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Abstract 

Global warming, through the negative impact it generates, requires the 

adoption of measures to counteract these effects. Thus, in addition to the expansion of 

irrigation and agroforestry for arable lands, an important role in preventing the 

manifestation of negative effects on grasslands and animals may be the implementation 

of agrosilvopastoral systems. The paper presents a complex study on the advantages of 

the agrosilvopastoral system compared to the classic grazing system on treeless 

grasslands. Five more widespread agrosilvopastoral systems were studied, namely with 

Quercus pubescens, Q. robur, Q. petraea, Pyrus pyraster and Fagus sylvatica. It was 

observed that in terms of agrochemical characteristics of the soil under the canopy of 

trees, they are better for all parameters: pH, humus content, nitrogen, phosphorus and 

potassium. The higher proportion of the  nutrients is mainly due to the manure of 

animals that rest in the shade. Under trees, on average, the proportion of forage 

species is 16% higher, pastoral value increases by 27% and fresh fodder production is 

also 36% higher than in open field grasslands. The most significant differences were 

found in the agroforestry system with Quercus pubescens from Dobrogea where under 

the trees the pastoral value was 72% higher and the production of green fodder was 

more than twice as high as in the open field grasslands. To these fodder-related 

advantages we can add animal welfare, with an increase in milk and meat production 

being recorded in the shade. Last but not least the positive impact of agrosilvopastoral 

landscapes should be mentioned. 

 

Keywords: agrosilvopastoral systems, soil agrochemical characteristics, grassland 

productivity.  

 
INTRODUCTION 

 

In the last decades special 

attention has been paid to the 

negative effects on agriculture, 

effects generated by global 

warming. The main actions taken 

into consideration are the expansion 

of irrigation systems and 

agroforestry, activities that ensure 

water and a favorable climate for 

agriculture (Dupraz et al. 2019). 

For grasslands from drier 

climates, used mainly for grazing, 

the agrosilvopastoral system has 

been applied for centuries with good 

results, system known as “dehesa” 

(Olea & San Miguel 2006, Horrillo 

2018,  Den Herder et al. 2017) or 

agroforestry (Sharow 1994, 

Mosquera-Losada et al. 2018).  

Recently, extensive 

synthesis studies have been 
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elaborated worldwide on 

agrosilvopastoral systems 

implemented as a result of climate 

change effects with negative 

impacts on agriculture and the 

environment (Ashton & Montagnini 

2000, Chocarro et al. 2002, Batish 

et al. 2008, Ferreiro-Domínguez & 

Mosquera-Losada 2018). 

In Romania, in some areas 

with drier climate, on the permanent 

grasslands with woody vegetation 

are implemented several grazing 

systems such as pastures with rare 

trees (grove, coppice, glade) or 

meadows with fruit trees (orchards) 

(Marușca 2007, 2012, 2017). 

Although, as we will see, their 

advantages are indisputable, these 

systems have not been widely used. 

A recent study shows that 

Romania ranks third in terms of the 

area occupied by agroforestry 

systems such as systems in which 

rare trees are integrated with 

grassland and animals, the so-called 

agrosilvopastoral systems. Thus, on 

our national territory the 

agrosilvopastoral systems are 

implemented on 669,500 ha, in 

France on 749,200 ha and in Spain 

on 1.2 million ha (Mosquera-Losada 

et al. 2018). It should be noted that 

in Spain the total area of 

agroforestry systems, of all 

categories, is 5.5 million hectares, 

of which 2.2 million hectares are 

found only in the Extremadura area. 

In this area the agroforestry 

systems, i.e. the way of raising 

animals on grasslands with trees or 

shrubs, represents the basis of socio-

economic and cultural activities 

(Cayma 2003). 

This paper presents the main 

economic, protective and aesthetic 

qualities of agrosilvopastoral 

systems in our country as a future 

solution in defense against global 

warming. 

 
MATERIAL AND METHOD 

 

Studies on the Romanian 

agrosilvopastoral systems were 

started in areas more or less affected 

by aridization such as Dobrogea, 

Transylvanian Plateau and Eastern 

Carpathians, on pastures with 

scatered trees of Quercus 

pubescens, Q. robur, Q. petraea, 

Pyrus pyraster and Fagus sylvatica. 

Between 7 - 10 floristic surveys 

were carried out under the canopy 

of each type of tree and in parallel 

in the open field on the surface of 

100 sqm (10x10 m) to establish the 

percentage of species participation 

in the vegetal layer. After carrying 

out the vegetation surveys under the 

trees, at half the distance between 

the trunk and the edge of the 

canopy, at the edge of the canopy 

and on both diagonals of the open 

fields survey quadrats, soil samples 

were taken at a depth of 0-10 cm. 

Soil was sampled with an standard 

agrochemical soil corer. 

Based on the floristic 

surveys, the productivity of the 

vegetal layer (pastoral value and 

production of fresh fodder of 

fodder) was evaluated according to 

the method proposed by Marușca  in 

2019. 
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Plant samples taken from the 

vegetal layer under the trees and 

from the open field were analyzed 

in the laboratory according to the 

NIRS method (Near - Inflared 

Spectroscopy). Exceptions were the 

grasslands from Dobrogea where, 

due to excessive drought, vegetation 

samples could not be collected.  

The soil samples were 

evaluated at the Office for 

Pedological and Agrochemical 

Studies in Brașov according to the 

usual methodology for soil 

agrochemical analyzes. 

 
RESULTS AND DISCUSSION 

 

For this study the first, more 

detailed, observations on the 

agrosilvopastoral systems were 

made starting with the grasslands 

with downy oak from 260 m altitude 

from the Dobrogean Plateau to the 

pastures  with beech trees from the 

Gurghiului Mountains at 1150 m 

altitude (Table 1). 

From these data we can 

observe major changes in the 

floristic composition of the vegetal 

layer from open field and from 

shaded areas (i.e. under trees), 

similar results being presented in 

other scientific papers (López-

Carrasco et al. 2015). 

Thus, in the Dobrogean 

Plateau, in glades with Quercus 

pubescens, the herbaceous species 

Botriochloa ischaemum, dominant 

in open field grasslands, is replaced 

in shaded areas by Cynodon 

dactylon and Festuca valesiaca. 

In the Transylvanian 

Plateau, under Quercus robur and 

Pyrus pyraster, Lolium perenne and 

Trifolium repens are dominant 

herbaceous species, partially 

replacing Festuca rupicola which is 

the dominant species of the open 

field vegetation. 

These major changes in the 

floristic composition under the trees 

compared to the open field are also 

influenced by the agrochemical 

composition of the grassland soil. 

(Table2). 

Thus, on average, the soil 

reaction (pH) and base saturation 

degree (BS%) are increasing by 2-

4%, the humus content by 4%, the 

mobile phosphorus content by more 

than 70% and the mobile potassium 

content by almost 40%. These 

favorable changes are mainly due to 

the excess manure from the animals 

that rest in the shade of these trees. 

The higher concentration of 

fertilizing elements (N, P, K) and 

the protection against heat offered 

by trees have decisively influenced 

the dominance of plants with higher 

value as forage species compared to 

those with low value (Table 3). 

From table 3 we can see 

that, on average, the participation of 

forage species in the open field (in 

the sun) is 61% and grows up to 

77% under trees (in the shade). 
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Table 1 

General data on agrosilvopastoral systems 

No. 

crt. 

Geographical location 

(Locality, County) 

Alt. 

m 

Forest area or 

altitudinal 

zonation 

Vegetal 

layer 

location 

Dominant herbaceous species  

in grassland (%) 

1 
Dobrogean Plateau 

(Cerna, TL) 
460 

Downy oak 

(Quercus 

pubescens) 

In the sun 

Botriochloa ischaemum (37); 

Cynodon dactylon (20); 

Festuca valesiaca (7). 

In the shade 

Cynodon dactylon (21); 

Festuca valesiaca (18); 

Lolium perenne (7). 

2 

Transylvanian Plateau 

(Mercheașa - 

Homorod, BV) 

530 
Oak 

(Quercus robur) 

In the sun 

Festuca rupicola (29);  

Trifolium repens (12);  

Agrostis capillaris (11). 

In the shade 

Festuca rupicola (28); 

Lolium perenne (23); 

Trifolium repens (8). 

3 

Transylvanian Plateau 

(Jimbor - Homorod, 

BV) 

615 

European wild 

pear 

(Pyrus pyraster) 

In the sun 

Festuca rupicola (33);  

Agrostis capillaris (15); 

Lolium perenne (11). 

In the shade 

Lolium perenne (41); 

Trifolium repens (16);  

Urtica dioica (6). 

4 

Baraolt Mountains 

(Herculian-Bățani, 

CV) 

660 

Sessile oak 

(Quercus 

petraea) 

In the sun 

Festuca rubra (33);  

Nardus stricta (18);  

Trifolium repens (6). 

In the shade 

Festuca rubra (44);  

Trifolium repens (11);  

Lolium perenne (5). 

5 
Gurghiului Mountains 

(Ibănești, MS) 

115

0 

Common beech 

(Fagus sylvatica) 

In the sun 

Nardus stricta (43);  

Festuca rubra (22);  

Agrostis capillaris (16). 

In the shade 

Festuca rubra (32); 

Poa pratensis (14);  

Trifolium repens (6). 

 

The increasing proportion of 

fodder species and the structural 

modification of the vegetal layer in 

favor of the very valuable species 

like Lolium perenne, Poa pratensis, 

or Trifolium repens increased the 

pastoral value by almost 13 points 

(47.6 - 60.5) and the fodder 

production by 36% (8 -10.8 t / ha).  

The most significant 

differences regarding the production 

under trees compared to the open 

field are registered in the 

agrosilvopastoral system with 

Quercus pubescens from Dobrogea 

(218%) followed by the one with 

Fagus sylvatica from Gurghiului 

Mountains (160%). 

The floristic structure of the 

vegetal layer under the trees, which 

is dominated by fodder species, 

favorably influences the quality of 

the grass, a quality highlighted by 

the results of laboratory analyzes 

(Table 4). 
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Table 2 

The main agrochemical characteristics of soils in agrosilvopastoral systems 

No. 

crt. 
Forest area 

Vegetal 

layer 

location 

pH (H2O) 
BS 

(%) 

Humus 

(%) 

NI 

(%) 

P-AL 

ppm 

K-AL 

ppm 

1 
(Quercus 

pubescens) 

In the sun 7.2 100 7.07 7.07 31 >400 

In the shade 6.85 96.2 7.42 7.14 54 >400 

% Sh -S 95 96 105 101 174 >100 

2 
(Quercus 

robur) 

In the sun 5.2 66.3 7.01 4.64 2.7 168 

In the shade 5.35 69.5 7.19 4.99 10 >400 

% Sh -S 103 105 103 108 370 >238 

3 
(Pyrus 

pyraster) 

In the sun 5.45 73.1 6.96 5.08 5.1 240 

In the shade 5.95 83.3 6.96 5.79 7.5 >400 

% Sh -S 109 114 100 114 148 >167 

4 
(Quercus 

petraea) 

In the sun 5.5 58.3 5.33 3.1 5 202 

In the shade 5.2 61 6.2 3.78 6 308 

% Sh -S 103 105 116 122 120 152 

5 
(Fagus 

sylvatica) 

In the sun 4.7 38.2 12.12 4.63 4 364 

In the shade 4.8 38.5 12.18 4.69 4 >400 

% Sh -S 102 101 101 101 100 >110 

AVERAGE 

In the sun 5.52 67.2 7.70 4.90 9.60 >275 

In the shade 5.63 69.7 7.99 5.28 16.3 > +382 

Diff. +;   - +0.11 +2.5 +0.29 +0.38 +6.7 >+107 

% Sh -S 102 104 104 108 170 >139 

* S= Open field, in the sun; **Sh = Under the trees, in the shade. 

 

Table 3 

General condition of grasslands vegetal layer with pastoral value (PV)  

and fodder production (Fresh fodder) 

No. 

crt. 
Forest area 

Vegetal 

layer 

location 

Gaps in vegetal 

layer 
Total 

plant 

species 

The importance of 

species 
PV 

index 

GM 

t/ha 
Bare soil Rocks harmful fodder  

1 
(Quercus 

pubescens) 

In the sun 7.9 5.7 38 50.8 35.6 21.4 1.91 

In the shade 26.7 4.6 34 12.7 56.0 36.9 4.16 

% Sh-S 338 81 89 25 157 172 218 

2 
(Quercus 

robur) 

In the sun 3.0 - 45 13.5 83.5 56.3 9.79 

In the shade 2.3 - 57 5.9 91.8 68.8 13.36 

% Sh-S 77 - 126 44 110 122 136 

3 
(Pyrus 

pyraster) 

In the sun 0 - 37 38.3 61.7 67.9 13.07 

In the shade 2.7 - 45 20.5 76.8 70.3 14.20 

% Sh-S x - 122 54 124 104 109 

4 
(Quercus 

petraea) 

In the sun 4.0 - 34 24.6 71.4 53.9 9.15 

In the shade 4.9 - 31 7.5 87.6 68.7 12.83 

% Sh-S 123 - 91 30 123 127 140 

5 
(Fagus 

sylvatica) 

In the sun 0 - 24 47.4 52.6 38.6 6.03 

In the shade 8.3 - 21 19.3 72.4 58.0 9.67 

% Sh-S x - 88 41 138 150 160 

AVERAGE 

In the sun 3.0 1.1 36 34.9 61.0 47.6 7.99 

In the shade 9.0 0.9 38 13.2 76.9 60.5 10.84 

Diff.  +   -  +6.0 -0.2 +2.0 -21.7 16.0 12.9 2.85 

% Sh -S 301 81 106 38 126 127 136 
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Table 4 

Chemical parameters of grass quality from open field, in the sun (S) and under trees, in 

the shade (Sh) in the studied agrosilvopastoral systems (year 2019) 
Agrosilvopastoral 

system 
Location PB ASH FB ADF ADL NDF DSU DMO 

(Quercus robur) 

In the sun 17.1 10.5 28.5 32.6 3.7 53.5 63.4 58.6 

In the shade 19.7 11.3 27.3 31.4 2.7 52.8 69.4 65.9 

%  115 107 96 96 71 99 110 113 

(Pyrus pyraster) 

In the sun 17.7 10.8 29.0 33.2 3.2 55.8 63.9 60.2 

In the shade 22.3 12.0 27.5 32.0 2.2 56.0 71.4 68.0 

%  126 112 95 96 69 100 112 113 

(Quercus petraea) 

In the sun 13.1 9.9 34.3 38.9 4.6 64.9 50.9 47.8 

In the shade 15.4 10.3 31.5 35.7 3.5 60.2 59.5 57.2 

%  118 104 92 92 77 93 117 120 

(Fagus sylvatica) 

In the sun 11.1 8.2 37.1 41.0 5.1 66.5 47.7 45.0 

In the shade 11.9 8.7 37.6 40.8 4.2 67.0 49.6 47.3 

%  108 107 101 99 83 101 104 105 

AVERAGE 

In the sun 14.7 9.8 32.2 36.4 4.1 60.2 56.5 52.9 

In the shade 17.3 10.6 31.0 35.0 3.2 59.0 62.5 59.6 

Diff.  +   -  +2.6 +0.7 -1.2 -1.5 -1.0 -1.2 +6.0 +6.7 

%  118 108 96 96 76 98 111 113 

 

On average, the crude 

protein content (PB) of the vegetal 

layer under the trees increases by 

2.6% (14.7 - 17.3) compared to 

those located in the open field and 

the ash (ASH) increases by 0.7% 

(9.8 - 10.6). Also, the digestibility 

of the dry matter (DSU) and organic 

matter (DMO) increases by 11-13% 

for the grass under the trees 

compared to that of the grasslands 

located in the open field. The other 

chemical quality parameters (FB, 

ADF, ADL, NDF) are also 

favorable for animal feed in all 

agrosilvopastoral systems studied. 

To these economic 

parameters of production and fodder 

quality that support the superiority 

of agrosilvopastoral systems, can be 

added other advantages less 

quantified so far. Notable among 

these is the favorable effect of shade 

on animals which, due to the well-

being status induced by rest in the 

shade, can increase milk or meat 

production by 20-40%. We should 

also mention the fodder supplement 

provided by trees (acorns, 

beechnuts, forest pears and apples), 

the improvement of the physical 

characteristics of the soil due to the 

root system, the protection of the 

vegetal layer against heat, 

microclimate and habitat conditions 

for increased biodiversity and more 

(Marușca 2012, Marușca et al. 2012, 

Castillo et al 2020). 
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CONCLUSIONS 
    

Permanent grasslands under 

trees are superior in productivity to 

those in the open field. 

The soil of the grasslands 

under the trees is more fertile than 

in the open field due to the animals 

resting in the shade. 

The proportion of fodder 

species under trees is 16% higher 

than in the open field, due to soil 

fertility and microclimate 

conditions. 

The average production of 

fresh fodder of  fodder under trees is 

10.84 t/ha, 36% higher than that of 

grasslands without trees, from 

nearby. 

The pastoral value of the 

grass under the trees reaches 60.5 

points, almost 13 units higher than 

in the open field. Similar increases 

are observed in the chemical 

parameters of grass quality. 

To the advantages of 

grassland productivity in all studied 

agrosilvopastoral systems are added 

the welfare of animals that can have 

access to shade, additional 

production of fodder (acorns, 

beechnuts, forest pears and apples), 

increased biodiversity, pastoral 

landscape and many other elements 

difficult to be quantified. 
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