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Effect of long—term fertilization on spatio—temporal changes and risk of nitrogen and phosphorus loss in inten-
sive vegetable production system soil
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Abstract: The objectives of this study were to investigate the input of nutrients in Shandong’s intensive agricultural production system, the
change in soil fertility in long—term—fertilized vegetable fields, and the status of soil nitrogen and phosphorus accumulation and migration in

different soil layers. The results will provide a theoretical basis to reduce leaching risk and promote sustainable vegetable production in fu-
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ture. We investigated the situation of chemical and organic fertilizer application in intensive cucumber and tomato producing regions of

Shandong Province. Soil samples were collected from different layers at the depth of 0~100 cm from vegetable fields intensively cultivated
for 5, 10, 15, and 20 years. The surrounding grain field soil was used as the control. The physical and chemical properties of soil were mea-
sured. The input of nutrients in intensive vegetable production system was significantly reduced, and the amount of nutrients in organic fer-
tilizer was equal to that in chemical fertilizer. The total amount of nutrient input was too high: 1033 kg+hm™(N), 765 kg+hm™(P,0s), and
1068 kg+hm™(K,0) for cucumber; and 710 kg+hm™>(N), 503 kg+hm?(P,0s), and 755 kg+hm(K,0) for tomato. The proportion of nutri-
ent output was increased: 25%(N), 10%(P,0s), and 29% (K,0). Nitrate in the soil profile leached considerably and soil phosphorus accu-
mulated with the extension of cultivation years in long—term—fertilized intensive vegetable fields. In the 0~20 c¢m soil layer, the content of
phosphorus reached 345 mg-kg™'. Long—term single rotation planting model promoted soil acidification, and nutrient accumulation and mi-
gration. The 40~60 cm soil layer was the key layer for nitrate migration to deep soil layers, and it mainly occurred during the cultivation pe-
riod of 10~15 years. Phosphorus accumulation mainly occurred in the 0~40 cm soil layer at the beginning of 5~10 years, which then gradu-
ally migrated to deeper soil layers with cultivation time, leading to its accumulation in the 40~100 cm soil layers during the years 10~15.
The total amount of nutrient input is still higher than the vegetable demand. The application of chemical-organic fertilizer would promote
nutrient accumulation and migration in soil, with potential environment threat. There was spatio—temporal difference in the concentration of

accumulated nitrate and phosphorus from surface soil to deep soil layers in the vegetable field. Ten—year cultivation was the critical period

for the change in nutrient accumulation and migration in the 0~100 c¢m soil layers of the vegetable field.

Keywords: intensive vegetable production field; soil nutrient; accumulation; migration
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The dotted line in the figure indicates the mean value
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Figure 1 The nutrient input from chemical fertilizer and organic

fertilizer for cucumber and tomato
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ALAHE Chemical fertilizer 375 165 810
A HLAE Organic fertilizer 690 855 585
JELF55) Total nutrient 1065 1020 1395

()48 A o i T 2 2 SR 1 379%~50% , 1 I A
i 1 26%0~48% . HA A HUIE A B A 2 5
TERESE ARG 2 F5F0 5 5 AL AL B B 3 AR IR 2> .
2.2 EHEFEAERLER BB L6

T 14 18 it S FHBKCHE R 104 EF ) 4, SF- 15 3~4
MLV ARG RAERKRBK Y 6~T1H . AR
Jiti 3% FH g 3 7 i 22 5 B, B3 7 50 66 t-hm ™
(CV%=55.68) , T i~ F-2I0 57 t-hm>(CV%=52) , ¥ )R
AT AR W S HOT Rl . AR 2
SR 9B R T R DS S AN A Y K
15, 235K 25% F110% .

FORE 5 4F 1 10 4F A9 35 it 78 5 = 77 1t 43l ok 317



20184 11 A AT A R AL X B3R - S 5 WA 2 A8 A B 3t R XS £ 5 i 2437

t-hm > F1 312 t-hm™, 15 4 F1 20 4 135 i P4 & 25 7 &
435K 224 t-hm > F1 222 t-hm2, 5B A% TR AE PR 5%
FIMSREH (R3) . MRS 40 Lk F |, 5 4
10 4F- 35 it 32 U o5 98 0 A L BlE 21 T 59%
DL b B B TE 18% LA b, T 15 4E F1 20 4F %
it S FH &L S G A 340 429% , s 13% , YR T4
AERRSEH SR (R 3) .
2.3 AEERIZERA IR BB R ITE

A Kl 2a BT, FR FH 41 0~100 em A [E] 1+ )2 H i
AR mA Y, R 3.5 mg- kg, B0 H AN
TEPHER S ES R E S TR -5, EEA4 0~
100 em )2 H, &7t 2% H RS A AT S 7E 0~20 em % 12
AW, 3 0 15.85 mg - kg, LK 60~80 em Al 80~
100 em, i E V-3 5 53 54 13 mg-kg ' 116 mg-
kg™, 20~60 cm 48 il A S UK, S O 11
mg kg WIS RELZR AL TiER. B 40~
60 cm 240, Hogx £ 23 b A e A A A
S I AELAF B A0 1 i 38 i, JE L AE 80~100 em ¥R JZ
- R R S A A S R RN R
A 2R T 20450 15 4R B0 P R S A S =
WE T 104EF SAE RS -4

P P 2b R T 35 il S HH - 9 A B A R AE O~

R2 BNMEHNR B S SFIENERH (%)
Table 2 The vegetable nutrient output/input ratios for

cucumber and tomato(% )

) il BT
ih Vegetable nutrient output/input ratio
Species — -
AN W P20s
# )X Cucumber 21 10
Zh Tomato 29 10
14 Mean 25 10

®3 AEFERIZERM~EMRILR B H L5
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Note: The different uppercase letters in the yield column indicate
significant differences among the different cultivation years of greenhouse
vegetables(P<0.05).
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The different lowercase letters indicate the significant differences among
the different cultivation years of greenhouse vegetables in the same soil
depth, the uppercase letters indicate significant differences among the

different soil depths(P<0.05)
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Figure 2 The accumulation of soil nitrate=N, soil Olsen—P
in 0~100 c¢m soil depths with different cultivation years

of greenhouse vegetables
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Figure 3 The accumulation ratios of soil nitrate—N , soil olsen—P
in 0~100 ¢m soil depths with indifferent cultivation years of

greenhouse vegetables
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Figure 4 The soil pH and organic matter contents in 0~40 cm soil

depths with different cultivation years of greenhouse vegetables
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the soil with different cultivation years of greenhouse vegetables
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