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Abstract       Shelterbelts represent the most efficient way in counteracting 
the snowstorms on national roads. The present work concerns the national 
roads in Arad county. There have been identified 23 road segments where 
almost every year heavy snow occurs. The road segments are 6800 meters 
long having an area of 20.4 hectares. After establishing the road sections, 
perimeters of shelterbelts have been achieved and GPS measurements have 
been made then to draw maps. Soil mapping was undertaken and soil types 
and subtypes have been determined; soil samples have been collected for 
analysis. The study on climatic conditions was based on the data from Arad 
meteorological station. In order to provide better protection against the snow 
cover, snow accumulating shelterbelts were chosen. Depending on the forest 
site type and especially on the type of shelterbelts, compositions and 
afforestation schemes have been determined.   
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Almost every year, on the road sections which 

are the subject to this study, heavy snow is produced. 

They result in partial or total blockage of the route 

covered with snow which causes total interruption of 

traffic or significant delays in its normal course, 

causing important economic damage.  

In the last 15 years, much of the existing 

shelterbelts suffered major damage especially from 

anthropogenic factor that caused significant reduction 

or cancellation of the specific eco-protective effect. 

Shelterbelts represent the most efficient way in 

counteracting the snowstorms. Thus, the wind speed 

will be reduced and local changes of its direction will 

appear near the soil and the shelterbelt. Reducing the 

wind speed occurs starting at a distance equal to 5 

times the height of the shelterbelt and at the leeward 

side up to a distance of 25-30 times the height of the 

shelterbelt. Wind modifications depend on the degree 

of penetrability of the shelterbelt (impenetrable 

shelterbelts reduce very much the speed) and the angle 

made by the wind direction and the shelterbelt (the 

maximum effect is when the wind blows perpendicular 

on the shelterbelt). 

Shelterbelts have a multifunctional role and 

they also have favorable effects on temperature, soil 

moisture and crops. They are sources of wood, food 

and industrial products (food, mushrooms, medical 

products), improve living conditions and the water 

(purify the air, sweeten the climate and beautify the 

landscape). 

 

Material and Method 

 
 The road sections which needed shelterbelts 

have been determined with the participatio of and in 

the presence of representatives of National Roads 

Direction. For the determined sections, measurements 

were made with the GPS in order to draw maps. The 

shelterbelts were located 20 m from the runway on the 

road in wind direction, having a width of 30 m. We 

then studied the natural elements in order to establish 

site type units and afforestation formulas. In this 

respect, climatic conditions were analyzed. Soil 

mapping was undertaken, soil types and subtypes have 

been determined during the  field works, placing the 

main soil profiles and side profiles, according to the 

methodology. The samples, which were analyzed in the 

laboratory to determine the physico-chemical 

properties, were taken for each soil profile. Depending 

on climatic conditions, the types of forest site types 

have been established in the field for each section 

separately. They were then selected from the types of 

shelterbelts that were to be located. For each type of 

forest site type, it has been established a formula for 

afforestation which includes both tree species and 

shrubs, according to the types of shelterbelts selected.  

 

Results and Discussions 

 
The shelterbelts, subject to this work, are located in 

Arad county. The total area under study is 20.4 ha, 



 
 

187 

corresponding to a length of 6800 m, located on 

national roads. 

The location of forest shelterbelts is shown in table 1. 

The location of aims to protect on national roads 7, 79 

and 79A. 

 

Table 1 

 

The location of forest shelterbelts 

No. Nation-

al Road County 

Village 

Town 

Kilometric position Length 

m 

Width  

m 

Area 

m
2 

Km 

beginning 

Km ending 

1 7 

Arad 

Paulis 523+200 523+600 400 30 12000 

2 7 Paulis 524+000 524+500 500 30 15000 

3 7 Semnlac 576+300 576+500 200 30 6000 

4 7 Semnlac 578+600 578+800 200 30 6000 

5 7 Semnlac 579+400 579+700 300 30 9000 

6 7 Seitin  581+700 582+000 300 300 9000 

7 79 Zimand 7+100 7+300 200 30 6000 

8 79 Zimand 7+700 7+900 200 30 6000 

9 79 Zimand 8+800 9+000 200 30 6000 

10 79 Zimand 11+000 11+100 100 30 3000 

11 79 Zimand 11+350 11+450 100 30 3000 

12 79 

Arad 

Zimand 11+900 12+000 100 30 3000 

13 79 Simand 18+650 18+850 200 30 6000 

14 79 Simand 19+250 19+350 100 30 3000 

15 79 Simand 19+900 20+000 100 30 3000 

16 79 Simand 20+300 20+450 150 30 4500 

17 79 Simand 20+800 20+900 100 30 3000 

18 79 Simand 21+300 21+450 150 30 4500 

19 79 Simand 32+000 32+800 800 30 24000 

20 79 Zerind 50+900 51+900 1000 30 30000 

21 79A Pilu 109+700 109+900 200 30 6000 

22 79A Pilu 114+000 114+250 250 30 7500 

23 79A Pilu 119+000 119+950 950 30 28500 

TOTAL 6800 - 204000 

 

 

For example in Figure 1 is playing an windbreaks site on Route 79A. 
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Fig.1 Windbreaks site on Route 79A  

 

The studied field is located in the plain in the western 

side of Lipovei Hills and endings of Zarandului 

Mountains. The studied area is a vegetation plain and it 

represents the lowest step of Tisa plain. The 

lithological substrate consists mainly of alluvial loess 

and fine sediments. The foundation of the territory is 

made of crystalline schists. The configuration of the 

ground is flat, like plain, from a tectonic point of view 

is part of Panonian basin. The average altitude of the 

territory is 95 m. Soil types and subtypes have been 

determined by mapping during the field works. In areas 

covered by this study, at the beginning one main soil 

profile was made and then side profiles depending on 

the field conditions, in order to capture the variation of 

soil types and subtypes. Where there has been 

identified a new soil type, a new profile has been 

executed. For main profiles, description files have been 

completed on the field. For each type of soil, samples 

were collected, which were analyzed in the laboratory 

in order to determine the physico-chemical properties. 

Tests results are shown in table 2. The cambic 

chernosiome soil is the most widespread soil subtype in 

the area where the shelterbelts will be located. It can be 

found on flat shapes of ground configuration. The soil 

substrate is poor in calcium minerals. The sequence of 

horizons in the profile is I-Bv-C. The thickness of Am 

horizon is 40-60 cm, loam-clay texture, well developed 

glomerular structure. Bv horizon, whose thickness 

varies between 30-70 cm, is dark on top, has some 

more clay than the parent material and columnoid 

prismatic structure. C horizon is between 80-120 cm. 

Humus supply is medium, ground reaction ranges from 

slightly acid to slightly alkaline. The identified soils 

have the following key-features:
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 Table 2 

Soil test result 

 

Nitrogen supply is medium to large. The soils are 

eubazice in Am horizon and bases saturated in Bv. The 

area is very favorable for growing oak tree, Turkey 

oak, Turkestan elm, acacia and honey locust. Typical 

and alluvial chernozem can be found in the ground 

configuration flat shapes, low or slightly inclined. Dark 

brown Am horizon is 40-60 cm thick, clay-loam 

texture and glomecular structure. Transitional horizon 

is 20-25 cm, very dark gray brown, with a subangular 

poliedral structure. Cca horizon presents 30-40 cm 

concretions.  

Bv horizon of 40-90 cm is clay-fluffy, gray brown, 

polyhedral subangular. Humus content is moderate, 

acidity ranging from slightly acid to slightly alkaline. 

The supply of nitrogen is medium to low. Soils are 

eubazice in Ao horizon and bases saturated in Bv 

horizon. The soil is favorable for growing Turkey oak, 

American ash, black walnut and Turkestan elm. 

Gley soil moderately to strongly gleizat cernic 

It can be found in Chisinau Cris, in a low ground 

configuration. The sequence of horizons is Am-Ago-

Go. It has a very dark brown Am horizon from 0-45 

cm. The structure is grainy. Am-Go horizon is 30 cm, 

dark brown with purple spots. It contains a small 

amount of humus in the first two horizons and the soil 

reaction is neutral. It is well supplied with nitrogen. It 

is favorable for the cultivation of Turkestan elm, 

American ash (there is aliniment on the road side with 

well-developed species), small-leaved lime-tree. 

Concerning the climate, the studied area belongs to the 

temperate continental climate, specific of Tisa Plain, 

with mild winters and warm summers. After Köppen’s 

classification, the studied area is Cf.ax type, the 

thermal regime of the area is characterized by an 

average annual temperature of 10,40C. Average 

potential evapotranspiration is 452 mm / year.  

Aridity indices in the studied area range from 28 to 30, 

being outside the steppe zone.  During the winter 

season, the studied area is subject to prevailing 

atmospheric circulation from N, NW. Most intense 

winds are from the north (30m / s). In terms of physio-

climatic zonality, the studied area is located in the 

steppe zone. Natural stands are very rare and occupy 

small areas in the area of shelterbelts.  

During the field work the following site types were 

identified. 

Internal steppe, oak forests with Bm, podzol, code (S1) 

- eutrophic, oligomezohidric, dry-wet summer. It 

appears on flat or gently undulating area on substrates 

of loess and fine alluvial sediments.  The internal 

steppe climate is temperate continental. Edaphic 

conditions are  medium favorable for the oak tree 

(pedunculate and grey) and the Turkey oak. Aerohidric 

regime is good, but it shows a lack of water during 

summer. 

Medium steppe zone with xerophile and mezo-

xerophile oak forests Bs, alluvic cernosiom  ± gleic 

(cod S2) – eu – and megatrophic, oligo-mezo-hydric. 

National 
road 

 

Kilometric 
position 

Soil  type 
and 

subtype 
Soil horizon Depth (cm) 

Humidi
ty (%) 

pH 
Hu-
mus 
(%) 

Carbo
nates 
CaCo3 

(%) 

Exchan
ge 

bases 
(me%) 

Exchan
ge 

hydrog
en 

(me%) 

Total 
exchan

ge 
capacit

y 
(me%) 

Degre
e of 
base 

saturat
ion 
(%) 

Total 
nitrog

en 
(g%) 

Text
ure 

7 523.2-523.6 3110 
            

Bv 40-50  7.51 1.32  12.16 1.56 8.94 86.14 0.12  

7 524.0-524.5 3110 
Ao 0-20  6.21 2.52  10.61 2.26 12.87 82.43 0.23  

Bv 40-50  6.48 1.98  12.87 1.44 18.76 85.88   

7 576.3-576.5 1207 
Amca 0-20  8.01 3.54  24.11 2.42 15.14 83.14 0.32  

Acca 40-50  8.16 1.62  14.83 1.81 19.14 84.21   

7 578.6-578.8 1207 
Amca 0-20  7.96 2.70  23.56 2.28 14.16 81.69 0.24  

Acca 40-50  8.16 1.32  13.62 1.60 19.20 86.98   

7 579.4-579.7 1207 
Amca 0-20  6.58 3.78  24.02 2.37 19.18 91.01 0.34  

Acca 40-50  7.01 2.94  21.08 1.22 22.16 86.11   

7 581.7-582.0 1207 
Amca 0-20  7.91 3.78  22.16 2.46 12.23 88.14 0.34  

Acca 40-50  8.02 2.64  17.19 1.11 17.17 89.16   

79 7.1-7.3 1301 
      24.01  20.24 80.01   

Bv 40-50  7.38 2.64  18.16 1.42 22.40 92.04 0.25  

79 11.35-11.45 1301 
Am 0-20  5.70 1.32  15.77 4.07 19.84 79.48 0.12  

Bv 40-50  6.68 0.84  19.69 1.70 21.39 92.05   

79 20.3-20.45 1301 
Am 0-20  7.90 3.84  16.44 2.80 18.86 78.56 0.35  

Bv 40-50  8.12 2.82  21.22 1.91 22.16 90.16   

79 32.0-32.8 7405 
Am 0-20  7.01 3.36  20.14 1.58 19.81 79.50 0.30  

AG0 40-50  7.22 2.64  22.16 1.16 23.14 92.16   

79 50,9-51,9 1301 
Am 0-20  6.62 2.64 5.1 19.27 20.76 92.82 1.49 0.25  

Bv 40-50  7.00 2.33  20.72 0.82 21.84 96.19   

79A 114.0-114.25 1205 
Amca 0-20    5.1 21.16 2.14 14.18 91.06   

ACcaGr 40-50  8.66 1.32  18.48  18.16 85.44 0.12  

79A 119.0-119.95 1208 
AmKa 0-20  8.27 2.99 1.89 23.16 2.36 19.22 90.14 0.27  

AcKa 40-50  8.29 1.92 7.81 22.11 1.61 21.14 86.12   
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Appears on flat land in low-lying plains of loess 

substrates. Steppe climate is temperate continental 

internal. Determining ecological character is a 

permanent addition of ground moisture, but the content 

of humus and nitrogen supply is medium, edaphic 

conditions are medium to high favorable for American 

ash, Turkey oak, Turkestan elm. 

To ensure maximum protection against snow cover, 

total wind breaks are proposed. These are wide, 

impenetrable shelterbelts aimed to accumulate within 

them the entire amount of snow carried by the wind. 

The shelterbelts are formed of trees and shrubs aiming 

at closing both horizontally and vertically. They are 

located on the path of the predominant winds blowing 

snow carrying. They are located on the side where the 

winds carrying the snow are blowing. Depending on 

the site type and the type of shelterbelts compositions 

and afforestation schemes were established. Further, 

you will see a model for the road  section 109700-

119950 on DN 79A

. 

 

Composition 20Fra20Ult10Tep10Nun40arb(20Pd10Mc10Lc). Scheme:  

2x1 m 
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Table 3  

Afforestation compositions and planting scheme for the site types we set. 

 

 * Species codes: a, Arb = shrubs; Ar = Acer platanoides; Ce = Quercus cerris; Fra = Fraxinus americana; Gi = 

Quercus frainetto; Nun = Juglans nigra; Sc = Robina pseudoacacia; Tep = Tilia cordata; Ult = Ulmus pumila.  

 

Conclusions 

 
Shelterbelts represent the most efficient way 

in counteracting the snowstorms on national roads. 

Thus, the wind speed will be reduced and local changes 

of its direction will appear near the soil and the 

shelterbelt. Reducing the wind speed occurs starting at 

a distance equal to 5 times the height of the shelterbelt 

and at the leeward side up to a distance of 25-30 times 

the height of the shelterbelt. Wind modifications 

depend on the degree of penetration of the shelterbelt 

(impenetrable shelterbelts reduce very much the speed) 

and the angle made by the wind direction and the 

shelterbelt (the maximum effect is when the wind 

blows perpendicular on the shelterbelt). Shelterbelts 

have a multifunctional role and they also have 

favorable effects on temperature, soil moisture and 

crops. They are sources of wood, food and industrial 

products (food, mushrooms, medical products), they 

improve living conditions and the water (purifies the 

air, sweetens the climate and beautifies the landscape). 

The present work concerns the national roads in Arad 

county. There have been established solutions for 23 

road segments. The road segments are 6800 meters 

long having an area of 20.4 hectares. 
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