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Abstract. This article provides information on the types and levels of soil
fertilization affecting the activity of invertase and phosphatase enzymes in
the soils of the Bukhara region.According to the results, the activity of
enzymes increases with soil fertilization. It has been scientifically proven
that enzymatic activity increases in soils that have not been fertilized, as
well as in soils fertilized at moderate and high levels.

1 Introduction

The formation of soil enzymatic activity is closely related to the ecological and biological
factors of soil formation. It was found that soils with low organic matter content, poor
supply of nutrients, and various degrees of fertilization exhibit weak enzymatic activity [1].

The enzymatic activity in soils has been observed to be relatively higher in all types and
layers of soil and tends to decrease towards the lower layers. Studies on the seasonal
dynamics of enzymatic activity in soils of the Jizzakh region have shown the importance of
hydrothermal conditions and active biochemical processes. Enzymatic activity has been
recorded in the upper and gypsum-free horizons of soils with high humus content and in
soils with high gypsum content. During the spring season, enzymatic activity was found to
be higher in soil layers compared to the summer season. According to the results of
microbiological analyses, the gypsum content and degree of soil formation affect the
microbiological activity of soils [2,3,4,5,6].

2 Materials and Methods

Scientific research was conducted using expeditionary methods, and soil samples from
various types of alluvial soils were collected and analyzed based on genetic horizons. Soil
samples based on genetic horizons were taken and enzymatic indicators were analyzed in
laboratories. The activity of invertase and phosphatase enzymes was determined using the
methods developed by A.Sh.Galstyan [7-15].
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3 Results and Discussion

Enzymes participate in the usual oxidation-reduction reactions in the process of oxidation-
reduction reactions by soil microorganisms and decomposition of organic matter under
normal conditions. This contributes positively to soil fertility, characteristics, and regimes.
Humification, hydrolytic processes, synthesis, and other enzymatic effects catalyze in the
presence of enzymatic action. Soil enzymes participate in the biochemical processes of
organic matter transformation in soil. The identification of enzymes is based on substrate
reaction in optimal conditions of temperature, pH (environmental reaction), and substrate
concentration at a certain time interval, resulting in the production of a product. For
example, polyphenol oxidase catalyzes the conversion of aromatic series organic
compounds into soil humus components, while catalyzing the oxidation of phenols to
quinones in the presence of atmospheric oxygen.

Hydrolases include invertase, urease, phosphatase, and protease enzymes. The
oxidoreductase group includes catalase, peroxidase, polyphenol oxidase, and other
enzymes. Peroxidase and polyphenol oxidase enzymes participate in the formation of
humus under the influence of atmospheric oxygen and play a crucial role in this process.

The enzyme invertase catalyzes the hydrolytic cleavage of sucrose into glucose and
fructose. It also acts on other carbohydrates, producing fructose molecules. According to
most researchers, the activity of the invertase enzyme correlates positively with soil fertility
level and biological activity compared to other enzymes. The activity of the invertase
enzyme indicates the amount of easily hydrolysable carbohydrates in the soil. Easily
hydrolysable carbohydrates serve as an energy source for all soil heterotrophs. The activity
of the invertase enzyme is influenced by soil fertilization. In unfertilized soil and compared
to alluvial soils, the activity of the invertase enzyme was higher. With an increase in
fertilization level, the activity of the invertase enzyme decreased. This was particularly
noticeable in moderately and highly fertilized alluvial soils. Thus, the sharp increase in salt
content in the soil due to irrigation and its high concentration contributed to the positive
influence on the activity of the invertase enzyme. With an increase in soil fertilization
levels, the harmful and saline salts content, the concentration of sodium, magnesium, and
chloride ions, and their proportion increased, which negatively affected the activity of the
invertase enzyme. These enzymes also participate in the hydrolytic cleavage of high
molecular organic compounds, contributing to the movement of nutrients and organic
matter by facilitating their movement through the soil, thereby playing an important role in
soil fertility. Soil enzymatic activity is considered an elementary soil classification. This
situation is most common in heavily fertilized soils. The activity of the invertase enzyme
increased seasonally. This situation is also related to the very active state of the rhizosphere
during this period. In addition, the activity of the soil invertase enzyme varied depending on
the soil profile. In this case, the activity of the invertase enzyme decreased from the upper
layer to the lower layers of the soil. The highest activity was recorded in the upper horizon,
while the lowest activity was observed in the lowest layer. The activity of the invertase
enzyme was highest in the horizon with the highest amount of humus. The movement of
oxygen from the upper horizons to the lower layers of the soil also contributed to the
decrease in soil invertase enzyme activity. For example, in unfertilised alluvial soils, during
the spring season, the activity of invertase enzyme in the soil layers of 0-25; 25-50; and 50-
80 cm was on average 12.5; 10.3; 7.1 mg glucose per g of soil per 24 hours, respectively,
while during the summer season, it was found to be 12.2; 10.0; 6.7 mg glucose per g of soil
per day, respectively. The soil fertilization level affected the decline in invertase enzyme
activity in alluvial soils. For example, in unfertilised alluvial soils, during the spring season,
the activity of invertase enzyme in the soil layers of 0-25; 25-50; and 50-80 cm was on
average 10.5; 8.3; 6.4 mg glucose per g of soil per day, respectively, while during the
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summer season, it was found to be 10.2; 8.0; 6.1 mg glucose per g of soil per day,
respectively. The activity of the invertase enzyme was highest in heavily fertilized alluvial
soils. For example, in heavily fertilized alluvial soils, during the spring season, the activity
of invertase enzyme in the soil layers of 0-25; 25-50; and 50-80 cm was on average 6.3;
4.7; 2.6 mg glucose per g of soil per day, respectively, while during the summer season, it
was found to be 6.8; 5.1; 2.9 mg glucose per g of soil per day, respectively. Thus, the soil
invertase enzyme activity was influenced by the soil fertilization level, seasonal changes,
and genetic horizons in the soil profile.

Table 1. Enzymatic Activity of Alluvial Soil Types at Various Depths of Soil Layer

Invertase, 24 hours, mg glucose | Phosphatase, 24 hours, mg P20s
Soil produced per 1g soil produces per 1g soil
Horizons, cm

Seasons of the year

Spring summer | Autumn | Spring Summer | Autumn
Unsalted
0-25 12,5 13,8 12,2 9,5 10,1 9,3
25-50 10,3 11,6 10,0 7,2 7,8 7,0
50-80 7,1 7,7 6,7 5,8 6,0 5,5
Weakly salted
0-25 10,5 11,1 10,2 9,0 9,7 8,8
25-50 8,3 9,6 8,0 7,9 8,4 7,5
50-80 6,4 7,0 6,1 6,1 6,6 5,7
Moderately salted
0-25 7,2 7,6 7,0 6,7 7,0 6,5
25-50 5.3 5.8 5,0 5,0 5.8 4,8
50-80 3,5 3,9 3,1 3,1 3,5 2,9
Strongly salted
0-25 6,3 6,8 6,1 5,9 6,3 5,8
25-50 4,7 5,1 4,4 4,4 5,0 4,2
50-80 2,6 2,9 2,3 2,2 2,6 2,0
Sx% 2,99 1,93 2,62 4,79 3,97 4,22
NSRo,5 0,61 0,43 0,51 0,84 0,75 0,64

Phosphatase is one of the important enzymes. Soil can contain a significant amount of
phosphorus in organic forms. Microorganisms possessing the specific enzyme phosphatase
catalyze the hydrolysis of orthophosphate esters, releasing phosphoric acid. The general
activity of phosphatase in the soil depends on the amount of humus and organic
phosphorus. Organic phosphorus serves as a substrate for the phosphatase enzyme.
Phosphatase (both alkaline and acid) catalyzes the hydrolysis of a variety of phosphoric
organic compounds into orthophosphates. The activity of phosphatase in the soil is higher
when the phosphorus content in the soil is lower. Therefore, the activity of soil phosphatase
can be used as an additional indicator to determine the need for the use of phosphorus-
containing fertilizers in the soil. The highest activity of soil phosphatase is observed in the
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rhizosphere of plants. The activity of soil phosphatase enzyme changes depending on the
degree of soil cultivation.

The activity of phosphatase enzyme in unsalted alluvial soil has increased compared to
moderately salted alluvial soil. With the increase in cultivation intensity, the activity of soil
phosphatase has gradually increased. In this case, alluvial soil with moderate and strong
cultivation intensity showed strong manifestations. For example, in unsalted alluvial soil,
the activity of phosphatase enzyme in the spring at depths of 0-25; 25-50; and 50-80 cm
was found to be 9.5; 7.2; 5.8 mg P205 /g soil per 24 hours, respectively, while in the
summer, it was found to be 10.1; 7.8; 6.0 mg P205 /g soil per 24 hours, respectively. The
beginning of soil cultivation coincides with the onset of phosphatase enzyme activity.

In addition to soil cultivation, seasonal variations, the level of crop development, and
the depth of soil layers significantly affect the activity of phosphatase enzymes. In the
spring, the activity of phosphatase enzyme in the soil was highest. In the summer, the
activity of the phosphatase enzyme slightly increased compared to the spring. These
changes are also associated with soil moisture. When moisture levels increase sharply, the
activity of the phosphatase enzyme increases. This increase is also caused by the
concentration of salts, harmful and soluble salts, magnesium, sodium, and chloride ions.
They negatively affect soil phosphatase activity. For example, in moderately cultivated
alluvial soil, the activity of phosphatase enzyme in the spring at depths of 0-25; 25-50; and
50-80 cm was found to be 6.7; 5.0; 3.1 mg P205 /g soil per 24 hours, respectively, while in
the summer, it was found to be 7.0; 5.8; 3.5 mg P205 /g soil per 24 hours, respectively. In
strongly cultivated alluvial soil, the activity of the phosphatase enzyme was the lowest. This
is associated with the concentration of salts, harmful and soluble salts, magnesium, sodium,
and chloride ions, as well as their maximum accumulation. For example, in strongly
cultivated alluvial soil, the activity of phosphatase enzyme in the spring at depths of 0-25;
25-50; and 50-80 cm was found to be 5.9; 4.4; 2.2 mg P205 /g soil per day, respectively,
while in the summer, it was found to be 6.3; 5.0; 2.6 mg P205 /g soil per day, respectively.
Therefore, soil phosphatase activity is closely related to soil cultivation, the content of
harmful and soluble salts, magnesium, sodium, and chloride ions, soil layer depth, seasonal
changes, and the development period of crops.

4 Conclusion

The cultivation of alluvial soils has a positive effect on their enzymatic activity. In this
regard, the activity of hydrolytic enzymes such as invertase and phosphatase significantly
increases. These cultivated soils contribute to the rapid decomposition of organic matter,
ammonification, and oxidation-reduction processes.
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