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Abstract: A leaching experiment was conducted on three level of total N soils transplanted with lettuce in 
packed soil columns. Nitrate content in the surface soil layer increased to 52.6, 92.8 and 92.1 mg kg-1 when  
30 t ha-1 poultry manure was used alone in the low, medium and high level of total N soils. Measured leachate 
data showed that more nitrate was leached in the chemical fertilized soils in the low and high level of total 
N soils. In conclusion, the study clearly demonstrated that the appropriate application rate of poultry manure and 
chemical fertilizer with minimized nitrate leaching loss. Copyright © 2014 IFSA Publishing, S. L. 
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1. Instruction 
 

Vegetable greenhouse systems in northern China 
contribute to vegetable yields and economic returns 
but may also cause accumulation of nitrate in soils 
and contamination of groundwater because 
vegetables are heavily fertilized to achieve high 
yields [1, 2]. Especially in vegetable greenhouse soils 
with high levels of nutrient elements, the potential 
risk of nitrate leaching is even higher. 

In vegetable greenhouse agriculture, the level of 
nitrate is high partly due to long-term over 
fertilization practice. Yuan [3] conducted long-term 
field experiment and reported that the accumulation 
of nitrate significantly increased along with the 
increase of manure application. The concentration of 
nitrate in the 280-400 cm soil layer reached  
40-50 mg kg-1 in vegetable soil, due to large 
incorporation of poultry manure [4]. In some dry land 
soil, the average nitrate concentration reached  
200 kg hm-2 and peaked 600-900 kg hm-2 at the  
90 cm depth of the soil in North China Plain [5].  

Besides, the status of other nutritional substances 
may also play an import role in soil accumulation of 
nitrate. The values reflecting soil fertility such as 
total N, organic matter and available P and K in the 
surface layer of greenhouse soils are in a trend of 
gradual increase along with the years of vegetable 
cultivation [6]. Meanwhile, the content of nitrate in 
the 0-200 cm layer of greenhouse soil reached  
377.3 mg kg-1 within 10 years. Similar increasing 
trends in content of nitrate in greenhouse soil along 
with the year of vegetable cultivation were also 
reported by other researchers [7-8]. The build-up of 
nitrate due to excessive N fertilization and soil 
fertility could increase the danger of underground 
water pollution with heavy irrigation practices [9]. 

Surface water and groundwater pollution caused 
by leaching loss of nitrate from intensive agricultural 
systems has caused public concern [10, 11]. In 
northern China, nitrate-N concentrations in shallow 
wells in the greenhouse vegetable systems ranged 
from 9 to 274 mg N L-1. Shallow groundwater was 
particularly vulnerable to nitrate pollution in the 
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greenhouse systems [12]. High rates of nitrate 
leached in greenhouse vegetable fields in 
southeastern China as well [13]. Excess use of N 
fertilizer contributes to subsurface water 
contamination [14, 15]. 

The significant increase of nitrate content in 
vegetable greenhouse soil and leachates are 
associated with the increase of N fertilization and soil 
fertility, available data is still limited about how to 
choose a proper fertilization strategy in vegetable 
greenhouse soils with different fertility levels. In this 
study, the influences soil fertility levels (specifically 
soil total N) and applications of chemical fertilizers 
and organic manure on mineral nitrogen 
accumulation and nitrate leaching were investigated 
in a greenhouse soil with different total N levels, 
aiming to lower the build-up of nitrate in soil. 
 
 

2. Material and Methods 
 

The experimental site of the packed soil column 
located at Shenyang Experimental Station (41°31′N 
and 123°41′E), Chinese Academy of Sciences. Soils 
used in the vegetable greenhouse cultivation were of 
the same type (Mollisols in US Soil Taxonomy) 
differed in total nitrogen, phosphorus and carbon 
levels, ranging from the low to high levels (Table 1). 
The packed soil columns were 50-cm high made of 
plexiglas, with an inner diameter of 24 cm. There 
were three water outlets at the bottom of the column 
for leachate collection. All the soils were sieved 
through a 2-mm sieve and mixed thoroughly prior to 
being packed into the columns. Altogether, 45 
columns were packed with the sieved soil at a bulk 
density of 1.3 g cm-3. The bottom layer was filled 
with soils from 20 to 40 cm soil layer, and the top 
layer of the column was packed with surface soil  
(0-20 cm). The leaching experiment was carried out 
in April 2011. The column was saturated with water 
for a day before the lettuce was transplanted in the 
column. Then the column was leached with 3 L 
distilled water each every three days. The leachates 
were collected with a plastic bottle and were stored at 
-20°C before analysis for NO3

--N. The leaching 
experiment lasted for 49 days. 
 
 

Table 1. Properties of 0-20 cm tested greenhouse soil  
with different nutrient status. 

 
Tested  Total C Total N Total P 
Soil (g kg-1) (g kg-1) (g kg-1) 
L soil 23.10 c 1.35 c 1.26 c 
M soil  24.60 b 1.67 b 1.44 b 
H soil 25.90 a 1.81 a 1.63 a 

 
Different letters mean significant difference at P < 0.05. L 
represents the low level of total N soil; M represents the medium 
level of total N soil. H represents the high level of total N soil. 
 
 

Experimental design: 1) A control with no 
fertilization applied (CK); 2) application of complex 

chemical fertilizer (NPK, 150 kg N ha-1, 65 kg P ha-1 
and 124 kg K ha-1); 3) application of 30 t ha-1 of 
poultry manure (M, standard local application rate, 
502 kg N ha-1; 4) a combination of poultry manure 
and compound chemical fertilizer (M+NPK,  
652 kg N ha-1; and 5) a decreased combination of 
poultry manure and complex fertilizer  
(2/3 (M+NPK), 435 kg N ha-1). Poultry manure 
contained 95.9 g kg-1 total carbon, 16.7 g kg-1 total 
nitrogen and 6.8 g kg-1 total phosphorus. Each 
treatment was repeated three times. 

The soils samples were sampled from the soil 
column at two depths 0-20 cm and 20-40 cm at 
harvest maturity of lettuce. The soils were extracted 
with 100 mL 2 mol L-1 KCl for half an hour. 
Amounts of nitrate (NO3

--N) were determined in the 
extract by MgO-Devarda alloy distillation 
method [16]. The leachates from the soil columns 
were stored at -20°C prior of analysis of NO3

--N 
concentrations. Contents of NO3

--N were measured 
by MgO-Devarda alloy distillation method. The  
loss amount of NO3

--N at each sampling date is 
calculated as: 
 

C NO3
-
-N (mg kg-1 soil) = t t

C V

m

× , 

 
where C NO3

-
-N represents the content (mg kg-1 soil) of 

NO3
--N at each sampling date; Ct represents the 

concentration (mg/L) of NO3
--N in leachate at each 

sampling date. Vt is the volume (L) of the water 
leached out of every packed soil column. 
m represents the dry weight (kg) of soil samples in 
the packed leaching column. 

All statistical analyses were performed with SPSS 
16.0 (SPSS, Inc., 16.0). Significant differences were 
analyzed using ANOVA, followed by the least 
significant difference test (LSD, P < 0.05). 
 
 

3. Results and Discussion 
 
3.1. Nitrate-N Distribution in the 0-20 cm  

and 20-40 cm Depth 
 

The concentrations of NO3
--N in the top surface 

soil (0-20 cm depth) were in the range of 18.4 to  
92.1 mg kg-1 (Fig. 1). With the increasing application 
of complex fertilizer or poultry manure, the content 
of NO3

--N in the surface soil layer increased to 52.6, 
92.8 and 92.1 mg kg-1 in the low, medium and high 
level of total N soil. The level of NO3

--N under the 
application of 30 ha-1 poultry manure was 
significantly higher compared with other fertilization 
treatments (P < 0.05). However, NO3

--N content had 
not always been proportionate to the increased 
application of fertilizer. NO3

--N concentration 
dropped to 33.2, 65.2 and 71.9 mg kg-1 under the 
application of M+NPK treatment in these three levels 
of total N soils. Fertilization rate significantly affect 
the level of nitrate in the soil. The content of nitrate 
was highest with the application rate reaching  
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502 kg N ha-1, more application of fertilizer 
decreased the level of nitrate in the soil. In the subsoil 
(20-40 cm soil depth), there was a similar variation  
of NO3

--N under the fertilizer treatments.  
NO3

--N content was significantly higher under the 
application of 30 t ha-1 poultry manure compared 
with other fertilization practices in the low and high 
level of total N soils (P < 0.05). 
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Fig. 1. Concentration of NO3
--N in top surface soil  

and subsoil applied with 30 t ha-1 poultry manure (M), 
complex fertilizer (NPK), combination of poultry manure 
(M+NPK), decreased combination of poultry manure  
and complex fertilizer (2/3(M+NPK)) and no fertilizer 
applied control (CK). 
 
 

Greenhouse vegetable cultivation is an intensive 
agricultural production system with high inputs of 
fertilizer. The continuous and excessive application 
of fertilizer leads to nutrients accumulation in 
greenhouse soil [9, 17, 18]. Total N, organic matter 
and available P and K in the surface soil layers of 
greenhouse soil tended to increase with the extension 
of using time, leading to the increase of soil 
fertility [6]. The results presented showed that 
applications of excessive fertilizer increased the level 
of NO3

--N in greenhouse soil (Table 2). In the low 
level of total N soil, the application of 30 t ha-1 
manure had a significant effect on increasing the 
content of nitrate in the soil. The highest content of 
NO3

--N reached 52.6 mg kg-1 under the application of 
30 t ha-1 poultry manure, with 46.9 % much more 
than the background level in the medium level of 
total N soil. In the medium level of total N soil, NO3

--
N content in the soil with application of 30 t ha-1 
poultry manure was significantly higher than that in 
the background of the high level of total N soil 
(Table 3). There might be a leaching potential for 
NO3

--N when massive of N accumulated in soil. 

Younie [19] reported that accumulation of inorganic 
N was major determinant of the potential N lost from 
the system via volatilization, denitrification or 
leaching. A high nitrate concentration in the root 
zone was one of the major concerns in extensively 
irrigated areas. There was potential for nitrate 
leaching with accumulative nitrate concentration in 
soil solution and high amount of leaching water [20].  
 
 
Table 2. Comparison of content of NO3

--N from different 
fertilization practices in the low level of total N soil with 
the content of NO3

--N in the background level of the 
medium level of total N soil. 

 

Fertilization practices  
NO3

--N  
(mg kg-1) 

0-20 cm  
L NPK 20.7 b 
L 2/3(M+NPK) 23.0 b 
L M+NPK 33.2 b 
M CK 35.8 b 
L M 52.6 a 
20-40cm  
L NPK 7.4 b 
L M+NPK 10.2 b 
L 2/3(M+NPK) 14.5 ab 
M CK 19.8 a 
L M 23.3 a 

 
L represents the low level of total N soil; M represents the medium 
level of total N soil. Different letters mean significant difference  
at P < 0.05. 

 
 
Table 3. Comparison of content of NO3

--N from different 
fertilization practices in the medium level of total N soil 
with the content of NO3

--N in the background level of the 
high level of total N soil. 

 

Fertilization practices  
NO3

--N  
(mg kg-1) 

0-20 cm  
M NPK 28.4 c 
M 2/3(M+NPK) 47.8 bc 
H CK  61.8 b 
M M+NPK 65.2 b 
M M 92.8 a 
20-40cm  
M NPK 9.9 c 
H CK 18.8 c 
M 2/3(M+NPK) 23.8 bc 
M M 37.0 ab 
M M+NPK 46.1 a 

 
M represents the medium level of total N soil; H represents the 
high level of total N soil. Different letters mean significant 
difference at P < 0.05. 

 
 
3.2. Dynamic of NO3

--N Content Through 
Leaching 

 
As shown in Fig. 2, the content of NO3

--N in the 
leachates was initially similar under all the 
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fertilization practices. In the low level of total N soil, 
the content of NO3

--N increased significant on 
April 25th in the treatment with no fertilizer applied 
control. In the NPK and M+NPK treatments, the 
contents of NO3

--N significantly increased and 
peaked on May 1st. In the 2/3 (M+NPK) treatment, 
there was a significant increase of NO3

--N on 
April 25th and a peaking value was showed on 
April 28th. In the M treatment, the content of NO3

--N 
showed a fluctuate pattern and peaked on May 1st. 
The content of NO3

--N decreased to low level after 
May 10th with the extension of leaching time. In the 
medium level of total N soil, intensity fluctuations of 
the concentration of NO3

--N were observed in the 
leachates since the beginning of leaching experiment. 
NO3

--N concentration significantly increased on 
April 25th, with a decrease on April 28th and peaked 
on May 1st significantly. The content of NO3

--N 
dropped significantly on May 4th (P < 0.05). NO3

--N 
concentration in the treatments with fertilizer showed 
a gradual decline trend after May 4th. With the 
extension of leaching time, the content of NO3

--N 
decreased to 0.2 mg L-1 averagely on June 9th. While 
in the high level of total N soil, the content of NO3

--N 
in the leachate from CK treatment increased on 
April 28th and peaked significantly on May 1st  

(P < 0.05). Under the application of NPK, NO3
--N 

concentration significantly increased and peaked on 
May 4th (P < 0.05). NO3

--N concentration showed a 
significant increase and peaked on Apr. 28th  

(P < 0.05) for the 2/3 (M+NPK) and M treatments. In 
the M+NPK treatment, the content of NO3

--N was 
highest (39.4 mg L-1) on April 25th and the leaching 
concentration of NO3

--N decreased gradually to very 
low levels on June 9th.  

The NO3
--N concentrations in leachates fluctuated 

between 0.1 and 71.2 mg L-1 in the low level of total 
N soil, between 0.1 and 64.0 mg L-1 in the medium 
level of total N soil, and between 0.2 and 61.1 mg L-1 
in the high level of total N soil. 

Average content of NO3
--N in leachates for the 

different fertilization practices mainly exceeded  
50 mg NO3

- L-1 recommended by the World Health 
Organization between April 25th and May 4th. High 
NO3

--N losses through leaching might be illustrated 
by long term of excessive N application with 
intensive irrigation practice. There was 
environmental risk under high inputs in intensively 
managed agricultural systems, such as soil 
degradation, eutrophication and pollution of 
groundwater [21].  

The fertilization treatment in present study was 
relatively common in intensively cultivated 
greenhouse soil (three or more cycles of vegetable 
planting in a year).  

Chemical fertilizer was applied as basal in the 
NPK, 2/3(M+NPK) and M+NPK treatments, and 
poultry manure was applied as basal in the M, 
2/3(M+NPK) and M+NPK treatments. According to 
the result reported by Maeda [22], intensive 
utilization of swine compost, coated urea or 
ammonium fertilizer for seven years can cause the 

leaching loss of nitrate ranging from 30 to 60 mg L-1 
in soil water.  
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Fig. 2. Mean measured NO3
--N concentration in leachates 

from treatments applied with 30 t ha-1 poultry manure (M), 
complex fertilizer (NPK), combination of poultry manure 
(M+NPK), decreased combination of poultry manure and 
complex fertilizer (2/3(M+NPK)) and no fertilizer applied 
control (CK). 
 
 
3.3. Accumulative Leaching Loss of NO3

--N 
 

The 49-days accumulative leaching loss of  
NO3

--N among the different fertilized soils ranged 
widely from 11.6 to 21.0 mg kg-1 for the five 
corresponding fertilization strategy (Fig. 3). In the 
low level of total N soil, the leaching loss of NO3

--N 
ranged from 15.7 to 21.0 mg kg-1. In the medium 
level total N soil, the leaching loss of NO3

--N from 
the columns treated with 30 t ha-1 poultry manure was 
significantly higher than that from the no fertilizer 
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applied control or NPK treatment (P < 0.05). In the 
high level of total N soil, the leaching losses of  
NO3

--N was significantly higher under the treatment 
of NPK compared with CK control (P < 0.05). 
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Fig. 3 Mass of NO3
--N leached from columns applied with 

30 t ha-1 poultry manure (M), complex fertilizer (NPK), 
combination of poultry manure (M+NPK), decreased 
combination of poultry manure and complex fertilizer 
(2/3(M+NPK)) and no fertilizer applied control (CK). 
 
 

The utilization of organic manure increased the 
risk of nitrate leaching in dairy farming systems [23]. 
The application of poultry manure also increased the 
leaching potential of NO3

--N in vegetable greenhouse 
soil. Manure contains mostly organic and ammonium 
nitrogen. Some soil microorganisms convert these 
compounds to nitrate, the easily mobile form of 
nitrogen in soils. Under some conditions, nitrate may 
leach below the root zone and eventually reach 
ground water. This result may be due to the 
enhancement of biological activities caused by 
organic manure, which including a large amount of 
living microorganisms and readily-utilizable carbon 
source on which microorganisms lived [24]. In 
addition, manure contains a great deal of organic 
matter, with the decomposition of which can add 
soluble N to the soil, increasing the amount of soil 
nitrate available to be leached [25]. The effect of 
increasing leaching loss was not significant under the 
combination of poultry manure and complex 
fertilizer. Report reflected that organic manure could 
reduce the leaching of NO3

--N from KNO3 addition 
in soil leachate [26]. However, manure application 
rates should not exceed the nitrogen requirement of 
the crop considering the risk of water environment 
caused by over accumulation of nitrate-N [27-29]. 
Therefore, it is important to quantify the appropriate 
application rate of organic fertilizer in vegetable 
greenhouse soil. 
 
 

4. Conclusions 
 

Increased inputs of chemical fertilizer and poultry 
manure to agriculture soil can lead to nitrate leaching 
to groundwater. The leaching loss potential of 

significant amounts of NO3
--N in vegetable 

greenhouse has been enhanced under local common 
fertilization practice. Heavy leaching of NO3

--N was 
observed after application of commercial fertilizer 
and poultry manure under intensive irrigation. Based 
on the findings, we recommended that combination 
of poultry manure and complex fertilizer (M+NPK) 
was appropriate fertilization practice in the low level 
of total N soil. While in the medium and high level of 
total N soil, the treatment of decreased combination 
of poultry manure and complex fertilizer 
(2/3(M+NPK)) was recommendable to decrease the 
accumulation of nitrate. In conclusion, it is important 
to use fertilizers at moderate quantity based on soil 
fertility tested in vegetable greenhouse. Additionally, 
irrigation frequency and rate should be taken into 
account according to the critical period when NO3

--N 
loss is expected. 
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