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Effects of Planting Density on Stem Mechanical Properties and

Lodging Resistance of Different Maize Varieties
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ZHANG Ying-ying, SHI Li-li, NIU Yong—feng
(Anyang Academy of Agricultural Sciences, Anyang 455000, China)

Abstract: Seven varieties, including Anyu706, Zhengdan958, were used as experimental materials. The stem
mechanical properties in tasseling and mature stages were measured under four planting densities of 6.75x10%T)),
7.5%10%(T,), 8.25%10%(T;), 9.0x10%(T,) plants/ha. The results showed that with planting density increasing from T, to
T,, the lodging rates increased from 12.6% to 33.9%, and folding rates increased from 1.4% to 5.2%. The lodging
and folding rates of Zhengdan958 reached 52.2% and 11.3% under T, density, while those of Anyul07 were only
11.8% and 2.6%. The bending strength, puncture strength, and crushing strength of tested varieties decreased with
the increase of planting density. The bending strength, puncture strength, and crushing strength decreased by 1.7 N,
2.9 N, and 8.2 N, respectively with the density increasing by 0.75x10" plants/ha. Correlation analysis showed that
the bending strength at the mature stage and the third stem puncture strength at both the tasseling and mature stages
were negatively correlated with the lodging rate, with a correlation coefficient r=—0.99. Considering planting density,
stem traits, and lodging resistance, Anyul07 and Anyu706 were identified as high—density tolerant and lodging re-
sistant varieties, with an optimal planting density of 8.25%10* plants/ha.
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Fig.1 Meteorological condition during the growth stage of the maize
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Fig.3 Lodging rate of 7 maize varieties at different densities
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Fig.4 Folding rate of 7 maize varieties at different densities
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Table 1  Stem bending strength of 7 maize varieties at different densities N
1 fir i . - - -
Stage Variety b E b b
i HERIOR HREL958 12.49+0.53 d 11.47+0.97 e 11.15£0.52 ¢ 10.33+0.29 d
706 20.2120.89 ¢ 20.25+0.62 b 17.3620.55 be 17.05+0.77 ab
% 308 22.1120.38 be 19.81+0.10 b 16.80+0.41 be 14.90+0.95 be
E 707 13.98+0.93 d 13.80£1.12 d 12.4320.41 de 12.0620.52 d
E 107 26.58+0.93 a 24.19+0.39 a 21.81x1.12 a 18.22+1.20 a
2%E 116 24.4220.69 ab 20.89+0.65 b 18.96+1.29 b 18.24+1.12 a
4 878 22.71+1.21 be 17.60+0.35 ¢ 14.93+1.26 cd 12.63+0.65 cd
A A H 5958 23.3120.09 de 20.27+0.31 e 17.69+0.68 e 15.45+0.67 b
£ 706 28.11+0.38 b 28.29+0.57 b 25.45+0.71 b 23.26+0.16 a
% 308 26.2220.38 he 23.050.13 d 21.4420.49 cd 17.51+0.62 b
2E 707 22.4020.44 be 18.86+0.31 ef 20.7520.73 cde 15.22+0.31 b
E 107 30.85+0.33 a 30.60£0.53 a 30.35£0.79 a 24.67£0.60 a
%E 116 25.300.96 cd 25.3020.41 ¢ 23.7620.41 be 16.110.29 b
2 878 25.18+0.45 cd 17.87+0.19 18.88+0.43 de 15.68+0.50 b

TE : [N BAE AR )/ 5B 22 53k 35 K1 (P<0.05) . TRl

Note: Different lowercase letters in the same column represented significant difference(P<0.05). The same below.

TR RIS 19, 45 PSR 48 5. 958 A% K 707 41,
SEFF A P B B A % R ¥ R A AR .
K 5958 ZE A 25 i B b AL T LA SRR, P
11.36 N; %2 £ 107 25 4738 2 e K, T334 22.58 N,
A PR 2B AN [ i R AP TR R
M 257 3K ) Wk 3 KO o 22 T 107 ZEFF BT P i i
K40 29.12 N, BAHEROR I TR T 28.9%., H
fbZEFFHU AT 7 LU= W b AP 22 K706 % K107,
$520.958 ik
222 FRIEBESH

CEG A SR AT, RS 28 5 B 7 il I
ROk 00 R A 3R A A S T R e e % R g
0.75 J3 #R/Mm? , A B ZEFF 2l 1 43 S /N 2.3 N
(3.9%) F113.4 N(5.8%). FHMERCR W ZEFF 28 s 5 T
R R -2 , A I T [t IR By, HE
T T B &, SRR R AR A

— B, AN SRR T U, PN IHY 7E 442
T2 ) B R AL 5 R O & R 107 &% K 116,
%K 706, AR SRR AL 958 42 878, kK
AN A BN, 25 A R I 1 L R 107,
ZF ) 5% B AH EE RS 5 958 43 3 N T 19.2% .41.9% ,
ZF N EGER2).
223 JRFEIRE S

EA TR SR AT FER RO U], FOKRZEFFIR
PR T 2 P AR A 22 S RN B . A R e 2
T R To 45 T TR AR BE 4351 445.2 N 14342 N, 2
TS TR T B, PR, 25 A
W3 NI AR R, Z5FT R B b 2o 5
% E 107 % 116 % T 706, % & 308 % £ 707 .
% 878 FBHL958(FK 3). HHMERUR I, AN [F] A %
JEE ZEFT AR 5 3 i 8 1) b R 22 R 107, B AR AR 1Y
SRR 0SS BETI T 3.1% .,



31 G Ui G SO N R S Ny = A E 2t S & NI NTEAL DAL 55
Fx2 AAZBET7NERRMUERFTREE
Table 2 Stem puncture strength of 7 maize varieties at different densities N
i al A
Stage Variety o T b T
FHERICH 5 HE958 52.1740.74 d 50.96+0.61 b 48.86+0.60 ¢ 43.93+0.81 d
%706 64.20+£0.26 ab 59.99+1.36 a 55.26+0.86 ab 51.70+0.44 ab
% 308 55.4340.77 ¢ 52.53+0.73 b 51.09+0.92 he 47.7020.41 cd
2707 54.50+0.96 cd 51.36+0.25 b 49.330.73 ¢ 48.40+0.73 be
2% 107 65.73+0.64 a 61.63£1.01 a 5773124 a 49.00+1.39 be
ZE116 62.10£0.38 b 60.33+0.80 a 59.39+0.61 a 54.06+0.52 a
%L 8T8 53.80+0.50 cd 52.49+1.00 b 47.43%1.65 ¢ 47.4621.36 cd
%8 ] K H958 45.53+0.62 d 41.23+0.58 ¢ 40.33+1.08 d 38.37+1.00 ¢
%E 706 65.3740.52 a 56.70£0.92 b 52.47+0.72 b 49.13£2.12 a
2% 308 55.13+0.98 ¢ 49.10+1.33 d 49.87+0.86 be 44.57+0.86 abc
2ZE 707 56.60+1.94 be 51.30+1.06 cd 4777132 ¢ 41.60%1.54 be
%E 107 62.37+0.69 ab 61.80+£0.45 a 60.70+0.36 a 50.00£1.90 a
ZE116 66.97+0.74 a 64.30+£0.42 a 59.53+0.88 a 47.70+0.95 ab
U 878 62.53+1.63 a 55.13+0.75 be 49.3020.82 be 46.4020.65 ab
£33 ARAZEET7TEXRBMAEZFEREE
Table 3 Stem crushing strength of 7 maize varieties at different densities N
i 19 il
Stage Variety B E E B
RO ) H958 449.00£5.30 a 443.67+2.96 a 456.67+1.67 a 454.67+3.48 ¢
%706 462.67+5.84 a 470.3320.88 a 460.002.89 a 451.00+2.08 ab
2% 308 455.67+11.86 a 452.3310.74 a 456.0024.93 a 444.67+5.81 be
2E 707 443.67+13.78 a 450.3312.44 a 455.0027.64 a 452.67+5.78 b
ZE 107 473.33+2.67 a 469.00£3.06 a 460.0027.64 a 458.00£3.51 b
T 116 465.67+3.84 a 460.00£2.00 a 462.33+3.71 a 455.0020.58 a
22 E 878 460.00+14.01 a 462.67+2.33 a 454.002.08 a 451.67+3.33 be
A B A H50.958 446.67+3.33 ahc 420.00£0.00 b 427.67£2.33 ab 41533291 b
£ 706 458.33+1.67 ab 439.3310.97 ab 423.3326.67 b 428.67+5.21 ab
% 308 440.00+5.77 bed 430.00+5.77 ab 429.33+5.21 ab 434.67+6.67 ab
%E 707 432.33+3.93 cd 428.33+6.01 ab 428.33+1.67 ab 434.33+6.84 ab
2% 107 463.00+2.52 a 455.00+2.89 a 445.00+2.89 a 430.0527.64 a
ZE116 452.67+2.67 abc 446.67+4.41 ab 436.67+3.33 ab 432.67+3.71 ab
2% 878 423.3326.67 d 420.00£0.00 b 430.0020.00 ab 406.67+3.33 b
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Table 4  Correlation analysis of lodging rate and the stem mechanical characteristics

Character “ “ “ “ “ “ “
i 1
[ 0.95 1
& 0.99%%* 0.98* 1
Cs 0.98%* 0.99%* 0.99%%* 1
cs 0.82 0.94 0.89 0.89 1
Co 0.96%* 0.92 0.94 0.95%* 0.73 1
¢ -0.97* —0.99%* —-0.99%* —0.99%%* -0.93 -0.92 1
Cs -0.89 -0.98* -0.94 -0.95 -0.99% -0.82 0.97* 1

T " HORTE 0.05 /K LB EHIE, " FIRTE 0.01 K LB ENIE . o Ao 12 T30 L 5 o0 o BBIUI TS 5 o e fioky
SO 2SR 5 by MG 28 RIS EE 5 o5 S A MERSIONY J00 S PR30 32 5 Ay BBV TS PR TR 22 5 o SR IR 35 e S BT 2

Note: * and ** indicated significant difference at 5% and 1% probabilities, respectively. ¢, bending strength of tasseling and bloom stage; c,

bending strength of mature stage; cs, puncture strength of tasseling and bloom stage; c., puncture strength of mature stage; cs, crushing
g 2 g p 2 g 2 P g 2 2

strength of tasseling and bloom stage; ce, crushing strength of mature stage; ¢, lodging rate; cs, folding rate.
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