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Effects of long-term P fertilization on P and Zn availability in
winter wheat rhizoshpere and their nutrition
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Abstract: The effects of long-term P application on the available P and Zn in rhizoshpere soil, P and Zn concentration in
grain of winter wheat were studied on the 20 years long-term experiment station in Beijing. The main results were as fol-
lows: soil Olsen-P concentration significantly increased with long-term high P fertilization[ P,Os 135 kg/(ha* a)]. DT-
PA-Zn concentration in rhizosphere was significant higher than that in bulk soil. P concentration in shoot of winter wheat
both at shooting stage and heading stage was apparently improved with increasing P application rates. Whereas, Zn con-
centration in shoot of winter wheat treated with long-term P fertilization was significantly lower than that of no P supply at
heading stage. The P/Zn ratio in winter wheat plant was significantly enhanced with increasing P application rate both at
shooting stage and heading stage. Compared with no P treatment, P,05; 67.5 and 135 kg/(ha* a) application significant-
ly increased P concentration and decreased Zn concentration in grain of winter wheat. As the results observed, P/Zn ratio
in winter wheat grain was significantly increased. A significantly negative relationship between P and Zn concentration in
winter wheat grain was observed.
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BT, 20 BEXR, 2 E LW AR, 307
JROR U AR B

BRAMAEKEBLRHHELEZ— AR
Brér&sIRIFE SRR BEERNTFR RN, B
EEZEUAXBERIERHERPEAS, REFH
ERREEmMREH, MREKRAH 30%—~60% i
JLESEE ., B, TR B YR RS RE
YIFRFHBTRETBREEYE S, hEAK
HMETERER CRASHAEYERER . K¥
R ANEEFRREREHRE,

R AEF=FPRHEEREARAERE LSEER
BEZWMEYNEBRTEERMFRPHESEN
TR, MREH  KEEABESERLEFER
PR ARSI EEDRRNESE TR,
ERURIRDE AREFR P EHEL, Y EXFR
REE /AN, FXLE, FRYPHEEEUERE
MR, B, P/Zn LB E , RN EYE R
PR AT BEARAR2Y, B, L E Rk K2 20 4R
K e E B, TR KB EABEX L8
BERBEE R R, ST AR W B B 3R, RS
BANEFRPHENEEUK P/Zn BRI, DI
X4t R H R K B B IE H A B & E 5
X8 R YRR ERBET N, vE
BABER) FRESR FRERPELEBRITE
BB R AL AR IR -

1 MEE5FE
A3 T 2000—2001 FE AT ER WL K¥EILE

BB KRB EM AR (SDE-EER

—FEXRBAE, BEILNEERSE) BT, KEE
LR L 1R F 1984 4, KK AT 0—20 em L2 HIEFH 4>
SER: THAVLR13.1 g/kg, 2 N7.1 g/kg, Olsen-
P 6.1 mg/kg, NH,0Ac -K 114 mg/kg, &3k K 584
mg/kgo BRBRRRARRX BT, FLAHEHEA: Mk
B S5 HLIBECHE) F1 F(RRMEILAE) , B4 E4 3T 3t
BI0MEIALHE, B 3 x3 + 1 &iFH AL, BF: NOPO,
N1P0. N2PO. NOP1. N1P1, N2P1. NOP2. N1P2, N2P2,
N2P2K, ABF5% M H % B FN1PO.FN1P1.FN1P2 3 4>
o3, RDBEHE & P,05 0.67.5.135 kg/hn?, i N
135 kg/hm® , RHEA HLAE , 1t 3 AL B R4 POLP1.
P2, Ay AT & /NEIRT B AR B A /D E A bR
LSy, AR LR BUR B LR, 5
B 0—30 cm JE MR Br LR M s TRADERFKBI ML
INEFRIFE G o RBRFITIEMR Br L AR A TUE

A BRI DTPA S5 B 5 MR 7 RLAE 5 0 52 B
MEER,

THEH B Olsen-P ¥5; +EAREE: DTPA
B - RFW et B kM FRp s &
B TR - 1CP WE,

2 SR

2.1 KEASEY L EEEHSBNRWE
K BB FF 4R AU (Olsen-P 6.1 mg/kg) #H L , BE
EH R E K, AR AL B (PO) LA BB &
BIHE TR, M P,0s 67.5 kg/hm® AL (P1)F 3B
SEBEFE, KA P,0s 135 kg/hm® (P2) T 4 3L
BEREBENE,T 2001 FLPEWREE, LA
T BE®EE 16 my/kg, BEFHITEERE
B, 1984 FE IR B FF 1R B 1997 FERX/PERLER
B, PO.PL.P2 = MHEBK P THBER T EE R4 5
AP - 189 kg/hm?. — 23 kg/hm® 1 346 kg/hm*, H
WA, SEAERAE(P)FELBEBRERERA.F
R+ EERHSERBERE,
EFRBAERERY, £ILFEDAE—FEXE
ERRMBEHAEL AR, AL AEER A
HEHE B 3R P,0s 214 kg/(hm®+ a)!®) 14L& 3
ST IE I B P2 R P,05 174 kg/(hm?-2) 1), #5
KRB FARE F ) P2 KF, i 7T LT 420 F
JFAH A MBS RN LA TTRER,
22 KUEEABEMEZENZREMERELES
BN ARESERNRIN
# 1B H,P0P1.P2 ZANBEIEKFE TR T HHR
PR BEARBEE RS HR 4.94.9.59.21.00 mg/kg,
JEMR IR L5 51K 2.97.6.86.21.78 mg/kg; B
Wh L EREUBETES N 2.66.6.79. 17.80
mg/kg, AR 885 B K 1.99.5.99.16.17 mg/kgo,
WML, BB R A, + A
BETEEEREN R A TREEHABEBRE,
WERAMIERE L EA RSB KIBRE; PO
PLAKFT , RYTVHRRT EERBRSERERTTIE
RELE R KEF_ELEELSR, 78 R
EABEKETRESERGERBEZEYLTHE
ER, XARRENAEBREKERN, RS
THBRERMK, LEBR PN R ERE, L8
AT ERR Y ERBEGETRESWAN
W, R AR AR AL , 3R - B A DS T
FREFELEERHETEEER TERR L,
PO.P1.P2 ZNBEIEKF T, R MR LIER
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MBS BB 0.47.0.39.0.52 mg/kg, EAR PR L
B4y 518 0.33.0.29.0.42 mg/kg; A AR By 4 0%
SRS H R 0.39.0.41,0.47 mg/kg, FEARBR
T AR 0.25.0.29.0.29 mg/kg, Tt KT HA
AR , 5t AR A X A B S0 AR B AN AR B L A AR
BERKEBEYW, WS RPN LE(P2)
W HREAERG L BEUETRAERIEY;
BN EBRPHFRE L EFRSSRYBESTIE
W8,

F1 KAKABGEYENEZREMIERR LS
BYBSHEESRYRW
Table 1 The effect of long-term P application on Olsen-P,
DTPA-Zn concentration in soil at shooting and
heading stage of winter wheat

B P EH Zn
Bﬁjﬁz i:f Olsen P DIPA-Zn
(P mg/kg)  (Zn mg/kg)
R Shooting stage
PO RS 4.94 d 0.47 ab
BS 2.97 e 0.33 de
P1 RS 9.59b 0.39 cd
BS 6.86 ¢ 0.29 e
P2 RS 21.00 a 0.52 a
BS 21.78 a 0.42 be
ZEF R IR Factors
BEAE P * % * %
+ 3 Soil * ns
P x Soil * ns
T8 Heading stage
PO RS 2.66 cd 0.39b
BS 1.99 d 0.25 ¢
P1 RS 6.79b 0.41 ab
BS 5.99 be 0.29 ¢
P2 RS 17.80 a 0.47 a
BS 16.17 a 0.29 ¢
AF YR Factors
BEAE P * % ns
F 3 Soil * % * %
P x Soil ns ns

¥ (Note) : RS—#BFR 1 Rhizosphere soil; BS—IEMR FR t Bulk soil;
%, % % Mus FHRREFE 5% 1% MFEEH Mean significant at
5%, 1% and no significant , respectively. R FBERERESHEE
7K 3 Diffeent letters mean significant at 5% level; F [R] The same symbol is
used for other tables.

2.3 KBERBENEZ/NEZETHMmBEHER
BngEsRNEIE
# 2 %W ,P0.P1.P2 =NBEEKFETFT A& /NEHE

HRFT S BHES N 1.16.2.08.2.94 g/kg, i Hll
BHSHES DN 1.06.1.46.1.91 g/kg; BiLKRT
AR, R E R R M MRS R
BEBM, PO.PL.P2 =ABEAE K F T & /N3 M #
BRI EHES N 19.6.16.2.18.3 mg/kg; T
BEERMHIN17.9.11.1.12.0 mg/kg; TR
B R RER , RO 4 HL (P/Zn) #F BE 5 M B 1Y
B i B B s W ELAEAR R MR KR AT, M
B P/Zn LW EARRRE—K,

R2 KEAKASEXLSNERWARN
HMREAEERNESRER
Table 2 Effect of long-term P application rates on P and
Zn concentration in shoot of winter wheat
at shooting and heading stages

BACE P cffciiﬁon Zn cfica;faﬁon i th,
P rates (P &/ke) (Zn mg/kg) P/Zn ratio
HRITHI Shooting stage
PO 1.16 ¢ 19.6 a 59
P1 2.08b 16.2 b 128 -
P2 2.94 a 18.3 a 160
3 H Heading stage
PO 1.06 ¢ 17.9 a 59
P1 1.46 b 1.1 b 131
P2 1.91a 12.0b 158

2.4 KEEABENENETFRBMESRNORY
iy

RIFW, M POLEMEL,PLM P2 0B E
RETHRPANEFRBEE, T P1 A P2 403
RZRABE, KHABIERERK T RENET
NER SR, PO LB, P1 A1 P2 b/ E T
B & SR BIREIE T 26.5%F133.3% ; i BLA/N
FFRBE S e (P/Zn) BE 3 1 B B O 388 I T B 3 0
&N ERFH FREBESSTHEERBEN
FAE(r=~0.99" %),

R3 KBARERASENENEFRBNESROKN

Table 3 Effect of long-term P application on P and Zn

concentration in grain of winter wheat

BRI £Bi(g/ke) 248 (mg/ke) 22974
P rates Total P Total Zn P/Zn ratio
PO 2.29b 39.4 a 58
P1 2.89 a 28.9b 100
P2 310 a 23¢ 139
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3 Wtie

MIEREWANETFRERRRVEERRZ
—. AFREN, HEA B ARAKTEHRS, /D
EFRF I FREBERKS, AHRLERBE
KB RKEBEABEERN L EERESEFE
BERW (K1), HBFREMR T HE YK N TR
TR, TRERVHCRMBHEK, HEERE
WINEASTHERE N, FSBRVEE TR(E
2) NEFHREHEBERMGES), HEETRE
RERKF—EWEMHT . KPEATENE RS
BB ERE, AT S BOE W K R
FRBN”. WA DEFRIBRBEEREBENR
MR, B R ERMNEE L H TENaE, L
HEMNEAGR FRPHEHE, BHXNERT 4
AR, XFTEHNAREERTHE—FEA

NERREBREWNPEENBREDZ—,
BEEANREFBKEHRES, NESFEFIZERS
REARABWANFRE, DETFRFHETEN
SR ERREEY A TR E I 5 R A T8 R &
BERELHE. FHRGEREP, HE P05 135 kg/hm’
(PR2)KFET ,/NEFRESTEN 22.3 mg/kg, FELAD
EZEMAIETERENBX  HEAEREMH 0.5k
EHHE,MNERNERFBEANSHEN 11.1
mg, WREH  RENMNEZTFREFETIHN 29.8
mg/kg'®, SARK P P1 KFTFH/NEFRES R
(28.9 mg/kg) MY, ERESHEHTE, BAEXN
B HBARSEER 14.9 mg, TR E A P2 4
HYNEEHR, BAEBRXELPLBAT 3.8 mg 8,
T, FRIENEYERECTHEE, BEE
DHRIEABFEESY TR P, HRENEYER
PR , R B o A iR i), BRI R 45 A Rl
BHEMREREIRE TR BB 3%, B
PUEFEFR P EBRMEN S FH(ER/Zn)EHR
BYPENEYE BTN, EEERM A E
RF 20 BB R, FPRERSEZIRET
BR ORI B B A0 B B A A Bk, BT LA R A
B THREETLEBRRE, HRRE, R
AWMEFFRMERKE 25%~29% , K%K
B 6%—11% , EHER/Zn 3 MBI 30, B A KB
BRI = 2 S B R B RN 5| R R E &
IO, AL R BRI, 54 MR IE & 4 BAR
b, &/NZE TR P/Zn BEE HE R B i 38 in T B 2 3
(R2MR3), BEFEVHREABHEESY TR

e, B BT DU BT &N R TR AR 4 F 1
B A0, AT B MR T B AR R

GRLEETR, M T REEABETE ERET &
/NZE TR & BN A W S, AR P JRR
AR RN B BB B R 8 R T A BT R BT P2
Ae3E R FRARBRBE /D ETFR SR
A W7 S R T T A A £ R i R R
BB XMERBATSBEACHITRACE R, X ¥,
EREWAXRBHBRRE, A LR MREL
NEMBIURBHNZR NMBEFHERLR, WE
NRREER
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