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Effect of fertilization on yield, net income and soil environment in
Qingdao protected vegetable production systems

GAO Jun-Ling', SONG Chao-Yu', WANG Yu-Jun®, TANG Ji-Wei*, SUN Zhao-Fa',
ZHANG Shu-Xia', LI Xiang-Yun', HE Jin-Ming'
(1. Qingdao Academy of Agricultural Sciences, Qingdao 266100, China; 2. Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract To increase fertilizer use efficiency, reduce fertilizer cost and limit environmental pollution by fertilization, the study on
effects of fertilizer application on yield, net income and soil environment in protected vegetable production systems in Qingdao were
conducted. The study showed that excessive use of nitrogen (N), phosphorus (P) and potassium (K) fertilizers in tomato and cucum-
ber fields, with N, P,Os and K,O average annual application rates of 1 841.5 kg-hm™, 864.0 kg-hm™ and 1 978.7 kg-hm™ for cu-
cumber; and 1 436.7 kg'hm ™, 833.6 kg'hm™ and 1 643.7 kg-hm™ for tomato, respectively. Organic manure and chemical fertilizers
were applied at relatively reasonable rates, suggesting that much attention had been paid to the use of organic manure. Annual N,
P,05 and K,O application rates had significant effects on annual yield and net income. Linear equations adequately explained the
relationships of yield, net income with fertilizer application rate in the region. Soil nitrate-N content increased with increasing annual
application rate of N. The protected vegetable fields of 31.4% farmer household had high or relatively high nitrate-N contents. Soil
available P also increased with increasing annual P,Os application rate. Similarly, 74.3% farmer household’ protected vegetable fields
had high soil available P content. Protected vegetable soils apparently acidified, 68.6% farmer household’ protected vegetable field
soil was acid or subacid, showing acidifying tendency. The results suggested that N, P,Os and K,O application rates should drop.
Also new techniques such as computerized fertilization, integrated water-fertilizer managements, bacteria treated straws, soil straw

return, etc., should be popularized to ensure the development of sustainable protected vegetable production in Qingdao.
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Table 1 Classes criteria of soil salinity (soil electrical conductivity measured in a 5/1 of water/soil suspension) in vegetable fields

Electrical conductivity (uS-cm™)

<250 250~600 600~800 800~1 000 =1 000
Class No salinity Low salinity Medium salinity High salinity Very high salinity
EC 600 uS-cm™' Critical value of soil electrical conductivity for vegetable in normal growth is 600 uS-cm™".
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Table 2 Classes criteria of soil pH in vegetable fields

pH
<4.5 4.5~5.5 5.5~6.5 6.5~7.5 =175
Class Strong acidity Acidity Weak acidity Neutrality Alkalinity
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Table 3  Classes criteria of soil available nutrients contents in vegetable fields

Item
Critical value Very low Low Medium Relatively high High
NO; -N (mg'kg ") 50 <25 25~50 50~100 100~150 =150
Available phosphorus (mg-kg ") 50 <25 25~50 50~100 100~150 =150

Available potassium (mgkg ") 150 <100 100~150 150~200 200~300 =300
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Table 4 Fertilizer application characters, yield and income of the protected vegetables in Qingdao City
Vegetable Item Mean Maximum value ~ Minimum value ~ CV (%)
Yield (kg'hm™) 210 082.1 337.500.0 37 500.0 46
Cucumber Net income (Yuan-hm™) 410 061.4 675 000.0 63 000.0 51
N 18415 3815.4 249.6 56
Fertilizer application rate (kg'hm ) P,0s 864.0 1692.8 96.6 58
K0 1978.7 5118.8 216.8 61
/ N 3.7 15.5 0 133
Ratio of basal application to top-dressing P,0s 16 13.9 0 13
K,0 2.4 9.3 0 123
/ N 2.1 10.1 0 142
Ratio of nutrient in organic manure and chemical fertilizer ~ p,0; 11 42 0 126
K,0 0.8 3.5 0 142
Yield (kg'hm™) 187 136.8 375 000.0 79 950.0 43
Tomato Net income (Yuan-hm™) 357012.6 750 000.0 150 000.0 40
N 1436.7 3892.7 334.4 66
Fertilizer application rate (kg‘hm’z) P,0s 833.6 27188 180.9 71
K,O 1643.7 4687.5 264.5 77
/ N 2.8 7.5 0 76
Ratio of basal application to top-dressing P,0s 59 20.3 0 107
K0 5.8 24.2 0 122
/ N 1.1 55 0 136
Ratio of nutrient in organic manure and chemical fertilizer  p,0, 1.7 162 0 232
K0 0.3 1.0 0 88

21, 19 Samples number of cucumber and tomato is 21 and 19 respectively.
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Fig. 1 Relationships between annual total N application rate
and annual yield and net income of vegetables
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Fig. 2 Relationships between annual total N application rate
and soil NO; -N content in protected vegetable fields
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Fig. 3 Relationships between annual total P,Os application
rate and annual yield and net income of vegetables
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Fig. 4 Relationships between annual total P,Os application
rate and soil available P content in protected vegetable fields
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Fig. 5 Relationships between annual total K,O application
rate and annual yield and net income of vegetables
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Table 5 Soil salinity and pH in protected vegetable fields in Qingdao City
Item Mean Maximum value Minimum value CV (%)
Soil electrical conductivity (uS-cm™") 309.3 774.0 111.3 51.8
pH 6.1 7.4 4.5 12.4
F6 BEMRMBFEHELTIERSM pH KEHK TR
Table 6 Distribution frequency of different classes of soil salinity and pH in protected vegetable fields in Qingdao City
Salt Class No salinity Low salinity Medium salinity High salinity Very high salinity
a)
Distribution frequency (%) 429 51.4 5.7 0 0
- Class Strong acidity acidity Weak acidity Neutrality Alkalinity
P Distribution frequency (%) 0 229 45.7 314 0
35 Thirty five soil samples were collected.
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