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INTRODUCTION

The land fund capacity of the world is 134 
million kilometers, which is 26.3% of the entire 
territory of the planet. Land resources have a cer-
tain structure: 11% are arable land, meadows, and 
orchards, i.e. the cultivated land. About 23% of 
the land is pastures. Anthropogenic landscapes ac-
count for 3% in common. There are also unproduc-
tive lands, which account for about 33% of land. 
Non-systematic grazing in arid pastures by small 
and large cattle destroys fruits, seeds, seedlings, 
young shoots, branches, and leaves. During sea-
sonal cultivation of crops such as legumes and ce-
reals, plant residues are burned (Luna et al. 2008; 
Dmytrash-Vatseba et al. 2020). This results in the 
loss of nutrients vital to the soil microbiota. The 
traditional method of determining soil physical 
and chemical properties is used to assess soil bio-
cenosis productivity. Soil microbial communities 

are much more effective for indicating soil impact, 
because they more clearly reflect all possible soil 
changes compared to chemical analyses. Their 
main advantage is that they are safer than chemi-
cal exposures. The problem of preservation and 
improvement of ecological state of pastures, ra-
tional use, increase of their productivity now has a 
legal status in the Republic of Kazakhstan.

The results of the study conducted in light 
chestnut soils of the West Kazakhstan region 
showed that soil density on virgin land in the soil 
layer 0–30 cm was 1220 kg/m3, with insignificant 
grazing the soil density increased by 4.91% and 
become 1280 kg/m3. With overgrazing, it reached 
1.38 g/cm3. It was also found that haphazard graz-
ing had the highest content of weeds and noxious 
plants in the summer period at 9%. In the com-
position of phytocenoses used in unsystematic 
use, an increase in the proportion of wormwood 
to 15%, motley grasses (little eaten) to – 21% was 
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noted (Nasiev et al. 2021). Arid pastures are an 
integral part of sustainable agricultural produc-
tion (Parzhanov et al. 2020). If we cultivated pas-
tures with intercrops are created, in addition to 
providing fresh feed for livestock, they provide 
an opportunity to strengthen the integration be-
tween crop and livestock production, which in 
turn effectively increases the ecological perfor-
mance of the area, the productivity of farms and 
agricultural land (Bell et al. 2014). Perennial pas-
tures create a special ecosystem to restore soil mi-
croflora, and thereby increase soil fertility, (Mpai 
et al. 2022) which results in reduced soil deg-
radation (Hayes et al. 2021; Hayes et al. 2018). 
In addition, incorporating pasture into cropping 
systems would isolate more organic carbon (C) 
in the soil in the long term (Hayes et al. 2021), 
which could offset the negative effects of nitrous 
oxide (N2O) emissions during the cropping phase 
of mixed cropping systems.

An analysis of 350 observations to examine 
improved pasture management practices on car-
bon content showed that pasture could act as a sig-
nificant carbon sink when improved management 
is implemented (Shi et al. 2022; Eze et al. 2018; 
Conant et al. 2001). In addition, it is necessary to 
determine the average vegetation cover ratio, the 
number of all grasses, legumes and other families 
(Seydoşoğlu et al. 2019). It is also necessary to 
group plants by cluster: reducing, enhancing and 
capturing, and in relations of valuable nutritive 
qualities of plant species for farm animals. In ad-
dition, followed by reductions in the number of 
weed and poisonous plants not eaten by grazing 
livestock. Because the lack of a nutritious food 
unit initiates the process of trampling of the soil 
by the hooves of livestock, which is the beginning 
of the degradation of the soil of the pasture areas.

Pasture plants and plants in general are mistak-
enly considered as independent objects. They con-
tain a huge world of microscopic living bacteria 
and fungi that envelop the plant in the endosphere 
and rhizosphere. They are actively involved in 
plant life in the selection of nutrition and sustain-
able development under direct as well as indirect 
stresses. This relationship between the plant and 
microorganisms is not yet fully understood. To un-
derstand their action, it is necessary to divide them 
hierarchically into clusters according to microbiota 
life activity (Vandenkoornhuyse et al. 2015; Liu et 
al. 2020; Corcoz et al. 2021; Zhang et al. 2017). 
One solution to this problem is seeded pastures 
with the application of plant growth biostimulants, 

which have a positive effect on the soil microbial 
communities (Coolon et al. 2013). The soil micro-
biota represents an important labile source of nutri-
ents (Leff et al. 2015), mainly C, N, P (Oelmann et 
al. 2021; Zani et al. 2023; Li et al. 2023; Bardgett 
et al. 2003; Kuzyakov et al. 2013; Bai et al. 2022) 
and S, being a direct sink of these nutrients and 
an important agent of organic matter transforma-
tion (humic compounds), but still most farmers use 
different types of fertilizers such as mineral fertil-
izers, organic fertilizers and biostimulants for plant 
growth (Cassman et al. 2016; Vâtcă et al. 2020).

For the sustainable development of agricul-
ture, different kinds of techniques have been ap-
plied to create a favorable environment for plants 
from having abiotic and biotic stresses. These 
technological solutions were best solutions at that 
time (Ali et al. 2019; Moon et al. 2022). However, 
the world does not stand still. New anthropogenic 
influences on the environment are changing ev-
erything in a circle. Chemical and synthetic fertil-
izers are not completely assimilated by plants and 
are used in larger quantities. Thus, they damage 
the ecosystem by killing soil microorganisms. All 
pesticides and the pesticides that have been used 
only a small part (about 1%) affect the target organ-
isms. Most of them contaminate nature (Kaur et al. 
2014; Nusillard et al. 2023; Okagu et al. 2023). In 
recent years, the scientific community and farmers 
have turned to natural biostimulants because the 
use of agro-technological means alone has proven 
insufficient to address sustainable agriculture. The 
solution to this shortcoming is the use of “natural 
tools of restoration and fertility” – microbial plant 
biostimulants. Which are based on plant, manure 
composts, single and multi-component biostimu-
lants with microorganisms (Orozco-Mosqueda et 
al. 2023; Nascimento et al. 2019).

Microbial plant biostimulants are used to 
transform plant and agricultural wastes into nutri-
ents for the target higher plants. There is a posi-
tive growth effect in the biostimulant market in 
the near future. According to statistics, the mar-
ket for commercial biostimulants will grow about 
10% by 2025. Biostimulants include mycorrhizal 
and non-mycorrhizal fungi, symbiotic bacteria, 
and all other microorganisms that stimulate, in-
directly or directly treat, activate the protective 
properties of target higher plants (Hamid et al. 
2021; Damodaran et al. 2023; Vlajkov et al. 2023; 
Shahrajabian et al. 2023). Microbial biomass is 
more visualized as a permanent catalyst in the 
short term than over an annual cycle because of its 
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seasonal fluctuations (Q. Sun et al. 2023), and can 
be very useful for impact assessment and manage-
ment, soil recovery and productivity. Microbial 
carbon, in particular, has been used to determine 
biomass because it makes up an average of 47% 
of the cell structure. In the microbial cell, C, N, 
P, and S (Van Der Heijden et al. 2008) maintain 
an unstable 250:40:9:2.6 ratio. The soil carbon 
balance, although not showing availability to the 
microbiota (Soong et al. 2020; Zhou et al. 2022), 
is consistent with the energy requirements of this 
living pool. This has been very useful in studying 
nutrient biocycling and crop cultivation practices 
as well as biostimulant applications in many agro-
ecosystems, temperate and degraded soils.

Thus far, no work has been done to study the 
state of the soil cover of near-settlement forage 
lands and no treatment with micro- and macroele-
ments has been carried out. Communities of soil 
microorganisms positively influence the produc-
tivity of rangelands (Van Der Heijden et al. 2006; 
Badger Hanson et al. 2023). Application of bios-
timulant with manure is a source of valuable or-
ganic nutrients, increasing the fodder unit of arid 
near-settlement pastures (Burkle et al. 2015). The 
conducted studies allowed determining the most 
effective concentrations of biostimulant (Casti-
glione et al. 2021; Bera et al. 2022) and proper 
composting of cattle manure (Cattle), which gave 
an opportunity to obtain more above-ground eat-
able part of arid plants. For the systematic resto-
ration of degraded near-settlement pastures, the 
optimum is the application of biostimulant on 
the basis of microorganisms in the complex with 
cattle manure. The aim of the research was to de-
velop a technology for increasing the productivity 
of degraded village pastures. The objective of the 
research was to determine the effect of biostimu-
lator and biofertilizer on microbial communities, 
increase of carbon (C) and phosphorus (P) con-
tent in soil, as well as selection of optimal condi-
tions for increasing green mass of plants.

MATERIALS AND METHODS 
OF RESEARCH

Facilities

Biostimulant – MERS on the basis of plant 
extract with soil microorganisms. Biofertil-
izer – based on vermicompost with addition of 
MERS biostimulator (The method of biofertilizer 

preparation is given in paragraph Preparation of 
biofertilizer)

Geobotanical inventory

Soil is light gray sandy loamy soil with lumpy 
sands anchored by plants such as Аrtemisia panic-
ulata Ceratocarpus arenarius, Stipa hohenacke-
riana, Peganum harmala, Kochia prostrata, 
Astragalus, Halimodendron halodendron. The 
eastern part of the site is represented by worm-
wood-ephemeral herbage. Among the herbage the 
dominant species is wormwood (Artemisia dif-
fusa), also there is camel’s thorn – Alhagi pseu-
dalhagi, sand acacia – Ammodéndron aphyllum. 
Dried ephemera and motley grass are not found in 
the herbage, as they are eaten, and the wormwood 
herbage is weeded. Cousinia dipinnata, Cous-
inia syrdariensis, Cousinia erectispina, Artemisia 
leucodes, Calligonum aphyllum and sand acacia 
Ammodéndron aphyllum are rampant here. Of 
the eating plants preserved Chrozophora sandy – 
Chrozophora sabulosa, wormwood – Artemisia 
diffusa is very rare.

EXPERIMENTS

Experimental field

Arid pastures of 5 villages – Kozhatogai, Sho-
girli, Baytogai, Shoshkabulak and Darbaza – were 
selected for conducting experiments. The climate 
of the area is harsh continental, with cold winters 
and dry summers. Because of this, the ephemeral 
vegetation of pastures and the soil microbiome 
wake up early, and their activity decreases or 
stops completely in summer. Therefore, soil sam-
ples (in February, May, August, and November) 
2020–2022 were collected to assess microbial di-
versity and soil microbiome dynamics (randomly 
selected). Four samples were collected from 4 
pastures with a repeatability of 4 times per year; 
the total number of soil samples obtained over 3 
years was 192 pieces. The obtained samples were 
stored in a climatic chamber at -60°C for further 
microbiological study.

Kozhatogai village is located 150 km west 
of Shymkent, 60 km from Arys city and is lo-
cated on the right coast of the Syrdarya river. 
The village of Shogirli (42.104285, 68.245335/ 
42.087995, 68.256854) is 15 km to the north, the 
village of Baytogai (41.92086 с.ш. 68.15052 в.д. 
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/ 41.885313, 68.138175) 18 km to the south, the 
village of Shoshkabulak (41.956170, 68.498643 / 
41.976592, 68.468645) 50 km to the south-west, 
and the village of Darbaza (42.020318, 68.666656 
/ 41.970243, 68.597048) 45 km to the east of the 
village of Kozhatogai (42.087210, 68.235522 / 
42.068178, 68.236552).

Setting up the experiment

Two experiments were simultaneously con-
ducted on the experimental plot of scientific labo-
ratory “Industrial Biotechnology” and the experi-
mental field of South-West Research Institute of 
Animal Husbandry and Crop Production. Soil 
composition was tested according to International 
State Standard SS 17.4.4.02-84. “Nature Protec-
tion. Soil. Methods of sampling and preparation 
of samples for chemical, bacteriological, helmin-
thological analysis”, moisture absorption and soil 
analyses were carried out on lysimeter design 
(«International State Standard SS 17.4.4.02-84. 
„Nature Protection. Soil. Methods of sampling 
and preparation of samples for chemical, bacte-
riological, helminthological analysis“»). 

Each pasture was divided into 4 identical 
parts for assessment and condition monitoring. 
Samples were randomly selected from each part 
to determine the physicochemical properties and 
microbiological composition of the soil. In ad-
dition, the soil cover, plant density of Artemisia 
diffusa, Kochia arenaria and Eurotia ewersman-
niana were investigated at each part of 60 m2. 
Information was collected 4 times a year during 
2020-2022: in February, May, September, and 
November (Yuan et al. 2022). 

Preparation of microbial suspension

To prepare a microbial suspension, a nodule 
strain of the bacteria genus Bradyrhizobium spp. 
vigna was extracted from large nodules of Vig-
na radiata plants during its full maturation. The 
strain was provided by the laboratory “Industrial 
Biotechnology” and stored in the collection.

Preparation of biofertilizer

MERS biostimulator is obtained by dilution 
with distilled water in the ratio of 1:30. The ob-
tained solution is added to the vermicompost pre-
pared in the ratio of 1:50 of the vermicompost mass 
beforehand. The prepared suspension is sprayed on 

the compost in layers and left for 7 days. Then, a 
microbial suspension is added with a titer of 4–8∙10-

9 CFU/ml on the basis of nodule bacteria Bradyrhi-
zobium spp. vigna, previously diluted in 10 liters of 
distilled water and again left for 72 hours.

Statistical analysis

All data obtained during the study were pro-
cessed by statistical analysis using Minitab sta-
tistical programming (version 21.1.1). The effect 
difference was tested by one-factor analysis of 
variance (ANOVA), only when the other factors 
were background factors for all samples, if the 
level of significance for all samples corresponded 
to P<0.05. However, when the level of reliability 
differed between the chosen method, we used the 
method of grouping the samples with the least sig-
nificant difference by Fisher’s criterion. P<0.05 is 
the usual level of statistical significance. For clar-
ity, they were traditionally marked with one aster-
isk P<0.01 – a high level of significance. Tradi-
tionally, they were designated with two asterisks.

RESULTS AND DISCUSSION

Soil horizon

Light grey soils (Calcisol) are characterized 
by low natural fertility. Humus content in 2022 
in 0–10 cm horizon of light gray loamy soils 
amounted to 0.55%, which decreased by 0.27% 
compared to 1980 (0.82%). In horizon 10–20 cm 
it amounted to 0.32%, almost at the level of 1980 
(0.38%). Humus content in the horizon 0–10 cm 
of light-grey loamy soils in 2022 amounted to 
0.71% and compared to 1986 (0.79) decreased in-
significantly 0.08%. In the horizon 10–20 cm the 
decrease in humus content in this interval 1980–
2022 amounted to 0.20%.

The absence of summer-autumn vegetative 
plant species in Artemisia-ephemeral pastures 
led to an increase in the content of mobile nitro-
gen compared to herbaceous-shrub pastures in the 
0–10 cm soil layer by 19.6 mg/kg, phosphorus by 
7 mg/kg, potassium by 240 mg/kg. From the ob-
tained data it follows that in Artemisia-ephemeral 
pastures the resources of nutrients are quite suffi-
cient, but they are not fully utilized. Uneven de-
crease of humus content in 0–10 cm layer of light-
sulfur loamy soils is explained by soil deflation as 
a result of overgrazing. It is known that the most 
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fertile soil particles are blown away from the soil 
surface, the process is intensified when aggregates 
of 1 mm size in the surface layer decrease up to 
26%. Aggregates of 3±1 mm are absent at all. 
The content of aggregates 1.0±0.25 mm in 1980 
in light-gray loamy soils was 7.7–7.8%, in light-
gray loamy soils 5.1–6.5%, in 2022, respectively 
28.494–26.085% and 37.35–41.68%. High content 
of 1–0.25 mm aggregates in light-sulfur soils is as-
sociated with the protective role of the above-men-
tioned plants, which reduce the deflation process. 
The content of agronomically valuable aggregates 
of 0.25±0.05 mm in soil was 43.795–53.428% and 
decreased by 12.072–19.695% compared to 1980 
(62.1–65.5%). Table 1 shows the granulometric 
and microaggregate composition of soil.

After treatment according to the recommend-
ed technology granulometric and microaggregate 
composition of soil improved by 17±2%, agro-
chemical composition by 11±3%, alkalinity de-
creased and pH of medium normalized by 9±2%. 
This can be explained by the dynamics of the 
number of soil microorganisms. The greater the 
increase in soil microaggregate composition, the 
greater the increase in soil fertility. For example, 
soil microorganisms create colonies in their vital 
activity. Colonies organize large clumps of soil. All 
the results are summarized in Tables 1, 2 and 3. 
The results of the research showed (Tables 1-3) 
that the effect of microbial biostimulant had a 

beneficial effect on granulometric and microag-
gregate composition, agrochemical index in-
creased, alkalinity decreased by 12±2% and soil 
pH normalized. The gross and mobile forms of 
mineral elements in the soil in percentage terms 
increased by a reliable 11±3%. This is an indica-
tor that microbial associations jointly started to 
regulate their micro-ecobiota.

Population dynamics of soil microorganisms

The study of the dynamics of the microbial 
complex at a depth below 10±5 cm, showed that 
the number of colonies of phosphate-mobilizing 
bacteria is relatively average in the summer and 
autumn periods, winter and spring are active. 
Their activity is related to plant activity. Soil mi-
croorganisms are not evenly distributed in the soil 
horizon. It still depends on the number and diver-
sity of plants. In this connection, bacteria and fun-
gi differed in seasonal activity (Wang et al. 2022). 
A colony of soil microorganisms determines the 
level of assimilated phosphorus in the soil, their 
vitality and the species composition of the micro-
bial community directly depends on the transfor-
mation of organic matter into minerals and free 
mineral nitrogen compounds (Aydin et al. 2005). 
The dynamics of activation and population of 
soil microorganisms is the main factor linking 
cycles of P, N, S, C and other nutrients (Wang et 

Table 1. Granulometric and microaggregate composition of light-grey soils

Soil type
Soil 

layer, 
cm

before 
treatment

Fraction content in % per absolute dry soil

Fraction sizes, mm

Sand Dust Silt Threefold 
screening

1.0±0.25 0.25±0.05 0.05±0.01 0.01±0.005 0.005±0.001 <0.001 Fractions 
<0.01

Light loamy 
grey soils

0-10 28.494 43.795 15.663 2.811 3.614 5.622 12.048

11-20 26.085 45.378 16.479 2.010 4.019 6.029 12.058
Light sandy 
loamy grey 

soils

0-10 41.68 45.088 5.213 0.401 1.604 6.014 8.019

11-20 37.35 53.428 4.411 3.208 0.802 0.802 4.812

Soil type
Soil 

layer, 
cm

after 
treatment

Fractional content in % per absolute dry soil

Fraction sizes, mm

Sand Dust Silt Threefold 
screening

1.0±0.25 0.25±0.05 0.05±0.01 0.01±0.005 0.005±0.001 <0.001 Fractions 
<0.01

Light loamy 
grey soils

0-10 33.338 51.240 18.326 3.289 4.228 6.578 14.096

11-20 30.519 53.092 19.280 2.352 4.702 7.054 14.108
Light sandy 
loamy grey 

soils

0-10 48.766 52.753 6.099 0.469 1.877 7.036 9.382

11-20 43.700 62.511 5.161 3.753 0.938 0.938 5.630
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al. 2022; Legay et al. 2016; Heyburn et al. 2017). 
The assimilated form of nitrogen (N), phospho-
rus (P) and other organic nutrients follow a stable 
course through the microbial network. The obser-
vations made have shown that soil properties and 
cover crop season will directly proportionally af-
fect the dynamics of soil microorganisms. These 
observations prove a theoretical basis for future 
research on the inextricable relationship between 
cover plants and soil microbiota in arid pastures. 
In the observation, natural indicators such as oli-
gotrophic microorganisms were used.

Oligotrophic microorganisms (autochthonous 
or native group) do not need rich substrates for 
life activity, so they participate in the last phase of 
mineralization of organic residues. They play the 
main role in creation of fertile soil because of their 
numerous colony-forming capacity. It should be 
taken into account that under the influence of con-
centrated mineral fertilizers NnPnKn or ammophos, 
a uniform increase in the colonies of oligotrophs 
from December month to August (from 6.2±3.5 to 

37.8±2.5 million CFU, Р<0.05) was studied. It was 
also found that when manure composts were used 
instead of mineral fertilizers, they exhibited slow 
action, reducing the number of oligotroph colonies 
in late July (to 7.3±1.4 and 3.7±1.2 million CFU, 
during low moisture, Р<0.05), and if the beginning 
of summer is hot, they go into anabiosis. The de-
crease in the number of oligotrophic microorgan-
isms indicates that the available carbon-containing 
organic nutrients are available in sufficient quanti-
ties, according to the sources (Tedersoo et al. 2014; 
Beaumelle et al. 2020) not all bacteria and fungi 
are useful for the plant, the task is to identify the 
right microorganisms and create a favorable envi-
ronment for them (Figure 1). 

Influence of biostimulants on 
microbial communities

A short-term increase in plant productivity due 
to the use of mineral fertilizers leads to a decrease 
in stability and subsequently to the degradation 

Table 2. Results of agrochemical analysis of soilc

No

Before biostimulant treatment

Total 
humus

Gross Mobile
рН

Nitrogen, % Phosphorus, % Potassium, % Nitrogen mg/
kg

Phosphorus 
mg/kg Potassium mg/kg

1 0.55 0.056 0.100 2.000 33.6 41 390 9.45

2 0.32 0.028 0.100 2.062 16.8 18 240 9.50

3 0.71 0.070 0.080 2.062 14.0 34 150 9.37

4 0.20 0.028 0.056 1.937 8.4 14 150 9.67

No

After biostimulant treatment

Total 
humus

Gross Mobile
рН

Nitrogen, % Phosphorus, % Potassium, % Nitrogen mg/
kg

Phosphorus 
mg/kg Potassium mg/kg

1 0.611 0.062 0.111 2.220 37.296 45.51 432.9 8.31

2 0.355 0.031 0.111 2.289 18.648 19.98 266.4 8.36

3 0.788 0.078 0.089 2.289 15.540 37.74 166.5 8.24

4 0.222 0.031 0.062 2.150 9.324 15.54 166.5 8.51

Table 3. Results of the research of alkali metal uptake process before and after treatment with biostimulant (per 
100 g of soil)

No

Results of the research

Са, mg Mg, mg Na, mg K, mg

before after before after before after before after

1 3.96 4.63 1.98 2.32 0.23 0.27 0.61 0.71

2 3.47 4.06 1.49 1.74 0.23 0.27 0.32 0.37

3 4.46 5.22 1.49 1.74 0.23 0.27 0.18 0.21

4 2.48 2.90 0.99 1.16 0.23 0.27 0.18 0.21
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of individual components of the ecosystem. For 
example, the use of nitrogen-phosphorus, nitro-
gen-potassium and phosphorus-potassium fertil-
izers had little effect on the biocenosis. The use 
of these fertilizers did not increase the number of 
microorganisms, including ammonificators, acti-
nomycetes and micromycetes, as well as cellulo-
lytic microorganisms. Taking into account these 
indicators, a series of experiments was conducted 
using the MERS biostimulator and the “biofertil-
izer” prepared by the authors.

From the ecological point of view, the group 
of oligonitrophilic microorganisms that can de-
velop at low levels of bound nitrogen in the me-
dium and use atmospheric nitrogen is of the great-
est interest in sulfur soils. They are weak fixers of 
atmospheric nitrogen and enrich the soil with pro-
tein nitrogen after dying off. As a rule, a very high 
number of oligonitrophils in the soil indicates a 
decrease in nitrogen content and creates the con-
ditions unfavorable for other microorganisms. In 
the experiments with biostimulant and biofertil-
izer, the number of oligonitrophil microorgan-
isms depended largely on the fertilizer composi-
tion and plant development phase (Fangueiro et 
al. 2015; Edesi et al. 2020; Fangueiro et al. 2009a, 
2016b; Pereira et al. 2010; Tiquia et al. 2000; R. 
Sun et al. 2015). Thus, the high content of oligo-
nitrophils in the soil was observed at the begin-
ning of the experiment (before sowing and fer-
tilizing 57.4±2.5 million CFU/g of soil, Р<0.05). 

Background readily available, not fully used by 
ephemera plants, mineral compounds maintained 
the number of oligonitrophils at a very high level 
(73.5±2.1 million CFU, Р<0.05) during the grow-
ing season, reducing it to 4.5±1.3 million CFU/g 
soil by the phase of ripening, while biofertiliza-
tion contributed to a decrease in the microor-
ganisms of this group. Biofertilizer uniformly 
reduced the number of oligonitrophils through-
out the growing season (57.4±2.5 in February, 
37.4±1.7 in May, 1.5±1.2 million CFU in August, 
and 9.3±2.2 million CFU in November, Р<0.05). 
The biostimulant showed its effect only after re-
peated application – in May with further uniform 
decrease of oligonitrophils amount by the end of 
vegetation (beginning with 57.4±2.5; in May with 
repeated application 65.1±1.1; in August 1.8±0.5; 
and in November increased with 21.6±0.7 million 
CFU, Р<0.05) (Figure 2).

One of the main causes of nitrogen losses 
from fertilizer application in light gray loam in 
the experimental area is biological denitrification. 
Denitrifying microorganisms in anaerobic respi-
ration are capable of transferring electrons from 
organic matter to nitrates, resulting in oxidized 
forms of nitrogen being reduced to gaseous ox-
ides or molecular nitrogen. The ability to conduct 
the denitrification process is widespread among 
soil bacteria and has been experimentally shown 
in genera Bacillus, Pseudomonas, Micrococcus, 
Achromobacter. It was found that in the initial 

Figure 1. Dynamics of oligotrophic and ammonifying microorganisms’ abundance in light Calcisol. Compared 
with the control variant we see a decrease in oligotrophic bacteria in the variant with biocompost. Decrease of 
oligotrophic bacteria to 3.7±1.2 million CFU is an indicator of increased soil fertility (*=P<0.05, **=P<0.01)
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soil in early spring the number of denitrifiers was 
quite low – 0.2 million cells/1 g of soil (Figure 3).

After biofertilizer application, the number of 
denitrifying microorganisms decreased signifi-
cantly from 37.2±0.3·106 to 13.5±0.3·106 CFU 
in the study period, and when biostimulator was 
used their number decreased to 25.1±0.4·106 
CFU, indicating a vigorous recovery of soil ni-
trate nitrogen (Figure 3). Application of biofertil-
izer and biostimulator led to a significant increase 
in the number of denitrifiers (it is noticeable in 
May during the rapid growth of ephemeral plants), 
with a decrease in their number as the formation 
of plant seeds. It can be assumed that the mineral 
fertilizers applied to the soil are more affected 
by denitrifying microorganisms, and there may 
be significant losses of fertilizer and soil nitro-
gen in the form of reduced nitrogen compounds 
(NO2, N2O, NO, N2). On the contrary, the bacte-
rial fertilizers containing an organic component 
and having slow-acting properties have a pro-
tective effect on mineral easily accessible forms 
of nitrogen (Netthisinghe et al. 2023, Das et al. 
2017). Of great theoretical and practical interest 
is the study of autotrophic nitrifying microorgan-
isms, because these microorganisms, despite their 

moderate abundance in calcisol soils, can signifi-
cantly reduce the nitrogen use ratio of fertilizers 
(Wakelin et al. 2009). The increase in the number 
of autotrophic nitrifiers is a reliable indicator of 
the presence of available forms of nitrogen and, 
consequently, the full nutrition of plants. Auto-
trophic nitrification is the sequential oxidation of 
NH3 and NO2 by two specialized groups of micro-
organisms that gain energy from these reactions 
and use CO2 as a carbon source for growth.

Effectiveness of biostimulants 
on degraded pastures

The microbial ecosystem effectively main-
tains soil homeostasis. The reactions of microor-
ganisms to changes in environmental factors are 
manifested at both the ecosystem and population 
levels. At the ecosystem level, they are expressed 
in changes in the quantitative and qualitative 
composition of the community. As habitat condi-
tions change, some species decrease in number 
(or disappear), while others emerge, i.e., the com-
position of dominants and co-dominants changes. 
The reactions of microorganisms at the popula-
tion level are expressed in changes in the kinetics 

Figure 2. Dynamics of changes in oligonitrophilic microorganisms abundance under the influence 
of biostimulant and biofertilizer. On the control variant oligonitrophilic microorganisms significantly 

decreased during the year from 57.4·106 CFU to 1.5·106 CFU (P>0.05), but on the biostimulant 
variants from 1.8·106 CFU (August) to 65.1·106 CFU (May) and biofertilizer from 4.5·106 

CFU (August) to 73.5·106 CFU (May) they significantly increased. The increase in colony of 
oligonitrophilic microorganisms indicates the inhibition of nitrogen compounds in the soil
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of their growth and development depending on 
certain ecological conditions. The sensitivity and 
high indication ability of microorganisms allow 
them to be selected as a tool for monitoring an-
thropogenic changes in the biosphere (Turner et 
al. 2013). In this regard, it seems appropriate to 
identify the differences in the structure and func-
tioning of microbial communities under the influ-
ence of new phosphorus-containing fertilizers.

Thus, the most effective representation of the 
structure in the form of a histogram with accumu-
lation, reflecting the contribution of each group of 
microorganisms to the total abundance, as well as 
a normalized histogram were considered (Figure 
4). In particular, a study of the composition of mi-
crobial communities in the original soil without 
treatment showed the dominance of 2 groups of 
microorganisms – oligotrophs (oligocarbophiles) 
and oligonitrophils (41.3 and 34.8·106 CFU, 
P<0.05), with co-dominants – amylolytic micro-
organisms (21.3·106 CFU, P<0.05).

In spring months under the influence of bio-
stimulator and biofertilizer, the number and pro-
portion of oligotrophs significantly decreased (to 
19.8·106 CFU), while the number of oligonitrophic 
microorganisms was stabilized and their number 
in the community was: in the version with bios-
timulator – 33.5·106 CFU (Figure 4 b), and biofer-
tilizer – 41.3·106 CFU (Figure 4 c). The position 
of amylolytic and microorganisms increased in 
the variant with biofertilizer, the number of phos-
phate mobilizers increased (to 18.1 million CFU), 
and the quantity decreases denitrificators (up to 
0,3–1,2 ·106 CFU) and actinomycetes appeared 

(3.3–10.1·106 CFU) (Figure 4 c). In May, the total 
number of microorganisms in all variants changes 
sharply, with an increase in the number of all de-
fined groups of oligonitrophils, amylolytic, am-
monificators, actinomycetes, phosphormobiliz-
ers and denitrificators. A significant increase in 
the number and proportion of amylolytic species 
in the variants with biofertilizer (40.7·106 CFU) 
with a significant decrease in the participation 
of oligonitrophils and oligotrophs was observed 
(Figure 4) (Wierzchowski et al. 2021).

Rather indicative was the experiment of 
wormwood-ephemera plants in the control plot 
with a small total number of microorganisms the 
only dominant group were oligotrophs 47.2·106 
CFU (Figure 4 a), which may indicate a deficit 
of nutrient compounds in this period (Reynolds 
et al. 2003). It should be particularly noted that 
biofertilization contributes to community restruc-
turing, and despite the significant dominance of 
oligotrophs, ammonificators, oligonitrophils, ac-
tinomycetes, microorganisms assimilating min-
eral nitrogen, and phosphate mobilizers are found 
in the microbial complex. All these manipulations 
on soil microorganisms showed reliable results 
in increasing the number and green mass of arid 
plants (Bellabarba et al. 2019). A total of 8 plant 
species were identified in the study area, and their 
average number for the three years of the study is 
shown in Figure 5. 

After the treatment of experimental plots ac-
cording to the proposed technology, the density of 
cover plants increased significantly, for example, 
grass mixture of Halimodendron halodendron, 

Figure 3. Dynamics of numbers of denitrifying microorganisms under the 
action of biostimulant and biofertilizer (*=P<0.05, **=P<0.01)
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Figure 4. The number of dominant microorganisms in the studied soils. 
(а) control; (b) biostimulator; (с) biofertilizer, (P<0.05)
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Artemisia diffusa, Astragalus unifoliatus, Con-
sina erectispina, Kochia prostrata, Heliotporium 
arguzioides, Alhagi pseudalhagi, Eurotia ewers-
manniana – 81–93 pcs/60 m2. In plants of Arte-
misia ephemera association, the stems became 
juicy, flowering began earlier. This phenomenon 
shows that plants have an abundance of phospho-
rus fertilizer (Figure 4a, b, c). Nevertheless, after 
applying the proposed technology, it is recom-
mended to refrain from grazing sheep and goats 
for one year. Because during the geobotanical 
survey, it was found that sheep were pulling out 
young plants with roots. After 2 years, the plant 
is not afraid of anything (frost, drought, steppe 
fires and overgrazing), the roots go very deep up 
to 15–25 meters.

CONCLUSIONS

It is received that soil microbial communi-
ties in the variants with application of biostimu-
lator and biofertilizer have the greatest stability 
to anthropogenic load and ability to self-regen-
eration. This can be judged from the values of 
СО2 consumption and respiratory activity and 
the metabolic coefficient. Biofertilizer containing 
up to 60% of organic compounds mitigates the 
activating effect of macronutrients and, reduces 
the absolute number of microorganisms – “par-
ticipants” – harmonizes the soil community. In 
the variants with biofertilizer a high number of 
phosphate-mobilizing microbial communities 

is noted, which slightly decreases in the case of 
biostimulator. Using them in the near-settlement 
pastures of villages Kozhatogai, Shogirli, Bay-
togai, Shoshkabulak, Darbaza showed that the 
developed methods of soil treatment are innova-
tions that provide flexibility and allow adjusting 
the humus cover, which in turn increases the soil 
cover. Taking into account the perspectives of the 
obtained data, the technology of biostimulator 
and biofertilizer application was developed. It led 
to significant results in terms of increasing green 
mass of arid plants and sustainable development 
of degraded near-settlement pastures. The authors 
are well aware that due to the complexity of in-
teractions in the microbiocenosis, the study can-
not fully account for all influencing background 
factors. However, the authors made an attempt to 
make a significant contribution to the develop-
ment of rational methods for restoring degraded 
pastures using microbial-based biostimulant. The 
authors hope that this direction will be in demand 
at the national and international levels to create 
sustainable agricultural systems. In the near fu-
ture, a joint research roadmap will be drawn up on 
the application of soil microbiota as a promising 
“biological tool” for biogeocenosis restoration.

Acknowledgments

Our special gratitude to the scientific or-
ganizations Research Laboratory “Industrial 
Biotechnology” (M. Auezov State University, 
Tauke Khan Ave 5, Shymkent, Kazakhstan) and 

Figure 5. Average percentages of herbage after tillage for 2020–2022



142

Journal of Ecological Engineering 2024, 25(1), 131–145

Scientific-Production Association LLP “Ana-
Zher” (Koktem microdistrict 1, house 42, office 
2, Almaty, Kazakhstan) for their assistance and 
support of this research work. The publication of 
this article was made possible by funding from 
the Grant Funding of the Ministry of Science 
and Higher Education of the Republic of Ka-
zakhstan, under individual registration number 
AP14871736, “Development of effective tech-
nologies for the rational use of degraded village 
pastures of the desert zone of Turkestan region.”

REFERENCES

1. Ali, Sajid, Won-Chan Kim. 2019. A Fruitful Decade 
Using Synthetic Promoters in the Improvement of 
Transgenic Plants. Frontiers in Plant Science 10, 
1433. https://doi.org/10.3389/fpls.2019.01433.

2. Aydin, I., F. Uzun. 2005. Nitrogen and Phosphorus 
Fertilization of Rangelands Affects Yield, Forage 
Quality and the Botanical Composition. Europe-
an Journal of Agronomy 23(1), 8–14. https://doi.
org/10.1016/j.eja.2004.08.001.

3. Badger Hanson, Ellen, Kathryn M. Docherty. 2023. 
Mini-Review: Current and Future Perspectives on 
Microbially Focused Restoration Strategies in Tall-
grass Prairies. Microbial Ecology 85(3), 1087–97. 
https://doi.org/10.1007/s00248-022-02150-1.

4. Bai, Yongfei, M. Francesca Cotrufo. 2022. Grass-
land Soil Carbon Sequestration: Current Under-
standing, Challenges, and Solutions. Science 
(New York, N.Y.) 377(6606), 603–8. https://doi.
org/10.1126/science.abo2380.

5. Bardgett, Richard D., Tania C. Streeter, Roland 
Bol. 2003. Soil microbes compete effectively with 
plants for organic-nitrogen inputs to temperate 
grasslands. Ecology 84(5), 1277–87. https://doi.
org/10.1890/0012-9658(2003)084(1277:SMCEW
P)2.0.CO;2.

6. Beaumelle, Léa, Frederik De Laender, Nico Eisen-
hauer. 2020. Biodiversity Mediates the Effects of 
Stressors but Not Nutrients on Litter Decomposi-
tion. ELife 9(June), e55659. https://doi.org/10.7554/
eLife.55659.

7. Bell, Lindsay W., Andrew D. Moore, John A. 
Kirkegaard. 2014. Evolution in Crop–Livestock In-
tegration Systems That Improve Farm Productivity 
and Environmental Performance in Australia. Euro-
pean Journal of Agronomy 57(July), 10–20. https://
doi.org/10.1016/j.eja.2013.04.007.

8. Bellabarba, Agnese, Camilla Fagorzi, George C. di-
Cenzo, Francesco Pini, Carlo Viti, Alice Checcucci. 
2019. Deciphering the Symbiotic Plant Microbi-
ome: Translating the Most Recent Discoveries on 

Rhizobia for the Improvement of Agricultural Prac-
tices in Metal-Contaminated and High Saline Lands. 
Agronomy 9(9), 529. https://doi.org/10.3390/
agronomy9090529.

9. Bera, Kuntal, Puspendu Dutta, and Sanjoy Sad-
hukhan. 2022. Plant Responses Under Abi-
otic Stress and Mitigation Options Towards 
Agricultural Sustainability. В. https://doi.
org/10.1007/978-3-030-95365-2_1.

10. Burkle, Laura A., R. Travis Belote. 2015. Soil Mutual-
ists Modify Priority Effects on Plant Productivity, Di-
versity, and Composition. Applied Vegetation Science 
18(2), 332–42. https://doi.org/10.1111/avsc.12149.

11. Cassman, Noriko A., Marcio F. A. Leite, Yao Pan, 
Mattias De Hollander, Johannes A. Van Veen, Eiko 
E. Kuramae. 2016. Plant and Soil Fungal but Not 
Soil Bacterial Communities Are Linked in Long-
Term Fertilized Grassland. Scientific Reports 6(1), 
23680. https://doi.org/10.1038/srep23680.

12. Castiglione, Adele M., Giuseppe Mannino, Valeria 
Contartese, Cinzia M. Bertea, Andrea Ertani. 2021. 
Microbial Biostimulants as Response to Modern 
Agriculture Needs: Composition, Role and Appli-
cation of These Innovative Products. Plants 10(8), 
1533. https://doi.org/10.3390/plants10081533.

13. Conant, Richard T., Keith Paustian, Edward T. 
Elliott. 2001. Grassland Management and Con-
version into Grassland: Effects on Soil Carbon. 
Ecological Applications 11(2), 343–55. https://doi.
org/10.1890/1051-0761(2001)011(0343:GMACIG
)2.0.CO;2.

14. Coolon, Joseph D., Kenneth L. Jones, Timothy C. 
Todd, John M. Blair, Michael A. Herman. 2013. 
Long-Term Nitrogen Amendment Alters the Diver-
sity and Assemblage of Soil Bacterial Communi-
ties in Tallgrass Prairie. PLoS ONE 8(6), e67884. 
https://doi.org/10.1371/journal.pone.0067884.

15. Corcoz, Larisa, Florin Păcurar, Victoria Pop-Mol-
dovan, Ioana Vaida, Vlad Stoian, Roxana Vidican. 
2021. Mycorrhizal Patterns in the Roots of Domi-
nant Festuca Rubra in a High-Natural-Value Grass-
land. Plants 11(1), 112. https://doi.org/10.3390/
plants11010112.

16. Das, Suvendu, Seung Tak Jeong, Subhasis Das, Pil 
Joo Kim. 2017. Composted Cattle Manure Increas-
es Microbial Activity and Soil Fertility More Than 
Composted Swine Manure in a Submerged Rice 
Paddy. Frontiers in Microbiology 8. https://www.
frontiersin.org/articles/10.3389/fmicb.2017.01702.

17. Dmytrash-Vatseba, I. I., N.V. Shumska. 2020. Dy-
namics of Plant Cover of Meadow Steppes after 
the Cessation of Traditional Management in Opil-
lia. Biosystems Diversity 28(3), 224–29. https://doi.
org/10.15421/012029.

18. Edesi, Liina, Tiina Talve, Elina Akk, Taavi Võsa, 
Triin Saue, Valli Loide, Raivo Vettik, Tiit Plakk, 



143

Journal of Ecological Engineering 2024, 25(1), 131–145

Kalvi Tamm. 2020. Effects of Acidified Pig Slurry 
Application on Soil Chemical and Microbiological 
Properties under Field Trial Conditions. Soil and 
Tillage Research 202(August), 104650. https://doi.
org/10.1016/j.still.2020.104650.

19. Eze, Samuel, Sheila M. Palmer, Pippa J. Chapman. 
2018. Soil Organic Carbon Stock in Grasslands: Ef-
fects of Inorganic Fertilizers, Liming and Grazing 
in Different Climate Settings. Journal of Environ-
mental Management 223(October), 74–84. https://
doi.org/10.1016/j.jenvman.2018.06.013.

20. Fangueiro, David, José Pereira, André Bichana, Só-
nia Surgy, Fernanda Cabral, João Coutinho. 2015. 
Effects of Cattle-Slurry Treatment by Acidification 
and Separation on Nitrogen Dynamics and Global 
Warming Potential after Surface Application to an 
Acidic Soil. Journal of Environmental Manage-
ment 162(October), 1–8. https://doi.org/10.1016/j.
jenvman.2015.07.032.

21. Fangueiro, David, Henrique Ribeiro, Ernesto Vas-
concelos, João Coutinho, Fernanda Cabral. 2009. 
Treatment by Acidification Followed by Solid–Liq-
uid Separation Affects Slurry and Slurry Fractions 
Composition and Their Potential of N Mineraliza-
tion. Bioresource Technology 100(20), 4914–17. 
https://doi.org/10.1016/j.biortech.2009.04.032.

22. Fangueiro, David, Sonia Surgy, Irene Fraga, Fer-
nando Girão Monteiro, Fernanda Cabral, João 
Coutinho. 2016. Acidification of Animal Slurry 
Affects the Nitrogen Dynamics after Soil Applica-
tion. Geoderma 281(November), 30–38. https://doi.
org/10.1016/j.geoderma.2016.06.036.

23. Hamid, Basharat, Muzafar Zaman, Shabeena Fa-
rooq, Sabah Fatima, Riyaz Sayyed, Zahoor Baba, 
Tahir Sheikh. 2021. Bacterial Plant Biostimulants: 
A Sustainable Way Towards Improving Growth, 
Productivity, and Health of Crops. https://doi.
org/10.20944/preprints202103.0085.v1.

24. Hayes, R.C., Li G.D., Norton M.R., Culvenor R.A. 
2018. Effects of Contrasting Seasonal Growth Pat-
terns on Composition and Persistence of Mixed 
Grass-Legume Pastures over 5 Years in a Semi-
Arid Australian Cropping Environment. Journal 
of Agronomy and Crop Science 204(3), 228–42. 
https://doi.org/10.1111/jac.12258.

25. Hayes, R.C., Vadakattu V. S. R. Gupta, Guangdi 
D. Li, Mark B. Peoples, Richard P. Rawnsley, 
Keith G. Pembleton. 2021. Contrasting Soil Mi-
crobial Abundance and Diversity on and between 
Pasture Drill Rows in the Third Growing Season 
after Sowing. Renewable Agriculture and Food 
Systems 36(2), 163–72. https://doi.org/10.1017/
S1742170520000174.

26. Heyburn, Jemma, Paul McKenzie, Michael J. Crawley, 
Dario A. Fornara. 2017. Effects of Grassland Manage-
ment on Plant C:N:P Stoichiometry: Implications for 

Soil Element Cycling and Storage. Ecosphere 8(10), 
e01963. https://doi.org/10.1002/ecs2.1963.

27. International State Standard SS 17.4.4.02-84. „Na-
ture Protection. Soil. Methods of sampling and 
preparation of samples for chemical, bacteriologi-
cal, helminthological analysis“. PARAGRAPH 
Information System. https://online.zakon.kz/
Document/?doc_id=31493200.

28. Kaur, Harsimran, Harsh Garg. 2014. Pesticides: En-
vironmental Impacts and Management Strategies. 
В. https://doi.org/10.5772/57399.

29. Kuzyakov, Yakov, Xingliang Xu. 2013. Competition 
between Roots and Microorganisms for Nitrogen: 
Mechanisms and Ecological Relevance. New Phytolo-
gist 198(3), 656–69. https://doi.org/10.1111/nph.12235.

30. Leff, Jonathan W., Stuart E. Jones, Suzanne M. 
Prober, Albert Barberán, Elizabeth T. Borer, Jenni-
fer L. Firn, W. Stanley Harpole, and et al. 2015. Con-
sistent Responses of Soil Microbial Communities to 
Elevated Nutrient Inputs in Grasslands across the 
Globe. Proceedings of the National Academy of Sci-
ences 112(35), 10967–72. https://doi.org/10.1073/
pnas.1508382112.

31. Legay, Nicolas, Sandra Lavorel, Catherine Bax-
endale, Ute Krainer, Michael Bahn, Marie-Noëlle 
Binet, Amélie A. M. Cantarel, and et al. 2016. In-
fluence of Plant Traits, Soil Microbial Properties, 
and Abiotic Parameters on Nitrogen Turnover of 
Grassland Ecosystems. Ecosphere 7(11), e01448. 
https://doi.org/10.1002/ecs2.1448.

32. Li, Wenjing, Jinlong Wang, Lamei Jiang, Guanghui 
Lv, Dong Hu, Deyan Wu, Xiao-Dong Yang. 2023. 
Rhizosphere effect and water constraint jointly de-
termined the roles of microorganism in soil phos-
phorus cycling in arid desert regions. CATENA 
222(March), 106809. https://doi.org/10.1016/j.
catena.2022.106809.

33. Liu, Lan, Kai Zhu, Nina Wurzburger, Jian Zhang. 
2020. Relationships between Plant Diversity and 
Soil Microbial Diversity Vary across Taxonomic 
Groups and Spatial Scales. Ecosphere 11(1). https://
doi.org/10.1002/ecs2.2999.

34. Luna, Rômulo Gil de, Henrique Douglas Melo 
Coutinho, Breno Machado Grisi. 2008. Evaluation 
of Pasture Soil Productivity in the Semi-Arid Zone 
of Brazil by Microbial Analyses. Brazilian Jour-
nal of Microbiology 39(3), 409–13. https://doi.
org/10.1590/S1517-83822008000300001.

35. Moon, Yong Sun, Sajid Ali. 2022. Possible Mecha-
nisms for the Equilibrium of ACC and Role of ACC 
Deaminase-Producing Bacteria. Applied Microbiol-
ogy and Biotechnology 106(3), 877–87. https://doi.
org/10.1007/s00253-022-11772-x.

36. Mpai, Tiisetso, Sanjay K. Jaiswal, Christopher N. 
Cupido, Felix D. Dakora. 2022. Seasonal Effect 
on Bacterial Communities Associated with the 



144

Journal of Ecological Engineering 2024, 25(1), 131–145

Rhizospheres of Polhillia, Wiborgia and Wiborgi-
ella Species in the Cape Fynbos, South Africa. Mi-
croorganisms 10(10), 1992. https://doi.org/10.3390/
microorganisms10101992.

37. Nascimento, Francisco X., Bernard R. Glick, Már-
cio J. Rossi. 2019. Isolation and Characterization 
of Novel Soil- and Plant-Associated Bacteria with 
Multiple Phytohormone-Degrading Activities Using 
a Targeted Methodology. Access Microbiology 1(7), 
e000053. https://doi.org/10.1099/acmi.0.000053.

38. Nasiev, Beybit, Nurbolat Zhanatalapov, Ashat Bek-
kaliev, Aydyn Bekkalieva. 2021. Assessment of ways 
to use pastures in semi-desert zone of West Kazakh-
stan. Agrarian Bulletin of the 214(11), 20–26. https://
doi.org/10.32417/1997-4868-2021-214-11-20-26.

39. Netthisinghe, Annesly M., Hunter O. Galloway, 
Getahun E. Agga, Phillip A. Gunter, Karamat R. 
Sistani. 2023. Effects of Cropping Systems on Soil 
Physicochemical Properties and Abundances and 
Spatial Distributions of Nitrogen-Cycling Bacte-
ria. Agronomy 13(6), 1461. https://doi.org/10.3390/
agronomy13061461.

40. Nusillard, William, Tessie Garinie, Yann Lelièvre, 
Jérôme Moreau, Denis Thiery, Géraldine Groussier, 
Jacques Frandon, Philippe Louâpre. 2023. Heavy 
metals used as fungicide may positively affect 
Trichogramma species used as biocontrol agents in 
IPM programs. Journal of Pest Science, April, 1–12. 
https://doi.org/10.1007/s10340-023-01624-6.

41. Oelmann, Yvonne, Markus Lange, Sophia Leimer, 
Christiane Roscher, Felipe Aburto, Fabian Alt, Nina 
Bange, and et al. 2021. Above- and Belowground 
Biodiversity Jointly Tighten the P Cycle in Agri-
cultural Grasslands. Nature Communications 12(1), 
4431. https://doi.org/10.1038/s41467-021-24714-4.

42. Okagu, Innocent, Emmanuel Okeke, Wisdom Ezeo-
rba, J.C. Ndefo, Timothy Ezeorba. 2023. Overhaul-
ing the ecotoxicological impact of synthetic pes-
ticides using plants’ natural products: a focus on 
Zanthoxylum metabolites. Environmental Science 
and Pollution Research 30(May), 1–25. https://doi.
org/10.1007/s11356-023-27258-w.

43. Orozco-Mosqueda, Ma Del Carmen, Gustavo San-
toyo, Bernard R. Glick. 2023. Recent Advances in 
the Bacterial Phytohormone Modulation of Plant 
Growth. Plants (Basel, Switzerland) 12(3), 606. 
https://doi.org/10.3390/plants12030606.

44. Parzhanov, Zhanibek, Zharylkasyn Kuzembayuly, 
Bakytzhan Azhibekov, Ollabergen Isaev. 2020. Pro-
ductivity and fodder value of pasture feed in spring and 
summer seasons. Agricultural Journal 2(13), 24–32. 
https://doi.org/10.25930/2687-1246/004.2.13.2020.

45. Pereira, José, David Fangueiro, David R. Chadwick, 
Tom H. Misselbrook, João Coutinho, Henrique Trin-
dade. 2010. Effect of Cattle Slurry Pre-Treatment by 
Separation and Addition of Nitrification Inhibitors 

on Gaseous Emissions and N Dynamics: A Labora-
tory Study. Chemosphere 79(6), 620–27. https://doi.
org/10.1016/j.chemosphere.2010.02.029.

46. Reynolds, Heather L., Alissa Packer, James D. Bev-
er, Keith Clay. 2003. Grassroots Ecology: Plant–Mi-
crobe–Soil Interactions as Drivers of Plant Com-
munity Structure and Dynamics. Ecology 84(9), 
2281–91. https://doi.org/10.1890/02-0298.

47. Seydoşoğlu, Seyithan, Kagan Kokten, Veysel Sa-
ruhan, Ugur Sevilmis. 2019. Status and health of 
some natural pastures in south east Anatolia region 
of Turkey 40(December), 181–87.

48. Shahrajabian, M. Hesam, Spyridon Petropou-
los, Wenli Sun. 2023. Survey of the Influences of 
Microbial Biostimulants on Horticultural Crops: 
Case Studies and Successful Paradigms. Horticul-
turae 9(February), 1–24. https://doi.org/10.3390/
horticulturae9020193.

49. Shi, Lina, Zhenrong Lin, Shiming Tang, Cuoji Peng, 
Zeying Yao, Qing Xiao, Huakun Zhou, Kesi Liu, 
Xinqing Shao. 2022. Interactive effects of warming 
and managements on carbon fluxes in grasslands: 
A global meta-analysis. Agriculture, Ecosystems & 
Environment 340(December), 108178. https://doi.
org/10.1016/j.agee.2022.108178.

50. Soong, Jennifer L., Lucia Fuchslueger, Sara Mara-
ñon-Jimenez, Margaret S. Torn, Ivan A. Janssens, 
Josep Penuelas, Andreas Richter. 2020. Microbial 
Carbon Limitation: The Need for Integrating Mi-
croorganisms into Our Understanding of Ecosys-
tem Carbon Cycling. Global Change Biology 26(4), 
1953–61. https://doi.org/10.1111/gcb.14962.

51. Sun, Qi, Ruoyu Jia, Jiachen Qin, Yang Wang, 
Xiaoming Lu, Peizhi Yang, Yongfei Bai. 2023. 
Grassland Management Regimes Regulate Soil 
Phosphorus Fractions and Conversion between 
Phosphorus Pools in Semiarid Steppe Ecosystems. 
Biogeochemistry, January. https://doi.org/10.1007/
s10533-023-01019-w.

52. Sun, Ruibo, Xue-Xian Zhang, Xisheng Guo, 
Daozhong Wang, Haiyan Chu. 2015. Bacterial Di-
versity in Soils Subjected to Long-Term Chemical 
Fertilization Can Be More Stably Maintained with 
the Addition of Livestock Manure than Wheat Straw. 
Soil Biology and Biochemistry 88(September), 
9–18. https://doi.org/10.1016/j.soilbio.2015.05.007.

53. Damodaran T., Sunil Jha, Sangeeta Kumari, Garima 
Gupta, Vinay Mishra, Parbodh Sharma, Ram Gopal, 
Arjun Singh, H.S Jat. 2023. Development of Halo-
tolerant Microbial Consortia for Salt Stress Mitiga-
tion and Sustainable Tomato Production in Sodic 
Soils: An Enzyme Mechanism Approach. Sustain-
ability 15(March), 5186. https://doi.org/10.3390/
su15065186.

54. Tedersoo, Leho, Mohammad Bahram, Sergei Põlme, 
Urmas Kõljalg, Nourou S. Yorou, Ravi Wijesundera, 



145

Journal of Ecological Engineering 2024, 25(1), 131–145

Luis Villarreal Ruiz, and et al. 2014. Fungal Bio-
geography. Global Diversity and Geography of 
Soil Fungi. Science (New York, N.Y.) 346(6213), 
1256688. https://doi.org/10.1126/science.1256688.

55. Tiquia, S.M, Tam N.F.Y. 2000. Fate of Nitrogen dur-
ing Composting of Chicken Litter. Environmental 
Pollution 110(3), 535–541. https://doi.org/10.1016/
S0269-7491(99)00319-X.

56. Turner, Thomas R., Euan K. James, and Philip S. Poole. 
2013. The plant microbiome. Genome Biology 14(6), 
209. https://doi.org/10.1186/gb-2013-14-6-209.

57. Van Der Heijden, Marcel G. A., Richard D. 
Bardgett, Nico M. Van Straalen. 2008. The Un-
seen Majority: Soil Microbes as Drivers of Plant 
Diversity and Productivity in Terrestrial Ecosys-
tems. Ecology Letters 11(3), 296–310. https://doi.
org/10.1111/j.1461-0248.2007.01139.x.

58. Van Der Heijden, Marcel G.A., Roy Bakker, Joost 
Verwaal, Tanja R. Scheublin, Matthy Rutten, Rich-
ard Van Logtestijn, Christian Staehelin. 2006. 
Symbiotic Bacteria as a Determinant of Plant Com-
munity Structure and Plant Productivity in Dune 
Grassland: Symbiotic Bacteria in Dune Grassland. 
FEMS Microbiology Ecology 56(2), 178–87. 
https://doi.org/10.1111/j.1574-6941.2006.00086.x.

59. Vandenkoornhuyse, P., Quaiser A., Duhamel M., Le 
Van A., Dufresne A.. 2015. The Importance of the 
Microbiome of the Plant Holobiont. New Phytologist 
206(4), 1196–1206. https://doi.org/10.1111/nph.13312.

60. Sorin V., Vidican R., Gâdea S., Horvat M., Vâtcă 
A., Ancuța Stoian V., Stoian V.. 2020. Blackcurrant 
Variety Specific Growth and Yield Formation as a 
Response to Foliar Fertilizers. Agronomy 10(12), 
2014. https://doi.org/10.3390/agronomy10122014.

61. Vlajkov V., Pajčin I., Vučetić S., Anđelić S., Loc M., 
Grahovac M., Grahovac J. 2023. Bacillus-Loaded 
Biochar as Soil Amendment for Improved Germi-
nation of Maize Seeds. Plants 12(February), 1024. 
https://doi.org/10.3390/plants12051024.

62. Wakelin, S.A., Gregg A.L., Simpson R.J., Li G.D., 
Riley I.T., C. McKay A. 2009. Pasture Management 

Clearly Affects Soil Microbial Community Structure 
and N-Cycling Bacteria. Pedobiologia 52(4), 237–
251. https://doi.org/10.1016/j.pedobi.2008.10.001.

63. Wang L., Wang Y., Xiu W., Tan B., Li G., Zhao 
J., Yang D., Zhang G., Zhang Y. 2022. Responses 
of Soil Microbial and Nematode Communities to 
Various Cover Crop Patterns in a Tea Garden of 
China. International Journal of Environmental Re-
search and Public Health 19(5), 2695. https://doi.
org/10.3390/ijerph19052695.

64. Wierzchowski, P.S., Dobrzyński J., Mazur K., 
Kierończyk M., Wardal W.J., Sakowski T., Barszc-
zewski J.. 2021. Chemical Properties and Bac-
terial Community Reaction to Acidified Cattle 
Slurry Fertilization in Soil from Maize Cultivation. 
Agronomy 11(3), 601. https://doi.org/10.3390/
agronomy11030601.

65. Yuan K., Xu H., Zhang G., Yan J. 2022. Aridity and 
High Salinity, Rather Than Soil Nutrients, Regulate Ni-
trogen and Phosphorus Stoichiometry in Desert Plants 
from the Individual to the Community Level. Forests 
13(6), 890. https://doi.org/10.3390/f13060890.

66. Caio Fernandes Z., Abdalla M., Abbott G.D., Tay-
lor J.A., Valadares Galdos M., Julia Mary Cooper 
J.M., Lopez-Capel E.. 2023. Predicting Long-Term 
Effects of Alternative Management Practices in 
Conventional and Organic Agricultural Systems 
on Soil Carbon Stocks Using the DayCent Model. 
Agronomy 13(4), 1093. https://doi.org/10.3390/
agronomy13041093.

67. Ximei Z., Johnston E.R., Barberán A., Ren Y., Lü 
X., Han X.. 2017. Decreased Plant Productivity 
Resulting from Plant Group Removal Experiment 
Constrains Soil Microbial Functional Diversity. 
Global Change Biology 23(10), 4318–32. https://
doi.org/10.1111/gcb.13783.

68. Zhou, Jie, Zhipeng Li, Lingling Shi, Johanna 
Pausch. 2022. Microbial utilization of photosyn-
thesized carbon depends on land-use. Geoderma 
428(December), 116160. https://doi.org/10.1016/j.
geoderma.2022.116160.


