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Goal. Based on the study of the impact of military actions on the main 

agrophysical parameters of soils, to identify the peculiarities of the manifestation 

of their mechanical and physical degradation, and to propose effective anti-

degradation measures that will make it possible to restore the fertility of damaged 

soils. Methods. Information-analytical, field, laboratory-analytical, and 

mathematical-statistical methods were used. Results. Analysis of literary sources 

confirmed the negative impact of military operations on soils and soil cover. The 

redistribution of the fractions of typical heavy loamy chernozem, which was 

affected by the explosions of projectiles of different calibers (120, 155, and 330 

mm), was established, namely an increase in the content of silt fractions (particles 

smaller than 0.001 mm), and physical clay (the sum of particles smaller than 0.01 

mm) compared to the control option (undamaged area). An increase in the density 

of the soil structure by 0.39 g/cm3 compared to the control variant was noted in the 

upper 10-centimeter layer of the soil in the places of paths formed as a result of the 

movement of military equipment. Measures to overcome the consequences of 

mechanical and physical degradation are proposed, the main of which are the use 

of various methods of soil cultivation and agrotechnical melioration, aimed at 

increasing the strength of the root layer and improving the agrophysical properties 

of arable land. Conclusions. The expediency of further in-depth studies of the 

impact of military actions on arable soils to find ways to restore their fertility in the 

conditions of martial law and in the post-war period to obtain stable harvests of 



crops is proven. Key words: agrophysical parameters, military actions, arable soils, 

anti-degradation measures. 
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Modern scientific research indicate that in recent decades more than 30% of 

land resources in Europe (including the lands of Ukraine) have already shown 

signs of degradation [1–7]. In connection with the full-scale war that Russia started 

against Ukraine on February 24, 2022 and which, unfortunately, continues today, 

the issues of studying the degradation processes caused by the impact of military 

actions on the environment in general and on the soil cover in particular are 

extremely relevant. According to estimates of the Food and Agricultural 

Organization of the United Nations, during the war in Ukraine, the amount of 

significantly degraded agricultural land increased by 13%, at the same time, a 

significant percentage of land is under threat of degradation [8]. Due to the 

deterioration of the quality of land, a decrease in agricultural productivity, and a 

decrease in the country's ability to export agricultural products, the war poses a 

threat to the food security of the entire world [9, 10].  

The destruction associated with modern warfare is particularly catastrophic 

because of its scale and duration. The use of the entire available arsenal of 

weapons systems, the latest military equipment and ammunition leads to radical 

changes in the landscape, limiting its ability to recover to its original state, and to a 

global decrease in the productivity of arable soils [11].  

In general, mechanical damage to soils is associated with deformation of the 

soil cover during the movement of wheeled and tracked military equipment, direct 

movement of troops, bombing, demining of territories, and construction of defense 

infrastructure. The movement of a large amount of soil mass occurs through the 

construction of underground shelters and tunnels. Mining of territories and 

approaches to positions also leads to the destruction, mainly of the upper fertile 

layer of the soil, which causes the development of erosion processes [12, 13]. As a 

result of shelling, the bursting of shells and mines, the area (fields) is littered with 



ash and metal fragments that fly up to a distance of 120 m, which is the reason for 

the limited suitability of land plots for agricultural use [14, 15]. 

Physical damage to soils as a result of the use of various weapon systems and 

heavy military equipment primarily causes a change in their physical properties. 

The main manifestations of physical disturbance are overcompaction and 

destructuring of the soil. The vibrational impact is also singled out — impulses 

from ammunition explosions and from firing from various weapon systems. The 

vibration transmitted in the soil can cause its compaction, squeezing of water, 

subsidence of the surface, formation of cavities and changes in the microrelief 

[16]. 

The results of numerous studies by foreign scientists indicate that the 

movement of military tracked vehicles also leads to soil compaction [17, 18]. Even 

the movement of foot columns during military exercises can increase the soil bulk 

density (by 32% compared to the control area), reduce the rate of water infiltration 

(by almost 83%), reduce above-ground biomass, and increase the risk of wind and 

water erosion [19].  

Research conducted at a military range to study the impact on the soil of the 

passage of various armored combat vehicles showed that the intensive use of the 

Leopard 1A5BR during the year caused the degradation of roads, fields and drains. 

The greatest compaction (from 1.2 to 1.5 g/cm3) occurred in the surface layer of 

the soil at a depth of 0–6 cm during the 3-time passage of columns of military 

equipment [20]. Similar data were obtained for the Abrams M1A1 tracked tank, 

which even in one pass can cause surface (at a depth of 0 to 15 cm) soil 

compaction up to 1.4 g/cm3, especially when it comes to soil with a light 

granulometric composition. The soil bulk density increased most significantly in 

the places where the equipment turned [21]. 

It can take years or even decades for soils to recover naturally. It is known 

that some soils damaged during the First World War, still remain unsuitable for use 

[22, 23]. It takes from 1,500 to 7,400 years for the destroyed 20-centimeter layer of 



humus to recover. In 100 years, only a layer of humus with a thickness of 0.5–2 cm 

is restored [24].  

The results of land monitoring in the Donetsk and Luhansk regions, starting in 

2014, indicate that the period of soil recovery after explosions (air bombs and 

shells of 80 and 120 mm caliber) for sandy soils is 5–7 years. Chernozems recover 

faster - in 2–3 years. Clay grows slowly with plants; recovery can last 5–7 years. 

On marl, vegetation is restored after 5–10 years [25]. 

According to many researchers, violations of the integrity of soils and soil 

cover as a result of military operations require carrying out additional soil and 

geographic research, mapping territories and studying the properties of disturbed 

soils for a detailed assessment of the real situation and long-term monitoring of 

each factor of negative impact on the soil cover. Only under these conditions, it is 

possible to determine the amount of losses and develop effective measures to 

restore the fertility of damaged arable soils [26, 27]. 

Currently, the specialists of the NSC "ISSAR named after O.N. Sokolovsky" 

on the basis of the results of pilot and experimental studies of the current state of 

the soil cover, the regulation on the methodological principles of assessing damage 

caused to the land fund and soils as a result of the war were improved [28]. In this 

regulation when establishing general damage, mechanical and physical degradation 

are considered as separate components.  

Goal. Based on the study of the impact of military actions on the main 

agrophysical parameters of soils, to identify the peculiarities of the manifestation 

of their mechanical and physical degradation, and to propose effective anti-

degradation measures that will make it possible to restore the fertility of damaged 

soils. 

Research materials and methods. The research was carried out in the de-

occupied territories of Kharkiv District, Kharkiv Region, where active hostilities 

took place, on three objects (fields): object 1 — near the village of Mala Rohan 

(Vilkhiv village community); object 2 — near the village Novy Korotych 

(Pisochyn settlement community); object 3 — near the village Kutuzivka (Vilkhiv 



village community). Arable soils were studied - typical heavy loamy chernozems 

on loess loam. 

The selection of soil samples at the research sites was carried out in 

accordance with DSTU 4287:2004. Within the boundaries of object 1, samples 

were taken in funnels formed as a result of artillery fire with shells of different 

calibers (120 mm, 155 and 330 mm). Control samples were taken from the arable 

(0–30 cm) soil layer in an undamaged part of the field. 

Within the object 2, samples were taken from the crater from the explosion of 

an aerial bomb weighing 100 kg in three places: in the upper part of the crater (at a 

depth of 30 cm), on the slope (up to 1500 cm) and in the lower part (up to 3000 

cm). As a control sample, a sample from a depth of 0–30 cm of an undamaged part 

of the field was used. The granulometric composition of the studied soils was 

determined using a Mastersizer 3000E laser diffractometer. The soil bulk density at 

object 2 was determined by the calculation method, using linear and quadratic 

pedotransfer models developed by the employees of the soil geoecophysics 

laboratory of the NSC "ISSAR named after O.N. Sokolovsky" [29], using soil 

indicators, in particular the content of physical clay and total humus. 

Within object 3, the soil bulk density  was determined by direct measurement 

in field conditions according to DSTU ISO 11272:2001 in layers 0–10 cm, 10–20, 

and 20–30 cm thick in two variants: I — within the agricultural field (control ) and 

II — on the road,formed as a result of the movement of enemy military equipment. 

STATISTICA 10 and MS Excel were used for data processing. 

Research results. The peculiarities of the impact of military actions on the 

physical parameters of arable soils, in particular on their granulometric 

composition and soil bulk density, have been determined. First of all, military 

actions lead to the direct destruction of soil and plant cover, resulting in 

mechanical and physical degradation of soils and, as a result, a decrease or loss of 

their fertility. 

Mechanical degradation. The analysis of data on the granulometric 

composition of soils at object 1 (Fig. 1), where samples were taken at the site of 



the formation of funnels from artillery shells of various calibers (from 120 to 330 

mm), showed that compared to the control, the average sand content (1 – 0 .25 

mm) and shallow (0.25 - 0.05 mm) fractions decreased by 1.3 - 3.0 and 2.3 - 

11.1%, respectively. The dust content of coarse (0.05 – 0.01 mm) and medium 

(0.01 – 0.005 mm) fractions did not change significantly. The content of fine dust 

(0.005–0.001 mm) and silt (less than 0.001 mm) slightly increased — by 0.5–3.7% 

and 2.2–4.5%, respectively.  

 
Fig. 1. The influence of military actions on the granulometric composition of the soil 

(object 1):  — control (undamaged area, depth 0–30 cm);  — funnel from an aerial bomb 

(depth 200 cm);  — shell funnel (caliber 120 mm, depth 200 cm);  — shell funnel (caliber 

330 mm, depth 80 cm);  — shell funnel (caliber 120 mm, depth 60 cm);  — shell funnel 

(caliber 155 mm, depth 90 cm) 

The highest content of sand of the medium fraction was recorded in the 

control variant (undamaged part of the field). The sand content of this fraction in 

the sample taken at the site of the aerial bomb explosion was almost 2.2 times less. 

The samples at the site of the formation of a funnel from a 120-mm projectile in a 

layer at a depth of 60 cm were characterized by its lowest content. The content of 

the silty fraction in the studied variants of the object varied from 28.05 to 32.41%. 

In general, there was a tendency to increase the content of dust particles in the soil 
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variants that were affected by the explosions, compared to the control. A similar 

trend was observed in relation to the content of physical clay: it increased by 

2.82% in the funnel from the 120 mm caliber projectile compared to the control 

one and by 9% in the funnel from the 330 mm caliber projectile. 

Analyzing the results of determining the granulometric composition of soils at 

object 2 (Fig. 2), (i.e. at the site of the origin of the funnel from the explosion of an 

aerial bomb weighing 100 kg, and examining the upper part, the slope and the 

lower part of this funnel), it was established that here, compared to the control, the 

content is reduced sand of medium and small fractions, as well as coarse dust. This 

is characteristic first of all for the lower part of the funnel. 

At the same time, some increase was noted compared to the control of dust of 

medium and small fractions. This trend was also observed for the fraction of 

physical clay: its content increased by 6.69% in the lower part of the funnel, by 

6.71% on the slope, and by 10.17% in the upper part. This indicates the 

redistribution of fractions of the investigated soils, which is a consequence of the 

movement and mixing of their horizons after the explosion of shells and has an 

extremely negative effect on the possibility of growing crops on damaged soils. 

 
Fig. 2. The influence of military actions on the granulometric composition of the soil 

(object 2): — 0–25 mm; — 0.05–0.01 mm; — 0.005–0.001 mm; — sum of fractions — 

< 0.01 mm; — 0.25–0.05 mm; — 0.01–0.005 mm; — < 0.001 mm 
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Physical degradation manifested itself primarily in over-compaction of the 

studied soils. In particular, according to the results of determining the soil bulk 

density  at object 2 by the pedotransfer modeling method, it was established that in 

the control sample this indicator is 1.28 g/cm3 according to the linear model (Fig. 

3, a), and  according to the quadratic model 1.21 g/cm3 (Fig. 3, b). Magnification 

compaction of 0.14–0.16 g/cm3 was recorded on the damaged soil, namely in the 

lower part, on the slope and in the upper part of the funnel formed by the 330 mm 

projectile. A similar trend was observed for the values of the soil bulk density, 

calculated according to the quadratic model. 

 
a      b 

Fig. 3. The soil bulk density in the variant with a 330-mm projectile funnel, calculated by 

the pedotransfer modeling method (object 2): a — according to the linear model (Z = 1.5606–

0.0011∙x–0.0664∙y) ; b — according to the quadratic model (Z = 1.6929–0.0103∙x–

0.0645∙y+0.0001∙x²–0.0001∙x∙y+0.0006∙y², where Z is the soil bukl density , g/cm3; x is the 

content of physical clay (particles smaller than 0.01 mm),%; y — humus content, %) 

 

Determination of the soil bulk density in variant II indicates the occurrence of 

a process of overcompaction in the locations of military equipment: in the soil 

layer with a depth of 0–10 cm, the density increased by 0.39 g/cm3, and in the soil 
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layer with a depth of 10–20 cm by 0.17 g/cm3 compared to the control sample 

(fig.4). The greatest compaction, up to 1.37 g/cm3, was recorded in the top layer of 

the soil, which in the future can become a significant obstacle to the germination 

and development of agricultural crops here. 

 
Fig. 4. The impact of the presence of military equipment on the soil bulk density (object 3): 

— control; — an artificial road 

 

Measures to overcome the negative consequences of mechanical and physical 

degradation should be aimed at restoring fertility damaged arable soils. One such 

measure, in our opinion, is the use of deep tillage, the depth of which is determined 

by the density or hardness of damaged soils. Plantation plowing, deep meliorative 

loosening and splitting are agrotechnical melioration measures aimed at increasing 

the capacity of the root layer and improving the agrophysical properties of the soil. 

Monitoring of arable soils should also be carried out with maximum coverage 

of the entire potentially affected area, using modern technologies, in particular, 

high-precision satellite images. This will make it possible to remotely detect and 

identify metal and explosive objects, demine and neutralize them, fix, digitize, and 

set the level of possible damage from each potentially dangerous area of the field. 

The use of elements of precision agriculture, which is introduced by many farms 

and agroholdings and provides an opportunity to save fertilizers, meliorants, seed 

material, fuel, etc., is quite effective during the war. The use of this technology will 
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help increase the level of soil fertility in the conditions of the negative degradation 

effect of military actions on the soil cover. 

According to specialists from the Ukrainian Environmental Protection Group 

(UNCG), another way to revive damaged soils could be the creation of "red zones" 

in the territories where intensive military operations were conducted. 

Implementation of the listed measures at the same time, it will contribute to the 

fulfillment of the requirements of the legislation of Ukraine on land conservation 

and prevention of desertification, as well as the requirements of the EU 

Biodiversity Strategy until 2030. 

Conclusions 

Military actions lead to long-term and severe consequences, primarily to 

mechanical and physical degradation of arable soils. The redistribution of soil 

fractions damaged by shells of various calibers and air bombs was experimentally 

confirmed, which is manifested in an increase in the content of dusty particles and 

the fraction of physical clay. Substantial soil compaction on the slopes, in the 

lower and upper parts of the funnels formed by explosions has been proven air 

bomb. An increase in soil compaction was recorded at the site of the road formed 

as a result of the movement of military equipment, primarily in the upper 10-

centimeter layer, which creates significant obstacles for the germination and 

development of agricultural crops. 

In order to prevent degradation, it is proposed to carry out deep tillage and 

carry out agrotechnical melioration measures capable of improving the 

agrophysical properties of the soil and restoring its fertility. It is also necessary to 

develop a long-term program of gradual rehabilitation of damaged soils in the 

conditions of martial law and in post-war times. Such measures will contribute to 

obtaining sustainable harvests of agricultural crops in the future. 
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