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W SCR ] B RF XS-134, 5 XS-134 ML, YY-12 #1TY-6 AR Z TH 0 RFBH B, 2 ARFLBRE (PORYEIA, AR R A% i
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Mechanism of High N Uptake Efficiency in Indica-japonica Hybrid Rice
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CHENG Wangda'"

(1 Jiaxing Academy of Agricultural Science, Jiaxing, Zhejiang 314016, China; 2 Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 210008, China; 3. Jiaxing Ecology and Environment Bureau, Jiaxing, Zhejiang 314000, China)

Abstract: Differences and relative mechanisms of nitrogen (N) uptake efficiency between indica-japonica hybrid rice, namely Yongyou
12 (YY-12) and Jiayouzhongke 6 (JY-6), and conventional japonica rice, namely Xiushui 134 (XS-134) were studied at low and middle N
levels during tillering stage by pot and hydroponic experiments. The results showed that N uptake efficiency of YY-12 and JY-6 were
significantly higher than that of XS-134 at both N levels. YY-12 and JY-6 developed significantly greater amount of root biomass
compared with XS-134. Moreover, larger porosity of root (POR) was found in YY-12 and JY-6 which produced larger root radial oxygen
loss (ROL), thus, probably resulted in larger amounts of ammonia oxidizing bacteria (AOB), much higher nitrification activities and
mineral N concentrations in rhizosphere soils of YY-12 and JY-6. The mineral nitrogen concentration in rhizosphere soil was significantly
and positively correlated to N uptake efficiency of rice plant. Therefore, the high N uptake efficiencies of YY-12 and JY-6 might be closely
related to the increase of nitrification activity and the intensification of organic N mineralization in rhizosphere soil. In addition, YY-12 and
YY-6 showed significant higher N uptake efficiency under low N level compared with that under middle N level while XS-134 had no
difference, the probable reasons were that the root biomass accumulation and increased proportions of POR of YY-12 and YY-6 were much
higher than XS-134 under low N level compared with middle N level, furthermore, the decreased proportions for ROL, nitrification
activity and mineral nitrogen concentration in rhizosphere soil of YY-12 and YY-6 were less than that of XS-134.

Key words: Indica-japonica hybrid rice; N uptake efficiency; Root dry matter accumulation; POR; ROL; Nitrification activity;
Mineral N
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R R R E SRR — e
FTA BRI S P ERIG IR . BIEP R R A
FEA VAR A A Z AR E , # I ES
W T I PR R, LR k- I A AL
AR S i A0 R R S R S KR A R i
BORBRAC , KT R, IR B R KRS 14 2L
RMCR A E I B 22 5 AR RRCR R
KRR S b A R0 P DA - S P AR 2 R R R
RIPKSE 2% 2 A A2 il RES FRIDHE e 20 2 T 1) 7K RS o, AR
kL BRI Z | srEERE | ZEFPHDHUE . IR K
ik, BEAN TR RTIAAE R 5 A L IR A
FIHIAE =18 | J5 A L RS R R IR T B
T2 TN

A KK R 2R MR e 2 S () R DG LML 1 F
5%, —SWEE NOKFEAEAR A SRR, RIRR HI
K BARKA AR ZRTE 50 B KRS i R 14 R g
FI5R, IR FERIARAR P LA AR R R R A 2
Pk iz A T (GS) FAK #5 T NADH 19 4% & IR A ity
(NADH-GOGAT)) i P 58 5 7K 8 20 2 WU fig 01 o '
PARSEN O — BB 2 MK K R AR R S R
RS RS IE KRR E W RE 1 SRPr +
SRS AR S A OC . AU WCICRE T 3 19 7K R it A AR
FBRALURIE, MARPR T3 EER L, iR PR 14
TR AR SRR K, SR AT, i
SRR R T B ARRE X 225 R AW, i
AR MR, SRR KR AR & B R
K, M ARE WK, S, AR E R
USR] KRG ft R - S R L BE I A PR R 25 5%
FEMRAE P B AR R AR K Gl R AL UR TR IR KR
P R T R E U7 RIRE 2 s R A R R
15 5 H A AR EE o B A

AT LAAIKE 24 22 KRG R A4 RE, DL R R
X, G AR AR AR IR DL CE IR R AR i I AR
UG AUKCF T AR 58K [R) K R R AR 2R A 92
R FAR B ALK, IR AR 28 A B s &30
IR R W RE T 5 AR B Y Ak R 4 R
R AR I A AH B R, R B K R 3R Rk
FARBEHEIS R IE

1 #REF®
1.1 RIEHE

TERTVTAE 5 24T A B2 B 15 77 = 1 J 2
FRASIR IS . 5% 2400 T W1-F 5. (30°50° N, 120°43°
E). KFEAN . AR AR + R T 5%k

RHpE RIS F MRS T HF (0 ~ 20 cm), + M N5 4
JeskKFE 4, HIAHTCY : Ak 293 gke, &R
1.85 g/kg, TR 147 mg/kg, HEWE 9.87mg/kg,
B 97.5 mg/kg, pH 6.43(+H/KHE K 12 2.5), 1%
HARRT G, @It RBRIL AR R | A 5E 44y, oF
JEE i 3 mm 0, fEH.

DURIEE 2232k R R A 12(YY-12) . FtihRl 6 5
(TY-6) FlH B RS 75 7K 134(XS-134) I BF 5241 KL .
YY-12 T TTARRBEIE T, TY-6 F1 XS-134 H 5%
HRFHEIER -

1.2 Rt

AR Wb FRLP I A, AL S kgo 2
F 3 0.8 g i BERRES(P,Os, 36 kg/hm*) 1 0.4 g
AL (KL0, 90 kg/hm”)FE /MR, HRFHK. R
PR W RIERUERE A 500 HARAE(12 em x
18 cm), FREFHRASTE BB A RA T, BRI E
4 ARAE, 2+ 20 kg, SEHEIEHEK.

RIEBEE AN AKF . OAHEE(L-N), QF Hifs
AM-N), ZARRIGTE 2017 4ETFR, KRR T4
4E S A 13 HEMBEIRTEFR, 6 H 27 HBEHZER
H, BREEAS AR 10X, FEOX 2 Bk I 1) 2 i K2 TR
JEARERTE 5 om 2547 . M-N A 33 AR 23 B AT 240 e Jk
£ 0.40 g/7h . Rk R A K 2 20 BRI SR AR b 135
HRRFET T T4 5 SR & e 40 AT

MRAGAIRTE 2018 JFJ, KRR T244F 5 H 14
HAEME S RRESE, 6 H 28 HBIR B FRAMRAT
FARASHEAR 1 /¢, B2 PR HEERE/KZIRE (R EFAE
5 cm f247 o M-N ARFRFG AR A/ BERE A PR 2K 1.88 g/43.
T KRR AR K 28 57 BE S I I SR AR B 3 I 2
i B (NHy-N F1 NO; -N) & i | AR Br - A fb i J3
FIA A AL 4N T (AOB )R .

BRI FHRE T 2018 4F 6 AJRLER IR hIT
J& . B FRICR T BRoK R RIS T (IRRI) Y B TR
BT o Jef 3 AUk FERF(YY12. JY6 Fl XS134)
T 30% H,0, % THEE 30 min, SRJ5 258 FK
Sk, PRER/N—BWREMIA T NE, 7F 30C
fETEE R P R . MAKREA R FR 2 2 i 1O,
fE 172 2B FFWMNHL-N F1 NO; -N ZABURA), B
23 M 1O R, TR AR 24
I, R 8 7. AR A(2.86 mmol/L)FIK
A(0.1 mmol/L), &&= NH4-N((NH,),SO, {1l
NO;-N(Ca(NOs), #2 i) & 5 —2 . S FEL 3 K,
B pH IRH51E 5.50 £ 0.05, F3PE 3 ~4 d F#—IK
BIRW o K% 2 4y BRI I DU A 43 M 7K R AR LB
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(POR)FIHR A% ] WA 4 1 (ROL)
1.3 HRNEFHE

1) KRR B e KRR AR it ML T
5, FHM HaSO-H,0, TH M, BILIGE Ak E .

2) POR I %E . SR ek ik Kludze 553, 50
ml UE RO 2 B KRR TR K R P kA TR K
FEMR R B 0.5 ~ 1 em KEE, 1RS), FRHL0.6~1.0g
AR RS — 2 KB L E L, i AR
H; HORAMRM CEIRM S 2 h, BULR R P
JHPIR , Z S5 BT B AR E . POR(%) = [(m] —
my)/(m +m, —m;)]x100, F1: POR NWARFLBLEE (%),
my, SRS i PR AR RIIRE Tl 7K 1) BE EEFRL I B B (),
Ry A GRS 1 AR R W K 1Y) EL B Y BT (), m
IR T (), my, R IR K A B L ()

3) ROL 5 : R ARG RRER L (75, 4 40 ml
10% JKFEEFRIANA 50 ml 4, FEH < 30 min it
VWD 245 A A B T 28 28 gk e 1) K R
FRFEEES, Rl T, R NI R
A 2 om BT IEEAIEA ; FHESERE 5 mlAr
BERRAIEBOMAGRE H, X B R K FERERE ; 6 h
Ja AR, F S G rh AT R ANV TR AR
527 nm TR . ROL (O,, pumol/h) I
AR ROL=1000 x Vx (Cy — C)/T, . VH
WA B R — i P A R IRFL(L), G
k6 h 5 RE A B CAS T K R R PR ) PR R R K VR
JE (Ti*", mmol /L), C N 6 hJGin/KREHIIEAL
HRF R Rk JBE (mmol Ti/L), T Ky SRR H [ (h) o

4) PR+ NH-N F1 NO, -N S8IE . $HR
Frt3EH 2 mol/L KCl (R HARFUT &L 10 : 1)
PRG L 30 min J5, A0, I8 NHa-N R
My i Fe (22, NO,-N ZUH LM L E

5) AR B S A fb o B (R TR AE 1
PRFFIE)IAE « B %2228 ORI T 240 53, FRERL
5 g BEHHE 34y, 0 I E T 100 ml =AM d, 0 2.5 ml
NaClOs (75 mmol/L) M, HAFHTE 25°C T HiF+
24 h, 55— ET-20CUKFET 24 h/EXTIR; HER4s
FIG I MA 5 ml ZBF7K. 10 ml 2 mol/L KCl,
SERFEAS] G R E s REL 5 ml PRMAGRAE
Jin 3 ml NH,CI 28 #hiA 7 ( 0.19 mol/L, pH 8.5), 2 ml
RN, $EAEEIR T ACE 15 min, 520 nm P
T . AE AR R R S A iR NOS-N
(mg/(kg-h))=[(C,— C)*12.51/(5%x0x24), 2. C, Mk
W NO,-N W B, Cy A% FRUEME NO,-N ¥R, 12.5
B AR, 5 8 BAERTE, 0 KRRl 1y

TH, 24 RIEFEETIE] . Ak EE P B B R P A
1 NO,-N ®EF/R.

6) MRFr R AR T4 R MPN 7%, H
HRAR R 7R 540 5 . (NH,),S04 0.5 g/L . NaCl 0.3 g/L
Fes04-7H,0 0.03 g/L . K,HPO, 1 g/L . MgSO,-7H,0 0.3
g/L Fll CaCO5 7.5 g/L, pH 7.8, 25°CIHIRLEFF 14d,
AR E W (RSP R ) 1,

1.4 tEMFEITFE
R R WICCR (mg/mg)=H 3R BRI

2
e

RE B HACR (mg/mg)= 5814 it RN
/b 1R R

IRIGBAL R SAS FI SPSS i #4140 B
MGy 0, K Sigmaplot Z 441 &

2 HEREHW

21 KETYWRERMBZREF A

YY-12 F1 JY-6 7E M-N FI L-N ZbF 3 3R &
T BRI B EE T XS-134, H, M-N 4R
XS-134 43505 51.8% il 53.2%; L-N AbHF 43505
77.4% F178.9%.5 M-N ALHAH L, 76 LN LB R YY-12
FTY-6 Hb ST BB TR 22.1% Fil 22.5%,
XS-134 TF# 33.5%; YY-12 F1 JY-6 IR A TH)5 REV 5
LN 20.2% F120.4%, XS-134 L] RA8E

YY-12 F1 JY-6 76 M-N Fil L-N Zb 3 R 3 A &
SRR R WIRCR B E & T XS-134, i 3 4K
AN AR A AR T R 25, 5 M-N 4t
FRAHLY, 76 L-N AR YY-12 F1 JY-6 M | ¥ EH
BT 39.1% F139.1%, XS-134 T F& 46.3%;
YY-12 Fl JY-6 2 WRCR 5 150 11.5% il
11.6%, 1M XS-134 A ZE WK TCH B 2257 . 3 K
FERRFIAE L-N Ab3HN ) 028 AR BRI SR W] 1 5
T M-N b3, = F 380 b A — 3, 5300 R 27.4% .
24.1% 1 28.8%.

22 KABRIABEEPORMBEZEOMBEE

(ROL)

M-N AL B YY-12 A1 JY-6 ) POR K -F XS-134,
AU L-N AT U KT XS-134. 5 M-N &b
AR LY, L-N AR AR KRS S POR I 38
Hr YY-12 F1IY-6 2008800 42.4% F1 37.7%, i
XS-134 #4910 22.1%(1& 1) YY-12 F1 JY-6 7EHFP LA
KT ROL ¥ B #E T XS-134, 5 M-N AL FAH L,
YY-12 F1 JY-6 1£ L-N Ab# R ROL & FE#a#, HA
B, {3 XS-134 B E K 28.1%(K 2).

http://soils.issas.ac.cn



1108 +

e 52 %

F1 FREKERHTFYRBRMERBH AR

Table 1 Biomass and nitrogen use efficiency of different rice varieties
KA f b AL WEM YRR MEATYREAM W EHAREM EEWRkE  ARABAR

(/) (g/#) (mg/#L) (mg/mg) # (mg/mg)

YY-12 M-N 10.7+0.5a 6.43+£0.66 b 184+5a 0.137 £0.004 b 58.0+13b
L-N 832+0.51b 7.73+£0.73 a 112+13b 0.152+0.017 a 747+53a

JY-06 M-N 10.8+0.6a 6.07+£0.45b 183+5a 0.136 +£ 0.005 b 592+1.6b
L-N 8.39+049b 731+£049a 111+6b 0.151 £ 0.008 a 754+05a

XS-134 M-N 7.05+0.24c¢ 2.33+036¢ 115+7b 0.085+0.005 ¢ 61.5+£1.6b
L-N 4.69+0.28d 2.69+£037¢ 61.7£63¢ 0.084 £ 0.009 ¢ 76.4+49a

I R FRFIARNG TR AR A BEH] 22 535K KT (P<0.05), T,

o — M-N == L-N
b
c

s c
S
a4
o
(=W

YY-12 JY-6 XS-134

IKAH A
(P 7 AR NG SRR AR R AL 2R 22 5738
B EIKTF-(P<0.05), T
1 RREKfERM POR
Fig. 1 POR of different rice varieties
231 4 mmmM-N=L-N
ab
]
[
El
3 c
2 E
YY-12 JY-6 XS-134
IKAG A

2 REKFEMAM ROL
Fig. 2 Root radial oxygen losses (ROLs) of different rice varieties

23 KEREELTEHEUEENSENLAEAOB)

& 3 AL, YY-12 F1 JY-6 E PR HEEUKSE T
PR -3 AR B2 Y] i 5 1 XS-134, Hp, M-N
AEBER 2391 26.5% F1 37.9%, L-N AMFE T 205
58.0% I 64.8%, 5 M-N AbFEAHIL, L-N 4bsfd
XS-134 BRI LR BEFEAR 19.7%, {HX] YY-12
FIY-6 520 AN

TEMAEE KT, YY-12 F1 JY6 HRBR -3

AOB 3 1 & 5 T XS-134, Hid, M-N BT L
XS-134 73555 46.0% Fl 40.6%; L-N AL T 7355
68.7% Fl 64.9%. XS-134 R[5 11 AOB %= L-N
AEFER E M-N AR PR R FEAIG 17.5%, 1 YY-12 FlJY-6
T AR (A 4),

14r a a , mmmMNC=L-N
a
12+
E,D 10} b
=6
b
= 4
AT
=
2
0
YY-12 JY-6 XS-134

JKAT b
3 ARKERMRERTIRHELEE

Fig. 3 Nitrification activities in rhizosphere soils of
different rice varieties

2y mmm M-N == L-N
. a
420t a a a
20
z
S 15} b
x c
i 10
=
g
< St
YY-12 JY-6 XS-134
JKFE AR

4 AREIKFERMIRERLE AOB HE
Fig. 4 Numbers of ammonia oxidizing bacteria (AOB) in
rhizosphere soils of different rice varieties

24 KERETEVRESE

e 2 vl 0L, YY-12 Fl JY-6 ZEPIF L EUKE R
FFR 8 NHi-N S5 T XS-134, HAHE,
YY-12 F1 JY-6 1E M-N &b # R AR PR 43 NH;-N & 847
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ML XS-134 7 5.73% F1 7.21%, 7E L-N 23R 23051
5 4.86%7F1 8.22%, 5 M-N ZbBEAH L, L-N 2B {dik
FEMRPR 4 NH-N E B IEK, YY-12. JY-6
XS-134 FRELHLEI5> 31 16.8% . 15.3% Hl 16.1%.
PFP L EUKE T YY-12 Al TY-6 HRPR 14 NO,-N
SEYBEST XS-134, Hrh, YY-12 #l IY-6 7F
M-N ZhFEF H XS-134 5050 31.9% #1 23.8%, 7F
L-N AbFR 205055 29.2% F1 22.4%. L-N AbFEF

YY-12. JY-6 11 XS-134 #RPr 14 NO,-N &t 75l Lt
M-N A FEREA 6.15% . 6.88% Al 15.1%(F 2).
YY-12 Fl JY-6 TEPAERKE T ARPR 3807 5T
A& E (NHz-N+ NO;-N)¥J i T XS-134, Hirfr, YY-12
H1IY-6 £ M-N ZbHE R 435 b XS-134 5 10.6% Al
10.6%, 7E L-N 43T 43555 13.8%F1 14.4%. 5 M-N
ACFIAH G, L-N AZRFEAE YY-12. TY-6 F1 XS-134 Hif51-
W R SR IR 12.6% . 12.0% F1 15.8%(3 2).

*2 ARKERMRRLENTRASE

Table 2 Mineral N concentrations in rhizosphere soils of different rice varieties

TR A AL NH;-N(mg/kg) NO; -N(mg/kg) NH;-N + NO; -N(mg/kg)
YY-12 M-N 19.8+2.4 ab 13.0+£1.7a 328+34a
L-N 16.5+1.5¢d 122+ 1.4 ab 28.7+2.6b
JY-06 M-N 20.1+2.6a 127+08a 328+19a
L-N 17.0 £ 1.5 bed 119+ 1.4ab 28.9+0.5b
XS-134 M-N 18.7 +2.0 abe 10.6 £ 0.8 be 294+1.5b
L-N 157+1.9d 9.02+0.60 ¢ 247+ 14c¢

3 it P NHZ-N s o o] 82 NO, -N fE7EfE KA

3.1 RETEMAIERSKBRERKZ BHXER
IKAE LA P oy 3, il i i e iz Soh g
O, U SOGENERIHIE R Oy, £ HEEAIZEAT 1018 <
AUk 2R AR, R RIFN, FBA KLY 30% ~
40% M O, I I EMRPR L1, TR — s <4
fRRE RO g AR PR 3B Oy AUAT DL fif— S iR
JEPEI (N Fe®, M il HoS)RHR & 103 EAE
Ivi) st BE A2 1 A P R 28 A AR A A A 121 R[]
e R A AR FL BB (PORV AR K 25 5%, (AR PR 1158
B AAIR B 25 S e KT AT R RINRE 2% 38 R e R
KR POR R R F 8 HUBEAS (] 1), {HIHAR R A% ) ik
S (ROL)EN I 38 K (& 2), 3k 5 RINRE 23 3¢ e A ik
KRR YRR BB, HFREVIKRER R
WA SE RE 1 5 BE A% (AR PR 1= 18 v 2 S L T (AOB) £k i
BN, WEACTE AR T2 AHIE ST HOoRIRE 24 S R AR B
A m AL B I . R RURE A R (B 3), Rl AOB
W B2 (& 4), KUK ACHFERPR 3
1) O, VR B 2L i3 T FURERS . 3 55 S Ay Mot 24 3 A
ROL = (F 2)MW) A o Kbt 2 KRB AR PR il
e 5 R R W NCRE ) R %A G o AR PR I Ak A
S8 KRR R 2R WS RE Tl , A A R 55 7R SR R R
RE S A X 22213224 5 NH-N U AE7EA L,
NO; -N fF7ER A FI TR R A . P IE LA
FOR R WA A2 a5 R NO, -N
LA S EH T RRS NH-N f R fbid 2,

MR EF AR ol WK RGPS+ 38 bl ke e
JE NO; -N X KRR A R i 2 S PO, fEAR
7T, KA sS R AR PR 18R NO; -N S i i
T MUERE (3R 2), RS ILVE FSSSR (B 3)as .
P, K22 2e Rt R T 0 R K, iR 8L%
ik, AWK, FARPR RN b B R A
FSCRE 5 Y B R 22—
32 WRETESETHESKBEREREZ EHXER
T A RS EE (A NHL-N A1 NO; -N) (5 HA
LR TEN 2%, EEEL ATk,
i, 35 BRI LT T &R, ARl
Tt AR SR R AR A 22 750, Kundu F1
Ladha"'ff 55 & BH /K A5 AR PR AR 9 K X - S
LB SRS ER K . Ghosh 1 Kashyap! & Bk FEAR £
YRR R FE AL B KRES R, e
YA G R, AR, JER AT R R
WALV B RKFE R, PRI O, kM, M
T80 H R A S P B 3 | T
SO TEAREGE Y, R 24 S RE MR R - e A
R E R TEAKRGMGER 2), HHARME T ELZE]
FI A AR o X AR AT AR Hh TR 22 S8 AR R AR W ik
K1), POR K(El 1), WRRBIALUIE, WA
L N1 M= s A O nb s 2 e T e A B E B S
PR TR , K REAR PR 30 B A & i S KRR A
R R 35 IE A DG (=0.535, P<0.01). Hilt
A L, AR BR 3R T A BE 0 T Bt 2RI 2% 5
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REWIRE 738 A SR K 2 —
3.3 RARHFIEREKEETEKBRMHRZHIL
5T 22 AR A RS 15 T /K R AR A IR 3% i AU
Jnto34 SRy fig S5 K A B b A K AR R b
18 F I B A R ARG, AR AN R R
BT KRR R T 0 B A, (LRI 22 S R RN
HR R T4 50 SLAIG I LAB K T AR (R 1),
X % B RIDKRE 2% 22 A8 %I 20 W 38 04 w7 B R
Saengwilai %PV B AL T 1K AR J7 J2 38 < 414U
AT B R IR X TEAR AR R AE T AR R AR
FERE, BN T AR FARMRAL, M AR 22 5 1 44
AR, AR AR AIEE T A TR AU /K R AR 2R T A5 b
K BUAR R AL FLAE I T /KRG AR ZR 30 S 2 21 1w A i A
b K J2 JERE AR NS, BN TR JE TS AR LR A (EAS
Ivi] 7K e it o X AR U WA A7 TR A K 22 5% . Abiko Al
Obara & BUR A T /K AEHE 2 8 SV W ahn, I
AR IX AT BB 2 /KRR 3 o 38 AR 2R G R AL Uk D AR
AR SRS R, NSO o ARWFIE FIR
UE B PR U RE 98 18 /K RS AR 2 18 < 4 41w FL(POR 3
FNE 1) HARTREIAKRE S FR POR X R0 R A7 2
5, R 225 HE POR & 8 VIR U 17 HE % RIUAE Fe HF
U, POR N HLGIH K 1), XAR AT g2 HAEM
AT ROL T [ H /N5 B R 1) S R BT 7 3 4
AR AT B L R 2 S RE e IR LT AR B A fh i
JE 5 i RUKSEAR HE TG 8 22 5 i H BB R AT
R ) 32 B B A

4 g

HilRE 2% 52 A %602 WM RE g 5 5 AR R AR R
R ESHGUR R | WA RE ST 38 BT T BN AR P £ 45
A S A R B AR BE T o SR AR G . S350, Hil
2 2 R AR 28 A W B i RE U 8Lk B IR A
M 17 SRR R 0 2 ke A1 JHG A AR K P R R sk
R E A
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