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e AZERE AN B g s H T iER R R 5T B E
THAE, PEN KOS, AR, BER HREL K OF

(LA AP RAT IR SEIEERE, Jbat 1001935 2. et TR A Bt # 57 5 BHIRAT T, Jbat 100097)

A LS S A it FH A AT B, L 224 ) 63 , 5 B AN R R0 FEE (CMIT: 30 t+hm?; CM2: 60
t-hm™;CM3:90 t~hm™) F138 it A ] 5 VA O HLIE it % 5% = . - Bl 38 R stk 5 . 45 5 11, 2011—2014 4 it
JIEL ALt YA S b B R (CK 2 0 t-hm™ 8B ) 2B R £ Ax i 0 290 kg P-hm,0~30 em + )2 +- 38 Olsen—P R A1 EE (DPS) #4517
2 T R AR PR SE B o ZEATTC R VR VAL P 2B 1 1 W 3R A AN R 7E 3 b i) AR, B 1) 2011—2014 42 R BBER AR it hy
ANHEFENE BRI AL PRI 6~22 1% o Bl ZE Nt FH S (3% i, £33 4 8% . Olsen—P  CaCl,—P Mehlich3—P 1 DPS Brill#s i, 438 E H
HIAF) 60 t-hm2 B, B EHIN T 0~60 cm + )2 13 425  Olsen—P CaCl,—P  Mehlich3—P %5551 DPS,, 5 2 0 FF I it 773 e Ak 34
fii32)2 14 DPS $ZiRaiA %] 100%. A UGS E B KSR AZENE VAR, BB T 138 R SRR XU , 4 4F E 2
90 t-hm FENE it F I It VA VAL P 300 R A R TR RS 215K 90 em )2 SRS NE HAETH AL FRAH LY , ZENEFC At TH
BERE TS &, HERZ IR AT S IEY =, W28 TR MR XU . B, 728 HLEE 3 A4 7 h it
Jiti FIAS R L 30 t-hm™ 20 F it v oA

RARBIA - ZENE VR B B AL SRR s R AR IREE R
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Effects of manure and biogas slurry applications on phosphorus accumulation and mobility in organic veg-
etable soil under greenhouse

WANG Min—feng', YAN Zheng—juan', CHEN Shuo', GAO Jie—yun', LI Ji-jin%, XU Jun-xiang?, CHEN Qing"

(1.College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China; 2.Institute of Plant Nutrition and
Resources, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

Abstract : Applications of manure and biogas slurry are widespread in organic vegetable production. In this study, a long—term field experi—
ment was conducted in Yanqing, Beijing, to investigate the yields of vegetable crops and the accumulation and mobility of soil phosphorus
(P) under applications of different amounts of manure( CM1:30 t*hm™2 manure; CM2:60 t+hm™ manure; CM3:90 t+hm ™ manure ) with
the same amount of biogas slurry. Results showed that total P surplus from 2011 to 2014 was 290 kg P+hm™ in the treatment with biogas
slurry only (CK: O t+hm™ manure ). Both Olsen—P and degree of P saturation( DPS) in 0~30 cm soil depth exceeded the environmental
threshold values of P leaching in CK treatment in 2014. Long—term applications of different amounts of manure with the same amount of bio—
gas slurry significantly increased total P surplus and P accumulation in soil, and the total P surplus in these treatments from 2011 to 2014

was 6~22 times that in CK treatment. Applying 60 t-hm™ manure per season in CM2 treatment significantly increased soil total P, Olsen—P,

W #% B #:2016-03-22

SR 1 "4k S % B 1ol B (2012BAD14B04-2, 20 4BAD2ABO2-2 ) s Jb 5 i A MR 2B 15 46 FHBFIE 4 390 H (QNJJ201413 )
JbaUT AR IEHEA k BT AT AT H (BAICO1-2016)

EEE N FHEE(1990—), 55, INARZ LN WA WAL R FE AL BRI PE AL R FHAFSE . E-mail : wangminfeng@cau.edu.cn

*BIEEE .M W E-mail: qchen@cau.edu.cn
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CaCl,-P, Mehlich3-P and DPS in 0~60 cm soil depth, and application of 90 t-hm™ manure per season in CM3 treatment significantly in—

creased these values in 0~90 cm soil depth, compared with the CK treatment. The soil DPS in 0~30 ¢m soil depth was close to or reached

100% under applications of high manure with biogas slurry. In organic vegetable production, excessive applications of manure and biogas

slurry significantly increased soil P accumulation and leaching risk. Phosphorus leaching reached 90 c¢m soil depth after continuous 4-year

applications of 90 t+hm™ manure plus biogas slurry per season. Compared with the CK treatment, applying manure with bhiogas slurry signifi—

cantly increased vegetable yields. Higher manure applications did not get higher vegetable yields, but significantly increased the risk of P

leaching. Considering crop yields and environmental risk caused by soil P accumulation, we recommend the CM1[manure(30 t-hm™) plus

biogas slurry] fertilization strategy for organic greenhouse vegetable production in this region.

Keywords: manure; biogas slurry; phosphorus accumulation; phosphorus movement; degree of phosphorus saturation; environmental risk

A LR S it el DX it FH 288 1 R 7 ROk $i {1t
20, FENE PRI N/P HOA) 5 % S A iy N/P EL B 5
SRANVETHL , MR B R o A A a8, 58 R0
WLEE S 7 T BER B Y R RN 10%, T
BER Y HGHE R BNG , KRB R e H 3 R,

R 22 N\ Ryl 2 338 v 5 e R B R T, A
5y R s R0 (B & i T A g g ZE i
B L5 3 2 KA VLA ML PR S B, X
IR S RTE L 5 K AR ST TR RS H
KA AR B A5 R, Bl 3R R A XU B K
Sharpley S5 5% 42 BH , jiti A MLAE RE % BH & $2 =
RETERWTBEME . B R kR E.
Heckrath S¢ M H 4 58 5 300K 19 Olsen—P 58 72
7R 60 mg-kg™o ST IEMRYN S A BT R AN [R] DX 5
5% H - 0 2 I 1) 13 Olsen—P“ R AF 577 50~
80 mg-ke™ Z[0] . Leinweber 25 PIF 57 R BH |, + 31
FEE (DPS) 5 L8835 oK rh sl vk B 5t I 25 40 G OC
R, E R FN W R R R ) AR AR . BRI
— B[R AT DPS (B 1) 25%1E h H e 4 3 s i 0 0%
AE A0 I B, T i I 2 U0 3 [ b O A v e s X
T5 A RVE L TR R, R EA KM
DPS I SHE N 28.1% . M +3E k2 1 R R L5
I i A B, Lk S XU 2Rl 38, 3 i v g
KA

FEXT AT ML SRR 3 4 T B i 2E
NEFVA W T R T BB R BB S Rl A8 SO
FAC R AE P& B A0, WFSY T AN [ 1
A= SRS S BTR G HEIXAE , -3 it A ) 50 v 1 O
T, et AR 7 w0y RIS B B R 2
FALTEAE RS RS , B 76 A LG SRR B AR R
HA HLIE A A 3t PR RIS - el R AR el
B78 Wil gt ivie = AN

1 #REFE

L1 iR B0 Hh A R itk 3

TR B0 1R A AU 5T T A PR EL R R /N A B
Tt A b R 3 b o i A b s P JE S 1 S A 2 AR
(115°54"E.,40°24' N ), {v F #iE P EL 74 g 358 , Vg ¢ oo 8
500 m 2247, J@ A 5 AR TR SRR E A R
T SR, AR B AR AR 8 €L AR T
R 443.2 mm, TCEGH 150~170 d.

RIS TE NS S35 B A iR 0 P S
MR ST, Z S RTEEY A A A 58
ot I AT 2 A HLEE S RS e, 3R ) 4%
15 ,0~20 em 12 HHEELAR PR L 1,

F 1 2011 F£HHRIEE 0~20 cm £ B T EEARMIR
Table 1 Initial soil chemical properties in 0~20 cm soil depth in

the experimental greenhouse in 2011

A HLB 2R AL A pH {8
Organic  Total nitrogen/ Available P/ Available K/ Soil pH/
matter/g-kg™ g kg mg-kg™ mg-kg™ 7K:4=5:1

31.8 1.77 159 288 7.47

1.2 e FhiEF0 H 8 &8

R 2011 4F 3 7 & 2014 4F 10 A g7, AP
Fl 10 HEBE S EBCRR SEER T W 8 AhekAE 3
TSR FARRIMEAE 0L I R2.
1.3 RIGAbIE

B0 JH 2 A A it R B 4 N KF, Al
FEAERPRIRTI . 55 1~8 7, R0 R e 2%
AR 38R JEURE E B SEIXE , 4 AN it FH 2K P43 31
0.52.5.105.210 t-hm($ T HEIFH ) ; 55 9~10 2, it
AR CA 7 b A HLAE , 5 FL R T it FH =, 5 1o
0.30.60.,90 t-hm?(#% T H 145 ), 435I LL CK.CM1,
CM2 ,CM3 IR . ZENE 2 AE AR — IR PEREA R 5
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Table 2 Crop varieties and planting periods in experimental greenhouse

Rt AL BRSRRE FivtE B[R] Wk [E] PIE 118
Season Vegetable species Planting date Harvest date Plant spacing/cm Row spacing/cm
1 i (Lycopersicon esculentum Mill., FHJ} 968 ) 2011-03-24 2011-07-30 40 40
2 Rk ZE i (Lycopersicon esculentum Mill., T4 1 5) 2011-08-24 2012-02-28 40 40
3 FE i (Lycopersicon esculentum Mill., 46 11 ) 2012-03-16 2012-08-08 40 40
4 LERRH 1 (Brassica oleracea var. capitata, EH5IK) 2012-08-16 2012-10-25 35 30
5 F3% (Apium graveolens , SCHRHL) 2012-11-13 2013-02-22 20 20
6 Feiti (Lycopersicon esculentum Mill., i} 4 5) 2013-03-17 2013-07-23 40 40
7 ZEBRH 1% (Brassica oleracea var. capitata, Hiji& ) 2013-08-19 2013-11-07 35 30
8 FE3 (Apium graveolens , B J5 ) 2013-11-25 2014-03-14 20 20
9 Ftti (Lycopersicon esculentum Mill., |7 8 =) 2014-03-28 2014-08-04 40 40
10 ZE¥Kk A2 3 (var. ramosa Hort. , S T 101) 2014-08-11 2014-10-09 35 30

B, BRI 10~15 em, L rp & i 5K H 5 F 4 Bk
A= 3 A R O A Bt FHRCAE, T SR AR B
(55 5.8 E) WA HEA T 2E N0t FH AL P . iR B0 1508 3 WK
HE  BEHLIX 41HES

ANKTERLUR 25.2 m?, AL 4G 3 AN, A A A 8.4
m*( 1.4 mx6 m), GiRferERIFEr, 2 A0 H/NX A B AR
FEAE

T H o 3 TR B T Ty 2O A Ak B it FH A [+
(VAR SRTE 7K o Znh A5 B 01 DA T VA it PRV Y Ry
525 m?~hm?; G5 BR T35 P ER A S A 7 PN TR VEE AR R
it TR R 260 m-hm™; 30 2R B BN AN B it e
W HEIX R FNHE L AR BRI o o i W3R 3.
HE IR H 4 P IR el X bR AL B AR A T

R3 HREBHZRFASEE

Table 3 Nutrient contents of the applied organic fertilizers

(manure and biogas slurry )

AR o S 1 S

AL Organic matter/ Total N/ Total P/ Total K/

Organic fertilizer

gkg! grkg? gkt gekg?
HEIXAE (5 1 2E) 231.0 11.2 10.0 32.02
HEIXAE (5 2 7)) 202.9 10.7 9.0 17.5
HEIXAE (5 3 7)) 102.9 6.3 6.6 13.7
HEIKE(HE 4 7E) 261.0 12.4 14.1 17.0
HERKE(HE 6 7E) 116.0 6.4 5.9 7.6
HEIXAE (5 7 7)) 153.9 5.9 5.8 11.0
w A HUIB (SR 9 #) 290.3 15.1 1825 2245
TBW(2011.12.7) n.d. 3.79 0.46 3.48
TR (2012.5.3) n.d. 3.17 0.36 2.18
i (2014.4) n.d. 3.18 0.53 3.09
IR CEEE) n.d. 3.38 0.45 292

e d BRI W E

Note :n.d. represent no determination.

FERE Y R HERE K
1.4 HRREMSH
141 FEARIURE 500

FERRAS/INX A Hh ] REEEA 77 0 o 3 2 UK
WL, PEAC SR A YRR R S A i, e g i 2,
H /NP S R A I 6 AR W NG R A R
WCARET 0 SR BN /N 77 i, S 5 R B A ™ i
SEWCHRINE A RMER E 1 m? SRR FRE T,
SR/ P R e N R S R A

TR RS E /N X 10~ 15 A AR IR
AR TE A SRR A, UIRRIR S, 40 B 200 g HET, I
SRR BT RE SO RS R . i 2Rt
Je , B/INKHS MR AR T AR R 250, FR e, )
PRIRST, 41 B 200 g HET, I 2505 K i, HETF4E
RIS RN 25K T SRR ZS BRAE 32 B/ NX FEAE
PRECAETER 5 MR AR AR, DIRRIR ST, 40 B 200 ¢
HET, W EoKa, BETRE SoR R 5 R

FE AR A2 B 7 1 2R ) HaSO04—HL0, 1 & - LA 1L
EEIE o RIS PRI S E R R A A TR
3

Tt il 2R o B =2 0 T H xRN i+ AL S
THR LS (1)
SEERT AT S 2R A L =R T EE A AR B

(2)

SRR SRR E =Y T E xR R SR A
W i (3)
1.4.2 3R SCRAE Sl e

2014 4% 10 HFEEYIOGRETERH 1 m K EAE 2
em TECRE RS, A/ NX 43R 0~30.,30~60
60~90 cm 3 JZHURE , BURRA B R HR 0] /)N X B4 TR A A H

/E\

il
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], BEAN/NX ST TEAS T 4 & SR Y 2R I —A+
FE RS B VK s [T S50 2 B AR R
Tk 2 mm 7, 4 H) W E £ 3 Olsen-P.CaCl,-P,
Mehlich3-P -+ 310 FIEE (DPS) 428 G HLBE .pH.
AP,

BRI I YR FH R R A o pridstel, 3 H
EWTF .

Olsen—P i 0.5 mol - L' NaHCO;(pH=8.5 ) % ¥ 2
HU(/K 4 B 20:1) J5 2R R AHB6 B Hb 7 5215 CaCl—
PFH 0.01 mol - L' CaCl, % (K L Fb 5:1) 1R 2 )5 #1586
Bi L M 1519, Mehlich3 185 ik H2HL Y 1+ 04
(/K kb 10:1) A 1CP il 52 P(M3-P) Ca(M3-Ca) Al
Mg(M3-Mg) 5221 4 7 ] H.S0,~HCIO0, 314 # -
FRBRBT LT I A2 5 A LB I S SR FH R Be i 5 KR HR
TR K R 5:1)pH FIRR B -0 2 5 A5 WL
FH RS TR S AL E

13 DPS AT AR

DPS=M3-P/(0.039M3-Ca+0462M3-Mg)x100% (4)

AR ()BT =R FE AL fpg I X 75
AN KA RS 1 25 S, M3-P M3-Ca Fll M3-Mg
435050 F M3 32 32 i 4R B ICP I %2 9 - 58 P .Ca FlI
Mg ﬁ%(mmo]'kg")o
1.4.3 IR B RMITR Tk

T HERE R R A AR

SEH B R A R E=F ORI R A E-
Hb_ b RAE RS Rk (5)

FENEFITE WA N 57 53 Hie 2 N AR W FH o DA %
FENEFR WS & i, EW IRk i WA
(1)(2)(3); T4 2 #EAGE 9 Tl 3z Rge, WA

Fr MR i, G AL PR A R A E R 1.
3.6 HTTEAS B A T it B Rl ok i A I (R A
B, 5 10 HEAEERA SRR N i L R LAAH
B B E(A38 R 0.31 kg P-1000 kg™ Bi3E 1) 45 5
TEFNSE 8 FEAMEEENEAAWL, 25 10 FEh H AR
LI AT R & 2 9 A0 Wi s A LR 7t
B RIRTPEER SR 1.4.6.7 .10 A W4
RFAESS 2.3.9 FE T 45 R - AR 5
L5 Gt

YRS % F Microsoft Excel 2010 #44:, %
IBM SPSS Statistics 21 H1 ANOVA F2 J5 %5 54 £ 17 5

R I7 20007, 5% R 2E K-

2 HR55H
2.1 RRFENTERERS
2.1.1 YEr-&

5 TE WAL SR L, it R SR i T AR
it (R Bl N FH A g, ™ e I B R
PR ST O TG B (3R 4) . AT LUER
i ZERE At A By, o m SRR, o]
RENNR T - b SR WA, T 5 VR4 A s
77 TR 23 AR R TS g
2.1.2 HIERER B ARRRA

Jite A ) 550 26 AT X it S FH - SR AR 34 5 25 28
AAENFE S iR . ARAEAMT , L R A4EY
ANFREME R, RIAHENEHEBL , HIERR
A2 . 2011—2014 485 2 BFUR 4y i 2 it A
) FFE 268 (CM1: 30 t-hm™2;CM2:60 t-hm™2;CM3:
90 t-hm™ ) BTt VA WAL 3 SRy AS it 288 0L Bt Y I A PR

R4 B AREEEX & FRAFRIATELN (1-hm™)

Table 4 Vegetable yield with different rate of manure applied as base fertilizer in response to rotation systems(t-hm™)

Kb 3 Treatment
45 Year H 8 Period 7 H Season £ Crop
CK CM1 CM2 CM3

2011 2011.03.24—2011.07.30 HH Fi 146.64b 153.81a 154.91a 146.11b
2012 2012.03.16—2012.08.08 HH ES] 148.08b 172.52a 170.96a 171.11a
2012.08.16—2012.10.25 Hik SEERH I 87.87ab 99.85a 81.73b 75.13b
2012.11.13—2013.02.22 LS =4 64.57b 78.19ab 82.05a 77.56ab

2013 2013.03.17—2013.07.23 HH F 128.01b 147.14a 136.29ab 148.92a

2013.08.19—2013.11.07 HFk iRk 84.49a 83.73a 78.37a 77.73a
2013.11.25—2014.03.14 L& 3 81.02b 111.74a 103.89ab 108.94ab

2014 2014.08.11-2014.10.09 Hik LERRAESE 32.22bh 44.46ab 39.52ab 4751a
2011—2014( 431) — — — 772.90b 891.44a 847.72a 853.01a

TE AR P RER RN [RI AL PRI 22 53 1K B 5% 235 7K

Note : The different letters mean significant differences for different treatments( P<0.05).
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5 FEMEEMHTEELERRBERNFEIKR (kg P-hm?)
Table 5 Annual soil phosphorus surplus under different
treatments(kg P+hm™)

Year Treatment and biogas slurry  Crop P output P surplus
2011 CK 209 98 111
CM1 645 125 520
CM2 1080 144 936
CM3 1951 164 1787
2012 CK 134 113 21
CM1 615 163 452
CM2 1096 172 924
CM3 2059 171 1888
2013 CK 155 112 43
CM1 423 165 258
CM2 691 151 540
CM3 1227 165 1062
2014 CK 172 57 115
CM1 650 77 573
M2 1128 83 1045
CM3 1606 94 1512
2011 CK 670 380 290
20%4 CM1 2333 530 1803
(B@) CM2 3995 550 3445
CM3 6843 594 6249

T 6~22 45, 5B BN 4 BB, Hits TR A FE( CK)
[FIRE T DA SEAVE A K R A 755K o CML b PR A
FIFVED AR RN IR A . CM2 Fil CM3 4 FE 4%
R, BIEREE R R AR E 20112014 4F BRI R

4 Total P/g-kg™
0 1 2 3 0 200

A ML Organic P/mg kg™
400 600

BRI CML AL PR T B 2R AR Y B AR 1.91 450
347 4%, WERS TR IR R
22 TELBEAENBHER
221 TS RN

L 2L T, 7E 0~60 em 2, 34
Bt o b Bt A 26 S it P S 0% 384 hn T 34 (& 1a) , HL
CM3 A FR A4 & FEAE 0~30 em i1 30~60 cm + 243
BIEENT 2.41,1.31 g-kg!, B T HABA AL &
60~90 cm + )22, FACPHE] LB S REEZE T
TSt 2 N A R2 i
2.2.2 T 3R WL T S L AR A

M & 1b AT LIA 1, 7E 0~60 cm 4+ 2, 20 F1VE
O (CM1 ,.CM2 F1 CM3) A 38 5 B 5t 73 W (CK) 4k
FAR b, B A LB & B 22 5, (H Rl 2 At
FIIEIN G, 7€ 0~90 em + )2, & 1c AT LIF H,
e AL o5 4Bl Y H A B 2 )2 TR A S i
B (B 60~90 em 123 CM2 4b3) ., ftbAE H AL
PR TR R e B EEIEA,
23 TEBAHBNER

ZEN e FH 0T - A O 5 R A S e A ] 2 BT
7R o 5B RAC FE(CK)AR L, 30 t-hm™ ZEAE AL jiti 77
WAL HL(CM1) X} 0~90 cm + )2 133 Olsen—P,CaCl,—P
HM3-P & HEBAT B 560 t-hm™ ZEAEELiETH
WALFR(CM2) BE BN T 0~60 em 1) 1% Olsen—P
Al CaCl,=P L) f 0~30 cm + )2 13 M3-P & &, 7£
CM2 Zb P, 0~30 em 1 )2 13 Olsen-P,CaCl,—P FI
M3-P 2435k 363.14.8 767 mg-kg™, 435k CK
REFRAY 2.1 3.2 f5H 2.2 /%55 1E30~60 cm 1 )2, 14

BB & 2 W59 EL B Organic P/Total P/%
800 0 20 40 60 80

YR Soil depth/cm

.............

+
N w
<) <)
& &
S S
Sy [ 55
L
& g— o =
B
=
+JZIEE Soil depth/cm

(=]
]

(95

(=]

+ 2R Soil depth/cm
&
&
S

60~90

Clck ElcMmr EHcoM2 @ cM3
[F] — - S IR B[] —FR b A AN [) 7B R R AN [ A 3L 22 1] 22 7 i 2 (P<0.05)
Different letters indicate significant differences among different treatments by each depth and each parameter according
to least significant difference(LSD) test at P<0.05.

| FEGEZHT LIRS AVBNAE

Figure 1 Concentrations of total and organic phosphorus in soil under different treatments
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Figure 2 Concentration of soil available phosphorus under different treatments

DPS/%

Olsen—P #1 CaClL,-P & & 435} 154 4.1 mg-kg™, 43
Bk CK ALBRE 2.2 f5 0 5.4 %, 90 t-hm™ FEAE L ji

THW AL B (CM3) B E A T 0~90 em 1 )2% 4 35 g

Olsen—P . CaCl,~P Il M3-P {1 ik, CM3 A3, 7€ O~ 2 i

30 cm 12, 13 Olsen—P.CaCl—P F11 M3-P &&43 5 :; ;.;CMI

% 488.20.2 1190 mg -k, 43 5 K CK AbFR ) 2.8 4.3 i 30“% LI B o
ﬁ B cMm3
_H

FEFN 3.5 4% 7F 30~60 cm 12, 435 Olsen—P CaCl,—P
1 M3-P &4 54 239.1.10.1 .471.7 mg-kg™, 4331
i CK 4bPEAY 3.5.13.1 £5F0 3.9 £%; 7 60~90 cm
2, 133 Olsen—P . CaCl,—P il M3-P & #4350 62.7.
0.58.78.8 mg-kg™, 739 CK b3 2.4 3.4 £5713.8
U FULAT LAE e i PSR, B SR 3sin 7 -3 rh
ARy 2, HAEHEER 0 T 2 g, 754

60~90 hﬂi
plsAa
3 ARSI SEHT LR DPS

Figure 3 Soil DPS under different treatments

&R 6 NEACEN T EEABU R F I

Table 6 Effects of different treatments on soil properties in the

BLEE S8 A 7 v g A it PR S, PR UEVE Y 7™ & AT A% experimental greenhouse
PR RURS o R b3 IR Mehlich3-Ca/
2.4 i%ﬁ%%fﬂ*ug Soil depth/em  Treatment Organic matter/g-kg™ g kg
I 3 T DL 59 B2 At P R, DPS 525 030 . o ii
Wit E e, 78 0~30 em +JZH,CK.CM1.CM2, cM2 7:73 39:68 12:75
CM3 PUASZhBE ) DPS 1 43.7%~119.3%2 [, 3833 o 77 357 1265
THER MG FHE 28.1%, 78 CM3 ZbH R ,DPS £ & 30~60 CK 8.17 12.85 1224
25553 100%4F1; 7E 30~60 em 12,4 N AbFE cM1 8.13 11.68 12.32
DPS £ 16.7%~56.5%22[a] ,CM2 F CM3 5> &b 35 i) cmMz- 801 14.78 10.85
DPS #8347 28.1%; 7E 60~90 cm 1 J2,CM3 kb HH o 7o 227 1215
DPS 4 11.3% , {54R 52 25 F HoA AL FL( P<0.05 )., 00-%0 AT o o
2.5 At TR AR CM2 8:02 5:98 8:39
AST) ZEAE AT W AL BN 3200 pH {E A HLT M3 301 701 8,50

I AN (3 6) o 35 pH {EARXS T 2011 EE{J”'J
EI’J%JJ BB v L AELE A ZENE it FH ek ) 36 M T 4 B Dk
(A A% pH (HYERFAE 7.5 2647 13L& &
TE 0~30 em - 2% B 75 2 A Jih 1 2 #9496 Jon or 48 o A

30~60 cm 1 )2, CM3 ZbFR - BEAHLE &

5 A

3 AN PR E S B2 7E 60~90 em )2, &40 FHjE] 24
ST E ORFAL ST 44 Mehlich3-Ca & & 7E
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2 RS AR E; F—AHR, B R
Jil, Mehlich3—Ca 5 5 (A1, m] BEZ A HLAL A
AT 85 X R 1 e R R R

3 itig

3.1 #B BRPHBERSS TIEBRERER

ZERE AR WO F 2338 1 1 A LB C L fb
AR R OF HoA il i A LR,
M Flc A 200 )3 e T s ) - el R A Ak, 20
¥R Wit FH 2SN AE il 2% SRR L A4 P, ARXT
FALNET 5, AR R AT, ZEEX FRER 2,
IR TE AR BAUTTERE R, SRR Y
BER W A HLRTCHLR RS, o3 T+
K, F—an 558 ES S A IIREE R E A
(K, FEFEE Y PR TS 2 B LY 5%~
409%™, Titi A 5 BEAE ik 25 R - B O AL ) SR,
A P2 AT SRS A7 7 X S WU S 1)
PG R AR BT, Gy i kAR A K AR K
AT TS Y AR SO ST 5 5 I, AR 3T 45 1
J2 A LB 5 A FBIRAR  APR Rl A 2 O 1
I, A BV 7 A LA SR — D7 UL A
PUBEAE 3 A B B 8, o — i Thi . i B B 5 it A+
Ferh AR ] A e, -8 TR A B kA A B
b, A LA KB R A Ao G Aok oL
778
3.2 #MB BREANEH T EBE RGNS

K 0.01 mol« L™ CaCl, ¥ i HEE I /K i P -5
FR A B IEAM R PN R R
BEFR BRI 33 A it + 3 AW AR Olsen—P £t
7 159 mg-ke™, Vot HE H IR R, 7E 0k A e A
FENEFNTE WG, PN A = it FH 22 A B (CM3)0~90 em +
JZ Olsen—P [ &0 i 3 = T HAB AL BE | [R] i), 2% 2
RO RESE B BRER S RAMEER. Xfh
o ZE ARt P AS A TR BRI R, 8 2k ) PR B 85 1 A
F . Sims ZEPWFSE KB, 24 3 Mehlich3-P & &
i 150 mg-kg™ B, 4% FH A= 338 v (0l sl 2 %) Ji] 161 1) 30
B UM . 5, 0~30 em 2 145 Mehlich3-
P oA T IR AE 150 mg kg™, 7E 30~60 cm
+ )2, Bk CK ZbFRAN, Hofth 3 A Ah B AR A L T I A
{H 150 mg-kg™ , (ESZRRAEY) ™ AUV 5 , CM2 F1 CM3
IR b CMI BT MR R A S 2™, 3%
BH A 2t FH ) 2 MR RVR R, ANUTE 25 F 7, i AR
FHBIE N T FREE KU

EA SRR, o it FH 2SR A S T 4
DPS, e dE T8 R m 3 F 2B 8, ARK K&
it FHZENE , BH B34 T 0~60 ¢cm 1 )2 Olsen—P . CaCl,—
P 2@ Mehlich3-P By & it , Uil HIEBER O & &
A= BRI o B AT ATl P G 2 A e 2 s 2 i
FHSE A, -3l st S 2% 1 W2 R4 R 7 e A bk B
S0, I 3 AT LUL B, B it P S35, 3 DPS
BN, 7E 0~30 em 12, CM3 b 13 DPS H &
RENT 119.3% et i fmem g . R s R E
BT, Y 1 358 DPS MR 10%0}, 38wk i i e 1R
B AHJEAE 30~60 em )2, 3 DPS [ S AR {E
H16.7% ,#81d T 10% , + 3l 10 fife W 2> Bl o 1 358
DPS {3 s hn
3.3 TiEEAMRE TEBERMKE
3.3.1 3 pH {H

ARG 0~30 em + 3 (%) pH B K & 2% IE it FH
SEAHE I/ , {H 438 Olsen—P 1N, CM3
ACFRAY 1 pH EEE AL 3R 7.5, 58 F
BERER MG GRYE 3 pH (EHL7.5 i BEER L
CIFESIE RS EhUTVE , KR e E G,
FEARE R AR . SOz, WG N -3 A AR
Y, 15 pHAE S T AR R & B A — A
Kotk B pH (BRI 38 30 R & S
AR T pH EREAL, f28F 7 A KY L d Ca-P
TR o 7E 30~90 em 1 )2, 3R pH EHEZIT 8, 1M
HLFE pH AT, T B %) ol e 2 ol R B o
W Z B0 W S NG H X e - R A R R
A
3.3.2 HHEAPLR

SUAPLETX SRR S R & A AL AT
PLIE L o5 e SO 05, 5 3R W & AR A B
FH o7 83 0 0 W R e, D555 - 39 8 - 0 W X il
P4V 6 T e 38, AT B 3 A0l 1) i A ML
AT LLE 2 AR R ™ 2 B v )= ) A LR A e 2
Yy CO, S0 1 SE IR T, BEAR 135 pH B, AT I/ B
A [ R, B4 A R v B T Y R R A S R AR
Wk . inF 6 Fion , 78 0~30 em )2 ML I 2
Wi 25 it S 2 P 338 o T S A o 3 B R AR Y
Jita VA T A HLSE, A CK 9 21.2 g-kg™ \CM1 1 30.7
g-ket CM2 (1 39.7 g-kg™, Bl %] CM3 1 53.6 g-kg™,
CM3 ZbFRRA ML HE CK ARBRIE N T 1.41 £5, WiF
BUBT A AE 23 b bR 2 B A 0 - 8 rh gl 2R 5 o 3
Jne 7E 30~60 em + )55, CM3 AbFE T A9 384 HLT &
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KA IMERF 517 EIRRET .

5 HAD 3 LB R R B 25 5 U B A i
FHZERE %o - A WL & B A5 I 2 2 81035 60 em +
2o TMifE 60~90 cm + 2, AFZEMEMEAHERMAT, L
BAIR S EERERNRE .

4 #ig

(1) 8Lt N , o= H 1 58 4%  Olsen—P
CaCl,~P Mehlich3-P 33 mf1f A1 45 2 i 2 18
H ARt FH ik, 5 I 0 R AR OK, B
PREE RSB, R HAE 2R 90 t- hm 2 L it 774 ¥ b 3
E o S N T = w2 B R v vy i< U B d o w203
A IR I

(2) 3% 2521t A 2 I X 1 il 5 FH 381 pH A A7
PUIE & s g 2, FLAR (6 - 3 R is Ak, 34 gk
Rk TERE.

(35525 AR = 500 A1 38 R AW
‘fﬁﬁuﬁﬁ, Eﬁmﬁlb%ﬁzngPTﬁﬁ%HEﬁﬁﬁﬁz:ﬁL
30 t~hm™ Bt 3 AR
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