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Effects of cadmium stress on the growth and physiological characteristics
of maize seedlings from different varieties

WU Yueying*?, DENG Siging*?, LIU Songqin®*?, LUO Hongbing'2, YI Zhenxie*?, DENG Min%?"

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Maize Engineering
Technology Research Center of Hunan Province, Changsha, Hunan 410128, China)

Abstract: This study aimed to explore the differences of cadmium stress response in the different maize varieties
seedling stage and screen out varieties with strong cadmium tolerance. The four maize hybrids Jingnongke728,
Zhengdan958, Zhengda999 and Yudan9953 were selected in this study. Through laboratory hydroponics, they were
treated with cadmium stress(6 mg/L CdCl. 2.5H20). The growth indexes and physiological indexes of four maize
varieties at seedling stage were detected and analyzed after 3, 6, 9 and 12 days of cadmium stress, and the
comprehensive evaluation of cadmium tolerance was carried out using principal component analysis and membership
function method. The results showed that the root length, plant height, dry and fresh weight and total chlorophyll
content of the seedlings of the four varieties after cadmium stress were lower than those of the control(distilled water
treatment), and the POD activity and MDA content of leaves and roots of Yudan9953 were higher than those of the
control during the whole stress process. Under cadmium stress, Yudan9953 decreased significantly in plant height, root
length and dry weight compared with other varieties, but its fresh weight was less affected, and its leaf MDA content
increased less and POD activity was strong. The comprehensive evaluation results of cadmium tolerance showed that
the cadmium tolerance of Yudan9953, Jingnongke728, Zhengda999 and Zhengdan958 weakened sequentially, and
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Yudan9953 could be cultivated as a cadmium-tolerant variety.

Keywords: maize; cadmium stress; physiological index; principal component analysis; membership function method

FK(Zea mays L.)JE—FPEEMREIEY . 17
BHEYIA TAbJER, T AR 1K, 1k
B 243 it A IR, {45 81 4 V5 L (n) i H 43
FEEERA PEARS, et R A HECE A T R
24 1.0106 31, itk A% H 398 f 2 DRI LA Rt i
G Y, AR AE R = 5 T
M H A28 By s R aH AL, e E LS
YURBLIHAE ARMB /R, E TS Y s S bR
IKF 7.0%.

WHRERM, Wik SSERRR R LR TBE
SE L MR EERL. W ERERL. LA EE
TR JEEHE TR, itk SR . &
MRWEA . ART R, MRS . HRREE, AR
LRARIIRZERE, FRACEE EE, Rl 38
Ry ] o R = W= il i (=5, e ] 0 &= R A 2 1
81, SR Mg Ca 2555 TR 4 R i i o101
BAE A AR LT 50 . (BAEY 2 LR
J7 G Al X HE B, AN o R
Yy 55 2 595 135 VR 35 R A A AR ) S A M o ik
P AL R S8 BRAE A P8 2o J 003 P ORI
Hj]‘jﬂ [11-12] R

PN 31 A e S RIVTCTE SRV % R ) e 5 S
I ERREIA 3. 6. 9. 12 d JSHAE K HE bR AE
FEPRAASARIE O, i R s pR A X
4 A TR Cd PESE TR AR, LATR G HE
W Cd MRER M RSB, SHIEE FMNE T R
CLTININ e RN By o O B/ TR i B

1 MRI5EE
1.1 ##

4 D EK R RIE TR I A P B 958 .
19953 1E K 999, FUAREL 728,
1.2 Rt

BRI BREN TS il T, EAFT
KRR EN 25 °C, WERFE; KU ERIE
FE O (2241)/(204) °C, BRI A 14 h/10 h,
JEHREE A 20 000 Ix

BEHER/NEA B H IR ENTFET 10%
H202 HiE3f 15 min, A28 FoKukd:, 2l Taia
TR AR K ZE S, MR KR FIZEMRK E Lom
AR, BERKA WA FE T R ARKE
FREFRET, R4 100 #k. AL FREESR 1d )5,
W VAMRTR B0 Hoagland 7 551K (I R T 15
HIEAC N %), WA 3 d B 1 IRE TR 1
1 OIS B FAR(T, 6 mg/L CdCl, 2.5H20, [
SyHTal) IRALEE, FHRE T IRAL(CK, ZEIRK).
B 3R ES, FEHLIX ARSI .

1.3 SMEmMBFGZE

13,1 AKFEARGNZE
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2.1 RIMEX EXRYEKES TR

3 1 Al SXTREAIEL, MRasEE T, 4
TR PRI R AL, MR Aa%E . BB 9953 11
PRETERAMNA 3 d B FRAR, 7EdRNE 12 d iR
R MR 3 B, R 29.9%; FSEA 958 FITGT Ak} 728
TESRIIAE 6 d B2 TR, 1EK 999 7EfAMNA 12 d
A B E AR, FRIRN 26.3%. 1FK 999 UM KAE

FalriE 9 d B TFXRER, X REY 53.4%:;

AR AR KA RMNE 6 d BB 3E R X R
), HFERaRTRIGER:, ZIEHE, ek 12 d
I 2ERE R, RUARRE 728 #BEA 958 FIT4EA 9953 iy
H KB4} IR 46.4% . 50.4% ., 42.3%. AL,

FEMEXTER R 958 FITL L 9953 MK I AR KA 4
FEM; FEMRARTI, XEK 999 MmN, 7
Hb, AT BRI R TR o 1) T BRI, RV il
TP HR A R MR HE X v X S R B A

*1 ML ERPOHFSFIRK

Table1 The plant height and root length of tested maizes cm
e e P i3IS
3d 6d 9d 12d 3d 6d 9d 12d
TR} 728 CK 18.47a 27.32a 31.45a 37.77a 17.10ab  24.78a 28.37a 35.72a
T 18.12a 20.70bc  26.33bc  27.45bc 16.13abc  14.97d 17.65b 19.15¢
HHL 958 CK 16.87ab 25.25a 31.95a 35.70a 15.48abc  21.58b 27.93a 28.37h
T 17.37ab  21.17b 25.42bc  28.30b 13.80c 14.72d 15.27b 14.07d
1EK 999 CK 14.87¢c 18.48¢c 27.40b 36.07a 16.55ab  19.97bc  28.58a 33.02a
T 14.22¢ 18.55¢ 27.20b 26.57bc 18.05a 19.72bc  15.27b 18.45¢
R 9953 CK 17.97a 27.45a 32.50a 36.47a 16.60ab  26.03a 28.92a 32.82a
T 15.63bc  22.38b 23.98c 25.55¢ 1458bc  17.52cd  17.17b 18.93c

[FIZ AN R NG 7 B FoR AR B A ) 22 S A e i 7 X (P<0.05).

2.2 EMEX ERFREFMEREHFIN

M2 2. 23 nMH, SXFHRMLL, ZEREMa bR
T, A F KRB A SR B R
1), AEASTR] SR AR A I ANSE A ] . KSHL 958
FESRIIE 6 d B b T i R M T A O TR
IREE R, 4> BIMAR 30.6% . 32.4%; U4k} 728,
1EK 999 FNi B 9953 FE4mMMA 12 d A T R 2 fix
K, HoHl R 51 T % 39.0% ,33.8% ,27.6%,
iR TR R 30.1%., 21.9%. 16.5%. 4
A it Ao, ST BT e B R e A A R A0 5 £ B o o

WA B ] —30 . FRER 958 TESRIMA 6 d i Hh -
BT R A IR A 82.3%; HUARL 728, 1EK 999
FIF4 24 9953 7EARIMNA 12 d Il 3T it 2 il
X BRfY 66.9% . 79.7%. 75.4%. FBHA 958 FIGi A F)
728 o NI T AR AN 6 d BFRRIRER, 4
BIFF% 14.8% . 22.4%; 1EK 999 7E 9 d i T Rl B
ok, P 9953 7 12 d i FRRIREE R, 20 F
K% 16.7%. 25.8%. Wbttt , SXHEALE,
BRER 9953 M b | M T EREE R AR IE RN, A
B 958 [yt b . MR IT SRR R e, R
TS0 F KA 1 T R SR AR K A A IR

F2 HIAERERE

Table 2 The fresh weights of tested maizes

- A A R it SRS ARG T
YL Qb3
3d 6d 9d 12d 3d 6d 9d 12d
TRE 728 CK 0.74a 1.00ab 0.97bc 1.59a 0.40a 0.50bc 0.51bc 0.83ab
T 0.60bc 0.69¢ 0.89c 0.97bc 0.30b 0.46bc 0.53bc 0.58cd
FREL 958 CK 0.64ab 1.11a 1.34a 1.61a 0.40a 0.74a 0.85a 0.92a
T 0.65ab 0.77c 1.12b 1.18b 0.47a 0.50bc 0.66b 0.65bcd
1EK 999 CK 0.52¢ 0.65¢ 0.96bc 1.42a 0.27bc 0.49bc 0.51bc 0.64bcd
T 0.42d 0.65¢c 0.90c 0.94c 0.21c 0.42¢ 0.41c 0.50d
51 9953 CK 0.61bc 0.97b 1.11b 1.45a 0.28bc 0.52b 0.53bc 0.79abc
T 0.60bc 0.90b 0.90c 1.05bc 0.25bc 0.51bc 0.45¢ 0.66bcd

[FIZEAR A R NG - BER R AL BRI 22 57 GE 2778 XL (P<0.05) .
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Table 3 The dry weights of tested maizes g
o AR b AR T BB T B
el st
3d 6d 9d 12d 3d 6d 9d 12d
FREL 728 CK 0.075a 0.107a 0.112b 0.160a 0.052abc  0.067bc 0.065def  0.077b
T 0.068abc  0.075de 0.103b 0.107d 0.045cde  0.052de 0.057f 0.068b
HHL 958 CK 0.073ab 0.113a 0.135a 0.150ab 0.057ab 0.088a 0.093a 0.098a
T 0.080a 0.093b 0.132a 0.132¢ 0.058a 0.075b 0.092ab 0.098a
1EK 999 CK 0.060cd 0.070e 0.107b 0.138bc 0.040de 0.052de 0.072cd 0.078b
T 0.050d 0.078cde  0.108b 0.110d 0.038e 0.047e 0.060ef 0.067b
745 9953 CK 0.062bcd  0.092bc 0.108b 0.130c 0.048bcd  0.073b 0.082bc 0.097a
T 0.058cd 0.087bcd  0.097b 0.098d 0.045cde  0.060cd 0.070de 0.072b

[RISNECE ARG TRl b B B4 22 53 A BE 15 78 L (P<0.05) .

2.3 EMENERMHEESENEN
H19€ 4 AT, SXTREAIEL, FESRRa I T,
B TR SRR SRR [N R FESRNE
3d B, 4 A4S AR R i 5 RERE LS T i 2
5o KPHL 958 AYHERE T I AEFRIME 6 d BRI
K, FFE32.1%; B8 9953, 1Fk 999 FILifehk} 728
(42 SR EARINA 12 d INFRIR SR, 203 F [
26.4%. 38.3%. 33.7%. KM, 7EMIMAET,
TER 999 WML E S HMRIRECR, B 9953
IR AL /N
k4 HRAERHWHEESE

Table4 The chlorophyll contents in tested maizes
MR A (mg g7

i posdil

3d 6d 9d 12d
. 958 CK 1.44b 1.68ab  1.49ab  1.54a
T 1.42b 1.14c 1.21bc  1.18bc
59953  CK 1.79ab  1.68ab  152a 1.48ab
T 156ab  1.4hc 1.22abc  1.09c
1EK 999 CK 1.85a 1.84a 1.40ab  1.49ab
T 1.52ab 1.39bc 1.33abc  0.92c
TARFL 728 CK 1.64ab  15lab  149b 1.78a
T 1.64ab 1.37bc 1.08c 1.18bc

[FFEHRA R NS T RN R 22 5 5E 775 X (P<0.05).

2.4 iBMBXTEAK POD FEMRIEZ NG

FH#% 5 A%, TEfAME 3 d i, FBEA 958 Flkt
AEL 728 (At POD Y AR T3 ARG ; 7Efalia 6 d
mF, {EBEA 958 (M- F POD & 1 BT IR A,
Hofth 3 AFOKAFIAINTH POD T 3 5 T4
WEfR s ZE5EIA 9. 12 d iF, 4 DE KSR A
POD Jfi 340 & X Ry, Hop, #9953 1)
B, TERRMNG 9 d B, RBIXFIRAY 4.29 £ .

TESEMA 3 d i}, #REA 958 F11E K 999 AIARTH POD
TV BB AR T X RERY , 785 9953 sl 728 11
WU 2 TR R s FESRME 6. 9 d B, 4 AR
FIAER POD 16X = F Xt IR, Horpr, Uk R) 728
PIBGIRE R, A5 XT IEAY 1.29 £ 1.60 fi%; 7E4R
e 12 d B, 1R 999 AR B} 728 AR ES POD
EHEIRT X R, AERIEARE, BMELE,
TERAMA T, 280 9953 1yt - AL POD 154
DU 5t AR Bl 728 FRIARTHS POD i P16 i o ok BH 43
I a X B POD & 1 F 52 R XS MR &S POD
TG PE 5

%5 MHIXERMFFIREBE) POD &

Table5 The POD activity in leaves and roots of tested maizes Ulg
o fh s W J POD Ik HFB POD &1
3d 6d 9d 12d 3d 6d 9d 12d
¥ Ee 958 CK 84.42¢c 79.17a 82.83d 87.75¢ 271.50a  159.67b  156.42e  261.75a
T 84.25¢ 59.33c 126.25¢ 115.92b 253.67b 167.75b 163.25de  264.92a
5. 9953 CK 91.33b 41.33d 44.09e 58.25d 229.00c 162.58b 192.67bc  142.33c
T 127.67a 80.92a 188.92a 173.42a 252.50b 183.67b 210.58a 149.92c
1EK 999 CK 63.92¢ 34.58d 94.75d 72.00cd 154.67d 171.25b 178.00cd  170.50bc
T 71.33d 70.17b 133.58¢c 117.33b 120.08f 174.17b 197.17ab  158.58c
TUREL 728 CK 61.67e 67.50b 81.75d 89.33c 116.75f 181.83b 131.58f 198.17b
T 48.33f 78.25a 150.83b 132.33b 135.00e 235.17a 210.25a 197.33b

RIS B AN [ /NG 5 R b BRIE] ) 22 57 A 8T T 7 3L (P<0.05)
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¢ 6 A, 7ERANA 3. 6d I, [HUR) 728
B MDA SR FXHRE, (HERIEAEE;
TERRIA 9. 12 d B, M MDA G E ST
XERREY, Horh SR A 12 d BHEIE AR, B
55.3%; FEEEANHAEFEH, APBER 958, RER 9953,
1ER 999 it )i MDA i ¥ i 2 & T ey, H
FERRMME 9 d BFEGIRSK, A BBEm T 114.6%.
33.3%. 110.4%, AR , 5 9953 FIEicFl 728

TEFEIA 3 d i, HURF 728 FIIEK 999 AR
i MDA AT XTREY, 435 k%t BRI 89.1%
90.2%; FEFEMNE 6 d B, 435X ERAY 88.3% .
77.0%; TERAMMA 9. 12d B, HARES MDA & &5
TXFRERY, HAERRMNA 12 d i, Bk, 40
Jin 145.7% ., 61.3%. 5 9953 AYHLER MDA & rE
A E AR P S TR, 7ERAA 9 d HﬂLi
R K, B 149.3%., FSEA 958 AYAREE MDA &
TERAMME 3. 6. 9 d BFETXTIREY, FERMNE 12 d
IHISF X B, Xt RE Y 80.5%.

f) MDA & it i
F 6 WX EXRITHFRABA MDA 28
Table 6 The MDA contents in leaves and roots of tested maizes umol/g
. e I H MDA it HHB MDA &
3d 6d 9d 12d 3d 6d 9d 12d

¥R Ep 958 CK 16.56b 8.13e 6.87f 9.06de 2.41e 4.26bc 1.70cd 4.40a
T 20.63a 10.97d 14.74c 10.77¢ 3.65d 7.34a 2.12c 3.54ab

745 9953 CK 17.29b 13.60c 12.69d 8.63e 191e 3.78¢c 1.46d 1.63c

T 19.58a 14.89bc 16.91a 10.39cd 2.34e 6.39a 3.64a 2.00c

1EK 999 CK 13.94c 11.44d 7.40f 7.89% 7.68bc 6.35a 3.01b 2.25¢
T 17.01b 17.52a 15.57hc 15.01b 6.93c 4.89bc 4.02a 3.63ab

TAREL 728 CK 17.00b 15.10b 10.77e 10.70c 9.37a 5.05b 2.06cd 1.38c
T 16.68b 14.59bc 16.58ab 16.62a 8.35b 4.46hc 2.30c 3.39b

[RIBIEHEA RN TR R Ab BRIA] ) 22 57 e 1T 78 X (P<0.05).

2.6 P REImIHFERMEMELEEIEN

CAWFFER R, FORZ MR a5k
) A7 2 B A OG AT ASE e 2 Al a3 43 it
AR ER S Tabn, TR SRR REOL LR
BN A RN . AR, SRR
Mt AaEcnR 7 fon. 8 Fr 2, M 11 4>
PGS RRHIRICT 3 N EMSY, HTTHRR 5N
55.36% . 28.00%. 16.63%, AJLAf#FE Cd AT 11
ASBATIFEHR 99.99%I1 A5 Ak, o FEARE Tk R 15 H AL
&, MRS E R e, BRI RTELE S
{H(D fH). DEMK, UEHIZmFEm Cd bl
F¢ 8 AIHI, #HL 9953, HARl 728, 1EK 999,
¥BEA 958 YT Cd MK IS

*8 B THIXERNEEIEIE, RERKIE,

R®7 WIHMETHIRERNTEEE

Table 7 Cadmium tolerance indexes of maizes under cadmium stress

- T i 4
¥EA 958 F4EL 9953 IE K 999 HUKEL 728
Wi 0.84 0.77 0.89 0.81
R 0.62 0.65 0.73 0.64
b 0.79 0.83 0.82 0.73
b T A 0.78 0.88 0.80 0.83
i 0.93 0.87 0.92 0.78
H R ES TR 0.96 0.82 0.88 0.85
SRR SR 0.80 0.81 0.79 0.82
"4 PODEME 115 243 1.48 1.36
HEB POD W& ME 1.00 1.10 0.96 1.24
A MDA EE 071 0.85 0.62 0.83
HE MDA & 0.77 0.61 0.99 0.96
SETFMERHF

Table8 Comprehensive index value, membership function value, comprehensive evaluation value and ranking of various varieties under cadmium stress

i C1 C2 C3 M1 M2 M3 DfH Hery
¥ 958 -1.36 -0.75 -1.80 0.28 0.31 0.00 0.24 4
%51 9953 2.24 2.07 -0.26 1.00 1.00 0.51 0.92 1
1EK 999 —2.79 0.67 1.23 0.00 0.66 1.00 0.35 3
TUREL 728 1.90 -1.99 0.82 0.93 0.00 0.86 0.66 2
AR 0.55 0.28 0.17

Cl. C2. C3 MEZFAEFME; M1, M2, M3 NLZATetrimdtEm ek e ; D WL N,
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