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This study examines the impact of Protective Forest Belts (PFBs) on wind speed, air temperature, evapotranspiration,
and soil properties in South Banat, Serbia. Six PFBs, composed of black walnut (Juglans nigra) and Siberian elm (Ulmus
pumila), were analyzed for their effectiveness in improving environmental conditions in a highly susceptible to wind
erosion Vojvodina region. The research involved measuring wind speed and air temperature windward of the PFBs (at 50
m) and leeward at distances of 30 m, 60 m, and 90 m within the protection zone. Composite soil samples were collected in
the PFBs, as well as leeward at 30 m and 90 m within the protection zone. The results demonstrate a significant reduction
in wind speed within the protected zone, with a 50% decrease recorded at 30 meters from the PFBs during the growing
season. This wind reduction contributes to lower evapotranspiration, enhancing soil moisture retention. Additionally,
air temperature increased immediately behind the PFBs before gradually declining with distance. The soil within the
PFBs exhibited physical and chemical properties compared to adjacent agricultural land. Notably, PFBs-protected areas
contained higher levels of organic matter, nitrogen, and phosphorus, along with improved moisture retention and
reduced clay content. These benefits were most pronounced near the belts and diminished with increasing distance.
A statistically significant correlation was also found between changes in wind speed and temperature on one hand,
and the optical porosity of the belt on the other. The study underscores the multifunctional role of PFBs in enhancing
microclimatic conditions and soil quality, positioning them as a crucial agroforestry strategy for sustainable agriculture.
Given the significant threats of wind erosion in Vojvodina’s intensively farmed landscapes, the findings advocate for the

broader implementation of PFBs.
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INTRODUCTION

Wind erosion is a significant type of soil degradation,
primarily occurring in arid and semiarid areas (Zhibao et al.
2000, Zhang et al. 2019). However, it also presents a risk to
certain regions of Europe (Borrelli et al. 2014). According
to an estimate by the Joint Research Centre (Panagos et
al. 2012), up to 42 million hectares of agricultural land in
Europe are threatened by this process.

Protective Forest Belts (PFBs) are one of the most widely
accepted and commonly used practices to protect soil from
wind erosion, also known as windbreaks or shelterbelts. In

addition to their primary function, wind speed reduction
and consequently protection from wind erosion (Luki¢ and
DoZi¢ 2006, Rehacek et al. 2017), they also provide a wide
range of other direct and indirect benefits for humans
and the environment (Mize et al. 2008). PFBs influence
the change in air temperature (Baker et al. 2021), which,
together with the reduction of the incoming wind speed
in the protected zone, contributes to evapotranspiration
change and consequently to water resource management
improvement (Thevs et al. 2017). PFBs designed with lower
permeability structural design are an effective solution for
controlling snowdrifts (AAFC 2009).
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Furthermore, the change in evapotranspiration
can improve soil moisture and create more favourable
conditions for agricultural production. PFBs also maintain
the inherent soil characteristics within their area,
compared to the soil in adjacent areas used for agricultural
production (Wu et al. 2018). In addition, PFBs contribute
to a higher content of organic matter and better physical
and chemical properties of the soil in the protected zone
(Kong et al. 2022).

In the Republic of Serbia, the region of Vojvodina faces
significant threats from wind erosion (Baumgertel et al.
2019). Furthermore, climate change is expected to intensify
wind erosion in the future (Baumgertel et al. 2022) and also
threaten agricultural production (Baumgertel et al. 2024).
This is particularly significant because AP Vojvodina is one
of the key economic regions of Serbia, as reflected in its
contribution to the regional Gross Domestic Product (GDP).
It accounts for 61.5% to 88.3% of the total production of
major agricultural commodities in the country (MiloSevi¢
et al. 2015). At the same time, this area is characterized
by an extremely low density of forest with only 7.97%
(Glavonijic et al. 2024).

One of the ways to introduce a woody component in
such dominantly oriented agricultural systems is through
the application of agroforestry practices. Agroforestry is the
integration of trees and crops in interactive systems and is
widely recognized as a sustainable land-use approach (Nair
et al. 2021), where PFBs are one of the most frequently
applied practices in the temperate zone and specific
conditions (Suratman and Brandle 2024). The application
of PFBs would increase the forest cover of this area, while
at the same time contributing positively in many ways in
terms of ecosystem services (Luki¢ et al. 2018, Belanovi¢
Simi¢ et al. 2024). Although the theory highlights the
multifunctional benefits of PFBs, there is limited research
quantifying the specific functions they provide. The

objectives of this research are: (1) to analyze the potential
of PFBs to influence microclimate conditions in terms of
wind speed reduction, change of air temperature and
consequently change of evapotranspiration, (2) to analyze
the relationship between the optical porosity of the belt
and its function in reducing wind speed and altering air
temperature, and (3) to evaluate the impact of PFBs on
the physical and chemical properties of the soil within the
belts compared to surrounding agricultural areas.

MATERIALS AND METHODS

Research Area

The research was conducted in the South Banat region
in Vojvodina, near the city of Pancevo. According to
MeteoBlue (2025) and based on weather models using
historical data from 1985 and a continuous 30-year global
historical dataset with hourly meteorological data, the
research area is characterized by a continental climate with
a maximum temperature of up to 30 °C (July—August) and
a minimum temperature of around -1 °C during the winter
period (Figure 1), with maximum rainfall recorded in May
and June at approximately 75 mm.

The prevailing wind direction is SE with the highest
speed, while most often the wind speed is in the range of
10 to 20 km-h* (Figure 2). This area is characterized by the
occurrence of strong southeast wind (Kosava), where the
average monthly wind speed is around 6.3 m-s* (WEB).

Among the six representative PFBs (Figure 3) in this
research, three (PFBs 1, 2, and 3) were established with
black walnut (Juglans nigra L.), while the remaining three
(PFBs 4, 5, and 6) were composed of Siberian elm (Ulmus
pumila L.) (Table 1). The study area is characterized by
high-quality soil, specifically carbonate Chernozem and
Phaeozem:s.
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Figure 1. The climate data of the research area (precipitation, mean minimum and maximum temperatures, and wind speed)

(MeteoBlue 2025).
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Pandevo 44.87°N,20.64°E(83 m asl). Model: ERA5T.
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Figure 2. The wind rose for the research area (MeteoBlue 2025).
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Figure 3. Research area and the locations of the protective forest belts (PFBs).

https://www.seefor.eu SEEFOR 17(1): 26009 3


http://dx.doi.org/10.1007/s11187-003-6463-7

Baumgertel A, Luki¢ S, Miljkovi¢ P, Cakovi¢ Milosavljevi¢ M, Mileti¢ S, Zivanovié N, Belanovié Simi¢ S

Table 1. The information about the investigated protective forest belts (PFBs).

Coordinates

PFB Tree species EE e Direction
X v (m) (m)

P1 Juglans nigra 20.756808 44.878963 13.50 14.0 W-E

P2 Juglans nigra 20.748095 44.891951 12.07 14.0 W-E

P3 Juglans nigra 20.741681 44.917998 12.60 14.0 SW-NE

P4 Ulmus pumila 20.776533 44.870506 8.08 5.0 W-E

P5 Ulmus pumila 20.804224 44.873153 8.57 14.5 W-E

P6 Ulmus pumila 20.858535 44.882195 9.71 8.0 SW-NE
Method PFBs in the protected zone (on the leeward side) (Figure
Optical Porosity 5). The measurement points could be defined based on

Optical porosity was determined using the high-
contrast photo analysis method (Stfeda et al. 2008). This
method includes perpendicular photographing to the PFB
and determining the ratio of pixels representing vegetation
silhouettes in relation to the number of pixels representing
the "background" (sky, surfaces behind the belt, etc.). The
images were captured using a triple Leica camera, ensuring
high resolution and sufficient contrast for accurate image
processing. Optical porosity was assessed using photos
(Figure 4) taken across all six study PFBs during both the
growing and non-growing seasons.

Wind Speed Reduction and Temperature Change

The wind speed reduction and air temperature change
were measured using a mobile anemometer type YK
2005-AM with a logger (Lutron electronic). This type of
anemometer records air temperature with an accuracy of
+ 0.8 °C and wind speed of + 0.2 m-s*. Anemometers were
placed at predetermined measurement points in relation
to the PFBs (Figure 5) and were positioned at an elevation
of 1.67 m to ensure consistency in measurements. The first
anemometer (A1) is placed at 50 m in front of the PFBs
on the windward side in relation to the dominant wind.
Another three anemometers (A2, A3 and A4) were placed
at measuring points at 30 m, 60 m and 90 m behind the

. il
e

g vy JELEHC 2
Fhot 1T

the height of the belt (e.g., 1H at a distance equal to one
belt height, 5H at a distance equal to five belt heights)
(Rehacek et al. 2017). However, in this study, as in Stfeda
et al. (2008) or Aili et al. (2024), fixed distances between
measurement points were used (30, 60, 90 m). Since the
average height of the belt in this study is about 10 m (Table
1), the measurement points at 30 m correspond to 3h, 60
m corresponds to 6h, and 90 m corresponds to a distance
of 9h from the belt.

Wind speed measurements per zone were performed
in a time interval of 30 minutes, which means that
approximately 900 incoming changes in wind speed and air
temperature were detected on each anemometer during
each series of measurements. Then, the wind speed was
averaged on each anemometer, thus obtaining the average
incoming wind speed at each measurement point. As
part of the field work on measuring wind speed and air
temperature, 18 measurements were performed on six
studied zones in the period from June 2022 to August 2023.

The wind speed reduction and temperature change are
expressed as a percentage of the wind speed/temperature
in the protected zone (at measuring points A2 (30 m),
A3 (60 m) and A4 (90 m)) in relation to the incoming
wind speed/temperature outside the protected zone (at
measuring point A1 — 50 m) in percentage expressed in
decimal notation.

Figure 4. Photo of protective forest belts (PFB) 1 during the growing and non-growing periods, used to determine the optical porosity.
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Figure 5. Spatial arrangement of anemometers (Al - anemometer on the windward side, A2 — 30 m, A3 — 60 m and A4 - 90 m -
anemometers in the protected zone of the protective forest belt (PFBs)), with the soil sampling.

Soil Properties

Soil samples were taken based on a composite sample,
which consisted of five subsamples, at depths of 0to 10 cm
in each of the PFBs collected at 30 m and 90 m from the
PFBs (Figure 5).

The table (Table 2) shows the physical and chemical
analyses performed in this research, as well as the used
methodology and standards (according to 1SO).

Reference Evapotranspiration

Reference evapotranspiration was calculated at
the same measurement points where the wind speed
reduction and air temperature change were measured. The
calculation of evapotranspiration was performed using the
FAO Penman Monteith equation (FAO 2025). This method,
according to Sentelhas et al. (2010) is considered a universal
and reference method for calculating evapotranspiration.
According to the FAO Penman Monteith equation, the
calculation of reference evapotranspiration is enabled
based on the data on air temperature, relative air humidity,
wind speed and insolation. Relative humidity data were

obtained from the Republic Hydrometeorological Institute
(RHI) yearbook for the Pancevo meteorological station,
covering a 30-year period (1990-2020) for both growing
and non-growing periods.

Statistical Analysis

The Two Independent Samples t-test was used to
assess the statistical significance of the difference in the
mean values of the potential of the PFBs regarding wind
speed reduction and air temperature change between
the growing and non-growing periods. To evaluate the
statistical significance of the difference in the mean values
of the physical and chemical properties of the soil at the
measurement points (30 m and 90 m) within the PFBs’
protective zone, the Two-Samples Paired t-test was used. To
assess the relationship and the strength of the association
between the reduction in wind speed and air temperature,
on the one hand, and optical porosity, on the other, a One-
Factor Simple Regression analysis was applied. Statistical
analysis was performed using Statgraphics v.16.1.11
software.

Table 2. Methods used for physical and chemical analyses of oil samples.

Analysis

Method Standard

Combined sieve and sedimentation test

Granulometric composition

Physical analysis Soil moisture

Volumetric masses

pH in water and in CaCl,

Cutting ring of known volume

Electrometric determination

SRPS ISO 17892-4:2017

(Hydorimeter method)

SRPS ISO 17892-1:2015
SRPS ISO 17892-2:2015
SRPS I1SO 10390:2023

Drying method

Volumetric determination - Scheibler's

caco,

Organic matter
Chemical analysis C

N

Readily available phosphorus

Bichromatic method according to Tyurin

Modified method according to Kjeldahl, with

AL-method according to Egner Riehm

. SRPS ISO 10693:2005
calcimeter

SRPS ISO 10694:2005
Calculated

SRPSISO 11261:2005
SRPS ISO 13878:2005

SRPSISO 11263:2016
SRPS ISO 14870:2005

dry combustion
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RESULTS

Wind Speed Reduction

Based on the measurement, the results show a
reduction of the incoming wind speed under the influence
of PFBs in both observed periods (growing and non-
growing periods) (Table 3).

Wind speed reduction at 30 m leeward of PFBs is
statistically significantly (p < 0.05) greater in the growing
season compared to the non-growing season, accounting
48% and 22% of the initial wind speed at 50 m upwind of
PFBs, respectively (Table 3).

Temperature Change

Based on the measurement of air temperature at the
measurement point outside the protected zone of the PFBs
(on the windward side of the belt - A1) and in the protected
zone (A2 — 30 m, A3 — 60 m, and A4 — 90 m), the results
show that in both observed periods (growing and non-
growing period), there is an increase in air temperature
immediately behind the PFB (A2 — 30 m). With distance
from the PFB, at measuring points A3 — 60 m and A4 — 90
m, there is a decrease in temperature (Table 4).

The Relationship between the Optical Porosity of the
Belt and the Reduction in Wind Speed and Changes in Air
Temperature

The results indicate a statistically significant
(p < 0.05) strong positive correlation (R = 0.71) between
the reduction in wind speed at 30 m in the impact zone and
the optical porosity of the belt (Figure 6). With increasing
optical porosity, the belt reduces wind speed on the
leeward side to a lesser extent. The results also indicate a
statistically significant (p < 0.05) negative correlation (R =
-0.51) between the increase in air temperature at 30 m in
the impact zone and the optical porosity of the belt (Figure
6). The cooling effect of the belt increases with increasing
optical porosity.

Evapotranspiration Change

PFBs in the protected zone (at measuring points A2 —
30 m, A3 - 60 m and A4 — 90 m) significantly affect the
reduction of wind speed and increase in air temperature.
A change in these two indicators leads to a change in
the reference evapotranspiration (ETo) in the protected
zone. The graphs (Figure 7) show the change in reference

Table 3. Mean wind speeds (mean £ SD) at measuring points in front of the belt on A1 (50 m) and the protected zone (A2 - 30 m, A3 -
60 m and A4 - 90 m) in the growing and non-growing periods, for the whole year, as well as the mean optical porosity of the protective

forest belts (PFBs).

. Wind speed in front of the belt on A1 (50 m) Wind speed reduction Mean optical
isied (m-s?) (%) porosity
A2 (30 m) 0.52+0.10"
Growing 3.45+0.96 A3 (60 m) 0.60 +0.19 19.37
A4 (90 m) 0.71+0.26
A2 (30 m) 0.73+0.15"
Non-growing 4.83+1.41 A3 (60 m) 0.72+0.19 59.75
A4 (90 m) 0.83+0.17
A2 (30 m) 0.64 +0.15
Whole year 4.22+1.43 A3 (60 m) 0.67+£0.18 39.56
A4 (90 m) 0.77 £0.19

* The difference between the mean values of wind speed in the growing and non-growing periods detected at the first measuring point in the

influence zone (A2), with statistical significance (p < 0.05)

Table 4. Temperature increases at measuring points in front of the belt on A1 (50 m) and in the zone of influence (A2 — 30 m, A3 - 60
m and A4 — 90 m) in the vegetation and non-vegetation period, for the whole year, as well as the mean optical porosity of the belt.

Air temperature in front of the belt at A1 (50 m)

Air temperature change

Period ) (%) Mean optical porosity

A2 (30 m) 1.08 + 0.04

Growing 27.03+1.30 A3 (60 m) 1.05+0.05 19.37
A4 (90 m) 1.03 + 0.05
A2 (30 m) 1.04 + 0.04

Non-growing 14.00+1.17 A3 (60 m) 1.03+0.01 59.75
A4 (90 m) 1.01+0.01
A2 (30 m) 1.06 + 0.04

Whole year 19.36 £ 6.40 A3 (60 m) 1.03+0.03 39.56
A4 (90 m) 1.02 +0.03
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evapotranspiration (ETo) in the protected zone of the
studied PFBs in the growing and non-growing periods.

Soil Properties Change

All soil samples in the PFBs compared to soil samples
on the agricultural fields (90 m) are characterized by higher
sand content, lower clay content and higher moisture
content. Regarding chemical analysis, a higher content of

humus, nitrogen and phosphorus is observed in the soils
sampled in the PFBs compared to the soils sampled in
agricultural fields (Table 5).

Based on the analysis of soil samples, a statistically
significant difference in clay content was observed between
30 and 90 m from the PFBs (Table 6). Higher clay content
was recorded at 90 m (19.41%) compared to 30 m, where
it was 15.83%.

Wind Speed Redustion and Temperatura Change vs Porosity

2.0 1
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o
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Figure 6. The relationship between the optical porosity of protective forest belts (PFBs) and the reduction of wind speed and changes

in air temperature.
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Figure 7. Change in reference evapotranspiration (ETo) in the protected zone (A2 — 30 m, A3 — 60 m and A4 — 90 m).
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Table 5. The analysis of the physical and chemical properties of soil in protective forest belts (PFBs) and agricultural areas.

Indicator PFB Agriculture areas
(mean £ SD) (mean £ SD)
Clay (%) 14.00 + 4.03 19.42 +3.04 *
Sand (%) 30.73+4.40 * 21.37+£3.13
Moisture (%) 2448 +2.97 * 19.91+1.68
Volumetric mass (Mg-m-3) 1.35+0.08 1.50+0.12
CaCo, (%) 5.30+3.38 5.28+3.01
C (%) 3.17 £ 0.89* 1.92+£0.15
Nitrogen (%) 0.30 £ 0.08* 0.17 £0.02
Phosphorus (mg-100g) 29.24 + 0.06 26.10+5.94

*Statistically significant difference (p < 0.05) between the mean values within the PFBs compared to agricultural land areas

Table 6. The analysis of the physical and chemical properties of soil at distances of 30 and 90 m from the protective forest belts (PFBs).

Indicator 30m 0m

(mean £ SD) (mean £ SD)
Clay (%) 15.83 +2.69 19.42 +3.04 *

Sand (%) 23.91+3.54 21.37+£3.13
Moisture (%) 20.48 £2.96 19.91 +1.68
Volumetric mass (Mg-m) 1.61+0.09 1.50+0.12
CaCo, (%) 5.36+2.48 5.28+3.01
C (%) 1.93+0.20 1.92+0.15
Nitrogen (%) 0.19 +0.04 0.17 +£0.02
Phosphorus (mg-100g?) 31.0+5.04 26.10+5.94

*Statistically significant difference (p < 0.05) between the mean values at 30 and 90 m from the PFBs

DISCUSSION

PFBs significantly contribute to reducing wind speed
within their protected zone. However, the literature
presents various statements regarding the distance
within the protected zone where the belt's influence on
wind speed reduction is observed. Based on the research
conducted in the United States of America, Gloyne (1984)
shows that at 20H (for a belt height of 10 m, this distance
is 200 m) in the protected zone, there is a reduction in
wind speed of about 40%. Heisler and Dewalle (1988)
report that the wind speed reduction effect of shelterbelts
extends to a distance of approximately 50H (for a belt
height of 10 m, this distance is 500 m). However, most
studies indicate a smaller distance from the belt where
the reduction of the incoming wind speed occurs and
that it is greatest in the zone from 3H to 5H (30 to 50 m).
For example, Vacek et al. (2018), similarly to this study as
well, show that at the first measuring point at 3H, which
is approximately 30 m for a belt with an average height of
10 m, the incoming wind speed is reduced by about 60%,
while at the farthest measuring point 12H, (approximately
120 m), the wind speed is reduced by only 20%. Similar
results were obtained by Stfeda et al. (2008), Van Thuyet et
al. (2014), and Rahacek et al. (2017). Based on the results
of this research, at the third measurement point (A4), i.e.
at 90m (approximately 9H) from the belt, in both observed
periods, there is a reduction in wind speed of 23%.

8 SEEFOR 17(1): 26009

When analyzing the influence of the PFBs in the
growing and non-growing periods separately, there is a
statistically significant difference in the reduction of wind
speed at the first measurement point (A2), that is, at 30 m
(about 3H) from the PFB. Similar results were reached by
Rahcek et al. (2017), which show the greater potential of
belts for reducing wind speed when the optical porosity is
lower, because when the porosity of a belt is higher, there
is physically greater airflow passing through the belt, i.e.
when it is the growing period. Luki¢ and Dozi¢ (2007) show
that belts in the growing season have a greater potential
for reducing wind speed and wind erosion control. Greater
reduction of the incoming wind speed in the growing
period is a consequence of lower belt porosity, i.e. optical
porosity values closer to the optimum, in contrast to the
non-growing period when the optical porosity is higher.
To achieve optimal optical porosity even during the non-
growing season, the use of coniferous species for PFBs
could also be considered, as PFBs containing conifers
exhibit higher optical porosity in comparison to broadleaf
PFBs during the winter season.

Although numerous research has mentioned the
influence of PFB on the change in wind speed reduction, a
limited number of studies quantify the impact of the belts
on the change in air temperature in the zone of influence.
Nevertheless, Campi et al. (2009) reported an increase in
temperature with distance from the PFBs. That research
shows that air temperatures are higher near the PFB (in

https://www.seefor.eu
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the protected zone) compared to the open field (outside
the protected zone). Similar results were obtained in
the research of Lampartova et al. (2015), where the
mean maximum temperature in front of the PFB was
2°C lower compared to the area behind the PFB. Also, in
the research of Skidmore et al. (1972), results indicate
higher air temperatures recorded in the protected zone
immediately behind the belt in relation to the temperature
on the windward side. The aforementioned studies are in
agreement with the results of this study, which indicate
lower air temperatures in the open field where the
influence of the PFBs is not recorded (in front of the PFB on
the windward side) and increased air temperature in the
protected zone, with a recorded increase in temperature
with greater distance from the PFB. The impact of the PFB
on temperature change can be explained by their effect
on wind speed reduction (Baker et al. 2021), as in the
protected zone, decreased wind speed and wind-driven
cooling effect, which consequently leads to higher air
temperatures.

The findings of this study align with the meta-analysis
performed by Helfer et al. (2009) and showed that under
the influence of PFBs, evapotranspiration is reduced by up
to 35% on the windward side. In the same research, it is
stated that the greatest reduction in evapotranspiration,
up to 50%, is in the protected zone from 4H to 7H (around
40 to 70 m) on the leeward side of the PFBs. Similar results
were obtained in the study by Campi et al. (2009), who
show that there are three zones of PFBs' influence on
the reduction of evapotranspiration. They show that the
greatest decrease in reference evapotranspiration occurs
in the protected zone at 5H from the PFBs. Further in the
next zone, there is a gradual increase in evapotranspiration
(from 5 to 17H), while in the third zone, evapotranspiration
is the same as outside the zone of influence (beyond
17H). Also, in this research, as in Campi et al. (2009), it
is observed that with distance from the PFB, there is an
increase in evapotranspiration (Figure 7). Such positive
effects of PFBs, including reduced wind speed and lower
evapotranspiration, can significantly enhance agricultural
production by increasing crop yields (Enescu et al. 2025).

Some authors state the positive influence of the forest
on the physical characteristics of the soil in terms of better
mechanical composition (optimal content of sand and
clay particles), moisture, bulk density, as well as chemical
composition (more organic matter, nutrients (NPK)) (Wu
et al. 2018, Wu et al. 2023). Regarding the impact of
PFBs on soil conditions, the findings are consistent with
previously reported results, confirming their positive
effects (Wu et al. 2018). The results of this study are
compared with findings from previous research in which
soil conditions within PFBs and in adjacent agricultural
and pasture areas were analyzed, with a consensus
indicating improved soil properties within the PFBs. This
refers to non-capillary porosity (Yu et al. 2018) and higher
soil moisture within shelterbelts, which can be directly
attributed to the presence of trees and forest floor litter
that enhance moisture retention and reduce water loss.
Additionally, a higher organic matter content has been
observed within PFBs compared to surrounding agricultural
areas, which is a result of the positive influence of forest
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vegetation, such as the decomposition of organic material.
Such a positive impact on soil conditions can create more
favourable conditions for agricultural production.

When observing the impact of PFBs in the protected
zone and analysing the physical and chemical properties
at the measured points from PFB, there is a lack of
scientifically supported literature on this topic. However,
some studies (Qiao et al. 2016, Kong et al. 2022) show
that with distance from the PFBs, the influence of the PFBs
in terms of increasing erodibility and nutrient content
(organic matter and nitrogen) decreases. This research
shows a statistically significant increase in clay content
with increasing distance from the PFB, with higher values
observed at 90 m (approximately 9H) compared to 30
m (approximately 3H). This pattern can be explained by
the influence of intensive agricultural production and
the application of mechanization, which results in soil
compaction and higher content clay (Mileusni¢ et al.
2022) Additionally, higher concentrations of nutrients
(carbon, nitrogen, phosphorus), although not statistically
significant, observed near the PFB (at 30 m) may indicate a
positive effect of the belt, which could further contribute
to increased yields from agricultural land.

CONCLUSIONS

This study demonstrates the significant impact of
Protective Forest Belts (PFBs) on wind speed reduction,
improving microclimatic conditions, and enhancing soil
properties in South Banat, Serbia. Results showed that
wind speeds were reduced by up to 50% at 30 m from
the PFB during the growing season, contributing to a
decrease in evapotranspiration and higher soil moisture
retention. These factors are crucial for mitigating soil
erosion and sustaining agricultural productivity. PFBs
also had a positive effect on some soil properties, with
areas near the belts exhibiting higher organic matter,
nitrogen, and phosphorus levels, alongside better
moisture retention and lower clay content. These benefits
were most pronounced closer to the PFBs and gradually
diminished with increasing distance, underlining the need
for careful planning in agroforestry systems. Additionally,
air temperatures immediately behind the PFBs were
slightly higher due to the reduction in wind speed, further
contributing to favourable growing conditions. The study
highlights the multifunctionality of PFBs, not only as a
tool for controlling wind erosion but also for enhancing
soil health, regulating temperature, and improving the
overall microclimate. In regions like Vojvodina, where
wind erosion poses a significant threat to agriculture,
expanding the use of PFBs could be a sustainable solution.
This research supports the wider adoption of PFBs in
agricultural landscapes, advocating for their role in
increasing ecosystem services and improving the resilience
of agro-ecosystems against climate change. Their wider
application in agricultural production systems is important
due to their positive impact on crop yields. The findings
contribute valuable data to the growing body of research
on agroforestry practices, emphasizing the importance of
PFBs in sustainable land management.
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