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Heterosis and Genetic Analysis of Physiological Characteristics
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(College of Agriculture, Northeast Agricultural University, Harbin 150030, China)

Abstract: Using seven elite inbred lines, we prepared 12 hybrids by 4X3 incomplete diallel cross, then pot ex-
periment were carried out for both parental inbred lines and hybrids with saline alkali soil and black soil. We inves-
tigated plant morphological feature and physiological characteristics at maize seedling stage, and then analyzed the
heterosis and genetic parameter of each trait. The main results are that the investigated four traits can be used as in-
dex of evaluating maize salt tolerance. Under saline alkali stress, the plant height and leaf area of maize seedlings
were both decreased, while the activities of SOD and POD were both increased. There are significant difference in
salt and alkali resistance among inbred lines. Zheng 58 shows strong resistance to salt and alkali, while Mo17 is the
most sensitive inbred line to salinity. Chang 7-2, 444 and B73 were medium sensitive materials. There were signifi-
cant difference in salt and alkali tolerance among hybrids. Zhengdan958, Zheng 58 X 178, Zheng 58 xMo17 and
Huang CX 178 were hybrids with high salt and alkaline resistance, while 444XMol7 was a sensitive combination.
Salt and alkali resistance was not related with heterosis, but related with the salinity tolerance ability of parents. The
broad—sense heritabilities of the investigated four traits are all higher, especially non—additive effect is significant.
Therefore, during breeding inbred line with high saline—alkali tolerance, both related trait and the change rate of as-
sociated trait under different conditions should be considered.
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Table 1 NC II design and the code of 7 inbred lines and 12 cross combinations

hin

Variety & 7-2(25) 178 (z6) Mol7 (z7)
FB 58 (21) FBE958 (1) HE58x178 (2) HB58xMol7 (3)
B C (22) H Cx7-2 (4) AKX 108 (5) # CxMo17 (6)
B73 (z3) B73x8 7-2 (7) B73x178 (8) SC704 (9)
444 (z4) 444%x E 7-2 (10) 444%178 (11) PUEL 19 (12)
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Table 2 Plant height, leaf area, SOD and POD activities of the 7 inbred lines under two soil conditions

FRiHi (cm) T (em’) SOD i 1E(U/mg) POD {5 E(U/mg - min)

N Plant height Leaf area SOD activity POD activity

Variety EIES s Bt EIES s Bt Wt

Black soil Alkaline soil Black soil Alkaline soil Black soil Alkaline soil Black soil Alkaline soil

#0558 44.6 abe 27.9 ab 94.1 ab 40.3 ab 126.4 ab 129.7d 96.3 ¢ 123.6d
O 46.2 ab 294 a 98.6 ab 445 a 132.8 ab 1485 ¢ 192.8 a 2146 a
B73 48.0 ab 29.7 a 114.7 a 40.4 ab 1209 b 131.0d 148.6 ab 150.5¢
444 43.8 be 27.0 ab 91.7b 31.9 be 121.4b 151.7 be 158.2 ab 2114 a
&7-2 34.8d 24.4 be 68.0 ¢ 31.6 be 144.7 a 148.7 ¢ 168.6 ab 209.2 a
178 48.8 a 30.8 a 111.1 ab 39.9 ab 130.5 ab 156.5b 141.2b 188.7b
Mo17 40.8 b 21.7¢ 94.6 ab 272 ¢ 140.8 ab 164.0 a 1889 a 191.6 e

0 RBPARR/NG S8l P<0.05 K P T 2583, TEM,

Note: Means followed by different letters were significantly different at P<0.05. The same below.
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Table 3 Plant height, leaf area, SOD and POD activity of maize hybrids under two soil conditions

i (cm) T (em’) SOD i 1E(U/mg) POD {4 (U/mg - min)
N Plant height Leaf area SOD activity POD activity
Variety + Wt + Wt + Wt +
Black soil Alkaline soil Black soil Alkaline soil  Alkaline soil Black soil Alkaline soil Black soil
FB 58 7-2 52.0b 28.8b 113.8 bed 36.5d 131.8d 147.6 ¢ 158.4 ab 169.1 be
5 58x178 4474 28.6 b 102.9 cde 38.2d 1353 cd 151.8 be 152.8 ab 1553 ¢
FB58xMol7 50.8 be 248 ¢ 111.5 bed 34.1d 1304 d 150.4 be 101.9 ¢ 118.5d
B CxF7-2 48.3 bed 28.6 b 115.47 be 43.6d 143.7 be 149.0 ¢ 1443 b 199.8 a
HCx178 46.1 cd 21.1d 102.6 cde 34.0d 143.2 be 160.8 a 161.5 ab 197.8 a
# CxMol7 48.0 bed 34.1a 104.9 cde 56.9 ab 1579 a 158.1 ab 186.2 ab 187.0 ab
B73xE 7-2 50.7 be 35.0a 1293 b 63.4a 137.1 cd 150.6 be 181.3 ab 183.9 ab
B73x178 44.6d 35.1a 86.8 e 51.5 be 129.3d 138.9d 157.3 ab 1573 ¢
B73xMol7 43.8d 30.0b 86.5¢ 38.54d 138.3 bed 143.5 ¢d 151.5 ab 1554 ¢
444x 5 7-2 44.44d 32.0 ab 94.8 cde 55.7 ab 147.6 b 147.8d 179.5 ab 199.1 a
444x178 46.2 cd 28.6 b 92.7 de 48.7 be 144.4 be 145.7 cd 155.3 ab 177.1 abe
444xXMo17 61.5a 35.0a 152.1 a 61.8a 143.8 be 144.3 cd 190.6 a 176.0 abe

FORZZEFNH SOD 1G PETE SRS F 3 v, It
A Z 2 B 3 g BEAS ], F- 3493 6.5% , ¥ Cx
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BRI E.958 \BT3x 5 7-2 FI B73x178 33 J S 1k 1k
A LT v e A /N YRR 58 178 L B 58X Mo17 Al
W Cx178.
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Table 4  Heterosis of the four investigated indexs at maize seedling stage
B (em) T (em?) SOD 7 1 (U/mg) POD % PE[U/(mg - min)]
SRR Plant height Leaf area SOD activity POD activity
Variety LS Wt + CiEs C§ES + Wt +
Black soil Alkaline soil Black soil Alkaline soil ~ Alkaline soil Black soil Alkaline soil Black soil
R 58xE 7-2 24.54 36.49 39.45 45.86 -2.80 6.02 19.60 1.64
F58%178 6.67 33.49 13.67 30.30 5.27 6.07 28.69 -0.55
H558xMol7 6.12 21.23 14.06 28.15 -2.37 2.44 -28.57 -24.82
HOxE 7-2 22.06 22.24 41.79 72.53 3.54 0.26 -20.16 =5.70
T Cx178 4.35 9.54 2.83 27.54 8.76 5.47 -3.34 -1.91
##H CxMol7 13.04 13.78 26.90 32.42 15.41 1.20 -2.47 -7.95
B73xE 7-2 29.55 36.00 25.33 44.09 3.27 7.68 14.27 2.25
B73%x178 4.26 32.13 23.44 46.01 2.87 -3.38 8.49 -7.23
B73xMol7 0.55 20.66 7.01 39.16 5.68 =2.75 -10.25 -9.15
444x 5 7-2 33.60 50.52 50.31 96.42 10.95 -1.58 9.80 -5.32
444x178 43.88 68.03 57.21 96.06 14.61 -5.44 3.70 —-11.46
444xMol7 30.86 42.74 33.11 66.38 9.73 -8.55 9.75 -12.69

B4R SOD I M Y A% Fh AR B i g 04 2 B Cx
Mol7, A 15.4; 4 Fh O S e Al A 2 AP B 958, h1-2.8,
RO SR B73xE 7-2 42 SOD 7if M 22 R A # de 155
FR bRl Ze RSy 7.7 ;444X Mo 17 R 2Rl S d A%
(A, —-8.60 ERBLASIF T B 58 A 7-2 By 4= AL
ST IR B B K, K 315.0% ; BT3x178 B ZLFP il 30
IR T K, o 217.8% . EhAsMME 8 £oK SOD i M
(18 23 DA A3 A1

HB 58xMo17 A Wi Fl 115 POD 7 4 2= I 4
PIHcARA SR . B4R 58x 178 [ Z= Al vt
g 28.7; B+ R 58x E 7-2 (I Ze Bl A H R,
1.60 ERIREAT T A58 FPHE Cx B 7-2 [ 28 Fh L 311
T W BE R 5, M 71.7% 5 444X 178 B2 Rh AL #7E £
TS AR B I e, M 409.7% o ERTASFAd T
K POD 5 I 24 I 4325 il FAAIK

BN 1 S Bl oy R e /S 7 = S LT TR PV DS
TR A4 A THEs , Hidr, 444X 178 Fl 444% 5 7-2 i 22

T35, 35 Cx 178 I B73xMol7 Wy 42 Rl 3 dx
. ERHUH 30 i E 2K SOD . POD 3% 1 B 24 i £ 3
FEA
2.4 ZEZTFHEYT ER AR IR E AT
X 12 F A8 A R AR IR as A% 73 T s, FOK
(1) it T RRURT POD 396 M 8 P85 7 25 80K, Bk = i SOD
TR RN S). POD TR ME B — M BC & 1 7 2238
KABZFRIRBC A 1 10t/ o R v AR T AR ) Rk
RG22 5K, — B & 7 280N A T AE
PERON TIPSO . SOD T M A HF IR BC & 1k
T—BELA T PRI G L S #R7E 70% 1A
R iR AT RARHE T R, H s )
HR AT SGEL Ty, B e R i A e s AL
IE TG
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Table 5 Combing ability analysis for the investigated index %

15 Ly =1 I AR
SOD POD

Index Plant height Leaf area
Wy 22 5.80 51.1 16.5 194.8
— MBS 1T % 11.50 30.5 455 93.1
FRIRBCA 107 % 88.60 69.5 545 6.9
I XastE ) 77.50 70.6 70.4 76.1
e SLisiE ) 8.87 21.6 32.0 70.9




26

£ Kk B

2,
e

274

Wl A BN —8 FEASHEE C Y SOD TG M — i
Be A S 8hs  SCAR B — LA TR, BEAR
HEE C 444 K ASA B 7-2 B POD 1% P — i &
JrdgeEn XA AR B C i — A R B
BRH—3

T CxMo17 . B73x178 K 58%178 Fl1 444xMo17 ¥
1 FARF R IC & ) R B AT, B Cx178 ., B73XMol7 Fll
K 58X Mol 7 M 5 I RFIRBL & J1 3825 . ¥ CxMol7 Fll

B73x 5 7-2 i B R AR C B 1 2B A, K 58 %
178 . 444X Mo17 F1 B73x 178 HFF ik BL & 1t 2 LA
I, B73xMol7 FI# Cx 178 BBk il & 11 e 22 .
B73x 2 7-2 Fl # Cx178S0D 14 SOD ¥ 5k Bt & )1 4%
B, B X 7-2 FIB73x178 WY ok e & J i 2% .
K 58x178 FB 58x E 7-2  #5 CxMo17 Fl 444xMol7 [
POD IR EL & 1 et %8 58xMo 17 FlHE Cx |5 7-2
AR & 223K 7).
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Table 6  Relative average of GCA of each parent line

HR AR Ly = I
Parent Plant height Leaf area 0D rop
LA E7-2 3.2 6.2 -0.2 8.6
178 -5.9 -8.1 0.2 -0.7
Mol7 2.8 1.9 0.1 -8.0
BEA #5558 -9.1 -22.7 0.6 -14.7
HC -1.3 4.4 4.6 12.6
B73 10.7 9.0 -32 -43
444 5.7 18.1 -2.1 6.4
®7 BEEANMMEIK SCAKEN FEHE
Table 7 Relative average of SCA of each combination
i i L7 TR
Variety Plant height Leaf area S0b rop
H58x 5 7-2 1.40 -5.6 -1.4 3.8
#CxE 7-2 -0.95 -8.8 -4.5 -5.8
B73x/5 7-2 2.30 20.0 4.4 2.0
444%/5 7-2 -2.80 -5.6 1.5 0.1
H58x178 10.00 12.2 1.1 5.1
#Cx178 -16.70 -14.9 3.1 24
B73x178 11.70 8.9 -3.8 4.1
444x178 -4.90 -6.1 -03 -3.3
H58xMol7 -11.40 -6.6 0.3 -8.9
# CxMol7 17.70 23.7 1.4 3.4
B73xMol7 ~14.00 -28.9 -0.6 2.1
444xMo17 7.70 11.7 -1.1 3.3
3 5 5ihe AFEERE RS G A B R bR TR S AT

FRR A R T AR A TR T R 1 2
— A N o ERERC TR 2 & Bl 1 6%
SBRAAE AN 15 B i R A A B R A
XX e i ARYPRAR AE R AL LA Bl S8 B e
ARG LE ™ N BT RS, K LK
— ELRAR YA BEA 25 A ST B PR TR i
TSR A ek ML 73 Tk ol it A A PR ER Bl A0 1 —

ARG A B, ERBACE T ARG Bk i 48

P it ol ) 22 e 35, U D o 2 1 R K £
{CRERONARE ek =3 ST 78 PR S TR s )
AR B AN, LR 2R A A
EAR S T RLHERR R A [ PR R AR E 3 AR SR A R
AR B T AFAE (9 25 57 00 2 i iR 45 2R 1 52 R, T fE
B S ke T K it b ] Yy B IR R 22 5 . AT
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