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Evaluation of chilling tolerance in different maize inbred lines

PENG Yun-ling, WANG Ya-xin, ZHAO Xiao-qiang, LV Yu-yan
( Gansu Key Lab of Crop Improvement and Germplasm Enhancement ; Gansu Provincial Key Laboratory of
Aridland Crop Science; College of Agronomy, Gansu Agricultural University , Lanzhou 730070, China)

Abstract: In this study, the physiological and biochemical characteristics, and some traits of 44 maize inbred lines
at germination stage were identified, and the chilling tolerance was also evaluated by the membership function method un-
der indoor low temperature condition. Based on the membership function analysis, we identified three inbred lines with
high tolerance including Va35 —2, Val02 and ND246, one with medium tolerance, sixteen sensitive, and twenty — two
high sensitive at germination stage. We found that germination rate, plumule length, radical length and root number
eradually decreased with decrease in temperature (25°C, 15°C, 10°C, 6°C). And there were different degree of de-
crease among maize inbred lines. From 25°C to 6°C, the germination indexes of the sensitive lines were nearly O under
15°C, while high tolerant lines like K22, B68 and HIOSW had lower germination indexes. Based on the results of chill-
ing-tolerant evaluation at germination stage, we identified high chilling-tolerant maize inbred lines including Va35 - 2,
Val02, ND246 and chilling sensitive lines like K22, B68, H105W, which were used to perform the analysis of chilling
tolerance at seedling stage. After 0, 2, 4, 6 days under 6°C low temperature stress at seedling stage, there was marked

difference in growth indexes and physiological and biochemical indexes between the two kinds maize inbred lines. Com-
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pared with three sensitive lines, chilling-tolerant lines had a smaller variation. In general, the growth indexes (plant

height, root length, shoot fresh weight, shoot dry weight, root fresh weight and root dry weight) and physiological and

biochemical indexes (the relative water content, proline content, soluble sugar content and the enzyme activities of SOD,

POD, and CAT decreased as the duration of low temperature stress increased, Compared with chilling sensitive maize in-

bred lines, chilling-tolerant lines had smaller decrease. In addition, the leaves relative conductivity and MDA content in-

creased, and chilling-tolerant lines were higher than the sensitive lines. Correlation analysis showed that seedling growth

and physiological-biochemical indexes were significantly correlated at seedlings stage.

Keywords: Maize inbred lines; low temperature stress; evaluation of chilling tolerance; difference analysis

FK( Zea mays ) B HAEY), 0°C LA AR SE 6E
Sk MR BT 10°C AR R AR K 8
6°C ~ 8°CH 5 1k A= 4K, i B8 SRR IR 240 Jf R 2H 217 A=
LI UE T S ot e s D s e o (N s
& SUHT R s BB AR D | A R L A
122730 FEFRE ALy R A AR L X, K AR
P ] 22 AR K, T BRI 4o AR IR
EFETEARYY, TR AT 209 DL T ORI &
1R DGHIG IR o RS K 2 R A A2 AR
18 T BT 2 B RE R IE A v IR AR 2 4 S 25
B R EUKBR R A E R R YA K AZ B
ARERGIES o HRT, BT BRI FEPERF 9T 32 500 N &
IS, FH RN AUSAS = , 9 o T 4R
BRI, 10 45 R a5 % N S8 30 AR
15 IR Gy fa il ke a5l R, RN
IR 25 WF 9 28 B B 3 R 0 2R AN AR
A AR BR XS F K FEVERIF T B B

UEAE R G T E ORI FEE S8 A T R B A
Gl 10- 1 R 3] T — BL iR 9E oK [ 28 R Y I e 45
Fo fHE ARIRIME TR FHIFE £oK B 58 58 A FE U
oK A AL R IAT E KM TEME R B MOE I A2
T TR Sz ZEAN G v 0 ) B R K 58 Rk
TR RV H FEPE , JE XS TR FE R 19 25 S A T 43
M SCHRIRIER D . ABFEE ] 44 1 FOK H S R AIEN
g AR, 7 % AR AS 15 T 2R AT W 2 S T T 25
JE  F T SR SRR AT FEPELE G VAN AR IR T
Wl Fxt gt i 98 oK B A8 R FERUR B K B 22
AT AR AN A B AR 0BT IR AR R
PNERENTES P 3V US NS (RS N TE S =F
IS e S o NV ESS U B2 L0 - W B S e

1 MRSTE
L1 REAR

AN TR FE PR K A 28 AR o H R A ARl RS
BERAL(ER 1o

1.2 REFHE
1.2.1 #FFiE B4 HZR PR Tom
AT, B 0.5% MR EFR AN TH 3 10 min,
ZENB K I 3 WK, SR JE FH B AR 1B & K
1.2.2 #AFHLRE B4 FEKRAZLRZM T
SE T HAAN 12 om EEFR ML, BUZ I8 AR A& 23
PR, BRI 30 i 5 43 HIAE 259C . 15°C . 10°C . 6°C &4 F
[FIERFFEA T A 2R Sy , (s HAE 35 A7 Th g A2, SE R ik
3REM . 25°C . 15°C . 10°C . 6°C 4L F 1 b 143 B AE
557 K14 K28 KNG 42 REHF T R 2R R
SRR AR AR A S e 3 Ty gk, R s
J& BRBGEXT 44 0y Tk B 38 RFATINIEVELE G PEAT,
HAA N

Ui = (Xj = Xinin)/ (Ximax = Xjmin) (1)

Ui =1 - (Xj = Xjin)/(Xinax = Xjiuin) (2)
Krp, Uy FoR i MR TabR T FEPESR B 18 ; X; #R
i BPRE ] TEAR I E (R X i RN FT A BEEL j 4R FRIY
55/ ME 3 X ZS A BEL j T3 10 55 AR 5 il
BhR-5 R R FE M S E AR SC, WR A (1) A
SRIEAE, R Z WA (2) Ko B 48 bn iy HAR S &
B, 3Rk P ME G A7 A, FIER, X R
(1) T S R
1.2.3 ¢ AR EE  RIGH A TR FENE R
ZEATHN G AT 98 1K B A8 R FFERUSREOKR A AL
ZMAETE 15 em x 13 em B FEER P, B8k 30 £R,
25CIEH AR, LMk 3 IREE AR 2 = - )
T 6 CARIR A 55 T 7 ab3E 0.2.4.6 d J5 , &
AR AR bR A A BRAE AL AR
1.3 MEmMBERE
1.3.1 R Fagtame

REER TR IER(%) = CRZFF R
HPERFTFRIED x 100,

AR IR 2E R I - B e AR 10 7 4% oK
H A R IR ZEA TR, B i Bl A Ab B 10 i,
@SR o



LRI AR TR AR IR 22 57 0 b 269

®1 HIXBAXRARERIERER

Table 1  Pedigrees of 44 maize inbred lines used in the study
o) I*Hfi% E3 e 5= JI“*H%/% ESiLE Sl
Code MalZ(.g inbred Sources of pedigree Code Malz? inbred Sources of pedigree
lines lines
1 R802 2:1¥ France 23 TS66 Ik Lintao, China
2 Va35 - 2 (€103/T8)/T8 24 430 @ Wuwei, China
3 1 478 L 5003/U8112 Shen 5003/U8112 25 B68 BSSS
4 Va35 (C103/T8) /T8 26 %5 3 Zong3 ZE4AFh Collective species
5 AR234 [ America 27 TS109 Ik Lintao, China
6 ND246 ZE America 28 853 Ji 853 Eiiiz a /3Z3i03)3/()%iiul§llgzao A
7 R802A ¥ France 29 K22 % 478 1742 & Derived from Ye 478
8 TS163 ¥k Lintao, China 30 HI105W 33 - 16/A6323
9 Mol2 Lancaster Ff!iT Lancaster germplasm 31 TS164 Pk Lintao, China
10 #1340 ik 9/8FEEXK Lv 9/Pod com 32 B73 BSSSCS
11 T58 Ifi¥k Lintao, China 33 W64A 0202 BC3
12 TS161 Pk Lintao, China 34 DM fi[E Germany
13 CM BSSS i 2 Derived from BSSS 35 A654 A116/W
14 T165 FE America 36 WNI1 342/Shel24
15 TS110 Ik Lintao, China 37 178 Sk 78599 Xianfeng 78599
16 N192 FHIE Germany 38 #22 Zheng 22 F} 340/E28 Dan 340/E28
17 502 ffi - 340/ 8 P 340/ Huangzao 4 39 H84 [ (B37/GE440)B14(14) Ht
18 Pa9l mf;/omom $471(38 - 11/1317) 38 - 40 K12 HEIA P /HER Huangzao 4/ Weichun
19 W182BW WD/ W22 41 DV From Germany
YA A%

20 B64 BSSS 42 Hfriz;mo 4 Ei?;j; ?:(ff Sipingtou pollination
21 #C Eiﬂ;gfi/ ?623/32/ 2§3Z§)?Mobai 43 F 330 Zi 330 A F]/0h43 Keli/Ohd3
22 Va26 0h43/K55 44 Val02 Va59/Va60
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6°C TIRIRALFE 0.2.4.6 d, BEIRPEEURE , F: 40 7 56 1
10 Fk, FERUI E AR e MR 5 R R AR 43 L 358 43 A
R #B 53, 43 B FR e 2, PR B A BE 105°C R 75 10
min, 80°CHE EIHTE , /T8, SMIKEH Sy
I AR K AE R SR Y R R
VEPENE B A LB AL (SOD) (it S Ak &0 (CAT) |
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Table 2 Changes of germination indexes in different chilling-tolerant maize inbred lines under different low temperature at germination stage

75 FEARALR g/ R/ % A /em JERRAS /em A
Code Maize inbred lines Temperature Germination rate Plumule length Radical length Root number
25 85 6.66+0.85 12.49+3.43 3
15 75 4.55+1.14 13.94+2.04 3
1 R802
10 — — — —
6 J— _ J— J—
25 85 8.78+£0.35 16.13+3.15 5
15 90 8.85+0.71 17.21+3.67 3
2 Va35-2
10 90 1.94+£0.29 4.44+£0.74 3
6 75 1.00+0.04 2.75+0.14 2
25 70 6.34+0.98 7.59+2.34 4
3 K 478 15 70 5.20+0.71 10.60£2.72 4
Ye 478 10 40 1.34+0.46 3.66+0.88 1
6 J— J— _ _
25 85 7.54+1.05 16.16 +1.08 3
15 85 7.46+1.18 19.30+2.29 3
4 Va3s
10 75 2.68+1.04 6.60+1.07 4
6 J— J— J— _
25 87 6.59+0.54 12.86+1.05 4
15 70 5.55+0.63 16.48 +3.36 2
5 AR234
10 55 1.04+0.11 2.76 £0.25 1
6 J— J— J— _
25 85 10.08 +0.50 17.89+0.96 5
15 80 8.65+0.63 12.23+5.38 3
6 ND246
10 70 0.98+0.44 3.38+1.29 2
6 65 0.86+0.05 2.25+0.06 1
25 80 6.84+1.10 13.16 +1.47 4
15 65 5.14+0.55 15.26 +1.06 3
7 R802A
10 40 0.92+0.36 2.50+1.04 2
6 J— J— J— J—
25 80 6.68 +£0.98 8.04+1.07 4
15 — — —
8 TS163
10 — — — —
6 J— J— J— J—
25 80 5.96+0.61 10.61+2.09 4
15 40 5.48+0.54 14.63+1.59 3
9 M102
10 — — —
6 J— J— J— J—
25 60 5.04+0.27 8.44+0.81 4
10 F1 340 15 — — —
Dan 340 10 — — — —
6 J— J— J— J—
25 85 5.55+0.99 7.09+1.38 3
1 Ts8 15 55 6.16+0.92 13.58 +3.07 3
10 40 1.52+£0.97 2.48+0.73 2
6 JE— J— J— J—
25 80 6.98+0.74 7.18+1.28 5
15 40 5.55+0.64 14.00+1.51 3
12 TS161 10 o B . .
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b TARAZA REE/C KA/ % JEZF AR /em FEARAR /em LS
Code Maize inbred lines Temperature Germination rate Plumule length Radical length Root number
25 90 5.18+0.63 15.49+1.76 6
15 60 5.10+0.89 9.66+0.97 2
13 CM
10 — — — —
6 — J— J— _
25 90 8.51+0.74 14.44 £ 1.46 5
15 90 8.44+0.75 14.85+1.81 3
14 T165
10 90 2.14+0.13 2.72+0.37 1
6 J— J— J— _
25 50 6.81+0.91 8.10+1.01 4
15 — — — —
15 TS110
10 — — — —
6 J— J— _ _
25 100 6.56+1.29 12.19+2.56 5
15 90 7.13+0.85 15.03 +2.50 4
16 N192
10 55 1.44+0.81 2.00+£0.62 2
6 J— J— J— J—
25 80 4.71+1.08 4.46+0.72 2
17 502 £ 15 — — — —
502 You 10 — — — —
6 J— J— J— J—
25 85 8.56+£0.86 10.86 +3.30 3
15 40 7.63+1.24 16.44+5.21
18 Pa91
10 — — — —
6 J— J— J— _
25 80 4.16+0.35 5.35+£0.86 4
15 35 4.23+0.29 5.75+£0.48 1
19 WI182BW
10 — — — —
6 J— _— J— J—
25 80 6.01 £1.49 6.19+0.81 4
15 40 2.86+0.26 4.80+0.73 1
20 Bo4
10 40 1.38+£0.49 2.62+2.28 2
6 J— J— _— J—
25 80 6.21+0.93 11.25+1.60 5
51 #C 15 60 6.06+1.12 9.76£3.14 3
Huang C 10 40 0.98+0.44 1.86+1.15 1
6 R J— J— J—
25 55 3.06+0.78 8.44+0.27 1
15 — — — —
22 Va26
10 — — — —
6 J— J— _ J—
25 80 6.28 +0.60 11.01 £0.69 4
15 50 5.41+0.60 11.58 +2.65 3
23 TS66
10 40 0.90+0.32 3.22+0.64 1
6 J— _ _ _
25 80 5.71+0.70 11.66+1.85 4
15 70 4.66+0.56 13.11+1.03 3
24 430
10 — — — —
6 J— J— J— J—
25 85 7.90+0.29 15.69+0.65 5
15 — — —
25 B68
10 — — —
6 J— J— J—
25 85 5.46+0.99 8.04+1.21 2
%3 15 50 5.83+0.79 11.13+3.31 2
26 .
Zong 3 10 — — — —

6 — — — —
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b TARAZA REE/C KA/ % JEZF AR /em FEARAR /em LS
Code Maize inbred lines Temperature Germination rate Plumule length Radical length Root number
25 80 8.76 £1.07 18.01 +1.88 4
15 35 9.33+0.28 16.03+2.23 3
27 TS109
10 40 1.58+£0.43 3.38+0.28 1
6 — J— J— _
25 68 3.10+0.16 5.36+0.37 2
& — _ _ _
i 853 15
8 Ji 853 10 — — — —
6 J— J— J— _
25 85 7.45+1.04 15.16+1.28 4
29 K22 b B B
10 — — —
6 J— J— J—
25 85 7.51+0.98 11.08+2.14 4
15 — — —
30 H105W
10 — — —
6 J— J— J—
25 80 6.40+0.98 11.99+0.77 3
15 70 6.44+1.02 17.99+3.93 3
31 TS164
10 45 0.76 £0.21 3.18+£0.40 1
6 J— J— J— J—
25 60 6.89+0.49 9.51+1.07 5
15 65 4.19+0.34 10.59+1.71 4
32 B37
10 40 1.18+0.53 3.02+1.04 1
6 J— J— J— _—
25 80 9.25+0.32 14.21+0.53 4
15 50 7.05+1.86 10.29+2.51 3
33 W64A
10 — — —
6 J— _— J— J—
25 80 8.76+£0.93 15.89+1.28 4
15 75 6.86+0.39 16.11+1.90 2
34 DM
10 70 1.46+0.38 2.36+0.72 1
6 _ J— J— J—
25 95 5.94+0.52 6.43+£0.91 1
15 80 8.94+£0.47 15.05+4.94 3
35 A654
10 — — — —
6 R J— J— J—
25 70 6.20+0.88 8.23+1.68 3
15 35 2.33+£0.22 3.60+0.44 1
36 WNI11
10 — — — —
6 J— J— _ J—
25 85 6.85+0.50 8.78+1.77 4
15 45 4.74+0.21 5.64+1.16 2
37 178
10 — — — —
6 J— _ _ _
25 85 7.59+0.92 8.39+1.91 3
18 HB 22 15 45 7.26+0.67 8.93+1.69 3
Zheng 22 10 — — — —
6 J— J— J— J—
25 75 8.84+1.25 12.61+1.62 5
15 60 6.66+0.82 11.93+2.57 3
39 H84
10 — — — —
6 J— J— J— J—
25 80 6.56+0.85 12.81+2.15 4
15 35 2.55+0.35 10.75+3.32 4
40 K12 10 . B . .

6 — —
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Code Maize inbred lines Temperature Germination rate Plumule length Radical length Root number
25 80 6.13+0.22 6.51+£0.45 3
15 45 5.64+0.63 6.66+0.76 1
41 DV
10 — — — —
6 — J— J— _
25 70 5.34+£0.43 5.06+£0.74 2
it 15 50 6.51+0.68 8.18+1.72 1
42
Huangzao 4 10 — — — —
6 J— J— J— _
25 80 5.10+£0.67 7.91+£0.44 4
5 H 330 15 50 4.90+0.58 10.59 £ 1.67 2
7i 330 10 — — — —
6 J— J— _ _
25 80 8.23+0.63 12.09+1.42 4
15 85 7.26+0.67 12.58+2.18 3
44 Val02
10 80 2.20+0.30 4.26+0.61 3
6 70 1.08+£0.07 2.89+0.11 2
R3 MMERFHLPWEELZESTN
Table 3  Comprehensive evaluation of chilling tolerance at germination stage in 44 maize inbred lines
. g o oy o SR,
. ET VLT RAMH BRAKE A BRAKE AR
KR o The o The e The
- Maize inbred . Maize inbred . Maize inbred .
Type K membership K membership K membership
lines lines lines
value value value
i
High chilling tolerance Va35-2 0.48 Val02 0.80 ND246 0.74
LATES
Medium chilling tolerance Vads 0.62
it € Chilling-tolerance TS110 0.57 N192 0.52 — —
0% DM 0.49 TS109 0.49 R802A 0.42
Chilling sensitive AR234 0.42 TS164 0.41 1 478 Ye 478 0.41
B37 0.41 # C Huang C 0.40 T58 0.37
TS66 0.37 Wo64A 0.34 H84 0.34
CM 0.32 A654 0.30 Pa91 0.30
R802 0.30 — — — —
1o B B64 0.29 430 0.28 TS161 0.28
High chilling sensitive ¥ 22 Zheng 22 0.27 Mol2 0.27 K12 0.27
178 0.24 H 330 Zi 330 0.23 %% 3 Zong 3 0.22
B68 0.20 DV 0.19 # FLPU Huangzao 4 0.18
K22 0.18 WI182BW 0.16 WNI11 0.16
HI05W 0.16 T165 0.11 TS163 0.11
340 Dan 340 0.09 Mo22 0.07 CvV 0.06
502 5 502 You 0.05 01743 -2 0.03 Va26 0.02
# 853 Ji 853 0.02 K805 0.00 — —
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2.2.1 BB BaLENRREERARLAZAEK
FAFes %o W FEMELZE S IEM 45 51, R itk Y i
3 FE M oK B 38 & Va35 - 2. Val02 Al ND246

3 Oy USME £k B 28 & K22.B68 Al HI05W
1T 6 CARTEM A AL B . Hi3¢ 2 nl %0, 6 °CARTELIP 18 Ab
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6 dJ5, MifF€ £ K HACFR Vads — 2., Val02 Fl ND246
HIRKE I R T 6.61% \4.38% .6.25% ; HRAL 35
TR 5.98% .9.64% .8.06% ; i FE MR H 22 & K22,
B68 1 HI105W 1) #% 1 3 5l & B 7. 48% . 11.53%
8.76% ; MR K23 B F K& 15.38% .12.03% . 14.16%
MRIRMALETE 2 4.6 d &, Va35 — 2 AL F 36 54y
WITFRE1.20% .6.62% 14.46% ; Val02 fi4 H - 35 e
RIS T PR R e, AR f s B A AL B 2 d
JeTtiE 8.33% AL HE 4 d J5 A My b EE R X AR (0
DB ZEN, TIEA P 6 d 5 # b 3BT 5 % B A

R B 3. 57% ; ND246 (1) M I 5B ff 5 43 1] & K&
5.10% \13.27% \18.36% . ML ,3 MUEA
2T W E B8R, K22 1Y Hb b 30 6 5 43 I R [
27.03% .56.76% .62.16% ; B68 F3th L 3 fef 5 43 5
R 21.35% \47.19% .65.17% ; HI05SW [ F 3k
FT A T 29.49% .38.46% .50.00% . [RIFE, {16
[l X AN TR i FE M oK B 22 R BT LT
Tk R T B LA S, B i 2E A 22 R A5 I
FEAR TR A o X S 6 25 S B, W % 0 0
Vet TR 9 S b Va35 — 2, Val02 Il ND246 7E40 11 1
K IRL G HE AT IR 2 LT, Wil PR T Ak 385 B[]
FER BT A KA T BRI AN

R4 CCHEHTARMEEERBXZ R EEKIERMEREREL

Table 4 Changes of growth indexes among different chilling-tolerant maize inbred lines under 6°C stress at seedlings stage

A I R]/d i /cm R /em W iR E /g M EATE/g  MUTEE R/ WMTIHTE/
Varieties Days Plant height Root length Shoot fresh weight ~ Shoot dry weight Root fresh weight Root dry weight
0 25.10+£2.33aA 33.10 £ 1.0aA 1.66+0.37aA 0.13 £0.04aA 1.74£0.18aA 0.14+0.01aA
2 24.42 £ 0.94aA 32.34+0.51aAB  1.64 £0.20aA 0.12 +£0.04aA 1.64 £0.03aA 0.13 £0.02aA
Va2 4 24.22 +0.83aA 32.06 £0.62abAB  1.55+0.11aA 0.12+0.01aA 1.68 +0.07aA 0.13+0.0laA
6 23.44 £ 1.71aA 31.12+0.99bB 1.42 +£0.02aA 0.11+0.02aA 1.66 +0.07aA 0.13+0.02aA
0 23.30 £ 0.76aA 23.44 £0.63aA 0.84 +£0.10aA 0.09+£0.01aA 1.01£0.03aA 0.08 £0.01aA
2 22.86+1.11aA 22.72+0.28abAB  0.91 £ 0.06abA 0.08 £ 0.02aA 0.95£0.05aAB 0.08 +0.01abAB
Va2 4 22.54 £0.56aA 22.12+0.70bBC  0.84 +0.05abA 0.07 £0.10aA 0.87 +0.07bBC 0.07 £0.01bcAB
6 22.28 +1.90aA 21.18+£0.58¢C 0.81+0.07bA 0.07 £0.01aA 0.81+0.05bC 0.06+0.01cB
0 24.00 £ 1.27aA 23.56 +0.70aA 0.98 +£0.08aA 0.09+£0.01aA 0.93 £0.07aA 0.08 £0.01aA
2 23.20 +0.84abA 22.82+0.85abAB 0.93+0.04abAB  0.08 +0.0labA 0.89 +0.04abA 0.07 £0.0labA
N2 4 22.92 +0.79abA 21.66 +0.59bB 0.85+0.05bcAB  0.07 £0.01bA 0.81+0.10bcAB  0.06 +0.01abA
6 22.50 £0.74bA 21.66+1.08bB 0.80+0.12cB 0.07 £0.01bA 0.73+£0.04cB 0.06 +0.01bA
0 20.58 £ 0.42aA 18.20 £ 1.55aA 0.74+0.13aA 0.06 +0.01aA 0.72+£0.07aA 0.06+0.0laA
2 20.20+0.73abAB  17.00+ 1.12abA  0.54 +0.08bB 0.05+0.01abAB  0.61 +0.03bB 0.05+0.0labA
2 4 19.48 £0.43bcAB  16.16 £2.45abA  0.32+0.01cC 0.04+0.0lbeBC  0.51+£0.05¢C 0.04 +0.02abA
6 19.04 £ 1.06bC 15.40 £ 0.82bA 0.28 +0.01cC 0.03+0.01cC 0.44+0.03dC 0.03 £0.01bA
0 22.88 £2.00aA 21.28 £ 1.75aA 0.89+0.05aA 0.07£0.01aA 0.84 +0.06aA 0.06+0.01aA
2 22.10£1.65abA  20.72+1.26aAB  0.70 +0.04bB 0.06+0.01aAB  0.76 £0.06aAB  0.05+0.01abAB
o8 4 20.86+1.15abA  19.78 +1.06abAB 0.47 +0.08¢C 0.05+0.01bBC  0.64+£0.06bBC  0.04 +0.01bcAB
6 20.24 +£0.51bA 18.72+0.92bB 0.31+0.02dD 0.04+0.01bC 0.52+0.11cC 0.04+0.01cB
0 21.46 £ 0.96aA 20.06 + 1.37aA 0.78 +0.10aA 0.07£0.01aA 0.81+0.03aA 0.06 +0.02aA
2 20.88£0.83abA  19.14+1.28aA 0.55+0.07bB 0.06+0.01abAB  0.72+0.05aAB  0.05+0.01labA
oW 4 19.94+0.42abA  18.92+1.24aA 0.48+0.03bBC  0.05+0.01bcBC  0.61+0.11bBC  0.04+0.01bA
6 19.58 + 1.76bA 17.22 £ 1.94aA 0.39+0.04cC 0.50+0.07¢C 0.03+0.01bA

T AR R BB AR TR A SR R — 3l 2 H2 0, b5 A RE T HR8UNS PHRER 1% 5 5% KFEREBE. TR,

Note: Different small letters and capital letters denote significance at 5% and 1% level, respectively. The same as below.

2.2.2 BHIKEBEMALEHTAREEZRA AT
SRE AR fe B =B (MDA) 4 &89 T AL

HHFE S AT, SXTRE(0 d) A HE  AIGIE B AL B 2 4.6
d J&5 ,3 AN FE F oK 3 38 Z A KT R R 4

/N, Va35 =2 53l R 1.63% \4.08% .5.04% ; Val02
IR R 1.30% .3.54% \4.95% ; ND246 43 51| F
1.39% .3.32%.5.60% . 3 MFEHBRLEKALERT
R MR B A8 K, K22 43 il B R 9. 61% . 23. 58% .
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35.37% ; B68 43 | & 7.37% .21.56% .30.48% ;
H105W 433 F % 12.33% ,22.89% .33.89% . 1iKii
B AL B 2.4.6 d J5 , AN A E K B 38R B AEXS LR
AR T a3 AR TR AN]R8 oK
H 28 F BT R B /) T FE U A 28 & Y T i
FERCR . Va35 -2 43l e 1.32 f5.1.46 f5.1.67
5 Val02 4350 i 1.10 % .1.20 % .1.53 £ ; ND246
3T 1.23 £%.1.56 f%.1.91 £, K22 43 517+ &
2.54 f5.4.21 1% .6. 18 1i%; B68 4l Fh i 2. 15 5.
3.90f% .5.82 f%; HI05W 43 5l FH & 2.79 £% .4.36 1% .

5.94 15 ARRMHASME T, AFEKBLRM I
MDA 75 35t 9 28 {08 34 55 A 6 i R AH — B, S0
&0 DAMEL  RIEMa AL FE 6 d 5,3 Nt 9E LK B
AEF Va35 —2,Val02 1 ND246 FYPN B & 84 3 7+
151 50.01.54.49% 43.08 % ; FEMHK H 3¢ & K22.B68
F1HI05W 4351 75 129.32% . 153.88% .227.40%
VI 7€ 2R R FEHUB R R NI R B LA 54
AR 2 u S R, MM 1 H 5 Y
P, TSR BN BRAVE /N, AT 308 &

R

RS5 CHREBTAAMBEEIREZ RS EREXNSKE AN ESRNRT BB EHZL

Table 5 Changes of relative water content, relative conductivity and MDA content with days in different

chilling-tolerant maize inbred lines under 6°C stress at seedlings stage

EARAZHR 5[] /7d ARXT K i/ % HIXTHL S/ % PN/ (pmol g™ ")
Maize inbred lines Days Relative water content Relative conductivity MDA content
0 93.83 £ 0.55aA 9.87 +0.50dD 4.94+0.13dD
2 92.30 +0.60abAB 13.10 £ 0.30cC 5.38£0.18¢cC
Va35-2
4 90.00 +2.30bcB 14.37 £ 0.55bB 6.44+£0.01bB
6 89.10+0.69cB 16.47 £ 0.31aA 7.46+0.11aA
0 92.37+1.29aA 9.80+0.60dC 4.62+0.10dD
2 91.17 +0.46abA 10.80 + 0.60cBC 5.26£0.23¢C
Valoz 4 89.10+4.12abA 11.80 +0.40bB 6.21£0.01bB
6 87.80+0.85bA 15.00 + 0.20aA 7.23+0.07aA
0 93.33 £ 1.35aA 8.97+0.21dD 5.71+0.15dD
2 92.03 + 1.03aAB 11.03 +£0.40cC 6.34+0.19¢C
ND246
4 90.23 +2.56abAB 14.03 +0.40bB 7.31+0.18bB
6 88.10+ 1.04bB 17.13£0.21aA 8.17 £0.02aA
0 91.60+0.75aA 10.17 £0.32dD 6.72£0.05dD
2 82.80+1.61bB 25.83+0.55¢C 8.93+0.25¢C
2 4 70.00 +0.50cC 42.83 +0.55bB 11.8+0.02bB
6 59.20 +0.46dD 62.83 +0.55aA 15.41+£0.07aA
0 91.63 £0.70aA 10.37 £0.45dD 6.31+£0.02dD
2 84.87+0.83bB 22.27+0.31cC 8.62+0.21cC
oS 4 71.87 +1.69¢C 40.43 +0.45bB 12.11+0.01bB
6 63.70 +0.6dD 60.37 £ 0.55aA 16.02 +0.08aA
0 91.17 £ 0.46aA 10.13£0.25dD 5.62+0.02dD
2 79.93 +0.12bB 28.23+0.25¢C 8.82+£0.37¢cC
H105W
4 70.30 +0.53¢C 44.13+0.25bB 12.62+0.02bB
6 60.27 +0.47dD 60.13 £0.25aA 18.40 + 0.02aA

2.2.3 UHIKEBMAEATREERA AR A
BRAn TR A S AL A 1 AT, 7E 6°C IR
MPEZFET 6 Tk BRI ER & 72 L
R T IE FR b TR B2 ROKR, U R 19 b T B
/No HXFRR(O ) A HE ARIR MM AL 2.4.6 d 5,
Va35 -2 43l FH i 2.01 £%.3.22 % .4.30 £i%; Val02

T TR 1.93 7% .3. 11 £i%5.4.09 £%; ND246 43 51| It

2,05 5.3, 12 1% .4.21 £, K22 43 3T 1.34
% .1.78 15 .2.51 1%; B68 43 i 1 iEh 1.34 £%.1.90
5 .2.67 15 HIOSW 4351 Fh i 1.42 £%.2.05 £i%.2.82
o X UL € oK B 28 REAGR N FARZH
Iz RS Sk rRE &R, LR IR 8 45 16
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AYBITRER 1.27 £5%5.1. 64 1% .1.89 1% ; B68 43 5l Jh &5
1.25 151,63 £ .1.87 £ HI0SW 48 51T 1.35 5%
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Fig.1 Changes of proline and total soluble sugar contents with days in different chilling-tolerance maize

inbred lines under 6°C stress at seedlings stage

2.2.4 WKEMELETARAERERAR AT H KPP
Bagbeey A0 fE 2 ATA RIS AT 6 A
T oK BB R IS PR, AEU T R iR N
[flo 3 AN IE T oK B 28 R T BRI BE 8L/, 1M 3 4> 9€
BURE K A2 R T REIREE B . SXTIR(0 DAL,
MR A AL B 2 4.6 d )7, Va35 — 2 i SOD B 12>
WIF R 1.44% .9.32% .22. 47% 5 Val02 43 51 F [
6.66% \13.82% .24.17% ; ND246 53 # FF#& 5.29% .
13.88% .24.68% . K22 735l T4 41.09% .63.92% .
76.65% ; B68 43| T [ 44.22% .64.64% .73.63% ;

H105W 433 F [ 46.49% .61.70% .70.74% .

IGHR P38 J5 , POD A5 5 SOD AH BL ¥ 2% 16 4
#o HXFR(0 DAL, RIRMHE AR 2.4.6 d J5,
Va35 -2 1Y POD BTG PE 30 T % 12.52% .23.66% .
29.88% ; Val02 735 NP 6.63% .19.98% .26.30% ;
ND246 43 51 T % 8. 66% .20.97% .28. 88% ; K22 4}
BIR B 34.35% .52.20% . 64. 81% ; B6S 43 ] T &
41.76% . 58. 39% . 70. 81%; HI05W 43 B T [%
27.61% 49.85% .64.59% .

[AFf, CAT 5 SOD Fil POD [iff 175 M i) A8 Ak 4 341
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—5, 5XFIEO0 DM RIEMHELEE 2 4.6 A5, 40.21% .60.53% .76.32% ; B68 43 5 F [ 34.09% .
Va35 -2 /39 T 1% 9.62% .19.04% .28.86% ; Val02  62. 04% . 71. 72% ; HI105W 43 % K K& 39. 09% .
S R 10.71% .19.96% .28.57% ; ND246 435 F 60.90% .74.95%
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Fig.2 Changes of protective enzyme activity with days in different chilling-tolerance maize inbred lines

under 6°C stress at seedlings stage
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Table 6  Variance analysis of seedling growth and physiological and biochemical indexes in maize

inbred lines under 6°C stress at seedlings stage

WE EE WTFE T
B> 3 weE Rk 8RS TR ffE TE
Source of Plant Root Shoot Shoot Root Root
variance height length fresh dry fresh dry
weight weight weight weight

Liikd)

Tk

ko) W AR SoD POD CAT

Relive CEF MDA polne 00 R
Relative soluble SOD POD CAT

water .. content .. L. ..
conductivity sugar activity activity activity

content

s 0[]

R 29.466° 7 870567 16,2977 001177 16487 0.112° "
Varieties
b3 ) . - . N .
JESI 95077 8L T 18T 0.087 7 088177 0.008" "
Treats
A IR] x A 2R

6.014 4.997 0501 0.001 0.163" 0.001

Varieties x Treats

JA.357 7 836257 7 401317 7 AIB.1BT T 691617 "

330,068 © 82630457 7 445047 T 22905.83 7 * 493,258

1717.2067 © 49999137 © 169.52° © 2191446 * 46.714" "

413467 7 18236.6957 © 180.0837 ©

4R8.847 7 1BLORT T M9

165,717 7 139.757 7 B84

Heox w8 % HNER 5% 1% K FEFBE, TR,

Note: * or* * separately represent significantly difference at 5% or 1% level. The same is as below.
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AT 1 A 300 A 4l T A U ST 6 2 SR 1) AT B
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AT FEPER R
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B EEEUIERN BN SRR RSN
AR 3 5 | R 200 O R 2 R R IR B e
PO FIFET-HOARAR Y . FORTEMR IR B F AR K
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Table 7 Correlation analysis of seedling growth and physiological-biochemical indexes of different

maize inbred lines under 6°C stress at seedlings stage

P 1 = ] - o )
e = R L L wam T sop oo
gy MR ORKBE PR BT TR &kE S0 AR g S0 b O
i ) : =S CR i a1k G TH1E
Plant Root Shoot Shoot Root Root Relative . MDA . Total o
Item . Relative Proline SOD POD CAT
height length fresh dry fresh fresh water o soluble o .. ..
. . . . conductivity content activity activity activity
weight weight weight weight  content sugar
s 1
Plant height
RK .
Root length 0.903 !
Yo A A . -
Shoot fresh weight 0.905° 0.9 !
o bR . . .
Shoot dly weight 0.925 0.990 0.996 1
ﬂT%{SﬁE 0.845° 0.990" " 0.988" " 0.979" 1
Root fresh weight
WHHTE . . ‘s s
Root dhy weight 0.841" 0.978 0.990 0.977 0.993 1
O Ak
Relative water 0.937° *  0.756 0.794  0.821"  0.706 0.728 1
content
A HL R
Relative -0.904" -0.707 -0.748 -0.782 -0.658 -0.681 -0.995" " 1
conductivity
MDA -0.893° -0.736 -0.778 -0.807 -0.705 -0.727 -0.983" “0.989" * 1
S VO =N
ﬂm%ﬁaﬁm 0.888"  0.705 0.748 0.787 0.661 0.684 0.983" " -0.994" "-0.981" " 1
Proline content
nj s PR A . . . % .
it o it 0.917" 0.740 0.781  0.813" 0.695 0.718  0.997" " -0.998" "-0.989" * 0.994" * 1
Total soluble sugar
50D @%ﬁ 0.939° " 0.8160" 0.850" 0.882" 0.775 0.791  0.975" " -0.970" "-0.959" " 0.981" " 0.981" " 1
SOD activity
SEME
POD (HAH} 0.740 0.537 0.615 0.629 0.515 0.575 0.918" " -0.929" "-0.931" " 0.913" 0.924" " 0.855" 1
POD activity
CAT i . . . . . .
0.904 0.719 0.766 0.796 0.666 0.699 0.983* % -0.979" "~ 0.950" * 0.980 0.984 0.977 0.914 1

CAT activity

b, BEAE 1 SAE TN —E (MDA) R R | 1 iU IE
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