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In many recent studies, the effects of climate change on the future of biodiversity have been studied. As a result of 
human economic activity, extraction of mineral resources, land-use management, application of fertilizers (for example, 
nitrogen-containing compounds), carbon dioxide emissions into the Earth's atmosphere increase. This causes a change in 
the air temperature in the direction of increase and a change in the quantity and quality of the sediments, causing a wet-
ting of the soils. The reaction of bacteria capable of oxidizing ammonia, belong to the group of chemo-litho-autotrophic 
microorganisms and at the same time are not associative microfl ora, was studied. In both natural and human-induced 
disturbance altered ecosystems, they strongly depend on these bacteria through intensive oxidation of ammonium. In re-
sponse to artifi cially created climate changes, we received a change in the structure of the ammonium-oxidizing bacteria 
(AOB) community. The addition of a large amount of nitrogen fertilizer has led to a change in the number of bacteria 
that oxidize ammonia, while the temperature and humidity levels have changed, which also have an impact on AOB. In 
response to the increase in carbon dioxide signifi cantly reduced the number of AOB. If, in this case, the amount of pre-
cipitation also increased, then this decrease was most pronounced. Increased nitrifi cation caused also caused changes in 
the composition of the community of microorganisms. These results show that microbial communities can be successively 
changed by climate change and that these changes may have consequences for the functioning of the ecosystem.
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Introduction
Environmental systems are changing globally 

under the pressure of human activity. As a result of 
some studies it has been shown that numerous joint 
multifactorial changes can affect the diversity, quan-
tity and functionality of microbial communities. The 
interrelation of such changes is seen through the in-
crease in the amount of released atmospheric carbon 
dioxide due to the extraction and combustion of var-
ious fuels and combustible materials, as well as the 
intensification of land use. As a result of such a per-
son's activity, the amount and quality of precipitation, 
temperature changes, soil-formation process changes 
occur, including intensive transformation of nitrogen 
in soils. Soil microorganisms play an unimportant role 
in the internal processes and actively respond to glob-
al changes. Almost nothing is known about the effect 
of multifactorial changes on communities of microor-
ganisms in soils.

Bacteria capable of oxidizing ammonia belong 
to the group of chemo-litho-autotrophic microorgan-
isms and, at the same time, not being an associative 
microflora. Both in natural and anthropogenically 
altered ecosystems they are strongly influenced by 
these bacteria through intensive oxidation of ammo-
nium [11]. This group of bacteria is not chosen by 

chance. Most studies consider it an ideal model for 
studying the ecology of microorganisms for a number 
of reasons [8]. First, these bacteria are widespread in 
nature, they can be found in soil, fresh and sea wa-
ter. Secondly, they have great ecological significance, 
namely: these bacteria play a central role in the nitro-
gen cycle, because they carry out the limiting stage 
of nitrification – the oxidation of ammonia. Third, 
the activity of the enzymes of ammonium-oxidizing 
bacteria participating in nitrification processes can be 
changed by changing the environment [10, 16]. Final-
ly, all ammonium-oxidizing bacteria carry the amoA 
gene; it is a protein that catalyzes the oxidation stage 
of ammonia to hydroxylamine, which codes for the 
α-subdeitenium of the enzyme-ammonia-mono-ox-
ygenase. This gene is widely distributed among the 
ammonium oxidizing bacteria and is used as a molec-
ular marker that allows detecting them and to count 
without the laboratory culture. Most soil bacteria are 
not suitable for cultivation in the laboratory, so it is 
very important to use such molecular markers as a 
known unique gene for a more accurate assessment 
of the diversity and quantity of microorganisms in the 
soil [4]. The object of the current study was bacteria 
capable of oxidizing ammonia, affected by various 
environmental changes.
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Materials and Methods
In current work, various environmental chang-

es that can affect the ecosystem in soils were created 
artificially. Namely: 1) simulation of increasing atmo-
spheric CO2 (adding carbon dioxide to the air with a 
target concentration of 700 ppm); 2) imitation of pre-
cipitation (increased (by 50%) moistening of the soil); 
3) imitation of global warming (increase in ambient 
temperature); 4) increased nitrogen content (by add-
ing Ca (NO3) 2 in an amount of 7 g m-2). The reaction 
of ammonium-oxidizing bacteria (AOB) on these fac-
tors was studied both individually and in a complex. 
Separately, carbon dioxide amount in the airspace was 
studied, in experiments with simulated precipitation, 
temperature increase and nitrogen addition.

Results and Discussion
As a result, in response to these man-made 

changes in the soil ecosystem, some influences the 
community structure of AOBs were recorded, name-
ly: change in the number of these bacteria. In re-
sponse to the addition of a nitrogen-containing fer-
tilizer, the number of bacteria that oxidized ammonia 
increased significantly, on 74.4%. Ammonia oxidizer 
populations are influenced by temperature. There was 
also an increase in the AOBs number with increasing 
ambient temperature, on 51.2%. With the increase in 
atmospheric air of carbon dioxide, a decrease in the 
AOBs total number, on 18.6%. The most pronounced 
decrease in the amount of AOB (on 30.2%) was ob-
served in response to an increase in soil humidity. The 
complex impact of these factors adversely affected 
the AOB community, their number was decreasing on 
25.6%.

The changes in the AOBs amount observed 
in response to artificially created changes may well 
be the result of the indirect influence exerted by the 
common microbial community. Literature review il-
lustrates, the amount of AOB can vary under the form 
of humidity in the soil, since in the dock of their mem-
bers, it also goes down. An increase in the number of 
members of the investigated group of microorganisms 
can occur with a relatively moderate increase in hu-
midity, by reducing water stress [1, 5]. A significant 
reduction in the number of AOB occurs with a strong 
increase in humidity, due to a decrease in the diffu-
sion of oxygen into the soil [1]. Therefore, in order 
to achieve a balance between these two effects, it is 
necessary to maintain optimum soil humidity. This 
balance can underlie the interaction that was observed 
in the study of a set of factors. Since the increase in 
humidity results in a sustained negative impact on the 
AOB community, due to the reduced availability of 
oxygen, it is likely that an increase in temperature can 

reduce water stress and thereby increase the access of 
oxygen to the soil.

The effect of carbon dioxide can also be indi-
rectly through soil humidity. Carbon dioxide increas-
es soil humidity due to changes in the activity of the 
general microbial community of the soil. The same 
reaction of the investigated group of bacteria on the 
increased soil humidity and carbon dioxide is found 
in current research. As the carbon dioxide content in-
creases, the rate of competition for nutrient resources 
between AOB and heterotrophic microorganisms in 
the soil changes. The increased level of carbon diox-
ide increases the content and activity of heterotrophic 
microorganisms in the soil [7, 9]. AOBs are the low-
est competitors for some resources (for example, oxy-
gen) for heterotrophic microorganisms, and increased 
competition of resources can lead to an increase in 
CO2 content due to a decrease in the number of AOBs 
[1]. The number of the investigated group of bacte-
ria can significantly decrease with a simultaneous in-
crease in the amount of precipitation, as these results 
in the elution of mobile nutrients and a decrease in the 
diffusion of oxygen.

Experimental data have been obtained in favor 
of this conclusion. Thus, increased humidity and pre-
cipitation contribute to an increase in the carbon diox-
ide content in the surrounding atmosphere by a factor 
of 2. This probably serves as a key factor to a decrease 
in the AOBs number in a multifactor test. When ni-
trogen was introduced into the soil, a change in the 
amount of AOB was observed, which, very likely, 
was mediated by the entire action of the nitrate on the 
soil. So, Anna Hermansson and Per-Eric Lindgren [6] 
point out that in the fertilized soil ammonia-oxidizing 
bacteria three times more than the number of bacte-
ria in the unfertilized soil. Some researchers point out 
that the availability of nitrogen can decrease with a 
high amount of precipitation, because the losses of 
available nitrogen increase. A significant role in this 
process is played by an increased temperature, which 
leads to an increase in soil humidity.

The results obtained show that global multifac-
torial changes can consistently change microbial com-
munities. Such changes in the microbial community 
can have serious consequences and disrupt the func-
tioning of the entire system. Free living prokaryotes, 
to which the group of bacteria we are researching, are 
key participants in the functioning of ecosystems and 
represent a large part of the Earth biodiversity [14]. 
The change in microbial diversity, its abundance, can 
lead to a disruption in the pace and functions through-
out the system. Due to the low degree of functionality, 
microorganisms of the nitrogen cycle and, in particu-
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lar, AOB [15] are particularly vulnerable to this. Lit-
erature review shows, there are indications of a con-
nection between the functions of denitrifying bacteria 
and the structure of the community [2, 3, 12].

Conclusion
An answer was received to the multifactorial 

global changes from the communities of free-liv-
ing soil ammonium-oxidizing bacteria. A significant 
quantitative change in the structure of the community 
of these bacteria was demonstrated. The number of 
AOBs varied with temperature, precipitation, carbon 
dioxide and nitrates. The data obtained agree with the 
literature review, which indicate that the water bal-
ance of soils often causes global changes in ecolog-
ical communities [13]. Some AOB reactions that do 
not carry global changes can be representative prede-
cessors in the modeling of global changes. The insig-
nificant but notable known reactions of these bacteria 
can predict the response to much more serious chang-
es in the system. For example, the AOB reaction for 
the addition of nitrogen was similar to the previous-
ly studied effect of agricultural fertilizers [4]. Some 
changes in the community of ammonium-oxidizing 
bacteria observed are important for understanding 
possible changes in the functioning of the ecosystem. 
This point to the potential importance of feedback be-
tween such factors of the soil ecosystem as humidity, 
carbon dioxide, nitrogen, temperature and microbial 
groups involved in nitrogen transformations (for ex-
ample, nitrogen fixing, denitrification and nitrite mi-
croorganisms). Current study shows that a full aware-
ness of the environmental consequences of a global 
change requires an understanding of the response of 
the microbial community as one of the fastest-chang-
ing factors.
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