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Abstract: [ Objective] Aiming at the problem of phosphorous accumulation in greenhouse soil, the effects of applying chicken
manure and phosphorus fertilizer on phosphorus accumulation in soil under drip irrigation were studied. [Method] The solar
greenhouse in North China Plain using drip irrigation was taken as research object. Five treatments were designed, including no
fertilizer (CK), single phosphate (P;), single chicken manure (OM), chicken manure and reduced phosphate fertilization (OM+P)),
chicken manure and habitual phosphate fertilization (OM+P,), to reveal the enrichment and transformation, migration and
distribution in vertical section of soil at different growth stages and availability of inorganic phosphate form in soil. [Result] The
results showed that the combination of chicken manure and phosphate fertilizer significantly increased the accumulation and residue
of total phosphorus, available phosphorus (Olsen-P) and inorganic phosphorus in soil. In the soil layer of 0-20 cm, total phosphorus
content decreased with the development of cucumber growth period, highest in seeding stage and lowest in late fruiting stage period.
Under different fertilization treatments, total phosphorus contents were significantly different, and the sequence of each growth
period was OM+P, treatment™>OM-+P, treatment>>P, treatment™>OM treatment™>CK treatment. The Olsen-P contents at different
levels in the soil profile varied greatly. In seedling stage, the range was 44.43-86.08 mg-kg™ at soil of 0-20 cm, 6.51-10.05 mg'kg™ at
soil of 20-40 cm, and there was very little variability in soil layer lower than 40 cm. The effect of water on the movement of
phosphorus was slight under the condition of drip irrigation in greenhouse. So Olsen-P mainly concentrated in the soil layer of 0-20
cm, which accounted for 68.76-87.78% of the available phosphorus in soil profile of 0-100 cm in each growth period. Compared with
CK, the other treatments increased the proportion of Olsen-P in total phosphorus by 1.23%-2.47%. The sequence of inorganic
phosphorus content of different forms in soil layer of 0-20 cm was Ca;g-P>Cag-P>0O-P>Ca,-P> Al-P>Fe-P, among which, the
proportion of Ca-P was the highest (79.55%-83.35%). As the amount of phosphorus fertilizer increased, so did the accumulation of
phosphorus. The contents of Cag-P, Ca,-P, Al-P, Fe-P and Ca ,-P under fertilization treatments were all significantly higher than that
under CK, with Cag-P increased the most, followed sequentially by Ca,-P, Al-P and Fe-P. Phosphate fertilizer would be converted
into Cag-P through Ca,-P soon after it was applied into the soil, which accumulated in the soil in a slow manner. Among all forms of
inorganic phosphorus, Cag-P accumulated the most, Al-P and Fe-P also accumulated to a certain extent. [ Conclusion] Traditional
excessive fertilization caused phosphorus remaining in the soil in the forms of Cag-P, Al-P and Fe-P, resulting in the accumulation of
soil phosphorus and waste of phosphorus fertilizer. On the basis of 30,000 kg-hm™ chicken manure, adding phosphate fertilizer had
no significant effect on increasing yield but obviously increased the residual accumulation of phosphorus. If only chicken manure
was applied, the dosage should not exceed 30 000 kg-hm™. If inorganic phosphate fertilizer was combined, the amount of chicken
manure should be reduced, while the inorganic phosphate fertilizer rate should be less than 300 kg-hm™. The specific amount and
proportion of fertilizer application need further study and discussion.
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Table 1 Content of basic nutrient in 0-20 cm layer of soil in greenhouse

pH HHLR TEEY FE S styveil B EER
SOM (g'kg™) NO'5-N (mg-kg™) NH,-N (mgkg")  NH;0Ac-K (mgkg") TP (gkg™) Olsen-P (mg-kg™)
8.1 15.0 5.5 19.4 60.0 1.0 40.2

®2 EMTRERALTEAEMHEBEFKE
Table 2 Bulk densities and field capacity of the original soil

et 73] 3 A HH [ RF 7K B

Soil depth (cm) Soil bulk density (g-cm™) Field capacity (%)
0-20 1.35 19.11

20-40 1.52 16.87

40-60 1.48 22.04

60-80 1.36 23.02

80-100 1.42 20.18

1.2 KRt 5HEER
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Table 3 Experimental treatments and fertilization schedule

KhEH JEHUIE Inorganic fertilizer (kg-hm™) A& Chicken manure (kg-hm™?) HFE4) Total nutrient (kg-hm™)
Treatment P,0s N K>0 P,0s N K:0 P,0s N K:0
CK 0 0 0 0 0 0 0 0 0
Py 300 600 525 0 0 0 300 600 525
OM 0 600 525 906 405 621 906 1005 1146
OM+P; 300 600 525 906 405 621 1206 1005 1146
OM+P, 675 600 525 906 405 621 1581 1005 1146

P, O 2t R RO B I B RERE, Py W R B

P, was phosphorus fertilizer quantity that local farmers used to apply to cucumber in greenhouses, and P; was reduced phosphorus fertilizer quantity

F4 ERAEEEREATIRASEHIKR
Table 4 Moisture control at different growth stages of cucumber

LN TR HREKEIE
Growth period Soil depth (cm) Percentage

of field capacity (%)
1] Seedling stage 0-20 75-90
PR3] Early fruiting stage 0-40 80-95
7= IV Vigorous fruiting stage 0-60 80-95
7 JRA I Late fruiting stage 0-60 75-90
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Fig. 1 Effects of various fertilization treatments on soil pH
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Fig. 2 Effect of various fertilization treatments on the total

amount of P in 0-20 cm layer of soil
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Different letters above the bars indicate a significant difference (P<<0.05) among treatments at the same growth stage. The same symbols were used in the

following figures
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Fig. 4 Effects of various fertilization treatments on different forms of inorganic P content of the 0-20 cm layer of soil
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Fig. 5 Cucumber yields under the various treatments (t-hm)
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Table 5 Correlation coefficients (7) between the content of inorganic P in different forms and Olsen-P

A HNI Growth period Ca,-P Cag-P Cayo-P Al-P Fe-P O-P
14741 Seedling stage 0.974%* 0.699 0.835 0.991%* 0.859 0.319
7= JRYI Early fruiting stage 0.992%* 0.974%* 0.691 0.973** 0.862 0.964*
7= I Vigorous fruiting stage 0.962%* 0.911* 0.695 0.929% 0.696 0.696
7= KA W] Late fruiting stage 0.929%* 0.919% 0.672 0.945% 0.781 0.845
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1A Ul S L TS I LY 25 R AE )
e, AHFSTH, 3 Olsen-P FICHLEELL 2 L5 3 K
PRI 4 KK (R 6) , HNEAEFR
9 0—20 cm )2 Olsen-P £ L5 v I~ i {5 5 AH

Ky o= TURIHIE B TR WK =0.963%%)
B PR R AN = TOR IR 2 T REKF G 200
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Table 6 Correlation coefficients (r) between Olsen-P and inorganic P in soil and cucumber yield at different growth stages

£ E I Growth period Olsen-P Ca,-P Cag-P Cayo-P Al-P Fe-P O-P
1 1] Seedling stage 0.887* 0.906* 0.691 -0.313 0.934* 0.595 0.482
77 JRY) Early fruiting stage 0.933* 0.912* 0.86 0.007 0.918* 0.759 0.989%**
77 IS Vigorous fruiting stage 0.963** 0.999** 0.886* -0.03 0.985%** 0.695 0.607

7% JIUA M Late fruiting stage 0.897* 0.973* 0.774 0.472 0.931* 0.475 0.738
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Bt Olsen-P Srdfin. KEMFLERY, WAL
VIR R - v A A A T YR S W I T P A
. KAWIR. BRI RS SEl . Al
FRAR & 1 ] A B 25 1 58 4 LI AL . ATHL
JE BB B3 -3 R A AR M &, A B
AR . SRR EBEE — € MR . ZEAEHIR
X - 3EH ) Cay-P. Cag-P. AlL-P. Fe-P #ATVHAL/EH] .
Bk 7 FH AT HLARL AR -3 pH, 8 RAR B R
KSR, T DR IR IE NS,
Olsen-P [f)& 52627,

JE R A A U AR LI A S 72 5), H
FEE PR RIS T, AL 0—40 em 2 % LA
EHKEMZR, 40—100 cm + 2P & FEE IR
SO R A S, o R
Bn, R T BT RN, R RE A DRk K e AR
FHERZ LB ROSOR IR ALRES, KT
B IEALBR ) NS BT R R R A
LA T 3BA G A VS AR, BRAC T e
(I P e 72 WFSUER M, ARKE TR, RSk
RN, A IR R AR, Ui
I A=Y NI D N

YAN SEFFUHR Y, 75 T IR S = 1 1 1 45
Olsen-P B8 % 58.0 mg-kg™ "%, (b [ 3= SEA/EWyiit i
Fara ) R HE B RAE K G HHZE 13 Olsen-P % &
) 60—100 mgkg! U7, AW P;. OM. OM+P, %
OM+P, 4 M EAEALEES, #EJZE 13% Olsen-P &= AE I
TR o AT O, XSS AR Rt BLAR SR B N T 4

W, (RIS R TR BEYE L, i
AU BRI A T I, 1 el 22 (1) SRS
—EFEEE EIR .
3.2 ARESLIELIBERGEHININER

AHIFFE AT KSR T - WU ) & ok Cayo-P
>Cag-P>0-P>Ca,-P>Al-P>Fe-P, A[fljit ICALFELY
tb CK #8# 7 Cag-P. Ca,-P. Al-P. Fe-P il Ca-P f]
i, DL Cag-P M2, Hikid Cay-P. Al-P. Fe-P,
Qb ) 22 s B 2 7K, T Cayo-P 5 i AR ] AR 4K,
EBe i ARAT AR i A A v DU I 2
HIBIF 9 45 9 R BF 2 1 3% Cayo-P>Cag-P>Al-P>Fe-P>
O-P>Cay-P; i #F S50 A M 5 - AN ] T
ALHBEIIGTE A Cag-P>O-P>Fe-P > Cag-P>
Al-P>Cay-P, DL B RS ACR I A R A
R A AN o BRI TSP R A
RN AR AR i 2, HLUOE AT E SRR, M
WERRAS Eh 55 I o LR 2D, S B S AT 45k
gﬁo
ANTA)AE B I R WL 2 43 i AR bk AR T
N 3 Cay-P bl AL A I I HERE T T R,
Cag-P F1 AI-P W7/ VB 2 1 S IUE niads, 2 )5
MISCF B Fe-P B R RS, O-P & &EH Cajp-P &
WA o], BEAEINN T3 IR TR 2t Cap-P %%
A Cag-P, 1M LAZZRAS BARLE 45, & TBATCHL
Ll Cag-P BB %, 2 AL-P Al Fe-P thf7—
ERMBR . AT, A KM - R AN 3=
i, NEMER 13 Cay-P. Cag-P. Al-P. Fe-P (5
TS R IS TR) ARG I, T Cage-P F1 O-P I &)L
TR SR AL, T Cay-P.
Cag-P M BN, HAVESZMAKR, T3
WP JCHUBEALI , B34 % Cay-P #4k, ZJEm
Cag-P. Al-P. Fe-P. Caj-P. O-P #4LBY, KEHFH
KW, 13 pH 2520 FR 0 2 A 2k . (e pH 6.5
LRI, BEAG pH IFEAC, AR 75 pH 7.5
LA B, BHE pH Fksr, At SR, A
WEFC ARG it , Bl 28 & B 4k, pH & dik
-, RES S 3 AILPL Fe-P SRS =GN,

METERS T IEICH LB 2T S 52 i M 5 ARk
WA SCPE T LA th, ASFETEAJCHLBEXS 5 R A 3L
PEN P/ Cayp-P>Al-P>Cag-P>Fe-P, Rl F5fF4H
Tl A v IR A R . WU, e A
AU, EREE. \ESEE. BRBEEOTAEE, BT
FERRIEDT, X AT — 3.
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3.3 FRLEMER=ERZM

AR H OM. OM+P; Fl OM+P, 3 AN AbFH %) 15 T
FE R IR N B2, 70 30 000 kg-hm ™ 38 28 1) 3
filh b, SR 3 B =Y, AR T
TIERE RO Rty WL, XS SERTCH U AL it
EEAR REARAE 3 ICHT A R ks, G AT U
FEAE IR ORI, AF ) 3 5 ok 7 TR S 1 3l 1)
FRRRLE, JUHE OM+P, 4bFE, 0—20 cm + /25N
SR EWN, 57K Olsen-P & AN 8K ik
61.61 mgkg", A AR AR JE 0 2% F) Ak TR )
4428 mgkg'. 48.31 mgkg'. HEIKEA G IL4S
8 ELTMI M A B W FEHABUME AER 0 i A = 1,
T E A B T2 F A e b T A A
ST R A AL 11 10.7 £, Bk 37 £ 3K
RZHHE A IEFRA YL, LR i — ol &
JOAE - 2R O A RO LA, AT 3 S e B U
TR o XL 95 AN HI T A ) 25 R 1, A AL
JIES it N o e I 60.77%—87.62%, it A AL
2 B B 8 R AR ER I RS 2, S BT ) PLOs T
N 2493.0 kghm?, H#iik 5157.0 kg'hm™. [A,
X S0l A FH) o O e A 1 T R 0 B R A IR AT
8 1) 5 B A o

4 ZEig

R EMREAE T, L R P E 020 cm
T2 WFEFIREALACE 2 W P R e, BE
WEAE 3G N, BN RE RN WAL 11
J5 48 HH Cap-P #540h Cag-P, I LAZE 307 BALE LI,
FIELHBETLL Cag-P IBERZ, S AP A
Fe-P 87— MBI E. 7Ejt/T 30 000 kg-hm™ %3
RN o WP W T 0B v VARSI R E DT
THEB RN R, ERERNR . K,
W RS 2, R AR 30 000 kgthm™; iR
Tic i JC A LA AEL, DA 2k, FLICH LA AELE 300 kg-hm™
(OBl b i g8
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