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Leaf Senescence and Reactive Oxygen Metabolism in Different Adzuki Bean
Cultivars (Lines)
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Pan-Pan

College of Agronomy, Northwest A&F University, Yangling 712100, China

Abstract: To examine the relation of leaf senescence and its reactive oxygen metabolites from different nodes of various adzuki
bean cultivars, to explore the aging mechanisms of adzuki bean leaf, to find out the intrinsic yield-forming mechanisms and to pro-
vide a theoretical basis for high-yield breeding and production of adzuki beans. We conducted a field experiment, two high-yielding
cultivars, 2000-75 and Jihong 9218, and two low-yielding cultivars, Hongbao 1 and Wanxuan 1, all adopted in the summer planting
ecological region of China, were grown in 2008 and their leaf physiological indices, such as chlorophyll content, soluble-protein
content, SOD, CAT and POD activities and MDA accumulations, were measured from flowering to ripening stages. The results
showed that after flowering of the cultivars, their functional leaves aged gradually from bottom nodes to top nodes, and showed de-
creased chlorophyll and soluble-protein contents, decreased SOD and CAT activities and increased POD activities and MDA accu-
mulations in the proceed of senescence, for which there were significant differences among cultivars. Compared with the
low-yielding varieties, the leaves of the high-yielding cultivars aged slower, showing relatively higher contents of chlorophyll and
soluble-protein, higher activities of SOD and CAT at the late growth stage, and thus resulting significantly higher grain yields. The
overall data indicated that yield is positively correlated with leaf chlorophyll and soluble-protein contents, as well as SOD and CAT
activities and negatively associated with POD activities and MDA accumulations at the late growth stage. Therefore, effective inhibi-
tion of leaf senescence or prolonging the functional period of leaves at the late growing stage plays an important role in raising yield.
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Tablel Changes of chlorophyll content in the leaves of different adzuki bean cultivars (mg g™')
Date (year/month/day)
Leaf position Cultivar 2008/8/4 2008/8/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29
5 2000-75 2.36+£0.12 A 2.24+0.13 A 1.32+0.20 A 0.97+0.05 A 0.69+0.05 A 0.31£0.06 A
Fifth leaf 9218 Jihong 9218 246+£0.11 A  2.27+0.14 A 1.26+0.11 A 0.89+0.11 A 0.52+0.09 A 0.29+0.08 A
1 Hongbao 1 2.27+0.14 A 2.1240.10 B 1.06+£0.19 B 0.33+0.08 B 0.154£0.08 B 0.05+0.02 B
1 Wanxuan 1 2.35+0.18 A 2.02+0.11 B 1.03+0.12 B 0.26+0.12 B 0.11+0.04 B 0.00+0.00 B
6 2000-75 2.37+0.23 A 2.3840.16 A 1.4340.17 A 1.09+0.07 A 0.74+0.08 A 0.39+0.09 A
Sixth leaf 9218 Jihong 9218 2.404£0.18 A 2.35+0.11 A 1.35+0.21 A 1.06£0.11 A 0.62+0.06 A 0.30+0.07 A
1 Hongbao 1 2.22+0.13 A 2.12+0.19B 0.98+0.19 B 0.61+0.09 B 0.20+0.05 B 0.09+0.02 B
1 Wanxuan 1 2.30+£0.20 A 2.08+0.12 B 0.87+£0.22 B 0.54+0.12 B 0.16+0.03 B 0.05+0.03 B
7 2000-75 2.3240.11 A 2.58+0.17 A 1.79+0.21 A 1.55+0.13 A 0.89+0.11 A 0.58+0.10 A
Seventh leaf 9218 Jihong 9218 2.27+0.13 A 2.49+0.11 A 1.85+0.18 A 1.64+0.12 A 0.76+0.08 A 0.41+0.08 A
1 Hongbao 1 2.224+0.18 A 2.12+0.20 B 1.22+0.14 B 0.86+0.17 B 0.29+0.05 B 0.15+0.05 B
1 Wanxuan 1 2.17+0.10 A 2.19+0.12 B 1.27+0.15B 0.92+0.15 B 0.22+0.08 B 0.13+0.02 B
8 2000-75 1.80+0.14 A 2.77+0.14 A 2.09+0.16 A 1.76+0.13 A 1.05£0.11 A 0.67+0.11 A
Eighth leaf 9218 Jihong 9218 2.05+£0.21 A 2.61+0.12 A 2.11+0.12 A 1.65+0.17 A 0.97+0.08 A 0.54+0.08 A
1 Hongbao 1 2.09+0.18 A 2.32+0.16 B 1.45+0.13 B 1.04+0.15 B 0.35£0.15B 0.19+0.05 B
1 Wanxuan 1 1.86+0.09 A 2.22+0.15B 1.374£0.15 B 1.17+0.19 B 0.30+0.12 B 0.21+0.09 B
0.01
Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
#2 FRESMF)NGHHAEEEEEBHTL(XSD)
Table 2 Changes of soluble protein content in leaves of different adzuki bean cultivars (mg g™")
Date (year/month/day)
Leaf position Cultivar 2008/8/4 2008/8/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29
5 2000-75 36.2£2.7 A 239422 A 14.1£2.0 A 9.8+1.6 A 5.9+0.8 A 3.4+0.9 A
Fifth leaf 9218 Jihong 9218 343£1.9 A 22.4+2.5 A 12.542.2 A 8.6+1.1 A 6.1£1.4 A 2912 A
1 Hongbao 1 30.1£23 A 20.5+1.9 A 8.7£1.9 B 4.6+1.0 B 3.5+0.5B 1.1+0.8 B
1 Wanxuan 1 32.6+£2.5 A 16.9£2.6 A 7.5+2.5B 3.9+0.8 B 2.4+0.4 B 0.0+0.0 B
6 2000-75 31.8£2.0 A 25.8+1.5 A 17.2£1.2 A 11.8£1.2 A 7.9£1.3 A 3.9+0.9 A
Sixth leaf 9218 Jihong 9218 329427 A 24.6+2.3 A 16.3£2.1 A 9.9£1.5 A 8.4£1.0 A 32414 A
1 Hongbao 1 36.4+3.1 A 237422 A 11.5+1.8 B 6.8+0.9 B 4.0+1.2B 1.8+0.5 B
1 Wanxuan 1 32.7+2.4 A 22.4+29 A 10..8+1.6 B 4.7£1.4 B 32+14B 1.1+0.4 B
7 2000-75 34.242.6 A 26.5£1.2 A 18.4£1.1 A 15.3£1.6 A 10.6£1.5 A 4.1£0.9 A
Seventh leaf 9218 Jihong 9218 35.7£2.4 A 24.3+2.1 A 17.8+1.6 A 11.741.2 A 9.3£1.6 A 3.8+0.7 A
1 Hongbao 1 36.5£2.3 A 23.1+42.0 A 13.2+1.7 B 9.1+1.8 B 5.7¢1.3 B 2.4+0.4 A
1 Wanxuan 1 37.1£2.8 A 21.742.8 A 12.8+41.6 B 7.5¢1.6 B 3.0£1.1 B 1.7+1.0 B
8 2000-75 358422 A 354423 A 21.741.5 A 17.0+1.5 A 13.6£0.8 A 4.5£0.6 A
Eighth leaf 9218 Jihong 9218 37.24£2.6 A 359+3.1 A 20.4+1.7 A 15.3£1.0 A 10.4£0.6 A 4.1£1.5 A
1 Hongbao 1 38.1+1.8 A 334425 A 15.8£1.4 B 10.6+0.9 B 6.8+0.5 B 3.241.1 A
1 Wanxuan 1 38.8+2.7 A 31.842.7 A 14.6£1.2 B 7.6£1.3 B 42404 B 2.9+1.0 A
0.01

Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
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Table 3 Changes of SOD activity in the leaves of different adzuki bean cultivars (U g”'FW)
Date (year/month/day)
Leaf position Cultivar 2008/8/4 2008/8/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29
5 2000-75 1307.8+x11.6 A 1374.1£19.6 B 880.3+11.6 A 689.2+11.4 A 473.1+6.4 A 334.1+6.5 A
Fifth leaf 9218 Jihong 9218  1224.949.4 A 1298.3+18.2 A 754.5£21.5 A 553.1£10.6 A 302.5£10.5B  138.249.1 B
1 Hongbao 1 1045.6+23.5 B 976.3£12.4 C 382.5£13.6 B 239.6+9.8 C 156.4£12.8 C  106.2+4.6 BC
1 Wanxuan 1 1064.3+14.2 B 862.1£15.6 D 364.8£16.3 B  300.549.0 B 122.3£5.6 C 59.3+8.0 D
6 2000-75 1296.5+23.5 B 1386.1+21.6 B 987.3+17.1 A 762.4+12.6 A 576.1£11.3 A  416.7£10.5 A
Sixth leaf 9218 Jihong 9218  1326.8+21.1 A 1416.5+£16.7 A 840.5+15.3 A  623.8t11.9 A 429.5+9.5 A 201.6+10.4 B
1 Hongbao 1 1021.3 +143 D 1039.6+10.5D 581.3£12.9B  402.0+15.8 B 239.6+10.6 B 123.3£9.8 C
1 Wanxuan 1 1084.6 £23.6 C 1129.3£16.3 C 610.2+18.2B  428.6+£10.3 B 156.4£8.8 C 88.4+010.6 D
7 2000-75 1329.1+17.5B 1506.2+13.6 A 1098.3+20.1 A 921.9+11.2 A 580.6£13.4 A 465.1+11.8 A
Seventh leaf 9218 Jihong 9218  1336.2+10.6 A 1523.4+15.8 A 982.5£179 A 716.2+13.1 A  406.3£10.9B 251.3£14.9B
1 Hongbao 1 1126.0+£18.3 C 1287.2+20.3 B 675.2£15.8 B 598.6£12.5B  225.6+12.3 C  133.5+£10.1 C
1 Wanxuan 1 1117.5+¢12.3 C 1253.4+184 B 645.0£11.5B  521.4+143B 215.3+129C 99.4+8.2 D
8 2000-75 1431.3+16.6 A 1499.8+22.3 B 1145.1£153 B  9453+12.8 A 523.6£10.5 A 405.2+9.1 A
Eighth leaf 9218 Jihong 9218  1322.5+15.7 A 1562.1422.8 A 1206.8+12.4 A 925.1x10.3 A 504.9+11.4 A 336.8¢8.5B
1 Hongbao 1 1115.2+12.6 B 1321.6+12.5C 882.6£19.8 C  681.2+13.6 B 368.5+9.2 B 145.7+4.3 C
1 Wanxuan 1 1249.6+25.1 B 1477.5+22.1 B 920.3£16.1 C  669.3£14.7B  328.1+12.1 B 102.1£5.6 D
0.01
Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
£ 4 FEASBMWER)NEMHE CAT EER 84 T L (X £SD)
Table 4 Changes of CAT activity in the leaves of different adzuki bean cultivars (U g 'FW)
Date (year-month-day)
Leaf position Cultivar 2008/8/4 2008/8/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29
5 2000-75 946.2+9.2 A 763.2+20.6 A 463.2+8.6 A 323.1+6.1 A 210.5£5.4 A 110.2+4.5 A
Fifth leaf 9218 Jihong 9218 868.3+12.7 B 680.1+15.3 B 439.549.5 A 289.5+4.5 B 189.1+5.5 B 98.7£3.3 A
1 Hongbao 1 815.6x16.4 C 553.6+18.8 C 220.3£7.2 B 155.3+5.7 C 88.9+4.8 C 50.3+4.6 B
1 Wanxuan 1 826.1x11.2 C 547.8+13.4 C 265.4£6.5B 115.2+5.8 D 62.5£5.3 C 36.4+5.0 B
6 2000-75 902.8+22.8 A 842.6£15.6 A 502.3£9.7 A 350.1+6.8 B 340.1£6.3 A 135.444.9 A
Sixth leaf 9218 Jihong 9218 829.6+£18.7 B 753.1£22.5 B 470.2+8.2 B 423.6+6.2 A 220.5+4.5 B 110.1£3.4 B
1 Hongbao 1 763.9 £14.5 C 565.2+18.3 D 330.3£7.6 C 230.5£5.4 C 126.3+4.6 C 80.3+3.8 C
1 Wanxuan 1 8342+119B 618.3+14.8 C 251.4+8.6 D 130.7£5.7 D 85.2+4.8 D 40.5+4.2 D
7 2000-75 840.4+15.6 A 882.4+12.0 A 610.4+x10.1 A 461.4+6.0 A 254.8+6.4 A 156.3+4.8 A
Seventh leaf 9218 Jihong 9218 833.1x12.0 AB 832.5+11.8 B 582.9+8.9 A 4253+55B 236.1£59 B 144.2+3.9 A
1 Hongbao 1 784.3+189 C 750.1£14.8 C 388.2+9.2 C 294.5+¢6.2 C 168.8£5.3 C 101.2+4.1 B
1 Wanxuan 1 823.5¢11.6 B 720.3£20.7 D 523.4+6.5 B 199.3£5.3 D 107.5+4.9 D 66.5£3.2 C
8 2000-75 868.4+10.5 A 920.4+11.3 A 705.8+7.7 A 542.1£6.5 A 346.4+£5.5 A 175.9+3.1 A
Eighth leaf 9218 Jihong 9218 850.2+16.8 A 864.3+13.8 B 651.3£t8.2 B 526.4+4.3 A 296.1+3.4 B 160.8.£3..5 A
1 Hongbao 1 720.3£14.8 C 836.6x12.5C 434.6£6.9 C 324.6£5.6 B 170.5£5.2 C 121.0+4.3 B
1 Wanxuan 1 788.1+22.6 B 750.5+10.1 D 395.3+5.2D 300.1+4.7 B 161.2+4.1 C 82.1£3.6 C
0.01

Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
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Table 5 Changes of POD activity in the leaves of different adzuki bean cultivars (U g”' FW)

Date (year/month/day)

Leaf position Cultivar 2008/8/4 2008/8/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29

5 2000-75 852443 A  303.1£5.1C  5203%#55C  634.3#5.1D  729.1465D  751.246.3D
Fifth leaf 9218 Jihong 9218 91.3+3.4 A 3182447C  513.5%6.1C  680.2+63C  780.2+7.5C  799.5%8.1 C
1 Hongbao | 91.5£5.1 A 425.655.1 A 8124443 A  850.9+57B  822.9+58B  904.7+4.6 B

1 Wanxuan 1 957+3.5A  386.4+54B  7153+52B  830.8%4.9A  889.4%6.6 A  995.8+8.1 A

6 2000-75 71324.8B  2213+44D 4363+5.0C  584.2+43D  6357+63D  655.546.5D
Sixth leaf 9218 Jihong 9218 90.5:42 A 263.4+447C  429.8448C  602.3:42C  708.4+45C  736.2+4.4C
1 Hongbao 1 82.6+5.1 AB  300.2+55B  608.1=4.5A  750.1248B  769.8+3.6 B  812.7+4.8 B

1 Wanxuan 1 91.8+3.5A 3712463 A  714.843.9B  850.845.3 A  855.624.8 A  893.445.6 A

7 2000-75 69.4+4.4 A 197.845.1C  380245.6 D  4662+45D  512.4+44D  529.4+4.8 D
Seventh leaf 9218 Jihong 9218 79.124.6 A 209.9+5.5C 4493468 C  528.746.1C  580.1£5.9C  590.6£5.9 C
1 Hongbao | 78.943.9A  2655£52B  644.7+53 A 688.1455B  659.1+53B  770.5+7.1 B

1 Wanxuan 1 82.0447A 3032451 A  580.2+3.5B 7504468 A  7813+3.9A 859362 A

8 2000-75 58.3+3.1 B 161.8442C  302.126.6 D  399.2+48C  445.6+45C  455.15.1D
Eighth leaf 9218 Jihong 9218 57.6+3.3 B 1705433 C 3582454 C  450.6+5.3B  521.1264C  544.6.46.5C
1 Hongbao | 71243.6 A 2333445B  406.4+3.8B  591.8+4.6A  600.1+52B  670.3+4.2 B

1 Wanxuan 1 69.1+4.1 A 272.6£3.1 A 509.2+5.1 A 602.3+3.7 A 633.4+£5.1 A 7729454 A

0.01
Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
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Table 6 Changes of MDA content in the leaves of different adzuki bean cultivars (umol g™")

Date (year/month/day)

Leaf position Cultivar 2008/8/4 2008/3/18 2008/9/1 2008/9/15 2008/9/22 2008/9/29

5 2000-75 50240.18 B 8.71£0.11 C  14.89+021D 19.18£0.31 D  24.03+0.28 D  29.54+0.33 D
Fifth leaf 9218 Jihong 9218  4.86+0.15B  8.46+0.18 C  15.612026 C  20.13£0.26 C  25.78+0.25C  30.29+0.28 C
1 Hongbao 1 6.7440.14 A 9.74+0.15B  18.554026 B 23.2140.34B  28.26:0.31 B  32.05:0.31 B

1 Wanxuan 6.8240.17 A 10.82+021 A  19.824024 A  24.8820.23 A  30.1140.26 A  32.88+0.34 A

6 2000-75 3.9840.15B  6.1240.18 D 11.56+022D  15.34£0.19D 21.8440.23C  26.8240.29 D
Sixth leaf 9218 Jihong 9218 4.21£0.19 A  7.06£0.22 C  13.84£025C 16.2140.25C 22794023 B  25.67+0.24 C
1 Hongbao 1 4.16£0.16 B 7.22+0.14B 16714028 A  19.874024B  2545:0.25 A  28.34+0.25B

1 Wanxuan 1 4.35+0.17 A 8.19+0.16 A 18.55+0.20 B 21.52+0.32 A  25.73+0.31 A 30.16+0.32 A

7 2000-75 3.62+0.20 B 7.51+0.11 B 11.64+0.22 C  14.02+0.17C  17.45+0.26 D  24.03+0.28 B
Seventh leaf 9218 Jihong 9218 3.54+0.19 B 5.88+0.16 C 12.01+£0.27 C  14.16£0.27 C 19.41+£0.21 C  24.16+0.34 B
1 Hongbao 1 3.66+0.18 B 6.12+0.15 C 14.86+0.27B  16.89+0.24 B 22.35+0.24 B 25.49+031 A

1 Wanxuan 1 4.18+0.16 A 8.14£0.15A  16.35+0.19 A 19.52+0.31 A  23.89+0.29 A 25.83+0.25 A

8 2000-75 3.11+0.13 B 4.77£0.12 D 8.41+0.27D  11.33£0.23 D  15.53£0.24D  20.19+0.21 C
Eighth leaf 9218 Jihong 9218 2.66+0.11 C 5.84+0.13 C 9.22+0.23 C  12.65+0.25C  16.98+0.31 C  20.34+0.34 C
1 Hongbao 1 3.59+0.14 A 6.94+0.15 B 11.89+£0.25B  14.56+0.32B  19.80+0.32 B 22.45+0.26 B
1 Wanxuan 1 3.56+0.13 A 7.76£0.11 A 12.43+0.24 A 16.37+0.21 A 18.99+0.28 A 23.67+0.27 A

0.01

Values followed by a different letter within each column for same leaf position are significantly different at the 0.01 probability level.
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Table 7 Yield and yield components of different adzuki bean cultivars

Cultivaf’(lizle) Plants per hectare Pods per plant Seeds per pod 1000-grain weight (g) Seeds yield (kg hm™)
2000-75 100000 28.23 aA 6.27 aA 160.3 aA 1580.3 aA
9218 Jihong 9218 100000 27.87 aA 6.63 aA 159.7 aA 1560.0 aA
1 Hongbao 1 100000 24.33 bB 6.23 aA 154.1 abAB 1340.7 bB
1 Wanxuan 1 100000 23.20 bB 6.33 aA 147.2 bB 1320.7 bB
0.05 0.01

Values followed by different letters within each column are significant at the 0.05 and 0.01 probability levels.

[2] Feng B-L( ), Gao X-L(

#x8 MNEEBEREAMRALEEERSIWmENMEXE
Table 8 Correlation of seeds yield and physiological indicators of adzuki bean at the late growth stage
Seeds yield Chl SP SOD CAT POD
Chl 0.93" 1
SP 0.96" 0.95" 1
SOD 0.97" 091" 0.90" 1
CAT 0.92" 0.89" 0.97" 0.83 1
POD -0.82" -0.87" -0.90" -0.97" -0.93" 1
MDA —0.86" -0.95" -0.84" —0.89" -0.95" 0.87"
: 0.05 ;7 0.01
" Significant at the 0.05 probability level; ™ Significant at the 0.01 probability level.
,SOD CAT R 1
; POD MDA 1
Ay < \A
3 Wik SOD CAT ,  POD
5 MDA
> s ; SOD CAT
; MDA R
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