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Research Progress of the Effects of Ethephon on Crop Lodging Resistance
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Abstract Lodging is always one of the key factors affecting crop yield. Ethephon, as a plant growth regulator, has attracted wide attention on
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its effect on crop lodging resistance. In this research, the research progress of ethephon on the crop stem lodging resistance in both morphologi-
cal characteristics and chemical component was reviewed, which provided theoretical foundation for ethephon application in field crops and in-
spired new research idea for further research in crop lodging resistance.

Key words Crop; Ethephon; Lodging resistance; Research progress

BIRIETEAE Y ZEATAE SN AR RTE B ESIRAS K AR K
NS 1 —Fh A% HARBRAR , RZ B A B = i A
i AEAE " VERIBIER I I 07 T8 G A B PP R 4L
SUH BIWIR, JEHEGRAR IR FEAR , R Z5FF A0 5 R el 2
IR, 2R 7 K AR A3 R LA KOG 7 i ik, (AR
S b 2 AR, T EE R F A 7 I AMER 1 R A
T A

WRIGAE P BIR AL R AL, T2 253 AR BIR 5 25 (1R 2
fift o ARV RIETEAB bR A Ak 5 AR —e e A A R LR,
TEHEMRAREARIGIE, SEE LA R AR 5] 2
R IRIZH UL A S YT el e S RS A LR, R 2R th /RS A 4%
RIS o Kor F85r BOLA =itk i T 257
AR T IR , 77 458 S ARG AR B AR 5 o, HL 248
IRTE 5 Je A, DA I 25 AT 480 AR 2 A 4 AR F 7 i 2 rp 2
Y ERT BRABCEOR V) e P 1 B o
SRLASN O A A TR T ) SR B R 4 15
RS

R R0 Py — BB R IR A R IR
PIEAE AR AR 700 v o5 A A, 8 A A A K
G AR R A B RS T T2 A
2200 s IR R AR U LA Bt S
R, W HA W R AR bR B bR BE T i A
AR

CIGMIZA PR 2 - AL HERER R AT ik
BRI AR AR T, S EBHIRSS B, 7R 28 P R B
WEfRE, S0 TR, SRR EAE pH /N 3.5 BRI N
R, 2 pH KT 4. 0 B {8 B8 M B i 11 24 . 1901 4,

HETH e T REMAFHAR M EEILTR B (132050113)
EE =T

I Ry My PR S B A 34 BT 3R S O @A
KfEHHE  2016-04-15

BEHK(1991 - ),k RO BEAN,AEHARTE FRH A
HApEF AT, = BAAF, S HI, L, R FR,

Neljubow fe & B2 7E = AF R N (0 A 24V, T
g5 R ATy v (AR [ A A A R AR ) I K ( = F )
WA, Gk S 5V 2 Y AR a1 a0 42 SF sl i il a4
M A K I ARG, DAl P L VRIS B T (R AR
SRR A RS

CARRWE N A KB, FEAE LB R 5 P
PR, AR R i U R 3 U R R ZE e
FEMRIZEFFARK, AR BIR U 2B N ZEFTIE ST
R2ERLSY 2 AT SRR T AR ES ST B R B R, L
WIR A5 AR BR B s 4R o T
1 ZEFXEFRSRES R
1.1 Z\EASEERTEKENZE e e amiki
BURAE S SRR o bR SRR T B B AL A
5, WA 5 i S B A RO BRI R BE 17 Chandi-
posha 251 7 53 333 15 80 000 #f/hm’ 2 ~Fi A 55 B T 05T
T0.56 55 0.86 L/hm’ 2 it FH-45k 2,4 ) b B 5K 978 K
ARV, G5 2 FpFpR 2 B bk 40 A, 22 T
1,23 5 A (45 T B 4 e, AT S BORE AR A AR T JE AT,
TMTFEARAIR He i, Shekoofa F1 Emam 572607 2 Al 5
T 2 Flits FH 09 20 R A B = A BT KA, /D T 5 TRl
B, HEZREAE 1.2.3 8] Lo B 20 R it FH a2 f 48
PR R A S A - N7 N i [ 11 WS W o 1]
RIS BV T KA AR AR v A ARG, 49 T B 4 e, Bk 1.2.3
WilaIoh,4.5 T la AT AR B 4, FLB 5 23R 390 2 4
T, s R

FEAK Ry BEAI B 47 A6 18 FH 247 1 i b 25 B8 1K /K s
B, 1.2.3 A1 ) BT X B K AR, FLI % 2
s M P T B, 4 ) A AR R o i

FEAZ2E/E Y, Ramburan %) {# H] 600 ¢/hm’ f) 2,45
FIRLFRRFZ 43 3 A~ A (ZEFF AR 01t B 30 4 LA
RIS RE (0 ) | 45 SR W25 AF R 0T, ke A



6 B HOR A AY

2016 £

FRRA, SRR 0 FH 5 2 ST, kv ) b R AU, 814K
LA R F . Ramburan 257 i FH 600 ¢/hm® f) 2,45 F1 4
PN [FRESY 3 A b B (43 BES A H 25T S0 £l 1T e
M HT) 25 3R W 43 BEI (0 ] 20 R A B A /N 22 ke e R
1531 5 2 AR Ak, T ZE AT 0 e e 297 1 A B /)N
Az bk B RGBT R 1 B AR T b S 0 2 0
AR, 0 T I 1 ol Y 85 SR e oA B i, [T e by TG
JiE R I RIS, TSI T4 Mk . 3 b — etk
W, BIVREE A B SR8 FH 2 0 R e A% S 35 AR Tk v, L VAR
G A S O N 2 2 4 R
(480 g¢/hm”) , BRETFRAE 10. 2% , 57 =45 1] < JBE FAEAE 1 5 43
BIRFAIE 8. 6% Fl 14. 2% , B i A WA A1 5 22 phy T 46480 e [ 4
Wl IR B 10% #9246 F) , Bk 5 FE Y
A AT

YEW) 1N 205 R REAS 5 5 R IO AR AR =5, ELRR = B
I BT A AR L3567 (8] i 4, e 2 1.2.3 5], &
s )8 ) 300 87 A R R A K v 5 0, L 207 R B e A
i1 @RS RO ST e o 7 e o O S S el Y
1.2 ZBMTETERRN  oEl = 0 dh A E
RS AT S RRIE ST 2 B, R RRZE AT O B0 15 5015 By
T R 420 S 2 W 2 LA O, Bt YA )< B 1)
WY EE S I, BRI S BR300, R A AR

Shekoofa 257 75 i w1 5 I H BB {d 0. 28 kg/hm’
CATRINEIRNAE | ZE BRI AE I 28 0 R AL S A R R AL
X HEELAT R T M A 180 g/hm’ 192,
S FIAR R K, 25 SR AR B 26 A1) J5 G2 AR 9 15 [l 1 H
AN 18] 1 5 0, T RIBLYT 045 B0, BB IR BE ) AH
TR . Ye %S HISE R W ZIHIA T 55 9 1518 T4
i, [ B 4 T R, S B A R B A T E R
I, T 5 T BT o B E R i s B Y TR
WESG I ReEE m A EY BB BE 1, 1 R T E D R
3715 T B+ A AR M R A D i A AR
B (RS FF AT DA G M AR 725 SRR BRI A 52 TR 25, DA
TS AR J5 A K SR il e
1.3 ZBAMETEEMEFEENRNE AR50
IR EE 1A 3¢, 58T B R M AR Y P LB R B8 ) T 224
B, Tripathi 2577 BHF5E 2 BB 5 7 0 5 4% i) HA
AR HAR K S REEAYRFIE

TR AR PUE R R 52 R 2, Bk e 55 TR
JiE K R ARSI, FORAT IR BRI N, JE R R 18 AR,
— TS F I A ] 1.2.3 5 [ B AR WA g
Chandiposha 25" [y #F 75 %5 Bt 3IF 52 7 X — B 42,
300 kg/hm’ & 7K T, Tripathi 2577/ (i ] 480 g/hm’ Z kb
P12 FREERIR/INAE 55 — 5 = IR ELAR 43 39 A0 2. 7%
3.9% , HAS =5 HAREK, 55— 50 50 = ) S AERE Y
ZEFTREJEL N 4. 3% 6.3% 8. 1% F1 3. 6% , AWK
B AN TR FE 1) 245 R AEAS TR IR 0D Ak 2 0K, 445 2R 2 R 1
FRTR] ) Ra 3, B 20 1 b BRS 25013445 s, fisl Rk g

SRR 0T R b B AR B NS FE B AR BT (] 25 FF
BEJEL M4 B AL RR IO AR A

2 ZRFREILE RS R

2.1 ZBFIMEAMESBHBM AR AR
ZEFF P REAE B SEHIPE RO AL B 1, Xt 25T 38 B 10 2
BAEH ., BFSER I, AlVA PR 5 2R AT R e A G,
PR S RRE T rh— s B B T e i 2%
4 1) T A M o B A T 5 2 18 (R B
LR B IEAR R MR A SRR, 25T
oA T4 5 2 T R A , 25T 0 T W, fB AR 45 5
ETF UK AR TR RS 2SR TR R SN A T
i SRR TR TR, BuElRe e .

P 4 25500 = i ) 85% F) 247 1) ob B 6 oK i b 56
335 RAxiE S 5 S5 R 2 AIAL TS 2 A 0 R Ok
B ] AT YA MR S A BTN, FLrhSEE 335 BT
EERONT 30.2% JFH 2 YAb B A T 1 oAb i
A3 5 SRR FERE A R, LR IR EN Z
Jas KD B /N2 2R AT YA P SR o 25 T B AL, TV
B LN TR, SRR R 2 T, 2
W R b ARG S ZEAT T T 04 AT, AT 0 25 1
ATV P R, T VA M R S /25 T ] ST S, 4 R B 2
LRV A e e 2 g 2 £ S, AT R 2 B i
HRAES
2.2 ZBAMARE FEZREFHEZSENTM
B RAARTT A T2EAFom 2 TR MY M RER) 32
L P A I SN AR Y CPA R IRy 1)
SRR BE B T R A 2 — o AR R TR TR 4 B o
IS S ™ A HRE PSS R BN AC B 2%, B
ZU L BE R, DA T (5 40 LA (ISR B 1 i B e, A
LU S S 4E R ORI S RS UIALG, 52 4T 4
B BN, TR R, 4 2R AR Y
LT AR R S i, T4 5 L b ST ) 200 L 58 12T
(BB 2 , TR S pi IR ae 17

TE/INFEHR A ) A REIY) B 5 UG 1T 2445 R RE B 0 25 FF
HOR TR ZE LT 2k 25 3 1, DT 8 20 2 28 2 T i e 1
T oK b 20 ) 2T S 4 () 7 4 2 R T e
N QAR R, R B SR R KRR
(IRSARIIS g hiol T

WFFEEH, ff5 J 180 g/hm’ 2475 ) b B 5 K i o 8 8
958,201 445 9 ] 4T 4 K A i A 11 M-I 14 14013
B, ELZENCH Y 27 4 22 2T 46 22 5 RS, 2012 4R 45
O I [ LTk 22 LT 4E 2 A eAE 14 ) ACHRR B 1 7 3 i
L (ELT AR LT 4 25 i S A P S I I B A
FFh, 2013 4F, ZIRFINFES O A A1 LR 4 25 47 4 2 AR R
A B (H U R SR AR R
JRE SRR IEAECR MY

-l BF S W FOKIE ] 180 ¢/hm’ ZJF],2011
A5 O NI LT Y B A RT3 A B AE 11 h 13 B3]

oo



44 K15

BEBE  THAAES R R Y ra bt it R 7

N, AEE o 22 300 B D S A, AR
FIRZIRAN K . 2012 4F 25 Bt 30 AR 2 47 2 25 B e 3 30 fin (0 11
W K 13 I HAET 2 3R S iR, ik 22300 K il T B, R
RO A FrREA%, o 13 o3 At 22 0147 76
HESE MBI A R AN LR, WYL 7E
2011 AR5 PLP YR AP 4E R R R S B AU E R,
AR H) B EIKT, 1M 2012 F 5L AR EEEMN AR
FEME LR, SRR MATTE &2 AR E 17
MR MR, LRI S 2SR EM A M B0 BE O ad
HEINATIRE AT 4 R LT 4 R BRI R &, T i 5 PR AR AT
U T AR S RAGRFEIR) . Tripathi 45" fE -1 8 2,
IR B S /INAZ B350 1 1) A0 £ 4 28 ROR i 2% 35 00 0
T 8.81% #15.56% 43T J1E01A it .

AT INZERF AT R AR R YRR MR TR &, 3
SEZEAT AN AR A HLAREE B , T LA = LB EUR BE . SR, =
FEOLHT 7 A4 i T DL o] PR AR AT 47 e R AR & i
P v 2R R, Rt v LTy R A e B A
R8T AR BIR 3R . ZEFF A B EIR 1 2 TR HE R ] 0 A8
b, HFE A FEE— T
2.3 ZHBAMT RTESENYE T RCE 5EYE
FEROBLEIRAE A Y R . o iR B A 2Rk A
AL VL 0 A 5 T e S AL o B R i 2 51
TFFTZEI B0 R Bt 2 VR A B TR R ORI B R S B
FRGEBLG BT DAGR JF 25 FF o R JE A AP A R R
R, 384 T ZE T LR B, TR D R S 2 RO
Tripathi 25 BFFE 206 FIAL BRR /N A2 ZEFF45 — 1 18] 40 7 i
BINT 9.6% . HBEARZES IR kM AR B S E
335 BT R AR S D A S T X R 31..0% , 42908 5 S
R B KA ihe & B, ST AR He, 25 AT Bt 1
SRk RO RO Y], B B G AT A R B B 5
Wi SR UE o R AF AT R P 25 AT 10 2 B A 4 40
H R P i e T L 1 200 R R R AR BR S
FEH it FH T FIES 60 344 56 56 35 i) A L3 AN B R, 340 25 FF
POIRMRIE IR R A2 210 PR ke, 384 ik 5
TR ESUEMRAE J1 o AL, AT BT 25 AT A
IR & SERFE G RIEAT TS, 45 RIS
T B A ER AR BS 25 P Vi B R I OG, T S
5 RS SRR O IR R R 1 U R S R AR B
X TR LR i —E e
2.4 ZBAXENFNREREZSENEN  AHYEFHHEK
K2 Z R R TR, 5T AR, GOKAE TR A
KR 2t IR R AR R (GA) 5B (ABA) ) Hu A
P, SR R A KR Y GA 5 ABA f93)
BT, ZARICIEHE ABA JKSFA R B, DA 5 [ 45 TR 41 215
GA JKF-RE AL 1458 . ABA 15 GA AHILVEH, ABA il
KRR T GA fBRIX R, R GA {2 k41 ff 53
SRR 20 S AR K R (TAA) AT ZE AT R K
AR, CARE LI TAA DAL A8 AR I i i R 0 ol 4 A

PRIZEFFAER TSR TAA (At ™ . TAA 5 GA =
] AR LR PR AR ST Ao I TAA AR BEAS A12 145 ]
AEBEYE GA B4 B, [ AL BIEVE GA B, MM g
BRSNS TR A, i35 —E ) GA 3, LA R 6 Al
P AR R ™

TREARRAE T AR KRBT 1200 mg/ L2 F b BE
K1 52 Z R, S5 S A R A A KR (TAA)
Pohie B WA, BETE AR (ABA) i B s . U 4
(9 GA, & 52 B 0 B b 8 3 R M 3, R i R 85 &
(GA,) SIEVERR (ABA) L AETE L BTG i b o 2 B iyt 35
b 3 RS, TAA ABA il GA, Mk 53 MK
JE ARV RAH — 8, BT I 3 R 2 A Fe 3 2 45 ) ek
AR G TR L TR Ak T ) I AE R K 4R T 448
200 mg/ LS FIRNER T K [ 5 25 i A B A e A% 5t o, 45
SR 2R b PR AR T 3 K ) A K 2 (TAA) F
TR (GA,) it 5 TIHE TR (ABA) St

RIS 151 ABA KT8, S80I 4141
X GA K- R AR B GA iR, GA 15 ABA
FUARLRE 22 ARG, 5 e 2R K2 B0 . e dh, TAA & H g
1%, M — 2D T GA S EHEA R, X GA e il
B2 00555 , GA 2 A BIRE— AR, TR M T 5 1241
A A AR A
3 RE

CARFIENED TR R A 77 v & 45 5 AR I 1Y
25 2.0 ) b B i 3 WA AU M e, T B AR IS K
JiE U R bR T B, LR % 208 Rk 3 F 14 e/ 40
i P, JEC 7 FH R T T S [ A 41 12 25T 40 o i B
] T4 TR, I RE AR ZEFT B4R M S FFREJEL | 3 a5k fi
TR BAS B A T 0 TR S OHEL 1 15 ], S A 25 FF
PO AR T TGS BT EIR AR 1. 2 2RI AL IR
J , EFFAL L A e A A A, S T 2R A
RS TR Y R SR R S, e BT
SR A i, W R R DN LA, DT B v 2R AT
PO TR E R R e

ORI , 6 2R (4 107 P 5k 2 o )3 A A 2 — 6 ) B, A
R ML S BAPET B R E SRR
IRV AR5 AR A 2 B 2 B AR DGR TE AR DG 6 2R, X AT g
R I AP 6 , ELTE F B R RIS 0 R AR A 2 R
SE IR DR 2, TEA e b S (926 K 4 58 4 — 3, 8
BAGEMBUMR E5E . SARE SLgRM L, L4
ERE MR, T A , DRI T Al AR R AR R 2 R R
—REIZE S,

CARFIL TR RIS T VR BLEIR g, BEAR T IR
% (BB T AEI 7 BFSE 3], 2 /N 42 - 1)
ff B ZE AT K0 5 8 30 ] 0 P 0 ), 72
Wi, PR S RO B A i S it 2 LS B oK
P R R, BN B e R, FLRE R 208 R BE 84,
PR R RO B KRR A AR AR T d &



8 B HOR A AY

2016 £

JH1 40% 2% 900 Fi13 000 mL/hm’ , 7K F 4% S A4 Tk 244
TR BRI A 4. 1% (R AT BT R I, 01 2 0 A
RERS S R VE) ™ &, KR BRI I AES 7 d &t H] 40%
LA 450 i1 1500 mlL/h® SEBE T 8B E R P ROR 17 R
BEN7.9% L NERIE K LA L6, W e
F AR A B B 3G SRR (D, B BRI
W EDR A BTN, e B R 2
AN P R SE R F 4 JE8E— € 18, 1IX T RE S SR ]
PR 32 IR R b 85 AT G, DRIk, T DR ) AR AR AR Y
TEOLT , AR g 7 et i o g R A 7 ) L

FITT C A W58 0T 296 1 TR 25 AT R 431
PLERHEAT TRIFSE, G5 SRR I SR 5 R 1) 28 S 3k BRI 3222
I3 6 KK AF T T PUMEAE G  RE B AL G e s I
T RN REE 1 B A IEINT 2053 3 A A
Z DN IR FEAE R A A G, R S e H IR S - #68%
il R AR IR B A K R B A, B W O
A R ERE R ACS( Aminocyclopropane carboxylic acid ( ACC)
synthase ) 5 ACO( ACC Oxidase ) A5 58 Wl PNl BL 55 B i/ 7K
L PR B R A 1 B DR R M 2T 4 35 J i PR A T 1
RAEE BRI R, RIS R IR 2 R
FIRFERTENE Y ZEAHENR P B2 T HLELE A fr it — P,
IR FEN TREEAN T o RAED A B LB R

% ik

[1] YANG H C,WU L Q,HAN X F et al. Effects of different nitrogen fertilizer
levels on lodging and yield of rice[ J]. Agricultural science&technology,
2012,13(7) ;1456 —1459.
(2] BXERH, It BRI , 56, KRB S H 2 R R AT LT 1. e
J57KHE,2009,39(4) :66 —70.
(3] F . /NEEIRAIBA S 3R LT ] Bl AR ,2010(10) 91 —94.
(4] EfE5, R0, R R, & TRERRIN SEshRE e et T]. 7
AR ,2011,40(10) .1 -5.
(5] SREAE, kdkar, oRiEREE, 5. OKMEIR IR R i JE T e
(1] ez, 2006(1) :36 - 38.
[6] EHLE MR, NEEIRIE R SR HEIEL) ] Rk 55,2009,26(9) :
32-32.
(7] X565, LIERE. AKEEIRIFFENRLT]. FEMIFST,2004(5) :334 - 338.
(8] ES0hil, 2z, RS, TRABIRM LA 3R (Lk) [T il
FRIMEFBe74%,1998,12(3) :59 -63.
(9] o, 3KES TR E. FRBUBIRIIFSTIERET]. 1EM7%E,2008(4) :
12 - 14.
[10] I, EhZ80 7R, . KRB R RS R R [T ] el sy,
2007,13(6) :84 — 86.

[11] RADEMACHER W. Plant growth regulators: Backgrounds and uses in
plant production [ J ]. Journal of plant growth regulation,2015,34(4) .
845 -872.

[12] BXERAH, PR, a5 MDA RS AE K AEEIR L RO ot
JE[J]. AE757KH8,2009,39(3) : 114 - 117.

(13] Ak, CHERINE, 1ok, 2. A AR 2551107 2R RO s s 5
VSRS T ]. 4227KFE,2011,26(1) :56 —60.

[14] 008, 2, R0, 55 2RI A A s M 4 oA [T .
Rz, 2012(11) :88 - 90.

[15] 4B, 5K, FHA, 5. 40% ZIEARPK IR & AL LB s L) 1. 74
Tl R,2014,34(6) 248 -53.

[16] FOSTER K R,TAYLOR J S. Response of barley to ethephon ; Effects of
rate , nitrogen ,and irrigation[ J ]. Crop science,1993,33(1) ;123 - 131.

[17] TAKAYUKI K,KEN L. Identification and functional analysis of a locus for
improvement of lodging resistance in rice[ J]. Plant physiology,2004,134
(2) :676 —683.

(18] WEEA i, 22 5, 5. ANAREEEF PR S B S A [T ] AR
All441,2000,15(2) :1 -7

[19] Whatr, (EMIE, P15 /N R PERFE TR 4T [T . TR

AR ,2011,39(2) (140 - 142.

[20] Ek, SRR, XUZ=AE. FORBUEIREAR I ES & 0380 M amiz 34T
[J]. TR R ARA2417,2011,45(1) 1 ~6.

[21] 978, 3EE BB =, & S RbUBI T AR 25 P
[J]. NS RIBRAAAR,1999,9(1) o5 ~ 1.

[22] CHANDIPOSHA M,CHIVENDE F. Effect of ethephon and planting den-
sity on lodged plant percentage and crop yield in maize ( Zea mays L.)
[J]. African journal of plant science,2014,8(2) :113 -117.

[23] SHEKOOFA A,EMAM Y. Maize( Zea mays L. ) growth and yield response
to ethephon application under water stress conditions[ J]. Iran agricultural
research ,2006,24(2) ;39 -52.

[24] SHEKOOFA A,EMAM Y. Plant growth regulator( ethephon ) alters maize
(Zea mays 1. ) growth ,water use and grain yield under water stress[ J].
Journal of agronomy,2008,7(1) :41 —48.

[25] KARIMI A ,AMIRNIA R, TAJBAKHSH M, et al. Effect of plant growth in-
ducers on morpho-physiological traits of corn( Zea mays L)[J]. Life sci-
ence journal ,2012,9(3) ;1683 — 1688.

[26] BebRs, 220400, SRR, 2. DUMBIE WA= TR e oK A=Ak
RERe A T ] IR AL R AR (B ARRFERR) ,2010,41(2) :
216 —220.

[27] i, RN, 225, 5. ZIR R & TR AR R S M it 1 520
[J]. AR RS ,2009,40(1) 13 — 17,

[28] k77, e fate, 250l 5. A — ZMRI KA MR 2 R A
PEEAYSANAL) ] FREe R ,2014,30(3) :209 -213.

[29] FRd , EABrh, IREE, 5. A RTI A oK _ERIR, R
3T gl Rl ,2003,31(6) 11086 —1088.

[30] SKETE, BHES, 2255, 5. AR TS AIE TR _ERYRIAE R FIA
LI ARl AA (BAARIEERR) ,2003,34(3) 1343 - 346.

[31] Pgats, Zdrb U hl, 55, 2056 A=K I B L o
FIRISE[ T ] 2efesimti,2011,17(4) .70 - 72.

[32] RS, Bk, FLL%E, 5. ZIEAITE KRG 5 IR SR R
[J]. Tl Rl ,2003(5) 226 -28.

[33] RAMBURAN S,GREENFIELD P. Use of ethephon and chlormequat chlo-
ride to manage plant height and lodging of irrigated barley ( cv. puma)
when high rates of N —fertiliser are applied[ J ]. South African journal of
plant & soil ,2007,24(4) 181 - 187.

[34] RAMBURAN S,GREENFIELD P. The effects of chlormequat chloride and
ethephon on agronomic and quality characteristics of south african irriga-
ted wheat [ J ]. South African journal of plant & soil,2007,24 (2);:
106 -113.

[35] PAVLISTA A D,HERGERT G W ,BALTENSPERGER D D, et al. Reduc-
ing height and lodging of winter wheat[J]. Crop management,2010,9(1)
1-7.

[36] SHEKOOFA A ,EMAM Y. Effects of nitrogen fertilization and plant growth
regulators( PGRs ) on yield of wheat ( Triticum aestivum 1. ) cv. Shiraz.
[J]. Journal of agricultural science & technology,2008,10(2) :101 —108.

[37] TRIPATHI S C,SAYRE K D,KAUL J N, et al. Growth and morphology of
spring wheat ( Triticum aestivum L. ) culms and their association with lodg-
ing: Effects of genotypes,N levels and ethephon[ J ]. Field crops research,
2003,84(3) :271 —290.

[38] TRIPATHI S C,SAYRE K D,KAUL J N,et al. Lodging behavior and
yield potential of spring wheat ( Triticum aestivum L. ) :Effects of ethephon
and genotypes[ J]. Field crops research,2004,87(2/3) ;207 —220.

[39] % S, D55 R RS IR R e s M ARRR
RZRAITIVE LT ] B, 2008 ,25(5) 74 - 77.

[40] FEHIRE, SRULRR , JHOHR, 55, RIRDRERE S P EI R TR HAR S e 2
RIS ] FhRfll A 22741,2003,25(2) <120 - 123,

[41] ISLAM M S,PENG S, VISPERAS R M, et al. Lodging — related morpho-
logical traits of hybrid rice in a tropical irrigated ecosystem [ J]. Field
crops research,2007,101(2) :240 —248.

[42] sht. “ RGP SH RIS R T]. 2228 ER,
2004,24(3) 149 -52.

[43] Whalt, SR, (ERREE, 5. /NEDUEITE R0 £ ML S 2R A
ML ] V1R, 2011 ,37(3) 1452 - 458.

[44] FHflagE, TP, sRER A, 6. ZIBANZEHERS KBS T AR AT
Pl IEIS [T ] Rl AA2#417,2015,20(6) <1 -8.

[45] YE D L,ZHANG Y S,AL-KAISI M M, et al. Ethephon improved stalk
strength associated with summer maize adaptations to environments diffe-
ring in nitrogen availability in the north China plain[ J]. Journal of agri-
cultural science,2015,1:1 —18.

[46] KASHIWAGI T,TOGAWA E,HIROTSU N, et al. Improvement of lodging
resistance with QTLs for stem diameter in rice (Oryza sativa L.)[]J].
Theoretical & applied genetics.2008,117(5) ;749 -757.

[47] ZHANG F Z,JIN Z X,MA G H, et al. Relationship between lodging re-



44 K15

BEBE  THAAES R R Y ra bt it R 9

sistance and chemical contents in culms and sheaths of japonica rice dur-
ing erain filling[ J]. Rice science,2010,17(4) ;311 -318.

(48] ZRTir, Sk B0, 2B U8, 5. R RS P (B R PR A w2 I 52
[J].Ae757KFH,2008,38(2) :24 -27.

(497 WHtHR, 18177, KBITAA , 2. S KPR AR S B s s FEATHR A ARE
PESHUEIR RSN ]. (E4R,2000,35(1) :93 - 103.

[50] HHEAR  JORLL S50 E , 5. mm st M B IR P 2 Ik
BETIMISENRIL) ] A4, 2014 29(S1) :249 ~254.

[51] HBEAR. ZEART E SABTEIREE IR sEii e[ D], P gl
K,2014.23 -27.

[52] Sed5tE A= RRTT N2 ZEA LB R BE T D B A b B 11
S D]. Fs: AR, 2011 :62 —63.

(53] X%, =HIR, F85, & BERvKEEIR AR R T 54 5 )
IR ] FREDKESRIE,2002,16(3) <225 -230.

[54] SRAE, B, 2ok BE. S s A 3R &Rk [ ] B
AEFEAAAT 2008 ,44(4) (791 - 796.

[55] SPELE, RPWE, k2. RIRHEEESA KRR A= Rl 53 O 52T
[J]. DEPHAR R 5417,2003 ,34(2) 189 -91.

[56] B2, 2=, AN, . GBS BN NE AU EIMERE R 52
Ml J]. /Ep#41%,2008 ,34(6) ;1080 —1085.

[57] LAELE, FRFE. FORZEFT MR SHUEIR R AP R [ T]. e
%,2012(2) ;10 - 15.

(58] STEMI. A=A T N BRI RE ST = B B sl M
ASEAEE[ D). B R Rl R, 201222,

[59] Mgk, MR RGBS 2550 TR FNRISOR AT T TRl AR 1Y
VEHEAAR D], AL LR, 2015 :44 ~57.

[60] TRIPATHI S C,SAYRE K D,KAUL J N. Fibre analysis of wheat geno-
types and its association with lodging : Effects of nitrogen levels and ethep-
hon[ J]. Cereal research communications,2003,31(3) :429 —436.

[61] Sk=E#E, GIEN, DR, . M A A RE R I R AR R R
SrerRBISAR L) ] HRERKAER,2010,24(3) :264 - 270.

[62] w7 HH W, M, . R ORDK O AR A KRB B R
REJIHIREMAL ) ]. W FHAEAS SR, 2004, 15 (4) <646 —650.

[63] DhEE, ez, HAZASTEb UL STE AN RE 5T —1 5555 648/
E32 5iff 63 MRS A AR S 2 S LT ] iRl i
(BZRIEAR) ,2000,26(5) :329 -331.

[64] F . PR /KRIEREDIRER ST ) ]. LLPEI T,2005,25(1) :
35 -36.

[65] W (KHH IR Bt , . REIFR AR A EAR A /K REE LR
REIMREmA[ ) ). W FHAE24H1,2004,15(4) 646 —650.

[66] JIAN F M,YAMAJI N. Silicon uptake and accumulation in higher plants
[J]. Trends in plant science,2006,11(8) :392 —397.

[67] Gk A, FEM,FET7, F. FERCHE B TR UEERT ™ SR 5200
[J]. FKREE,2012,20(4) :122 - 125.

[68] F&A NRBEEEAEACE N A R ARTT 1] Tl b,
2007(6) :293 -295.

[69] J&T WEDR, MBS, REREXS/ N R AR A RS2 [T ]. {155
Fell Rl 2001(3) 47 - 52,

[70] HOFFMANNBENNING S,KENDE H. On the role of abscisic acid and
gibberellin in the regulation of growth in rice[J]. Plant physiology,1992,
99(3) .1156 - 1161.

[71] KENDE H,VAN D K E,CHO H T. Deep water rice: A model plant to
study stem elongation[ J ]. Plant Physiology,1998,118(4) ;1105 -1110.

[72] RZEWUSKI G,SAUTER M. Ethylene biosynthesis and signaling in rice
[J]. Plant science,2008,175(1/2) :32 -42.

[73] KOCH B L,MOORE T C. On ethylene and stem elongation in green pea
seedlings[ J]. Plant physiology,1990,93(4) ;1663 - 1664.

[74] FHEZE, SR B, B 2, 4. BGRTRAR T E P 2 R AR R TR
PREFER[T]. FhE eI ,2007,23(4) ;228 -231.

[75] TUBek, sk, Bkl . ZIBAR R RIEL RS TR T Al RN
VERIREMA[ ) ). A2, 2011, 13(5) <475 —479.

[76] TU5Ek, SR, 22 0%, 5. ARIRIHS DA T ok A 2 e Rz U
Pz ST ]. VEYrF4R,2011,37(10) 1819 - 1827.

[77] EFHE. ZIHRIES KT AR - A UEIFT D]. fRE 7]
Jefalle,2014:26 - 31

S G G GG GG G GG G G GG S GG S W G G W G G S S GO GO WP SO G W

(%4 7R)

DT A ], At Scatchard A5 7Y SR ITHr MIP [ W B 4%

PE, WL T 208 R 00 T ENB SRS YT A5 H 2 LU B it

e WA R P B ALCR , os Hh I 5 i A 1 R G

LR RA BRI R e MW e T o BTSN T — PP AE S

R i b PRGN B P L1 R A 05 ¥ %07 458 0 TN

REWINYE SRR S E LB S8 Ao DU R 2 28 1 4 1, 7E

S DR SR TN = Tk = STy il e SR S W S AR walll B e

TELL%G 3G DN AH SCAIF 58 b A 8 8 2 S0, LA ) 1 A iz ]

i,

S5 3k

(1] SKERI. B el AR B2 B R R Mo S LT . Bl it
$7,2008(13) :300 - 301.

(2] D5, & H i, 75, BB AL B R 2R R B AR O F 52 ot
[J]. VU151 ,2010,37(3) 31 - 33.

[3] LEAL C,CODONY R,COMPANO R, et al. Determination of macrolide an-
tibiotics by liquid chromatography[ J]. Journal of chromatography A,2001,
910(2) :285 - 90.

[4] YANG Y Z,LIU X G,XU B S. Recent advances in molecular imprinting
technology : Current status, challenges and highlighted applications [ J ].
Chemical Society reviews,2011,40(5) :2922 —2942.

[5] UEKAMA K,HIRAYAMA F,IRIE T. Chemlnform abstract: Cyclodextrin
drug carrier systems| J ]. Cheminform,1998,29(39) :2045 —2076.

[6] BRESLOW R,DONG S D. ChemInform abstract: Biomimetic reactions cat-

alyzed by cyclodextrins and their derivatives[ J]. Chemical reviews,1998,

98(5) :1997 —2012.

[7] HAN X,ZHONG Q, YUE D, et al. Separation of enantiomers of isoch-
romene derivatives by HPLC using cyclodextrin-based stationary phases
[J]. Chromatographia,2005,61(5) :205 -211.

[8] B, EX9). IOMIHS R Sl B e g E ettt e [T ). &1,
1999(6) ;533 - 538.

[9] GATTUSO G,NEPOGODIEV S A,STODDART J F. Synthetic cyclic oligo-
saccharides[ J |. Chemical reviews,1998,98(5) :1919 —1958.

[10] GIOVANNOLI C,ANFOSSI L,BIAGIOLI F,et al. Solid phase extraction
of penicillins from milk by using sacrificial silica beads as a support for a
molecular imprint[ J |. Microchimica acta,2013,180(15/16) :1371 - 1377.

[11] TANG W J,ZHAO T,ZHOU C H,et al. Preparation of hollow molecular
imprinting polymer for determination of ofloxacin in milk [ J]. Analytical
methods,2014,6(10) :3309 —3315.

[12] SUN X,WANG J,LI Y,et al. Novel dummy molecularly imprinted poly-
mers for matrix solid-phase dispersion extraction of eight fluoroquinolones
from fish samples [ J ]. Journal of chromatography A,2014,1359 (15):
1-7.

[13] JI S,ZHANG F,XI L, et al. Synthesis of molecularly imprinted polymer
sorbents and application for the determination of aminoglycosides antibiot-
ics in honey[ J]. Journal of chromatography A ,2013,1313(19) :113 - 118.

[14] Song S,Wu A,Shi X, et al. Development and application of molecularly
imprinted polymers as solid-phase sorbents for erythromycin extraction
[J]. Analytical & bioanalytical chemistry,2013,3(8) :42 —68.

[15] LI H,GONG G L,CHEN 8. Preparation and evaluation of molecular im-
printed polymers of erythromycin[ J]. Key engineering materials ,2012,561
(3):1009 ~ 1015.

[16] SERENA A,SELIM B,KARSTEN H,et al. Solid-phase synthesis of mo-
lecularly imprinted nanoparticles for protein recognition [ J ]. Chemical
communications ,2013,49(60) :6746 —6743.



