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Response of Ear Traits of Maize Varieties from Different Eras
to Planting Density

ZHANG Yu-xing'?, YANG Zhi-yuan**,ZHANG Feng-yi**,LI Yi**,ZHAO Xin-zhe’, TANG Juan’, SHI Lei°,
LIU Jing®,ZHAO Hai-yan’, LI Ming-shun’, ZHANG Dei-gui’, LI Xin-hai’, YONG Hong-jun’, JIN Feng'
(‘Faculty of Agronomy , Jilin Agricultural University, Changchun 130118; *Institute of Crop Sciences, Chinese Academy of
Agricuttural Sciences/National Engineering Laboratory for Crop Molecular Breeding, Beijing 100081 ; *Hexi University,
Zhangye 734000, Gansu; “Institute of Soybean, Heilongjiang Academy of Agricultural Sciences, Harbin 150086
*Chengde Academy of Agricultural and Forestry Science, Chengde 067000, Hebei; ‘Maize Research Institute,
Liaoning Academy of Agricultural Sciences, Shenyang 110161)

Abstract: In order to provide the basis for the genetic improvement of density-tolerant varieties, the
characteristics of ear traits were investigated in maize hybrids under different planting density conditions. Twelve
maize hybrids that were popularized in China from four different eras since the 1980s were used in this study.
From 2017 to 2018, these hybrids were cultivated in Shenyang city, Liaoning province and Gongzhuling city,
Jilin province, with the two planting densities of 60, 000 plants/hm®and 120, 000 plants/hm*, using split plot

experiment design (four row plots, three replicates each). Ear length, ear diameter, bald tip length, rows per
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ear, kernels per row, and 100-kernel weight were investigated after harvest. These maize varieties showed
extensively significant differences on rows per ear, kernels per row and 100-kernel weight. Ear diameter, bald
tip length and 100-kernel weight decreased under different planting densities with the decades, while ear length,
rows per ear, and kernels per row did not change significantly. The bald tip length was observed with especially
significant difference, for example, with the average decrease of 0.24 cm (high planting density) and 0.19 cm
(low planting density) every 10 years from 1980s to 2010s. Under higher planting density condition, shorter and
thinner ear, longer bald tip and reduction on kernels per row were observed. New varieties released since 2000s
became tolerant under higher planting density condition. For example, the ear length of 2000s new varieties and
ear diameter of the 2010s new varieties decreased the lest, while the bald tip increase of the 2010s new varieties
was the least with the value of 1.04%. In the future breeding for new high-yield varieties that are applicable under
higher plant density, it is necessary to synergistically improve the ear length, ear diameter and bald tip, without
a reduction on higher 100-kernel weight.

Key words: era; maize hybrids; ear traits; trends

FOAREFE S — KA, b2 R B R
40%'" . Bt TN T A A T KR S L
Kt KA ETF . T AR AT B, f v B
(LT AR R A T ORI B T R e R
KEFHEE HFR

K FE A RO R AT R A TR
FORLEE SE PR N . — B 3, AR AR 7 i
IEAR KRR o ARHETE X 74 4> TR AL FH )™
5 FEAR MRV T AL WA 23 FLE AR 2 A
SERRW AR R I REA T RS R R R K
MFEERR, R, 202 FE WU TARENAE
K B A AR H o B ARGy O IN, 5K PR R
SFETIIFSE R BT R A R OK D B BRI AR TR R
HORWIE . SOBTE A R BN 1976-1995 4118
(] LB FOR A SR B A B o TR EE AR 5 BT
R B T R S, M REA T & R RS T
AL, EHRVLAE S WEIE T 70 4RAR LA KT FRAE
) RS i AR Z IR A F , R I i
ot 14 2 EVURE B8R TR o 10, B 1 2
SR BRIEMESEIWE ST R BT 1950 4 LUK KT FRHE
14 T A it e AR, ERORT 7 R Y 4 v e R K
R1 RAESHBER
Table 1 Information of 12 maize hybrids

Ffr = ARG R TH ) BN A O S5O R [
1970s-2000s K 2% 52 B i it Jo PR 0 064 7 53
B NS E 5 i IEAR DG . XRER Ao 13
M 1980s-2010s £ A Fp Ik T3, R BH - &
() 4 oo A5 25 T AEURE BORN BAA T ARURE KR A0 3
Echarte 212 43 B AR £ 1965-1993 4F [ £ oKk 2458
Fofr | &35 5 2% BH i R B B A 398 o2 L R R
BRI o T TR AN R A 1y 4 R 425 il
FEAN TR ik 2 B S SRR AR AL A A 4
I8, ASHESE 35 B 1980s—2010s H [ Kk 1 AR HE T 1)
124~ B R ZR AR BB T 6 2 (6 7 Fk/hm?
12 T R/Am?) , B TEIRFEA A AE AR T K 4 A2 il i
TS PR 40 2 A e 38 LA B AN [ o L 5 B 18 3 2 1)
VS 1PN e b NTY i S e N W R i 2
1 MREFE
1.1 REEAFR

L) 1980s-2010s H 8] 3= %L 1 K7 A A i b4 k)
(D, FEFR2S FFE 13075 ALK 108,

PURA 19 A 13 FREA 958 IR H.20 .56 £ 335 .DK516,
I 35 A3 15 gt 12 ORISRl .

AEAR PS4 FARAS B LAL B A
Era Hybrid name Parent combination Breeding institution Breeding year
1980s DS Mol7xH 330 R E O B2 B 1975
FFE 13 Mo17xE28 FHERTAOL R EBE 1979
W75 7k 5003xE28 BT AL L= BE 1982
1990s 4K 108 X178x# C EREEPIQ e 1994
DU 19 444xMol7 PUFTT Al B B 1996
P13 i 478xF} 340 S T gl B2 B 1998
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AR AT EARAS B HLRAL B A

Era Hybrid name Parent combination Breeding institution Breeding year

2000s HBE.958 B 58x E 7-2 TR OB B 1998
RHL20 9058%7% 92-8 R BB E B 2003
HEE 335 PH6WC*PH4CV BRI SRR AT B F) 2004

2010s DK516 D1798ZxB1189Z bl R AT R ] 2011

FESE 35 9F592x6F576 T8 KWS Fl-7- e A R 2013

rE15 HF12202xHM12111 R AT BR TR A 2016

1.2 REHE

ARIE T 20174 2018 4EFE T MRS T4 (43.50°N,
124.82°E ) 3L T4 FH (41.80°N, 123.38°E ) k47 M 4F
P . SR AR KR T, 3 B R
(12 73 #f/hm?) FICFPAE 25 B2 (6 0 #k/hm?) , 4 171X,
3WHEL, HIEE HLE K H o A4S/ X sk o)
247, NH BB 10 F80EF TR IR 25, A 45
o AL A TR A TR TR K DL A R
1.3 Sitath

5% JHl Microsoft Excel 2016 #4788 4b B, %
1 SPSS26.0 ATt iR YE G T F T 22 50 Mo Rk /b
IR, R RIE F A6 E A/ DX R EMREZ 8
BT A <3858 B et 2k vk G i 1B (BLUE,
best liner unbiased estimates)'"™', i T Ft A £ BRI PEIR
2 S0 . R /) i 35 M 22 5 1 (LSD, least-
significant different) HLA A A] (1) 26 7 W 4k L 1158
AN TR A5y 6 K 28 B 178 5 280, I Excel A7
il

x2 AREREARRMERERT ESH

Table 2 ANOVA analysis on ear traits of different era varieties

2 HER59H

AEER ER M EZTEFBIEREHE

P2 2 F] T, BT i o ) R4 A ] 22 5 B4R
KB K R UIBERE o Rh S, B A R R
RORAR WL 22 5%, W05 SEA FEo B R A2 10
P, FEATEC AR AR A RS R b R 22
SR BN R K, RERL FE K AT RO
v NCEAMEIE R S i R T S
FPRIEE S AN R R WTREAR AR Bl A PR ROR
WAL . B AL TE A A R R A E AN ]
PR 5 2T 22 iR B B 2 KK B R SRR
K AT AT R BORT R A RS R AR A [ 2R
B 1A 22 S IR BB R 2K RO AR B A AR U
MBS AT AP R 255 . BREE A, HAt RE
FRMRAE AR AU BRI I LA | 22 S B R Gk B W 3%
KA B REAT R AT R EORT R A PR TR ER
S5 ke s E ELAE B 22 S T ) 2 i i K

21

285k A (23S TR FTREK TEATHL TR HRLTE
Source df Ear length ~ Ear diameter  Bald tip length ~ Rows per ear  Kernels per row  100-Kernel weight
Ay AY 11 3.82 0.91 233 16.07+* 42 54%* 240.67**
AR E 3 3.53 1.54%% 6.59%* 6.24% 20.14 607.40%*
HED 1 160.14%%* 2.37%%* 7.69%* 7.01 1072.58%* 39.94

L L 3 630.71%* 93.07%* 114.46%* 224.67%* 536.10%* 344.46%*
AEAUHEE EXD 3 1.53 0.20 0.95 0.79 5.16 39.71%

AR IREE EXL 9 5.72%* 0.20 0.66 1.37 6.08 20.49
IS LD 3 6.74* 0.13 1.51 8.98%* 24.72% 57.97%*
AR B < RS ExDXL 9 2.99 0.16 0.70 0.55 10.07 13.59

#FIE Y HIFORTE P < 0.05 Fl P<0.01 KA B3%

*and ** mean significant difference at P < 0.05 and P <0.01, respectively; V: Varieties; E: Era; D: Density; L: Location

Xt b Ff (8] 22 S 25 00 PEOIR 1T 2 LR
(F23) , fRFAE 5 B 26 AF B BEA TR0 T 14.76~17.31

1,8 3 B2 KN 12.79% , FHo A i 5 13 AT B &
(17.3147), P82 B/ (1476 47) s AR BAE 33.76~
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39.36 %7, A5 S R ECN 9.41% , Hirh DK516 774 5
% (39.36 %) , 35 W 3 5 1Y 45k B ik 2L (33.76
K ;OB ELAE 35.32~45.56 g, 7 S R KN 12.37%,
AR B 958 1Y Rz HE fie K (45.56 ) , 23K 1 5 ix
/N(35.32 g) o TE (R PR % B A5, B AT A
14.07~16.7517, 8 55 2 HCH 14.30%, Hrp i 13 119
HEATEUR K (16.7517) , HA 2 55 /N(14.0747) 547
WECAE 31.25~35.19 %, 28 55 R EUCH 12.43% , Hrp g

R3 FEMEZEZET 1980s-2010s F K G FMFEER L b 82

P19 (A TREBIUR R (35.19 8%) , #BEA 958 fiz/IN(31.25
Ki) ;s TR TE 31.19~44.05 g, F F 2 H N 12.37%,
Hod A 5958 1 R FE e K (44.05 g) ,AE 6 1 B
/IN3L19 g) o BEAARRT AN [RIFPAE % B R 1990s 2%
AR BA 13 A RS TH . 2000s 2248 Fh AR 2 958 Y 7T
o R B AE , T 2010s 258 F DKS16 1 1990s 4%
SEAVU B 19 A TR B £, 19908 J5 HE B 1) 1 K i
FIREEB PR R 25 G FRINEAT, 32 P 2 B 2 /)N

Table 3 Comparison of ear traits of maize varieties (1980s—2010s) under different planting densities

T8I Rows per ear ki % Kernels per row E R (g)100-Kernel weight

B (CFIRIEEIE SRR G WRRAE  (CRREE AR
Varieties Low planting High planting Low planting High planting Low planting High planting

density density density density density density
512 45 Zhongdan2 14.76¢ 14.07d 35.29f 34.55abe 40.47b 43.48a
F}++% 13 Danyul3 15.77abc 16.10a 36.58bcde 32.18abcd 37.68bc 38.81bc
k5.7 5 Shendan7 15.68bc 15.67abed 39.14ab 35.11ab 38.12bc 37.19¢
4K 108 Nngdal08 16.15abc 15.73abc 37.73abcde 31.85bcd 40.47b 36.87¢
PUFAE 19 Sidan19 15.04bc 14.25bed 38.12abed 35.19a 40.28b 39.65b
13 Yedanl3 17.31a 16.75a 37.23abede 33.65abed 39.01b 39.66b
FB50.958 Zhengdan958 15.71abe 15.59abed 35.81def 31.25d 45.56a 44.05a
25,20 Jundan20 16.49ab 15.84ab 36.22cdef 32.23abed 39.77b 42.86a
56k 335 Xianyu335s 16.47ab 16.44a 38.66abc 33.60abed 44.61a 43.07a
DK516 15.26bc 15.45abed 39.36a 34.78ab 39.10b 38.81bc
18323 3 % Demeiya3 15.13bc 14.16cd 33.76f 32.37abed 38.86b 34.27d
165 1 5 Huameil 16.35abc 16.69a 38.61abc 31.51cd 35.32¢ 31.19¢
SRR ()Y 12.79 14.30 9.41 12.43 12.37 12.37

ARG FEFRIRTE P <0.05 /K- R 225 T I

Different letter indicate significant differences at P < 0.05; The same as below

22 ARAEREAZZHEEEIMERT L

X ARAR ] 22 53 B 3 B PR — 25 (| 1)
RINAEARFPAE 25 B 451 bl AR A R, Rk
A7 B8R R T Y RN S BRAR R A, T
2000s i F| 5 K AH ,2010s & F B ToRK B A 5
RS BRI SR 10 2415 0.19 em. 7E
RIS, BEORL A T BRI R R B AR
B SR IN 5 BEAR B B, Y 7E 20008 35 Bl i K
1B, 2010s i 3 T 5 RO KA IR B B B T e 3%,
IR 10 AR AR 0.24 ecm. LRGSR E , AR 24
SRR T A K A B bR A v A oo 2
TYHE TR T BAEAR RS E A RE
2250 AT IS B it B o R A Ak R I 2, SR AR
TR R AR

23 FA—FEREXRZELZMHEBERE R EMIEZ

FE RS 4K N Sz

Xof 4 B[] 22 5 3 25 i MR A T Eu A (R 4) L B
FERAEA , AR 2 5 Pl e AR RS 25 55 P55 119 it
TSP R B 38 5 o AT 2% B BRI Wi o o 8
BE RGN, RGeS P e B R AR A A AR
A FERKASK Frhigias, Hp 22 5P (1980s—
1990s ) 8 K- 43 5 B A% 9.82% . 7.82% , FHHH 43 T B A%
3.32%.6.27% , TR 53 N 13.94% .9.11% , 4 kL
Ay 9 B AR 10.11% . 8.64%; M 38T i A (2000s —
2010s) T K43 B A 6.61% .10.09% , FEAH 45 I FAIG
5.08%.3.24% , F5 R A 43 HI¥E N 37.72% . 1.04% , 17
BB WA 12.30% . 10.86% . %7 TRk , 76 = fh
FE55 FE T 20008 87 db PG 20108 i R A AH g 2
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Fig.1 Changes of ear traits of maize hybrids in different eras

i Sz 2010s B ity Bl 75 I Y1 i ZEAS /N T 20008 LARTT
(12 it il 2 20008 Ji 49T R S AR 25
®4 F—FERAEAMHEZETERRZ BB ERK
E31)
Table 4 The performance of ear traits of maize hybrids of
the same era in different planting density

HH Hﬂ“‘:

Wd‘ W &J}E, 1980s  1990s  2000s  2010s
Traits Planting density

K (em) {EFMEERE 18.31a 18.53a 17.87a 18.11a
Ear length PRI 16.51a 17.08a  16.69a 16.28a

[ 180 145 1.18 1.83
Ml E (%) 982 7.82 6.61  10.09

fCFAES5E 4552 48la  487a  4.46a

EFPHEE 4402 45la 4.62a  4.32a
[ 0.15 030 0.25 0.14
MRlRE (%) 332 6.27 5.08 3.24

FTRK(em)  RFHZEE 2452 2.12ab 1.77b  1.92ab

Bald tip BRI 2.80a 231lab  2.43ab  1.94b
length H5 R 034 019 067 002
WA (%) 1394 911 37.72 1.04

ML (cm)

Ear diameter

TPRIEL {RFIEB5E 37.19a 37.68a 36.90a 37.24a
Kernels per FREZEEE 33.42a 3442a 32.36a  33.20a

row A e 376 3.26 4.54 4.04
MEMRT 40 (%) 1011 8.64 1230  10.86

3 hie

3.0 AREREXRFHEIPERTRI

LR DATTY VY Y TR G R s e Y S s
TRy E B A R T, BRI AR R R
ATECATRE AL RS . P R R A TR B 2
SN AL ZR 5 RORE RN A T B8 [l ) 24 Aok B B
5% 2 BN TRLEOC RERER ) 5 ) ELRRA T RO
SO AT A BB R A MR R A A
K R ATRLEL, o= A R, B B 1 TR
iz, A, At R i K i i
B LRE ARSI R EAS [R] A
R R 5 7 | 2 B O R AT T T2 ot
gyl gEURIARER R RO AT A TR
AR S R YA (R IR AR R AN A AR
AR T2 A i o R bR 1 A A e A R X R A
R R LR A o AR S PR R SRR
FEATEL A TRLECR B R AR R = BRI AR A
T 1980520108 F [ 3= 22 1K A R (A B PER 25 57
T R 5% B AR g o IS R AN R A AR i Al ]
A FEATH AR BRI B E 25 R K, AN R Rl A 2%
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PRt % BROAS B 058 7= i A 1 b B A X5 i s R A
LU AT 1960s . 1980s,2000s 3 AN4EAT Tk b A
FEAE R, F2 W] 20008 Z& S FIAS AL 958 )7 it FlI F R EE
12355 F 1960s—1980s & Al 5 IR VT4 T WF oY th 3%
H1 1990s Ji b FIERA 1250 A 70 B0 R B S5 A
ARZNLT 1990s BT AL AN . SART L 1990s 5L H
B T A i A S R 3 B | 2 R % R
LI
3.2 AREREKZZFHEEPERETIFE

AN TR i Fi 55 9 BE ) AR X 7 5 A T 25
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ghI g2 {0 2010s 2T B, FBHTE 20008 2
AR A T HORT BB EE AR 5 T A R R, 20108 7%
EREEIR R B, T RE S5 Ao 1E T A0 A
A, o S 3 S e e | SR AR VAR
K XGE B MU B 2 B 24 52 Rl 1520008 77
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BOg /> . Zhang 2% BURRL 2 BE S I, SRR K &
S EEBEIN, PEANA & BUBT R ARG R ST AR
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T, AR A R FIOR EOR 0 S R U R
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kT 25 SR B R KR R SRR K AT
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