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Abstract The low price of rice has placed farmers in a cost-price squeeze, and extravagant nitrogen applica-
Hon in rice agriculture has resulted in a decrease in nitrogen uptake and utilization efficiency and serious envi-
ronmental pollution. This has caused scientists to pay more and more attention to rice nitrogen uptake and uti-
lization efficiency. These field experiments were conducted using indica hybrid rice ( Oryza sativa) to explore
the genetic potentiality of increasing nitrogen uptake and utilization efficiency. Seven parameters of nitrogen
uptake and utilization, TNA (Total nitrogen accumulation), NDMPE (Nitrogen dry matter production efficien-
cy), NGPE (Nitrogen grain production efficiency), NTE (Nitrogen transportation efficiency) , NHI ( Nitrogen
harvest index), NAE (Nitrogen agronomy efficiency) and NRE ( Nitrogen recovery efficiency), were mea-
sured. Results showed that there were significant or highly significant differences in these seven parameters a-
mong genotypes, except for TNA and NDMPE at tillering of early season rice, TNA at heading of early season
rice and NTE at late season rice. Long growth duration could increase TNA, NDMPE, NGPE, and NAE.
NDMPE, NGPE, NAE, NRE and NHI for hybrid rice were higher than for inbred rice. The seven parameters
of two-line hybrid rice and three-line hybrid rice were almost equal at early season, and NGPE, NHI, NAE,
NRE and TNA of two-line hybrid rice were smaller than that of three-line hybrid rice at late season. This indi-
cated that both nitrogen uptake and utilization efficiency of two-line rice were not increased.

Ranking methods were employed in order to make an exact valuation for nitrogen uptake and utilization ef-
ficiency of genotypes. Ranking results indicated that there were great differences among different parameters
and between early and late season rice in the same parameter. The genotypes were ranked according to the
means of the seven parameters after standard transformation, which provided a way for comprehensive valuation
of nitrogen uptake and utilization efficiency of the genotypes. Considering the difference in integration ranking
of genotypes at early and late season, a coincidence index (square root of means of square of integration rank-
ing difference of identical genotypes at early and late season) was employed to evaluate the coincidence degree
of integration ranking of genotypes at early and late season. Results showed that, of 30 genotypes, integration
rankings of ‘Zhongyou 253, ‘Zaoxiang 1°, ‘Guyou 11’ and ‘65396’ at early and late season coincided
well, and of the seven parameters, integration rankings of NDMPE at early and late season coincided well.
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Table 1 Rice genotypes and their main growth and development characters

REATH MEEEH
Va!ieli:‘;?(](ogfb‘i%nition) %ﬁ Growth duration at early Growth duration at late
season (d) season (d)
% —% Zaoxiang 1 H AL Inbred 116 93
#4517 Zhongyou 517 = ZHliZ% Three-line hybrid 116 93
4% 517 Anza 517 Z Z 2% Two-line hybrid 116 93
AAkH: 99 Shanyougui 99 Z R HIZ% Three-line hybrid 129 98
B2 % = Peizamaosan ZAHiZ& Two-line hybrid 129 98
872111 Peizashanging T FANZH Two-line hybrid 129 101
£ H: 99 Jinyougui 99 ZFHIZ4 Three-line hybrid 129 98
eh 4 99 Zhongyougui 99 = & K| Z¥ Three-line hybrid 129 98
14k 838 Zhongyou 838 Z Z M4 Three-line hybrid 125 98
448 253 Jinyou 253 = ZHiZ4 Three-line hybrid 125 98
R4 122 Youyou 122 = K74 Three-line hybrid 125 95
B8 122 Yueza 122 T ZHZ Two-line hybrid 129 101
K44 77 Peiza 77 —%HiZ¢ Two-line hybrid 129 101
65396 ZZHli%¢ Two-line hybrid 129 101
K 4R 253 Zhiyou 253 = FAliZ% Three-line hybrid 129 98
£ 1253 You 1253 Z M2 Three-line hybrid 125 95
#{k 253 Zhongyou 253 Z#HiZ% Three-line hybrid 129 98
¥4 99 Peiza 99 M Two-line hybrid 129 98
BHEE Zhenguiai B B Inbred 129 98
JNEEFE Baguixiang HHLEFP Inbred 129 98
B 11 5 Guyou 11 B SR Inbred 129 101
#5148 838 Teyou 838 = 7 M7 Three-line hybrid 129 112
K 9308 Xieyou 9308 = #HZ% Three-line hybrid 129 105
D 1k 68 D you 68 = ZHiZ% Three-line hybrid 133 112
#li£ 63 Shanyou 63 = ZHl%¢ Three-line hybrid 133 105
HA0EE 99 Teyougui 99 = F A% Three-line hybrid 133 105
¥4k 63 Teyou 63 = ZHiZ Three-line hybrid 133 112
1 £ 63 1 you 63 Z ZHiiZ¢ Three-line hybrid 133 112
I 1% 838 II you 838 Z 7M1 Three-line hybrid 133 112
it 3% JU Liangyoupeijiu — FHZ% Two-line hybrid 133 112
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Table 2 Genotypic differences of nitrogen uptake and utilization efficiency in rice

HiFET i H NDMPE NGPE

NHI NTE NAE NRE TNA

Season Item (kg'kg™1) (kgekg™!) (%) (%) (kg-kg™!) (%) (kg-hm~2)
BrKfE Max. 109.85 62.38 70.85 57.16 18.27 22.93 138.16
=% £/ME Min. 84.32 43.2 57.18 21.19 3.47 12.38 87.71
Early FIH{E Mean 98.09 54.14 66.46 41.95 9.66 16.84 116.70
F {8 F value 3.63™ 2.85™ 4.42* 1.68% 8.86*" 1.95* 1.98%
B K1E Max. 117.79 63.54 71.50 62.68 18.05 26.33 98.36
B E % /ME Min. 84.26 46.32 58.01 39.00 3.47 9.41 63.43
Late FEAH Mean 106.89 57.39 66.38 51.18 9.16 18.8 78.67
F{E F value 6.74* 2.19* 2.00™ 1.26 4.18* 1.88* 1.82%

NDMPE: 8 # T4 i 4 F=34 % Nitrogen dry matter production efficiency NGPE: & E R4 7% 3 Nitrogen grain production efficiency NHI: 8%
R AKFEEL Nitrogen harvest index NTE: & iZ %X % Nitrogen transportation efficiency NAE: R E &K 23 % Nitrogen agronomy efficiency NRE: & Z [

W # Nitrogen recovery efficiency NTA: & & B IKE Total nitrogen amount  * : 22 5 B 3 Significant difference (p < 0.05)

Highly significant difference (p <0.01)
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Table 3 Comparison of nitrogen uptake and utilization efficiency among rice genotypes with different growth durations

Fog o on ] HEF B NDMPE NGPE NTE NHI NAE NRE TNA
Season Growth duration (d) (kg'kg™!)  (kgrkg™") (%) (%) (kg-kg™") (%) (kg*hm™2)
P <120 87.10 48.03 49.19 69.31 6.27 15.21 102.49
Early 120 ~ 130 97.77 54.38 2.15 66.73 9.53 16.76 117.15

> 130 103.73 56.06 38.30 64.61 10.58 17.78 121.52
5 <95 94.45 50.44 54.40 67.72 6.20 12.9 67.07
Late 95 ~ 104 106.61 57.57 50.26 66.14 9.2 18.47 79.28
> 104 111.43 59.86 52.40 66.50 10.84 19.96 81.31
NDMPE, NGPE, NTE, NHI, NAE, NRE, TNA:[f]3 2 See Table 2
F4 FUBELTBEERUSFHARELR
Table 4 Comparison of nitrogen uptake and utilization efficiency between inbred and hybrid rice

BN AT e ] NDMPE NGPE NTE NHI NAE NRE TNA
Season Variety type (kg-kg™1) (kg-kg™1) (%) (%) (kg'kg™!) (%) (kg-hm™2)
[P HHAE Inbred 93.21 50.39 43.51 65.72 6.75 14.66 112.90
Early Z ARG Three-line hybrid ~ 98.57 54.65 42.43 66.61 9.58 17.21 117.28

T F 23R Two-line hybrid 99.57 54.89 39.77 66.54 9.28 17.08 117.30
W% #HAS Inbred 99.60 51.67 52.91 65.26 6.00 16.61 73.41
Late ZF AR Three-line hybid ~ 107.48 58.88 49.83 66.79 10.23 19.67 82.20
T FZ&3HE Two-line hybrid 109.45 56.56 53.85 65.91 8.09 17.41 72.08

NDMPE, NGPE, NTE, NHI, NAE, NRE, TNA:[7]3 2 See Table 2

%5 ABTEHLHHERRERS THREFZENERBER
Table 5 Genotypic differences of nitrogen accumulation and dry matter production efficiency at different stages

S SH SEER Tillering #1583 Heading H#H Ripening
. Ttom NDMPE TNA NDMPE TNA NDMPE TNA
(kg-kg™ ") (kg-hm™?) (kg-kg™") (kg-hm™?) (kg-kg™") (kg hm™?)
B K{E Max. 38.82 55.74 101.66 9.14 109.85 138.16
HE #/ME Min. 33.30 40.58 69.92 66.74 84.32 87.71
Early EH{E Mean 36.73 48.94 87.52 82.38 98.09 116.70
TREHP CV 3.62 8.58 7.68 7.40 5.77 9.36
F {H F-value 1.35 1.38 3.4 1.40 3.63" 1.98"
B Max. 52.07 60.10 99.40 82.90 117.79 98.36
s F/ME Min. 40.66 39.23 73.55 55.47 84.26 63.43
Late FHJ{H Mean 45.48 47.61 88.04 66.47 106.89 78.67
TREAR CV 5.73 10.45 7.51 9.77 6.53 10.72
F {8 F-value 2.45% 1.99% 4.48™ 1.70* 6.74™ 1.82*

NDMPE, TNA, * , %% : [@]3 2 See Table 2
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Table 6 Ranking of genotypes according to nitrogen uptake and utilization efficiency

. NDMPE NGPE NTE NHI NAE NRE TNA
Variety Bz K3 B: BE REE B HE ®E BE ®BE: 2F uFE: BE: KBS
Eartly late Early Late FEarly Late Ealy Late Ealy Late Eady Late Eardy Late

% —E Zaoxiang 1 30 3 27 30 3 1 5 1 3 29 2 28 28 29
#8517 Zhongyougui 517 28 26 30 27 2 20 10 16 29 13 18 18 30 25
24% 517 Anza 517 29 24 21 26 16 16 24 4 23 23 25 29 16 30
A 99 Shanyougui 99 9 20 8 7 4 28 7 28 28 3 27 1 21 6
¥4 7418 = Peizamaosan 2 1 25 3 28 20 27 10 2 10 3 2 16
KU Peizashanging 5 21 3 23 8 2 1 9 12 18 17 24 29 2
SR 99 Jinyougui 99 26 2 18 8 18 26 17 18 18 24 20 27 18 17
sk HE 99 Zhongyougui 99 20 25 2 19 19 29 21 25 2 8 24 2 17 3
£, 838 Zhongyou 838 7 18 2 15 14 19 6 12 2 11 23 10 10 10
&R 253 Jinyou 253 16 17 4 9 21 10 13 8 16 12 3 20 12 8
48 122 Youyou 122 8 29 17 12 1 24 8 3 4 12 8 25 7
B7Y 122 Yueza 122 14 8 12 5 0 17 14 5 6 26 23 12
1% 77 Peiza 77 10 6 26 10 29 2 28 4 3 30 1125 7 22
65396 4 5 9 20 12 7 18 7 9 10 9 19 24 2
B4R 253 Zhiyou 253 27 0 20 6 9 14 9 6 15 9 8 22 4 5
£ 1253 You I 253 23 28 7 15 13 2 17 6 2 15
R 253 Zhongyou 253 %4 14 24 18 1 2 19 14 23 17 5 6 4 13
HEJL 99 Peiza 99 25 19 19 24 17 8 15 24 10 2 4 13 9 26
BHE Zhenguiai 21 7 14 4 7 18 3 11 3 14 28 26 11 28
JNEEE Baguixiang 7 27 29 29 24 25 29 30 25 2 29 5 27 11
B4k 11 5 Guyou 11 9 2 23 28 2 15 2 21 19 28 7 21 1315
#%4 838 Teyou 838 B 15 13 17 2 6 20 15 11 26 16 30 3 27
PME 9308 Xieyou 9308 m 2 1 2 20 27 25 29 17 15 30 14 26 19
D 4 68 D you 68 2 16 6 16 27 30 24 26 21 W 6 4 19 2
Al 63 Shanyou 63 8 9 5 14 6 9 11 9 2 19 15 17 6 23
L 99 Teyougui 99 6 13 10 1 13 1 2 21 2 5 3 12 2 18
##4E 63 Teyou 63 15 2 15 1 25 23 23 13 8 21 1 23 8 4
T4 63 1T you 63 3 4 16 13 26 3 2% 20 1 7 14 16 5 14
T 4% 838 I you 838 12 3 28 2 30 5 30 2 5 1 19 11 1 1
IS A Liangyoupeijiu 1 1 1 21 5 4 6 2 14 16 2 15 20 4
o} 0.57 0.74 0.79 0.73 0.76 0.83 0.71

CI: ¥4 R Coincidence index

NDMPE, NGPE, NTE, NHI, NAE, NRE, TNA: [f]# 2 See Table 2
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Table 7 Ranking of genotypes according to nitrogen uptake and utilization
efficiency after standardization transform and individual

coincidence index

A Ry gy RRH

Variety Early Late index
BH—B Zaoxiang 1 27 28 0.44
*{k 517 Zhongyou 517 29 25 0.64
2% 517 Anza 517 26 30 0.59
Ak 99 Shanyougui 99 15 9 1.26
} 2478 = Peizamaosan 19 2 0.83
B4 IUH Peizashanging 9 24 0.87
&0k 99 Jinyougui 99 23 23 0.49
iR 99 Zhongyougui 99 % 18 0.75
H1{k; 838 Zhongyou 838 11 12 0.67
44k 253 Jinyou 253 3 8 0.54
AR 122 Youyoul22 4 6 0.79
74 122 Yueza 122 16 3 0.64
S 77 Peiza 77 22 15 1.26
65396 8 10 0.48
Fi R 253 Zhiyou 253 13 4 0.63
1253 Youl 253 1 21 0.78
#4253 Zhongyou 253 18 13 0.35
3544 99 Peiza 9 2 20 0.72
B Zhenguiai 20 19 0.77
J\H:F Baguixiang 30 29 0.75
B 11 5 Guyou 11 21 27 0.47
#54R 838 Teyou 838 0 22 0.87
K 9308 Xieyou 9308 25 26 0.60
D 4K 68 D you 68 17 17 0.60
ik 63 Shanyou 63 6 16 0.49
F# 0 EE 99 Teyougui 9 411 0.49
##{E 63 Teyou 63 7 7 0.81
I 4% 63 H you 63 5 5 0.62
I 1% 838 1 you 838 28 1.16
W {£ 3% L Liangyoupeijiu 2 i4 0.54
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