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Study on the Property of Density Tolerance in Maize
HONG De—feng, MA Jun—feng, MA Yi, WEI Feng, WEI Xiao—yi, WANG Jia—mu, ZHANG Xue—shun
(Xinxiang Academy of Agricultural Sciences of Henan, Xinxiang 453003, China)

Abstract: The density tolerance property of 13 maize varieties were analyzed under two densities. Experiment
was conducted in split—plot design, with each of density was assigned to a whole plot and each variety was assigned
to a subplot. Maize grain yield, yield components and some agronomic traits were investigated at different maize
growth stages. Under the density of 75 000 plants/ha, Denghai618 yielded the most, followed by Nongda327 and
Xianyu688, and Denghai518 had the lowest yield. Under the density of 90 000 plants/ha, Huayu 168 obtained the
highest yield, then followed by Nongda327 and Dika517, and the yield of Denghai518 was the lowest. The properties
of maize high yield and density—tolerance were studied by fuzzy membership function and principal component anal-
ysis. Seven morphological indexes of maize were recombined into three independent comprehensive indexes for
maize variety evaluation. Based on the three comprehensive indexes, the varieties with highly density tolerance were
selected, which included Nongda372, Lianchuang808, Lidan618, Xianyu688, and the varieties with weak density
tolerance, that is, Denghai518, Denghai618, and Yufeng303, were also identified.
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BRALIN 4 B AR AR Ay TR 2 PEFE AR, ]
KRS 2 PR FLA S 2 AL, PR OGSk FH X 3 B A 1
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TR s PR o SR TR 5 28 MO 405 R SR T e
A BT A TR A VA, R — R E R
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W ERAETR WS AN [R] 35 PR 28 T KTt b A T 45 34
PREEFTINAE , A PR SR pR Bk 2 A T2 5 PR,
TR 8 7 At o

1 MRS
1.1 e HE

PEREE B K B AR AR R B TR X 15 25
A B0 o G — R LAY 13 4SS A, 4301 A KR PR 958
1R 168 M F 303 i AR 728 . Ti4¥ 30556 £ 047 .
B A1) 808 . 4 K 372, 5 688 Ll | 517 B 618,
FIBA 618 FIEHE S18(F 543 N 1 ~ 13), X Ie R
ST, DL R EALEE SR R EI AL B, 3 vk
52, AL FE N 5E A REMLIX AL HES . BEAS/INX A 6
1T, 47HE 60 em, 474 6 mo HABFAE 5 8 2y 2 [F]
2 1l R A A R
1.2 KEHER

RS L T8 2 TR BT I & —/INVER T
1372 m, 4 113°45" 455 35°27", Wit A/NAZ
I AR SR 14°C, B /K B 657 mm, Hip , H K
KA G E 60% 540 . 50+ 18
FEEL,0~20 em TIEEA VL E K 1.4%, A
1.08 g/kg, HRLHE 11.39 mg/kg, FEALHN 111.2 mgrkg.
P i) 7 34 U o ™ FEL A T A B 326 B TR 3
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1 2% 1 01, 76 75 000 #R/hm* 2 8T, AN R 3L
T T K Rl 7= e R b 22 S B, 22 SRR A
2.11% ~33.09% , & i 618 7= & g i 5 HoR AR K
372 56k 6885 B 518 P it de i, UG RRAL I,
AR Z AR B 225 RE LR 2
W i 2, 25 SR EAE 0.50% ~ 32.29% , it 517 i
ORI R, 4R 37.28 @5 #3303 T A R H i
/N R 2818 g0 FERERLEL I, AS[R] 3 P Y K 5 Fb
()22 5238 1 3 KO-, 22 IR BEAE 0.88% ~ 31.98% , #
303 R B i £ , 340 534.27 i 5 BT 618 (1)
/b ¥R 404.80 K

F1 REGMLET75 000 #k/hm*ZEE TR R =M EF
Table 1  Yield and yield components of different maize varieties under 75 000 plants/ha
Fog 7 it (kg/hm’) AR HR ) F o FRLE() o FRRCELCRD)
No. Yield Harvested car number No. 100~grain weight No. Kernel number per ear
11 11240.10 a 5016.00 a 10 3728 a 3 534.27 a
8 11 007.60 ab 5064.67 a 8 37.09 a 6 529.63 a
9 10 870.50 ab 5031.00 a 12 36.22 ab 10 495.36 ab
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4ZE%k 1 Continued 1
F 5 74 (kg/hm?) R (RE) ¥ 5 TR (g) ¥ 5 Tk B R
No. Yield Harvested ear number No. 100—grain weight No. Kernel number per ear
2 10 662.30 abe 504333 a 35.64 abe 1 494.03 ab
10 10232.40 abed 495533 a 9 35.62 abc 5 479.36 ab
3 10227.60 abed 4969.00 a 13 34.96 abed 9 478.67 ab
1 10189.80 abed 497233 a 4 34.59 bed 8 477.71 ab
12 9961.20 abed 5049.00 a 11 34.10 bede 7 467.84 ab
4 9 732.60 bede 5025.67 a 5 33.41 cde 13 461.97 ab
9 720.60 bede 498433 a 7 33.10 def 2 456.83 ab
5 9 433.65 cde 4999.67 a 1 32.08 ef 12 455.87 ab
6 9229.20 de 4969.00 a 6 30.94 f 4 42427 b
13 844530 e 5030.33 a 3 28.18 g 11 404.80 b
NG PR 0.05 K P 2R R, TR
Note: Lowercase letters indicated significant differences at the 0.05 level. The same below.
F®2 AEEFTEO0 000 #k/hm*F E T HI = 2R =M EF
Table 2 Yield and yield components of different maize varieties under 90 000 plants/ha
Jr s 77 i (kg/hm?) WK (1) Jr s AR (g) Jr s RERIE Ok
No Yield Harvested ear number No. 100—grainl weight No. Kernel number per ear
2 10543.35 a 5940.67 a 10 3722 a 3 564.95 a
8 10 405.95 ab 5963.67 a 12 36.42 ab 1 518.16 ab
10 10 378.80 ab 6005.33 a 8 36.10 ab 6 497.20 ab
9 10 198.65 abe 601833 a 3 35.18 abc 10 495.07 ab
12 10 088.25 abed 5917.67 a 4 34.78 abe 13 482.00 ab
1 9 846.00 abede 5987.33 a 7 34.43 be 475.79 ab
3 9 716.85 bede 5909.00 a 5 34.26 be 461.31 b
4 9 630.75 bede 5986.67 a 2 34.20 be 12 45379 b
6 9 506.55 cde 597433 a 9 3344 ¢ 452.16 b
11 9 438.45 cde 5904.67 a 6 3290 ¢ 448.75 b
7 9288.00 de 5898.67 a 11 30.14 d 436.21 b
5 915540 5991.67 a 1 30.13d 428.75 b
13 7765.35f 5892.67 a 13 26.79 ¢ 11 418.21b

FH 2% 2 T T, 7E 90 000 #i/hm* % & T, A ]k A
HE KSR R SR R 2 SR
1.32% ~35.77% , ¥ E 618 P~ i 5 5 Fo vk Sk ok

372 IR 517 806 518 FE i i Ak . 7ESRFEEL |,
ARG FhZ R 2R E . ARE LRI 2T
B 2% SR B AE 2.20% ~ 38.93% 31K 517 F R H

L i K, YR 37.22g; B 518 kL Ok
/N, R 2679 g0 FERERIER L, AN [R] PR AL K 5L A
122 538 0 E KO, 22 R IR AE 9.03% ~ 32.14% ,
F= 303 MR A me 22 , T2 564.95 K R K 3721

/b, -k 428.75 K
22 HMBZEMNAREERBMEXKFZERFTEMK

EF R0
13 3 R, T BE I, 134 i A A R RS 4 A

ANTRIRRJE B0, BE 08K 17.2% ~ 21.19% ., 7=
I, A 56 E 047 R 517 FIF B 618 547, 435l 1
77 3.01% . 1.43%F1 1.28% ; Ho A% Sh AP AR L0807, k=
W BEAE 16.03% ~ 1.05% , I8 I B B K R 8183 618,
5 3 16.03% , H Rk Sk 2 518, ™ 1k 3 8.05% -
#2303 R B 728 L HAS 305 58 047 (B4 808
FI R 618 75 A R J5 3 0, 34 I B 7E 0.55% ~
24.84% , 4% b B 385 3R B Ry s /b e /D W R AE
-23.37% ~-0.16% . #55.958 i £ 168 . # F 303,
TR 728 B 618 B 518 TR BT TR N,
I BE g 2.81% ~ 5.74% , Tl 4% it ol 45 AR ARG , Wk 28
1E-10.25% ~ —0.06% .,
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WS I RUEE  BUE R R R R %R bR 2 = %
JEE Folp 36 532 ) 7 AN [v) 35 A1 760 5 DK i o 1] 118 2 S ol ek
Ko it (1) ~ G SRR kAR AT,
X AN [) 35 PRI 78 K P i 2 2R TSR SR I pR g2
i1

F % 4 ] 0 AN ) 35 PR R 3 K i o ] i 2 1 2
G HEEAEA R T bn R 22 F R, e/ IME R 1.57, B
KA Ny 43.38, [l 76 5 2 BEFPAE S50 T, S0

*3 AEERBERBIEEN2

JEAHE , 12 AN AN [R] B 8 Bm 259 35 e S 2 L 2 7K °F-
Horp pear B CERIE HRER R 3 i R
IN UG FEITE 1.31% ~ 3.81% ;77 & LK B 3 1
T RO D 3.81% 5 1 RLEE IR /D 1.71% 5 HFF 3R /D
1.31% 5 Bk &5 BE A = O 38, 4300 4.55%
1.49% .7.27% ; B8 KL FEATEC AR B T4 B K =
FARBA AR

FEEM R EFHIR M0

Table 3 Yield components of different genotypes of maize under high density

i A By e PRI (%) EORLE I IR L (%) TR IR EE (%)
Variety (%) Increased percentage of ear Increase percentage of Increased percentage of
Yield increased percentage number per unit area 100-kernel weight kernel number per ear
H 5958 -3.37 20.41 -6.08 4.88
HE 168 -1.12 17.79 -4.04 4.15
#r32303 -4.99 18.92 24.84 5.74
HUREFT28 -1.05 19.12 0.55 2.81
F4¥305 -2.95 19.84 2.54 -5.67
e 047 3.01 20.23 6.33 -6.12
141 808 -4.45 18.34 4.02 -1.4
KK 372 -5.47 17.75 -2.67 -10.25
56 E 688 -6.18 19.62 -6.12 -6.25
517 1.43 21.19 -0.16 -0.06
HF618 -16.03 17.72 -11.61 3.31
FlE 618 1.275 17.2 0.55 -0.46
BIES18 -8.05 17.14 -23.37 434
4 BREELETAREREERESSITE
Table 4  Statistics of maize traits under low and high density levels
R BE AL 2 o 2 AL B SEFAH X
¥ b Low density High density PR oL Relative value
Index TA(H A5 5 5 (%) T 5 S (%) —test T A5 5 ZH(%)

Mean cv Mean cv Mean cv
o 671.56 7.75 645.96 7.54 4,617 0.96 4.15
o 240.28 8.00 251.21 8.10 2.18% 1.04 2.24
A 15 93.13 10.76 94.52 11.22 3.72% 1.02 3.56
MK 18.21 9.67 17.36 8.07 6.93% 0.96 5.94
O 4.82 3.05 4.83 3.47 6.53%%* 1.00 1.57
ihOHL 2.20 5.82 2.36 48 6.34% 1.08 3.57
HATHL 15.14 6.90 15.17 5.99 6.317%% 1.00 3.20
1T REL 31.36 6.73 31.58 5.74 5.17%% 1.01 6.53
FORLE 39.82 8.91 39.14 10.17 6.99%* 0.98 2.75
Hkr 83.45 3.18 82.36 3.04 7.54%5 0.99 2.51
Tk 26.25 8.98 26.18 9.8 6.40% 1.00 2.59
P 3 it AR 0.19 6.54 0.18 8.04 6.48%%* 0.96 4.18

IR 0.01 K T 27 0%,

Note: ** indicated a significant difference at the 0.01 level.
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Table 5 The weight of maize index after their coefficients

of variation normalized

HE  Weight
& b5 5 5 H(%)
Index cv 1248 T4 dEbR
12 indices 7 indices
AR ik 4.15 0.026 0.133312
AR = 2.24 0.014
AR A 155 3.56 0.023 0.114 359
AHXS R 5.94 0.027 0.134 276
AHXS R 1.57 0.038 0.190 813
AEXS 3.57 0.010
AHXSREA T HL 3.20 0.023 0.114 680
AAXSA TARLEL 6.53 0.020 0.102 795
LIRS NER TGN 2.75 0.042 0.209 765
AFX A3 2.51 0.018
AFX B K i 2.59 0.016
AR 3 i A 4.18 0.017

AN [R] BFE AR A E S 3 AR AR X R332
S ZBONIR], o T R R iR REA TR

ATRLEC R A 3 it i [T ) A B O AR S R R
(CV>3%), EHEI 7N FEARIEA TN B 1R 34T
2.4 AEEREBEKRMZEIEMN

A5 5 B R INRE R R A58 b Rl o 8 1
Jolh i PR REURRRRE , CVAE R R BA AR AR Az 21 3 19
SEMAE SRR ] (4 25 St ok . B AR T AN
FE PRI K S A SR B pR AR, D2 3 —fe A B
JE AR AR S REE AR (3R 5), 15 BN [A] i b
(35 PR R ZE AV AL, nT A R A A5 = I o
LA

FH 2 6 2 W, AN ) 35 PRI R e 7= 5 K A i 2
BOMISR @ R BLR B e B B 22 K, 12 18 a2
FLIEEITE 0.137 3 ~ 0.033 8, #H 22153 3%, 7 MEIR
Ak B E 0.587 5 ~ 0.099 4, AHZE 3K 545, HRLE
B IR BUE A KN 1248 R 25 B PE A B, 1)
808 A& K 372 S K 047 AR 25 PR, iR 517 &
518 B 618 it 5 PE 22 5 7 MBI S A VM I, R K
37245 K 047 Bk A 808 Tiif 2% 4 ik, 3 R 517, U
518 R 618 Mtk 25 . LR, BEHERY 7 D F5 45
AT B LR B PN A — e AR

*6 ARERBEARMEZEEEMREEDHESHEL

Table 6 Comprehensive index of density tolerance of different maize varieties by fuzzy membership function

LRATREL LRETREL
B SRR Comprehensive index B SRR Comprehensive index

No. Hybrid 121 7448 No- Hybrid 124445 (R

12 indices 7 indices 12 indices 7 indices

1 H2.958 0.106 61 0.387 01 8 RK372 0.13305 0.587 50

2 % 168 0.082 83 0.348 92 9 JEk 688 0.076 12 0.31326

3 303 0.091 09 0.294 04 10 517 0.054 38 0.226 29

4 HRFEFT28 0.090 53 0.381 42 11 BIE618 0.033 82 0.099 42

5 F45 305 0.093 67 0.344 65 12 618 0.109 19 0.367 97

6 HEE 047 0.128 60 0.584 43 13 BitE518 0.052 56 0.202 70
7 1411 808 0.13728 0.562 09

2.5 FEHHHEG

H 22 7 AT, 12 AR bR iEAT R 0T, 1T 44>
& B B R AE (A0 K T 1, H BB 5Tk R 1k F)
74.325% , A] LR 12 SRR il 4 A8 4 B 7 A
=020 vdi o5 a1 N R =7 A (1 1= 7N el
SR TTHRRIL F) 76.369% , 1] LIKG 7 P HabniE ik 3
AR

12 8 T, 2R 12 MR FR A 145 B T
13 AN]SR R K R i 2% B ) 25 B A543
MRAR I M A K 372 B A 808  FI| B 618 . 5t A Bl 728

FLAY 305, 55 K 688, 5t T 047 KB B 958 il K 517,
1 E 168 BV 518 4% 3 303 &1 61857 N8 hr ik
FFLEA TR 5B R AR Uk Al 808
e K 372 6 E 047 R R 618 T4y 305 .1 K 168,
JE 7 688 KB 958 il K 517 #3303 B 518,
B 618, 5 12 445 b1 43 AT T 6 £ H G %3k 2
83.33%, J& 3 A FAF] 100%. L] AL, AT
JrEE FER AR AT R AR R ARG AR AR X R A T
BT TR AR R E T LAVE AP KT 2
PEIFER -
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Table7 Eigenvalue and contribution rate of each factors in principal component analysis
EERNR(E] TTHRE (%) SRIBTHRR (%)
P g Eigenvalue Contribution rate Cumulative contribution
FaorNo. poggkiipst 7RIS RIEEPH TP REEER TR
12 indices 7 indices 12 indices 7 indices 12 indices 7 indices
1 3.521 2.506 29.342 35.795 29.342 35.795
2 2.595 1.666 21.628 23.796 50.970 59.591
3 1.581 1.174 13.172 16.778 64.142 76.369
4 1.222 0.896 10.184 12.799 74.325 89.168
5 0.946 0.532 7.887 7.601 82.212 96.769
6 0.834 0.145 6.953 2.068 89.165 98.836
7 0.580 0.081 4.836 1.164 94.001 100.000
8 0.323 2.694 96.695
9 0.227 1.894 98.590
10 0.116 0.967 99.556
11 0.051 0.424 99.981
12 0.002 0.019 100.000
=8 AREFEBEKRITRSHMTZENEEHES
Table 8 Comprehensive scores of tolerability to high density of the maize by principle component analysis
p y g y Y P p p y
LAy AT
w B SRR R Comprehensive score poR SRR 4R Comprehensive score
No Hybrid 12MhR 74 No. Hybrid 12446k 748 bR
12 indices 7 indices 12 indices 7 indices
1 #1958 -0.004 680 -0.007 060 50 8 K372 0.071 211 0.041 803 32
2 W 168 -0.021 100 -0.005 061 10 9 I 688 0.005 527 —-0.006 794 60
3 #4303 -0.051 850 -0.024 064 20 10 517 -0.019 180 -0.016 123 30
4 TUREET728 0.020 471 0.007 514 86 11 B 618 -0.057 250 -0.055 567 00
5 T4 305 0.009 703 0.003 785 35 12 FlH#.618 0.034 031 0.021 834 69
6 ST 047 0.003 974 0.035947 71 13 BiE518 -0.038 620 -0.039 075 50
7 %41 808 0.047 766 0.042 860 72

3 g5 HIE

TEANT] B FRAE 5 B, AN [R) 35 PR RS K S AP e
P SO RN EAATE R E =R AR
Mr2ei , 4 K 372 B A1 808 . F 2618 . 4t T 688 H it
BRI, B 518 VB 618 A F 303 (T A
55, A 7 e P s i e s I SR P BT A TR 2

A SCR FHRR SR R 2R B P 80Tk e 12
AHERRS T A FE R A HLER , T 255 1 5 R 55 1 o o B
BRIREN 100% . L T8, A 12 D FE bR
5RMTAFRbREATER A AT AR L, 13 AN [A] 1A
YK b Feb T 99 255 i D SR 6 3 5 A FRak F
83.33%, J&i 3 i (i % M 55 A %k 81 100% . Rtk

P
2

AR REAS 7 8 AR AL e R R A R
RS REAT R ARRIA TR AR FOREEAE 7 MR A
VP A ] 5 DR 8 A e 1 53 R R s
i 4 P S — BN I RS R, B2 2RI R
(2R, i S PR RE T AR 2 R bm AT
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