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Abstract; [Objective] The effects of reducing nitrogen (N) on grain yield, quality and N uptake and u-
tilization in different early/late season rice (Oryza sativa L. ) varieties with normal levels of phosphate (P)
and potassium (K) fertilizers were analyzed,aiming at providing references for precisely quantitative fertili-
zation and efficient utilization of N. [Method] Three N applying rates,conventional N (187.5 kg/hm?®) , re-
ducing N by 28% (135.0 kg/hm?®) and without N (0 kg/hm*)),were arranged in field experiment,and the
effects of N on grain yield,quality and N uptake and utilization of different rice varieties (Yuejingsimiao 2,
Guixiangzhan and Tianyou 998) were studied. [Results] Compared with conventional N, Yuejingsimiao 2

and Guixiangzhan with reduced nitrogen by 28% had higher grain number per panicle, full filling percent-
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age and 1 000-grain weight, and lower effective panicles. Reducing nitrogen had no significant effect on

Tianyou 998. Reducing nitrogen by 28% had no significant effect on milling and cooking qualities of rice,

while the appearance qualities of Tianyou 998 were improved. Reducing nitrogen by 28% increased activi-

ties of sucrose phosphate synthase and sucrose synthase in flag leaves of Yuejingsimiao 2 and Guixiang-

zhan. It had no significant effect on N uptake, but improved N utilization to some extent. [Conclusion) Re-

ducing nitrogen fertilizer properly was beneficial to keep or increase yield along with maintain or improve

rice quality of early/late season rice in South China.

Key words: early/late season rice (Oryza sativa L.) in South Chinaj; nitrogen reduction treatment;

yield;grain quality ;N uptake and utilization
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Table 1 Effects of N reduction on yield and its components of rice
o RE o ) N /
, AR mmaes meR/% TREER/E PR/ b
i Qb PR (X10* hm?) L. - .
e . Grain numbers Full filling 1 000-grain Harvested
Cultivar Treatment Effective Jer banicle rcentage ioht eld
panicle number per panicle percentage weig yie
N2 270. 80 a 162.70 a 84.79 a 23.97 a 8.01 b
Wil 25 . . )
. L. N1 243.80 b 185.30 a 89.98 a 24.43 a 8.97 a
Yuejingsimiao 2
NoO 212.50 ¢ 169.00 a 86.29 a 24.13 a 6.73 ¢
N2 270. 80 a 118.30 b 79.15 b 27.10 a 7.44 a
=
j&%tﬁ N1 255.60 b 171.00 a 87.60 a 27.27 a 7.85 a
Guixiangzhan
NO 219.40 ¢ 159.70 a 70.84 ¢ 27.03 a 6.39 b
N2 290. 00 a 180. 00 a 82.71 a 24.57 a 9.44 a
iﬁl: 998 N1 285.80 a 155.70 a 85.62 a 24,37 a 8.81 a
Tianyou 998
NO 210.00 b 172.00 a 83.67 a 24,10 a 7.41 b

TE < [ 50 B0 5 bR A [ /NG 5 B 35 3 7 [R] — i i AR [R) e 804 B =2 (1) 2 5 4 25 (P<0. 05) . TRl

Note: Different lowercase letters mean significant different at P<C0. 0 level within the same variety. The same below.

MR 1A LA H, 5 N2 kb BEAH e, N1 A 3 G
FRE T B ALY 2 57 SR a (P<C0. 05),
HEWE A 11,99 %, N1 &b F X “A: & 5 7 A KA 998”7
() 52 B 7 e 4 6 (3 RZ T (P =>0. 05) 3 NO 4b B &g 3%
BEAC T B 2210 2 57 KR R R AL 9987 1
S B (P<C0. 05) , B & 43 9 A 15. 88 %6, 14. 11 %
A 21.50% . AT WL, 38 BE e AT LR R sk AN
R FEO = & T,

R 1B ATH, 5 N2 B L, NT A NO b3
P ERRAR TG 2 SRR A SRk
B, NO 4b 3 R G 2 BRI T R AR 9987 1 A7 AL R 4L
(P<C0.05), 1 N1 &b FEXT“ KA 998” 943 % Fil £ C
W (P>>0.05), A UL, 38 &0 % < B 0 2208 2
SRR O A RO 3 (R AR
o3 F AR R AR 9987 A AL, 5 N2 Ab A
oo NT AT NO &b 3 G 35 58 8 7 “FE A o7 7 i 4 B ROk
B (P<C0.05) BT 228 2 57 KA 9987 1Y 4
Tl Ak BT B (P>>0. 05), 5 N2 ZhFRAH I,
N1 fb #2548 & 1 R o5 7 9 45 558 (P<C0. 05) .

NO &b # f 2 REAR T 5 7 I 45 95 3 (P<C0. 05)
N1 Fi NO &b 25X 8 5 221 2 45 7R R AR 9987 1) 2
SRR EHW (P>0.05), 5 N2 4FAH L. N1
A NO b FXF 3 AN 7K R b B 1 TR 2 1 JC B 3 R
W (P>>0.05),

AL BRSNS 2 2 SR
B o 738 v I R B 5 IOR N TR RN T
o T8 AT SO A AR R A 2y 3 R A
XFCRAR 9987 iy 45 7= o A8 ok R 22 44 TG b 3 5% ), 3
A B SR 1 e P 7R K R S it o S R 5 e sl AR Y
B E,
2.2 BEXKBREKXSREMHZNE

W 2 AT AFE .5 N2 43 L NT F1 No 4b
FHT W N 22 B 2 5 R R K R S
CREK 22 R K S8 RN K ) 3 0 1 2 5 i) (P>
0.05) s N1 AbFHXF“ AL 998”7 1) A A B B85 iy ot Ol >k
R ORGSR AR K ) TG B 2 5 i (P>>0. 05) , NO
b 2B R T KA 9987 RS KR (P<C0. 05) , 1M
X R A 998 (1 ik >k 6 F1 B oK R I TC B 3 5
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(P>0.05), (P>>0.05) ,{H B FREAL T “ KA 9987 1 2 (1 hr 3 A
M 2 BT, 5 N2 AR FEAR LG . NT FTNO ZbFE S (P<0. 05) ;NO Zb PR B 48 i 7“4 & 5 71
X B2 2 5 RO AL A B G FORCR AT RO R R (P <C0. 05) 4 “REF & 7 I R OK B2
FIEE JC W & 5 W (P=>0. 05) s N1 AR FEXT“RER &7 BRI KA 9987 (Y RE K MWL b J53 35 JC 5. 3 5% i) (P>
R R K 1 L T L OB SRR () B E R 0.05),
F 2 BEMKBREXRRNEME

Table 2 Effects of N reduction on grain quality of rice

EHEVER i/

- pie Y Rioks/ 0 BOREKRE/ N EERE/ N EHE/% = JBE B8 BE /mm
it A Qb ¥ . . . . (g kg™ ) o
B Brown Milled Head Chalky Chalkiness Gel
Cultivar Treatment . . . . Amylase .
rice rate rice rate rice rate rice rate degree consistency
content
N2 77.86 a 71.98 a 65.78 a 10.33 a 0.69 a 157.0 a 78.67 a
B B e =)
L 2 N1 76.60 a 71.37 a 63.22 a 11.00 a 0.72 a 145.8 a 77.00 a
Yuejingsimiao 2
NO 76.90 a 71.60 a 64.42 a 11.00 a 0.78 a 144.5 a 81.67 a
N2 77.77 a 71.09 a 64.52 a 22.67 b 5.67 a 138.9 b 98.83 a
ﬁﬁﬁ N1 76.91 a 69.33 a 56.07 a 23.00 b 4.77 a 147.3 ab 96.00 a
Guixiangzhan
NO 77.52 a 71.03 a 60.72 a 26.67 a 4.18 a 167.7 a 94. 33 a
N2 80.61 a 70.16 b 60.59 a 24.00 a 4.98 a 171.8 a 27.00 b
™~ O C
fﬁﬁ 098 N1 80.57 a 70. 86 ab 55.05 a 17.67 b 3.77 b 198.3 a 35.00 ab
Tianyou 998
NoO 79.89 a 71.50 a 61.34 a 21.00 a 4.38 a 185.6 a 38.00 a

2 Won. 5 N2 AEAH L, N1 R NO A FEX) R AMUL S T (2 R S3 F S ) T B S ]
T 2 SRR ZE A M T (CH TR AR DURE R 9987 B AE K AN WL T 1R R A
HE AR ) ¥ 0 R (P=>0. 05) s N1 AbBEXF“4:F FIEBRFD .

AR 998K R M R (HEE M M 2.3 BEkBaMKRExEEEENEm

MR Y JC i e (P>>0. 05) ; NO AbBE g 48 2.3.1 Emarm o i R & N (SPS)
R O IR K L VE R B R R AL 99871 JEAE YR DY AR T RERE 5 A DG BRE G . AR R DY R
KRB, X F MR R E MR WMARERY SPSIHH R IEMC.SPSES 5P 4

998 i A K LB BE A 5 X0 W R KA B W HF AR B HTdt o 7R R E B AR A
T AL o 3R DGR A K A R B CORE R 3R ORIl X K R 1 P R W TR R 9 P ) R i n k3
K ARFNRNE K ) MZE 0 BT CHEEVE B & AR s,

DRSPS A IEPONE FTF-A BRI o R ]
® 3 AEINKELMEERBRARBEENZT

Table 3 Effects of N reduction on sucrose phosphate synthase activity in rice flag leaves mg/ (g« h)
= B FHGE 7 d FHUG 14 d FHUG 21 d
it b 5 Full headi 7 days af 14 days af 21 days af
Cultivar Treatment ull heading ays after ays after ays after
stage full heading full heading full heading
N2 123.84 ¢ 84.05 b 42.89 a 29.67 a
By 0 2
i 2L 2 % N1 195.01 a 119.27 a 71.77 a 32.07 a
Yuejingsimiao 2
NO 177.33 b 64.77 ¢ 49.19 a 19.23 a
N2 139.29 a 89.20 b 65.70 a 12.93 a
53 -
E:;é'ﬁ N1 165.24 a 129.08 a 71.89 a 18.69 a
Guixiangzhan
NO 139.29 a 89. 20 ab 65.70 a 12.93 a
N2 108.66 b 93.32 a 31.38 a 13.89 a
KA 998 = t oc .
Tianyou 998 N1 165.91 a 75.95 a 33.63 a 13.43 a
NO 152. 77 ab 90. 67 a 46. 26 a 12.58 a

MFE3TFTLLAE . 5 N2 A PHAH e, N1 43 5 - SPS i &R 99875 fi s 7,14 Fi 21 d (1Y &
FARE TR 2 SR 9987 FFREMI A S b SPS MR B (P>>0.05), 5 N2 4b#
M SPS {1 (P<C0.05); W  7“ B 22 2 AL, NO ARPE I 4 & T B 221 2 5757 &)
BURMCEE R ST HFEE 7 d eI SPS IE M (P<< nF SPS Gk, BOERE T F S 7 d Gt SPS i
0.05) ; %F“ W 221 2 5775 14 f 21 d @it PR XESRREIS 14 Fi 21 d &It SPS 3 M1 JC B
SPS 1M, “RER 5 SF M YRS 14 A1 21 d MBI NO AR FENTCRER & AR AL 99878 SPS
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PR TG R . T L 3 0 AU A T
L2V 2 SRR G HE SR Gt SPS I L xR
e 998”5 Wi AN I 3

2.3.2 EABESREE  FENES U (SS) AT A I
R GRS, e AE R R B R AR
MFALEH, 5 N2 A HAH e, N1 4b B i 25 42
BT 2 SRR SRR T R 14 d
(G SS & M, W EREAR T KA 9987 FFHE)E 14 d

B8 SS % PE (P<C0. 05) 5 %F 3 A i A A s 31 119
B SS 5 P B F 0 (P>>0. 05), 5 N2 4bFA
b o NO AbF I 2 BEAIR T B A o 7 SR R0 8 SS i
PECP<C0. 05) o X FoAth i A 45 B 30 1) 1) it SS 3% PR3
JC R F R (P>>0.05), Af WL, 1% B 9 &0 R A A
THEEE AL 2 5 R MR AR 9987
eIt SS k.

R4 OREMNAKBUMHEESHEEENZIN

Table 4 Effects of N reduction on sucrose synthase activity in rice flag leaves mg/(g + h)
H FERE FHEE 7 d FriE 14 d FH)E 21d
il Ak Full headi 7 days af 14 days af 21 days af
Cultivar Treatment ull heading ays after ays after ays after
stage {ull heading full heading full heading
N2 110. 44 ab 81.98 b 51.76 b 60. 61 a
B, s =
i N1 127.84 a 106.09 a 95.21 a 69.91 a
Yuejingsimiao 2
NO 92.47 b 70.14 b 76.06 ab 74.06 a
N2 137.28 a 41.29 b 52.22 b 40.50 a
ﬁf&ﬁ N1 121.76 a 93.01 a 78.58 a 54.97 a
Guixiangzhan
NO 86.52 b 77.69 ab 61.20 ab 41.11 a
N2 117. 20 ab 89.53 a 73.89 a 25.51 a
™ C
ﬁﬁﬁ 098 N1 135.86 a 107.43 a 52.76 b 29.78 a
Tianyou 998
NO 88.79 b 72.66 a 56.70 ab 24,05 a

2.4 BAMNKBREFALENZ I

IFE 5 A LIE H .5 N2 A FEAE L NT g 3% 3
A TK R i B A W R TG S 3 R R (P=>0.05) . NO 4k
PR ERRAR T 3 A KA & R 9 I L (P <0, 05),
AHXE T N2 Zb B, N1 Ab P G 35 40 7“8 221 2
SRR R A AR B LR (P<C0. 05) , X
WA 2 T0 B3 5 (P=>>0. 05) 5 N1 4b 23 i 3 4%
o UCER SRR AR ANA A R (P<

0.05) .t & T 2F B 5% 10 A {H R ik 8 3% K F
(P=0.05) ; N1 ARFIXS“ KAL 998”7 Y B R =45 5
AMMELERA KR LR FE W (P>
0.05), Al UL, iE I A KM T Bz m 2 57
TR G R DD o R R AT R B 2 2 i s R A
A R BRI A HA s T AR R AR R
L 998 b FHE A i 260 A5k ik 2> o % 0 3R ) T 00R TG 2 %

=
AU

RS BEAMNKBREREMNAYENZNE

Table 5 Effects of N reduction on rice nitrogen use efficiency

s R
WA/ RETHR/ - =

7 b s HAT AR/ 36 (kg + kg )
e (kg « hm~?%) (kg » kg™1) L . .

Cultivar Treatment . L Recovery efficiency Physiological
N uptake Agronomic efficiency . -

nitrogen efficiency

N2 149.99 a 6.83 b 29.59 a 24.80 b

AT
B 2 5 N1 136.12 a 15.32 a 28.46 a 53.72 a
Yuejingsimiao 2

NO 94.50 b — — —

) N2 111.94 a 5.55 b 23.32 b 23.93 a
E—:éﬁ N1 116.57 a 9.93 a 33.06 a 29.96 a
Guixiangzhan

NO 68.21 b - — -
N2 168.22 a 10.83 a 39.03 a 28.31 a
KA 998 -
Tianyou 998 N1 144.78 a 9.57 a 34.01 a 28.61 a
NO 95.04 b - — -

2.5 KBrFEREMBREZESRRKHEXE
MF 6 ] LIE . A SRS S bR e R A
B B E (P<<0. 05) FIHk B 3 (P<<0. 01) IEAH

XXR.WABSTFEERBEEMELR(PL
0. 01) , y= i I 5 3 5 A3 Fl SR8k 45 s R T
RLJE TG B A R R R (P>0.05),
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Table 6 Correlation between yield,yield components and total N uptake
L AL T A7 50 s TR BT -
E R - . . < 1 . Vi s
Effective Grain numbers Full filling 1 000-grain .
Index . . . Harvested yield
panicle number per panicle percentage weight
43 B 50K 50 Grain numbers per panicle —0.2275
2523 Full filling percentage 0.171 7 0.461 3
TR i ft 1 000-grain weigh 0.009 3 —0.498 4 —0.521 3
774t Harvested yield 0.740 9~ 0.357 1 0.548 4 —0.3888
% & i N uptake 0.842 5* * 0.224 2 0.530 1 —0.440 7 0.921 1%~

TE % Al S350 3 7m A Sk 3k B 25 (P<<0. 05) Bl 8 35 /K F- (P<<0. 01,

Note: * and * * represent significant difference at P<C0. 05 and P<C0. 01, respectively.

3T

RN 5 e 7K A 77 i () 2 A 22— /A
T A 18 K R i HEAT T R BESY A A R Y
RUIE B HAE 45 ot 3900 A7 4 TR % 0 BE AT LA 3R A5 8 1Y
7 FIRUIE ) S0l e [ RS R W i R
RKZLZAE 30 % ~400%"1  H 32 %2 5 A AT 6 5 A it
MEREAX. XIS HRER AR
FOKFEIE = (H 25 50K 255 55 A WF 9T IA R, Dd AR g
e Y N N O e S I O R R
UK FE AL 280 it R % 293. 5 kg/hm™) AE A5 2
FEE R JRETE T R A 2800 AR B 20
25RO R ) RO B 4 R OR TR R
i, BB TR D S0 A AR T 2, TR R AR R R AR
998”4y LA B K F i R k. [WIET L WA 28 0 4b
FRXT 3 A4 R B e ALK A R R Y T
SO HVE R TR S 2l 2 SR ST
REF R, X KA 998”7 1 & £ F) SR IR T
W, [FE SRR A A S KA S
W REBE B R 15 W (SPS) FIE M 75 1 il (SS) 114 115
IR . P R B X R B A R T AR R
FHRL KRG 1 7= SRR ™ o 38 2 1E— 25 A DG o BT &
B A AR e O A R S e OE
KXR WREE B EWN D EEMCKLR, B,
U SRR B I 7 A R A DGR R O R T I R
M T A SO

Jitl FH SR ES 2 4 i 7K e 2 7 v R K T A B O
BEFBLZ 10 R ] i T AS () s 30 A B it
FHZIE » v] LA 98 K R 04 B I A e =t i AR A
S LUKV 2 3SR RE S WA 6 57 R B 5T A R
Jit 2R AL FHLRE DK (AR DK S RSO 3E VBORE R R B
JE A BE B A AR AR S TR i
Ab B ARt AR BRI 22 SN B . ARG A5 SRR
I P U G A 3L B R R ol S A e L R e R K R A

KA BT, 3 A 22 2 SR R
K il 5 M PR 14 TG B R I, K mT RE R T B R A
P T B L 2 SRR O T SR S o A
WEIR 15 Wl (SPS) 1 BEME 5 hL B (SS) /Y 35 1 Pr M
T KRG b AR A . B e Ak B AR 1 R
I ST 45 A K 5 TR 1 R o 5 R i R AR
9987 (1) H1 W ity JoT K8 AP 2 11 R 23 A2 1 ) L i T 3%
B — AR SR L 1 P I R e R 2% 38 K R A
K LA RS RO

4 Z5 %

5 H B AR LL 3 R 8% M T A e R R
PR KRR 8 7 R ™ 3 I O FR A 3 R OK A R
D FEV AT R T R 220 2 SRR TR
AR B TR R AR 9987 7 44 Ji TE b 3 5 il 5 H.
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