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Heterosis of photosynthetic characteristics in Brassica napus L.

ZHANG Yao-wen,ZHAO Xiao-guang, TIAN Jian-hua, WANG Zhu-yun,
ZHAO Xing-zhong,CHEN Na,CHEN Wen-jie, LI Dian-rong, LI Min

(Hybrid Rapeseed Research Center of Shaanxi Province , Dali,Shaanxi,715105,China)

Abstract: [Objective] The objective of this study was to research heterosis of photosynthetic charac-
teristics in Brassica napus L. at different growth stages. [Method) Four cytoplasmic hybrids F, (Zayou 59,
Qinyou No. 7,Qinzayou No. 3,Qinzayou No. 1) and their parent lines were used as research materials. The
heterosis and correlations between the photosynthetic area, main photosynthetic parameters, the net assimi-
lation of total plant,the net population photosynthetic rate and the chlorophyll content of parents and off-
spring were compared at different growth stages. [Result] O The photosynthetic area and the net assimila-
tion of total plant of hybrids F, had positive heterosis in the whole growth stage;the main photosynthetic
parameters had positive heterosis in specific stages;the chlorophyll content had little heterosis and the net

population crop growth rate had negative heterosis at most stages. @Comparing heterosis of photosynthetic
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characteristics showed that:the photosynthetic area (MP 57.02% and HP 39. 46 %) >>the net assimilation
of total plant (MP 41. 77% and HP 32. 39%) > the main photosynthetic parameters (MP 2. 70% and
HP —3.72%)>the chlorophyll contend (MP 1.75% and HP —0. 52%)>>the net population crop growth
rate(MP —4.14% and HP —17.47%). @ The heterosis at different stages were shown as following. Pho-
tosynthetic area:bolting stage™>podding stage=>blooming stage™>seedling stage. Pn,Ci,Tr and Gs:bolting
stage™ early-full blooming > seedling stage > podding stage > ending blooming. Ls and WUE : podding
stage>>ending blooming™>early-full blooming™>bolting stage™seedling stage. Net population crop growth
rate:blooming stage>podding stage™>seedling stage™>bolting stage. Chlorophyll content: podding stage™>
blooming stage™>seedling stage>>podding stage. @ The heterosis of photosynthetic characteristics of differ-
ent breeds were different and the heterosis of photosynthetic characteristics of different photosynthetic or-
gans (leaf/pod) were also different. ©The photosynthetic characteristics of parents,especially female par-
ent,value of mid-parent and high parent were highly correlated with F,. [Conclusion]) It is possible to breed
Brassica napus L. with high photosynthetic efficiency.

Key words: heterosis; photosynthetic characteristics;correlations between parents and offspring; breed-

ing for high photosynthetic efficiency; Brassica napus L.
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Table 1 Experimental materials of B. napus at different stages
i 24 B M ZNEA TEF R WA 7
Name of variety The combination Male sterile line Maintain line Restorer line
Z=9h 59 B 3AX B C8 B 3B B C8
Zayou 59 Shaan 3AX Ken C8 Shaan 3A Shaan 3B Ken C8
FR 35 Bk 3AXF K101 Bk 3B # K101
Qinzayou No. 3 Shaan 3A X Chun K101 Shaan 3A Shaan 3B Chun K101
Zih TS5 Bl 3AX K407 B 3B K407
Qinyou No. 7 Shaan 3A X K407 Shaan 3A Shaan 3B K407
ZRM 15 Bk 5AX K407 Bk 5B K407
Qinzayou No. 1 Shaan 5A X K407 Shaan 5A Shaan 5B K407
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Mid-parent heterosis and over-parent heterosis of photosynthetic area at different stages of B. napus

Seedling stage. 11-06 —12-06 ; Bolting stage. 02-29— 03-28; Flowering stage.
04-09—04-22; Podding stage. 04-27—05-20. The same below
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Table 2 Heterosis of main photosynthetic parameters at different stages of B. napus %
126 % Mid-parent heterosis #EM Y Over-parent heterosis
b . IE J) £ 3 TE 1] O 3
RN L ~ A el - HA
: AR ] ‘ 7 e =
Index Stage A 2 i No. of crosses M 2% Wit No. of crosses
Average Range . L Average Range . o
with positive with positive
heterosis heterosis
i Seedling stage 0.49 —11.65~12.52 55. 88 3.95 —9.81~17.47 67.65
H# W Bolting stage 3.92 —2.54~10. 28 83.33 6.41 —1.07~12. 44 96. 55
Pn Z?EU*TE':F‘,E;E . 1. 86 —7.39~14. 60 70.59 5.15 —5.57~20.95 86. 55
Early-full blooming
5 Ending blooming —6.89 —18.45~5.73 15 —5.51 —16.54~6.63 20
R Podding stage —4.94 —26.69~10.63 18.18 —2.05 —20.32~11.65 36. 36
It Seedling stage —6.1 —55.20~63. 37 29.41 6.25 —32.42~82.65 61.76
2  Bolting stage 10. 21 —23.25~32.45 70. 83 17. 24 —10.15~35.59 91. 67
Gy FEHIETE 0.33 —13.10~52.55 15.38 10. 02 —42.00~89.52 70. 59
Early-full blooming
£ )5 Ending blooming —17.23 —33.43~3.34 5 —12.06 —27.71~5.97 5
1 3 Podding stage —12.72 —26.29~0. 04 12.5 6.9 —17.80~7.10 27.78
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H1 25 {3 Mid-parent heterosis HSEE Y Over-parent heterosis
. " RS T
YA L - A L) . A A
Index Stage A 2 i No. of crosses Hfi 2% Wi No. of crosses
Average Range . . Average Range . .
with positive with positive
heterosis heterosis
T Seedling stage —3.99 —45.12~42. 38 26.47 4.58 —22.76~54. 66 67.65
2 M Bolting stage 6.09 —13.92~21.48 70. 83 9.33 —6.10~22. 32 95. 83
T, EHTAETH —0.24 —39.14~28. 09 18.74 6.2 —36.87~49.07 71.43
Early-full blooming
)5 Ending blooming —11.65 —28.73~1.66 5 —7.73 —23.31~6.34 5
i £ Podding stage —7.19 —24.47~17.49 15.63 —1.49 —21.47~18. 30 46. 88
T Seedling stage —2.0 —9.20~8.68 26.47 1. 38 —5.10~9.91 55. 88
# 2 Bolting stage 0. 44 —8.00~11. 25 50 2.44 —4,14~11.74 75
o AR —3.37 —30.23~14.87 31.92 0.31 —26.62~28.73 48.74
Early-full blooming
#J5 % Ending blooming —5.35 —10.47~7.14 15 —3.085 —7.36~1.11 30
3 Podding stage —4.12 —20.75~0.29 3.13 —1.99 —17.25~2.85 31.25
1 Seedling stage —10. 88 —48.54~7.78 20.59 —3. 30 —41.09~13. 30 41.12
#E 21 Bolting stage —7.69 —20.13~0.04 45. 83 —4.09 —19.42~7.82 70. 83
Ls AETT-4E 1T . —5.51 —33.33~23.60 23.53 —0.16 —25.37~29.50 51. 26
Early-full blooming
)5 Ending blooming —0.24 —8.83~8.38 40 4. 33 —4.20~12.55 65
R Podding stage 0. 38 —18.55~20. 24 50 6.02 —10.08~22. 54 68. 75
T Seedling stage —9.75 —59.52~8.90 23.53 —2.68 —52.66~17.58 44,12
# EL ) Bolting stage —5.57 —20.78~1.12 41.67 —2.6 —19.21~6.53 62.5
WUE Eﬁuimqﬂ/ﬁﬁ . —4.43 —29.30~13.39 23.53 0. 44 —21.07~31. 20 51.26
Early-full blooming
5 Ending blooming —1.58 —16.19~8. 11 40 2.49 —11.84~12.14 76
AR Podding stage —3.73 —20.66~12.74 34. 38 4.33 —12.22~24.58 61.11
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Fig. 2 Mid-parent heterosis and over-parent heterosis of net assimilation of total plant at different stages of B. napus
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Table 3 Heterosis of net population crop growth rate at different stages of B. napus %
H1 25 {3 Mid-parent heterosis HE L Over-parent heterosis
e ZE 43l LT Z2 2%l ZE 44l Z1l Z2 2%
Stage Ao 3% o 5 Mm KMy 3% T 18 ¥
Zayou 59 Qinzayou N y7 Qinzayou Average Zayou 59 Qinzayou Qinyou Qinzayou Average
No. 3 > No. 1 No.3  No.7  No.l
11-06—11-14 —4.99 —34.02 —6.63 11.48 —8.54 —6.38 —45.65 3.69 19. 14 —7.30
"
S"IH?} 11-14—11-21 12.96 —25.88 —19.98 —30.41 —15.83 2.75 —30.04 —26.33 —34.28 —21.98
edi
:;gzg 11-21—12-06 1400 —7.42  —6.16  3.19  0.90  8.81 —10.96 —12.26 —2.41 —d4.21
Pl Average 7.32 —22.44 —10.92 —5.24 —7.82 1.73 —28.88 —11.63 —5.85 —11.16
i A 3
Over 15 05—02-29 —66.40 —75.70 —68.12 —78.68 —72.22 —81.20 —86.80 —81.45 —85.86 —83.83
wintering
stage
02-29—03-10 5.52 6.83 43.05 —2.43 13.24 —17.31 —23.14 14.23 —24.19 —12.60
B%I,E;a 03-10—03-19 —29.04 —25.34 26.09 —21.40 —12.42 —0.66 —12.43 0.37 —30.16 —10.72
olt
age 03190328 777 8.70  23.22 3176  17.86 —21.81 —18.64 —16.26 —13.58 —17.57
(8 Average —20.54 —21.38 6.06 —17.69 —13.39 —30.25 —35.25 —20.78 —38.45 —31.18
03-28—04-09 —0.76 —46.83 —31.09 16.87 —15.45 —24.11 —62.16 —57.64 —21.40 —41.33
XEP—;H 04-09—04-17 —2.39 —9.56 27.39 9.55 6.25 —4.96 —20.47 30. 68 —2.56 0.67
Flowering
cage | 04170422 3792 77.87  —8.13  7.74  28.85  31.86  73.50 —35.88 —21.86  11.90
Pl Average 11.59 7.16 —3.94 11. 39 6.55 0.93 —3.04 —20.95 —15.27 —9.58
04-22—04-27 —47.09 —47,06 —50.32 —17.76 —40.56 —107.66 —61.38 —8.45 —45.35 —55.71
£y 55 1] 04-27—05-07 —7.28 74.16 99. 55 17. 39 45.96 —32.33 35.70 52.27 1. 07 14.18
Podding 05-07—05-20 4. 06 1.97 —8.90 —27.97 —7.71 —9.72 —8.66 —30.57 —41.85 —22.70
stage 05-20—05-27 —59.41 66.77 —27.40 —15.92 —8.99 —69.33 77.66 —12.00 —17.71  —5.35
¥ Average —27.43 23.96 3.23 —11.06 —2.82 —54.76 10. 83 0.31 —25.96 —17.39
e 2 i S e
2EHMEL —8.24 —1.89 —0.76 —5.68 —d4.14 —22.07 —13.10 —13.37 —22.42 —17.74

Average of stage
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P 2 80 k. vhoo f #4220 (3. 072600 > B 46 )
(2.38%) >HIAEHA (2. 37 %) > I (1. 38 %) > ff 1
B (—0.46 %) > (—0. 46 %) s B, 2
(1.29Y0) > W (—0. 52%) > AL (—0. 63%0) >
B (—0.88%) > e (— 1. 8720 > &4
(—10.17%) . SA G FHEAT R G R R 8 H
UV SRE it i 22 TR AT 22 53] o AEAR L TA) 34 T W) 6 22 5
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Table 4 Heterosis of chlorophyll content at different stages of B. napus %
51 Short-petiole leaf
. JE ARt 'or ;c iole lea . f T At
e br i Long =i BIAE ) AL ) Green Non- S
Index Variety tiol *gl af Bolting Earl)_/* Full_f silique petiole Average
petiole lea stage blooming blooming shells leal
stage stage
Z3 59 Zayou 59 —0.41 3.47 3.15 1. 38 —1.14 —6.32 1. 29
TORIEHE %4 3 5 Qinzayou No. 3 2.42 5.75 3.92 4.21 0. 48 —10.15 3.36
ptdr‘il’t %4l 7 2 Qinyou No. 7 2.04 2.45 2.62 6. 64 —1.38 —12.94 2.47
heterosis  Z274i 1 % Qinzayou No. 1 1.45 0. 60 —0.21 —0.93 0.22 —17.12 0.23
S35 Ave. 1.38 3.07 2.37 2.38 —0.46 —11.63 1.75
Z=3h 59 Zayou 59 0. 04 4,33 —4.40 —4.31 —1.30 —4.40 —1.13
HGEMRHE #2emh 3 % Qinzayou No. 3 —0.82 1.32 0. 65 1.52 —5.88 —5.80 0. 64
;)1:;1 Z 4k 7 % Qinyou No. 7 —0. 44 2.16 —0.74 3.70 5.24 —11.45 1. 98
heterosis  ZEZ%il 1 2 Qinzayou No. 1 —2. 30 —2.65 —2.97 —3.44 —0.13 —19.03 —2.30
¥ Average —0.88 1.29 —1.87 —0.63 —0.52 —10.17 —0.52

2.6 HEIHFAGHKAFFEIE

PR RN K /N REAE SO SR AR X 2 B By R
MR . R 5 AT LUA . H g 2L S A ) i b
F 6 IR #B 52 21 00 1 B S 52 0 i HG R v SR A
P B2 T i R T e - MIRR ZE (B X By B & AR R

M/ s SR AR A LB BEAR 5 Fy B9 AR S ] I8 w5
FAA FHy 0,12, alREZ i TOL A PEAR OUHE
RSSO AT P L 1 i 22 10 T 240 i
T2 R FL R AR I B b R AR P AR AR s 2R S A OR
AR m R X By B9S2 B e TR .

RO HEMNHZRAGURMNETFHEXRY

Table 5 Correlation coefficients between parents and offspring on photosynthetic characteristics of B. napus
R Sk B ke RRE o RE e e
Trait Male parent  Female parent igh-parent -Ow-parent id-parent HPV-MPV
value(HPV) value(LPV) value(MPV)
%4 1 2 Photosynthetic area 0.753** 0.982** 0,985 * 0.576* 0.989** 0.585*
3 PN =N
MR WL 0.789" * 0.990" * 0.989" * 0.592" 0.995" " 0.604" "
Net assimilation of total plant
ﬁﬁ;étkﬁ% 0.882" * 0.992" * 0.993* " 0.80" % 0.968" * 0.517"
Net population crop growth rate
-4 % &+ Chlorophyll content 0.698" * 0.991** 0.999* * 0.596" 0.999** 0.742% "
Pn 0.864" * 0.926" " 0.975* " 0.672** 0.982** 0.450"
Gs 0.637" 0.932"* 0.951** 0.550* 0.964 " * 0.214
Ci 0.577** 0.831"* 0.866" " 0.586"* 0.899* * 0.345*
Tr 0.719" " 0.899 " * 0.923** 0.636" " 0.943** 0.436"
Ls 0.772" " 0.826" * 0.882* " 0.663" " 0.897** 0.337*
WUE 0.763" " 0,947~ 0.969" " 0.659* 0.974* 0. 289
w7 x T RIERIR Fr 5 EANH 3G B 3 M (P<C0. 05) Al (P<C0. 01 K-,
Note:“ * ” and “ % * ” indicate extremely significant (P<C0. 05) and significant (P<C0. 01) correlation between the parent and F; respec-
tively.
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