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PHD ENG. SIMTEA NICOLAE (1932 – 1992) 
A BRILLIANT RESEARCHER IN GRASSLAND CULTURE 

 
He was born in the village of Iscroni, which belongs to the town of 

Petroşani in the Land of Momarlani, as a worthy livestock. 
After graduating the 4th primary classes in the native village and 5 

classes at the high school from Petrosani, he attended the courses of the 
Agricultural Technical School in Lugoj and then the Faculty of Agriculture 
of the University of Craiova, which he graduated with the maximum 
qualification in 1956. 

He was appointed to be specialist in the agricultural administration 
from the district and the region until 1964 when he became a researcher at 
the Laboratory for Grassland Research from the Station for Fruit-Growing 
from Geoagiu, Hunedoara County. 

As a result of the outstanding results obtained in the field of 
combating invasive wood vegetation on meadows with the help of 
arboricides and standardization of mixtures of grasses and perennial legumes 
for sowing meadows, in 1970 he made a 6-month specialization in 
Switzerland in the field of fodder production, followed by documentary 
visits to Germany, France and Poland. 

Since in 1969, I also had an eight-month training on the mountain 
farming in Switzerland, we decided in 1970 with Dr. Simtea, who was on 
specialization at thar time, to gather materials in order to write a book about 
the grassland culture of the country where we performed the specialization 
together with ing. Vasile Şerban, the first trainee before us in 1968. 

It is the special merit of Prof. Gheorghe Anghel from the Agronomic 
Institute in Bucharest, the head of the "Grassland and Fodder Plant" within 
ICCPT - Fundulea, who proposed us and also to Dr. Ian Caputa from the 
Federal Agriculture Agency in Lausanne, the head of the "FAO Group for 
the Mountain Pastures", who guided us during our training sessions. 

After the trainee graduation of the three authors mentioned before, 
between the years 1968 and 1970, in 1971 I wrote the book "The 
improvement of the meadows in Switzerland", published in 1972 at the 
"Ceres" Publishing House from the series Agriculture around the Earth 
Globe, the first of its kind in the field of grassland science. 

The paper addresses the main aspects of improving and using 
grasslands in the chapters: The situation of agriculture in the Swiss 
economy; Fodder production; Current systems for improving and exploiting 
grasslands; Mixed use of meadows; Scientific research on grassland 
improvement and introduction of advanced agricultural technology into 
Swiss production. 

Romanian Journal of Grassland and Forage Crops (2018)18 7

Marusca T.



Among the period when we edited the book, I have noted the high 
professionalism, the power of synthesis and dedication for the field of 
grassland cultivation of Dr. Simtea, without which I would not have finished 
writing the book. 

In 1972 he obtained the title of "Doctor in agronomy" with the thesis 
entitled "Dynamics of the grass in land deforested of Querceto-Carpinetum 
type" at the "N. Bălcescu "in Bucharest, under the scientific guidance of 
Prof. Gheorghe Anghel. 

The author of the thesis is not strictly speaking about the dynamics of 
grubbing after deforestation, carrying out for the first time studies and 
researches on combating arboricides of harmful wood vegetation, 
spontaneous sprouts dissemination, grassland sowing with mixtures and 
suitable fertilization depending on the static conditions and way of use. 

Once with the establishment of the Central Research Center for 
Grassland Culture of Braşov in the year 1969 and its transformation into a 
institute in 1981, Dr. Nicolae Simtea has reached all the scientific degrees to 
the first degree of scientific researcher by the year 1990. 

In addition to the research work that has materialized in 132 
publications, the result of it’s intense experimentation, Dr. Nicolae Simtea 
was part of the Scientific and Administrative Council of the Institute, the 
committee for the coordination of the thematic plan, the Editorial Board of 
the publication "Scientific papers "and in the commission for attestation and 
award of scientific degrees. 

In December 1992, just when he was celebrating his birthday he 
passed away, before the time. 

For Romanian science in the field of grassland and those who I met 
closely, Dr. Nicolae Simtea remains a brilliant example of experimentation, 
scientific probity, dedication, fairness and perfect moral conduct. 

 
PhD eng. Teodor MARUȘCA 

Technical Director of ICD Grassland - Brașov 
General Secretary of SRP 
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OVERSEEDING A NATURAL GRASSLAND ON TRANSYLVANIA’S 
PLATEAU 

 
GAGA I. *, ROTAR I.*, VIDICAN Roxana*, PĂCURAR F.S.*, VAIDA Ioana*, STOIAN 

V.H.*, PLESA Anca*,**, CONSTANTEA D.* 
 
*Faculty of Agriculture. Department of Plant Crops. University of Agricultural Sciences and 

Veterinary Medicine Cluj-Napoca, Manastur Street, 3-5, 400372, Romania. 
**Corresponding author e-mail: anca.plesa@usamvcluj.ro 

 
Abstract  

A grassland with an herbaceous sward, consisting of good forage plants, 
consumed by animals in high proportion, is considered to be valuable and with a 
high productivity. Another grassland consisting of low forage or weed species, 
invaded by woody vegetation, mossy greens, gaps in vegetation and other 
irregularities, is considered to be degraded and needs to be improved. Finding a 
solution to improve such a grassland is a growing challenge for researchers. The 
objective of this work is to study the capacity of installing species and mixtures in 
the existing sward of a natural grassland in the Transylvanian Plateau. The 
experience was installed in 2017 and includes 6 experimental variants in 4 
rehearsals. 
 
Keywords: semi-natural grasslands, management, overseeding 
 
INTRODUCTION 
  

Transylvanian dry 
grasslands are currently facing two 
threats: on the one hand, changing 
land use by afforestation with 
unborn pine (Ruprecht et al. 2009) 
or transformation into arable fields 
takes place in more productive 
areas. Just as a farmer chooses the 
grain and the most valuable 
variety, and the person who 
establishes or regenerates the 
meadows could establish the 
species and the varieties for 
sowing himself. In this regard, 
grassland exploitation is the most 
important criterion of choice: 
combine mixtures according to 
grazing, mowing or a combination 

of these two (Rotar and Carlier, 
2010).  

Overseeding is preferred 
sowing itself on superficial soils 
who cannot work for the 
establishment of sown meadows 
on soils exposed to erosion, which 
also impose restrictions on the 
preparatory work for sowing, and 
in all situations where 
mobilization deep soil may cause 
erosion processes (Rotar and 
Carlier, 2010).  

In the composition and use 
of mixtures for the stability of 
meadows, it is striking that over 
the years, instead of a 
simplification of the sward, a 
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growing number of species are 
used. This evolution is explained 

by the modification of the 
grasslands.

MATERIAL AND METHOD 
  
Study site 

The analyzed grasslands 
are located within the perimeter of 
Turda, in Cluj County. The 
Transylvanian Plateau, sometimes 
called the Basin of Transylvania 
(45 ° 40'-47 ° 50'N and 23 ° 00'-25 
° 40'E), is a hilly area in the center 
of Romania.  

Experience was based on 
randomized blocks in 4 repetitions 
(blocks), with six experimental 
variants. The surface of an 
experimental plot is 20 m2. The 
experimental variants are as 
follows: V1-natural grassland 
(control); V2- natural grassland 
over-sown with Lolium perenne 10 
kg / ha + Lotus corniculatus 5kg / 
ha; V3- natural grass over-sown 
with Festuca arundinaceae variety 
1 (NAPOCA) 10 kg / ha + Lotus 
corniculatus 5 kg / ha; V4- natural 

over-sown with Dactylis 
glomerata 10 kg / ha + Trifolium 
pratense 10 kg / ha; V5 - natural 
grassland over-sown with Festuca 
arundinaceae variety 2 (VIO) 
10kg / ha + Onobrychis vicifolia 
20 kg / ha and V6- natural grass 
over-sown with Festuca 
arundinaceae variety 3 (JUCU 5) 
10 kg / ha + Lolium perenne 10kg 
/ ha.  
Data analysis  

The floristic composition 
was interpreted using an improved 
Braun-Blanquet scale with 
subdivisions (Păcurar and Rotar, 
2014). Data regarding the share of 
economic groups (Poaceae, 
Cyperaceae-Juncaceae, Fabaceae 
and other botanical families- 
OFB), species number were 
processed by analysis of variance. 
A Duncan test were done.

RESULTS AND DISCUSSION 
 
The determinate type of 

grassland was Festuca rupicola. 
In the floristic composition, 
Poaceae family have in the witness 
an average participation of 
43.81%. Regarding Fabaceae 
family it can be noticed that after 1 
years of experiment the percent of 
participation is 10.88% (Appedix 
1, figure 1).  

Plants from other botanical 
families (OFB) are present with 

24.38% coverage. The type of 
Festuca rupicola has a pastoral 
value of 5.3, so this meadow falls 
in the 6th grade, the grassland 
category is medium and supports 
1.01-1.20 UVM / ha. From the 
ecological point of view, the 
phytocoenosis has a meso-
xerophilic character (Up = 3.8), 
neutrophil (Rp = 7.8) and 
oligomezotroph (Np = 4.0). From 
agronomic point of view 
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(agronomic spectrum), 
phytocoenosis is medium-tolerant 
to mowing (Cp = 5,8), moderat  

tolerant to grazing (Pp = 4,8) and 
medium tolerant to crushing (Sp = 
5,1).

 

 
Fig. 1. The floristic composition after 1 year of sown grasslands 

 
Considering these 

agronomic characteristics, it can 
be said that this grassland is used 
in a semi-extensive system, 
consuming several times the useful 
parts of plants, being continuously 
traversed during the vegetation 
period (table 1).  

The fodder value (Vp = 
5,8) of the Festuca rupicola 
grassland type due to the high 
presence of woody vegetation will 
decrease by 0,9%. Thus, 
phytocoenosis will be in the 4th 
grade, the grassland category is 
mediocre and will supported 0.61-
0.80 UVM / ha.From the 

agronomic point of view in this 
phytococenosis, is presented a 
toxic species, with a 0.5% 
coverage (Euphorbia cyparisias, 
Appendix 1), is present, a species 
harmful to animal products which 
accounts for a 0.5% share 
(Eryngium campestre) harmful to 
grassland vegetation with a total 
coverage of 1.5% (Agrimonia 
eupatoria). Phytocenosis also 
presents 8 ballast species with a 
cumulative coverage of 17.5%. 
The average forage species has a 
participation of 29.3%, the best 
forages of 13.6%, and the fodder 
ones of 8.9% grassland cover.
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Table 1 
Ecologycal and agronomical spectre of Festuca rupicola grassland type 

Index Ecological spectrum VIMnp 
1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0.0 2.0 6.0 10.0 5.0 1.0 0.0 0.0 0.0 4.0 3.9 
Up 0.0 8.5 12.8 20.6 9.9 5.1 0.0 0.0 0.0 6.1 3.8 
Rnp 0.0 0.0 0.0 0.0 3.0 0.0 4.0 10.0 1.0 10.0 7.3 
Rp 0.0 0.0 0.0 0.0 2.8 0.0 5.0 19.6 7.0 28.8 7.8 

Nnp 1.0 2.0 6.0 5.0 3.0 4.0 0.0 0.0 0.0 7.0 3.9 
Np 0.5 9.8 14.9 5.1 9.8 12.5 0.0 0.0 0.0 10.5 4.0 

Index Agronomical spectrum VIMnp 
1 2 3 4 5 6 7 8 9 x VIMp 

Cnp 0.0 1.0 3.0 6.0 5.0 5.0 4.0 3.0 1.0 0.0 5.4 
Cp 0.0 0.5 4.7 11.1 9.7 10.1 19.4 5.3 2.5 0.0 5.8 
Pnp 0.0 3.0 3.0 14.0 2.0 1.0 1.0 4.0 0.0 0.0 4.5 
Pp 0.0 8.0 1.5 32.6 2.3 2.1 8.0 8.6 0.0 0.0 4.8 
Snp 0.0 3.0 4.0 9.0 3.0 4.0 2.0 3.0 0.0 0.0 4.7 
Sp 0.0 8.0 3.0 13.0 11.1 11.5 9.8 6.8 0.0 0.0 5.1 

VFnp 1.0 1.0 1.0 9.0 6.0 2.0 2.0 4.0 2.0 0.0 5.3 
VFp 1.8 0.5 1.5 17.5 8.4 10.9 9.1 4.5 8.9 0.0 5.8 

Legend 

U- Humidity C Mowing VF Fooder value 

R Soil moisture P Grazing np underscored (depending on number of 
species) 

N Troficity S Crushed p weighted (depending on species coverage) 
 
Production of dry matter after a single 
year of sowing records values 
between 13,01 t / ha DM in the 
control variant (V1) and 14,55 t / ha 
DM in the seeded variant with 
Festuca arundinaceae (soy Jucu 5) 
10kg / ha + Lolium perenne 10 kg / ha 
with an increase of up to 1.54 t / ha 
DM. 

 This increase are not 
statistically assured, as can be seen in 
table 2, but we put this on the fact that 
it is only the first experimental year.  
 However, it is once again 
confirmed that the sowing of natural 
meadows leads to net production 
increases higher than the natural 
grasslands.
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Table 2 
The dry matter yield after 1 years (t / ha) 

Year Experimental variants t/ha 
DM % 

Diffe
-

rence 

Signifi- 
cance 

 
 

2018 

V 1 –natural grassland (witness) 13.01 100.0 0.00 Mt. 
V2 - natural grassland over-sown with 

Lolium perenne 10 kg / ha + Lotus 
corniculatus 5kg / ha 

15.95 122.7 2.95 - 

V3- natural grass over-sown with Festuca 
arundinaceae variety 1 (NAPOCA) 10 kg 

/ ha + Lotus corniculatus 5 k /ha 
15.47 119.0 2.47 - 

V4- natural over-sown with Dactylis 
glomerata 10 kg /ha + Trifolium pratense 

10 kg/ha 
15.27 117.4 2.27 - 

V5- natural grassland over-sown with 
Festuca arundinaceae variety 2 (VIO) 

10kg/ha + Onobrychis vicifolia 20 kg/ha 
14.06 108.1 1.06 - 

V6- natural grass over-sown with Festuca 
arundinaceae variety 3 (JUCU 5) 10 kg / 

ha + Lolium perenne 10kg / ha 
14.55 111.9 1.54 - 

DL(p 5%) – 4.53; DL(p 1%) – 6.28; DL(p 0,1%) – 8.66 
 
CONCLUSIONS  
 
Although it is only one year of 
overseeding, it can be seen that 
between the old and the new 
vegetation there will be a 
biological concordance, 
competition in which the old 
vegetation is more advantageous. 

For the sake of success it is 
necessary, on the one hand, to stop 
the development of the old 
vegetation and on the other to 
favor the development of the new 
vegetation.
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PHYTOCOENOTIC DIVERSITY OF GRASSLANDS WITH 
BORTHRIOCHLOA ISCHAEMUM (L.) KENG IN EURASIA 

   
LAZU Ş.*, TITICA Gh.*, TALMACI Ludmila*,**  

 
*National Botanical Garden (Institute) “Alexandru Ciubotaru”, 

MD 2002, Republic of Moldova, Chişinău, 18 Pădurii str. 
**Corresponding author e-mail: talmaci83@mail.ru 

 
Abstract   

The phytocoenoses of the grasslands with Bothriochloa ischaemum (L.) 
Keng var. ischaemum are common in the Eurasian territory and form the ass. 
Bothriochloetum ischaemii Krist 1937 Pop 1977. The analysis of the synthetic lists, 
presented by many authors, from various biogeographical regions of the Eurasian 
area, revealed the presence of discrete communities dominated by yellow bluestem, 
due to the diversified habitat and the floristic composition appropriate to the given 
locality. Thus, we have found that, in the steppe biogeographical region, at the 
altitude of 100-350 m, on soil consisting of chernozem and clay, the association 
Euphorbio (seguieriana) Bothriochloetum ischaemum n.n develops; in the 
continental one – at the altitude of 100-800 m, on calcareous and gravelly soil, there 
are phytocoenoses of the association Asperulo (cynanchica) - Bothriochloetum 
ischaemii n.n; in the Pannonian region – the grasslands of the northern part of the 
Pannonian Basin, at the altitude of 130 m, on sandy soil, there are phytocoenoses of 
the ass. Teucrio (botryos) - Bothriochloetum ischaemium n.n.; and in the floodplain 
of the Danube River, at the altitude of 135 m, on sandy alluvial soil – the ass. 
Syntrichio(ruralis)-Bothriochloetum ischaemii n. n.; in the alpine region – the 
mountains of south-eastern Caucasus and Central Asia (Pamir-Alay Mountains), 
Bothriochloa ischaemum, at high altitudes (1500-2000 m), forms vegetation belts 
with the stable phytocoenoses of the ass. Glycyrrizo (glabra) - Bothriochloetum 
ischaemii n. n., on kastanozem soil. All the above-mentioned associations fit into the 
phytocoentic hierarchy with the range of plant species characteristic of cl. Festuco-
Brometea Br.-Bl. et R. Tx. ex Klika et Hadač 1944; ord. Festucetalia Br.-Bl. et R. 
Tx. ex Br.-Bl. 1949, all. Festucion valesiacae Klika 1930. 

In the Mediterranean biogeographical region, the plant communities that 
include yellow bluestem populate various altitudes – from the lowest ones (20-250 
m), on the Iberian Peninsula, to the highest ones (610-1050 m), in the Apennine 
Mountains, that’s why there is a great variety of phytocoenoses: ass. 
Elymo(hispidus) - Bothriochloetum ischaemii n. n.; Festuco (inops)-
Bothriochloetum ischaemii n. n. and Melico (ciliata) - Bothriochloetum ischaemii n. 
n. The plant communities with Bothriochloa ischaemum found in the Mediterranean 
biogeographical region are components of the al. Bromion erectus; ord. Brometalia 
erecti Br.-Bl. 1936; cl. Festuco-Brometea Br.-Bl. et R. Tx. Klika et Hadač 1944. The 
phytocoenoses with Bothriochloa ischaemum are savannah-like grasslands, which 
occupy vast areas in the northern hemisphere and make stable, expanding 
communities supported by the climatic impact of global warming. 
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INTRODUCTION 
 
Bothriochloa ischaemum 

(L.) Keng. var. ischaemum is a 
species of savannoid grass, which 
originates from subtropical 
mountain areas (Цбелев Н.Н., 
1969) and is widespread in areas 
with warm climate of the northern 
hemisphere. The current 
phytocoenoses with yellow 
bluestem are found at the 
“interference” of the boreal 
steppes with the tropical 
(savannoid) ones, forming diverse 
plant communities in Eurasia, in 
numerous biogeographical regions 
(Рубцов Н.И., 1956). 

The grasslands with 
Bothriochloa ischaemum (L.) 
Keng. var. ischaemum cover large 
areas in Europe and Asia. The 
phytocoenoses that contain this 
species and its natural range, in 
latitude, start from the Atlantic 
Ocean and extend to the Pacific. In 
North and South America, 
Australia and New Zealand, it is 
an introduced plant, and in Puerto 
Rico – an invasive one. 
Everywhere, it needs sunny, dry, 

calcareous, thermal areas with 
nutrient-poor and alkaline soils. 
Within the natural range of yellow 
bluestem, there are such varieties 
as Bothriocloa ischaemum var. 
songarica with a restricted range – 
southern China, Taiwan and 
northern Myanmar, and 
Bothriocloa ischaemum var. 
ischaemum, which is native to a 
larger area – from Japan to 
Portugal (Compedium…, 2015).    

The study of natural 
pastures, including the evaluation 
of the specific components 
appropriate to the pedoclimatic 
conditions of the habitat, is the 
primary task in the planning, use 
and sustainable development of 
grassland ecosystems with the 
purpose of increasing the 
productivity and the quality of 
forage, but the understanding of 
the strong connection of the 
dominant species, yellow 
bluestem, with the faithful species 
of the natural habitat of the given 
biogeographic region is even more 
important. 

 
MATERIAL AND METHOD 

 
While studying the 

grasslands with Bothriochloa 
ischaemum in the Republic of 
Moldova, we used relevés (26), 
which fixed the years 1989-2002, 
in the Bugeac and Bălţi Plains, as 

well as literature data (Săvulescu 
T., 1927; Гейдеман Т.С., 1959; 
Постолаке Г.Г.and Истратий 
А.И., 1991, 1992, Рущук А.Д., 
2008; Шабанова Г.А., 2012, 
2014; Lazu Şt., 2014-2016 and 

Keywords: biogeographical region, Eurasian territory, savanoid grassland, 
boreal grassland, arid grassland. 
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synthetic lists of grasslands 
dominated by Bothriochloa 
ischaemum from Romania 
(Puşcaru-Soroceanu Evd. et al., 
1963; Dihoru Gh. and Doniţă N., 
1970; Cristea V.and Csuros Şt., 
1979; Ivan D. and Doniţă N. et al., 
1963; Chifu T., 2014; Oroianu S. 
et al., 2007); Bulgaria (Apostolova 
I. and Meshinev T., 2006; 
Sopotleva D. and Apostolova I., 
2014); Ukraine (Solomakha V.A., 
1996; Коротченко И.А. et al., 
2009); Georgia (Nackhutsrishvili 
I., 2013); Tajikistan (Сафаров 
Н.М., 2015); Spain (Miquel de 
Caceres Ainsa, 1991-2001); Italy 
(Florineth Florin, 1974; Taffetani 
F.et al., 2004; Faggi B. et al., 
2014); Slovakia (Dubravkova D. et 
al., 2010); Serbia (Mirjana 
Kristivojevic Cuk et al., 2015). 
Thus, there are phytocenoses with 
Bothriochloa ischaemum in five 
biogeographical regions: 
Mediterranean, alpine, Pannonian, 
continental and steppe (figure 1 
and 2, table 1). 

The phytocenotic 
evaluation of grasslands with 
Bothriochloa ischaemum in 
Eurasia is not homogeneous. In the 
European area, the phytocenotic 
classification is carried out 
according to the principles of the 
Braun-Blanquet J. floristic school, 
1933, 1964, i.e. the concept of 
constancy or fidelity of the species 
is used for defining in the 
phytocoenotic nomenclature. 

Currently, the plant 
communities with Bothriochloa 

ischaemum, according to the 
phytosociological classification 
(Braun-Blanquet J., 1964), are part 
of the ass. Bothiochloetum 
ischaemi (Kristiansen 1937) I. Pop 
1977, al. Festucion valesiacae 
Klika 1931; ord. Festucetalia 
valesiacae Br.-Bl. et. R.Tx. 1943 
and cl. Festuco-Brometea Br.-Bl. 
et. R. Tx. 1943, and the faithful 
and characteristic species are 
represented by the title species of 
the plant association. 

In the alpine area (the 
Pamir-Alay Mountains and the 
south-east Caucasus), the 
vegetation of the grasslands with 
Bothriochloa ischaemum is 
presented by authors according to 
the concept of the ecological-
phytocoenological school, which 
consists in describing the 
associations based on the 
dominant species. Thus in the 
Pamir-Alay Mountains, at the 
altitude of 1500-2000 m, the 
grasslands with yellow bluestem 
are mentioned as Bothriochloa 
ischaemum formations, which 
comprise two groups of 
associations – Bothriochloa 
ischaemum with Glycyrrhiza 
glabra and Bothriochloa 
ischaemum dominated by 
ephemeral species (Inula 
macrophylla, Poa bulbosa, 
Eremurus olgae, Carex 
pachystylis, Ferula gigantea and 
Glycyrrhiza glabra with lower 
abundance). Each group includes 
numerous associations dominated 
by one of them. 
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According to the same 
principle, the evaluation of the 
vegetation with yellow bluestem 
was carried out in the southeastern 
Caucasus, at the altitude of 500-
600 m, where the formation 
Bothriochloa ischaemum with 
Glycyrrihiza glabra was found. 
The analysis of the relevés made 

in the natural range revealed a 
great diversity of phytocoenoses 
with Bothriochloa ischaemum as 
dominant species, but the constant 
species, which are the exponents 
of the conditions of the area, 
which in the given article are to be 
identified and laid at the base the 
phytocoenostic diversity.

 
RESULTS AND DISCUSSION 

The phytocoenoses of 
xerophytic grasses including 
yellow bluestem (Bothriochloa 
ischaemum) are very common in 
the Republic of Moldova. On 
65,000 ha of land (Teleuţă, 2000) 
with steppe vegetation, plant 
communities with yellow bluestem 
occur almost everywhere. 
Depending on the abundance, it 
grows in the communities of 
Agropyron repens, Stipa pennata, 
Poa pratensis and Chrysopogon 
gryllus as a co-occurring species. 
In this article, we will treat it as 
dominant species that forms stable 
associations in various conditions 
of the vast Eurasian territory, and 
the species with status of 
“constant” defines the area. 

 In the Republic of 
Moldova, it is widespread in the 
south (Bugeac Plain), in the centre 
and the north (Bălţi Plain), but on 
highly eroded slopes, it can form 
monodominant communities. In 
the rocky regions on the banks of 
Prut and Dniester rivers, it is more 
abundant, as well as on the left 
bank of Dniester (the nature 
reserve with steppe vegetation 

"Iagorlâc"). The grasslands with 
yellow bluestem from Bălţi Plain 
(at the north) differ from those 
found in the Bugeac Plain (the 
south of Moldova), according to T. 
Săvulescu [10], in the floristic 
composition and in their 
quantitative ratio. The author 
identified, in the Northern Plain of 
Bălţi, meadow steppes with 
Bothriochloa ischaemum, and in 
the Bugeac Plain – xerophytic 
steppes with Euphorbia 
seguieriana (figure 2).  

Гейдеман Т. С. (1959) 
studying the yellow bluestem 
communities in the Moldavian 
S.S.R., mentioned that this 
xerophilous species did not have a 
distinct zonal range in the hilly 
landscape of this territory, as it 
was noted in the North Caucasus 
and Central Asia.  

The author observed that 
by restoring the steppe vegetation 
in the fallowed sectors, 
Bothriochloa ischaemum 
associated with the grass species 
that grew in the natural 
phytocoenoses in the centre of the 
area.
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Fig. 1. The distribution of the studied phytocoenoses dominated by Bothriochloa ischaemum in Europe 
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The author studied the 
phytocoenoses with yellow 
bluestem (Bothriochloa 
ischaemum) as dominant species 
and found that it was adapted to 
the aridized climate (it formed 
large and compact bushes, based 
on vegetative reproduction (by 
rhizomes)) and expanded to new 
areas that had become available as 
a result of erosion, superficial 
landslides or deforestation.  

The grass communities 
with yellow bluestem in the 

Republic of Moldova represent 
primary and anthropized 
phytocoenoses affected by 
overgrazing, but all occur on 
sunny slopes with calcareous, 
rocky, dry and nutrient-poor soil. 
The formations with Bothriochloa 
ischaemum of primary type occur 
in the Central Asia, Anatolia (Asia 
Minor), the Caucasus and the 
eastern part of the Mediterranean 
Basin, but in the rest, including the 
Republic of Moldova, they expand 
due to the favourable conditions.

 

Fig. 2. Bothriochloa ischaemum (v.Vrăneşti, district Sângerei, continental 
biogeographical region 

 
In the Republic of 

Moldova, there are primary and 
secondary phytocenoses with 
yellow bluestem, which obviously 
differ in the floristic composition 
(Шабанова Г.А., 2012).  

The essence of the 
structure of the first ones has 

affinities for a habitat with more 
calcareous soils, with such species 
as Gypsophylla collina, 
Cephalaria uralensis, Thymus 
marschallianus, Teucrium 
chamaedrys, Genista tetragona, 
Chamaecytisus ratisbonensis, 
Heliantheum numularium.
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Table 1 
Syntaxonomy of the sectors with the association Bothriochloa ischaemum in Eurasia 

№ 
Bio-

geographic
al region 

№ 
on the 
map 

Bibliographic 
source Locality Altitud

e (m) 

Numb
er of 

relevé
s 

Author's association 
Diagnostic species and 
frequency, according to 

the author 

Name of the 
proposed 

association 

1 2 3 4 5 6 7 8 9 10 

1 Continental 

1 Puşcaru-Sorocianu 
E., 1963 Banat (Romania) 200-

350 - ass. Andropogon ischaemum Asperula cynanchica L. 
(+) 

ass. Asperulo 
(cynanchica) 
Bothriochloet
um ischaemii 

n.n. 

2 Puşcaru-Sorocianu 
E., 1963 Braşov (Romania) 350-

700 - ass. Andropogon ischaemum Asperula cynanchica L. 
(+) - " - 

3 Cristea V. et al., 
1979 

Transylvanian 
plateau (Romania) 

400-
500 13 ass. Botriochloa ischaemii (Krist. 

1937) I. Pop 1977 
Asperula cynanchica L. 

(III) - " - 

4 Doina Ivan et al., 
1993 

Dobrogea 
(Romania) 

100-
150 219 ass. Botriochloa ischaemii (Krist. 

1937) I. Pop 1977 
Asperula cynanchica L. 

(II) - " - 

5 Solomaha V.А., 
1996 

Western Podolia 
(Ukraine) - 

 
- 
 

ass. Bothriochloetum ischaemii (Krist 
1937) Pop 1977 

 
- - 

6 
Apostolova I. et 

col., 2006 
 

NE Balkans 
(Bulgaria) 

122-
333 172 

ass. Bothriochloetum ischaemii Pop 
1977 (typicum), subass. nov 

Thymetosum pannonici 

Asperula cynanchica L. 
(IV) - " - 

7 Рущчук А.D. et 
al., 2006 

Iagorlîc 
R.Moldova 

100-
160 - ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Asperula  cynanchica 

L. (IV) - " - 

8 Oroian S. et al., 
2007 

Transylvanian 
plateau (Romania) 

472-
598 6 ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Asperula cynanchica L. 

(V) - " - 

9 Chifu T., 2014 Carpathians 
(Romania) 

280-
800 54 ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Asperula cynanchica L. 

(I) - " - 

10 Sopotleva D. et 
al., 2014 

SE Balkans 
(Bulgaria) 88-350 176 ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Asperula cynanchica 

(III) - " - 

Romanian Journal of Grassland and Forage Crops (2018)18 21

Lazu S. et al.



11 Lazu Şt. et al., 
2016 

Bălţi Plain 
(R.Moldova) 

200-
250 13 ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Asperula cynanchica 

(II) - " - 

 
2 

 
Steppe 

12 Puşcaru-Sorocianu 
E. et al., 1963 

Muntenia, southern 
Moldova 

(Romania) 

100-
200 - ass. Andropogon ischaemum 

Euphorbia seguieriana 
Neck 
(±2) 

ass. 
Euphorbio 

(seguieriana) 
Bothriochloet
um ischaemii 

n.n. 

13 Dihoru G. et col., 
1970 

Babadag 
(Romania) 

200-
350 81 ass. Bombicyleno-Botriochloetum 

ischaemii Dihoru 1970 

Euphorbia seguieriana 
Neck 
(+) 

- " - 

14 Коротченко И.А. 
et al. 2009 

Northwestern 
steppe (Ukraine) - 5 ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 
Centaurea scabiosa L. 

(IV) - 

15 Lazu Şt. et al., 
2016 

Bugeac 
(R.Moldova) 

150-
200 

 
12 

 
 

ass. Bothriochloetum ischaemii (Krist 
1937) Pop 1977 

Euphorbia seguieriana 
Neck. (III) - " - 

3 
 
 
 
 
 
 

Pannonian 
 
 
 
 
 
 

16 Dubrovkova D. et 
col., 2010 

Western 
Carpathians and 

Northern 
Pannonian Basin  

 (Slovakia) 

130 25 
ass. Teucrio(botryos) 

Andropogonetum ischaemii Sauberer 
et Wagner în Sauberer 1942 

Teucrium botryos L. 

ass. Teucrio 
(botryos) – 

Bothriochloet
um ischaemii 

n.n. 

 
 

17 

 
Mirjana Kristivoj 
Cuk et col., 2015 

The floodplain of 
Danube, with dry 
sands (Vojvodina, 

Serbia) 

 
135 

 
2 

 
ass. Bothriochloetum ischaemii (Krist 

1937) Pop 1977 

Syntrichia ruralis (25) 
Euphorbia seguieriana 

Neck. L. 
(20) 

 

ass. 
Syntrichio 
(ruralis) 

Bothriochloet
um ischaemii 

n.n 

 
 

4 

 
 

Alpine 

18 Florineth Florin, 
1974 

Alps, 
South Tyrol (Italy) 

960-
1410 16 Ass. Bothriochloa ischaemum 

variants: 
- Festuca valesiaca-

Gaudin; 
- Stipa capillata L.; 

- 

19 Nakhutsrishvili 
G., 2013 

South-eastern 
Caucasus 

Mountains   
(Georgia) 

500-
600 - Group ass. Glycyrrhizeto (glabra) + 

Bothriochloa ischaemum Glycyrrhiza glabra L. 

ass. 
Glycyrrhizo 

(glabra)- 
Bothriochloet
um ischaemii 

n.n 
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20 Сафаров Н.М., 
2015 

Pamir-Alay 
Mountains 
(Tajikistan) 

1500-
2000 - Group ass. Glycyrrhizieto (glabra) + 

Bothriochloa ischaemum Glycyrrhiza glabra L. - " - 

5 Mediterran
ean 

21 Miquel de Caceres 
Ainsa, 1999-2001 

The plain of 
Barcelona (Spain) 10-250 26 ass. Lactuco (vimineae) - 

Bothriochloetum ischaemii 

- Elymus     hispidus 
(Opiz) Melderi; 

- Allium spheocephalon 
L.;  

- Onobrychis 
arenaria/tommasinii Kit. 

DC 
- Melica ciliata L. 

ass. Melico 
(ciliata)- 

Bothriochloet
um ischaemii 

n.n 

22 Taffetani  E. et al., 
2004 

Central Apennine 
Mountains with 

Adriatic exposure 
(Italy) 

 

455 2 ass. Dichanthium ischaemum 

- Dichanthium 
ischaemum (L.) Beauv. 

- Plantago argintea 
Chaix  

- Festuca inops De Not. 

ass. Festuco 
(inops) -

Bothriochloet
um ischaemii 

n.n 

 
23 

 
Faggi B. et al., 

2014 

Northern 
Apennines –

Tuscany (Italy) 

 
610-
1060 

 
71 

 
ass. Bothriochloa ischaemum + 

Melica ciliata 

 
- Melica ciliata L. 

- Avena barbata Pott ex. 
Link 

- Galactites tomentosus 
Moench 

 

ass. Melico 
(ciliata)- 

Bothriochloet
um ischaemii 

n.n 
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The author (Шабанова 
Г.А., 2012) points out that in large 
areas covered with yellow 
bluestem from the "Iagorlâc" 
Reserve, in sectors with lime-rich 
soil, stony at the surface, or with 
carbonate clays, components of 
these phytocoenoses appear or the 
abundance of some calcicole 
species increases, for example: 
Astragalus pseudoglaucus, Carex 
humilis, Centaurea marschalliana, 
Cephalaria uralensis, 
Chamaecytisus ratisbonensis, 
Cleistogenes bulgarica, Euphorbia 
glareosa, Euphorbia stepposa, 
Genista tetragona, Gypsophylla 
collina, Haplophyllum suavolens, 
Heliantheum nummularium, 
Jurinea stochadifolia, Koeleria 
moldavica, Linum austriacum, 
Linum linerifolium, Linum 
tenuifolium, Minuartia setacea, 
Onosma macrochaeta, Seseli 
annuum, Seseli tortuosum, Silene 
exaltata, Thymus marschallianus, 
Thymus moldavicus. By analyzing 
the plant lists published by T. 
Săvulescu (1927), Гейдеман Т. С. 
(1959), Постолаке Г. Г., 
Истратий А. И., 1991, 1992, 
Шабанова Г. Г., 2012, 2014, as 
well as our lists (Lazu Şt. et al. 
2015, Lazu et al. 2016), we would 
like to mention that the meadow 
steppes of the North Moldavian 
Plain (Bălţi), with Bothriochloa 
ischaemum as dominant species, 
include species that do not occur 
in the Bugeac Steppe or have 
lower abundance-dominance.  

These species are: Achillea 
millefolium, Artemisia austriaca, 
Berteroa incana, Caragana mollis, 
Carduus themeri, Centaurea 
diffusa, Eryngium campestre, 
Galium verum, Inula britanica, 
Iris halophila, Potentilla impolita, 
Salvia austriaca, Salvia nemorosa, 
Phleum tuberosus, Nepeta 
parviflora, Plantago lanceolata, 
Verbascum phoenaceum, 
Bromopsis inermis, Campanula 
sibirica, Elytrigia intermedia, 
Hypericum perforatum, Jurnea 
calcarea, Medicago romanica, 
Melilotus officinalis, Potentilla 
argintea, Potentilla recta, Salvia 
verticilata, Thymus 
marschalianus, Trifolium medium. 

On the left bank of 
Dniester River (“Iagorlâc” Nature 
Reserve), Шабанова Г. A. (2012) 
pointed out phytocoenoses with 
yellow bluestem that were a 
variant of the more xerophytic 
steppes, which included numerous 
petrophilic species, characterized 
by higher abundance – Thymus 
marschalianus, Thymus 
moldavicus, Teucrium 
chamaedrys, Gypsophylla collina, 
Jurinea stoechadifolia, Koeleria 
moldavica, Carex humilis, 
Chamaecytisus ratisbonensis, 
Genista tetragona. Ephemeroid 
and ephemeral grass species stand 
out in spring – Androsace 
elongata, Androsace maxima, 
Euphorbia verna, Hyacinthella 
leucophaea, Meniocus linifolius, 
Muscari neglecta, as well as the 
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species of the genera Gagea, 
Thlaspi, Veronica etc.  

The continental 
biogeographical region (according 
to Europeus biodiversity – 
Biogeographical regions and seas 
– 2002 – further on EB-BR-2002) 
– the grassy vegetation constitutes 
14 % and tends to decrease.  

It occurs on hilly areas and 
plateaus with altitudes of 100-500 
m. The soil – chernozem on clay 
and loess. This type of vegetation 
is found mostly in the central part 
of Europe.  

The grasslands with 
Bothriochloa ischaemum on Bălţi 
plain (on the Map and in the Table 
– 11) (Lazu et al., 2016) and 
“Iagorlâc” Nature Reserve (Map, 
table 7) (Рущчук А. О. et al., 
2006) have many floristic 
similarities to those in the 
continental biogeographical 
region. The characteristic and 
faithful species of the association 
with Bothriochloa ischaemum (V) 
was identified – Asperula 
cynanchica (I-V), and we propose 
the ass. Asperulo (cynanchica)-
Bothriochloetum ischaemii n.n; of 
the alliance Festucion valesiacae 
Klika 1931; order Festucetalia 
Br.-Bl. et R.Tx. 1943 and cl. 
Festuco-Brometea Br.-Bl. et R.Tx. 
1943.  

The most frequent plant 
species of this community – 
Festuca valesiaca (IV), Medicago 

falcata (III), Eryngium campestre 
(IV), Teucrium chamedrys, 
Plantago lanceolata (III), 
Potentilla argentea (III), 
Medicago lupulina (II), Thymus 
pannonicus (III), Cynodon 
dactylon (II), Artemisia austriaca 
(II), Trifolium montanum (II), 
Campanula sibirica (II), Coronilla 
varia (II), Fragaria viridis (II), 
Chondrilla juncea (III), Adonis 
vernalis (IV), Veronica prostrata 
(I), Onobrychis arenaria (I), Iris 
pumila (I), Achillea setacea (II), 
Linum tenuifolium (I), Galium 
verum (II), Euphorbia cyparissias 
(II), Sanguisorba minor (II), 
Caragana molis etc. (figure 2, 3). 

The study of yellow 
bluestem grasslands included 
synthetic lists of plants found in 
areas with hilly relief and altitudes 
of 100-350 m from R. Moldova, 
Western Podolia, Dobrogea, 
Banat, Balkans (Map and table 1, 
4-7, 10, 11) and the Transylvanian 
Plateau with altitudes of 350-700 
m (Map and table 2, 3, 8) and the 
Carpathian Mountains – 800 m 
(Map and table 9).  

The steppe biogeographical 
region, in Europe, comprises 17% 
of the area covered with grasses 
(Stipa lessingiana, S. capillata, 
Festuca valesiaca). In this area, 
grasses are found on chernozem 
soil, at altitudes of 100-350 m, the 
climate is warm and droughty 
(EB-BR-2002).
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Fig. 3. Grassland with Bothriocloa ischaemum in Bălţi Plain 
(v. Nihoreni, d. Râşcani). Continental biogeographical region 

 
In the Republic of 

Moldova, the steppes are 
characterised by true vegetation of 
xerophilic grasses and include the 
whole Bugeac, which is totally 
assimilated by agriculture, and the 
present pastures are degraded 
grasslands or abandoned 
agricultural land (fallow land). The 
current meadows with xeric 
grasses are the result of the 
interaction of the regional climatic 
conditions with the vegetation, and 
the sectors with steppe vegetation 
protected by the state, such as the 
"Bugeac" Nature Reserve – 60 ha, 
" Dezghingea" – 15 ha, "Ciumai" – 
50 ha and the representative sector 
"Andriaşevca nouă" – 71 ha, 
demonstrate the pedoclimatic 
capacities of these communities, 

which include the savanoid species 
Bothriochloa ischaemum (figure 
4). 

In the Southern Moldavian 
Plain (Bugeac), on the map and in 
the table – 15 (Lazu et al., 2016), 
the grasslands with yellow 
bluestem are characterized by the 
presence of herbaceous species 
that give them a southern, more 
xerophilous peculiarity: Ajuga 
laxmani, Asperula glauca, 
Echinops retro, Erysinum 
Marschalianum, Euphorbia 
seguieriana, Euphorbia stepposa, 
Isatis tinctoria, Knautia arvensis, 
Kochia prostrata, Koeleria 
cristata, Linaria vulgaris, Nepeta 
parviflora, Phlomis pungens, Poa 
angustifolia, Poa bulbosa, 
Potentilla arenaria, Poterium 
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polyganum, Pyretrum millefolium, 
Salvia austriaca, Teucrium 
chamaedrys, Thymus pannonicus, 
Vinca herbacea, Caragana frutex, 
Achillea ochroleuca, Achillea 
setacea, Acinos arvensis, 
Campanula sibirica, Carex 
liparicarpus, Carex michelii, 
Cleistogenes bulgarica, Crepis 
rhoedifolia, Crepis tinctorium, 
Eremogone bibersteinii, 
Euphorbia glareosa, Festuca 
rupicoa, Filago arvensis, 
Onobrychis arenaria, Pleconax 
conica, Poa compressa, 
Ranuunculus arvensis, Rumex 
fascilobus, Tanacetum millefolium, 
Taraxacum erythrospermum, 
Thymus demorphus, Trifolium 
arvensis, Vicia angustifolia. In the 
grasslands with Bothriochloa 
ischaeumum found in Bugeac (the 
nature reserve, Bugeac, Ciumai, 
Dezghingea), Euphorbia 

seguieriana also occurs. This fact 
confirms the statement of T. 
Savulescu that Euphorbia 
seguieriana is a characteristic 
species of the steppes from 
Bugeac. Thus, such phytocoenoses 
could be included in the ass. 
Euphorbio (seguieriana) - 
Bothriochloetum ischaemum n.n. 

The phytocoenoses with 
Bothriochloa ischaemum in the 
steppe biogeographical region 
constitute communities of the ass. 
Euphorbio  (seguieriana) - 
Bothriochloetum ischaemii n. n., 
which was treated differently by 
various authors. Puşcaru-Sorocian 
E. et al. (1963) (Map and table – 
12) identified grasslands with 
Andropogon ischaemum, found in 
Muntenian and southern part of 
Moldova at the altitude of 100-200 
m, where Euphorbia seguieriana, 
was also present. 

 

Fig. 4. Grassland with Bothriochloa ischaemum in Bugeac (v. Larguţa, d. Cantemir). 
Steppe biogeographical region 

Romanian Journal of Grassland and Forage Crops (2018)18 27

Lazu S. et al.



Dihoru G. et al. (1970; 
Map and table 13) mentioned 
Bombycilaena erecta (L.) Smolj. 
(Micropus erectus L.) as a 
constant species in the xeric 
grasslands with Bothriochloa 
ischaemum, on the Babadag 
Plateau, at the altitude 200-350 m. 
Bombycilaena erecta (L.) Smolj. is 
a therophyte that remains after 
intensive grazing, but Euphorbia 
seguieriana is also present in these 
pastures. 

The phytocoenoses with 
Bothriochloa ischaemum in the 
steppe biogeographical region 
correspond to the ass. Euphorbio 
(seguieriana)-Bothriochloetum 
ischaemii n. n. 

In the Pannonian 
biogeographical region, the habitat 
of the steppe grasses constitute 
8%, 30% of which are alkaline 
steppes on dry sands.  

The Western Carpathians 
and the north of the Pannonian 
Basin (table and Map – 16) 
include areas with the lowest 
altitude (130-135 m), and the 
xerophytic grassy vegetation 
usually grows on higher land. 
Yellow bluestem grows in warm 
and sunny areas and prefers soils 
that have been formed on alluvial 
sands. In Western Carpathians and 
in the northern part of the 
Pannonian Basin (Dubrovkova D. 
et. al. 2010) (table and Map – 16), 
there are phytocoenoses of the ass. 
Teucrio (botrys) - Andropogontum 
ischaemii Sauberer et Wagner in 
Sauberer 1942, but the 

contemporary nomenclature is also 
suitable, with the ass. Teucrio 
(botryos) - Bothriochloetum 
ischaemii n. n. 

 In the floodplain of 
Danube, with dry sands, 
Bothriochloa ischaemum (Map 
and table 25 and 7) forms 
communities with Syntrichia 
ruralis (25) and Euphorbia 
seguieriana (20), Stipa 
borysthenica (5), Festuca rupicola 
(3), Cynodon dactylon (5), Festuca 
vaginata (1, 5), Carex 
lyparocarpus (5). The authors 
Mirjana Kristivojcuk et al. (2015) 
(Map and table 17) identified 
communities with yellow bluestem 
of the ass. Bothriocloetum 
ischaemii (Krist 1937) Pop (1977); 
al. Festucion vaginatae ord. Sedo 
acris – Festucetalia vaginnata Tx. 
1951 cl. Festuco-Brometea. 
However, the presence of 
Euphorbia seguieriana (20) 
together with Bothriocloa 
ischaemum (25) convinces us that 
Euphorbia seguieriana (20) and 
Syntrichia ruralis (25) are 
diagnostic species and helps us 
identify ass. Syntrichio (ruralis) – 
Bothriocloetum ischaemii n. n. or 
Euphorbio (seguieriana)-
Bothriochloetum ischaemii. 

In the alpine 
biogeographical region (Map and 
table 18-20), the grass vegetation 
covers 25% of the territory, 90% 
of which constitute natural and 
semi-natural habitats dominated by 
Bothriocloa ischaemum. At 
altitudes of 300-600 m (North 
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Caucasus, Stavropol), yellow 
bluestem forms vegetation belts on 
kastanozem and loess. Besides, in 
the Pamir-Alay Mountains, 
Bothriochloa ischaemum forms 
belts at higher altitudes (1500-
2000 m). 

Florineth Florin (1974) 
mentioned that, in the Alps, at the 
altitude of 960-1410 m, there were 
phytocoenoses of the ass. 
Bothriochloa ischaemum. 

The author made a 
distinction between two variants of 
dominant species – Festuca 
valesiaca Gaudin (960-1350 m 
altitude) and Stipa capillata L. 
(1020-1410 m altitude), known as 
steppe-forming species, 
widespread throughout the 
Eurasian territory. 

In the southeast of the 
Caucasus Mountains, 
Nakhutsrishvili G. (2013) (Map 
and table 19), at the altitude of 
500-600 m, and Сафаров Н.М. 
(2015), at the altitude of 1500-
2000 m, mentioned the presence of 
vegetation belts with Bothriochloa 
ischaemum + Glycyrrhiza glabra 
L. the authors mentioned the 
presence of the group of ass. 
Bothriocloa ischaemum, 
Glycyrrhiza glabra with the 
ephemerals – Inula macrophylla, 
Poa bulbosa, Eremurus olgae, 
Carex pachystylis, Ferula 
gigantea, but among the presented 
species, the faithful species of this 
mountain grassland stands out and 
forms the ass. Glycyrrhizo (glabra) 
- Bothriochloetum ischaemii n. n. 

al. Festucion valesiaca; ord. 
Festucetalia valesiaca and cl. 
Festuco-Brometea.  

The Mediterranean 
biogeographical region, where 
grassy vegetation constitutes about 
11 % of the European territory, 
includes plains and hills with 
sandy soil, loess, dry and very 
warm climate with constant 
temperatures above 30 °C, 
precipitation of 600-1200 
mm/year, but there are regions 
with 350-100 mm annually. At 
various altitudes from 10-250 m 
(Spain) to 610-1060 m (the 
Apennines, Italy) (Map and table 
21-23), there are communities with 
Bothriochloa ischaemum. In the 
plain of Barcelona, at the altitude 
of 20-250 m, Miquel de Caceres 
Ainsa (1999-2001) identified 
communities of the ass. Lactuco 
(viminae) Bothriochloetum 
ischaemum with the variants 
Elymus hispidus (10-20 m altitude) 
and Allium spherocephalon (20-
250 m altitude) and Onobrychis 
arenaria (tomasinii (2-50 m 
altitude). If we give priority to 
grasses (Poaceae), then in this list, 
Melica ciliata stands out as a 
characteristic species and the ass. 
Melico (ciliata)-Bothriochloetum 
ischaemum n. n. would result. 

In the Central Apennine 
Mountains with Adriatic exposure, 
at the altitude of 455 m, the 
communities with yellow bluestem 
have as differential species 
Plantago argintea Chaix and 
Festuca inops De Not. Taffetani E. 
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et al. (2004) distinguish the ass. 
Dichanthium ischaemum with the 
differential species Plantago 
argintea Chaix and Festuca inops 
De Not. The ass. Festuco (inops) 
Bothriochloetum ischaemum n.n. 
could be considered here. 

On a sandy and sandy-
clayey substrate, in the Northern 
Apennines (Tuscany), at altitudes 
of 610-1060 m, communities of 
the ass. Melico (ciliata)-

Bothriochloetum ischaemum n.n. 
are formed. 

All the associations of the 
Mediterranean biogeographical 
region highlighted above are part 
of the al. Bromion erectus, ord. 
Brometalia, cl. Festuco-Brometea, 
which indicate specific conditions 
for the development of 
spontaneous flora and vegetation, 
and especially grasslands with 
Bothriocloa ischaemum. 

 
CONCLUSIONS  

 
The phytocoenoses of the 

grasslands dominated by 
Bothriochloa ischaemum (L.) 
Keng, which occur in the Eurasian 
territory, differ depending on the 
biogeographical region, the 
location in the relief and the 
interaction with the local flora. 
These phytocoenoses are found in 
areas with hot and dry climate, 
limestone, clay and sand substrates 
and that meet the ecological needs 
of xerophilic, heliophilic, 
oligotrophic, alkaliphilic and 
thermophilic plants and are 
situated at high altitudes 
(highlands). 

By analysing the synthetic 
lists of phytocoenoses dominated 
by Bothriochloa ischaemum in 
various biogeographical regions, 
the following features were 
identified: the phytocoenoses with 
yellow bluestem, in the Republic 
of Moldova, are severely affected 
by anthropogenic factors; 
therefore, it is difficult to identify 

the characteristic species for the 
plant association. The grasslands 
with Bothriochloa ischaemum (L.) 
Keng, according to the results of 
the phytocenotic analysis, include 
Asperula cynanchica as faithful 
species and Jurinea calcarea, 
Potentilla arenaria, Hypericum 
perforatum, Salvia nemorosa, 
Salvia austriaca, Trifolium 
campestre, Ajuga chia, Teucrium 
polium, Caragana molis have 
higher frequency. In the 
continental biogeographical 
region, the meadow steppes of 
Bălţi form stable communities, at 
medium altitudes (250-400 m) and 
on calcareous chernozem soil, with 
the association Asperulo 
(cynanchica) - Bothriochloetum 
ischaemum n.n. 

In the steppe 
biogeographical region (Bugeac), 
the following species are more 
frequent: Dianthus carbonatus, 
Caragana frutex, Euphorbia 
seguieriana, Verbascum 
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phoeniceum, Alyssum calycinum, 
Taraxacum serotinum, Linum 
hirsutum, Anthemis ruthenicum, 
Poa bulbosa, Dianthus barbasii, 
Euphorbia stepposa and 
Borhriochloa ischaemum of the 
ass. Euphorbio (seguieriana) - 
Bothriochloetum ischaemii n. n. 
They grow mostly on chernozem 
and sandy soil. 

In the Pannonian 
biogeographical region, the yellow 
bluestem communities grow on 
sandy, dry soils, forming, in the 
northeast, the ass. Teucrio 
(botryos) - Bothriochloetum 
ischaemii Sausberer et Wagnez in 
Sausberer 1942 and the ass. 
Syntrichio (ruralis) - 
Bothriochloetum ischaemii n. n., 
on Danubian alluvia. 

In the alpine 
biogeographical region, in the 
Caucasus Mountains, on 
kastanozem soil, there are 
phytocoenoses of the ass. 
Glycyrrhizo (glabra) - 
Bothriochloetum ischaemii n. n. 
with numerous species of the local 
flora: Teucrium montanum, 
Hieracium pilosella, Carex 
humilis, Phleum phleoides. In the 
Pamir-Alay Mountains (Central 
Asia), at the altitude of 1300-1600 
m, it forms belts of steppe 
vegetation with phytocoenoses of 
the ass. Glycyrrhiza (glabra) – 
Bothriochloetum ischaemii n. n. 

In the Mediterranean 
biogeographical region with 
calcareous soils (Barcelona), the 
communities with Bothriochloa 

ischaemum are found in areas 
situated at various altitudes, with 
dry and warm climate and 
nutrient-poor substrate. The 
altitude: 2-250 m. It forms the ass. 
Lactuco vimineae - Bothriochloa 
ischaemii with the variants 
Onobrychis arenaria tomasini (2-
50 m altitude), Elymus hispidus 
(10-20 m altitude) and Allium 
spherocephalon (2-250 m 
altitude).  

In the Apennine 
Mountains, at the altitude of 610-
1060 m – the ass. Festuco (inops) -
Bothriochloetum ischaemii n. n. 
and ass. Melico(ciliata) - 
Bothriochloa ischaemii. 

Of all the biogeographical 
regions, the most favourable 
climatic conditions for the 
phytocoenoses with Bothriochloa 
ischaemum are in the 
Mediterranean, which directly 
contacts with savanoid meadows 
and tropical prairies, then the 
alpine region follows, where at 
high altitudes there are stable 
communities, forming vegetation 
belts; then steppe, continental and 
Pannonian biographical regions 
follow. 

 The wide phytocoenotic 
diversity with the dominance of 
Bothriochloa ischaemum in all the 
analyzed biogeographical regions 
(continental, steppe, Pannonian, 
alpine and Mediterranean) 
expresses the need to approach the 
alliance Bothriochloion 
(ischaemum) n. n. with the above-
mentioned associations. 
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Abstract 

          Experiences were located at SCDA Livada, Satu Mare County on a 
typical preluvosol with pH of 5.6, clay content of 22.4% and humus content of 1.8%. 
Clover crop from the first year wa invaded by annual monocotyledons, but some 
annual dicots were dominant. Cultures of red clover from the second year has been 
invaded by perennial weeds (Rumex sp, Cirsium arvense, Convolvulus arvensis).             
The production of red clover from the 1st year was influenced significantly positive 
in the variants treated with Dual Gold 96EC 1l / ha + Kerb 50W 3kg / ha, Basagran 
Forte 2,5l / ha, Pulsar 40EC 1,2l / ha and Pulsar 40EC 1l / ha + Dash 1l / ha + 
Aramo 1,5l / ha. There is a close correlation between efficiency and production.              
The herbicides used on red clover culture in the second year were less effective on 
perennial dicotyledons and the herbicide Sencor 70WG was phytotoxic.   

 
Keywords: red clover, floristic composition, herbicide efficacy, phytotoxicity. 
 
INTRODUCTION 

 
Achieving high yields is 

the key to solving the problem of 
feeding animals and humans. And 
in this sector of agriculture, 
herbicides are an important lever 
for high-quality and high-yield 
crops - because the presence of 
weeds in feed reduces production 

per hectare and depreciates their 
quality, and some of them are very 
toxic for various animal species 
(Șarpe N., Strejan Gh.,1981). 

Red clover is the most 
widespread leguminous fodder 
plant, especially in the 
Transylvanian region.

  
MATERIAL AND METHOD 

 
Researches were performed 

at SCDA Livada on a typical 
preluvosol with pH of 5.6, clay 
content of 22.4% and humus 
content of 1.8%. The experiments 

were based on the Latin rectangle 
method, 12 variants in three 
replicates (red clover, first year) 
and in randomized block 8 variants 
in three replicates (red clover, 
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second year), the area of the plot is 
21mp. The climate data recorded 
at the SCDA Livada weather 
station allow us to elaborate a 
conclusion regarding climate 
change in the northwest of the 
country: heating.  
Compared to the multiannual 
average values over the most of 
the months of the experimental 
period, an increase in temperatures 
is noticed except in September, 

October and December, when the 
average monthly temperatures are 
below the average multiannual 
values (table 1). 

From rainfall point of 
view, it is observed that the sum of 
the monthly precipitations is 
below the multiannual average 
(table 2). 

The herbicides used in the 
experiments are shown in tables 3 
and 4. 

 
Table 1 

Temperature recorded on SCDA Livada in 2010-2011 

 
Month 

Temperature 
Average (°C) 

Multianual 
average (°C) 

Deviation (°C) 
± 

August 21,3 19,7 +1,6 
September 14,4 15,1 -0,7 

October 7,4 9,8 -2,4 
November 8,9 4,7 +4,2 
December -0,3 -0,4 -0,1 
January -2,7 -2,4 +0,3 
February -1,9 -0,2 +1,7 
March 5,2 4,5 +0,7 
April 11,7 10,3 +1,4 
May 16,2 15,8 +0,4 
June 20,1 18,8 +1,3 
July 20,3 20,3 0 

x̅ 10,1 9,6 +0,5 
                   
 

  

Romanian Journal of Grassland and Forage Crops (2018)18 38

Mondici Susana et al.



Table 2 
Rainfall recorded on SCDA Livada in 2010-2011 

 

       Table 3 
Scheme of application the herbicides to red clover crop - year I 

No.
var. Herbicide Dose 

l,kg/ha 
Moment of 
application 

 
Active substances 

1 No treatement - - - 
2 Dual Gold 96 EC 1,0 Preemergent S – metolaclor 960g/l 

3 Dual Gold 96 EC + 
Kerb 50W 1,0 + 3,0 Preemergent S – metolaclor 960g/ + 

propyzamid 50% 
4 Kerb 50W 3,0 Preemergent propyzamid 50% 
5 Kerb 50W 3,0 Early  propyzamid 50% 

6 Basagran Forte 2,5 Early  bentazon 480g/l + 
wettol(adjuvant) 

7 Pulsar 40 EC 1,2 Postemergent imazamox 40g/l 

8 Pulsar40 EC + Dash 1,0 + 1,0 Postemergent imazamox 40g/l + 
adjuvant 

9 Pulsar40 EC + Dash 1,2 + 1,0 Postemergent imazamox 40g/l + 
adjuvant 

10 Pulsar40 EC + Dash 
+ Aramo 1,0+1,0+1,5 Postemergent 

imazamox 40g/l + 
adjuvant + tepraloxidim 

50g/l 
11 Targa Super 2,0 Postemergent quizalofop- p-etil 50g/l 

12 Targa Super +Pulsar 
40 EC 1,5 + 1,2 Postemergent quizalofop- p-etil 50g/l + 

imazamox 40g/l 
  

 
Month 

Ʃ Rainfall 
(mm) 

Multianual 
average 

Deviation  (mm) 
± 

August 45,0 80,0 -35,0 
September 107,7 62,8 +44,9 

October 31,4 53,2 -21,8 
November 80,5 57,3 +23,2 
December 93,1 59,8 +33,3 
January 30,3 46,7 -16,4 
February 32,9 40,3 -7,4 

March 26,4 43,5 -17,1 
April 20,2 50,3 -30,1 
May 20,7 74,1 -53,4 
June 122,3 92,9 +29,4 
July 124,4 85,0 +39,4 
Total 734,9 745,9 -11,0 
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The floristic composition 
of the weeds present on the 
establisment of red clover 
experience was: Echinochloa crus-
galli, Eriochloa villosa, Digitaria 
sanguinalis, Setaria viridis, 
Chenopodium album, Raphanus 
raphanistrum, Capsella bursa 
pastoris, Matricaria inodora, 
Viola arvensis, Polygonum 
aviculare, Triticum. 

The epoque of herbicide 
application was preemergence 
(immediately after sowing), early 
post-emergence (when the clover 
plants formed 2-3 leaves) and 
post-emergence (when the clover 
reached 3-4 leaves). 

Determination of the 
degree of embankment was done 
gravimetrically, ie weighing by 
weed species in each plot per 1mp.

                                                                                                              
  Table 4 

Scheme of application the herbicides to red clover crop - year II 

No.
var

. 
Herbicid Dode 

l,kg/ha 
Moment of 
application 

 
Active substances 

1 No treatment - - - 
2 Sencor 70 WG 1,25 Post(r v) metribuzin 70% 
3 Pulsar 40 EC 1,2 Post(r v) imazamox 40g/l 
4 Kerb 50W 3,0 Post(r v) propyzamid 50% 
5 Sencor 1,0 Post(r v) metribuzin 70% 
6 Pulsar 40 EC 1,0 Post(r v) imazamox 40g/l 
7 Kerb 50W 5,0 Post(r v) propyzamid 50% 
8 Sencor 1,5 Post(r v) metribuzin 70% 

*rv –vegetative rest 
   

The species of weed 
dominated in the second year of 
red clover crop were: Cirsium 
arvense, Rumex sp, Stelaria media, 
Lamium amplexicaule, Elymus 
repens, Viola arvensis, 
Convolvulus arvensis. The age of 
application of herbicides to the old 

red clover crop was post-
emergence (vegetative rest). 

Similar to the 1st year of 
red clover crop also on the 2nd 
year, the determination of the 
degree of embankment was done 
gravimetrically in each plot per 1 
sq. M.
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RESULTS AND DISCUTION 
       

 Statistically assured crop 
production for red clover crop I 
was obtained with the Dual Gold 
96EC 1l / ha + Kerb 50W 3kg / ha, 
Basagran Forte 2.5l / ha, Pulsar 
40EC 1.2l / ha and Pulsar 40EC 1l 
/ ha + Dash 1l / ha + Aramo 1.5l / 
ha, variants that show significant 
positive increases compared to the 

witness of the experience (table 5). 
Analyzing the efficacy of 
herbicides in red clover year I, 
there is a close correlation between 
efficacy and production (figure 1). 
This close link was also found by 
analyzing the efficiency and purity 
of the crop (figure 2).

         
Table 5 

The influence of herbicide treatment on red clover yield from year I 

Nr.
var

. 
Herbicide Dose 

kg,l/ha 
Production 

q/ha 

D± 
Compared 

to Mt. 
Signiffication 

1 No treatment - 24,4 -  
2 Dual Gold 96 EC 1,0 26,3 1,9  

3 Dual Gold 96 EC + 
Kerb 50W 1,0 + 3,0 33,7 9,3 x 

4 Kerb 50W 3,0 29,6 5,2  
5 Kerb 50W 3,0 30,0 5,6  
6 Basagran Forte 2,5 33,3 8,9 x 
7 Pulsar 40 EC 1,2 33,9 9,5 x 
8 Pulsar40 EC + Dash 1,0 + 1,0 30,8 6,4  
9 Pulsar40 EC + Dash 1,2 + 1,0 31,4 7,0  

10 Pulsar40 EC + Dash 
+ Aramo 

1,0+1,0
+1,5 33,4 9,0 x 

11 Targa Super 2,0 29,4 5,0  

12 Targa Super +Pulsar 
40 EC 1,5 + 1,2 32,5 8,1  

  DL 5% = 8,71q/ha       DL 1% = 11,84 q/ha          DL 0,1% = 16,05 q/ha 
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Fig.  1. The relationship between the efficacy of treatments and the production of red 

clover on year I 

 
Fig. 2.  The relationship between the efficacy of treatments and the purity of red 

clover on year I 
 

In the experience with red 
clover crop of the 2nd year, a 
significantly positive production 
increase was observed in the 
variant treated with the Kerb 
herbicide 50W 3kg / ha, where an 
increase of 20.9 q / ha was 

obtained compared to the witness 
of the experience. Of the 
herbicides tested in this 
experience, the herbicide Sencor 
70WG showed phytotoxicity 
irrespective of the dose applied 
(table 6).

Romanian Journal of Grassland and Forage Crops (2018)18 42

Mondici Susana et al.



Table 6 
The influence of herbicide treatment on red clover yield from year II 

No.var. Herbicide Dose 
kg,l/ha 

Productio
n 

q/ha 

D± 
Compare
d to Mt. 

Signiffication 

1 Netratat - 36,3 -  
2 Sencor 70 WG 1,25 35,7 -0,6  
3 Pulsar 40 EC 1,2 47,6 11,3  
4 Kerb 50W 3,0 57,2 20,9 x 
5 Sencor 70 WG 1,0 34,1 -2,2  
6 Pulsar 40 EC 1,0 45,4 9,1  
7 Kerb 50W 5,0 43,8 7,5  
8 Sencor 70 WG 1,5 19,5 -16,8  

DL 5% = 17,50 q/ha        DL 1% = 24,26 q/ha          DL 0,1% = 33,71 q/ha 
 

CONCLUSIONS 
 

Experiences were placed at 
SCDA Livada on Clover Crop 
Culture 1st and 2nd year. 

The use of herbicides in 
clover for the first year yielded 
good efficacy, with significant 
increases in production volumes at 
the number 3,6,7,10. 

The application of 
herbicides to second year red 
clover yields a significantly 
positive production increase in the 
variant treated with Kerb 50WG 
3kg / ha and phytotoxicity in 
variants treated with Sencor 70 
WG irrespective of dose.
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Abstract  
The permanent grasslands from Moldova forest steppe occupy a 

considerable area and is an important source of supply of feed for animals. Exact 
knowledge of the current potential of permanent grasslands constituie a mandatory 
requirement in order to capitalize on a higher level the opportunities available in 
this area. The objective of the study was to determine the effect of harvesting 
phenophase under the influence of organic and mineral fertilization on the 
productivity and structure of the vegetation cover of a grassland of Dichanthium 
ischaemum L. Roberty. The experience was organized on a permanent grassland of 
Dichanthium ischaemum L. Roberty from the Andrieșeni locality, Iaşi county (47°02' 
north latitude and 27°22' eastern longitude). The experimental factors were 
represented by the harvesting stage, with three graduations: a1-harvested at plant 
height of 15-18 cm, a2-harvested at the ear formation (control) and a3-harvested to 
full flowering and fertilization with seven graduations: b1- unfertilized (control), b2- 
N50P50K0 kg ha-1anually, b3- N75P75K0 kg ha-1anually, b4- N100P100K0 kg ha-
1anually, b5-10 Mg ha-1sheep manure anually, b6-20 Mg ha-1anually and b7-30 
Mg ha-1anually sheep manure applied at two years. The results obtained showed 
that dry matter production was influenced both by the harvest phenophase and the 
fertilizer doses used, the higher dry matter production values in both cycles of 
vegetation obtained in the fertilized variants with N100P100K0 kg•ha-1 anually and 
30 Mg•ha-1 of two-year-old sheep manure harvested in full-flowering phenophase of 
the dominant species. 

 
Keywords: old world bluestem, harvest phenophase, organic and mineral 
fertilization, dry matter production. 

 
INTRODUCTION 

 
In forest steppe of Moldova 

the permanent pastures are situated 
mostly on weakly productive 
lands, having generally poor yield 
and floristic compostion 
inadequate. A significant way for 

improvement these is the 
correctment of the nourishing 
regime by organic or mineral 
fertilization (Vîntu et al., 1997).  

The increase of phytomass 
yield represents the primordial 
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objectiv of pastureland surfaces 
holders, the improvement of the 
nourishing regime having a 
determination role (Vîntu et al., 
1999). Grasslands of old world 
bluestem (OWB) is the most 
common type derived meadows, 
grazing resulted as a result of 
abuse, unreasonable and soil 
erosion (Vîntu et al., 2004; Teague 
et al., 1996). The productivity of 
this kind of grasslands are around 
5-6 t/ha biomass at 40 cm height 
(Coleman W.S. and Forbes 
T.D.A., 1998). 

Old-world bluestem 
(OWB) produce good quality feed 
in the early stages of vegetation, 
but its quality decreases with the 
advance in vegetation (Teague et 
al., 1996). Nutritive value of 
forage is influenced by many 
factors including soil fertility, 
growth stage and environmental 
conditions (Dabo et al., 1987). 

The strategy of harvesting 
on a particular meadow in 
different phenophases is a good 

alternative for optimizing 
production, choosing the optimum 
harvest time with a notable impact 
on the quantity and nutritional 
value of the feed (Bumb et al., 
2016). 

In the agro-technical 
complex measures, mineral and 
organic fertilization is a important 
lever to increase production 
grasslands OWB (Koukoura et al., 
2004; Meluț, 2012). 

Regardless of the dose 
applied, using organic fertilizers 
on grasslands of old world 
bluestem (OWB) determines a 
high quality forage and forage 
value significantly higher 
compared to unfertilized variant or 
mineral fertilizers (Meluț et al., 
2014). 

 The investigations aimed 
at the production of surface unit 
and the modification of the 
floristic structure depending to the 
harvest phenophase under the 
influence of organic and mineral 
fertilization.

 
 MATERIAL AND METHOD 

  
The experience was 

organized on a permanent 
grassland of Dichanthium 
ischaemum L. Roberty, situated in 
Moldova forest steppe, on the 
territory of Andrieşeni locality, 
Iaşi county, between the 
geographical coordinates 47°02' N 
latitude and 27°22' - eastern 
longitude, on a slightly inclined 
ground, with SE exposition. The 

experience is bifactorial, arranged 
in randomized plots in three 
replicates, which to study the 
effect of phenophase harvesting 
under the influence of organic 
fertilization and minerals in 
different doses, in the increase 
phytomass and the modification 
produced in the floristic structure 
as a result of the changes of soil 
nutritional status. The 
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experimental factors were 
represented by the harvesting 
stage, with three graduations: a1-
harvested at plant height of 15-18 
cm, a2-harvested at the ear 
formation (control) and a3-
harvested to full flowering and 
fertilization with seven 
graduations: b1-unfertilized 
(control), b2-N50P50K0 kg•ha-1 
anually, b3-N75P75K0 kg•ha-1 
anually, b4-N100P100K0 kg•ha-
1anually, b5-10 Mg ha-1 sheep 
manure anually, b6-20 Mg•ha-1 
anually and b7-30 Mg•ha-1 
anually sheep manure applied at 
two years. 

Fertilization was done with 
two types of fertilizer: organic 
represented by well fermented 
sheep manure (older than two 
years) and mineral represented by 
complex fertilizer with nitrogen 
and phosphorus (N20P20K0). 
Fertilizers were manually applied 
early spring. Production was 
expressed in dry matter (DM); the 
floral structure was determined by 
the geobotanic method using the 
visual appreciation scale - the 
Braun-Blanquet method; the 
statistical processing of the results 
has been achieved by variance 
analysis.

  
RESULTS AND DISCUSSION  

  
Improvement of the soil 

nutrition regime due to the 
application of mineral and organic 
fertilizers had a positive effect on 
the growth of Dichanthium 
ischaemum L. Roberty grassland, 
the level of production being 
differentiated, depending to the 
applied doses, to the phenophase 
of harvesting but especially due to 
the climatic conditions of the year 
experimentation. Although it was a 
drought year, in 2018, two 
production cycles were obtained 
from the meadow studied. 
Analyzing the influence of the 
studied factors on the dry matter 
production at cycle I (table 1), it is 
observed that the level of the 
production is different depending 
on the fertilization variants used, 

and at the same doses, depending 
on the harvest phenophase. 

Thus, in the variant 
harvested at the height of the 
plants of the dominant species of 
15-18 cm, the lowest production of 
dry matter, of 0.24 Mg•ha-1 DM, 
was obtained in the unfertilized 
variant.  

Of the proposed 
fertilization variants, the most 
advantageous for this phenophase 
were the variants mineral fertilized 
with N100P100K0 kg•ha-1 annual 
and organic with 30 Mg•ha-1 of 
sheep manure applied at two years, 
the yield being of 0.41 Mg•ha-1 
DM and 0.47 Mg•ha-1 DM 
respectively, with statistically 
differences ensured against the 
control (table 1).  
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The harvesting at the ear 
formation (control) of the 
dominant species determined to 
the production of similar dry 
matter productions compared to 
the first phenophase, between 0.28 
Mg•ha-1 DM (control) and 0.45 
Mg•ha-1 DM in the variant 
fertilized mineral with 
N100P100K0 kg•ha-1 applied 
annually, the production difference 
compared to the control being 
significant.Analyzing the 
production data at full flowering 

phenophase at cycle I (table 1), it 
can be observed that the yields 
obtained were higher compared to 
the two phenophases, on the one 
side, due to the assimilation by the 
plants of the fertilizers applied and 
on the other side the accumulation 
of biomass.  

Thus, the values of dry 
matter production obtained in the 
fertilized variants were statistically 
insured in all the studied, distinct 
and very significant compared to 
the unfertilized variant (table 1).

 
Table 1 

Influence of fertilization and harvest phenophase on the production of dry matter 

Variant 
DM Production (Mg·ha-1) 

First cut Second Cut TOTAL 

a1 - 
harvested  
at plant 

height of 
15-18 cm 

b1- unfertilized 0.24 0.34° 0.57 
b2- N50P50K0 0.35 0.46 0.82 
b3- N75P75K0 0.37 0.51 0.88 

b4- N100P100K0 0.41* 0.66 1.08 
b5-10 Mg·ha-1 sheep manure 

applied annually 0.28 0.56 0.84 

b6-20 Mg·ha-1 sheep manure 
applied annually 0.38 0.68 1.07 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 0.47** 0.73 1.19 

a2 - 
harvested  
at the ear 
formation 

(C) 

b1- unfertilized (C) 0.28C 0.58C 0.85C 
b2- N50P50K0 0.38 0.73 1.11 
b3- N75P75K0 0.40 0.80* 1.20 

b4- N100P100K0 0.45* 0.92** 1.37** 
b5-10 Mg·ha-1 sheep manure 

applied annually 0.33 0.89** 1.21* 

b6-20 Mg·ha-1 sheep manure 
applied annually 0.36 1.01*** 1.37** 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 0.44* 1.13*** 1.57*** 
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Production data recorded in 

cycle II shows an increase in dry 
matter production compared to the 
previous cycle. This is explained 
by the climatic conditions of 2018, 
characterized by a prolonged 
drought in the first months of the 
year, in the months corresponding 
to the entry of plants into 
vegetation and a surplus of rainfall 
in June and July which made the 
second cycle, the quantitative 
value of production is practically 
double the previous cycle. The dry 
matter products obtained in cycle 
II (table 1) recorded significant 
increases in all variants studied 
compared to the first cycle. The 
yields obtained at variants 
harvested at the height of plants of 
the dominant species of 15-18 cm 
produced the weakest productions 
of this vegetation cycle, the values 
obtained being insignificant 
compared to the other two 
phenophases studied. In cycle II, 
the highest yield of 1.18 Mg•ha-1 
DM was obtained in the full  

 
flowering phenophase of the 
dominant species fertilized mineral 
with N100P100K0 kg•ha-1 
applied annually. Also, a high 
production of 1.17 Mg•ha-1 DM at 
the same harvest phenophase was 
recorded in variant fertilized with 
30 Mg•ha-1 of sheep manure 
applied at two years. 

Analyzing the average total 
production on both cycles in 2018, 
it is noted that the most 
statistically significant values of 
dry matter production were 
recorded in the variants where 
harvesting took place in the 
phenophases at the ear formation 
(control) and full flowering of the 
dominant species. 

Thus, the largest total dry 
matter production of 1.77 Mg•ha-1 
DM was obtained in the full 
flowering phenophase of the 
dominant species fertilized mineral 
with N100P100K0 kg•ha-1 
applied annually. A high 
production of 1.76 Mg•ha-1 DM 
similar to the maximum value was 

a3 - 
harveste
d  to full 
flowerin

g 

b1-unfertilized 0.34 0.68 1.02 
b2- N50P50K0 0.50** 0.78 1.28* 
b3- N75P75K0 0.56*** 1.00*** 1.56*** 

b4- N100P100K0 0.59*** 1.18*** 1.77*** 
b5-10 Mg·ha-1 sheep manure 

applied annually 0.50** 1.02*** 1.52** 

b6-20 Mg·ha-1 sheep manure 
applied annually 0.54*** 1.10*** 1.64*** 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 0.59*** 1.17*** 1.76*** 

 

LSD 0.01 0.14 0.22 0.36 
LSD 0.1 0.19 0.30 0.49 
LSD 0.5 0.26 0.41 0.68 
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achieved at the same fertilization 
phenophase fertilized with 30 
Mg•ha-1 sheep manure applied at 
two years.  

The results regarding the 
influence of the harvesting 
phenophase on the dry matter 
production (table 2) shows that at 
the first cycle the production 
values were between 0.36 Mg•ha-
1 DM and the variant harvested at 
the height of the plants of the 
dominant species of 15-18 cm and 
0.52 Mg•ha-1 DM in the variant 
harvested in full flowering 
phenophase, where the highest 
production was obtained 
statistically. In cycle II, the yields 
were higher in all three harvest 
phenophases compared to the first 
cycle of vegetation, the highest 
production of dry matter, of 0.99 
Mg•ha-1 DM obtained in the 
variant harvested in full flowering 
phenophase, the value of the 
obtained production being 
insignificant compared to the 
control variant. From the analysis 
of the effect of harvesting 
phenophase on total dry matter 
production (table 2), the highest 
values were recorded in the 
variants harvested at the ear 
formation and full flowering 
phases of the dominant species. 
From the obtained results on the 
influence of organic and mineral 

fertilizers on the dry matter 
production (table 3), the positive 
influence of applied fertilizers, 
irrespective of their type, on 
productivity is clearly observed, 
the efficiency being dependent on 
the applied dose, in direct 
correlation with the climatic 
conditions, especially with the 
amount of rainfall and their 
distribution during the vegetation 
period. 

Production data recorded in 
cycle I shows the low dry 
production value compared to 
cycle II. This is explained by the 
weak effect of fertilizers on 
production as a result of low 
rainfall in the active plant growth 
period.  

Thus, in the first cycle, 
variants fertilized with mineral 
fertilizers in doses of N75P75K0 
kg•ha-1 and N100P100K0 kg•ha-1 
applied annually as well as 
variants fertilized with sheep 
manure in doses of 20 Mg•ha-1 
(annually) and 30 Mg•ha-1 (at 2 
years) had a positive influence on 
the productivity of the meadows  
by producing high yields of 0.44-
0.48 Mg•ha-1 DM and 0.43-0.50 
Mg•ha-1 DM respectively, the 
production differences being 
distinct and very significant 
compared to the non-fertilized 
variant (control). 
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Table 2  
Influence of harvest phenophase on dry matter production 

Variant DM Production (Mg·ha-1) 

First cut Second Cut TOTAL 
a1 0.36 0.56° 0.92° 

a2 (C) 0.38C 0.86C 1.24C 
a3 0.52* 0.99 1.51 

LSD 0.01 0.11 0.19 0.31 
LSD 0.1 0.18 0.32 0.51 
LSD 0.5 0.34 0.60 0.95 
 
The productions obtained 

during the second cycle were 
higher compared to the ones in the 
first cycle, the values obtained in 
the variants fertilized organic and 
mineral being superior to the 
unfertilized variant (control). 
Thus, the production values of dry 
matter were between 0.65-0.92 
Mg•ha-1 DM in the variants 
fertilized mineral and 0.82-1.01 
Mg•ha-1 DM in variants fertilized 

organic with sheep manure (table 
3). Analyzing the average total 
yield on both vegetation cycles 
depending on the fertilization, it is 
observed that the highest values of 
dry matter production of 1.40 
Mg•ha-1 DM and 1.51 Mg•ha-1 
DM were obtained in variants 
fertilized with N100P100K0 
kg•ha-1 applied annually and 30 
Mg•ha-1 of sheep manure applied 
at 2 years (table 3).

 
Table 3 

Influence of organic and mineral fertilization on dry matter production 

Variant 
DM Production (Mg·ha-1) 

First  
cut Second Cut TOTAL 

b1 (C) 0.28C 0.53C 0.81C 
b2 0.41 0.65 1.07 
b3 0.44* 0.77* 1.22* 
b4 0.48** 0.92*** 1.40** 
b5 0.37 0.82** 1.19* 
b6 0.43* 0.93*** 1.36** 
b7 0.50** 1.01*** 1.51*** 

LSD 0.01 0.13 0.20 0.33 
LSD 0.1 0.18 0.28 0.46 
LSD 0.5 0.26 0.39 0.65 
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After the determination of 
the floristic composition of the 
grassland from the studied 
experience, the type determined is 
Dichanthium ischaemum L. 
(Roberty), being the most 
widespread type of meadows 
derived as a result of abusive, 
irrational grazing and soil erosion. 
Analyzing the floristic structure of 
the meadow studied, following the 
application of organic fertilization 
and minerals correlated with the 
harvest phenophase, we notice 
changes in the level of the 
economic groups of plants (table 
4). 
 Regarding the evolution of 
the meadow type on the 

phenophases of harvesting, 
following the application of 
organic and mineral fertilization, 
we observe important changes, the 
dominant species, Dichanthium 
ischaemum L. (Roberty), 
registering significant decreases as 
intensified management applied, 
the share of Poaceae decreasing 
until to 33-40% in the full 
flowering phenophase of the 
dominant species (table 4).   
 Fabaceae react strongly 
with the application of fertilization 
doses, they increase their 
participation in all the variants 
harvested in the ear formation and 
full flowering phenophases of the 
dominant species (table 4).

 
Table 4  

The influence of organic and mineral fertilization on the floristic structure 

Variant b1 b2 b3 b4 b5 b6 b7 
Average vegetation coverage (%) 

Degree of vegetation 
coverage (%) 

a1 96 95 99 92 85 88 88 
a2 75 73 89 71 70 61 63 
a3 59 50 61 59 50 51 50 

Poaceae 
a1 75 78 77 79 73 70 70 
a2 55 56 60 52 50 47 49 
a3 40 37 35 37 33 36 37 

Fabaceae 
a1 1 + + + + + + 
a2 2 2 7 3 2 + + 
a3 5 2 6 7 3 5 5 

Forbs 
a1 20 17 22 13 12 18 18 
a2 18 15 22 16 18 14 14 
a3 14 11 20 15 14 10 8 

Species number 
a1 13 13 13 15 13 13 13 
a2 13 16 17 14 13 14 14 
a3 15 16 16 18 14 15 15 
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The percentage of 
participation of the plants from 
other botanical families in the 
vegetation cover is 8-22%, being 
determined by the type and doses 
of fertilizers used and by the 
harvest phenophase. In all variants 
was observed the presence of gaps 
as a result of eroded slope land, 
these being present in a large 
proportion in fertilized variants 
with sheep manure due to 
unfavorable climatic conditions 
that have reduced the accessibility 
of manure. 

Organic and mineral 
fertilization did not favor the 
increase species number in the 
vegetation cover, the studied 
meadow being in the first year of 
treatment. Another effect was the 
emergence of new species that 
were found in the vegetation cover 
of the experimental field, such as 
Chenopodium album L., 
Convolvulus arvensis L., 
Amaranthus retroflexus L. and 
Polygonum aviculare L., species 
found only in fertilized variants 
with sheep manure.

 
CONCLUSIONS 
  

The meadows of 
Dichanthium ischaemum L. 
(Roberty) responds favorably to 
the improvement of the nutrient 
regime in the soil, the level of 
phytomatous productions being 
influenced by the doses and the 
type of fertilizer in correlation 
with the pedoclimatic conditions 
of the studied stationary. 

Applied organic and 
mineral fertilization has 
significantly improved the 
production capacity of the 
Dichanthium ischaemum L. 
Roberty grassland from Moldova 
forest-steppe, regardless of the 
applied doses, with distinct and 
very significant differences 
compared to the unfertilized 
variant. 

 The best fertilization 
variants in both vegetation cycles 
proved to be the mineral fertilized 

variants with N100P100K0 kg•ha-
1 applied annually and organic by 
applying the dose of 30 Mg•ha-1 
of sheep manure applied at two 
years average production of 1.40 
Mg•ha-1 DM and 1.51 Mg•ha-1 
DM with very significant 
differences compared to 
unfertilized variant (control). 

 The results of the harvest 
phenophase showed that in the 
variants where the harvesting was 
been performed in the ear 
formation phenophase (control), 
the yields obtained at the two 
cycles were close to the variants 
where the harvesting took place in 
the full flowering phenophase. The 
results obtained do not recommend 
harvesting at the plant height of 
the dominant species of 15-18 cm, 
the yields being significantly 
lower in both cycles. Both 
harvesting in different 
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phenophases, but especially 
fertilization, led to the 
modification of structure of 
vegetation cover by favoring 
valuable species from fodder point 
of view. 

Following the results of 
this study can be recommended 
use of organic and mineral 
fertilizers on Dichanthium 
ischaemum L. Roberty meadows 
to obtain high yields.
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Abstract  

The management of grasslands on the Apuseni Mountains must be applied 
by locals (local actors) and with long-term studies, can be found an equilibrium 
between maintaining biodiversity and increasing productivity. In the last time more 
and more research has been studying the effect of management intensity on the 
productivity and biodiversity of grassland systems and especially on high nature 
value grasslands. The results come from an experiment with 4 treatments (V1 – 
control, V2 – 10 t/ha manure, V3 -20 t/ha manure and V4 - 30 t/ha manure). The 
paper will present the results obtained from a long-time experiment (2001-2017) but 
data are presented only in last 3 years (2015, 2016 and 2017). Organic fertilizers 
application determined in each of the three treatments specific phytocoenoses and 
more productive.The results come from an experiment with 4 treatments (V1 – 
control, V2 – 10 t/ha manure, V3 -20 t/ha manure and V4 - 30 t/ha manure). The 
paper will present the results obtained from a long-lasting experience for a period 
of 3 years (2015, 2016 and 2017).  
 
Keywords: semi-natural grasslands, productivity, Festuca rubra, grassland 
management, organic fertilization 
 
INTRODUCTION  
 

Numerous studies on the 
mountain grasslands in Romania, 
they had particularly agronomic 
character. The studies were 
directed to increase production 
through the use of mineral and 
organic fertilizers, in higher doses 
in order to obtain a floristic 
composition of superior fodder 
quality (Motcă, 1975; Neacșu, 
1979; Cardașol, 1979; Bărbulescu, 
1982; Rotar and Carlier, 2010). 

An image of the productive 
potential of the mountain 
meadows offers us Puia (1976), 
which based on studies in 
Romania, highlights the 
productivity of some types of 
mountain and alpine grasslands, as 
well as the nitrogen reaction of 
these formations according to 
altitude. 

Another very important 
aspect of grassland fertilization is 
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the way of application and 
incorporation of the inputs. On the 
grasslands, the fertilizer is applied 
on the surface because it can’t be 
incorporated which leads to a 
delay in its action. Păcurar (2014) 
shows that fertilization not only 
have the purpose of obtaining 
maximum productions, but also 
the author mentions that the plant 
should find its nutritional elements 
during the growing period, in 
order for the feed to contain in 
sufficient proportion all the 
nutrients. Samuil (2010) makes a 
study based on the premise that the 
Romanian grasslands, have a great 

biodiversity, and this situation 
should be taken into account by 
prioritizing species conservation, 
in the context of the major losses 
of semi-natural grasslands in the 
rest of Europe.  

The authors point out that 
socio-economic pressures have led 
to increase of the abandonment. 

Maintaining Romania's 
grasslands at the same level of 
biodiversity, without losing this 
very valuable resource, it could be 
done if complementary to existing 
agri-environment schemes, would 
search for effective solutions and 
additional support measures. 

  
MATERIAL AND METHOD  
  

Studies on the influence of 
organic fertilizers have been 
carried out on a long-term 
experience in The Apuseni 
Mountains with the intensity of 
organic fertilization as a factor. 
The study had 4 experimental 
variants with 4 repetitions each. 
The experimental variants are: V1 
– control, V2 – 10 t/ha manure, V3 
– 20 t/ha manure and V4 – 30 t/ha 

manure. The paper will present the 
results obtained from a period of 3 
years (2015, 2016 and 2017).  

Floristic studies were 
carried out using the Braun-
Blanquet method, modified after 
Pacurar and Rotar, 2014. The 
processing of the data and the 
interpretation of the results were 
elaborated with the help of the 
programs Excel and PC – ORD.

  
RESULTS AND DISCUSSION  
   

The dry matter harvest 
increases as the system intensifies, 
correlating very strongly with the 
axis 1 of representation (r = 0,937; 
figure 6.5). The harvest increases 
from 2.01 t/ha (control) to 4.99 t / 
ha (30 t/ha manure, table 1). This 
situation is confirmed by many 

previous studies. Significant 
increase are achieved and Pacurar 
in 2005, where it has an average 
dry matter yield over a 4 year 
period of experience, obtaining 
2.25 t/ha dry matter in the control 
variant and 3.72 t/ha dry matter in 
fertilized variant with 30 t / ha 
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manure. Returning to our 
experience, the type of Festuca 
rubra - Agrostis capillaris had an 
average productivity during the 
three experimental years of 2.01 
t/ha of dry matter (figure 1, table 
1). 

The type of Agrostis 
capillaris - Festuca rubra 
determined by the treatment of 10 
t/ha of manure leads to a harvest of 
dry substance of 3.42 t/ha, with a 
very significant difference of 1.41 
t/ha dry substance to the control 
(figure 1, table 1). 

This type of grasslands is 
comparable to the type of Agrostis 
capillaris with medium 
productivity, described by many 
specialists alongside the research 

on grassland ecosystems (Motcă, 
1982; Vîntu, 2006; Marușca, 
2014). 

The type of Agrostis 
capillaris - Trisetum flavescens 
(20 t/ha manure variant) recorded 
an average crop on experimental 
years of 4.31 t/ha dry matter, with 
a very significant difference of 
2.31 t/ha compared to control 
phytocenosis (figure 1, table 1). 
The same type of grasslands 
(Agrostis capillaris - Trisetum 
flavescens) determined by 
treatment with 30 t/ha of manure, 
leads to a 4.99 t/ha dry matter 
crop, with a very significant 
difference from the control type 
(2.98 t/ha dry matter, figure 1, 
table 1). 

 

 
Fig. 1. The influence of organic fertilizer on the harvest of dry matter 
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Table 1  
The influence of organic fertilizers on dry matter harvest 

Variant t/ha % Difference Significance 
V1 2.01 100.0 0.00 Mt. 
V2 3.42 170.2 1.41 *** 
V3 4.31 214.8 2.31 *** 
V4 4.99 248.4 2.98 *** 

DL (p 5%) 0.22;   DL (p 1%) 0.31;    DL (p 0,1%) 0,46 
 

Table 2 
The yield differences among variants and their significance 

Variations in 
increasing 

order of harvest 

dry matter 
harvest t/ha 

Variations in increasing order of harvest 
V 2 V 3 V 4 

SU t/ha 
3.42 4.31 4.99 

V 1 0.69 1.41 2.31 2.98 
V 2 1.15  0.90 1.57 
V 4 1.18   0.67 
V 3 1.28    

 
Table 3 

The values of significance difference for the various limits of the comparison between 
variants 

Media error SX = 0.07 (t/ha) 
Distance in classification V 2 V 3 V 4 

Values q 3.20 3.34 3.42 
Theoretical DS values 0.22 0.23 0.23 

 
The productive potential 

and grassland quality can be 
enhanced by different fertilization 
regimes and applied fertilizer 
types. A typical feature of 
fertilizers is that they influence 
(directly and indirectly) plant 
growth and development 
(Pozdíšek, 2008). 

In the study conducted by 
Štýbnarová in the year 2014, for a 
period of 7 years, on the 
grasslands in the Czech Republic, 

it is noted that fertilization with 
organic fertilizer resulted in a 
significant increase in the 
production of dry matter by 
107.9%, compared to unfertilized 
witnesses, a situation that also 
confirms the results obtained by 
us. 

Returning to our 
experience, the type of Agrostis 
capillaris - Trisetum flavescens 
(V3) brings a significant crop 
difference to Agrostis capillaris - 
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Festuca rubra (V2, 0.90 t/ha dry 
matter). The same type of 
grasslands determined by the 
variant with 30 t/ha of manure 
produces an increase of 1.5 t/ha of 
dry matter to Agrostis capillaris 

type - Festuca rubra (significant, 
Table 2 and 3) and 0.67 t/ha dry 
matter to Agrostis capillaris - 
Trisetum flavescens codominant 
Centaurea pseudophrygia 
(significantly, table 2).

 
CONCLUSIONS  
  

The application of organic 
fertilizers is made in each of the 
three treatments, installing specific 
phytocoenoses with productive 
grasslands. 

Organic fertilization led to 
an increase in yield from 1.61 t/ ha 
dry matter in the control variant 
(represented by the type Festuca 

rubra - Agrostis capillaris) up to 
5.41 t/ha dry substance (V4 - 
Agrostis capillaris - Trisetum 
flavescens). 

The application of organic 
fertilizers may cause different 
crops within the same grassland 
(Agrostis capillaris - Trisetum 
flavescens).
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Abstract  
Trying to achieve ecological sustainability has slowly become public policy 

in many developed countries and developing countries, but the progress of the past 
three decades has not brought sustainability into the mainstream, into the public 
consciousness. One reason is that the story is too big to tell (Hák et al., 2018). The 
need for indicators that can reduce complex analyses and data to a single value is 
greater than ever, being necessary for management and essential for public 
education. In this paper we explored two indicators for Romania’s food 
consumption profile: Minimum Arable Land and the Global Footprint Network’s 
Ecological Footprint of Consumption. Results from FAO’s 1961-2013 statistical 
dataset revealed an overall trend of increased consumption, but a stable average 
footprint for both indicators. We also found a persistent trend of replacing plant 
based calories and proteins with animal based calories and proteins. 

 
Keywords: arable land, ecological footprint, food security, Romania, sustainability 

 
INTRODUCTION 
 

The concept of resource 
footprints has gained traction 
within the past 30 years (Galil et 
al., 2012), after data technology 
has provided greater access, 
quantity and quality, allowing 
researchers to create better global 
models and access global results. 
The resulting ecologic indicators 
we call “footprints” measure, with 
considerable precision, the average 
use of natural resources and 
services of regions, nations and 

people. This new type of 
information about the relationship 
between humans and the 
environment provides tools for 
managers by the quantification of 
very complex processes, in order 
to facilitate important national and 
international goals such as the 
UN’s “Sustainable Development 
Goals” (Wackernagel et al., 2017). 
And while conservationists look at 
the whole spectrum of services and 
resources, the scope of this paper 
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is narrower: the sustainability of 
food security. Minimum Arable 
Land is a footprint that measures 
the average impact of food 
consumption on the use of arable 
land – how many hectares are 
needed to feed one person on a 
specific level of food energy 
intake. In our earlier paper (Rotar 
and Sangeorzan, 2018) we looked 
into the global situation for this 
indicator and observed that the 
ability of Minimum Arable Land 
to handle increasingly energy 
intensive diets was based strongly 
on the continuous increases in 
yields for grain. However, this 
trend of yield increases, for many 
reasons, is unsustainable (Ray et 
al., 2013).  Furthermore, the trend 

of middle-income countries 
adopting new diets that have a 
larger footprint due to the higher 
consumption of meat and dairy 
raised on feed (Hilborn et al., 
2018, Blasi et al., 2016; 
Springmann et al., 2018; Peters et 
al., 2016; Shepon et al., 2018) 
makes the importance of finding 
accurate and credible projections 
even greater. The sustainability of 
food security is important to 
everyone directly, which may help 
highlight the importance of these 
issues to the general public. To 
provide more context for the 
results, we compared footprint 
sizes with the Ecologic Footprint 
of Consumption indicator for 
Romania.

 
MATERIAL AND METHOD  
 

A “footprint” that 
represents the minimum amount of 
arable land  required to supply a 
level of caloric intake of a 
population for a certain year while 
taking into account the origin of 
the calories, whether they’re from 
primary sources (plants) or 
secondary sources (plant fed farm 
animals), was used to explore 
Romania’s Minimum Arable Land 
(MAL). The basic methodology 
was described by Puia and Soran 
in “Agroecosystems and human 
food supply” (1981) and we 
extended the methodology and 
scope in Sangeorzan and Rotar 
(2018). This paper explores the 
evolution of food supply, arable 

land and MAL for Romania 
between 1961 and 2013, based on 
data collected by FAO and made 
available by FAOSTAT (F. A. O., 
2018).  

The Ecological Footprint 
indicator (EF), constructed by the 
Global Footprint Network (GFN) 
and available as the “National 
Footprint Accounts” (NFA, 2018), 
provides a dataset of footprint 
indicators that represent the 
consumer demand on sectors of 
primary biological production 
(biocapacity).  

This methodology is 
described in detail by Borucke et 
al. (2013) and further described in 
“The Guidebook” (Lin et al., 
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2018), both data and methods 
being refined yearly. 

To compare MAL with EF, 
the Ecological Footprint of 
Consumption (EFC) indicator, the 
area required to support a defined 
population’s consumption 
(Borucke et al., 2013; Glossary, 
2018). To better match the 
agricultural scope of the 

investigation, MAL values were 
compared with the sum of 
cropland EFC and grazed 
grassland EFC, the two aspects 
that correspond to the arable land 
parameter (FAOSTAT). These 
sub-indicators, along with the 
forestry EFC and the total EFC, 
were also analysed separately for 
Romania (figure 5).

 
RESULTS AND DISCUSSION 
 

Average caloric intake, in 
kcal/cap/day (figure 1), has grown 
inconsistently over the first 
decades, but more steadily after 
the beginning of the 1990s. Peak 
intake was recorded in 2006 (3430 
kcal) while the lowest record is 
also the first (2832 kcal). Similar 
years of low-intake were 1970 
(2863 kcal) and 1992 (2835 kcal). 
The biggest change across the 
entire time period was +21.12%, 
with a range of 598 kcal and a SD 
of 175 kcal. Average energy intake 
sourced from plants (Plant based 
kcal/cap/day), making up the 
majority of used energy, remained 
stable across the period, but with a 
major decrease in the middle 
decades, from the end of the 1970s 
up to the beginning of the 2000s, a 
30 year period in which plant 
based energy intake remained 
under 2500 kcal/cap/day. The 
lowest intake was recorded in 
1992 (2120 kcal), while the peak 
intake was recorded in 2013 (2569 
kcal). The biggest change across 
the entire time period was 

+18.65%, with a range of 449 kcal 
and a SD of 119 kcal. Average 
energy intake from animals 
showed a consistently increasing 
trend over the entire period, with a 
minimum of 404 kcal recorded in 
1963 and a maximum of 904 
recorded in 2008. The year 1989 
marked one of the outlying lows in 
the trend, with 640 kcal, while 
1990 jumped one SD to 796 kcal. 
The biggest change across the 
entire period was +117.37%, with 
a range of 500 kcal and a SD of 
133.8 kcal.  

Protein supply (figure 2), 
measured in g/cap/day, follows 
similar patterns to average energy 
intake. Total protein intake  
increased overall, but with some 
drops in the 1960s and 1980s. The 
lowest average intake on record 
was registered in 1970 (84.3 g), 
while the peak was recorded in 
2008 (110.6 g). A middle low was 
recorded in 1992 (85.3 g). The 
range for the recorded period was 
26.3 g with the biggest change 
being 30.03%, and with a SD of 
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7.4 g. Plant based protein supply is 
marked by a steady decrease from 
1961 (63.7 g), with 1963 being the 
peak (63.98 g) and steadily 
decreasing until 1991 where it hit 
the lowest record (44.4 g), after 
which a slow increase followed, 
without reaching 60 g again. The 
range was 19.57 g or with the 
biggest change being 30.72%, and 
with a SD of 4.8 g. Animal based 
protein supply had a stable and 
continuous growth, with a 
minimum in 1963 (22.7 g) and a 
maximum in 2008 (55.9 g), 
passing plant based protein intake. 
The range for the entire period was 
33.1 g, which was greater than the 
minimum, producing a maximum 
change of 139%, and with a SD of 
9.2 g.  

Arable land and minimum 
arable land (figure 3) are both 
measured in hectares per capita. 
For the recorded period, 1961-
2013, arable land per capita was 
fell almost continuously from the 
beginning of the records (0.559 
ha) to the end (0.423 ha), with a 
sudden drop in 1989 marking the 
lowest record (0.405 ha). The peak 
value was recorded in 1962 (0.561 
ha). The range was 0.156 ha, with 
the biggest change being 27.93%, 
and with a SD of 0.045 ha. 
Minimum Arable Land shows a 
more unstable evolution, with 
stability and larger values between 
1961 and 1981, followed by an 
oscillatory trend with growing 
amplitudes. The peak value was 
recorded in 2007 (0.526 ha), while 

the lowest value was recorded in 
2004 (0.202 ha). The range was 
0.324 ha, with a SD of 0.057 ha , 
and with the biggest change being 
91.62%,  but showing little 
average change over time (R2 
0.017). 

Minimum Arable Land and 
GFN’s Ecological Footprint for 
Consumption, focused on 
agriculture and grassland use, are 
both measured in hectares per 
capita (figure 4). The evolution of 
the GFN EFC indicator within the 
recorded period for Romania 
shows an average stability marked 
by large fluctuations and 
oscillations. The lowest value was 
recorded in 2007 (0.636 ha), while 
the peak value was recorded in 
2004 (1.346 ha). The range was 
0.710 ha, with the biggest change 
being 84.45%. 

The Global Footprint 
Network’s Ecological Footprint of 
Consumption breaks down the 
data into several indicators (figure 
5). We report the ones relevant to 
the agricultural sector. For the 
recorded period, the average EFC 
(in ha/cap) for cropland was 0.793 
ha, followed by forestland with 
0.349 ha, grassland with 0.068 ha. 
The total’s average, which 
included the footprint for built-up 
land, fisheries and carbon, was 
2.799 ha. The minimum cropland 
footprint was recorded in 2007 
(0.568 ha) and the peak was 
recorded in 2004 (1.273 ha), the 
greatest change being 99.82%, 
with a SD of 0.155 ha. The 
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minimum forestland footprint was 
recorded in 1993 (0.254 ha) and 
the peak was recorded in 1984 
(0.638 ha), the greatest change 
being 73.17%, with a SD of 0.112 
ha.  

The minimum grassland 
footprint was recorded in 2012 
(0.062 ha) and the peak was 

recorded in 1990 (0.174 ha), the 
greatest change being 83.96%, 
with a SD of 0.026 ha.  

The minimum total 
footprint was recorded in 2000 
(2.411 ha) and the peak was 
recorded in 1988 (4.892 ha), the 
greatest change being 100.66%, 
with a SD of 0.804 ha.
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Fig. 1. Romania's protein supply in grams per capita. Breakdown of protein 

supply based on origin 

 
Fig. 2. Arable Land vs Minimum Arable Land. A comparison between 

Romania's arable land and minimum arable land (ha/cap) 
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Romania’s ecological 
footprints have changed 
significantly from in the period 
between 1961 and 2013, reflecting 
changes in consumption patterns, 

population and land use. The 
results for the energy intake 
(kcal/cap/day) show a consistent 
increase over time, but also 
highlight a more dramatic period 

 
Fig. 4. Indicator comparison: Global Footprint Network Ecological Footprint of 

Consumption vs Minimum Arable Land 

 
Fig. 3.  Global Footprint Network - Ecological Footprint indicators for Romania: 

cropland, forestland, grassland and total 
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of lower intake, of inadequate or 
poor nutrition, in the 2 decades 
leading up to dramatic political 
and social changes of 1989-1992 
in Romania. It’s important to also 
note that growth energy intake was 
based led by animal based 
calories, while plant based intake 
remained stable. The economic 
shift after 1992 is reflected by the 
growth occurring since then, while 
the 2007-2008 financial crisis 
marks the peak intake for the 
entire period. Protein intake 
follows a similar trend, but more 
intense, with the same peak period 
marking a gentle end to the end of 
a trend of replacing plant proteins 
with animal proteins. The peak 
year is also an out-lier because it’s 
the only time within the record 
when animal based protein intake 
was larger than plant based protein 
intake. 

Arable land in relation to 
MAL followed the global trend of 
decreases, but at different speeds. 
While arable land per capita was 
steadily decreasing in Romania, 
despite the drop in population, 
Minimum arable  land decreased 
much slower, reflecting the lower 
yields of agriculture in Romania. 
The Minimum Arable Land 
indicator fluctuated more and 
more, a direct result of the 
instability of yields from year to 
year. The peak record represents a 
period meat based food intake was 
highest (calories, proteins), but 
yields were poor, leading to 
dramatically unsustainable level 

relative to arable land per capita: 
just 350 m2 under the peak arable 
land value and 1111 m2 above that 
year’s arable land per capita. This 
plant to animal protein shift was a 
trend for developing or middle-
income countries, while the trend 
for developed or high-income 
countries was to have stopped 
increasing, what could be called 
“peak meat & dairy” (Rotar and 
Sangeorzan, 2018). 

The correlation between 
Minimum Arable Land the 
Ecological Footprint of 
Consumption (modified for 
agriculture) shows that both 
indicators are sensitive to the 
important changes in diet resource 
intensity and work as 2 sides of the 
same coin. While the indicators  
chart opposite directions, that’s the 
result of how yield is factored: for 
Minimum Arable Land, a bigger 
yield means a smaller footprint, as 
it means a unit of land can feed 
more people. For the WFN’s EFC, 
a bigger yield means more 
biocapacity is used, thereby 
increasing the footprint. A direct 
comparison is therefore unsuitable, 
as they mean different things. 
MAL is more sensitive to diet 
energy intensity and measures 
itself in “arable land hectares”, 
describing a characteristic of the 
average lifestyle of people of a 
country, of the final consumers, 
while the EFC is also sensitive to 
agricultural intensity and measures 
itself in “global hectares of 
biocapacity”, but describes the 
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larger food supply economic chain 
of a country.  

When managing food 
security issues, both could be used 
to more precisely narrow the 

interval of projections, from one 
side marking human-oriented 
sustainability and from the other 
side marking ecological-oriented 
sustainability.
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Abstract  

An effective measure for the improvement of the forage base is the 
establishment of temporary meadows based on mixtures made of perennial grasses 
and leguminous species, providing a high quality feed with a high protein content, a 
high degree of consumability and digestibility. Using grasses with legumes mixed, it 
benefits grasses because they benefit from atmospheric nitrogen fixed by bacteria of 
the genus Rhizobium, from the nodosities that form on the legumes roots. The study 
conducted at the Ezăreni Farm of the University of Agricultural Sciences and 
Veterinary Medicine, Iaşi, aimed to analyze the productivity of perennial grasses 
and legumes mixtures, fertilized with nitrogen and phosphorus, used by mowing, 
during the years two and three of vegetation. The experiment was bifactorial, with a 
design type 5x4, arranged in subdivided plots in three replications. which have a 18 
m2 harvesting area (2 m x 9 m). The factors were as follows: A- the mixture studied 
with 5 graduations (a1 - Dactylis glomerata L. 20% + Medicago sativa L. 80% 
(control); a2 - Lolium perenne L. 35% + Festuca pratensis Huds. 25% + Phleum 
pratense L. 10% + Poa pratensis L. 10% + Trifolium repens L. 10% + Trifolium 
pratense L. 10%, a3 - Lolium perenne L. 20% + Festuca rubra L. 10% + Dactylis 
glomerata L. 45% + Festulolium braunii (K.Richt.) A. Camus 20% + Trifolium 
repens L. 5%; a4 - Festuca pratensis Huds. 30% + Festuca arundinacea Schreb. 
25% + Dactylis glomerata L. 45%; a5 - Festuca pratensis Huds. 15% + Phleum 
pratense L. 5% + Medicago sativa L. 80%) and B- fertilization, with 4 graduations: 
b1 - N0P0 (control); b2 - N50P50; b3 - N75P50; b4 - N100P50. On average, in the two 
years of study (2011-2012), the highest DM production, of 17.35 Mgˑha-1, was 
obtained at the mixture of D.g. 20% + M.s. 80%, fertilized with N100P50, and the 
smallest, at the mixture of F.p. 30% + F.a. 25% + D.g. 45%, unfertilized, of 7.80 
Mgˑha-1. Following the study, it was found that the productivity of temporary 
meadows depended on the pedoclimatic conditions specific to the area and the crop 
year, the type of mixture used and the amount of fertilizer applied. 
 
Keywords: grasses-legumes ratio, fertilization, productivity 
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INTRODUCTION 
 
The current condition of 

the meadows on the territory of 
our country was negatively 
influenced by the pastoral 
practices of the past. A high 
percentage was not used rationally 
or abandoned, the inputs were 
virtually null, and the number of 
animals using grassland was 
steadily decreasing. 
An effective measure for the 
improvement of the forage base is 
the establishment of temporary 
meadows based on mixtures made 
of perennial grasses and 
leguminous species, providing a 
high quality feed with a high 
protein content, a high degree of 
consumability and digestibility. 

Using grasses with legumes 
mixed, it benefits grasses because 
they benefit from atmospheric 
nitrogen fixed by bacteria of the 
genus Rhizobium, from the 
nodosities that form on the 
legumes roots (Motcă et al., 1993; 
Vîntu et al, 2005; Goliński and 
Golińska, 2008; Deak et al, 2009). 

Temporary meadows 
provide high quality feed because 
valuable grasses and legumes are 
present in their composition. High 
content in protein and their quality 
provide a high value for the feed, 
which is highly consumable and 
digestible (Stasys and Nomeda, 
2007; Peyraud et al, 2009; 
Sturludóttir et al, 2013).

 
MATERIAL AND METHOD 
 

The study conducted at the 
Ezăreni Farm of the University of 
Agricultural Sciences and 
Veterinary Medicine, Iaşi, aimed 
to analyze the productivity of 
perennial grasses and legumes 
mixtures, fertilized with nitrogen 
and phosphorus, used by mowing, 
during the years two and three of 
vegetation.  

The experience was placed 
on a weakly inclined land, with N-
E exposure. The soil was a 
chernozem cambic, low leachate, 
clay-clayey texture, with 4.2-4.8% 
humus content, medium supplied 
with mobile phosphorus (30-37 
ppm.) and very well supplied in 

mobile potassium (235-320 ppm) 
and a 6.5-6.9  pH in 0-20 cm soil 
layer. 

The experiment was 
bifactorial, with a design type 5x4, 
arranged in subdivided plots in 
three replications. which have a 18 
m2 harvesting area (2 m x 9 m). 
The factors were as follows: A- the 
mixture studied with 5 graduations 
(a1 - Dactylis glomerata L. 20% + 
Medicago sativa L. 80% (control); 
a2 - Lolium perenne L. 35% + 
Festuca pratensis Huds. 25% + 
Phleum pratense L. 10% + Poa 
pratensis L. 10% + Trifolium 
repens L. 10% + Trifolium 
pratense L. 10%, a3 - Lolium 
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perenne L. 20% + Festuca rubra 
L. 10% + Dactylis glomerata L. 
45% + Festulolium braunii 
(K.Richt.) A. Camus 20% + 
Trifolium repens L. 5%; a4 - 
Festuca pratensis Huds. 30% + 
Festuca arundinacea Schreb. 25% 
+ Dactylis glomerata L. 45%; a5 - 
Festuca pratensis Huds. 15% + 
Phleum pratense L. 5% + 
Medicago sativa L. 80%) and B- 
fertilization, with 4 graduations: b1 
- N0P0 (control); b2 - N50P50; b3 - 
N75P50; b4 - N100P50. 

The harvesting was done, 
depending on the group of 
dominant species in the mixture, 
when the inflorescence occurred at 
the graminee species and at the 25-

50% flowering of the legumes 
species. 

The amount of green 
weight per hectare was determined 
by weighing the yield obtained on 
the harvested area of 10 m2 and 
then reported per hectare. 

The dry matter content 
(DM) was determined by oven 
drying at 103° C for 3 hours (SR 
ISO 6496/2001). 

The calculation of the 
production increase (kg·ha-1) was 
carried out for each kg of N active 
substance applied per each 
cultivated mixture. The results 
were statistically interpreted by 
variance analysis and limit 
difference calculation. 

 
RESULTS AND DISCUSSION  
 

The growth and 
development of plants depends on 
many factors, including the genetic 
potential of the cultivated species, 
the influence of other species in 
the mixture, the climatic and 
pedological conditions, the applied 
crop technology.  

Following the study, in the 
five studied mixtures, under 
fertilization conditions with 
nitrogen and phosphorus mineral 
fertilizers, mean yields were 
obtained between 7.80 Mg•ha-1 
DM in the a4b1 variant 
(unfertilized F.p. 30% + F.a. 25% 
+ D.g. 45% mixture) and 17.35 
Mg•ha-1 DM in the a1b1 variant 
(N100P50 fertilized D.g. 20% + 
M.s. 80% mixture) (table 1). 

An average production 
similar to that of variant a1 was 
also obtained in variant a5, 
represented by the F.p. 15% + 
Ph.p. 5% + M.s. 80% mixture due 
to the high percentage of 
Medicago sativa L. which 
contributed to the formation of 
production. In case of variant a3, 
the average production was very 
close to that of variant a4 (figure 
1).  

The distribution of biomass 
production at the three cuts was 
relatively close to all studied 
mixtures, but the highest biomass 
yield of 52.2-58.7% was obtained 
at the first cut (figure 2). 

Fertilization is a very 
important technological element. 
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In the present study, fertilization 
with N100P50 generated a total 
average production increase of 
nearly 50%, from 9.83 Mg•ha-1 
DM in b1 - N0P0 variant to 14.55 
Mg•ha-1 DM in b4 - N100P50 
variant (figure 3). Fertilization also 
has a positive influence on the 

distribution of production on each 
of the three cuts. Compared to b1 - 
N0P0 variant, where 62.3% of the 
DM production was obtained at 
the first cut, in the other variants, 
after the fertilization on the second 
cut the yields were by 5.2-8.1% 
higher (figure 4). 

  
Table 1 

Influence of mixture and fertilization on dry matter production  
(2011-2012 average) 

Variant 
Dry matter production (Mg·ha-1) 

First cut Second 
cut Third cut Total 

a1 - D.g. 20% + M.s. 80% 
(control) 

b1 - N0P0 (c) 7.36
C
 2.59

C
 1.11

C
 11.06

C
 

b2 - N50P50 8.47** 4.16*** 1.95*** 14.57*** 
b3 - N75P50 8.77*** 4.81*** 2.40*** 15.98*** 
b4 - N100P50 9.10*** 5.49*** 2.76*** 17.35*** 

a2 - L.p. 35% + F.p. 25% + 
Ph.p. 10% + P.p. 10% + T.r. 
10% + T.p. 10% 

b1 - N0P0 6.71 2.23 1.13 10.07 
b2 - N50P50 7.26 3.73** 1.32 12.30 
b3 - N75P50 7.83 4.69*** 1.59 14.10*** 
b4 - N100P50 8.04 4.60*** 1.75* 14.38*** 

a3 - L.p. 20% + F.r. 10% + 
D.g. 45% + Fl.b. 20% + T.r. 
5% 

b1 - N0P0 5.06°°° 2.06 1.07 8.19°°° 
b2 - N50P50 5.57°°° 2.80 1.17 9.54 
b3 - N75P50 6.45° 4.35*** 1.41 12.21 
b4 - N100P50 6.60° 4.09*** 1.74* 12.42 

a4 - F.p. 30% + F.a. 25% + 
D.g. 45% 

b1 - N0P0 4.43°°° 2.28 1.09 7.80°°° 
b2 - N50P50 5.36°°° 3.93*** 1.40 10.68 
b3 - N75P50 6.42° 4.36*** 1.54 12.32 
b4 - N100P50 6.58° 4.50*** 1.79** 12.86* 

a5 - F.p. 15% + Ph.p. 5% + 
M.s. 80% 

b1 - N0P0 7.07 3.41* 1.53 12.01 
b2 - N50P50 7.48 4.00*** 1.92*** 13.40** 
b3 - N75P50 8.11* 5.46*** 2.13*** 15.70*** 
b4 - N100P50 8.54** 4.96*** 2.22*** 15.73*** 

  
LSD 0.05 = 0.74 0.81 0.48 1.68 
LSD 0.01 = 0.99 1.08 0.65 2.24 

LSD 0.001 = 1.22 1.34 0.79 2.77 
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Fig. 1. Influence of mixture on dry matter production (2011-2012 average) 

 

 
Fig. 2. Dry matter production distribution on studied mixtures  

 

 
Fig. 3. Influence of fertilization on dry matter production 

(2011-2012 average) 

 
Fig. 4. Dry matter production distribution on fertilization variants 
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The use of active 
substances in the fertilizers applied 
by the studied plant species was 
different, primarily depending on 
the cultivated mixture, but also on 
the applied doses. In order, the 
mixtures a1, a4 and a2 were noted, 
to which were obtained increments 

of 43-70 kg•ha-1 per kg nitrogen 
applied.  

The use of nitrogen was, of 
course, also conditioned by 
phosphorus complexation, but the 
applied quantity and the mixture of 
species had the greatest influence 
(table 2).

 
Table 2 

Influence of mixture and fertilization on dry matter production 
(2011-2012 average) 

Variant 
Dry matter production / kg nitrogen (kg·ha-1) 

First cut Second cut Third cut Total 

a1 - D.g. 20% + M.s. 
80% (control) 

b1 - N0P0 (c) - - - - 

b2 - N50P50 22.10 31.36 16.76 70.22 

b3 - N75P50 18.80 29.66 17.13 65.58 

b4 - N100P50 17.40 28.99 16.45 62.84 

a2 - L.p. 35% + F.p. 25% 
+ Ph.p. 10% + P.p. 10% 
+ T.r. 10% + T.p. 10% 

b1 - N0P0 - - - - 

b2 - N50P50 11.00 29.83 3.69 44.52 

b3 - N75P50 15.00 32.70 6.04 53.74 

b4 - N100P50 13.35 23.63 6.14 43.11 

a3 - L.p. 20% + F.r. 10% 
+ D.g. 45% + Fl.b. 20% 
+ T.r. 5% 

b1 - N0P0 - - - - 

b2 - N50P50 10.20 14.89 1.91 27.00 

b3 - N75P50 18.47 30.60 4.52 53.59 

b4 - N100P50 15.35 20.30 6.66 42.31 

a4 - F.p. 30% + F.a. 25% 
+ D.g. 45% 

b1 - N0P0 - - - - 

b2 - N50P50 18.60 32.95 6.07 57.62 

b3 - N75P50 26.53 27.78 6.01 60.32 

b4 - N100P50 21.50 22.17 7.02 50.69 

a5 - F.p. 15% + Ph.p. 5% 
+ M.s. 80% 

b1 - N0P0 - - - - 

b2 - N50P50 8.10 11.85 7.84 27.79 

b3 - N75P50 13.87 27.28 8.06 49.21 

b4 - N100P50 14.70 15.53 6.98 37.21 

 
CONCLUSIONS 
 

Following the study, it was 
found that the productivity of 
temporary meadows depended, 

beside the specific pedoclimatic 
conditions to the area and the crop 
year, by the type of mixture used 
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and the amount of fertilizer 
applied.   

On average, in the two 
years of study (2011-2012), the 
highest DM production, of 17.35 
Mgˑha-1, was obtained at the 
mixture of Dactylis glomerata 
20% + Medicago sativa 80%, 
fertilized with N100P50 and the 
smallest, at the mixture of Festuca 
pratensis 30% + Festuca 
arundinacea 25% + Dactylis 
glomerata 45%, unfertilized, of 
7.80 Mgˑha-1. 

The average DM increment 
per kg of N applied varied 
depending on the mixture and the 
applied fertilizer dose, ranging 
from 27.00 kg per kg•ha-1 
nitrogen applied at N50P50 
fertilized L.p. 20% + Festuca 
rubra 10% + Dactylis glomerata 
45% + Festulolium braunii 20% + 
Trifolium repens 5% mixture and 
70.22 kg per kg•ha-1 nitrogen 
applied at N50P50 fertilized 
Dactylis glomerata 20% + 
Medicago sativa 80% mixture.
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