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Abstract: Based on the concept of the highest population productivity, the yield components and the characteristics of
nitrogen absorption and utilization of three types of rice cultivars with low, medium and high level of the highest
population productivities were investigated at their optimum nitrogen levels. With the increase of the highest population
productivity, the total spikelet number increased remarkbly, while the seed setting rate and 1000-grain weight showed
no significant differences. The nitrogen accumulation at N-n ,» heading and maturing stages increased correspondingly as
the productivities increased, whereas no significant difference was found at elongation. In order to analyze the nitrogen
absorption progress of rice genotypes with different productivities, the whole growth duration was divided into four
phases, i.e., from transplanting to critical stage of productive tillering, from critical stage of productive tillering to
elongation, from elongation to heading, and from heading to maturing. Results indicated that, the nitrogen
accumulation during each period increased typically as the productivity increased during all growth phases except the
phase from critical stage of productive tillering to elongation. Compared with low productivity genotype. the nitrogen
translocation amount and nitrogen translocation rate of medium-productivity genotype increased evidently. However,
there was negligible difference between medium and high productivity types. Based on the results above, it was
concluded that rice cultivars with the highest population productivity were featured by rapid nitrogen absorption before
N-n, slow nitrogen absorption from N-n to elongation, steady nitrogen absorption from elongation to heading, and
massive nitrogen absorption from heading to maturing; and a large but not excessive amount of transferred nitrogen
from stems and leaves after heading.
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Table 1. Yield of six japonica rice cultivars under different nitrogen application rates.

" Jiti 70 7K *F- Nitrogen application level/(kg * hm™*) SEHE A 5 2K
ZH Type ) 150 187.5 295 262. 5 300 337.5 Average CV/%
MRk A=) LP
B 158 ZD158 5464.28 bB  7622.40 dD 8048.26 dD 8354.71 dD 8545.13 dC 8229.38 {C 7901.70 eC 7737.98 eC 13.53
HAER 15 SXJ1 5175.98 dD 7377.42 eE  7838.25 eE 8158.71 eE  8422.05 eC 8294.63 eC 8081.78 dC 7621.26 {C 14.85
R A ) MP
#2084 Y2084 5124.15 eE  7959.02 ¢cC  8471.64 cC 8822.20 cC  9384.45 cB  9129.45 dB 8807.10 cB 8242.57 dB 17.58
B 46 N46 5371.13 ¢cC 8192.08 bB  8783.68 bB  9223.72 bB  9513.55 bB  9294.46 ¢B  8952.75 bB  8475.91 ¢B 16.93
R AR T HP
HA 09-5 CJ09-5 5733.75 aA  9097.31 aA 10085.83 aA 10372.51 aA 10651.37 aA 10460. 33 aA 9843.95 aA 9463. 58 aA 18. 20
HHE 09-6 CJ09-6 5702.93 aA  9006.57 aA 10044.45 aA 10316.19 aA 10585.45 aA 10221.32 bA 9735.23 aA  9373.16 bA  18.11

6] — 81 v B S BRORS TR /N B R RN 100 506 28 S O R

Values followed by different uppercase and lowercase letters are significantly different at 1% and 5% probability levels, respectively.

LP, Low population productivity; MP, Medium population productivity; HP, High population productivity. ZD, Zhendao 158; SXJ1,

Suxiangjing 1; Y2048, Yin 2048; N46, Nan 46; CJ 09-5, Changjing 09-5; CJ 09-6., Changjing 09-6. The same as below.
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Table 2. Analysis of variance for yield and indexes of N absorption and utilization in 2009 and 2010 ( F-value)

L7 AE W AR SR G AL
Parameter Growth stage Year Genotype Year X Genotype

5257 Grain yield 0.17 499,98 " 0. 39

AR EE NAA B N-n 0.22 41. 66" 0.15
®7 EG 0.62 3.87" 0.12
i HE 0.29 197.01°° 2.01
B MA 2.17 412.60"" 0.95

AR BB EE PNAA B -1 TR-N-»n 0.66 207.88"" 0.42
B H - N-n-EG 3.23 419. 64" 1. 00
WA - EG-HE 0.97 227.84"" 0.24
% 2 HE-MA 0.55 288. 84" 0.52

REHBE NTA 1.01 199.66° " 0.67

REHBER NTR 0. 88 124,58 " 0.52

AR WCR % RE 0.54 7.43"" 0.78

RHE A BEF| FH % PE 3.02 90.41"" 0. 34

R FENRLAE R NGPE 1.24 56,62 0.18

ANCAw 2L 7= ) PFP 1.02 107. 74" 0.41

LU R IRE 0.05 F10.01 BEKFE, T,

“, " " denote significant difference at the 0. 05 and 0. 01 probability levels, respectively.

N-n, Critical stage of productive tillering; EG, Elongation; HE, Heading; MA, Maturing; TR, Transplanting; NAA, N accumulation a-

mount; PNAA, Period N accumulation amount; NTA, N translocation amount; NTR, Nitrogen translocation rate; RE, Recovery efficiency;

PE. Physiological efficiency; NGPE, Nitrogen grain production efficiency; PFP, Partial factor productivity of applied N. The same as below.
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Table 3. Yield and its components of rice cultivars with different highest population productivities.

_ AR EAL TR R AL
\ 5217 B | , 9% THE
psyid| Productive Spikelet Total spikelet
Actual yield Seed setting 1000-grain
Type ) panicle number number number
/(kg *+ hm™*) }) . rate /% weight/g
/(X10" « hm ?) per panicle /(X10"+ hm *)
TEFFR/E ) LD
FHFE 158 Zhendao 158 8550. 00 dC 296. 31 beB 135.71 beB 40212. 23 dC 87.31 aA 24,45 bA
FFE 1 2 Suxiangjing 1 8213.04 ¢C  277.53 dC 132.71 ¢cC 36831.01 ¢D  85.51 bA 26. 38 aA
kA ) MP
4R 2084 Yin 2084 9272.55 cB 304.16 bB 139. 60 bB 42460.74 cB 88.71 aA 25.02 abA
Fj 46 Nan 46 9557. 85 bB 313.70 bB 137.52 bB 43140.02 bB 89.75 aA 25.19 abA
i BEARAE 7= ) HP
HOEE 09-5 Changjing 09-5 10645. 86 aA 333.37 aA 144.91 aA 48308. 65 aA 86. 80 aA 26.07 aA
H O 09-6 Changjing 09-6 10519. 72 aA 331.30 aA 143. 96 aA 47693. 37 bA 86.04 abA 26.50 aA

it A= 77 07 28 RSP 31 57 8 43 ) O 8381, 52 kg/hm” .
9415. 2 kg/hm® 1 10582. 79 kg/hm* (£ 3) ., 2% F ik
W NG oA, 45 SR TR E AR AR 7
FEARY) 22 5 K2 1 3 i A7 2380 7 450 R g AR 25 T
A7 I S SN B G N, 22 S aA A B E KR R
ROREACY 3 0 2 5 R R e o e, Bl AU
A& B A2 7 el K B R BE AR B AR R A R
38521. 62 X 10'/hm?*, 42800.38 X 10'/hm’ #
48001. 01X 10" /hm?* , B {7 oI AR50 AL 2 5 7 1 52
WFEIFEAE r=0.9893" ", n="6) , Ui W FEIK Fi 4L 17
KA i A2 77 ) R KR I B A 7 s R AR

2.3 ARREHEESETNLXBKBEIRE
HIE 4 FTAL, 25 ah R 3 ORI B A 7 R R
W ARG 05 1T S0 e R B G, B RIS A e
1 2R D B R L R R S SRR AR A )
S ATAERTY A BE A B AT L AR O R ) 22 S AN
2.
2.4 ARREEGTESETNLXBEKBERERR
ERAERKF AZE
5 4  IE OKORE 9 R B R R AT A B Y
SN 25 5 (3R 5) 0 L B B Al R R LU K 3R
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Table 4. Nitrogen content of rice cultivars with different highest population productivities. %
%A fig A il B A
Type N-n EG HE MA
RRER A 91 LP
B 158 Zhendao 158 1.88 cC 1.62 bA 1.37 aA 0.97 aA
M 15 Suxiangjing 1 1.78 cC 1.71 abA 1.45 aA 1.03 aA
R MP
B 2084 Yin 2084 2.08 bB 1.66 abA 1.42 aA 0.96 aA
4 46 Nan46 2.06 bB 1.77 aA 1.41 aA 1.03 aA
FREAR A ) HP
HAE 09-5 Changjing 09-5 2.20 aA 1.70 abA 1. 43 aA 1.00 aA
B 09-6 Changjing 09-6 2.19 aA 1.74 aA 1.37 aA 0.99 aA
£5 FRAMBHRBELESNEDKBEHAERRERARBKF A%
Table 5. Nitrogen accumulation and Recovecy efficiency of rice cultivars with different highest population productivities.
B3 18 Non W EG i HE B MA eV TGN ES
Type /(kg * hm ) /(kg * hm ) /(kg + hm ?) /(kg » hm ?) RE/%
RREAE ) LP
FH RS 158 Zhendao 158 30. 45 cC 67.09 bcA 141. 63 cCD 163. 54 dCD 38.06 cC
I FHH 15 Suxiangjing 1 29.70 cC 69. 24 aA 146. 93 cBC 169. 54 cC 37.09 cC
PRER A ) MP
iR 2084 Yin 2084 34.66 bB 66.94 cA 149. 69 bB 177.98 bB 41.56 bB
#j 46 Nan 46 36.87 bB 68.16 abcA 150. 93 bB 178.74 bB 41.29 bB
R A T HP
# M 09-5 Changjing 09-5 38.72 aA 68.68 aA 162. 44 aA 195. 24 aA 46.16 aA
B 09-6 Changjing 09-6 38.98 aA 68.48 abA 159. 62 aA 193. 33 aA 45,05 aA
x6 ARARBEGAEREFNLBUABERMEZNRRES
Table 6. Period nitrogen accumulation of rice cultivars with different highest population productivities. t/hm?
el 05 ¥ Tl i B - AT R A
Type (TR-N-n) (N-n-EG) (EG-HE) (HE-MA)
R A ) LP
RS 158 Zhendao 158 30. 45 dC 36.64 bB 74.55 eE 21.91 cC
Jh A BE 15 Suxiangjing 1 29.70 dC 39.54 aA 77.69 dD 22.61 cC
PREAR A=) MP
#2084 Yin 2084 34.66 cB 32.28 dCD 82.75 cC 28.30 bB
# 46 Nan 46 36.87 bB 31.29 ¢E 82.77 cC 27.81 bB
B BER A I HP
H A 09-5 Changjing 09-5 38.72 aA 32. 34 dCD 91.38 aA 32.81 aA
HH 09-6 Changjing 09-6 38.98 aA 33.43 cC 87.21 bB 33.71 aA

R B RN T I 25 OB . St
B A N T A B v A 7 s 4 KR UNE 1 i )
R E P (R ) H PR AE R ) KR
37.58% , i = IR H0h 45.61%
2.5 AERBBEGESEFNLBABEEINE
REE

Wit R NE A A e v A 7 0 B v L K R A5 B R Y
REMBEW D EFWINGE 6), X5 /A= J A
BB AP BERE i BER R B RCIA G, B Bk

WYL AR A = I 2R B R R B Be B R T e R
JIZEA R BRI DL A R U AR B
B BR SR KBt A 7 7 £ w8 T AN W7 B, AN [ A 7
J1 2P ) 2 S B IR A2 3 OKF-
2.6 FRIREHEESETHNLXBEKBEENR
REREE

MARB B R FRRF R 7). 4 dh Fh 2 LUk
TEMAEE B e AN TE A B ] H R B
AN ING R S NE S PRI LT R TR
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Table 7. Period percentage of N accumulation of rice cultivars with different highest productivities. %
%A % B R i B PN P -l B EiliEE S
Type (TR-N-n) (N-n-EG) (EG-HE) (HE-MA)
fRREM A 01 LP
FHAE 158 Zhendao 158 18.62 cA 22.40 bA 45,58 aA 13. 40 cC
P FHE 1 5 Suxiangjing 1 17.52 cA 23.32 aA 45. 83 aA 13.33 ¢C
PREAR A ) MP
iR 2084 Yin 2084 20. 13 abA 18.74 ¢B 46.49 aA 15.90 bB
# 46 Nan 46 21.34 aA 18. 11 ¢BC 46.31 aA 15.56 bB
FREAR A 0 HP
H M 09-5 Changjing 09-5 19. 83 abA 16.56 eD 46. 80 aA 16. 80 aA
HHE 09-6 Changjing 09-6 20.16 abA 17.29 dCD 45.11 aA 17,44 aA

RS FRERBGESEFTNLBEKERAMAZTEBEN

Table 8. Nitrogen translocation of rice cultivars with different highest population productivities.

ZE I %42 N accumulation in stems and leaves

. - A RERBR  AREEE
RIE i8] LA Lt ) )
Tone Heading <t Lt 451 Mt . Rt N translocation N transfer rate
VI eading stage Rate/ % ature stage ate et hm- ) %
/(t+«hm %) /(t+«hm %) /%
R A ™ 4 LP
G 158 Zhendao 158 128. 94 dC 91. 04 76.32 bB 46. 67 52.62 cC 40. 81 cC
I FEH 1 5 Suxiangjing 1 134. 65 cBC 91. 64 81.26 aA 47.93 53.39 cC 39. 65 cC
OB A A = ) MP
AR 2084 Yin 2084 137.19 bB 91. 65 72.17 dD 40. 55 65.02 bB 47.39 bB
Fd 46 Nan 46 137.97 bB 91.41 72.87 dD 40. 77 65.09 bB 47.18 bB
e B = 5 HP
M 09-5 Changjing 09-5 147.40 aA 90. 74 73.49 cBC 37.64 73.91 aA 50. 14 aA
HHE 09-6 Changjing 09-6 145. 06 aA 90. 88 72.90 dD 37.71 72.16 aA 49. 74 aA

SO EY RS TR IR ER Y AR
By B AR BRI A 7 T T e IR R B, 25 ek
AKOF . X BTSSR S Y BRI A R B R R S A
ALUESSNE LR EE N SIE A A I
93 25 5 TR B R, i 2R ) SR Ay i B IR
AR IR RIS 3. 76 Yo Fl 4. 81 %, 25 ik B K
Vo i — 2B E B AR 7 ) ALK R A B R B (il B
RO HAT BRI W AR T L RE W R AT RLIE B A
PRXT AR 2,
2.7 AARBEGCERETNLYUKBREED
i

HH 2% 8 I, Bl A 2R 7™ 03 3, AR 2K i i R
ERTE S NI U N AR IS WL R T =S ¢
B 2K i g i LR AR R ) 2SR B v (78,79 t/
hm”) , & A 77 ) R B IR (72. 54 t/hm®) , R A 7
1A v, A 25 G L B A 7
BB REAR, BE A N AR BE R MA R
L 2 SOl Qe DI S =T e R
o AR ZE 7 D R A AR 12,2706, 37. 79 % A
5.61%0.24. 14% ., BHRE MG AR B ER G

B 1) AR B AR RO FE O AR K T R
IR AR TR TR
2.8 ARAREEERSESTHLXBEKBRANAE
MK FE R R0 B (3R 9) . B RUIE T 14 d
e A7 T 4 RN A BRI SR S T U it
TR UL L i A g S R R T R, R
R T WA = AR AR R A 7 T B e T e A T 36
B BRAPRLAE 77 RRCR B AR 7 0 B4R s A i T L E
THIEA TR . FHSC BT RT3 > A2 B T 46 bs v L LA
FNCLE BRI R 5 A 1 R R M # D) KRR
MR PR ROR TR R T A = R 5 7= T &
TR . UL i A= 7™ T AR 2 M) AR 1 B4 DA™
i S0 F) 56 A OR PR AR L B A7 T 4 L X
PS8 bR R 2 35 B, AR 6 R AT LR I LS
HEFEIRR T EIGRE 9.

3 e
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Table 9. N use efficiency indexes of rice cultivars with different highest population productivities. kg/kg
. ANAEE  ARTYR  ARHE AN i VS
e e I S E CES
PE NEMPD NGPE PFP AE
R A 07 LP
FHFH 158 Zhendaol58 31.58 ¢C 109. 21 aA 52.28 bA 32.57 cC 12.02 cC
HERE 15 Suxiangjing 1 31.36 cC 97.09 dE 48. 44 B 31.29 cC 11.63 cC
R ) MP
R 2084 Yin 2084 34,26 bB 104.17 bBC 53.90 abA  35.32 bB 14. 24 bB
F§ 46 Nan 46 36.98 bB 104. 88 bB 53.07 abA  36.41 bB 15.27 bB
e REAAR L7 )1 HP
H O 09-5 Changjing 09-5 41.12 aA 99.87 ¢cDE 54.53 aA 40.56 aA 18.98 aA
H A 09-6 Changjing 09-6 40.62 aA 101.01 cCD  54.41 aA 40. 08 aA 18.30 aA
54 7= Sy )M 5% 2L Correlation coefficient with productivity(n=6) 0.989" —0.194 0.833" 1.000" " 0.996" "
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