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TR FR S, 1L AR I YT276003;
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FE: KA NEAE16F 1645 1004E A FIeAHH, Rt e/ 16485 T Uef510° =2 5 e9 A ek, AFRERK
B NEAG16° T LA VA BE X B Slet A Ak A EAS10° 3, A 6451675 BIATALE R A AR R AR AR
TR A, EAEA RAE ARG R AR MO 4 R R, WAS 16 T ALET . R B BOE R 8
ot BAE G B (SS) Fr BAB BB & B (SPS)ZF M ¥ B 5 3 T BA310°, 414 F M — 45 8% &) )42 AR BR
(AGPase)E A VG116 P LRI B Sa0E M, A 1OFE P RIS BEERERXEHNRE S T B0,
TER G BNEAG16° 47 RARIFE 5 09 AR A i AR X B M, T AR BBk, A A T e 1604 T iE
WOARE. MOS0 R F Y RIRE., XA AR WERH/ICFERE KRN IR L E T AEL T

A, ANEAS16° 5 B e k.
KRR A, ek &, RABKS, KRR

KGR ELIREEY, fEfRg et AR
EHhAL, AKFER RN E SR E L% VM
Ko MHAERAMUEKFEAEK K G FFEA,
m e R R . H Y 8 BT A 90%~
95% KR T I EAE A, T3 S YL A bk AL RE
71, WEIHOE GG RS IR R &, Re A 0
T AR AR &

AKAE T B RS ER T B TR R R R
J6A VR RE A 2 81 A B 1) 6 A W R AE TR RE D,
SR B rR DA R 22 4y e SRR 25,
M 4 5L A 7 & (Tuncel f1Okita 2013; Zhang
552001). JEETMIRIAET" . IBi A o) o AR B AR
LGSR =R SN NN E SRR (R 7/ SRS 10
Uiy (32 B B ) A PR R RO A Y, @i R
IS KGR, A B 2 AE e v gl 0 H VR P
SRS Wi PERPETIAE T .

TEPIRFRL= R AER KA b e TR F Ja i
R6A FIfGRE 71, ARG & R Y0¥ RL ) o1
BRZE N T3.5%~81.2%. T 7K A H 8 2 K AR A
Ja A E R d v B e, 8 RE R IR T ORI
IR K, B KRB R RL IR K A P 32 2
Ko KFEIE T HEHHEY), THAEIA 2 B IH K g

R A= AR B A ) 2 B DARERE IR XA
Az % (Reynolds&5:2012), Y& 1 7= Az 1) E B
B BIRFRL, FRAERFRL A B 5 R 6 BROE A 1 DR
B, X —id fE 5 B0 A AR FATRERLI E A R AR
UM AR B VE R 5 FF R T 70% /0
i, B vE R & SR R 5 P2 E % UIAH G (E
HH2007). VEM R E B 2N, HE
AR B A R P B AT E . KA
FEACIS, I Fr & R RENE, 8 I 0 B s a2 FF
Wb, AR R B AR N e R B R R — R
I, F I o R A R T R B R A K
li(sucrose phosphate synthase, SPS), fij & 4 fifd 7 i
3 F) 2 fift -5 2 £ R B 5 B (sucrose synthase, SS)
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AreEE. K. PURMERSS . 2JaEd. &
PP R SR R, TR T I AR 1 AT VERF 6 1L A,
KT 2ot B BTG KRR RN
RS B F=4 A fvh AR % DI,
AT T LA I 8 10”4 s JE, AU 2R AR FR 7K1 45
FIGAE16” 7 B AL BERRA, 94 J5 B/K A A i
HHEBIES.

1 R57HEE

1.1 MR RIEFREH

TR R A I YT T T 2R X & Bk /K R A A A 4
RIGHE, BUUKFE(Oryza sativa L) FP Il fg16” F1 Ik
FE10°, #EFE50 g'm”, 5SH23H R H R, MifL75
gm”. 7THOH NTHEM, 17126 cm, E{FE14 cm,
35T 10H25H YRR, K R AR i &2 & e
(17-17-17) 50 kg-667 m™, 715 HiB jiti /> BEAL R &
10 kg-667m™, 7425 HiB i AL R 2510 kg 667 m™+
SULAR10 kg 667 m”, BEK3K. Biiw3k: 8H1H,
W55 76 75 % = FRIE2 5 g+30% 45 74 H FR 20 mLA+75 25
S FFEI100 g:667 m™; 8 17 H, mtjiti40%Fe i & 7.
80 mL+430 g L M BEE 7710 mL+10% 5 7
MR 77120 mL-667 m?; 9 HSH, Bt fEE 60
mL+70% H 3 FL A AT IR AR 771100 g+25 %k eF
AR R 7120 g-667 m” .

AR 20164201 7T4E24FE B A, LA20174E %
WRNE BESH BEEE. R & RN
M5 5y F3 0 FFAERT(8 H22H) HER HIIO9OH 15
EDFIER G IO H29H).

1.2 ESHHNE

KRGS e S HER e EEwP,). RIS
FE(G)~ IR 5 A BRI BE (C) RN 28 [ Tl % (T) R
F CIRAS-3{F #5206 & & G5 (PPSystems, 5 [F )il
5, MU BRI A1 400 pmol-m™s™, COL MK N
380 pL-L", M- i B il #E25°C, HIAHEEZT70% .
BV 5 F TE) E B R 1 2F-9:00~10:00, 4 fb Ffr 0
EOMRER .

1.3 SIMEESKES. FEIEBERS REEME R
FERESENNE

FERE A BB TR WE R R O AT R R

i %) BE E= W R 1L iF (ADP-glucose pyrophosphory-

lase, AGPase) S5 MG PE I & : FEARENGIIT0.1 gff
BB BOE R, )5 ¥ N-80°CIKFH IR 1, FF
WMo BASSARELOAN 5, A H L A AR
Pl V5 14 00 5 SR FH 5 0 L8 A s AR A BR 2 ] A7)
EEOIERE A B S dm 5 SSI-2-Y; JEREE IR &
BB ) & 9 5. SPS-2-Y; REBE & BT & o T
ZHT-2-Y).
1.4 fTREESKES. RE_ZHBBREEEERER
LEGTE M LR FEIEFIE M & E8NE

TRERRE AN R 2 B (R AERR IR or 2 [ /K R
FFEHU0.5 g RN AR TR, 2 J5 5 N—-80°C
UKFELRAT, R, AN R AL A, AN H AL
H AN FAE AR, 52 R IR M RS A DB AR TR A #
(49 ) S 5 (R 5 PR &g 5 SSIT-2-Y;
R T R A e A AR R AL B R & 5 AGP-
2A-Y; RS BRI &g T ZHT-2-Y; Jek & ik
&5 DF-2-Y).
1.5 KFEEMR MR = 2R ST

FEIKFEBGHSRAT, R s BUREIE, X8
1757 XHURE, BURE 2 5 40 e th K R B bk e
K. R E, ZHTE, BT E, R, B
FERIE ., ThiE., BESTRE USSR, (FHEAH
667 M AE. L5 RE=ATE B/ A B 100%.
1.6 #EALIE

K HExcel 20163£ 47 #4l5 4t it, K H] SigmaPlot
12,05 PFAF B, SASTR A W B itk 47 2 F v #r

2 SLIGZER

2.1 ‘IsFE16°FIEFE10 L & S HHIEL AL
MIEIERE, It 16° LT AEHT EDL A IE R (P,)
BelmAE 107 8 W m, PIER T, g 167 e Ak
& WS T ImAE 107, fE T Al 21K 5 31 I A
107 Al R A MR AL, M imAg16” U B 1
R RALVE K RICO, 3 H I8 IE, W A1
RUEZIRAE M, NI SREGYEEE L, tE
AR BN G AR R ILIEAR G & M
7] AR E(C) E & BB R A .
R (T) 2O 5 G AR L SILT A —
B . HESHLAIERV hfE1e AR
HHFE G R, AR T R & A R
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Fig.l Changes in photosynthetic parameters of ‘Lindao 16’ and ‘Lindao 10’
9353 2 () — IR AN TR T E0.05F00.01 K~ |28 S i 2% . R IRt .

2.2 ‘l&FE16°FN EFE10°RINTSS, SPSIEM LR
EEENTL

JEE R B0l 1R 5 1l (SPS) A2 HE WA TN JRE 5 ik
AR — A B ), IR ERAER T
S Sa & P A N REE I RE 1. AE2-AT] DA
EH, IEFE10° R IGFE16° FISPSTE M 2L TG
RIS, FAE AR I FE16> SPSIE T AR &
EZr T RAE107 . SSEA G L BE 1[4 A 18 A 11
M EEAE R, fE6 64 B P SSHEA AL &
RIRE ), tHE2-BH T LUE i, SSHISPSYEPE £ B
AR a3 . R B IN RS 16 B A 15 vay 11 JRE B 1L
YR I DA B I RERE A RBE T . I RE L6 Bl
PSR I R R L, TR A 10T I T
BTG FREREaA(E2-C), JE Ik FE10° 81 AN fE
PEER KR TE 22 IR o
2.3 ‘IGFE16°FIRTE10FFHRISS. AGPaseEHE AR
EREMEMESETK

FERE A B (SS) 7E KR Hh =F 2 (i 4k 71 B 1)

Befdt, G e PR AL EERE . M3 W] DU H I Fe
16 R RL R AR R TR DL R RE SR I AT 3R
TR B e IO S SR, T “ I 6 167 FF L A e 15 B 2
I o B SR B T) (1 S K IR T IR /D, I BLTE HE K S A
‘IGFE16° BEME T PR R BB K T IR FE10°. BB IR
FE 16 HLAG 5 v 1 E W P e e 7, e DIl [ A A
SI| 38 4 BFFRL IS RERE, MITTAR B 52 (1 5EH

ADPGHERBE R EF(AGPase)EVER & il H i
HVERD B B S — AP BR, R TE R & B S B,
FLVEPE RN 5 Ve R AR R T8 2 M S dk 32 2 3B AH
Ko E4-ATTLLE HImFE16° [ AGPasedh 4 7F %
SBT3 T A 107, R EFE1e AR
B ADPGHELE E /T

TER A& K FE R RL ) B LA A, R 70%
Fea, FKABREIR A VE R B 78 S AR, F B2 TE R ()
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2015; f45t2012), MR KRERAT R A 1E F 0
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Fig.3 Changes of SS activities and sucrose contents in seeds of ‘Lindao 10’ and ‘Lindao 16’
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Fig.4 Changes of AGPase activities and starch contenst in seeds of ‘Lindao 10’ and ‘Lindao 16’
1 CIGFE16°FI I AE 10 AE R IR e 45 T2 2 e it
Table 1 Statistics on traits and seed setting rate of ‘Lindao 16’ and ‘Lindao 10’

s i FREi/em Fifk/om  FPRE/g BT AT Eg T M S/ BT BRI TSR 2 SESEER %
‘IeFG16> 89.36+5.67  16.45+£0.67  3.47+0.49 2.42+0.32" 5.89+0.78"  112.78+18.84  105.99£16.65  94.09+1.85"
‘AEFE10° 86.84+1.19 15.31+0.45 2.5040.20 2.144+0.17 4.64+0.34 104.36+9.14 89.89+6.82 86.2242.37

RS S RN TEAN B S Rl 2 (8] E0.05F10.0 LK P L2 7 B 2, FRF L.
2 CImAE16 A G107 EAH SRR G it
Table 2 Statistics on yield-related traits of ‘Lindao 16’ and ‘Lindao 10’

m A ARl g A T-hid/g T RE-667 m™ P /kg-667 m” 20 R AL
“IifE16’ 3.36£0.47" 31.32+0.86" 20.97+1.48" 696.12+£52.82" 0.590.02"
‘IEFE10° 2.214+0.25 24.59+1.60 25.41+0.70 561.66+50.73 0.54+0.02

3.2 KIGHIERIERENKS, EWREST~E
FIEER

IKFERNINZHS & TR, e & et
rp = B DL BE 1 2047 7E (Lemoine 2000; Reynold
552012). FHAEZ A hiE D A T A
BSR4 2 o LARE W 1) T 28 ) S B4 s i
FIFFRL A, JFAERFRL R B AR 8 TE R S B S
Blo B, seBy B R 28 B R AL S EE AT
DL ok L P v R () & BCRE ) R I B, 1T R B
2 5 P55 1T v AR AT e SRR H R R 1 % i ke e ke
(PanZ2002).

FR A A 1 & AR IR A2 W, SPS R FERE &
% H T B 5B (Champigny 1995; HuberfllHuber
1996; Wang%52013; WinterfllHuber 2000; Worrell55
1991), H Al G M AT AR FE R A o 22 (1) IS, 2

fREVFE M — AN FEHR(Okita 1992). JESRIEFE A H
(B FEN LA RGP R RE 7o 26 40 i o 7 i 1
B A 32 B o R IR (SS) AL, Ao e H & 4
FE 4% B S SIS PEAE O B 5 B2 1 AR 5 (Baroja-
FernandezZ$2009; DelmerfliHaigler 2002; Thévenot
552005). AL I AG 16776 8 SPS. & it
SS. FFRISS. ¥ kiAGPaseld K &I i HE & &
E L TR 2 B AR L B 2 5 0 U TR A7 AE BB Y
Z e (El2~4). BRI InTE16° 8 th i & K SPS
TR AN R 2 R RERE, 280 ORE T ImAE LS
REREPLIR [7) S} %32

Bt e B P W S8 A ) R 3 i B K
Erb, KERL PR S ST T 328 T ey, T TR L 1
R et iff D9 e - B DR, OFF R RE B 5 2 R IR
BB T (3) o FFHLH R WE 4 SS I M )5 117
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W2k 2 NI AR 6~ TR R 76T BB (GO P) B 1 -k iR i
HHE(GLP), HE N 7K )5 24 AGPase 1) f# 4k 5 ATP
J AR BSGUE Ky A s BRI AR A i R R T T
(ADPG), #tifi & e Fr (BallicoraZs2004) . 7£7K
i ANZE. Bk BREMILEEY T, E#ER
W T AGPase 175 M AT E K AR R R IE A 9%,
1M AGPaselif 4% B 1F A2 Ve B & ) — A 3 22 IR
(JiangZ52002; Tuncel MOkita 2013). Y% %% C
25 3% W3 1ok 384 558 A GPaseliff [ 175 14 W] DA S AR 1)
VE R A RCRE T AR s AR R B (LigE2011;
Sakulsingharoj%$2004; Smidansky%$2002, 2003,
2007). TEAHEFEH, AGPasei I [ BE 3¢ 1 AT 0%
PEIZ T =, BEAGPaseliE L1 51, FFRE R & &
B, T mAELe M R A AR E ) AGPase
TEPERIP,, PRI 78 BEAN FE 2R I R R K 7 =R
T IEFEL07,

TE BCAIAVE R & 2= G AR T EH 1 70% /2 A
K2 BT LA R mAE 16 M~ E15696.12
kg'667 m?, ELffE10°23.94%. #ifh &R T-HiE
FNFERL B A7 A V2 3 22 e, XA 2 S R Tl
fale A& m e . ImfE16° BB A 1 s sl
SPSIEME . FFRISSIE LA AGPaselF PERf 1R 1 A
16° P2 AL [RGB =D RE K A5 Rt I 32 S 21 FF
Kb, FELERFRL R S I AL 9 UE R o

WFFE 3 I, 1A K 1 B R R K R 3R A v
[ OCBRE R 3R 2 — (X []2016; W12 16552015; Na-
kamura%s 1989) . AHACHI A3 AHRLESE A8 ™ B 1) Bk
A &R, W2 KRERE = E SO E bR I
Fei16° FA 4 2 BRI 0 1 45 S R B Im AR 107 = (R
2), VLB IEAE 16° A B IN i, N2 I FE 16748
()5 6 A 3 R (PR BR), XA RS 16 1 e PR 28
E T B
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Study on photosynthetic rate and accumulation of sucrose and starch
in ‘Lindao 16’ and ‘Lindao 10’
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Abstract: In this paper, rice ‘Lindao 16’ and ‘Lindao 10 were used as experimental materials to explore the
physiological mechanism of the yield of ‘Lindao 16’ relative to ‘Lindao 10°. The results showed that the net
photosynthetic rate in the leaves of ‘Lindao 16’ before anthesis and middle grain-filling was higher than that of
‘Lindao 10°, which created favorable conditions for starch accumulation in the early stage of ‘Lindao 16’. The
results of key enzyme activities of sucrose synthesis and starch metabolism showed that the activities of sucrose
synthase (SS) and sucrose phosphate synthase (SPS) in the leaves of ‘Lindao 16’ were significantly higher than
those of ‘Lindao 10’ before anthesis, middle and late grain-filling stage. The adenosine diphosphate glucose py-
rophosphorylase (AGPase) in grains also showed higher activity in ‘Lindao 16°. The content of starch in ‘Lind-
ao 16’ was significantly higher than that in ‘Lindao 10’ at the late filling stage. In the late filling stage, ‘Lindao
16’ still maintained high sucrose and starch metabolism-related enzyme activities, and the starch synthesis rate
was faster, while the starch synthesis rate of ‘Lindao 10’ was significantly slowed, which was beneficial to the
accumulation of starch in the seeds of ‘Lindao 16’. The main factors of yield and rice yield are concentrated af-
ter flowering, laying the foundation for high yield of ‘Lindao 16°.
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