445 S 2
20254E 9 H

S PN

Journal of Huazhong Agricultural University

Vol.44 No.5
Sep. 2025, 50~59

Wroete  JRNT , X8R, 55 A TR BT I 1 3 B9 20028 5 PO AR PRI L [T ). A Pl 2241, 2025, 44(5) : 50-59.

DOI:10.13300/j.cnki.hnlkxb.2025.05.005

HXZEKEHMREHE TEG TN RISIRIHIE

BRxde AW, ZX &, T K gpF &, 4]

PR LK FRRETEFR/ MIAELHEL TS/ RLRAHRK P FTHAUAAET 5 EHF, KX 430070

mE

R ZRGEVA F oK A R 60 B AR P A ST R SO A R 0T AR [ s XA ) 45 5 2% 58 6K i R

FHERE IR R AT AR T M0 A B 32 FI SRR sR AL L F 0 AT AR SCE ST BRI RN A A [T UE BT AR
ZEA PPN AR TR TR AR5 0 JR T AR SR A I AT I AR 2 K A i o A T K 3 i — S A K B, T s 2
KL Bk SPAD (B 45 12 008 254 B AR, 51 B8R0 R 80(Ca) BRI MK o 38 i 32 0 43 M I 2 42
HBURFEFE bR , 2565 S8 sREOE TH AR B 25 5 1T M B (D 1B L 4658 FH R 8 RASKE S Rh a0 43 5 AT 4 55 2
(Hiop SRR A8 R AL, D>=>0.75; 45 # M BUSOR , D<C0.25) |, 7 0 M 58 i 45 25 5 b GY14022 . EHD1 ., QK'Y 900 I

HY 1702, 3 5 AR AUk i Fl TR1818 . JF86 F1 ZY 303 45 . £5 R W7 , 4R B Ihad i E I afil B ok 4l & & (P<<0.001),

R 0 12 0 8 [ e 43 05K 5.37 %6 1 17.65 %6, 45T MR AR TR A7 76 S8 540 56 (P<<0.05) , 8 0iE T IR R iy mT
SR B IR (0SG5SR , B 7 AR FR ST BT (SPAD i LR TR AR 5 A0
TvEdR bR 28 1L AR TR e M BP0 T ORI A A AN TR T K R R 25 S G R O R AR R SR
ST UL (SPAD B i[5  FIAR A Sy i 39 T K EE 75 i 18 19 DG S 7

KA
RESES S513; Q94578  XERFRIRFE A

B(AD BihehiREFENEEOR, i
i Hse B 7%, I BRI LS
BEY MR S A SR A A
R FMT, LY pHARF 5.0, 45 & & 0940
SRR E T (AP iF A HER W, ik R PE 1 4
VR AR A I i B 0 Y B E R 2 —, [A]
R 7o R R 11 AP 32 it — 25 0 o 1 4 o Rl 5 Ay
AW 4 o O X R T R A R OFR R A
A Ta) A, 7 H AR 7 o 38 R IERE 5 A I TE i >k
PR 7 (R A RN AR IE B TC it B A A
] B A7 AR -3 R 2R AR, BT #52, BH
I, U 36 1 40 2 3 04 W R R — SR TR ALY
wielel,

Tk (Zea mays 1..) &= 5t b Bkl o AU K Y
Ve 2 — S TR FEAF = B s AR B 7 .
FER I, FEORXTERBEF LU, Wtk R sk ™
FANH R RS B EE s TSR R
KA ZR Y53 HE A, IR FR ARG, 35T 52 e AR 2R %k

Wk HY): 2024-08-15

FEIH - R E AT H (2022YFD1900705-4)
B 2448 | E-mail : ¢xh19970227@webmail.hzau.edu.cn
WlEVE# . £, E-mail: chuang. wang@mail.hzau.edu.cn

2T R s TR T s SRR R s BRI 128 A

XEHS  1000-2421(2025)05-0050-10

RGP RIFESY (3 i B BRI 9T
BT, AN TR 3o TR R 5 0K s b X 0 25 1) i 52 i 7 B AT
2 SO TR T LA o Ry 2R
FORMITHFRRERE ST o HAIT, 5% TR 603 25 1 4y i o
e i35 9707 AR E IR IR A R R . BRI
B IR 2R R %07 15 25 18 T R S 1k A L i i
53 2L, 2 DL AR AR i) R0 LR AR X
AR 3 S R B R SRR S 2 R R
TRZR I8 T X bl AR AR AR DL R R 0 TR
WA 5B BT , AR5 IR 97 AT & S PRl O, 3
HLARR R SR AR RO A O B
YRR (R HT AR AT DL — TR A
B A B AR A B A AR AR TR T 6
S IR N I A A LI R 4 5 A W) 114 T R
TERE AR R ERE . PRI, T T B e 2% A 5
VT RO T2 0 0 5 B Kl 5 5 ol S B A
LB KT A 2O . FT, A1) SRR e
V50 ZE B3 o Ak vl A E e A A e o AR



53

WAl 5 AR W40 25 09 2 D028 5 PR SR b i 1 51

VP G 1 5Tk AR, FIH X 2L 8 AR B i 2
AT AP SR BT RE T, S A 2 AR Y P R
() R A AT 0 B, AT R} 27 b D40 & AE 9
RGBT fE Sy 18200,

F1 Konzak 2£ 12V 1976 4F R FH W - g 4R 0E 64T
INFE KEE OKFE ER LV EK CRE SRS EY R T
i1 R BE LUK, %07 B E &z R 2 H
BRI 1 R TR R B i 5 K R Y — B AR
e PRI, sR A5 I &8 9 L 38 0 e A R S PAR H8 A o
A FE XA 7] by DX AR ) 45 473 24 38 T 2K SRR R FH 4
SR SR R AT R R WA AL B i SR e R gk L

IR R £ B S R TR s o Vs b = B T
TR EEA VA AN ] 6 K A o 0% PRt 48 2 e O gk A T
Tt 5 B 5K A Rh O 5, LA by A ok 3k g O R
HEER T M X T KA P PR AR B ok R RS
TR IS S
1 MR5A®
1.1 HiERXHREFIE

HER E K I ZR R LI 2B WS Gy
VT AF K E olOH B ALY 2% A8 B OK S AR, 3R 45 4y
(%% 1)0

F1 HiXEZEXREHM
Table 1 Hybrid maize varieties for trial
AR R AR A48 FR AR s A4 B AR
Varieties names Parental source Varieties names Parental source Varieties names Parental source
4719088 FREAR FAT 1818
=
LX088 X 1.X03-2 FL119XFL21 206X C
L.D9088 088 03 KNY108 I 8 TR1818 o607
‘R £Q_ Xj: -
£ 908 DK58-2 " 772-2 A 20 FL706 % FL598 1K 372 X24621 % BAT02
MY908 DK58-2X Jing 772-2 KN20 ND372
b 288 NASEE= e 839
BX144 X BX143 M128 X FNF2 CT16691 X CT8204
JB288 ZB1 1.C839
s = V533X B 7- 2. 7. ==}
i Ve A{:. 533 : E7-2 [T 243 L6311 % LAT359 HASS BNO3XBNOS
D7 Ji 533X Chang 7-2 Lp243 BN5
FhtE T 35 218 KE3S
99A573 X LH1805 LB03X1.J876 M51 X VK22-4
RHY3 LP218 wY3
Al i 65 AR
Ji f: 35 288 288-1X W5-4 1 F: 653 H36597 X G46757 W15 L103X T051
RHY288 DK653 TL1
T XTE 567 b-a X %6 AV 9
. 953 1.91158 £ 565 OB X612 e CZ14XBY13
LY16 SR565 Sheng 608 X Sheng 612 XND9
ZF 128 B 682 < 303
BE 1953 %1119 B DH382 X DH361-1 E,PI CN3373 X CNH3323
LY128 DH682 7Y303
E 29 75 95-1XJS0451 BT 605 524958
AE 7595 % DH351 X DH382 B ) 58X B 7-2
SY29 Su 95-1X1S0451 DH605 7ZD958
5 8% KE105 7K % 24 X853 ZRHL1311
ZM101<1.91158 X(2327 X XB1621
KY8 CY10 Chengxi 24X 853 DD1311
2R 900 51F 86 X027 X 5 21 AR 6531
i Q900X Q693 S s ’ ARA5 PH6WC X 83B28
QKY900 JF86 Jing X027 X Jing 21 DD6531
BRI 1S e 045 7RH.816
12ED-27 X 12FW-07 PHIDP8 X PHRKB 16F39X 16F35
EHD1 XY045 DD816 0
h=n [~
" K 14022 KNL1088 X FL306 5’&,33”’ PH6WC X PH4CV BAR 868 W525X W020
GY14022 XY335 YHS68
WE 105 7164 X B 11 HARE6S 4% 666
“LO5XFL > XG
Y10 11645 MBI ENY6 SCLO5XFL2764 V666 PCH6323 X GD932
fi & XEE 5 .
fWE18 @.v21 TH1L (*Io_'v 2055 NGO 5 1702 10275 1705
FY18 Xi V21X MB11 7Y5 HY1702
1.2 Rt A b a7 SR A R, 4 9 Al R Ak MR B R pH

5 T 2024 AEFEAR TP A R AR AT . it
T M O B DU 20 21 (0 36 R T A S 21, B

515 &R & # 047 g/kg A ML & 7 5.24 g/kg
B i 2.41 mg/kg AR % it 110.16 mg/kg . Al
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BCE 2B, 73500 0 S AR R 1 - S A 3 () B b 2 )
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NOLTA 723 /) Az = i it 2 28 I 7€ A SPAD-502 il &
AR H I Fr ) SPAD A, BURE F5 47 0] 55 56 28 I 7
fief o B M b PR i R RS BT B
AR B ST BE F e L .
1.4 HIERESSH
F]FH Microsoft Excel 2023 gt . Ab ¥ 5 46 504 |
iz F IBM SPSS Statistics 21 X &b H 5 i 546 817 07
ZE AT R ICAE S A SRR R L o R
I3 R AB IR JBE 43 B Fig 25 11 H 4347, R Ori-
gin 2022 pro HIVERCA T AL
ZMESCHR[26-27 JHEATAHOCHR bR it 5
Fie IR0 20 (1) T3 & BRI B P AR 1 40 B2 T
Z % (aluminum toxicity tolerance coefficient, Cyy,) o
CAn:S,y/Xcm,f:LZ ...... my j=1,2¢+000- n (1)
(D) H,S, Ko, S BFRE A G F (RS
AR AR AE B A8 A6 REAb 2 A 0 o
TR R C o AT 1053 5347, i I A R
(2)~(5) 54 A EEAS 32 01573 19 SR s R E(E
p (Y ) FZEA R DAL
F AP ERA I p (Y ) =(Y;— Vo) /(Yo —
Yo i=1,2-0-- mij=1, 2:-e--- n (2)

i 22 2 Vj:ji(Y,-j* Y’j>2/ Y, 1=1,2-000 m; j=

1, 2:---- n (3)

D:i[ﬂ(Y;j)XVVJ,j:L Qv (5)
j=1

B HAR(6) ~ (8), LR Co oh HEBF S,
VA D{EL 275 e 5T I G R BE oA, 4R A5 %% 1
B Ca (H5 D EZ B SCHREE (i) o
KRR &= (minA;+p maxA,;)/(Aij+p maxd,)
i=1, 200 M =1, 20 n (6)

SRR R B0 ()= 7/ 278,01, 2o (8)

Forpr, n(Y) o FRIGRS AR S5 T PR R Y 258
ASEARTESS j A IR 5 Y Yo VLY 53
R BT AT RS A 2R O3 Y R/ IME  BROR
{8 ARt 22 R B398 W FoRER j IR AE B
A EBS R IRE ; D FR 45 iR (R 2R B 8 b
X SR BE R Ak 25 5 VA 5 & 00 QIR R B, A it i
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AR KL m o 73 B IR RO ZE & 180
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I A K 10 d YR 7 Ak BRI X B b B 5 K 4 i
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T AR GE 3 1246 bR SR AT BRI SR 4 B
(F62). 455 WS, 5775 AT A b 31 00 45 30 36 8 S
F % (CV) Su [ 4y 5 Sk 10.92%6~40.73% il
9.97%~55.25%, H v gH B AL BN OB Bk L
SPAD i F B AR K 19 CV i T % IR AL B, Ho A 45
IRV sY S STAGE R SERTE-S A U N L E S
K fb R A K E T (P<K0.001) , 4% T 3¢ UK B 25
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Table 2 Summary analysis of maize traits under aluminum toxicity stress
g ab Xof R4k 3
$ebn Aluminum toxicity treatment Control treatment TER s EE?E{
Index BRER  EGEE ERRAUY MR BEE ERFRYL SE e
Mean®SD  Variation range CcvV Mean®SD  Variation range CcvV

2541/cm Stem diameter 2.5340.02  1.91~3.31 10.92 2.5040.02  1.83~3.15 9.97 Kk 1.02

Bk /cm Plant height 12.3440.27  2.50~ 18.20 25.81 13.04+0.27  6.50~ 19.00 23.57 otk 0.98
SPAD{H SPAD value 21.414-0.29  14.50~ 30.40 15.85 24.9540.31  15.80~ 32.20 14.48 Hkk 0.87

I %% Leaf numbers 2.4042.00  1.00~3.00 27.06 2.5940.05  1.00~3.00 22.36 Hork 0.95

R /em Root length 15.4040.37  7.70~ 28.00 28.02 17.154:0.35  9.00~ 28.00 23.71 ok 0.93
ST /g Total fresh weight 1.0540.03  0.42~1.86 31.03 1.24+0.04  0.44~2.77 39.78 ok 0.95

b b f /g Shoot fresh weight  0.54+0.01  0.13~0.86 30.53 0.59+0.02  0.10~1.03 34.13 ok 1.00

M Z i it /g Root fresh weight 0.52+0.02  0.13~1.10 39.37 0.65+0.03  0.05~2.15 56.25 ok 1.00
JaF Bt /g Total dry weight 0.14+0.003  0.04~0.23 29.07 0.1740.01  0.05~0.39 38.69 otk 0.91

Mo b ¥ TF ik /g Shoot dry weight — 0.05220.001  0.02~0.13 31.79 0.0540.002  0.02~0.17 40.43 ok 1.07
HEZ Tttt /g Root dry weight 0.0940.003  0.02~ 0.17 34.09 0.124-0.005  0.02~0.29 47.35 Hohk 0.90
HRIE H Root shoot ratio 1.00420.04  0.16~3.05 40.73 1.1440.05  0.14~3.65 51.61 ok 1.08
22 AEEXRMMAEZSHESIENTISE i MRFR T B BT R R R R AR

Xof 45 45 B K SRR 12 048 AR HEAT B A0, AL EE SR AR AR F2 STk N 19.33 %, EE AR
B AT BRI TR A, e AR AR R T 1089 I O FIAR & T B ks s 5 = 4 B A8 bR F3 il
3N TS KRR AT . Hoh e L5 A8 FL SPAD BE , SUERE N 10.92% . 1 34 EMTLEA
TR Y N AR b, ST A R 47 44 %, £ TUERRIB B 77.69% , 0 T 12 AR bR A K ER 405
T AP R TR R RS E b EeE R B (R3).
*3 BUUSHREIHSMEFERMTZTHE

Table 3 Loading matrix and variance contribution of the principal components of each indicator

F sy AH I B3 AL
F&F5 Index Principal component Weight of principal component

F1 F2 F3 F1 F2 F3
254 Stem diameter 0.35 —0.54 0.04 0.14 —0.35 0.04
B Plant height 0.66 —0.5 —0.29 0.28 —0.33 —0.25
SPAD{H SPAD value 0.15 0.16 0.74 0.06 0.11 0.65
I 54 Leaf numbers 0.72 —0.32 —0.27 0.30 —0.21 —0.24
H K Root length 0.56 —0.04 —0.61 0.23 —0.02 —0.53
SBERT R Total fresh weight 0.95 0.08 0.13 0.40 0.05 0.11
b b6 i Shoot fresh weight 0.84 —0.36 0.22 0.35 —0.24 0.19
HRZ £ Jii it Root fresh weight 0.87 0.37 0.01 0.37 0.24 0.01
ST R Total dry weight 0.88 0.33 0.08 0.37 0.21 0.07
M 13Tk Shoot dry weight 0.72 —0.41 0.34 0.30 —0.27 0.30
FLZ TR Root dry weight 0.75 0.59 0.01 0.32 0.39 0.01
M3l Root shoot ratio 0.25 0.87 —0.2 0.10 0.57 —0.17
FEIE(H Eigen values 5.69 2.32 1.31 — — —
TUik%/ % Contributive ratio 47.44 19.33 10.92 — — -
ZiT 5T/ % Cumulative contributive ratio 47.44 66.76 77.69 — — —
AUE Weight 0.61 0.25 0.14 — — —

ARG T AR, 23 IS4 fh A e 3

o3 B SR eR B, iR AR A 50 (5) IFRZE S D

&
IR p(Y ) FI AT (2) WA s (HR 4) IR L8 G PN HEY , DA OB 2% i
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Table 4 Varieties’ principal component score Y,,

u(Y;),D values and ranking under aluminum toxicity

T .
Varieties : ' e ' Rank
value
GY14022  1.03 2.76 0.29 0.72 1.00 0.64 0.78 1
QKY900 1.78 —0.24 178 094 0.28 0.99 0.78 2
EHD1 1.51 0.56 1.19 0.86 047 0.85 0.76 3
HY1702 1.68 0.68 —0.05 091 050 057 0.76 4
XY335 1.75 —0.58 0.62 093 0.20 0.72 0.72 5
LY16 2.00 —041 —2.50 1.00 0.24 0 0.67 6
MY908 1.27 0.19 —042 0.79 0.39 048 0.65 7
JY 666 1.28 —1.05 125 0.79 0.09 087 0.63 8
DH605 0.60 1.16 0.57 0.60 0.62 0.71 0.62 9
XY045 1.08 —0.53 0.68 0.74 0.21 073 0.61 10
YHS868 0.53 0.52 1.32 0.58 046 0.88 0.59 11
7B1 0.25 141  —0.06 0.50 0.68 0.56 0.55 12
JB288 0.85 —0.40 —0.54 0.67 0.24 045 0.53 13
SY29 113 —1.14 —1.12 0.75 0.07 032 0.52 14
DD816 0.01 1.15 —0.59 043 061 044 048 15
DH682 —041 1.78 0.06 0.31  0.77 0.59 0.46 16
1.P243 —0.28 0.99 0.70  0.35 0.58 0.74 0.46 17
RHY3 0.35 0.35 —1.67 0.53 042 0.19 0.46 18
LP218 —0.24 095 —0.57 0.36 0.57 045 042 19
FY18 0.06 —0.64 0.65 045 0.19 0.73 042 20
LY128 0.21 —042 —1.23 049 0.24 0.29 040 21
JD7 0.31 —086 —143 0.52 0.13 0.25 0.38 22
KYS8 —0.49 0.26 047 029 040 0.69 0.37 23
FL21 —0.26 —049 0.50 036 0.22 0.69 0.37 24
SR818 —0.50 0.38 —0.07 0.29 043 0.56 0.36 25
KNY108 —0.20 —0.15 —0.90 0.37 0.30 0.37 0.36 26
CY10 —0.55 0.22 0.11 0.27 039 0.60 035 27
DD6531  —0.61 0.09 —0.15 0.26 0.36 054 0.32 28
LD9088  —0.45 —0.87 0.56 0.30 0.13 0.71 0.32 29
TL1 —0.70  0.00 0.28 0.23 0.34 0.64 0.32 30
BN5 —0.60 —0.73 0.86 0.26 0.17 0.78 0.31 31
RHY288 —1.51 2.70 —0.73 0 0.99 041 0.30 32
WY3 —0.39 —1.22 0.14 032 0.05 0.61 0.29 33
XY10 —0.48 —0.10 —1.50 0.29 0.32 0.23 0.29 34
XND9 —0.61 —142 1.50 0.26 0 0.92  0.29 35
DK653 —1.51 0.83 1.83  0.00 0.54 1.00 0.27 36
FNY6 —0.84 —0.36 —0.22 0.19 0.25 0.53 0.25 37
DD1311  —1.16 0.38 —0.58 0.10 0.43 044 0.23 38
KN20 —1.10 —0.34 0.39 0.12  0.26 0.67 0.23 39
ND372 —0.95 —0.79 0.07 0.16 0.15 0.59 0.22 40
LC839 —0.61 —1.07 —1.31 0.26 0.08 0.27 0.22 41
ZD958 —1.06 —1.22 132 0.13 0.05 0.88 0.21 42
JF86 —1.31 027 —0.83 0.06 040 0.39 0.19 43
7Y303 —0.90 —1.00 —1.07 0.17 0.10 0.33 0.18 44
TR1818 —0.97 —1.14 —0.86 0.15 0.07 0.38 0.16 45

ol it R B B8 77 BSR L A R, DU R R U, Ho
GY14022,QKY900, EHD1 ., HY1702 #1 XY335 ¥ D
B R T 0.7, 31X 26 5 Fh HL A7 ¢ 5 19 Tf 45 2% fe T,
TR1818.2Y303 Fl JF86 [ D /N F 0.2, F B ix &
i PO AR B AR BRSOl T B R A bl AN T K
A £R B e 7 #EAT 4328, 38 7 Y RRICEE B
A5 FOK A B DAE ST RGE R, G5 R BoR 45
Py ER AT LI NS H(E 1), Hds T4
S TR 45 5% R (D=0.76) , 55 11 40 & T it 45 7
(0.72=D=0.59) , 5 [l 41 )& T = ¥ & Fh (0.55=
D=0.46) , 55 IV 41 )& T 48 3 B i Fp (0.42=D=
0.27), 55 V )& T 58 8 A B0 B (D=<<0.25)
2.3 MERELETEIERMTGE

MRAE 12 48R Co (8 5 275 VPt DAE kAT
Pearson’ s #H M3 HT . S5 B8, FR T RSD 5 DH
To AR OCE AN R AR bR 5 DA W 3 IEAH G
(P<<0.05) , i RLN . RTFW ,RSFW ,RRFW . RT-
DW .RSDW .RRDW .RRSR 5 D i 5 4 5 35 1EAH 56
(P<<0.001) (1 2), k4, DS RTFW RRFW .
RTDW 1 RRDW £ 7==0.90, Ui WA LA I 38 b5 76 K
MR LR G IR R TP A EEZEM . it
FAITHEAR Y C o (55 DA R K 6B AE FHET
(F£5), 85 R WoR, LA DAETHAE Y 12 48 br 09 K
8 G HE B FRCER R /MR IRl - SPAD (8.81% ) (AR
T R& (8.69%) MK (853%) . & T it &
(8.52% ) . kit i & (8.41% ) .t F %k (8.39%) .
AR i (8.32%0) Ak (8.31%0) b - ¥ fif o
i (8.20%) (25 ML (8.02% ) AR H (8.01% ) Fil it
TR (7.88%) . AT it — 2 W 4 48 b
Coy F1 R KT 55 75 1Y 5 2, 0 18 T 55 2 0 IE 48 08
&%, 38 5 3% 20 B H 43 B 8 7 K OK R 2R T
W BCF AR o DR R B AR o 45 T IR 4
brig ol A A8, J@E N7 TR E N S8 bRig A bl e
RS, DA WY fe B A AR Sy - D= — 0.314+
0.125X140.273X24-0.264X340.103X4+0.043X5
(R*=0.99, F=898.99, P<<0.001) , 2~ = 1 X1, X2,
X3. X4 . X573 MR R it ST Fii (SPAD
S BT i TR Y Cy fH o BRI, AT DA I 5 MR
TR RS FOR AT AR LG ae ). MR T
BAASFRAR I 50 BT, R 2448 b5 10 255 VAl D7 15 fig
O e O A T R R R OK
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Al Varieties

T it SR Al I A0 2 R, Tk e il IV R B8 B U SFD , V O SR B BUR T A . T is strongly aluminum tolerant variety
Il is aluminum tolerant variety, Il is neutrally variety, IV is sensitive to aluminum toxicity, and V is extremely aluminum sensitive variety.
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Fig. 1 Cluster analysis of acid tolerance of each variety based on D-value
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Fig. 2 Correlation analysis of the coefficient of aluminum toxicity tolerance(C,,) of individual indicators with D-value
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Table 5 Grey correlation analysis of C,, of different

maize varieties with the D value

F8H5 Index Correlation %&iﬁ zii
degree
SPAD{H SPAD value 0.72 8.81 1
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H Root length 0.70 8.53 3
ST i Total dry weight 0.70 8.52 4
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-4 Leal numbers 0.69 8.39 6
M & i ik Root fresh weight 0.68 8.32 7
¥R Plant height 0.68 8.31 8
i 1382 57 it Shoot fresh weight 0.67 8.20 9
Z5H Stem diameter 0.66 8.02 10
5 L Root shoot ratio 0.66 8.01 11
Hiu_[-3+F 5 f: Shoot dry weight 0.65 7.88 12
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Comprehensive multivariate evaluation and screening of indicators
for aluminum toxicity tolerance in hybrid maize seedlings

CHEN Xinghua, XIA Yuxin, LI Jiaxin, DING Guangda, XU Fangsen, WANG Chuang

College of Resources and Environment, Microelement Research Center, Key Laboratory of Arable Land
Conservation (Middle and Lower Reaches of Yangize River) , Ministry of Agriculture and Rural Affairs,
Huazhong Agricultural University, Wuhan 430070, China

Abstract To systematically evaluate the Al-toxicity of maize varieties and to establish an efficient
screening system, 45 hybrid maize varieties were selected to conduct Al-toxicity stress trials in this study.
The experiment was designed in a dual-treatment mode : basic acidic soil (pH 5.15) and high-aluminum-
toxic acidic soil to reveal the resistance mechanism of the varieties by comparing the differences in stress.
During the critical growth stage of maize at the 3-leaf stage, the research team systematically measured 12
morpho-physiological indexes, including stem diameter, plant height, and SPAD value, and quantified the
level of resistance by introducing the aluminum toxicity tolerance coefficient (Cy,).In this study, we used a
multidimensional analysis method to construct an evaluation system, firstly, we extracted the characteristic
indexes by dimensional reduction of principal component analysis, combined with the affiliation function
method to calculate the comprehensive resistance evaluation value (D value) ,and then we used the system-
atic clustering to classify the varieties into five resistance levels (among which extremely resistant D=0.75,
extremely sensitive D<<0.25) , and then we screened out the extremely resistant varieties of aluminum toxic-
ity, such as GY14022, EHD1, QKY900, and HY1702, and the aluminum toxicity resistant varieties of
GY14022, EHD1, QKY900 and HY1702, and the aluminum toxicity resistant varieties of GY14022,
EHD1, QKY900 and HY1702.HY 1702, and extremely sensitive varieties TR1818, JF86 and ZY303.1t was
found that aluminum stress significantly inhibited the development of maize seedlings (P<<0.001) , the plant
height and biomass decreased by 5.37% and 17.65% , respectively, and there was a significant correlation
between the resistance indexes (P<C0.05) , which verified the reliability of the evaluation system.Finally,
through the double validation of gray correlation and stepwise regression, the five core screening indexes of
root fresh weight, total dry weight, SPAD value, total fresh weight and root length were confirmed.In con-
clusion, aluminum toxicity stress severely inhibited the growth of maize at seedling stage, and there were
significant differences in acid tolerance among different maize varieties. The comprehensive analysis screened
root fresh weight, total dry weight, SPAD, total fresh weight and root length as the key indexes for screen-
ing of aluminum toxicity resistance of maize at seedling stage.

Keywords hybrid maize ; aluminum toxicity stress; principal component analysis ; affiliation function

method ; cluster analysis; stepwise regression analysis
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