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Evaluation of Soil Phosphorus Accumulation and Loss Risk on Arable Land at County Level: The Example of
Pinggu District, Beijing City, China

BAI Zhao—hai, WAN Qi—yu, LI Hai—gang, DUAN Zeng—qiang, CHEN Qing"

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: The variation of phosphorus demand and input among different cropping system may cause the different surplus and risk to envi—
ronment. The aim of this study is to evaluate the difference of soil phosphorus(P) accumulation and potential risk of P loss to environment
among cereal, fruit and vegetable cropping systems in Pinggu District, Beijing suburb, through field survey on phosphorus application and soil
analysis. The results showed that the average P input was 76, 575 kg P,0s-hm?+a™ and 693 kg P,0s hm?+a™ in cereal, vegetable and orchard
systems, respectively. Manure P was the main proportion of the total P input in vegetable and orchard systems and P surplus was 468 kg P,Os-

hm?-a™ and 498 kg P,0s-hm2-a™!, which was much higher than that in cereal system(38 kg P,0s-hm?-a™). This caused high variation in soil
Olsen—P content, which was 18.4, 44.3 mg-kg™ and 40.4 mg kg™ for cereal (n=260), vegetable (n=108) and orchard (n=548) system, re—
spectively. It was found that there were change—points when soil CaCl,—P rapid increased with soil Olsen—P was 23.1, 40.1 mg-kg™ and 51.5

mg kg™ for sandy loam, light loam and heavy loam soils, respectively, through the correlation analysis between soil Olsen—P and CaCl, ex—
tracted P contents. The value of change—point was significantly higher in clay soils than loam soils. As classified with soil texture, 7.7%,
44.0% and 33.6% of the surveyed fields were with high P leaching potential in cereal, vegetable and orchard cropping system, respectively. It
is necessary to manage P input in vegetable and orchard system following crop requirement and soil P fertility.
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BHEAHYE K ORI RRER TR —, Hi%
A R A E Y B EEAE A, 1950s
FE AR H LIRS BN 10 mg-kg™,1960s I ZE
1970s RIYIFEE 4 mg-kg'?, H 1980 4ELISK, FEE K
BEHREMERA, RERHBEASAREHE, 1990s 7]
WK 51355 23.8.33.7 kg P-hm™, —S6Z P04
YRR R B R AN A £, WG L5t 3 H 4947
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BT —SREIEY =&, RENBHE BB S5
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JEE KB X, 48 K R R A B %
B B H R Tz XN R R 2R - SERE A B
= REMAEDI AR AL T A KR [F R
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ASCH ) R A7 VA B (A R S A A AN 6) 5 2R
MBS BRI E T X S BUE AR, W5 50 m NAE7E
T e P 7 =X, BT A T T ARy =X R A
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L AR A T XA A
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Fria BLRGETH T o R SR - TR A R R B
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BEHE SR 43 & B AETA B AR P RAE R34S .
AR TN R R, B RESGYIEHER, B
DA [RA HLAE SR 43 BeARHE B B RO B AR
HEM(PEAVESRGE), AIIERSEEGE D)
I 1 m® #E A HLAE=1 000 kg, 1 m* F A HLAE=
600 kg 75 . FEVIREFR T SE(ER 2)ZEFER
CHERHSE FE T ) S B 3083 Ll AR A8 VR HE BEAR L T1a]
RSP YU
1.3 THAEBREES

Rt TARTE VA X kAT , B4 fd AR BE N 400 m
975 TEAS W 55 A3 A - 2t B FHECAR B B o, e 32
XOFE R, B E PR R 916 S, R H 260 1, 32 H
108 1>, SRbd 548 1~ KA HBGECL, BCETRE R 20
cm, TEH A DL S RIPRLR , B 5 45 HAEARER 1 Mihdk,
BE)G BRI T, 3 2 mm i, Olsen—P A 0.5 mol-L™
NaHCO; 22 , - [t 1:20, $H 86 5T b G35 W %€
CaClL-P F§ 0.01 mol-L'CaCl, B2, T ¥ Lkt 1:5, 4056
PUHCABEMIE Y, 25077 A S R Al THIm E,
BRI SigmaPlot FYRU AR T /3 B4k

2 HERSH
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Table 1 Nutrient content of different manures

AHHLIEFp ¥ 3 (% )Fresh weight basis  T2£(% )Dry weight basis
Manure N P05 K0 N P.0s K0
Pl 1.03 0.95 08 214 201 1.83
F 0.55 0.56 035 204 187 1.30
S 0.38 0.22 0.28 156  0.88 1.08
EE 1.01 050  0.64 1.97 1.05 1.54
o% 044 031 0.46 135 099 1.50
B 0.71 0.83 0.66 1.64 1.80 151
HEHE 0.35 0.25 048 064 049 1.26
BHUE 069 0.56 0.54 1.78 143 1.46
Bk B ER AR RS PO S B PR SR
43EDo
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& 2 HBL 100 kg & FF = BEMIIRE ERBE TR (kg)
Table 2 NPK nutrient removal for 100 kg economic yield of

crop harvest(kg)

Fe9 Crop T EF£53/kg Harvest removal
N P05 K0
FEK 2.50 1.30 2.10
ZINFE 2.70 1.20 2.00
JES S 2.30 1.25 1.60
INGE 2.70 1.05 2.10
EP/N 2.40 1.30 1.85
pN- 7.50 0.65 2.50
KA 0.18 0.06 0.11
B b 0.31 0.19 0.58
% b 0.24 0.08 0.57
E 35 0.80 0.25 0.70
EJIN 0.14 0.05 0.22
#IR 0.27 0.13 0.35
GINCA 0.41 0.25 0.88
oM 0.34 0.23 0.59
B 0.51 0.11 0.65
HiF 0.32 0.09 0.45
il 0.35 0.10 0.39
UNEES 0.16 0.09 0.39
PNEES 0.19 0.09 0.34
b 1.09 0.21 0.49
Hik 0.30 0.10 0.22
=4 0.20 0.09 0.39
Bk 0.50 0.20 0.70
REE 0.25 0.10 0.32

- SH RGNS AT, B e30sF.

F P, R EHK, TR H D SR A iR
575 kg P,0s+hm, A G HLAE 483 kg P,0s-hm™, 5 &
AR 84.0%; R F-HEEHiBE 693 kg P,Os -
hm2, ARG HLAE 471 kg P,0s-hm2, 45 HLAL B &5 SR
BBABERERN 67.9%; HWHEFEHEBAN 76 ke
ons'hm_z, E?&ﬁﬁmﬂﬂﬁ/\@%?o E@&?&/\ﬁ
J7 T8I, 3% H AR B B AR A B 53 R A E Y
7.6 51 9.1 f5 . FA XM HFHFE PR A AR 38 kg
P,05 +hm?, %i&%ﬁ@%@ﬁﬁ% 498 kg P,05-hm?, 3%

bel -4 PR BERLAR A 468 kg P,0s-hm™, SR e
REARNRHBRBRKREN 2544,
22 AEFEE R L IEBER RRKE

AR RIZE1IE (0~20 cm)Olsen-P FEAFCH
916 N(& 6),0lsen-P L& 8K 342 mg-kg™, Hor :
AR H3EREAR 260 4, Olsen—P SE14 & & & 18.4 mg-
kgl SR +IEREA 548 4, Olsen—P SE3 &8k 40.4
mg-kg™; ZEH TG 108 >, Olsen—P P& &N
44.3 mg-kg™,

29.6% )3 H + HEREAR Olsen—P 5 AL F 0~20
mg kg™ Z 0], TAHNL A 43.1%5F e T 75.0%F)
5 H 13 Olsen-P 8 ALTF 0~20 mg kg™ Z[7], +-3
Olsen—P & 2t 4b T30 Fl A B 4375 Lol R HH >R bl
>3¥H, 5 Olsen-P & &4bF 0~20 mg-kg™ Z[A] {43
TG, AL T 20~80 mg-kg™ Z[E AL
151143 B3 1 (52.8% ) >R b (41.8% )>AR FH (23.7% ) .
3% H 13 Olsen-P & KT 80 mg-kg™ MY HEALL
Bl , 0 16.7% ; R HK, Ry 15.1% M H A,
1.3%,75%% H 13 Olsen—P & <20 mg-kg™,30%3¢
FH +-3% Olsen-P £ & <20 mg kg™, 1 52 1 3% Olsen—
P & 8<20 mg-kg™ (1953 43% , FEXT 3 FH AR H 4307
He] B3 (1) o

F 2 g5 AR EBIE AR A S 11 Olsen-
P A ARIAT, SE H R AU H -S4 HE B 30 R
127.268 kg P,0s+hm™ F1 83 kg P,0s-hm™ B}, + 3
Olsen—P 7K F-4bF 0~20 mg-kg™; 3 H SR fel AU H P
e AL B 43 31 289,396 kg P,0s+hm™ F1 71 kg P05+
hm?2 i}, +3% Olsen—P 7K 4L F 20~80 mg-kg™; 243%
FH . SR AR FH P 259 566 BE 2 40 i) 3 3] 319,493 kg
P,0s-hm™ #1 63 kg P,0s-hm™ B}, -3 Olsen—P /K->
80 mg kg™,
2.3 AEIZEEVR it + IR 15 4t

K3, B 43R0, 7R85 LERTFESE Olsen-P
5 CaCl-P R i BIBEMAE P, EBI S Z e +
3 CaCl,-P i +3% Olsen-P py3g MM B &M, S+
3 Olsen—P & &/ THEMIE DI R I, T IEBEWR I

R 3 FARAREMER R DR T R BER T EN T HE

Table 3 The average of soil Olsen—P level and P input rates for each cropping system of Pinggu county

Pk Z Olsen—P/ BEF# P balance/ BB A Pinput/  HHLUE P G RBELLA]  BRKR XS (Olsen—P B FHENE

Cropping system mg-kg™ kg P,05+hm™ kg P,0s+hm™ Po/TP/% B BAREAS L B )P leaching risk/%
¥ H Cereal 18.4+32.5(n=260) 38+88(n=190) 76+87(n=190) 0 7.7
SR Orchard 44.3+41.3(n=549) 468+528(n=138) 693+503(n=138) 67.9 44.0
3 H Vegetable 40.4+41.5(n=109) 498+343(n=30) 575+342(n=30) 84.0 33.6
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Figure 1 Frequency of Olsen—P level of surface soil for each cropping system of Pinggu county
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Figure 2 Annual P inputs of different Olsen—P level for each cropping system of Pinggu county

B ez, Wbk o XU 35 o 13tk 5 1 B
2 R e T 52, B RS T BRI B AR
A Olsen—P (B4 5IK 25.7 mg-kg™ 1 40.1 mg kg™, 35
B Olsen—P K CaCl,—P {8 |5 + 3 5 1 kG 25 1 &2 3% 7
e R  BU 2 X AY Olsen—P /2 23.1 mg-kg™,
/N TIRIER 40.1 mg-kg™ FIEIE 51.5 mg-kg™; P
B R E X P R CaCl,—P {E43-5 4 0.24.,0.82
mg-kg? F1.11 mg kg™ 46+ P 34%, T+ H 5
20%; #8 +HAbEE S 11%, 851 5 63% (& 5),

T B B 5K 13 Olsen—P F1 CaCL-P 2
[B] IR R AT APIER G , TR P R Z S i T R R 3R
ERTREB S ZAT BRI, TP Olsen-P 5
CaCl-P Z [A] X R PIA~EER 538 0.01 F10.07, %
R 0.023 A1 0.087, EIER 0.024 F1 0.064, B 2 JA]
A HLIE 208 7.0 > 324 3.8 STEIE 2.7, P-4
ARG E T TR, ARYETTHL 2, PPN AN RIFpAE A
FARIRTE AU, SFA45 DX 32 SR ] AR EE T A I XL
B, RIEREA 5 BAEAS H B4 51 R 41.3%.,38.3%F1
9.2%(E 6),

3 g

S Xk H 13 Olsen-P B 5L E TR HEK
NI B AR T s SR C AR E 8RR, A
7385 R AR AR PR, B LASE H 123 Olsen—P {5
AR T A6 5 T 3 H I R FY) 100 mg -kg ™' SR 423
Olsen-P & & 54 FE R EH Olsen-P & & 43.1 mg-
kg™ AT, {HB%E T IL A T R -3 Olsen—P 7K
33.0 mg-kg ' P A R R A RBER KA
Y957, AR 2 W) it HE 4 s vT BB R i 1 3% Olsen-P
TRAWSMFEER(E 2), HRE EHARH
) - 247 i A 43 311K 507,413 kg P,Os-hm™ F1 43 kg
P,0s-hm™2 i, X} + 3% Olsen-P & & K F 60 mg-
kg™ MHEAEE BN 268,127 kg P,Oshm™ F1 83 kg
P,0s-hm i, XFh 13 Olsen—P & B N{KT 20 mg-
kg™; S 3% A H Olsen—P 58 > 60 mg-kg™ ()
R PR AE & 2 Olsen-P &4 0~20 mg kg™ K
FEAEE 1.9.3.2 151 0.5 £, MEAEEMZER S L5
Olsen—P 4347 LU AR Y
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45 KON [RI R A4 3R 0 38 1) 20 A A AE PP
e i 5 100 - 4B A ke = ——BR il P B2 A0 - e i =
FE——FERE R ALK 77.5% )4 H 3T
K HYEY & =& B 13 Olsen—P ¥KJE 20 mg-kg™™, X
T o3 1 T L PR A SR = AT T LA AR A 7 5
13.3% A H 3 2 2881 20 mg kg™, {E BRI XU
BAK, X4 (R AR E ShBie ; KA
9.2% K1 4% H - SRk s XRS5 e , g ik S i A it P o
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Figure 5 The distribution of soil texture based on soil classification
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46.3% ,(HEX 5 LA 39% 1) A S
AU 5 T HAY 30.6%A93% H +3 Olsen—P {& T 20 mg-
kg, XS Te ELHAT T A SO A BEAE . SR R
+3E5E EH Y Olsen-P & BE7E 20~40 mg-kg™ Z [A] 12,
V43 KB 43 B A 19.9% 4 3 Olsen—P 2 4bF3&
EIEEIN A, X R KUK =T 40
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Figure 6 The evaluation of soil P fertility level and leaching risk of each cropping system

i3 T 43.1%5) 5458 13 Olsen—P & &% F 20 mg-kg”, TN HIER RS IA 26 . TS , A AR
XA T gERR I T SR E A= %, W Bt v AR AR K, BT LA 17 35 55 ) Olsen—P Al Ca—
B5 T + A E Olsen—P 5 CaClL,-P RAEPI &S ClL-P HBK, #8 L85 XF ) Olsen—P EAF# £, 7]
BUBE RS 08, TRES ERELEPRRMHE  EREABEPHEE SR T 34%, M+ 2 20%;
WA, SR EPHRFEERUNENTE  BEPeEd 1%, 81205 63%(E 5).
g H R, B RA R RE Ca-P( Z858%, AN TRIFAR A 2R LA Wbk e RS ) 338 | i R A
Cay(HPO,),) ,Cag—P(/\55#%, CasH (PO, )s) F1 HAP(3% (KRR BRI ESRHSRESHEH, XA 5 A M
FBEIKA , Can(POL)(OH) ) B EARFRE  HERMBIERA . BRARKRLAIERA LGS
AR B AR S N7 , NAE -3 HAP @iARER S X REPEHEFEER 693 kg P0s+hm?, H A A HLAE
PIMER AR, W] AR 3L A3 3 R AE SRR 5 67.9%, R R 4 468 kg P,Os-hm?,
R, P65 Olsen-P{H, EEESZESAME, BIAMERN & TF2EREFHKFE 262 kg P,0shm =215 324,
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S Y5 4 4F Bl B 575 kg P,Os+hm?, Hep gy &
84.0% , S 11 V-3 4F R LA 498 kg P,0s-hm™; ¥t H
FHEREREIE A K 76 kg P,0s-hm2, i FAAHLIE,
H LR FRBEBLAY 38 kg P,Os-hm™, S HFISREE A B
JEFEA B BIEAR HE AR 7.6 571 9.1 £, R
BABAMHHBERAKREN 12 /5, AIEMKE
1t S 20T 5 B S H 3 Olsen—P {4 B &3
B, 32 43 Olsen—P & &7 53%170.9~646.0 mg -
kg B350 L5 + 3 Olsen—P & 13.9~109.1 mg kg™,
BHESA REHEA TR A YLBE 2, T U E
B3+ 5849 Olsen-P /K 55— HAVEE AKX
BB VLR, Ko7 ] L SRS 45
A, PRI BE RS df A 4 A R [R] B 7 ML T R Ak
FEREBUNF B LR , o AT LAY fft— 0 0 BB 5 1
58 IR A RCER), A PLAE AR A RT LA 1R
T A TE M, f2 1 138 Olsen—P Y343 B 35 5
F e AL 2EBEAE

W45 X 3% H AR TR AR B A IUERA
Fo it i, - SEBEI O XURS: L4513 5, L R B A7 ZEAH
24 b 51 -+ R FR = A ) R ; [T B RR EEU E TR AL
B XAYUHERA BIEBAL, TR =R, £F
A HUEAEREAE + SR, W R B RS sh i TR B
2, AT DAREABEIR IR IXUBS 5 25 3 AR I A AL 4R
A, BEARBE R Bk 2 KUK ; [R] Bt KA AL 7EAR H B
BER = A4 SR A0S AP A4t , 335 18 33 R ARIE
EWIE ™= o

4 g

5 3 | R 13 Olsen—P Y3 1 CaCl,—P
PR FFE— AP S RV £ 5, I 3
MRS B 2R W . P KRR FpAE R R
Olsen-P /3 A¥I5), MRYEFHLEHL, 9.2% MM H ,
41.3% 3% HI 1 38.3% ) SR 1] + SR o KU 45 , IR
AR H R AR E 53 51F 79.0%,29.6%F1 41.3%H
IR AN Z L A RIFAE R R R BERE XA PR
AZFRO RS B XA HBER A A 5
JR o SRR 693 kg P,0s-hm™, KA HLALHE
AR BBEER 67.9%; TR 575 kg P,Os
hm?, B HUERE 5 S B R 84.0% ; K HAEY -3tk
76 kg P,0s-hm?, HHUAEHE 5 BB R Y 0%, PHREER
RTFH XN RIFPR R R = A 0 L 35T
A7, DEARYE A R R (A 22 1 398 7 175 10 & 8t P TG ML
BRACFIE AL, SCIRSE IR A - FIIR R &% 4,
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