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Starch granule size distribution and starch component content in wheat grain in

relation to shading stress after anthesis
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Abstract; Starch, the main carbohydrate in the endosperm of wheat grain, is an important determinant of the textural and
processing properties of many foods. Starch is deposited in the endosperm as discrete semi-crystalline aggregates known as
starch granules during grain development. Various authors have demonstrated that the starch granules in wheat grain
endosperm exist in two contrasting types, a large, A- ( >9.9 pm) and a little, B-type ( <9.9 pm) starch granules,
which are different significantly in their physical, chemical and functional properties. It was generally accepted that the
starch granule size distribution had a close association with the usage in industrial food and nonfood applications. Low light
intensity as a result of cloudy or rainy days, and densely planting population often occurs during the grain filling of winter
wheat. However, there is little knowledge about the effect of low light intensity after anthesis on starch granule size
distribution in wheat grain.

The field experiments were carried out at Tai’ an Experimental Station of Shandong Agricultural University in two
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growing seasons from October 2005 to June 2006 and from October 2006 to June 2007. Two winter wheat ( Triticum aestivum
L. ) cultivars, SN12 and SN1391, were chosen in this study. The field was shaded by the black nets with 55% shading
over the plants during grain filling (1 —30 d after anthesis, SH) in this study. And the black nets were also over the wheat
canopy to reduce light intensity to 10% in the early (6 —9 d after anthesis, S1), middle (16 —19 d after anthesis, S2)
and late (26 —29 d after anthesis, S3) grain filling stages. The treatments were arranged in a randomized complete design
with three replications. Effect of shading during grain filling in field on starch granule size distribution and starch component
content was examined in wheat grain at maturity.

The results showed that volume distribution showed the typical two populations of starch granules with peak values in
the ranges of 5.1 —6.1 pm and 20.7 —24.9 pm, respectively. The limit between the two populations was defined as the
minimum of the curves that occurred at 9.9 pm. Surface area distribution of starch granules also was the two populations of
starch granules, and number distribution of starch granules exhibited a single peak curve. The volume % of2.8 —9.9 pm
starch granules was significantly decreased, and that of 22.8 —42.8 um starch granules was significantly increased under
shading stress. The surface area % of starch granules in shading stress with the ranges of <0.8 pm and 2.8 —9.9 pum
were lower, and that of the ranges of 0.8 —2.8 pum and >9.9 pm were higher than those of control. These observations
suggest that shading stress led to a significant decline in volume % and surface area % of B-type starch granules ( <9.9
pm) and increase in those of A-type starch granules ( >9.9 pm), respectively. B-type starch granules were more sensitive
to shading stress than A-type starch granules in wheat grain. There was significant effect of shading stress after anthesis on
starch and starch component content. Shading stress remarkably reduced starch and starch component content at the
maturity. However, the ratio of amylose and amylopectin of shading stress was higher than that of control in grain. The ratio
of amylose to amylopectin was negatively correlated with volume % of 2. 8 —9.9 pm starch granules, and positively
correlated with volume % of starch granules of 22.8 —42.8 pum. It was found that the volume % of A-type starch granule
was significantly increased and that of B-type starch granule was significantly decreased due to shading stress at different
grain filling stages, especially at middle and late grain filling stages. Based on results here we consider that under dim light
condition, the limited substrate for starch accumulation was mainly partitioned for growing starch granules, not for producing

more starch granules.

Key Words: winter wheat ( Triticum aestivum L. ) ; shading; starch; starch granule; granule size distribution
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1 HREH=E
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BT 2005 4F 10 A 22007 4 6 A FEILARR KRR AT #17 . {5z (0 ~20 om) H3EE
BHLE 1.23% 28 0.091% Biff A 87.2 mg-kg ™' HiAkHE 18.6 mg-kg ™" A 57.5 mg-kg ™', HHA/NFE
SRR IR 12 (SN12) Fiilik 1391 (SN1391) . #&F0HA 4 2005 4E 10 H 15 HH12006 4E 10 A 10 H , Wik N
2006 426 H 10 HF12007 46 A 8 H ,HAFFESI BB E 32 35 d, FhE#ERE 180 ok -hm ™2, /NXH
FR3m x 3m=9 m’, FEHMETHEAZLIEAE 120 kg-hm > P,0,75 kg-hm "> K,0 120 kg-hm #1538 1
44 120 kg-hm ™%, FoAth FH ) B B[R] — e 7
1.2 &kt

RIS BATRLIE R BB (FEJ5 1 ~30 d,SH) 55560 B FIXT R ( B 2R B, CK) 4038, BENLHESY 3 IRE X,
FAB 63 45% B T SO0 R, R, X BRI S AT (6)5 6 ~9 d,S1) \Hh i (FE)5 16 ~
19.d,82) J5#I(FE)5 26 ~29 d,S3) 55504038, BEHLIX LHHEF ,3 IRE R , FIFHBE Gy 10% J 6,58 B W #1755
EAEFE P M BE /N B ARE RS 60 em 245, AN RE A B XUIRBL . 5560 3T /INZ B2 /NS UAB 1)
M LR 1, Horbor BGRBEEF Lx-101 BREETHIR /N BHARR 2 A 2 1 5 CO, ¥R BE L JRLE A BE 43 551 F e 465 5K
CO, 3 S % F1 DWHJ-2 JR¥2 W F I E . BB F 48K 11:00 Jl%E

F1 FAEXEENSIERZMW
Table 1 Effect of shading treatment on field microclimate

hb SRR BE CO, W A TBRE
Treatment Light intensity (wmol+m~2s~1) CO, Concentration( pmol+mol ') Air temperature (C ) Humidity (% )
CK 904.8 +10.2 a 355.9+1.1a 25.5+2.9a 18.9+0.3 a
SH 407.2 +8.4 b 356.4+0.9 a 25.2+2.7a 19.2+0.4 a
CK 966.4 +7.3 a 356.2 +0.5 a 23.1+0.5a 17.9+0.2 a
S1 98.7+0.9b 357.4+0.8 a 22.6+0.4 a 18.5+0.3 a
CK 994.1+8.5a 355.9+0.6 a 25.2+0.4 a 17.2+0.2 a
2 101.5 +1.1b 356.4+0.9 a 24.8+0.4 a 17.6 0.2 a
CK 1012.1 £9.6 a 356.5+0.5 a 26.8+0.5a 19.1+0.1a
S3 102.4 +0.8 b 356.0+0.4 a 26.5+0.3 a 19.2+0.1a

PR A BT I + bRk R 22 5 SH AL BB R TE)G 1 ~30 d P AP 3891H ;S1.S2 . S3 AL BREIE HAE)S 6 ~9.16 ~19.26 ~29 d 4b ¥4 d
W 3 W — B AR RN TR 5% K FETF 2583 Values in the table are means + SD; Data of SH treatment was the means from 1 to 30 d
after anthesis. Data of Sl treatment were the means for 4 days (from 6 to 9 days after anthesis) ; The field microclimate between the treatments from 16 to
19 days, and 26 to 29 days after anthesis was similar to those of 6 ~9 days after anthesis. Data within columns followed by different letter are significantly
different at P < 0.05
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1.4 FaEgit 50t

WEZ S LR T t-test, Giit 43 T HE Microsoft Excel 2003 F1 DPS 3. 01 ( Data Processing System) |
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2 ZR5H5m
2.1 JEBPRATRI R
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AL BAE. 9 pm 724, <42.8 um FEMPRLATRZY & SUATRK) 99% , >42. 8 wm JEBPRLAFR AL & B AR
1% . BAI( <9.9 pm) JEMRARTE 430l 32.6% ~40.7% , A #I( >9.9 pm) EMRARTRE 4 Ll
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R e (B 1) . R 2 Z5R#E—DF N, EREFOLREREKPI R 2.8 ~9.9 pm FERRARE
S3EG, BN 22.8 ~42.8 pum FEMPRAATRE s <2.8 pum F19.9 ~22.8 pm JEMPRLATRE 43 H R H 5550 10
E24.
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g
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B 1 NERPRLE R RS A
Fig.1 Volume distribution of starch granules in grain
Data were charted in growing season 2005 —2006 ; The same below
x2 ERBAITIFRIEBHERI R % )
Table 2 Effect of shading after anthesis on volume distribution of starch granules in grain (% )
SNy S Rh JEMPRIFE Partical diameter of starch granule (um)
. AbPH Treatment
Season Cultivar <2.8 2.8~5.6 5.6~9.9 <9.9 9.9~22.8  22.8~42.8
2005 ~2006 g 12 CK 9.69 a 15.91 a 14.2 a 39.8 a 34.1a 25.4b
SN12 SH 9.56 a 14.04 b 12.7b 36.3 b 34 a 28.9 a
1y 1391 CK 8.21 a 14.59 a 13.2 a 36 a 30.5 a 32.7b
SN1391 SH 8.19 a 12.91 b 11.5 b 32.6 b 30.5 a 35.8 a
2006 ~2007 g 12 CK 9.97 a 16.13 a 14.6 a 40.7 a 33.7 a 24.8 b
SN12 SH 9.94 b 13.66 b 12.6 b 36.3 b 34.3 a 28.6 a
1y 1391 CK 8.35a 14.45 a 13.2 a 36 a 30.5 a 32.6 b
SN1391 SH 8.48 a 13.22 b 11.7 b 33.4b 31.1a 34.3 a

[F]—3 SR N AR F/NE F RN 5% KFE2 5 8E  Means within cultivar followed by different letter are significantly different at P < 0.05

2.2 FEHPRERHE A
NZEFERPRLIOEL B oA R B 2 (181 2) WEfEZE 0. 54 ~ 1. 05 pum Horp <2.8 um 1 <9.9 pm BB0RLE
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¥t H Number (%)
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B2 NFAPRLTERREE S A

Fig.2 Number distribution of starch granules in grain

F3 HRB/AIFRIEBHRBE S HEIFNE(%)
Table 3 Effect of shading after anthesis on number distribution of starch granules in grain (% )

N = 458 Treatment JEMPRLAE Partical diameter of starch granule (um)
N reatmen

Season Cultivar <0.8 0.8~2.8 2.8~9.9 <9.9 9.9~42.8

2005 ~2006 i 12 CK 46.5 a 48.1b 5.2b 99.8 a 0.2 a
SN12 SH 16.8 b 73.2 a 9.6a 99.7 a 0.3a
114 1391 CK 35.3 a 56.3 b 8.1b 99.7 a 0.3a
SN1391 SH 19b 70.8 a 9.8a 99.6 a 0.4 a

2006 ~2007 i 12 CK 45.6 a 48.7 b 5.5b 99.8 a 0.2 a
SN12 SH 27.6 b 64.6 a 7.5a 99.7 a 0.3a
114 1391 CK 34.6 a 57.3 b 7.8b 99.7 a 0.3a
SN1391 SH 26.5b 64.7 a 8.5a 99.7 a 0.3a

[F]—3 SR N AR F/NE F RN 5% KFE2 5 8E  Means within cultivar followed by different letter are significantly different at P < 0.05

2.3 FEbPRLRE R

/NFEVERPBLIR AR A B XU 2 (181 3) (73 HIAE 2.4 ~ 3.2 pm H120.7 ~24.9 pum, BUEEAE [A] f)
RAHBES. 9 pm Zofi o B BUTEMPRLA R A b7 BN 74.9% ~80.4% A BIFERRL Y 20% ~25% . fE)5
$3 06 BEFEEPI R AR <0.8 pm 2.8 ~9.8 wm 1 <9.9 pm JERPRREHE 70 1L, BEIHHNO0. 8 ~2.8 pm Hl >
9.9 wm FEMPRLRMRE 2o RUV/NEIEESEIN T A BEkPRLR WA E 70 b, FEfR T B B3k bR
AYER o S
2.4 FMAN GRS HER

FEJa St B PR e R & B B/ X B E I (RS) . BEFAE/ R,
2.8 ~9.9 pm( [ 4B) JEPRLIATUE 40t BEFER(P <0.05) ,22.8 ~42.8 pm (& 4D) JEAPRLIA T E 7t B
EIM(P <0.05)c <2.8 pm([E4A)F19.9 ~22.8 um( & 4C) JEBPRLIATE 73 -5 APRE/ S IR AR IR
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BEBEKF(P>0.05),

T4 HRBAINFRIEBHHRERSHHZIN
Table 4 Effect of shading after anthesis on surface area distribution of starch granules in grain (% )

N = s ] JEMPRLAE Partical diameter of starch granule (um)

Season Cultivar Treatment <0.8 0.8~2.8 2.8~9.9 <9.9 9.9~22.8  22.8-~42.8

2005 ~2006 1k 12 CK 10.6 a 28.3 b 41.2 a 80.1 a 13.9b 5.98 b
SN12 SH 4.6b 33.6 a 38.8 b 77 b 15.4 a 7.56 a
1k 1391 CK 6.4a 30.5 b 41.9a 78.8 a 14.2 b 8.5b
SN1391 SH 4.5b 32.1a 38.5b 75.1b 15.9 a 9.8a

2006 ~2007 1k 12 CK 5.37 a 36.93 b 38.1a 80.4 a 13.6 b 5.9 b
SN12 SH 2.59b 37.71 a 37b 77.3 b 15.6 a 7a
1k 1391 CK 2.95a 33.65b 40.5 a 77.1a 14.3 b 8.5b
SN1391 SH 2.24b 35.56 a 37.1b 74.9 b 15.8 a 9.2a

[F]—3 SR N AR F/NE F RN 5% KFE2 5 8E  Means within cultivar followed by different letter are significantly different at P < 0.05

—e— CK —O— SH

45 45 —
SN12 SN1391

ZEH AR Surface area (%)

0 1 2.8 9.9 22.8
$ifz Partical diameter (m)

B3 /N RPRLIEMRL R T B A

Fig.3 Surface area distribution of starch granules in grain

®5 LRBAMNIFHEHAS BT

Table 5 Effect of shading after anthesis on starch component content in wheat grain

i) s e wen Tkt ) ki) T/
Year Cultivar Treatment ST (%) AM (%) AP (%) AM/AP
2005 ~2006 gk 12 CK 63.2 a 15.9 a 47.3 a 0.336 b
SN12 SH 54.3b 14.1b 40.2 b 0.351 a
114 1391 CK 65.2 a 17.1 a 48.1a 0.356 b
SN1391 SH 57.9b 15.4 b 42.5b 0.362 a
2006 ~2007 gk 12 CK 63.3 a 16.4 a 46.9 a 0.349 b
SN12 SH 54.2 b 14.3 b 39.9b 0.358 a
114 1391 CK 66.4 a 17.8 a 48.6 a 0.366 b
SN1391 SH 57.8b 15.9b 41.9b 0.38 a

ST Starch; AM: Amylose; AP: Amylopectin; AM/AP: Amylose/ Amylopectin

2.5 FPRAER R
165 550 B E PR /N FPRL = B Ve R 7= &, FENE 7371 R 38.2% ~44.4% F146.2% ~52.3% (K 5) .
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Fig.4 The relationship between the ratio of amylose to amylopectin and volume distribution of starch granules in grain

Values in the figure are means + SD
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Fig. 5 Effect of shading after anthesis on grain yield and starch yield in growing seasons 2005 ~2006 (left) and 2006 ~2007 (right)

* means significantly different between shading treatment and control for a cultivar at P < 0.05

2.6 EJEA B BEES LT SE MR 431 B IR
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f) BB 2L TR SR VR TG R B, B AL TET Y B B b RLHE i, T ) B 4R IR RE K, 53U, Soh M B9 IR
KB, /NFERPRL B BIERRL & B4R R, A R TRk ORI T A i R o TR 2% 1 S 3 SR /N2 PR e AL
BEAMiT o BRFE R, AL KIS T ,/NE A B BEMPRAATUE 4 L BE AR o MR IRGFFRL B 2
VERVRLBE D, A BT RE BB o RIE AR AL BT I R L N AL IR B MR ERRL B B
RARFR B H BR WA E 2 b, 30 A RUFEAPRLAAR B E BRI E 0 H o B BUBERRLXT = b8 F) S B L
A BUVERPRIBEABURR™ o BRI R, FEIE 5900 B MR/ N RPRL A B BUEBDR A R R AN . B B
( <9.9 wm) JERPRLA AT A E 23 FL R AL )5 55 00 0 8 2 e, A B0 ( > 9.9 ) JERREL B 51 DU AF Xof 4%
o FEJG 556X HPRL A (B ZUFEATRLA R B 4 L IC R R M, X AT BB <2. 8 pm JEAPRIECH $2 (89. 8%
~94.6% ) o

F6 IEAE MBS XTI ML 5376 B9 %I (2005 ~2006)
Table 6 Effect of shading at different grain filling stages on starch granule distribution in grain (2005 ~2006)

HRh fbam {AFH Volume (% ) %t H Number (% )
Cultivar Treatment <9.9 um 9.9 ~42.8 ym <9.9 um 9.9 ~42.8 ym
i 12 SN12 CK 39.8 a 59.5d 99.8 a 0.2 a

S1 37.6 b 61.6 ¢ 99.8 a 0.2 a

S2 33.5d 65.6 a 99.7 a 0.3 a

S3 35.6 ¢ 63.6 b 99.7 a 0.3 a
114 1391 SN1391 CK 36 a 63.2d 99.7 a 0.3b

S1 32.3b 66.8 ¢ 99.6 ab 0.4 ab

S2 28.4 ¢ 70.6 b 99.55 b 0.45 a

S3 24.6 d 74.2 a 99.5 b 0.5a

INZEAESE F0G B E TR AP R AD 7= & (T S ), SRITAPRLE R R (FE R AP R 0) AR R B B
MG 5900251 B BIVERPRIFEAR A BURBPRIIE AN A 156 B A AR U SE 1 A (B BUJE R RL 20 A AR X 28
o HBULX—S5 R R R AT BER/NZERPRL/NER R f RIER R TSR , /MR RLAE IR 23 78 2 B O T
FAEFMEAERD o AP MR RBBE GRS R 5 2 3 —2, IS LMK T B BUE kR iR
HAH R A BRI E (R 4) o XiE— B UL, 590650 T /N ZAPRLIE AR & BURY DL e it i 3
BPBLAE A, T AR R 22 B RRL , IR , B U JERIRL A9 7 A S BT o EL A7) 2 2 R

INFERPRIVERVRL I B RS o SRRV T RE TR o B/ S BB Ve I B, S A S AR
(SRR B AR o ATAK TR R R B R TR S RO RA —, RBFIIAR, NETE
JE 556 T B3 AR RS LB VEAD & B (ERPRL B/ S AR i o Raeker %51 2RI ST B BR /N2 S WA A Bt
A,9.9 ~18. 5um WIEMPRLATRE 0 L 5 EREWE R & B2 B IEAR, 18.5 ~42. 8 um KRR E 2
S E#ER S BERE MK AR AMHERES IR PR E/ X5 2.8 ~9.9 wm JERPRATE 7
LR BE AR, (B 22.8 ~42.8 wm JERRARE 2 L2 BEIEMKC(E 4) o USRI T /D E R
22.8 ~42.8 pm JERPRLAY LR = AT BES B/ SR R A Ko

FPRLHE K A 5506 5 | REFPRL A B A — BORMIAR E — ELR M AL /N Z A = BB R R I AT AR
A AR A, e T 55 D i SR FE LA & BRI R I AR R SOL B R e 3, =R — 2
bS]
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