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Dynamic changes of photosynthetic characteristics in big-spike wheat yield formation. WANG
Lifang XU Xuan-bin WANG Dexuan SHANGGUAN Zhou-ping ( State Key Laboratory of Soil
Erosion and Dryland Farming on the Loess Plateau Institute of Soil and Water Conservation North—
west Agriculture and Forestry University Yangling 712100 Shaanxi China) . -Chin. J. Appl. Ecol.
2012 23(7): 1846 —1852.

Abstract: A field experiment was conducted to investigate the yield traits leaf photosynthetic rate
chlorophyll fluorescence parameters chlorophyll content ( Chl) and leaf area index ( LAI) of eight
new big-spike wheat lines with multiple-spike cultivar Xinong 979 ( Triticum aestivum cv. Xinong
979) as the control. The eight new lines had significantly higher kernel numbers per spike kernel
qualities and 1000-grain mass but lower spike numbers per unit area and the lines 2036 2037
2038 and 2040 had significantly higher yields than the control. The average net photosynthetic rate
( P,) of the eight new lines had no significant difference with that of the control but the PST[ max—
imum energy conversion efficiency PSTI actual photochemical efficiency photochemical quenching
coefficient and PS ]I reaction center activity of the lines were higher than those of the control. The
leaf Chl of the lines 2037 2040 2039 2038 and 2036 were 17.5% 19.1% 15.3% 13.9%
and 7.9% higher than those of the control and their LAI was significantly higher than that of the
control and declined slowly in late growth period.

Key words: big-spike wheat; yield; photosynthetic characteristics.
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17-18 1.3
1.3.1
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9:00—11: 00
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Table 1 Main spike characteristics of tested wheat culti— 3 5
vars § §
) (F,)). 30 min (F,)
Cultivar Num})er of Nu@ber of  Kernel mass Othelr ‘ 1 (5000 pJTlOl . m’z . S’l
spikes grains per per spike characteristics
( x 104 » hm'z) spike (g 0.7 S) ( Fm) . 19
2005 371~428  45-83  1.5~4.2 - M(PST) FIF =
2013 339~406  39~93  1.3-5.1 _ o
2026 404~493  31~70  1.5-3.5 - (F,-F)/F, PST Dpsy = (F," -
2036 376-484  30~58  1.6~3.0 F)IF,, gGp=(F,” =F)I(F, -
2037 455 ~511 38 ~68 1.3~3.6 F.);PST F IF ~=(F ~F)IF .
2038 BI-642 4574 L7-3.5 ’ o o "
1.3.4 N .
2039 412~541  45~82  1.9~4.0 -
2040 46~629  30~62  1.5~3.4 . . SPAD-502
9719 654 ~763  30~51 11~2.3 ( Minolta Japan) 9: 00—11: 30

Xinong 979
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Table 2 Yield and its components of wheat
()
Cultivar Number of spike Number of grains Kernel mass per 1000-grain mass Yield
( x10* * hm?) per spike spike ( g) (g (kg hm™2)
979 Xinong 979 704.1 £32.0a 42.0+1.8d 1.8 £0. 1d 41.0 £0. 6e 9656. 5 +£560. 4a
2005 396. 8 +16. 8bc 57.1 £2. 6ab 2.6 +0. labe 44.2 £0.9de 8244.8 £465.9a
2013 384.1 +£22. 3¢ 57.6 £3.2ab 2.9 +0.2a 50.2 +1.2ab 8979.7 £1352. 7a
2026 445.4 +26. 0be 51.3 +2.0be 2.5 +0. lbe 46.8 +0. 8cd 9000. 3 +620. 6a
2036 441.3 +32.9be 45.6 £1.9cd 2.3+0. ¢ 52.2 0. 5a 9960. 6 +500. 2a
2037 475.9 +17. The 51.0 £2. 2be 2.3 +0. lbe 47.1 £ 1. Tbed 11572.1 +581. 6a
2038 480.7 +89. 8be 56.3 1. 8ab 2.7 +0. labe 46.2 +1.3cd 10703.0 £2113. 7a
2039 488. 6 +38.9bc 60.1 +2.4a 2.7 +0. lab 43.8 £0.9de 10774. 2 +838. 8a
2040 532.7 £53. 1b 52.4+1.7b 2.7 +£0. lab 48.7 £0. 7Tbe 11318. 7 £1260. 6a
(P <0.05) Different small letters in the same column meant significant difference among different cultivars at
0. 05 level. The same below.
3

Table 3 Chlorophyll contents of wheat at different growth stages ( SPAD)
()

Cultivar Jointing Heading Flowering Pre—ripening Mid~ipening Late—ripening Mean

979Xinong 979  51.83 +£0. 70e 55.87 £1. 08¢ 52.78 £0.72d 54.44 +0.73d 56.10 +0. 72e 53.86 +0. 65d 54.15
2005 64.38 0. 88a 66.61 0. 78a 65.58 £0. 54a 64.26 £0.49ab  62.64 £0.46bc  59.62 +0.85bc  63.85
2013 58.48 +0.49d 61.84 +1.28b 59.00 0. 59¢ 58.46 £0. 54c 57.98 £0.59de  57.46 £0.92¢ 58.87
2026 61.72 +1.0labc  66.91 £1.04a 62.38 £0.43b 65.96 +0.33a 62.46 +0.87c 61.10 +0.61b 63.42
2036 59.05 £1.37bed  59.93 +1.41b 58.76 £0. 79¢ 59.24 £0.59¢ 58.63 £1.04d 54.92 £0.38d 58.42
2037 62.00 £0.85ab  65.69 £0.90a 63.16 £0. 46b 65.48 £0.31ab  65.56 £0.67a 59.76 +1.37b 63.61
2038 58.73 £1.2led  61.40 £0.82b 61.82 £0.78b 64.80 £0.67ab  62.58 £1.06bc  60.76 +0.47b 61.68
2039 61.80 +1.0lab  64.83 £1.06a 59.98 +0.57c 63.90 +0. 70b 62.90 £0.62bc  61.08 +0. 50b 62.42

2040 61.35 +0. 94abed 66.50 0. 50a 65.32 £0.57a 64.28 £0.74ab  64.82 £0.29ab  64.50 +0. 17a 64. 46
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Table 4 Leaf photosynthetic rates of wheat at different growth stages ( pmol CO, m7Z s
()
Cultivar Jointing Heading Flowering Pre—ripening Mid-ripening Mean
979 Xinong 979 18.2 £0.4b 21.0 £0. 2¢d 21.2 +0. 6a 22.1+1.7a 16.3 £1.4a 19.8
2005 16. 0 £0. 4bc 21.9 £0. 1be 19.2 +0. 6ab 20.5 0. 8ab 12. 8 £0. 4be 18. 1
2013 21.0 +£0. 5a 17.8 £0. 3f 14.7 £0.4d 21.9 0. 4a 11.65 £0. 5¢ 17.4
2026 15.0 1. led 21.2 £0.4cd 19.4 £0. 4ab 17.8 £0. 5b 15.2 0. 8ab 17.7
2036 14.5 +£0. 5cd 20.6 £0.2d 16.7 £0. 7ed 18.9 +0. 7ab 12.9 +1.4be 16.7
2037 17.8 +0.9b 22.7 £0. 1ab 19.7 +0. 8ab 16.7 0. 6b 14.1 £0. 7abe 18.2
2038 16.4 £0. 2be 19.7 £0. le 20.8 +1. 6a 19.8 £2. 6ab 11.7 +£0. 6¢ 17.7
2039 14.6 £ 1. 0cd 18.2 £0.7f 17.78 0. 5be 19.0 0. 2ab 13.9 = 1. 8abe 16.7
2040 13.6 £0.7d 23.2 +0.4a 21.0 £0. 2a 18.2 0. 6ab 13. 1 +£0. 8be 17.8
5 PS1I (F,/IF,)
Table 5 PSII maximum energy conversion efficiency ( F,/F,) of wheat at different growth stages
(G
Cultivar Jointing Heading Flowering Pre—ripening Mid—ripening Mean
979 Xinong 979 0. 852 +0.001b 0. 831 +0. 006a 0. 845 +0.003¢ 0. 845 +0.005¢ 0. 842 +0.002a 0. 843
2005 0. 854 +0. 009ab 0. 836 £0. 009a 0. 846 +0. 005he 0. 856 +0.001ab 0.831 £0.003a 0. 844
2013 0. 861 +0. 004ab 0.843 £0.010a 0.859 £0.001a 0. 850 0. 004be 0.831 £0. 006a 0. 849
2026 0. 867 0. 002a 0. 843 +0. 004a 0. 846 +0. 004be 0. 861 +0.002a 0. 838 0. 006a 0. 851
2036 0. 858 +£0. 003ab 0.842 +0.003a 0. 856 +0. 003ab 0. 858 +£0. 002ab 0.843 +£0.013a 0. 852
2037 0. 867 +0. 006ab 0.841 £0.003a 0. 850 +0. 003abc 0. 857 +£0. 002ab 0. 838 £0. 005a 0. 851
2038 0. 864 +0. 002ab 0. 844 £0. 004a 0. 847 0. 001be 0. 856 +0. 003ab 0. 846 +0.003a 0. 851
2039 0. 861 +0. 006ab 0. 848 +0.005a 0. 853 +0. 001abc 0. 856 +0. 002ab 0. 849 +0. 004a 0. 853
2040 0. 868 +0. 004a 0. 847 £0.003a 0. 854 £0. 002abhc 0. 853 £0. 002abhc 0.846 £0.003a 0. 853
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Table 6 PS Il actual quantum efficiency ( @, ,) of wheat at different growth stages

()

Cultivar Jointing Heading Flowering Pre—ripening Mid~ipening Mean
979 Xinong 979 0.72 0. 0lab 0.47 0. 03abc 0.59 +0. 02abe 0.61 0. 02cd 0.55 +0.03a 0.59
2005 0.76 £0.0la 0.53 +0. 03ab 0.65 +0.0la 0. 65 +0. 02cd 0.59 +0.01a 0. 64
2013 0.75 +£0.0la 0.45 +0. 03bc 0.59 +0. 02abe 0.66 +0.01cd 0.60 +0.01a 0.61
2026 0.72 +0. 02ab 0.43 +£0.02¢ 0.63 +0. 03ab 0.67 0. 01lbc 0.57 £0.03a 0. 60
2036 0.74 +0.0la 0.40 0. 03¢ 0. 60 =0. 02abc 0.73 +0.0lab 0.54 +0.02a 0. 60
2037 0.76 £0.0la 0.55 +0.02a 0.63 +0. 03abc 0.75 0. 02a 0.57 £0.03a 0. 65
2038 0.69 +0. 02b 0.56 +0. 02a 0.56 +0.0lc 0. 67 0. 04bed 0.55 +0.02a 0.61
2039 0.75 0. 02a 0.55 +0.02a 0.61 =0. 02abc 0.67 0. 0lbed 0.61 +0.01a 0. 63
2040 0.72 +0.0lab 0.55 +0.02a 0.57 0. 03bc 0.60 +0. 03d 0.54 +0.01a 0. 60
7 (gv)
Table 7 Photochemical quenching coefficient ( ¢,) of wheat at different growth stages
()
Cultivar Jointing Heading Flowering Pre-ripening Mid~ipening Mean
979 Xinong 979 0.92 +0.0la 0.60 +0. 05¢ 0.83 +0.03a 0. 83 +0. 05hc 0.75 0. 04ab 0.78
2005 0.94 +£0.01a 0.73 +0. 03ab 0.86 +0.0la 0. 84 +0. 03abc 0.83 +0.03a 0. 84
2013 0.92 +0.03a 0. 63 +0. 06bc 0.77 0. 03a 0. 84 +0. 02abc 0. 82 +0. 02ab 0. 80
2026 0.92 +0. 02a 0.56 +0. 03¢ 0.84 +0.03a 0. 89 +0. 04ab 0.73 +0. 04ab 0.79
2036 0.92 +0. 02a 0.54 +0. 04c¢ 0.77 0. 04a 0.91 +0.0lab 0.72 +0.03b 0.77
2037 0.94 +0. 02a 0.75 +0. 03ab 0. 80 +0. 04a 0.94 0. 02a 0.77 +0. 04ab 0. 84
2038 0.85 +0.03b 0.77 £0. 04a 0.77 0. 03a 0. 88 0. 03ab 0.73 +0. 03ab 0. 80
2039 0.94 +0.0la 0.74 +0. 04ab 0.77 0. 02a 0. 89 +0. 02ab 0.77 £0.0lab 0.82
2040 0.90 0. 02ab 0.79 +0.03a 0.79 +0.03a 0.77 0. 04c¢ 0.73 +0. 05ab 0. 80
8 PSTI (F,”IF)")
Table 8 PSII reaction center activity ( F,”/F,") of wheat at different growth stages
()
Cultivar Jointing Heading Flowering Pre—ripening Mid~ipening Mean
979 Xinong 979 0.79 0. 00a 0.79 0. 05a 0.71 0. 02d 0.74 +0.03b 0.74 +0.01ab 0.75
2005 0. 81 0. 00a 0.73 0. 02a 0.76 =0. 0labc 0.78 +0.0lab 0.71 0. 02b 0.76
2013 0.81 +0.02a 0.73 +0. 06a 0.77 0. 02ab 0.79 +0.01ab 0.73 +0. 02ab 0.77
2026 0.79 +£0.0la 0.76 +0.03a 0.75 +0. Olabed 0.76 +0. 02ab 0.79 0. 02a 0.77
2036 0.80 +0.01a 0.75 0. 02a 0.79 0. 02a 0.80 +0.01a 0.75 +0. 02ab 0.78
2037 0. 80 +0. 00a 0.73 +0.03a 0.78 £0.01a 0.80 +0. 02a 0.75 +0. 02ab 0.77
2038 0.81 +0.0la 0.73 +0.03a 0.73 +0. 02bed 0.76 +0. 03ab 0.75 +0. 02ab 0.76
2039 0.79 0. 02a 0.74 +0.03a 0.79 0. 02a 0.76 +0.0lab 0.79 +0.01a 0.77
2040 0.80 +0.01la 0.70 +£0. 03a 0.72 +0.0lcd 0.79 +0.0lab 0.74 +0. 03ab 0.75
9 ( LAI)
Table 9 LAI of wheat at different growth stages
()
Cultivar Jointing Heading Flowering Pre—ripening Mid~ipening Late—ripening Mean
979 Xinong 979  2.72 0. 35hc 5.27 +£0.17b 5.15+0. 11ab 5.33 +0. 11ab 4.76 £0. 16ab 2.13 £0.45¢ 4.23
2005 3.00 +0. 44abc 5.24 +0.05b 4.94 +0.04b 4.95 +0.10bed  4.87 £0.28ab 3.45 +0.36abed 4.41
2013 3.68 0. 63ab 5.82 +0.04a 5.35 +0.04a 5.27 £0. 17ab 4.94 +0. 19ab 2.56 £0.42de  4.60
2026 4.38 +0.79a 5.36 0. 14b 5.15 0. 07ab 5.16 =0. 19ab 4.86 0. 19ab 4.46 +0.33a 4.90
2036 3.34 +0. 29abc 5.86 0. 04a 5.35 +0.20a 4.61 +0. 10d 4.66 0. 18b 3.63 £0. 53abed 4.58
2037 2.13 +0.30c 5.44 +0.05b 5.17 0. 13ab 4.96 0. 14bed  5.09 0. 13ab 4.33 £0.32ab  4.52
2038 3.83 +0.29ab 5.55 +0. 08ab 5.02 +£0. 09ab 5.46 £0. 15a 5.35+0. 19a 3.08 £0.37cde 4.72
2039 3.02 +0. 38abc 5.27 1. 14b 5. 14 0. 07ab 5.10 =0. 14abc  4.87 +0. 14ab 3.18 £0. 19bcde 4.43
2040 2.88 +0. 09abc 5.33 +0.07b 5.28 +0. 10a 4.69 0. 13cd 4.70 £0.21ab 4.25 £0.52abec  4.52
2037 >2026 >2013 >2005 >2038 > 979 >2040 2040
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