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1.1 e

A5 SR TR v RRK R O AU ROK R
Elio, HAEARA ZMARILE 1,

P £ KRS L, R A R AT R A T S
By, LR ARAIER cpH 8 7.3, - - + HLK
FiE16.7 mg g, RAN 0.90 mg g, M
L4y 94 18.9 mg kg ' 1 80.9 mg kg ',

F1 HiKkBEHAZER
Table 1  Agronomic characteristics of the rice cultivars

used in the field experiment

o A R s
o Anthesis Growth duration Plant height
Cultivar
(d) (d) (cm)
Elio 100 157 115
Ot Nanguang 113 163 119

1.2 AR

fl 2 30% H,0, {5 % 30 min, i 2, R 5 #
TERLWEHEETREFR., K= —0 0
Bk B B3 (2 Bk ) KRR,
R+ 7 kgo B 2 A T4, Al A
(CK) Fljii B AL FE,N 0.1 ¢ kg”' (NH,),S0,, &
Z4r R 3 Wi, B (50 % ) 35 R R I8 i P
WA EE 4 W, —3 16 45, BT A AP+ 35t i
S P,0,0.1 g kg™' (Ca(H,PO,), + H,0) FI
K,00.15 g kg ' (K,S0,) , K. & # ., 4% 5 F 5
AW SRS 2 JA BN 3 A i R R R R R
ZEFF, IO S 71 R 4R 4 il g 5 ik R Dy L L2
L3 FI252 S1.,82 .83, Horr L1 A5 F it nt, S1 4H
M R AR AR, oA DL 2
1.3 WEmH
1L3.1 ZFOREMAKER  7EKEMFEL S
PRS2 JH B R A A R AR AR S T B, TR
2o B 5 42 H,80,-H,0, WAL S, B IR 35 2 1
EER T E. KSR MZEFF ALz 8N

A 5 AR B Rz %,

1.3.2 AIEMHEEAWRE AV R E SR
FHZE 35 i v AR it B 1 ml $2IBGH, fin 5 ml 2%
b 35 WV VR ST THCE 2 min, 595 nm [ (R,

1.3.3 (B2 I4 )5 B (NR) 15 Pk BI0.5 ¢ 7E
BOEE, I 2.5 ml £ BCZE vho A D & A R T B
L KBRS 25K G, R R 10 ml .08
H1,20 000 r min "' B0 20 min, b BRI EERLI
HE—4 10 ml E M A 1 ml KNO,,0.6 ml
NADH 0. 4 ml i J5 il #H 42 W , 1R &) )5 25°C ) i 30
min, 57 BIAIA 0.5 ml e A1 0. 5 ml -5 ,20 000
rmin " BLL 15 min, 4366 BE TN E A 540 nm b
AW E(E . L 0. 1 mol L™ BEERZE s ifi (pH 7.4) X
 NADH Sy X} #E

13,4 %A U (GS) 1% 1 B g 72
AROEE A A S wb MR 22 vl ( pH 7.2, N &
0.5 mmol L ™" EDTA ,50 mmol L' K,S0,) , 7k 15 fF &
BAT 3,20 000 v min ~ B0 20 min, b3 BRI A Al
&M . W 0. 6 ml BRIKE-HCL 759 0. 4 ml A 2R
£4.0. 4 ml ATP-Na.0.2 ml MgSO, i1 1.2 ml [if ¥ $2
W IR G IETE 25 CHEYE S min, LA 0.2 ml ¥ ,25
C W 15 min 557 B h0 0.8 ml =4 2 R = S Ak
TIRESWm P Ik N, 20 000 r min "' & .0 10 min
Ja W43 0606 BE U 5E 540 nm Ab 19 W OG AR . K B
min AL AL 1 mmol L™"y-45 S k3 57 6 5 R 5 ik
A6 P B B i S SO — TS ) B (U)
1.3.5 B[R G B (GOGAT) I ¥ 1E GS
FER A B, U %E GOGAT 15 . I bR A& B 16
0.4 ml 20 mmol L' L-& & Ik %, 0.5 ml 20
mmol L ™" o-Fd 1%, —# ,0.1 ml 10 mmol L' 1§
KC1,0.2 ml3 mmol L'y NADH F10. 3 ml i #% ,
MAKFL 3.0 ml, A JE #8425 mmol L' Tris-
HCI 2% o ¥ (pH7. 6) #b /2 (1.5 ml) o JZ L i3 3h
5, 752 AU A AT UL 4y Ot O6 FE E T 340 nm b
30 s M E —ASTHOBME, ELE E 11 REOE %
JE R W/ Y — Bk M i G . — > GOGAT
5 PE AL O B min SO IR AT 30°C b 1
pmol NADH % /8", 113 LA h 4F g fif
M REZ DA R A RO

1.3.6 HNAMRNER (GDH) % 1E GS &
@[] B, 0 GDH JE P o DN /i Se 78 HE 28 4 1 ik 48
Bl A 2.6 ml P74 W (115.4 mmol L~' Tris-HCI
(pH8.0), 23.1 mmol L' o-fifil % — % ,231 mmol L'
NH,C1),0.1 ml 30 mmol L™' CaCl,, 0.1 ml 6
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mmol L~

" NADH, 0.1 ml /%K. hiA 0.1 ml i
Ja SR, T 340 nm Zb I 2 WO AE , B 30 s
— M E 8 .
1.4 Zitoh

A 5 B4 19 48 it 4k BT ok O EXCEL 2003 1
SPSS12. 0 #A4F5¢ 1, 25 5 i 3 PE 4G 35 R I ANOVA
P LSD ZH L #K .

2 RS0

2.1 MAMEFRRE
50 BRAH LE , it 280 Ak B G I R 25 R 480k R 8y

BERHMOE2) . AR AT B AE R K
T, AW EN ) L1 >12 >13 >S1 >S2 > 83,
557 R L, Bl AR A0 0 HE E 2SR R R
W AR, e IR R B 5t TS K PO, a1k
R A B K R 25 T N 55 B 2 R B A T [
R H 22 SRR s R AR RS 2 A
C A BT R, B 2 S 55 B A L Elio

TRET 60% i % =i UK R R G R T3 70%
TEME BT, 2 RN ST RS 2 H

TR, Elio B 24 I 25 FF 19 00K JE 5 57 18 0 1
WEIE A 50% 75 A7, 1T R G 1 W IR E 8K 60%
ZE.EO

R2 ABEBRPMHAMERARE

Table 2 Nitrogen concentrations in leaves and stems at late growth stages of rice(mg g ")

N 7K st i 4
L1 L2 L3 S1 S2 S3
N rate Cultivar Stage
CK Eilo 57 Heading 19.0b 18.2b 16. 4b 6. dgf 5. 4fg 4. 4fg
FHE 2
17.3¢ 16. 6¢ 14.5¢ 6.0g 5.0g 4.0g
2 weeks after heading
JE Maturity 7.7e 7.5e 6.9f 5.5¢g 4.5¢ 3.5g
ot 5% 1 Heading 19.1b 18.3b 16.7b 7. 4e 6.4e 5.4e
e FWE2H 16. 8 16. 4 14.7 6. 4of 5. 41 4. 4f
; . 8¢ .4c .Te .4g . .
guang 2 weeks after heading ° g
JI A maturity 6.5f 6. 1f 6.0g 5.8¢g 4. 8¢ 3.8¢g
N Eilo 3% i Heading 23.0a 22.4a 21.4a 10. 4¢ 9.4c¢ 8. 4c¢
FFHEG 2
21.7ab 20. 8a 19. 8a 8.3d 7.3d 6.3d
2 weeks after heading
J A Maturity 9.4d 9.1d 8.9d 6.0f 5.0g 4.0g
e 5% ## Heading 23.2a 22.5a 21.1a 14. 6a 13. 6a 12. 6a
Nan- FrifE 2 8
21.2ab 20. 5a 19. la 12. 6b 11.6b 10. 6b
guang 2 weeks after heading
FE Maturity 8. le 7.9e 8. 0e 6.9ef 5.9ef 4. 9ef

TE R [R] B B 5 Ak 38 2% 5 18 2 Note: Different letters indicate significant difference at p <0. 05 in the same column

2.2 MAMEFTAEEARE

MF 3 WA W, 5B BlE AR T A0 HE A 2D
REM MIZEAF A TP R R BE = T . 5 xR
HAEE , i 280 A BRI 1 KR8 B SR AR B R R IR TR R
FLRE o 57 BRI i ARK A RO SRR ROk R

Eilo ZEATIREM Z R M EHEATREERF AR
2 HER T2 G Eilo A EIEE L S
m?%ﬁﬁé#mizo%ﬁﬁxﬂ¢”ﬁ’
KFEREGAEEEA & &m T AMSBOKF Eilo,
EREE,
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Table 3 Soluble protein concentrations in leaves and stems at late growth stages of rice as affected by N application rate(mg g™')
N . (=] i} 3
K ‘””ﬁ ‘Tﬂ;q L1 12 L3 sl S$2 S3
N rate Cultivar Stage
CK Eilo 3% ## Heading 19.97b 19. 29b 19. 78a 6.17d 4. 64e 2.67¢
bR 2 ]
ﬁ%ﬁ M . 19.33b 15.92d 13.02¢ 4.36e 3.28f 1.93d
2 weeks after heading
ot F Bl Heading 19.81b 20. 69b 19.83a 9.33h 6.89¢ 5.88a
o FHE 2
)5 2
guang L . R . 11.32d 12.03e 11.52d 7.75¢ 5.79d 3.49h
2 weeks after heading
N Eilo 5% Heading 23.09a 24.42a 19.22a 6. 74d 4. 88e 3.62b
5 2 A
7 I,H M . 18. 78¢ 17. 83¢ 14.17b 4.47e 3.87f 2.07d
2 weeks after heading
6 5% # Heading 22.75a 24.71a 19.05a 10. 26a 8. 88a 6.32a
Nan- SR 2
i) 2
guang W 2 )5 10. 854 14. 85d 11.93d 7.81¢ 7.82b 6. 14a

2 weeks after heading

VE AN [R B B A5 A0 B8 2% 5 1. 2 Note: Different letters indicate significant difference at p <0.05 in the same column

2.3 HMARMEFHNEREE
M 4 nl & 5%k BT L, it S804 28 =5 1

400% o AN TR R KA 1 7 F 25 AT BB s 18 2

SO TEAN TR i 2% 1R R B A R ik

THRFMEFMAR Fiah, b Az s  RENMAKZEYE Elo E, ZR2EH
34 IR 29 0y 32% , T ZE AT R B s i B iR 4 Ko
x4 HELEBXNHETNEFIEBENZN
Table 4 Nitrogen translocation in leaves and stems as affected by N application rate(mg)
N /K3 N rate i A Cultivar L1 L2 L3 S1 S2 S3
Eilo 1. 66d 1.93d 1.63c¢ 0.27d 0.26d 0.27d
o % Nanguang 1.85¢ 2.20¢ 1.84b 0. 44c 0.43¢ 0.45¢
Eilo 2.13b 2.66b 2.40a 1.38b 1.32b 1.37b
A B4 Nanguang 2.37a 2.92a 2.52a 2.27a 2.15a 2.25a

TE AR R A5 AL Bl 2% 53 1 % Note: Different letters indicate significant difference at p <0. 05 in the same column

2.4 WMHEFIZEF NR M GS WiFH

T 7E KRR A4 B 5 0k FHR 1 48 2, i A
RIKFEIEAET PRI A RN FERE A2 —, A
MO EB R R NG S RIGA S HAER S EA R
HIA . NROE Y S B B S /A fE b i)
FROEERG . &1 S SF R AN SR RS 2 it R Ak B A% 3
FE IR ZE AT B A R O D S k. BB AR E I Y
LGRS 2 A NR G PR/ T 55 B0 NR &, %
WRTE 55% , 22 5 .3 o AR T BRI, 5 0 BAR G
Jit R AR T KRG D RE AT Y NR 3E PR A 2 &  H A
[F] 7K P X ZE A NROIE P 9 52 38/ o 7K A 1 i
R AZEFE NR KR/MRF A L1 > 12 > L3 >S1 > 82
>S3, A AUKFE R OGE 1 A 2 i LD AR

NR {5 PE7E ANl 0 4% 1F T 3 i T /UARBOK RS Elio, 78
Jith AL BE R AN TR] SRR K A I 25 0 g NR 22 5 A
iR

GS I A A BRI W, AL AR ATP 11 8% [7]
PCRCRE , A A 2 T e, Ak T /AR L 2 0
A o M 2 A i it g% 5T R R 5 RS 2
JAt R M ZEFT GS IE PR . BEE AR E ARG 4
PE, G I AR I, SF RS 2 AR GS i A B T
W, FEIRTE 4% ~25% o TEFFHEMINS, 55 %0 AR 1L,
it B A PE T KRS A TR o GS B PEA BTk
M 55 B G 2 Sl Ak R KA 25 S RE I P GS /3
PESZ W) A BT S5 9 00 BEORT B, S T 9 AR 0 R



136 + e 2 i 48 &

500 F A W Elio-N N
[ ¥t Nanguang-N
= ™ Elio-CK r
; 400 a O ® ) Nanguang-CK
29
"on < i L
@ 300 bb
z
= a?
g 200 FEb® e
o bab
; pa ba
[ a -
% 100 ald, a  ,a b2 aa
2 ba b2cb La a
W ﬂCD a%hp b2bb
O 1 1 1 J 1 1
L1 L2 L3 Sl S2 S3 L1 L2 L3 S1 S2 S3
BT SRR CA) FISFEES 2 J8 (B) i R 0 257 R 3 Ji 6 05 1 (AN [] <7 B 48 AR ] it e 0 251 A W) b BRTE 5% 3%
KT 2R
Fig. 1 Nitrate reductase( NR) activities in leaves and stems at the heading stage and 2 weeks after the stage ( Different letters indicate the

significant difference at p <0. 05 in the same leaf and stem)
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Fig. 2 Glutamine synthetase( GS) activity in leaves at the heading stage (A) and 2 weeks after the stage (B) , stems at the heading stage

(C)and 2 weeks after the stage (D) (Different letters indicate significant difference at p <0.05 in the same leaf or stem)
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2.5 MHEFMZEF GOGAT #1 GDH gy iF 4

MIEL 3 AT 57 R RIS RE S 2 it 280 Ak B %)
FUIREM MZEAT GOGAT (G L . FiE A 7 H
AHERE 5 ST RN AN L, SRS 2 JH GOGAT 54
fr ETE, WE AR 1% ~25% o A [R] B R0R K R 1Y
GOGAT fifi ¥k 22 5 W &, WARAIOK A Elio 25/ TR
PR Ot it 2 2 4R 5 AR AROK A Elio 2
AENT 9 GOGAT {4, % M e T RE M) GOGAT 1%
PEBA W o AN R 8t 50K SF % K 78 25 1 GOGAT
PR A K
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WA RREA TSN NE 4 T F i
JIE 3% 4% w5 ik B B GDH 3G %, i Xf 25 #F b GDH
WHERE — e, AR KT AR
K HE A5 T RE HE  GDH & AR F UK 8K R
Elio-GDH %4, H 22 7 8 % . W& 4 7 W 0 #fE it
FHUE 2 JAl GDH % MR8 FF B AT B T R, 0 2
SFHARE.

L1 L2 L3

FrREIN (A) FISFRE)G PIJE (B) i 1 R ZE AT AT 2R & Bl 135 1 B33 i) (A [ 5 B8 R ) I R R ZE AT S [ A 2L A

5% W E KV TSR

Fig. 3

GOGAT activities in leaves and stems at the heading stage and 2 weeks after the stage ( Different letters indicate the significant

difference at p <0. 05 in the same leaves and stem)
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L2 L3

B4 FFRWCA) FIFFREUG 2 J8 (B) I R 25 FF 25 20 8 0t 0 T 305 2 1 52 i (S [R) 2 B 45 AR TR i e A ZE R R [R) Ab B R
1E5% BEXKFTFH2ESR)

Fig. 4 GDH activities in leaves and stems at the heading stage and 2 weeks after the stage ( different letters indicate the significant difference

at p <0.05 in the same leaves and stem)
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2.6 ARWXBEBESREEENHEXESHT

HIZE 5 n] A, 6 AN ) B A 0K 25 A AR
TG V5 R AL as A G U R 2 R R
oI ST R IR 2 5T A 2 JA AU A NR LGS i
PSRz R B FIEM K, 1 GOGAT fil GDH
il % 1R DG A8 57 RS R AE ST RS 2 S S R AL s
A E AR KR

£S5 EREXBHBSERSEMNEXINE
Table 5 Coefficients of correlation between the activities

of the key N metabolizing enzymes and N translocation

] 39 NRiGPE  GS{fitk  GOGAT it GDH ik
Stage NR activity GS activity GOGAT activity GDH activity
5% #4 Heading 0.422* 0.432" 0. 362 0.339
FrEE 2
2 weeks after  0.424 " 0.405" 0.317 0.371

heading

Hon=24, « UEREEKFEHp <0.05 Note: n=24; = is sig-
nificant at p < 0. 05

3 1 ®

W 5 it 2R 1 6, K R AE AR IS A5 Th RE
F O G AT T R VR T R, & R
W0 ZSFF 9 UG 2 i 38, X 5 0 N B WF g
A BARRMFKREZS S, EAR
B 5 F L FEWAS EUK PR KRS A 55 R T
VR BEBEAIR T 60% ~67% , & Bt R 0 R S Ak iy
FERL T R W B 0 ZE A P EO AR AR
14 BT Mk 52 20 358 43k /UK 7 19 R K, FE S it R,
2K 1 R B 5T B & R R IR 25% , Elio 25 1)
AU RRARL 17% s FE i A S5 A T, M6 25 1 AUk
BEREAR 2 60% |, Elio 25 1) R M B FEAR 2 47 % , R 5
BOKFEZE AT I A F5 32 2 B 3 T 2R RBOK RS (£
4) o FRATHIR IR 45 5L B, 7 6 ZEFF o BRI
A 7 v B B T Elio, 31X 1 fE 5 R 0% 78 5 FlLUS
T fil DA S P B — R R B S S R
PIAS KR A i R I R R RO 5 L Y
TS 2 JH Elio I Jr A PR B (VR B 205 T it BR
2 6 A A R AL B AR G, R 0 K R R O RE I S
TS 2 JE B AT R R VR R R A B KR i b
15, 3K AT RB O I R Y B R A AR S )RR 0B
Zhang %500 5E T A [ S8k 3R K R I 1) v B e
KB, w G ok & R B B E & T Elio,
X MM T ] T Elio (93 B8 M 58 ZA5 TP

KRG UG AR 45 B 35, NO, fl NH, 2
HATEY EEN R EE R R R %
¥ NO; Hefkly NH, (i3 7™, GS/GOGAT #4 i 11
TR AP A NH, [FfL R 3 iR 42, GS XF NH,
A TR 1) S R g T St R R O A b 1
i GDH 7E & [ {2 3 #h 58 GS/GOGAT 1§ 35 i1 1
FH 24 1 4 38 5 R 55 1 300 0 9 K 8 D 0 o 1
FEAE . Kichey 457 LI/ Sy i3 b1 6 (9 BF
FF W], GS VL 5 5 UG B RLAR M T AR
R RS R D EEME, XEK N GS 15k ki
TS5 T Hh /N2 R0 A4 B
FIF A GS T4 Sy — A 7 B8 4 o 48 7% /N 32 19 R
WL 7 B T A g 95 6 R0 A DR R A A . R AR
BB S, IE7EZE LR AR GS1 2 —45 N
BBl 6 1 56 B, 5 0 ¢ R W )5 IE 76 K
FERLH ) GOGAT 5 kAL ™ 2 5L 0 35 1 1E AR 6 3%
R BEFRAEZEL M P Y GS I kR 15 i
FRF L H 5 ) GOGAT 3% 4 1 H K B D8 SR 45 B 5%
BRGERRR T AR KT, SRR KR
M- FIZEFF 9 NR GS,GOGAT FI GDH i ¥ i % 1
SRR CET AR RK R G AR T T S SR
5%k HEAR B BB R v T S R K RS A4 1.2 i
NR 1 GS & 1, %F 25 #F R 48] 3 i1 NR Rl GS i 7
SR R T AR X T 50 B8 2 i NR R GS {5 1 5%
WA . B AR B HERE NR ORI GS PR BE >
TRE,NR IS M MR A1 55% , 25 5 B, T
GS HIMEIRTE 4% ~25% . 3% M I S e T /K A 5
TG AR 295 00 F W, W U U BE J 76 F 5 TGS
Bl AL NH, A B8 35 3ok 3 TR bR AR 9 BRI
PR, FRATLART IR 6 45 S 2 R AkOK RS 5 R
JE DA 198 g i 1 4R 265 R T R AKK R Elio, i
FEOGIHAE (9 NR 805 . Bl A 75 309 I AR 2R 35 )
TR NR (R 06 B . BOLHY CS E M B E R T
Elio, GS I 1 1 4 15 7 3 17 R 05 i 72 32 % 1 it
fEHE T IR A R A B Ak, X5 5 NR I
B, UL A NR X NO, LS %5 % GS X% NH, i
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VARIATION OF ACTIVITY OF N METABOLIZING ENZYMES IN
RICE PLANTS DIFFERENT IN N USE EFFICIENCY AT THEIR
LATE GROWTH STAGES

Ye Liting Lii Huajun Song Wenjing Tu Erdi Shen Qirong Zhang Yali'
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095 ,China )

Abstract In rice the period of grain filling is characterized by transition of all vegetative organs from sink to
source. A pot experiment was conducted to monitor variation of N and protein concentrations, N translocation and
enzyme activities representative of nitrogen metabolism after the heading stage in different leaves and stem sections
of two rice cultivars different in N use efficiency (NUE) , high and low, treated with two levels of N fertilization.
Compared with CK or Treatment N,, N application increased N concentration, soluble protein concentration and N
translocation in leaves and stems. Nitrogen concentration in functional leaves decreased by 60% ~67% from head-
ing to maturity, regardless of N rates, which indicates that N in grains comes mainly from leaves. However, N con-
tribution rate from stems to grain depends on environmental N supply. N and soluble protein concentration and N
translocation in leaves and stems was lower in Nanguang than in Elio at the maturity stage. Compared with CK, N
application increased the activities of four N enzymes. And the activities decreased with the plant growth. The NR
and GS activities were higher in Nanguang than in Elio, while NR activity depends more on N rate and growth
stage. The GOGAT and GDH activities were lower in Nanguang than in Elio. NR and GS activities were significant-
ly correlated to N and soluble protein concentrations at the heading stage and 2 weeks after the heading. All these
indicate that higher NR and GS activities especially the latter, may predict the N status of rice, high N translocation
and high NUE in rice.

Key words Rice; N use efficiency; N concentration; Activities of N metabolizing enzymes



