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W OE. ZESRBREET MR B R SRR AR 3 AN E R R R F, BB R RS AT T B R
ERBE SRR Ne37 1, BB B A 81(85) AR ARBBE KARARBRA MR TYRERE K.
TIC(RAL S X ENEM)FREABRRHAKLSBERS . XK TR MM, RIR RS R AN BRI 10
RYER R R A A R A WA RS R B R R (RS ) B B R B B B AL AR RS R TR
BRR R, X TR SRR RN RS RERA RS, SRR ERNRA AR ETERARERER, &
F,,[Nc37 x 81(85) ], F,, (Nc37 x $B4E 32 )0 F,, [81(85) x BKESE 13 M2 F, o , B pRUCAE MR 0 AR LML BE LB 1 AR
ETERE TICEED MERBYSRE R RERRLBEENN PR (L) MERFRS(H,)ZHEMRK
o, REuRR R B, ® H, YR EME, 4TI 31.7% ~32.8%(H,) M 18.5% ~29.6% (H,)Z M. AEBR
W FUE 2 ARAREANE R EERRHRTAS, AR A F, RESRRBON A LK 2R R 5,3 TR ERia
FTAENREERTRAFTEEEM.
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Abstract: Three wheat( Triticum aestivum L. ) cultivars with different phosphorus(P) efficiency and the hybrid F;s from the
careers between three cultivars were used to compare phosphorus acquisition and utilization properties under P-deficient
conditions. As compared with cultivar with low P efficiency(Nc37) , cultivar with high P acquisition efficiency[81(85) ] had
much more secondary root number per plant, larger diameter of secondary root, higher root dry weight per em® soil(Fig.1),
higher TTC reductive activity in root and much more accumulation of P in plant(Fig.2,3). Iis increase of P uptake under
P-deficient condition was due to the ch of root and the ent of acquisition of insoluble phosphorus from

)

the soil. The higher APase activity in flag leaf possibly had important role to improve the utilization efficiency of P in cv.
Mazhamai by promoting the metabolic circling and re-utilization of P in plants(Fig.4). The H,,(heterosis from mid-parent

d

value)and H, ( heterosis from high-parent value) on y Toot ber per plant, di of dary root, root dry
weight per cm’® soil, TTC reductive activities in root, total P content in plant and APase activity in flag leaves were almost all
positive values(Table 1,2). The H,, and H, of grain yield per plant in three hybrid F;s were 31.7%~32.8% and 18.5%
29.6% , respectively( Table 1) . Making the hybrid combinations from the parents with high acquisition efficiency and variety
with high utilization efficiency of P, and fully utilizing the heterosis of F; on acquisition and utilization of P, will possibly
have important roles to improve the P nutrition of wheat under P-deficient condition.
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2HF 0% EHREABRRBERR, HEH
ZERAIRHEDERRTFAFRN~RYTIERE
Z—, FRHEEE, B FREKPHERENRTA
BROFR MR AT HEENEYT ARETRE
2050 SEAEEY . REE 2/3 BIR H BB, R XHE
WEEREFRREEROREY, BERTFRE
B ARHEPUERR - ARG (EER)EE
BERAMF AR LEEERBRNRESHER
209 mg A AREREEARMGMN, TERN
Ve 3 B T VO IR B ORI B — R A BOR R,

ERBAG T, MR AR R RN
OB WA FEREAF TS, BB R R A
8 i 7 R Wi B 17 B B RO T AR 7 BRI K
BH. €5 X FIEREBERERBWLERHWR,E
A5 % 45 P FE B B R BB R Y 0 3 LA R VR IRAR O
A, FERFFARFME/NERFHBERB & HA
BHEMNEENFRREHREMENSTEREZR
GBI BT 88 A~/NFE i ik ) B KL AY
PR BB AF AR 3 MR EMSR
FUHKFF ,ERBREST . BEEHRT EM
ARMBRERE . FARERRSEXESRER
45, B EM S MABEEUMNE SRR AR
BEMEENG, UREARHF ERERK. AL
KRS A ENENRR R BERRMESLER
REMBKE,

1 #REFE

1.1 RHARHME

2 1997—1999 SFEE ABEM A TR S HRE B E
BB =R R BT, T2k th T BRI (Ne3T) B
R R [81(85) I B AR B (4B k)3 MLERK
AR B % FRh . 1999—2000 45 B, 75 H 18] A 4 2%
A A F,, [Nc37 x 81(85)].F,, (Nc37 x ¥ ¥ ) #l
F,,[81(85) x 888X ], MBI F, Fo

2000—2002 fFFF, MR B HE R K., B E
ERERRRASRT ZARERBBELET S F
W0MERBOME—FEX), LHMEIHFHHE 13.0 ¢/
kg B R 45.2 mg/kg B BE(P,0,)8.3 mg/kg M
B4 (K,0)120.1 mg/kg, FHH,7E 2001—2002 E &,
BEEYE R B R E AL R 0 BB B A Ah
E,FEATRABAK LTSRS ERREY
HEPR, LEEEINESTRE 13.0 gkg. BER

43.5 mg/kg. B 3 B (P,0,) 28.5 mg/kg 1 B 3 4
(K,0)130.1 mg/kgo 7E 2 Fh4bFE s, Ne37.81(85) M
BEFSNFETFEIn R 2 MR,/ NEARTE
0.25 m; HF R4 ,F,, F,fl F 7 FH 48 F
EFR—MXPIR, £ 2147, HHMBFHEI MEELEL2
7. EHEMHNEAHRABRGTR 5K, EH 4
Wo F. BB YK B (BEH)AR 75 kg/ho’,
FEROBBEAERE 112.5 ke/h’, EFHETE
Fl—fgEH,
1.2 MERERFE*

FEARBLART, THERERKLTHE, NE
TRER IR
1.2.1 ¥HAEMRHE R, 2 H RSB AU
R 2 AT 40 em x40 em x40 om 4K, EH 3
Wo AHUERKBRWERAEE S, APk
ERTEHARIERS 10 8%, BEHKRERK.
1.2.2 k4&#£AE KERERGE, ABREFEER
WIRBESREY 3 em A RARMEE, MR
B 10 Bk, SRR RARER 10 4,
1.23 #BRBRATE BEBAAEZBREBREN
REWHKE 105, W T2HBAR, 100C K H 30 min,
RIET OCHE 48 h ZIEHE FREKRRETHEH,
1.2.4 HRATICEREH A REREER
BHRR, METEE L RRRBURE1g L
H.Z2REKB()WFTENERE TICEBR
HUY R A R R A 7 B R BUIR R A, 3
BHRAMTEMERRE TICRES.
1.2.5 H#LSHE EHRBPARRN, KEE
Bk Ab 7 10 BR A3 £ 4, F 105C R HF 30 min
JG,80CH % 48 h EHEE, % H Murphy 87
%[u]wigo
1.2.6 3=t B b 5% 8% &8 (APse) & M B 2B
J50d.15 d f1 30 d, RS KA BRBREEN, 28
WRAS(2002) F ", S, B 1 g, 00
8 mL BEBR SR ph ¥ (pH 5.8) , KB BT B , IR O A
T3, MM 12 000 x g FE L 15 min, B EHHK
1 mL, 31 A J& % (10 mmol p-Nitrophenyhphospahte ) 2
mL,37°CK ¥ 30 min, FFH0 1 mmol- L™' A9 NaOH ¥
2mL&ER M. 3000 x ¢ B0 2 min J§F 405 nm
W, BLEAA B iR Py A AR X RS EE R (PNP) R 6
1.2.7 #HHEEF REN, £HKIXH%
B30 BRAREHEER, FITHRRE A TEHRERFLE
B, Ed SR E RSB SGT RRRER
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1.2.8 HiBRBEA A A
LERRME,

1.2.9 ##A#4% A H.(BPREOM H,(BH
FRPOBFHHERR, H, = (F, - Mp)IM, x 100%
H, =(F, - H,)! H, x100% , &9 ,F, A#FF, H,
M, ABEBE, H, IREPHFRRE.

2 ZREHH

2.1 TEARMERMBEEFMF, HRRBERE
ERBRAT , ARBERER M BRRKER

BRI R 5 Rk

BB R  Fh 81(85) (B, ) B 2, F Al B
WEER (H,) W2, BB F Ne37(L) B4, H, M H,
MERKREREIINBE LE 47.1%F 26.1% (B
1) SLAMK,H A H, MKEREESZHL
25.0%M6.3% , B +RRETES SN 92.9%
F42.9%(F 1); 35, H, 8 H, 558 LHKER
HEA, SEFME.F,.F, M F, B FRE
(H)EERERFHHEM, ZEHE 8.5% ~
29.4%2 6. 5 H, HK,F,,F,# F, ER#ERE
BRERBEHE,))REE D, HP, 848 &
FEERP B ES SR REMLE 1),

B1 Fy Fu B F R RER PR R BN R MK
Table 1  Values of heterosis in root traits, grain yield and use P efficiency in Fy., ,F,; and F,; (%)

LT RF HHERERK KERER HEATE L5 3 3 LY -84 PHIFZE
Heterosis Hybrid Roots per plant Root diameter Root dry weight  Yield per plant  Total P per plent P use efficiency
H, Fa 8.5b 16.7b 21.9b 31.7a 31.1a -4.5b

Fia 10.3b 9.1d 29.4a 32.8a 30.1a 2.1a
Fis 17.2a 21.6a 27.7a 32.1a 24.3b 0.3a
H, Fia -8.9d 5.0e -7.44d 18.5b 2.4¢c -18.7¢
Fip -12¢ 59e 18.0b 21.5b 25.0a -3.2b
Fi3 8.9b 12.5¢ 11.1c 2.6a 0.0c¢ -18.3 ¢

EBEEENTRATERRERE S5 BHEATF, TH.

Notes: Values followed by a different letter within each column are significantly different at the 0.05 probability level, respectively. The same bellow.
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Cultivar Cultivar Cultivar
H1 FARBNERMERF SEBEXEAR AEAARRAL & (cn’ )RR TR
Fig.1 'y roots per plant, di of dary root and root dry weight per cm = soil of F; and parents
2.2 FRABMEZHMEILRM F, MR TIC & f %] Obioutingsage M Ripening sage
RA -t; 140
B A B & BE R BN B RLR TTC IR g
HRE 2, 3 ARFEBES S, EREHRER 3
TIC BRA U H, &, H, W2 ,L B ; ZEHMH A £
BEHLH f0H, 29I m 117.5%.71.9% # 3 :g
177.1%.80.0% o 5 3AAM I, F,, F, 7 F7es E 5 LILRIRIE]
AR B RR TIC 3B R 1 8 2 F R 3 2 8 ot
KEE, FRRRABRERLSHEHNOMEEE,E 2 FRARMEINERF,
RRRRAEENREBNRE TIC RN LFE P 2 e e by T eding

HHBRRMRE

stage and ripening stage in F, and parents
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2.3 FEABKESHEEZMF, HEELHE
7 3R R B R R P, B R AR BUH R
HELBERYUH &K, H, K2, L BIE(E 3),
BARESEAREBSMRALEIRNEREY
HE, BEEAGET, RIS H RAENER
FHREERAMBERHRAE TICERATHER
HEERBEEHNETRNERE, & LRNHE,
F.. F.f F,8 H, fi H, M RIEM (% 2), %M
B 2 ANBEBSCE IR B SR AR R A, TR A 2
P, AR Y X TREBEME T /AERH R
RETMHEREEHMNE.

5 OJHeading stage M Ripening stage
4.5

35
25

1.5

P accumulation per plant (mg)

0.5

L H, Hy Fn
Cultivar
B3 FEAWMUEIMNERRF,
FhaNg 0 AR B B bk 2 IR
Fig. 3 P accumulation amount per plant at heading
stage and ripening stage in F, and patents

Fiz Fus

#2  FpyFu ¥ F K TIC ER A RAKERBN RW BN

Table2  Values of heterosis of TTC reductive activities in root and total P in plants in F,, ,F,; and F,.s (%)

TTC R H TTC reductive activity £ R A Total amount of P

Hhis e HAH RS WAE BRH
Heading stage _Ripening stage Heading stage Ripening stage

H, Fu, 45.9a 30.3b 39.6a 31.1a
Fiz 32.9b 42.9a 24.3b 30.4a
Fis 31.5b 47.5a 25.9b 24.4b
Hy, Fia 6.5d -134e 57¢ 24c¢
Fia 5.14d 1.1d 21.1b 25.5b

Fia 21.7¢ 21.7¢ 8.6b Oc

2.4 FEAWRBRIHRIHAF F, HIKHBRERR
L 8% (APase) 5 1E

B A R, BN S A i R R
FRIL NG (APase) TEHER T I (B 4), FERM RS
0d.15 d M1 30 d, FIRB B MM H, ¥ H, MLAE
B BB MY APase 1. ZEFTH MBI, F,, JF, M
F..00 H, 1 H, ¥R EM, P, H, BHES3% ~
43.7%2 08, H, BT 2.6% ~29.9% Z [ (& 3).
PSR, AT HRM ML APase fREN MRS
AHEIEY, BRENSEE, EFEHY kAR

wor OLOH BH BF, HEF. BF,

APase activity (ugPNP- g”'FW-h™')
8

3

15
Days after full expansion(d)

M4 FEARMERKHERF, MrHH APase & #
Fig.4  APase activities in flag leaf in F, and parents

HARBAZEABENALBHRAEERA,
AT D, RUFRSF B, RARH MM A APase
i, REEREE T HEWEARNRRRRNE
FIFBRM ., SR F, M A APase HHEL
HRHBRABROHEFMRYE, SHREMEL, R F, H
Yok B RO AR IR R A TR RSO A TR .

®3  F,, F . F ZENMH APase B iE LR HRFHERY
Table 3  Values of heterosis of acid phosphatase( APase)
activities in fiag leaves in Fy, ,Fy; and Fy, (%)

ZHIRE Zefh M £ /B)5 X Days after full expansion of flag leaf
Heteroeis Hybrid 0d 15d 30d
Ha  Fuy 3.3d 12.4b 18.7 ¢
Fy, 29.2b 2.4a 38.4b
Fis 32.6a 28.0a 43.7a
H, Fuu 2.6d 12.5b 8.2f
Fia 6.0 cd 15.1b 29.9 ¢
Fis 9.4¢c 1.6 b 23.7d

2.5 FARPELMBEHLMNF, HAKFA~R
REF AR

B A4 T , 7 I BS503R B Fh B 8 B4 L 7=
B LEBME1.08 g), BEHR H,(1.35 ) MIFI AR
¥ H30.30)XHBER(ES),FHNELE25.0%
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L H H F.u Fa Fuis

Hs FRRAZEZMERF, QAERFE-RRNRARAGHREARE
Fig. § Grain yields per plant and P use efficiencies in F, and parents
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ABFSLEH , 5 RER AR Ne37 WA ARBS
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AR BB i 28 B B3 m L I B R RB B ARE
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B R RN, B RRRAHREE,
REAR R4 BRI E K TIC BIR /19 B A,
KR M ERMETYRERERGNM, 2HT
RATB A Hy Kk 28 At 1 398 o ol o 5% 3K R A
HMEFETERRAEANER. RUEBRLR
(APase) " BERETHYWHARAAMBED B
BB S RENASY , BTSSR e

Ry RBASNEARAAEERRY . &5
guh, B HE R M & W I BB APase TR
B FER & Fh No37 FIR WO 505 6 81(85) . AL,
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P AR EE TRBRENBORBRRNEAN AR
S, T Bl 2 L 0% 5C 25 A ok e P O SR A B AR T T R
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RBEREAS), HIHRERMRBEEH
RERRAERE AT ERRTEARR TIC B
EAERREBIK T T M RIS AT WX 57
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RYER BRI LR 2R e, BRI A ARPOE I
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R4S N LR R FSER LT RANERRH
(CVEBRBREETHBM K, RASERHBESE
A, R A KA T , AREAB MR AR R R
FEREEAREEHBRLIOBETEREE
WX,

AR FAARRES R DR R AR F,, [Ne37 x
81(85) 1. F,,(Ne37 x #B 43 ) M F,, [81(85) x 45 4
FIRMELSFREB IR JHKM APase 1 1 RB
PERERARAARE, L RAHTBHEMR
$OAMU A, AT H SR FEHEHERRR
$HN, F,5 F, F .l EREESEFERA
B EBESH EERAE RN B RRMES, Btk
FRERARAN AN RN - EEERY
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