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Characteristics of Leaf Senescence in Rice Genotypes with Different Nitrogen
Use Efficiencies
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Abstract: Although excessive use of N fertilizer can result in the rapid decrease of N use efficiency and other serious environment
problems, N fertilizer is yet the most important and largest input in modern rice production. Previous researches have been
demonstrated that variation in N use efficiency existed among rice genotypes. Therefore, it is of urgent importance to elucidate the
physiological mechanism of rice N absorption and utilization for increasing N use efficiency. In this research, field experiment with
225 kg ha™ N fertilizer application was carried out in 2006 on the farm of Yangzhou University, Jiangsu province, China. Twelve rice
genotypes (six N efficient and six N inefficient) selected from one hundred and twenty rice cultivars grown in Yangzhou during 2004
and 2005 were adopted to investigate the characteristics of N absorption and accumulation. Compared with N inefficient genotypes,
N efficient genotypes had more obvious advantages in N absorption rate, the amount and the percentage of N accumulation during
the growth phases from elongating to heading and from heading to maturing. And of which the advantage during the growth phase
from heading to maturing was particularly significant. Since rice organs aged and the plant physiological functions declined
gradually from heading to maturing, the characteristics of rice senescence was then studied to understand the relationships between
rice senescence and the N absorption and accumulation, and the N use efficiency. Results showed that, during the period of grain
filling, the activities of superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) in flag leaf of N efficient genotypes were
obviously higher than those of N inefficient genotypes. Contrarily, content of malondialdehyde (MDA), which is the product of
membrane lipid peroxidation, was lower in N efficient genotypes than in N inefficient genotypes significantly. After the stage of full
heading, N use efficiency was positively correlated to the activities of SOD, POD, and CAT in flag leaf of rice and negatively

correlated to the content of MDA. So it reveals that, at late growth stages of rice, the activities of SOD, POD, and CAT of N efficient
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genotypes were higher than those of N inefficient genotypes in flag leaves, which could eliminate reactive oxygen species, inhibit the
membrane lipid peroxidation and decrease the content of MDA more efficiently in N efficient rice genotypes. Therefore, compared
with the N inefficient genotypes, the leaf senescence of N efficient genotypes was relatively slower, which could prolong the
functional period of leaves, enhance the organic matter accumulation and improve the efficiency of N absorption and utilization.
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Table 1 Yields and N use efficiencies of rice genotypes grown in different years
N use efficiency (%) Yield (t:hm?)
Genotype 2004 2005 2006 2004 2005 2006
57 Nongken 57 3216 Dd 31.02 Ef 31.98 Ef 7.00 Ff 6.76Ee 7.33 De
Late maturing Wunongzao 34.07 Cc 34.11Cd 34.81 Dd 7.32Ee 7.09 Dd 7.48 De
medium NIE 5  Zhengdao5 3369Cc  3278De  34.01De 7.69 Dd 7.48Cc 7.95 Cd
Japonicarice 9 418 9you 418 45.62 Aa 45.23 Aa 46.54 Aa 10.21 Aa 9.40 Aa 10.79Aa
3 Wuyujing 3 44.09 Bb 43.89 Bc 44.13 Cc 9.38 Cc 8.61Bb 9.81 Bc
NE 9538 Yangjing 9538 4512Aa  4456ABb  45.41Bb 9.72Bb 8.53 Bb 10.01 Bb
196 Zhendao 196 35.78 Dd 35.03 Ef 36.84 De 7.79 Dd 7.55 Cd 8.75 CDd
Early 20-18 Xiangjing 20-18  38.97 Cc 38.35Cd 40.67 De 7.85Dd 7.23 De 8.56 De
:’”3“{”"9 _ NIE 1156 3625Dd  36.59 De 37.11¢d 8.42 Cc 8.03 Bc 8.96 Cc
:ézjapon'ca 86 8 86yous 4630Bb  4658Bc  47.23Bc 1034Aba  9.54Ab 10.87 Bb
15 Wujing 15 48.76 Aa 48.01 Aa 49.10 Bb 10.12 Bb 9.70 Aa 10.99 BB
NE 422 Siyou 422 4812Aa  A7.26ABb  48.07Aa 10.40Aa 9.45 Ab 11.23Aa

1% 5%
Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively.

2.2
2.2.1 2
9.54% 21.63% 81.39% 6.48% 13.43% 58.94%
9.00%
6.19%
2
Table 2 N absorption rate in rice genotypes with different N use efficiencies (kg hm? d%)
Genotype TP-(N-n) (N-n)-EG EG-HD HD-MT
57 Nongken 57 1.07 Dd 1.94 Bb 1.78 Ff 0.30 Ce
Late maturing  NIE Wunongzao 1.10 CDc 1.97 Aa 1.94 Dd 0.36 Cd
medium 5  Zhengdao 5 1.03 Ee 1.93 Bb 1.85 Ee 0.48 Bc
Japonica rice 9 418 9you 418 111Cc 1.86 Cc 2.42 Aa 0.71Aa
NE 3 Wuyujing 3 1.17 Bb 1.73 Dd 2.16 Cc 0.65 Ab
9538 Yangjing 9538 1.21 Aa 1.72 Dd 2.20 Bb 0.70 Aa
196 Zhendao 196 1.04 Bed 2.05Ab 2.08 Ee 0.43 Cc
Early NIE 20-18 Xiangjing 20-18 1.02 Bd 1.99 Bc 2.18 Dd 0.43 Cc
Ima“f”“g ) T1-56 1.02 Bd 2.08 Aa 2.05 Ee 0.44 Cc
:ézjapon'ca 86 8 86yous 1.13Aa 192¢d 230 Cc 0.66 Bb
NE 15 Wujing 15 1.05 Bc 1.91Cd 2.36 Bb 0.75 Aa
422 Siyou 422 1.10 Ab 1.92 Cd 2.50 Aa 0.65Bb
1% 5% .TP: ; N-n: ; EG: ; HD: s MT:

Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively. TP:
transplanting; N-n: critical stage of productive tillering; EG: elongating; HD: heading; MT: maturing.
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( 3 6.71% 29.57% 78.83%
6.46% 21.94% 57.85%

5.06% 6.19%
3
Table 3 N accumulation in rice genotypes with different N use efficiencies in different periods (kg hm?)
Genotype TP-(N-n) (N-n)-EG EG-HD HD-MT
57 Nongken 57 26.68 Ff 29.09 ABb 62.43 Ee 13.00 Ef
Late maturing  NIE Wunongzao 28.49 Dd 29.55 Aa 67.87 Cc 16.19 De
medium japonica rice 5  Zhengdao 5 27.80 Ee 28.91 Bb 64.79 Dd 21.14 Cd
9  4189you 418 28.92 Cc 27.93 Cc 87.15 Aa 32.09 Aa
NE 3 Wuyujing 3 29.25Bb 27.85 Ccd 82.00 Bc 27.74 Bc
9538 Yangjing 9538 30.36 Aa 2752 Cd 83.63 Bb 30.17 ABb
196 Zhendao 196 31.11 Df 30.77 Ab 74.71 Ee 21.90 Cc
Early maturing NIE 20-18 Xiangjing 20-18 31.47 Ce 29.92 Bc 76.40 Dd 22.73 Cc
late japonica rice T1-56 31.67 Cd 31.17 Aa 73.89 Ef 2156 Cc
86 8 86you8 33.85Ab 28.75 Cd 87.51 Cc 32.78 Bb
NE 15 Wujing 15 32.46 Bc 28.60 Cd 92.02 Bb 37.74 Aa
422 Siyou 422 34.03 Aa 28.83 Cd 94.85 Aa 33.96 Bb
1% 5% 2
Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively. Abbreviations
as in table 2.
2.2.3 4
13.71% 23.32%
10.08% 20.78%
471% 45.18% 2.93% 33.23%
4
Table 4 Percentage of N accumulation in rice genotypes with different N use efficiencies in different periods (%)
Genotype TP-(N-n) (N-n)-EG EG-HD HD-MT
57 Nongken 57 20.33 Aa 2217 Aa 4759 Bb 9.91 De
Late NIE Wunongzao 20.05 Bb 20.80 Bb 47.76 Bb 11.39 Dd
maturing 5  Zhengdao 5 19.49 Cc 20.27 Cc 45.42 Cc 14.82 Cc
medium 9 4189you 418 16.42 Ee 15.86 Ee 49.49 Aa 18.22 Aa
japonicarice Ng 3 Wuyujing 3 17.55 Dd 16.59 Dd 49.21 Aa 16.65 Bb
9538 Yangjing 9538 17.68 Dd 16.03 Ee 48.71 ABa 17.57 ABab
196 Zhendao 196 19.63 Ab 19.41 Aa 47.14 CDcd 13.82 Cc
Early NIE 20-18 Xiangjing 20-18 19.60 Ab 18.64 Bb 47.60 BCDhc 14.16 Cc
maturing T1-56 20.01 Aa 19.69 Aa 46.68 Dd 13.62 Cc
'r?z Japonica 86 8 86yous 1851 Bc 15.72 Cc 47.85BCh 17.93 ABb
NE 15 Wujing 15 17.01 De 14.99 Dd 48.22 Bb 19.78 Aa
422 Siyou 422 17.75Cd 15.04 Dd 49.49 Aa 17.72 Bb
1% 5% 2
Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively. Abbreviations
as in table 2.
2.3

58.94%~81.39% 57.85%~78.83%  33.23%~45.18%
[1



23.1 SOD SOD

5 SOD
SOD
10 20 30 40d5 3.86% 5.84% 6.34%
7.71% 9.54% 3.63% 5.50% 6.93% 7.38% 8.82% 40d
SOD 39.13%
35.79% 38.85% 35.79%
5 SoD
Table5 SOD activity of flag leaves in rice genotypes with different N use efficiencies (U g FW h?)
10d 20d 30d 40d
. 10 days after 20 days after 30 days after 40 days after
Genotype Full Heading ¢ heading full heading full heading full heading
57 Nongken 57 967.69 Ef 864.13 De 762.90 Ef 673.34 Ef 587.89 Ef
Late maturing Wunongzao 970.64 DEe 867.08 CDd 765.85 DEe 676.29 DEe 593.84 Dd
medium NIE 5  Zhengdao 5 973.36 Dd 869.80 Cc 76857 Dd 679.01 Dd 590.56 DEe
Japonica rice 9 418 9you 418 1019.28 Aa 920.92 Aa 818.27 Aa 719.64 Cc 638.40 Cc
3 Wuyujing 3 999.35 Cc 912.99 Bb 810.34 Cc 729.71 Bb 648.47 Bb
NE 9538 Yangjing 9538 1005.32 Bb 918.96 Aa 814.31 Bb 735.68 Aa 654.44 Aa
196 Zhendao 196 970.11 Dd 866.55 Dd 765.32 De 675.76 De 590.31 Dd
Early maturing 20-18 Xiangjing 20-18 982.59 Cc 877.03 Cc 772.80 Cc 678.24 Dd 602.79 Cc
late japonica  NIE 17 5¢ 980.22 Cc 874.66 Cc 768.43 Dd 685.87 Cc 600.42 Cc
rice 8 8 86yous8 1010.67 Bb 91831 Bb 819.66 Bb 721.03Bb 642.79 Bb
15 Wujing 15 1019.15 Aa 926.79 Aa 828.14 Aa 749.51 Aa 668.27 Aa
NE 422 Siyou 422 1009.53 Bb 917.17 Bb 818.52 Bb 719.89 Bb 640.65 Bb
1% 5%

Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively.

2.3.2 POD POD H,0,
H,0, 6 POD
POD
POD 10 20
30 40d5 10.00% 9.86% 12.08% 13.06% 13.84% 0.49%
10.65% 11.83% 12.97% 12.66%
6 POD
Table 6 POD activity of flag leaves in rice genotypes with different N use efficiencies (U g FW min™)
10d 20 d 30d 40d
. 10 days after 20 days after 30 days after 40 days after
Genotype Fullheading ¢ |\ heading full heading full heading full heading
57 Nongken 57 386.41 Df 484.04 Df 438.69 Df 401.91 Ef 414.27 Ef
Late NIE Wunongzao 389.01 De 486.64 De 441.29 De 404.51 Ee 416.87 Ee
maturing 5  Zhengdao 5 393.38 Cd 490.01 Cd 445.66 Cd 408.88 Dd 420.24 Dd
:ei'nulrcna 9  4189you 418 431.21 Aa 538.89 Aa 492.93 Bc 454.28 Cc 470.17 Cc
'r ife NE 3 Wuyujing 3 426.11 Bc 531.79 Bc 497.83 Aa 458.18 Bb 475.07 Bb
9538 Yangjing 9538 428.33 Bb 534.01 Bb 495.05 ABb 461.50 Aa 479.29 Aa
196 Zhendao 196 389.26 Df 486.89 Df 441.54 De 404.76 Ce 417.12 Ef
Early NIE 20-18 Xiangjing 20-18 394.28 Cd 492.91 Cd 446.56 Cc 405.78 Cde 422.34 Dd
maturing T1-56 391.57 CDe 489.20 De 443.85 Dd 407.07 Cd 419.43 Ee
!Zteonica 86 8 86yous 430.75 Bb 539.43 Bb 492.47 Bb 453.82 Bb 460.71 Cc
’ri é’e NE 15 Wujing 15 439.39 Aa 549.07 Aa 506.11 Aa 470.46 Aa 489.35 Aa
422 Siyou 422 428.22 Be 536.90 Bc 490.94 Bb 451.29 Bc 468.18 Bb
1% 5%

Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively.
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10.53% 14.50%

21.28% 27.30% 50.25%

CAT

10 20 30 40d5
10.21% 15.17%

CAT

22.18% 25.43% 48.84%

CAT
40d CAT
69.98% 59.19% 70.13% 59.67%
7 CAT
Table 7 CAT activity of flag leaves in rice genotypes with different N use efficiencies (U g™ FW min™)
10d 20d 30d 40d
. 10 days after 20 days after 30 days after 40 days after
Genotype Full Heading ¢\ heading full heading full heading full heading
57 Nongken 57 679.30 Ff 579.51 Ff 458.38 Ff 340.76 Ff 198.78 Ff
Late Wunongzao 683.92 Ee 585.32 Ee 477.68 Dd 357.67 Dd 214.26 Dd
maturing NIE 5  Zhengdao 5 696.04 Dd 593.25 Dd 472.01 Ee 344.40 Ee 205.06 Ee
'zeg'r:?a 9  4189you 418 765.48 Aa 679.16 Aa 575.32 Aa 433.65 Cc 300.93 Cc
‘r i:e 3 Wuyujing 3 752.22 Cc 664.66 Cc 564.03 Cc 445.68 Bb 310.96 Bb
NE 9538 Yangjing 9538 758.49 Bb 669.15 Bb 568.36 Bb 448.14 Aa 316.83 Aa
196 Zhendao 196 680.69 Ef 578.61 Ff 460.59 Ff 346.52 Ff 203.09 Ff
Early 20-18 Xiangjing 20-18 702.87 Cd 596.13 Dd 472.33 Ee 358.47 Ee 208.00 Ee
:“at”””g NIE 1156 697.44 De 590.76 Ee 479.41 Dd 361.21 Dd 210.52 Dd
_Ztsomca 86 8 86yous 761.59 Bb 678.07 Bb 571.64 Bb 435.18 Bb 303.74 Bb
Jri e 15 Wujing 15 772.40 Aa 685.03 Aa 587.96 Aa 469.66 Aa 320.08 Aa
NE 422 Siyou 422 759.57 Bc 670.20 Cc 565.95 Cc 432.45 Cc 301.39 Cc
1% 5%
Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively.
2.3.4 MDA MDA
8 MDA
MDA
10 20 30 40d5 21.37% 11.11% 15.89% 17.81% 18.95%
25.87% 14.04% 19.67% 20.05% 18.81%
8 MDA
Table 8 MDA contents of flag leaves in rice genotypes with different N use efficiencies (umol g™ FW)
10d 20d 30d 40 d
Genotype Full Heading 10 days after 20 days after 30 days after 40 days after
57 Nongken 57 23.44 Aa 40.98 Aa 56.94 Aa 69.83 Aa 80.92 Aa
Late Wunongzao 22.64 ABab 39.09 Bb 53.65 Bc 67.55 Bb 77.85 Cc
maturing NIE 5  Zhengdao 5 21.89 Bb 38.24 Bc 54.63 Bb 67.51 Bb 79.14 Bb
:eilr:?a 9 4189you 418 16.87 Dd 34.44 De 44.97 Ef 57.99 Cc 67.10 Dd
’r ife 3 Wuyujing 3 18.91 Cc 35.67 Cd 46.23 De 55.80 Dd 63.89 Ee
NE 9538 Yangjing 9538 17.67 Dd 35.06 CDde 47.77 Cd 54.61 De 61.84 Ff
196 Zhendao 196 23.45 Aa 4031 Aa 57.75 Aa 70.89 Aa 80.35 Aa
Early 20-18 Xiangjing 20-18 22.31Ab 39.10 Ab 55.36 Bb 68.90 Bb 79.53 ABa
:“a‘”””g NIE 1156 22.33Ab 39.83 Aab 54.14 Cc 66.67 Cc 78.36 Bb
_:tsomca 86 8 86yous 16.80 BCcd 34.56 Bc 45.19 Ee 56.81 Dd 66.28 Dd
Jri e 15 Wujing 15 16.19 Cd 33.38 Bd 42.44 Ff 51.26 Ee 59.56 Ee
NE 422 Siyou 422 17.49 Bc 34.55 Bc 46.72 Dd 57.00 Dd 67.58 Cc

1%

5%

Values followed by a different letter are significantly different at 1% (capital letter) and 5% (small letter) probability levels, respectively.
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Table 9 Relationships between N use efficiency and physiological characteristics of flag leaf senescence
10d 20d 30d 40d
. . . Full 10 days after full 20 days after full 30 days after full 40 days after full
Physiological properties of leaf senescence Heading heading heading heading heading
SOD Activity of SOD 097" 0.96" 0.96™ 0.917 0.94”
POD Activity of POD 0.95" 0.96" 0.93” 0.92" 0.92”
CAT Activity of CAT 0.96™ 0.95" 0.94™ 0.94™ 0.92"
MDA Content of MDA -0.94" -0.93" -0.91" -0.90" -0.90"

-

n=11; roos = 0.553; roo:1 = 0.684; " 5% 1%
*, ™ significant at the 5% and 1% probability levels, respectively.
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