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Abstract: [ Objectives ] The objective of this study was to evaluate the nitrogen (N) uptake, utilization
efficiency and translocation of the indica-japonica hybrid rice of Yongyou series and to identify the characteristics
of their relationship with yield formation. [ Methods ] Seven indica-japonica hybrid rice of Yongyou series

cultivars, two japonica rice cultivars and two hybrid indica rice cultivars were used as experimental material in
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2013-2014. The characteristics of N content and N accumulation at the main growth stages, periodical N
accumulation and periodical N uptake rate, N contents and ratios of N accumulation and translocation at the
heading and maturity stages, N utilization efficiency were analyzed systematically. [ Results ] The N content
and N accumulation of indica-japonica hybrid rice of Yongyou series were 1.47% and 202.67 kg/hm’ in heading
stage, 1.31% and 257.23 kg/hm” in maturity stage, which were higher than other two control types. The highest
periodical N accumulation was 107.63 kg/hm®, with the highest proportion in total and periodical N uptake rate of
41.84% and 2.73 kg/(hm*-d) for the indica japonica cultivars in jointing to heading stage. The N contents of stem-
sheath and leaf were 1.19% and 2.34% in heading stage, 0.75% and 1.58% in maturity stage, which were higher
than other two control types. The proportions of N accumulation in stem-sheath and leaf were 43.92% and 43.87%
in heading stage, 16.44% and 17.44% in maturity stage, which were significantly larger than the hybrid indica
rice. The N translocation amount was larger, but the apparent transport rate and transport contribution rate were
low, and net N absorbed conversion rate after heading was 32.06%, which was significantly higher than the two
contrast types. N uptake per 100 kg of grain was 2.29 kg and partial factor productivity of applied N was 37.54
kg/kg, which were higher than the two control types. N utilization efficiency for grain, N utilization efficiency for
biomass production and N harvesting index were lower. [ Conclusions ] The indica-japonica hybrid rice of
Yongyou series accumulate enough N at transplanting-jointing stage, and increase the proportion of jointing-
heading stage and heading-maturity stage. The N translocation amount in the stem-sheath and leaves from the
heading to the maturity of the indica-japonica hybrid rice of Yongyou series is large. But the apparent N
translocation rate and N translocation conversion rate are low. The advantage of net N accumulation after heading
stage is obvious, which can meet the demand for N in grain.

Key words: the indica-japonica hybrid rice; Yongyou series; nitrogen; accumulation; translocation;
utilization efficiency
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Table 1 Date of growth stages of different rice varieties
. . i e Zsal ELaE| A A
AL T
ES sl i Sowing Transplanting Jointing Heading Maturity
Type Cultivar
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
il ML 1573 YY1573 5/18  5/19 6/6 6/7 717 117 8/25  8/27 1021 1028
Indica-japonica hybrids o0 v 1055 vy 1952 508 519 66 6/7 716 717 825 826 1020 1022
P 4340 YY 4340 5/18  5/19 6/6 6/7 717 117 8/23  8/24 10/22  10/20
AL 4348 YY 4348 5/18  5/19 6/6 6/7 7/16 117 825  8/26 1021 10/23
M1k 4356 YY 4356 5/18 519 6/6 6/7 7/13 713 822 8/21 10/21 1020
A 1538 YY 1538 5/18  5/19 6/6 6/7 721 7122 829  8/30 112 11/4
ML 1540 YY 1540 5/18  5/19 6/6 6/7 M7 N7 825  8/25 10/26  10/27
H R fif§18 ZD18 5/18  5/19 6/6 6/7 720 721 826  8/26 10/15  10/12
Japonica rice A2 K 30 WYT 30 5/18  5/19 6/6 6/7 721 722 829  8/30 1022 10/23
A ANAE #IE 6 5 YLY6 5/18  5/19 6/6 6/7 7/16 117 8/23  8/24 10/9 10/9
Hybrid indica rice EWE 1B FLYX T SIS 519 66 6/7 716 716 824 825  10/5  10/4
#x2 BRARVMERAZEETELE FHSEERNERREHE
Table 2 N content and N accumulation at main growth stages of indica-japonica hybrid rice of Yongyou series
£ A8 N content (%) A ZEHE N accumulation (kg/hm?)
A A
Type Cultivar P A 1] R PATI A A
Jointing Heading Maturity Jointing Heading Maturity
illE S ML 1573 YY1573 1.97 1.45 1.29 94.32 198.33 248.84
Japonicaindica 4 1955 vy 1952 1.95 145 130 92.74 198.37 250.08
hybrid
P 4340 YY 4340 1.92 1.50 1.31 94.19 208.72 266.97
AL 4348 YY 4348 1.98 1.50 1.30 95.98 208.19 261.83
ML 4356 YY 4356 2.06 1.48 1.32 98.43 201.87 260.55
Mk 1538 YY 1538 1.97 1.46 131 94.32 200.66 255.48
ML 1540 YY 1540 1.99 1.48 1.31 95.29 202.53 256.89
YA Mean 1.98 Bb 1.47 Aa 131 Aa 95.04 Aa 202.67 Aa 257.23 Aa
A5 S RE CV(%) 2.13 1.55 0.66 1.90 2.10 2.52
IR AR HiFH 18 ZD18 2.06 1.38 1.22 81.75 172.04 213.57
Japonica ri ~
aponicatice Rz HE 30 WYT30 2.03 1.35 1.22 81.60 169.99 212.46
SEH{H Mean 2.05 Aa 1.37 Bb 1.22 Bb 81.67 Bb 171.01 Bb 213.02 Bb
A5 5 ZE CV(%) 1.27 1.58 0.07 0.13 0.85 0.37
AZCHIAE Witk 6 5 YLY6 1.89 1.20 1.05 96.00 140.22 155.52
Hybrid indica ri
YOG IMACATCE mitk 15 FLYX 1 1.87 1.20 1.05 90.69 141.72 156.25
SEY{E Mean 1.88 Cc 1.20 Ce 1.05 Ce 93.35 Aa 140.97 Ce 155.89 Ce
5 S ZE CV(%) 5.15 0.47 0.27 4.02 0.76 0.33
H (Note) : BHHEAFK., /INGFHEEIRMPEBIETE 1%, 5% KF-225 .3 Values followed by different capital and lowercase

letters mean significantly different at 1% and 5% levels among cultivar types.
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Table 3 N contents and proportion of N in stem-sheaths, leaves, panicles at the heading and maturity stages of
indica-japonica hybrid rice of Yongyou series
Fodk ~ Y P~ Tl ~
Transplanting—Jointing Jointing—Heading Heading—Maturity
Ha T o
i; o pae U e mae Y g mae Y moes
Accumulate | Uptake rate Accumulate Uptake rate Accumulate Uptake rate
kemm?) O pbmia) Gehmd) O kgtmtd) kghmd O g hmtd))
(%) (%) (%)
HIEEZR2CRE W 1573 YY 1573 9432 3791 1.60 10401  41.80 2.54 5051 20.30 0.81
L"‘::Z’Sjaponica ML 1952 YY 1952 9274 37.08 1.57 105.63  42.24 2.64 5171 20.68 0.91
’ Mk 4340 YY 4340 9419 35.28 1.60 114.53 42,90 3.01 5825  21.82 1.02
Ml 4348 YY 4348 95.98  36.66 1.63 11221 42.86 2.81 53.63  20.48 0.92
Hifl 4356 YY 4356 98.43  37.78 1.79 103.44 3970 2.65 58.68  22.52 0.98
Hifk 1538 YY 1538 94.32  36.92 1.47 10634  41.62 2.73 5482 2146 0.83
MR 1540 YY 1540 9529 37.09 1.62 107.25 4175 2.75 5435  21.16 0.86
SEH{H Mean 95.04 Aa 36.96Bb 161 Aa 107.63Aa 41.84Aa 2.73 Aa 54.57 Aa 2120 Aa 091 Aa
AR5 2R CH(%) 1.90 2.35 5.83 3.89 2.57 5.55 5.60 3.75 8.42
B AT HTE 18 ZD18 81.75  38.8 1.30 90.29  42.28 251 4153 1945 0.88
faponica rice Iz 30 WYJ30 81.60  38.41 1.28 8839  41.60 2.27 4247 19.99 0.79
SEA4{E Mean 81.67Bb 38.34Bb 129Bb  89.34Bb 41.94 Aa 239 Bb 42.00Bb 19.72Bb  0.84 Bb
TS FELCV (%) 0.13 0.24 1.24 1.51 1.14 7.16 1.58 1.94 8.23
ZATHIA Witk 6 5 YLY6 96.00  61.73 1.63 4422 2843 1.16 15.30 9.84 0.33
:Cy:rid ndicd ik 1 FLYX 1 9069 58.04 1.54 5103 32.66 131 1453 9.30 0.36
SEA4{H Mean 9335 Aa 59.89 Aa  1.58Aa  47.62Cc 30.54Bb 124 Cc 1492Cc 9.57Cc  0.35Cc
TSR CV (%) 4.02 4.35 4.02 10.12 9.78 8.29 3.66 3.99 6.22

& (Note) : HHREARK.

WO T ~ R A~ T 3 L
39.96% . 41.84%. 21.20%, 5% HUOBERGHY 24k
~ BT > B AR~ > A~ B R
Z AR LARE H, ~ R W BT o5 e ek, i~ B
P LB/ LR FIAIRE 24 5S R 4518 B B BEAR
ZHE LM I A 161, 2.73. 0.91
kg/(hm*-d), KR RECR N IR T ~iEY, 5
B RUBRS SRPA R] 22 SRR N HH IR AE RS AR ~ KT
W, A~ B AR R R 2 S R A R LR
i PR ] 5 G R R R A A b R R
B, ULEH AL R VR e 22 R A B S B BRI
REWI SR g
2.3 HHIEHARIAERHAESE. M. BEHFESEXR
MARREER

t 4 AT, LR SVAIRE % S8 ARG il A U =5 4 |

INE FARE R IR A RAIEIE 1%, 5% /KFE25 8.3 Values followed by different capital and lowercase

letters mean significantly different at 1% and 5% levels among cultivar types.

M BT SRR N 1.19%., 2.34%. 1.33%, %
WA 7.21%. 4.46%. 3.91%, %238 HIRE
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5.63%. 6.04% ., 4.86%, Z5#H M4 53 hIAE =
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RIVKIEE 22 38 Fii A= b s 25 i At b & U 4
wL BHIHM SRR SRS, OLAREE, AR T
WEM TR A AR R, S8 AR G
HREBUR S LB, AL FR DRI Zs 52 A il A 25 8
At b AR 2E BN, E B AR, FRE
DIZEHS h S RS i, PN TR ST S B > 254 >
FEE o> A RaH s A 25 B A p B R S AR
RAR G LG W2 TR, HAA BRI
=, ML R IVRIEE 2 32 R 4% 4 1B BB B4 T o LU 491
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Table 4 N contents and proportion of N in stem-sheaths, leaves, panicles at the heading and maturity stages of

indica-japonica hybrid rice of Yongyou series

%K N content (%) AR B E T & H i Ratio of N accumulation (%)

. - 4] Heading RG] Maturity 4] Heading SR Maturity
E3IA| A
Type Cultivar =y ] =y ] X X
P L B o B o
Stem- . Stem- . Stem- . Stem- .
Leaf Panicle Leaf  Panicle Leaf  Panicle Leaf  Panicle
sheath sheath sheath sheath

M2 w1573 YY1573 114 237 131 078 1.57 1.48 4278 4515 1207 1775 18.00  64.25

Indica- otk 10s2vy1952 116 234 132 076 157 149 4320 4479 1201 1692 1780  65.8

Jha;);r?:a ML 4340 YY4340 122 236 136 073 159 1.51 4429 4310 12,61 1555 1731  67.14
Fifk 4348 YY4348 123 234 136 073 159 149 4487 4262 1251 1602 1749  66.49
4356 YY4356 120 232 134 075 1.57 1.52 44,14 4342 1244 16.10 16.95  66.95
WfE 1538 YY1538 1.17 234 130 073 157 154 4362 4436 12.02 1591 1737  66.72
MfE 1540 YY1540 120 234 132 075 157 1.51 4451 4368 1182 1685 17.13  66.02
F-H#{H Mean
WEZEECV (%) 277 068 179 252 071 1.29 170 211 248 463 210 157

1.19 Aa 234 Aal1.33 Aa 0.75 Aa 1.58 Aa 1.51 Bb 4392 Aa 43.87 Cc 12.21 Aa 16.44 Aa 17.44 Aa 66.12 Bb

R #HFE 18 ZD18 1.12 2.26 1.26 0.71 1.49 1.44 4322 4492 11.86 17.32 19.44 63.24
J i _
aportea RIBH 30 WYJ30  1.10 222 1.29 0.70 1.48 1.44 42,41 4515 12.43 17.08 18.32 64.60
SEH4{E Mean

BREKCV (%) 180 126 166 046 021 0.20 133 037 333 1.00 419 1.51

rice
1.11Bb 2.24Bb1.28 Bb 0.71 Aa 1.49Bb 1.44 Cc 42.81 Bb 45.04 Bb 12.15 Aa 17.20 Aa 18.88 Aa 63.92 Bb

ZATHFE  PIl 6 5 YLY6  0.99 1.86 120  0.31 0.40 1.59 39.44 49.18 1138 858 548 85.94

Hybrid
. i/i B . FEPIEA 145 FLYX10.99 1.84  1.22 0.32 0.42 1.60 40.12  47.62 1225 9.22 5.66 85.12
indica rice

SEH{H Mean
WRECV (%) 015 061 089 311  3.62 0.36 122 227 5.20 514 224 0.68

099 Cc 1.85Cc1.21 Cc 031 Bb 0.41 Cc 1.59 Aa 39.78 Cc 48.40 Aa 11.82 Ab 8.90 Bb 5.57 Bb 85.53 Aa

¥ (Note) : BUHEFEAFK., NEFRFERMFIERIAE 1%, 5% KFEERF BE Values followed by capital and different lowercase
letters mean significantly different at 1% and 5% levels among cultivar types.

HEMEREERARE, 2 AR ERT ST
B 523 KT A3 h G, AR AR 2 T H i) g
ANTF ARG . 6BH A 2R B RIDKE 24 28 A5 LA 3¢
ZINARCAAERSE D, R 2WMasym 54
B, AR TR AR UERBE T, IR RS
Urnel, k0 it RSk 2 52 F Ja AU R TR g
1 A LA
24 HEBZRAHEKRES R E A REGHHE
H% S AT, AP 3R BRIDKE 2% 52 i 4ih il 28 s A
WIS R B s/ 19.75 mg/stem, 43 50w HURE
FERIZe SN FE = 72.34% Al 17.49%, SR 2%
S MR R R s B 18.44 mg/stem, BH L
FERE T 60.49%, B3 RIREIR 24.18%. H L R A
T 2 22 A il 28 AU ZE B A AR R s %
H 49.96% 1 46.90%, & & TH HURARS, Wi

T 23Rk s bl 2 A 2R i A i /R iz
TUHR R 24.83% FI 23.32%, 50 HUMRE 24 5
AN, W EIRT AR, 451K 15.20%
44.97%. W RIVRIAE A 2 il S A R R AR R ot
HRFIAF) 32.06%, BH R R 3.92%, BZ3CH
i 182.72%. VLA F AL RV 2228 Fii A= B Ja AN
PUKSEZE B A R R s, 2 KBS
FEARAR 2R 0 LR IR A
25 TAEREFAMESFE

H % 6 AI1, 2014 4 AR R FRIE 22 38 511
SETEREAE] 11.26 t/hm?, HC 25 m T 20 B
Flv, 0 545 H RIOBE R RN 2% 2 R AE 38 7= 22.13% F0I
34.53%. #E—rbrmim S5 R R WICR - C R &£
SRR S R S NE RN A i VA&
2.29 kg, SR ZE R AR E, KA
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Table 5 N translocation in stem-sheath and leaves from heading to maturity stage of

indica-japonica hybrid rice of Yongyou series

NTA (mg/stem) ANTR (%) CRTN (%)
By b NCRH
Type Cultivar EX ) nt EX nt BN nt (%)
Stem-sheath Leaf Stem-sheath Leaf Stem-sheath Leaf

HIPEE A4 A2 7 ML 1573 YY1573 15.54 17.18 45.20 47.34 2278 25.19 31.59

g‘::iz:aponica itk 1952 YY 1952 18.90 19.29 48.01 47.26 23.94 24.44 31.68

F1l 4340 YY 4340 22.12 18.74 52.73 45.92 25.84 21.89 32.50

P 4348 YY 4348 22.08 18.17 52.73 45.69 26.88 22.12 30.81

M 4356 YY 4356 21.18 19.38 50.46 46.95 24.49 22.41 33.64

L 1538 YY 1538 18.53 17.53 51.10 47.53 24.93 23.58 32.16

1L 1540 YY 1540 19.88 18.79 49.46 47.64 24.97 23.60 32.05
SEH{H Mean 19.75 Aa 18.44 Bb 49.96 Bb 46.90 Bb 24.83 Bb 2332Bb  32.06 Aa

A5 RE CV(%) 11.87 459 5.40 1.67 5.29 531 2.74

WA FERE 18 ZDI18 11.36 10.77 47.61 43.45 24.90 23.62 30.75

faponica rice Izl 30 WYI30 11.56 12.21 47.01 46.63 23.46 24.77 30.94
F-H{H Mean 11.46 Cc 11.49 Cc 4731 Be 45.04 Be 24.18 Bb 2420Bb  30.85Bb

AR SRR CV(%) 127 8.38 0.90 498 421 3.36 0.44

AAERIAH Btk 6 5 YLY6 17.65 25.65 74.62 86.98 29.33 42.63 11.45

Hybrid indica rice EWILEF 1 5 FLYXI 17.00 23.72 73.33 86.21 29.78 41.56 10.93
441 Mean 16.81 Bb 2432 Aa 74.04 Aa 86.65 Aa 29.28 Aa 4238Aa 1134 Cc

A5 RR CV(%) 2.64 5.52 1.23 0.63 1.08 1.80 3.31

7 (Note) : NCRH—lif# )5 A Z 5L E TT#k R Net N absorbed conversion rate after heading; NTA—#%1iz &8 N translocation amount;
ANTR—FE 532 2R Apparent N translocation rate; CRTN—#%iz 5i#k*¢ Contribution rate by transferred N; 55 AR K . /NG FHER i Fpk
HIFE1% . 5%/KF-2253 53 Values followed by different capital and lowercase letters mean significantly different at 1% and 5% levels among

cultivar types.

23.12%, ZERWBE. BRIV LR
ZHPRLA T ROR Ny 43.75 kg/kg, 5H RG22 SR
B, WBEMRTRCHRE . MRS R
YRR T AN 77.01 kg/kg, B R
TS BRSO 2R S RIRE 24 52 71 35 I8 fi
A= 0120 37.54 kg/kg, W EER TR BUERT, 544
THFEZEFARE, AR RIAE ARG AR
WARTE L 0.66, W& T H MUBRT, Hm E LT 42
TARE, B2 AK 23.26%.

3 ifig
31 BRETIER SRR E WU R
R AR R R

— BNy B AR B PN R R R R R R
TEARSCE o B DR A A e 7 B K AR A 5 i

WA R R R & TN, Haefele %A R 7K
e BT T AR i S BN AR R R 2k
Fo BEHEECA R R AN FAE 7 KT S A Y
TR, TR A LA A AR R R DL
BRI T B S AR RN, AR5
SEERMY, A7 R B S AR R U A R
SRR E EADC, MCRE R 09396 5
0.9287" (B A1),
AFIEHFEKESETNBAZH R, HE
U AL S o B FR R A AR R 2 Sl 0, o AR A
AR AR R K TR, 245k T8 BLR,
J RN AR R R A AR T A A R AR, 3R 4 e A
AIF 5% ¢ BHAE e e A A0 A0 0 A R R 45 38 B LA e &2k
BB S AR S TR, BRI . AR08l
G R R AT R R A R R R R
O R AR, TR RS R IR AR A R LR
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Table 6 N utilization efficiency of indica-japonica hybrid rice of Yongyou series
ES H b 7= Yield (thm®) 100 kg GNU NUEG NUEB NPFP NI
Type Cultivar 2013 2014 (kg) (kg/kg) (kg/kg) (kg/kg)
Gl i R 1573 YY 1573 10.94 10.91 2.28 43.83 77.65 36.35 0.64
Lr;‘:)i:iz;japo“ica T 1952 YY 1952 10.16 10.04 2.49 40.15 77.41 33.47 0.65
It 4340 YY 4340 11.95 12.09 221 45.29 76.54 40.30 0.67
P 4348 YY 4348 12.02 11.97 2.19 4572 77.42 39.90 0.66
M1k 4356 YY 4356 11.79 11.88 2.19 45.60 76.38 39.60 0.67
ML 1538 YY 1538 11.02 10.95 2.33 42.86 76.46 36.50 0.67
M 1540 YY 1540 11.11 10.99 2.34 42.79 77.19 36.64 0.66
LM Mean 11.28 Aa 11.26 Aa 229 Aa 43.75 Bb 77.01 Ce 37.54 Aa 0.66 Bb
A RECV (%) 5.97 6.65 4.75 4.60 0.69 6.65 1.65
WU #HFE 18 ZDI18 9.08 8.99 2.38 42.09 81.41 29.97 0.63
faponiearice sz 30 WY 30 9.41 9.46 225 44.50 81.58 31.52 0.65
F-H{H Mean 9.25 Bb 9.22 Bb 2.31 Aa 43.30 Bb 81.749Bb  30.74 Bb 0.64 Bb
SRR CV (%) 2.52 3.57 3.94 3.94 0.15 3.57 1.51
AATHNFE Witk 6 5 YLY6 8.72 8.62 1.80 55.42 95.66 38.30 0.86
Hybrid indica rice FWAE 15 FLYX 1 8.35 8.12 1.92 51.97 95.42 36.09 0.85
SEA5{E Mean 8.54 Cc 8.37 Cc 1.86 Bb 53.69 Aa 95.54 Aa 37.20 Aa 0.86 Aa
AT RELCV (%) 3.07 421 4.54 4.54 0.17 421 0.68

7E (Note) : 100 kg GNU—FE AT FFRIN & 100 kg-grain N uptake; NUEG—Z Z APk A: 7220 % N efficiency for grain, NUEB—& & T
WA =308 N utilization efficiency for biomass production; NPFP—Z4(AE{RAE 7™ 7 Partial factor productivity of applied N; NHI—Z = Ik 5 %L
N harvesting index; HIHG A F K . /NG FRERBFPIBELE 1%, 5% KF2ZEF 53 Values followed by different capital and lowercase
letters mean significantly different at 1% and 5% levels among cultivar types.
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