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Study of ethephon and nitrogen rate in regulating the basal
internode characteristics and breaking resistance of maize

YE De-lian, WANG Qing-yan, ZHANG Yu-shi, LI Jian-min,

DUAN Liu-sheng, ZHANG Ming-cai” , LI Zhao-hu
(College of Agronomy and Biotechnology. China Agricultural University, Beijing 100193, China)

Abstract A field experiment using maize variety Zhengdan 958 was conducted to study the effect of ethephon (0 and
180 g/hm?) and nitrogen rate (0, 150, 225 and 300 kg/hm?) on morphological and chemical traits and breaking
resistance of basal internode of maize. The results showed that ethephon significantly increased the basal internode
maximum diameter, minimum diameter, dry weight per unit internode length and breaking resistance, but remarkably
decreased the length and dry weight of basal internode. With the increasing of nitrogen rate, the maximum diameter,
minimum diameter, dry weight, dry weight per unit internode length and breaking resistance of basal internode were
increased accordingly. There was no significant difference between N225 and N300 treatment. Ethephon and N could
increase nitrogen concentration of basal internode at different stages. Ethephong decreased the cellulose and lignin
concentrations of basal internode at mature stage. And the hemicellulose, cellulose and lignin concentrations of basal
internode were decreased with the increasing of N rate. There were significant effect of ethephon nitrogen combination
for basal inernode diameter, length, dry weight and dry weight per unit internode length in 2012, for nitrogen,
hemicelluloses and cellulose concentrations at mature in 2011 and 2012. Through correlation analysis, breaking
resistance was significantly positively correlated with maximum diameter, minimum diameter, dry weight per unit

internode length and nitrogen concentration. However, it was negatively correlated with internode length, cellulose and
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lignin concentrations. These results suggested that application of 225 kg/hm? nitrogen combined with 180 kg/hm?

ethephon at elongation stage can create a thick, short and strong basal internode which contributed to improving lodging

resistance of maize.

Key words ethephon; nitrogen; maize; internode characteristic; breaking resistance
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2.1

Z W 7 K w BB X K 18] 7 A 1 AR B R 1

TE 2011 FIl 2012 4, Wit 2 4 F) 0T DA g 25 42 5

TR E 9 WA Y e K AR /N AR B Y A K
TE RGP AH W E BEAREE 9 Ry T E A
R D B ZACKF /Y326 R BLAR L B/
B T B[R] K B T RN AT I ) B 2
KL HSE N225 Fil N300 kb3 2 6] 2% 5 0K W 3. 78
2011 4,5 NO Ak, N225 43 F & KR B R F P Ir
W 743 4R B T 26, 0% Fl 51. 5% 4 2012 4F, 5
NO A5 F . N225 4b 3 fe K B2 RT3 B 7 0 0 4

1 ZHEAMBENERESTERSERAZ I
Table 1 Effect of ethephon and nitrogen rate on morphology-related traits of spring maize basal internode
2011 4 F KRk Maize properties in 2011
L‘l—l—‘H . R
CTE 1 BT ‘ SETERE
T mAREA/mm F/DNERE/mm EK/mm TH/g T3/ (g/cm)
reatment Treatment i /N
Maximum Minimum Internode Dry Dry weight
factor level Breaking
diameter diameter length weight per unit )
resistance
internode length
v it AR CK 24.9 b 19.8 b 77.0 a 3.57 a 0.469 b 362 b
Ethephon (E) Z4#F] E 26.8 a 21.6 a 43.2 b 2.45 b 0.562 a 441 a
il 23 1 NO 23.5 ¢ 18.7 ¢ 61.1 a 2.39b 0.410 b 307 ¢
Nitrogen KA N150 25.5 b 20.1b 59.6 a 2.92 ab 0.507 a 370 b
rate (N) 1 & N225 27.0 a 22.0a 58.6 a 3.30 a 0.573 a 465 a
= A& N300 27.4 a 22.0 a 61.1a 3.43 a 0.572 a 464 a
Sources of AN *H% *%% NS *% %% %%
ati AR XN
variation = NS NS NS NS NS NS
EXN
2012 4 F AR Maize properties in 2012
L‘l—l—‘H . R
Ab K % Ab 3K T ‘ LR Fodr
WmARHEA/mm F/NERE/mm A5EK/mm THE/g T3/ (g/cm)
Treatment Treatment i /N
Maximum Minimum Internode Dry Dry weight
factor level Breaking
diameter diameter length weight per unit )
resistance
internode length
LA %t Bt CK 26.4 b 20.8 b 79.6 a 3.83 a 0.481 b 377 b
Ethephon (E)  Z#F| E 28.2 a 23.5 a 41.8 b 2.31b 0.557 a 431 a
e %51 NO 25.1¢ 20.8 ¢ 62.9 a 2.53 ¢ 0.420 ¢ 355 b
Nitrogen KA N150 27.5 b 21.9b 60.9 ab 3.01 b 0.499 b 382 b
rate (N) Hh & N225 28.2 a 23.0 a 59.5 b 3.35a 0.579 a 439 a
= A N300 28.5 a 23.1a 59.5 b 3.39 a 0.577 a 439 a
Sources of ’E‘[HE N X% % X% % NS X% % XK X% %
variation LA X AN <
* X% K * % X% % * NS
EXN

T Al — B R NG F R RO E 50K LR B,

T

* ., %% Ml

wex SR FRARAE 56 1M 1%k P 26 5 B NS RoRE R A RFE,

Note: Different letters within a column are significantly different at P<C0. 05. % , ** and x%x different significant at P<C0. 05,0. Oand

0. 001, respectively. NS indicates no significant difference. The same as follows.



4 S R N

2015 4F 55 20 &
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VERON .
2.2 ZHBAREREMERTEHEERSENF
MV~ B RS 9 WA A S A
BRI T R GRE 2D, LRI
DRERSGSMNMEFTHHYEHMEASEGRT

2011 4F V) Hiff e 2011 i 2012 4F () B A 2
I R AL BN 0 T ] 4 S R IR 43 i 1S
45.0% F110.6% . i %000 A A F 45 5 79 18] & A&
S, HTE 2011 4R Vi Vi FUSCEE L N300 5
N225 4b 32 [H] i 4 2 & it 22 R 3 T 2012 4R,
&I R A A A R B N300 > N225 >
N150>NO 1y #a %, H & &b 3 2 [A] 22 7 8 3 (R
Vi) o SHRIRVE LR 25 A 1 I E oK1 ) 2 A
A B O BAERLN

R2 ZHEAMEEMERTEERSENH M

Table 2 Effect of ethephon and nitrogen rate on nitrogen concentration of spring maize internode mg/g
2011 4F F ok A K 2012 4F KA K
LUSEIEE S At K P Maize growth period in 2011 Maize growth period in 2012
Treatment Treatment
factor level 11 jent 13 jErt 22 1] B 11 fent 13 jErt 2z B
Vi Vi3 Silking Harvest Vi Vi3 Silking Harvest
IR X} B CK 28.5 a 15.5 b 13.8 b 8.0b 15.5 b 14.7 b 7.7h 4.7 b
Ethephon (E) 4] E 28.1 a 18.4 a 15.6 a 11.6 a 16.4 a 16.4 a 9.5 a 5.2 a
e z5 9 NO 27.8 b 14.9 ¢ 13.5 ¢ 8.1c¢ 10.6 ¢ 9.1d 4.3 ¢ 2.7d
Nitrogen KA N150 27.8 b 16.2 b 13.7 ¢ 9.7b 17.1b 16.3 ¢ 8.7b 4.7 ¢
rate (N) Hr & N225 28.4 ab 18.2 a 15.0 b 10.7 a 17.5 b 17.4 b 9.1b 5.9b
= A N300 29.2 a 18.4 a 16.6 a 10.8 a 18.6 a 19.4 a 12.2 a 6.6 a
7R 5 ok i LR E NS X% X% X% X¥ % X¥% X¥¥% *
Sources of A N *% X% % *% % *% % *% % *% % *% % *K K
variation LR X R
* %% *% * KX * * KX * %X *% KK *
EXN

2.3 ZHAREERMERTESEHERKELED

FENFI
2.3.1 THA R RIS B R N E L kA F
% )

2011 4F, 206 R AL B AT L4 Vo A Vg B
T KT (] T 4 2 o SR I 2 U e 22 3 R A
PP R LR 4R R A (R 3) . 2012 4R, Wil £ 0%
I 4 v TS B Y () AR 4 R A P e AR
B IR IR R g R SR R R T
9.9% ., BEAMEA MG, WELAFHERERET
Ree 1) 34 AR 2 L 5 o 7 45 AU K R 25 7
ARE, BRT 2012 4£09 Vo, Fink 22 3], 46 R AR
JIES6F 5% 3001 18] 2 2 4 25 B BAE RN %
2.3.2 ZHiAl e RAest 2 RF L EESZTH Y0

CIEABEE T 2011 48 Vi f Vi 375 [ 47 2 R
i R AR T 22 RN R Y AT G R
TE 2012 AERT I M R AL BR AT (] £F e R S B E T

Rk T e 0 3 P R0 RN I 3 (R 4) . Hop 5 % IR
o VIR FIREIR T 5. 3 A 4 £ & 8.1
AR T 1. 2%, RIS 4R & 2 b5 AN
KT 19 B8 5 T B AR, #E 2011 AF 1 22 R sk A 3
N150 kb # F H 4F 4k & & & & s, 1 2012 4F
Vi ~ B NO b BT RIS ER S R m. 7
2011 AF L BR T LI, 20 FRD AR X T TE) £F 4 %
Fr A BAERL W AE 2012 4, 20 IR IE X
25 B30 11 4 ) £ 2 3% 4 o AR O
2.3.3 LHAARIEMERTAAKES U
REFNGE S8 Ui BB IR ) | e 24
WA BIWE(H ARG PRI (R 5, 2011 4F, &4
RIS ) A 3 2 S RN KRR FE 2012 4R 4
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K3 ZHEAMEARNERTEFFEEZIENZN

Table 3 Effect of ethephon and nitrogen rate on hemicellulose concentration

of spring maize internode mg/g

2011 48 F R AR K]

2012 £ F KK

b JH [A] N o
SRR 3 Ik SRKF Maize growth period in 2011 Maize growth period in 2012
Treatment Treatment
11 jent 13 fent nt 22 1] A 11 fent 13 jEnt ez B
factor level
Vi Vi Silking Harvest Vi Vi Silking Harvest
24 X} i CK 157.0b  215.3a 236.3a 188.5a 169.0b 205.3b 234.9a 156.0b
Ethephon (E)  Z/H| E 168.7a  217.4a 193.2b  175.6 b 176.4a 215.3a 241.3a 171.5a
A ZH NO 173.4a  234.3a 216.7ab 181.0a 174.1ab 206.3a  242.7 ab 167.9 a
Nitrogen £ % N150 165.0 b  207.5b  212.6ab 184.1a 177.6a 211.7a 229.7c 159.2 a
rate (N) Hr &l N225 153.9 ¢ 209.5 b 205.6 b 184.8 a 168.6 ¢ 211.3 a 232.2 bc 167.9 a
A N300 159.1 be  214.1 224.1 a 178.2 a 170.6 be  211.9 a 247.8 a 160.0 a
7R 5 o i LM E X% NS X% * %% %% NS *
Sources of B N KXK * NS NS *% NS % NS
iati LN R X AR
variation AR *% ¥ * * *% * NS NS *%
EXN
R4 ZHANAEMNERTEAFLEETLISNEM
Table 4 Effect of ethephon and nitrogen rate on cellulose concentration of spring maize internode mg/g
A \ 2011 4F F ok A K ) 2012 4F kA K
ﬁ N3
A SR ER Ik SHKF Maize growth period in 2011 Maize growth period in 2012
Treatment Treatment
11 Jgry 13 Jgn k22 A 11 Jgrt 13 gt k22 U
factor level
Vi Vis Silking Harvest Vi Vis Silking Harvest
I F Xt CK 146.1b  323.9a 349.4a 306.7a 208.9a 294.9a 311.0a 248.9a
Ethephon (E) ZJ& | E 162.3a  333.2a 269.2b  249.4b  205.7b  279.2b 308.1a 245.9a
il 7z H NO 168.8a  317.5c¢  312.0ab 280.5ab 203.0c 298.8a 326.0a 273.2a
Nitrogen A N150 156.7 ab 337.2 ab 324.9 a 287.9 a 212.6 a 274.4 ¢ 309.3 b 245.2 b
rate (N) 1 N225 136.3 ¢ 319.8 be  294.3 b 268.8 b 204.4 ¢ 288.6 b 289.7c 238.7b
= A N300 154.8 b 339.6 a 305.9 b 274.9 ab  209.4 b 286.4 b 313.3 b 232.5b
AR A 3k i LAEF E %% NS e *% ¥ %% e NS NS
Sources of OB N %% NS * NS *% % *% % X% % *%
ariath 3 R X A& e
variation R NS NS NS %% K%K K%K %% KKK
EXN

2.4 tHXMSW

3 A OGRS A AT L AR 2011 AR BLT I ) S
AR K AR (r=0. 98, P<<0. 001) .t /N AR (r=
0.99,P<0.001) (BN 5 MK FE T (r=0. 97, P<<
0. 00D FIA & (r=0. 86, P<<0.01) B E FH X,
HSTHEERBEFEMEG=0.11,P>0.05),M 5
WA (r=—0.52,P>0.05) 2 F 4 & (r=
—0.26,P>0.05) 4 E (r=—0.59,P>0.05)
MARZE & (r=—0.64,P>0.05) 2 fM*EH

AN E R 6), TE 2012 4F, L4 B 1 5 799 B & K
HAG=0.91,P<<0.0D) . & /NEH & (r=0. 90,
P<C0. 01) B A 45 [A] K JE T & (r=0. 96, P<<
0. 00D A & & (r=0.81,P<C0. 05) & 32 1F M %,
5% REEEARFEML (=0 21,P>
0.05), 7 54 A B (r=—0.64,P>0.05), T &
(r=—0.19,P>0.05) 4[4 K (r=—0. 46, P>
0.05) FIAFEZ & & (r=—0.45,P>>0. 05) £ i
KHARE,
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Table 5 Effect of ethephon and nitrogen rate on lignin concentration of spring maize internode mg/g
2011 4F ok A K 2012 4F KA K
AEHREP R b HEK P Maize growth period in 2011 Maize growth period in 2012
Treatment Treatment
factor level 11 JEnt 13 Jert i 22 19 A 11 i 13 Jent 22 1 B
Vi Vis Silking Harvest Vi Vi Silking Harvest
Y&yl i g CK 8.1a 25.4 a 46.5 a 38.2 a 7.5 a 19.9 a 36.3 a 24.2 a
Ethephon (E) 7 & E 7.9a 27.3 a 42.2 a 33.8 a 6.6a 14.6 b 27.8b  22.9a
A 221 NO 7.7 a 26.0 ab 44.0 ab 40.0 a 6.8 a 14.7 a 34.9 a 28.8 a
Nitrogen 1A N150 7.6a  29.8a  49.7a  36.2ab 7.la 17.3a  35.1a  22.3ab
rate (N)
1 & N225 7.4 a 21.7b 40.3 b 37.2 ab 7.6 a 17.0 a 27.4 a 23.5 ab
=& N300 9.4 a 29.8 a 43.4 ab 30.6 b 6.7 a 20.0 a 30.9 a 19.6 b
AR U5 ZIER E NS NS NS NS NS * * NS
Sources of gy N NS . NS NS NS NS NS NS
variation
A R X A&
NS NS NS NS * NS NS *
EXN
F 6 FTHTHT AN E b 5 AR B AR R ST
Table 6 Correlation analysis between breaking resistance and other maize internode characteristics
AR 2011 AFEHT 4 W g 2012 AFEHT AT T
Variable Breaking resistance in 2011 Breaking resistance in 2012
K HA Maximum diameter 0. 98 0.91*
% /MH 4 Minimum diameter 0.99 " 0.90
5[] J&F Internode length —0.52 —0. 64
T3 Dry weight 0.11 —0.19
PALEAY [a] K BT B Dry weight per unit internode length 0.97" 0.96"
A & & Nitrogen concentration 0.86" 0.81"
o 4E E 5 i Hemicellulose concentration —0.26 0.21
24 Z # 1 Cellulose concentration —0.59 —0.46
K& 2 & & Lignin concentration —0. 64 —0. 45

3w o#

K ZEFFAELOR 1 o ATL A A K X R A TR B
S B E KIS 5% ~25 %", Mt R R TR
TR A AR A il AUIE & 554 EORZEFF A,
P AR RURSE O i 2RI e A B 1Y ()
e 80 LE AN B BT 87 O R BT 5K (N225) &b B A
Lt o 5 0 (300N Ab () /N 22 81 AR 2R 0 4 2 8, DA 11
LY3E T E] 39,0260 il &4 A A5 A 49 A= 4 98 5 751
AT DL 4 e T ) B i v 2 ] AR A PIL

SR S By R BIAR 1A R . AR 9T K R
HREMEAKFEWRGE, R g2 mEaE, Hhs
NO AbFEA EL, N225 A HEF () E oK = 35 6. 5%
~14. 1% .17 2 RIS T oK 7= B 67T SO0 CRCHE
KEP) . Norberg 45! i1 & B it £, I F| X 7= it
A U R . K2y 1 000 kg/hm?, {H 2 FE K
9% ~30 2 MBIk F T AR AL B AL T B TR A 2R K
Sy R 78 AL Z I E T IR
J T T R ARAR 1 IR o PRI 0 5 S i 0 R o 3 5 it

FIEIWIGE T 20 ATk AR 25 3 E MR
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L, PUITW 5B R B D) RV Bk Be
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K H 3SR BHYZEFF S BT Ty R BT ) 5 2%
R EA S . ARBFIT K BT T 7 91 5717 18] B
KREAZEME/NERRFIEHX, X5 Islam 2Y A
Tripathi S5 B AF 78 45 B — B, A B LA BT
{EIE 7NN O L 1 A (VA E 2 151 SO - R =7
0. 235 mg/cm, 1fi 5 B4R & A HA7 0. 175 mg/cm,
AR 5% 388 3 M 5 o0 M R BT AT T 7 5 A Y )
JE A IE AR Hak 88 K. BUElk e ) 535
T IA) K R 3 RO 5 AR R the & BB T T
5T T A O AR R A AN B, XS R
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FH £ 3 BB DY o N8 BB 0 [B) AR L B R T
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3 . Wit 0 ) D) T DL v R) AR L B [
B T 5 AT T ) O AR g K R G
It (1 UNE R0 20 R R B R 3G 2R A vT DL R
WP AR IR 97 8] A B4 v R OK i pT s R fE
A B SR AR S RE R E
IEARDG, X 5 MR F ENF RS RN B H
WA KPR SRS A TR
Wi F1. SR TR K AL A 4 T 2F 4 3 2R 4R R R
RS ESERERED S — ok Ul , PR & A
(£ 4 28 FOK i 28 % 1 5 i, (02 Knapp 5551 1E
B TS ER: St o 0 5 {580 AR it Aol 35350 4 i) 27 2 3% ROK I
FE R AEATE 5% DL A7 22 00 Ak £F
RV RER G R GERZMEA LR, @
TSR FT 5 Tl 60 1 P P £14) 2T 4 R K B % i Beem
S BB AT R I £ 4 OROR TR A AR b
TN AT e S AR 7 2 19 21 4 5 AR R K fdi 45 2847 37
AT 0P AT £ i LB ER AR . AR 5 Al & )
U 77 55 L350 T 1) £F 4k R ROR i A i 5L A
5%, X AT RE S5 VR Y R L [R)  EILE it AN R B AR R A
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