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INTRODUCTION

Arid grasslands are vast areas covered with 
herbaceous vegetation where annual rainfall does 
not exceed 400 mm. Covering about 30% of the 
land surface, these harsh lands are enchanting in 
their wild beauty and hold many secrets. The arid 
grasslands are under a regime of severe water 
conservation. Plants that have adapted to the arid 
climate have deep roots that allow them to extract 
moisture from deep layers of soil (Baymagambe-
tova et al. 2024). The leaves of many plant spe-
cies are covered with a waxy coating that prevents 
evaporation of moisture. Animals inhabiting these 
areas have also developed unique types of adapta-
tions. The plant world of arid grasslands is repre-
sented by grasses, sedges, wormwoods, astragals 
and other xerophytic species. These plants, able 

to survive in drought conditions, provide food for 
herbivorous animals. The fauna of arid pastures is 
quite diverse: there are rodents, ungulates, preda-
tors, as well as many birds. Arid pastures are tra-
ditionally used for grazing. However, overgraz-
ing can lead to pasture degradation, soil erosion, 
and desertification. It is necessary to manage 
these fragile areas sustainably to preserve them 
for future generations (Xue et al. 2023; Czigány 
et al. 2023). To this end, the authors investigated 
microorganisms in arid pastures, which in these 
agroecosystems they play the role of real giants, 
performing many functions that directly affect 
soil fertility and productivity.

Thanks to their great diversity, bacteria and 
fungi living in the soil play a key role in the nu-
trient cycle. These microscopic creatures synthe-
size many enzymes and possess specific genes 
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that allow them to participate in almost all stages 
of this vital process (Jiapeng Zhang et al. 2024; 
Wydro et al. 2014). The abundance of bacteria 
and fungi in the soil contributes to the formation 
of humus, a valuable component that ensures fer-
tility. Microorganisms produce specific metabo-
lites, biomass and enzymes that participate in the 
synthesis and formation of precursors of humic 
compounds. Thus, microorganisms are not just 
invisible soil inhabitants but real motors that en-
sure nutrient cycling and formation of fertile lay-
er (Patel et al. 2023).

Soil is a complex and multi-component world 
inhabited by a colossal variety of microorgan-
isms. These microscopic creatures, with their 
unique metabolic abilities, play a key role in or-
ganic matter decomposition and nutrient cycling. 
The composition and abundance of the soil micro-
bial community are directly influenced by various 
factors, both natural and anthropogenic. Studying 
these relationships is an important task that will 
allow us to better understand the functioning of 
soil ecosystems and predict the effects of various 
exposures on their health (Wu et al. 2024).

Understanding of interrelationships between 
physical-chemical and biological characteristics 
of soil, as well as the influence of various fac-
tors on them, is the key to optimizing its fertil-
ity. Studying these interrelationships will allow 
us to manage trophic and biological processes, 
purposefully regulate the course of transforma-
tion of nutrient elements, and develop methods 
for managing the reproduction of soil fertility. 
Understanding the complex interrelationships in 
soil will allow us to increase its fertility and, con-
sequently, ensure food security.

Research on soil microorganisms has received 
considerable attention in recent years (Herman et 
al. 2012; Cotrufo, et al. 2013; Krause et al. 2014; 
Fierer 2017; Jansson and Hofmockel 2020; Janie 
Zhang et al. 2021). The structure of soil micro-
bial communities is particularly important for soil 
ecosystems to function at maximum efficiency 
(Gonzalez et al. 2011; Ochoa-Hueso 2017; Tripa-
thi et al. 2017). Soils characterized by high abun-
dance and diversity of microorganisms have been 
shown to provide essential ecosystem services 
(Torsvik and Øvreås 2002; Scherer-Lorenzen et 
al. 2022). Studies by many scientists have identi-
fied increases in soil functional diversity and mi-
crobiome complexity as one mechanism by which 
organic additives promote soil health (Schlatter et 
al. 2019; Bailey and Lazarovits 2003).

The role of different microbial species in bio-
geochemical cycles that significantly influence the 
responses of soil ecosystem depending on environ-
mental situations is poorly understood and evalu-
ated (Bhattacharjee et al. 2020). In addition, the 
metagenomic studies conducted in this research 
will provide a more detailed assessment of the role 
of microorganisms in soil ecosystem functioning 
under different management intensities, which is 
very important under climate change. Also, soil 
microbiome studies will allow the assessment of 
soil fertility and sustainable agriculture to realisti-
cally predict how soil ecosystems will respond to 
anthropogenic environmental changes.

The aim of our study is to determine the health 
of the soil by the number and ratio of different 
groups of microorganisms, to identify whether 
the processes of decomposition (mineralization) 
or synthesis (immobilization) of nutrients prevail 
in the soil and, as a result, to obtain reliable infor-
mation on the availability of nutrients for plants.

MATERIALS

Previously treated soil with biostimulant - 
MERS based on plant extract with soil microor-
ganisms, and biofertilizer - based on biohumus 
with addition of biostimulant MERS (Baymagam-
betova et al. 2024). Soil samples for analysis were 
taken from 2022 to 2023 during the vegetation 
period of plants. For granulometric parameters in 
spring, when plant vegetation is underway. Sam-
ples for physical analysis were taken twice: in 
spring when plant growth starts and in fall (before 
fall rains). Coordinates of soil sampling locations 
are presented in Table 1 and marked in Figure 1.

METHODS

Bacteriological analysis

Determination of the number of microorgan-
isms of different ecological and trophic groups 
was carried out according to (Nidhin and Chat-
topadhyay 2022), by the method of limiting di-
lutions of soil suspension and surface seeding 
on selective nutrient media - meat-peptone agar 
(MPA) for ammonificators, starch-ammonia agar 
- SAA (for amylolytic bacteria and actinomy-
cetes), oligotrophic microorganisms on Lockheed 
soil agar, oligonitrophilic microorganisms on 
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Table 1. Soil characterization
No. Soil coordinates Soil type Vegetation

1 41.91429 N. - north latitude
68.16055 E. - east longitude

Light loamy gray soils 
(Darbaza) Artemisia diffusa

2 41.91429 N. - north latitude
68.16055 E. - east longitude

Strengthened soilsand 
Calcisol (Kozhatogai)

Herbaceous-shrub 
Goebellia pachycarpa

Alhgi pseudalhagi
Heliotropium arguzioides
Astragalus-unifoliolatus
Cousinia epectispina

Ammodendron conollyi

3 41.91429 N. - north latitude
68.16055 E. - east longitude Light loamy soil (Atameken)

Artemisia diffusa
Goebellia pachycarpa

Heliotropium arguzioides
Astragalus-unifoliolatus

Artemisia scoporia

Figure 1. Coordinates of received soil samples on arid pastures: (a) Baitogai village, soil light loamy gray 
soil; (b) Shogirli village, soil accreted gray soil sands; (c) Atameken village, soil light loamy gray soil

a)

b)

c)
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Ashby medium (Wolny-Koładka et al. 2022). The 
mineralization and immobilization coefficient 
(KMC) were calculated by the ratio of amylo-
lytic and ammonifying microorganisms, and the 
pedotrophic index was calculated by the ratio of 
oligotrophic and ammonifying microorganisms.  
The number of microorganisms was determined 
by surface sowing of soil suspension in dilution 
102–105. Repetition of sowing for each dilution 
was three times. For desorption of cells from the 
surface of soil aggregates, the soil suspension was 
mixed on the MX-S Vortex Mixer (manufacturer 
IKA-WerkeGmbH, Germany) for 5 minutes (ac-
cording to a stopwatch) at a speed of 250 rpm. Pe-
tri dishes with cultures were incubated in thermo-
stats for 5–10 days, at 26 °C. Microbial numbers 
were expressed in colony forming units (CFU in 1 
g of soil) (Hafeez and Aslanzadeh 2018; Salwan, 
Rana, and Sharma 2023; Green 2015).

Statistical analysis

Differences between each treatment and con-
trol and between individual treatments were evalu-
ated using one-factor analysis of variance (ANOVA, 
Duncan’s criterion, p ≤ 0.05). Within-treatment 
variation was determined by calculating standard de-
viation (±SD) values. Correlation coefficient values 
were calculated using the nonparametric Spearman’s 
criterion for chemical and biological properties. All 

statistical analyses were performed using Statistica 
PL 13 and MiniTab 21.1.1 software.

RESULTS AND DISCUSSION

In soil, microorganisms are grouped into 
groups according to the type of functions they 
perform. The ammonifying group decomposes 
nitrogen-containing substances, the amylolytic 
group converts mineral nitrogen into organic ni-
trogen (Xu et al. 2024), and the oligonitrophilic 
group transforms nitrogen-free and other high 
molecular weight components. The oligotrophic 
group prefers environments with low nutrient ele-
ment content and dominates in low-humus soils. 
Actinomycetes, due to their powerful enzyme 
apparatus, are responsible for the destruction of 
complex organic compounds at deep stages of 
decomposition, and also produce humic-like pig-
ments (Peng et al. 2023).

This paper presents the results of research 
on the number of microorganisms in soil. The 
authors studied the relationship between the 
number of microbes and various processes oc-
curring in the soil, as well as with indices char-
acterizing its quality. The numbers of micro-
organisms of the main ecological and trophic 
groups of three different soils are presented in 
Table 2, and Figure 2.

Figure 2. Numbers of microorganisms of some ecological-trophic groups in soils in Kozhatogai district 
(south of Kazakhstan). *Number of microorganisms (million CFU in 1 g of soil), reliable interval p < 0.05
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The initial stages of transformation of or-
ganic compounds in soil take place in several 
stages. Ammonification carried out by ammoni-
fying microorganisms is the first stage of this pro-
cess. Ammonifiers decompose readily available 
nitrogen-containing organic matter, converting 
it into ammonium. These include various bacte-
ria (Bacillus, Bacterium, Pseudomonas), fungi 
(Penicillium, Trichoderma, Aspergillus) and 
streptomycetes. The essence of this stage is the 
decomposition of complex organic molecules to 
simpler ones available to other microorganisms. 
Ammonification is a nonspecific process, so it can 
be performed by different groups of microorgan-
isms, but with the same “food” preferences. 

It was found that the abundance of ammonify-
ing microorganisms is greatly influenced by both 
climatic and agrotechnical conditions - aeration, 
moistening-drying regimes, temperature, cultiva-
tion culture, in agrocenoses - by the application 
of mineral and organic fertilizers, and especial-
ly manure (Bian et al. 2024; Wang et al. 2024; 
Syrchina et al. 2023).

Judging from the abundance of ammonifying 
microorganisms (ranging from 1.15–2.34 mil-
lion CFU in 1 g of soil), there is a small amount 
of readily available organic nitrogen in all soil 
samples. The low number of ammonificators in 
sample 2 (1.15 million CFU) reflects the low 
intensity of organic nitrogen-containing com-
pounds cycling inherent directly in the soil. In 
samples 1 and 3, the number of representatives 
of this group is 2.03 and 1.66 times higher than in 
sample 2, which is probably due to the presence 
of more plants or another source of nitrogenous 
compounds. The low nitrogen content in these 
soils confirms the presence of a large number of 
oligonitrophils (3.33-10.80 million CFU) prefer-
ring trace amounts of nitrogen.

Oligotrophs, due to their metabolism and 
abundance, play an important role in the forma-
tion of soil fertility (Tsolova et al. 2021). This 
group of microorganisms is able to be satisfied 
with substrates poor in nutrients and, as a rule, 
under normal nutrient regime they do not domi-
nate in the soil. High abundance of pedotrophs 
indirectly indicates active processes of organic 
matter destruction. Their abundance is usually 
lower on non-cultivated plots. In particular, the 
number of pedotrophic microorganisms decreas-
es in the row: arable land – virgin land. In gray 
forest soils, the number of pedotrophic microor-
ganisms decreases in the row: conventional field 

- organic fields - background virgin area. In poor 
soils with nutrient deficiency this group survives 
due to deep mineralization of organic matter 
inaccessible to other representatives of the mi-
crobial community. The results of the study of 
the number of this group of microorganisms are 
shown in Figure 2. The studied soil is character-
ized by very low content of oligotrophs: at site 
1 - only 0.1 million (i.e. 100 thousand) CFU in 
1 g of soil; at site 2 - 3 times less - 0.033 million 
CFU, while at site 3 oligotrophs were not found. 
Such a low number of oligotrophs is rare in both 
virgin and cultivated soils, and indicates rather 
the processes of immobilization of organic mat-
ter than its destruction.

One of the most important indicators charac-
terizing the direction of microbiological transfor-
mation of soil organic matter is the pedotrophic 
index (PI) - the ratio of oligotrophic and ammo-
nifying microorganisms. A number of authors 
believe that the higher the PI is, the more the 
soil is close to the state of natural biogeocenosis, 
while the lower it is, the more negative effect of 
anthropogenic load is noticeable. However, there 
are also contradictory results. For example, Za-
vyalova et al., 2019, report the level of IP equal 
to 0.99 in forest soil, while in meadow soil - 2.2. 
On arable land, the IP decreases immediately by 
62%, with increasing doses of mineral fertilizers 
(in increments of 30 kg/ha) the IP uniformly de-
creases by 9–20%.

Despite the fact that the studied soils were not 
subjected to anthropogenic load, the IP has a very 
low level of 0.043 and 0.029, whereas in variant 
3 the IP cannot be calculated due to the absence 
of oligotrophs in the bacteriological crops. The 
reason for such suppression of the number of oli-
gotrophs and their small share in the structure of 
soil microbial community should probably be ex-
plained by climatic or weather factors.

Another important indicator of the activity 
of biological processes in soil and the compo-
sition of the soil microbial community is the 
ratio of the number of microorganisms de-
veloping on starch-ammonia agar (SAA) and 
characterizing the process of ammonia nitro-
gen transformation to the number of micro-
organisms on meat-peptone agar (MPA) and 
controlling the transformation of soil protein 
substances. The mineralization and immobili-
zation coefficient (KMI) calculated by this for-
mula shows the intensity of decomposition of 
readily available matter and activation of the 
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initial stage of humus formation process (Zlen-
ko 2012). According to the conducted studies, 
CMI in the studied soil indicates the processes 
of immobilization (fixation) of readily avail-
able nitrogen in the soils of site 1 and 2 (1.37 
and 1.97) and, on the contrary, decomposition 
of organic nitrogen in the soil of site 3 (0.47). 

Enzymes play a huge role in the vital ac-
tivity of animals, plants and microorganisms. 
Soil enzymes are involved in the breakdown of 
plant, animal and microbial residues, as well as 
in the synthesis of organic matter, including hu-
mus. Hard-to-access nutrients are broken down 
to forms that are easily digestible for plants and 
microorganisms. Enzymes are characterized as 
highly specific and highly active proteins, pro-
viding all chemical reactions of decomposition-
synthesis, redox and other processes. Enzyme 
activity of soils can serve as a reliable criterion 
to clarify the level of soil fertility, as well as the 
impact of climatic or anthropogenic factors. As a 
result of researches, the dependence between ac-
tivity of microbiological and enzymatic processes 
and realization of measures increasing soil fertil-
ity has been established. Soil treatment, fertilizer 
application significantly changes the ecological 
situation of microorganisms development. Cur-
rently, several thousand individual enzymes have 
been found in biological objects, and several hun-
dred of them have been isolated and studied (La-
barthe et al. 2024). 

N- and P-cycle enzymes play a special role 
in the transformation of nitrogen and phospho-
rus compounds. Soils contain a large amount of 
phosphorus in the form of organic compounds, 
which comes with dying remains of plants, ani-
mals and microorganisms. The release of phos-
phoric acid from these compounds is carried out 
by a relatively narrow group of microorganisms 
with specific phosphatase enzymes. Among the 
enzymes of phosphorus metabolism, the activity 
of orthophosphorus monophosphoesterases has 
been most fully investigated. Producers of phos-
phatases are predominantly cells of soil microor-
ganisms. Soil phosphatase activity is determined 
by its genetic features, physical, agrochemical, 
biological properties, and the level of agrotech-
nics. Soil physical and chemical characteristics 
such as acidity are most important for phospha-
tase activity. Acidic soils predominantly contain 
acid phosphatases, slightly alkaline soils contain 
alkaline phosphatases. The level of phosphatases 
in soils dependent on acidity was found to be 

determined by the composition of microflora. 
In general, soil phosphatase activity is directly 
related to the level of organic carbon and phos-
phorus as substrate for this enzyme. The highest 
phosphatase activity is characterized by cherno-
zems. Phosphatase activity is dynamic during 
the vegetation period. In active phases of plant 
growth at high soil temperature and sufficient 
moisture in summer months phosphatase activity 
of soils is maximum. In some soils correlation of 
phosphatase activity with the total number of mi-
croorganisms and the number of microorganisms 
mineralizing organic phosphorus compounds 
was observed, in other soils correlation of phos-
phatase activity with the number of microorgan-
isms was not established. The influence of hu-
mus is manifested in the nature of changes in the 
enzyme activity along the profile, in particular, 
during agrotechnical measures and application 
of organic fertilizers. Studies of many authors 
indicate a direct dependence of soil phosphatase 
activity on the content of organic phosphorus in 
the soil. On the contrary, there is evidence that 
phosphatase activity increases as readily avail-
able phosphorus in the soil decreases. The role 
of higher plants in the formation of the phospha-
tase pool of soils used in agriculture is lower than 
that of microorganisms and is mainly related to 
the input of crop residues and root excreta into 
the soil. From the agrochemical point of view, 
the end result is important - the growth of the 
enzyme pool of soils with an increase in the ca-
pacity of plant root systems. Impoverishment 
of agrocenoses with plants leads to a decrease 
in rhizosphere effect and, as a consequence, to 
a decrease in soil phosphatase activity. A sig-
nificant decrease in soil phosphatase activity was 
observed under monoculture cultivation. On the 
contrary, crop change creates conditions for im-
proved hydrolytic processes, which leads to in-
creased metabolism of phosphorus compounds 
(Elhawat et al. 2024; Sun et al. 2024). 

Based on the above, it can be concluded that 
the maximum contribution to the phosphatase 
pool under natural vegetation is made by micro-
organisms and crop residues as substrate. Judging 
from the very low phosphatase activity, the stud-
ied soils have a small amount of organic matter 
(and possibly poor vegetation) and, consequently, 
a low content of microorganisms. Thus, the low-
est phosphatase activity is observed in variant 2 
(1.386 mg P2O5, which is only 70 and 50% of vari-
ants 1 and 3). On the contrary, the highest activity 
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was noted in variant 3, slightly lower in variant 
1. Judging by the confidence interval (0.809), the 
difference between the variants is highly signifi-
cant and reliable. 

The enzyme urease (amidase) also belongs 
to the class of hydrolytic enzymes, and its ac-
tivity is the most important indicator of bio-
logical “well-being”, “health” of soils (Hu and 
Schmidhalter 2024). Urease is the most impor-
tant enzyme involved in the nitrogen transfor-
mation cycle in soil, it catalyzes the hydrolysis 
of urea to ammonia and carbon dioxide, causing 
hydrolytic cleavage of the nitrogen-carbon bond 
in organic matter molecules. Of the enzymes of 
nitrogen metabolism, urease is the best studied. 
It is found in all soils. Its activity correlates with 
the activity of all major enzymes of nitrogen 
metabolism. In soil, urease exists in intracellular 
and extracellular forms.

In the soil profile, the humus horizon has the 
highest urease activity; the distribution in the 
profile depends on the natural characteristics of 
the soil. High urease activity of anthropogeni-
cally used soils reduces the efficiency of urea 
due to nitrogen losses in the form of ammonia. 
In order to improve plant nitrogen nutrition 
and prevent unsustainable losses, various com-
pounds, urease inhibitors, are being developed 
to slow down urea hydrolysis (Hu and Schmid-
halter 2024). The rate of urea hydrolysis in soil 
is influenced by temperature, soil acidity, level 
of agronomic practices, crop grown and other 
factors (Sunling et al. 2024).

It should be noted that the soils we studied 
were also characterized by very high urease activ-
ity, ranging from 60.76 to 92.95 mg N-NH4 in 100 
g of soil, sample 1, 2 and 3, respectively, 60.76; 
82.73 and 92.95 mg N-NH4 in 100 g of soil. 

Considering the low levels of microorgan-
isms involved in the nitrogen cycle (ammonifiers, 
amylolytic and oligonitrophils) in these soils and 

in this season (month of February), it can be as-
sumed that the urease activity is rather indicative 
of the self-cleaning potential of the soil, and prob-
ably the accumulation of a large amount of bound 
nitrogen over the summer period. 

Importantly, no significant correlation was 
found between the two enzymes, phosphatase 
and urease (r = 0.39), but sample 3 was charac-
terized by the highest activity of urease, just as 
in the case of phosphatase (Table 2). Catalase 
belongs to the class of redox enzymes. The role 
of catalase in soil is that it breaks down hydro-
gen peroxide, which is poisonous to plants, into 
water and molecular oxygen. Hydrogen perox-
ide is formed during plant respiration and during 
biochemical reactions of organic matter oxida-
tion (Golnari et al. 2024). Indices of catalase ac-
tivity (along with invertase, urease) are widely 
used in the diagnosis and classification of soils, 
in assessing the degree of cultivation, erodibility 
and pollution of soils, and the degree of fertil-
izer exposure. As a rule, soils under plants with 
powerful deep penetrating root system are char-
acterized by higher catalase activity. Down the 
profile, catalase activity changes little, and its 
level has an inverse dependence on soil moisture 
and a direct dependence on temperature. Cata-
lase activity depends on localization in different 
structural aggregates. While hydrolytic enzymes 
are mainly concentrated in microaggregates (less 
than 0.25 mm), the redox enzyme catalase is 
concentrated in larger aggregates. Water-stable 
aggregates are characterized by greater activity 
(Xing et al. 2024).

The catalase activity is higher inside the ag-
gregates. In addition, it is proved that the increase 
in anthropogenic load leads to a decrease in cata-
lase activity of soi (Table 3). The enzymatic anal-
ysis showed very low catalase activity, with soil 
samples 2 and 3 being lower in activity by 28.2 
and 17.5% relative to sample 1 in the dynamics 

Table 2. Level of phosphatase and urease activity in soils of Kozhatogai district (south of Kazakhstan)

Variant no.
Phosphatase in 100 g of soil in 1 hour Urease mg N-NH4 in 100 g of soil

М ±м М ±м

Sample 1 1.982 0.069 60.76 2.126

Sample 2 1.386 0.042 82.73 2.482

Sample 3 2.810 0.076 92.95 2.510

Standard, deviation 0.715 16.449

Reliable interval p<0.05 0.809 18.614
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over 5 minutes of measurements. The correlation 
matrix is an important tool in data analysis, al-
lowing the study of relationships between differ-
ent variables. It provides an opportunity to assess 
the degree of linear relationship between pairs of 
variables and to identify strong and weak rela-
tionships. A correlation matrix can also be used 
to make predictions and identify relationships in 
the data. Using the package “Data Analysis” in 
MiniTab 21.1.1, Pearson’s correlation matrix was 
calculated, describing the relationship and inter-
dependence of the studied soil characteristics (Ta-
ble 4). In particular, a direct (positive) correlation 
of great strength between: 
	• Ammonificators and actinomycetes (r = 0.92);
	• Amylolytic and oligotrophic microorganisms 

(r = 0.95);
	• Oligotrophs and actinomycetes (r = 0.82).

A close inverse relationship was established 
between:
	• Oligonitrophils and amylolytic microorgan-

isms (r = -0.79);
	• Oligonitrophils and oligotrophs (r = -0.56).

Interestingly, the level of catalase activity had 
a significantly high correlation with all isolated 
groups of microorganisms (r = 0.52-0.99) except 
oligonitrophils. In contrast, urease was negatively 
correlated with the same groups of microorgan-
isms (r=-0.54 to -0.95), except for oligonitrophils, 
where a direct correlation was recorded (0.55).

CONCLUSIONS

The authors investigated previously treated 
experimental soils on the productivity impact of 
plant growth stimulants. The obtained samples 
from arid pastures showed a low content of mi-
croorganisms involved in the nitrogen cycle, this 
is due to the low content of organic matter in the 
studied soils. It was found reliable high activity 
of urease may indicate the potential of self-puri-
fying ability of soil and accumulation of bound 
nitrogen during the summer period. The level of 
catalase activity indicates low biological activity 
of soil. The obtained data can be used to develop 

Table 3. Catalase activity in soils of Kozhatogai district (south of Kazakhstan)

Variant no.
1 minute 2 minute 3 minute 4 minute 5 minute Avarage

М м М м М м М м М м М м

Sample 1 2.4 0.30 3.57 0.45 4.7 0.59 5.67 0.71 6.6 0.83 4.59 0.57

Sample 2 1.57 0.21 2.5 0.34 3.33 0.45 4.13 0.56 4.93 0.67 3.29 0.44

Sample 3 1.63 0.57 2.8 0.98 3.93 1.38 4.83 1.69 5.73 2.01 3.79 1.33
Standard, 
deviation 0.46 0.19 0.55 0.34 0.69 0.50 0.77 0.62 0.84 0.73 0.66 0.48

Reliable interval 
p<0.05 0.52 0.21 0.62 0.39 0.78 0.57 0.87 0.70 0.95 0.83 0.74 0.54

Table 4. Pearson’s matrix evaluating the interdependence of biological and biochemical characteristics of soil of 
Kozhatogai district (south of Kazakhstan)
Specification AM* AC OT AML ON PI MC Cat Phosph Ure

AM 1.0

AC 0.92 1.0

OT 0.53 0.82 1.0

AML 0.25 0.61 0.95 1.0

ON 0.40 0.01 -0.56 -0.79 1.0

PI 0.17 0.54 0.92 1.00 -0.84 1.0

MC -0.54 -0.16 0.43 0.68 -0.99 0.74 1.0

Cat 0.96 0.99 0.75 0.52 0.12 0.44 -0.27 1.0

Phosph 0.56 0.18 -0.41 -0.66 0.98 -0.73 -1.00 0.29 1.0

Ure -0.54 -0.83 -1.00 -0.95 0.55 -0.92 -0.42 -0.76 0.39 1.0

Note: AM – ammonificators, AC – actinomycetes, OT – oligotrophs, AML – amylolytic, ON – oligonitrophils, PI 
– pedotrophic index, MC – mineralization coefficient, Cat – catalase, Phosph – phosphatase, Ure – urease.



187

Journal of Ecological Engineering 2024, 25(8), 179–189

measures to improve soil fertility. It is recom-
mended to use organic plant or manure composts 
with the addition of growth biostimulants based 
on microbial consortia. Such interventions im-
prove soil fertility in a natural way.
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