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Responses of Ethylene and ACC in Rice Grains to Soil Moisture and Their Relation
to Grain Filling
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Abstract: The objectives of this study were to measure the concentrations of ethylene and 1-aminocylopropane-1-carboxylic
acid (ACC) in rice grains and root bleeding sap during the grain filling period and the grain filling rate. Three treatments—
well watered (WW), moderate soil-drying (MD), and severe water-deficit (SD) were conducted with two high lodging-
resistant rice ( Oryza sativa L.) cultivars grown in pot or tank from 9 d post-anthesis until maturity. The effects of chemical
regulators on the concentrations of ethylene and ACC in the grains were also studied. The results indicated that MD
significantly increased grain-filling rate and grain weight, whereas SD significantly reduced them. Concentrations of ethylene
and ACC in the grains were very high at early grain-filling stage and sharply decreased during the linear period of grain
growth. MD reduced ACC rations and ethylene evolution rate, whereas SD remarkably increased them. Both the
ethylene evolution rate in rice grains and ACC concentrations in root-bleeding sap were significantly and positively correlated
with ACC concentrations in grains. The ethylene evolution rate was significantly and inversely correlated with grain filling
rate. Application of amino-ethoxyvinylglycine (AVG), an inhibitor of ethylene synthesis, at 9-13 d post-anthesis
significantly reduced ACC concentrations and ethylene evolution rate of the grains, whereas significantly enhanced the
activities of sucrose synthase, ADP glucose pyrophosphorylase, and soluble starch synthase, however, the results were
reversed when ethephon (ethylene-releasing agent) was applied. The results suggest that a moderate water stress during the
grain filling period of rice can inhibit the production of ethylene and ACC, and therefore accelerate grain filling and increase
grain weight.

Keywords: Rice; 1-aminocylopropane-1-carboxylic acid ( ACC); Ethylene; Grain filling; Root-bleeding sap; Soil
moisture
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BEfEH MR A EEHES . KA B REIE 18
EFAR-1- BB (ACC) & RBFIKE N, 23 ACCH
HIMAMZ O RBERS . AHARE, FRTHE
RZETRBECEFBEMELERE N NZNER
RO B R A BF R 4%, Morgan % 2%
2, ETREET , EY B ZH/A R W, TR
BT, ER, Yang EMERSTHRARSA,
INRAEK RN/ MR S BT E B LT
B (LW T, Soil drying) 403, B BR &9 K 4R
REX_KERBUKE, HEERAAZATEN
B X HGE BT R A RS R, B
FEET R LR T R R0 S TR,
BREFEANTR . FRBMEAS R LRKMRET
KRG RBE P ZHEH ACC FROEARK
S5¥PRMRRR SFRAE RS Y TR, )
PR K AP R A Z 8 R K 4 B R B R R L
MR HARER, #— S BR KRR,

1 #H5HZE
1.1 HEEHRERR

I T 2003—2005 FHM R ER¥EEAZRG
#H17. FHEHB6 SR MREE S SER T
2%, B8 0 m, ER 25 em, AR NI 4.2 L, 4
¥R E 18 kg ARETHENR 2.2% FXK
2110 mg kg " \ERBE 34.6 mg kg ' HHF 66.6
mgkg'o SH8~10 HIEM, KEEM,6 A8~10
BBR. 83 WER, BRUWESABRE 2 ¢
B _EH 0.5 gc FANTHRE 7 . HHLE
BRI S)MB OO0 kM) E&E
REO05g.1gM0.8g, BBREMBIT 9 4, 8%
HEF1~2em KR,
1.2 tiksaEigR

BHBE 9 d ERA, H#T73HLRE: (DR
BAKBE(ERAENR 0, WW) ;) EETFRR LA
NHEF(EBMABRIEE - 10 ~ - 30 kPa, K
MD); B)EEKA T (L WAARREE - 40 ~
- 60 kPa,fij#% SD), BN ERATRRAET
(R EPFEBE R LTI A ) KW £ 30K 45,
AP, 8X 6:00~7:00,12:00 ~ 13:00,17:
00 ~ 18 000 {E Fe 4 R T, M 30k BN HER,
F%K 0.4 L(MD)F1 0.2 L(SD) , B4 B EH60 4.
1.3 B#ESHE

1.3.1 BAffeir i g% TH#PELE

BEERER/NEE MM T 500 ~ 600 4>, # 48
M,BSBRICETAEFEEY. aFEZREE
B3 d, S EBEMRICEM20~30 N B THE
PR BRI B, AR AR, 2 354, — 8B 4 ar
BT ZH4M ACC W5E ; 55— 4B 70 CHAMRT
ZEEATHFRERERST. RTRFRR %
FREWE, S BEKHFE A Richards 5 B 3
ﬁmﬁ[»ﬂ]o
W = A(1 + Be ") # )
Kb WHKNER(mg), A FBREKEE,:
HFLEHORE (), B EFIN AFBER, MHHF
BDRT ,BHEEER F(mg grain™' d7'),

AkBe™™
F= ¥z gy @

MIFRER ABS5%(e )P 5% (1,) ESHIE
B D(d), X BBt R KRR M E R R
AT N R EE F (mg grain™' d7'),
1.3.2 BRAGHARGKE 556 R0 B B A R
BE#, &4BEBI N, FTFF6:00 EXEXARME
12 em 237 3 R MR, W TR HRE MR ASH
HRETFTCAERNEBEARTEENEZNEO
. FLEHNEE, FE_RXEL 6.00 RE#HAEH
MBS RE REHFFHERR AT
WE ACC W B,

1.3.3 sTAKFRE B F LKL
MRMAHEEH 5.9.14.18.23.27 M3 dWER
6:00F1 4 11:00, RAE I HHEMERI KR, o
FASRHME BN EEFER, B M EFSRBE 6
KEH.
1.3.4 Z%Hf= ACC A& 2 8 Beltrano % J7
B IR, 25 ~ 30 Rk B R R M08 B 4R 1
h, UERFRR TN ZBNER. RE8
HETCARBENETERRT REEFEH, &£
BTQIC)BENBE 24 h, HEHBA RS HH
mL SR A HP5890 B4 48 6 i X I & Z M Wk BE
ik Propark Q (0.3 cm x 200 cm,50 ~ 80 H) , &
T2 S KGR T 28 (FID) . 34 OB % 140C,
HED 80C, WM AN 200C. U N, EHH
K, UG48 30 mL MBI HS, H, IS SN FID
KBS, S HEE S %4 30 mL min ™' 1 300 mL
min~'s ZIHEABHEERA pmol g'FW h ' E R,
FFRLAAR R SR A ACC RS 8 Cheng %
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FHEME™ . B 20 ~ 30 BOFR IR ATE. K
0.1 g TRBSIF B9 AE N 2 mL 95% W5 ¥% 80C KA 15
min JFTF 8 000x g TEL 15 min, R FEW,EX
UEHBEHHREHER. AR T LEBREN 2
b ZBK,2 mL ZE PG RR N E s, 5 2
oL GABEEMAZEER). MO8 mL LHER
TFHEAREEERBE T, WA 3.3 mmol L' HgCl,,
FAREEFH. BEHBEA0.1 mL 5.5% NaClO
S NaOH BB AW [2:1(V/V) ], KW T I
%5 min, 1 mL SBEMEZE BEZFBHRER
B ACC, FRMBEHN.F.E 3 BH ACC
BREZBOLEIF N (88.1£4.5)%.(93.2 ¢
5.8)%M(77.6£4.6)% . ACC ¥EE LA nmol g~* FW
COFFBL) B nmol mL ™' (W W) FF -

1.4 LEPELE

BRBHRAIBES TS L M. &
MK 4.8 m, B 1.6 m, K 0.3 m, ey LEWEHHHL
B 2.42% A B 110 mg kg™ L B BBE 34.6 mg
kg™ R 66.6 mg kg 'c 5 A 10~11 B, 6
A10~11 BBR, HKTEH 15 emx20 em. BR
WHERE6gm™* ABMSE3Igm > KC3gm™*, 4
HNFABEFRE 7 ) T8 (A% 3.5)
HMBEOH (0% BB BRE 3 gm >S5 gm M
Igm’. BREWBET IIRARBLAE. BHM
BE9d ZRR,ETRFRKE(LEAE N O, WW)
MEEKSTHR(EBWMAKLERE - 40 ~ - 60 kPa,
SD)FIFMALE, LKA EH A ERAR R, B
KWW, WIS 9 d T, M3 F 49 BIMEHE 50 x
107 mol L' ZW A (Z BB HYR).5x107°
mol L' EE-ZEEZBEHEM(AVG, ACC B R,
BUHYRE, MMM ZBEAR). FABREE
0.1%(VIV)HI Z.BEF 0.01% ( V/ V)Y Tween 20, BA
MRS 0.1% Z.BEH10.01% Tween 20 FIZEIH/KE
W%t IR, 4 K 800 mL, RS WERE 5 d. AL
HMERY 2, EH 4K,

S FHREYRLESEREHE 3 X(HERE 16
AME 7 RGERE 20 d), WEHR . ACCKERZ
BERER, AR EZRAREBRcJUTHEER
HHERFNERER, T 16 d 120 d HHW
SEFFRT A9 BEME & RR B (SuSase) . ADP 7 % 45 £ B
BRALES (AGPase ) I BT ¥ P JE 4 & AR B ( SSSase) 16 1 o
BEE A BRAE I 52 % B Ranwala F Miller B9 751 ;
AGPase & Ji Nakamura %B‘Jﬁ%m};ﬂﬁﬁﬁﬂ%

BiEE4 BIR A Schaffer Fl Petreikov B 7787
1.5 ¥@\am

¥iE R R X F A ERA Office 2002 # 4, H 4
#H4r B#E A SAS (version 6.12; SAS Institute, Cary,
NC, USA)#AT43 4347, F Sigmaplot 8.0 41, A3
BE2FZIFHELE, SFARERBREEL T,
EXHEEMFARENEANES I, BT EK.

2 GREHH
2.1 MEXS®

1 AKAEHSE 35 d W, A KRB B BAR
Wo BB (11:30) M A K BARMEE K HE
T WG . PIRRK 238 AL FRAR AN T ok H k8
BIFRE M8, MD b BERO M H K TR 4, SD
LT ME KR E R T ARk, BB(6:00)
B RKE MDA WW ZEEZR . ZH MDALE
FERAG K R ELZE B A O] LUK B IE % 1H SD b R
B BT WW F1 MD, {8 SD 4B M 4k 69K R 1L
ERERBERIBEEREE 1), BHRRHRHT
hBEE—%,
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Fig.3  Effect of water deficiencies on changes in ethylene evolution rate (A, B) and ACC concentrations (C, D) in the grains of rice
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5Zm BN EAHE—B(E3-C, D). MD
AEFEAEFFRL B ACC ¥ BE R, SD A0 3 I @ 3 B o
ACCHER M. MRFRA . WXHHTERY,
HFRTACCHRESZABRERERBEEME
(r=0.992" ~0.996" ,P<0.01,® 4), FHEL

Bk THART HFRZERRERNE NS
Bh ACCRERMMA BN XK, #—SHXH
WRE FNERERSHNZRBREEERE
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B S5) RFZBMATFREEEMEER,
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AELBKSLBETREGHE S ACCHKE
IR S5¥PRI ACC IR R AR(b B # — B, e X
BHRFGHRBE PN ACCKRERR, HEFREHEEX
WA MTRET M. MD A EREETHRAGRK
1 ACC ¥R BE,SD MM R MM+ ACC WEH M
(E6), HXAWERH BAGWES ACCRES
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0.983" ,P<0.01,ERE), UKW, £ LBKIFT
AT PR ACCHREM ISR AP ACC ¥
ERHMAEBIXRER,

Relationships of grain filling rate with ethylene evolution rate in the grains of rice

2.5 {HEBREYERNIFRRZERER ACCERE
230k £4:50 400

2.5.1 sAHBYLHEEHP ACCRAENH A
TR~ 13dMBEZHEERHIME Y E AVG, B
BHREMR TR ACC RO YR BT AN 28 B B HOE 2
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Do ¥AEYHRIBIFR T ZHBHA ACC 4
RRB A B S 40 B, X B K TR (WW) B R BR K
FF WK 55 R (SD) AR (R 1), SRBLE
VIR Ay X BRAR H , Z 0% F W T SD HBR T , X AF AL
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Changes of ACC concentrations in roet-bleeding sap in rice
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Table1  Effects of s on ACC and ethyl rate in the grains of rice
#E 164 #E20d
P ] 16 d post-anthesis 20 d post-anthesis
Treatment AcCC Z. %% Ethylene ACC Z#% Ethylene
(nmol g~'FW) (pmol g™' FWh"') (nmol g~'FW) (pmol g~ FWh™')
BFFKE Well-watered
%t B Control 5.53b 1465 2.58b 78.6b
50 x 107* mol L' Z ## $) Ethephone 8.57a 212a 6.42a 153 a
5 x 107* mol L™' AVG 3.26 ¢ 85.5¢c 1.ite 46.3 ¢
KA M8 Water-stressed
*f R Control 8.98 a 2298 5.49a 129a
50 x 107 mol L™ Z## Ethephone 103a 246 a 6.15a 137 2
5 x 10°* mol L' AVG 5.13b 48 b 3.23b 75.3b

BREMHEB6 5 A— LMK LEA LY, FUFFAFEHEE .S KFLEREE,

The test cultivar is Yangdao 6; Values followed by a different letter are significantly different at P = 0.05 within a column and in the same soil moisture

treatment.

2.5.2 AHETERESAXBBERGH A

MK TR (WW) B RE KA FH(SD) &
BT, Gx OGRS B M, B Z 8 M
AVG B F R B IR M A L BE (SuSase) . ADP H

U AR (ACPese) FITT R BERH S REB
(SSSase) VEHE(FR 2) o X WW HEBRBEHE Z 46 5], 55 R
5 AVG HH R ; SD PR B A 5, x FRR R
SuSase.AGPase Fl SSSase T HE# ML /N (FE 2),

B2 PR R N KIS ALK (SuSase) . ADP T MR M (U BE(AGPase) M TR 14 32 M0 2 1 AN (SSSase) MRS
Table 2  Effects of i on sucrose {SuSase)} , adenine diphosphoglucese pyrophosphorylase { AGPase}, and insoluble
starch synthase {SSSase) in the grains of rice { Activities of Enzymes: pmol grain™'h™!}
13 | #IE 16 d 5 20 d
Treatment 16 d post-anthesis 20 d post-anthesis

SuSase AGPase SSSase SuSase AGPase SSSase
RHKE Well-watered

% B Control 2.34b 1.12b 0.12b 3.12b 1.46 b 0.17b

50 x 10~ mol L™=' Z## Ethephone 1.17¢ 0.69 ¢ 0.06 ¢ 1.78 ¢ 0.84c 0.09 ¢

5 x 10°% mol L°! AVG 3.dla 1.63a 0.18 2 4.39a 1.8 a 0.27 a
K4 Water-stressed

3 I/ Control 1.72b 0.78b 0.08b 1.43 b 0.67b 0.06 b

50 x 10~ mol L~' Z ¥} Ethephone 1.67 b 0.73b 0.07 b 1.39b 0.61b 0.05b

5 x 1075 mol L™1 AVG 2.86 8 1.36 8 0.13a 2.41a 1.14a 0.11a

PREBHAER 6 5 A— L BKFLBEHILE, FURMFRNEE0.SKFLEREN,

The test cultivar is Yangdso 6. Values followed by a different letter are significantly different at P = 0.05 within a column and in the same soil moisture

treatment.
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HBERI1IME2HERTUEAR, FRF
SuSase,AGPase | SSSase 75 ¥E % I sk &K A R B 2
BERRREANBE N, R EHER RS
BARMELEEREER.

253 SHEHERREPRBE TN KT
WWiLR SD 44T, Ml ZHEE RAMHYE AVG
30 RPN R, SRR N B
RE(SXBAL). X WW BB Z 55, R

MR/, BRI, R BRI, X SD Hik
WS Z 6 A, R B SR R TR R AR E S 0
HMERABEHRI),

SZERI2INERTURH LEREYR
AbFR R W R AR EE A 3 00 R B/, SRR
SuSase AGPase Fl SSSase & MY IH MK FEIK, 5 Z 4%
8 T R Y AR (U 1 D R X L

B3 EFARWEMNFRARTNEEAOEN

Table 3

Effects of chemical regulators on grain weight, active grain filling period, and grain filling rate of rice

FRE R Grain weight (mg grain™')

&R [ $:2: &

sl

Treatment

G 16d

#wE204d
16 d post-anthesis 20 d post-anthesis

14 3.1
Maturity

Active grain  Grain filling rate
filling period(d)  (mg grain™' d~')

K E Well-watered
%} H& Control 7.45b
50 x 107 mol L™ Z.## Ethephone 4.65¢
5 x 107° mol L™! AVG 10.4 8
K58 Water-stressed
*3 B Control
50 x 107 mol L~'Z.#8# Ethephone
5 x 1075 mol L~ AVG

5.69b
5.53b
8.57 a

13.4b 25.2b 26b 0.88b
9.75¢ 18.8 ¢ 20c 0.85¢c
17.9a 28.5a Ba 0.92a

10.4b 19.6 b 20b 0.88 b
10.2b 18.8b 20b 0.85b
16.5a 26.9 a 24 a 1.0l a

HEABHAHB 6 F; F—LBKLENELE, BURAFERHETE0.05 KFLEREX.
The test cultivar is Yangdao 6. Values followed by a different letter are significantly different at P = 0,05 within a column and in the same soil moisture

treatment .,
3 itig

DERBIR RN X ERZ T RTRLRER
PR R R RG], BB RN E R
R A EM LK ETRAE
(SDYWBHTRBMER, BEEHENED, HX
MATEENIRTERLIRBEET (MDILHE,
E7EFF 7 2 BUBHE , L K AT - 10 ~
- 30 kPa B, A AR SR DU ZE B IR °T 48 LABK R, A
TRt R AL RPN 5% (R FF R MR R4
LERMBE, X5 Yaong FMELEWRLE R
B MATMHAEN, SXWMEEWLRETERR
T EH R ESERERR & GRS (SPS) 1A | o-/B-TE M BT
BRI AR, BT ENZEEEMZE
BhRp sk B S R, AT RET ZP R
KA YRFFRLKER, RR T Z8Y R R0
B Fat R T R AL EE R R TR R -
TR R R A X R (FEM-& URE . 32 5 SR EEA
TEM AR RO E M, BARGRSE T MR B EER
R TR, R Y AR E MR E R
Rz BT ME B R, ATTHIN T 45K % 8
BRI RV, KU, HEMEEM BT
ERTRIGEBETITURERKOSER ™. &

B, RAMB N L WKk Y - 10~ -30 kPa AT {E N4
SEHIGFIEZREIE ) KRR 7= A0 R B A9 + K %
$B1R,.

VATERS Z B FE 7K 43 W38 4 F B 5 hn E 2
S HEEEBANENY, FHEERH, ZHBH
HEERENKTHERXGETESTR, EXREKS
B8 &4 TR M. BEEBTFR T ZRBRESR
HE SR ACCHKENERER -, EMNE
WBBEEMER P ACCHEMNTANSESR
RO T ACC MBI -, HEZR
BEEMX. BHUENZHE R EY K ACC,
ELXFKSTESHT, WWEEENRERES (Root-
sourced signal) HIRH X B HNIHF BFRZHBOEK,
33517 PR AP RO o

FRABREHZHEAFMEFRERNER, A
K ZIBIFRE R A BT R AR, BB
KK, ZRAEN—FESHRBEEBRET D BB
MOBEREXA AR IERAEBEEENR
F5Y . Naik %5 7 2058 30 0 5 38 TF 76350 % 5 B o8
/AR R, B BRFITFR RS RN
EE, ARRUWRE, EEE I~ 13 dBESZ
BERWHEY R AVC ¥ B E R FHHF B+ SuSase.
SSSase Fl AGPase T 1, BUHE 2 M B B B | 2 1%
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EABLEIHATLEERTERBERETL
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REX BRRALTENNE., BERTE LK
TNSE T, e B S SRR 3 B AR N R E
fE. XEHERRE P ZBBHERR ACCHE
A% ZMAN ACC ¥ BEWR /MR R BRI A, T
Ve B0 0 5 BOFP R R PR B PR, X —
1R R BB E SV BR R ERE RS S
W ERE, KB FEARR,

References

[1] Kobata T, Takami S. Grain production and dry matter partitioning in rice
(Oryza sativa L.) in response to water deficits during the whole grain
filling period. Jpn J Crop Sci, 1983, 53: 283-290

[2] OberE S, Setter T L, Madison J T, Thompson J F, Shapiro P S.
Influence of water deficit on maize endosperm development. Enzyme
activities and RNA transcripts of starch and zein synthesis, ahscisic
acid, and cell division. Plant Physiol, 1991, 97: 154-164

[3) Rahman M S, Yoshida S. Effect of water stress on grain filling in rice.
Soil Sci Plant Nusr, 1985, 31: 497-511

[4] Davies P J. Introduction. In: Davies P J ed. Plant Hormones,
Physiclogy, Biochemistry and Molecular Biology. The Netherlands:
Kluwer Academic Publishers, 1995. pp 1-12

[5] Davies P J. Introduction. In: Davies P J ed. Plant Hormones,
Biosynthesis, Signal Transduction, Action! The Netherlands: Kluwer
Academic Publishers, 2004. pp 1-35

(6] Beltrano J, Ronco M G, Montaldi E R. Drought stress syndrome in
wheat is provoked ethylene evolution imbal and reversed by

i inoeth inylgl: or sodium benzoate. J Plant
Growth Regul, 1999, 18: 59-64

[7] Apelbaum A, Yang S F. Biosynthesis of stress-ethylene induced by water
deficit. Plant Physiol, 1981, 68: 594-596

[8] Chen Y-M(BEZE R ), Yu S-W(RH ). Effects of different type of
water stress on ethylene production, contents of ACC and MACC in
wheat plants. Acta Phytophysiol Sin(1H%1 £ B4 ), 1988, 14(3):
281-288 (in Chinese with English abstract)

[9] Song F-B(RRR) , Dai J-Y(MRIK) . Relationship between changes
of ethylene release and polyamines content in maize leaves and drought-
tolerance in maize under water stress. J Northeast Agric Univ (FRIER Ak
K¥E%4®), 2002, 33(4): 345-352 (in Chinese with English
abstract)

[10] Guinn G. Water deficit and ethylene evolution by young cotton bolls.

Plant Physiol, 1976, 57: 403-405
[11] Xu Z-Z(FAE ), Yu ZW(FHRI), Qi X-HOT#H4), Yu SL
(&M FU) . Effect of soil drought on ethylene evolution, polyamine
lation and cell in flag leaf of winter wheat. Aca
Physiol Sin (B4 4 B4 4R), 1995, 21(3): 295-301 (in Chinese
with English abstract)

[12] Narayanal, Lalonde S, Saini H S. Water-stress-induced ethylene

production in wheat, a fact or artifact? Plant Physiol, 1991, 96: 406—

410

[13] Feng J, Barker A V. Ethylene evolution and i lati
by tomato plants under water and salinity stresses, Part [I . J Plan:
Nutr, 1992, 15: 2471-2490

[14] Morgan P W, Drew M C. Ethylene and plant responses to stress.
Physiol Planz, 1997, 100: 620-630

(15] Yang J, Zhang J, Huang Z, Zhu Q, Wang L. Remobilization of carbon
reserves is improved by controlled soul drying during grain filling of
wheat. Crop Sci, 2000, 40(6): 1645-1655

[16] Yang J, Zhang J, Wang Z, Zhu Q, Liu L. Water deficit-induced
senescence and its relationship to remobilization of pre-stored carbon in
wheat during grain filling. Agron J, 2001, 93: 196-206

[17] Yang J, Zhang J, Wang Z, Zhu Q, Wang W. Remobilization of carbon
reserves in response to water deficit during grain filling of rice. Field
Crops Res, 2001, 71: 47-55

18] Yang J, Zhang J. Grain filling of cereals under soil drying. New
Phytol , 2006, 169: 223-236

[19] Wang W(E %), Zhang J-H(KE), Yang J-C(HEAB), Zhu Q-
S(R K #) . Effect of Water Stress on Metabolism of Stored
Carbohydrate of Stem and Yield in Rice Grown under Unfavorable-
delayed Senescence. Acta Agron Sin (£ 1% 4R ), 2004, 30(3):
196-204 (in Chinese with English abstract)

[20) Zhu Q-SCAREKFE), Cao X-Z(WHH), Luo Y-Q(3FFE). Growth
analysis in the process of grain filling in rice. Acta Agron Sin({E¥1%
), 1988, 14(3): 182-192 (in Chinese with English abstract)

[21] Richards F J. A flexible growth functions for empirical use. J Ezp Boz,
1959, 10: 290-300

[22] Beltrano J, Carbone A, Montaldi E R, Guiamet J J. Ethylene as
promoter of wheat grain maturation and ear senescence. Plant Growth
Regul, 1994, 15: 107-117

[23] Cheng C Y, Lur H S. Ethylene may be involved in abortion of the
maize caryopsis. Physiol Plant, 1996, 98:245-252

[24] Ranwala A P, Miller W B. Sucrose-cleaving enzymes and carbohydrate
pools in Lilium longiflorum floral organs. Physiol Plant, 1998, 103:
541-550

[25] Nakamura Y, Yuki K, Park S Y. Carbohydrate metabolism in the
developing endosperm of rice grains. Plans Cell Physiol, 1989, 30:
833-839

{26] Schaffer A A, Petreikov M. Source-to-starch metabolism in tomato fruit
undergoing transient starch accumulation. Plan Physiol, 1997, 13:
739-746

[27] Wardlaw 1 F, Willenbrink J. Mobilization of fructan reserves and
changes in enzymes activities in wheat stems correlate with water stress
during kernel filling. New Phytol, 2000, 148: 413-422

{28] Ahmadi A, Baker D A. Effects of abscisic acid (ABA) on grain filling
processes in wheat. Plant Growth Regul, 1999, 28: 187-197

[29] Cai Y-X(Z—%), Zhu Q-SURIKFE), Wang ZQ(EXEF), Yang
J-C(HEB), Zheng L(ABE), Qian W-C(H&RTM). Effects of soil
moisture on rice quality during grain-filling period. Acta Agron Sin(fE
), 2002, 28(5): 601-608 (in Chinese with English abstract)

[30] Yang J-C(H BB ), Yuan LM(E#E), Chang E-H( ¥ — %),
Wang Z-Q( E#F), Liu L-J(XZFE), Zhu Q-S(KRK#). Effect
of dry-wet alternate irrigation on rice quality and activities of some
enzymes in grains during the filling. Aca Agron Sin (fE¥¥ ),
2005, 31(8) : 1052-1057 (in Chinese with English abstract)

{31] Rook F, Corke F, Card R, Munz G, Smith C, Bevan M W. Impaired
sucrose-induction mutants reveal the modulation of sugar-induced starch
biosynthetic gene expression by abscisic acid signaling. Plant J, 2001,
26: 421-433

(32] Naik P K, Mohapatra P K. Ethylene inhibitors enhanced sucrose
synthase activity and promoted grain filling of basal rice kemels. Aust J
Plant Physiol , 2000, 27: 997-1008




