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Deep-sowing tolerant characteristics in maize inbred lines

PENG Yun-ling, YANG Fang-lin, ZHAO Xiao-giang, REN Xu-wei
( Gansu Key Lab of Crop Improvement and Germplasm Enhancement, Gansu Provincial Key Laboratory of Aridland Crop Science ,
College of Agronomy, Gansu Agricultural University , Lanzhow, Gansu 730070, China)

Abstract: In this study, 45 maize inbred lines were employed to study the interrelationship among traits of seedling
emergence rate, root number, root length, mesocotyl length, coleoptile length, mesocotyl and coleoptile total length,
seedling length, and deep-sowing tolerant characteristics at 10 em and 15 em sowing depth. The results showed that root
length, mesocotyl length, coleoptile length, mesocotyl and coleoptile total length increased, and seedling emergence
rate, root number, seedling length decreased with sowing depth. And there were different variable coefficient of the traits
at different sowing depth, with seedling emergence rate and coleoptile length showing largest variations whereas root
length, root number and mesocotyl length being the least. Correlation analysis showed that seedling emergence rate at 10
cm sowing depth was significantly positively correlated with coleoptile length, root length and seedling length. Seedling e-
mergence rate at 15 em sowing depth was positively correlated with mesocotyl length, mesocotyl and coleoptile total
length, root number, root length, seedling length. The findings for the 15 ¢m sowing depth could reflect deep — sowing
tolerant ability in different maize lines. Therefore, according to strong or weak deep-sowing tolerant ability, 45 maize
lines were categorized into three groups, using parameters including seedling emergence rate, root number, root length,
mesocotyl length, mesocotyl and coleoptile total length and seedling length at the 15 em sowing depth. Further, these 45
inbred lines could be classified into six sub-groups (Lancaster, Sipingtou, PA, PB, BSSS and ILuda Red Cob), which
agreed with the recorded pedigree. Marked differences were observed for mean seedling emergence rate, root number,
root length, mesocotyl length, mesocotyl and coleoptile total length and seedling length among the six sub — groups at the
15 em sowing depth. Analysis showed that the values for Lancaster, Sipingtou and PA were relatively higher, exhibiting
strong to medium deep-sowing tolerant, and are elite germplasms for improvement of deep — sowing tolerant maize .
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Table 1 Morphological traits of 45 maize inbred lines at 10 ¢cm and 15 em sowing depth

o ARRMERE)
5 . REE/cm "N
Cod Inbred lines Denth RAT/100% RN/ RL/cm MES/cm COL/em MES+ COL/em  SDL/cm
¢ (Germplasm groups) P
10 100 3.70 12.98 6.53 4.91 11.44 11.67
1 8723 (Lan)
15 100 3.60 18.11 9.89 5.15 15.04 13.73
10 90 6.00 23.08 4.02 4.50 8.52 13.77
2 TS141(Lan)
15 100 4.80 23.65 6.64 4.84 11.48 16.09
10 100 3.30 22.69 4.71 3.98 8.69 12.76
3 81162(Lan)
15 100 3.44 24.00 5.12 13.71 18.83 9.17
10 100 3.60 18.73 5.87 3.79 9.66 11.51
4 JER 7% (Lan)
15 90 3.10 19.25 10.97 4.00 14.97 10.16
10 70 3.88 16.26 5.63 4.56 10.19 11.78
5 JEE H(Lan)
15 90 3.89 17.67 9.79 4.86 14.65 11.50
10 70 2.50 9.45 4.74 3.56 8.30 8.35
6 LX9801(SPT)
15 90 1.44 19.14 9.02 4.29 13.31 8.72
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Cod Inbred lines Denth RAT/100% RN/ RL/cm MES/cm COL/em MES+ COL/em  SDL/cm
¢ (Germplasm groups) P
10 90 4.00 17.83 5.30 4.53 9.83 15.88
7 K15(SPT)
15 90 3.50 19.29 7.39 4.28 11.67 9.41
10 100 3.80 15.66 5.67 3.67 9.34 11.26
8 £ 7-2(SPT)
15 90 3.14 20.06 6.18 9.63 15.81 10.26
10 100 2.89 18.97 6.02 3.69 9.71 11.51
9 430(SPT)
15 80 2.22 24.97 9.58 3.63 13.21 11.21
10 80 2.20 11.77 5.43 3.63 9.06 9.61
10 FF 598(PA)
15 80 1.89 20.52 8.56 3.89 12.45 6.78
10 80 3.33 18.01 4.37 3.13 7.50 7.87
11 478(PA)
15 70 2.00 22.16 10.91 3.33 14.24 6.69
10 60 2.71 13.50 5.94 4.07 10.01 10.24
12 488(PA)
15 70 2.44 20.51 9.10 4.16 13.26 9.98
10 70 3.22 17.89 3.67 4.19 7.86 13.80
13 9801(SPT)
15 70 3.00 25.40 7.09 5.17 12.26 13.21
10 80 4.89 16.86 4.29 4.49 8.78 14.64
14 8085 7% (PA)
15 70 4.13 20.93 6.40 5.39 11.79 11.50
10 90 4.67 20.56 5.44 4.11 9.56 11.03
15 FF 9046 ( BSSS)
15 70 2.78 29.73 5.54 8.45 13.99 10.99
10 90 4.22 17.06 3.89 6.63 10.52 11.82
16 65232(PA)
15 70 4.16 25.63 4.18 .88 13.06 9.75
10 100 3.40 25.25 2.82 3.84 6.66 17.38
17 £ 7 92(LRC)
15 70 3.00 24.41 2.40 4.20 6.60 8.60
10 90 3.90 14.44 5.02 4.42 9.44 9.19
18 MO17(Lan)
15 60 2.14 20.10 7.21 6.14 13.35 9.73
i 10 90 3.78 20.66 2.80 4.70 7.50 10.64
19 ik 136(PB)
15 60 3.63 25.84 6.08 9.20 15.28 8.99
10 100 3.90 11.44 4.08 4.88 8.96 12.74
20 78599 - 2(PB)
15 60 3.86 12.40 5.97 5.86 11.83 10.79
10 80 3.11 11.48 5.03 3.46 8.49 10.82
21 A413(SPT)
15 60 1.83 16.98 5.5 9.88 15.38 8.07
‘ 10 90 3.40 21.59 3.73 4.95 8.68 13.9
2 502 fJ (SPT)
15 60 2.67 21.64 5.2 4.74 9.94 14.37
10 90 2.44 10.89 5.19 3.64 8.83 12.16
23 444(SPT)
15 60 2.57 23.09 5.13 6.39 11.52 14.84
10 100 3.50 14.61 2.00 4.85 6.85 14.06
24 78599 - 1(PB)
15 60 3.60 13.37 3.81 5.98 9.79 14.05
N 10 80 2.50 19.80 7.57 3.40 10.97 8.53
25 L 107(PA)
15 50 2.43 18.96 7.61 6.51 13.71 8.13
: 10 90 4.10 13.30 2.96 3.78 6.74 13.97
26 ik 137(PB)
15 50 4.30 19.42 6.80 7.52 14.32 9.72
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Cod Inbred lines Denth RAT/100% RN/ RL/cm MES/cm COL/em MES+ COL/em  SDL/cm
¢ (Germplasm groups) P
10 80 3.38 18.29 3.70 3.94 7.64 11.75
27 K12(SPT)
15 50 3.70 16.06 6.50 5.34 11.84 11.60
10 70 2.33 11.24 4.61 3.49 8.10 9.88
28 %k 7922(BSSS)
15 50 2.63 14.46 5.86 4.71 10.57 9.24
. 10 40 2.50 13.08 5.65 3.75 9.40 10.33
29 H 22(PA)
15 50 2.60 11.10 6.24 8.12 14.36 10.94
10 60 4.25 23.30 5.74 4.47 10.21 10.07
30 0201(LRC)
15 50 2.88 17.30 6.15 8.54 12.69 7.95
10 90 3.00 14.38 4.12 5.10 9.22 12.11
31 H201(SPT)
15 40 2.67 17.23 5.80 5.96 11.76 10.87
10 60 1.80 10.85 4.04 3.49 7.53 9.25
32 £ 3(LRC)
15 40 1.70 15.86 5.73 3.74 9.47 9.52
10 60 3.74 19.54 7.00 4.01 11.01 12.76
33 K22(BSSS)
15 40 3.67 17.79 6.68 4.33 11.01 11.85
10 60 4.38 19.31 4.10 4.85 8.95 10.23
34 #} 340(LRC)
15 40 3.36 18.83 5.39 5.48 10.87 10.43
5 10 80 1.90 14.60 5.59 3.93 9.52 9.02
35 3 319(PB)
15 40 1.71 15.86 5.80 8.47 14.27 9.23
10 50 3.57 14.21 3.28 3.71 6.97 10.47
36 K13(SPT)
15 40 3.56 20.49 3.56 4.61 8.17 10.13
10 90 2.70 17.94 3.57 3.98 7.55 11.31
37 117(LRC)
15 40 2.90 17.26 2.16 3.58 5.74 9.20
10 0 4.00 11.70 3.29 3.36 6.65 12.38
38 87— 1(PB)
15 30 2.20 16.57 5.56 3.38 8.94 9.16
10 60 5.57 15.79 3.64 4.26 7.90 13.21
39 P138(PB)
15 30 3.80 17.60 4.06 4.38 8.44 9.57
10 40 2.86 13.81 3.03 3.24 6.27 11.34
40 %, 687(BSSS)
15 30 2.33 19.17 3.73 6.03 9.76 9.52
10 70 2.50 10.23 5.73 3.91 9.64 9.65
41 543(LRC)
15 30 2.25 16.89 6.33 9.24 15.57 9.24
. 10 70 3.90 14.42 2.97 4.38 7.35 9.97
2 # 86(LRC)
15 20 3.88 18.44 5.41 9.31 14.72 8.88
10 60 3.38 12.74 5.81 3.23 9.04 5.63
43 757(BSSS)
15 10 2.14 13.85 7.72 3.28 11.00 3.72
10 50 2.00 10.71 4.39 2.73 7.12 6.56
44 25 31(LRC)
15 10 1.00 12.20 5.20 4.40 9.60 5.30
. 10 50 1.88 5.53 3.06 2.76 5.83 7.16
45 iZ 111(LRC)
15 0 1.00 4.30 4.00 2.20 6.20 2.20

T RAT, 3 RN, MRS RL,AREK ; MES, ARSI ; COL, IR 54 ;SDL, K. T,
Note: RAT, Seedling emergence rate; RN, Root number; RL, Root length; MES, Mesocotyl length; COL, Coleoptile length; SDL, Seedling length. The

same as below.
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Table 2 Effect of depth treatment on variation coefficient of different maize inbred lines at different sowing depth

FElk 10 em 15 em ’;E}al[:lﬁﬁ*—

it A = B2 RN A bR 155 R Variation
Means + SD cv Means + SD cv rate
RAT 78.00+ 17.53 0.22 56.89 +25.03 0.44 1.00
RN 3.39+0.93 0.27 2.97+1.00 0.31 0.15
RL 15.70 +4.28 0.27 18.81+£5.38 0.29 0.07
MES 4.58+1.24 0.29 6.31+£2.04 0.32 0.10
CoL 4.04£0.70 0.17 5.89+2.36 0.40 1.35
MES + COL 8.62+1.35 0.16 12.15+2.76 0.23 0.44
SDL 11.20+2.36 0.21 9.89+2.62 0.26 0.24
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Table 3  Variance analysis of 7 traits for different sowing depth and varieties

AR SRR Variance source RAT RN RL MES COL MES + COL SDL
SR Variety 3.605" 3.77"" 3.873"" 1.935" 1.839" 2.056" " 3.331""
VR Depth 49.452" " 2.416 24.442% % 19.107"* 27.029" * 73.344% " 6.409"
[=] VR pE
hiFl x R 4,624 3,747 4,337 2.316" 1.91% 3.647 3.399% ¢

Variety x depth

T DEEMEFRA * 3 x % H 5% 1%KFFERBE. T,

Note: Values followed by * or * * are significantly different at 5% or 1% level. The same as below.

A 5 AN R R AR 25 1F N [R)—PRAR A A SR A
B, BR T RZFE I B LAAN , AN AR HE 4541 B
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HEAEIE D A AR R T4 B SR AE 15 em BT
TRARREST , 0 W45 AR 15 4 SR AR AR S Ak v LA 7
FAER G FAERE SRR

R4 FE10 om 15 cm BIBEMREZ G T EEROBEXIHT

Table 4 Correlation coefficients among different traits at 10 cm and 15 e¢m sowing depth.

gj{j:g rw 10 em 15 em
depth Traits  MES  COL MES+COL RN RL SDL  RAT  MES  COL MES+COL RN RL  SDL  RAT
MES 1
CoL 1
MES + COL 0.861" * 0.385" * 1
10em  RAD 0.405" " 1
RL 0.369" 0.373" 1
SDL. -0.297" 0.478" " 0.428" " 0.491" "
RAT 0.383" " 0.352° 0.527°° 1
MES  0.373" 0.350" 1
COL -0.296" 1
MES + COL 0.336* 0.435" " 0.359" 0.560" *0.626" * 1
15ecm  RAD 0.635" " 0.582" " 0.467" " 0.640° " 0.317" 1
RL 0.346 0.591"* 0.376" 0.418" 0.296" 0.361° 0.353" 1
SDL 0.465" " 0.343" 0.335"  0.539° " 0.346" 0.553"*0.404* " 1
RAT 0.341" 0.428" " 0.405" " 0.457"* 0.602" " 0.522" * 0.584" " 0.419" “0.550" *0.465" * 1

2.4 45 AR FZRES TR BTN
K15 em FETRAE T 0 B AR RBC AR K

PR R ol AR 24 R B R A5 B AL
RUEATIZ RS, Wl 45 1y AR K700 A F1 B
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Fig.1 Dendrogram of 45 inbred lines based on a cluster analysis of seedling emergence rate, seedling length,

root length, root number, mesocotyl length, mesocotyl and coleoptile total length at 15 cm sowing depth.

&5 15 emBREGT 6 MEEFRIHEXER
Table 5 Relationships among traits of six sub-groups of maize lines at 15 ¢cm sowing depth.
W RAT RN RL MES MES + COL SDL EEEA
Sub-group /100% /A /em /em /em /em Inbred lines
Lan 90.00 3.50 20.46 8.27 14.72 11.73  8723.TS141.81162 & # | J& H.MO17
5 3
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