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Abstract; The present study was carried out to investigate the starch granule size distribution in grains of wheat. This
information will help to elucidate the characterization of starch granule in the superior and inferior gains in winter wheat.
The volume% , surface area% and number% distribution of starch granules were investigated in three winter wheat cultivars
(Shannongl2, Lumai2l and Jinanl17), differing in starch content, in Taian experimental location in Shandong Province

during the 2004 —2006 growing season. The results showed that both superior and inferior grains contained three types of
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starch granules: smaller C-type granules with diameters <2.0 pwm, medium B-type granules with diameters 2.0 —9.8 pum
and large A-type granules with diameters >9.8 pm at maturity. Both volume% distribution and surface area% distribution
of starch granules in superior grains showed the typical three populations, and those in inferior grains exhibited the two peak
curve. The volume% and surface area% of starch granules with the ranges of <2.0 pm in superior grains were 7.25% —
9.31% and 34.88% —41.51% , respectively, and those in inferior grains were 5.33% —6.40% and 26.31% —33.54%.
Significant differences were seen among the superior and inferior grains for number% of starch granules with the ranges of
<0.6 pm and 0.6 —2.0 pm. The number% in inferior grains was 25.72% —37.42% and 52.77% —58.48% , and that
in superior grains was 1.86% —6.13% and 83.77% —87.77% , respectively. Compared with irrigation, the volume% and
surface area% of B, C-type starch granules were significantly increased, and those of A-type were evidently decreased. The
number% of starch granules with the ranges of < 0.6 pm in inferior grains under rainfed condition was significantly
increased, and that in superior grains had no evident difference. The volume percentage and surface area percentage of C
granules and protein content in superior grains were higher than that in inferior grains, but those of A, B granules in
superior grains were lower than that in inferior grains. Compared with irrigated condition, rainfed condition can increase the

volume percentage and surface area percentage of B, C granules and protein content in superior and inferior grains.

Key Words: wheat ( Triticum aestivum L. ) ; starch; granule size; superior grains; inferior grain
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AT . HA B EEEIER —RkA 2 . R%/NXHER 9 m”, YLK HHS], EE 3 K, F/NXKEA
180 Bk -m o A BHA S A ORPRL P R DR L F 1, /NE A TIPSR R TT RCR B IL I 1, kPR
TE A5 HE SR R 18] 39K 7R B LI 2.

1 R A MR R AR AR B R
Table 1 Grain yield characters of tested cultivars at maturity
HE%K FRIEL LA 45 :
4y AR . . . ol B
L Spike number Grain number Kernel weight Seed-setting Spike length
Year Varieties Treatment . 2 . 0 -1 .-l
(spike m %) (grain spike ') (mg grain~') Rate( % ) (cm)
2005 ~2006 JN17 WEWE Trigated 731.0 a 30.2 ¢ 39.3b 67.4 ab 8.2 be
EAE Rainfed 637.0 b 27.9d 43.7 a 63.2 ¢ 8.6b
LM21 WEWE Trigated 527.0 ¢ 41.6 a 39.5b 68.5 a 7.8 ¢
EAE Rainfed 495.0 d 36.9 b 44.1 a 67.1 ab 9.6 a
2004 ~2005 SN12 WEWE Trigated 518.0 a 37.5a 42.7b 68.1a 10.3 a
EAE Rainfed 457.0 b 37.3 a 44.9 a 67.3 a 10.7 a

A FREFRREFTEF 0.05 BFE/KFE  Means followed by a different letter within columns are significantly different at 0. 05 probability level
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Fig.1 The average air temperature and rainfall during wheat growth
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Fig. 2 The soil moisture after anthesis
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FEBAKIEE, IR EEELC, EE 4 K, HANIEE 1 K ABERT ,EHFETF -20C T,

VERYRL T FE D 5 2 PEJR R8BI LS 13320 OBATSPRLEE /AT AU E o BL 50 mg FEM A B LEH,
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Fig. 3 Volume distribution of wheat starch granules in superior and inferior grains under irrigated condition (2005 —2006)
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Table 2 Volume distribution of wheat starch granule ( %)

AN Lbp Rh JEMYBL 42 Diameter of starch granule (m)
Year Treatment Varieties <2.0 2.0~9.8 >9.8
2005 ~2006 B IN17 55 % Superior 8.01 a 39.98 ab 52.01 f
Rainfed IN17 55 % Inferior 6.02 ¢ 40.44 a 53.54 e
LM21 3 7.63 ab 35.20 e 57.17 ¢
LM21 553 6.35 ¢ 36.22 d 57.43 ¢
Y IN17 5 7.25b 38.70 ¢ 54.05 ¢
Trigated IN17 5% 5.60 d 39.34 b 55.06 d
LM21 3% 7.26 b 33.51 fg 59.23 b
LM21 H5% 5.33d 34.08 f 60.59 a
2004 ~2005 B SNI2 g # 9.31a 36.33 ab 54.36 d
Rainfed SNI12 §5§# 6.40 ¢ 37.18 a 56.42 ¢
T SNI12 G # 8.30 b 30.92 cd 60.78 b
Trrigated SN12 55%¢ 5.53d 31.63 ¢ 62.84 a

AR FERFERZEFIEF0.05 BFE/KFE  Means followed by a different letter within columns are significantly different at 0. 05 probability level
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Volume distribution of wheat starch granules in superior and inferior grains under rainfed condition (2005 —2006)
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Fig. 5 Volume distribution of wheat starch granules in superior and inferior grains under irrigated (A) and rainfed (B) condition (2004 —2005)
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WEEIN, T >9. 8um HIEM BT E 2 th B2 , R RVERIEA I FIRE/DNZFRLH B, C BIFEH R
RFRE
2.2 /NFESR \FSFNPRLH VEM BRI B E 43 A

HE3IALUEH, <2.0um WIEHBEH G 7 Ly Jy 84.35% ~91.53% ,B FIFER i Jy 8.35% ~
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52.77% ~58.48% , 32 W] 55 HohL U IR FARL &7 58 22 (/N B RL o

SREBER 7 O L, AR BE T R S b T dE R B H A 0 LU B R . RARRRIE AR AF T, 55
Fokirp <0. 6pum MTERPRLEH B 23 H & 3 i, SN12 JN17 I LM21 3 @ Fh 2 B3 in T 8. 41% .9. 00% Fi
39.97% ,{H 0.6 ~2.0um 2.0 ~9. 8um F >9. 8um IFEMVRIE H H 4 b B.F W, 0 5> T 2.51% ~
9.76% \3.36% ~30.19% F125.00% ~33.55% , FKHI55HRH KN R B 5 52 PR 38 R0, K 205 5k
FECH A B BB RLAER D C Bk R E B 2t B R

x3 MEEBHBBES
Table 3 Number distribution of wheat starch granule (% )

E QbR R VEMP KL B 4% Diameter of starch granule (pm)
Year Treatment Varieties <0.6 0.6~2.0 2.0~9.8 >9.8
2005 ~2006 BiE IN17 5% % Superior 5.68 e 84.39 b 9.8d 0.15b
Rainfed IN17 5% Inferior 36.21 b 52.77 e 10.87 b 0.16 b
LM21 35 # 1.86 f 87.77 a 10.21 ¢ 0.16 b
LM21 5% 37.41 a 53.58 ¢ 8.88 e 0.12 ¢
HEE IN17 B # 6.13 ¢ 83.77 b 9.95d 0.17 b
Irigated IN17 55 25.87 d 58.48 ¢ 15.57 a 0.23 a
LM21 3 1.86 f 87.76 a 10.21 ¢ 0.17 b
LM21 §5#% 34.32 ¢ 54.96 d 10.64 b 0.16 b
2004 ~2005 B4 SNI12 R 4.08 ¢ 86.83 ab 8.97 a 0.10 b
Rainfed SN12 553 36.62 a 54.91d 8.35 ab 0.10 b
T SNI12 R 3.84 d 87.33 a 8.68 ab 0.10 b
Irigated SN12 553 33.78 b 57.42 ¢ 8.64 ab 0.16 a

AEFRFRRZEFIEF 0.05 BE/KFE  Means followed by a different letter within columns are significantly different at 0. 05 probability level
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B(26.31% ~33.54% ), T 2.0 ~9.8um F1 >9. 8pm KRN RR TR B o MR K 41.47% ~48.5%
F114.44% ~ 17. 67% , B BAR T 55 Hobr b 2 A bR 9 2 1 BUE 43 E (47.37% ~ 55. 48% 1 16. 56% ~
20.50% ) o FRBERZRIH C RIFEAPRER EAT 5 ELAIBOR, TS H R LR A B R 19 A B BIFER PR AU A
(& 4) .
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Fig. 6 Surface area distribution of wheat starch granules in superior and inferior grains under irrigated condition (2005 —2006)
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Fig. 7 Surface area distribution of wheat starch granules in superior and inferior grains under rainfed condition (2005 —2006)
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Fig. 8 Surface area distribution of wheat starch granules in superior and inferior grains under irrigated (A) and rainfed ( B) condition (2004 —
2005)

F4 NEEMHHERARIH
Table 4 Surface area distribution of wheat starch granule (% )

ALY s ] L JEMYRL B 42 Diameter of starch granule (pm)
Year Treatment Varieties <2.0 2.0~9.8 >9.8
2005 ~2006 BIE IN17 5@ % 36.46 b 48.22 ¢ 15.32 ¢
Rainfed IN17 §5%% 29.39 e 53.63 b 16.98 ¢
LM21 3 37.21 a 46.27 £ 16.52 d
LM21 5% 33.19d 50.25 d 16.56 d
W IN17 G 34.88 ¢ 48.5 e 16.62 cd
Trrigated IN17 553 26.31 f 55.48 a 18.21 ab
LM21 33 36.7 ab 45.63 f 17.67 b
LM21 5% 29.66 e 51.48 ¢ 18.86 a
2004 ~2005 B SN12 3% 41.51 a 44.05 ¢ 14.44 d
Rainfed SN12 553 33.54 ¢ 49.74 a 16.72 be
I SN12 5 #4 40.95 ab 41.47d 17.58 b
Trrigated SN12 553 32.13d 47.37 b 20.50 a

AEFRFRRZEFIEF 0.05 BE/KFE  Means followed by a different letter within columns are significantly different at 0. 05 probability level
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AN [RIFE R T5 % /N 22 e b R 1) 3% T AR A3 A A A [ B9 32 ), SRR BB A0 1R R 3 /1 b Fh 5 L 55 BobPoRL <
2. Opm RYFEPRLR AN E 40 L BE SN, T > 9. 8 pum MYFEAPRLR LR 3 9D, R AER S R B R /)
PR C BIERPRL R AR A 23 b, TREMR A BUFER R R E AR A 2 Ho
2.4 /NEGR HFFPRLE BB AR & B AL

2 FhRREEAAF T, /N0 S EAPRLE B R AR S BB XA (£ 5) . 3 MmFHREREH
J S B R T 55 kL, T BRVEBERIE 25 1F T8 2 21 5h, S5 3R mde b S BN R TR soki, RIURER— i
HARR R E A RS B BRI R & &, T 55 SR AR o

SREBRAR AR LR, BAERIE /AT 3 Bl S5 FkPhL b i 3 B B S, T ek R U
2 R RS AR TR R /N R R B B & &, TR R 3 A T Ik & B s o

RS MEFHNEARTMENSENTL

Table 5 Changes of protein and starch content in wheat grains

Y U2 s e HEETER &R e R HHRS =
Year Treatment Varieties Amylose content( % ) Starch content( % ) Protein content( % )

2005 ~2006 B IN17 5 16.13 ¢ 60.01 e 15.67 a
Rainfed IN17 558 17.51 b 62.68 d 14.36 b
LM21 ¥ 17.41 b 66.99 ab 13.12 ¢

LM21 §5# 16.28 ¢ 67.73 ab 12.43 cd
W IN17 5 17.51 b 62.54 d 13.12 ¢

Trrigated IN17 558 16.39 ¢ 64.57 ¢ 11.24 de
LM21 ¥ 18.43 a 68.90 a 12.06 d
LM21 558 17.64 b 67.60 ab 10.78 e
2004 ~2005 B SN12 3 18.15 ab 61.26 cd 16.02 a
Rainfed SN12 553 17.36 b 63.01 ¢ 14.28 b

WETE SN12 3 18.62 a 65.66 ab 13.84 be
Irrigated SN12 553 17.63 b 66.82 a 12.95 ¢

A FREFRREFTEF 0.05 BFE/KFE  Means followed by a different letter within columns are significantly different at 0. 05 probability level

3 itig

— BN, /INZE TR BRPRLAR A S DU B 2R 76 RS, /NZE S TIPS R I TE L : K A TS b
( >10pm) FI/NE B BIFERRL( <10pm) o SR, Bechtel FI| F & & BG4 B 45 & W5 OLET B A4515 2 T JE b ki
R = WA SN R T A B BUBERDRIAL , C BTSRRI R R T . BB C BIBERRLAY
HR/NF 5um, 537 S TERY RIS H FIE B 45.7% 1 3.4% . Raeker tf3E T 7E/NEIRFL P A BRI =1k
RS (B A, B, C BIERPRLAG /AR 2. 8pum 19, 9pm' ™ o FEAHFSE SR/ N 3 55 SORPRL I B4
PARFEREZESR, BER P IER R AR IR 2 =516, A, B, C RITEH R 43 H 52 2. Opum Fl
9. 8 pm ; 1T 55 SARLIE M FARL A2 40 A U 28 B Ay XL A3 A o LT PR AT B2/ N2 0 R kPRI 7E IR PL AT 2 B
PITEBE KO DA R B A A R B 1 " S A BE A 7E/NERRFL P, A B.C BB AT
T AEAE X, A BUSERPRLIG FAES 4 ~5d,B RIEM KT IR TAE/G 12 ~ 14d () A BIFEM A, T C BUFE AL
W FAEE 21d FFEAE R, t TRk A B & s K FIie ks & B S BEE M3 3 TR ks, B F T s
PR iz i B AR PR AL AR BB, R L B 5 1 SE AR BLRE T, AT AT REE /N SE ML ( C B JE R hL)
BRAFRSHRE AR, BRARIN =0, FEARDIFH, 555 HRAH L, SR Bk C AL YE M RLRT &5 4
FMEE B E 7 s, 2o 0.6 ~2pm JERE IERRIE B L , T <0. 6pm FITERT RIS H B 4 AR, 2R
AT g2 B ToR ki p C RISk bL A& EE 11 B0 B

KT IK A BB /N Ve L& B A S B RR I R I B AT TIF S5 KA a4 7, A B .C BIjE
FYRLIRLEE 43 A R S A RIK 2R R S R IR AR AL , ELAE VA & B AL IR BE AL, T e (B85 B AR A B
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IR ) AR IT AR AR A 1 XL P Ve BYRL AORLEE 43 A B SR, S5V SRR A L, AR
ARIEAAFT 2 AR S5 HAPRL BC BB R A TR A E 20 LU A, T A ZUEpRL RN AR
BUBE WD o LR AT BB 5240 A o B 1 . $ v A R 0 IR 5 3 A0 8 KT SR LT - R O T B 15 A
P BRI SRR AR SRR B 43 B B B, (B ol < 0. 6pm (9 TERNRIELH B
T, T HARORE A2 i BB S 9 55 B 1 S0/, U B 7K 5 R X A R S e 0 A R 4 T R i 5 ek S
A

AT BBTTER I, 18 /N2 AR AR (55 L rp , Sk & B R BB B TR B R B i R S 18 AR 3 7 1
W BE R BRI ERIA B2 ) BE—EERX 2 KRR MBI R I, 555k L, SRR A
FEVEAY SRR, T S B R RNy NE R BR AR MEA RS . EANI P, R
WEAL T A B LM21 B3 Sobr B B0 O 8 B SRRk o A0 , oAt A B ) R AP R B s Boh M B R & B
B, ek & BB XA RER i TSR BRI R AL 4 B 5E 4 BE 13 , AMEA F TIER R FL P AR,
WA TEA RS RIORE , W H AR E AR R RN THERL

/NE A B BIFERRLAAUAL 24 2 A ], FEIh RGP AN R I B AL AL LR R P AN IR], AT A B
RUYERYRLAE £ 50 T AR AR B 50 T 07 T4 & AR R R > o Gaines % UBFFTR U1, B BUVEAAL
ARV R EBUEXS K, AT AT LASS & 56 2 B2 1 B RS AIK, T A BISE PRIV E FIEA R . B AR 4R
ATV REGRFPRL C BBl AU A E o LB, ER R & BB, S SR AR . 5
PRI BEIR R /N TR S PR BC RUFEAPRL A BRI A A 20 L R A B S B B e R/
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4 #Hit

TEFEBEANAE 2 APRREE AR MF T, /N5 SR PR P M BL R B R BURIR AR A S A E A B 22 5%
555 BRI LU, SRBVPRLP C BIERRL A AR AR AISR AR E 2 LB, A PR S BR, T A B B JphkL 4
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SH AR AE R WA RPRLER RN E R 5 B SRR AL o
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