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Effect of Ethephon on Lodging Resistance of Maize Stem
CHAI Meng—-zhu, LI Zhao, QIN Dong-ling, LIU Yu—chen, XU Mi~lin, DONG Lu—ming,
ZHANG Qian, YANG De—guang, ZHANG Ping
(College of Agriculture, Northest Agricultural University, Harbin 150030, China)
Abstract: Using Zhengdan958 and Xianyu335 as the experimental materials, three different concentrations of

ethephon were set up to study the effects of ethephon on shape of maize stalk, puncture strength, lignin content and

related enzyme activities and the relationship with lodging resistance. The results showed that ethephon treatment in-

hibited plant height, ear height, internode length and yield, and increased the snapping resistance, stalk rind pene-

tration strength, lignin content and PAL, CAD, 4CL activity and resistance lodging index. The lignin content of

maize stalk was positively correlated with snapping resistance(r=0.930, P<0.01), and the PAL, CAD, 4CL activity

was positively correlated with the resistance to index under 200 mg/L. ethephon. PAL, CAD and 4CL activity is the

enzymology basis of improving the lodging resistance of maize, which is conducive to improve the stem strength, and

enhance its ability to resist lodging.
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1.1 KRR

BE AT KL . KB 8 958(ZD958) . 4t T 335(XY335),
B B A Lol Bh2E B E KRB it

A SR, o B VTAR LS B A5 A BR A
AR HA R 8 S oA, R A wl K
1.2 RWigit

RIETF 2016474 ~ 10 H 7R IR VT WG /R IE T R
e A1) BRI SR I b AT o b I A AL N
4 154.32 mg/kg, M AL P 4 69.50 mg/kg, H AL K A
144.56 mg/kg , A LT K 24.60 mg/kg, pH{EH} 6.75,

TR FH AR e VEAS PR IR R BR I 24458 i
i 5 K 335 FIER 5. 958, TR B X FuAS [R vk B 2 0
FIRT KA TR 2848 bR A2 , 22 B 200,400 mg/L
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H332.5 m’, IRERTF 20164F 4 H 26 H#EF, FifE %
R 6 iR Mmm?  FEFTLE A B I AE AR, A4 HER]
KA S,
1.3 WMEMBSA*

ANl b SIS DS & i N | TR €

RAERMIAEIRILS: 50 ik 4etn o 5 FoKZE
FHER AR DCHE AT
1.3.1  FRAARMR R

TWiiE O HEH] S d 5, B 5 d IRIRIBCEFFE T
], BRI S DU AT R R 2R

RERGIRSERE= iRy =Y R PR R G N TR il
LR E A

S FH U s RO S ok 25 A 4% 5 ]
PRZEFF ONELFE ) AL . M= K HR+i
5 EAR)2].

TR RN F-R0IE B0, 0 Rk A v A
A 1o VLo 15 <

P AR T2 25 1 M AT 28 AR T A

FREAS 57 < AR 25 ) M 2 e A SRR (OE
Y CAEE S 10 R DAL A SRR 5 A 1 I R

B R« FH ST R D 0 2 2R LR R
RIECN R o
1.3.2  ZEAFREMN T

A 2R ) Wi SR A S dJE, T2~ 7S (A
Ak [ AR B B L BR 8 IS, TS0 Z2Q-
30A ZEFF 3R B I A , 225 0.01 em® (I 3k , 7
ZEFFAS ) L T AR T A 1) S R S
A 53 L U 37 ZE AT 2R R I F R B, 3 IR &R T
E. BAAN,

WG I1(SR) : HHS 2y ZQ-30A ZEFF 5 JE
FEAX (AR 56 TH 8 BROKS %5 A3 AT FR A w1 g 3
TR 1) W S S S R S e, B R KT JICE A T S
pl < vl 21 N WA X /1 s [ L O N LS s I G
LTSI (AR N
133 ZEHARREAESZRAARKRE S

Z: M8 Bhaskara" 5 1) R E KRR RS 8,5
HEL g 18 U948 1 7 15 D 32 PAL 4 5 2 B Knobloch
HIHahlbrock" 2 )72 5E CAD 7% ; Z I Morrison™
ST RN E ACL &M
1.3.4  HAMKRIGE(LRI):

ZEFFPUEMRIE E=5E 3 W L 122 O
JErR,

1.35 FEHK

oSN U7 SR AT SV e QB2 1Y Ry G E]
R S

SEICE R BE/INXCESE 3 mxd A7 AT Br A Rl
FHE R, TR SKEIT G 14% , BTG b AL
AV

kL FEHLERE I 2 100 4> 58 B 1 ki 1Y B &
(TR K 14%) .



6

Sed P45 : LIRS FORZEFTHUEIR P BR800

65

77 (kg/hm?) = WO AR B AR (B/hm?) < A Bl 7
F/100x(1-F5 7K &) /(1-14%)
1.4 RS

RIS 8 K T Microsoft Excel 2007 F1SPSS 21.0
BAFHAT 30T o

2 HPRE

21 AEmFFILL IR EAR AR X IEIRH
LEES
st Ff AL PR ) EL AR 3 B WL 1, e A R Ak

P ST T ML 2 PAL TG (CAD %
P ACLIEE BT Bk O AR B
W B35 IEAHICIC AR 5 i R HIA B0 LA 5 28 iR |
ARBTE S E PALTEME ACLIEME P )y ks
37 Ry O R AR DR TS B S S A0 S TEAR O
WX LEAEPRRENS S W EORAE LR AIALH T il
(N EERSSLE 1 7y dE L LTI [ D e e (R (117
TAFAEIESE A Wb BR AR AR PLENR LS AR AR bR
it Hr .

R @I x AIBE R X ERZFERIEIERBRL S 4
Table 1 ~ Variety X treatment interaction analysis on lodging resistance index of maize stem
A SRR BRSNS Rkl 25 ARBR G PALTFHTE CAD
Source of variation Node length Stem diameter  Stalk rind penetration  Lignin content PAL activity CAD activity
strength
H( A 321.975%* 30.018%* 1 017.448%* 0.664 174.397%* 262.651%*
S(b2H) 166.486%* 59.430%* 799.550%* 367.119%* 2 467.283%* 448.483%*
HxS 3.266 0.975 13.432%% 14.684%* 92.113%* 8.560%*
SR 4CLIFHTE kW] B 5 T L SRR
Source of variation 4CL activity SR Plant height Ear height Height of gravity LRI
center
H(h ) 671.082% 528.157% 142.495%* 190.295%* 0.684 1 173.591%*
S(aL2H) 1 395.284%#* 2 144.959%* 207.715%%* 907.615%* 178.877%* 13 714.713%*
HxS 127.680%* 47.057%* 38.522%* 30.899%* 18.659%* 1 051.372%*

0 0.05 KT 2853 3 5+ 0.01 KPR 2555 3,

Note: * and ** indicated significant differences at the level of 0.05 and 0.01, respectively.
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PS5 ZD958 (45 2 3 K ) 5 CK 2 R 22 7
L 3T B AR A i R A i, T (A B 7E S1.S2
Qb PR 5 558 CK 43 53 AR 32.149% 11 54.53% ; X Y335 1
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JEE AR AR B B K, AT TR B AE ST, S2 /b #E 5 4 CK
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17 13.83% 1 18.46% , 45 3 15 25 M1 7E ST S2 AL B F 4%
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Note: Different small letters indicated significance at the 0.05 probability level between treatment and CK. The same below.
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Fig.1 Effect of different concentrations of ethephon on internodes lcngth of maize stem

oSl ®mS2 BCK

2 AREREZHFNERZHEIMm

Fig.2 Effect of different concentrations of ethephon on stem diameter of maize stem
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Fig.3 Effect of different concentrations of ethephon on stalk rind penetration strength of maize stem
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Fig.4 Effect of different concentrations of ethephon on lignin content of maize stem
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Fig.5 Effect of different concentrations of ethephon on PAL activities of maize stem
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Fig.6  Effect of different concentrations of ethephon on CAD activities of maize stem
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Fig.4 Effect of different concentrations of ethephon on lignin content of maize stem

LIRS FOKZEFF H 4CLIG PR A A ) 7
JE R AL (18] 7), ZD958 F1 X Y335 F%E 4 5 AI7E S1.S2
AP CK ALY 5 I 2525 57, H ZD958 F1X Y335
ZEFF A ACL TG PEAE S1.S2 A0 F R 45 CK Ab 4 531) $12
175 45.88% .66.85% F1141.54% .64.03% , 1ES1.S24b
LR ZD958 ZEH Hh ACL T P AR AL IR B 51 T X Y335,
T A3 0 288 158 475 [ 4CL G, HL
ZD958 32 LA RIS EK .

2.4 ZHEMERZFHIT AN

A ] e BE 20 R b B 8 2% B2 5 T ZD958 Al
XY335%7 2 5 3 W B Sy (3 2), Horr, 565 3 1l i
Rk 2, ZD958 FII X Y335 7E S1.,S2 4b ¥ R 4% CK Ab#
I3 AR 5 21.86% . 37.79% F11 19.3% . 44.49% . ¥ Sl
AR XY335 25FF5E 3 BB 4 W RIBLIT h B E & T
ZD958,S2 Ab 3N A B 25 S, R XY 335 25T
Pr 7 KT ZD958, HLX T K2 345 [ R MR A

R2 ARREZHFIXERZFHIT AR

Table 2 Effect of different concentrations of ethephon on snapping resistance of maize stem

552719 1H] 553750 471
LU The second internode The third internode The fourth internode
Treatment
7D958 XY335 7D958 XY335 7D958 XY335
S1 612.80b A 65422 b A 918.86 b B 981.36 b A 984.69 a B 1067.51a A
S2 706.18 a B 791.65a A 1039.69 a A 1188.65a A 1002.67 a A 1070.03 a A
CK 533.61c A 551.05¢ A 754.05¢ A 822.63 ¢ A 796.26 b A 838.66 b A

T ARG PR AR IRANX R[] 22535 0.05 WK s ARG 5 BRI 22 5715 0.01 B35k T &N,

Note: Different small letters indicated significance at the 0.05 probability level between treatment and CK. Different capital letters indicated sig-

nificance at the 0.01 probability level in varieties. The same below.

25 ZBEMXJIEXRMEAPKRE EASHELCTH
=4

A R AL B[R] R B M R AER T K A ik v
A7 A R B 5 (6 3), ZD958 Al X Y335 7E
S1.S2 4b BN H R A R B s CK Ab PR 43 1) [ A%
8.82% .19.35% #i1 13.64% .35.14% , [n]— ¥k & &b F

T, X Y335 FlA R R AR 5 ZD958 FT X Y335
FE S2 Ab R F 0 o AT CK A, 43 i) B AR
17.67%129.61% ,S1 40P 5 CK AbFETC 1 3 25 5
T IR FIR TRk A O A R E
H, B ORI AE RN XY 335 524k
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Table 3 Effect of different concentrations of ethephon on plant height,ear height and height of gravity center of maize in mature

T i 3 BRiEG (em) FEAE 155 (om) IR L i (cm)

Cultivar Treatment Plant height Ear height Ear position coefficients Height of gravity center

FBEA958 S1 294.38 ab 115.50 ab 044 a 90.87 a
S2 277.25b 90.50 b 0.37 ¢ 81.33 b
CK 302.53 a 149.25 a 0.50 b 95.70 a

ek 335 S1 264.05 b 103.75 b 0.34 b 93.23 ab
S2 251.00 b 88.75 ¢ 0.31¢ 75.17b
CK 301.13 a 111.88 a 0.37 a 9743 a

2.6 ZWhFXERFERIES R~ ER N PR, HLXF XY335 7628 75 399 A0 18] R M 52 i 45

HER 4 FTHL 7E S1.S2 S AIALEE T AN SRl Ko &0 A AL 38 B 35 B AR K OK ™ &, ZD958 Fil
FIHLRAR 45 B0 B THE , ZD958 MIXY335 7E ST, X Y3357 S1.S2 AbFH R 45 CK 4b 3143 51 P& A% 4.18% .
S2 A BN #55 CK Ab BRI 4R 55 26.57% . 84.06% FIl  5.51%K14.92% .7.92% ., £ J A4 FEXE T 2K 7= 54
31.85%F1116.59% ; XY335 7 LR A AL B G A8 4k R 2R v i RO 50 (s i), X i b B0 A
R KT ZD958, e MG FIAL FRER & T FoKPLfEl Fm,

®4 AEREZEFX ERTERIEEE = ERNZIE

Table 4  Effect of different concentrations of ethephon on lodging resistance index and grain yield of maize

i i ab PUAEMRTEEL (%) TR () HRLE(g) 77 1 (kg/hm’) TRER(%)

Cultivar Treatment LRI Grains per ear 100—grain weight Yield Rate of descent
FBEA958 S1 7.86 b 650.1b 37.54 a 10202.37 b 4.18

S2 1143 a 642.5 ¢ 3742 a 10061.06 ¢ 5.51

CK 6.21 ¢ 657.0 a 37.72a 10647.49 a
SEE 335 S1 8.90 b 669.5 b 40.27 a 10480.38 b 4.92

S2 14.62 a 662.3 ¢ 40.28 a 10150.19 ¢ 7.92

CK 6.75 ¢ 675.0 a 4134 a 11023.02 a

27 ZHANEMNERARZSERBXEREEESRERERHEXS T

x5 FEREFARZQEREXBEBEESHARBELEIREY

Table 5 Correlation coefficients of lignin content and enzyme activities in lignin metabolism

it B & BUERFEEL PN Ei%iiwal PAL 1 CAD 1k 4CLIEME
Treatment Index LRI Lignin content SR PAL activity CAD activity 4CL activity
CK BRI A 0.76% 0.69 0.89% 0.90%* 0.95%
UNIEs 0.76* 0.98#* 0.94%% 0.87* 0.76*
200 mg/L RV A 0.81°% 0.73 0.95%* 0.91%* 0.91%*
ARITE i 0.81%* 0.97:% 0.85%* 0.96%+* 0.78*
400 mg/L BRI A 0.94% 0.96%* 0.85% 0.95%* 0.83%*
UNIEs 0.94%% 0.94%% 0.81%* 0.79%* 0.69

1 : PAL A RN SRS 20 ; CAD hy PR EE I S0 ; 4CL hy 475 R : CoA S

Note: PAL, phenylalanine ammonia-lyase; CAD, cinnamyl alcohol dehydrogenase; 4CL, 4—coumarate: CoA ligase.

HRNERY, FRZEFAARBRR SRSV BUIHSE, RBR S &, JrEIE BOOR, A4t
M A, GBS B RF B R  BRAE R . e 2RI % T, PALLCAD 4CL
(35), W FRZEFPRBUR S SEMPUBIRAE T R SRR & DU R4 B 2 IR AT
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AR ZRE AL RE T AF e T e R 2T 1B
B S BUIE 7K o a8 i MARPUA N A AN BRI R 17
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