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Abstract. As low-input environmentally friendly agricultural practices are 

currently associated with the delivery of a wide range of public goods and socio-

economic benefits, the strategy of European Union in mitigating climate change 

effects, protecting environment and ensuring public health has, among others, 

focused around preserving the High Natural Value (HNV) areas. About a quarter 

of the land in Romania is potentially covered by HNV farming and eligible for 

associated support payments, mostly along the chain of the Carpathian Mountains. 

Since soil systematic data on HNV area are scarce, recent research developments 
currently undertake to build up a first national HNV soil data base. 

Soil fertility state in a HNV payment eligible area of south-eastern Transylvania 

was studied in seven in-depth dug profiles and seven additional shallow dug 

profiles. Soil samples were taken by genetic horizons as well as agrochemical 

samples from the upper soil layers (0-20 cm). Physical, chemical, and 

microbiological analyses revealed that the studied soils have a medium clayey 

loamy texture, good fertility and are subject to an adequate HNV management in 

the area, as the analytical values mostly range in favorable intervals for plant 

growth and nutrition. Thus, soil reaction is moderately acid up to slightly alkaline 

in the presence of carbonates, the soil organic matter , generally well mineralized, 

reaches fair levels and the high and very high cation exchange capacity ensure 

good conditions for plants growth and nutrition whilst nitrogen and potassium 
supply is adequate. Phosphorus is the only element in short supply – a situation 

often encountered in Romania unfertilized soils. Soil bulk density and total 

porosity are also favorable for root growth and spreading and plant nutrition. 

Microorganisms’ activity is diverse and is also adequate for plant nutrition. 
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1. Introduction 
Facing a growing public recognition of the need for a better natural 

resources sustainable management to safeguard the environment and cope with 

recent societal challenges (climate change, soil quality, fresh water provision, 

food safety, livability of rural areas etc.), within the last decades a significant 
shift of the EU agricultural and rural development policies on financial 

compensation for certain agri-environment practices has been launched. 

Substantial support has been directed to High Nature Value (HNV) farming, an 
agricultural production system that provides recognized environmental public 

goods and maintains a wide range of semi-natural habitats or less natural but still 

important habitats for biodiversity in many of the European Member States. 

Most of the HNV farming systems are found in a variety of different agronomic, 
economic, social and environmental contexts, but are generally concentrated in 

the more marginal areas of rural Europe where baseline agricultural productivity 

is most constrained by factors such as poor soils, steep slopes, high altitude, low 
rainfall, rocky outcrops, etc. and where there is least potential to intensify 

production (Redman, 2014). 

Since 2006, the EU has adopted HNV farming as one of three priorities for 
Axis 2 of Rural Development Programs (RDPs) and simultaneously, HNV 

farming and forestry indicators were established as part of the Common 

Monitoring and Evaluation Framework (CMEF) for RDPs. Member States were 

required to devise a system of “impact indicators” for measuring tendencies in 
the extent and condition of HNV farmland and forestry and should also establish 

“results indicators” for assessing the extent of land under successful land 

management contributing to biodiversity and high nature value farming/forestry 
as well as avoidance of marginalization and land abandonment (Beaufoy and 

Jones, 2012). 

In Romania, the national decision makers and planners have set up an 
ambitious scheme for supporting HNV farming through agri-environment 

payments within the national RDP in-between 2007-2013 as well as for the 

period 2014-2020 as the country holds a large proportion of the HNV farmland 

with almost 5 mil ha (roughly 30% of the national total Utilized Agricultural 
Area) eligible to receive support (MADR, 2017).  

But the existing information on soils’ level of fertility in the HNV eligible 

area is scarce. Reliable soil data and monitoring might show us when soils 
quality decreases to a level harmful to soil functions, food security and human 

health. Soil monitoring is an important instrument counting the level of land 

degradation. With regard to an actual proposal for a European wide soil 

monitoring network to provide an information and data tool for scientists and 
decision makers (Makenshin, 2016), a recent research project in Romania started 
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to build-up the first national HNV soil data base and to design a proper HNV soil 
monitoring system (Lungu et al., 2017).  

In the first stage of building-up the HNV soil data base, afield investigation 

was carried out in the HNV eligible area of south-eastern Transylvania, in the 

Târnava Mare Natura 2000 site. Târnava Mare area (hosting the valuable cultural 
landscape of the Saxon Villages), was declared a Natura 2000 site under the 

Birds and Habitats Directives in 2008. The area consists of undulating terrain 

with altitudes from 300 to 700 m above sea level under a sub continental-
temperate climate (Loos et al., 2015), has an outstanding grassland diversity 

(Akeroyd and Page, 2011), includes an astonishing 8 EU Habitats Directive 

Annex 1 grassland habitats (of which 4 are priority habitats) and benefits of the 

strong and successful involvement of ADEPT Foundation, a local initiative, 
actively combining EU support measures and commercial development 

measures. In contrast to much of Europe, the selected area represents a 

functioning historic landscape, with the fauna, flora and complement of soil 
micro-organisms of an intact ancient ecosystem, in which extensive wildflower 

meadows and traditional pastures retain their role in agriculture. Such areas are 

rare in lowland Europe, and are therefore extremely valuable for conservation 
research and interpretation. Farming is predominantly carried out in small, semi-

subsistence farms (ADEPT, 2010). In the case of Southern Transylvania, 

conservation policies are targeting the individual small farmer to influence their 

behavior primarily not to abandon the area and continue working the land in a 
traditional manner. These policies lie at cross-roads between rural development 

and biodiversity conservation, leading to a high diversity of institutional 

arrangements responsible with the implementation, monitoring and coordination 
(Dinu, 2012). 

 

2. Material and methods 
Soil sampling was done in 2017 and 2018, after hay harvesting in the habitat 

type 6210* „Semi-natural dry grasslands and scrubland facies on calcareous 

substrates (Festuco-Brometalia) with important orchid sites” of the Târnava 

Mare pSCI (priority habitat according to Annex I of Habitats Directive) Soil 
disturbed and undisturbed samples were taken at different levels from the soil 

profile, according to the field identified soil genetic layers. Disturbed samples 

were used for laboratory measurements according to established methodology 
and specific standards: structure, organic carbon content, pH, content of available 

phosphorus and potassium, total nitrogen. The undisturbed samples were taken in 

rings of 200 cm3 and used for measurement of bulk density (BD), penetration 

resistance (PR), total porosity (TP), soil moisture (SM), compaction index (CI), 



Monica Dumitrașcu, Mihaela Lungu, S. L. Ștefănescu, Victoria Mocanu, Gabi Mirela Matei, R. Lazăr 

 

 

60 

saturated water hydraulic conductivity (HC), and degree of soil compactness 
(SC). 

Cation exchange properties were determined in samples with pH lower than 

7. 

Salinization intensity was assessed by the total soluble salts content in 1:5 
aqueous extract. 

The microbiological analyses were performed in the samples taken from the 

upper soil horizons targeting: heterotroph bacteria number determined by the soil 
dilutions – suspensions method through dispersion on Topping medium; 

microscopic fungi number determined by soil dilution – suspensions method on 

Czapek nutrition medium (Papacostea, 1976); soil respiration potential level 

assessed by the respiration method induced by substratum addition (SIR). 
Taxonomic analyses were carried out based on cultural, morphologic and/or 

physiologic characteristics, according to specific catalogues for determining 

bacteria (Bergey, 1994) and fungi (Domsch & Gams, 1972, Watanabe, 2002 and 
Samson &van Reenen-Hoestra, 1988). 

The chromatograms allow getting information regarding soil biologic 

quality through analytic segregation and formation of images whose uniformity, 
form, measure, color, and structure model indicates soil health degree, vitality, 

fertility, biotic activity intensity, soil conditions, organic matter complexity 

degree, and stable humus presence. 

 

3. Results and discussions 

Most of the soils in the area have a medium clayey loamy texture with a 

clay content (˂ 0,002 mm) ranging from 30-40%, with slight increases of the 
clay content in random layers of the profiles and slightly lower contents of the 

clay (loamy texture) in some layers of the soils of the north-eastern part of the 

investigated area (Table1). 
Regarding the values of the soil physical properties (Dumitru et al. 2009), 

the average soil bulk density in the first (upper) soil layer is 1.3 g/cm3 (ranging in 

different sampled soil profiles from 0.9 to 1.6 g/cm3) and the average soil total 

porosity is 49.8% v/v (ranging in different sampled soil profiles from 41.7 to 
65.3% v/v). In the second top-down layer no critical changes of the physical 

properties occur: the average soil bulk density is 1.4 g/cm3 (ranging in different 

sampled soil profiles from 1.2 to 1.5 g/cm3) and the average soil total porosity is 
48.4% v/v (ranging in sampled soil profiles from 43.1 to 55.9% v/v). The 

average values of penetration resistance are close to the medium levels (52 

kgf/cm2 in the upper soil layer and 58.4 kgf/cm2 in the second top-down layer) 

while the average values of the contraction index (0,0074 in both soil depths) 
indicate a non-susceptibility for soil cracking. The average values of the 
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saturated water hydraulic conductivity (12.5 mm/h in the upper soil layer and 
11.6 mm/h in the second top-down layer) show relatively high soil permeability 

and a good level of soil internal water drainage. In correlation with the analyzed 

soil texture, as most of the values of soil bulk density and total porosity have a 

medium level and the calculated average degree of soil compactness reveals low 
values (-0.60519% v/v in the upper soil layer and 7.3469% v/v in the second top-

down layer), the absence or no more than a slightly compactness of the sampled 

soils signal an overall fair HNV soil conservation management in the area. 
 

Tab. 1 Statistical parameters of the soil samples physical properties 

 

 
 

Soil reaction (Table 2) varies on a wide range, from 5.78 pH value to 8.24, 

covering the moderately acid – slightly alkaline domains (Florea et al., 1987). 

Values of the slightly acid domain are registered in the Angofa, Saschiz 2, and 
Apold 2 profiles. In the Apold 1, Saschiz 1, and Saschiz 3 profiles the values 

generally belong to the slightly alkaline domain while the Saschiz 4 reaction is 

neutral. Agrochemical samples reaction is the same with that determined in the 
upper profile layers. The values are generally favorable for plants growth. 

According to Vasu (1986) 4.40-6.00 is the interval of characteristic pH values for 

constant grassland soils. The higher values are consistent with the carbonates 

presence in the soil profile. 
Both the samples from profile horizons and the agrochemical ones have 

high and very high organic matter (humus) contents, except for the Saschiz 3 

profile where the values are low – average. The assessment was done taking into 
account the soil structure (Florea et al., 1987). All the values range in the domain 
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of frequently encountered values in mountainous grass lands and meadows soils 
(3-12%, 12-40%; Vasu, 1986). The C/N ratios, with 4.5-31.4 values, generally 

describe rather well humified organic matter content. Exceptions are registered in 

the Saschiz 1 upper horizon and in the Angofa and Saschiz 4 agrochemical 

samples. The high values in these samples suggest the existence of some organic 
matter remains in process of humification. 

 

Tab. 2 Statistical parameters of soil chemical properties 
 

 
 

Nitrogen contents are also normal for grass lands and meadows soils and 

balance well the organic matter contents as the C/N ratio also suggest. There are 
some exceptions, previously mentioned. 

Nitrate contents are generally low (Florea et al., 1987) and align to the usual 

values range in such soils (Vasu et al., 1986). Some slightly higher values occur 
in the upper horizon of the Saschiz 1 profile, in its corresponding surface 

agrochemical sample, and in the first horizon of the Apold 2 profile, which we 

attribute to old animal dejections (the pastured were not grazed at the moment of 

soil sampling) and are far from raising any contamination concerns. 
Mobile phosphorus contents soluble in ammonium acetate lactate solution at 

pH 3.7 are low and very low (Florea et al., 1987), an often encountered situation 

in Romania soils. On the contrary, mobile potassium contents soluble in the same 
extracting solution are average, high, and very high (Florea et al., 1987); low 

values are registered in only few samples collected from deep horizons. 

The actual cation exchange capacity (T = BS + Ah, Table 3) in the Angofa 

profile is high in the upper two horizons and average at 40-70 cm depth, 
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exchange bases sum (BS) is on the average – high threshold in the upper two 
horizons and average at 40-70 cm depth, and the hydrolytic acidity is average in 

the upper two horizons and low at the 40-70 cm depth. According to the base 

saturation degree the soil is below-mesobasic. 

 
Tab. 3 Statistical parameters of the soil cation exchange properties 

 

 
 

The correspondent agrochemical samples present a high actual cationic 

exchange capacity, high exchange bases sum, and average hydrolytic acidity in 

the 0-10 cm layer and high in the 10-20 cm one; the soil is below-mesobasic 
from the base saturation degree point of view. 

In the Saschiz 2 profile the actual cation exchange capacity is very high in 

the upper two horizons and high on the rest of the profile, exchange bases sum is 
high in the whole profile, and hydrolytic acidity is average in the upper horizons 

down to 85 cm depth and low deeper. According to the base saturation degree the 

soil is mostly below-mesobasic, except for the last horizon where it’s eubasic. 
The correspondent agrochemical samples present a very high actual cation 

exchange capacity, high exchangeable bases sum, and average hydrolytic acidity. 

The soil is below mesobasic from the base saturation degree point of view. 

The actual cation exchange capacity is high in the Apold 2 profile, the 
exchange base sum is on the average – high threshold, and the hydrolytic acidity 

is average in the upper horizon and low in the next. According to the base 

saturation degree the soil is below mesobasic in the upper two horizons. 
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The corresponding agrochemical sample presents a high actual cation 
exchange capacity, high exchange bases sum, and low hydrolytic acidity. The 

soil is below-mesobasic from the base saturation degree point of view. 

The analyzed soil samples are non-salinized because the total soluble salts 

content is much below the threshold value from which slight soil salinization 
begins (100 mg soluble salts/100 g soil for an average structure). 

 
Microbiological indices interpretation was done by the following criteria: 

Number of bacteria: 

< 10 mil./g dry soil low 

10-20 mil./g dry soil average 

> 20 mil. / g dry soil high 

Number of fungi: 

< 50 mii./g dry soil low 

50-100 mii./g dry soil average 

100-200 mii./g dry soil high 

> 200 mii. / g sol dry soil very high 

Soil respiration: 

< 30 mg CO2/100 g dry soil low activity 

30 - 80 mg CO2/100 g dry soil average activity 

> 80 mg CO2/100 g dry soil high activity 

 

Soil chromatography analysis reveals an increased enzyme activity in 

Saschiz 2, Angofa, and Apold 1 samples. It increases even much above average 

in the Saschiz 2 sample. The functional diversity is well highlighted in the 
Saschiz 2 and Angofa samples. The lowest level of activity and functional 

diversity is highlighted in the Saschiz 3 and 4 samples. The Apold 2 enzyme 

activity level is close to the one noticed in the Saschiz 1 sample. 
The nutrition supply with the highest level and the highest diversification 

degree occurs in the Saschiz 2 sample. An increased nutrition supply but poorly 

diversified occurs in the Saschiz 1 and Apold 2 profiles and a balanced situation 

between supply and diversification degree is noticed in the Apold 1 sample, 
closely followed by Saschiz 3 and 4. 

Humification processes are generally intense, colloidal substances are 

present, the mineral component is very well integrated in the organic material in 
the Saschiz 2 sample, followed by Apold 1 and Angofa samples. Humification is 

depressed in the Saschiz 3 and Angofa samples and the colloidal substances 

presence is lessened. 
The proteins content, well organized and complex, is highlighted especially 

in the Apold 1 and Saschiz 1 and 4 samples. The lowest protein compounds 
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structural organization degree is noticed in the Angofa sample soil 
chromatogram. 

Bacteria activity is well highlighted in the Apold 1, Saschiz 1-3, and Angofa 

samples, and the fungi activity in the Apold 1 and Angofa samples. The bacteria 

and fungi micro flora edaphic activity is poorly represented in the Saschiz 4 
profile. 

There is generally a good connection between components, aggregates are 

present in solution, and mineralization exists in the Apold 1 soil which intensifies 
in the Saschiz 2 one. The mineralization inclination is much depressed in the 

Saschiz 3 and 4 samples. 

 

 

Conclusions 

Some of the investigated soils chemical properties (soil reaction, for 

example) are significantly different and fit better in the frame of good fertility 
models as compared to previous results regarding meadow soils in Romania 

(Vasu, 1986).  

Physical, chemical, and microbiological analyses of samples collected from 
seven in-depth dug profiles and additional shallow dug profiles in a HNV 

payment eligible area of south-east Transylvania revealed that the studied soils 

have a medium clayey loamy texture, good fertility and are subject to an 

adequate HNV management in the area, as the analytical values mostly range in 
favorable intervals for plant growth and nutrition. 

The collected soil analytical data suggest that HNV practices unfolded in the 

investigated area fairly comply with the soil conservation requirements and must 
continue as far as land and soil careful administration is concerned in order to 

meet the society demands for natural resources and their supply. 
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