Fi SR

DOI:10.3969/j.issn.1006-8082.2023.03.002

¢ & 7 * 2023,29(3):9-14

EWHMEXT KB RER AR ES mRREEER

DI

RIm ki ETEE

PURE B 8

it

IR

(I RAA BT TN AT 4R 7 it 22 4 [ DR AR 5 230 2 VL A AR B AR A L HOR DR RI G5 b V095 4390 2250095
HB—1EH# :1973639167@qq.com; " IRAEH : yunjixu@yzu.edu.cn)

ARG A KRB R EEE Y BT, X KRR ORLTT i R SO A R A
SCA AR T R REAPRE SRS TR S LSRR AR IR S A, FE R ZRA TR REAT R AN TR R AR o AL A i %
FLXTAPRLIEIR Lz At 5T 0 P 4 AL B R BT TS, B T B9 A LR A T 18, B e KA

TR 7 A S A A R R B s S A B AR R
SRSBIA KR AR s FPRLE S s R o 5 ot o
FESEE:S511  SCEARIRAD:A

K REE MR EENZ —, REA 60%LL 1Y
N O UK N, fiE R E LTS A RS A
THPRRE T =, FROK 0 0 32 3 S A, K R L
BRI B ARt SR aliaa SR s e g Wi A
JO 1 P KPR TE SR KRB AR K R I B B B, X
7 T VR it P LA He e VR o DRI, ) BHOK R
FERLES R R B HEALBE X AR S v T i
A A EEE X,

MY R SR A K, = — 2R i B 5
A H AR AR N A B A BN i A HLAe. B
T P E A K EI(TAA) REEEZ(GAs) 4iH
I3 (CTK) VKR (ABA) A Z M (ETH)5 2545 gl
B, T K B FE 25 (BRs) . 21 (PAs) 2K #i BR 28
(JA) JKAGIR(SA ) FIAI D 4 PO B (SL) A58 BUAE M) P R,
KAEWFFE R, MR XK RERER RESE R K b
SR EEEEAER, i BRI R & B VR
K HHURIARTR o AR SCHE A28 7K R AT AR T 4 448 o e v B
H SRR RMIERE b, FSZ0R T KRR
RO [FAE IR o B 0 AR AR RE A SRR
7 B R O A AR AR F S LB R ik e, B AR
IRABAE I 55 7= A A4 B R RN AR 5 R s SR R I A i
1 KRR IR 3 o R S A K it o
1.1 FFRLERIGE Y

IKFEAFRIESR KRR K A B B, HoE
R EFARIR T AL R ZEAT ) AR 25 A ok
A WAL G B EDEA RS, 38 % F Richards J7

X EHE :1006-8082(2023)03-0009-07

T W=A/(1+Be—kt)1/N $L5 FFALHE I HE 2 2%, i b %
J5 A8 Fe AR AT 4 S P 29 K HOR (Gmean) ViR
T (Gmax) R IRAE K H(RO) JH BRI (D) Al
TR S [B] (T) S HE AN S HL,

IKFEAN IR B P TR 4 o ELA B i A e 28 25
Sk, BAE RBEARDKAR A b oC 2t A T Rdd e
T — YA | B — R AR ., TR R, 55
SR LI A, PR OA SR B IR R A A I
HIFTCRITAEBOR | HES G ARG | 25 503K R BT i IC, AR
SR, ST KRG SRR 22, HAr R
U A1 [ A A g S o 0 AR — T A 1 3 A28 X A ity
T PRI [ A 7 i B 3R IR 25 R P e PR A 14
A RR ARSI 55 R E AR R ) 25 5 KRR R TE 2 2
RT3 Ay R AL SRR S AP SRR AL REIR  h
SR 55 BRI HE IR R Sh i R AH I, SR S R R
TS A R rh 3 553GV e Sl i) A S 45 VI
SR 2E R WA, FE W, KRS 55 S A I AT ok
SR NGE SRR ] 24 ORI i S 7= 1 v ) i P
1.2 TBXREE

FEA 0 E B IN T AL R R RS B
IR TR S R DA S R, ELAS [ A S 2 AR () 4 b
BAMR CE 1), Hor, 2828 5 1R i sz A6

15 g 8 :2022-10-17
HEEWB :BXHARFES(31901444); L7 4 B &
#2424 T H (BK20190880); 47 M Kk 3 K 2 4 4]
ol b Y SRR E

.9.



SUPES AR KA PRLRESZ R I S ST RO TR R PR St

¢ & 7 % 2023,29(3):9-14

e i B AR 2 AR b 25 TE A BRAL M I A O, R
T, ELAE DR P A R ARG K T M A L B R AR
KR BN R HS 2 AR T B B A AR )
PED RN VA N T = I D G o 7/ W GNP N RS2 B |
FE AR S AP AR MR TR, BRTIREE & T HARR
HAEFE R

1.3 FAEREEHESEARRNXE

KRB AR T 25 14 T o e b R K I B 2 6 T
B A SEE TR L R AER & S BRI APRLE R
JEU /D BORE KRR N T AR 452, AR 7T
SRRARS SRR ATE R, A0 TR E
RAT R, YE Ry A AN B A, [ s A A58 O st
6] 26 56, B WL R BN 22, 2 S 80OE (6K, B I
R, I AE RSN B, Bl SR A T
TR, ELAEDE R i S T EL B S PR AR, A
X4k S RIAR T AU AR (T e, e, RIS
R AL R B PR R s R AR A
it X FE K JE oy B A ELBH S MR
2 IKFERERAPR AT ER S AR AR A
21 ZHEYBESENITET

TE K FEHEI VERE o PRI -3 - 282 (TAA) . &
KE(Z, —Fh RIRAM A F) TR ERAT (ZR, B2
— PR R IR AN 23 24 ) R TE TR (ABA) I & & R BH i
(R V" I BALIGE i 2 A fh R #e-9, BiF5T /R TAA Z.
ZR FT ABA 5 50 7 /K e ik 3Ahr v 21 38 05 ) it i) EL 55
PoRr g R K AT SR SR h RS R SR T
S BARL, RS BN AR S s, (R, BRI R SRR
TKFE— B GAR PR MR 58 | 55340 ] 22 5 AN B 49,

TERAPR P R R R (CAs) N HF R K &, AR
PRI % o GA; 5t — i S 81V T B0 il 4 nl oz 7
FRARA AR (L RA A 1739 GA, FIl GA, ¥ 5 SRR )5 T
FEFEARAY AR fL ka0, 17 EL, K FESR VR GAs &
FHg R,

& (ETH ) J&—Fh B 2 S IR R 1
SR EENE, FH-EER N -1-RR
(ACC, —Fp & A BLATIR ) & 8 2 R CH R
(EER, ethylene evolution rate)&/~M, KAEFFRIN) EER
TERES AR 2 | it 25 T R U SR T a3,
ACC FrE78 b5 EER 28I, 5 H A 4 PP =R
[ 2, KAG 9 HRIAY EER Ml ACC 2 i i 2 5 To
%*1[42—4310

+ 10 -

AL BT

B R
HE I L4

/RN

PR HDk
AR

EE S0

RERER
B R R

e

A TR
B B
U2 R L AR B

RS

FEE

MEA GEER BRE
B E A A R

1t

e
1 fERMEARERRBESIER

22 HEEMHESENITEL

A KK FEHER KPR U R & AR P
WFFEAR X B, A AT 32 24 T A 2 e (PAs) FIK A7 TR
(SA) I FEP AT PAs = BEAL 45 JF e (Put) I KG i
(Spd ) FVK e (Spm ), FEARAFDRFA H 22 LAY 75 25 A7 AE .
U7 5 Put Spd 1 Spm 5 7t 15 FF KL i i rp 2 A2 £
VIR Fie i A B E BER/INA Z RS | AR
AT 22 SR 1, SA Er B ERES S R P RN
{3V L i 2 Ak, BESRAT S IR SA E i 2
W4, FE PR i Aok b SA B a8 TS5 Bk, 1 S 9
S B

3 AHWCER KRR SR o i Y 30 42 £
FHEALIE

3.1 ERKER(IAA)XFFRLER MBI RENEAEERR
IR

WF5ERT, IR TAA &5 SAPRE IR R 5 g 2
ol B IE A OG BRI TAA G I B R R A (Su—
crase ) , FE M G il (SuSase ) MR — W 2 ) 4 FE W IR
L (AGPase ) . JE K & W (StSase ) FIVE K3 43 i (SBE)
S5 FREWE — VE by A TR A28 DG B ol 1% 4 48, (2 1 KL
TR SR A . EARE O FPRLH TAA & 5
H H*—ATP B VS SR LA 2 D ZH8R . FPRL
R SRR T TAA B w3 AR L SRR T H-ATP
(H*-ATPases )i P28 b a4 HEA — B, TMHS TAA
ALl (TAA oxidase) JAA 148 4L W) fili (TAA peroxidase)
A P DU 52 SR AH OGS, R B N R TAA ] A RS kP L
PR



SUPES AR KA PRLRESZ R I S ST RO TR R PR St

¢ & 7 * 2023,29(3):9-14

PEIRIE , WERESNE TAA A AT 538 4 m kR (4
Jo i a4 SRR o 050, A ] 46 /N | 55 R PN
U5 TAA B f) 2553, H) 55 4% S R e er [ TO0 sty g 3407 5253,
BEAN Wit TAA G T kPR IR AN H B AR R34,
i EL L TAA 7] 2 59855 5 020 40 i BE R R A5 E i B -
13- RMERGFN B— 1,480 RMERGIG M, FE 52 ma gL
(LA
32 FEZEZHE(GAs)FIEM S HEZE(CTK) X FFHL
RN R ERIEEERRE

GAs X FFR7 SRR T 2 0 5 A R AR B A 5
bR 385 2R (R I R80T, AN 3wy A AR GA, L/
ABA {9 GA,/(TAA+ABA+GA . +GA . ) {E A F
TRFAL L S 3 ) 2 2190, 17T B — WSt AR R GA L X AT
VR FLIG FE R AR R RS R R A SR
T FE S i AR M N KPS 5501 SR F 58 R B, GAs — 7
T AT O SR A TAA, 4] TAA S ALEEFN 1AA i
ALY TS, 55— TR AT 10 oA A 95 1
FEAIG AGPase 1 StSase MITEPE , I VE R 1) & L 5T 2R
S8l AR, AR AEE— D EE Y GAs X TAA MTER A
R 25 S MR GA, {2 HE R Sk TAA & i
(R HRE v TTTGT 553 3Rk G B 3 5 ), S 00 | 55 Ak i
ZEFEKR,

LR, AR ATIIA = 1Y Z M ZR & it fy
AT RSN AR RY K it £, B Z M1 ZR &
S RPRLRE IR R | 3 S0 R TR EE 4 5 T A SR,
IEAh et A MR 6-BA(—FP T & A il 3 24 33K
WGE T KFEA B G W 4k 3 i Rubisco T 74 ¢
HAFE AT RER L JELE T 0 i K T A
SeAAEHTIREI , R HE AR SR o0, CTK 34 RT3y i
F A GRS M , 3 5 R ARG, Emi e i &2
{14 2RI T o ) Al 43 e
33 W& ER(ABA)FNZ ¥ (ETH ) X3 #F R #E 2% FA AL R
ENEEERRIE

PEARIE , ABA XK RE RT3 A 2 1 B < 3L
B FERAIEATRL P ARIR 1Y ABA 3 o 5 AR
7 SuSase 1 AGPase Vi PE, #F1M $ i 7K R 114 435 S 3R
g 156 O TV I i 3 VR BE Y ABA 0 R T R AR
S, S ABA XOFERLRE S B 4 FHBL
il E A AT 2

ETH XIAFRLHESR BAMEIVER . XL AEOHRE |, m
Jiti i Rl (—Fh ETH A s i 50D BEAR 1 AFRL ACC &
WM EER, $E& THESKHDRAR T, M £ 9 )

(ETH B AR dE 0] ) A3 S AR I o 3% 5 kA
SuSase \AGPase LA K VPR TE Ry 65 i (SSS ) BT 14 1 5tk
o PR DA OG- Pl ETH 1 aT/E N 1554
TAT a-VER I ZIR | FEARRR e A 1B SR, 1
Ah, ABA FlI ACC Z [al i AH BAE A5 T KR AE 5
KE ,ABA/ACC H 5 HEH MR AR 78 50 38 5 1 2% 1F
A2, Il ETH K8 5 ABA/ACC H A F T
TER G T,
34 S RR(PAs)FNiM 3R K B2 25 ( BRs ) 3T #7407 32 0
f R ERIREER R IE

PERIE , AR ES Spd Al Spm & B SHEM iR
2 O R IR A G, RS Pt i S G R TG
2 AH DG 2 R ARG ®), AFSY R KR S5 R
FRARAUFES Spd A Spm & . B AV E Put i
B HE AR ARG R I Y R S PR, B e A U
Spd Al Spm 7 i Spd/Put 5% Spm/Put FbAE A F T ki
THESR AR R R AT ™, PAs P38 i 875 SuSase AG-
Pase 1 SSS i M 45 M A E 2K 1345 01

BRs X 7K R f s 8 3% ROk B B IF [ 98 34 AR
FH o WU S50 5o by E G L DA AR , 2 BH BRs s T[]
AR TR 1) <2 B i R TAPRIESR . T A
AP Zf R X R RN 2, 4-FIh 3K K NG (BRs &
T —Ff ), 25 R KPR R SuSase 16 1 I 4R &
TR S I, A T YR I A S LR

4 AEYIHGE R A S R LR

4.1 EYHEXNFBARMISHRRRHFZERAR
IR

R, AR ETH 5928 Put XK N T 5451
WAL A TRVE S . EER RIS Put & SR
B K IR K e 5 I 3 i 8 2 R A DG . M it AM R
ACC I FFRL ETH ZK-F-5& i, RN T 5 A0 5t 7~
HAREFI, FERIFRL R TAA Z ZR A1 ABA X F5
KN T A5 A0 S S5 A7 AR AR AE D, EEAE
BN LA O, A2 S Bl FRAE T 3 FPRDRLAL (SRR
Yy I it FH e 8 Bt R s A A s ik, ELINAEALEE
NEHE B RFRAM T,
42 HEYHEMNBAZESERMRNAZEEAR
LI

PafiE, ERPEER AT Z 1 ZR S S5RK
JREARE (GC) FIBRH (H 52t i 5 hde S 38 B G, 5 A
VERS i (AC) I i 35 o (o 3 B A O, SR Hh IR

<11 -



SRS AR RN KR PRLRESZ R I S ST RO TR R PR e

¢ & 7 % 2023,29(3):9-14

Z ABAWKIES GC FIRRIHIE 2 B & TAC, 5 AC 2
e 5 S IE AR S MRS L A 2 A SN 77, B
RSN, HESK S WIVE R 43 SR S VE R B AE — oK
e AC AR R ep s AN IR IS Z FN ZR 5 T MR
o, MR AC /5 A9 A R el It it ABA J5 15 PR
fICUel [ ABA #h,4MJE GAs WA fH GC I AC FHE 1)
R AR T 3T R R X AT R 5 VE R 43 S G
PR M,

BeAh, ASRREF 7 20T AR E S B3 TAA (GAT,
GA4.Z ZR 1 ABA &5 GCAC M XA B FH
781, 33 5 5 AR SRR Y 25 SR TR] R AR i TR AR T
KA 22 B AN A SR 20T T 245
EER 5558071 (LR A (B 5t 0 5 i 8 6 AH 56, d B
ETH XJFe K 7838 5 B R 5 BUAAAE — 2 B 52 e ™,
43 HEYHEMNBAERSIESRMNARERR
HE

FEORAE SR i I B SRR A sk 2 R % i
X fFFE B, AN ABA FI GAs A dUFFRCHLE (&
R FRIOMER, o AR ABA (/E A 38, XU 25M)
fitif ,EER F1 ACC & it 5HEK T U A7 2 MR (EAAs) |
e T H IR (NEAAs) FAE Z FE R (TAAs) & i R i
R G  FPRE A S B ETH KA F T2 SE R 1)
TR, FPRLEES Spd F1 Spm 25 22 e 2 0 R K B 5 b Bt
W HA EE R HEHRGE , IFES Spd A Spm % 55K
EAAs NEAAs 1 TAAs & 2 2 IEA G, X154
T Spd 1 Spm i i 4 5R AT KL A A& R A LG
(GOGAT) . KA AR M (AST) FN R R, =
(ALT) SF S JE R A WA O Bl i 05 14 , 1E 1 412 E K kL
BAEREG G HE™,

TERGK A 5 986 U 0 i /K B S 56 & B
Jits AN SA AT AR R 4 (Cd) % 2 0 3 T B, X2
BRIk SA i T 4 R SR B RD A S5 25 114 45 B A B SR e
(AR, KT I B R EE I & 12 L B A R 1) )5
JE, N 8 7 XF Cd (W B AR P T, A 23 BHAE Cd
B AIMRE . SRS AR AN JA S5, 7K
Fe Al 17 b ERRIARE Cd S T, X5
JA BRI Cd BT & A K.

5 WisRER

iT 140 ARAER , ATXHE YR BFIBTFEAWITRA
HAR/KRERFARLRESL | KL SO A5 7 T U
LR A R A I S5 R 7 38 A R R R 4 B

TSR RO, F RS AR IR X R R R L
- 12 -

W RS R B TE  —SEnR, VEE 4
PUF LS A7 RV B A S AR5 B 1AL

1) AN )R8 2R W AH B AR FEOG 2K R i B B
FH KM B = 55T o IAEFZE Y, S T AN RIME YD E A
AR VR RK R AR R R O IT R &, i AR
K TR VR F S ML e = i3l . A e E—2F
WA RIS R (G045 2 AR i 25 T AR
FOXFREK S I ) EAERL ]

2) T BURE A5 25 X KRG R SR ORIt Rt I
R S AL 8 55070 . A IAE 3 R 6 K A R
BIENE R AN B BRI R 2 LA 5 2 Bt
VI Z R by, %F PAs.BRs Fl SA Z85 RIAG )i 25
SRATBEIESE, (HARMEIRA o BLA R 7T K R AR
BRs JA .SA HI SL & s AR (bR i S HHRPR SR hr
iR A R ) A

3) R B X K REAT ALV S o o A S5 A 9
BRI ARIRA o & THIYII R ST RERE S b7
N A 0 s A LA 22 ) PR A TR — D A i 18 56
SR TG A R L B BRZ R RIS o @A e A
KR 2 e St R AR A2 IR A 4 A AR g
HAALEHAR MAPRL BRI M5 555 S 45
LI R ASFATAEL R R KRR R
5 e A b S %) A B 5 43T HIL AR

S 3k

(1] RER, @, BRI, 55 AT E KRR bR I 25 S %)
HEL). A bl R, 2022, 41(1) :21-27.

[2] BIRLA D S, MALIK K, SAINGER M, et al. Progress and challenges
in improving the nutritional quality of rice (Oryza sativa 1.)[J].
Critical Reviews in Food Science and Nutrition, 2017, 57(11):
2 455-2 481.

[3] BHULLAR N K, GRUISSEM W. Nutritional enhancement of rice for
human health: The contribution of biotechnology [J]. Biotechnology
Advances, 2013, 31(1): 50-57.

[4] ZHOU H, XIA D, HE Y Q. Rice grain quality—traditional traits for
high quality rice and health—plus substances|J|. Molecular Breeding,
2019, 40(1): 1-17.

[5] BIAN J L, XU F F, HAN C, et al. Effects of planting methods on
yield and quality of different types of japonica rice in northern Jiang—
su plain, China[J]. Journal of Integrative A griculture, 2018, 17(12): 2
624-2 635.

[6] 5K, 2L E L 70 A RAEDNIMER WHTT i ). b R
ARk, 2019,49(10): 1 227-1 281

(71 ZEA4. SR (M), 2 BT JE5T: = 520 i, 2006.

[8] WAKABAYASHI Y, MORITA R, YAMAGISHI J, et al. Varietal dif—
ference in dynamics of non-structural carbohydrates in nodal seg—

ments of stem in two varieties of rice (Oryza sativa L.) at pre— and



SRS AR KA FRLRESZ R S ST O TR VR PR St

¢ & 7 % 2023,29(3):9-14

post—heading stages|J|. Plant Production Science, 2022, 25(1): 30—
42.

(9] ARPCER, & AN, S AR H R FEbP R I 1 R A A AT ). AR
112,1988,14(3):182-193.

[10] YANG J C, ZHANG J H. Grainfilling problem in ‘super’ rice [J].
Journal of Experimental Botany, 2010, 61(1): 1-4.

[11] MURTY P S S, MURTY K S. Spikelet sterility in relation to nitrogen
and carbohydrate contents in rice[J]. Indian Journal of Plant Physiol—
ogy, 1982, 25(1): 40-48.

[12] CHEN L, DENG Y, ZHU H L, et al. The initiation of inferior grain
filling is affected by sugar translocation efficiency in large panicle
rice[J]. Rice, 2019, doi: 10.1186/512284-019-0333-7.

[13] MOHAPATRA P K, PATEL R, SAHU S K. Time of flowering affects
grain quality and spikelet partitioning within the rice panicle [J].
Australian Journal of Plant Physiology, 1993, 20(2): 231-241.

[14] KATO T. Effect of spikelet removal on the grain filling of Akeno—
hoshi, a rice cultivar with numerous spikelets in a panicle[J]. Journal
of Agricultural Science, 2004, 142: 177-181.

[15] ISHIMARU T, HIROSE T, MATSUDA T, et al. Expression patterns
of genes encoding carbohydrate —metabolizing enzymes and their re—
lationship to grain filling in rice (Oryza sativa L.): Comparison of
caryopses located at different positions in a panicle[J]. Plant and Cell
Physiology, 2005, 46(4): 620-628.

[16] YANG J C,ZHANG ] H, WANG Z Q, et al. Activities of key enzymes
in sucrose—to—starch conversion in wheat grains subjected to water
deficit during grain filling[J]. Plant Physiology, 2004, 135(3): 1 621-
1629.

[17] IRV, FAA, THME, 55, PIRIHGR 5 R Rl 2 SC Rk R I
RISC AR TR A M K4 CFLARBL ), 2002, 28(4) : 269~
273.

[18] MENG T Y, CHEN X, ZHANG X B, et al. Grain—filling characteris—
tics in extra—large panicle type of early-maturing japonica/indica hy—
brids[J]. A griculture—basel, 2021, 11(11):1 165.

[19] HUANG L C, GU Z W, CHEN Z Z, et al. Improving rice eating and
cooking quality by coordinated expression of the major starch synthe—
sis—related genes, SSII and Wx, in endosperm [J]. Plant Molecular
Biology, 2021, 106(4-5): 419-432.

[20] ZHANG X C, KUANG L H, ZHAO H F, et al. The difference in the
starch properties related to eating and cooking quality among six in—
dica—japonica rice hybrids [J]. Acta Physiologiae Plantarum, 2021,
43(12): 157.

[21] BAO J S, SHEN S Q, SUN M, et al. Analysis of genotypic diversity in
the starch physicochemical properties of nonwaxy rice: Apparent
amylose content, pasting viscosity and gel texture [J]. Starch—Starke,
2006, 58(6): 259-267.

[22] PARK ], OH S K, CHUNG H J, et al. Structural and physicochemical
properties of native starches and non—digestible starch residues from
Korean rice cultivars with different amylose contents|J]. Food Hydro—
colloids, 2020, doi: 10.1016/j.foodhyd.2019.105544.

(23] FEZ B AR LB R, GB/T 17891-2017, LR AGAM).

[24] DHALIWAL Y S, NAGI H P S, SIDHU G S, et al. Physicochemical,

milling and cooking quality of rice as affected by sowing and trans—

planting dates [J]. Journal of the Science of Food and Agriculture,
1986, 37(9): 881-887.

[25] DOU Z, TANG S, LI G H, et al. Application of nitrogen fertilizer at
heading stage improves rice quality under elevated temperature dur—
ing grain—filling stage[J]. Crop Science,2017,57(4): 2 183-2 192.

[26] YAMAKAWA H, HIROSE T, KURODA M, et al. Comprehensive
expression profiling of rice grain filling —related genes under high
temperature using DNA microarray [J]. Plant physiology, 2007, 144
(1): 258-277.

[27] ZEEE, AR E. KRR I ] el X 2K RS S UL i B R 2 .
LA R, 2019, 58(22) : 28-30.

[28] HU Y J, XUE J T, LI L, et al. Influence of dynamic high temperature

during grain filling on starch fine structure and functional properties

of semi—waxy japonica rice [J]. Journal of Cereal Science, 2021, doi:

10.1016/j.jcs.2021.103319.

HU W X, CHEN J, XU F, et al. Study on crystalline, gelatinization

and rheological properties of japonica rice flour as affected by starch

[29

fine structure[]J]. International Journal of Biological Macromolecules,
2020, 148:1 232-1 241.

NAKAMURA 'Y, SATO A, JULIANO B O. Short—chain—length distri—
bution in debranched rice starches differing in gelatinization temper—
ature or cooked rice hardness[J]. Starch—Starke, 2006, 58(3—4): 155-
160.

PEREZ C M, JULIANO B O, LIBOON S P, et al. Effects of late nitro—

130

i}

[31

—

gen fertilizer application on head rice yield, protein content, and
grain quality of rice[]]. Cereal Chemistry, 1996, 73(5): 556-560.

[32] GHOSH M, MANDAL B K, MANDAL B B, et al. The effect of plant—

—

ing date and nitrogen management on yield and quality of aromatic
rice (Oryza sativa)[J]. Journal of Agricultural Science, 2004, 142:
183-191.

[33] XIONG R Y, XIE J X, CHEN L M, et al. Water irrigation manage—

[t}

ment affects starch structure and physicochemical properties of indi—
ca rice with different grain quality [J]. Food Chemistry, 2021, doi:
10.1016/j.foodchem.2021.129045.

A5 AR, VR 55 BRI AL T 5 L 55 R0 TE R & U G il
T PRI & R A M SRR B S AR T TP KRR

2012,26(3):302-310.

[35] JEIH LT, BvK, 45 IR N e seRPRPRLIE SR B el & s
PERISENAL ). DR RERLE, 2011,25(2) 1 182-188.

TR, = FRAJEAE YR 5 AR I 22 S ML R H 5
ARIDL #2016

[37] EF=, RTr R AR FA KA AL 43 BEnava 45 ). AR Al

2003(11):13-15.

. KRG LA S AR R R SRR B 5 IR 56
A[D]. M MR, 2014,

[39] Befid, AL, RS, 45, /KA 4 92 R v A W) B2 s v 1

TR MBS AE D). M4, 1999,41(1):75-79.

ZHANG H, TAN G L, YANG L N, et al. Hormones in the grains and

roots in relation to post—anthesis development of inferior and superi—

[34

=

136

—

138

[t

[40

[}

or spikelets in japonica/indica hybrid rice [J]. Plant Physiology and
Biochemistry, 2009, 47(3): 195-204.
[41] ZHANG H, TAN G L, WANG Z Q, et al. Ethylene and ACC levels in

+ 13-



SRS AR KA PRRESZ R S A ST R TR R PR St e

¢ & 7 % 2023,29(3):9-14

developing grains are related to the poor appearance and milling
quality of rice[J]. Plant Growth Regulation, 2009, 58(1): 85-96.

[42] B UL, TRULER  RDAR, 4. P R AL SRR FE AN R A A B
HEMEFEILR] THERRE,2006,39(3) : 477-486.

[43] EHE. 2 M5 XK RERRLHE IR AR D]. M - 47 M
KeE,2013.

[44] SEN K, CHOUDHURI M M, GHOSH B. Changes in polyamine con—
tents during development and germination of rice seeds [J]. Phyto—
chemistry, 1981, 20(4): 631-633.

[45] BRAESR , SRFE, 57, 55 HEGRARAL IS 0k | 55 Shr 22 Jhie v A8 Ak
FCGFPRLEIR IOC R()]. AF 4R, 2009, 35(12) 12 225-2 233.

[46] KB/ , R B, 45 RS RN R AR SRR A SC PR
2550 MOHE N PRCR BRI OCHE [J]. P KRR, 2022,36(1)
43-54.

[47] Fade %, PRUR TAA X SR IA] A S R il 2 4% 2800 (D). b
AL PR BRA B, 2003.

(48] FF, B2 J7 B TAA 95 4458 S AL WA 27 A BRFAIEL)).
F¥,2003(6):66-68.

[49] FE3F HEE AR, 55, MRN B A SRR T AN R A Ji2 K]
PRBII). MY, 1998,24(6) : 782-787.

[50] At A: . SN A= NS 2R B 2% SR P A3 JURFARL A= I L A1
LRI WA LR R, 2012,40(1) : 80.

[51] i B, F3E RIER. SMBE R R MK DG G RE ) 5 =
A, VLR AR Be 24, 1995, 16(1) :27-31.

[52] W%, T2, fKSRIE. PO TAA XFHMIE 9308 AFHLIE S 11/ H
TR, AR 24,2003, 17(4) :273-279.

[53] 3, Fale 2%, i, 55 WIe A sc Rkl Tl L ). 1R~
11¢,2001,27(6):980-985.

[54] YANG J C, ZHANG J H, WANG Z Q, et al. Hormones in the grains
in relation to sink strength and postanthesis development of spikelets
in rice[J]. Plant Growth Regulation, 2003, 41(3): 185-195.

[55] BTHHE, ARV . 785 85 2% G V& R X 7K e AL e B 245 5 Yy 5%
WAL e R4, 2006, 33(3 ) :293-296.

[56] Ak, T3E, ARPCAR, 5. ABA 15 GA X /K FEFFRLAE S 134
FE10). VEW41:,1999,25(3) : 341-348.

[57] WIE, FFEH, 22 a5, 45 MR A REDR PRI (52 1)
BHMURI]. ZRAER,2013,41(1):9-11.

(58] JERME, B AR 45, AN GA3 ABA XA SS AR PR 2E
FRATE ERZFRISZIABITE ()] ) R4 R44,2011,38 (3):23-
25.

[591 E%, MR 24, G136 45, GA3 XA SR “RLla] Tt 34 Kt
S EDEFRL A IR TAA 52 IR T, R AE BEAA41 , 2000,26(3 ) : 247
251.

[60] ZHU K'Y, REN W C,YAN J Q, et al. Grain yield and nitrogen use ef—
ficiency are increased by exogenous cytokinin application through
the improvement in root physiological traits of rice [J]. Plant Growth
Regulation, 2022, 97(1): 157-169.

[61] RUBIA L, RANGAN L, CHOUDHUER R R, et al. Changes in the
chlorophyll content and cytokinin levels in the top three leaves of
new plant type rice during grain filling [J]. Journal of Plant Growth
Regulation, 2014, 33(1): 66-76.

[62] JAMESON P E, SONG ] C. Cytokinin: A key driver of seed yield[J].

- 14 -

Journal of Experimental Botany, 2016, 67(3): 593-606.

[63] ZHANG W Y, CAO Z Q, ZHOU Q, et al. Grain filling characteristics
and their relations with endogenous hormones in large— and small—
grain mutants of rice[J]. PLoS ONE, 2016, 11(10): e0165321.

[64] AEHRAT, R ACHE, e L. i 7 R e A2 RS 1) 5C 2R (T [)].
T A BE2E5E TR, 1989(3) : 40-41.

[65] XYL, MR F5, BN, 4. KAEHRPRL T 245 F1 ACC X L8k 43 1Y
BB B SRR E R (1] VEPI2#R,2007,33 (4):539-
546.

[66] ROOK F, CORKE F, CARD R, et al. Impaired sucrose —induction

mutants reveal the modulation of sugar—induced starch biosynthetic

gene expression by abscisic acid signalling [J]. Plant Journal, 2001,

26(4): 421-433.

ZHU G H, YE N H, YANG J C, et al. Regulation of expression of

starch synthesis genes by ethylene and ABA in relation to the devel—-

[67

—

opment of rice inferior and superior spikelets [J]. Journal of Experi—
mental Botany, 2011, 62(11): 3 907-3 916.

[68] YANG J C, ZHANG J H. WANG Z Q, et al. Post—anthesis develop—

ment of inferior and superior spikelets in rice in relation to abscisic

acid and ethylene [J]. Journal of Experimental Botany, 2006, 57(1):

149-160.

WANG Z Q, XU Y J, WANG J C, et al. Polyamine and ethylene inter—

actions in grain filling of superior and inferior spikelets of rice|[J].

Plant Growth Regulation, 2012, 66(3): 215-228.

[70] BB /0 3, 45 R RRES SRR AR R h KR S
FORBR O MR ISR LR ()] AR,
2001,27(1):35-42.

[71] WU C Y, TRIEU A, RADHAKRISHNAN P, et al. Brassinosteroids
regulate grain filling in rice[J]. Plant Cell, 2008, 20(8): 2 130-2 145.

[72] E L. R 2, 433N 2R YR X KRR AP RS B it
BISZIR[D]. JRGHE - PO 4l K%, 2010.

[73] BB H A8, 5K SO, 4 R AF IS SRR M BT SE R[]
i E Al R, 2006,39(1) :38-47.

[74] FEHINE, XIBERE, B AR, 5. SN ABA Il GA XK AEAS Rl KL AL
PR EZOR BAEAR A RN VP74, 2009, 35(5) :899-906.

[75] 3K A Bee Mo AR, S5 KRR A RS AN 2O OR B 52
B LSRR R ML A9 R AR D). R AR R, 2008,41(5) :
1297-1 307.

[76] # A8, W, G, 55 AR REAFORFRLAN N 43 LR FBE T4 R ik 2
SRR KA A IR ] VEY)“7 41, 2006,32(4) : 540~
547.

[77] #FIR5E, Bt , I, 45 RORTERY RVA JERRAES £ 60 5
HSCR ] LR, 1998,31(3):25-26.

[78] SR R, SR E AL R AL, S5 IR T 2R 1 B E SR AN (B
VRS FSZIAT]. BIRTTAO R, 2001(3) :38-39.

[79] XU Y J, JIAN C Q, LI K, et al. The role of polyamines in regulating
amino acid biosynthesis in rice grains [J]. Food and Energy Security,
2021, doi: 10.1002/fes3.306.

[80] WEJULH . IR A KRR SR s B B HA& 5 23 7B 5¢ D).
Jemt: AL BB, 2021.

[81] KA. SN X KRS M SRR B R 330 A5 70800 M
FEEHLAHID]. AL AL RABE 2021 (A4 23 TT)

[69

—



BRI AL TARROARSR s AR A= e /KA R et & & % F 2023,29(3):15-23

stresses|J|. Plant Physiology, 2021, 173(4): 1 351-1 368. mental Botany, 2020, 71(2): 653-668.

[53] EL-ESAWI M A, ALAYAFI A A. Overexpression of rice Rab7 gene [58] VERMA R K, KUMAR V V S, YADAV S K, et al. Overexpression of
improves drought and heat tolerance and increases grain yield in rice Arabidopsis ICE] enhances yield and multiple abiotic stress toler—
(Oryza sativa L.)[J]. Genes, 2019, doi: 10.3390/genes10010056. ance in indica rice [J]. Plant Signaling & Behavior, 2020, doi:

[54] WANG C G, WANG G K, GAO Y, et al. A cytokinin—activation en— 10.1080/15592324.2020.1814547.
zyme—like gene improves grain yield under various field conditions [59] SENGUPTA S, MUKHERJEE S, BASAK P, et al. Significance of
in rice[J]. Plant Molecular Biology, 2020, 102: 373-388. galactinol and raffinose family oligosaccharide synthesis in plants[J].

[55] SODA N, GUPTA B K, ANWAR K, et al. Rice intermediate filament, Frontiers in Plant Science, 2015, doi: 10.3389/fpls.2015.00656.

OslF, stabilizes photosynthetic machinery and yield under salinity [60] LIU X Q, HUANG D M, TAO ] Y, et al. Identification and functional
and heat stress [J]. Scientific Reports, 2019, doi: 10.1038/s41598 — assay of the interaction motifs in the partner protein OsNAR2.1 of
018-22131-0. the two—component system for high—affinity nitrate transport[J]. New

[56] ZENG Y, LI Q, WANG H Y, et al. Two NHX-type transporters from Phytologist, 2014, 204: 74-80.

Helianthus tuberosus improve the tolerance of rice to salinity and [61] UMEZAWA T, YOSHIDA R, MARUYAMA K, et al. SRK2C, a
nutrient deficiency stress [J|. Plant Biotechnology Journal, 2018, 16 SNF1 -related protein kinase 2, improves drought tolerance by con—
(1): 310-321. trolling stress—responsive gene expression in Arabidopsis thalianalJ].

[57] JOSHI R, SAHOO K K, SINGH A K, et al. Enhancing trehalose Proceedings of the National Academy of Sciences of the United

biosynthesis improves yield potential in marker—free transgenic rice States of America, 2004, 101(49): 17 306-1 7311.

under drought, saline, and sodic conditions [J]. Journal of Experi—

Progress on Improving Rice Yield under Abiotic Stress by Genetic Engineering
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Abstract: Abiotic stresses such as drought, salt, low temperature and high temperature seriously affect the growth, development and
yield of rice. Increasing rice yield under abiotic stress is of great practical significance for ensuring national food security. Using
genetic engineering technology to improve rice yield under abiotic stress is an effective way superior to conventional breeding methods.
At present, regulatory genes and functional genes have been confirmed to enhance rice yield under abiotic stresses. This paper
systematically reviewed the research progress of these genes in improving rice yield under drought, salt, low temperature, high
temperature and other single and combined stresses, and analyzed the existing problems, so as to provide reference for rice variety
breeding for stress tolerance and high yield.
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Advances in Studies on the Roles of Plant Hormones in Grain Filling, Grain Weight and

Quality of Rice
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Abstract: Plant hormones are important regulators for plant growth and development, and play a crucial role in regulating grain filling,
grain weight and quality of rice. This paper briefly introduced the characteristics of grain filling and weight increase of rice and its
relations to rice quality, and mainly reviewed the advances in changing patterns of different plant hormones in grains, and their roles
and regulatory mechanisms in grain filling, grain weight and quality, and also discussed the existing problems and future research
area. The aim of this study was to provide theoretical basis for genetic improvement and cultivation regulation of rice with good quality
and high yield.

Key words: rice; plant hormones; grain filling; grain weight; quality
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