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Abstract. Agriculture is mainly responsible for ammonia (NH3) volatilization. Among all agricultural 
activities, livestock and especially animal manures are the most important sources of NH3 emissions. 
Manure application which not only exacerbate greenhouse gas emissions, but also leads to eutrophication 
of water bodies. Many studies have shown that surface application of manure can lead to large ammonia 
losses and run off, on the other hand that tillage can substantially reduce these losses. It is necessary to 
determine ammonia flux from manure-amended soils to improve management manure handling practices 
for minimizing agriculture’s impact on the environment. From this point of view, one of the direct measured 
method was used to determine this volatilization. The objections of this work were: i) The design, 
construction, physical calibration, and operation of the little wind tunnels. ii) Recover ammonia loss from 
bovine slurry by little wind tunnel method. iii) Determine the effect of slurry application depth on ammonia 
emission. The little wind tunnel system consisted of plastic canopy covering the treatment area (2 m long 
by 0.5 m wide). By was using a fan, it was imitated the natural wind speed in the test area (1-1.5 m/s). 
Nitrogen losses were measured with this method in surface application, 50 mm and 100 mm subsurface. In 
the surface application, the highest ammonia emission was observed. It was approximately 68% higher in 
compared to another methods. There is significantly (P=0.05) different in the ammonia emission, between 
the surface apply method and injection manure in soil methods. But There isn’t any significantly different 
between ammonia emission amount in injection subsurface methods (100 mm and 50 mm deep). 

1 Introduction 
The most important problem facing the world is the 
inability to provide enough cheap food to people while the 
world population is increasing. To solve this problem, it 
is aimed to get more efficiency from the unit area for this, 
it is aimed to intensify the use of input. Fertilization has a 
large important share in agriculture [1]. In the 
consumption of nitrate-based fertilizers, increasing have 
been reported by FAOSTAT around 41% between 1985 
and 2021. Which has reached around 109 million ton all 
world in 2021 [2]. The increase in animal stocking and in 
the price of chemical fertilizers encourage farmers to use 
animal manure and slurry [3]. Animal manure especially 
liquid manure is a rich source of nutrients for crops. In the 
other hand, ammonia (NH3) from animal manure at high 
concentrations and emission rates is one of the most 
important agricultural environmental problems related to 
human and animal health since it causes ecological 
damage [4]. 

N can be lost the atmosphere or water source before 
uptake by plants. Agriculture is mainly responsible for 
ammonia (NH3) volatilization. Among all agricultural 
activities, livestock and especially animal manures are the 
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most important sources of NH3 emissions. Agriculture 
represents the major emitter of ammonia (NH3) and is 
responsible 94% of total emission in eu-28 in 2016 [5]. 
According to reports, livestock practices participate in 
ammonia losses in housing activity is 6%, in storage 28%, 
in land application 53% and 6% the others [6]. 

It is necessary to evaluate manure management and 
application practices for minimizing agriculture’s impact 
on the environment. For this goal, first of all, it’s 
necessary to quantify this loss. Studying ammonia 
volatilization requires specialized research equipment 
because volatilization is a physic-chemical process 
controlled by factors such as soil PH, soil temperature, 
tillage, manure composition, wind speed, soil texture, 
plant uptake, leaching and so on [7]. 

There are some methods to determine ammonia flux 
from farmland after fertilization. The indirect methods 
which mainly refers to the soil ammonia balance by 
determined amount of soil residue, plant absorption, 
leaching and so on. And the direct methods are i) 
micrometeorology, ii) closed chambers, and iii) small 
wind–tunnel techniques [8]. Micrometeorology method is 
based on the measurement of the density of the vertical 
gas flux in the free air above the fertilized surface [9]. This 
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method is widely accepted, but have been required large 
treatment areas of uniform topography to (>50 m diameter 
circles) and stable wind profiles are some disadvantages 
of this method. Besides that, need for large areas 
commonly prevents replication and limits investigations 
to only one treatment. Closed chamber method is 
cylindrical an open-ended bottom with little diameter, that 
is covered treatment area. Ammonia emission 
measurement is base of acid trap system. Small, 
lightweight, easy transportation, relatively cheap are 
advantages of this system [10]. Small wind tunnels offer 
advantages of mimic environmental situation, easy 
transportation, study of several treatments, replication and 
comparisons among treatments. The basic design of the 
wind tunnel is given by lockyer [11]. They have been 
extensively used this technology to measure ammonia 
emissions over a surface and compare emission rate 
between different and effect soil temperatures. 
Christensen and Sommer studied about to measure the 
recovery efficiencies of this technique. They reported 
obtained recoveries of 70-80% with slurry [12]. 

2 Materials and Methods 
The aim of this study to determine the effects of the 
application methods of liquid manure on NH3 emissions 
rate from farm land. This experiment was carried out in 
2021 to 2022 at the Cukurova University, Department of 
Agricultural Machinery and Technologies Engineering, 
Adana, Turkey. A software has been used to design the 
small wind tunnel and simulate ventilation performance 
in it. The wind tunnel including a transparent plastic part 
with 2 meters long by 0.5 m wide for covered 2 m2 area. 
The "U" shaped canopy was attached to sheet metal 
cylinder. To mimic natural wind, an electric fan allowed 
air across the enclosed area by velocity ranges of 1 m/s. 
In one study determined there was a 15% increase in total 
available N lost for every 1 ms−1 increase in wind speed 
following with pig and cattle manure application [13]. 
Treatment area was prepared at 2 square meter area for 
each experiment. The treated area included surface apply 
or traditional method, 50 mm subsurface, 100 mm 
subsurface, was repeated three times for treatment during 
each interval of measurement. The amount of volatilized 
NH3 after of different application methods of slurry in soil 
was assessed under constant and controlled environmental 
conditions. Measurements were conducted over a 48h 
period. Air temperature and wind speed in the tunnel were 
also recorded. Construction  

The basic design of the wind tunnels is covered treatment 
area and mimic environment factors. The clear plastic 
canopy is made of polycarbonate (2 m long by 0.5 m wide 
by 0.48m high) that covered 1 m2 area. The polycarbonate 
sheet was flexed into U shape and were located at a 
rectangular frame which was made from aluminium 
measuring 5× 5× 0.3 cm (thickness). The canopy attached 
to sheet metal cylinder has an internal diameter of 25 cm, 
length of 100 cm. This cylinder was housing a fan and a 
cross–sectional air–sampling device. The electric fan, 25–
cm diameter aluminium impeller with seven blades set at 

a 15 pitch to draw air across the enclosed area by velocity 
ranges from 0.5 to 5 ms-1. Wind tunnel system had 
capabilities to mimic natural wind speeds. (Fig 1) 
 

 
Fig 1. Wind tunnel side view  
 

The star sampler device with eight legs was mounted 
in the cylinder section. Each leg extends 9 cm from a 
hollow hub that served as a vacuum manifold. Air entry 
through the end of each leg and two holes those were 
drilled on legs, at equal distances from the hub (Fig 2). 
The star sampler was connected to the gas scrubbing 
bottle. Ammonia concentrations in the air were measured 
using acid trap, flow meters, and vacuum pumps. 
 

    
Fig 2. Star sampler device  Fig 3. Acid trap  
  

The gas scrubbing bottle, containing 120 ml of %2 
boric acid, was used as trap to reaction with ammonia in 
the sampling air (Fig 3) [14]. A small vacuum pump 
bubbled sampling air through Acid Boric (acid trap) 
constructed from PVC tubing. The air flow rate through 
the acid traps was set at 5 L min-1. The volume of air 
passing through the gas scrubbing bottles was measured 
with a gas–flow meter. The amount of ammonia flowing 
in the medium was found by the amount of ammonia 
trapped in the boric acid divided by area on the basis of 
time. 

1.2 Simulation 

A simulation program has been used to simulate 
ventilation performance. Velocity and pressure were 
simulated to define the aerodynamic condition inside the 
tunnel.  

As the figure, the results of symmetric behaviour can 
be seen of the flow pattern. Flow speed in the entrance 
part of the tunnel was measured around 0.8 ms-1 and this 
measure was recorded around 1.2 ms-1 during the canopy. 
Velocity and pressure simulated were performed, to 
define the air flow condition inside the tunnel (Fig 4). 
 

 
Fig 4. Simulated of velocity profile inside the wind tunnel 
 

In the length of the tunnel reported a steady state 
condition in velocity and pressure. In canopy section the 
air pressure was almost constant. These almost constant 
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boundary conditions at the main flow are likely to create 
a constant wind speed through the section. The air 
velocity and pressure profile shown in Fig (5,6). 
 

 
Fig 5. Simulated of velocity profile inside the wind tunnel  
 

 
Fig 6. Simulated of pressure profile inside the wind tunnel  
 

Five vertical cross-sections were chosen for the 
measurements, entrance of the tunnel, 1/4 (x=50 cm), 1/2 
(x=100 cm), 3/4 (x=150 cm) of length of the canopy and 
output of tunnel respectively. Pressure bulk average, 
velocity average and mass flow rate were measured for 
each one of the points (Fig 7).  
 

 
Fig 7. Pressure bulk average, velocity average and mass flow 
profiles at the start, three equal distances in canopy and end point 
of the emission section in the wind tunnel for nominal velocity 
values of 1.2 m s-1. 

1.3 Experimental Setup 

Organic fertilizers used in the experiment were bovine 
slurry, which was collected from barn by a scraper and 
passing through the separator. Fertilizers were applied at 
a rate of 85 kg ha-1 of total N. Experiments included three 
methods treatments applied to 2 square meter sample 
areas for each one. Split-plots was designed by separate 
random assignments of levels of application methods. 
These methods were surface apply or traditional method, 

50 mm subsurface, 100 mm subsurface. Tunnel set–up 
involved attaching all electrical connections to power and 
was placed the canopy over the treated area at the same 
time was activated vacuum pumps to bubbled sampling 
air in gas scrubber. The fan was set to allow air flow 
velocity in the middle of canopy as 1 ms-1. Wind speed 
was measured by a thermal (hot–wire) anemometer. Air 
flowmeter (airflow Tech. Prod. Inc., model 8455, 
Netcong, N.J.) mounted in the e entrance of acid trap tube 
which monitors sampling air volume flow rate through the 
acid trap. Scrubber flow–meter rates were 5 L min–1. 
Ammonia losses from the treated area was calculated 
from the ammonia concentrations in the outlet air streams 
and the airflow through the tunnel.   

Measurements were commenced within 15 min of 
completing treatment application. The treatments are 
normally applied to a 1.7 m length of the 2 m canopy [15]. 

Experiments were run for 48 h and Practice to 
collected samples was doing every 3 hours over activity. 
Every 3 hours, the trapped acid sent to the laboratory for 
analysis and determined ammonia solution in it and the 
new acid was replaced, and this work continued over 
collection period. In this procedure the distilled ammonia 
is trapped in 2% boric acid and titrated with standard 
0.005 N H2SO4 [16]. 
The amount of ammonia flowing in the medium (kg NH3-
N ha-1d-1) was found by the amount of ammonia trapped 
in the boric acid trap divided by area on the basis of time. 
duct. The flux was then calculated using the Eqn (1,2). 
 

𝑓𝑓 = (𝑟𝑟 × 𝑐𝑐𝑎𝑎) 102𝐴𝐴⁄                  (1) 
𝑐𝑐𝑎𝑎 = (𝑐𝑐𝑠𝑠 × 𝑣𝑣𝑠𝑠) 𝑣𝑣𝑎𝑎⁄             (2) 

 
f (kg NH3Nha−1 d−1) net daily ammonia volatilization 

flux, ca atmospheric concentration of NH3-N (mg N m−3) 
at the wind tunnel, cs (mg N L−1) is the measured 
concentration of NN3-N in the acid trap solution, vs (L) is 
the measured volume of acid trap solution, va (m3) is the 
measured volume of air passed through the acid trap 
solution, r (m3 d−1) is the air volumetric flow rate through 
the wind tunnel and A (m2) is the soil area covered by the 
wind tunnel. 

The air speed along the X-axis and along the Y-axis 
was measured with hot wire anemometer and rotating‐
vane anemometer. For this purpose, measuring points 
were placed on the side and above the tunnel in the middle 
of the canopy for reference and the other was placed in 
tunnel output 

3 Results  
A standard measurement technique for measuring 
emissions from area sources is needed. One of the key 
parameters that must be standardized include wind 
velocity profile in the tunnel. In this study it was able to 
imitate the characteristics of the environment, under the 
small wind tunnel by keeping the wind speed constant. 
The velocity profile in the tunnel provides fairly 
consistent flow. The velocity near the bottom of the wind 
tunnel was slightly less than that measured in the middle 
and top of the tunnel. There was no significant difference 
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between the height of the velocity boundary layer in the 
small wind tunnel. The velocity is around 1.2 ms-1 in the 
middle (Fig 8).  
 

 
Fig 8. Mean vertical air velocity measured in canopy at ms-1 

 
Based on the values recorded during the experiment, 

ammonia flux of treatment area was seen at the peak point 
in the early hours after application. The amount measured 
in the first three hours after applying 12(kgNH3-Nha-1d-1) 
in the surface apply method, 4.82 (kg NH3-N ha-1 d-1) in 
the 50 mm subsurface and apply method, 3.84 (kg NH3-N 
ha-1d-1) in the 100 mm subsurface method. Around 30% 
of ammonia emission happened at the first three hours 
after application. It was around 40% at first six hours after 
application and flow that by 50%-60% at first nine hours. 

All statistical analysis was conducted using SPSS 
Statistical Software. There was a close association 
between application method and ammonia volatilization 
in studies. Ammonia emission following land spreading 
of animal slurry seems to depend on type of application 
technique, as shown in (Fig 9). For the interpolation of the 
amount of emitted NH3 measured in each application 
method, three different mathematical models were used. 
A strong linear relationship was observed between the 
NH3 emission and time after starting experiment.  
 

Fig 9. Rate of ammonia emission measured. 

Surface application using liquid manure resulted in the 
highest ammonia emission value. It was approximately 
70% high in compared to the inject manure 100 mm 
subsurface. Apparent losses of N were highest at surface 
application. That was by 60 percent higher than inject 
manure in 50 mm subsurface and by 70 percent higher 
than inject manure in 100 mm subsurface (Fig 10). 
 

Fig 10. Total amount of emitted ammonia from different 
treatments method during the experiment. 

Analysis of variance (ANOVA) was performed with 
application type as main factors. In table 1, the effect of 
fertilizer applicator type on ammonia emission was 
analysed (ANOVA, LSD test). 
 
Table 1. The statistical relationship between application method 
(On surface, Subsurface) and ammonia loss. 

 

Was a highly significant correlation coefficient of 0.89 
(R2 = 0.95). Emission experiment seems to depend on 
type of application technique, as shown in table. Surface 
application using liquid manure resulted in the highest 
ammonia emission value. There was significantly 
(P=0.05) different in the ammonia emission, between the 
surface apply method and injection manure in soil 
methods. But there was not any significantly different 
between ammonia emission amount in injection 
subsurface methods (100 mm and 50 mm deep). 

4 Construction 
Due to the increase in the number of dairy cattle farms and 
substantial amounts of animal wastes are being produces 
each year. Therefore, has made it necessary to evaluate 
the barn manure without creating an environmental 
problem. Liquid manure in our country generally applied 
as a surface application, whereas it causes a loss of 
ammonia nitrogen by evaporation and reaching until 90% 
and causes significant environmental problems and 
economic loss. In this study, it was determined that when 
liquid manure was applied as an injection into soil, there 
was an average of 70% less nitrogen loss than traditional 
on surface applied. Manure application management 
make minimum volatility of the nitrogen into atmosphere 
so ammonium nitrogen nearby the roots is immediately 
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available or will quick reached by the roots of plants. 
Studies of crops other than those mentioned in this article 
will need to evaluate the economic and environmental 
benefits machines for injection manure in soil a covered 
that.  
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