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Abstract: To explore the photosynthetic characteristics and hybrid vigor of different two-line hybrid
wheat combinations and their parental lines, this study utilized four wheat photo-thermal sensitive
male sterile lines, four restoring lines, and the corresponding sixteen hybrid wheat combinations.,
along with a conventional wheat variety Zhongmai 175, as research materials. Under field planting
conditions, we measured various photosynthetic parameters of wheat leaves, including net photosyn-
thetic rate(P,) ., transpiration rate (T,), stomatal conductance(G,), intercellular CO, concentration
(C,), and chlorophyll fluorescence parameters(F,/F,). We also investigated agronomic traits at ma-

turity and analyzed the hybrid vigor and correlations between the photosynthetic characteristics and
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agronomic traits of hybrid wheat. The results indicated that there were significant differences in T,
and C; among the male sterile lines, restoring lines, hybrid combinations, and the control, while
differences in P,, G,, and F,/F,, were not significant. The trends in photosynthetic characteristics of
the male sterile lines and hybrid combinations were relatively similar from the booting stage to 20 days
post-anthesis, with the highest values of P,, T,, G,, and C; observed at the heading stage for the
male sterile lines, restoring lines, and hybrid combinations. The proportion of super-parental hybrid
vigor combinations for photosynthetic characteristics ranged from 56. 25% to 93. 75%, with super-
high parental vigor combinations ranging from 31. 25% to 81.25%, and super-control vigor combina-
tions from 12.50% to 93.75%, with T, and G, showing the most significant super-high parental and
super-control advantages. For agronomic traits, the proportion of super-parental hybrid vigor combi-
nations ranged from 50.00% to 100.00% ; that of super-high parental vigor combinations and super-
control vigor combinations ranged from 18.75% to 75.00%, and from 18.75% to 100.00% , respec-
tively, with the spikes number per square meter and yield exhibiting the most significant super-high
parental and super-control advantages. There was a highly significantly positive correlation between
G, and C; in hybrid wheat, and a significantly positive correlation between P, and G,. Hybrid wheat
showed a significantly negative correlation with T,, G, and C; of restoring lines, as well as a signifi-
cantly negative correlation with T., G, and F,/F, of mid-parent values. Additionally, significantly
positive correlations were found between ear length and flag leaf area, number of grains per ear and
flag leaf area, number of grains per ear and ear length, yield, and thousand-grain weight. P,, G,,
and C,; of hybrid wheat were significantly positively correlated with thousand-grain weight, while G,
and C; were significantly positively correlated with yield; T, was significantly positively correlated
with flag leaf area, and F,/F, was significantly negatively correlated with ear length. These findings
demonstrate that the photosynthetic characteristics and agronomic traits of two-line hybrid wheat ex-
hibited significant hybrid vigor, and some photosynthetic parameters are positively correlated with
yield traits, which can be used to guide the breeding of high-yielding and high-photosynthetic efficien-
cy hybrid wheat combinations.

Keywords: Two-line hybrid wheat; Photosynthetic characteristics; Heterosis
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Table 1 Comparison of photosynthetic characteristics in hybrid wheat and its parents

*ﬁﬂ&fﬁﬁ P,/ 'I‘r/? Gs/l) Ci/ Fu/E,
Material and item (pmol e m™% «s7!) (mmol*m™?+s 1) (mmol*m™?+s ') (pmol+mol™ )

S1 22,77 6.49 0.48 278. 65 0.79
S2 23.38 5.88 0. 38 247.83 0. 80
S3 20. 29 5.22 0.41 271.46 0.78
S4 22.93 4. 87 0. 36 246. 60 0.79
R1 24,97 5.67 0. 38 241.12 0.78
R2 23.61 5. 95 0. 36 242.89 0.78
R3 22.52 4.79 0.31 235.18 0. 80
R4 21.33 4.09 0.31 227. 24 0. 81
S1XRI1 23.64 7.08 0. 36 256. 04 0.79
S1 XR2 21.85 7.89 0. 40 259.61 0. 80
S1XR3 24.53 6.82 0.47 268.51 0. 80
S1 X R4 22.48 5. 85 0.47 280.73 0. 80
S2 X R1 23.94 7.15 0. 38 245.52 0. 80
S2 X R2 24,09 7.74 0. 44 262.10 0.79
S2 X R3 23.49 5.92 0.47 277.71 0.79
S2 X R4 23.51 5. 86 0. 44 266. 24 0. 81
S3XR1 22.64 5.01 0. 40 243. 22 0.78
S3 X R2 24,65 7.01 0.47 269. 64 0.79
S3XR3 23.27 7.11 0.43 261.13 0.79
S3X R4 20. 81 5. 88 0. 40 254.61 0. 80
S4 X R1 24,45 7.38 0. 40 253.12 0. 80
S4 X R2 22.10 5.98 0.32 222.11 0. 81
S4 X R3 20. 50 5.75 0.31 219. 88 0. 81
S4 X R4 20.99 6.39 0.41 251.23 0. 80
172 175 Zhongmai 175 22,15 5.12 0.41 273.57 0.79
H#J{H Mean 22.84 6.10 0. 40 254. 24 0. 80
brifE 22 SD 0. 40 0. 60 0.03 13.31 0. 00
TREBCV/% 1.74 9.92 7.25 5.24 0.39
2l [8) 22 5% Difference in combinations 0.41 85.23* % 5.15 60. 68 0.07

*  P<C0.05; * x ;P<C0.01. The same in tables 7—10.
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Fig. 1 Comparison of photosynthetic characteristics of different materials
R2 EXMEREHUEEFMAERN
Table 2 Performance of heterosis for photosynthetic characters in hybrid wheat
R R HM/ % s R HH/ % xR HK/ %
Trait ¥H [ Ak ¥ME L i b ¥{H [ i b
Mean Range Ratio Mean Range Ratio Mean Range Ratio
0. 89 —9.79~11.98 56. 25 —2.44 —10.60~7.70 37.50 3.54 —7.43~11. 30 68. 75
23.50 —7.93~42.64 93.75 14. 38 —11.63~36.37 81.25 27.95 —2.10~54.05 93.75
Gy 9.27 —17.07~34.61 75.00 1. 25 —25.27~23.11 50. 00 —0.23 —23.97~15.45 43.75
Ci 2.14 —9.25~14.99 68.75 —1.93 —10.83~12.06  37.50 —6.53 —19.63~2.62 12.50
F./F 0.83 —1.25~3.18 68.75 0.01 —1.25~2.53 31.25 0.95 —1.27~2.53 62. 50

HM: Heterosis over mid-parent; HH: Heterosis over high-parent; HK:. Heterosis over check. The same in tables 3—6.
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Table 3 Overhigh-parent heterosis and over check heterosis of photosynthetic characters in hybrid wheat

L HH/ %

xR HK/ %

41 4 T
Combination  p T, G. C F./Fn P, T, G. C Fo/Fn
SIXR1 —95.33 9.09 —25.27 —8.11 0. 00 6.73 38.29 —13.13 —6.41 0. 00
S1XR2 —7.44 21.52 —16. 45 —6.83 1.27 —1.36 54.05 —2.88 —5.10 1.27
S1XR3 7.70 5.01 —0.68 —3.64 0. 00 10. 74 33.11 15. 45 —1.85 1.27
S1X R4 —1.29 —9.81 —0.82 0.75 —1.23 1. 49 14.33 15.30 2.62 1. 27
S2 X R1 —4.13 21.54 0.79 —0.93 0. 00 8.08 39. 66 —7.31 —10.25 1.27
S2XR2 2.07 31.52 17.68 5.76 —1.25 8.78 51.12 8.22 —4.19 0. 00
S2 X R3 0. 47 0. 66 23.11 12. 06 —1.25 6.07 15. 66 13.22 1.51 0. 00
S2 X R4 0.53 —0.42 15.52 7.43 0. 00 14 14.43 6. 24 —2.68 2.53
S3XR1 —9.32  —11.63 —1.86 —10. 40 0. 00 2.23 —2.10 —3.11 —11.10 —1.27
S3XR2 4.43 26.35 15.67 —0.67 1.28 11. 30 36. 94 14. 20 —1.44 0. 00
S3XR3 3.32 36. 37 6.18 —3.80 —1.25 5.06 38.92 4.83 —4.55 0. 00
S3X R4 —2.45 12.71 —2.27 —6.21 —1.23 —6.06 14.82 —3.52 —6.93 1. 27
S4 X R1 —2.09 30. 16 3.77 2.64 1.27 10. 38 44,19 —3.21 —7.48 1.27
S4 X R2 —6.39 7.69 —12.65 —9.93 2.53 —0.23 16.70 —22.69 —18.81 2.53
S4 X R3 —10. 60 18.01 —14.10 —10. 83 1.25 —7.43 12.29 —23.97 —19.63 2.53
S4 X R4 —8.45 31.24 11.42 1. 88 —1.23 —5.21 24. 87 —1.38 —8.17 1.27
R4 ERMERZHEREMAZRNR
Table 4 Performance of heterosis for agronomic traits in hybrid wheat
B rh R HM/ % RS HH/ % X B HK/ %
rTaLriji 1 ¥ [ i It 1 R i L MK Vil i
Mean Range Ratio Mean Range Ratio Mean Range Ratio
A FL 6,85 —14.73~26.08 81.25 —8.94 —31.47~10.17 25.00 2.71 —17.71~29.06 62.50
M PH 14.53 8.60~25.84 100. 00 —3.92 —13.04~5.87 18.75 8.07 —1.00~16.19 87.50
K SL 0.55 —7.68~8.63 50. 00 —4.78 —17.92~2.58 31.25 13. 34 —10.14~27.31 81.25
/NFEEL SN 2.02 —3.31~6.62 68.75 —2.10 —9.09~3.76 25.00 15.29 2.26~24.86  100.00
MR GN 6.80 —13.82~27.80 68.75 —4.54 —19.96~20.05 25.00 —11.51 —33.61~9.34 18.75
THRE TGW  1.96 9.79~9.82 62.50 4.80 15.63~4.56 25.00 4.71 10.99~16.07 81.25
ﬁ:?’:]ﬁ%ﬁ 10. 79 —26.95~39. 54 75.00 —4.27 —33.03~19.40 37.50 10.43 —13.29~43. 64 62.50
WY 58.31 4.87~122.57  100.00 26. 76 —21.92~108. 35 75.00 2.28 —16. 46~25. 66 62.50

FL: Flag leal area; PH: Plant height; SL: Spike length; SN: Spikelets number; GN

: Grain number per spike; TGW . Thousand

grains weight; SNM: Spike number per square meter; WY: Wheat yield. The same in belows.



%5

PN WESE . TR ABSNE O R AT T R A AL 3 43 T

* 619 -

Fi b 75 % X IR H 62, 596, Ud BH 38 1 /) A
ZAM R SR, AT I A E WA G
MK SE S (2 5)FLS2XR3 H 6 4
REVEIRA BE RS Hrp s MRZERER
A e, e O 108, 35% BB B R
20.05% TRiE Ny 4.56 % /NEEL K 3. 76 % il
K 2.58% ;S92 X R2 Hl S3XRI1 H 4 e 2k
BHHEEEM PG ST XRLLS2 X R1,S3 X R2,83 X
R3 Fll S4 X R3 H 3 A MR A B i 2R L5 ik
A8THAGA 18 2 MRZEMWRA B & B #.
R AR AR S AL A S2XR3 776 108, 350 .

S2 X R3 FkLEL 20. 05% . S3 X R3 B 77 Kl %k
19.40% ., WX REPE A G (3% 6)F.S3 X R
8 AR MR H A M B #5; ST XR3,S2 X
R3 F1 S3XR2 Ry 7 4R 201 R 56 b5 A 8 X BOG
#,S1 X R1.S1XR2.S1 X R4.S2 X R1 fl S2 X R2
6 AR ARG B A X L BT T A
BA 3~5 AR MR A XS B F X B
PUE B A A S4 X R4 B )7 KR AEE 43, 64 %,
S1XR2 MM HE AR 29. 06% ,S3 X R1 K 27, 31%,
S2X R4 =4 25. 66 % . Zf LA, BT 5 KRR
FE b P 7R S IR X R A B A 2

£S5 ZRMERZUERBESTEMLE
Table 5 Over-high-parent heterosis of agronomic traits in hybrid wheat/ %
Hg#A TAE i T A 3] [ESN N8 Tk K TRE TR L
Combination FL PH SL SN GN TGW SNM wYy
SIXR1 10. 17 5.87 —0.67 —5.34 —13.51 —11.39 —19.16 29.95
S1XR2 8. 84 —6.16 0.54 —1.41 —4.36 —15.63 —16.09 —12.91
S1XR3 —18.87 —0.65 0. 00 —3.83 —1.73 —3.99 —4.05 87.79
S1XR4 —1.78 4.72 —15.85 —3.63 —0.62 —15.34 —4.39 —5.40
S2XR1 6.92 0. 26 2.02 0.00 —7.53 —6.26 —5.91 35.13
S2XR2 —10. 60 —5.19 2.25 3.76 —18.69 3.67 —14.72 17.35
S2XR3 —31.47 —1.70 2.58 3.76 20.05 4. 56 18.02 108. 35
S2X R4 —15.43 —1.79 —17.92 —5.63 0. 85 —3.82 —17.07 18.76
S3XR1 3.11 —2.09 1.56 —5.83 —3.67 —6.14 1. 56 38.03
S3XR2 —13.56 —13.04 0.10 —4.23 —15.25 2.08 —4.91 24.48
S3XR3 —18.64 —9.67 —1.56 —9.09 7.43 —2.46 19. 40 45.98
S3X R4 —1.46 —11.48 —17.53 —1.63 6.42 —2.46 —33.03 —3.87
S4XR1 —8.37 —4.57 —5.39 0. 00 —9.85 4.08 —7.80 11.57
S4XR2 —21.29 —8.94 —6.55 2.82 —19.96 —15.43 8.22 —21.92
S4XR3 —22.13 —6.14 —3.42 2.83 —4.46 —4.81 9.19 49. 10
S4X R4 —8.53 —2.17 —16.65 —6.13 —7.78 —3.55 2.50 5. 74
x6 ZRMERZHERBENRMLE
Table 6 Over-check heterosis of agronomic traits in hybrid wheat/ %
HE AR JAE i T A 3] R /NEEL TR EL TRE IO R
Combination FL PH SL SN GN TGW SNM WY
S1XR1 13.59 16.19 16.51 10.17 —7.05 7.13 —7.97 2.03
S1XR2 29.06 11.32 21.85 18. 64 9.34 2.00 —4.48 —14.94
S1XR3 11. 40 8. 88 17. 30 13.56 —17.63 16.07 9.23 7.46
S1 X R4 1. 27 17.62 —1.30 5.08 —33.61 2.35 33.99 0.10
S2XR1 8.55 10. 03 18. 47 20. 34 —0.62 4. 00 —4. 34 6.10
S2 X R2 6.01 12. 46 23.93 24. 86 —7.05 15.01 —13.29 14.62
S2 X R3 —5.90 7.74 19.12 24. 86 0.62 16. 00 20.00 19. 23
S2X R4 —17.71 10. 32 —4.68 13.56 —25.73 6.71 16. 22 25.66
S3XR1 4.68 7.45 27.31 9. 60 3.563 0.71 18. 60 8.38
S3XR2 2.49 3.15 25.49 15.25 —3.11 9.53 11. 05 21.58
S3XR3 11.70 —1.00 23.41 7.34 —9.96 4.66 39. 44 —16. 46
S3X R4 —4.12 —0.57 3.38 2.26 —27.80 4.66 —6.15 1.71
S4XR1 —6.97 4.73 9.49 19. 77 —3.11 —1.06 —7.41 —12.40
S4XR2 —6.67 8.02 13. 26 23.73 —8.51 —10.99 8.67 —23.74
S4 X R3 6.92 2.87 10. 01 23.16 —19.92 —3.69 9. 65 —14.67
S4X R4 —10.99 9.89 —10. 14 12.43 —33.61 2.24 43. 64 11. 89
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Table 7 Correlation coefficients between photosynthetic

characteristics in hybrid wheat

e P, T, G, C,
Trait
T, 0.458
G, 0.527° 0.139
C, 0. 495 0.225 0.924"°
F,/F, —0.377 —0.103 —0.390 —0.374
x8 ERNEEFEAGHUENBEXRE

Table 8 Correlation coefficients between photosynthetic

characteristics in hybrid wheat and its parents

i H

P, T, G. C, F,/F,
1 A5/ N ZE AR ZMERAR S 23 A (3R 9) R I‘f‘"f
ZeAp /N S AR A SC R ECh 0. 633, fE \;?tﬁ\fc/flc —0.292  —0.701  —0.049  0.206  —0.514
ines
RS HK BN ROy 0. 848, PG THE L py e
(R SE R0 0. 712, 19 5 4 5 25 15 M1 26 ok 5L Wilhli;(:lor(‘r 0.082  —0.817° —0.795" —0.862"° —0.254
5 eI T RLE AT 2R K 0. 505, B 1 2 TF A 56 S o
With mid ~ —0.092  —0.688"" —0.407"“—0.257  —0.370"
Al PR 2 D A SR K B KT parent values
®9 ERMERZEREBERZEHNEXRE
Table 9 Correlation coefficients between agronomic traits in hybrid wheat
AR e i P K N B THE VKR
Trait FL PH SL SN GN TGW SNM
Pew PH 0.126
B SL 0.633" —0.172
/INEEL SN 0. 003 0.074 0.294
TR A GN 0.505" —0.053 0.848" 0.481
THE TGW 0.115 0. 142 0.253 —0.014 0. 065
75 KR BEECSNM —0. 294 —0.072 —0.348 —0.352 —0. 449 —0.085
P WY —0.368 0.224 —0.095 —0.068 —0.137 0.712" 0.081
K10 EXNEXAEGHEEERZERBBXREY
Table 10 Correlation coefficients between photosynthetic characteristics and agronomic traits in hybrid wheat
HEAR e i B B Bk AN B THE  GBPOKEE
Trait FL PH SL SN GN TGW SNM wY
P, 0. 055 0.171 0. 456 0.190 0.420 0.555" —0. 244 0.384
T. 0.522~ 0.118 0. 344 0.268 0.398 0. 283 —0. 443 —0. 140
G —0.067 0.128 0.058 —0. 247 —0.099 0.761" " 0.290 0.621
C; 0. 006 0.279 —0.011 —0.317 —0.082 0.753" " 0.188 0. 567
F,/F. —0. 300 0.001 —0.625 0.215 —0.471 —0.463 —0. 045 —0.319
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