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MULCHING AND MULCHING WITH ORGANIC FERTILIZING 

AS AN ALTERNATIVE WAY TO CONSERVE THE 

MAINTAIN THEIR PRODUCTIVITY IN APUSENI MOUNTAINS 

Anca PLEŞA
*
, GLIGA A.

 *
, Anamaria MĂLINAŞ

*
 

 
*
Department of Grassland and Forages Crops 

University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca 

Faculty of Agriculture   

 

 
Traditidional grassland management in Apuseni Mountains led to a high 

biodiversity of the grassland ecosystems. The highest risk for the future is the 

abandonment of these grasslands. In order to maintain and conserve these 

grassland systems the identification of new sustainable alternatives is required 

also from the economical point of view. An experiment was installed, in Apuseni 

Mountains (Romania), in 2009, meant to compare the effects of mowing, 

mulching, organic fertilization with mulching and abandonment on oligotrophic 

grasslands. The research was performed by following the influence of mulching 

and mineral fertilizing in small quantities and at various time intervals upon 

phytodiversity and dry matter yield of Agrostis capillaris L. - Festuca  rubra L.  

grassland type  in  the Apuseni Mountains. The highest number of species was 

influenced by organic fertilization combined with mulching. To maintain Agrostis 

capillaris L. - Festuca rubra L. phytocoenosis, the following treatments can be 

taken into account: organic fertilization combined with mulching, mowing, 

mulching.  

 
Keywords: mulching, fertilization, management, grassland, species composition  

 
INTRODUCTION 

  

Grasslands like continental 

steppes, alpine and coastal 

grassland are natural vegetation 

types in Europe, while the 

majorities are semi-natural, 

originated from long-term land 

use as pastures and meadows. 

The major changes in grassland 

management led to the loss of 

traditional grassland management 

in Central Europe during the 19
th

 

century, involving the 

grasslands‘ biodiversity decrease 

and the abandonment of the 

unfavorable areas (Isselstein et 

al., 2005; Poschlod et al., 2009). 

The semi-natural grassland 

ecosystems are among the most 

OLIGOTROPHIC GRASSLANDS’ PHYTODIVERSITY AND 

 Abstract  

 

Ágnes BALÁZSI
*
, ROTAR I.

*
, PĂCURAR F.

*
, Roxana VIDICAN

*
, 
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species-rich habitats in Europe 

and comprise certain habitats 

with extreme species richness at 

small scales (Habel et al. 2013) 

where the presence of extensive 

practices allows formation of 

habitats with a specific 

biodiversity (Burel and Baudry, 

1995).  

While in Western Europe, 

the remained fragments of 

biodiversity-rich grassland are 

managed mainly within the 

Common Agricultural Policy, 

which aims to ensure their 

management continuity with 

sufficient quality in ecological 

terms, until then in Central and 

Eastern Europe grassland use is 

still based on local traditions and 

knowledge, largely in subsistence 

farming, even in the presence of 

agricultural policies (Dahlström 

et al., 2013). 

Differences on land use and 

landscape developments between 

Southern Black Forest and 

Central Apuseni Mountains were 

highlighted by Reif et al., (2008). 

They pulled a warning sign not 

only for the preservation of 

cultural landscapes heritage, but 

implicit for preserving 

oligotrophic grassland through 

utilization in a traditional way. In 

Apuseni Mountains (Romania) 

large areas of oligotrophic 

grasslands were maintained by 

applying an extensive and 

traditional management over a 

long time period, where the most 

important links were organic 

fertilizers and mixed use (Gârda, 

2010). The main economic 

resource (wood resources) of the 

region suffers a drastic and 

continuous decline which entails 

the depopulation of the area. 

Despite the existence of subsidy 

programs, areas of oligotrophic 

grasslands are abandoned.  

Many of the grassland 

habitat types are the subject of 

conservation in different 

protected areas in different ways. 

In Central Apuseni Mountains 

there are overlapped two types of 

protected areas related directly or 

indirectly to grassland 

management and conservation: 

the Apuseni Natural Park (75.784 

ha) and the Natura 2000 site - 

Apuseni (75.943 ha). There are 

described 10 different grassland 

habitat types (Standard Form), 

the most important for our topic 

are: Mountain hay meadows 

(6520) and Species-rich Nardus 

grasslands on siliceous 

substrates in mountain areas 

(6230 - habitat of priority 

interest). At this moment there 

are no clear conservation 

measures/solutions for these 

grasslands. The risk for grassland 

biodiversity loss along with 

cultural heritage and traditional 

farmland systems in Apuseni 

Mountains is amplified by the 

fact that authorities both in 

biodiversity conservation and 

rural development have 

difficulties in legislative 

framework‘s implementation. 
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This creates in many cases 

pressure on farmers and often led 

to abandonment of low 

productive grasslands despite the 

existence of subsidy schemes. 

Thus, the identification of 

new, viable and low-cost 

alternatives is required, in order 

to maintain and conserve these 

grassland ecosystems, combining 

traditional management elements 

with new ones for the region. 

Mulching could be an 

inexpensive alternative for the 

conservation of spices rich semi-

natural grasslands (Tonn and 

Briemle, 2010). In Gârda de Sus 

Commune long-term agronomic 

research activities taking place 

following the effects of different 

type and doses of fertilizers on 

grassland ecosystems (Păcurar et 

al., 2012), the effect of mowing, 

mulching, mulching combined 

with fertilizing on grasslands 

(Bogdan, 2012). Other related 

researches have been carried out 

on the landscape elements of the 

area (Gârda, 2010) and 

traditional management practices 

on oligotrophic grasslands 

(Morea, 2008). Unfortunately the 

results of these researches are 

used only at scientific level at 

this moment. For the success of 

proper conservation, the results 

quickly have to be integrated in 

the different conservation actions 

of the protected areas‘ 

administrative board, mentioned 

before. 

The aim of the research was 

to follow the effects of mowing, 

mulching, organic fertilization 

combined with mulching and 

abandonment on plant species 

composition of Agrostis 

capillaris L. - Festuca rubra L 

grassland and to identify new 

solutions for maintenance and 

conservation of these grassland 

ecosystems. 

 

 

The experiment started in 2009 

in Poienile Ursului (1349 m), 

Ocoale Village, Gârda de Sus 

Commune, Apuseni Mountains, 

using a randomized block design 

with 7 treatments in 5 

replications. 

 

  

MATERIALS AND METHODS 
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Table 1  

Investigated treatments 

Treatments Abbreviations Applied treatments 

T1 Mo - control Mowing once per a year in end of July - traditional 

(normal) period for hay making by locals 

T2 Mu Mulching once per a year in July 

T3 Mu+1Ma 

5t/ha 

Mulching once per a year in July and fertilization with 

5t/ha manure, annually 

T4 Mu+1/2Ma 

5t/ha 

Mulching once per a year in July and fertilization with 

5t/ha manure, once in two years 

T5 Mu+1/2Ma 

10t/ha 

Mulching once per a year in July and fertilization with 

10t/ha manure, once in two years 

T6 Mu+1/3Ma 

10t/ha 

Mulching once per a year in July and fertilization with 

10t/ha manure, once in three years 

T7 Ab Abandonment 

 

Cattle and horse manure 

was applied in early springtime 

on the plots, according to the 

treatments. The floristic 

composition was interpreted by 

Braun - Blanquet method (Braun-

Blanquet, 1932) when the 

Poaceae species were in flower 

(in July, 2012) and after that the 

plots were mulched once in every 

year, in the same time with 

traditional mowing period.  

To evaluate the effects of 

applied treatments on vegetation 

from statistical point of view we 

used used STATISTICA by 

StatSoft. The analysis of variance 

was performed by Breakdown 

and One-Way ANOVA type. 

Based on F and p values was 

determined the species to which 

treatments were performed 

highest effect, based on the 

average abundance-dominance of 

the species. To analyze in detail 

the effect of treatment we used a 

comparative analysis, Post-hoc, 

the Fisher LSD type. The choice 

of this test was based on the 

ability to highlight significant 

differences between the 

experimental variants. Floristic 

data processing was performed 

with PC-ORD version 6, which 

use the multivariate analysis of 

the ecological data entered into 

the spread sheet. This program 

focuses on nonparametric tools, 

on graphics, randomization tests, 

bootstrapped confidence intervals 

for analysis of community data 

(McCune and Grace, 2011). For 

data processing and 

interpretation we used 

multidimensional scaling (NMS) 

which is well suited to data 

coordination that are not normal 

or stairs arbitrary, discontinuous, 

or otherwise questionable (Peck, 

2010).  

Romanian Journal of Grassland and Forage Crops (2014)9                                              10

Agnes Balazsi et al.



 

 

 

This paper summarizes 

the results of the 5
th

 experimental 

year, showing the effect of 

treatments on plant species 

composition of grassland. NMS 

was carried out several times in 

autopilot mode, in order to 

minimize the stress. Distance 

measurement was done with 

Sorensen (Bray - Curtis). The 

recommended solution for data 

presentation was tridimensional. 

The coefficient of determination 

(r2) for the correlations between 

ordination distances and 

distances in the original n-

dimensional space was 0.740 

(Axis1 - 0.421; Axis2 - 0.169; 

Axis3 - 0.151). NMS applied on 

the plots level didn‘t show any 

significant results, reason why 

we chose not to present those 

results within these paper. The 

data regarding to productivity 

were processed with   Polifact, 

using the Duncan test. 

Following the hypothesis 

that traditionally managed 

oligotrophic grasslands sites are 

in functional equilibrium, we ask 

which management treatment 

will yield communities whose 

floristic composition are most 

similar to the traditional 

management regime. The aim of 

the study was to identify the 

suitability of different 

management techniques to retain 

these oligotrophic grasslands 

productivity and to maintain their 

high biodiversity. 

 
RESULTS AND DISCUSSIONS 

 

Changes in vegetation 

determined by different 

treatments, took place within the 

Agrostis capillaris L. - Festuca 

rubra L. phytocoenosis. 

Statistically significant 

experimental factors which 

explain the changes in floristic 

composition are: mowing, 

abandonment, mulching, organic 

fertilization combined with 

mulching (Fig.1a, Fig.1b).  

Axis 1 is correlated with 

organic fertilization combined 

with mulching (r = -0.395), Axis 

2 with mowing (r = 0.317) and 

abandonment (r = - 0.317) and 

Axis 3 with organic fertilization 

combined with mulching (r = - 

0.555) and mulching (r = 0.449). 

The gradual increase of organic 

fertilizers dose combined with 

mulching determines the increase 

in share of the following species: 

Agrostis capillaris L., Plantago 

lanceolata L., Rhinanthus minor 

L., Rumex acetosa L., Veronica 

chamaedrys L., etc. Similar 

results have been obtained by 

Gaisler et al. (2004), where the 

species Veronica chamaedrys L., 

Hypericum maculatum Crantz, 

etc. were favoured by mulching 

once a year and Agrostis 
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capillaris L., Plantago 

lanceolata L., Rumex acetosa L., 

Trifolium pratense L. were 

favoured by mulching three times 

per year. Veronica chamaedrys 

L. presents a relative tolerance 

for shadow conditions and being 

able to resist also under a dense 

layer of litter (Pavlů et al., 2003) 

and Rhinanthus minor L. is 

characteristic of species rich 

semi-natural grasslands with low 

productivity (Ellenberg et al., 

1991), being well known for 

taking advantage of hosts with 

high concentration in N 

(Ameloot et al., 2008).  

The application of 

organic fertilizers combined with 

mulching led to a decrease in the 

percent of participation of the 

following species: Arnica 

montana L., Centaurea mollis 

Waldst. et Kit., Festuca rubra L., 

Polygala vulgaris L., Silene 

nutans L., Thymus pulegioides L. 

Mowing favours Colchicum 

autumnale L., Euphrasia 

officinalis L., Ranunculus acris 

L. and Trollius europaeus L.  

The abandonment 

determines the accentuated cover 

of Hieracium aurantiacum L., 

Lotus corniculatus L., and Viola 

tricolor L. The abandonment, 

even it didn‘t show a strong 

influence on vegetation, is not 

considered as a viable solution 

because it has been scientifically 

proved that on long term may 

produce profound changes.  

In our experiment 

mulching and/or fertilization 

combined with mulching favour 

Trifolium repens L. and 

Trifolium pratense L. (Fig. 1b).  

Effects of mulching in 

particular on species level are 

very low felt. Mulching should 

be an acceptable solution, 

especially for already abandoned 

grasslands, because could 

prevent the return of woody 

species (Gaisler et al., 2011). 
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Figure 1a. Influence of the treatments on plant species composition   

(Axis 1 and Axis 2)

 

Figure 1b. Influence of the treatments on plant species composition   

(Axis 1 and Axis 3) 
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The cover of the dominant 

species Agrostis capillaris L. 

(21.5%) slightly increased its 

cover under the influence of the 

applied treatments, mostly at the 

Mu+1Ma 5t/ha, followed by the 

Mu+1/3Ma 10t/ha and 

Abandonment. The Mu (18.25%) 

and Mu+1/2Ma 5t/ha (17.5%) 

caused the decrease of this 

species cover in experimental 

fields. The differences have no 

statistical assurance.  

    The codominant species 

Festuca rubra  L. (16.25%) 

decreased its share to 10% under 

the treatment Mu+1/2Ma 10t/ha, 

where the differences are very 

significant. The participation of 

the Poaceae group is 40.05% 

(control) and fluctuates slightly 

with no statistically assured 

differences. The Fabaceae 

recorded distinctly significant 

5t/ha (12%), Mu+1/2Ma 5t/ha 

(11.70%), Mu+1/2Ma 10t/ha 

(10.75%), Mu+1/3Ma 10t/ha 

(11%) and significant differences 

in abandoned plots (Ab). The 

changes in the group of 

Cyperaceae and Juncaceae 

weren‘t significant.  

 Plants from other 

botanical families (OFB) reduced 

their share from the 58.15%, at 

most to 46.35% (Mu+1Ma 5t/ha) 

with statistically significant 

differences.  

 The number of species 

(S) fluctuates slightly in 

comparison with the control, 

increasing under Mu and Ab, but 

without statistical assurance. 

Given the Shannon diversity 

index (H) we could observe that 

compared to control, the 

treatment Mu had significant 

influence on the diversity of 

 
    

 

 

 

 

 

 

 

 

 

 

differences under the Mu+1Ma experimental plots (Table 2). 
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Floristic structure under the influence of organic inputs combined with mulching 

 

Treatments 
Grassland 

Type 

Dominant 

and 

codominant 

species 

Economic groups Phytodiversity 

A.c. F.r. P F CJ OBF S H 

Mo - 

control 
A.c-F.r 

21.50 16.25 40.05 2.20 0.30 58.15 29.60 2.4568 

C. C. C. C. C. C. C. C. 

Mu A.c-F.r 
18.25 16.25 33.75 4.20 0.50 57.60 33.00 2.6300 

ns ns ns ns ns ns ns * 

Mu+1Ma 

5t/ha 
A.c-F.r 

23.50 13.75 40.00 12.00 0.20 46.35 29.40 2.5574 

ns ns ns *** ns  ns ns 

Mu+1/2Ma 

5t/ha 
A.c-F.r 

17.50 13.75 34.00 11.70 0.30 49.35 28.40 2.5836 

ns ns ns *** ns ns ns ns 

Mu+1/2Ma 

10t/ha 
A.c-F.r 

21.50 10.00 33.80 10.75 0.30 50.05 28.80 2.5584 

ns  ns *** ns ns ns ns 

Mu+1/3Ma 

10t/ha 
A.c-F.r 

22.25 16.25 41.70 11.00 0.20 52.60 28.40 2.6050 

ns ns ns *** ns ns ns ns 

Ab A.c-F.r 
22.25 13.75 36.95 7.70 0.50 57.15 30.80 2.5956 

ns ns ns * ns ns ns ns 

Ac = Agrostis capillaris L., Fr = Festuca rubra L. P = Poaceae, F = Fabaceae CJ 

= Cyperaceae and Juncaceae, AFB = other botanical families, S = number of 

species, H = Shannon Index, Ac-Fr = Agrostis capillaris L.-Festuca rubra L., D 

= Dominant, CD = Codominant, Phytodiv.=Phytodiversity, Typ=Meadow type,T 

= treatment, C. = control/witness, 

* = p <0.05, ** = p <0.01, *** = p <0.001, 0 = p <0.05, 00 = p <0.01, 000 = p 

<0.001 

 

 

The applied treatments 

the productivity of experimental 

plots and maintained the level of  

 
 

 

 

 

 

 

Table 2 

have no significant effects upon productivity (Table 3). 
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The influence of the treatments on the dry matter yield (D.M.) 

Treatments 

(variants) 

t/ha 

D.M. 
% 

Differences 

 

Significance 

 

Classification 

Duncan test 

Mo - control 1.16 100.0 0.00 Mt. AB 

Mu 0.86 74.5 -0.30 - A 

Mu+1Ma 5t/ha 1.30 112.2 0.14 - AB 

Mu+1/2Ma 5t/ha 1.10 94.7 -0.06 - AB 

Mu+1/2Ma 10t/ha 1.41 121.4 0.25 - B 

Mu+1/3Ma 10t/ha 1.22 105.2 0.06 - AB 

Ab - - - - - 

DL(p 5%) – 0.32; DL(p 1%) – 0.44 ; DL(p 1%) – 0.59   

* - significant differences 

 
CONCLUSIONS 

 

After a study undertaken 

over a period of 5 years, the 

experimental factor which 

showed an influence on the 

highest number of species was 

the organic fertilization 

combined with mulching, while 

mulching had the lowest 

influence. To maintain Agrostis 

capillaris L. - Festuca rubra L. 

phytocoenosis, the following 

treatments can be taken into 

account: organic fertilization 

combined with mulching, 

mowing and mulching. A 

particular attention should be 

paid to organic fertilization 

combined with mulching, 

because intensification of this 

factor could have an influence on 

high number of species. 

The applied treatments 

maintained the productivity of 

the oligotrophic grasslands at the 

same level as at the case of 

control was. 

 
ACKNOWLEDGEMNT 

 

This paper was published under the frame of European Social Found, 

Human Resources Development Operational Programme 2007-2013, 

project no. POSDRU/159/1.5/S/132765‖. 

 

  

Table 3  

Romanian Journal of Grassland and Forage Crops (2014)9                                              16

Agnes Balazsi et al.



 

REFERENCES 

 

Cluj-Napoca  

and London, 31-33 

Agriculture, Ecosystems & Environment, 55, 193–200. 

Geobotanica 18, 1 - 248. 

Environment 50, 324 - 331. 

(with special regard to grassland ecosystems in Gârda de Sus 

Commune, Apuseni Mountains. PhD Thesis, Faculty of Agriculture, 

USAMV Cluj-Napoca. 

9. Habel J. C., Dengler J., Janiskova M., Torok P., Wellstein C., Wiezik 

biodiversity. Biodiversity and Conservation, 22, 2131-2138. 

Design, United States of America, ISBN 0-9721290-0-6, pp.188 - 

198. 

Thesis, Faculty of Agriculture, USAMV Cluj-Napoca.  

1. Ameloot E., Verlinden G., Boeckx P., Verheyen K., Hermy M. ,2008, 

Impact of hemiparasitic Rhinanthus angustifolius and R. minor  

on nitrogen availability in grasslands. Plant and Soil 311, 255 - 268. 

montane cu low-input. PhD Thesis, Faculty of Agriculture, USAMV 

3. Braun–  Blanquet, J. , 1932, Plant Sociology, the study of plant 

communities, Ed. Mc-Graw –  Hill. Book Company, Inc. New – York 

2. A. Bogdan ,2012, Cercetari privind folosirea i meninerea pajitilor 

pp 194-205.  

  and Romanian grasslands. Environmental Conservation, 40 (2),  

4. Burel F. and Baudry J. , 1995, Species diversity in changing 

agricultural landscapes: a case study in the Pays d‘Auge, France. 

5. Dahlström A., Iuga A.-M. and Lennartsson T. , 2013, Managing 

biodiversity rich hay meadows in the EU:a comparisonof Swedish 

6. Ellenberg H.,Weber H.E., Düll R., Wirth V., Werner W., Paulissen 

7. Gaisler J., Hejcman M., Pavlů V. ,2004, Effect of different mulching 

D. , 1991, Z iegerwerte von Pflanzen in Mitteleuropa. Scripta 

and cutting regimes,on the vegetation of upland meadow.Plant Soil 

8. Gârda N. ,2010,The study of some mountainous landscape elements 

 M., 2013, European grassland ecosystems: threatened hotspot of 

10. Isselstein J., Jeangros B. and Pavlu V. ,2005, Agronomic aspects of 

biodiversity targeted management of temperate grasslands in Europe 

- A review. Agronomy Research, 3(2), 139-151. 

11. McCune B. and Grace J.B. , 2002, Nonmetric Multidimensional 

Scaling In: Analysis of ecological communities. MJM Software 

12. Morea A. , 2008, Research upon biodiversity and productivity 

evolution in Festuca rubra grasslands from the boreal floor. PhD 

Romanian Journal of Grassland and Forage Crops (2014)9                                              17

Agnes Balazsi et al.



 

 

 

13. F. Păcurar, Rotar I., Anca Bogdan, Roxana Vidican, Laura Dale, 

2012, The influence of mineral and organic long-term fertilization 

upon the floristic composition of Festuca rubra L.-Agrostis 

capillaris L. grassland in Apuseni Mountains, Romania. Journal of 

Food, Agriculture & Environment, 10, 866-879. 

14. V Pavlů., Hejcman M., Pavlů L., Gaisler J., 2003, Effect of rotational 

and continuous grazing on vegetation of the upland grassland in the 

Jizerské hory Mts., Czech Republic. Folia Geobotanica 38, 21 - 34. 

15. J. E. Peck, 2010, Multivariate Analysis for Community Ecologists: 

Step - by - Step using PC - ORD. MjM Software Design, Gleneden 

Beach, OR, ISBN 978-0-9721290-2-2, 162 pp. 

16. P. Poschlod, Baumann A. and Karlik P., 2009, Origin and 

development of grasslands in Central Europe, In: Veen P., Jefferson 

R., de Smidt J. and van der Straaten J. (eds.) Grasslands in Europe of 

high nature value, KNNV Publishing, Zeist, NL. pp. 15–26. 

17. A. Reif, Brinkmann K., Goia A., Hoernstein H., Jaeckle S., Mohr B., 

Păcurar F., Rotar I., Ruşdea E. and Schmidt U., 2008, Differences of 

development patterns in Central and Eastern European mountain 

regions: history of land uses and landscapes in the Southern Black 

Forest (Germany) and the Central Apuseni Mountains (Romania), 

Bulletin of UASVM Cluj-Napoca, Agriculture series, 65, 123-125. 

18. B. Tonn and Briemle G., 2010, Minimum management intensity for 

maintaining and improving biodiversity of a mesotrophic semi-

natural grassland,. Grassland Science in Europe 15, 745 - 749. 

19. Natura 2000 Standard Forms for Sites with Community Interests 

(SCI) http://www.mmediu.ro/protectia_naturii/biodiversitate/2011-10-

20_protectia_naturii_RO_SCI_SDF_2011.pdf  

 
 

 

 

  

Romanian Journal of Grassland and Forage Crops (2014)9                                              18

Agnes Balazsi et al.



 

NUTRITIONAL QUALITY OF A NUMBER OF WEEDS FROM 

PERMANENT GRASSLANDS 

 

   

 

 

Permanent grasslands are characterized by a great biodiversity. Not all 

the plants from the grass carpet are consumed by herbivores, some are presented 

by scientific literature as weeds or as toxic plants without nutritional value. 

Despite this aspect, a series of these plants have been studied recently and are 

established in organic sown grasslands, for other of their qualities. On the 

second part of grazing season, after first hoar frosts, when the fodder is 

decreasing those „improper” species are consumed by herbivores. In the present 

paper are studied six species considered as „weeds”: Dipsacus sylvester, 

Ligusticum mutellina, Polygonum bistorta, Ranunculus montanus, Urtica dioica 

and Veratrum album, and as control, Trifolium repens species. Studied species 

have been analyzed by usual chemical tests, the results indicating that, generally 

speaking, the content in macro element is higher for the species analyzed in 

regard to the control species.       

 

Keywords:  grasslands, weeds, chemical composition, mineral elements, 

nutritional quality 

 
INTRODUCTION 

 

Permanent grasslands are 

characterized by a great 

biodiversity. Not all the species 

from the grass carpet are 

are presented by scientific 

literature as weeds or as toxic 

plants without nutritional value 

by herbivores on the second part 

of grazing season, usually, after 

first hoar frosts. Studies 

regarding the quality of a number 

of so called „weeds‖ are indicated 

to have a higher content of 

mineral elements compared to 

the grasses and legumes 

presented in grasslands (Pirhofer-

established in many organic 

grasslands due to their expected 

beneficial properties for nutritive 

In order to determine the 

chemical composition of a 

number of weeds, there have 

been analyzed six species from 

mountainous grasslands using 

the usual chemical tests. 

* Research and Development Institute for Grasslands, Cucului Str., No. 5, 2200 Brasov, 
Romania 

consumed by herbivores, some Walzl et al., 2011). So weeds are 

Andreea-Cristina CIOPATA,*  MARUSCA T.,*  HAS E. C.,* 

„improper‖ species are consumed et al., 2008).  

( Vîntu et al., 2004). But those value and biodiversity (Søegaard 

Abstract  
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Samples from Ligusticum 

mutellina, Polygonum bistorta, 

Ranunculus montanus and 

Veratrum album species have 

been taken in the summer 2013, 

from subalpine grasslands from 

the Research Base for Mountain 

Grasslands (RBMG), Blana, 

Bucegi located at 1800 m altitude 

along with samples from 

Dipsacus sylvester, Urtica dioica 

species from Barsa Deppresion, 

and as control Trifolium repens 

from the RBMG. Knowing that 

the herbivores are prefer only the 

leafs of two studied species, 

Dipsacus sylvester and Veratrum 

album, in the present study have 

been analyzed only those parts of 

the plants.  

After drying and milling, 

the grass samples have been 

analyzed for determining the 

total Nitrogen (crude protein) 

using Kjeldahl method, crude 

fiber, cell walls (NDF, ADF) by 

Van Soest method and 

digestibility coefficients of 

organic matter using Near 

Infrared Spectroscopy (NIRS).  

Analyses of mineral 

elements contents have been 

conducted for phosphorus 

(colorimetric method), potassium 

(flamfotometric method) and 

magnesium, iron, copper and 

zinc using atomic absorption 

spectroscopy.

 
RESULTS AND DISCUSSIONS 

 

Chemical composition and the 

digestibility coefficients of 

organic matter of analyzed 

species are shown in Table 1.  
 

  

MATERIALS AND METHODS  
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Table 1 

Chemical composition of studied species (%DM) 

 

Nr. 

Crt. 
Species 

CB 

% 

CF 

% 

ADF 

% 

NDF 

% 

OMD 

% 

1 
Trifolium repens 

(control species) 

content 28,7 17,9 22,8 30,8 72,9 

%, 

relatively 
100 100 100 100 100 

2 Dipsacus sylvester* 

content 25,3 14,5 17,1 27,4 73,0 

%, 

relatively 
88 81 75 89 100 

3 Ligusticum mutellina 

content 24,0 18,2 25,3 32,0 69,8 

%, 

relatively 
84 102 111 104 96 

4 Polygonum bistorta 

content 25,0 18,2 27,4 36,6 69,6 

%, 

relatively 
87 102 120 119 95 

5 Ranunculus montanus 

content 14,7 28,3 36,2 44,1 59,1 

%, 

relatively 
51 158 159 143 81 

6 Urtica dioica 

content 27,8 15,3 19,5 28,4 73,8 

%, 

relatively 
97 85 86 92 102 

7 Veratrum album* 

content 16,5 21,3 32,9 43,3 63,0 

%, 

relatively 
57 119 144 141 86 

* from these species only leafs have been analyzed. 

 

Differences are registered 

between the chemical content 

and the concentration in cellular 

walls of studied species and the 

values of control species. Most of 

the studied species had higher 

levels of crude protein, so 

Dipsacus sylvester, Ligusticum 

mutellina, Polygonum bistorta 

and Urtica dioica with crude 

protein values ranging between 

24 to 28%, and the other species: 

Ranunculus montanus and 

Veratrum album having lower 

contents, only 14-16%. The 

control species (Trifoilium 

repens) content was of 28,7%. 

The crude fiber content of 

studied species was low, 

excepting Ranunculus montanus, 

with a higher content of 28,3% 

(58 percent higher than the value 
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of the control species). 

Regarding the cellular walls, the 

highest NDF values was 

registered by Ranunculus 

montanus species (44,1%) and 

Veratrum album (43,3%), and the 

lowest value for the Dipsacus 

sylvester species (27,4%), with 

11 percent smaller than the 

control. Similar like in case of 

the NDF content, the highest 

ADF values were registered for 

the two species Ranunculus 

montanus (36,2%) and Veratrum 

album (32,9%) compared to 

Trifolium repens (22,8%). The 

lowest ADF content was 

registered for Dipsacus sylvester 

(17,1%) and Urtica dioica 

species (19,5%). Organic matter 

digestibility coefficients of 

analyzed species registered 

higher values, ranging between 

63% to 73%, excepting the value 

of Ranunculus montanus species 

with a lower content (59,1%). 

 The content in ash and 

mineral elements are similar and 

even higher than the control 

species (Trifolium species). 

The content in 

phosphorus for all analyzed 

species was optimal (0,350-

0,580%). With the value closer to 

deficiency level was Dypsacus 

sylvester species with a content 

of only 0,333%. The highest 

value of phosphorus was 

registered for Ligusticum 

mutellina species (0,582%).  

Content in potassium was 

optimum for all studied species 

(2,20-3,60%) similar was in case 

of magnesium content, with 

values ranging from 0,15% to 

0,32%.   

Regarding the iron 

content it is noticed that it 

appears an obvious deficiency, 

the values are smaller than the 

optimal ones (50 – 300 ppm).  

Deficiency is present also 

for copper content of Urtica 

dioica species with a value of 

0,67 ppm and Dypsacus Sylvester 

with 0,78 ppm, ad at the lowest 

level of optimal value was 

Trifolium repens (0,90 ppm), the 

rest of the species analyzed had a 

normal cooper content. 

Content in zinc was 

optimal for Polygonum bistorta 

(17,70 ppm) and Veratrum album 

species (18,50 ppm), at the 

lowest limit of optimal was 

Ranunculus montanus (14,46 

ppm).  
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Table 2 

Content in mineral elements of studied species 

 

Nr. 
Crt. 

Species 
Ash 
% 

Phosphorus 
g % 

Potassium 
g % 

Magnesium 
g % 

Iron 
ppm 

Copper 
ppm 

Zinc 
ppm 

1 
Trifolium 
repens 

10,99 0,358 3,02 0,22 5,48 0,90 13,32 

2 
Dipsacus 
sylvester* 

18,80 0,333 3,11 0,32 16,47 0,78 7,23 

3 
Ligusticum 

mutellina 
10,00 0,582 3,59 0,21 3,14 1,12 13,89 

4 
Polygonum 

bistorta 
8,91 0,485 2,82 0,29 3,04 1,35 17,70 

5 
Ranunculus 

montanus 
9,13 0,463 3,28 0,16 3,39 1,47 14,46 

6 
Urtica 

dioica 
20,72 0,393 2,24 0,20 9,54 0,67 5,50 

7 
Veratrum 

album* 
10,43 0,404 3,26 0,15 4,27 1,35 15,50 

* from these species only leafs have been analyzed. 

 

CONCLUSIONS 

 

Generally speaking, the 

study has showed that, the 

analyzed species, considered as 

weeds, had the content in mineral 

elements similar and even higher 

in comparison with control 

species Trifolium repens.   

The crude protein content 

of analyzed species is smaller 

than the value of control species, 

but the crude fiber and the 

cellular walls content was lower 

than the control values for 

Dipsacus sylvester and Urtica 

dioica species.    

From the data analyzed it 

can be noticed that the content in 

ash and mineral elements are 

similar and even higher than the 

control species (Trifolium 

repens). 
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Abstract  

 Mountain areas are characterized by a permanent natural handicaps due 

of the relief and climate restrictions economy and agricultural activities. 

Our study aims to analyze farming systems specific to the nine villages which are 

included in the Baisoara village (with special focus on the pastures and 

agricultural evolution directions) in relation to population dynamics and 

activities. In the mountain villages of the population is engaged in agriculture 

and wood processing. A fundamental means of livelihood of the inhabitants is 

animal husbandry. Pedo-climatic and natural conditions are less favorable for 

agricultural cultivation, being a limiting factor on cultivated species and their 

habitat. 

 
Keywords: the mountains, farming system, population, livestock, pastures. 

 
INTRODUCTION 

 

  

The Apuseni Mountains were in 

ancient times an environment 

inhabited by humans. In 

generally the Apuseni Mountains 

indubitable are part of the series 

territories affected by 

demographic risk, which 

translates into rapid depopulation 

and irreversible structural 

disturbances in the short and 

medium time (SURD et al., 

2007). 

After Pötsch E. et al. 2011 

mountain region covers half the 

continent; it is many ways vitally 

important to the European 

population. 

Mountain areas are characterized 

by permanent natural handicaps 

due of the relief and climatic 

restrictions of the economy and 

agricultural activities. 

Because of geographical 

constraints in mountain 

agriculture, productivity is on 

average less than 28% in 

mountain areas compared to 

Mirela Cirebea et al.
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deprived areas, and 40% 

compared with the lowlands. 

The agriculture in mountain areas 

therefore can not compete with 

the advantages of agriculture in 

lowland few exceptions can not 

hope to become competitive in 

intensive models adaptation in 

response to increasing global 

competition. 

The pastures have an important 

role in mountain agriculture and 

structures are characterized 

mainly by small and low-input 

systems based on efficient use of 

internal resources and 

agricultural. Mountain farming in 

Europe is facing many 

challenges. 

 Feed produced in 

mountain areas are generally 

weak in terms of quantity and 

nutritional value can not meet the 

needs of the animals, and the 

costs and workforce associated 

with these forages are raised. The 

abandonment areas less 

accessible and less productive it 

is threat that affects many parts 

of Europe. It is clear that farming 

was abandoned at random in the 

mountains of Eastern Europe 

after the fall of communism. 

Continuation  of sustainable 

agriculture in mountain areas of  

Europe should seek a 

combination of measures, 

including agri-environmental 

support to ensure the protection 

of  biodiversity and ecosystem 

services, marketing initiatives to 

raise the profile and distinctive  

market agricultural products 

from mountain farms. If 

necessary, develop marketing 

systems reliable and well-

regulated infrastructure support 

to overcome barriers to market 

access. Recognition of 

competences of farmers and their 

economic objectives, and training 

needs of future generations of 

farmers, must be in the center of 

these measures. 

 In addition to these socio 

- economic aspects there are a 

number of scientific challenges, 

including the role of indigenous 

breeds of livestock for quality 

products and adapting the 

environment, the use of native 

plant species in the land 

improvement and restoration of 

damaged sites and opportunities 

to improve productivity and cost 

efficiency of livestock 

production while minimizing 

environmental impact. 

Technology of agriculture can 

not wait. There is a difficult 

balance to protect traditional 

farming evaluated aspects of the 

mountains, such as grazing, 

transhumance and biodiversity of 

grasslands, the need to ensure 

long-term competitiveness and 

lifestyle farmers families 

consistent with the XXI century. 

(HOPKINS, 2011). 
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A specific farming 

system with encountered many 

unique elements is in Apuseni 

Mountains. In our study we 

examined specific aspects of the 

Baisoara village which is situated 

in Cluj County and is 

representative of the area to 

which we refer. 

Băisoara is located in the south-

west of Cluj County, at 38 km 

away from the county seat, and 

35 km from the nearest town - 

Turda. 

The village is composed of nine 

villages: Muntele Băişorii, 

Muntele Bocului, Muntele 

Cacovei, Muntele Filii, Muntele 

Săcel, Săcel, Moara de Pădure , 

Frăsinet, village of residence 

Băişoara and resort Muntele 

Băișorii, which is a distinct in the 

commune. 

In the north - west it is bordered 

by Valea Ierii in the north - east 

of the village Săvădisla, in east 

with Ciurila village and in 

southeast with Iara village. 

Relative to the natural frame is 

situated in the Apuseni 

Mountains of north-east of 

Muntele Mare and south of the 

Munţii Gilăului in Iara River 

basin. 

 Dating village: Băişoara is an 

ancient settlement, mentioned in 

documents in 1426 year (Banya) 

and 1430 year (Olabanya) the 

name of village itself reflects the 

practice of mining in ancient 

times, in the history of the 

locality. 

 The average altitude of 

the Băişoara village is 1,101 m.  

The average altitude of the peaks 

rise to side village where the 

values are over 1,600 m – Buscat 

Peak , Peak Pietrele Mărunte ( 

1735 m ) which is the maximum 

rate of relief from the village. 

 Types of soils: soil consists 

eruptive origin of granite, granite 

porfiruit and andezid, to which is 

added crystalline schists and 

falling within Spodisoluri Class , 

Prepodzoluri type (friluvic, lithic, 

histor, shaded cristagnic, skeletal, 

and low natural fertility and 

strong acid), which led the 

region's population to determine 

significant changes in vegetation 

cover through deforestation and 

transformation in pastures, hays, 

and areas of crops, but after they 

have done the necessary work: 

improving soil reaction, 

application of organic and 

mineral fertilizers. Local 

toponymy provide conclusive 

evidence as possible in this 

regard: Găbriana, Şesu Cald , 

Muncei , Izvoare , Boinic , areas 

that today constitute areas of 

pasture or hay in the Baisoara 

area. 

 Climate: geographical 

position of our country, 

especially Băişoara village 

territory position in a mainly 

mountainous area determines the 

MATERIALS AND METHODS 
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main characteristics of the 

climate. Thus climate in Băişoara 

area frame in the mountain 

climate, characteristic of western 

and north-western regions of our 

country - the Apuseni Mountains 

- subject of a mainly western 

circulation. 

The climate is quite harsh, long 

winters are short summers with 

abundant rainfall; average 

temperature in July is 16.6 ° C. 

 The total area of Băişoara 

 is 11,104 ha, representing 2.0% 

of the administrative county of 

Cluj. As can be seen from this 

point of view, the Baisoara 

village is part of large communes 

of our county. 

 Băisoara is located in the 

foothills east of Muntele Mare in 

the Apuseni Mountains, on the 

middle of the river Iara. 

It is bordered to the south by 

Alba County, north of the village 

Săvădisla, west Valea Ierii, east-

southeast Iara village and 

northeast Ciurila village. 

 

 

 

The Băişoara village manifest a 

downward trend in population in 

the interval of sixteen years 

(1997 respectively 2013), the 

number of inhabitants decreased 

from 1220 in the year 1997 to 

1020 in 2013year. Arable land 

decreased from 299 ha to 34 ha 

in 2013, also declined and 

grasslands from 853 ha to 688 ha 

and hay fields decreased from 

853 ha to 688 ha in the studied 

period.  

This decrease of population 

influenced the number of animals 

such as cattle have gone from 

200 to 95 heads and horses from 

100 head to 18 heads. 

 Frăsinet is a village in 

Cluj County. It is situated in the 

northwestern part of the Băişoara 

village. The first documentary 

Frăsinet village dates from 1956 

year. 

  Figure 1. The agriculture evolution in the Băișoara village 
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In the studied period Frăsinet 

village there was a decrease of 

population, arable surface 

(grasslands decreased from 106 

ha to 89 ha and hayfields of 152 

ha to 57 ha), but instead 

increased the  forest fund surface 

from 237 ha to 280 ha reached in 

2013 and the number of cattle 

increased from 18 heads to 50 

heads in 2013. 

 Săcel is a village in the 

Cluj county, Transylvania, 

Romania. It belongs 

administratively the Baisoara 

village. On the map of 

Transylvania in 1769-1773 

Josephine town appears as 

"Aszszonfalva." Average 

altitude: 617 m. 

 

 

 

Figure 2. The agriculture evolution in the Frăsinet village 
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In Săcel village also presents a 

diminishing of the population of 

480 inhabitants was reached 407 

inhabitants in 2013. The arable 

surface decreased but increased 

natural grassland 729 ha to 378 

ha and hay fields decreased from 

547 ha to 475 ha. The number of 

cattle has decreased at 168 heads 

to 84 heads, and 316 sheep 

increased from end to end 1880. 

 Muntele Săcelului is a 

village in Cluj County, 

Transylvania, Romania. It 

belongs to administratively the 

Baisoara village. 

 

 

  Figure 3. The agriculture evolution in the Săcel village  

Figure 4. The agriculture evolution in the Muntele Săcelului village 
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 Reduction of the 

population in the village of  

Muntele  Săcelului  influenced 

the evolution  of the agricultural 

land and how to use such the 

arable land decreased from 44 ha 

to 3 ha and hay fields decreased 

from 182 ha to 97 ha, in favor of 

forest area where increased of 

284 ha to 440 hectares. 

In this village  are practiced 

grazed mountain or 'pendulation 

mountain', meaning spring 

inhabitants of the village moved 

for a period of approximately 

three months with all their 

household in  seasonal stables 

which is situated on communal 

grazing. 

 Muntele Băişorii is a 

village in the Cluj County, in 

Baisoara village. On the basis 

government decree number 717 

of 2 September 1999 a part of the 

village Muntele Băişorii obtained 

the status of a tourist resort of 

local interest. 

It is situated in the northwestern 

part of the village Băişoara on 

local road 100. 

The first documentary attestation 

dates from 1760 year Băișoara 

Mountain Village. 

 

 

 

 

In the village of Muntele Băișorii 

can notice a decrease the 

population of 400 inhabitants in 

1997 year to 279 in 2013, this 

decrease to the population 

influenced agricultural activities 

such the arable land decreased 

from 112 ha to 15 ha. The 

 Figure 5. The agriculture evolution in  Muntele Baisorii village  
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pasture has increased from 317 

ha to 960 ha and hay fields 

increased from 455 ha to 680 ha 

and the forest surface has also 

increased from 711 ha to 1395 

ha. The number of cattle has 

increased at 170 to 282 head, and 

the number of horses is also 

increased from 20 to 41 heads. 

The number of sheep lowers at 

450 to 360 heads. 

In the season of spring 

inhabitants of the village moved 

with all their household ȋn 

seasonal stables "in the 

mountains" which is on 

communal grazing for a period of 

about three months. In this period  

they range from mountain to 

their homes in villages for 

gathering hay mowing and 

maintenance crops. Each 

household seasonal having 

demarcations their own, building 

fences and shelters for animals, 

to free choice, but without 

disturbing the neighbors. 

Cottages (stables) are very 

simple, are sometimes separated 

by a single wall construction and 

people living in one room and in 

the other animals.Sometimes 

humans are made separate 

construction and stalls for 

animals (cows) and rarely are 

made shelters for pigs. These 

buildings have carved walls, 

solid spruce ax and modest 

furniture in interior made by 

locals on the spot (Mirela 

Cirebea, 2011) 

The beginning of the mowing is 

dictated of the calendar not 

phenological. Firstly mow hay 

fields the around of house that 

have a higher production and 

proceed to the farthest. Mowing 

is done manually and 

mechanically. The dry of hay is 

always on the ground, and when 

the grass is dry, it "builds" a pile 

higher. 

 Moara de Pădure is a 

village in Cluj County. It is 

situated in the northwestern 

part of the Băişoara 

village on County 

Road 107 N.  The first document 

of Moara de Pădure village dates 

from 1954 year. 
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In Moara de Pădure village, 

arable land decreased from 30 ha 

to 2 ha and hay fields decreased 

from 121 ha to 48 ha, but 

grassland had an increase of 6 ha 

from 84 ha to 90 ha ȋn 2013. 

Muntele Bocului is a village in 

the Cluj County. It is situated in 

the northwestern part of the 

Băişoara village.  

 

 

 

  

  

 Figure 6. The agriculture evolution in  Moara de Padure village  

 Figure 7. The agriculture evolution in  Muntele Bocului village  
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The natural grassland 

increased from 64 ha to 190 ha 

and hay increased from 91 ha to 

128 ha, arable land decreased 

from 22 ha to 6 ha and 

significantly increased the 

number of animals, cattle arrived 

in 2013 year at 135 heads from 

90 heads and 800 sheep heads 

from164 heads.  Muntele 

Cacovei is a village in the Cluj 

County. It is situated in the 

south-west of the village 

Băişoara the border with Alba 

county. The first documentary 

attestation dates from 1954 year. 

 

 

 

 

In Muntele Cacovei population 

decreased from 179 people to 

115 people. It decreased arable 

land from 52 ha to 12 ha and hay 

fields from 213 ha to174 ha, but 

increased surface of pastures and 

forests. The number of animals 

decreased. 

 Muntele Filii is a village 

in Cluj County. It is situated in 

the northwestern part of the 

Băişoara village. 

 

 Figure 8. The agriculture evolution in  Muntele Cacovei village  
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In 2013 in the Muntele Filii 

village there were 11 inhabitants 

decline population influenced the 

evolution of the agricultural land 

and the way to use such the 

arable land decreased from 15 ha 

to 3 ha and hay fields decreased 

from 61 ha to 42 ha, the pastures 

and forests surface where 

increased. Decreased the number 

of animals. 

 

 

Regarding the evolution 

of the population and indicators 

for agriculture, bet on all nine 

villages (Muntele Băişorii , 

Muntele Bocului, Muntele 

Cacovei, Muntele Filii, Muntele 

Săcel, Săcel, Moara de Pădure , 

Frăsinet, Băişoara), there is a 

downward trend is most 

pronounced population in 

Băişoara village where from the 

1220 inhabitants in 1997 was 

1020 inhabitants in 2013. In 

Muntele Băișorii village can 

notice a decrease the population 

of 400 inhabitants in 1997 to 279 

inhabitants in 2013. 

  This decrease of the 

population influenced 

agricultural activities thus the 

arable land in many villages has 

halved, for example in the 

Băişoara village there is a 

decrease arable surface from 299 

ha in 1997 to 34 ha in 2013, is 

eloquent in this sense. Frăsinet 

village the arable land decreased 

from 38 ha in 1997 to 6 ha in 

2013. 

 

CONCLUSIONS  

Figure 9. The agriculture evolution in  Muntele Filii village 
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The differences are large from 

one village to another in terms of 

the demographic situation, land 

use categories and the number of 

animals. 

If until 1997 could talk about 

large areas of arable land and the 

crops and cereals in common 

Baisoara the Apuseni Mountains, 

the current situation is changed: 

arable land has a very low a 

share because of unfavorable 

climatic conditions, arable is 

given low attention assortment of 

cultivated plants is very small, 

the present species claims lower 

than temperature such as potato 

and some vegetables: cabbage, 

onion, garlic, carrot, parsley and, 

rarely, swedes and the grain it 

can meet rye, oats and corn. 

Arable land in the commune 

decreased from 747 ha to 124 ha. 

Hayfields also decreased from 

3035 ha to 2300 ha, but the 

surface of the agricultural land 

has increased from 5841 ha to 

6284 ha, pastures increased from 

2067 ha to 3200 ha and forests 

from 4741 to 4988 ha ha. The 

number of cattle has decreased 

from 994 heads to 973 heads, 

number of  horses has reached 

155 heads to 221, but increased 

the number of sheep in 1732 ends 

in 3544 ends. While decreasing 

the number of animals (cattle and 

horses), has resulted in some 

significant areas of grassland 

afforestation or abandonment.  

Population decreased from 2653 

to 2073, this decline explains the 

dramatic decrease in arable 

surface, and the number of 

animals. 

 

  

 Figure 10. The agriculture evolution in Baisoara commune 
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In our country soybean was introduced in plant culture after 1876 on 

restricted area from Transylvania, and in all areas around the country between 

the years 1930-1933. The first form of use of soybean was in oil extraction and 

due to its nutritional value was introduced in human nutrition, animal feed and 

as raw material for industry. The importance of soybean culture in our country 

was highlighted also through the fact that the second edition of the Danube 

Soybean International Congress was held in Bucharest on November 25, 2013. 

Our study aims to evaluate the influence of organic and mineral fertilization on 

soybean culture. The biological material was represented by two soybean 

varieties: Felix and Onix, created at SCDA Turda, which are found in the 

Official Catalogue of Varieties from 2012. To test the production capacity and 

productivity elements (number of pods / plant, number of grains / plant, MMB) 

and the number of nodules at the beginning and end of flowering period a 

polifactorial experience with three factors in three repetitions was organized. 

Between the two varieties studied there is a genetic variability in terms of 

nodulation so that the number of nodules is higher on Felix variety than on Onix 

variety. 

 

 
INTRODUCTION 

 

most important leguminous plant, 

part of the group of the five 

was introduced in plant culture 

after 1876 on restricted area from 

around the country between the 

years 1930-1933. 

nutritional value and is used in 

Keywords: Soybean, fertilization, varieties, phosphorus 

1972, Bâlteanu, 1998 ).    expanding soybean crop and the 

millet and ciumize‖ ( Velican, form of use, which favored 

sacred plants "rice, soy, wheat, Oil extraction is the first 

 In our country soybean second factor is particularly high 

Abstract  

 Soybean is considered the Transylvania, and in all areas 
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human nutrition, animal feed and 

as raw material for industry.  

Soybean is a legume plant 

which through its great capacity 

to develop symbiotic relationship 

with nitrogen-fixing bacteria is 

considered a very good preceding 

plant for winter cereals, leaving 

to the soil quantities of nitrogen 

between 30 and 120 kg / ha. 

 The importance of 

soybean culture in our country 

arises also from the fact that on 

November 25, 2013 was held in 

Bucharest the second edition of 

the Danube Soybean 

participants discussed the 

strategy for increasing the 

production of traditional soybeen 

(non-GM) and, also, the 

importance of research in order 

to increase productivity and the 

need for support of this culture in 

CAP. 

 The area sown with 

soybeans in Romania in 2013 

was 73 286 ha, decreasing with 

about 6% compared to the year 

2012, when it was cultivated on 

an area of 77.785 ha. 

Special attention was given to 

this culture by Giosan, 1986; 

 

 

The biological material 

was represented by two soybean 

varieties: Felix and Onix, created 

at SCDA Turda, which are found 

in the Official Catalogue of 

Varieties from 2012. 

 To test the production 

capacity and productivity 

elements (number of pods / plant, 

number of grains / plant, MMB) 

and the number of nodules at the 

beginning and end of flowering a 

polifactorial experience with 

three factors in three repetitions 

was organized. 

 Factor I was the mineral 

fertilizer namely phosphorous, 

with 3 graduations P0, P50, P100. 

 Factor II was the organic 

fertilizer (gȕlee), with 4 

graduations, namely: G0, G5, G10, 

G15 tons / ha. 

 The third factor is the genetic 

factor namely two soybean 

varieties FELIX and ONIX. 

 Experience has been 

placed after the subdivided 

parcels method comprising 24 

variants in three repetitions. 

 
RESULTS AND DISCUSSIONS 

 

From Table 1, with the 

analysis of variance on soybean 

production in 2013, results that 

the organic fertilizer (gȕlee) has 

the biggest influence on soybean 

production, followed through its 

importance by phosphorus 

(significantly distinct). 

International Congress, where Goian et al., 2004. 

MATERIALS AND  METHODS 
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Also, the interaction of 

the factors shows that 

phosphorus fertilizers have a 

higher efficiency in the presence 

of nitrogen. 

Sum of squares due to 

error experimental factors 

represent 6.41% of the total sum 

of squared deviations, which 

underlines that the experience 

has been rigorously enforced. 

 
 Table 1 

Analysis of variance on soybean production in 2013, in the polifactorial 

experience with three factors in three repetitions (3x4x2). 

 
Source of 

variance 

Sum of 

squares 

Liberty 

degrees 

Medium 

square 

F sample 

Factor (P) 110373 2 55187 25,19 
xx

 

Gulee (G) 1945801 3 64860 478,28 
xxx

 

Variety (S) 14168 1 14168 2,63 

P x G 192847 6 32141 23,70 
xx

 

P x S 39684 2 19842 3,68 

G x S 43851 3 14617 2,71 

P x G x S 123260 6 20543 3,81 

Other types of 

interactions 

171708 48 - - 

Error P 8763 4 2191 - 

Error G 24410 18 1356 - 

Error S 129444 24 5393 - 

TOTAL 2641695 71 - - 

 

The higher yields were 

obtained on the variants fertilized 

with 15 t/ha gulee (Table 2), 

resulting in yield increases of 

402 kg / ha compared to control 

variant, increase which is highly 

significant from statical point of 

view (***). 

In the year 2013 the 

climatic factors were not 

favorable for soybean crop and 

the drought and high 

temperatures in July, which 

coincided with the critical period 

for this crop (blooming period) 

several flowers aborted being 

affected the number of pods, and 

the number of beans in pods. 
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Table 2 

The influnce of (G) factor organic fertilizer (gulee)  on soybean production in the 

year 2013 

 
Variant 

t/ha gulee 

Production 

kg/ha 

% Difference 

kg/ha 

Significance Classification 

G0 1588.61 100.0 189 Mt. d 

G5  1777.67 111.9 388 *** c 

G10  1976.44 124.4 402 *** b 

G15 1990.28 125.3  *** a 

   Dl (P5%)                    25.78                            25.78 

    DL(p1%)    35.35               27.08 

    DL(0,1%)    48.12               27.86 

 

Felix variety was among 

the most productive varieties 

tested in 2013, who had an 

increase of 28 kg / ha compared 

to Onix. 

Regarding the possibility 

of soybean nodulation there is a 

genetic variation observed in the 

results obtained, so that Felix 

variety form more nodulation 

than Onix. If on Felix variety the 

number of nodulation before 

flowering averaged 90.5 on all 

experimental variants, on Onix 

variety the number was 80.7. 

Din cercetările noastre 

rezultă cu numărul de nodozități 

prezintă importanță asupra 

producției la soia. Numărul 

nodulațiilor s-a reflectat şi în 

nivelul producțiilor celor două 

soiuri studiate, fiind  mai mare la 

Felix decât la Onix. Dintre 

factorii cercetați cea mai mare 

influență asupra numărului de 

nodozități la începutul 

înfloritului o are factorul soi 

după care urmează îngrășământul 

organic și apoi îngrășământul cu 

fosfor ( tabelul 3 ). 

From our research we 

observed that nodule number has 

a great importance on soybean 

production. Nodulation number 

was reflected in the yields of the 

two varieties studied, being 

higher on Felix than on Onix 

variety. Among the factors 

investigated the influence of the 

number of nodules at early 

flowering is expressed by the 

factor variety, followed by 

organic fertilizer and then by 

phosphorus fertilizer (Table 3).
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Table 3 

Variance analisys regarding nodules number on soybean before flowering period 

on polifactorial experience with three factors (3x4x2). 
 

Source of 

variance 

Sum of 

squares 

Liberty 

degrees 

Medium 

square 

F sample 

Factor (P) 1992 2 996 24.814** 

Gulee (G) 5166 3 1722 49.471** 

Variety (S) 1721 1 1721 73.057*** 

P x S 225 2 113 4.780* 

Other types of 

interactions 

2109 63 - - 

Error P 161 4 40.14 - 

Error G 627 18 34.81 - 

Error S 565 24 23.55 - 

TOTAL 11213 71 - - 

 

On Felix variety the 

nodule number before flowering 

period was 90.50, being 12.11% 

higher than on Onix variety 

(Table 4). 

 

 
 Table 4 

The influence of factor variety on soybean nodulation before flowering period 

  
Variant Nodules 

number 

% Difference  

 

Significance 

Felix 90.50 112.11 9.78 *** 

Onix 80.72 100.00 - - 

 DL(0,1%)                                                 4.29 

 

Organic fertilizer (gulee) 

significantly influence the 

formation of nodules on 

soybeans before blooming 

period, its number being incresed 

from 72.61 on the varinat 

unfertilized to 95 on the variant 

fertilized with 15 t / ha gulee 

(Table 5). 

  

 DL(p1%)                                                                 3.20 

 Dl (P5%)                                                                2.36  
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Variant 

( t/ha ) gulee 

Nodules 

number 

% Difference  

 

Significance 

G0 72.61 100.0 0.00 - 

G5 84.00 115.7 11.39 *** 

G10 90.83 125.1 18.22 *** 

G15 95.00 130.8 22.39 *** 

                       Dl (P5%)                                                                              4.13    

  DL(p1%)                                                             5.66  

  DL(0,1%)                                                             7.71 

 

Phosphorus fertilizers 

stimulates the formation of 

nodules, their number being 

increased with 15.8% at the dose 

of 100 kg / ha phosphorus, etc. 

(Table 6). 

 

 
Table 6 

The influence of mineral fertilizer (phosphorus) on soybean nodulation 

before blooming period 

 
Variant 

kg/ha 

phosphorus,  

etc. 

Nodules 

number 

% Difference Significance 

P0 79.96 100.0 +0.00 - 

P50 84.25 105.4 +4.29 - 

P100 92.63 115.8 +12.67 ** 

                           Dl (P5%)                                                  5.08   

                           DL(p1%)                                                                        8.41  

 

  

Table 5 

The influence of organic fertilizer (gulee) on soybean nodulation before 

blooming period 

DL(0,1%)                                                 15.75 
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The number of nodules 

increases from the beginning to 

the end of its flowering period, 

but not very significantly fron 

statistical point of view. Analysis 

of variance (Table 7) show that 

the factor variety has the highest 

infleuence on soybean nodule 

number at the end of flowering 

period and that from genetical 

point of view there are 

differences among the varieties 

Felix and Onix. 

 
 Table 7 

Variance analisys regarding soybean nodules number at the end of flowering 

period in polifactorial experience with three experimental factors (3x4x2). 

 
Source of 

variance 

Sum of 

squares 

Liberty 

degrees 

Medium 

square 

F sample 

Factor (P) 433 2 216 9.136 

Gulee (G) 7410 3 2470 68.026 

Variety (S) 18528 1 18528 1435.980 

P x S 1600 6 267 7.342 

Other types of 

interactions 

4364 59 - - 

Error P 95 4 23.68 - 

Error G 654 18 36.31 - 

Error S 310 24 12.90 - 

TOTAL 32335 71 - - 

 

 

Felix variety nodule number at 

the end of flowering period was 

131.78, with an average of 

32.18% compared to Onix 

variety (Table 8). 

 

Table 8 

The influence of the factor variety on soybean nodulation at the end of flowering 

period 

 
Variant Nodules 

number 

% Difference Significance 

Felix 131.78 132.18 32.09 *** 

Onix 99.69 99.69 - - 

 

                            DL(p1%)                                                              2.37

 DL(0,1%)                                                 3.17 

                        Dl  (P5%)                                                 1.74 
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Fertilizer application positively 

influenced soybean nodulation, 

nodules number at the end of 

flowering period increased from 

101.56 to 126.50 (Table 9).

 
 Table 9 

The influence of organic fertilizer (gulee) on soybean nodulation at the end of 

flowering period 

 
Variant Nodules 

number 

% Difference Significance 

G0 101.56 100.0 0.00 - 

G5 110.78 109.1 9.22 *** 

G10 124.11 122.2 22.56 *** 

G15 126.50 124.6 24.95 *** 

                      Dl (P5%)                                                                4.22  

 

Phosphorus fertilizer has 

less influence on nodule number 

at the end of flowering period, 

nodule number being  largest 

with six on the variant fertilized 

with 50 kg phosphorus / ha 

compared to the varinat where no 

phosphorus fertilizer was applied 

(Table 10). 

 

The influence of mineral fertilizer (phosphorus) on soybean nodules at the end of 

flowering period 

  
Variant 

kg/ha 

phosphorus,  

etc. 

Nodules 

number 

% Difference Significance 

P0 112.67 100.0 +0.00 - 

P50 118.67 105.3 +6.00 * 

P100 115.88 102.8 +3.21 - 

                          DL(p1%)                                                                   6.46  

                          DL(0,1%)                                                                 12.10 

 Table 10 

 DL(p1%)                                                                  5.78  

 DL(0,1%)                                                                  7.87 

                      Dl (P5%)                                                                    3.91 
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Between nodule number 

and soybean production capacity 

there is a positive correlation (see 

Figure 1), and very significantly 

at the beginning of flowering 

period (r = 0.614 ***), and 

distinct sifnificant at late 

flowering period (r = 0.461 **). 

 

 
Figure 1. Relationship between production and the number of nodules at 

the beginning and the end of flowering soybean period 

 

 

 

 

Soybean is considered the 

most important leguminous plant 

being cultivated on an area of 73 

286 ha in the year 2013. 

From the three factors 

studied, the greatest influence on 

soybean production has the 

organic fertilizer (gȕlee), 

followed by phosphorus (distinct 

significantly) and the interaction 

between them.  

Between the two varieties 

studied there is a genetic 

variability in terms of nodulation 

so that the number of nodules is 

higher on Felix than Onix. 

The number of nodules 

increases from the beginning to 

the end of its flowering period, 

but not significantly from 

statistical point of view. 
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In the area of Valea Mare village from the north-western part of Bistrița-

Năsăud county, we have determined the floristic compozition and the ecological 

characteristics of one particular semi-natural hay meadow. The study took place 

during the middle of july 2013. We used the Braun-Blanquet method to asses the 

vascular plant compozition. For the floristic relevees we took a surface of 25 m
2
. 

The relevees were placed randomly through the field. A total of 44 vascular 

species were determined. During the processing part of the study we 

characterized the ecological demands of the species with the help of the 

Ellenberg vegetation indices. 

 

characterization, floristic compozition. 

 
INTRODUCTION 

Semi-natural grasslands, 

defined as unfertilized grassland 

formed by land use but colonized 

mainly by wild species, are 

among the most biodiversity-rich 

Compared to other 

community types European 

grasslands have a rich flora and 

they may develop a very high 

small-scale species density 

numbers are found at the tiny 

scale of a few square centimetres 

to one square meter in temperate 

grasslands (Kull and Zobel, 

1991). 

Semi-natural hay 

ecosystems, and are managed for 

conservation purposes in most of 

Europe. Romania has some of 

Europe‘s largest areas of 

grasslands still managed with 

CHARACTERIZATION OF DEALUL MARE SEMI-NATURAL 

(Pärtel et al., 1996). For example, traditional methods (Anna 

ecosystems in Europe (Veen et meadows are among the most 

al. 2009). biodiversity-rich terrestrial 

Agnes BALAZSI , Anamaria CIURE (mar. MALINAȘ)  

Abstract 

  Keywords: semi - natural hay meadow, Rodna mountains, ecological 

the highest vascular plant species Dahlström, et al. 2013). 
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Rodna Mountains, as part 

of the northern group of the 

Eastern Carpathians, represent 

the highest and imposing massive 

this sector of the Romanian 

Carpathians. Geomorphological 

and pedoclimatic diversity of 

these mountains gave rise to a 

great flora richness, which 

attracted the attention of 

botanists, both foreign and 

native, since the late eighteenth – 

century ( Coldea Gh., 1990).

 
MATERIALS AND METHODS 

 

The studies were 

conducted near the village of 

Valea Mare, in the northeastern 

part of the Bistrita - Nasaud 

county (Fig. 1). 

    

 

 

 

 

 

 

 

  

 

 

Figure 1. Experimental area location 

 

The vegetation is 

characterized by the presence of 

both pure beech forests, grouped 

in associations (Symphyto - 

Fagetum, Phyllitidi – Fagetum) 

and (Hieracio round - Luzulo – 

Fagetum) and mixed forests of 

beech and fir (Pulmonario 

rubrae - Abieti - Fagetum) and 

beech with spruce (Leucanthemo 

waldsteinii - Piceio - Fagetum). 

On the cleared hillsides of this 

sublevel, mesophilic 

phytocoenosis from the 

association Festuco rubrae - 

Agrostetum capillaris had 

installed, being the 

predominantly grassland type in 

Gliga A. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              50



 

the mountain meadows in the 

area. ( Coldea Gh., 1990). 

To determine the floristic 

composition of the Dealul Negru 

meadow took a survey that was 

conducted  through five floristic 

surveys using the Braun-

Blanquet method (BRAUN-

Blanquet, 1932) applied to the 

surface of 25 m
2
 per survey, 

using the species form 

established specifically for this 

study. 

For the evaluation of the 

ecological requirements we used 

the Ellenberg vegetation indices 

(H. Ellenberg, 1988).  

Following floristic studies 

we determined 44 species, the  

grassland type is characterized as 

Agrostis capillaris - Festuca 

rubra (A. capillaris - F. rubra) 

which is part of Agrostis 

capillaris - Festuca rubra series, 

specific for the nemoral floor, 

beech forest undergrowth and 

mixed beech and resinous 

(ŢUCRA et al., 1987). In our 

case, the  A. capillaris - F. rubra 

type described in boreal floor at 

altitudes between  904 and 925 

m, with southern exposition and 

general herbaceous vegetation 

coverage is on average 114%. 

Poaceae family makes its 

presence felt in the grassy carpet 

with average participation of 

48.6%. Of Poaceae species that 

has the highest MAD is A. 

capillaris, with 27.5%, with the 

most frequent coverage of 

27.5%, followed by Festuca 

rubra  with a MAD of 19.5% and 

the most frequent value of the 

coverage was 17.5%. Among the 

species of the family Poaceae, 

the first two species mentioned 

are edifying for this type of 

grassland. Common species are 

Anthoxanthum odoratum and 

indicators  are Cynosurus 

cristatus and Phleum pratense. 

There are no accompanying 

species and other species are 

accidental. 

The medium participation 

of Cyperaceae and Juncaceae 

families for this type of grassland 

is very low (0.3%). It meets one 

indicators species, namely Carex 

pallescens. 

Fabaceae family 

participates in the floristic 

composition on average by 

32.7%, reaching a maximum of 

40.5%. Among the species of 

Fabaceae the best participation 

has Trifolium repens (13.75%), 

followed by Trifolium pratense 

(12.5%), other species having a 

lower MAD Edifying species are: 

L. corniculatus, T. pratense and 

T. repens, there indicator species 

and a species is accidental 

(Anthilys vulneraria). 

Plants from other 

botanical families (ABF) are 

present in the A. capillaris - F. 

rubra phytocoenosis type on 

average by 32.7%, with a 

minimum of 17.3% and a 

maximum of 47.25%. Some 

species in this group have a 
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significant MAD, such as 

Alchemilla vulgaris with 14.05%, 

Veronica chamaedrys 7.5% 

followed by Leontodon  hispidum 

with 1.4%. Other species have a 

lower participation, of 0.5%, as 

the following species: Hypericum 

maculatum, Plantago media, 

Rhinanthus minor, Leucantemum 

vulgare, Prunela vulgaris, 

Ranunculus bulbosus Rumex 

acetosa, Stelaria graminea, 

Thymus pulegioides, Symphytium 

officinale. Edifying species of 

this grassland type of plants in 

the group of AFB are: Alchemilla 

vulgaris, Campanula 

rotundifolia, Centaurea 

pseudophrygia, Crepis bienis, 

Hypericum maculatum, 

Leucanthemum vulgare, 

Plantago lanceolata, , 

Ranunculus bulbosus, Rhinantus 

minor, Rumex acetosa, T. 

Pulegioidess si Veronica 

chamaedrys (K = V). Frequent 

species (K = IV) are: Achillea 

millefolium, Euphrasia officinalis 

Leontodon hispidum, Plantago 

media, Prunela vulgaris, Stelaria 

graminea. As indicator species 

were determined the following: 

Euphrasia officinalis, Hieracium 

aurantiacum, Pimpinella 

saxifraga, Polygala vulgaris, 

Viola bicolor, Viola arvensis. 

Indicator species are: Carlina 

acaulis, Crocus vernus, Cuscuta 

europea, and as accidental 

species we determined: 

Bupleurum falcatum, Cerastium 

arvensis, Daucus carota and 

Veratrum album.    

 

The floristic compozition and surveys of Dealul Negru station 

Station Dealul Negru 

       Year  2013 

        Coverage  (%) 115% 122% 124% 109% 101% 

    
Altitude (m) 916 920 925 904 910 

    Survey  S 1 S 2 S 3 S 4 S 5 

    Species list 

     
MAD SI SI*% K 

Poaceae 36.5 47 66.5 46.5 46.5 48.6 

   Agrostis 

capillaris 17.5 27.5 37.5 27.5 27.5 27.5 3 82.5 V 

Anthoxanthum 

odoratum 0.5 0.5 0.5 

 

0.5 0.5 1 0.5 IV 

Briza media 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 V 

Cinosurus 

cristatus 

 

0.5 0.5 0.5 

 

0.5 3 1.5 III 

Dactilis 

 

0.5 

   

0.5 5 2.5 I 

Table 1 
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glomerata 

Festuca rubra  17.5 17.5 27.5 17.5 17.5 19.5 3 58.5 V 

Phleum 

pratense 0.5 

  

0.5 0.5 0.5 5 2.5 III 

Cyperaceae 

andJuncaceae 0.5 0.5 0 0 0.5 0.3 

   Carex 

pallescens 0.5 0.5 

  

0.5 0.5 0 0 III 

Fabaceae 33.75 27.5 40.5 27.5 33.75 32.6 

   Anthyllis 

vulneraria              

  

0.5 

  

0.5 2 1 I 

Lotus 

corniculatus 11.25 5 5 5 5 6.25 3 18.75 V 

Trifolium 

pratense 17.5 5 17.5 5 17.5 12.5 4 50 V 

Trifolium 

repens 5 17.5 17.5 17.5 11.25 13.75 4 55 V 

ABF 43.75 47.25 17.3 34.55 20.55 32.68 

   Achillea 

millefolium 0.5 

 

0.5 0.5 0.5 0.5 0 0 IV 

Aegopodium 

podagaria 

 

0.5 

   

0.5 0 0 I 

Alchemilla 

vulgaris 17.5 27.5 2.75 17.5 5 14.05 0 0 V 

Bupleurum 

falcatum 

   

0.5 

 

0.5 0 0 I 

Carlina acaulis 

   

0.5 0.5 0.5 0 0 II 

Campanula 

rotundifolia 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Centaurea 

pseudophrygia           0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Cerastium 

arvensis        

   

0.05 

 

0.05 0 0 I 

Crepis bienis 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Crocus vernus 0.5 

  

0.5 

 

0.5 0 0 II 

Cuscuta 

europea 

  

0.05 

 

0.05 0.05 0 0 II 

Daucus carota 0.5 

    

0.5 2 1 I 

Euphrasia 

officinalis 0.5 

 

0.5 0.5 

 

0.5 0 0 III 

Hieracium 

aurantiacum 

 

0.5 

 

0.5 0.5 0.5 0 0 III 

Hypericum 

maculatum          0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Leontodon 

hispidum 5 0.5 0.5 0.5 0.5 1.4 1 1.4 V 
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The phytocoenosis type 

A. capillaris - F. rubra comprises 

30 heliophytes species, followed 

by six meso-heliophytes species 

and other categories have a 

smaller number of species. 

Leucanthemum 

vulgare  0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Pimpinella 

saxifraga 

  

0.5 0.5 0.5 0.5 1 0.5 III 

Plantago 

lanceolata 0.5 0.5 0.5 0.5 0.5 0.5 2 1 V 

Plantago media 

 

0.5 0.5 0.5 0.5 0.5 2 1 IV 

Polygala 

vulgaris                0.5 

  

0.5 0.5 0.5 0 0 III 

Prunella 

vulgaris 0.5 

 

0.5 0.5 0.5 0.5 0 0 IV 

Ranunculus 

bulbosus 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Rhinanthus 

minor 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Rumex acetosa 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Symphytum 

officinale 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 V 

Stellaria 

graminea 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Thymus 

pulegioides 0.5 0.5 0.5 0.5 0.5 0.5 0 0 V 

Veratrum 

album 

  

0.5 

  

0.5 0 0 I 

Veronica 

chamaedrys 11.25 11.25 5 5 5 7.5 0 0 V 

Viola bicolor 0.5 0.5 

 

0.5 

 

0.5 0 0 III 

Viola arvensis 0.5 

   

0.5 0.5 0 0 III 

Species 

number  31 29 31 34 33 31.6 

   

Gliga A. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              54



 

 

 

Regarding the 

requirement of plants to 

temperature, we found that 32 

species are eurytherm, four 

species mesotherm and  tree 

species microtherm. 
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Figure 1. Light index 

Figure 2. Temperature index 
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In the grassy carpet of 

this type are present 23 species 

mesoxerophiles, 11 species 

euryecious and five species of 

mesophytes. 

 

 

According to the 

requirement of plants to soil 

reaction, it is found that 23 

species are euriacidofile, seven 

moderate acidophilous, four 

lightly- acidophilous tree 

neutrophilous and two lightly 

alkaliphile

. 
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Figure 4. pH index 
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As regards to the 

requirement to nitrogen supply, 

we find that 9 species are 

medium nitrophilous, 13 

moderate nitrophilous, 12 

nitrophobic, 6 eurynitrophilous 

and  3 nitrophilous.  

 

 

 
CONCLUSIONS 

The Agrostis capillaris – 

Festuca  rubra  grassland type 

has an average grass cover of 

114%, and within this 

phytocoenosis we determined 44 

species.  

 After the evaluation of 

the agronomic characteristics we 

calculated the pastoral value, 

witch comprised 60 points, the 

evaluation value is 60. This told 

us that this hay meadow belongs 

to the fifth category, and it can 

support 1,01 – 1,2 UVM/ha. 

 From the ecological point 

of view the Dealul Negru hay 

meadow  has an heliophyl 

tendency regarding the light 

requirements, a eurytherm 

caracter, a mesoxerophile 

preference towards the moisture 

index, the plants demand for the 

soil‘s reaction have a wide range 

of tolerance as for the nitrogen 

content in the soil they are 

medium nitrophilous. 
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INFLUENCE OF CLIMATIC CONDITIONS ON THE 

PRODUCTION OF COW MILK IN SUB ALPINE IMPROVED 

PASTURES FROM BUCEGI 

 

*Research – Development Institute for Grassland, Braşov 

             **National Institute of Meteorology, Bucureşti   

 

Research for improvement of Nardus stricta L. degraded grasslands from  

sub-alpine level were carried  out  in 1995 at 1800 m altitude in Bucegi Plateau. 

The average annual temperature at Sinaia Station (1380 m) for the period 1996 - 

2012 was 4.4 
0
C and in the grazing season (June to August) was 13.4 

0
C.  The 

mean annual rainfall reached the 1054 mm and during grazing season was 353 

mm. A negative correlation, statistically assured at 5% between milk production 

and mean annual temperature (r = - 0.59 *), the average annual peak (r = - 57 

*) and average annual minima (r = - 52 * ) was established.  There is a positive 

linear correlation with 1% between the dry matter yield (DM), which was on the 

average of 5.05 t / ha and milk production with reached on the average 3.875 L / 

ha in 85 grazing days. 

 
 Keywords: Nardus stricta improvement, mountain climate, grassland 

productivity, statistical correlation 

 
INTRODUCTION  

 

  
In the last two decades, 

grasslands in the high mountains 

of Romania have been 

increasingly valued more by 

dairy cows, replacing traditional 

sheep grazing, which were 

adapted to harsh climatic 

conditions (Marușca et al., 2010).  

After improving by various 

known methods (fertilizer, 

calcium ammonium nitrate, 

reseeding, etc..) , production of 

Nardus stricta degraded 

grasslands enhances 3-5 times, as 

well as forage quality 

(Barbulescu, Motca, 1983). 

Utilization of improved pastures 

in the high mountains is strongly 

influenced by climatic 

conditions, issues that we present 

in this paper. 

  

  

MOCANU V.*, HAS C.E*.

Abstract 
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To know the efficiency 

conversion of Nardus stricta 

improved grasslands and the 

influence of the climate 

conditions on cow milk yield, in 

1995, an experience with dairy 

cows in Bucegi Mountains was 

placed. 

The experimental field has been 

located at 1800 m altitude in the 

sub-alpine mountain pine (Pinus 

mugo) on degraded pasture, 

invaded by Nardus stricta 

species for more than 60% in the 

grassy carpet. 

The experimental variants were 

as follows: 

1. Pasture improved by chemical 

fertilization (N150P50K50 kg / ha 3 

years 1996-1998) and organic 

fertilized by paddocking system 

with one dairy cow / 6 m2 / 5 

nights, in 2004 and 2010; 

2. Pasture limed with 7 t / ha 

CaO, fertilized chemically 

fertilized by paddocking system, 

with dairy cows in 2003 and 

2009; 

3. Reseeded pasture, limed and 

fertilized chemically identical to 

var. 2, followed by organic 

fertilizing by paddocking system 

with cows in 2002 and 2008. 

All experimental plots had 0.75 

hectare and were grazed by dairy 

cows, Schwyz breed (Brown of 

Maramures), adapted to harsh 

mountain conditions, with a 

proper health situation and a 

uniform milk production (12-14 

l/livestock unit), being excluded 

the first calving cows and the old 

ones.  

Grazing system was free 

(continuous), with a  stocking 

rate  of 4 livestock units (LU) per 

hectare (3 cows/plot) and a 

medium grazing season of 85 

days. 

In assessment the averages of 

three improving alternatives with 

their dry matter  yields(DM) and 

the cow milk production that 

were reported to the climatic 

temperature and rainfall, 

recorded at the nearest 

meteorological station in Sinaia - 

Bucegi (1380 m alt.). 

 

  

  

identical with var. 1 and organic conditions , especially air 

MATERIALS AND METHODS 
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In the 17 years of 

experimentation (1996-2012), the 

climate conditions are highly 

diversified (Table 1.). The annual 

temperature average was 2.9 
0
C, 

in 1996 and 5.6 
0
C, in 

2012.During the grazing season 

(June to August), the coldest year 

was 1997 and the warmest 

season was 2012. 

Generally, minimum 

temperatures were recorded 

during 1996 - 1997 and 

maximum 2012. Regarding the 

amount of annual rainfall, the 

richest year 2005 was 1,628 mm 

and most poor 2000 with 622.4 

mm. 

In most grazing season 

precipitation were recorded in 

2010 and the fewest in 2000. The 

average production of DM, over 

the 17 years, was 5.05 tons per 

hectare and the milk 3.875 L / ha 

with an average intake of 1.3 kg 

DM 1 L milk (Table 2.). The 

most productive year was 1996 

both DM yield and milk 

production and the worst was in 

2000, when, in grazing season, 

there was less precipitation (183 

mm) and across the year

.

RESULTS AND DISCUSSIONS 
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Table 1                                                                                                      
Air temperature and rainfall Station Sinaia - Bucegi (1360 m alt.) 

Nr. 

 

Year Annual 
average 
temperature, 
 

 
 

 
0

C 

Average 
temperature on 
grazing season, 

 

 
 (Jun.-
Aug.) 
 

 
0

C 

Maximal 
temperature, 
Annual 
average, 
 

 
0

C 

Maximal 
temperature, 
Average 
temperature 
on grazing 
season, 
(Jun.-Aug.) 
 

 
0

C 

Minimum 
temperatures 
Annual 
average, 
 

 
0

C 

Minimum 
temperatures 
Average 
temperature 
on grazing 
season 
(Jun.-Aug.) 
  
0

C 

Annual 
rainfall 
amount , 
  
mm 

Rainfall 
amount . 
on grazing 
season 
(Jun.-Aug.) 
 

 
mm 

Repartition 
in the 
grazing 
season, from 
June to 
August, 
 
% 

1 1996 2,9 11,9 7,1 16,7 -0,3 8,3 806,7 238,1 30 

2 1997 3,1 11,5 7,4 15,5 -0,4 8,4 1016,0 489,0 48 

3 1998 3,8 13,2 8,3 18,4 0,4 9,4 970,3 271,2 27 

4 1999 4,5 13,5 9,1 18,5 1,3 10,2 852,6 307,1 36 

5 2000 4,9 13,6 9,9 19,2 1,3 9,3 622,4 183,0 29 

6 2001 4,4 13,1 8,8 18,0 0,9 9,6 1046,4 417,0 40 

7 2002 5,0 13,2 9,5 17,9 1,7 10,2 733,0 329,7 45 

8 2003 4,1 14,0 8,8 18,9 0,8 10,5 828,7 233,8 28 

9 2004 4,1 12,4 8,7 17,4 0,8 9,2 1046,3 301,2 29 

10 2005 3,6 12,1 8,3 17,1 0,3 8,7 1628,0 219,2 13 

11 2006 4,3 12,7 9,4 18,2 1,0 9,3 1128,8 545,5 48 

12 2007 5,4 15,1 10,2 20,7 2,0 11,0 1208,6 432,7 36 

13 2008 5,0 13,7 9,5 18,5 1,7 10,3 1149,9 313,6 27 

14 2009 4,9 13,6 9,7 19,0 1,6 9,7 1406,2 585,4 42 

15 2010 4,7 14,3 9,4 19,8 1,5 10,5 1573,2 592,4 38 

16 2011 4,5 13,5 9,8 19,4 1,1 9,7 789,3 331,2 42 

17 2012 5,6 16,3 11,0 22,4 2,0 12,2 1108,2 215,4 19 

MEDIA 4,4 13,4 9,1 18,6 1,1 9,8 1054,0 353,0 33 
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Table 2 

Production of dry matter (DM) and its conversion into cow milk  

on improved sub alpine pastures 

                                                                                                                                          

Nr. 
 

Year Medium dry 

matter yield  

,DM t/ha 

Medium milk production 

, 

L / ha 

DM intake, 

for 1 L milk 

kG DM /1liter 

1 1996 7,77 5.630 1,38 

2 1997 5,61 5.307 1,05 

3 1998 4,19 4.100 1,02 

4 1999 4,11 4.316 0,95 

5 2000 2,02 1.945 1,04 

6 2001 4,46 2.407 1,85 

7 2002 2,89 2.104 1,37 

8 2003 7,38 4.005 1,84 

9 2004 7,51 5.084 1,48 

10 2005 6,37 3.688 1,73 

11 2006 3,72 3.853 0,97 

12 2007 4,90 4.246 1,15 

13 2008 4,51 3.961 1,13 

14 2009 5,16 4.085 1,26 

15 2010 4,03 4.318 0,93 

16 2011 5,80 3.825 1,51 

17 2012 5,88 3.001 1,95 

Media 5,05 3.875 1,30 

 

Regarding the conversion, the 

best results were in year when 

have recorded  the most rainfall 

in  grazing season on 2010, with 

0.93 kg DM / 1 L milk and the 

weakest were obtained in the 

warmest year, 2012, with 1.95 kg 

DM / 1 L milk. 

Further clarifications of some 

statistical indices to climatic 

conditions, milk and DM 

production and their coefficients 

of variation are presented  

(Table 3) 
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Table 3 

Indicators on climatic conditions and sub alpine improved grassland productivity during  1996-2012, Blana-Bucegi 

                                                                                                                                                 

Specifications UM Average Minimum Maximum Deviation 
Coef. of 

variation(%) 

Average annual air temperature 
0
C 4,4 2,9 5,6 0,75 17,0 

The average temperature in  grazing 

season (VI-VIII) 
0
C 

13,4 11,5 16,3 1,17 8,7 

Maximum temperature, annual 

average 
0
C 

9,1 7,1 11,0 0,98 10,7 

Maximum temperatures, average per 

grazing season  
0
C 

18,6 15,5 22,4 1,57 8,5 

Minimum temperatures, annual 

average 
0
C 

1,0 -0,4 2,0 0,777 69,4 

Minimum temperature, average 

grazing season 
0
C 

9,8 8,3 12,2 0,98 10,0 

The amount of annual precipitation mm 1053,8 622,4 1628,0 283,41 26,9 

Grazing season rainfall amount (VI-

VIII) mm 
353,3 183,0 592,4 133,35 37,7 

Dry matter yield (DM) t/ha 5,1 2,0 7,8 1,60 31,6 

Cow milk production L/ha 3875,0 1945,0 5630,0 1032,53 26,6 

Conversion  KgDM / 

1L milk 
1,3 0,9 1,9 0,35 26,3 
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Results of statistical calculations 

revealed a coefficient of variation 

lower than 10% for air 

temperature in grazing season 

and  the average maxima and 

minima in the same season, that 

influence decisively the DM and 

milk production.  

The correlation coefficients (r) 

between climatic conditions and 

productivity of grasslands have 

been negative with an insurance 

statistics of 5% (r = - 0.59 * 0.52 

*) due to the effect of high 

temperatures on 

evapotranspiration, DM and milk 

production (Table 4.).  

This trend is more clearly 

expressed by means of graphs are 

shown in Fig.1. 
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average annual temperature, b) annual maximum temperature, c) annual 

minimum temperature 
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Figure 1 . The relationship of temperature and milk production; a) The 
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Regarding production of DM and 

the milk, after statistical processing 

for 17 experimental years resulted 

positive linear relationship (r = 0.63 

**) provided at 1% (Fig.2.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the above it has resulted 

that during the grazing season the 

wettest and coldest in the 

Carpathians are more favourable 

for the production of cow milk as 

well as in the Alps and Pyrenees 

(Jouglet, Bornard, Dubost, 1992).  

For future, to elucidate the 

effects of climatic conditions on 

grassland productivity, advanced 

studies and investigations carried 

out in experimental fields of long 

period are needed.  

 

CONCLUSIONS 

At  BCPM  Blana-

Bucegi,in long-term experiments 

(1995-2012) on grazing 

utilization of  Nardus stricta 

subalpine pasture by dairy cows, 

situated at 1800 m altitude, 

improved  by various known 

methods as: fertilizer, liming and 

reseeding , in 17-year period, 

were obtained average of 5.05 t / 

ha DM and 3.875 L / ha milk, 

consumption of 1.3 kg DM /milk 

milk = 1816.6435+407.5004*x; 0.95 Conf.Int.
r = 0,63**
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Figure 2. The relationship between the production of milk and dry matter 
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litter, during of 85 days of 

grazing (June 12 to September 5) 

and a stocking rate of 4 LU / ha. 

Climatic conditions, 

especially air temperature, 

influenced greatly the cow milk 

production, achieving a 

coefficient of variation (CV) 

lower than 10% for average of air 

temperature in grazing season 

and the average maxima and 

minima in the same season, CV 

middle ( 10-20%) for mean of 

annual temperature and mean of  

annual maxima and CV (˃ 20%) 

higher for the remaining 

parameters taken into account. 

Statistical analysis 

revealed a negative correlation 

ensured at the level of 5% 

between milk production and 

temperature caused by the 

negative effect of high 

temperatures on 

evapotranspiration, on the 

production of DM and thus milk 

production made exclusively by 

converting the pasture grass, with 

no added concentrates in the 

ration. 

From data processing 

results a correlation of 1% 

between DM and milk 

production, respectively with a 

proper DM increasing the milk 

production is higher on grazing 

season. 

As result of initiation and 

carrying out the complex 

research on permanent grasslands 

for a long period, regarding the 

relationship climate - soil - plant 

- animal - animal product, we can 

meet current requirements and 

numerous problems related to the 

future grassland sciences and 

technics. 
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Legumes have the ability to form symbiotic interactions with soil bacteria, 

which convert atmospheric nitrogen into ammonia when compounds are 

exchanged between the bacteroid and its plant host. This study was initiated to 

isolate and characterize indigenous rhizobia from red clover and alfalfa and to 

evaluate the symbiotic characteristics between the crop and rhizobia. The 

purpose of this study was to become familiar with legumes in the field, examine 

their nodules, isolate rhizobia from nodules and preserve the isolates. A total of 

four rhizobial strains were isolated from two varieties of red clover and two from 

alfalfa. We recorded nodule number, size, shape, color and plant growth. 

Cultural and physiological characteristic of the strains were analyzed on Yeast 

Extract Mannitol Agar with Congo red (YEMA) medium. The result of the study 

showed the presence of diversity in morphological, physiological and symbiotic 

properties among the rhizobial strains. We observed difference in nodule 

number, size and shoot height and great variation in nodule color within and 

among the varieties taken into study. Nodulation status was good on red clover 

varieties and moderate to poor on alfalfa. Weak symbiotic properties observed 

during isolation and nodulation status survey might partly be responsible for 

yield variation. 

 

 

INTRODUCTION 

 

The Leguminosae constitute 

one of the largest and most 

widely distributed families of 

flowering plants, occupying 

habitats ranging from rain forests 

to arid zones throughout the 

world (Barnet and Catt, 1991). 

Red clover (Trifolium pretense 

L.) is one of the most cultivated 

forage legumes in the world and 

although red clover has a 

Mediterranean origin, it is a 
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cosmopolitan species adapted to 

many edaphic–climatic 

conditions (Barreto Dias et. al., 

2008). Alfalfa or lucerne is a 

highly valued legume forage, 

extensively cultivated in warm 

temperate and cool subtropical 

regions. It has been heralded as 

having the highest feeding value 

of all commonly grown hay 

crops, producing more protein 

per ha than any other crop for 

livestock (Duke, 1983). Alfalfa 

and red clover are grown over 

extensive areas as forage crops 

for grazing or as dry hay, and 

they furnish not only high quality 

protein but also a variety of 

biologically active molecules 

such as vitamins, minerals and 

other nutrients (Gauri et. al., 

2011). Red clover and alfalfa are 

considerable ecological and 

economic significant, due in part 

to their ability to form nitrogen-

fixing symbioses with bacteria 

from the Rhizobiaceae (Barnet 

and Catt, 1991).  

This symbiotic relationship 

is crucial for the nitrogen cycle, 

and understanding symbiotic 

mechanisms is a scientific 

challenge with direct applications 

in agronomy and plant 

development (Resendis-Antonio 

et. al., 2007). Legume plants can 

grow perfectly well without 

nodules if there is plenty of 

nitrogen in the soil, in a pasture, 

however, legume seedlings in 

competition with grass will soon 

fail and die if they do not become 

nodulated with a rhizobial strain 

effective in fixing nitrogen. Also, 

the main purpose of having 

legumes in the sward is lost if 

they are not fixing nitrogen 

(Greenwood and Pankhurst, 

1977). Symbiotic nitrogen 

fixation in plants occurs in root 

nodules of legumes and non-

legumes (Prévost and Antoun, 

2007). This process of symbiotic 

N2 fixation is the major naturally 

occurring mechanism by which 

nitrogen is reduced and the 

ecological and agricultural 

importance of this process has 

been a significant incentive to 

study this plant-microbe relation 

(Franssen et. al., 1992). Although 

symbiotic nitrogen fixation by 

legumes is generally the 

dominant source of nitrogen 

input in soil for imparting 

fertility but also avoid soil 

stresses, such as temperature, 

acidity and salinity which pose a 

severe yield constraint in 

obtaining plant growth and 

development (Gauri et. al., 

2011). 

The bacteria Rhizobium is 

one of the most studied 

symbiotic nitrogen-fixing 

bacteria because it nodulates 

legumes, which are 

environmentally significant in 

soil N fertility management of 

cultivated lands (Prévost and 

Antoun, 2007). Among plant-

microbe interactions the 

Monica Niste et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              70



 

 

 

Rhizobium-legume symbiosis 

forms a unique system since this 

interaction results in the 

formation of a highly organized 

structure that can be considered a 

new plant organ, whereas most 

other plant-microbe interactions 

result in structures with a much 

lower level of organization 

(Franssen et. al., 1992). 

Soil bacteria of the genera 

Rhizobium, Azorhizobium and 

Bradyrhizobium (collectively 

referred to as rhizobia) are 

involved in interaction with 

leguminous plants to form N2-

fixing nodules. Rhizobia are 

gram-negative bacteria that form 

nodules on legumes. (Chabot et. 

al., 1996). Specificity genes 

determine which Rhizobium 

strain infects which legume. 

Even if a strain is able to infect a 

legume, the nodules formed may 

not be able to fix nitrogen (Yang 

et. al., 2010). The initial 

interaction between the host plant 

and free-living rhizobia is the 

release of a variety of chemicals 

by the root cells into the soil. The 

whole nodulation process is 

regulated by highly complex 

chemical communications 

between the plant and the 

bacteria (Gage Daniel, 2004). 

This reflects the need to 

study the nodulation and growth 

of red clover and alfalfa to 

realize the role of rhizobia. This 

experiment was initiated with the 

aim of studying morphological 

and physiological characteristics 

of the indigenous rhizobia, and 

their effect on nodulation and 

growth of the red clover and 

alfalfa. 

Examples of methods that 

are most commonly used for the 

isolation and characterization of 

rhizobial populations from 

nodules and for the evaluation of 

symbiotic nitrogen fixation will 

be described to enable a scientist 

with little experience obtain 

reliable results.  

 
MATERIALS AND METHODS 

 

Soil Sampling 

From Apahida (Cluj) were 

collected twenty (20) soil 

samples. Samples were collected 

from farmer‘s field in which red 

clover and alfalfa has been grown 

with no history of inoculation 

with rhizobia. About 5-7 kg of 

soil/vegetation pots was 

randomly taken using bags from 

a depth of 0-30 cm from the 

surface of 5 spots of each 

sampling site. They were mixed, 

sub-sampled and transported to 

the laboratory for nodulation test, 

but first we analyzed the soil 

following the methodology 

recommended by the ICPA 

(1981, 1987) at the Laboratory of 
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soil plant analysis within the 

discipline of Agrochemistry, 

University of Agricultural 

Sciences and Veterinary 

Medicine Cluj-Napoca.

 

The effect of rhizobia on nodulation and growth of red clover and 

alfalfa 

In the experiments 

performed were isolated four 

bacterial strains belonging to the 

genus Rhizobium and 

Sinorhizobium and host plants 

belonging to the family 

Fabaceae, in the case of red 

clover (two varieties Select 2 and 

Rotrif) and alfalfa (also with two 

varieties Mihaela and Mădălina). 

The seeds were briefly surface 

sterilized by soaking in a chlorine 

solution 70% and 30% sterile 

water with an exposure for 10 

minutes, followed by five rinses 

with sterile distilled water 

repeatedly carried out under 

aseptic conditions. Seed were 

sown in vegetation pots in five 

repetitions for each variety. The 

pots were watered every three 

days for 40 days and the 

measurements were performed at 

different periods of times. After 

that the plants were extract from 

the pots gently we remove the 

soil from the roots carefully to 

not harm the secondary roots 

because the nodules can grow 

even there. Fresh nodules were 

collected and we investigate the 

number and the color of the 

nodules from each pot.

  

Rhizobia isolation 

After collecting the nodules 

from the roots they were 

transferred in plastic bags in 

laboratory for study. First the 

nodules were washed and then 

they were surface sterilized in 20 

ml of sodium hypochlorite 

solution (commercial product 

Domestos) for five minutes. In 

order to remove the disinfectant 

action, the nodules were washed 

with sterile water, this procedure 

was repeated 3 times. Fresh 

sterilized nodules were 

transferred into sterilized petri 

dishes and crushed with a sterile 

forceps in 1 ml of sterile water. 

The extract from nodules was 

streaked on the Yeast Extract 

Mannitol Agar with Congo red 

(YEMA) medium containing: 

K2HP04 – 0.5 g, NaCl – 0.1 g, 

MgS04 x 7 H2O - 0.2 g, CaC03 - 3 

g, mannitol - 10 g, yeast extract – 

0.2 g, Congo red – 2.5 ml (1% 

w/v), agar - 12 g. The pH 

medium was adjusted to 7 and 

incubated at 28°C for three days. 

After the colonies grown on 

medium we picked and purified 

single colonies by repeated 

plating on YEMA plates. 
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Authentication of the strains 
Presumptive test for rhizobia 

was conducted before 

authentication according to 

Somasegran and Hoben (1994). 

All the strains were tested for their 

gram reaction, growth on YEMA, 

selected strains was authenticated 

as root nodulating bacteria by re-

inoculating them on the host as 

described by Somasegran and 

Hoben (1994) in glasshouse. 

Each seedling was inoculated 

with 1 ml of each isolate with an 

inoculum size of 10
9
cells/ml 

(Somasegaran and Hoben, 1994). 

Inoculation of the seed is not the 

only method of introducing 

rhizobia into a soil, it is the 

method almost always used. It 

has the advantage that the 

rhizobia are well placed just 

above where the roots of the 

young seedlings will develop, 

and thus they do not have to 

move far through the soil to form 

the first nodules. Seed surface is 

not a natural habitat for rhizobia 

and they will tend to die once 

they are inoculated on to seed. 

Their rate of dying depends on a 

number of factors (Greenwood 

and Pankhurst, 1977). 

 

Characterization of the strains 
All of the selected strains 

were characterized by their 

morphological and physiological 

features. All tests were carried out 

in triplicates on YEMA and 

incubated at 28°C. Bacterial 

strains were subjected to 

different cultural characterization 

(shape, texture, colour, size) and 

Gram staining was performed. 
Results were recorded after 5 days.  

 

 

The pH resulting from soil 

tests performed has a value of 

7.1, and according to ICPA, 

(1981); Rusu et. al., (2005) cited 

by Mărghitaş et al., (2011) is a 

class of neutral reaction. Humus 

content (H%) has a limit of 3.16, 

and after Vintilă et al., (1984) 

cited by Mărghitaş et. al., (2011) 

in soils with medium to fine 

texture this mean is in a middle 

level. Nitrogen index registered 

a value of 2.90 and N soil supply 

after IN (ICPA, 1981) is medium. 

The content of K-mobile is very 

good having limit > 400 ppm. 

The content of phosphorus (P) 

cell is also very good (> 100 

ppm). CCa content is 

approximately 0.29, which means 

the supply of calcium carbonate 

is small. 

Rhizobial isolates were 

obtained from all sampling pots 

RESULTS AND DISCUSSIONS  
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used in this experiment. All 

isolates obtained had the 

characteristics of rhizobia: gram-

negative, includes bacilli that are 

rod-shaped to pleomorphic, did 

not absorb Congo red in the dark, 

forming random colonies. We 

measured the height of the plants 

in greenhouse at different periods 

of times (Figure 1).

  

 
Figure 1. The evolution of red clover and alfalfa varieties growing in 

vegetation pots 

 

In the early stage of the 

plants the measurement varied 

every two days but there were no 

differences for any species. 

Subsequent measurements were 

made every five days and the 

differences between species were 

still not significant. However 

alfalfa variety Mihaela recorded 

the best growth compared with 

Mădălina variety which had the 

weakest growth. 

Also our study shows 

variation among red clover and 

alfalfa nodules in terms of nodule 

number, and shoots height of the 

varieties taken into study (Figure 

2; Figure 3).  

 
Figure 2. Frequency histogram of the number of nodules/plant 
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From the total number of 

plants examined 22.50% were in 

the range of 6.25-23.75 nodule 

numbers, while the highest 

percentage of plants (42.50%) of 

the entire sample are in the range 

of 23.75-41.25%. A large number 

of nodules were found in a small 

number of plants from analyzed 

sample. Frequency curve 

indicates an expected value of the 

nodules numbers placed in the 

range of 35.0-41.25 nodules.  

 

 
Figure 3. Frequency histogram of shoot height (cm) 

 

Regarding the shoot height, 

it can be observed from the 

figure 3 that the highest percent 

of plants (32.50%) recorded 

dimensions between 49.12 - 

61.37 cm. The lowest percent of 

plants, 12.50% was seen at the 

98.00 cm class center followed 

15% of the plants analyzed 

recorded in two of the class 

centers (40.00 cm and 73.50 cm). 

Frequency curve indicates the 

expected normal value of the 

shoot height which is placed in 

the range of 61.37 – 73.62 height. 

Nodulation status was rated 

as good (˃ 50, all pink) at Select 

2 and Rotrif varieties, moderate 

(˂50 nodule most pink but there 

was some white nodules also) at 

Mihaela and Mădălina varieties 

(Figure 4; Figure 5).
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Figure 4. Samples of good nodulation from red clover varieties 

 

 
Figure 5. Samples of moderate nodulation from alfalfa varieties 

 

The result of rhizobial 

strains isolated from red clover 

and alfalfa indicates that there 

was a variation in nodule 

number, size, shape and color. 

Similarity was observed between 

on red clover varieties and alfalfa 

which were characterized as 

moderate nodulation. Studies 

indicate that variation in 

nodulation could due to low 

rhizobial density, incompatibility 

of the rhizobia and edaphic factors 

that hinder the effectiveness of the 

rhizobia (Workalemahu 

Alemayehu, 2009). 
Poor nodulation at alfalfa 

varieties may indicate that the soil 

is not very suitable for this type of 

plants. Yield reduction can be 

improved through inoculation of 

adaptable effective rhizobia which 

improve nodulation and yield. 

Therefore, field inoculation trail, 

survey on environmental factors 

responsible for poor nodulation 

and count on number of 

indigenous rhizobial populations 

are recommended for further 

exploitation of biological nitrogen 

fixation (Workalemahu 

Alemayehu, 2009). Strains of 

rhizobia are commonly added 

annually to agricultural soils 

around the world to provide a 

source of fixed nitrogen through 

their symbiotic association with 

the host legume. After a 

population of rhizobia has been 

established in a soil, added 
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inoculant rhizobia are unable to 

compete with the persistent, 

indigenous rhizobia for nodule 

formation (Kamicker and Brill, 

1985).  

Rhizobial strains isolated 

from host plant were distinct 

based on their cultural 

characteristics. All of them 

induced colonies on the host 

plant. The shape of the colonies 

was conical with a smooth 

margin, the color and texture was 

watery to translucent. The size of 

the colonies varied from 3 mm to 

4 mm, but in crowded plates 

colonies remained smaller. Our 

strains fall into fast growing 

rhizobia based on acid production 

and large growth with production 

of copious exopolysaccharide 

(Jordan, 1984).  

 
CONCLUSIONS  

 

The result of this study 

showed that was a variation in 

morphological and physiological 

characteristics between the strains 

isolated. The rhizobial isolation 

indicated that there was wide 

variation in nodule number, size, 

nodule color and shoot height. 

Similarly, regarding nodule 

number was observed between red 

clover varieties, and alfalfa 

varieties were characterized as 

medium to poor. Poor nodulation 

might indicate that it could be due 

to low rhizobial density, 

incompatibility of the rhizobia and 

edaphic factors.  
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In Europe, and in the whole word, more and more farmers reduce soil 

tillage and chemicals. The goal is to save money, time and machinery costs, but 

also to preserve and improve soil productive capacity and biodiversity. The 

already existing system of income combinations has to be enhanced and different 

types of farm co-operations have to be forced to reduce costs and work load.  

 

 
INTRODUCTION 

 

Low-input farming 

systems can be seen as resource-

conserving, socially supportive, 

commercially competitive and 

environmentally sound 

production systems in 

agriculture. There is a set of 

different low-input farming 

systems elements available, 

which have to be chosen and 

combined according to the 

specific situation on farm. On-

farm nutrient balance assessment 

is a valuable tool for identifying 

efficiency of nutrient use in the 

soil-plant-animal system as well 

as detecting the potential for 

pollution of the environment. 

Farm gate balances can be used 

as an indicator for Codes of 

Good Agricultural Practice in 

Europe, but input/output 

parameters have to be 

standardized and acceptable 

surpluses need to be regionally 

validated (Poetsch, 2007).

 

 

 

I. ROTAR, PĂCURAR F., Roxana VIDICAN , Anca 

Abstract 

Keywords: biodiversity, management, conservation, low-input farming system 

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              79



 

 

 

Low-input farming systems’ context 

 

The recent changes in 

the European agricultural policy 

aimed at greatly encouraging 

low-input oriented agriculture 

represent a new challenge for 

Mediterranean agriculture. 

Mediterranean farming systems 

based on the integration of 

grasslands and other forage 

resources represent a really good 

perspective for the general 

expectations placed on 

agriculture for quality and for 

reducing the impact on the 

environment (Porqueddu, 2007). 

This entails the development of 

more complex farming systems; 

in fact the management of several 

combined forage sources implies 

the organization in time and 

space both of crops and animals. 

There is great scope to develop 

flexible farming systems in 

which crops (cereals, annual 

forage crops) and legume-based 

pastures are adequately balanced 

in order to lower the production 

costs, maintain output levels and 

decrease environmental impacts 

(Porqueddu, 2007). Moreover, 

there are high research needs on 

the complex interactions between 

livestock, grasslands and 

environment in Mediterranean 

regions under rainfed conditions. 

The preservation and 

modernization of the traditional 

Mediterranean low input farming 

systems based on the utilization 

of diversified natural forage 

resources, also through the 

valorization of the products (i.e. 

organic farming systems, quality 

of products, PDO, etc.) seems 

important (Porqueddu, 2007). 

Human activity has 

contributed to creating and 

maintaining a variety of semi-

natural habitats but high input 

farming systems have had a 

profound impact on nature 

conservation value and landscape 

integrity throughout much of 

Europe. In areas where intensive 

livestock production is practiced 

a great loss of fauna and flora has 

been registered. The effects of 

inorganic fertilizers purchased 

feed, application of slurry and 

pesticides and herbicides, 

removal of hedges and ditches, 

drainage work and a higher 

stocking rate have exerted high 

negative impact on the agro-

ecosystem (Hopkins and Holz, 

2005).

 

About low-input farming system management 

 

Due to the global 

situation, we need to develop 

high efficiency farming systems. 

Today, farmers have technical, 

agronomic and ecological tools 

to solve their problems (such as 
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machinery, plants, rotation 

management, chemicals…). 

However, the solution will not 

come with the development of a 

specific tool but with the capacity 

of each farmer to organize those 

tools to fit their own system. 

Conservation Agriculture seems 

to be a sustainable way to 

succeed provided farmers have 

access to the information and the 

knowledge (Porqueddu, 2007). 

The oligotrophic 

grasslands were formed from 

human interference in natural 

ecosystems, deforestation and 

forest fires and are used by 

grazing and mowing (Partel et al. 

2005). Secondary grasslands are 

of particular importance in the 

cultural landscape mountain 

(Rotar and Carlier 2005; Vîntu, 

2002). Grasslands in our country, 

extending over a vast ecological 

area are used in different ways, 

namely by grazing, mowing or 

mixed (Bărbulescu and Motcă, 

1983). 

These natural grassland 

ecosystems are very rare in the 

European Union, but in our 

country are still quite common in 

mountain areas. Keeping these 

grasslands is related to grassland 

management, which locals 

willfully or unwillingly, practice 

in the mountainous areas, 

especially in the Apuseni 

Mountains (Păcurar, 2011). 

It takes strong efforts to 

maintain grassland and dairy 

farming in less favoured areas 

and to keep the landscape open 

(Poetsch, 2007). Different 

strategies have to be considered 

and adapted to the special 

conditions and requirements. In 

some regions there will also be 

productive but non-agricultural 

land management systems with 

an alternative use of grassland 

biomass. Grassland could be the 

basis of a green refinery 

providing energy, isolation and 

insulation material, lactic and 

amino acids, enzymes or even 

secondary metabolites for special 

usage. Another strategy to keep 

the landscape open will be non-

productive and non-agricultural 

land management via cutting or 

mulching without any use of the 

biomass (Poetsch, 2007). 

Within the European 

Union, concerns about 

biodiversity have already led to 

deliberate attempts to develop 

less intensive sward management 

systems that achieve aesthetic, 

amenity and other outcomes. 

Grazing is very important for 

maintaining a high number 

species in the sward 

(Papanastasis, 1998). If 

biodiversity is to be achieved as a 

result of extensification, it must 

be a specific and integrated 

objective, as extreme forms of 

extensification may lead to loss 

of biodiversity. The number of 

species and especially of 

legumes, increase in organic 
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grasslands, but it seems more 

difficult to increase the presence 

of protected, rare or endangered 

species (Hopkins and Pinto, 

1998). However, it is possible to 

observe little or no differences in 

plant diversity between organic 

and extensively managed 

conventional grasslands. 

Botanical diversity of grasslands 

may, however, provide other 

nutritional and medicinal 

advantages for livestock through 

high concentrations of minerals, 

alkaloids and trace elements 

(Hopkins and Pinto, 1998). 

 

Nature conservation and landscape  

 

Many of the most 

valued landscapes and rare 

habitats of Europe is the product 

of low intensive livestock 

production systems. In thousands 

of years very strong relationships 

were established between 

animals and grass- or rangelands 

under traditional extensive 

farming systems (e.g. 

Mediterranean agro-silvo-

pastoral systems). The 

preservation of the traditional 

landscape, its quality and the 

large-scale equilibrium at the 

territorial level are of great 

importance. From a structural 

point of view, the landscape is 

dynamic puzzles made by 

different inter related elements, 

characterized by flows of matter, 

energy and organisms, resulting 

from the site-specific human 

activities (Porqueddu, 2007). 

Among various landscape 

elements the ratio of grasslands, 

both natural and uncultivated 

areas, are a fundamental part of 

people gratification. Moreover, 

low input farming systems based 

on permanent pastures and 

rangelands close to woody areas 

and firebreaks management 

trough over sowing and grazing 

reduce wildfire risk in 

Mediterranean regions (Etienne, 

1996; Caredda et al, 2002). 

 

Aesthetics and recreation 

 

Grassland-base farming 

systems, are highly attractive for 

informal recreation activities 

such as picnicking and rambling. 

Land use diversification 

contributes to biodiversity and 

favours the integration of 

pastoral farming within the 

whole national economies. From 

this point of view the existence 

of a variety of vegetation types 

favours the Mediterranean Basin 

countries compared to other areas 

of Europe. Agro-tourism, eco-

tourism and hunting activity are 

strictly linked with grassland-
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based farming systems. Several 

Mediterranean mountainous 

areas, most summer pastures, are 

crossed by signaled pathways 

and some are utilized as ski-lanes 

during winter (Porqueddu, 2007). 

 

Water and soil protection 

 

Soil under grassland is 

physically stable and coherent. 

The permanent crop cover 

decreases the risk of surface 

losses while high earthworm 

activity and the continuity of 

coarse porosity have hydrological 

benefits, enhancing infiltration. 

Organic matter contents in 

grassland soils are higher than in 

comparable soils of arable fields. 

Soil aggregate stability under 

permanent grassland tends to be 

high, especially with moderate 

use of organic fertilizer. 

Grasslands can be considered as 

a prevention system against 

natural disasters, particularly in 

uplands. A number of 

comparative studies have shown 

that the N surplus, and hence the 

potential for nitrate leaching, is 

lower in legume-based systems, 

than in intensively fertilized 

grassland. As know from field 

and lysimeter trials, leaching 

losses under permanent extensive 

grasslands are low and 

groundwater quality is therefore 

high (Porqueddu et al., 1997). 

Promising results were also 

obtained by using perennial and 

annual self-reseeding species as 

green manure, living mulch and 

cover crops on arable land 

(Nieddu et al., 2000).  

 

CO2-sequestration 

  

The large amount of 

land covered by grasslands as 

well as its relatively unexplored 

potential for carbon (C) storage 

has increased interest in relation 

to the greenhouse effect. To stop 

CO2 concentration rise in the 

atmosphere, countries are 

actively seeking ways to increase 

the carbon (C) storage capacity 

of land. Although it is difficult to 

give an accurate estimate of the 

total amount of C stored by 

grasslands, mainly related to the 

estimated area of grasslands in 

the world, their fundamental role 

is clear. Grasslands store 

approximately 34% of the global 

stock of carbon in terrestrial 

ecosystems (most of it in the soil 

rather than in the vegetation) 

while forests store approximately 

39% and agro-ecosystems 

approximately 17% (WRS, 

2002). Compared with forests, 

oxygen production from 
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agricultural land is higher, due to 

the use of usually more 

productive sites and their better 

management.  

 

Cultural heritage 

 

The existing extensive 

grassland-based farming systems 

in Southern Europe are the end 

product of complex socio-

cultural processes, linked with 

local history and tradition 

(Porqueddu, 2007). Even 

biodiversity has been 

predominantly considered as a 

biological concept, although it is 

possible to link it with cultural 

and social diversity. Pastures 

have gained a renewed 

importance due to the diversities 

of knowledge, languages and 

traditions of pastoral people that 

have been recognized as part of 

the general diversity. In 

Mediterranean areas the long and 

short transhumance, in its 

specific role, was the traditional 

response to unpredictable pasture 

productivity in time and space 

(Porqueddu, 2007). Nowadays 

transhumance is seen as a relic of 

the past, but in many 

mountainous and hilly areas of 

Europe traditional short 

transhumance for summer alpine 

pasture utilization has survived 

and seems a reasonable land 

management tool (Porqueddu, 

2007).These historic 

management systems have an 

important role in the utilisation 

of marginal resources and the 

maintenance of rural populations 

in unfavoured areas. Public 

support and valorisation of this 

kind of low input farming 

systems located on upland, in 

relation to typical mountain 

breeds of sheep and cows that 

give each mountain product (e.g. 

milk, cheese) their own character 

and label, would provide the best 

protection for these old farming 

systems. All these traditional 

systems contribute tremendously 

to food security, agricultural 

biodiversity and the world‘s 

natural and cultural heritage 

(Porqueddu, 2007). 

Mitigation measures that 

support sustainable development 

are likely to be viewed positively 

in terms of public perception, but 

a large‐scale drive towards 

mitigation without inclusion of 

key stakeholder communities 

involved would likely not be 

greeted favourably (Smith and 

Wollenberg, 2012). 

The farmers themselves 

must improve their efforts for a 

sustainable management at least 

by following all relevant laws, 

guidelines and regulations for 

production to advance their 

image (Viaux, 2007).
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CONCLUSIONS 

 

In future strong efforts 

have to be made to inform the 

public about the multifunctional 

role of agriculture for the whole 

society. The awareness and 

sensibility of consumers should 

be increased to improve 

sympathy for this endangered 

economic sector and to raise the 

acceptance for support.
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This paper aims to track the behavior of a complex mixture consisting of 

Trifolium pratense (10%), Medicago sativa (30%), Lolium perenne (10%), 

Festulolium (25%), Phleum pratense (15%) and Dactylis glomerata (10%) under 

the influence of mineral fertilization in the climatic conditions specific Plateau of 

Transylvania, Romania. Experience was installed in the spring of 2012 after the 

subdivided parcels method in 8 variants in 4 repetitions, each plot having size of 

50 m
2
 (10l X 5 L). The mixture was sown on 2 densities namely 12.5 cm and 25 

cm distances between rows. Variants were fertilized in early March with complex 

NPK and ammonium nitrate (33.3%) in four different doses: V1 control variant, 

unfertilized, V2- N50P60K80, V3- N75P60K80, V4- N100P60K80. The experimental 

parcels were mowed 3 times / year. In order to fulfill the purpose of the present 

study, results on green mass production, dry matter yield and the evolution of 

floristic composition of the mixture recorded in 2013 are presented. The species 

from the mixture had a good reaction to mineral fertilizer. The results registered 

helped us to recommend the most suitable mixture (in terms of sown-density and 

fertilization regime) for the soil-climatic conditions specific to the area taken in 

study. 

 

 
INTRODUCTION 

 

The most important link 

in establishing sown grassland is 

to establish the structure of sown 

grassland flora, which makes: 

I. ROTAR, Roxana VIDICAN , PĂCURAR F , Anamaria 

CIURE (MARR. MĂLINAŞ) , GLIGA A. , Agnes BALASZI  

Abstract 

Keywords: mixture, behavior, reaction, species, fertilization.  

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              87



 

density and uniformity of culture, 

achieving an optimal ratio 

between the component species 

(especially between grasses and 

(meadow, pasture, mixed-use), a 

balanced energy-protein ratio of 

the feed, the duration of use. For 

the establishment of sown 

grassland in general forage 

mixtures are preferred compared 

to monocultures. This type of 

culture has an important role in 

preventing soil erosion and N 

also helps in weeds control and 

ensures greater longevity of the 

culture. The advantages of 

complex mixtures compared to 

monoculture are due to species-

example of this is the interaction 

between species, whether or not 

able to fix nitrogen was shown to 

be materialized in significant 

2011). 

Alfalfa (Medicago sativa 

L.) is the main forage crop in 

Romania (Maria Schitea, 2010). 

Vast spread of alfalfa in the 

Mediterranean is particularly due 

to its high capacity to adapt to 

arid climate, its high yield and 

high nutritional quality 

Unlike alfalfa clover is strongly 

influenced by humidity who 

sketched productivity. This is 

mainly due to the root system, 

which on clover is less developed 

  

This paper aims to track 

the behavior of a complex 

mixture consisting of Trifolium 

pratense (10%), Medicago sativa 

(30%), Lolium perenne (10%), 

Festulolium (25%), Phleum 

pratense (15%) and Dactylis 

glomerata (10%) under the 

influence of mineral fertilization 

in the climatic conditions specific 

Plateau of Transylvania, 

Romania. Experience was 

installed in the spring of 2012 in 

experimental fields located inside 

the Agricultural Research and 

Development Station Turda. 

Experimental area is 

characterized by an average 

annual temperature (2013) 10.4
0
 

C and average annual rainfall of 

523.2 mm. Soil type is faeoziom 

vertic clay. 

The experience has been 

installed after the subdivided 

parcels method in 8 variants in 4 

repetitions, each plot having size 

of 50 m
2
 (10l X 5 L). The 

mixture was sown on 2 densities 

namely 12.5 cm and 25 cm 

distances between rows. Variants 

specific niches complementarity (Varga et al., 1998).  

(Hoekstra et al., 2013). A good 

legumes), exploitation mode increases in yield (Nyfeler et al., 

mineral fertilizer conservation. It (Annicchiarico et al. 2013). 

MATERIALS AND METHODS 
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were fertilized in early March 

with complex NPK and 

ammonium nitrate (33.3%) in 

four different doses: V1 control 

variant, unfertilized, V2- 

N50P60K80, V3- N75P60K80, V4- 

N100P60K80. The experimental 

parcels were mowed 3 times / 

year. The recorded data were 

statistically processed using 

Polifact program.    In order to 

fulfill the purpose of the present 

study,  results on green mass 

production, dry matter yield and 

the evolution of floristic 

composition of the mixture 

recorded in 2013 are presented. 

 
RESULTS AN DISSCUSIONS  

 

 Results on green mass and dry matter production recorded from the 

variants sown at 12.5 cm distance between rows 

 

The complex mixture 

consisting in Trifolium pratense 

(10%), Medicago sativa (30%), 

Lolium perenne (10%), 

Festulolium (25%), Phleum 

pratense (15%) and Dactylis 

glomerata (10%) had a good 

reaction to mineral fertilization 

with N50P60K80 (Table 1). At this 

graduation the maximum yield 

increse was recorded, both for 

the production of green mass 

(143.1%) and for the production 

of dry matter (152.8%). In which 

concerns green mass production 

the mixture studied recorded 

values between 27.61 t green 

green / ha (control variant, V1) 

and 39.50 t green mass/ ha (V2-

fertilized with N50P60K80). It 

seems that the intensive 

fertilization regime hasn‘t a 

positive effect on the production 

of green mass which decreases 

from 39.50 t green mass/ ha (V2-

fertilized with N50P60K80) to 

34.90 t green mass/ ha (V4-

fertilized with N100P60K80). 

Dry matter production 

follows, as expected the path of 

green mass production. Values of 

dry matter production between 

8.96 t DM / ha (control variant 

V1) and 13.69 t DM / ha (V2-

fertilized with N50P60K80) were 

recorded. Increasing the dose of 

fertilizer above this value result 

in lower dry matter production up 

to 11.60 t DM / ha (V4-fertilized 

with N100P60K80). 

  

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              89



 

Table 1 

The influence of mineral fertilization on green mass and dry matter 

production on the variants sown on 12.5 cm distance between rows 
 
 

Fertilization 

graduations 

Production 

[t/ha] 

Percent Difference Significance 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

V1- 0 kg/ha 27,61 8,96        100,0 100,0 0,00          0,00 Mt. Mt. 

V2- 

N50P60K80 

39,50        13,69        143,1     152,8      11,89          4,73          *** *** 

V3- 

N75P60K80 

35,83        12,68        129,8      141,5      8,22          3,72          *** *** 

V4- 

N100P60K80 

34,90        11,60        126,4      129,5      7,29          2,64          *** *** 

                        *
DL(p5%)0,00           DL(p1%)0,00                                   DL (p 0.1%) 0,00 

                                **
DL (p 5%)0,69      DL (p 1%)1,00                                 DL (p 0.1%) 1,47 

 

 Results on green mass and dry matter production recorded on 

variants sown on 25 cm distance between rows  

 

Alike the variants sown 

on 12.5 cm between rows, the 

maximum yield increase from the 

variants sown at 25 cm distance 

between rows (141.47% on green 

mass production and 123% on 

dry matter production) was 

recorded on the variant fertilized 

with N50P60K80 (Table 2). 

Green mass production 

ranged between 24.45 t green 

mass / ha and 34.59 t green mass 

/ ha. Increasing the dose of 

fertilizer leads to lower crop up 

to 31.44 t green mass / ha (V3-

fertilized with N75P60K80). 

Dry matter production 

recorded values between 8.78 t 

DM / ha on control variant V1 

and 10.80 t DM / ha on the 

variant fertilized with N50P60K80. 

Intensification of fertilization 

regime results in reduced dry 

matter production up to 10.39 t 

DM / ha (V3-fertilized with 

N75P60K80). 

  

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              90



 

 

Table 2 

the variants sown on 25 cm distance between rows 
 
Fertilization 

graduations 

Production 

[t/ha] 

Percent Difference Significance 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

*
Green 

mass 

**
DM 

V1- 0 kg/ha 24,45         8,78         100,0      100,0 0,00          0,00 

 

Mt. Mt. 

V2- 

N50P60K80 

34,59        10,80        141,47    123,0 10,14          2,02          

 

*** *** 

V3- 

N75P60K80 

31,44         10,39         128,58 118,33 6,99          1,61 

 

*** *** 

V4- 

N100P60K80 

33,84         10,47         138,40 119,24 9,39 1,69          *** *** 

    * 
DL (p 5%) 0,00                 DL (p 1%) 0,00                                DL (p 0.1%) 0,00      

         

**
 DL (p 5%) 0,01                      DL (p 1%) 0,01                                       DL (p 0.1%) 0,01 

 

 

 

Analysis of green mass 

and dry matter production (Table 

3) highlights the superiority of 

variants seeded at 12.5 cm 

density, which recorded the 

highest values of green mass and 

dry matter production (on all 

fertilization graduations). Also 

can be observed that the highest 

yield was registered on the 

variants fertilized with 

N50P60K80 , both variants 

seeded 12. 5 cm density (where 

we have 39.50 t green mass / ha 

and 12.68 t DM / ha) and on 

variants seeded at 25 cm density 

(where we have 34.59 t green 

mass / ha and 10.80 t DM/ ha). 

 

 

  

The influence of mineral fertilization on green mass and dry matter production on 
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  Table 3  

  

Table 3 

Interactions Sown Density- Fertilization 

 
Symbol Variant % Difference Significance  

Fertilization Sown 

density 

*Green 

mass 

**DM *Green 

mass 

**DM *Green 

mass 

**DM *Green 

mass 

**DM 

V1- 0 kg/ha 

 

D0-average 26,03 8,87        100,0      100,0      0,00          0,00          Mt. Mt. 

12.5 27,61 8,96         88,8     90,7     -3,49          -0,92           000 - 

25 24,45  8,78         78,6     88,8     6,65        1,1           *** * 

V2- N50P60K80 D0- average 37,04        11,74       100,0      100,0      0,00          0,00          Mt. Mt. 

12.5 39,50        12,68        123,5      118,2      7,52          1,95           *** * 

25 34,59        10,80        108,16    100,65     2,61          0,07         000 0 

V3- N75P60K80 

 

D0- average 33,64        12,04        100,0        100,0      0,00          0,00          Mt. Mt. 

12.5 35,83 13,69        106,5      113,7      2,19          1,65           *** * 

25 31,44 10,39         93,5     86,3     -2,19          -1,65           000 0 

V4- N100P60K80 D0- average 34,37        11,03        100,0      100,0      0,00          0,00          Mt. Mt. 

12.5 34,90        11,60        101,5      105,2      0,53           0,57           ** - 

25 33,84         10,47         98,5     94,8     -0,53           -0,57           00 - 

  *
 DL (p 5%) 0,24                                 DL (p 1%) 0,43                                        DL (p 0.1%) 0,96 

** DL (p 5%) 1,47                                  DL (p 1%) 2,62                                        DL (p 0.1%) 5,63 

 

 Results on floristic composition evolution  

      

Analysing the floristic 

composition of variants seeded at 

12.5 cm distance between rows, 

highlighted alfalfa great ability to 

compete, which dominated the 

mixture. This species occupies 

the highest percentage of 

participation in the grassy carpet 

structure (Figure 1). The highest 

percentage of participation is 

registered on the variant 

fertilized with V3-fertilized 

N75P60K80. This is followed by 

Festulolium which on the variant 
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V4-fertilized with the maximum 

dose of N100P60K80, dominated all 

other species from the mixture. 

Red clover records the highest 

percentage in the grassy carpet 

structure on variant V1, control 

variant, unfertilized. Worst trend 

was followed by timothy. 

    

           

 

 

Similar results are also observed 

on the variants seeded on 25 cm 

distance between rows (Figure 

2). Also in this case alfalfa 

dominates the mixture studied. 

Species ranking remains the 

same, alfalfa being followed by 

Festulolium. Unlike variants 

seeded at 12.5 cm between rows, 

where alfalfa recorded the 

maximum percent of 

participation in the structure of 

the grassy carpet on V3- variant 

fertilized with N75P60K80, on 

variants seeded at 25 cm distance 

between rows, alfalfa recorded 

the highest percentage in variant 

V4-fertilized with N100P60K80, 

and Festulolium on variant V2- 

fertilized with N50P60K80. Red 

clover has a behavior similar to 

that observed on variants seeded 

at 12.5 cm between rows, 

recording the highest percentage 

of participation in sward on 

control variant (V1). However the 

area occupied by this species is 

smaller on the variants sown at 

25 cm between rows, compared 

to those sown at 12.5 cm distance 

between rows. Timothy has a 

relatively flat route, recording the 

lowest percentage of 

participation in the mixture also 
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Figure 1. The influence of mineral fertilization on floristic composition on 
the variants sown on 12.5 cm distance between rows 

V3

Legend  

V1 – control variant, unfertilized; 

V2 – variant fertilized with N50P60K80; 

V3– variant fertilized with N75P60K80; 

V4– variant fertilized with N100P60K80. 

  



 

on the variants seeded at 25 cm 

distance between rows. Clover 

and timothy reaction can be 

explained by the fact that 

moisture requirements of these 

species were not insured, because 

the year 2013 was a relatively 

dry year (underrepresented 

rainfall associated with high 

temperatures). Cocksfoot and 

timothy share the same feed 

space.

 

 

Analysing the mixture 

formed by Trifolium pratense 

(10%), Medicago sativa (30%), 

Lolium perenne (10%), 

Festulolium (25%), Phleum 

pratense (15%) and Dactylis 

glomerata (10%) emphasize 

positive interactions that occur 

between species. Legumes 

(alfalfa and clover) are 

complementary to other species 

in the mixture to which they 

brings an additional contribution 

of symbiotic fixed N (expressed 

both in the production of green 

mass and at the level of dry 

matter). Thus it can be seen that 

the highest average production of 

green mass and dry matter are 

registered on the variant V4, 

where the proportion of all 

grasses grow to the detriment of 

legumes.  
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Medicago sativa
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Dactylis glomerata

Legend  

 V1 – control variant, unfertilized; 

V2 – variant fertilized with N50P60K80; 

V3– variant fertilized with N75P60K80; 

V4– variant fertilized with N100P60K80. 
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CONCLUSIONS 

anamaria
Typewritten text
Figure 2. The influence of mineral fertilization on the variants sown on 25 cm distance between rows 



 

Floristic composition 

which underlined the fact that 

clover has a weaker capacity of 

competition compared to alfalfa, 

being strongly influenced by soil 

moisture. 

The results obtained 

recommends that the mixture 

studied should be sown 12.5 cm 

distance between rows, sown-

density where maximum values 

were recorded both in which 

concerns green mass and dry 

matter production (at all 

fertilization graduations).  

Species in the mixture had the 

best reaction when they were 

50 60 80

highlights alfalfa‘s dominance to 

the other species from the 

mixture. From the data registered 

it seems that the intensification of 

fertilization regime has a positive 

influence on Festulolium. 

Phleum pratense recorded the 

lowest percentage of 

participation in the mixture 

studied on all experimental 

variants, aspect relied also by 

other research developed up to 

this moment, considering the low 

rainfall that characterized 2013. 
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VARIATION IN MAGNESIUM CONTENT OF Medicago sativa L. 
 

* *

 
*
University of Agricultural Sciences and Veterinary Medicine, Iaşi 

 

 

 The research conducted during March-October 2011, on the Ezăreni 

farm, has sought the influence of innoculation, fertilization and plant growth stage 

at harvest on the magnesium (Mg) content at the alfalfa crop (Medicago sativa L.) 

in the second year after sowing, first cut. Factor A - inoculation with two 

graduations (a1 without seed inoculation, a2 with seed innoculation); factor B - 

fertilization with four graduations (b1 -unfertilized, b2 -N50P50, b3 -N75P50, b4 -30 

t/ha manure); factor C - plant growth stage at harvest with six graduations: early 

bud (c1), mid bud (c2), late bud (c3); early bloom (c4), 10% bloom (c5) and full 

bloom (c6). The results showed that each of the three studied factors had a 

different impact on the Mg content in the plants. From the analysis of the 

influence of seed inoculation on the Mg content in alfalfa it was observed that 

this factor had not a significant influence. In fact, the differences were as small 

as 0.01 g·kg
-1

 DM or there was no difference. On Mg content in alfalfa plants, 

fertilization has not caused the recording of differences in the variant fertilized 

with N50P50. When fertilized with N75P50 differences were negative, insignificant, 

of 0.02 g·kg
-1

 DM, and variant fertilized with 30 t·ha
-1

 manure, the difference 

0.19 g·kg
-1

 DM was highly significant. The influence of harvest time on Mg 

content in the entire alfalfa plant, leaves or stems showed that as plants are 

aging, the concentration of this element decreases. 

 

Keywords: leaves, stems, innoculation, fertilization, harvesting growth stage 
 

INTRODUCTION 
 

Productivity and quality of 

alfalfa forage crop depends on a 

number of factors, including 

climatic conditions, genetic 

potential of the variety used, 

cultivation technology, seed 

inoculation, fertilization and 

harvesting time, all with great 

significance. Just like any other 

crop, the ability to control growth 

factors which influences the 

quality of alfalfa, will be found 

in the volume and quality of 

output yield. 

Of all the factors involved in 

determining alfalfa productivity 

and feed quality, harvesting time 

is the decisive factor. Plant 

growth stage at harvest 

influences both the production 

and the quality of this forage 

crop (Rimi F. et al, 2010). 

In the nutrition process of plant 

species, magnesium plays an 

101      
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important role, along with N, P, 

K, S and Ca. Magnesium is a 

representing about 10-15% of 

total Mg in the plant. Unlike 

calcium, magnesium has the 

largest concentrations in young 

growing tissues, and seeds, 

where phosphorus is also found. 

It is found in the phytin in the 

core layer of the cell membrane 

in the form of pectate in 

carotenoids and pigments. 

 In plant metabolism processes, 

the physiological role of 

magnesium is multiple: 

participating in the process of 

photosynthesis, by activating the 

process of phosphorylation, with 

the formation of the 

adenozintrifosforic (ATP) acid, 

processes underlying absorption 

and conversion of solar energy to 

plant; it plays an important role 

in the synthesis, transport and 

degeneration of carbohydrates 

and nitrogen metabolism (Rusu 

In the organism of animals, 

minerals play an 

plastic/structural function - they 

are included in the skeleton, 

some internal fluids (blood, 

lymph), animal products (milk, 

eggs, wool, fetuses) - and a 

functional role - ensuring bone 

strength, maintaining osmotic 

pressure, maintaining acid-base 

balance, activating enzymes 

Magnesium, together with Ca 

and P, is part of bone structure, 

half of the total amount of Mg is 

found in bones, and is also found 

in the liver and muscles. 

In ruminants, deficiency of this 

element is manifested by grass 

tetany (hypomagnesemia), with 

pigs by weight loss, weakness of 

legs, tetany (Șara A., 2007). 

 

 

The research was conducted in 

2011 (March-October), on the 

Ezăreni farm (47°05'-47°10' 

North latitude and 27°28'-

27°33' East longitude), farm 

belonging to the University of 

Agricultural Sciences and 

Veterinary Medicine Iaşi. The 

soil from the region is a cambic 

chernozem characterized by the 

indicators presented in table 1.  

  

component of chlorophyll, M. et al, 2005). 

MATERIALS AND METHODS 
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Table 1  

Physico-chemical characteristics of the soil on Ezareni Farm 

 

Horizon 
Clay 

(<0.002) 
pH 

Humus 

(%) 

N 

total 

(%) 

Nitrogen 

index  

IN 

P-Al 

(ppm) 

K 

mobile 

(ppm) 

Ca 

exch. 

(me) 

Ap 0-20 cm 41.8 6.68 2.24 0.178 2,19 26.00 242 15.21 

Atp 20-28 cm 38.8 6.78 2.40 0.149 2,35 10.43 178 15.38 

 

The research was focused on the 

influence of innoculation, 

fertilization and plant growth 

stage at harvest onto the 

magnesium (Mg) content at the 

alfalfa crop (Medicago sativa L.) 

in the second year after sowing, 

first cut. The experimental design 

was a trifactorial split plot design 

2x4x6, arranged as subdivided 

plots in three replicates. The plot 

harvested area was 10 sq. Meters 

(2m x 5m).  

The factors that were studied 

were: factor A - innoculation 

with two graduations (a1 - 

without seed innoculation, a2 with 

seed innoculation); factor B - 

fertilization with four graduations 

(b1 - unfertilized, b2 -N50P50, b3 -

N75P50, b4 - 30 t·ha
-1

 manure); 

factor C - plant growth stage at 

harvest with six graduations early 

bud (c1), mid bud (c2), late bud 

(c3); early bloom (c4), 10% bloom 

(c5) and full bloom (c6) (Ball 

S.T., 1998; Mueller S.C. and 

Teuber L.R., 2007).  

The leaf/shoot ratio was 

determined by separating the 

petiole, lamina, buds and flowers 

from the shoot, weighing them 

separately and calculating the 

ratio by weight. The forage yield 

was determined by weighing 

green plants harvested from an 

area of 10 sq m. The dry matter 

content was determined by drying 

plant samples at a temperature of 

105 ºC for three hours. Leaf and 

shoot yields were calculated 

using the leaf/shoot ratio.  

The magnesium content was 

determined by atomic absorption 

spectrometry. 

The biological material used was 

represented by Sandra alfalfa 

variety (F 660-94) registered in 

2003 to I.N.C.D.A. Fundulea 

(Schitea Maria and Martura T., 

2004. The innoculation of seeds 

was done 1 hour before seeding 

selected strains of Rhizobium 

meliloti Dangeard. The manure 

had the following chemical 

composition: N - 0.445%, P2O5-

0,212% and K2O-0,695%. The 

fertilization was done at the 

seedbed preparation. Harvesting 

was done using the motocultivator 

Bertoloni 411 at a height of 7 cm.  

The results were statisticaly 

analyzed by the analyses of 

variance and limit differences. We 
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also determined the correlation 

equations and the significance of 

the square regression between 

harvesting growth stage and the 

magnesium content of leaves, 

shoots and entire plants and the 

amount of magnesium exported 

by leaves, shoots and entire 

plants. 

 

 

By analyzing the influence of 

interaction between inoculation, 

fertilization and harvesting time 

on magnesium content in alfalfa 

plants, we observed that the 

variant a2b4c1 with inoculated 

seeds, under organic fertilization, 

harvested in early bud stage of 

plants has registered the highest 

Mg content in plants, 3.77 g·kg
-1 

DM, and the lowest 2.01 g·kg
-1

 

DM was recorded at variant 

a2b1c6 with inoculated seeds, 

unfertilized, harvested at full 

flowering stage. Except variants 

a2b4c1 and a1b2c1 where 

differences were without 

significance, all other differences 

were statistically assured, but 

only a1b2c1 and a1b2c1 variants 

had positive differences (Table 

1). 

Each of the three studied factors 

had a different impact on the Mg 

content in the plants. Regarding 

seed inoculation factor, between 

inoculated treatments (a2) and 

zero inoculation (a1), there was a 

negative nonsignificant 

difference of 0.01 g·kg
-1

 DM 

(Figure 1). 
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Table 1 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa plants magnesium content 

 

Indicator 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 3.37 Mt 100 - 3.34 -0.03 99.1 oo 

c2 2.70 -0.67 80.1 ooo 2.68 -0.69 79.5 ooo 

c3 2.64 -0.73 78.3 ooo 2.64 -0.73 78.3 ooo 

c4 2.52 -0.85 74.8 ooo 2.54 -0.83 75.4 ooo 

c5 2.29 -1.08 68.0 ooo 2.28 -1.09 67.7 ooo 

c6 2.02 -1.35 59.9 ooo 2.01 -1.36 59.6 ooo 

b2-

N50P50 

c1 3.38 0.01 100.3  3.34 -0.03 99.1 o 

c2 2.78 -0.59 82.5 ooo 2.74 -0.63 81.3 ooo 

c3 2.61 -0.76 77.4 ooo 2.61 -0.76 77.4 ooo 

c4 2.51 -0.86 74.5 ooo 2.50 -0.87 74.2 ooo 

c5 2.20 -1.17 65.3 ooo 2.20 -1.17 65.3 ooo 

c6 2.06 -1.31 61.1 ooo 2.05 -1.32 60.8 ooo 

b3-

N75P50 

c1 3.35 -0.02 99.4 o 3.36 -0.01 99.7  

c2 2.75 -0.62 81.6 ooo 2.72 -0.65 80.7 ooo 

c3 2.54 -0.83 75.4 ooo 2.53 -0.84 75.1 ooo 

c4 2.46 -0.91 73.0 ooo 2.45 -0.92 72.7 ooo 

c5 2.22 -1.15 65.9 ooo 2.22 -1.15 65.9 ooo 

c6 2.06 -1.31 61.1 ooo 2.06 -1.31 61.1 ooo 

b4- 

30 t·ha
-1

 

manure 

c1 3.66 0.29 108.6 *** 3.67 0.30 108.9 *** 

c2 3.01 -0.36 89.3 ooo 3.02 -0.35 89.6 ooo 

c3 2.76 -0.61 81.9 ooo 2.76 -0.61 81.9 ooo 

c4 2.66 -0.71 78.9 ooo 2.64 -0.73 78.3 ooo 

c5 2.34 -1.03 69.4 ooo 2.35 -1.02 69.7 ooo 

c6 2.19 -1.18 65.0 ooo 2.18 -1.19 64.7 ooo 

LSD 

5% 0.02    0.02    

1% 0.03    0.03    

0.1% 0.04    0.04    

 

 

On Mg content in alfalfa 

plants, fertilization has not 

caused the recording of 

differences in the variant 

fertilized with N50P50. When 

fertilized with N75P50 differences 

were negative, insignificant, of 

0.02 g·kg
-1

 DM, and variant 

fertilized with 30 t·ha
-1

 manure, 

the difference 0.19 g·kg
-1

 DM 

was highly significant (Figure 1). 

Harvesting time was the factor 

that had the greatest influence on 

the Mg content in alfalfa plants. 

The difference between control 

variant, harvested in early bud 
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stage (c1) and the variant with the 

lowest Mg content in plants (c6, 

harvested at full flowering) was 

1.35 g·kg
-1

 DM (Figure 1).

 

 

on the alfalfa plants magnesium content 

 

Results indicate that, in the case 

of interaction between 

fertilization, inoculation and 

harvest age influence on 

magnesium content in alfalfa 

leaves, the differences were 

between -40.6% and +7.7%. At 

the variant a2b4c1 (inoculated 

seeds, fertilized with 30 t·ha
-1

 

manure, harvested in early bud 

stage) was obtained, in plant 

leaves, the highest Mg content of 

4.91 g·kg
-1 

DM, and the lowest 

2.71 g·kg
-1 

DM was recorded in 

variants a1b1c6 without 

inoculation, unfertilized, 

harvested at full bloom and 

a2b1c6 inoculated seeds, 

unfertilized, harvested at full 

bloom (Table 2). 

All differences were statistically 

significant and in the case o 

variants harvested at the early 

bloom stage, fertilized or 

unfertilized, inoculated or not 

inoculated, differences were 

positive.  

As for the influence of 

inoculation on the Mg content of 

the leaves we observed that there 

is no difference between a1 

treatment without inoculation 

(control) and a2 with inoculation 

(Figure 2). 

Analyzing the influence of 

fertilization on magnesium 

content in leaves it was observed 

that the differences obtained 

ranged from 0.07 to 0.26 g·kg
-1

 

DM, all statistically assured 

(Figure 2). 

Analysis on influence of the time 

of harvesting alfalfa on Mg leaf 

content shows that the 

differences obtained were 

negative, ranging from 0.43 to 

Figure 1. Influence of inoculation, fertilization and growt stage at harvest  
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1.92 g·kg
-1

 DM. Highest Mg 

content in the leaves was 4.71 

g·kg
-1

 DM obtained from control 

variant c1, harvested in early bud 

stage and in c6 variant, the 

magnesium content of leaves had 

the lowest value of 2.79 g·kg
-1

 

DM. All differences were highly 

significant (Figure 2). 

 

Table 2 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa leaves magnesium content 

Indicator 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Mg 

content 

(g·kg
-1

 

DM) 

Diff.  

(g·kg
-1

 

DM) 

Diff. 

(%) 
Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 4.56 Mt 100 - 4.59 0.03 100.7 * 

c2 4.17 -0.39 91.4 ooo 4.14 -0.42 90.8 ooo 

c3 3.93 -0.63 86.2 ooo 3.89 -0.67 85.3 ooo 

c4 3.72 -0.84 81.6 ooo 3.71 -0.85 81.4 ooo 

c5 3.13 -1.43 68.6 ooo 3.13 -1.43 68.6 ooo 

c6 2.71 -1.85 59.4 ooo 2.71 -1.85 59.4 ooo 

b2-

N50P50 

c1 4.66 0.10 102.2 *** 4.68 0.12 102.6 *** 

c2 4.26 -0.30 93.4 ooo 4.23 -0.33 92.8 ooo 

c3 4.00 -0.56 87.7 ooo 3.96 -0.60 86.8 ooo 

c4 3.80 -0.76 83.3 ooo 3.79 -0.77 83.1 ooo 

c5 3.19 -1.37 70.0 ooo 3.19 -1.37 70.0 ooo 

c6 2.77 -1.79 60.7 ooo 2.76 -1.80 60.5 ooo 

b3-

N75P50 

c1 4.70 0.14 103.1 *** 4.72 0.16 103.5 *** 

c2 4.29 -0.27 94.1 ooo 4.27 -0.29 93.6 ooo 

c3 4.04 -0.52 88.6 ooo 4.00 -0.56 87.7 ooo 

c4 3.83 -0.73 84.0 ooo 3.82 -0.74 83.8 ooo 

c5 3.22 -1.34 70.6 ooo 3.22 -1.34 70.6 ooo 

c6 2.79 -1.77 61.2 ooo 2.79 -1.77 61.2 ooo 

b4- 

30 t·ha
-1

 

manure 

c1 4.89 0.33 107.2 *** 4.91 0.35 107.7 *** 

c2 4.47 -0.09 98.0 ooo 4.44 -0.12 97.4 ooo 

c3 4.20 -0.36 92.1 ooo 4.16 -0.40 91.2 ooo 

c4 3.99 -0.57 87.5 ooo 3.98 -0.58 87.3 ooo 

c5 3.35 -1.21 73.5 ooo 3.35 -1.21 73.5 ooo 

c6 2.90 -1.66 63.6 ooo 2.90 -1.66 63.6 ooo 

LSD 

5% 0.03    0.03    

1% 0.04    0.04    

0.1% 0.05    0.05    

 

Analyzing the interaction 

between inoculation, fertilization 

and harvesting time on 

magnesium content in stems of 

alfalfa, we observed that the 

differences were between -34.4% 
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and +5.7%. a1b4c1 variant 

(without inoculation, fertilized 

with 30 t·ha
-1

 manure, harvested 

in early bud stage) has obtained 

the highest Mg content in stems, 

of 2.88 g·kg
-1

 DM, and the 

lowest 1.77 g·kg
-1

 DM was 

registered at the variant a2b1c6, 

unfertilized, harvested at full 

bloom. All differences compared 

to the control were statistical 

significant in the case of early 

bud harvesting, fertilized, with or 

without inoculation differences 

were positive (Table 3). 

Seed inoculation prior to sowing 

did not significantly affect the 

Mg content between control 

variant and variant with 

inoculation, as there was no 

difference (Figure 3). 

 

 

on the alfalfa leaves magnesium content 

 

Influence of fertilization on the 

content of Mg in plant stems 

differ between organic and 

mineral fertilization (Figure 3). 

The differences due to this factor 

were significant and distinctly 

significant to all variants 

fertilized with mineral fertilizers 

b2 and b3 (fertilized with N50P50 

and N75P50) and very significant 

for the variant b4 (fertilized with 

30 t·ha
-1

 manure). 

Analyzing the influence of the 

harvesting time on the Mg 

content of plant stems we 

observed that the difference 

between control variant (c1, 

harvested in early bud stage) and 

the variant where it was obtained 

the lowest Mg content in stems 

(c6, harvested at full bloom) was 

0.94 g·kg
-1

 DM. compared with 

control variant c1 (harvested in 

early bud), all the differences 

obtained in the following 

collection periods were negative, 

Figure 2. Influence of inoculation, fertilization and growt stage at harvest  
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very significant (Figure 3). Also 

in the case of magnesium content 

in stems of alfalfa, harvesting 

time was the factor that caused 

the biggest differences. 

Regardless of the influence of 

many factors on the quality of 

alfalfa (cultivar, climatic 

conditions, fertilization, harvest 

time, etc.), the Mg content was 

determined by the nature of plant 

organ. Thus, in alfalfa leaves the 

Mg content is 33% higher than in 

stems. Therefore, the ratio 

leaves/stems is the indicator that 

largely influences the Mg content 

in alfalfa. 

 

Table 3 

Influence of interaction between inoculation, fertilization and growt stage at 

harvest on the alfalfa stems magnesium content 

 

Indicator 

Mg 

content 
(g·kg-1 

DM) 

Diff.  

(g·kg-1 

DM) 

Diff. 
(%) 

Sig. 

Mg 

content 
(g·kg-1 

DM) 

Diff.  

(g·kg-1 

DM) 

Diff. 
(%) 

Sig. 

Variant a1-without innoculation a2-with innoculation 

b1-N0P0 

c1 2.70 Mt 100 - 2.69 -0.01 99.6 o 

c2 2.07 -0.63 76.7 ooo 2.09 -0.61 77.4 ooo 

c3 1.95 -0.75 72.2 ooo 1.95 -0.75 72.2 ooo 

c4 1.89 -0.81 70.0 ooo 1.87 -0.83 69.3 ooo 

c5 1.81 -0.89 67.0 ooo 1.80 -0.90 66.7 ooo 

c6 1.78 -0.92 65.9 ooo 1.77 -0.93 65.6 ooo 

b2-N50P50 

c1 2.72 0.02 100.7 ** 2.71 0.01 100.4 * 

c2 2.09 -0.61 77.4 ooo 2.11 -0.59 78.1 ooo 

c3 1.97 -0.73 73.0 ooo 1.97 -0.73 73.0 ooo 

c4 1.91 -0.79 70.7 ooo 1.88 -0.82 69.6 ooo 

c5 1.82 -0.88 67.4 ooo 1.82 -0.88 67.4 ooo 

c6 1.80 -0.90 66.7 ooo 1.79 -0.91 66.3 ooo 

b3-N75P50 

c1 2.75 0.05 101.9 *** 2.74 0.04 101.5 *** 

c2 2.11 -0.59 78.1 ooo 2.13 -0.57 78.9 ooo 

c3 1.99 -0.71 73.7 ooo 1.99 -0.71 73.7 ooo 

c4 1.93 -0.77 71.5 ooo 1.90 -0.80 70.4 ooo 

c5 1.84 -0.86 68.1 ooo 1.84 -0.86 68.1 ooo 

c6 1.82 -0.88 67.4 ooo 1.81 -0.89 67.0 ooo 

b4- 

30 t·ha-1 

manure 

c1 2.88 0.18 106.7 *** 2.87 0.17 106.3 *** 

c2 2.22 -0.48 82.2 ooo 2.23 -0.47 82.6 ooo 

c3 2.09 -0.61 77.4 ooo 2.09 -0.61 77.4 ooo 

c4 2.02 -0.68 74.8 ooo 2.00 -0.70 74.1 ooo 

c5 1.93 -0.77 71.5 ooo 1.93 -0.77 71.5 ooo 

c6 1.91 -0.79 70.7 ooo 1.90 -0.80 70.4 ooo 

LSD 

5% 0.01    0.01    

1% 0.02    0.02    

0.1% 0.03    0.03    
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From the analysis of the 

influence of seed inoculation on 

the Mg content in alfalfa it was 

observed that this factor had not 

a significant influence. In fact, 

the differences were as small as 

0.01 g·kg
-1

 DM or there was no 

difference. The results confirm 

the research of other authors, 

who studied in conditions similar 

to those present and reached 

similar results (Mauries M., 

1994; Ibriz M. et al., 2004; 

Stancheva I. et al., 2008).  

Fertilization is one of the 

important factors on which the 

production is determined, but 

most importantly the quality of 

feed. 

By analyzing the influence of 

harvest time on Mg content in the 

entire alfalfa plant, leaves or 

stems is visible that as plants are 

aging, the concentration of this 

element decreases. The 

correlation between the advanced 

plant growth stage and the Mg 

content in alfalfa plant, leaves 

and stems is negative, significant 

and distinctly significant (Figure 

3). 

 

 

on the alfalfa stems magnesium content 

Figure 3. Influence of inoculation, fertilization and growt stage at harvest 
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from leaves, stems and whole plant, in the second year of vegetation at the first 

cut 

 

Analyzing the influence of 

harvesting time on the content of 

Mg exported through the 

production obtained it was 

observed that during the early 

bud - end of flowering stage, the 

total magnesium quantity 

exported through stem 

production has a continuous 

growth, with the succession of 

these phenophases, and the case 

of leaves, the largest amount of 

magnesium is exported at the end 

bud stage. Between phenophase 

and the total amount of Mg 

exported through the production 

of stems and leaves there is a 

significant correlation (Figure 4). 

 

 

and the amount of magnesium obtained from leaves, stems and whole plant,  

in the second year of vegetation at the first cut 

Figure 3. Correlations between the growth stage at harvest and magnesium content 

Figure 4. Correlations between the growth stage at harvest 
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CONCLUSIONS 

 

Interaction between inoculation, 

fertilization and harvesting time 

on magnesium content in alfalfa 

plants resulted in statistically 

assured positive differences, but 

with some exceptions. 

Inoculation had no significant 

influence on alfalfa Mg content, 

virtually the differences were 

0.01 g/kg DM or there was no 

difference. 

On Mg content in alfalfa plants, 

fertilization has not caused the 

recording of differences in the 

variant fertilized with N50P50. 

When fertilized with N75P50 

differences were negative, 

insignificant, of 0.02 g·kg
-1

 DM, 

and variant fertilized with 30 

t·ha
-1

 manure, the difference 0.19 

g·kg
-1

 DM was highly 

significant. 

With the advance of vegetation, 

magnesium content in entire 

plants and leaves decreases, the 

correlation between growth stage 

at harvest and content of plant 

and leaves of alfalfa in Mg is 

negative. 

Between growth stage at harvest 

and magnesium quantities 

production exported by leaves 

there is a negative significant 

correlation and for the stems 

there is a positive correlations 

and the amount of magnesium is 

decreasing with early flowering 

stage in whole plant. 
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Abstract 

 

Mycorrhizal fungi, through their close involvement in the processes of 

nutrient transfer between higher plants and high sensitivity minimum to changes 

in management and climate can be used as indicators in forecasting models of 

disturbances in ecosystems. 

The reaction of mycorrhizas to fertilization and fungicide treatments were 

analyzed during 2010 and 2011, in an experiment with different organic, mineral 

and organo-mineral fertilization graduations in the root system of Festuca rubra 

plants. Comparative analysis of interaction year-fertilization-treatment revealed 

the influence of management overlapped on the climatic conditions on 

mycorrhizal colonization progress. High values of colonization parameters are 

ensured by the application of a fungicide treatment over the organic fertilization. 

 
Keywords: mycorrhizal fungi, differentiated fertilization, fungicide treatment, 

disturbances, process modeling. 

 

Modeling the processes 

with disruptive impact on the 

stability of mountain ecosystems 

provide coherent information to 

forecast the incidence of 

disturbances in the current 

climate (Sun et al., 2013). In the 

rhizosphere are distinguished 

mycorrhizal fungi, whose 

simultaneously development with 

higher plants transformed them 

in regulating agents of the 

absorption and transfer of 

nutrients between root systems of 

plants that enter in symbiotic 

associations (Aerts and Honnay, 

2011, Ehrmann and Ritz, 2014). 

The high value of plant 

biodiversity present in natural 

grassland ecosystems is directly 

proportional to the value of 

microbiological biodiversity, 

INTRODUCTION 
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high concentration of 

microorganisms in the 

rhizosphere indicating their 

strong involvement in nutrients 

circuit. Reduced diameter of 

hyphae and large area covered by 

hyphal networks developed in the 

rhizosphere of grassland 

ecosystems, has imprinted to 

mycorrhizal fungi the ability to 

respond quickly even to minimal 

changes in management (Vidican 

et al., 2013). This aspect gives to 

mycorrhizas a particular 

importance as indicators in the 

assessing of imbalances, 

especially in the grassland 

ecosystems. 

Climatic conditions enhances the 

design of applied management on 

the natural grasslands, but the 

impact observed in the plant 

component is much lower than 

on the microbial component and 

disturbances in the ecosystem 

follow the same trend. 

Stimulation of the activity of 

rhizospheric mycoflora through 

balanced fertilization gives to the 

whole set of ecosystem processes 

a progressive character (Peiyu et 

al., 2014), increasing the 

efficiency with which plant 

component use the nutritional 

resources and increasing 

coverage of the dominant 

species. In contrast, inhibition of 

microbial activity may result in 

slowing the progress of dominant 

species and is useful in 

conservation of plant biodiversity 

value by keeping the in canopy 

the species situated at the edge of 

ecological niches. 

 
MATERIALS AND METHODS 

 

Analysis of disturbing 

effect of fertilization on 

mycorrhizal fungi was made 

based on intraradicular 

colonization data (freq – 

Frequency % and int – 

Intensity %) colected in years 

2010 and 2011 (factor A) from 

the experimental field installed in 

the specific microclimate of 

Scărişoara Glacier area, Alba 

County, Romania.  

The experimental design 

included six variants of 

fertilization (F), fertilization 

graduation starting from control 

variant (V1 - unfertilized) and 

completed by 2 variants fertilized 

with 10 t/ha manure (V2) and 10 

t/ha manure + 50 kg N2 (V3), and 

3 variants chemically fertilized 

with NPK 50:25:25 kg/ha (V4), 

Eurofertil mezocalc 120 kg/ha + 

50 kg/ha N2 (V5) and V6 - 

Eurofertil mezocalc 120 kg/ha 

(Stoian, 2011). 

In order to establish the potential 

of inhibition of mycorrhizal 

symbiosis in the dominant 

herbaceous plant roots, for the 

purpose of balance the transfer 

processes in the ecosystem, along 

Stoian V. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              112



 

 

 

with fertilization, for each level 

of fertilization was applied a 

fungicide treatment with Botran 

75 WP (0.07%), management of 

the whole experimental field 

being done by mowing, both the 

variants treated (T2) and the 

untreated (T1). 

Collection of root samples for 

assessing progress of mycorrhizal 

symbionts has been made at the 

maximum of vegetation period, 

corresponding to traditional 

mowing in the experimental area, 

mycorrhizal colonization being 

estimated at Festuca rubra 

plants. 

Both individually and combined 

effect of climatic and 

experimental factors on 

mycorrhizas and differences 

between variants were assessed 

using Statistica software 

(Statsoft, 2012). 

 
RESULTS AND DISCUSSIONS 

 

Effect of experimental 

factors on the colonization 

parameters was assessed as 

significant, both individually and 

combined (table 1.). On the 

intensity with which the roots of 

Festuca rubra plants are 

colonized, both year and applied 

management had great power of 

influence, compared with 

frequency of colonization on 

which only the year and 

fertilization acted significantly. 

The treatment, on the 

colonization frequency, act only 

in combination with other 

factors, enhancing their effect. 

The phenomenon is explained by 

applying ground fertilization, 

which directly affects 

mycorrhizal fungi through 

extraradicular contact, compared 

with fungicide application on 

plant foliar surface, where the 

contact of fungi with substances 

occur at intraradicular level. 
 

Table 1 

Effect of experimental and climatic factors on mycorrhizal colonization 

Freq 
 

Int 

 
F p 

  
F p 

A 172.78 0.000 
 

A 117.13 0.000 

F 64.43 0.000 
 

F 115.593 0.000 

T 0 0.986 
 

T 65.53 0.000 

A*F 4.84 0.001 
 

A*F 20.419 0.000 

A*T 23.87 0.000 
 

A*T 18.395 0.000 

F*T 145.42 0.000 
 

F*T 177.525 0.000 

A*F*T 20.5 0.000 
 

A*F*T 20.231 0.000 
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Climatic conditions have 

amplified the action of 

fertilization and treatment on the 

frequency of mycorrhizal 

colonization, differences 

observed between variants in the 

two years of experimentation 

being statistically assured (fig. 1., 

table 2.). 

 

 
Figure 1. Frequency variations in the experimental conditions of the years 

2010-2011 

 

Mowing in combination 

with differentiated fertilization 

has imposed a linear 

development in all experimental 

variants (fig. 1., table 2.), in the 

two years taken in study, with the 

exception of fertilization based 

on Eurofertil mezocalc (V6). The 

phenomenon is not observed for 

overlapping treatment with 

fungicide over fertilization, the 

only variants that have managed 

to keep the level of colonization 

constantly being the ones 

fertilized with manure (V2 and 

V3). Comparative analysis of 

interaction year-fertilization-

treatment revealed the influence 

of management overlapped on 

the climatic conditions over 

mycorrhizal progress (table 2.). 

In 2010, treatment with fungicide 

acted to achieve a rate of 

colonization by 100% in both 

experimental variants fertilized 

with manure (V2 şi V3) and at 

unfertilized variant (V1). These 

variants showed significant 

differences compared to 

homologous variants in 

experimental conditions of 2011. 

On the whole experiment, 
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comparisons between the values 

of frequency for the same 

variants in both years of the 

experiment (table 2 diagonal.) 

shows very significant 

fluctuation in the majority of 

variants, respectively significant 

variations for NPK fertilization 

(V4) and Eurofertil mezocalc 

(V6), in the absence of treatment 

with fungicide. Reduced values 

of the colonization frequency in 

2011 is due to the amplification 

of disturbing potential of 

experimental factors by the 

climate, the differences between 

the two years being very 

significant (table 2.).

 
 

Table 2 

Impact of interaction year-fertilization-treatment on colonization frequency 

Y

ea

r 
   

2010 

 

F

e

rt 
  

1 2 3 4 5 6 

  

T

re

at 
 

1 2 1 2 1 2 1 2 1 2 1 2 

   

M

ea

n 

57.

56 

100

.00 

100

.00 

100

.00 

71.

11 

100

.00 

90.

00 

67.

78 

94.

44 

65.

56 

83.

33 

93.

33 

2

0

1

1 

1 

1 

45

.5

6 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

2 

65

.5

6 

0.0

29 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.1

25 

p<

0.0

01 

p<

0.0

01 

0.5

36 

p<

0.0

01 

1.0

00 

p<

0.0

01 

p<

0.0

01 

2 

1 

84

.4

4 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.1

25 

p<

0.0

01 

0.0

07 

p<

0.0

01 

0.7

56 

0.0

16 

2 

98

.8

9 

p<

0.0

01 

0.7

56 

0.7

56 

0.7

56 

p<

0.0

01 

0.7

56 

0.0

16 

p<

0.0

01 

0.2

17 

p<

0.0

01 

p<

0.0

01 

0.1

25 

3 

1 

51

.1

1 

0.0

76 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

2 

96

.6

7 

p<

0.0

01 

0.3

53 

0.3

53 

0.3

53 

p<

0.0

01 

0.3

53 

0.0

67 

p<

0.0

01 

0.5

35 

p<

0.0

01 

p<

0.0

01 

0.3

53 

4 

1 

81

.1

1 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.0

07 

p<

0.0

01 

0.0

16 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.5

35 

0.0

01 

2 

44

.4

4 

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 
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5 

1 

91

.1

1 

p<

0.0

01 

0.0

16 

0.0

16 

0.0

16 

p<

0.0

01 

0.0

16 

0.7

56 

p<

0.0

01 

0.3

53 

p<

0.0

01 

0.0

34 

0.5

35 

2 

51

.1

1 

0.0

76 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

6 

1 

92

.2

2 

p<

0.0

01 

0.0

34 

0.0

34 

0.0

34 

p<

0.0

01 

0.0

34 

0.5

36 

p<

0.0

01 

0.5

35 

p<

0.0

01 

0.0

16 

0.7

56 

2 

58

.8

9 

0.7

09 

p<

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.0

01 

p<

0.0

01 

p<

0.0

01 

0.0

16 

p<

0.0

01 

0.0

67 

p<

0.0

01 

p<

0.0

01 

 

 

In contrast to colonization 

frequency, intensity with which 

fungi micorizieni is installed in 

the root system of Festuca rubra 

plants varies less under the 

influence of experimental and 

climatic conditions (fig. 2., table  

 

3.). Mowing the plots under 

differentiated fertilization did not 

create a significant variation in 

intensity, except for the variant 

fertilized with manure (V2), all 

other variables were within the 

linear development trend

.  

Figure 2. Intensity variations in the experimental conditions of the years 

2010-2011 

Stoian V. et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              116



 

 

 

Fungicide treatment stabilizes 

colonization intensity values for 

the variants fertilized with 

manure supplemented with N2 

(V3) and Eurofertil mezocalc 

(V6), the differences between the 

values observed in both 

experimental years are not 

significant (diagonal in Table 3.). 

In a similar way, variants 

containing chemical nitrogen 

fertilizer (V3, V4 and V5), 

mowed and untreated with 

fungicide caused a slight 

variation of the intensity of 

colonization in the two years of 

experimentation.

Table 3. 

Impact of interaction year-fertilization-treatment on colonization intensity 
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9 
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1 
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6 
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11 

1 

1 
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0 
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1 
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1 
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1 
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1 
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1 
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08 
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1 
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02 
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.00

1 

p<0
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1 

p<0

.00

1 

0.0

36 

0.0

02 

0.6

15 

0.1

96 

p<0
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1 

0.0

01 

0.0

36 

0.0

02 

2 

1 
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5 

0.0

05 
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.00

1 

p<0

.00

1 
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1 

0.2

36 

p<0
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1 

p<0
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1 
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46 

p<0
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1 
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26 
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33 
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72 

2 
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20 
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1 
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36 
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1 
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03 
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1 
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1 
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1 
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1 

3 
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6 
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04 
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1 

p<0
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1 
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71 
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1 
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1 
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1 
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1 
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01 
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1 
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73 
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09 
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1 
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97 
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1 
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1 

4 
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1 
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1 
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64 
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39 
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1 
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24 
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48 
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77 
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0.8

9 
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54 
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1 

p<0

.00
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42 
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.00

1 

0.7

53 

0.2
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The highest values of intensity 

were observed in the variants 

treated with fungicide in 2010, in 

the absence of fertilization (V1) 

and fertilized with manure (V2), 

the differences compared with  

 

the other variants are statistically 

assured as very Significant (table 

3.). During 2011, only variant of 

fertilization with manure and 

untreated ensured intensities 

colonization over 20%. 

 
CONCLUSIONS 

 

Experimental factors act 

significantly on the development 

of mycorrhizal colonization, 

amplification of the effect by the 

climatic conditions causing 

disruptions on both colonization 

parameters. 

Mowing of experimental plots 

under differentiated fertilization 

produces strong perturbations on 

the frequency of colonization. 

Fungicide treatment overlapped 

on fertilization alters profoundly 

the intensity and frequency of 

colonization, being impossible to 

establish a gradient of 

mycorrhizal response. 

Organic fertilization in 

conditions of fungicide treatment 

ensures high levels of both 

intensity and frequency of 

colonization. 

Based on mycorrhizas response 

to conditions of differentiated 

fertilization and management 

through mowing, it can be 

identified consistent patterns of 

development of intraradicular 

symbiosis. 
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Protection and preservation of mature ecosystems requires complex 

models with an integrative design, capable to predict the occurrence of 

disturbances and provide solutions for remediation of reduced aggressiveness. 

Microorganisms, in contrast to vegetation, have the ability to respond 

more strongly to the disturbances, both temperature and rainfall having a very 

significant individual influence, enhancing the effect of the management 

elements. 

The treatments with zinc sulfate have the role of stabilizers for the 

colonization, by adjusting the response of fungi to climate and fertilization. 

Combination of fertilization and treatment factors is effective to maintain 

the reaction of symbiotic fungi within the normal range in the climatic conditions 

of the experimental area. 

 

 
INTRODUCTION 

 

Protection and 

preservation of mature 

ecosystems is a large-scale action 

in the current development of a 

balanced society. Changes of 

climatic parameters and shifts in 

the management of areas of high 

biodiversity, often acts to 

produce disturbances and 

deformation of ecological niches 

(Mariotte, 2014). 

Analysis of the impact of 

human actions on nature and 

ecosystem needs, in the present 

context, complex models with an 

integrative design capable to 

predict the occurrence of 

perturbations and to provide 

remediation solution of reduced 

aggressiveness (Laughlin, 2014). 

In this context, components of 

models with high stability are 

capable of identifying the area of 

action with minimal disturbing 

impact and maximum efficiency 

in rectifying imbalances. 
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Grassland ecosystems are 

classified as areas with a high 

degree of vulnerability, because 

the value of biodiversity is 

directly proportional to the 

degree of susceptibility to 

disturbance. Changing in 

fertilizer management applied on 

natural grasslands act with low 

intensity for short periods of 

time, but with irreversible effects 

over long periods, because 

generally plants from canopy 

have a slow response to minor or 

moderate changes. To prevent the 

occurrence of these phenomena 

is necessary to integrate the 

response of organisms in 

modeling of disturbances. 

Microorganisms, as 

opposed to vegetation, have the 

ability to respond more strongly 

to the disturbance, even if they 

have a reduced level (Steenwerth 

et al., 2005). Using this response 

capacities of microorganisms can 

stabilize forecasting models and 

gives results much faster than 

vegetation analysis, and finally it 

can determine highly stable 

conservation actions, minimizing 

the extinction potential of 

problematic species. 

Plant rhizosphere is the 

life environment of a large 

number of organisms and mature 

ecosystems balance is the result 

of a simultaneous evolution of 

microorganisms with plants to 

form symbiotic associations. 

Among microorganisms, 

mycorrhizal fungi have the 

ability to create hyphal 

connections between plants with 

which are partners in symbiosis, 

balancing the transfer and 

absorption of nutrients and 

maintaining ecosystem stability 

(Hiiesalu et al., 2014). 

 

 

Evolution of mycorrhizal 

colonization was analyzed in a 

grassland ecosystem in Gârda de 

Sus commune, Alba County, 

Romania, during 2010-2011. The 

data presented in this paper 

shows the frequency (freq%) and 

intensity (int%) of colonization 

in the root system of Festuca 

rubra plants, in the period of 

maximum vegetation 

development. 

Climatic factors with a 

perturbative potential to the 

progress of colonization are 

temperature and precipitation. 

Experimental component 

analyzed is fertilization, being 

taken into consideration six 

graduations: unfertilized control 

(V1), one fertilization with 10 

t/ha manure (V2) and the same 

amount of manure completed 

with 50 kg/ha N2 (V3), 

respectively fertilization NPK 

(V4) 50:25:25, Eurofertil 

mezocalc 120 kg/ha 

supplemented with N2 (V5), and 

MATERIALS AND METHODS 

Roxana Vidican et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              122



 

a variant on which has been 

applied only Eurofertil mezocalc 

120 kg/ha (V6). 

In the design of the 

experiment (Stoian, 2011) was 

set, in addition, a treatment with         

1% zinc sulfate to observe the 

variation between the variants 

fertilized and mowed (T1) and 

variants mowed, fertilized and 

treated (T2). 

Statistical evaluation of 

collected data was done with the 

R Statistic software (R Core 

Team, 2014), being used 

principal component analysis, 

specific to ―vegan‖ package 

(Oksanen, 2013) and which has 

demonstrated a great potential in 

the analysis of complex 

microbiological data (Vidican, 

2013). 

 

 

Application of 

fertilization and treatment with 

zinc sulfate in 2010 had little 

impact on mycorrhizal 

colonization (table 1., fig. 1., fig. 

2.). Among the nutrients the most 

important have proved to be 

nitrogen, but without statistical 

assurance, and the same aspect 

was found for the application of 

the zinc sulphate. 

However, supplementation of the  

amount of manure with 50 kg/ha 

N2 (V3) to variant fertilized only 

with manure (V2), leads to a 

strong shift values of mycorrhizal 

colonization from the axis of 

principal components (fig. 1.). 

This aspect indicates the 

potential of spacing in time of 

mycorrhizas progress in the root 

system with the application an 

annual supplement of chemical 

nitrogen. 

 
Table 1. 

Influence of experimental factors on micorrhizas – 2010 

 

 
PC1 PC2 r2 Pr(>r) Significance 

N -0.57819 0.8159 0.1223 0.110 - 

P -0.90878 0.41727 0.0473 0.435 - 

K -0.81076 0.58538 0.0631 0.328 - 

Zn 0.58484 0.81115 0.0897 0.205 - 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 
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Unlike fertilizer, zinc sulfate 

treatment succeeded to produce 

less disturbance of mycorrhizal 

colonization, experimental 

variants having similar values of 

the colonization parameters. The 

two groups (1 – mowing and 2 – 

mowing + treatament) being 

overlapped almost entirely (fig. 

2.). The observations support the 

application of zinc sulphate 

treatment in regulating the 

progress of colonization, with 

minimal disturbance to the 

functionality of the symbiotic 

process. 

 

Figure 1. Disturbing potential of fertilization – 2010 
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Gradients of mineral 

elements act to a displacement of 

colonization values, while 

producing a clear demarcation 

between organic, mineral and 

organo-mineral fertilization (fig. 

1., fig. 2.). In this context, a 

treatment with zinc sulphate can 

balance the impact of fertilization 

and reducing the differences. 

Technological factors act 

with greater power on 

colonization in the terms of 2011 

(tabelul 2., fig. 3., fig. 4.). 

Among the fertilizing elements, 

nitrogen was noted again, having 

a high influence on the 

functionality of the symbiosis, 

even if not statistically assured. 

Zinc, on the other hand, has a 

significant influence on 

colonization, indicating an 

amplification of treatment due to 

climatic conditions.  

The climatic conditions of 

2011 potentiate the effect of 

fertilization, experimental 

variants location in the principal 

components chart being highly 

visible (fig. 3.). The gradient of 

mineral elements indicate an 

efficient use of phosphorus 

derived from manure (group 3) in 

the terms of fertilization with 10 

t/ha manure + 50 kg N2. 

Figure 2. Disturbing potential of zinc sulfate treatment – 2010 
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Influence of experimental factors on mycorrhizas – 2011 
 

 
PC1 PC2 r2 Pr(>r) Significance 

N 0.32268 0.94651 0.1652 0.055 - 

P -0.27361 0.96184 0.0894 0.232 - 

K 0.39549 0.91847 0.1286 0.102 - 

Zn -0.79884 -0.60154 0.1926 0.026 * 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 

 

Application of mineral 

fertilization (V4 - Group 4, V5 - 

group 5), increases the efficiency 

of nitrogen and potassium usage 

(fig. 3.). The lowest impact had 

the fertilization with Eurofertil 

mezocalc (V6), the group 

variants on that this fertilizer was 

applied was placed in the center 

of the graph. 

 

 

 

The amplification of the 

effect of treatment based on zinc, 

in the climatic conditions of 

2011, creates a low displacement 

Figure 3. Disturbing potential of fertilization – 2011 

Table 2. 
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of experimental variants in the 

plan of the ordination chart (fig. 

4.). Groups 1 and 2 overlap only 

to a small extent, the lack of 

homogeneity of the group 1 is 

visible due to a lack of treatment. 

 

 

 

The gradient of treatment 

and fertilization observed in 

principal components graphs (fig. 

3. fig. 4.), confirms that the 

application of zinc sulfate as a 

stabilizing factor of mycorrhizal 

colonization in terms of 

fertilization. Non-application of 

treatment caused a chaotic 

distance between experimental 

variants, fertilization recipes 

creating strong variations of 

colonization parameters. 

Integration of temperature 

and precipitation in the model for 

comparison the variation of 

colonization in the 2010 - 2011 

highlights the power of 

amplification of climate 

component (table 3.). Both 

temperature and precipitation 

have a very significant individual 

influence, enhancing the effect of 

experimental factors 

 

Figure 4. Disturbing potential of zinc sulfate treatment – 2011 
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Table 3. 

Influence of climatic and experimental factors on mycorrhizas – 

2010/2011 

 
PC1 PC2 r2 Pr(>r) Significance 

Temp 0.98833 0.15231 0.2267 0.001 *** 

Prep 0.98833 0.15231 0.2267 0.001 *** 

N -0.99499 0.09999 0.0024 0.922 
 

P -0.87780 -0.47902 0.0225 0.451 
 

K -0.77593 -0.63082 0.0028 0.924 
 

Zn -0.39179 0.92005 0.0319 0.342 
 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 

 

The identical direction of 

temperature and precipitation 

gradients completed by the 

power of influence creates a 

strong dispersion of experimental 

variants of in the graph of 

principal components (fig. 5.). 

The homogeneity of colonization 

of the entire experiment is similar 

in both experimental years, but 

climate component move the 

groups of variants, preventing 

their overlapping. The 

phenomenon is explained by the 

higher susceptibility of 

mycorrhizal fungi to climatic 

conditions in 2010, while in 2011 

fertilization had a greater impact. 
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Treatment with zinc acted 

similarly in both the 

experimental years, the role of 

stabilizer of colonization is 

evidenced by the location of the 

gradient in the middle of year-

fertilization interaction (fig. 5.). 

Projection of colonization 

parameters in terms of 

differentiated fertilization shows 

a good overlap of experimental 

variants in principal components 

graph (fig. 6.). Simultaneous 

analysis of variance caused by 

climatic components in both 

years of experimentation shows a 

balanced reaction of 

mycorrhizas, not exceeding the 

limits imposed by fertilization, 

variants being agglomerated 

around the central axis of the 

graph. 

 

Figure 5. Disturbing potential of climatic component in 2010/2011 

Roxana Vidican et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              129



 

 

 

In both the years of 

experimentation, treatment with 

zinc sulfate acted as a stabilizer 

of the colonization progress in 

the root system of Festuca rubra 

plants (fig. 7.). Response of fungi 

to climate and fertilization is 

controlled by applying zinc, the 

overlay on graphic being almost 

perfect. This indicates the 

application of the treatment 

during growth as potential 

regulating agents of root of 

colonization progress, reducing 

the absorption surface of the 

plants roots and preventing the 

occurrence of the competition for 

resources in the entire ecosystem. 

 

Figure 6. Disturbing potential of fertilization in 2010/2011 
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CONCLUSIONS 

 

The individual influence 

of fertilization and treatment on 

the mycorrhizal colonization in 

each experimental year, is 

reduced, being more powerful the 

combination of these factors. 

Climatic particularities of 

experimental year 2011 

associated with fertilization 

caused a strong separation of 

variants groups based on 

mycorrhizal corresponding 

response. 

Among the elements 

analyzed, zinc acts as a stabilizer 

of mycorrhizas response to 

fertilization, this element being 

useful in treatments to balance 

the impact of fertilization. 

Combination of factors of 

fertilization and treatment is 

effective to maintain reaction 

symbiotic of fungi in normal 

limits, in the climatic conditions 

of the experimental area. 

 

 

Figure 7. Disturbing potential of zinc sulfate treatment in 2010/2011 
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Romania has elaborated according to the community legislation in 

force, the Rural Development National Program (RDNP) 2007 – 2013, 

which complies with the strategic lines of rural development of the 

European Union which govern this area. This program also includes the 

Measure 2.1.4 “Agri-environment payments”. 

This program took into consideration the improvement of the 

economic development balance, lasting use of natural resources, 

maintaining and increase of attraction towards rural areas, as basic 

element in the diversification of economic activities. The packages 

included in Measure 2.1.4 are the following: 1. Grasslands with High 

Natural Value, 2. Traditional Agricultural Practices, 3. Grasslands 

Important for Birds (pilot package), 4. Green cultures. In this article is 

described the Legal framework, the structure of fodder areas in Romania, 

the beneficiaries of this measure, eligibility criteria, as well as the 

description of each package from this measure. The management 

responsibilities of RDNP are shared between the following public 

institutions: 

- the Management Authority (MA), represented by the Ministry of 

Agriculture and Rural Development 

- the General Department of Rural Development – responsible for the 

implementation and management of the Program (DGDR – MA – 

RDNP) 

- the accredited Payment Authority, represented by the Payment 

Authority for Rural Development and Fishing – is in charge with the 

payments function  

Abstract 
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- the Certification Body, represented by the Audit Authority 

established attached to the Romanian Court of Auditors – in charge 

with the certification of validity, completeness and accuracy of 

accounts of accredited Payment Agencies 

 

Packages – 2.1.4. 

 

INTRODUCTION  

 

Motivation- The agri-

environment payments are 

necessary to support the lasting 

development of rural areas and to 

respond to the increasing demand 

of the society for environmental 

services. 

 

Material: 

Structure of fodder areas in 

Romanian are classified as 

follows: 

- Grasslands: 3.329,9 thousands 

ha, 

- Hayfields: 1.531,4 thousands 

ha 

- Fodder cultures in self estates: 

858,6 thousands (I. Rotar, L. 

Carlier, Cultura pajistilor, 

Risoprint Publishing House, Cluj 

– Napoca, 2010 

The packages included in 

Measure 2.1.4. are the 

following: 

1. Grasslands with High Natural 

Value 

2. Traditional Agricultural 

Practices 

3. Grasslands Important for Birds 

(pilot package) 

4. Green Cultures 

Legal Framework – Article 36 

(a) (IV) of the Council‘s 

Regulation (EC)  

 

The beneficiaries of this 

measure are: 

- Farmers, natural and legal 

persons, groups of natural or 

legal persons, regardless of their 

status 

 All these groups must carry 

out agricultural activities for 

production purposes or for those 

which maintain the agricultural 

lands in Good Agricultural and 

Environmental Conditions 

 The applicants must check if 

the agricultural lands they use 

are in eligible administrative-

territorial units 

In case of common use – 

association form – the payment 

application can be submitted by 

the legal representative of the 

association. 

Eligibility criteria 

The agri-environmental 

payments may be granted as part 

of the measures if the 

beneficiary: 

Keywords: RDNP, agri - environment payments, structure of fodder areas 
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1) is the user of an agricultural 

area located on the Romanian 

territory, identifiable in the 

Integrated System of 

Administration and Control, with 

a minimum area of 1 ha and the 

eligible plots have the minimum 

size of 0,3 ha; 

2) undertakes to maintain the 

agri-environmental commitment 

for a 5 year period on the date of 

its signing; 

3) undertakes to comply with the 

minimum requirements relevant 

for the area of the entire farm; 

In terms of operational 

objectives (expected results) the 

following can be mentioned: 

 Maintenance of Grassland 

with High Natural Value; 

 Maintenance of biodiversity 

by applying the traditional 

agricultural practices; 

 Proper management of 

grasslands for birds;  

 Providing water and soil 

protection. 

Measure 2.1.4. Agri-environment payments includes the following 

packages: 

 P1 – Grasslands with High Natural Value 

 

The Grasslands with High 

Natural Value are spread in the 

plain and hill area from 

Transylvania, Banat, Oltenia, 

Munteania, Dobrogea, Moldova. 

(grasslands and temperate 

brushwood, steppe and calcicole 

xeric grasslands, silicicole xeric 

grasslands, alpine and subalpine 

grasslands, humid grasslands 

and communities of high herbs, 

subalpine weeds, mesophilic 

grasslands). 

 For this package are granted 

124 Euros/year/ha (it is 

applicable in 1038 territorial 

administrative units (A list of 

these territorial administrative 

units is found in Annex 4B2) 

 

 P2 – Traditional agricultural practices 

 

58 Euros /year/ ha are granted 
(it is applicable in the same 

territorial administrative units as 

in case of package 1), this 

package is applicable only 

additionally to the first package. 

The farmers - users of grasslands 

(grazing lands and hayfields) will 

undertake not to carry out 

mechanized works on the grazing 

area under commitment. The 58 

Euros are cumulated to the 124 

Euros from package 1, reaching a 

total payment of 182 

Euros/year/ha. In this package 

will be financed 375.000 ha, for 

783 types of habitats. Package 1 

and 2 may be applied combined 

on the same land area, thus they 

are cumulated, without any 
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requirements that could be paid twice. 

 

 P3 – Grasslands important for birds 

 

It is a pilot package which 

intends to bring to Romania the 

future payments for the species 

and habitats protected on 

European level, through the 

Natura 2000 network. 

The operational object is the 

same as in 2013, 173.000 ha 

grasslands should be under 

commitment, for Variant 3.1. – 

Crex Crex 38.000 ha, and for 

Variant 3.2 – Lanius minor, 

Falco vespertinus 135.000 ha. 

 

The two variants for which 

applications can be made in this 

package are the following: 

 

Seeding with species from the 

local flora can be made only in 

cases when certain portions of 

grasslands are degraded or 

accidentally affected. 

 Works with mechanized 

machinery are not allowed 

on the meadows area under 

commitment 

 The use of machinery with 

horse traction is allowed 

II. Variant 2-3 – Lanius minor, 

Falco vespertinus 

 

- Romania holds 

approximately 97% of the 

European population of 

Lanius minor (Lesser Grey 

Shrike), approximately 50% 

of the European population 

of Falco vespertinus (Red-

footed falcon) 

- Lanius minor and Falco 

vespertinus live in the 

following areas: 

Aliman – Adamclisi, Campia 

Crisurilor, Danube Delta, 

Dunarea Veche – Bratul Macin, 

Ponds Jijei and Miletinului, 

Hunedoara, Kogalniceanu – Gura 

Ialomitei 

 

Lunca Barcaului, Steppe 

Casimcea, Saraiu Horea, Middle 

Course of Somes, Lower Gorge 

of Mures, Allah Bahir – 

Capidava, Cheile Dobrogei, 

Dumbraveni, Padurea Hagieni. 

For this variant are granted 101 

Euros/year/ha. On this area the 

following recommendations will 

be observed: 

- Proper management of 

grasslands important for 

Lanius minor, Falco 

vespertinus: 

  

 

 

 Additional indicators for 

package 3 

 

The evolution of species Crex 

crex, Lanius minor and Falco 

vespertinus will be monitored 

annually on certain sample 

plots included in the 

commitment. The intended 
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target is to avoid the decline 

of these species. 

 

 Forecast development of 

package 3 

At present, the Areas Important 

for Birds selected in this pilot 

package cover approximately 

20% of the total surface of the 

Areas Important for Birds 

existent in Romania. 

 

 P4. Green cultures 

 

The erosion risk is increased also 

by the fact that many lands are 

left uncovered during winter, this 

is why one of the simplest 

measures of soil preservation is 

to encourage the use of the so-

called green cultures. They are 

seeded immediately after harvest 

and protect the soil during winter 

providing its cover with 

vegetation. 

130 Euros/year/ha are granted 

(this package is applicable for 

arable land on the entire country 

for maximum 80% of the arable 

land of a farm). 

 Operational objective 

Providing protection of water and 

soil

 

 Measure 2.1.4. The agri-environment payments include the 

following packages: 

 

1. Grasslands with High Natural 

Value – for this package are 

granted 124 Euros/year/ha and is 

applicable in 1038 of territorial 

administrative units. 

2. Traditional Agricultural 

Practices – 58 Euros/year/ha are 

granted and is applicable only 

additionally to the first package. 

3. Grasslands Important for 

Birds (pilot package) – intends to 

introduce in Romania the future 

payments for species and habitats 

protected on European level, 

through the Natura 2000 

network. The operational 

objective is as in 2013 – 173.000 

ha grasslands under commitment 

for Variant 3.1. Crex crex 38.000 

ha, and for Variant 3.2. – Lanius 

minor, Falco vespertinus 135.000 

ha. 

4. Green cultures – 130 

Euros/year/ha are granted (this 

package is applicable for the 

arable land on the level of the 

entire country for maximum 80% 

of the arable land of a farm) 
CONCLUSIONS 

 

1. The agri-environment 

payments are necessary to 

support the lasting development 

of rural area and to comply with 

RESULTS AND DISCUSSIONS 
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the increasing demand of the 

society for environmental 

services. 

No 1698/2005 of 20 September 

2005 related to the support for 

rural development from the 

Agricultural European Fund for 

Rural Development (EAFRD). 

Article 39 of the Council 

Regulation (EC). 

 

No. 1698/2005 of 20 September 

2005 related to the support for 

rural development from the 

Agricultural European Fund for 

Rural Development (EAFRD). 

Article 27 and point 5.3.2.1.4 of 

Appendix II to the Regulation 

(EC) no. 1974/2006. 

 

Regulation 1698/2005: Article 

36 (a) (IV), Article 36 ―Payments 

for agri-environment are 

provided only for those 

commitments that exceed the 

observance of relevant 

mandatory standards established 

according to Art. 5 and 6 and 

Appendices II and III of the 

Regulation (EC) no. 73/2009, as 

well as the minimum 

requirements for fertilizers and 

for plants protection products and 

other mandatory requirements. 

These commitments are 

concluded for a period of 5 and 7 

years. 

4) undertakes to comply with the 

requirements specific for the 

agri-environment packages for 

which it applies; 

5) undertakes to keep records of 

the agricultural activities 

correlated with the 

implementation of the agri-

environment requirements; 

6) declares on own risk that it did 

not use chemical fertilizers 

and/or pesticides in the past 5 

years on the areas it intends to 

apply package 1 ―Grasslands 

with high natural value‖ 

 In this program the global 

objective is the improvement of 

the environment and of the rural 

area. 

 The specific objectives of 

Measure 2.1.4. ―Agri-

environment payments‖ are the 

following:  

a) Support of ecological 

agriculture as method of 

agricultural production which 

protects the environment; 

b) Maintaining and enhancing 

biodiversity and the landscape 

value of the grasslands, 

especially of the Grasslands with 

High Natural Value which are 

threatened by the change of using 

the land, intensification of 

agriculture and/or abandon; 

c) Improvement of the 

administration of water and soil 

resources by the farmers, 

including in those areas affected 

by severe processes of soil 

erosion and exposed to the risk of 

losing nutrients; 

d) Lasting development of the 

rural area, encouraging the land 

users to introduce or to continue 

the agricultural production 
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methods, compatible with the 

protection and improvement of 

the environment, of the 

biodiversity, of water, soil and 

rural landscape. 

- the operational objective of 

this package is to maintain the 

Grasslands with High Natural 

Value which has as target (until 

2013) 1.450.000 ha under 

commitment, with a 

compensatory payment/ha of 124 

Euros.  

In order to receive these 

payments through  

 Package 1 the farmers users 

of grasslands (grazing lands and 

hay) must comply with the 

following requirements: 

 The use of chemical fertilizers 

is prohibited; 

 The traditional use of compost 

is allowed up to the maximum 

equivalent of 30 kg N s.a/ha; 

 The use of pesticides is 

prohibited; 

 The mowing can start only 

after 1
st
 of July; 

 The vegetal mowed mass must 

be gathered from the grassland 

area no later than two weeks as 

from performing the mowing; 

 The grazing is made with 

maximum 1 UVM per ha; 

 The flooded pastures will not 

be grazed before two weeks as 

from water withdrawal; 

 Ploughing or disking of 

grasslands under commitment is 

prohibited; 

 Area seeding or overseeding 

is prohibited; 

 Seeding with species from the 

local flora can be made only in 

cases when certain portions of 

grasslands are degraded or 

accidentally affected. 

If the ungrazed areas are not 

mowed, it is considered that on 

these areas the specific 

requirement was not observed 

(mowing/grazing/mixed) and 

GAEC 7 is not complied with. 

 

I – Variant 3.1. – Crex Crex 

209 Euros/year/ha are granted. 

Areas Important for Birds – pilot 

have been selected based on the 

representativeness principle 

(these species are found in a high 

number in the selected IBAs). 

Approximately 27% of the 

European population of Crex 

Crex (Corn crake) are found in 

Romania, Crex Crex is in the 

confluence Jiu Danube, Valea 

Raului Negru. 

 

Management suitable for 

grasslands important for Crex 

Crex: 

Use of chemical fertilizers and 

pesticides is prohibited; 

 Mowing can start only after 

31
st
 of July and will be made 

from the interior of the plot 

towards its exterior, leaving on 

the edges of each plot a 

unmowed or ungrazed band, with 

width of 3 meters, kept in this 

condition until 1 September; 

 The mowed vegetal mass must 

be gathered from the grassland 
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area no later than two weeks as 

from performing the mowing; 

 Grazing is made with 

maximum 0,7 UVM per ha; 

 The flooded grasslands will 

not be grazed earlier than two 

weeks as from water withdrawal; 

 Ploughing or disking of 

grasslands under commitment are 

prohibited; 

 Area seeding or overseeding is 

prohibited;  

 

 The use of chemical fertilizers 

and pesticides is prohibited; 

 Mowing can start only after 

31
st
 of July and will be made 

from the interior of the plot 

towards its exterior, leaving on 

the edges of each plot a 

unmowed or ungrazed band, with 

width of 3 meters, kept in this 

condition until 1 September; 

 The mowed vegetal mass must 

be gathered from the grassland 

area no later than two weeks as 

from performing the mowing; 

 Grazing is made with 

maximum 1 UVM per ha; 

 The flooded grasslands will 

not be grazed earlier than two 

weeks as from water withdrawal; 

 Ploughing or disking of 

grasslands under commitment are 

prohibited; 

 Area seeding or overseeding is 

prohibited; 

 Seeding with species from the 

local flora can be made only in 

cases when certain portions of 

grasslands are degraded or 

accidentally affected   

 Works with mechanized 

machinery are not allowed on the 

area of meadows under 

commitment 

 The use of machinery with 

horse traction is allowed 

Target 2013: 700.000 ha under 

commitment 

 Management requirements 

 

 Seeding of green cultures 

must be carried out until the end 

of September. The plants that 

may be used as green cultures are 

the following: peas, sleet, corn, 

rape, mustard, sunflower, lupine, 

melilot; 

 Only organic fertilizers may 

be used before growing green 

cultures. Use of chemical 

fertilizers for green cultures is 

prohibited 

 The biomass formed must be 

incorporated in the soil at the 

latest until the end of March. The 

agricultural works necessary for 

the following culture can start 

only after this action was 

performed. 

 

Ploughing of existent grasslands 

is not allowed in the farm 

throughout the commitment. 

 

Financial plan for Axis 2 

during 2007 – 2013: 

- Total public contribution   

2.293.413.375 Euro 

- Rate of FEADR contribution: 

82% 

- FEADR amount 1.880.598.967 

Euro 
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The value of annual 

compensation payments for the 

agri-environment payments 

(2.1.4):  Total financial 

allotment: 996.408.184 Euro, no. 

of contracts signed: 425.213, 

Published value of the contracts 

signed: 330.712.183 Euro, 

Payments made: 322.934.252 

Euro (at present the payments for 

measure 214 are suspended). 

 

2. The packages included in 

Measure 2.1.4. are the following: 

 

a. Grasslands with High Natural 

value 

b. Traditional Agricultural 

Practices 

c. Grasslands Important for 

Birds (pilot package) 
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