je i B4R v, 5T 4% 18 Sk 19 3 A 2 WL IR 25 T 4
X TEMRLR/NEFRIEM TR, — R4 A BUR B BITEMR, A BITEMPRIE K ( > 10 pm) , B
T B BIFEMRIEB/N <10 pm) , BERAP A B 5 B BIFERR OSSR IALRSEA F , o 5 e AR
TRBRRGEE BEEWRD . BIRRD FERIEMES RIERB A EA R R TR AR BETARD ", A
BIREMR TAESG 4 ~5d FFIRTR R, B BIEM RN 46 TS 12 ~ 144, TR, /NGE A 15 B B3 MR T8
BRE—NZEEIETHER, 22/ ERREBMARB B, BESHERAE U /NEFRTE
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TR E R XA A A — 2 NE M X, NEET R A4 H BB 30CHRRXRS,
Xt/ SRR B SR TR A T AMEMT ', NEEEERIE MG R R B RR A
WA= DB 2 RN E AR R G B B R — R B Y TR R, X TR
[FJEE 3 By B IR /N R RLE My B B S A R B TR M R BB S A St , SRR TR A [F B BN /N
T, BHRAE G A R B B R R AFRLIE M R R RLIE 43 SO GBS PR R 2, S50 Ve TR X S M0 T LR Tl 1 A 3
AL, DA A 7= R 1R A B SR AR TR o
1 #EERE
1.1 #ME5i&Eit

BE T 2004 4510 J ~2006 4F 6 A7EILAR L KERLRBRGHT, BB HEHEZE0 ~20 cm) 13EE
BPLFE1.23% 45K, 0.091% WiER 87.2 mg°kg_1\i§_§ﬁ@§ 18.6 mg°kg_1 SRR 57.5 mg°kg_1 o PR/ NE
Ar b T R 55 A B 22 20 (JM20 ) FITR Rk B A8 37 21 (LM21 ) , PSR 180 Jidk -hm ™2, /PR EM
#3mx3m=9m’, BRFTHEAILIELEA 120 kg-hm > P,0,75 kg-hm > K,0120 kg-hm > 335 BH B ME 4 &
120 kg-hm ™, HAt M EEHEFE—BE=H, BRI SRBE—3, AR A 2005 ~2006 4R 5
13531,

BRI A FES % Xu 215 sk, IR 0. 1 mm JETG (055 1 I8 28 R AR, B 5/ X T
AR, B4 1.5 m, 5/NERERERE 60 om 24, UAEMBEPERRIL . 51 FHF S5 ~9 d(T1) F1
515 ~19 d(T2) , 45 H 8:00 ~ 18.:00 FHHEME T , HE1TRIRAC L, IR AXT IR (CK) , B 1 /75 15
~19 d B H LR FHME A5 5 ~9 d bR H A EH5E)E 15 ~ 19 d ZAMFE, B ETEE.
FIRACEE SR P et VB A

/NEFFAEBIBERR [F H L KA — B B H AR 45

B, TS 10.15.20.25.30 d 735 d Bk, K sl o1

W10 Bo WA BBAF RS 10 min, REF - 0 55|

40°C VKAH , FE T 5 M 00 2 5 36 40 B 70°C Bt =48 a ol

TR S & B R SRR = ol

1.2 WEWHSH® S w0l
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Fig. 1 Diumal changes of temperature inside and outside the sheds

VEMPRLSRIE % Pong '* BTk BB B gy 15 19 skt MO0 P H90, O BANRAE T, 18
2g NEFFRTERBK PRI 24 h, 7EFERP B, 513 M  Data were the means of 15th to 19th day after anthesis. CK
}Eﬁ 200 E ﬂﬁ?iﬁ‘l‘j‘_ﬁg o 7‘;—3;{5}/;] éj‘{ﬁg 1700 x g %",D 10 min , Temperature outside the sheds; T: Temperature inside the sheds
¥ FEW, WA 5 ml 2mol/L NaCl, @R RS, SHE
L, ER 3K, LA 0.2%NaOH . 2% SDS FIZEMB/KIF R, &5 HWEEL 3 W, T,/ T -40C
Abo FASEE N 558 FR/REE AT LS 13320 SOBATETRLEE S (AT SRR 23 H7 o
1.2.4 FEEEH:

BEM RIS IR Douglas %7 iy 77 vk, G A BB, 5 ~10 A~/NEHPHL, FREJS, 1 8 ml pH7. 5 Hepes-NaOH
W, VKA TS . 10000 x g Y2 VRES.0 15 min, b 5B TEEMHIE .

(1) BEREAME(SS) B8 Douglas % Ay 77 ¥k, B 50 ul MIMGWE, I Hepes-NaOH 22w (pH 7.5) 50
wl,50 mmol-L ™" MgCl, 20 pl,100 mmol-L ™" UDPG 20 pl,100 mmol-L ™" 6-BHa 5% 20 wl(SS 7& M & B im 5
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1) ,30°C k¥ iR 30 min J5, 112 mol-L ™" NaOH 200 pl 2% 1F 52 , Ik £h A4 2 ml F10. 1% 8% — B3 1 ml,
80°C /K817 1R 10 min /5, T 480 nm T H.fa,

(2) BRH BB A AR B IR L BE (AGPP) B I8 Douglas %' j 773k 50 wl BB N 400 pl 51
% (& 50 mmol -L ™" Hepes-NaOH.1.2 mmol-L~" ADPG.5 mmol-L ™" PPi 6 mmol-L ™" MgCl,.3 mmol-L~' DIT),
30C i 20 min 5,3 7KZ 1E S8, T 6 mmol -1 ™" NADP *100 1.0.08 U PGM 50 pl.0.07 U G-6-PDH 50 pl.
0.3 ml Z21p% . 30°C /2y 10 min J§,F 340 nm F b,

(3) FTVHETE M AT (SSS) AISRAAAIEM AW (GBSS) S Nakamura 25 f I #E4T . 50 wl HLEEWK
11350 wl ZRi%E (&5 50 mmol-L~" Hepes-NaOH. 1.6 mmol-L~" ADPG.0.7 mg x4%3E#) .15 mmol-L~" DTT),
30°C S 20 min J5, /i1 200 wl [ (& 50 mmol-L ™" Hepes — NaOH.4 mmol-L ™" PEP.200 mmol-L ™" KCI.10
mmol-L™" MgCL,.1.2 U PK),30°C 2 ¥ 20 min 5, Jif 400 pwl ¥ (& 50 mmol - L' Hepes-NaOH, 10
mmol - L. ™' %48 .20 mmol-L ™" MgCl, .2 mmol-L~" NADP* .1.4 U T }##M%.0.35 U G-6-PDH) ,30°C 2 i 10
min /5§ ,F 340 nm F &,

(4) WM XM (SBE) SRERRE W EET. BRI 1% BIEE Y — B0,

2 BRE5Hm
2.1 EHMHRER

/N AL TAPRLTE By PR R BEAP R E R S WS I E (B 2) . Pimf T1 ALETE R R 20 E TXt
W EHE 20,83 21 443 T 15.20 d FFRR TR T2 e m R R2 B &R T X, BH & 20 1k
IBEEZE 21 X,

—eo— CK —O— Tl -+ T2

40 — 40 —
~ 30 30
=g
g.8
&b §
on
EE
mgzof 20
B =
£
B ok 10 -
TM20 LM21
0 | 1 1 1 0 | | | | |
10 15 20 25 30 35 10 15 20 25 30 35
FAEE R %

Days after anthesis (d)

B2 ZEREMFREEERRRKEM

Fig.2 Effect of high temperature after anthesis on accumulation of total starch in wheat grain

S5 35 OB , P Th T1. T2 AL B R R 8 B &G T X R, BB 3 9 18.25% ,30. 12% (#r %
20) F110.21% \18.53% (&5 21) . AB/NERLERBEAN THRIEBRIHR, ERXPHRENEHHRE
R R EBEIIR, 5HF3E 20 1k, 8% 21 HEABIER R R B HREIBEU/DN, W LT &R =R
W ZRE e, B 2% 21 T R iRRe B .
2.2 EHmEE

NEESERRR R E AR SRR S8, B R RN AN S BN E/ XM I(£ D), K
T2 ARTEYE R FISCHEVEN & BIEIRER T1 B, kI HLEE, 5F 2 20 WAL B S B SC e i & B VE
BEE 21 K,
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2.3 R

2 BRT /MR BRI A B BIFEMPR B AR B B AR E AR RO . 5% AR L, SR B
FPRL A BISERPRLATR BB AR R E 2 1, R E B ZIREMrar AR BB MREHRE 4 . T2 ALBRE bk
BE S A RO MR B T1 B, W i b B — 3

®1 EESEXBBEPATHERSBRORN
Table 1 Effect of high temperature after anthesis on content of starch in mature grain

Y i) oR:3 XHERE SR EmE g B/
Cultivar Treatment Am content (% ) Ap content (% ) Starch content (% ) Am/Ap
B 20 IM20 CK 15.05 Ab 48.69 Aa 63.74 Aa 0.309 Ce
T1 16.04 Aa 43.68 Bb 59.72 Bb 0.367 Bb
T2 16.51 Aa 40.75 Be 57.26 Be 0.405 Aa
&% 21 LM21 CK 18.16 Ab 50.05 Aa 68.21 Aa 0.363 Be
T1 19.11 Aa 47.62 Bb 66.73 ABb 0.401 ABb
T2 19.42 Aa 45.38 Be 64.80Bc 0.428 Aa

Fl—PAMHAARARRKCNEFRBRER 1% (5% ) KETERBE Means within columns followed by different capital ( small) letter are
significantly different at P < 0.01 (0.05); Am = Amylose, Ap = Amylopectin

R2 EESEX B EAERNLE S RN
Table 2 Effect of high temperature after anthesis on starch granule distribution in mature grain

5 il AR Volume (% ) ¥r& Number (% ) A Surface area (% )
Cultivar Treatment A B A B A B
B 20 IM20 CK 58.4 Cc 41.6a 0.11 Ce 99.89 Aa 17.43 Cc 82.57 Aa
T1 73.11 Bb 26.89b 0.39 Bb 99.61 Bb 25.44 Bb 74.56 Bb
T2 77.21 Aa 22.79¢ 0.80 Aa 99.20 Ce 30.69 Aa 69.31 Ce
&% 21 LM21 CK 61.45 Ce 38.55 Aa 0.24 Ce 99.76 Aa 24.15 Ce 75.85 Aa
T1 75.28 Bb 24.72 Bb 0.51 Bb 99.49 Bb 31.35Bb 68.65 Bb
T2 78.88 Aa 21.12 Ce 0.9 Aa 99.1 Ce 35.95 Aa 64.05 Ce

Fl—PAMHAARARRKCNEFRBRER 1% (5% ) KETERBE Means within columns followed by different capital ( small) letter are
significantly different at P < 0.01 (0.05)

2.4 KPR SS BHEMERSE
2.4.1 SS¥EH

7 BRFEMT , BRI SS AL B RIS 4k 785 25 d SABIEE (B 3) . T1 435, SS Eik
BTXHRGAEE 1520 d )5, 572 20. 8% 21 SSEMMRT X, T2 45, Wb SS MR T R, Z
Ja , BEFPRL R B HEE, T2 Ab3 SS TEERGE T M, 5% 20 TRIBE KR T&8% 21,

2.4.2 HESE

INEFAEAFR NS B 2EEW PGS, MHMRIE—Z(E 3) ., T1 4LBEE, FFREE S 2SS TX
W EHE 20. 8% 21 4451 FHE 1520 dEFXR, T2 BRI 30 d, BESEBEM TR, 5 E
20 S ETRIBERE X 21 X, ZAmRXFR SS HSM M T LLE , R T 3k & B s B
FERE PR HERY
2.5 TERA BUMDCEEE M
2.5.1 AGPP iE%

EFERSFHT , IR AGPP JE A8 (L3 2 Hlg il 26 IS(E7EAE /5 25 d(B 4) » T1 43S, FsF
AGPP JE I E B IR BTG 15 d(HFE 20) .20 d(B % 21) FHRE TR, T2 &5, AGPP iEkdy
BEMMT IR, 573 20. 8% 21 AGPP 1M XT I 735 T P& 58.5% \24.8% , W] ., 583 21 ML, 5% 20
FPRL AGPP 15 M3 = MR S N SE U, BB 5 2 B R IR 0
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B3 ERFREMMPRERRE GBS RS ROPR

Fig. 3 Effect of high temperature after anthesis on SS activity and sucrose content in wheat grain

—o— CK -0 T1

0.8

IM20

0.6

0.4

0.2

-+ T2

LM21

0

BB RE
Days after anthesis (d)

B4 HERENFR AGPP E K BN
Fig. 4 Effect of high temperature after anthesis on the activity of AGPP in wheat grain
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15 d TR, &2 21 MRBKBOHG, TS 20 d RTXHR. R PRELES dJ5 K PRL SSS Ttk
T, FEIE Y 60. 2% (32 20) \20.9% (&3 21) . T2 AbHS, SSS B MR N L LTHE TR &S,
B BEMRT I, AR ARE 3 WSRO R S EEE R & R DI, RRE X5 2 20 okt
SSS W mMBE R TE % 21,

—e— CK —0— TI —— T2

300 300
= 250 |- 250 |-
=
 E
% B o200 200 |-
o
%g 150 150 -
LR
g
%= 100 | 100 |-
=3
A
v 0= TM20 30 - LM21
O | | | | | O | | | | |
0 15 20 25 30 10 15 20 25 30
300 300
£ 250 |- 250 -
£
.ﬁﬁ
:gé 200 |- 200 |-
an
&2
%é 150 - 150 -
Gz
gz 100 | 100
+Eé |51
A
B 50k IM20 50 LM21
o
0 | | | | | 0 | | | | |
0 15 20 25 30 0 15 20 25 30
PIRIA=P R

Days after anthesis (d)

B 5 FEERIEMFR SSS f1 GBSS {E K BN
Fig. 5 Effect of high temperature after anthesis on activity of SSS and GBSS in wheat grain

2.5.3 GBSS H

T1 035, ¥R GBSS (&t 5 3 2 RE /N T2 A3, 51 20,8 % 21 GBSS [E# 3 FFE9. 1% |
8.4% (B 5), /520 d ZJ5, HiRALHE GBSS MMM TX R, ESMBEERE /N, TRESHEBEMEIL, &
BT GBSS 1 AR BB/,
2.5.4 SBE iH{#k

Bl 6 FT &0, T1 ALBS , I SR RL SBE T 35 B 5 T X4 IR s (B 57 22 208 % 21 SBE {433 FAE)G 15
d.20 d FFIEMRTAIEE . T2 Ab3)S , PP SBE T4 B KT X4 IR, BEIE N 59.3% (Fr % 20) #120. 4% (B %
21) ; =iRMMA & SBE W 5t AR —3, BB E R TR,
3 ifig
3.1 NEHEHBEXNERRRR 0N

AHRFRR , /NG SR EERFFRIEHIRER, BHESARN BRI ERREENFmHAR,
R PR RAL IR R IR R LRI R . PR R R IR Y SR DR R R, TR I B 20 TE MR R &
TREIRE R TR HRENE & 21,
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—e— CK —0o— T1 —— T2
80 — 80

60 |- 60

40 40

SBE activity (%)

IM20 LM21

0 1 | | | 1 0 | | | | |
10 15 20 25 30 10 15 20 25 30

THERRE
Days after anthesis (d)

B 6 1E/ERIEXFR: SBE 15 HEEE N
Fig. 6 Effect of high temperature after anthesis on the activity of SBE in wheat grain

HEEEHMSEEYWERMRANEZRNRZ —, RY BRI 3 30H & T &R HE 845
', BRITRM,/NEAJE R IR B AR R s kA 2 iR RN AR B R S R
MIBRRGRIFA—B BOEME ™ BRIy ER R R AR S B T ., MABRINY, ERRAH
T, — RN AR S EREWENE, 5~ LaR O EER N S R RE " . ARRRE, ER
HIRE R E PR F S e & B IR E RN & B, e B/ SO L B4R, R s R
B/ ST HBERTIIR . 7T LS R IR A 2R T BRI A AL 20 7 B A B EL A
3.2 /NEAEJRRIR XTI RS AR B

/NZERPRLYE B RL o3 A R P RL SR B B E R BRI ARMFXT AL B B YE MR A B T B K
Blumenthal % BF9iA y , 765 1 0 B35 1R BORRL A BUIEMPRLAOSE , b B BUEMDRLAOBE . ABFSRY,
R RA CUEMFRL A B BIIEMPR EL B , T XM R R E RN A B &R, A5 RIES
ZIIRPRL A B KRR AR B E MR TR E 23 LL, MRS B BN R AR 3B IR AR E 20 b, Horh
KRR IR B AR R BRI, R AR 3 X RER B T/NE R PRI R — R T B
PRIAR , A BRHPRIE RN [F4R B AR RPRLR , Bl B BUNEAPRLR B A BRMRAMLTI R, TG
RS T B BIFEMPRIAY LLBIR R T A BIEAPRLE L], FEXPRIER 3, AL Pl sl U EZ 2 B &Y
VEMRL”!, B B BURE BRI TR A RSB U, TS BOE R P IR R AL EE B BURERRL L O R
[LIE:L P

BRITRI, A BIRERPR A M S BB, AN 30% ~36% ,B BITEM B EEE M & BEK, AN
24% ~27% ', ABHFTRY, ERHIRR B ERBATR A BIBHRL B, A RIB BER R A AR R I T2

>TI(£R2) , XERBXFREHENSENPNGE D —3 RHREMNIT NIRRT &
B, ATRES A BIYERrRL LI R K,
3.3 /NEERRXREA A B

RERER/ANEBOKUL A Wi EER R NAPRRERAIRER £ 2t SS 4k, BEMETE SS BRAR{L T Fefg
A RN (F) FIRH — BB B 55 (UDPG ) , 4K T I, 6-BRER B %W ( G-6-P) 2 1-BER W %HE (G-6-P) ,G-6-P
BEARER RS ATP R4 BSEM & SR BT R IR H — B BRI 2588 (ADPG) "™, BTN, N HES s
R ERPRIE R & 8 T W, 2 3B B A2 v LU i) 2k 15 M T RELIS T R i Sk B 4L, T E B D 2 7 4
P4 BRI P AT R RO R R AT BT o BRI R R BT R IRAC TS PR SS Wl T AE)E 15
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~20 d J5FFIE AT X B K v I RRAL 3RS , SS VA MR AN BR B3 T R, T LB 1 R YR A SR L R
FENBEET IR 3) , U R R0 G R & BURRH R ) RPRL A AR o

Jenmer 2" R FLRIA , FERIRB BT, N FEAPRLIE M A BLE SS 1 AGPP J#, Tl Keeling %' BF5TIA
o, FERE /N RORLTE A LS T, SSS T RE L AGPP B2, Ry SSS X 1B A% N U , 7 78 “ Knockdown” 3
£, BRI B AL 25°C i SSS TP B RS, AR T SEE MBI AEYI & e APITERY, Pi/h 3 i FiAb 2 Bk
®i AGPP.SSS.GBSS #1 SBE &R bias), SRR ENEEEHA—F, RWERDRELHRE R RE
9T &S KL AGPP,SSS GBSS SBE & T A BEMK, W ILIE/E RIEX SR B RE M , —XFER A 5L
HRBEE R — a4 R, SSS Ml SBE BXEE I M BN X6 HE, GBSS R E BRI & i X5
Mg, B T SSS Al SBE, BN GBSS WM BB MIXT BN, B EAE IR L, N2 SEBE R M O A R
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15 dFF AT XHIR, W62 21 EREIEMSTAE)S 20 d FRIRIRT 23R T2 AT , % 2% 20 LR EHE M RE IR
RTFEZE 21, WHAMRNRESRFT, SRR RS E 21 ML, B2 MR 20 384 R
B 52 R RE R PR RA I . B/ Ze A7 b, BT L R TR R e i SR P 1 ELAE K 18 7 <5 el
R AE R R
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