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Abstract: To investigate the effects of paddy soil types and rice cultivars on nitrogen (N) and phosphorus (P) uptake

and utilization characteristics in indica-japonica hybrid
155 H 27 :2025-07-01 rice, this study focused on the major paddy soil types and
EETE WA HARRE3 4T H (LTGN23D010001 ) ; 3 24 1 R leading indica-japonica hybrid rice cultivars in northern re-
R B (2024AZ30006) gion of Zhejiang province. The research examined the ab-
TEERI R 51(1982-) 55 INPE 2R, WA MR 5, M sorption, physiological utilization efficiency, and transloca-
r LA RIFE 43 B AW 5T, ( E-mail ) chenzhao2004 tion characteristics of N and P in indica-japonica hybrid
@163.com rice, and analyzed the variations in N and P uptake and
BHLEE PR 5, (E-mail) 594307302@ qq.com utilization efficiency. The results showed that N uptake and
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uptake efficiency (N-upE) differed significantly ( P<0.05) among rice cultivars in blue-purple paddy soil and powdery paddy
soil, whereas P uptake and uptake efficiency (P-upE) showed significant variations ( P<0.05) only in bluish silty-clay paddy
soil. No significant differences were observed in the physiological utilization efficiency of N and P among cultivars across the
four paddy soil types (P>0.05). N uptake and N-upE were significantly affected by both rice cultivar and paddy soil type
(P<0.01), whereas P uptake and P-upE were only significantly influenced by paddy soil type ( P<0.01). The physiological
utilization efficiency of N and P was not significantly influenced by rice cultivar, soil type, or their interaction (P>0.05). A
highly significant positive correlation was observed between rice yield and N uptake, P uptake, N-upE, and P-upE (P<
0.01). N-upE showed a highly significant positive correlation with leaf-stem N translocation amount (N-trA) (P<0.01),
while P-upE was significantly positively correlated with leaf-stem P translocation amount (P-trA) (P<0.05) and showed a
highly significant negative correlation with phosphorus physiological utilization efficiency (P<0.01). Nitrogen physiological
utilization efficiency ( N-PE) was significantly negatively correlated with N uptake (P<0.01). Phosphorus physiological
utilization efficency (P-PE) was significantly negatively correlated with P uptake ( P<0.01). In summary, compared to N-PE
and P-PE in indica-japonica hybrid rice, the uptake characteristics of N and P exhibited asynchronous patterns with
significant disparities. The uptake of N can be influenced by rice cultivar and soil type, while P uptake is primarily affected
by soil type, highlighting the importance of selecting suitable cultivars based on local conditions. In indica-japonica hybrid

rice, nitrogen and phosphorus uptake contribute significantly to yield, whereas their physiological utilization efficiency

contributes little. Therefore, future breeding efforts should focus more on improving nitrogen and phosphorus uptake.

Key words :

phosphorus physiological utilization efficiency; correlation

RIVKE 2% 52 i J2 8 1 Al e HHE A IE 7o ] 2% 52
35 7 00 S A K AR i AR M) P AIASE IV Ao ] £ 5 24 ol
DL, 52 B ™ i P v | BT A PR B B[R]
Tt FURRIDEE 2% 52 A8 C 7R W7 1T V195 | Bl AR A
VLV CERCE A R B KR A K
KT AR P R AL T B IR TT R 0 A B e R
BREFERTEEY ) EIPRA P TR A
77 A iR B RO A B N 2 AE 25 A A
B NG W RE A R R S — T A
BESEAREE S e L RS A SRR o R
T G A4 D IR 2 — A A T AE S R
BETC R M AT 4w K R B 1
AR Wl 5 Wi 1) 2R E HR L, 2 5 /A4 5
A AR T

IR S e B4 R P 2803 — i A 476 I AL 3
A BRI IR Wk 3 1 AT SO Al L T
R R AR 5 RO R IR A LB, 2R B
AR i SO VR PN A S8 e B e 2
PR RO TS SRR AN [ s ] A
PR it o ) 0 B AR A A W 2 22 5, (AR
WP 2 AR (R EWE) | DUHIE 2% 32 76 o %f
SIBA W B Z 7Y SO [ KR i o
R BERHRCR 22 B AN 2 . A AR L4

indica-japonica hybrid rice; soil types; nitrogen and phosphorus uptake efficiency; nitrogen and

T EAL 55 LR WA RV 22 S R R AL A
PEMTRICLE + e iR | B A 4 K R
FBERHRCR . HATHETE 2 50k S AN R KA iy
Aot AN [7] S R S A AR I R, 56 T —
FACEAE IR RS AR X W85 20 T, A
WIFE L TLA AT HBIX 4 A~ FHERIRE 2 SRl it b F
DI N T BOKRE R RUNBEFE XS 4, o3 A A ] 2R
IR A T ORIDE 2 S e ) 2R BRSO AR
W SR TR i b 8 58 B AR T RS e I R, Rk
St SRUIE WAL, 3 TRICRE 2 SR 4 e A TR
SR SR AR T

1 ARSIk

1.1 RIEHEER

RS T 2024 AF K REZEAE W VLA 5 24T 75
PHIX VLR e W DR AR A & T o) SR AP 18
TR T R 20T 5 24T oy A ) S Py 2 JXL
AR AEIRE15~ 16 °C A REK R 194 mm,
AR BE80% ~85% ., 1\ IK b+ e FH I X F VL
VEREN T 526 H T8 DX RUA R B L ) & T R
A /INEY B ST R R o R e, 4 Fb
ZA K R 7 Xk N K AR R T AR Y 60% LA
PSRRI LR 1,



P 545 R RIZERKRE 1 B RIEE 2 SR BRI SR R 285

®1 FEEEABLIHEHBEEUER

Table 1 Physical and chemical properties of topsoil in different paddy soils

St SRR T A A EEE A R LNy
+ ey pH {8
(g/’kg) (mg/kg) (mg/kg) (mg/kg) (&/kg)
TR 1.74 143.00 7.80 69.3 28.1 6.35
BT 2.05 169.00 15.20 72.7 33.3 6.97
/By H 1.19 89.70 4.94 56.7 20.0 6.62
Hky e 1.52 117.00 17.80 94.4 24.7 7.59

1.2 Rt

DL AME B AR iR A WL b
DX A RIDRE 2% 3 A% iy F o 3 A6 A B}, 46 B A
1540 Wik 18 sEEfL 2 5 AF 1 5, T 2024 4F
6 H 26 H (KFERUEL 27 d) £R50 G — R4k , Bk AT
#5420 emx25 em, BARHT 1 d #5050 25 58— i 3
A S5HHZ 38R A,7 A 15 HEE—B a0 B,
8 7 HGE—JitaflilIE , A ialu s 25 AR it it A Fef
FAit R — 2, ZUIE (N) (BEAE (P, 04) F1é
JIEE(K,0) FHE43514 195. 0 kg/hm? . 70. 8 kg/hm’ Fll
159. 0 kg/hm® , IERVNE R K A8 & FBC T IE (% N &
18% , % P01 8% , & K,0 & 18% ) FIJR %, Hirh,
A 435 keg/hm? K FE & FHEC 7 BB, 2 BEAE i 120
kg/hm? /K FE L FHEC 5 AE+79. 5 kg/hm® R &, B Jite
330 kg/hm’ /K FE & FHfC A AE, LA 2 BEAD A2
RIWHEA H 5358 40% 30% 30% , B A5 it A
FEIE R 49% 14% 37% . 453856 w5 K A8 R FH /N X
T, BN/ NX TR 24 m? , &K RS AP E &L 3 9K,
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7 ), B J P R E 3 R RE A B TR i
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AN A R EBARERIER 5 7OKAE b &8
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SR EERTARE 15 (P<0.05) /M H F#f
18 w2 SR E R TARER | SHAmA
1540 (P<0.05) , e M Bt 18 o B & T
FE 1540 FIARFEIL 1 5 (P<0.05) . J5 250 Hrsh
FEU KRR A | RS DL K KRR S FlORD - HES R
2 HAE P 7 e A AR b 2 R R (P<0. 01)
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ES T T b T A 3 AR (P<0.05) 3
TR BE 8 12.4% ~22. 4% . /Ny T E 4 A KRS i Fil
XA S i) B B B ORI R VR H i 11 0%
M13.7%, J7 22 Br &5 R W, KR i b | 482K
R R K R it o R = 49 28 A 58 1A FH S 0 KRS
99 b, R A AR A 2 S (P<0. 01)

F2 FRMNERZEAMERRLE L =8

Table 2 Grain yield of different indica-japonica hybrid rice culti-

vars grown on different types of soils

e

WA
FERM  EBEH M AR
F AL 1540 774 (1/hm?) 13.8b 13.3a 13.9¢ 12.7b
Wil 18 7= (t/hm?) 15.3a 14.2a 16.9a 13.9a

#FEM 2 578 (vhm?)  14.5b 13.5a 17.3a 13.0ab
AFM 15778 (/hm?)  13.8b 12.2b 14.9b 12.2b
SEH A (/hm?) 14.4 13.3 15.8 12.9

[F)F B 5 AN [l /NG - B R AN TR KR f b 7] 26 5 3% 35K (P<
0.05),

x3 FRMERZBRMESREETE FHTURE

Table 3 Dry matter accumulation of different indica-japonica hy-

brid rice cultivars grown on different types of soils

e
i H

TEUEH WEEEH  /VEE FEEH

R 1540 T (hm?)  21.0b 20.5b  20.3b  19.7a
Witk 18 THIF & (v/hm?) 24.1a  23.5a 252a 21.2a
BER2 ETYERE(v/hm?)  23.1a 209b  262a  21.2a
REMN 1 STYHEE(v/hm?)  204b  192b  21.3b  19.8a
T B (Vhm?) 22.2 21.0 23.3 20.5

Olﬁlgg%;ﬁzf}i:ﬁmﬁl/bﬁ?ﬂi%%mﬁ]/kﬁﬁuﬁI‘Eﬂpﬁa‘%iﬁﬁ%/@?(P<
22 AEMERTHERMEAPERRLE L5
R BRI E

M 3% 4 A0, 75 L0 B Wi 18, /i L 52
F2 FA M E A ERE R ES TR
1540 AT 1 5 (P<0.05) ; /MBS 4 7K FE S
TS 357 G0 W WA i 3 S b B FEORD R 8 H L v
17.9%#1 11. 0%, J7 2= 51 A 45 R W, AK A it b A0
- RN K R T ML B A R A S e A A
ZIKF(P<0.01)

A% 5 A, N R KRS s b 1wt 3R
T AAE TS e 1 AP A 2 1 22 5% WA 18 TR
L1 Fhh LB B WS TR 1540 (P<
0.05) 5 /INBy H 4 /> 7KR it B by 1355 - 1 1l 3R AR i

P A 3 FhISHY 4 185 12.5% ~ 30. 3%, )5 253 HT
SR | IS Y I 255 5 Wi Al AE 24 S8 R
B (P<0.01)
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Table 4 Nitrogen uptake of different indica-japonica hybrid rice

cultivars grown on different types of soils

e
FLJRM WM MM e
Mtk 1540 ZW Ui (kg/hm?)  237The  222a 2Ac 223a
WAL 18 R HCHE (kg/hm?) 263a 23la  2Mab  254a
TR 2 SEMcR (kg/hm?)  252ab 236a 306a 242a
REM 1 SEWNCE (kg/hm?)  234c 204a 250bc  230a
AR (kg/ hm? ) 246 23 263 237

RSB s )/ - RE e ALK A o 122 53 . B K (P
0.05),

i H

£S5 AREMERZERMERELE T E FRIRKE
Table 5 Phosphorus uptake of different indica-japonica hybrid rice

cultivars grown on different types of soils

e
FERM RN /M TR
PR 1540 SR (kg/hm?) 456a 3792  467a 339
Wit 18 Bl (ke/hm?) 463a  4lla 497a  41.0a
S 2 SRR (kg/hm?)  439a 3922 544a  37.2ab
REAR | SRR (ke/hm?)  404a 379a  472a  40.0a

SR (kg/hm? ) 4.0 39.0 495 38.0
ngi;ﬂff)ﬁmx‘ /N TR AN KR P ] 22 53 W KT (P<
23 AEMERTEAMEARXE LE FR B
R Wi s

FH % 6 A, T Ve H_ Wi 18 A ISR K ik
Fm THAL 1540 IR 1 5 (P<0.05) /Mo H
b AR 2 S5 AR B T AR 1540 FIR
15 (P<0.05) 5/ H 4 A KRS SRR
W% e HoAt 3 b 4 HE S A 15 46.9% ~ 56. 5%,
J7 2253 W 25 FREFR B, KR it o R - R SIS AR 35y X6 il
A A MR AT 2 52 A (P<0. 01)

H 2 7 AAL BREF MR AN, Hogy 3 A2 + 1
X RIHE 2% 2 A st e ) R AL 30k 6 4 TG Wb 3 5% Tl ( P>
0.05) 5 /IVBy H I 4 A 7K A i 1 24 1l 0 508 3 4
L Sl BB RS R e H sy 24. 0% ,55. 0%
H87.9% , J7 2251 Hr e AR, - HE R HIkE S
A e R A3 R i TR M I 35 7K F- (P<0. 01)

gE|
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Table 6 Nitrogen uptake efficiency of different indica-japonica hy-

brid rice cultivars grown on different types of soils

e
Ti H

FHENRM WHEH /B FHRven

ML 1540 AR (kg/kg) 0.47be 0.46a  0.6lc  0.46a
Wil 18 AWMUk % (kg/kg)  0.52a  0.47a  0.75ab  0.53a
T 2 SEMNHR (ke/kg)  0.50ab  0.48a  0.84a  0.50a
REM 1 SRR (ke/kg)  0.46¢ 0.42a  0.68be  0.48a
TR AWK (ke/kg) 0.49 0.46 0.72 0.49

RSB S5 AN () /NG SRR AN [w] 2K R it A ) 22 5 3K 25 7K (P<
0.05),

R7T AEHMERLZTERMAERE LR + 18 PRI R

Table 7 Phosphorus uptake efficiency of different indica-japonica

hybrid rice cultivars grown on different types of soils

e
i H

TEURH EEEH  /VBE EEEH

ML 1540 BEMSBCR (ke/kg)  0.52a 0.39a  0.58a  0.30b
Wil 18 MU Ak R (kg/kg)  0.53a  0.42a  0.62a  0.36a
B 2 SRR (ke/kg)  0.50a 0.40a  0.68a  0.32ab
REM | SHERICE (ke/kg)  0.46a 0.39a  0.59a  0.35a
ST ORCR (ke/ke) 0.50 040  0.62  0.33
[R5 B804 I AN ) /N B 7 R T 2K e i o ] 26 5 3% 8 2 7K (P<

0.05),
24 AEMERZERMAEARLE TE R B
B ARE

2% 8 A AR A28 8 1 ORIDRE 2% 52 A8 b AP
8] R A BRI FHRCR I o B 3 22 5 (P>0. 05) ; BEBE
FU/INKS 4 AN 7K ARG RSP 25 0 A4 3R FH R60R 55
Bro HEHEE R KRG SRR | 3 D) R K
Fef it A N - S 2 78 A5 B AR PRI 4 28 e U A BEF
ORI TC B E 53 m (P>0. 05)

*8 AEAMERLZERMARNELRE +18 FRAEEFARE
Table 8

Nitrogen physiological utilization efficiency of different
indica-japonica hybrid rice cultivars grown on different

types of soils

e

I i o

JeH JeH

FAfE 1540 BAFRFIHIACR (kg/kg)  58.1a  60.5a 6222 56.9a

Wil 18 &A= BAHIRCE (ke kg) 584a 6382 6l.7a 547a

FAH 2 BRI R (ke/kg) 5754 572a 5692  54.1a

REM | SR SR (kg/kg)  39.1a 6042 6022 53.1a
SRR ARG (kg/kg) 583 604 603 547

[RIFVEE 5 A Rl /NE SRR R OR AN R K R ] 22 57 % 0 3K (P<
0.05) .

FREM /Mg

H 2 9 A, R [A] 6 20 4 b OIDRE % 52 A
()R AR T R 22 5% (P>0.05) . HER
Mrab R K FE SR R R DL — 58 HAEH
BIANGE 5. 7 52 W RIDRE 2% 52 A5 0 A= 3R] FHR0% (P>
0.05) ,

F9 FENEZRZEBMERE LR ¥ PR R BRE
Table 9 Phosphorus physiological utilization efficiency of different

indica-japonica hybrid rice cultivars grown on different

types of soils

=

e

o SR g g 150
PO 1540 BB A HACR (kg/kg)  305a 359a  304a  373a
Wit 18 WAk BEA HRCR (ke/kg) 335a  356a  340a 340a
SR 2 SR BATIROR (ke/kg)  336a 344a 320a 353a
REM | S BRI R (keg/kg)  342a 328a  327a 306a
Ryl BRI RO (ke/kg) 330 347 323 343
Olﬁ.lgg%ﬁ?}%ﬁxE/J\E?ﬂ%é/%xlﬁlzkﬁu%ﬁI‘Eﬂ%ﬁﬁﬁ%mﬂ?(P<
25 ARMEHZERMERERLE T FITF

M 10 A, T 5 Te I /vy BT 5 ke I EoK
et A AU dz i R () 22 S O, SRR H B T A
1540 5% B4R 2 S AT A iz 1 0w Tt 18 Al
REFE 15 (P<0.05) /M H ERFEAL 1 -5 HATA
iz 0 T A 3 AR (P<0.05) 5 R
AR 1540 ARF 1 SR B R E & T
18 FgFAL 2 5 (P<0.05) , /BT H I 4 A~k A5
an AP 24 iR R G5 i LG T SR8 RN B B
38. 7% M 26. 1% , T3 2253 Hrai RFEW JK A il | 1
BRI VL R — 35 A8 H A R KRS A R e i ™
AR R ZE A (P<0.01)

18 11 AT UL HIKE A SR AT i e d 1 A 4 A
AN -3 E AR W25 5 (P<0. 05) , T e
ERF 1 S W S T AL 1540 A
# 02 5 (P<0.05) ; BIHEH EHift 18 mHFFk
B4 W TR 2 45 (P<0.05) /B 5
25 AREMN 1 Sz e B Es TRl
1540 FIHTL 18 (P<0.05) s H MR H L REM 1 5
AR s i B S T80 3 AN AR (P<0.05) . 4
TP 3 b 4 ASOKF TRl X AT 0 iz 22 57
BN TT 2T A RERW | KRS it i D B KR i Aol
N b AU 52 B HIRRIEE A% Se Ff i Al e i 1 5
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Mg B 4255 (P<0. O1 ) , - SIS RURPAIVE 2% 5 A AT
Feim B3 (P<0.05) .

F10 AENERLTBRMEARRELE FTHHARKEE
Table 10  Nitrogen translocation in leaves and stems of different

indica-japonica hybrid rice cultivars grown on different

types of soils

R St
i H Eo FLSTAS
CE S " A
Jem  COHEHD MR
A 1540 MFFRUEIE L (ke ke) 507a 5222 499c 644a
Wil 18 AT RSB It (ke/ k) 437b  540a  657h  43.1b

#FM 2 S AR (kg/ke) 517a  439a  524c  44.6b
R 1 S FFEEZ 5 (ke/kg) 32.1c 4447a  786a 70.0a

PR S E B (kg kg) 45 487 617 556

TSR o A /NS 7 R F 7 R T R P 1 22 573 . K - P<
0.05),

F11 FAENERZERAMEAETERD FHHBEEE
Table 11 Phosphorus translocation in leaves and stems of different
indica-japonica hybrid rice cultivars grown on different

types of soils

e

A i b

JeH Jer

ML 1540 HFFifE s (kg/kg)  16.7b  17.2ab  14.6b  15.9b
Wik 18 mHFF#E % s it (ke/kg)
S 2 SMATEEE I (kg/kg) 169 15.2b 19.9a  14.8b
REN 1 SHFREE R (kg/kg)  18.7a 18.6ab 21.3a  19.7a

SR T s i (ke/kg) 175 17.6 179 16.0
T@%ﬁﬁﬁﬁmﬁ$ﬂ%mxﬁmm%ﬁ@iﬁﬁﬁ%ﬁﬁ“k
26 AEMERZERMAERNEEE T8 FIHFF
FE 12 AT F LRV AL 1540 MAF RSS2
RepRES T 18 w32 5 AREM 15 (P<
0.05) ; EEBEH [ RAFL 1 S AR T2 HOR 8% 5
TR 1540 Wi 18 5% 48 2 5 (P<0.05) /Ny HI
ERER 1 S AR E SR R E ST R AL 1540 1
F A2 5 (P<0.05) s F ke R 1540 AREL
| SRR E S THik 18 wm+L 25
(P<0.05), /INKYH | 4 /K FE S RE S R R i i
RCR A 3 R T 15118.9% ~ 39. 6%, J5 22571
OTERE S W) Y w2 = 1 DY) e R R (B
PP RIE 3R T AR R 2 2R (P<0. 01)
MFE 13 AP0, LV EAREA 1 ST

HHEH VB H

17.7ab 19.4a 159b 13.7b

BRCR B E R TR FM 2 5 (P<0.05) ; B#EHE M Wi
fIE 18 IHAF B iz 0% 0 3 T £ 2 5 AR A
It 15 (P<0.05) s/ I ERFAL 1 5 M FFRE: 2
BRI E R THIL 18 FgaFL 2 5 (P<0.05) ;7%
B AL 1540 RAEFL | 5 M AT B IR B
Fi T 18 s F4 2 %5 (P<0.05) . /MY H L
4 IR ity Bl S 32 I 5 12 00 LT A U8 T
21.3%, Jr2EorHrai KRR KA i | LR L
B Z 5 S H AR IR KR AT 1 2003 ™ LR A
EF (P<0.01)

F12 FAEMERZERMERFRLE T E EHFRFEHNE
Table 12 Nitrogen translocation efficiency in leaves and stems of

different indica-japonica hybrid rice cultivars grown on

different types of soils

R i)
IﬁEl =ik =g\
- " " =R
ML 1540 MFF AL Z R0 (%) 35.0a 28.0c 35.9bc 38.5a
Witk 18 MFFAFFZRR (%) 29.4b  36.0b 42.6ab 22.1b
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Table 13 Phosphorus translocation efficiency in leaves and stems of
different indica-japonica hybrid rice cultivars grown on

different types of soils
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Table 14 Correlation analysis between grain yield and traits related to nitrogen and phosphorus uptake and utilization in indica-japonica hy-

brid rice
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