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Abstract: [Objective] Excessive application of phosphorus fertilizer is commonly observed in vegetable production in China.
The purpose of this study was to investigate the potential of phosphorus fertilization reduction in vegetable production and
recommend appropriate phosphorus rates for cucumber and tomato. [ Method] Cucumber and tomato were widely cultivated in North
China, and thus were taken as the research objects. In this study, cropping model was the winter-spring cucumber and autumn-winter
tomato double cropping system. The basic Olsen-P level was 40.2 mgkg"'. Three treatments were designed in this experiment,
including a non-phosphorus control (Py), a reduced phosphorus rate (P;) and a farmers’ conventional phosphorus rate (P;). In
cucumber season, the amounts of P,Os applied in Py, P, and P, treatments were 0, 300, 675 kg-hm’z, respectively. The corresponding
phosphorus amounts in the tomato season were P,Os 0, 225, 675 kg-hm™, respectively. The apparent phosphorus balances, soil
phosphorus availability and movement and yield changes among 3 years were collected and analyzed to find out the appropriate
phosphorus rates.[ Result J(1) Phosphorus surplus was P 480.0 kg-hm>-a™ and the average Olsen-P content in 0-20 cm soil was 70.2
mg-kg” in P, treatment during 3 years. Due to the surplus application, the Olsen-P in 0-20 c¢m soil increased by 2.7 mg-kg™ when
phosphorus surplus increased by P 100 kg-hm™. The DPSy; was 80% at 0-20 cm depth in P, treatment and phosphorus leached
obviously to deeper soil. (2) Compared to P, treatment, the phosphorus application rate decreased by 61.1% and the phosphorus
surplus among 3 years reduced by 71.0%-77.3% in P, treatment; the Olsen-P contents decreased by 18.6%-43.5% with the average
of 49.3 mg-kg™ among 3 years, which was close to the critical value of the fruit vegetable production; the average of Olsen-P
content decreased by 9.3%-30.1% at 20-60 cm soil depth, and the DPSy;; decreased by 21 percentage point, which indicated lower
phosphorus leaching in P, treatment, and no yield reduction was observed. (3) The Olsen-P in 0-20 cm soil decreased by 3.4
mg-kg" when phosphorus uptake increased by P 100 kg-hm™ in P, treatment. The average Olsen-P content in 0-20 cm soil was 30.5
mgkg! in P, treatment. Although no yield decrease was observed, the phosphorus uptake in 2008 tomato season decreased by
19.8%-30.0% in P, treatment. (4) Based on this results, when the soil Olsen-P was above 40 mg'kg'l, less than 300 kg~hm'2 P,0;5
was recommended for cucumber with yield level of 170 t-hm?, and not more than 225 kg-hm'2 P,05 was recommended for tomato
with yield level of 100 thm™. [ Conclusion] The reduction of phosphorus fertilizer exhibited a great potential in the greenhouse
vegetable production in North China Plain. For greenhouse planted for more than 3 years, 60% phosphorus could be saved and
significantly decrease the phosphorus surplus, lessen available phosphorus accumulation, reduce phosphorus leaching and keep
vegetable yield at high level.

Key words: greenhouse vegetable; reducing phosphorus rate; soil available phosphorus; phosphorus balance; yield
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Fig. 1 Olsen-P contents as affected by different phosphorus application rates at 0-100 cm soil depth

F1 BERBMYEEEN-FEiXEE BB RR AR
Table 1 Phosphorus uptakes at key growing stages as affected by different phosphorus application rates (kg P-hm™)

FAEAE T Cropping season F4 Year FKEEAEH I Critical growing stage Py-P,05 0 P;- P,05300/225  P,- P,05 675/675
AR 2008 T Seedling stage 2.240.5a 1.9£0.5a 2.1%0.1a
Winter-spring cucumber NI Vigorous fruiting stage 45.7+2.7a 42243 4a 48.9+4.0a
AEH W Whole growing season 97.0+4.0a 89.5+5.9a 111.54£7.9a
2009 T Seedling stage 2.240.2a 1.6+0.4a 1.9+0.1a
W& Vigorous fruiting stage 34.2+4.8a 36.9+0.4a 41.9+5.4a
A F W Whole growing season 70.0+£6.3a 71.9+4.7a 77.243.2a
2010 T Seedling stage 2.7+0.5a 2.6+0.3a 2.9+1.0a
BRI Vigorous fruiting stage 27.3+4.1a 29.0+1.3a 29.5+4.3a
AEH W Whole growing season 61.4+4.5a 62.5+4.0a 58.3+4.3a
RRAAETR 2008 Hi Seedling stage 3.8+0.8a 3.0+0.5a 5.7+1.7a
Autumn-winter tomato 41 Whole growing season 25.41.0b 31.743.2ab 36.3£0.9a
2009 1 Seedling stage 3.3+1.0a 3.1£0.9a 3.3+0.8a
A EH W Whole growing season 20.3+0.9a 22.0+1.4a 23.2+2.3a
2010 T Seedling stage 5.0+0.7a 5.5+1.0a 5.5+0.4a
AEH ] Whole growing season 23.3+2.9a 23.0+£2.3a 22.14+2.4a

[T K Ja AN ) - REAR R AR B 18] 22 508 5% Sk KPR Tl

Data (means+SD, »=3) within rows followed by different letters indicate significant differences between fertilization treatments at the 5% level. The same as below
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Table 2 Apparent phosphorus balances and phosphorus fate as affected by different phosphorus application rates (kg P-hm™)

R 1 Cropping season SEA Year Py-P,05 0 P;- P,0;5 300/225 P,- P,05 675/675
AAFH TR 2008 -97.0+4.0¢ 41.5+5.9b 183.3£7.9a
Winter-spring cucumber 2009 -70.046.3¢ 59.1+4.7b 217.543.2a

2010 -61.4+4.5¢ 68.5+4.0b 236.44.3a
TRAHETA 2008 -25.4+1.0¢ 66.5+£3.2b 258.4+0.9a
Autumn-winter tomato 2009 -20.340.9¢ 76.3+1.4b 271.6+2.3a

2010 23.342.9¢ 75.242.3b 272.7+2.4a
B2 P4 Total apparent phosphorus balance 34 -297.3 387.2 1440.0

%3 HERMYEEEN-EM-SHFM0

Table 3 Vegetable yields as affected by different phosphorus application rates (thm™)

R 1 Cropping season SE4) Year Py-P,0;5 0 P,- P,05 300/225 P,- P,05 675/675
ES SN 2008 199.9+4.0a 199.0+6.6a 203.2+6.5a
Winter-spring cucumber 2009 172.648.5a 175.244.2a 173.542.1a
2010 158.748.1a 158.247.1a 159.343.0a
RRATE T A 2008 129.1+1.8a 134.849.2a 138.4+7.6a
Autumn-winter tomato 2009 89.149.6a 87.17.2a 80.4+6.0a
2010 89.6+7.3a 89.8+6.0a 90.245.1a

JBE 50%—70%, FAZEATRBE R 33%—37%"), A
WS BN R — 3 TR R Rt ol o

P 61.1% A4 & A2, 20 cm 3R )Z 145 Olsen-P
S, fEE 4% 100 kgP-hm™?, 0—20 cm 12)Z
Olsen-P 441 1.9—2.7 mg-kg™'. BT AL i 58k /K A

U g R R e 11| K
SR IR A 100 kgP-hm™, AR08 2 4R
2.0—4.0. 1.4—2.2. 19.6. 3.9—6.2 mg'kg'. Ak
By 45 7w v KRS UL e Y g s R
BRI .
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B e M KRS A b AT 5T A s AN e i R
(1 Olsen-P 7EIRIR WA B, 2 5 A e 7E
— KPS 20 R AE 3 4F 0—20 cm 143 Olsen-P
SR EEAL 30.5 mgkg!, 2008 fEE i KO
F B, RIILLE 2008 4N FFZ 200 thm™ )&, &
MFFEEE 140 thm?, 13 Py AbEE 36k 2 LN 5
JEAE o IR LS 2030 7= i B S, HRILE
FE, XA RS R YUE PR I T ER E,
PER S PR BRIV LT K. IhAh, i Py ibHE 1
R AR BIE ZRES, DhRR4ERE— i Bk R LN
Ko T Py AT o J5 I WO AR W B R,
2009 FFEA 2010 FFHIH 2010 FFFFHAL T-H 77K
SAOG, AR R Po A0 Ml 31 A1 SV 5 P
T BT R R RWUH, =R A N B
S B AN B B RO [, 3 R AR
72 IR P A SR KO RE S R A 40—50 mgkg '
3.2 BREXHEBEREBIM

WE G A PRI, — S Won TR R
FEAEMR AR ) 72, HECKRATH %5 WJF 5t 3¢ 0 4 158
Jo 1l 2R K IR FE R Olsen-P 60 mg-kg ™o i 25 2520
X A AN DXk 18 > i 70 - 98 1 A % I vk
i 1E Olsen-P 14.9—119.2 mg-kg ™, Hrhim b 1wk bk
HEBIEN 14.9 mgkg'e BTG =SS B R A K
P 133 2 U 250 2K 1) DPS 3 11 Olsen-P It S48 43 51 4
28.1%H01 49.2 mgkg" o AHFFTIE AL, 20—60 cm
1) Olsen-P 7 5 B A5 ke A1 B (34 I 5248 224,
KN L 2R 210 . &0t 3 4EFPfE, P, AbHE
0—20 cm )2 Olsen-P &8l DPSy; ¥ T 1Y 22507
P S, Py ARFE 0—20 cm 1 J2°F) Olsen-P &
P BTG = T I S, {HJE DPSys B, X2
WHRIZER RN . WEER 61.1%)5, WIEBEMW T
20—60 cm LA MR, JUHIEAE 2040 cm I
Jz, Olsen-P 7 S8R B H FUME % F B 17.1%—51.8%.
SRIM, T AR BOH M HE I S R i, 200 3 48
Jii 2040 cm 1)Z Olsen-P & & . DPSy« DPSke YA
it bk Bl . 40—60 cm 12 Olsen-P 5 & Ft A4

B Mo o mr fe 5 g R AL, SRS RK
VEE S T2 KONk e SRy R A AT SR,
3.3 RERFEEWMICHEHEE

CHUINIEYERR 7 A b R P R R R 2 —
FOAZ 0 2 TE A B A DL ORUIE AR 2 1 3 A Al A B
TEIE BV [, 70 AL B S 7 I (R I 78 40 A HE i T
JE A2, 3 A RO Lt A R S R ) 5.4
%, HRIX 0—20 cm 1:)Z Olsen-P & T YAN %!
JITA5 25 2 1 A1 HECKRATH 25250, 15 25 2000 1y
MR B, R RGMRAE, WA E, BAR
R 60%., T T At P05 300 225 kg-hm?,
0—20 c¢m )2 Olsen-P & &4 IG B EH, fRIUET 3
e R, SRRSO, R
AR A A SO R 15 2 S
A% 35.3 mgkg's BN HbR & 83—88 thm™ 1]
P,0s. AHUIEH &34 576.6—991.6 kg'hm™, 41.3
—148.9 thm™. B 2ECIF 53 W IEAth - 145 Rk 221
mgkg!, WEHREAE 267 kg P,Oshm™?, A% B > it
i 70%, AEARUE TR & 54 thm? RN, 4
4 1OVS o 8 7R AT R 80.6 mgrkg!, HEFEjE P,Os
225 kg-hm?, AIRUFAFER M H 80 thm?. B TA
IRIHEAE 13 Olsen-P 2 & KM= B ACT- 8=, A
IEHERE T R PR E510 A BT B, HE—L T,
AR A A AL X 3% Olsen-P &= AE 30 mgkg”
RWE, 3 RN, SRR B R, (BT
FTehimnre /K (140 thm™) N3 i & 5 2%
Fefk, REATEALRAM N AR ] fRUFIESE 3 45
K (B 150—170 thm?, 5 90—100 thm™)
A re o FHIERT O, A AR 1 I R B B T AE Py AL B AE
R EE— D N, ARG R R A
Az P R T A K

zEdy Bk, {EHEAE1IE Olsen-P & 40 mgkg,
AR ROH R 60%, MR B AR P 71.0%—
77.3%, FEMIX Olsen-P F& FFF 18.6%43.5%, 3
SERME R TR RS Olsen-P A 2FHIME, 7o {rEF
LR REACE AR, R 36 2R 21T . A
SEpRA Y, TSR R E, Pl — B IR 1
Jita - A RO A i T AR AR . WA o
w6 5 3 Xl & R M - 3857 Olsen-P & it 4
179.7—203.7 mg-kg ", RERTH2# (=3 45 i
AR BH IR 60%, AR IEAR X #EAER, R
RN Bt s = m AP ARG . S B 2k e i
P it A HLAE, 70 A 3L 2 3 R i S



20 4] AR RS O A IR 2 S SR B PR

IER 5] H 52 mm 3951

N CESIE I SR S Y R PN PN
ok B A i

4 #Eig

Al Dl B 0 S A = Ot i A s e X T
B —BEI ) (=3 4F) s, BRI R i
1% 60%, nJ LAk 2 5 i 2= A R, 22 0—20 em
TEEBBIE, BE T IES R ETER R, JF
TRUEER ., Fomir= = ARG, @G A s =
=40 mg-kg! iR, FUERAKCE 170 thm™ R i
WA E T 300 kg P,Os-hm™, &7~ & /KF 100 thm™
T P AN BB L 225 kg P,Oshm ™.
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