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Differences of Plant-Type Characteristics between Rice Cultivars with High
and Low Levels in Yield and Nitrogen Use Efficiency
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Abstract: A field experiment with 225 kg ha™ N fertilizer application was carried out in 2006 and 2007 on the farm of Yangzhou
university, Jiangsu province, China. Using 12 rice genotypes (six N-efficient and six N-inefficient) selected from 120 rice cultivars
grown in Yangzhou during 2004 and 2005 to investigate the relationship among the plant-type characteristics, N use efficiency
and yield performance. The results showed that the top three leaves length and drop-angle of high yield and N-efficient rice geno-
types were 9.29%, 65.30% lower than those of the low yield and N-inefficient ones, and the width of the top three leaves, popula-
tion LAI, valid LAI, high valid LAI, and LW/LA (leaves weight/leaves area) of the former of were 29.25%, 8.27%, 13.32%,
6.66%, and 5.82% higher than those of the latter on average respectively. The high yield and N-efficient genotypes had higher
lodging resistance capability and more reasonable distribution for the length of internodes on stem than the low yield and
N-inefficient ones. Yield and N use efficiency negatively correlated (significantly at P<0.05 or P<0.01) with the length and
drop-angle of the top three leaves, while positively correlated (significantly at P<0.05 or P<0.01) with the width of the top three
leaves, population LA, valid LAI, high valid LAI, SLW, anti-broken strength, bender moment, and lodge index. Especially, the
length and width of the flag and top 3rd leaves played an important role in the N use efficiency. It was indicated that good
plant-type structure is a prerequisite for N use efficiency.
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Table 1 N use efficiency in different genotypes of rice (2006-2007)

N use efficiency (%)

N use efficiency type Genotype Breeding time 2006 2007 Average
57 Nongken 57 1950s 31.98 38.84 35.41
Low N use efficiency Wunongzao 1960s 34.81 37.93 36.37
5 Zhengdao 5 1990s 34.01 41.41 37.71
20-18 Xiangjing 20-18 1990s 40.67 39.89 40.28
T31 Xiangjing T31 1990s 38.54 39.58 39.06
T1-56 1990s 37.11 40.89 39.00
9 Huaidao 9 2000s 46.59 48.07 47.33
High N use efficiency 3 Wuyujing 3 1980s 4413 41.83 42.98
9538 Yangjing 9538 1990s 45.41 42.45 43.93
15 Wujing 15 1990s 49.10 44.36 46.73
44 Nanjing 44 2000s 43.25 44.85 44.05
2674 Yun 2674 2000s 44.06 47.88 45.97
1.2 =25 25 5.0,
2006—2007 )
, , P,05150 kg hm™  K,0 150 kg hm™
0.14% 90.15 mg kg™ 34.1
mg kg™ 88.2 mg kg™ NO ( ) Ni 1.3
(225 kg hm™) , , 5
, , 15 m?, 3
5 13 ,6 10 , : ;

27 hm= (14.4 cm x 26.0 cm),
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Table 2 Yield and panicle traits in rice with different N use efficiencies
- Panicle . Panicle Density of grain .
Growth type N use efficiency Genotype length Firstbranch  Second branch weight setting Y'elsz
type (cm) number per number per ©) (grain cm™) (thm™)
panicle panicle
57 Nongken 57 22.19 9.09 25.32 2.79 5.66 7.65
LMMJ LNUE Wunongzao 21.80 10.36 25.60 3.34 6.59 8.26
5 Zhengdao 5 24.88 11.36 26.55 3.43 6.45 8.38
Mean 22.96 a 10.27 a 25.46 a 3.19b 6.23b 8.10b
9 Huaidao 9 21.18 13.65 34.65 4.60 8.77 11.25
HNUE 3 Wuyujing 3 17.40 11.00 27.04 3.79 8.49 9.60
9538 Yangjing 9538 17.62 13.80 32.90 4.01 9.52 10.20
Average 18.73 a 1282 a 31.53a 413 a 8.93a 10.35a
20-18 Xiangjing 20-18  19.85 14.43 29.13 3.99 9.14 8.86
EMLJ LNUE T31 Xiangjing T31 20.30 13.60 30.50 3.87 8.74 9.16
T1-56 19.13 13.81 31.56 3.84 9.08 8.98
Mean 19.76 a 13.95a 30.35b 3.90b 8.99b 9.00 b
15 Wujing 15 20.08 13.00 35.87 4.82 9.46 11.07
HNUE 44 Nanjing 44 19.35 12.47 34.53 457 9.54 10.37
2674 Yun 2674 18.97 13.28 36.79 4.70 10.16 10.66
Average 19.47 a 12.92b 35.73a 470a 9.72a 10.70 a

0.05
Values followed by different small letters are significantly different at P 0.05. LMMJ: late maturing medium japonica rice; EMLJ:
early maturing late japonica rice; LNUE: low N use efficiency; HNUE: high N use efficiency.
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Table 3 Diversity of top three leaves in rice with different N use efficiencies (cm)
Length Width
Growth type N efficiency type Genotype
FL SL TL FL SL TL
57 Nongken 57 46.2 48.45 46.85 1.44 1.21 1.01
LMMJ LNUE Wunongzao 4774 4699  45.11 1.64 143 125
5 Zhengdao 5 49.98 51.84 50.32 1.66 1.36 1.23
Average 4797 a 49.09 a 4743 a 1.58b 1.33b 1.16 b
9 Huaidao 9 39.74 41.34 40.68 2.00 1.86 1.72
HNUE 3 Wuyujing3 ~ 37.84 4038  38.85 1.89 158 147
9538 Yangjing 9538 38.30 41.24 40.98 1.88 1.57 1.46
Average 38.63 b 40.99 b 40.17 b 192a 1.67a 155a
20-18 Xiangjing 20-18  43.45 47.53 45.34 181 1.56 1.34
EML LNUE T31 Xiangjing T31 4217 4506  43.7 177 158 142
T1-56 37.64 41.57 39.95 1.73 1.61 1.47
Average 41.09 a 44,72 a 42.82 a 1.77b 1.58b 141b
15 Wujing 15 43.08 45.33 44.18 2.00 1.85 1.65
HNUE 44 Nanjing 44 41.80 4365  43.14 1.92 174 157
2674 Yun 2674 39.39 42.09 41.53 1.99 1.80 1.63
Average 4142 a 43.69 a 42.95 a 197 a 1.80a 1.62 a

0.05

Values followed by different small letters are significantly different at P 0.05. FL: first leaf to top; SL: second leaf to top; TL: third

leaf to top. Abbreviations are the same as given in Table 2.

x4 TEEAMELEKELE=MEZRES

Table 4 Lightened position of top three leaves in rice with different N use efficiencies

Leaf basic angle (°)

Leaf drop angle (°)

Growth N use effi- Genotype
type clency type FL sL TL FL sL TL
57 Nongken 57 22.78 15.44 26.86 4.19 5.48 5.86
LMMJ LNUE Wunongzao 21.22 16.00 27.33 4.89 3.33 456
5  Zhengdao 5 20.20 15.10 23.56 3.30 2.60 3.11
Average 2140a 1551 a 25.92a 413 a 3.80a 451a
9 Huaidao 9 1257 14.30 17.70 0.83 1.15 1.45
HNUE 3 Wuyujing 3 12.50 14.00 18.60 1.36 1.45 1.72
9538 Yangjing 9538 11.58 13.76 18.08 1.23 1.32 1.63
Average 1222b  14.02b  18.13b 114 b 1.31b 1.60 b
20-18 Xiangjing 20-18  14.90 17.30 18.80 3.43 2.93 2.07
EMLJ LNUE T31 Xiangjing T31 15.73 16.09 17.64 4.00 3.64 3.82
T1-56 15.23 17.90 20.20 3.80 4.20 3.70
Average 1529 a 17.10a 18.88 a 3.74a 359a 3.20a
15 Wujing 15 11.60 13.30 15.00 1.00 1.24 1.38
HNUE 44 Nanjing 44 12.30 13.80 16.60 1.14 1.26 1.46
2674 Yun 2674 12.50 13.90 15.10 1.23 1.30 152
Average 12.13b  13.67b  1557b 1.12b 1.27b 1.45b
0.05 2

Values followed by different small letters are significantly different at P 0.05. FL: first leaf to top; SL: second leaf to top; TL: third

leaf to top. Abbreviations are the same as given in Table 2.
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Table 5 Inserted height of top three leaves in rice with different N use efficiencies
Growth type N use effi- Genotype _Plant Inserted height (cm) Relative inserted height (%)
ciency type height(cm) FL SL TL FL SL TL
57 Nongken 57 98.00 73.00 4948  36.97 74.49 50.49 37.72
LMMJ LNUE Wunongzao 106.03 74.82 50.10 3817 7056 4725 3600
5  Zhengdao 5 108.58 71.80 4484 32,02 66.13 41.30 29.49
Average 104.20 a 73.21a 48.14b 3572a 70.39b  46.34b  34.40a
9  Huaidao 9 107.50 82.44 5830  42.35 76.69 54.23 39.40
HNUE 3 Wuyujing 3 95.62 75.67 5358  40.26 79.14 56.03 42.10
9538 Yangjing 9538 100.33 78.86 58.40 3851 78.60 58.20 38.39
Average 101.15a 78.99 a 56.76a  40.38a 78.14a 56.16a 39.96a
20-18 Xiangjing 20-18 ~ 100.25 76.41 5346  37.49 76.22 53.33 37.40
EMLJ LNUE T31 Xiangjing T31 102.16 77.13 54.05 38.95 75.49 52.91 38.13
T1-56 99.19 75.49 5237  39.49 76.11 52.80 39.81
Average 100.53 a 76.34a 5329bh 38.64b 7594b 53.01b 3845h
15 Wujing 15 106.80 82.43 57.87  43.43 77.18 54.18 40.66
HNUE 44 Nanjing 44 102.36 79.44 5621  42.97 7761 5491 4198
2674 Yun 2674 100.52 77.80 56.38  41.33 77.40 56.09 41.12
Average 103.23 a 79.89a 56.82a 42.58a 77.40a 55.06a 41.25a
0.05 2

Values followed by different small letters are significantly different at P 0.05. FL: first leaf to top; SL: second leaf to top; TL: third

leaf to top. Abbreviations are the same as given in Table 2.
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Table 6 LAI and LW/LA in rice with different N use efficiencies at heading stage

Growth g\ileﬁiiet;f’; Genotype Population /1) A Highvalid  Valid LArate  High LA rate (;\évé:ﬁ\z)
type LAI LAI (%) ()

57 Nongken 57 6.81 6.13 442 90.03 72.15 4.87
LMM) Wunongzao 6.76 6.15 457 91.00 74.36 472
LNUE 5  Zhengdao 5 6.92 6.25 4.46 90.35 70.87 5.01

Average 6.83 b 6.18 b 4.48a 90.45 b 72.46 a 487b
9 Huaidao 9 7.48 7.23 484 96.69 66.91 5.37
3 Wuyujing 3 7.28 6.81 460 93.54 67.57 5.21
FINVE 9538 Yangjing 9538 7.36 6.90 466 93.71 67.55 5.27

Average 7.37a 6.98 a 470a 94.65 a 67.34b 525a
20-18Xiangjing 20-18 6.92 6.40 453 92.45 70.78 5.07
EMLJ T31 Xiangjing T31 6.85 6.37 4.26 92.98 71.75 5.12
HNUE s 6.73 6.16 4.40 91.49 73.44 5.18

Average 6.83b 6.28b 4.40b 92.31b 71.99a 513b
15 Wujing 15 754 7.35 5.09 97.51 69.23 5.41
44 Nanjing 44 7.34 6.94 476 94.49 68.57 5.25
HNUE 2674 Yun 2674 7.37 712 485 96.67 68.14 531

Average 742 a 7.14a 490 a 96.25a 68.65 b 5.32a

0.05 2
Values followed by different small letters are significantly different at P 0.05. FL: first leaf to top; SL: second leaf to top; TL: third
leaf to top. LW/LA: leaf weight/leaf area. Abbreviations are the same as given in Table 2.

RT7T TRAMRLBEKBF KR EK

Table 7 Stalk length and internodes length in rice with different N use efficiencies

Stalk Top internode length (cm) Basal internode length (cm) /
Gtr;\)/\éth eff’\ilc?esr?cy Genotype I?S,%t)h ) Neck Second Third First Second nlgggktclansttzrlk
type internode node node node node length (%)
57 Nongken 57 75.81 35.67 17.20 10.99 3.43 7.22 47.05
Wunongzao 84.23 36.32 18.01 11.14 3.20 7.50 43.12
LMMJ LNUE
5 Zhengdao 5 83.70 43.44 18.23 9.89 3.65 8.49 51.90
Average 81.25a 38.48a 17.81b 10.67 b 343a 774 a 47.36 a
9 Huaidao 9 86.32 30 19.63 16.32 2.78 6.86 34.75
3 Wuyujing 3 78.22 26.78 19.37 14.57 3.06 6.64 34.24
HNUE 9538 Yangjing 9538 82.71 27.25 19.27 15.78 2.83 6.93 32.95
Average 82.42a 28.01b 1942 a 15.56 a 2.89b 6.8la 33.98 b
20-18 Xiangjing 20-18  80.72 31.86 17.83 11.26 3.54 7.03 39.47
T31 Xiangjing T31 81.86 32.70 16.39 12.15 3.26 7.13 39.94
EMLJ LNUE 1156 78.87 30.55 17.36 1253 301 7.54 38.73
Average 80.48 a 31.70 a 17.19b 11.98 b 3.27a 7.23a 39.38a
15 Wujing 15 86.52 27.06 18.35 14.86 2.60 5.70 31.28
44 Nanjing 44 83.01 27.91 20.03 1451 2.98 6.78 33.62
HNUE 2674 Yun 2674 81.55 26.55 20.00 15.73 253 6.94 32.56
Average 83.69 a 27.17b 19.46 a 15.03 a 2.70a 6.47 a 32.480b
0.05 2

Values followed by different small letters are significantly different at P 0.05. FL: first leaf to top; SL: second leaf to top; TL: third
leaf to top. Abbreviations are the same as given in Table 2.
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Table 8 Characters of lodging in rice with different N use efficiencies

Growth N use efficiency Genotype Anti-broken Bender moment Lodge index Ste_ilk type
type type strength (g) index
57 Nongken 57 722.60 881.90 122.05 0.86
LMMJ LNUE Wunongzao 847.70 1152.94 136.01 0.86
5  Zhengdao 5 816.20 1249.06 153.03 0.84
Average 795.50 b 1094.63 a 137.03a 0.85b
9  Huaidao 9 1409.89 1368.88 97.09 0.96
HNUE 3 Wuyujing 3 1221.90 1016.17 83.16 0.97
9538 Yangjing 9538 1362.40 1091.17 80.09 0.96
Average 1331.40a 1158.74 a 86.78 b 0.96a
20-18 Xiangjing 20-18 1021.22 1210.52 118.54 0.87
EMLJ LNUE T31 Xiangjing T31 1133.70 1228.86 108.39 0.88
T1-56 1056.18 1133.52 107.32 0.88
Average 1070.37b 1190.97 a 11142a 0.87b
15 Wujing 15 1507.10 1414.29 93.84 0.94
HNUE 44 Nanjing 44 1448.88 1273.65 87.91 0.96
2674 Yun 2674 1471.50 1234.42 83.89 1.02
Average 1475.83 a 1307.45a 88.55 b 0.98a
0.05 2

Values followed by different small letters are significantly different at P 0.05. Abbreviations are the same as given in Table 2.
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Table 9 Relationship of pose of leaf with yield and N use efficiency

Trait Panicle  Panicle  Firstbranch  Second branch Spigeerlets sgtiiegg 1000_-grain Theo!'eti- Agtual N use
length number number number panicle rate weight cal yield yield efficiency
FLL 0.753"  -0.089 -0.558" -0.572" -0506  -0.153 -0.037 -0.640" -0.638" -0.610"
SLL 0.800" -0.159  -0.427 -0.561" 0412 0237 -0.192 -0.694"  -0.685" -0.643"
TLL 0.828" -0.150  -0.418 -0.471 -0.383  -0.213 -0.126 -0.610" -0.591" —0.558"
FLW -0.489 -0.439 0.657" 0.836" 0.722"  0.087 0.672" 0.945™ 0.933" 0.957"
SLW -0.486 -0.495 0.674" 0.906™ 0.805™  -0.044 0.631" 0.934™ 0.904™ 0.915"
TLW 0513  -0.454 0.675 0.883™ 0.790" -0.033  0.630" 0.947" 0.922" 0.923™
FLSA 0.623" 0.48  -0.853" -0.738" -0.828" 0100 -0.271 -0.744"  -0.744" -0.753"
SLSA 0.394 0.442 -0.775" -0.650" -0.798"  0.196 -0.046 -0.573" -0.561" -0.573"
TLSA 0.417 0.595 -0.814™ -0.726™ -0.889” 0293 -0.181 -0.646" -0.643" -0.645"
FLDA 0.375 0376  -0.563" -0.746™ -0.6100 -0.223 -0.652" -0.889"  -0.8707 -0.923™
SLDA 0.367 0.313 -0.397 -0.638" -0.463  -0.255 —0.717" -0.824"  -0.822" -0.847"
TLDA 0.359 0518  -0.667 -0.616 -0.639° -0.029 -0.616" -0.775"  -0.766" -0.823"
PLAI -0.211 -0.321 0.514 0.856" 0.624" 0.174 0.661" 0.914™ 0.895" 0.935"
HELAI  —0.200 -0.126 0.194 0.696™ 0.338 0.383 0.707" 0.807" 0.786" 0.829”
LW/LA -0.318 -0.362 0.708" 0.909” 0.789"  -0.007 0.458 0.899" 0.902" 0.902"
’ (P 0.05), ™ (P 0.01) FLL: ; SLL: ; TLL: ; FLW:
; SLW: ; TLW: ; FLSA: ; SLSA: ; TLSA: ; FLDA:
; SLDA: ; TLDA: ; PLAL ; HELAL: s LW/LA:

*,™ denote significance correlation at P=0.05 and P=0.01, respectively. FLL: length of first leaf to top; SLL: length of second leaf to
top; TLL: length of third leaf to top; FLW: width of first leaf to top; SLW: width of second leaf to top; TLW: width of third leaf to top; FLSA:
spreading angle of first leaf to top; SLSA: spreading angle of second leaf to top; TLSA: spreading angle of third leaf to top; FLDA: dropping
leaf angle of first leaf to top; SLDA: dropping leaf angle of second leaf to top; TLDA: dropping leaf angle of third leaf to top; PLAI: popula-
tion LAI; HELAI: high valid LAI; LW/LA: leaf weight/leaf area.

®10 EHREREKRS=ERAMIARMXE

Table 10 Relationship of characters of lodge traits with yield and N use efficiency

Trait Anti-broken strength Bender moment Lodge index Stalk type index
Panicle length -0.548 -0.003 0.724™ -0.498
Panicle number -0.276 —0.445 -0.148 0.055
First branch number 0.590" 0.581" -0.422 0.319
Second branch number 0.913™ 0.66" -0.701™ 0.751"
Spikelets per panicle 0.697" 0.735™ -0.439 0.414
Seed setting rate 0.163 —-0.407 —-0.407 0.423
1000-grain weight 0.579" 0.669" -0.263 0.524
Theoretical yield 0.970™ 0.603" -0.801" 0.887"
Actual yield 0.972™ 0.589" -0.804" 0.876™
N use efficiency 0.957" 0.601" -0.781" 0.889™
) (P 0.05)," (P 0.01)
*, ™ indicate significance of correlation at P=0.05 and P=0.01, respectively.
A} \A 3
3 iTie
( )
3.1 [1-2,5-6]
1 3 1
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