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Abstract: [Objective]To clarify the characteristics of nitrogen absorption and utilization in early-maturity late japonica
rice cultivars, the grain yield components and their relationship with nitrogen uptake and utilization efficiency were
investigated in comparison to a control cultivar Ningjing 1. [Method] A field experiment was conducted in the Rice
Research Institute of Jiangsu (Wujin) in 2012 and 2013 with eight newly released early-maturity late japonica rice
cultivars in Jiangsu Province (namely Wuyunjing 29, Wuyunjing 23, Yangjing 4227, Tongjing 981, Changnongjing 7,
Ningjing 3, Zhendao 16 and Nanjing 5055) as materials. [Results] The actual grain yield of the eight new cultivars
surpassed the control by 7.87% on average, with four(Wuyunjing 29, Wuyunjing 23, Yang 4227, and Tongjing 981)
increased significantly (P<0.01). The total nitrogen uptake and nitrogen utilization efficiency at maturity in the eight new
cultivars increased by 4.97% and 2.85%, respectively, compared to the control, which led to the improved grain yield.
Further analysis revealed that the nitrogen content showed little variation among the new cultivars, while the dry matter
production was significantly higher than that of the control. The nitrogen absorption before heading contributed about
80%-85% of the total in the whole growth duration. The nitrogen uptake at heading stage and heading-maturity period in
the eight new cultivars were 1.35% and 25.94%, respectively, higher than that of the control. The panicle number showed
limited contribution to the variation of total nitrogen uptake in the new cultivars, whereas the nitrogen uptake per panicle
was 3.19% higher than that of the control. New cultivars had less than five days differences in the whole growth duration
(life cycle), whereas the nitrogen uptake rate (average daily nitrogen absorption) of the new cultivars was 5.85% higher
than that of the control. Correlation and path analysis revealed that larger dry matter production, daily nitrogen absorption
rate, nitrogen absorption per panicle and amount of nitrogen uptake after heading contributed significantly to the higher
total nitrogen absorption. In the new cultivars, the nitrogen percentage of the whole rice plants was generally higher. The
nitrogen assimilated into and translocated to grains was higher in the new cultivars. All these characteristics contributed
to higher total nitrogen uptake and nitrogen grain production efficiency. The nitrogen harvest index, nitrogen absorption
percentage, nitrogen agronomic efficiency, and nitrogen partial production efficiency were higher in the new cultivars
with more grain yield. [Conclusion] In short, the eight new cultivars from Southern Jiangsu Province had more nitrogen
uptake and higher nitrogen utilization efficiency, and grain yield. Increasing total nitrogen uptake and improving nitrogen
utilization efficiency were helpful in further raising the grain yield in rice production.
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The letters A, B, C, D, E, F, G, H and CK represent Wuyunjing 29, Wuyunjing 23, Yang 4227, Tongjing 981, Changnongjing 7, Ningjing 3, Zhendao 16,
Nanjing 5055 and Ningjing 1, respectively according to their grain yield order from high to low. The same as in the following figures.
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Fig. 1.

Harvest yield and theoretical yield of different high yielding varieties.
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Fig. 2. Nitrogen absorption per unit area and nitrogen use efficiency for grain output(NUEg) of different high yielding
cultivars.
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Table 1. Differences of dry matter production and nitrogen absorption at heading and grain-filling period of different high

yielding cultivars.

g-m?

TH5 477 & Dry matter production

% % & Nitrogen absorption

o
ci?jjar HirkE SRS HirkE HRS
Heading stage Post-heading Heading stage Post-heading
A 1206.77 755.22 a 16.83 43la
B 1203.99 743.89 a 16.91 420a
C 1204.00 702.99 ab 16.75 3.82 hc
D 1180.68 658.75 abc 16.44 3.47 he
E 1193.98 628.74 be 16.22 3.29 he
F 1156.14 618.95 be 16.24 3.18hc
G 1162.03 954.63 ¢ 16.16 298¢
H 1142.74 591.50 ¢ 16.05 293¢
CK 1145.73 591.80 ¢ 16.23 2.80¢
r 0.535" 0.808" 0.592" 0.718™
F /2 F Value 1.023 4.265" 0.687 2.381

RNEFERRRZEFEE, P <0.05(HEMZENR). ~HE

Data flanked by different letters indicate significant difference at P<0.05 by Duncan’s multiple new range test. The same as in the following tables.
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Table 2. Differences with nitrogen absorption rate of

different high yielding cultivars. mg-m2d™?
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Table 3. Differences of nitrogen use efficiency of different high yielding cultivars.
mh A ﬁi?m}ﬁi#/}yﬁ ELEIR R0 RIERUCFI A Z SRR AR AR E R 7
Cultivar Dry n-1a.tter produ_cltlon N harvest index/% NRE/% NPE/(g-g™) NAE/(g-g™) NPFP/(g-g™)
efficiency/(g-9™)
A 92.83 69.24 a 42.90a 47.22 15.79a 39.03a
B 92.30 68.58 ab 42.73a 47.68 15.77a 38.81 ab
o] 92.73 67.17 bc 41.67 ab 46.96 15.40 ab 37.26 he
D 92.44 66.24 c 40.74 ab 46.43 14.92 ab 35.85 cd
E 92.99 65.34 cd 40.16 ab 46.35 14.65 ab 34.98 de
F 91.81 62.96 e 39.27 ab 46.77 1430 a 34.90 de
G 91.76 62.98 ¢ 39.05 ab 46.33 14.17 ab 34.15 de
H 91.20 63.89 de 38.01b 46.99 14.05b 33.62¢
CK 91.25 62.95¢ 39.21 ab 44.98 13.90b 33.44¢
ro 0.13 0.804™ 0.776" —0.02 0.738" 0.909”
M 0.512" 0.520" 0.098 0.754" 0.766" 0.720”
F {& F vaule 0.673 15.239™ 2.001 0.143 2.205 15.875™

NRE, Nitrogen recovery efficiency; NPE, Nitrogen physiological efficiency; NAE, Nitrogen agronomy efficiency; NPFP, Nitrogen partial factor

productivity.

F4 TRISFHREMETERE FREIELLHIMNEN

Table 4. Differences of nitrogen absorption and distribution ratio of different high yielding cultivars.

%

LM CEE B N in stem and leaf

TR Z LB N in panicle

b Al - A B AR I T B - A 3 A ) 1
Cultivar Tﬂi%_ﬁﬁ e %ﬂ Decline from i ﬁi_ﬁﬂ hk%@ﬁ Added value from
Heading Maturity . i Heading Maturity i i
heading to maturity heading to maturity
A 90.51a 30.76 59.75 a 9.49b 69.24 a 59.75a
B 90.14 b 31.42 de 58.72 ab 9.86 ab 68.58 ab 58.72 ab
C 89.98 ab 32.83cd 57.15 be 10.02 ab 67.17 be 57.15 be
D 90.17 ab 33.76 ¢ 56.41 bc 9.83ab 66.24 ¢ 56.41 cd
E 89.77 ab 34.66 bc 55.11 cd 10.23 ab 65.34 cd 55.11 cde
F 90.51a 37.04a 53.47 de 9.49b 62.96 e 53.48 ef
G 89.14 ab 37.02a 52.12e 10.86a 62.98 e 5212 f
H 90.31a 36.11ab 54.20 cd 9.69b 63.89 de 54.20 f
CK 89.77 ab 37.05a 47.72 de 10.23ab 62.95 ¢ 5271 f
ry 0.242 —0.803" 0.790" —0.253 0.803" 0.790"
I 0.358 —0.520" 0.556" —0.368 0.520" 0.557"
F {f F vaule 1.787 15.239™ 9.892" 1.802 15.239™ 13.087"

IEAI(r %=0.692"", r =0.470")55 241 Z R Ik
B, PR R Y BB TR E A, P
TN Fe bR R T A R R E . B EAR
A PR R R T o T R A 2 R S (1 =
—0.317. ry = —0.488"). HAEMIFE A & (r w=
—0.06. rx = —0.174)5RAIHERE R E. A&
R R, Horf, B = 8m4
RIS S R R KR P R A 95T B 2 KT
Gb, KRS SRR E.
24 BSFTEHSMIREE R AR E T 3R 2R
RENBRESH

b5 X LM IE 8 A 1 77 T i ol B A 4

PR R K AR AT I8 AR 0 A (R 6), R ARE

RE WA TR AT B X

SRR R

Jo 3 SO W S 5 PR SR ol 3 SO W S ) 52 D 2 )
R R A bR R B T AR RSSO
EEFEMA.

3 it

31 BRMESSHeMEER. fZFRE

AHHIE

H B/
FE 5

e 50 A2 K R

Wi KA AR B IR BUR TR, BRI
UABAINE 3= Ei 20 Pl 47N
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Table 5. Difference of nitrogen translocation at maturity in different high yielding cultivars.

LR N in stem and leaf/(g-m™?)

T % & N in panicle/(g-m™?)

dh Al - T LIS - BRI HnE
Cultivar %ﬂﬁﬁg-ﬁﬁ M‘?W Nitrogen Nitrogen %ﬂﬁﬁg-ﬁﬁ hk%&#ﬁ Nitrogen Nitrogen
Heading Maturity . . . Heading Maturity X . i
translocation translocation ratio/% translocation translocation ratio/%
A 15.23 6.50 ¢ 8.74a 57.36a 14.64 ab 1.60a 13.04a 89.10 a
B 15.25 6.61 bc 8.64 ab 56.65 ab 14.50 ab 1.66a 12.84a 88.58 ab
C 15.07 6.75 abc 8.31 ahc 55.18 abc 13.81ab 1.68b 12.13b 87.82 ahc
D 14.82 6.71 abc 8.10 abc 54.69 abcd 13.19ab 1.62¢ 1157 ¢ 87.70 abc
E 14.55 6.77 abc 7.79 abc 53.51 abcd 12.74 ab 1.67 cd 11.07 cd 86.89 cd
F 14.68 717a 7.51bc 51.16 cd 12.26 b 156 10.69 de 87.25 bed
G 14.39 7.09 ab 7.30 abc 50.72 d 12.06 a 1.78 de 10.28 de 85.27 e
H 14.47 6.83 abc 7.64¢c 52.79 bed 12.15b 158¢e 1057 e 87.02 cd
CK 14.56 7.03ab 7.53he 51.70 cd 11.99 ab 1.67 de 10.32¢ 86.08
Iy 0.609”  —0.317 0.667"" 0.622" —0.060 0.959" 0.946™ 0.692"
I 0.416°  —0.488" 0577 0.619” —0.174 0.463" 0.478" 0.470°
F {4 Fvalue 0.823 2.031 2.261 3.616" 1.275 27.359" 28.639™ 6.481"

*x6 ARIE~HmMIR RS E TR AR T ENRE S
Table 6. Path analysis for the components determining nitrogen absorption at maturity of different high yielding cultivars.

y . HHEHER R X5y AR R AL
Indirect path coefficient ~ Correlation coefficient of x and y

JR AR R HhAEIIL %0 & N absorption at heading stage 0.703 0.592™

N absorption at maturity i1 /5 W %% N absorption during grain-filling period 0.813 0.718"™
RT3 £ 7 & Dry matter productions at maturity 1.089 0.964™
RS 4Bk A &2 Nitrogen content of whole plant at maturity 0.320 —0.183
AU BB (& N absorption per panicle at maturity 1.640 0.807"
FH%Y Panicle number 1.016 —0.331
RTS8 N absorption rate at maturity 1.024 0.9717
44 B 1K H Days from sowing to maturity 0.244 0.022
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