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Abstract:  Objective Intensive vegetable fields have been the priority control projects for phosphorus (P) loss in farming due to

massive fertilization and flood irrigation, accounting for the highest proportion of P pollution from farmlands. Therefore, (i)
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quantifying the assessment of the annual P loss of vegetable fields, (ii) clarifying the reasonable threshold range of phosphate
fertilization for vegetables, and (iii) controlling P migration and loss from vegetable fields through the source are of great
significance for effectively reducing the environmental pressure caused by agricultural non-point source pollution. =~ Method A
plot experiment in the Tai Lake Basin with conventional fertilization and phosphate fertilization reduction treatments was
conducted in a perennial and open vegetable field. The one-year vegetable rotation experiments focused on clarifying the
environmental threshold of P and annual P runoff loss characteristics. There were five treatments, conventional fertilization (CK),
reduction of 20% (P-20), 30% (P-30), 50% (P-50), and 100% (P-100)based on conventional P fertilization. =~ Result  The
environmental threshold of soil P in the tested vegetable fields was 78.9 mg-kg™'. During the whole experimental period, Olsen-P
content in the soil surface of different treatments exceeded the leaching threshold. The results of annual total P (TP) runoff loss
concentration in vegetable fields showed that with the decrease of phosphate fertilization input, the annual loss concentration of
TP decreased. Also, dissolved P (DP) was the dominant form of P species, accounting for 50.1%~63.1%. Runoff loss loads of P
showed seasonal characteristics, with the amount of P loss in a summer-autumn season (1.93~3.26 kg-hm™), accounting for
59.2%~63.2% of the annual P loss flux. Based on the structural equation modeling (SEM), the amount of phosphate fertilizer had
a direct and extremely significant effect on TP loss concentration. Furthermore, TP loss concentration had a positive and
extremely significant impact on TP runoff loss load with a path coefficient of 0.97. The loss coefficients of P were between 1.36%
and 3.33%, and the lowest loss coefficient was in the P-50 treatment. With a decreased amount of P applied, the reduction ratio of
P runoff loss increased, and a P loss reduction rate of 41.5% was recorded in the P-100 treatment. Treatments of P-20 and P-30
had no significant yield reduction during a three-successive vegetable growth period in a year compared with CK.  Conclusion
Taking environmental risk and economic yield into consideration, it is appropriate to reduce between 20%~30% P fertilizer
application based on conventional phosphate fertilizer rate for open vegetable fields in Tai Lake region.

Key words: Phosphorus; Environmental threshold; Runoff; Open vegetable filed; Loss loads
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Table 1 Physico-chemical properties of the tested soil

) e T AL
. ZER?INGY o) S o
N RS Total Alkali EEi ¢ Readily
T Al Soil organic Total Total
Vegetable pH phosphorus hydrolysable  Olsen-P/ available
Soil types matter/  nitrogen( TN ) potassium/
types (TP) / nitrogen/  (mgkg')  potassium /
(gkg') /(gkg') (gkg!)
gkg' (mgkg ") (mgkg ")
W+ B 6.35 15.80 0.87 0.81 11.83 91.88 71.11 74
WY SRS 6.15 15.01 0.81 0.82 11.48 77.18 66.77 101
W+ f 3" 6.12 17.40 0.97 0.93 11.62 99.23 81.70 63

(DFluvo-aquic soil, @Chilli pepper season, @Savoy season, @Cabbage season
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13 SHAET® (One-way ANOVA) %53 i EPER S, HEAR AL
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as below.

K1 AR E T S5 8 (a. B, b, B33, c 5%)

Fig. 1 Vegetable economic yield under different phosphate fertilizer treatments ( a. chilli pepper, b. savoy, c. cabbage )
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Fig.2 Concentration of total P( TP, a ), dissolved P ( DP, b ), and particulate P( PP, ¢ ) in vegetable fields under different phosphate fertilizer
treatments
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K3 IRl ab BT S TP Ui 2% 67 fif 2= 35 MR AR
Fig. 3 Seasonal characteristics of TP runoff loss load in vegetable
fields under different phosphate fertilizer treatments
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Table 2 Annual flux and loss rate of P loss under different fertilizer treatments
b3 TP/ DP/ PP/ PSR4 ElMES
Treatment (kg'hm?) (kg'hm?) (kg'hm?) Loss coefficient/% Reduction rate/%
CK 5.22a 2.79a 2.43a 3.31
P-20 4.79b 2.57b 2.22a 3.33 8.15
P-30 4.28¢ 2.34¢ 1.94b 2.67 18.1
P-50 3.50d 1.95d 1.55¢ 1.36 33.0
P-100 3.05¢ 1.69¢ 1.36¢ - 41.5

1 AR R/ING 8RR A BRI FE 0.05 /K- 22 5 5 3 - Note: Means followed by different lowercase letters within the same column

of each item were significantly different at 5% level.
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Fig. 4 Relationship between Olsen-P and CaCl,-P concentration in
an open vegetable field
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(B, 3K T M R I 7 Sk 8 K M A7 A A R B A 2
JRURRS o

AW LB, 5 HURACA L, 8 Ak B ]
R EARAR T P TP e FEC & 2 ) [H B &7 P-100
AP AR T TP W B I = T E (HhFRK
I AR UE ) ( GHZB 1-1999 ) 25V K rh 0 2 1)
TP WRJERRME 0.2 mg L', X EESEH R R A
SRR, I NE B A AR B AR K T B IR
P EE TR, TEMEMAE T PR o 3R A2 T
K ) AR D Sl h B R B E K
Vi & A 7120

FORR AR FEIF AL, (ArEfEa i+
BB AT, R —E R i xt
TR T Y5 % O S bl oy ) — A ) 3 S W D T L
A AR 00 U B S B B S 0 B R AR . B
RAERRREBUIRZ , KB TP BB E &

F3 BRFEHMBEKAT S LIE Olsen-P. CaCl,-P RIS IHEEXER

Table 3 Relationship of TP runoff loss load with soil Olsen-P, CaCl,-P, and phosphate fertilizer input in an open vegetable filed

TP i 2% 67 fof

TPy

Tt e

F8F5 Index TP runoff loss TP runoff Olsen-P CaCl,-P Phosphate fertilizer
load concentration input
TP i Je i fif TP runoff loss load 1
TP k¥ & TP runoff concentration 0.97%* 1
Olsen-P 0.23 0.26 1
CaCl,-P 0.40%* 0.42%* 0.29 1
Jifi 4% & Phosphate fertilizer input 0.80%* 0.85%* 0.11 0.34 1

Heo*, 7E0.05 K L BEAM; **, 7£0.01 K LEBFEME, TH. Note: *, Correlation is significant at the 0.05 level; **,

Correlation is significant at the 0.01 level. The same below.
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Table 4 The fitting parameter of the structural equation model

oL e o i EES
Inspection index Evaluation criterion Result
RO A M oy /df <3 0.87
UL ER2EF 77 AR RMSEA <0.05 0
G %L GFI >0.90 0.95
ARl 15 8 CFI >0.90 1
JliwE 0.80%* TP R
Phosphate - TP runoff
fertilizer input concentration
*
*
&
)
S
7 3
o 7 TPBik T
TP runoff
loss load
CaCl,-P 0.25 Olsen-P

K5 Br KSRHLBRIL R B4 R 7 R AR R AR 1A
Fig. 5 Structural equation model path diagram of P loss in an open
vegetable field

F T HAEN (F2) o X 5 HAL A BF5T 25 R
— B RIS R ik LD T 6—8 H
Rif TR 4 v o3 A AR RN AN 5 R ITIED, 11 A ¥R R A
RwmELE, 1A 2 AR 10 AR EdR /e,
ARWFFE, B ZEREAR TR L R AR R KO
IR R R 5 R AR R AR B E] (2019 4F 9 H 24
H) IEANTRBHY, SRat THEHORAS . Rl
RO MR AR EERNE, P PE,
YEYE s AN, B R R O i
F T 7 A R AT AR B B R, W B R S Y
AR, BB TZEN; R EYR R T
X e S5 1R, AT AR AR R W R 3 4R
PORIFE TR 220, B TR A R ) 7 S R /N, T
KA VRS, MR i AP0, e LA
H, BRAZERTI TP W BE A3 N5 S By 3 b 1 48
Toon M G, FR, EEEWKZEET, #
RS Hb Ry 1IN SRR AE % B, 0D b Fe R T A
DAIA A 57 53 K 1

ML TP AR i OSSR, R
MR ML AT TP AFFK MR 5.22 kghm?
(FR2) . WFFREY], KM IERE-Z2 5 VR R 5 it

AEKSF R TP 4R340 Atk A 1.08 kg-hm 201, A4
AF 5 235 SR 007 32 Ml A A8 00 401 2 A 32 v T S WA I 35
HAFERR . AR, RlAGAE &80, TP
SRR TR, HIDR A 8.15%~41.5% (£ 2).
TR A A R A R A T 2R o B A i A o 18 K
B, AHA A AR 45 R BIAIE S5 8 . RS
U B AR A ST 20 50020 20% 11 30% 4% A
SERR], HEHUEIE . WA 20%F1 30% 40 HAE
P o A W3 9 TP BB 2k B fir by g B (R
PRI AR 30% (2.9 kg-hm2). Wt AEKE 20%
(2.4 kghm?), FHUGEAE (1.7 kghm?), Al RESE A
SR A S B W ST P, e PR AN 2 R T S M AR O P
RRH EZRT, KA 2 15 5 e b A2 3 rh
IR FARA B JE R [, HAR6 5 js A
AR D T BEIE AR, b TR . B
A HUAR B L, 3 b Ak B AT fi 2 S 800 TR K 34
89/, AN, I m T eER A at . TP
A2 3t B0 o 2 B S P 2R PR AR AL, R SR LB B
KEBEEE LHEBMMRICY RS, FEE, &
X% AEE, EMEBERLER 193~
326 kghm?, (§ T &FE#HRRKERMN 59.2%~
63.2% (A 3) . TFREPIFREN, fFA%ER
DURE MR FIVP IIE LT, I sk 8 K8 il R
MR B EBRAREIMESTLAESR, IREHEN
KR 7.32 kghm 2, BRI K RECH 1.31%, HH
BHEHZRRERS ARG MR, XS+
B A X, Hilearm L au & Eh
1.03 gkg ', ARBES A 105.1 mgkg ', HETA
N w8

R Hh R AR IR W IE A 5> PP ORI DP, 2
Wios R, LB EARNFEERSE PP P
HAEARGH, HEBERARFEELL DP LR
K, HT TP WARMMIH 53.4%~55.7% (£ 2) .
R FF, it 25 it s e X 38 i1, DP/TP Fb ) S B a3,
EAE BEKFE (K 2). HTAIKE 3% Olsen-P
TR R TSR (K 4), HILTE g 2wk
SRR IE LT, OB K R F A . feB i F
FELE RO, R, B A LR T
AT 20 22 WI L, PP o 3484k K 2017—2018
AELL DP A PP & f 2 B I 5 A% A ok
VBB :00-A YN 5] T (R a2/ NI [E NI 3
IR K 2 KA e VR w5 PR A BT B, B
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60 %

R TR RN D0 g e we = 3 IS B s
By PP & AT DP &P,
32 BHEHETEXXMBERREATHERER

it

BEZE R 0 EE S N RGN & BRI (R
o R TerbaE . BRRRIRIE S . AR,
SE A MO BT S S50 7 PR RIS i i . AR
TP % .+ Olsen-P J CaCl,-P 5 X i 45 I it
KA, G550 %M, TP fkfms TP Hitk
WP | iR A 4 CaClL-P S W EHE (F£3),
HE— 25 R S5 R PR RIS Y, it R B
BW TP AW, TP WA E B W~ TP
PR (B S ), X RERE Y il i e B AR I
P FEH B WME R, AR, il
B S-S bR AR TR TP LS R 0.45~2.17 kghm 2,
BEAE AR SR BE R TP A 1.36%~3.33% 2 %
Jite FH B PR RE R 28, Ml 1 I 2 it S A 7 344 o
(% 3). Wang 25 i a2 e PPAL 38 6% 2 B 42 0
P B s R A 25 AR, YRR A
R EEE R X R RER N R
R 22 B0 5 W W BTV [T, T A bl mT P st i 4k
RS, WOV B AV S BELE 3 i ) R
Fa s T - e (SRS ), P 2wk
JIEL i P 2 X i O S i o K™ FEARFgE R, 5 CK
M, W 20% ~ 100% B AE AT U > 8.15% ~
41.5%TP Ji Rk (2 3). PRI Ml e AU it it i 422
A R B R
33 KmEEREMBIEEFERE

A, A T A AbBE Y £33 2 Olsen-P
TR TR A, H R 2575 it FH R e
AREMRBE R =, 5 CK ML, P-50 F1 P-100 4h#fy
T E RN . SRR (K1) o
TR — BRI = B, 5XT A L,
P-30 Ab 3 SRR F I W 0RO, (HS CK A
Lt , P-30 AbHBRUFI AL i 2 2 T R ([ 1a,
lc) , H7E S35 P-30 Sy B = ke, #f
DR A (1) BBUE A RSE, A T3 &,
X R Y, E st A AT 2 i A K R e
(2) HRERNTE, BATHEMLTRE, AT
TR SR P RE S AR AW KU o BRI, E R
WK R, SRAHIEEY . BREM . B
e MR m I, E R TR W R R

LAty B9800 20% M BENE , BE AT LR TEBE SS9
(7] i R DR AW R 2K 5 AERKA Al 5 B8 Sk
AR R 00 LAt b 30% M BRIL s 7EFHRK
BRI ALY, A AR T U A A S At 8D 20%
MIBEEHA .

4 4 i

KPR & & AT K R A FE 0 A R,
DO R SR AR R R S, (RRERmIAE T, W
RGP ERR LR, TR
MmN, A5 FIERE A AR, i T
- R A XU o DB S b R A el HE 1 PR B A
N5 BRSSOV R G — R R, A
WFGEHE LA AL H BRI () L RE FID 20%~30% 1B
HE, BT CRAESE A ™ , [F]Id RE s D B = i 2k .
H 7 B TR AE v 43 A A I RD 5 R B ) kA AR
T, AESL AT ) BB R R AR AR 50 Bh &
KKIEMFE AR BHAES RGN HH . Fit, %X
S Hb 7E BRIk AU B AR, s it AT AR R
SR
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