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Abstract; To investigate the effect of source-sink regulation on the distribution of starch granule size, two typical wheat
( Triticum aestivum L. ) cultivars, Shannong8355 (large-spike type) and Jinanl7 ( multi-spike type) were planted under
both irrigated and rainfed conditions at the Tai’an Experimental Farm of Shandong Agricultural University in 2006 — 2007
growth season. Results indicated that the percentages of volume and surface area of A-type starch granules in mature grain
were obviously higher than those in mid-filling stage in both cultivars. Under irrigated conditions, the increased rates of
volume and surface area of A-type starch granules were 17. 65% — 22. 88% , 35. 8% — 39. 05% , respectively, in
Shannong8355, and 1. 56% — 5. 98% , 2. 96% — 9. 92% , respectively, in Jinanl7. Under rainfed conditions, the
corresponding rates were 1.46% —2.82% , 7.05% — 8. 12% , respectively, in Shannong8355, and 1.76% —4.52% ,
1.28% —8.63% , respectively, in Jinanl7. On the contrary, either in irrigated or in rainfed cultivation condition, the

volume and surface area of B-type starch granules in mature grain had markedly lower percentages than those in mid-filling
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stage in both cultivars. The alteration of source-sink relation resulted in the noticeable changes of grain starch granule
distribution in both cultivation conditions. The percentages of volume and surface area of A-type starch granules were
significantly enhanced by the removal of flag leaf and decreased by the removal of half spikelets. As for B-type starch
granules, the removal of flag leaf resulted in the decreases in the percentages of volume and surface area, and the significant

enhance of the percentages of volume and surface area occurred due to the removal of half spikelets.

Key Words: winter wheat ( Triticum aestivum L. ) ; source-sink relation; starch granule; granule distribution

VR R NEAPRL R SRS, PR T 19 65% ~75% ) R NEM THRNEERE ., o8
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Table 1 Comparison of grain yield components at maturity under both irrigated and rainfed conditions

fhAp Cultivar Kb 3 Treatment FEBI%L Grains- ear i 8 Weight  grain ~! (mg) BN TR A% Earsem 2
14 8355 1-CK 47 49.1 356
Shannong8355 I-RS 24 50.8 343
I-RL 44 46.2 361
R-CK 43 44.9 319
R-RS 23 45.9 308
R-RL 39 40.3 312
Brg 17 I-CK 30 41.5 612
Jinanl7 I-RS 16 42.6 615
I-RL 29 39.1 607
R-CK 28 39.4 601
R-RS 14 39.9 597
R-RL 26 37.3 594

1.2 R

RIGRE KM (2T ITRAK IR K FEROK , SR HE & 750 m™hm 2, Tigated cultivation,
D) FBE{E(2AEFHABIK, Rainfed cultivation, R) BIFRIE =X, MSFHFHMBERE 3 MEEXRAT
AbFE, B X B (CK) (I8 (25 172 /NEE, 22 BBl — M /NB |, Removal of 1/2 spikelets, RS) I8 iR ( RBRIEM:,
Removal of flag leaf, RL) . /NEABHNE A HHIENESTE 2,

F2 MEEKPEMETE(mm)
Table 2 The rainfall during wheat growth

5] Time L] oty T it

The first ten days of a month The second ten days of a month The last ten days of a month Total
2006-10 1.7 2.5 2.9 7.1
2006-11 0 5.4 0 5.4
2006-12 0 0 4 4
2007-01 0 0 4.7 4.7
2007-02 4.1 0 3.8 7.9
2007-03 0 0 0 0
2007-04 12.1 1.8 8.9 22.8
2007-05 48.7 4.9 13.6 67.2
2007-06 0.6 20.2 29.9 50.7

1.3 B

TFIEIATE S AL B BETTAE A R — BB, TR P (FE)G 15 d) SIS 73 A BURE , B8 /N BRI
B30 B, IRAF T - 40°CUkA8 , T IR E 4T o
1.4 VERPRLIREUR N E 5 ¥

B5.0 g /NERPRLRIETE 40 ml ZEURKH 16 b, ZEDTBR T BITEE , 23K 200 H G i 9 , [ 438 234k S o
FEUE, ER 3 Ko JEMAIHKAE 35008 B0 Smin, 548 EIER, A 5ml 2mol/L NaCl, BEiRIRA , IR FE L,
[FIREJ7 15 2% SDS FIZEB/KIEUE, EE 4 K, WERTHYE 1| I RERT, AT -20CAL,

VERPRL AT L 5 & PR /R AR A B LS 13320 FOLATHPRLE AT AUIE o
2 HRESW
2.1 YERPRLRFR A

INFEREIE I e BURART R A R FBLAR 7E 0. 37 ~ 52, 63pm Z A AR 1k Y L A AR 0 4 R ER 7
(92.48% ~99.07% ) & H <30. 1pm FIFERPRLLAL AL, A 0.93% ~7.52% HIERFR B 30.1 ~47. 67 pum [#3E
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BIBL(£4)

B RIFEAMRL( < 9. 8pm) B TTRT 17, 1K 8355 £ KB X B AR FTlk 701 g 24. 13% ~34.12% |
18.08% ~26.35% , S HEMK A 25. 48% ~36.51% 24.60% ~33.35% ¥ Fr T K. BEBERBEFMEGT, LK
8355 5FFg 17 AR AL EE B RUVERPL AR 205 T 20 EL R[] i 76 X 8 e 0 B 45 A T 988 2 v S el A 2
AR o 1L 8355\ FFR 17 AL TR B RIERPRLA TR A1 20 LUK ) A 0o B g R BE X K T 3K
R BRI R . RAEARMFT , 1Lk 8355 \5F RS 17 SBIHBIR AL 2 B BE M RL AR AR A B 20 EL A IR
Fefriof R A AV R 2 28/ T 3 ST IR AL B A W o 1L 8355 R 17 RUEHI A AL B B R VE MY RLIA TR 43
T 73 EE[R] At o xR AR e 1 B2 49/ 988 8 S 0l ALk B 3 1

*3 ERSREHEFHTIEERTHFEBHNERSSE (%)
Table 3 Volume distribution of grain starch granule in medium stage of grain filling under both irrigated and rainfed conditions

. ) fban VEKY K42 Particle diameter of starch granule (wm)

fh Al Cultivar
Treatment <2.0 <9.8 2.0~9.8 <30.1 >9.8

114 8355 I-CK 9.21Aa 32.55Ab 23.34Bb 99.86Aa 67.45Ee

Shannong8355 I-RS 8.99Abb 33.35Aa 24.36Aa 99.88Aa 66. 65Ef
I-RL 8.86Bb 30.37Bc 21.51Cc 99.74Aab 69.63Dd
R-CK 8.15Cd 26.57De 18.42Ee 98.26Bc 73.43Bb
R-RS 8.34Cc 28.49Cd 20.15Dd 99.54Aab 71.51Cc
R-RL 7.87De 24. 60Ef 16. 74Ff 99.32Ab 75.40Aa

Bra 17 I-CK 9.44ABb 34.58Bb 25.14Bb 99.93BChb 65.41Ee

Jinanl7 I-RS 9.60Aa 36.51Aa 26.91Aa 99.97Aba 63.39Ff
I-RL 9.25BCc 32.59Cc 23.34Cc 100Aa 67.41Dd
R-CK 9.19Cc 31.46Ee 22.27Ee 99.92Cb 68.54Bb
R-RS 9.57Aab 32.23Dd 22.66Dd 99.97Aa 67.77Cc
R-RL 8.74Dd 25.48Ff 16. 74Ff 99.99Aa 74.52Aa

Fl—F SR AARF RN BFERER 1% (5% ) KFTF 27 BF; TR Means within a column followed by different capital (small) letter are
significantly different at P < 0.01 (0.05) , the same in following tables

x4 ERSREEREZRGT/NERRAPFRESRHOERI S (%)
Table 4 Volume distribution of grain starch granule in mature grain under both irrigated and rainfed conditions

o . hb B YEKYBI4E Particle diameter of starch granule (wm)

fhFh Cultivar
Treatment <2.0 <9.8 2.0~9.8 <30.1 >9.8

114 8355 I-CK 5.56Ee 20.12De 14.56Dec 92. 48Ef 79.88Bb

Shannong8355 I-RS 5.88Dd 21.75CDd 15.87CDc 94.48Cd 78.25BCc
I-RL 5.38Ff 18. 08Ef 12.70Ed 93.43De 81.92Aa
R-CK 6.48Bb 25.05Ab 18.56 ABab 95.96Bb 74.95De
R-RS 6.69Aa 26.35Aa 19.86Aa 97.04Aa 73.45Ef
R-RL 6.17Cc 23.49BCc 17.32BCc 95.09Cc 76.51CDd

Y5 17 I-CK 6.79Bb 33.38Bb 26.59Ab 98. 54 Aba 66.62Ee

Jinan17 I-RS 7.44Aa 34.12Aa 26.68Aa 98.13ABb 65.90Ff
I-RL 6.76Bbc 28.59Dd 21.83Cd 97.03Cc 71.41Cc
R-CK 6.64Bc 28.35Ee 21.71De 98.26Ab 71.65Bb
R-RS 6.43Cd 29.34Cc 22.91Bc 99.07Aa 70.66Dd
R-RL 6.39Cd 24.13Ff 17. 74Ef 98. 04BCc 75.87Aa

A BIVERPRL( >9. 8pm) B LAk 8355 .5 Eg 17 & ALFEXT SMAAFR I TTlk > 73.45% ~81.92% .65.90%
~75.87% 55 HE TP A 66.65% ~75.40% 63.39% ~74.52% 5975 Firsfin , LAk 8355 1 im i B B B 55 T
B 17, PIRRERIE AT, LR 8355 55 RS 17 BUAIBIRALIE A RIVERYRLIRFR S0 B 43 HO AL ] & b ke BE 38 i
e BE 4/ INTFRE S A IR AL PR A R, 1L 8355 RS 17 BBV EEALFE A RIVERYRLIATR 2016 A 43 LLEK R
siva X T Ak R 8 9 R T 5 v S sl P Ak B A 38 i
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DA LGS RERH, SRR R ST RS 17 FPkL B BUFEAMRLET G AR L Ry, KRB EY Al b LAk 8355 F A Ry
RLARFRE 7 ECBE R 5 SRR S AR LU, AR AR RE IR W /N2 ML B B S AR O AR 70 LU, B IR A BY Tt
RLF AT E 7 EL 5 Y52 15 X BB ZY b L1k 8355 R A8 L A2 e A M (AR 2 A FR) B2 WA K T X 25 R 8L i b 5
i 17 BRI
2.2 FEHPRLAYELHE AR

RBERL AR LLIAR 8355 FPhL A B BUTERPRL L B T 40 b 52 9 108 942 % U5 P8 91 35 F) R2 mi LL 22 BB L A b B 7l
17 HE(E5.K6) .

x5 ERSREHEFGTERTHNERHHBES>H (%)
Table 5 Number distribution of grain starch granules in medium stage of grain filling under both irrigated and rainfed conditions

S Cultivar fbm YEMRIAZ Particle diameter of starch granule (wm)
Treatment <1.0 <2.0 <9.8 2.0~9.8 >9.8
114 8355 1-CK 66.53Bc 93.99ABb 99.46Aab 5.47Bb 0.54Bbc
Shannong8355 I-RS 70.05Aa 94.45Aa 99.78Aa 5.33Bb 0.22Bc
I-RL 65.80BCb 93.58BCc 99.31Ab 5.74ABb 0.69Bb
R-CK 63.20Dc 93.02Dd 99.31Ab 6.29Aa 0.69Bb
R-RS 68.68Aa 94.11Aab 99.46Aab 5.35Bb 0.54Bbc
R-RL 63.91CDc 93.43CDc 98.07Bc 4.64Cc 1.93Aa
¥R 17 1-CK 76.52ABb 96.39ABb 99. 81Bbe 3.42BCc 0. 19Bbe
Jinanl7 I-RS 79.26Aa 96.65Aa 99.84Aa 3.19Cd 0.16Cd
I-RL 65.40Cc 95.63Dd 99.73Cd 4.10Aa 0.27Aa
R-CK 76.10Bb 96. 13BCec 99.80Cd 3.68Bb 0.20Bb
R-RS 77.04ABb 96.23BChe 99.82ABb 3.59Bbc 0.18BCc
R-RL 67.18Cc 96.09Cc 99.72Cd 3.63Bb 0.28Aa

R6 ERSRMEHEFGTHRANERMHMESH (%)

Table 6 Number distribution of grain starch granules in mature grain under both irrigated and rainfed conditions

o . fbm YEMRIAZ Particle diameter of starch granule (wm)

fhFh Cultivar
Treatment <1.0 <2.0 <9.8 2.0~9.8 >9.8

114 8355 1-CK 53.87ABbc 93.68Cd 99.72Dd 6.04Aa 0.28Bb

Shannong8355 I-RS 54.87Aab 94.25Bb 99.74Ab 5.49Bc 0.26Ded
I-RL 56.04Aa 93.95BCc 99.71Ee 5.76Abb 0.29Aa
R-CK 51.05Dd 94.39Bc 99.74Bb 5.35 Bhe 0.26Dd
R-RS 53.44BCc 94.60Aa 99.75Aa 5.15Cd 0.25Ee
R-RL 52.47CDed 94. 14Bbe 99.73Cec 5.60 ABb 0.27Cec

¥R 17 1-CK 56.73Ff 93. 62Df 99.62Ab 5.99Aa 0.38Cec

Jinan17 I-RS 79.11Bb 95.88Bb 99.87Aa 3.99BCc 0.14Cd
I-RL 69.47Cc 95.22Cc 99.33Bc¢ 4.11Bb 0.67Bb
R-CK 61.21Ee 95.39Bc¢ 99.20Bc¢ 3.18 Cd 0.80Bb
R-RS 80.77Aa 96.63Aa 99.77Aab 3.14De 0.23Cecd
R-RL 65.14Dd 94.16De 98.72Cd 4.56Aa 1.28Aa

TR 5K AR BUAR 5 LR 8355 JRAAMIAPAL < 1pm RIFERPRIEE K2 5 SIS RLELY 51.05% ~56.04% , %%
HEI I 63.20% ~70.05% 4 BB TR, B R 17 BUEBFPRL < Lm B3ERHRIEL H H 23 ELBHE 3K H AR (LA
Bl R TTRT 17 A4 HE < 1um BERPREE B 20 LB B R TR LA 8355 & AL8E YRS R )G 1k
8355 5Frg 17 MAMIFFRL < 9. 8pum HIFERPRLELH & 7 LB H R (LA B o E R R YR ik
8355 WEIK HHIFFAL > 9. 8um FITEAPRIEE B 20 LR THER 17, T LAk 8355 JRBIHHFFRL > 9. 8 um HIFERRLEL
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(R7.3%8),

o HER1R2 LR USRI RE/NEBNRLET G AT SRR TTRE N, (/N ek
R FEA AL G 32 B ARHR A, 1X AT BB i B A FRPRL A B RUFEARIEE H 23 LA A B B 0 B A
2.3 FEAPRLRE R A
P AR TEFE RS SRR AR T RIEE N , A BIFEBRL BRI Kb B ] 391 [7) it Ao ook HE Ak 24 36 2 T AR 2 A
T 73 B TR, DR A B A [ A [ A o R A B B S I, B TR A L 3R T AR o A ) AR AL i B 5 A

RT EBRSREREFETERPPIZEMHRERSH (%)

Table 7 Surface area distribution of grain starch granules in medium stage of grain filling under both irrigated and rainfed conditions

§ A Caltivar Lb 3 YEMRIAZ Particle diameter of starch granule (wm)
Treatment <2.0 <9.8 2.0~9.8 <30.1 >9.8
14 8355 I-CK 43.43BCe 74.79Ab 31.37Aa 99. 81 Aab 25.21Ee
Shannong8355 I-RS 45.11Aa 75.55Aa 30. 44BCb 99.97Aa 24, 45Ef
I-RL 44.15Bb 73.93Bc 29.78Ce 99. 88 Aab 26.07Dd
R-CK 43.27Ce 71.65De 28.38Dd 99.67Ab 28.36Bb
R-RS 41.60De 72.82Cd 31.22Aba 99.91 Aab 27.18Ce
R-RL 42.64Cd 70. 06 Ef 27.42Fe 99. 86 Aab 29.94Aa
g 17 1-CK 48.21Bb 76.12Bb 27.10Aa 99.99Aa 23. 88Ee
Jinan17 I-RS 48.69Aa 77.35Aa 27.33Aa 99.99Aa 22.65Ff
I-RL 46.83Dd 74.39Fe 24.46Cc 100Aa 25.21Ce
R-CK 48.08BCb 74.51Dd 26.42Bb 99.99Aa 25.50Bb
R-RS 47.67Ce 74.93Cc 27.26Aa 99.99Aa 25.07Dd
R-RL 46.95Dd 68. 82Ff 21.87Dd 99.99Aa 31.18Aa

®8 EBREREREFGTIENMPEBHERARIH(%)

Table 8 Surface area distribution of grain starch granules in mature grain under both irrigated and rainfed conditions

o . fbm YEMRIAZ Particle diameter of starch granule (wm)
fhFh Cultivar
Treatment <2.0 <9.8 2.0~9.8 <30.1 >9.8

114 8355 I-CK 38. 58Ef 65.72Fe 27.14Bbe 97.51Cd 34.28Bb

Shannong8355 I-RS 39.82Cd 66.69Dd 26.87Bc 98.65Bc 33.31Cec
I-RL 38.98De 63.75Ff 24.77Cd 97.96Cd 36.25Aa
R-CK 40.47Bb 69. 84Bb 29.37 Aa 99.31Aa 30. 16Ee
R-RS 41.21Aa 70.76Aa 29.55Aa 98.96Ab 29.24Ff
R-RL 40.18BCc 67.63Cc 27.44Bb 98.72Bbc 32.37Dd

W17 I-CK 40.33CDe 75.41Bb 35.78Bb 99. 86Aa 24.59Fe

Jinan17 I-RS 38.79Ed 76.03Aa 38.56Aa 99.74ABa 23.98Ff
I-RL 39.92Dc 71.29Fe 34.87Ce 98.50Cc 28.71Bb
R-CK 41.09BCc 72.23Dd 31.14Dd 99.61Aba 27.77Ce
R-RS 42.61Aa 73.51Cc 30.90Dd 99.41Bb 26.49Dd
R-RL 41.51Bb 68. 47Ff 27.96Ee 98. 58Cc 31.53Aa

VEBRAIF T VR PR AL B S 1L AR 8355 UF R 17 A BUYE by LK T AL E 43 L 43 B AE 24.
22.65% ~28.71% Z 61284k, B B EMRLR A E 4 Ee s> BILE 63.75% ~75.55% \71.29%
oo SERMET, WAL B S 1A 8355 BrRE 17 A B Bk 2k 1 AU H 4 b o3 51l 7E 27.
25.07% ~31.53% Z 834k, B BIFEHR R FALE 4 H o BI7E 67.63% ~72.82% .68.47%

45% ~ 36.25% .
~77.35% 2 [8] A%
18% ~32.37% .
~74.93% 2 8] A%

fbo RUIKFER/NE B BIFERPRLIT (5 R WARER , ZREEL/NZE B RIFERPRLPT b R E A o

3 itig

IINFERPRLIE RIS A J2 TE A it R A B B PR B 3R 2 — 12 o /NS KPR T L BE 4 A [ it e 2 ) 4
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5, [, BREE S HAA B 0 IR BB B RPRLE H b, A BUERDRLBT & ) H ) 14
I AR KT /N A BISERPRL AR RS (LT R 1.5 6%, T B ZURERPRLN 2 £%, B B BUVEARL
SEREEHCA R, A S KA o T B IR T R AR 0, R LR . AR,
SREBEARIE A LU, RARAREE — R BEIR /N E B BUFERDRLA AR IR E AR E 23 EE, T A U b ) 2 2
Ko RUAPMERIARESBUNNPAL A B BISERPR A9 AR AR AR E 70 L A B RO o (HR RIS 25 1R 3
A B BIFERPRL AR E B 2 U B B B, X AT BE R TN RPRL( <2. Owm) B HEZ, S IERHRLE XH
93.05% ~96.65% , Z A [FIHEBE A F IR AR N B/ NE B o

AF/NZE SR PR R BUR G , B TOUE 4% B 8] A EARAMEERE 0 AN [R] , P RLIE 3% 5 A2 0 U 2 6 R U 1Y)
RSB . EIRAR EHFINy, BIEE , A 2 SRR E T RS A 2 TR N R
AL SRR RIS B> . Blad S. FRHA, W/ INEBEUR , FORL A A KR TR Ho/IVEL S Rl i
MBS RE R HILA L, A FZRE/NE SRR R R AR —3 . XM ZER T RS EA XK
ZAAF T LR 8355 \BE R 17 FPRLEPRORLEE 73 A N A AR (TR A R M EE FEH 2 — .

AW G R FERE BRI R AERSE A AF T, IR REEL S AP BY R 17 ALK 8355 FPhLieps L BE 7 A 24 3 R
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