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Abstract: The activities of acid phosphatase (APase) in roots of hybrid rice and its parents at the tillering, booting and filling
stages were studied with 7 rice parents and their combinations as materials in a solution culture experiment with different phos-
phorus levels to provide a foundation for screening high phosphorus-efficient hybrid rice. The activities of APase in roots dif-
fered under different P levels among maintainer lines. Under low P level, the activity of APase in roots of [[ -32B (P-inefficient
type) was not significantly higher than that of the control(suitable P level) at the tillering stage. The tolerance of D62B and
D83B (P-efficient type) to low P stress was enhanced notably with increased activity of APase in roots. Meanwhile. there exis-
ted the differences in APase activities in roots of the restorer lines. Compared with the control, the activity of APase in roots
of R892 and R527 (P-efficient type) increased significantly at the tillering and booting stages under low P levels. Whereas, the
activities of APase in roots of R549 and R781(P-inefficient type) increased significantly only at the tillering stage. The increas-
ing extents of APase activity in roots of the hybrid rice combination derived from different parents were also different. In the
three periods, the differences in APase activity in roots of [[ you 549(P-inefficient type) under low P level and the control were
not notable, but the APase activity in roots of D83A/R527 (P-efficient type) under low P level increased significantly compared
to the check. The increasing extent of APase activity in roots of [[ you 549 derived from [[-32B and R549 was not significant
at all the stages. The APase activity in roots of D83A/R527 from D83B and R527 increased markedly under low P level. And
the increasing extents of APase activity in roots of [[ you 892 (][ -32BXR892) and D62A/R781 (D62BX R781) were between
Il you 549 and D83A/R527 under low P level.

Key words: phosphorus stress; hybrid rice; acid phosphatase activity
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(acid phosphatase, APase) & 18 %) /K fift A HL 25 8 1Y
— i oV L B R] S S OK R AR R LN APase
T PR RN AR 2R 2 o ) A K A i i ) APase TF P 1Y
S LT i N S T KRS A 8 1 F 5 2 AR P
TS AE B ot o 9 UL 7 32 1 48 5 8 b 1 BIF 52 1218 A TR
JK R S5 R 78056 X S e Al 1 R oS ) P AR D18 ) R
IRTAIBERS WIS =P e v i) A T IREE  T TIE N 2
h 2R A AL Ay 25 5 07 T G BRI AT LT i X
S SR A Z (8] 1 22 S B 3D . A WEIR A 6]
11y A58 R G P H R AT 43 B 0 L 2 0 L S
KINH R APase G ERY 26 7 WFIE IR 1T FLW 8 SR 35t
LR s LU N 55 & 06 = 280K R i 0 07 2 5 3 7Y
B AR R A AR

1 M55k

1.1 ks

Py 11 Gy 7K A A RE Hy DU 1Al K 27 7K Fed F
FEPTERAL I 7 SR AR (REF R 3 . 4r AR L -
32B.D62B.D83B; k& % 4 ), 4> Bk R549 . R892.,
R781.R527) DA S Hy 3 2 255 AL i 1) 4 > 2 S8 F 4
A BV IR 549C I -32BX R549) 1 4 892 [] -32B X
R892) ., D62A/R781 (D62B X R781) ., D83A/R527
(D83BXR527), Hif {138 1o %) 2 AW s A=)
SRR AR R A 22 ROUFSE Gt T 4 1y 85
B A RE . B 4% & D62B.D83B FIKk &2 & R892.
R527,
1.2 RE&it

I T 2007 4F 5 H A DU Al R 2 T K gk
YW 3= N AT

KK B8 BT A B K 55 E SRR P
b o HoAth 75 37 1% 43 359 [R) [ B K R F 9 0T /K B 5 B
FEWBC )y —3. B¢ 1 mg/L.5 mg/L Ml 10 mg/LGH
B xF B 3 8K . P LA NaH2 POy » 2H2 O JE 54t
N B RN RE R KRR N R S B L T 2
M 1O BPE B A T A 20 L 2R 60 S1ORHAR
o, I TR 20 B 4 A4~ DX 3R, 4R i ok 7 2k 22 [
JE A JE e AL SRR L AR A 3 R AR —
B AL PR 3 WE R R T A P E
MK E WP, B ER pHE R 5.5~
6.0, BFWH 7 d FH 1 W, I 0. 1 mol/L
NaOH = 0. 1 mol/L HCI 75 pH % 5. 5~6.0,
T Ab B 7] 455 K00 2 R 11 4 A
1.3 HRORESTREIELE

53 T AE 7K e 19 43 B 0T | 2 B 00 R S R 1T K

hE KRG RS (Chin ] Rice Sci) 45 24 445 1 W (2010 4E 1 J1)

FEAR 2R R AE

R 2R R M W T G 9% R . SR R (1L 2 &
0.01) g ML, A 8 mL % B2 &h 2% vh ik (pH Ky
5.8). AR JE HEAT UK W X2 &b A i 0k 7
12 000X g F &L 15 min, ;W 1 mL, &0
JEE ¥ ( p-nitrophenyh-phosphate)2 mL, 8k )5 7E 37 C
JK¥E 30 min. fil 2 mol/L NaOH 2 mL % 1k % i . F
3 000X g F &L 2 min, JxJ57E 405 nm JE KT H
UV-120 43606 BT 3EAT LG il g o 8 3 4 LA SR AL
I R Py A7 S5 o 1 AR A B ) X i 35 S i (PNP) )
ﬂé%‘%i—\‘[l&zo] .
1.4 HIESH

% F] Excel #l SPSS 12. 0 %f ¥4 i# 47 56 i 4
Mro

2 AR50

2.1 BKENKBEAREZEMEREFTEN
A

AR 28 % 77 J A — > 5 PR AL e 0 v (I Y
BEHERNTRIR . B3R 1 A W A [E @K R IR R &R
FRIE 2 MR 72 A D] i 22

LK 10 mg/L FEARHE] 5 me/L B, &4
FARRZ T 7 i B AN TR] L H 32 0 8 2D 7 5 e AN
K. PREEFR B D62B F D83B 52 5% e 4 B2 AH Xt /N T
I1-32B; M9k & % R892 Fl R527 3752 M F2 & [A] A /)N
TR, TEAREE ST A X 35 7 i 22
S ] S REAS B FIR R Z [ B R 1 25 5 .
AKOEFRES] 1 mg/L B S MBI AT /B E T
B HLAORLZ 18] 9 22 S o B S fn o PR &R b i
R R D628 F D83B (1 AH X 28 3% 7 ' 2L U] 2
KT 11-32B; 19K 52 & i R892 Fl R527 W] g KT
SR, 3558 D62B. D83B L R892 Fl R527 #4 K}
% P U BEREAR TR B 7 T R B AR W AR AL
o ARG P i R AR KSR 0 RO B
BHEC I ) D83A/R527 My AT & 35 7 it 2 W i K T
HoAt 3 AS2H A 2 B Wl 58038 1w Y SR AR 22 (] 2% 22 L
RORAMRB SR A Z ) e 58 A R my e #e. ALt 3 ik
SRR B2 S AT SR IR R R AL A
G E BB RN A K TR A
2.2 WEKEXRKBERIFRIRZR APase FHEMF M

M 2 FTLLE R A A B DR 47 R AR RR 1R
5 T T 05 1 S AN TR 1Y

TESrBEW] AR5 & 11-32B £E P /K F K 5 mg/L
I APase % PE% 10 mg/L i Jo B .42 {k ; D83B
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M D628 B & b Ft. b TR B 40 3296 Fil 53 %,
¥k W E AR MK 5 mg/L FREF] 1 mg/
L B}, Bk D83B ) APase 1% VE W 1, b b B2 3
) 44 %650 AW BB APase 36 M3 JC B B 48
k.

FEAREI B G 85 KT 1 B AR, BR D62B b, JL
RAEFE R MR APase [GVERINAR % . 765 mg/
LA 1 mg/L P MKBE KT . 5 X BAH b D62B
APase Jf PR N2 3, 509 B FF 49 %6 F0 57 %,

TERER I BB & W KOFFEAR, 11-32B /) APase
PT84k . D83B il D62B 1y APase 1 P75 1
mg/L I IR (10 mg /1) A W&, b THiE i 43
Bk 66 %60 103 %

WE & B K 7 1 REAIK, D62B 76 3 A F
APase 7§ % 3 150 ; D83B 7 22 8 ] APase % M

VLA AR A SRR BCHL SR AR AR 2 R e R G A R

W

45

AN W] L AHAE S BE S R0 E S APase 3 P 35
3 UL = A M R D62BL D83B 7E KK 43 AE
9 v B 6% T b, X I W 2 1R BN i AR R
S8R A W R A 1) 3 D R B e B R 3 P B
TE PR WK AR A RE TT-32B £ 3 AN BN
APase 1% PRI AR HLAUHE , 22 S B OR K B 250K 1.
2.3 BEKEXKIBIRE RIRFR APase iF MM
M 3 AL TE 2T BE L B A 1K 52 R R A
KB REAG . APase {&PEA My #a ., Hik g
Z MR R892 fil R527 ) APase 7 M bifi % #5 /K F 1)
REAIK 2 25 1 T R549 5 R781 7E#§ /K P 10
mg/L f§ % 5 mg/L B}, APase I AR E. H
2R 1 mg/L . 53O0 mg/ L ESAKL
FHKV . TEZHEIH . R549 1 R781 1Y) APase 15 M B
W AKCE T R S E T B2 6 R892 7E 5 mg/L

1 AEABKETRERZBGERMELIHBASHETF 2
Table 1. Grain yields of maintainer line, restorer line and hybrid rice combination at different P levels.
- AN P KSR KRS 1 460 7 AR 22 3% 7 ik
ey Grain yield under different P levels/(g « plant— 1) Relative grain yield
Rice material _
10 mg/L(P1) 5 mg/L(P5) 1 mg/L(P10) (P1/P10)

%45 & Maintainer line
11-32B 6.440 ¢ 4.681 3.917 g 60. 82
D62B 7.504 a 6.687 b 5.439 d 72.48
D83B 6.803 b 7.479 a 5.205 e 76.51

WK Z % Restorer line
R549 9.476 b 7.481 e 5.080 h 52.05
R892 9.963 a 8.964 ¢ 8.110d 81. 40
R781 8.878 ¢ 6.752 5.854 g 65. 94
R527 6.543 f 6.016 g 5.732 g 87.61

2 4H 4 Hybrid rice combination
4k 549 11 you 549 [[-32BX R549) 7.329 b 5.873d 5.080 h 69. 31
148 892 I you 892 ([[-32BXR892) 6.628 ¢ 6.009 d 5.223 e 78. 80
D62A/R781(D62BX R781) 5.256 ¢ 4.991 e 4,127 1 78.52
D83A/R527(D83BX R527) 7.761 a 7.584 ab 7.439 b 95. 85

(7] — 2B RHR] — S B0 5 BRAR RN S F i FOR 2 R K F S B E KT . R 2~F 4T,

Within the same type of materials, data followed by the common lowercase letters in the same column mean no significant difference at 5%

level. The same as in Tables 2 to 4.

F2 AEABMKETHRFRZFTHIRREMN APase iF 1%

Table 2. Effects of different P levels on APase activity in roots of maintainer line.

R P K APase 7 APase activity/(mmol « g7 'h™1)
A P level ST 7 H W
Maintainer line
/(mg -+ L7 Tillering stage Booting stage Filling stage
1I-32B 10 13.094 cd 17.787 a 7.741 bed
5 14. 636 be 18.297 a 8. 781 abc
1 15.213 b 21.471 a 9.873 ab
D62B 10 12.438 de 12.641 b 5.265 e
5 19.087 a 18. 875 a 7.049 cde
1 20.121 a 19.784 a 10.709 a
D83B 10 10. 528 e 17.682 a 5.682 de
5 13.927 bed 20.470 a 7.858 bed
1 20.006 a 20.835 a 9. 406 abc
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®3 FREABKFETHRERZMBIRREE APase iF 1%
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Table 3. Effects of different P levels on APase activity in roots of restorer lines.

WE 7 P K APase Jf 1 APase activity/(mmol « g7 'h™ 1)
e P level JH TN TR
Restorer line
/(mg -+ L™1) Tillering stage Booting stage Filling stage
R549 10 13.088 cd 16. 983 def 7.597 cde
5 13. 983 be 17.522 cde 8.195 bede
1 18.329 a 19. 374 abced 8. 126 bede
R892 10 13.620 ¢ 13.799 g 7.094 e
5 15.616 b 15. 730 efg 7.099 e
1 17.467 a 20.704 a 8. 397 abcde
R781 10 11.284 d 19. 652 abc 8. 116 bede
5 12.531 cd 20.160 ab 8.915 abc
1 17.786 a 21.315 a 9.121 ab
R527 10 9.182 e 13.539 g 8.569 abced
13.907 be 14. 685 fg 9.083 ab
1 18.088 a 17. 965 bede 9.766 a

R4 FRABKFETRIFBHAARREM APase FiE

Table 4. Effects of different P levels on APase activity in roots of hybrid rice.

S T T 7K - APase {1 APase activity/(mmol » g~ 'h™ 1)
O P level 53 BE B THE X
Hybrid rice
/(mg+ L7 Tillering stage Booting stage Filling stage
111k 549C 11 -32BX R549) 10 15. 050 be 17.712 de 5.582 cd
5 15. 881 abc 19. 794 abcde 6.414 be
1 16. 487 ab 19. 248 bede 6. 956 be
I ft 892C 1 -32BX R892) 10 12.348 e 19. 506 bcede 5.618 cd
5 14.319 cd 20. 035 abed 6.179 ¢
1 16. 447 ab 20. 372 abc 6.022 cd
D62A/R781(D62BX R781) 10 12.909 de 17.795 cde 5.934 cd
5 14. 222 od 18. 989 bede 6.426 be
1 17.294 a 20. 206 abced 6. 956 bc
D83A/R527(D83BXR527) 10 12. 656 de 17.378 e 4,784 d
5 15. 022 be 20. 754 ab 7.684 b
1 17.170 a 22.339 a 9.006 a
if ., APase Jif M5 %I (10 mg/L) M FE G WL 35 25 &, 2.4 BHEKEXKFEHRMBRIRERE APase F IR
I7E 1 me/L W APase i b B 5L Tk ol

1% . BEAF . R527 ) APase 75 P4 6 BE 3% n 33 %0,
K F K. BIVER M FERE KPR 1 mg/L
.4 A RE R R APase 15 P3G INA 3 .

SRR T S B KT BRAIG K R AR L8
KB R549 il R781 (% APase i £ H 7643 BE#] | T
B35 U A I A AR Al LR R K TR
BT NS . KR R MR R892 [ AE VE K
APase JEHERIINA 2 40 78 HoAth 2 A B 145 B B
s R527 1) APase 1 1 76 3¢ 109 A1 20 700 #6
Kk e, HOH APase 35 M KO JE R T
R549 F1 R781, k. R892 Hl R527 fig % Ik s 31 1
VRN 2 R A AR R M R L T Tl v AL
FSEAS ;T R549 F1 R781 X B 301 )2 W A & 6. JL
APase JE AR R E 5 F WA X 8 T AU
WE RFEAR,

N A4 R Bl B KCOEFEAG, TG 549 72K
[FZAEF W N APase 3&PE T W] 3 m, 11 6 892 1
APase 1% VEFE 5y BERA IS i 35 1 T, 1 76 2 F 10
I IC W] B 4k s D62A/R781 ) APase 1 £ AL AE
SYEEML L BEAKCP B R 1 me/L IR IR 2 BT
AX IS 1 P 2 T J 36 5% i 45 /)N s D83 A /R527 FE 4y BE I
FIRESE W i 5 D62A/R781 7 43 BE W if 1) 3% B —
B M AL AR, B KCE B R 5 mg/L B, I
APase 1% VEAH 3% 1 TF . 250 H B0 00 B 3 S5URRAE
MR E BB B KE R TR AL 549 78 3 MR
B APase 3 ML AR A B 3% 5 1 D83A/R527 3%
B30 J5 - APase I PEAE 3 B B34 R Bk 1 3%

2 Ok

HA L W T BE A S 4R B APase 3 3 A

A AE W & . T8 892 M1 D62A/R781 H)
APase 1E PEBIE BE A F 1L AE 549 5 D83A/R527
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Table 5. APase activities in roots of maintainer line, restorer line and hybrid rice.

HEM A K TFAE APase %4 APase activity/(mmol « g7 'h™1)

Developmental stage Parents and F; hybrid 10 mg/L P 5 mg/L P 1 mg/L P

4y BEM Tillering stage 1% FF & Maintainer line(n=23) 13.987 e 14.042 e 14.492 e
Pk 2 % Restorer line(n=4) 11.884 g 16. 780 ¢ 17.624 b

ZL 25 FE Hybrid(n=4) 13.206 16.105 d 18.225 a

Za ] Booting stage #+F & Maintainer line(n=3) 18.217 ¢ 18. 947 be 19.478 b
K % Restorer line(n=4) 18.217 ¢ 18.209 ¢ 18. 939 be

32K Hybrid(n=4) 17.040 d 19. 805 ab 20.587 a
WE 3% W) Filling stage 45 & Maintainer line(n=3) 6.264 cd 7. 306 be 7.343 be
K & % Restorer line(n=14) 6.711 cd 7.825 b 8.177 b

A2 FG Hybrid(n=4) 5.676 d 7.896 b 9.680 a

[ — A= B WA — 47 B0 5 R A /NS 7 B 3R 22 SR 3k 50 B KF.

For a developmental stage, data followed by the same lowercase letters are not significanly different at 5% level.

Z I AT APase 1 P 2 7E 4 BE 0 fn 2 2% L 18
2 RS R SR AN
2.5 AEAEBFHERXKBREFEARIRER APase iF
HER

TE 57 BEMW AW X 2% S i S HOR AR R APase
T PE 1 5% e B BE AN [R) (3R 5D Bl AL B KT 19
I K FEIR R R M A58 76 APase 16 PR B 3 -
TR 55 BEk P M 10 mg/L FHEH] 5 me/L 0f 5
APase & PE 3 0 5o B3 &, 4 B3k 41 2%
21.9% , F WL B AT R AR G5 L A8 Ul 361 1) B
855 AR FF AR IR ZR APase 16 P 14 AR X 2212 .

TEZF R B A PR KT A7 B A S S H 3%
AMFR APase BIORFFH = 106 . /K P 10
mg/L TR A 5 mg/L W, (5 R FKE R APase
TG PRI A 235 M A s R 3 in 1 2. 765 mmol/ (g
ch) LA B FEKY. BEKFAEZS TR, & 1 mg/L
B K R APase [ MR ER AR FE, £
WIS KX H APase 36 1 19 52 W A K, B 38 N AIG
WY RE B 2% 5 W AR FF RAE 5 me/L Ay Al b B 2%
TR AE 1 mg/L B 5 REAH L 22 58 KT g%
2R ) A %t MR R 2 TR B 0E A 209, H H: APase
WPE 2 TR R AL AR .

TEME I, 2 SR I HOEAR M R APase 1 7
JE 3 AN I P R AR . Y BE KO FEARE] 5 mg/L
B PR AF R AR R APase 36 P8O0 BUE IS 2%,
BEAKFFEAR RN 1 mg/ L mf, HAE Pk 5 60 BEAH F o R
AR ERIN KRG R ERAE 3 LB AKCE RIS R
5. HAE P O 1 mg/L B B9 3E PR RO BESE m 2  (H
WEWE AL 22% 5 4% 38 R 7E 15 B (10 mg/L) 4L ¥R
APase 16 PERAR AR BE AL #1516 M A BOR L 1E
WKF-h 5 mg/L BHE PR BB E W L 2 1

mg/ L I F % 1 45 00 A L iRk 3 7104

SRR LS NE T MR A APase
R — B TR RRIK AL R . UL SR e Tl
I AR APase I A 3G 0 X 9 WU 4E £ A B
A4 A LR i O R B PR I3 AR T SR A e R L
S

3 e

R P TR Tt A A PR N T R K R 2R 2 —
SRR N W G TR R A B D) o RE2U Gl e
APase it o] 5 5 R F A OLBE AL & 90 53 . DL 255
YR R ARSI AR A A B4 X
B I = 5 APase 7 M 52 IE A 50280 [ i 4 5 1)
R Z APase 3 P45 38 AR 28 6 2 4 % 1% g 6 1Y) 2
WA B v MR AR A 2 R 0 R W T A R DT 4 g %
AL & AR

B S HE Je H e A MR &R APase 15 M AR K F- B 4k
PR L Ll i KOV W A B . W R SRR REAE I K
SR A AR A& 1 APase G MR MEALTE Z WA
BLBE LA o0 ff o DA ZE R KRS 1 1E 8 A s T AR Ak
UM EMR R APase 16 M1 NS08, 70 i 10 A LIE A
BRLONBE4ERE A B IEH A K. 4t , APase 1§ M3
A )RR AR A N A BT 1 T SRR TR A Y
HRZR APase 6 PER I IMAR R (1 APase 73 i . 48 55 1R
RWAES RGP ryA & 52 & % Py il
R, w0 APase 36 P R EM K FETEAL P& 57
FAFT X PO MBORCE R R I 25 G A A A
FRl2) . ARWFSE 2B L 2 K A 22 20K T 1E # #5 K7
A B, R ) B 28 B 7 R RN 4 i T OE R R A
B, H APase 36 PER Kt B AR FE R D83BLTE 5
mg/ L B P A BEE B Xt BRI S G n. f FE (R B
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T W v T RORE R U] 2 T B O R AR X 2 T
5K T AR S bR . APase % 14 39 K g BF o 2
R T BEARELTY bR

AT 5% 26 W o AN [) B e 7K S X 2% 58 A8 B SR AR
R APase &M A BRI 52 W HAEA 7] A2 & 1)
B, X 2 58 R M R AR I 2 i R ORI . R Rt
A FEAEAS TR Wl 7K - A B R 45 A 3 00 00 B 200 34 52
3E ML RE T I B LR FF R VIR Ro . X2l TR
PN B S O R S A E O Y s =
22 JE AP B A F SR A I MR 2260 ik
2R FOREE R AT KOF T 2R3 122 50T e 5 %
SRR RORH5 R B A G 7EIE #5 (10 mg/L) /K
T AREE R G R 2% 58 R BTk AR K AR AR (5
mg/L Fl 1 mg/L) /K5, W LR &2 & o i, H
APase {&PEH 58 . H 7E A RO 15 R FUK E R MR

S LR R R A i Tk — AT .

FHLAEL 1) W8 v RAOK A g L v A8 MO v AT
A 38 v 1 s R e ORI AR AR R R AR B SEBR
b E SR AR X R E [ A Ak = TG R
Ui o AR N 2R e S R AL A B 5 L o A S
JBT 3 3R] gk R 8 R oMl 2B 7 v el R R B =AY )
MEAEZEE L., ARG R AR %6 A B H
P14 2% 22 R L Ml 30 SR S8 A R D AN TR) o bR DR R
TSR R 11 -32B FK S Z SRR 4R R549 i
i W 2458 H5 11 549, APase 15 MBI s 1 b 4R 35
F Wi ws W b R D83B 5K & & W AR A R
R527 Fie il () D83A/R527 , H: APase 1§ PE7E 4> BE W]
2P T R E SR 3 A i I A A K A e
APase 1 ¥ B 3 i, G AR B 3 1 58 0 %53 5 1A E AR
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