
September, 2016              Int J Agric & Biol Eng      Open Access at http://www.ijabe.org              Vol. 9 No.5   101 

 
Effects of digestate application depth on soil nitrogen 
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Abstract: This study investigated the effect of the digestate application depth on soil nitrogen volatilization and vertical 
distribution in black loam soil and sandy loam column.  The contents of soil moisture, TKN (total Kjeldahl nitrogen), 
ammonium nitrogen, nitrate nitrogen, and the extent of ammonia volatilization were tested by applying digestate at depths of  
0 cm, 2 cm, 6 cm, 10 cm, 15 cm and 20 cm, respectively.  The experimental results showed that ammonia volatilization mainly 
occurred in the first 10 days and reduced significantly when the application depth was deeper than 10 cm.  At the same 
application depth, compared with the black loam, the nitrogen loss in sandy loam through ammonia volatilization was less, and 
the penetration depth of nitrate nitrogen and ammonium nitrogen were all deeper.  In the same soil, nitrate nitrogen penetrated 
deeper than ammonium nitrogen at all application depths. 
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1  Introduction  

In recent years, many large and medium-sized 
anaerobic digestion (AD) facilities have been deployed 
across many countries[1-6].  These AD facilities can 
stabilize organic wastes and  produce combustible gas 
that has the potential to replace the exhausting fossil fuel 
such as natural gas and coal.  Besides, these AD 
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processes also discharge nutrient-rich effluent, namely 
digestate.  Without a proper disposal method, the 
digestate could become an environmental hazard that 
poses a threat to air and ground water quality[7].  
Therefore, digestate disposal has become an urgent issue 
restricting the further development of AD projects[8-11].  
Previous studies of Bougnom et al.[12] and Ahlgren et 
al.[13] suggested that the digestate was able to be a good 
fertilizer in terms of quick action and persistence ability, 
and a rational use of digestate could improve the 
physicochemical properties of soil, raise fertility, and 
increase the agricultural product yield.  Although using 
digestate as fertilizer has these advantages, there are also 
some disadvantages.  Moisture and nitrogen contents are 
usually high in digestate, which can reduce soil viscosity 
and make nitrogen more transferable to deep soil layers, 
and  create a contamination threat to groundwater[14,15].  
Moreover, a considerable amount of nitrogen can also be 
released into the air through ammonia (NH3) 
volatilization, generating odor nuisance and reducing 
fertilizer efficiency[11,16,17].  
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Digestate is widely applied on the soil surface[18-20], 
which can easily cause ammonium nitrogen loss in the 
form of NH3 volatilization[11].  It has been reported that 
nitrogen fertilizer applied under the soil surface could 
effectively reduce the loss caused by NH3 
volatilization[21], and could improve the digestate 
fertilizer capacity.  However, deeper land application 
may lead to more serious penetration of nitrate nitrogen 
into the groundwater.  The ideal application depth for 
digestate into farm land is still unknown. 

So far, studies on the farm land application of 
digestate primarily focused on its effect on crop 
growth[11,22-24].  The effect of the application depth on 
nitrogen volatilization and distribution in the soil still has 
not been studied yet deeply and systematically.  This 
study utilized two representative types of soil in 
Northeast China, black loam and sandy loam, to monitor 
the nitrogen transport in soil column experiment.  The 
nitrogen volatilization and vertical distribution in the soil 
were mainly studied after the digestate was applied at 
different depth.  The purpose of the study was to 
identify the optimum application depth of digestate to 
minimize the risk of groundwater contamination and NH3 
volatilization, meanwhile enhance the digestate fertilizer 
efficiency. 

2  Materials and methods 

2.1  Soil and digestate 
The black loam used in this experiment was collected 

from an experimental field (45°42′N, 126°46′E) behind 
the School of Life Sciences in the Northeast Agricultural 
University of Heilongjiang Province, China.  The sandy 
loam was collected from Xingfu village (45°53′N, 
125°07′E) of Maoxing town located in the Zhaoyuan 
county of Heilongjiang Province, China.  The soil was 
collected within the top 20 cm of the plough layer and 
then passed through a 2 cm sieve.  The characteristics of 
the two types of soil are shown in Table 1. 

The digestate was collected from a pilot-scale AD 
facility in Northeast Agricultural University, in which 
chicken manure had been digested as feedstock for    
30 days.  The initial AD concentration of total solid was 
8%.  The fermentation temperature was 35ºC.  The pH, 

concentration of total solid, viscosity, total Kjeldahl 
nitrogen (TKN), ammonium nitrogen and nitrate nitrogen 
of the digestate was 8.14, 3.69%, 248 mPa·s,     
3331.96 mg/L, 2598.46 mg/L and 77.53 mg/L, respectively. 

 

Table 1  Characteristics of soils used in the study 

Parameters Black loam Sandy loam 

pH 7.02 6.89 

Total Solid/% 81.23 88.22 

Moisture/% 18.77 11.78 

Field capacity/% 21.36 18.51 

Organic matter/% 8.79 5.28 

TKN/mg·kg-1 1658.75 959.08 

Ammonium nitrogen/mg·kg-1 100.58 49.75 

Nitrate nitrogen/mg·kg-1 1.68 4.74 
 

2.2  Experimental design 
Soil column simulation experiment was conducted at 

room temperature (20ºC±2ºC).  The effect of different 
digestate application depth on the levels of moisture 
content, ammonium nitrogen, nitrate nitrogen and TKN 
along the vertical soil profile, as well as the extent of NH3 
volatilization measured at the soil surface was 
systematically monitored.  According to the foregone 
nitrogen fertilizer application depth for studying NH3 
volatilization[25-27] and the root systems length of different 
crops[28-30], the digestate application depth was chosen as 
0 cm, 2 cm, 6 cm, 10 cm, 15 cm and 20 cm respectively.  
The soil column used in the experiment was made of rigid 
polyvinyl chloride (PVC) cylinder with an inner diameter 
of 10 cm and a height of 50 cm.  The dry quartz sand 
cleaned by deionized water was added to the bottom of 
the PVC cylinder.  The soil was mixed and loaded into 
the column, the final volumetric density was 1.16 g/cm3 
and the height was 40 cm.  One hundred milliliters 
digestate was injected into each column at the selected 
depth.  Two sponges (2 cm thickness) were pre-soaked 
in phosphoglycerol and then placed at the top of each 
PVC cylinder for absorbing vaporized ammonia.  The 
operation was repeated 3 times for each soil column.  
The NH3 volatilization was determined by analyzing the 
absorbed ammonia in sponge at a five-day interval.  The 
soil samples were collected at a 5 cm vertical interval 
along the soil column depth after the experiment. 
2.3  Analytical methods 

Soil pH was determined in a 1:5 soil/water suspension 
by using potentiometric method[31] and digestate pH was 
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determined directly by using pH meter (Sartorius basic 
pH meter, Germany).  The total solids (TS) of soil and 
digestate were measured according to the oven-dried 
method at (105±5)ºC for 8-12 h[31,32].  The moisture of 
soil was the difference in value between the original 
sample and TS.  The field capacity of soil was measured 
by 100 cm3 cutting ring according to Wilcox method[33-35].  
The soil organic matter (SOM) was measured based on 
the loss of dry mass after sample ignition at 375ºC for  
16 h[36,37].  The viscosity of digestate was measured by 
using digital viscometer (NDJ-9S, Hangping, China).  
The TKN and ammonium nitrogen contents of soil and 
digestate were measured by auto Kjeldahl nitrogen 
analysis equipment (Kjeldahl 2300, FOSS, Denmark) 
according to the standard method edited by Liu and 
Clescerl, et al.[31,32].  The nitrate nitrogen content of soil 
was analyzed by filtration passing through a 0.2 μm filter 
from oscillation extraction in a 2 mol/L KCL solution to 
which soil sample was added, and then measured by 
UV/VIS Spectrometer (Lambda 35, PerkinElmer, 
Singapore)[31,32].  The nitrate nitrogen content of 
digestate was analyzed according to the standard method 
of water quality-determination of nitrate-nitrogen- 
ultraviolet spectrophotometry[38].  Volatile ammonia was 
captured by sponges pre-soaked in phosphoglycerol, and 
then analyzed for ammonium nitrogen concentration at 
room temperature following oscillation extraction in    
1 mol/L KCL solution according to the method used by 
Paramasivam et al.[39] All measurements in this study 
were conducted in triplicate and the average values were 
calculated and reported.  

3  Results and discussion 

3.1  Effect of the digestate application depth on NH3 
volatilization 

Digestate was applied at the depth of 0 cm, 2 cm,    
6 cm, 10 cm, 15 cm, and 20 cm, respectively, and the 
analyzed NH3 volatilization above the soil surface is 
displayed in Figure 1. 

As is shown in Figure 1, when the application depths 
were 0 cm, 2 cm, and 6 cm, NH3 volatilized more than at 
10 cm, 15 cm and 20 cm.  Moreover, Figure 1 reveals 
that most of the NH3 volatilization actually occurred 
within the first 10 days at all application depths.  In 

sandy loam, the percent of volatile ammonia out of the 
total ammonia in the first 10 days were 87.48%, 67.78%, 
59.59%, 53.40%, 53.70%, and 48.38% at 0 cm, 2 cm,   
6 cm, 10 cm, 15 cm and 20 cm, respectively.  In contrast, 
100% ammonia was lost through volatilization in black 
loam in the first 10 days at all application depths (Figure 
1).  From the 10th to 20th day of the experiment, NH3 
volatilization became negligible except those with zero 
application depths.  After 25 days, NH3 volatilization 
totally stopped in all soil columns.  These findings are 
consistent with the results reported by Chantigny et al.[19].  
The reason for that is nitrogen in digestate could not be 
absorbed and converted by soils at the early stage of the 
experiment so as to escape through pore space in soils in 
the form of NH3 volatilization.  The NH3 volatilization 
reduced after digestate application was deepened.  
Figure 1 also shows that there was a big difference in 
NH3 volatilization when digestate application depths were 
the same in different soils.  NH3 volatilization rate in the 
6 groups of black loam was higher than that of sandy 
loam, and volatilization period in the 6 groups of black 
loam was shorter than that of sandy loam.  The reason is 
that the pore space in sandy loam was bigger than that in 
black loam and digestate could penetrate deep into soils 
in a shorter time than that in black loam[40]. 

 
Figure 1  Effect of the digestate application depth on NH3 

volatilization in the experiment 

3.2  Effect of the digestate application depth on 
cumulative NH3 volatilization 

The effect of the digestate application depth on 
cumulative NH3 volatilization is shown in Figure 2. 

It can be seen from Figure 2 that cumulative NH3 
volatilized significantly less when the application depth 
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was 6 cm, 10 cm, 15 cm, and 20 cm than 0 cm and 2 cm.  
For instance, the cumulative NH3 volatilization became 
negligible when the application depth was deeper than  
10 cm.  This result indicates that the nitrogen loss 
through NH3 volatilization could be effectively controlled 
when the digestate was applied 10 cm under the soil 
surface.  Again, the cumulative NH3 volatilization in the 
black loam was found significantly (p<0.01) more than 
that in the sandy loam when the application depth was at 
0 cm and 2 cm, respectively. 

 
Figure 2  Effect of the digestate application depth on cumulative 

NH3 volatilization  
 

3.3  Effect of the digestate application depth on soil 
moisture content 

The digestate application depth-dependent soil 
moisture content along the vertical depth of the soil is 
shown in Figure 3. 

 
Figure 3  Digestate application depth-dependent soil moisture 

content along the vertical depth of the soil 
 

As shown in Figure 3, the moisture content in the soil 
applied with digestate was always higher than the original 
soil.  The profile of moisture content along the soil 
depth appeared to be in the shape of “7”.  That is to say, 
the moisture content in the soil reached a maximum at 

fertilizer points (0 cm, 2 cm, 6 cm, 10 cm, 15 cm and   
20 cm), and then it leveled down toward the upper and 
lower sides of the fertilizer points.  The maximum 
moisture content in the sandy loam was much higher 
when digestate application depth was 6 cm, 10 cm, 15 cm 
and 20 cm than when it was at 0 cm and 2 cm.  This 
result indicates that the amount of evaporation decreased 
significantly when the application depth was deeper.   
3.4  Effect of the digestate application depth on soil 
nitrogen distribution 
3.4.1  Effect of the digestate application depth on soil 
ammonium nitrogen distribution 

The digestate application depth-dependent ammonium 
nitrogen distribution along the vertical depth of the soil is 
shown in Figure 4. 

 
Figure 4  Digestate application depth-dependent ammonium 

nitrogen distribution along the vertical depth of the soil 
 

As displayed in Figure 4, the maximum ammonium 
nitrogen concentration in the soil was found at the soil 
surface when the application depth was 0 cm and 2 cm, 
respectively.  The ammonium nitrogen distribution in 
the depths deeper than 6 cm basically remained 
unchanged.  That is to say, the ammonium nitrogen 
content above the fertilizer points in soils increased with 
the increase of soil depths, but the ammonium nitrogen 
content below the fertilizer points in soils decreased.  
Ammonium nitrogen contents below the fertilizer points 
decreased greatly when being closer to the fertilizer 
points.  It also can be seen from Figure 4 that the 
ammonium nitrogen concentration in the black loam at all 
depths (0 cm, 2 cm, 6 cm, 10 cm, 15 cm and 20 cm) 
gradually stabilized in the range from 5 cm to 10 cm 
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below the fertilizer points, but in sandy loam this 
stabilized range was from 10 cm to 15 cm below the 
fertilizer points.  This result indicates that the 
ammonium nitrogen penetration in the sandy loam was 
much deeper than in the black loam, which is in line with 
the finding of Cui et al.[40] Besides, in the top 35 cm layer 
of the soil, the ammonium nitrogen concentration 
remained stable regardless of the digestate application 
depth.  
3.4.2  Effect of the digestate application depth on the 
soil nitrate nitrogen distribution 

The results of the vertical distribution of the nitrate 
nitrogen in the soil are shown in Figure 5. 

 
Figure 5  Digestate application depth-dependent nitrate nitrogen 

distribution along the vertical depth of the soil 
 

Figure 5 illustrates that the maximum concentration 
of nitrate nitrogen was lower than 12 mg/kg for all 
application depths.  There was little difference in the 
maximum nitrate nitrogen concentration, but great change 
in nitrate nitrogen concentration of all digestate 
application depths in soils.  It can also be seen from 
Figure 5 that the nitrate nitrogen distribution actually 
followed ammonium nitrogen distribution at all depths in 
the soil, i.e., the maximum nitrate nitrogen concentration 
was measured at the fertilizer point, but relatively lower 
nitrate nitrogen concentration was measured in the 
distance further away from the fertilizer point.  
Although nitrate nitrogen concentration was always lower 
than ammonium nitrogen concentration, the nitrate 
nitrogen concentration at all depths (0 cm, 2 cm, 6 cm,  
10 cm, 15 cm and 20 cm) in black loam was gradually 
stable in the area of 10 cm to 15 cm below the fertilizer 
points, and in sandy loam this was gradually stable.  
This result indicates that the nitrate nitrogen penetration 

in the sandy loam was much deeper than that in the black 
loam.  It can also be seen from the comparison between 
Figures 4 and 5 that the nitrate nitrogen at the bottom of 
the experimental soil columns was still unstable and 
decreasing.  This finding indicates that nitrate nitrogen 
could penetrate more easily than ammonium nitrogen.  
This conclusion is actually supported by the study of 
Svoboda et al.[41] and Mantovi et al.[42]  It can be 
inferred from this study that the groundwater is more 
likely to be contaminated by nitrate nitrogen when the 
digestate application depth is too deep.  
3.4.3  Effect of the digestate application depth on the 
soil TKN distribution   

The digestate application depth-dependent TKN 
distribution along the vertical depth of the soil is shown 
in Figure 6. 

 
Figure 6  Digestate application depth-dependent TKN distribution 

along the vertical depth of the soil 

The profiles of TKN distribution between black loam 
and sandy loam were more or less the same at all 
digestate application depths as shown in Figure 6.  
When digestate application depth was 0 cm and 2 cm, 
TKN concentration in soils reduced with the soils depth.  
When application depth was deeper than 6 cm, the 
distributions of TKN in the soil almost remained constant.  
That is to say, the maximum TKN concentration was near 
to the fertilizer points, but the relatively lower TKN 
concentration was far from above or below of fertilizer 
points.  Likewise to the nitrate nitrogen distribution, the 
distribution of TKN in the soil was basically the same 
with that of ammonium nitrogen.  The maximum TKN 
concentration was higher in the black loam than in the 
sandy loam when the application depth was 0 cm, 2 cm, 
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and 6 cm, respectively.  There was little difference in the 
TKN concentration between black loam and sandy loam 
when the application depth was 10 cm, 15 cm, and 20 cm. 

4  Conclusions  

NH3 volatilization mainly occurred in the first 10 days 
after the land application of digestate, and it reduced 
significantly if deepening the application depth.  For 
example, when the application depth was deeper than  
10 cm, NH3 volatilization reduced substantially.  When 
the application was shallow, there was more nitrogen lost 
through NH3 volatilization in the black loam than sandy 
loam, posing higher pollution risk to the air.  The nitrate 
nitrogen was found capable of penetrating to deeper depth 
over ammonium nitrogen in the soil, and thus would more 
likely become a source of groundwater contamination 
upon digestate application on the farmland.  
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