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Evolvement of Stem-related Traits of Maize Inbred Lines
Through Different Decades in China
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Abstract: Stem is an important constituent part of the maize plant, which closely affects lodging and grain
yield. A study of the trend of stem-related traits of inbred lines of maize grown in China in different decades from
1960 s to 1990 s would provide references for maize breeding for lodging resistance and high yield. In this study,
maize stem-related traits, including stem height ( SH ), ear height ( EH ), stem node number ( SN ), ear node ( EN ),
stem diameter ( SD ), stem moisture content ( MC ), stem soluble sugar content ( Brix ), and ear height coefficient
( EHc ) and ear node coefficient ( ENc ) derived from some of them were investigated in 65 representative maize
inbred lines of the different decades. Using these stem-related phenotypic data, ANOVA, correlation analysis
and the trends in the different decades were studied. The results showed that there were significant differences in
the stem traits among the maize inbred lines, while no significant difference of maize stem-related traits existed
among the different decades; SH, EH, SN, and EN were decreasing from decade to decade; the EH improved
significantly in the time period; around the 1980 s, the selection criteria of maize stem thickness reversed from
robust to slender stems, which might be resulted from the breeding goal of increasing yield through rational dense
planting; in the 1990 s, MC decreased by 3%, which was significantly different from the 1980 s. Maize lodging
resistance has always been an important research in China, with EH improvement coming to a significant effect,
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and SN and EN becoming important focuses in maize breeding of lodging resistance and high yield.

Key words: stem; stem node; ear node; maize; inbred lines
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Table 1 Sixty-five maize inbred lines and their pedigrees in 1960s-1990s

B HAFAR EIRe) EfrE ik
Decade Code Inbred line Origin/pedigree
1960s 1 63 (127-32 x £k 84 (W24 x W20 ) i
2 WF9 T A AR KT
3 e 64 Bk Tk
4 M14 BR10 x R8
6 4 330 OH43 x A F] 67
1970s 1 pree | U H ) 2 ik Z
2 % 5003 P 26 3147 Ze55 R
3 7922 M 2R 5SFh 3382 Hi4rES
4 #11-8 330 x [JA]
5 I Jie 9 Zutk
6 7531 A 330 R&5%45
7 E28 (A619Htx Jik 9 %% ) x ji 9 $& (BC3)
8 Mol7 C103 x 187-2
1980s 1 77 853 (R x H330) x #FP
2 USR] (HERPY x [ 334) x #H
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F1(4)

H AR Hs ERrER ESi

Decade Code Inbred line Origin/pedigree

1980s 3 H21 LY x H84
4 & 7-2 (BRI x % 95) x S901
5 434 466 x #E 94
6 D # 212 D729 x B
7 K 14 5005 x 6917
8 835 UBl12x HiER 718
9 F1 9046 5003 x 79-22
10 478 (8112 x 7k 5003 )S8
11 803 U8112 x 5003
12 K22 I 478 x K11
13 5 92 JFF% 122 x 1137
14 T 311 L EZERHAOR I
15 fi] 11 e 2145
16 Us112 LEB I ERP B RE
17 52106 R4r 525 x 1 107/106
18 T 81162 (524> 525 x 4107 ) x 106
19 3 319 eI 78599 TR
20 Ak 178 FeE ZeAE T 78599
21 1L 371 KEFHE IR
22 698-3 FE SR A A HI 78698
23 W 477 CoMol7 Mk ik E
24 C649 Mol7 x 425
25 200B 330 x 187-2

1990s 1 521 F [ 22 78599
2 444 A619 x H#EY
3 SH15 FFE A2 F 78599
4 K314 BRI x (i 302D + #EZ)
5 335 FR x RFEFLZL 142
6 LX9801 # 502 x H21
7 il 2345 #7922 x 1k 5003
8 iT 5114 £ 7922 x 1k 5003
9 1 9-21 78599 4 4 P AAAME SRR G A AL
10 # 58 i 478 A8 Sk
11 353 FLHE 2C0-2
12 451 4513 x #iy £oK Sailisi
13 7 237 M14 4R 44 ELE5Fh
14 i3 014 W BT
15 FH 01 V& H 25 PN78641 2455 Fh
16 7 598 (OH43"" x 1340 ) x FHE 02 x FFH# 11 x 78599
17 R 22 340 x E28
18 FF 988 F 22 78599
19 2 29 FE 58 78599
20 137 Jei CIEARN ) 6TK 111 =38 Fif
21 P138 R AAH 78599
22 #3130 Fe E A28 F ] 78599
23 FF 1324 Mo17 x NN14BHt/Mo17BC3
24 495 (Mo17xL105) x Mol7
25 iT 3053 (5003 x B68 ) /7922
26 3% 205 Population 70 QPM x (#i#% 141 x H1Z& 017/02) S,
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2018 4F Fl1 2019 4F 4 b4 L i AR T b gk
2 e == [ FE A7 [ (40°10' N, 116°08' E ) it 46 J
Mo HEERORBEALHES , BAAT RN, 77K S m, 4THE
60 cm, BEFH 25 em ( £ 5445 ¥ /667 m*), Hiv, &6
B A R B 3 U DU IE SRR R 2R A
PRIRFRAME ., 2018 4Fi% B A A RIL 4 4, 4301
pIEVUSESk (£ 31, C649 FIFF 132452019 4Fi% & &
B RRE 19 A, 4300 75 63 WF9 3 64 .M 14,
PSSk R Y 7922 0 H YL & 72 K14 ST
9046 & Ji 92 fa] 11 .7 9-21 .7 451 ¥ 014 P138.,
495 i1 3053, PUJEE 2 TP T, i3 +
HEK M 4, pH {H 8.10, ZENE 43 Wit IR 2% 375
kg/hm® W2 4% 375 kg/hm® A B 375 kg/hm®, 15
FBEIW T 5E AR 2 275 kg/hm®, ] HAb 4 B 5
— P AR
1.3 PERE R %

PR T BRI 2 Bk, B2 )G 25 d ZE AT
SRR (H L3R4 PR E ), Bl #E R i
B MR AR AR SR TR R B A A R ROK 2R
e

) A MR AL 45 K 25 755 (SH, stem height ).
T 1V = (EH, ear height ), 25 75 % ( SN, stem node
number ). & {37 75 ( EN, ear node ). 2% #1 ( SD, stem
diameter ), 25 FF & B¥ & ( Brix ) Ml & /K & (MC,
moisture content ), L7, ZE 5, EAEFF AT EE
KRR AT R B B R, FORZEFFILR R £
RSB AR T I B 2R, EOREEFT BRI
B BT, EORIEFE R, SR AE A R 25
HH, TR SRR AR L3 R) B R 5 ) ) ELAR Y
I, AR RO 6 5 SO, FORZEFFRTTHR ST,
FHRS WA IR 1~2 mL, i TR o T ( PR-
101 o )iE 5 Bk, (ZEffeE - 25T ) 5286 E
B ke {H; B 7 & %0 (EHc, ear height coefficient ),
FEA 75 5 25 5 19 LU {R; 895 & 2 (ENc, ear node

K2 EREXREFERAELN

Table 2 ANOVA analysis of stem traits in maize inbred lines

coefficient ), AV 15 5 251540/ LU AHL
14 it

fii FH Genstat ¢ i1 73 A1 8544 Ay BR il 2 & K
L4k (REML, restricted maximum likelihood ) R
B AR 6 8 25 FF M R A 7 e A 4 M T Al
1T ( BLUP, best inear unbiased prediction ) ; #& T
2018 4F 2019 4F 5 IF 7 2 FF MR R AUE, #1T7 A
[\ F 28 F ZEFPER 5 2250 0 ARV ARARZEFFYRIR Oy
2553 MT 5 SR RO 55 v Y BN Wik 35 22 (LSD,
least significant difference ) #E474- X [H] 25 FF PR £
A (=0.05) ; 3T 2018 47 Fil 2019 42551 1
ARAG 00 B A G M T s A (B3 25 AR IR (8] Y
Pearson fH ¢ R %L,

2 FERE5HM

21 EXRBLZRZFERMBERER

FETF 2018 4. 2019 4F 65 153 A 22 R BYZEFF MR
BT 22000 (36 2) KRB, BRZEAT S K AN, Hofth 8
HERAEARTR A ZZ R BRI 22 57 B3, BEHAETR
40 41 FKBAL TR 6 KRR IR A B R
R AT AR 2R, 6T 2018 4. 2019 4F 1925 FT
PRARIEAT I 22000 KB, ASAAEAR ], B R oK E 5
RIZEFFRIR T 25
22 EXRBLZREZFHEREXREST

FEF 2018 42019 A ZEFF AR ) 2 B E R 1T
65 1 ok A 38 R ZEFFEIR A9 S AR 2 M e A 1
{8, HArsiAS i BLUP {EE T /e 2250 # (R TR Do

65 1 £ oK [ 28 2 ZEFF MR AH AR50 HT (2 3)
KB, FORFEAT 5 25 A R AR R IR A
XK, ZE A R B B R R UL B OK R
A e X RN, R B R M SR, A R R IR
i it K A BB BE 7, B DL, BB A = 6 K 5
UNGSEA NGB I S AP I N ENSEA
R,

FORZEFF Sk 52T B F 2R &R Ui

N . b iva=n e e . R ESil Pk iy
A R 275 (em) MRS EVH OBET ETWARK b )
o (cm) (mm) (%) (%)
Source of variation SH EHc SN EN ENc .
EH SD MC Brix
AbFRE] Treatment 1445.383 562.314 0.013 4.150 3.127 0.008 10.456 34.293 6.577
1%2% Error 304.251 141.837 0.004 1.280 0.550 0.002 5.471 23.135 3.530
F 475" 3.96" 3.04" 3.24" 5.68" 3.60" 1917 1.48 1.86°

*: P<0.05, **: P<0.01, the same as below
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Table 3 Correlation analysis of stem-related traits among 65 maize inbred lines

LEIN E A Tl 2AL ZETRR it [ESEE 14 eyl ke EOR
Trait SH EH EHc SN EN ENc SD MC Brix
2575 SH 1.000

FEAIES EH 0.710" 1.000

Flifv 2% EHe -0.048 0.656" 1.000

XA SN 0.397" 0.595" 0.452" 1.000

BRI EN 0.340" 0.791" 0.770" 0.753" 1.000

T B ENC 0.158" 0.650" 0.749" 0.252" 0.824" 1.000

2541 SD 0.271" -0.009 -0.280" 0.139 -0.079 -0.228 1.000

Pk MC 0.279" 0.364" 0.263 0.381" 0.464" 0.394" 0.224 1.000

W& it Brix -0.028 -0.336" -0.454" -0.456"  -0.545" -0.426" 0.099  -0.446" 1.000

TR ZEFF A A0 A g 25T B oK S A i b o
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RERA A TAPRL T YR R
23 AEEREXRBZTZEZTERTUNERK
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FEHER A AR 3 (1 1) AT L& 3R, 20 42 60-90
AR Z 1A, IR B S E K A 38 R IR (SH) i
5 (EH ) 2230 F a5 A7 R 80 (EHe ) T R i
(1A, BB TR E K B Fhad 2 ok £ K eI vE:
H—E MR, 20 4 60-90 4E4Y, KA 2 1
% 15.27 em, R B3 K5 i H25 0 A & ARk
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(=11.04 ) FEA7 55 (-6.26 ) B9 R IR, 90 4FAR
SR (-0.81) FIAEAL Y (-0.56 ) ek B 7 BEfe K
(& 4), T ELXF 2577 500 RRA 9 19 0 B30 90 4F
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FKALRZEEYMHES 80 4ECH LT k.
U I ZE IR i AR B — e AR B 2 5, A ZE 1 ORI
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1 FRFREREFEXERELESR

Fig.1 Trend of maize stem-related traits through different decades

x4 TREERERERBZREZFIERRIAKLE LSD ZEIK
Table 4 Phenotypic data of maize stem-related traits and LSD in different decades

WiH AR 2 (em)  BEOLE BROREL ZEWHL FBEOZY R RS 25K (mm) FKE (%) BESE (%)
Item Decades SH (cm )EH EHc SN EN ENc SD(mm) MC(%) Brix(%)
HifH 1960s  168.7+33.6 82.8=10.7 0.50+0.09 13.74 +0.94 7.54 = 1.01 0.55+0.05 15.74 +1.92 81.73 £3.29 10.80 = 1.96
Mean 1970s  157.7+39.2 76.6 +21.7 0.49 +0.08 13.71+1.28 7.15+ 1.07 0.52+0.04 16.07 = 1.71 83.20 +4.76 10.39 + 1.69
1980s  151.8+25.0 71.0+14.5 0.47+0.08 13.68 + 1.76 7.07+1.29 0.52+0.07 16.71 +2.70 83.79 +3.50 10.75 = 2.56
1990s  151.6+£26.8 67.6+18.5 0.44+0.08 12.87 +1.37 6.51 = 1.28 0.50 £0.07 15.31 +2.32 81.14 £4.86 11.27 = 1.61
I LSD b4 1960s-1970s  -11.04 -6.26 -0.01 -0.03 -0.39 -0.03 0.33 1.47 —0.41
LSD comparison 1940¢ 19805 ~16.98 -11.82  -0.03 -0.06 -0.47 -0.03 0.96 2.06 -0.06
of mean .
1960s-1990s  —17.18 -1527°  -0.06 -0.86 ~1.03 ~0.04 -0.43 -0.58 0.47
1970s-1980s  -5.94 -556  —0.02 -0.03 -0.08 0 0.64 0.59 0.36
1970s-1990s  —6.13 -9.01 -0.04 -0.84 -0.64 -0.02 -0.76 -2.06 0.88
1980s-1990s  —0.20 -345  -0.03 -0.81 -0.56 -0.01 -1.40" -2.64" 0.53
B ETE, 80-90 AEARZEFF S K KIE T, 4561 3.2 EXMBAKARREREEAREHHNEERAR

Py e

N EEOE EE S TS E S =S O YA Y]
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FRAY K E Rl 5 AR, A el RAOR H
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X UL s B B AT o 58 B 2 R A i 2
Mo
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BT

AN, 20 tE28 90 4FAR FE R K B 3 N E
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TR RO 2R AT R R S K
S 0 SR DN T KRBT B 7E Hh i i
AR AR AT e B P A R 5/ ) 25T B5ORn
BAR AR T B S B TR, AR B T, 25
FFE5 Wt AR 50, P B8 S A R Rk T4 o A AR
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