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Evaluation of Salt Tolerance and Analysis of Their Heterosis
Patterns in Maize during Germination Period
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Abstract: To evaluate the tolerance of different maize materials to salt stress during the germination period
and to explore the salt talerance of hybrid maize materials from different hybridization patterns during the
germination stage. This study used a 160 mmol/L NaCl solution to treat 152 maize inbred lines and 303 hybrid
varieties under salt stress. Distilled water culture was used as the control, and salt tolerance during germination
was identified using a paper bed culture method in a culture dish. The results showed that salt stress treatment
significantly reduced the germination potential, germination rate, and germination index of maize materials.
Trait correlation analysis revealed a highly significant positive correlation between different traits. Using the salt
tolerance rate during the germination period and combining with the clustering analysis results, the inbred and
hybrid materials were divided into five salt tolerance levels: Level 1 (high tolerance, 4 inbred lines, 17
hybrids), Level II (tolerance, 19 inbred lines, 58 hybrids), Level III (moderate tolerance, 47 inbred lines, 120
hybrids), Level IV (sensitive, 33 inbred lines, 71 hybrids), and Level V (high sensitivity, 49 inbred lines, 37
hybrids ). Based on the analysis of identity-by-descent (IBD) segments, 146 inbred line materials were divided

into 8 groups. The salt tolerance of different groups of inbred line materials was as follows: European maternal
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group>Complex group>Inbred line 330 group>PB group>Lancaster group>Tangsipingtou group>PA group>Reid

group. The hybrid materials are divided into 23 hybridization patterns based on the different parent material

groups, among which European maternal groupxPB group is the optimal heterosis pattern for salt stress tolerance

during germination. This study identified the salt tolerance of inbred lines and hybrid materials, and selected 4

high salt tolerant inbred line materials and 17 high salt tolerant hybrid materials.

Key words: maize;inbred lines; hybrids ; germination stage ; salt tolerance ; heterosis pattern
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Fig.1 The impact of salt stress on the germination stage of different traits in maize inbred materials
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Fig. 2 Correlation analysis of relative values of different traits during germination of inbred materials
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Fig. 3 Clustering analysis of salt tolerance during germination of 152 maize inbred lines
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Table 1 Classification results of salt tolerance during germination of 152 maize inbred lines
[EERE RN . W & AR 2 (% ) GTI
[IEDEE Salf tolerance B — - - HorH(%)
Salt tolerance level . Quantity Hyttibri 2 f/IMH KA Percentage
evaluation Mean+SD Min. Max.
I f=A0) 4 74.39+2.96a 72.00 78.33 2.60
1T i 19 52.09+4.35b 47.47 63.11 12.50
il aal) 47 35.38+5.27¢c 26.95 45.19 30.90
v THURR 33 20.29+3.03d 15.69 25.68 21.70
\% [ 49 6.09+5.37¢ 0 15.38 32.20
J 3T Total 152 25.68+18.31 0 78.33 100

AR/NG TR 285 3 (P< 0.05), T Al

Different lowercase letters indicate significant differences(P< 0.05) ; GTI: Salt tolerance rate at germination stage; The same as below
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Fig. 4 Comparison of salt tolerance among different inbred line groups
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Table 2 Evaluation of salt tolerance in different maize inbred line groups

B AW (%) GTI

IBD 43 — — - i ER P
IBD group i B/ SR Salt tolerance evaluation

Mean Min. Max.
W AT EUROM 38.28 0 78.33 i (2) (T (4) A1) = (4)
TRA M Z:AE Complex 30.63 0 72.00 w1 i (6) P (5) BUE(3) R (7)
H 330 71330 29.84 15.39 51.39 it (2) i (3) JBEk (4)
PB 28.50 0 72.22 it (1) () i (2) g (4)
22 RIMFHE LAN 26.22 0 43.33 R (10) U (9) g (2)
5 DU 3L 4 SPT 25.83 0 49.53 i (1) R (4) AUk (2) i (2)
PA 23.97 0 50.00 i (2) it (10) B (9) it (7)
8 HE REID 19.61 0 58.81 it (2) 1) U (S) i (20)

TSN R AR NEG TR

The numbers of parentheses in the table represent the number of inbred lines; The same as below
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Fig. 5 The impact of salt stress on germination traits of maize hybrids
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Fig. 6 Correlation analysis of relative values of different traits during germination of hybrids
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Table 3 Classification results of salt tolerance during germination of 303 maize hybrid lines

B £ % (%)
Tif £ 25 4% [GENaais ikt GTI (%)
Salt tolerance level Salt tolerance evaluation ~ Quantity BT UE 2 /M YN ] Percentage
Mean+SD Min. Max.
I 15 i 17 91.52+5.8a 85.39 107.06 5.6
i [EEN 58 72.99+4.83b 66.67 83.07 19.1
I riif 120 55.3246.19¢ 43.75 65.91 39.6
v Uk 71 35.54+5.02d 25.86 42.86 23.4
\Y% [T 37 13.16+8.15¢ 0 25.00 12.2
S Total 303 50.95+21.43 0 107.06 100
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A-C: Represent the number of materials for different heterosis patterns with Lancaster, PB, and Tangsipingtou as male parents, respectively; D-F:
Compare the differences in salt tolerance among different heterosis patterns with Lancaster, PB, and Tangsipingtou as male parents, respectively
B7 ZZFRAR AT ET LR

Fig. 7 Comparison of salt tolerance among different hybrid modes of maize hybrids
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Table 4 Evaluation of salt tolerance in different hybrid modes of maize hybrids

QG AR DA S () G LA
Paternal group  Heterosis model Hfit %/J,\{E ! Salt tolerance evaluation
Mean Min. Max.
2RI EUROMXLAN 57.05 41.15 74.16 i (2) it (6) FHURR (1) Wi (1)
LAN ZI330xLAN 5221 32.73 70.11 fif (1) Rt (4) e (1)
REIDXLAN 50.92 17.65 80.00 it (6) i (16) UK (8) R (3)
ComplexxLAN 50.47 0 86.81 FE (1) (5 (3) i (6) AU (3) R fE(3)
PAXLAN 46.86 8.11 80.00 it (4) (i (9) BUEk(5) Ei(4)
LANXLAN 4478 28.38 53.33 it (1) it (6) B (4) g (1)
PBXLAN 42.49 16.41 75.86 it (1) i (2) VR (2) s (2)
SPTXLAN 38.73 0 61.91 R (1) R (2) U (L) (= B(3)
LAN it 48.75 0 86.81 T (2) (i (18) (i (51) JUsk(25) (i (17)
PB EUROMxPB 78.29 75.00 81.58 it (2)
PAXPB 57.44 28.45 94.74 R (2) (i (6) R (9) VU (S)
Complex*PB 56.29 33.89 68.99 fiif (3) i (5) (1)
REIDxPB 55.97 25.00 88.64 it (1) (T (8) LR (10) AU (7) (rdi (1)
SPT=PB 45.70 14.68 61.31 Wi (4) (1)
PBxPB 43.56 13.33 69.77 i (1) i (1) U (1) (1)
Z1330xPB 38.38 0 59.09 R (2) U (2) (1)
PB &t 54.50 0 94.74 R (3) (T (20) Rl (31) AU (16) .t (4)
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F4(48)
AR SRR 4 ﬁﬁ&%ﬁﬂﬂﬁ'{?( %)GTI A -
Paternal group  Heterosis model Hfi %/J.\{E ! Salt tolerance evaluation
Mean Min. Max.
-3k EUROMXSPT 65.75 36.79 87.93 FR(2) (T (2) AP (S) B (1)
SPT ZI330xSPT 58.80 38.00 80.00 i (4) it (2) VBUE(2)
ComplexxSPT 56.08 9.09 97.06 R (2) (iR (3) R (8) U (1) LR g (2)
REIDXSPT 55.25 13.04 107.06 i (6) i (4) i (13) B (7) g (4)
PAXSPT 48.00 0 91.18 T (2) (i (4) AT (6) BUs(6)  Fifi (4)
LANXSPT 4536 19.44 78.00 if (2) i (2) U (S) =g (2)
PBxSPT 30.92 11.54 46.32 ehifit (1) U (3) L B(2)
SPTXSPT 29.45 0 56.76 i (1) U (4) =g (2)
SPT &it 51.32 0 107.06 it (12) (i (19) T (38) ek (29) = (16)
3 i JE—3 P, XIS TE R R W) T
Hie i, T BASR FELATA 2 200y S S T P )
30 ERMMFELZHAMBE TN PERBRKRE 155, FIOREYT D HIRHZ R 25 R
i FIAHT T R B0 5 MR BT , RIR B4

T8 EL A ER VA R M B R DR U A R X A AN [F) K
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e SR DT o O e Sy 1 9 Ny e o N I 1
POV B i R v i baE 1 RS b D A
T ] LU 8 5 (R Bl G R 1 MR ) 1
T Ak R R VR A B 2 S0 Y i E AE
H L AR ASAE %) 3 FRARAPHLE 52 2R IR , PRt oh 2R
AN RIE R o S R 0 ER VA R v B X KB Kk
W2 AR, AS BiF 5T 2 BE i 0 S5 R A 5 R
160 mmol/L NaCl{E A £R Ab 3554 1) 16 17 TRk
A TH I ER RS E
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PORZFR RFIRE G IR FR SR
B, 5 FIH 32 8053 43 A sSOMAL SR T8 oR £ Ty ik, %t
BARPRHFATER A VRN 2 BB X BRI 0 &
ST ER R 250 R, R 2R S e F bR PR AR
Wi ER VR, N SRS e SR bR Z AR AR R B
BHE ., XIRNFE BTSN DEAAEX & 2%
XF 8145 T KL RS P A TR, A IR
R IR ER B R A RHERR K] 43l 5 28, HIR RS

FAHZEAK NN ZE AP 5 e i i, LR 2F
B =Y (1 SR W TN (OE =X el By N 3T R R I
o R, AR LW, v DUR R B — 0 55 e A8 A ilt
A1 K A Ak ) P 5 R A i o o AR AIF RN
T EKRMBHG & ZE 3 R 2R HUR 2R P 55, AH M
eI RN BV e (T E NN DS T I |
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