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Table 1 The tested maize inbred lines in the experiment

Y549 Code  FHEI4 B Material name %1 Note 4549 Code  BHKI4 K Material name #%1: Note

1 HCL645 R 517 BEA 19 JS131010 1806730 P B £
2 PH6WC HeF 335 B 20 JS111067 F39WR R
3 #5 58 Zheng 58 H 958 BEA 21 JS161111 1S06730 B £
4 1S161022 Su95-1 B % 22 JS141073 1S06730 gt BL
5 I3 95-1 Su 95-1 U 29 BRAC 23 JS131061 1S06730 P B £
6 JS131160 Su9s-1 B & 24 JS161199 JS06730 i KL %
7 JS161131 Su9s-1 R & 25 JS161116 JS06730 Bt KL %
8 18161527 Su9s-1 g [l & 26 JS141043 1806730 P B %
9 18161045 Su9s-1 kB % 27 JS141045 1S06730 P B %
10 JS161133 Su9s-1 kB % 28 JS161474 1S06730 P B %
11 JS161136 Su9s-1 Mt B % 29 JS141027 1S06730 P B %
12 JS161137 Su9s-1 it B & 30 JS06730 R 39 A

13 1S161061 Su9s-1 itk B & 31 PH4CV e 335 AR
14 ISD1189 Su9s-1 kB & 32 D1798Z iR 517 K
15 1S131089 JS06730 Bk L& . JRRLE 1417 QA 33 18151181 JS06730 it B £
16 1S121042 JS06730 B & . JRFHE 1409 A4 34 & 7-2 Chang 7-2 HE 958 LA
17 1S141004 1S06730 B % 35 3 319Qi 319 £ 981 B/
18 JS161107 JS06730 2 KL &
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12 MEmMBEAZ

FHZiRe i 4% (PhotosynQ ) F b4
9:00-11:00 M 5E M-28 % & 7 (SPAD ), SLBrotfk
SRR ((popsy ) ALK ZEL (NPQ ) Fii:
RRRE, BAPEZR 2 i AEK -8 H mer I
et

VS 7K G5 I B A0 3 A 5 B S BRAFL IR, R |
. MRS AR E I, Al T 105 CTF AT
30min, 80°CHETZfETE, FRTPHEH., Wikl =i
TEST I .

WK S5 AR AR P AT BRI 5 BRAERE, I g
R py e gE, AR = K x 8 x 0.75, it
SRR AR

A5 R TR i AR A et A [ 35 PRI 84 1] i
DitEER . TETHEE = oK SR T RO E (8 /155
IR 5T I E (AL
1.3 HESh

% ] Excel 2007 F1 IBM SPSS 20.0 %} 54 #t 17
geitort.

2 HRESH
21 BKEEBKSFHTERBIFHEBERE
RHIER

m2S 2 A, VK FNE & K &0 F EK H

R 12 A FE AR 22 5 A B i K 24
IKATARFET oK A 58 F A)AE S R I FE PR A R T4
&, NPQ., ZETWE., ATYE., TWE. i
L MR L AR AREL (R RBOIKRT 15% ),
EIXTRAALG, WEAKAEHET sy . SPAD, M JRJE
MR, BRe . R, RTE. ETWE. T
Y BT AR A S RIS, NPQ
ETE, MBI,

22 EXREX REHm SR ATEARITIE

TR EOK AT B RE bR B I e, X 13 A
BRI TP A T s, R 3 AT, 4
M BT TR 77.29%.

Hrr SPAD, MR, FRir . ARTWE . 22T
. T E AL T E AR BONEE 1 R
FRFE ] s A, Herp =y F X6 A T 7 e AR R
LR . LK e AT, it SPAD
W, JEARESI IR, AT R R A2 ) E
A

HRRARIARHDGEFEPR T B HEEO0 5 2 Fil
953 FERG AR SRR, BT KA A T
PREFRE R DGR AR ) AR 2R A K AR BRI 5 (1
BURHIE

MR R EEXT S 4 ERU AR R K, N
0.89, SPAD X% 4 F i3 HURHIE ) 5 2k 0.38, 15
HH K I T30 e VR I T AR AR B PR



160 TEWIZRE Crops 2020 4F55 4 1
F2 BABEXNEXREAZREHESEEIERNZMN
Table 2 Effects of waterlogging stress on morphological and physiological indexes in maize inbred lines at seedling stage
Xt HE Control #57K Waterlogging i} 7546 %¢ Waterlogging tolerance index
Ei=(7 - 5L 2K L R
ot RKH M T SRR UM PO SRR A RUMI PR
Maximum Minimum Mean Variable Maximum Minimum Mean Variable Maximum Minimum Mean Variable
coefficient (%) coefficient (%) coefficient (%)
& psi 0.64 0.50 0.56A 6.75 0.61 0.41 0.52B 10.61 1.01 0.75 0.92 7.77
NPQ 0.28 0.06 0.19B 30.09 0.44 0.10 0.26A 31.21 2.30 1.01 1.42 26.75
SPAD 60.51 40.89  5347A 9.12 47.99 27.77 39.70B 11.77 1.03 0.51 0.75 13.37
H [

IH—H_’TE 1.81 1.42 1.61A 6.94 1.72 1.10 1.45B 10.88 1.15 0.67 0.90 12.44
Leaf thickness (mm)

AR (em?

FIETR (e /t*) 338.70 128.70  228.70A 21.99 170.70 55.50 108.30B 25.37 0.71 0.32 0.48 18.01
Leaf area (cm/plant)

¥k Plant height (cm) 55.30 34.50  43.60A 10.42 40.00 21.60 30.90B 15.10 0.84 0.55 0.71 10.17
H4 Root length(cm) 53.70 25.60  37.00A 19.96 31.10 12.90 22.50B 20.21 1.00 0.39 0.62 18.64
HE%L Root number 22.00 9.30  13.40A 19.24 20.70 8.30 13.90A 20.02 1.57 0.69 1.04 17.80
S I%E (&/Hk) 0.73 0.18 0.43A 32.33 0.30 0.07 0.15B 35.70 0.59 0.20 0.36 28.28
Root biomass (g/plant)

iq:%i (e/H) 0.46 0.15 0.31A 28.06 0.41 0.11 0.24B 33.72 0.98 0.54 0.78 18.06
Stem biomass (g/plant)

I -

T %E (&/HF) 0.73 0.25 0.49A 24.56 0.39 0.11 0.24B 31.52 0.80 0.33 0.49 25.77
Leaf biomass (g/plant)

&4 it

bq:%ﬁ (e/H) 1.80 0.60 1.20A 25.39 1.09 0.30 0.63B 32.10 0.75 0.33 0.51 21.60
Total biomass (g/plant)

HE5E L Root/shoot ratio 0.78 0.25 0.54A 21.71 0.44 0.24 0.31B 16.33 1.13 0.36 0.60 23.36

I ARG PR 0.01 KF F L3R, R

Note: Different capital letters mean extremely significant difference at 0.01 level. The same below

x3 13N TEAERHER S D
Table 3  Principle component analysis
on 13 waterlogging tolerance indexes

[GRECE HF1 WF2 WT3 W14

Waterlogging tolerance index Factor 1 Factor 2 Factor 3 Factor 4
b st 021 -0.77 0.46  -0.02
NPQ -0.31 0.68  -0.54 0.08
SPAD 0.66  -0.31 0.14 0.38
I} FJ2JZ Leaf thickness 022 -0.11  -0.15 0.89
1A Leaf area 0.77 0.09 -0.03 -0.29
¥R Plant height 0.67 -0.21 0.02  -0.33
H K Root length 0.15 035 068  0.00
H3%L Root number 0.52 -0.05 -0.43 -0.22
9 Root biomass 0.74 0.58 0.23 0.06
Z T Stem biomass 0.83 -0.01 -0.22 -0.03
-4 & Leaf biomass 093 -0.03 -0.15 0.07
H ¥ Total biomass 0.95 021  -0.07  0.06
AR 5e H Root/shoot ratio 0.06 0.78 0.48 0.06
FHE(H Eigenvalue 496 234 156 120
TIHkR Contribution rate (%)  38.15  17.97  11.97 9.20
SURLSE 38.15  56.11 68.09 77.29

Cumulative contribution rate (%)
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4n: PH6WC, PHACV ., K 958, HCL645, F% 319
FTR 95-1 4, ]y (6 4> ) FlREi AL (12 4>) 4.
E 7-2. D1798Z. JS06730, JS131089, JS161045
F1JS161136 %5,

E—25 500 3 AR T & ST,
AT, AR T IR A e, 4
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Table 4 Correlation analysis of morphological and physiological indexes under waterlogging stress at maize seedling stage
Jebi mREEE IR Mmoo AR SR WRTWE X TWE HTE B TYE
l;d;\ ¢dprsi NPQ  SPAD Leaf Leaf  Plant Root Root Root Stem Leaf Total
x thickness  area  height length number biomass  biomass  biomass  biomass
NPQ -0.80"
SPAD 035" -041"
W} HJEEJ¥ Leaf thickness  0.04  -0.03 037
IH 1A X Leaf area 0.12  -0.23 0.22 0.03
¥k Plant height 021 -030 0537  -0.11 0.44”
4K Root length 0.01 -0.13 0.00 -0.01 0.14 0.06
}R % Root number -0.07 -0.10  0.22 0.10 0.50" 035" -0.11
T E Root biomass  -0.15  0.02 038" 0.08 056" 034" 033 021
ZFYE Stem biomass ~ 0.13 006 049" 0.10 050" 055" 002 034 058"
T4 Leafbiomass  0.16  -022 0557 0.29 075" 052" 009 0507 061" 0.78"
MY Total biomass  0.04 010 0.537 022 071" 0517 015 0417 082" 0.87" 0.92"
ML Root/shoot tatio -0.34" 021 -0.04  -0.10 0.07 -0.12 042" -0.13 0.68" -0.13 -0.09 0.16
TE: 7 FORAE 0.05 KA, T FORAE 0.01 AR EHIE
Note: """ indicates significant difference at 0.05 level, """ indicates extremely significant difference at 0.01 level
R FC I BSSF- 77 Square of euclidean distance 72.22%. 75.00% A1 65.91%,
0 5 10 15 20 25
JSD1189 x5 3XERBXRAHHEMGEER
1]
JS131010 — Table 5 Differences of waterlogging tolerance at
JS161137 T seedling stage among three maize inbred lines
JS141073
#95-1 Su 95-1 :]_ 548 %% Waterlogging tolerance index
JS161133 ] Kb PyE BTUE ETYE HEA R TR
HCL645 T Type Leaf Total Stem Leaf  Root
IS161527 biomass  biomass biomass area  biomass
JS141045 :]—
(- JIE
PHACV BUSE o308 042¢ 065B 0428 0298
PH6WC - Sensitive type
#B 58 Zheng 58 T A8
JS141027 Mean tyhe 0.48B 0.53B 0.87A 0.48B  0.37AB
15161061 - P
ISIeIIl iy 22 0.63A 0.63A 0.90A 0.56A  0.44A
JS161107 Tolerant type ’ ’ ’ ’
3319 Qi 319
JS161022
JS131160 —J 3 1N TJ' A
IS131061 Wie
JS161199
J21410‘3‘3 ﬂ F T AFENETER Sy I T8 R P T 0 S T B
JS161131
15161045 ] FARAZR, NS REARIREE AL R A A1 5 22
O St ABFGOR I T IR HOR KPR SR A )
£ 7-2 Chang 7-2 WIS . TE 13 AN FEPRA TS5 A 40, NPQ. M1
JS161136 —
1506730 - HLARIC gL, T E . 2T E . T E
pissz ] ST T AHLEE HL 00 ) B S 5 R
1S131089 BIRT 15%. ABESE 538 1 W K W 38 X5 K i 19
JS161474 N 3 )
J1S111067 /,D\E}E%@E/ ?ﬁ”ﬁ kfmﬁtﬁ?%i\ nfq:%i\
IS151181 AHC%EEHMJF%EE’JW@J 5t SPAD, it
1 35S BEREBZRNREGREXE LR e T 7 i AR S O A DG
Fig.1 System clustering of 35 maize inbred lines ”‘I’HE%%VEEH B SR R A R AR
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Morphological and Physiological Differences of Maize Inbred
Lines at Seedling Stage under Waterlogging Stress

Zheng Fei, Wang Lixia, Liu Ruixiang, Kong Lingjie, Chen Yanping, Yuan Jianhua, Cui Yakun

(Institute of Food Crops, Jiangsu Academy of Agricultural Sciences/Key Laboratory
of Agrobiology of Jiangsu Province, Nanjing 210014, Jiangsu, China)

Abstract  To investigate the effects of waterlogging during seedling stage on morphology and physiology and to
evaluate the genotypic differences, thirty-five maize inbred lines were used. The results showed that morphological
and physiological traits were significantly affected by waterlogging stress. Principle component analysis indicated
that SPAD, leaf area, plant height, root biomass, stem biomass, leaf biomass and total biomass had more proportion.
The waterlogging tolerance indexes of total biomass, leaf biomass, stem biomass, root biomass and leaf area could be
used for screening superior genotypes. The thirty-five maize inbred lines were classified into three groups as sensitive
(seventeen inbred lines), mean type (six inbred lines) and tolerant (twelve inbred lines).

Key words Maize; Seedling stage; Morphology; Physiology; Waterlogging stress





