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“IE K H HAE S SRS W S 24 AR R A Ry S, A 3 00 R SR A I 5 A M DG 3 gy
Mr, 38 A ) VG 8 B TR 9 B 2R MR A 5 1 B b KA/ INE TN TR K 8 7 o A Rl I AL A Bk s 3R
WA BET B TR I, ZEAER WY, 1 XA /N R 7 I A AL I S 26,2 mg/kg, H KA 13.9
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M AR <15, 15 ~40 1 >40 mg/kg I, B T KJti# & 5> 58 P,0, 70 ~85, 55 ~70 £1 10 ~ 15
ZNE - HERRERRT, BHEEEEEST RN <15, 15 ~25, 25 ~40 Fl >40 mg/kg I, /N
RS54 P,0, 100 ~ 120, 90 ~ 100, 80 ~90 F1 15 ~20 kg/hm?,
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BUE e b, A nl il 3 oo 42 U 095 W O 2k HE ALK
PR R A S S CaCl, - P SE R PEAY
R U SR VB R A B B s A
g B, BEA R R, WA
HRitE AR A S AR DA AR A Rk 1Y
SRR BT AN, FEE U FE AR W1 I
O 0 - S R 4, T ) R S I - 4 5K
A 2 o (I 0 B 35 2 Tk I (R A F g e
A B EA K E AR I i 25 T ok R
Xt AN R B AR IR M RO e 4
MR SR IR R B, LAY %M X
N B B FH RN AR A 3t 2245 B AR AL L K B

1 MEEFE

1.1 RS A A

LN R ES & o WA R b N o ARILES
Hu AT, AL TRV A A% R I IX TR B,
Wk 524.7 m, AR 13°C, B HREOKE
550 ~600 mm, 3R Pk 4 2Ll )R R 2 L0 1
i (RBEH A L), wAEEE, BIRHE 1
FABACMR . pH{E 8.6, AL 10.9 g/kg, &
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#0.83 g/kg, W (P) 0.61 g/kg, &40 (K)
22.8 g/kg, THA#A 61.3 mg/kg, HRUWE (P) 9.6
mg/kg, HAH (K) 191.0 mg/kg,
1.2 REEIT

1990 4ERKIF UG HE T, SLATA/NE - H B oK
fE, /NXTHEFL196 m* (14 mx14 m), AiEELE,
R 9 AN A AL HE G LR 1, AR
HIRZE, BENL N BERRAS, BRAC MR AR B, RS AT
N, P, KiERIFA, AU P, KEAITA, T
FF(S) MEXRTRF, HEHR 4500 kg/hm’,

BFLAE (M) m4-2%, MINPK 4bH A HLAE N: JEHL
JEN=7:3, JF-0f+E N i 5t TCHLAE N AL 384
L. kA% /N FE BE M2NPK (1 i i & & MINPK [y
1.5 A%, T K i it 10 5 A 55, A7 AILIE Fn A
R AERKRE /N2 Tt B A B A i i — Uit
Ao EXTS5AKZE6 AW, 9 HRKE 10 A
Wk ; &/NEF 9 HRZE 10 AWIHEF, 5 AR
26 AWk, NEARKBINER 2 ~3 &, BIK
HEK IR 90 mm Ay o T K 1) T AR 95 4 T 1 2
M, BREKEW N0 mm A1,

x1 HBRELEERE (kg/hm®)
LINFE HEXK
Qb3
N P,0; K,0 N P,0; K,0
1 CK 0 0 0 0 0 0
2N 165 0 0 187.5 0 0
3 NP 165 132.0 0 187.5 56.2 0
4 NK 165 0 82.5 187.5 0 93.8
5 PK 0 132.0 82.5 0 56.2 93.8
6 NPK 165 132.0 82.5 187.5 56.2 93.8
7 SNPK 165 132.0 82.5 187.5 56.2 93.8
8SMINPK 165 132.0 82.5 187.5 56.2 93.8
9M2NPK 247.5 198.0 123.7 187.5 56.2 93.8
1.3 e K, YRR A AIXS P28 (%) ; A B

BEEYVGRE, ZAREMHZ (0 ~20 cm)
THOR AR, WRISEREXT, FTHELER
R, BRI AYEZRY, P, 1 mm A
0. 15 mm Jii g5 FH .,

1.4 Wk

2wk (TP) . iR - AR - mARNAL,
Pt ik, HAUWE (Olsen —P): pH {H 8.5 1Y
0.5 mol/L NaHCO, =42, #H#hHT W 5] L (4 2 I
5E; CaCl, — P; 0.01 mol/L CaCl, 242, + /Kt
155, HephribErs, LS EYLIPIta,

1.5 I8k
1.5. 1 AEWA SO i e T ik

YRR 7= 5 X B (R 8O0 1 A2 Z2 A R A sg i, an
TIRAEFKF, Bt A ZNE 5 L B L 3 Ty
TR RBEXT VR 7 1O I FHE (CRAIH PK
AR ZESE) I SR A A o SR FHOK 1) L VG 45 Bk
A (Mitscherlich model) ' | ZHHIPEE LK.

Y=Ax [1-¢""] (1)

PARAF A B AR =5 (% ) 5 B & IR HEkfig
J1; X REFAEREBE T E (mg/ke) . KU HE PG
SR FHBEHLARAS 19 S FORD P 5L 1Y) 90% SR TR 45 3
[ 1 R
1.5.2  TIEBEEIm Al (RE) B ik
A AL T B S0 S A R S CaCl, - P
KRMFE . LIRS 58 GO BEA ORI E 1Y 4
W56 S0 A RS CaCl, - P AT W B4t
EYER
y, =a;x+b, x<T (2)
y, =a,x+b, x=T (3)
XH a , a,, bHlb, HEMENITRE, fiia ik
K, a, |/, HMW R R B S8 T
SIS RN (E R
1.5.3 AR TRk
M+ A RO KPR TR 7= s A A
T = fEYHE R x (130% ~150% ) (4)
24 A RO K VA T R G F{E RN PR 45 2
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{2 [
IR = fEYHE T (5)
1+ A RO KO B TR R A
M = R x (174 801/5)  (6)

2 RS54

2.1 ARSI C R
HIPL L AT, Bl AT Ak S Y, 4

KINEE
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50 100

FXSER (%)

250 300 350

JNZE TN T KRR = e i S v, B — 2 B Bt
JEARXS P NN B2 o K D) B PU AR AT DUAR 4
R FIOCR, TILRL/NERERE Tk, HAHK
FEIIR AW B FKF (P <0.01), Z/NEMEA
TR IR B S A 7 B A O I E 2k
26.2 Fl113.9 mg/kg, A %00 & AR T G A B
I ERRAL, (A TG AE R, B RO B Y
i, VEPsE =R AN B
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2.2 SBEFIAREENCR

FE 2 W0, il A IRn, A ARl A
IMmZEMEsEn, MG FSUS, iR R
Ko BBEEERN1.15 g/kg AR FE, =TIt
I AHESS , SEMERAT A Bl T B4 0 A7 5l & f AR T
IR FER 2 4.9 £, fEE = 1, Mesme T
1.15 g/kg B, B B A5 Pl ey 2 Pt e R

AT 1 V2 7t w4 e U7 G O
300+
250 y=237.46x-237.43
™ R*=0.792 6
= 200
en
£ 1501 (115, 34.8)
%ﬁ;
& 100F
fu
50- y=48.696x-20.93
R*=0.5727
0 Il Il I
0.0 1.0 2.0 3.0

AW (gkg)
B2 TESBSEABZEANXER

2.3 A%BES CaCl, -P XA

T EEAE R FFEE N ae ), 145
T Lk 2B TR, HARXERS 3, (1
B2 M S i A v, e BT Il 1 A R A R R 1
i, EBEEE SN, A B S 0 AR,

HE 3 AT 0L, A AP BARET, CaCl, - P FEA
SR IR0, (ARG INOR AN A A
WG CaCl, — P REAT Z5CBE 3G 0 0 i B BH A8 K X
— Ife A B R R e P ek B2 MR
B & HAKT 39.3 mg/kg I, CaCl, — P FEA S0 # 1
OIS0 0 O R A /N, T 2 A AR i T 39. 3
mg/ kg B, GRS TGN CaCl, — P 2K
FULIG FHER 29 2. 4 %, X T+, HA KA
B2 FUE A 39. 3 mg/kg, HE—LBEINA SouE &
2B KRBT XU

250
200t

~ y=0.004 3x+0.037 4 *

< R’=0.569 6

2 150 .
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YR P AT = ) AT RO e (B FR 3
BRI AE, A SIS TR & 7 I A ™
HI WL, SR RERLT IR, Hm Tk
(BN B — 2L BN 5l & 1, AN A h XVE )
PRI AEATE, AT RS R R R A o 2
T4 pH, AL A, KRGS R A G,
MM —Fh 3 1, ARRIVEY R 8w R TR R A
], A5 m = B B BB, wF R
FEEERRM, /NG R IR RE N T ~
20 mg/kg ", BEKA MBI FAEN T ~15 my/
kg'7#! . Tang 25 F ] 3 RO AR AL (R LA
R HEF A RAVROR Y] B PGRIRL ) Xt B SF . AR
g K A f A /N 22 R OK i 7 A AL
BRI A E AT 45 SRR, &/NEME FoR7E 3 A
AN T M 5 1 B o g = e S ) A RO T 380 1 Sl R
19.0, 12.5, 17.3 mg/kg Ml 17.3. 12.1, 16.4
meg/ kg, H R ) B PG A AU A5 B3k A X e
T 90 % s} A sz % - 4 /N7 L K i 7 A AU i
FUEAY 1M 22,4 F120. 1 mg/kg, 2 R E LR A Al
HATF GBI 1.5 £, ABF5EHIK D) 5L 76 A5 Y
R, IREIAHNT G 90% I A/ INAE AT Sl e Al
#726.2 mg/kg, HEAKHK13.9 mg/kg, 5 Tang 5
MIZERAALL, &/NEIGFHE2E S R0, T KR
FHE 22 5K, XARFTREJE A Tang 55 R FH Y /2
AR P2 3 08 E A 5 - B Akl e RS A 4
B, AR A B2V E YA X 7 5 F0 - A Rk
SREIEHMER, Si5h, FrR AR K D) L PG 48 Fios
R AN, Bail® %5 BT GRS A7 B
P B A/INE I K e 7™ B A SO i R 53
16.1 Fll 14. 6 mg/kg, AHFFEH HA/NE B Ilh FHE
ZEFER, MEEKRMERIEAMR, XfeEhT
FERFBBRUASIR TS, ICAMASBIF ST BT R FH A A
BZT Bai SFMIMISE, WORBRST 2SR BRI,
i bnrn, Bt B AN ARG FUE N 26.2 mg/
kg, HI KM 13.9 mg/kg, HFKITFHARL
BEARHR T4/ ML, 5EFSRES, TP ARHS
P, HEEELERE AR 2 L H R OKRAR R ABAS S
JEFRUR R, TR AL B 1 38 0 i %) 28 0 A R v 4R
B, NSO TR E = s A K7 & T
LN o RPHIX A/ NAE - H EARBAEROUT, BEIE
N AR/ I, B KT LAGE /D
3.2 BB IE FUE

e, AR R . R R

AN A M5 e BB 249k 299 ~490 kt, ik EHEAE
B 10% 2720 — Ry, MRER A+ EE
MURBEE R E R ANY (HTAE A I 5T R
W, SR REMAEL, SEHHZE R
KR, #EEBIRE R K, Maguire %577 f
FER, RHEEHBEROKE (B TERZER
W) AEHIUR B TR AR, T W R kA
ARETZH, Zhao S5 I #5- Fk [ AS ] 4 HE A5 5l vk
Jellfe FABAE 29. 96 ~ 156. 78 mg/kg Z 18], A KAl LA
SGIBURI et vt ¥ SR VIND I ALK X/ IRl 7 < e w2023
FIRA B AR, 5 0 45 450 i g 45 SR R KRS 1
BRI R B TE 53 ~ 84 mg/kg, I FLE Y &AL 32
BE R SR AA G, MR B, XIRITE
SOV BRI Y 5 SR B2 A R A R
BYEA 23 mg/kg, AL RLNIN 39.3 mg/ke,
IXAR AT eI PR A i H -3 S0 ) fe K B i AN [ml 5 |
Ry, H AR S R K HA 60 me/kg 24T,
A5 foe KA 0 & iR 8 T 205 mg/kg, #E
AR R B A S R S A 40 mg/kg, Bai
OISR A T B, I A A O A
HIEWE N 39.9 mg/kg, AWFIELER S w455
Bai S0 5E 4 AR R T
3.3 #EEIXHERRIERE Y

FEAT A AR AR D2 R4 i 6 i X BE - A 37
SrFBAEAR R T, &N AR R TR 43
JAE (<10 mg/kg) . (10 ~ 30 mg/kg) .
(30 ~45 mg/kg) FIME ( >45 mg/kg); HEAKA]
K43 % ( <10 mg/kg) . i (10 ~25 mg/kg) | f=n
(25 ~40 mg/kg) FIMm ( >40 mg/kg) . ZAds
B R AN 5 T VE D 1 2 g A = 384G 2550 1 0 A7 bR
B, M % RS E B A PR BT RS, MR A I 58
MIZE IR, PR A RO & 5 KT 39. 3 mg/kg B,
J AUV 1 XU S 2 1, HCwT DA S Bk XA
YR NE i B (RS Rm) 1Y BIR,
TCRE T LA 4 5 o A it AR R B 58 1, AR i L3k
i, Bt B AN ARG FAE N 26.2 mg/
kg, HERMIGFE N 13.9 mg/kg, FNHE, L
AU, P X - A RO A A 2 S5 4 LA 40
mg/kg FH, &/NFEMFBELE DL 25 meg/kg N
H, BERAFEHREH LIS mg/kg HH, BT
T DORUL, 48/ RO 1Y) 3= B S5 1 g AR
TR A3 R R 25 ~ 40 FT > 40 mg/kg, T T oK
7 SR 118 = G S 1% e N AR o U RT R R 15 ~ 40
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1 >40 mg/ke,

S U, AT RUR R e o B9 T
K, WEWEY RN A S B IC T E, B5 < B A fe
WEEER” hEEIC RIS, ARSI T
SRR R ML AT S, O AT R AR P IR
WERN 130% ~150% " + 8 S % T F
RS R Y MR RE S, SR FH % 0 A v 1 it S
i, HEACEESE TAE S i, RIS e T
FEFEAR TG 1Y B AR, SR <R Shit g
W, B IC S TR i 174 3k 151 AR
PEAA IS 1 BT 45 R, B IR 431 1 1Y) ik 2R
(NP, NPK, SNPK, MINPK I M2NPK) /N2 [
R 22 AR EIE N 26.9 keg/hm®, EOK
24.5 kg/hm® . PEAWFFEAG H 05 1 XA/ NI &
KR A A A RO A I R K
IHEAERRE R TR A P R e, L
TR BB TAEY) 7 W S FR IR (=
IR, VEPIRESE R SR 2458 (2
SEPIE + 1 bR ) . SRR TS, &
AN B . A AU B < 25 mg/kg
mF, R R P,0, 80 ~ 95 kg/hm?®; 384 &k
TN 25 ~ 40 mg/kg W, &N FE it A PO,
60 ~80 kg/hm”; A AUHE i > 40 mg/kg B, &/
F Wil P,0, 10 ~ 15 kg/hm® . B T KA HEFE i
Wi, MBS <15 mg/ke B, HEBEE N
P,05 70 ~85 kg/hm’; 3 &0 & &4 15 ~ 40
mg/kg I}, Jifif N P,05 55 ~70 kg/hm”; F &k
T > 40 mg/kg B, i@ &N P,05 10 ~ 15 kg/
hm? o XFFARARAI 55 A o Bk, ] 43551 % 18 £ i
FIA it .

A E R, TEA/NE - KRB AER
o BRSSO T AN, RIS bk B
HEXS T 255 F KA SR B LT 5 2 K Y 2R it
MRCRAR S e mIE S e B, &N -
B AFOK—AE PRI ZE ORISR e b 4R < AR
BRI, AEABERIURE AT T, T
B R FH SRR TF AR T AR 3 &N - H R
KA H A K E BRI, RN -
TR — AR TR X IR R o N -
FOKREAE RIS —ia %, 2/3 BRI RIfE/NE 2,
1/3 BEIEFITE Tk Fe s gk H + 6 IR
B, Ae/INAZ R K 7 A A8l i S 5 TR 3R A
BT, EENE - B ERRIERRT, LML

TERE . M A A A i < 15 me/kg B, i
M P,0, 100 ~ 120 kg/hm’; H3EA RS H15 ~ 25
mg/kg 5}, Ji#E& A P,05 90 ~ 100 kg/hm’; +3EH
BBl 25 ~40 mg/kg B, JiEBE RN P,05 80 ~90
ke/hm’; HRWE & >40 mg/kg B, FlifiE N P,0,
15 ~20 kg/hm® , B R KPR R, 4 HHEA AL
B & < 15 mg/kg B, il B & A P,0550 ~ 60
kg/hm’; IR S 15 ~25 mg/kg I, Maw
g P,0, 45 ~ 50 kg/hm®; + 3 XL M A & 25 ~
40 mg/kg I, Ma#iE A P,0, 40 ~45 kg/hm® ; 43500
i >40 mg/kg B, @R R P,05 5 ~10 kg/hm®,

MRAEAT A2 A 20 2 A A 4 R, e R R
P AN BT, DG rb b DB A RO &
TE 26.25 ~29. 62 mg/kg, “FHk 28.02 mg/kg, Vi
B2 DA Sl B Bl B, A BEEHER 3R 00
e I A8 Tt At B T A O — 3 ok B T B AR, ELID
o (A AT 2 s i — 2P Bk . A ALUIE it H]— &

LR & R R D SRR A LAE,
i IR AR R, w7 R R R

SRR T 1 PR UG KU, A BLAE
AT FH IO 5 e 2R T T )

4 it

VAN A R I A R 26. 2 mg/kg,
HEKA13.9 mg/ke,

A A B 4 R ) 3 A A W I R R
MBS EET 115 g/kg BF, 3907 AT R0
JIT T R Rk D A RO AR T 39.3
mg/ kg B, B 2RI KU K

P X TERAEIEOL T, Y - HeA R it <
25 mg/kg, A/NANREEN R P,0, 80 ~95 kg/hm’ LA
by RHEAREE AR 25 ~ 40 mg/kg BF, &N
Wi A P,0, 60 ~ 80 kg/hm®; 474 % & it > 40
mg/ kg BF, &/NE i E R P,0, 10 ~ 15 kg/hrnzo
YA S AR T 15 me/kg B, H B K #E
oA P,0, 70 ~ 85 kg/hm’ LA I + HEA 00 & &=
M 15 ~40 mg/kg I, B E K@ E A P,0, 55 ~
70 kg/hm*; 475 %085 & > 40 mg/kg i, H LK
Jiti W % o P,0, 10 ~ 15 kg/hm® , fE4/NE - HE
KIBAEERRT, SHIEAUBHESTEN <15, 15~
25, 25 ~40 il > 40 mg/kg B, 47N 32 Jiti 1 12 43 )
9 P,05100 ~ 120, 90 ~ 100, 80 ~ 90 #l 15 ~ 20
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kg/hm® | B FOKTif B 1t 535104 P,05 50 ~60, 45 ~
50, 25 ~40 f15 ~10 kg/hm’,
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Research of phosphorus critical value for crop yield and soil leaching, and phosphorus fertilizer recommendation on
an anthropogenic Loess soil area

XI Xue-gin', SUN Ben-hua'*, CHEN Yong®, YANG Xue-yun' (1. Key Laboratory of Plant Nutrition and the Agri-environ-
ment in Northwest China, Ministry of Agriculture; College of Natural Resources and Environment, Northwest Agriculture and
Forestry University, Yangling Shaanxi 712100; 2. College of Information Engineering, Northwest Agriculture and Forestry U-
niversity, Yangling Shaanxi 712100)

Abstract: It can provide a theoretical basis for achieving optimal crop yields and minimal P losses to determine the critical soil
P level and reasonable fertilization. Based on a 24-year long-term fertilization experiment on ‘ The national fertility and fertilizer
efficiency monitoring base of loess soil” in Yangling, Shaanxi province, long-term history data and the related analysis of soil
were used to determine the critical value of soil Olsen-P for crop yield and soil P leaching threshold by the Mitscherlich index
model and the two-segment linear model respectively. The results showed that, the critical value of soil Olsen-P was 26. 2 mg/
kg for winter wheat, and 13.9 mg/kg for summer maize. There existed an evident change-point on soil Olsen-P along with the
increasing of soil total P, which was total P at 1. 15 g/kg and Olsen-P at 34. 8 mg/kg, and the Olsen-P increased greatly with
the increasing of soil total P above the change-point. Similar change-point was found also between soil Olsen-P and CaCl,-P,
the risk of P leaching increased greatly when Olsen-P was above 39. 3 mg/kg. Under the condition of no rotation, the applica-
tion rates of phosphorus fertilizer (P,0;) were 80 ~95, 60 ~80 and 10 ~ 15 kg/hm’ respectively, when soil Olsen-P were <
25, 25 ~40 and >40 mg/kg for winter wheat. The application rates were 70 ~85, 55 ~70 and 10 ~ 15 kg/hm’ respectively,
when soil Olsen-P were <15, 15 ~40 and >40 mg/kg for summer maize. Under the condition of winter wheat-summer maize
rotation, the application rates of phosphorus fertilizer (P,05) were 100 ~ 120, 90 ~100, 80 ~90, and 15 ~20 kg/hm* for
winter wheat, and the application rates of phosphorus fertilizer (P,0;) were 50 ~60, 45 ~50, 25 ~40, and 5 ~10 kg/hm’
for summer maize, when soil Olsen-P were <15, 15 ~25, 25 ~40 and >40 mg/kg, respectively.

Key words: Loess soil; Olsen-P; critical value; phosphorus application rates





