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Iacob T. et al.
HALOPHILOUS GRASSLAND PLANT ASSOCIATIONS
IACOB T.*, VÎNTU V.*, SAMUIL C*., Alina TROFIN*, POPOVICI C.I.*,
STAVARACHE M.*, CIOBANU C.*, MELUŢ L.C.*
*U.S.A.M.V. Iaşi

Abstract
Halophilous grasslands in Romania are widespread in steppe and forest steppe
zones of the eastern Romanian Plain, West Oltenia, Moldova, in Prut, Bârlad,
Danube Delta meadows and fragmentary elsewhere. Halophilous phytocoenosis
grow on halomorphic and hydrohalomorphic soils, spread unevenly among the
other genetic types of ground surfaces. Halophilous plant associations have low
forage value. This paper describes ten halophilous associations, their systematic
classification being made according to Central European phytoceonologic
concept and Romanian school of geobotany; for each species has been
established the abundance + dominance (A + D), the biological form and the
phytogeographical element.
Keywords: permanent grassland, biodiversity, geobotanique, abundance,
dominance
INTRODUCTION

Permanent
grasslands
in
Romania represent an important
source of animal feed, both
through the occupied areas and
the high and good quality yields
which can be achieved on them.
The
share
of
permanent
grassland, into the frame of the
fodder balance, presents large
differences from one area to
another, depending on soil and
climate,
economic
and
organizational
conditions
(VÎNTU V., 2002).
Worldwide,
grassland
occupies an area twice higher
than arable land, extending on an
area of over three billion

hectares, representing about 23%
of the entire land surface of the
Earth.
In our country, permanent
grassland area is 4.8 million
hectares (3.3 million ha grassland
and 1.5 million ha meadows),
representing 20.4% of the total
area of the country, 21.1% and
32 9% of the agricultural area
(VÎNTU V. et al., 2004). Based
on vegetation characteristics and
site conditions, grasslands in
Romania are classified in:
- zonal grasslands (91.2%),
whose vegetation is determined
by natural conditions on large
orographic
units
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(plains grassland and low altitude
plateaus, of hills and highlands,
mountain and alpine meadows);
- inner zonal grasslands
(azonal)
(8.8%),
whose
vegetation is conditioned by
edaphic
factors
(meadows,
valleys and lowlands meadows,
meadows
and
salty
land
grasslands and meadows on
sands).
There are salty mainland
and salty coastal meadows, the
latter with a very small
significance.
Halophilous grasslands of
our country occupies 50 000
hectares, located in the steppe
and
forest
steppe
zones,
widespread in the Romanian
Eastern Plain , Oltenia Plain,
Western Plain, Moldova Plain,
Prut and Barlad Meadow,
Danube Delta Meadow and
fragments in other geographical
areas.
The floristic composition
of these grasslands contains a
small number of species whose
evolution varies according to
season, climatic and soil factors
due to the variation of the saline
soils solution. concentration.
Halophilous phytocoenoses grow
on halomorphic and hydrohalomorphic
soils,
spread
unevenly among other genetic
types of ground surfaces, which
imprints a mosaic appearance to
the vegetation cover. In general,
halophile vegetation associations
have low forage value, give small

yields (3-4 t / ha DM) and have
poor quality (IACOB T., 1978).
First
references
to
halophilous
vegetation
in
Romania are reported by Schur,
about
Plantago
schwarzenbergiana, harvested by
Lorchenfeld in 1780 at the Turda
salt baths (cited by Todor I.,
1948). Studies on halophilous
flora and vegetation increased in
all areas of our country after
1920.
Thus,
important
contributions had PRODAN I.
(1922, 1939), ŢOPA E. (1939,
1954), CSÜRÖS St. (1947,
1970), TODOR I. (1948),
RĂVĂRUŢ M. et al., (1956),
POP I. (1957, 1962), Şerbănescu
I. (1965), PĂUN M. (1966),
TURENSCHI E. (1968, 1970),
BUCUR M. and co. (1967),
TEŞU C. (1964, 1967), Iacob T.
(1978).
Halophilous grasslands
are
grouped
into
several
categories, depending on soil
salinity:
- grasslands on poor saline
soils, with 0.10 – 0.25 g soluble
salts/100 g soil, make the
transition
between
typical
grasslands and salty plains
meadows (grasslands of Festuca
pseudovina and Juncus gerardi).
- grasslands on moderately
saline soils, with 0.25 – 0.60 g
soluble salts/100 g soil, more
spread being the Puccinellia
distans
and Beckmannia
eruciformis grasslands.
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- grasslands on strong and very
strong saline soils, with a
soluble salts content exceeding
0.60 g/100 g soil, represented by
Salicornia
europaea-Suaeda
maritima,
Iris
halophila
associations, and on saline
swamp soils, by Crypsis aculeata
association.

- grasslands on salty coastal
soils, spread on sandy soils of the
Black Sea coasts and of the
Danube Delta, consisting of
Carex
extensa,
Crambe
maritima, Cyperus pannonicus,
Eryngium maritimum, Juncus
maritimus,
Polygonum
maritimum.

MATERIAL AND METHOD

Identification and mapping of
salty meadows spread on the
lands was made through the
geobotanical routing method by
performing several probes on
areas of less than 10 m2 in
different points of the studied
perimeters.
In the individualization of
halophilous associations there
were
taken
into
account
characteristic dominant species
forming the largest share of
biomass; were also taken out
indicator plant species reflecting
the action of ecological factors
and accompanying species with
more widespread or coming from
neighboring plant associations.
The nomenclature of
halophilous plant associations

and
their
systematic
classification
was
made
according to Central European
phytocenologic
conception
(Braun-Blanquet
J.,
1964;
MORAR M., 1960) and to the
Romanian geobotany school
(BORZA Al. and BOŞCAIU N.,
1965; POP I., 1968; RĂVĂRUŢ
M. et al., 1956). Halophilous
associations were combined into
alliances, orders and classes. For
each specie of the associations
there was established the
abundance + dominance (A + D)
and frequency (F) according to
the Braun-Blanquet J. scale,
biological
form
and
phytogeographical element after
the
classification
of
RAUNKIAER C.

RESULTS AND DISCUSSION

Inventory and mapping of the
main halophilous associations
I. Juncetea maritimi Br. class
– Bl., 1931 (syn. PuccinellioSalicornietea, E. Ţopa 1939)

Juncetalia Br. order – Bl.,
1931
Puccinellion distantis alliance
Şoó 1947, Zolyomi 1951
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1. Puccinellietum distantis, ssp.
limosa association (Tx. 1931)
Tx et Volk, 1937 (Fig. 1)
(Podu Iloaiei, Leţcani, Uricani,
Ezăreni, Cîrniceni, Bivolari (Iaşi
county), Tudor Vladimirescu,
Romanu, Traian, Lacul Sărat
(Brăila
county),
Călăraşi,
Ringhileşti (Botoşani county).
The
association
occupies
medium and strongly salinized
valleys with seasonal humidity.

It is installed on salty low fertile
soils and surface saline swamps
with variable groundwater level
(from 50-100 cm depth), rich in
soluble salts. Vegetal cover of
the association is variable in
physiognomy and coverage (6585%) with a poor floristic
composition, comprising 4560% grasses, 0.5-1% leguminous
and 39-55% different species.

Figure 1. Puccinellietum distantis, ssp. limosa association

The dominant specie of the
grasses, Puccinellia distans ssp.
limosa, participates with 50-65 %
to the soil coverage. The
identified leguminous species are
Lotus
tenuis,
Trifolium
Hybridum, Medicago falcata.
From the diverse species, the
most spread are the mandatory
halophytic species as Artemisia
santonica,
Taraxacum

bessarabicum,
Comphorosma
annua, Salsola soda, Salicornia
Herbacea. The numerical ratio
between the biological forms
highlights the fact that the
Hemicriptophyte species have a
share of 35-50%, followed by the
Therophyte species with 20-35%,
Geophyte species with 8-12%,
Hemitherophyte
and
Chamaephyte species with 5-8%.
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Phytogeographical
spectrum
shows
that
the
dominant
elements are the Eurasians (5066%),
followed
by
the
Cosmopolite elements (8-22%),
Continentals
(6-10%),
Mediteraneans (3-8%, Pontical
(3-6%) and adventive species (13%).
In the association there is a
stratification of vegetation:
- top layer, of 40-60 cm, with
more
rare
individuals
of
Alopecurus pratensis, Rorippa
sylvestris, Agropyron repens, A.
intermedium, Elymus repens ;
- middle layer, of 15-40 cm, is
the most compact and includes
species
with
the
highest
frequency and dominance as
Puccinellia distans ssp. limosa,

Scorzonera
canna,
Inula
britanica;
- lower layer, with size less than
15 cm, includes species that
forms a dense vegetal mass, with
Artemisia
santonica,
Camphorosma annua, Artemisia
maritima,
Plantago
schwarzenbergiana. Puccinellia
grasslands have a good forage
value and are used by grazing, a
relatively small part of the year.
2. Camphorosmetum annuae
association (Rpcs. 1916) Şoó
1933 (Fig. 2)
(Leţcani, Uricani, Sodomeni (Iaşi
county), Ripiceşti, Truşeşti,
Albeşti
(Botoşani
county),
Tufeşti, Gropeni, Traian (Brăila
county).

Figure 2. Camphorosmetum annuae association
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The association is found on
saline soils rich in sulpho-sodium
salts on small areas in the form of
patches arranged within the
Puccinellia, Suaeda, Salicornia
and
Salsola
associations,
indicating
strong
surface
salinized locations.
In the floristic composition of the
association is found a small
number of species, in which
mandatory halophytes represent
60-64%. The association presents
a stage with Artemisia santonica,
on slightly inclined lands and a
stage with Puccinellia distans on
flat lands. Vegetation coverage is
40-50%, from which grasses
occupy 5-8%, leguminous plants
less than 1% and miscellaneous
species 90-94%.

The numerical ratio of biological
forms highlights the dominance
of
Hemicryptophyte
and
Therophyte species with 45-66%,
followed by Geophyte, with 1625% and 10-15% Chamaephyte.
Amongst the phytogeographical
elements stands the Eurasian
species
with
40-50%,
Cosmopolites, with 15-25%,
Continentals,
with
10-15%,
Circumpolar, with 8-14%, Pontic
with 4-12%.
Vegetation stratification in the
association is uneven and does
not present forage value.
3.
Iridetum
halophilae
association, Şerbănescu I., 1965
(Fig. 3)
(Ialomiţa
plane,
Vlădeni,
Probota, Cîrniceni, Iaşi county).

Figure 3. Iridetum halophilae association

Romanian Journal of Grasslands and Forage Crops (2013)8

12

Iacob T. et al.
The association develops on
meadow
soils,
alluvial,
temporarily flooded, occupying
areas of 1-8 ha. The dominant
specie, Iris halophila participates
with 35-60% to the vegetation
coverage.
The numerical ratio of the
biological forms reveals that
Hemicryptophyte species have
the largest share, of 40-50%,
followed by Therophyte with 2025%, Geophyte with 14-16% and
Chamaephyte with 4-6%.
The phytogeographical elements
spectrum shows that the first
place is occupied by the Eurasian
species with a share of 70-74%,
followed by Pontic species with
10-11% and Circumpolars with
6-8%.
The
vegetation
stratification
inside
the
association is in two stages: a top

layer, 45-65 cm high, consisting
of Iris halophila, Puccinellia
distans, Alopecurus pratensis,
with individuals more rare and a
bottom layer, 20-40 cm tall, more
compact, consisting of Achillea
setacea, Artemisia maritima,
Limonium gmelini, Artemisia
santonica, Roripa kerneri.
Association can move towards
Agropyretum repentis, due to
soluble salts levigation favored
by
excess
moisture.
The
association has low forage value.
4.
Leuzeetum
salinae
association (Al. Borza, 1931),
M. Răvăruţ, 1958 (Fig. 4)
(Ileana Valley Leţcani,
Uricani, Bivolari –Iaşi county,
Ştefăneşti, Truşeşti – Botoşani
county, T. Vladimirescu, Tufeşti,
Vădeni –Brăila county).

Figure 4. Leuzeetum salinae association
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The association is on weak
salinized soils widespread in the
eastern part of the Romanian
Plain, in Dobrogea and Moldova
(plain the Bahlui River), where it
occupies large areas. The
vegetation coverage is low (5065%), in which halophilous
species are the have a share of
60-70%.
The numerical ratio of the
biological forms shows that the
dominant species are the
Hemicryptophyte with 50-52%,
followed by Therophyte species
with 28-30% and by Geophyte
with 16-20%.
The
phytogeographical
elements spectrum reveals the
large share of the Eurasian
species of 66-68%, followed by
Circumpolars and Cosmopolite
with
10-12%
each
and

Continentals and Pontic with 68% each. Within the association
there is distinguished a top layer,
with more rare individuals of
Leuzea salina, Rumex crispus, a
middle layer of 30-50 cm height,
of Agropyron repens, Puccinellia
distans, Matricaria chamomilla
and a layer of 15 - 30 cm height,
consisting of Lotus tenuis,
Trifolium
fragiferum,
Convolvulus arvensis, Plantago
lanceolata.
The association's forage
value is low.
5. Lepidietum cartilaginei
association (Rpcs. 1916) E.
ŢOPA 1938 (Fig. 5)
(Ileana Valley, Leţcani,
Iaşi county, identified and
characterized by T. IACOB,
1973).

Figure 5. Lepidietum cartilaginei association
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In our country, the association
was studied by E. Topa,
identified in the southeastern part
of the Romanian Plain and
Dobrogea. It develops on strong
to medium salinized lands rich in
sodium carbonate, on valleys and
slopes, with high humidity. At
Ileana Valley - Leţcani, Iasi, the
association occupies areas of 15250 m2 along with strong salty
associations (Camphorosmetum
Annuaire ass., Leuzeetum Salinae
ass., Salsola soda etc.).
In
the
floristic
composition of the association
there are involved a small
number of mandatory halophytic
species (10-16). The degree of
vegetation coverage is 30-40%,
in which the dominant specie is
accounted for 70-80%.
The spectrum of the
biological forms shows the
Therophyte species dominance
with 38-40%, followed by
Hemicryptophyte with 30-32%,
by Geophyte and Chamaephyte
with
15-16%
each.
The
phytogeographical
elements
spectrum reveals the Eurasian
species accounting for 50%,
followed by Continentals and
Pontic species with 16-18% each,
and the Cosmopolite and
Endemic with 8-10% each.
Within the association there are
two layers: the upper one of 4560 cm high, consisting of
Lepidium cartilagineum and rare

individuals of Puccinellia distans
and Juncus gerardi, towards the
periphery of the phytocoenosis
and a bottom layer of 10-25 cm,
consisting of Camphorosma
annua, Artemisia maritima,
Taraxacum
bessarabicum,
Plantago
schwarzenbergiana,
Obione verrucifera.
The association does not
present forage value.
Juncion maritimi Braun –
Blanquet 1930 alliance (syn.
Juncion gerardi Wenzl. 1934)
6.
Juncetum
gerardi
association Wenzel 1934 (Fig.
6) Movileni, Ileana Valley –
Leţcani, Vlădeni, Alexandru cel
Bun, Ezăreni (Iaşi county),
Albeşti,
Truşeşti,
Todireni,
Ştefăneşti (Botoşani county),
Tufeşti,
Gropeni,
Trainu,
Maxineni (Brăila county).
The association is found on
salinized swamps and salty low
fertile soils, almost always wet or
poorly drained. Juncus gerardi
participates in the floristic
composition
of
the
most
halophilous
associations,
especially in Puccinellietum
distantis ones. It is found on
small areas up to several hundred
square meters and, by the land
drainage followed by the
increasing concentrations of
soluble
salts,
evolves
to
Puccinellietum
distantis.
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Figure 6. Juncetum gerardi association

The floristic composition of
the association is mixed,
consisting
of
mandatory
halophilous species, preferred
and
tolerant,
assuring
a
vegetation coverage of 50-70%.
The spectrum of the biological
forms shows the dominance of
Hemicryptophyte species with
68-71%, followed by Geophyte
with 18-21% and Therophyte
with 8-10%.
The
phytogeographical
elements spectrum reveals the
larger share of the Eurasian
species of 64-66%, followed by
Pontic and Cosmopolite species
with 8-10% each and European,
Continentals and Mediterranean
with 4-5% each.
Within the association is
defined a top layer of 40-60 cm,
consisting of Juncus gerardi,

Agropyron repens, Puccinellia
distans and a bottom layer of 1540 cm, consisting of Carex
distans,
Inula
britannica,
Heleocharis palustris. As a result
of the land drainage and the
increased
soluble
salts
concentration, the association can
move towards Puccinellietum
distantis.
The association's forage
value is poor.
Festucion pseudovinae alliance
Soó 1933
7. Artemisietum maritimae
association Soó 1927 (Fig. 7)
(Ileana Valley – Leţcani,
David's
Valley,
Chişcăreni,
Gropniţa –Iaşi county; Ripiceni,
Braniştea, Todireni, Ştefăneşti –
Botoşani county; Traian, Lacu
Sărat, Muchea, Măxineni –Brăila
county).
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The association is found on weak
salty plains or smooth slopes,
especially on low salinized
swamps, wet in spring and dry
during the summer, because

groundwater is deep; it appears
as small clusters, occupying
small areas of a few square
meters.

Figure 7. Artemisietum maritimae association

In the floristic composition
of the association participates a
small number of species of which
mandatory
halophytes
are
dominant (35-38%), followed by
soil salinity tolerant species (1416%) and many adventitious
species (35-40%), providing a
vegetation coverage of 55-70%,
of which 45-60% is assured by
the dominant species.
The spectrum of the
biological forms, in numbers, is
dominated by Hemicryptophyte
species with 50%, followed by
Therophyte with 38-40%, by

Geophyte with 5-6% and
Chamaephyte with 3-4%.
The
phytogeographical
elements spectrum shows that the
largest share is held by the
Eurasian species with 60-62%,
followed by Continentals with
20-21%, Cosmopolite with 6-7%
and
Circumpolars,
Pontic,
Mediterranean, with 2-3% each.
Within the association there
is described a top layer with a
low density, 30-40 cm high,
consisting of Puccinellia distans,
Agropyron repens, Limonium
gmelini and a dense bottom layer
of 15-20 cm consisting of
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Artemisia maritima, Achillea
setacea, Matricaria chamomilla,
Poa bulbosa. The association's
forage value is poor.
Thero – Salicornietea Class Br.
– Bl. et Tx. 1943
Salicornietalia Order Br.-Bl.,
(1928) 1933
Thero - Salicornion Alliance
Br.-Bl., (1928) 1933
8. Salicornietum prostratae
association Soó, 1947 (Fig. 8),
(Sin. Salicornietum haerbaceae
Soó, 1927). (Leţcani, Ţigănaşi,
Victoria, Ileana Valley, Leţcani Iaşi county; Truşeşti, Albeşti,

Todireni, Ripiceni –Botoşani
county; Traian, Lacu Sărat,
Măxineni –Brăila county).
The association develops on
meadow soil, with loam - sandy
or loam structure, strongly saline,
with
excessive
moisture
especially in spring and early
summer.
The
floristic
composition of the association is
poor in species and consists
almost entirely of mandatory
halophilous
species.
Land
vegetation coverage is 55-70% of
which the dominant species,
Salicornia prostrata, participates
with 65-80%.

Figure 8. Salicornietum prostratae association

The spectrum of the biological
forms, in numbers, shows that
most species are Therophyte
(40%),
followed
by
Hemicryptophyte with 25-27%,

by Geophyte with 2% and
Chamaephyte with 10-12%. The
spectrum of the biological forms
shows that the Eurasian species
prevail
(32-34%),
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followed by Cosmopolite (2426%), Pontic (16-18%) and
Mediterranean with 6-8%.
Association can move towards
Suaedetum maritimae by soil
draining and drying and on the
less salinized soils evolves to
Puccinellietum
distantis
association. Salicornia prostrata
meadows have no forage value.
9. Petrosimonietum triandrae
association (Pall.) Simk. 1948
(Fig. 9)
(Ileana Valley, David's Valley
Leţcani, Ţigănaşi, Vlădeni –Iaşi

county; Ripiceni, Truşeşti –
Botoşani county).
The association is found
mostly on salty soils with high
concentration in soluble salts,
right at the surface, with lower
humidity in summer. The
floristic composition of the
association contains a small
number of mandatory and
tolerant halophytes species;
vegetation coverage is 45-60%,
in which the dominant species,
Petrosimonia triandra, has a
share of 60-80%.

Figure 9. Petrosimonietum triandrae association

The spectrum of the biological
forms shows that Therophyte
species prevail with 50-55%,
followed by Hemicryptophyte
species with 38-40% and and
Chamaephyte with 5-7%. The
phytogeographical
elements
spectrum reveals that the
Eurasian species prevail with 42-

44%, then Cosmopolite species
with
20-22%, Continentals,
Pontic and Mediterranean, each
with 10-12%.
The association evolves in
most cases to Camphorosmetum
Annuaire, after accumulating
large quantities of soluble salts,
or
to
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Puccinellietum
distantis
by
levigation of the soluble salts and
decreasing soil moisture.
The association's forage
value is very low.
10.
Salsoletum
sodae
association Slavnic 1939 (1948),
Soó, 1957 (Fig. 10)

(Vînători, Vlădeni, Ileana Valley
Leţcani, Bivolari –Iaşi county;
Todireni, Ripiceni –Botoşani
county;
Lacu
Sărat,
T.
Vladimirescu –Brăila county).

Figure 10. Salsoletum sodae association

The association is developing on
strongly salinized and wet soils.
The floristic composition of the
association is poor in species,
mostly mandatory halophilous.
Vegetation coverage is 78-80%,
in which species Salsola soda
participates with 70-75%.
The numerical ratio of the
bio forms shows the dominance
of Therophyte species with 5052%,
followed
by

Hemicryptophyte with 28-30%,
by Geophyte and Chamaephyte,
each
with
10-12%.
The
phytogeographical
forms
spectrum is dominated by the
Eurasian species with 50-52%,
followed by Continentals and
Cosmopolite with 18-20% each
and Pontic species, with 10-12%.
The association has no
forage value and cannot be
improved.
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CONCLUSIONS

- Halophilous grasslands of
Romania are found on nearly 50
000 hectares, on low, moderately
and strongly salinized soils;
Identification
and
characterization of halophilous
grassland associations were made
through geobotanical routing
method, taking into account the
species on dominant salty lands.
- The nomenclature of the
halophilous
grasslands
associations and their systemic
classification
were
made
according
to
the
Central
European
phytocenologic
concept (Braun-Blanquet J.,
1964) and the Romanian school
of geobotany; (Borza Al. and
Boşcaiu N., 1965).
- The identified halophilous
associations were placed into two
classes: Juncetea maritimi class
6. Juncetum gerardi association
7. Artemisietum maritimae
association
8. Salicornietum prostratae
association

Br. – Bl., 1931 (syn. PuccinellioSalicornietea, E. Ţopa 1939) and
Thero – Salicornietea class Br. –
Bl. et Tx. 1943.
- For each association of
halophilous grasslands there
were specified the area, location,
resort,
biological
forms,
phytogeographical elements and
figure.
The paper characterized ten
halophilous
grasslands
associations:
1. Puccinellietum distantis, ssp.
limosa association
2. Camphorosmetum annuae
association
3. Iridetum halophilae
association
4. Leuzeetum salinae association
5. Lepidietum cartilaginei
association
9. Petrosimonietum triandrae
association
10. Salsoletum sodae association
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Abstract
The intensity of food production sector results most of the time in
depletion of soil nutrient reserves. Agroecosystems long-term sustainability
depends on continued inputs of nutrient (PUIA et al., 2001) from which
phosphorus (P) is an essential element which often is also the most limiting
nutrient. The majority of food production systems depend on the addition of
fertilizers, which represent a finite resource since they are produced from natural
minerals. Predictions on how much time we have before such resources run out
for phosphorus can be expressed in terms of decades rather than centuries.
Therefore is essential in our attempts to improve our knowledge of these
processes because accurate management of mineral resources becomes a
priority when developing sustainable herbage production systems where
economic and environmental issues are the main considerations (EHLERT et al.
2003; ABBOT and MURPHY 2003).
Key-words: phosphorus, cycling, nutrient, productivity, sustainability.
INTRODUCTION

Phosphorus (P) is an
essential element for all living
organisms, however, often is the
most limiting nutrient. Due to the
necessity of this element for
cellular function, P deficiency
has a significant impact on plant
growth and on their fertility
(RUNGE-METZGER,
1995).
For cultivated grasslands, where
appropriate P nutrition is
required for optimizing forage
production, the aim is to meet
crop needs, which are largely
determined by the level of N

supplied from soil reserves
and/or organic or mineral
fertilizers (JOUANY et. al.,,
2011). Mineral P fertilisers have
increased total P contents in the
agricultural soils of industrialised
countries (FAIRHURST et al.,
1999), but application is still
lagging behind in developing
countries. On the other hand, in
natural grasslands where the
anthropic inputs are absent,
biological cycling is a major
process to consider in order to
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understand the relationships
between grassland P fertility and
species
richness.
Grassland
management
for
nature
conservation purposes requires
the maintenance of P-limited

ecosystems because long-term
high P availability is an obstacle
to the restoration of natural
grassland (WASSEN et al.,
2005).

PHOSPHORUS CYCLING IN GRASSLANDS

Pathways of phosphorus into grassland systems
the phosphates from their
The
biogeochemical
structure. By washing the rocks
cycling of P has an extremely
by water leakage, a large amount
important role in determining the
of phosphate is engaged in the
productivity
of
terrestrial
oceans where it is deposited in
ecosystems (BÜNEMANN and
sediment depth.
CONDRON, 2007).
Major
In grassland soils P is
global reservoirs of P are the
found in both mineral and
oceans and the lithosphere, while
organic forms, with a ranging
less than 1% is found in the three
total concentration between 200
main compartments of terrestrial
and 1,100 mg/kg soil according
ecosystems, i.e. the atmosphere,
to soil age (WALKER and
plant biomass and the soil
ADAMS, 1958). Larger stocks
(STEVENSON
and
COLE,
are found in poorly developed
1999). In the atmosphere, P
young soils whereas the lowest
occurs only under highly
concentrations occur in highly
reducing conditions as phosphine
weathered ones (LAMBERS et
gas (PH3), while in soils is found
al., 2008). P concentration in
largely in its oxidised state
aboveground
biomass
is
(orthophosphate). The proportion
commonly reported to vary
of soil organic P ranges from 20
between 1 and 5 mg/g dry matter
to 80% of total P. The mineral
according to the growth stage:
phase is thus much more
major nutrient concentrations
important for P (KROUSE et al.,
decrease
with
biomass
1996). The main reservoir of
accumulation as a consequence
phosphorus are the sedimentary
of
dilution
with
growth
rocks and volcanic eruptions
(LEMAIRE
and
GASTAL,
(apatite and magma) from
1997).
dryland which release into
precipitation and surface water
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Main processes inside the phosphorus cycle
Grassland management
for nature conservation purposes
requires the maintenance of Plimited ecosystems because longterm high P availability is an
obstacle to the restoration of
natural grassland (WASSEN et

al., 2005). Phosphorus cycling,
presented in Figure 1, is
controlled simultaneously by
geochemical
and biological
processes (FROSSARD et al.,
1995).

Figure 1. Phosphorus cycling
Source: http://reefkeeping.com
In natural grassland P
fluxes are lower and are directly
controlled by plant and animal
residues through decomposition
process developed, on the soil
surface. The inputs of organic
matter
result
in
uneven
availability of nutrient and,
consequently,
vegetation
dynamics.
Generally the available
phosphorus is taken up from soil
by plant roots or by bacteria and

fungi. Bacteria and fungi differ in
the way they immobilize P,
which
alters
subsequent
redistribution of organic P (Po) in
soil (HEDLEY and STEWART,
1982). Plant production potential,
shown using as test plants
Agrostis capillaris and Trifolium
repens
(HARRISON
and
HORNUNG 1983), is highly
significantly negatively related to
the proportion of the soil
phosphorus in the organic form
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(HARRISON, 1985). The uptake
of phosphorus by the grass sward
varies with swards seasonal
growth
pattern
and
by
temperature
and
moisture
conditions. In low-phosphorus
soils, P taken up by some plants
in one period of the year may be
temporarily stored to support
growth in other periods when
conditions are unfavorable for
uptake or when the soil is
depleted (GRIME, 1979).
The patterns of phosphorus
uptake by the sward may be
influenced as well by rooting
depths of the different plant
species present (GOODMAN
and COLLISON, 1982). Some
legume
species,
including
Lupinus
albus,
are
nonmycorrhizal but form cluster
or proteoid roots in P-deficient
soils (SHANE and LAMBERS,
2005) which allow them to
mobilize phosphate in the
rhizosphere.
Phosphorus
returns
through the processes of organic
matter
decomposition
and
organic mineralization through
soil micro-organisms and fauna,
and by surface leaching through
rainfall.
The availability of phosphorus is
controlled by the mineralization
processes. Mineralization rates of
P depend on the availability of
solution P to the microbial
population because the C:P ratio
of the bacteria and fungal
biomass
influences

mineralization rates (CHAUHAN
et al., 1981). These are dynamic
processes which interfere with
the seasonal, climatic and soil
conditions. These play an
important role in phosphorus
cycle maintenance and hence the
fertility of the soil. The repeated
input of organic amendments
such
as
animal
manure,
composts, or plant residues
usually results in higher soil
organic matter content and in
larger soil microbial biomass and
activity compared to soils
receiving mineral fertilizers
(BUNEMANN et al., 2004c).
PERKINS, 1978 showed through
one experiment conducted on a
Agrostis/Festuca sward from
North Wales, grazed by sheep
that the annual plant uptake of
phosphorus (16 kg P/ha/yr) is
higher than the total amount
returned to the soil in plant litter,
by root death and through sheep
faeces (14 kg P/ha/yr), because
an estimated 1.2 kg P/ha/yr is
lost from the site in faeces
excreted by sheep on to lower
ground when they camp during
the night. When legumes are
used
as
animal
forage,
management of animal excreta
becomes a key issue because,
e.g., growing beef cattle and
lactating
cows
convert
approximately 15 and 25% of
dietary P into carcass and milk P,
respectively, and the rest goes
into manure (SATTER et al.,
2005).
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Changes
in
grazing
pressure by seasonal grazing
management may alter the
amounts of phosphorus returned
in urine and faeces, and hence
amplify the natural seasonal
pattern of available phosphorus.
In cultivated grasslands, the
intensity of the P flux leaving the
system (output) is a direct
function of N management
regime
(WATSON
and
MATTHEWS, 2008). Exhaustion
of P reserves is achieved by
forcing grassland to produce
biomass by means of a high N

supply (FAGAN et al., 2008).
Phosphorus loss can be partially
compensated through bird faeces
or through human intervention
(management
of
phosphate
fertilizers).
Grazing of pastures can
be a source of significant P
pollution, particularly when
stocking
rates
are
high
(BILOTTA et al., 2008).
Sustainable P use requires
recycling of P excreted by
animals (and humans) back to the
agricultural land in need of P.
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Abstract
Grasslands in the mountain areas are the most sensible ecosystems, where could
be easily observed the effect of uncontrolled human activities. The research was
performed by testing the influence of tree types of lime on the semi natural
grassland vegetation and dry matter yield, in Apuseni Mountains, Garda de Sus
Commune, Alba County. There were tested the following quantities of products:
2 t/ha, 4 t/ha and 6 t/ha. The grassland type of witness was Festuca rubra Agrostis capillaris. The floristic composition was interpreted by Braun-Blanquet
method. The program used for interpretation and processing of floristic data was
PC-ORD, especially the MRPP and NMS techniques. The different types of
limestone have not determined significant increases of dry matter yield. Two of
the tested limestones have major influence on the vegetation, causing the shift of
the grassland type.
Keywords: semi natural grassland, liming, floristic composition, dry matter,
limestone filler, limestone.

INTRODUCTION
One of the factors, which
influence the productivity of
semi-natural grassland, is soil pH
and the production is the best on
soils where pH is adjusted to ≥
6.0 and maintained at this level
(Daugėlienė, 2002, cited by
Butkutė and Daugėlienė, 2008).
However liming has less
influence on pasture yield than
mineral fertilizers (Kralovec and

Lipavsky, 2000). Liming of acid
soils give considerable results,
when are accompanied by
application of fertilizers. Without
mineral or organic fertilizers the
yield increase little or not, even if
liming corrects the reaction of
the soil and qualitative changes
occurs in plants (Daniliuc, 1966,
cited by Bărbulescu and Motcă,
1983; Albizu et al., 2004; Sima,
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et al., 2004). These pastures are
less
productive
and
the
nutritional value of the forage is
and crude protein content of the
plants and also increases the
digestibility
coefficient
(Bărbulescu and Motcă, 1983).
The correction of soil acidity
guarantees
good
quality
grasslands
(Daugėlienė and
Butkuvienė, 2005). Liming of
semi-natural grasslands on acid
soils, influences the soil features,
which is leading to changes in
the
grassland’s
floristic
composition (Albizu et al.,
2004). Species of spontaneous
flora have certain requirements
for the soil acidity, not only for
an optimum value of pH, but for
an interval of acidity (Avarvarei
et al., 1997). Liming could have
a long lasting effect on grassland
(10-15 years), doe to its
superficial incorporation and low
solubility, but the maximum
effect is felt between 3rd and 5th
years (Rusu et al., 2005). In the
case of permanent grassland the
fallow form a natural filter, so
solubilization of amendment is
more slowly, having a positive,
long lasting influence, than in the
case of a seeded one (Lăpuşan,
1975). D. Davidescu and
Velicica Davidescu (1974) state
that doses of 4-5 t/ha CaCO3
changed the pH with a unit, at the
depth of 0-15 cm, after 8-12
years (cited by Bărbulescu and
Motcă, 1983). The degree and
the rate of solubility of the liming

low, but the correction of the
acid reaction cause the increase
of
calcium,
phosphorus
material is greater, as they are
crushed finely (diameter of
particles less than 0.5 mm) and
spread uniform (Rotar et al.,
2010). It is not necessary to
correct soil acidity of grassland
to the point of neutralization (pH
= 7),
because the most of
valuable grassland plants bear
well enough low acid and acid
soil reaction (Bărbulescu and
Motca, 1983).
From an ecological point
of view, grasslands in the
mountain areas are the most
sensible ecosystems, where could
be easily observed the effect of
uncontrolled human activities.
Mountain grasslands are very
vulnerable habitats, losing their
conservation value quickly after
abandonment (Dobromil and
Jan, 2008). Due to this
sensibility
of
grassland
ecosystems, we proposed the
location of experimental field in
mountain area, where we could
observe the effect of liming and
the changes at vegetation level
by the correction of acidity of
the soil.
The aim of the research
was to study the effect of
applying different form of
limestone
on
semi-natural
grassland vegetation to increase
yield, maintain of phyitodiversity
and enhance the soils with high
acidity.
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MATERIAL AND METHOD

By this research we tested the
effect of limestone in three
different forms on semi-natural
grassland, on Festuca rubra Agrostis capillaris grassland
type. The liming material was:
limestone
filler,
limestone
(fraction 0.5 - 1.0 mm),
limestone (fraction 0.1 - 0.5
mm). Limestone filler is a
product obtained from the fine
grinding of limestone and
contains a high degree of CaCO3
(min. 90%). The experimental
field is situated in Ocoale
Village, Gârda de Sus Commune,
Alba County. The experimental
fields (3) were established in 4
variants and 3 replications, the
surface of each plot is 6m2. The
soil pH value was 5,8. There
were tested the following
quantities of the product: 2 t/ha,
4 t/ha and 6 t/ha. The limestone
was spread once, in 20 may
2012, in the year when the
experimental field was set. The
study and the evaluation of the
result take place in 3 years, and
in this paper we present the 2nd

year’s results. The floristic
composition was interpreted by
Braun-Blanquet method (BraunBlanquet, 1932), in 17 July 2013.
The harvesting was carried out
with a knife counter knife hay
mower. For interpretation and
processing of floristic data, we
used the PC-ORD program,
especially the MRPP and NMS
techniques. The production of
dry matter data was interpreted
with “t” and Duncan tests, using
the program Polifact. MRPP
compares differences within the
group and between groups. The
method involves using the T test,
which describes the separation
between groups. The negative T
indicates that the separation is
stronger. The P-value is useful to
assess if the observed difference
is just an incident or not. It was
also used a non-metric method,
the multidimensional scaling
(NMDS), which is well suited to
data coordination that are not
normal or stairs arbitrary,
discontinuous, or otherwise
questionable (Peck, 2010).

RESULTS AND DISCUSSIONS

The effect of limestone filler
upon semi-natural grasslands
The use of limestone
filler on semi natural grassland,
determined very small increases
in dry matter yield, in all of the

variants (V2, V3, V4). The
differences haven’t statistical
assurance (table 1). Buzdugan et
al. (1986) analyzed the liming
influence on dry matter content
of grassland (1978-1982) and the
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result showed that liming caused
the increase of the yield

insignificantly, only 3.1 q/ha.
Table 1

The influence of limestone filler upon dry matter content
(DM = dry matter, Mt. = witness)
Variants
DM t/ha
%
Difference
Significance
2,21
100,0
0,00
Mt.
V 1 - witness
2,53
114,5
0,32
V 2 - limestone filler 2 t/ha
2,65
120,1
0,44
V 3 - limestone filler 4 t/ha
2,76
125,1
0,55
V 4 - limestone filler 6 t/ha
DL(p 5%) - 0,70; DL(p 1%) –1,06; DL(p 0,1%) –1,70

There are no statistically
significant differences between dry
matter yields of the variants due to

applied treatments (Duncan test,
Table
2).

Table 2
Differences between the variants and their significance in increasing order
(DM = dry matter ns = not significant, SD = significant differences)
Variants

V2
V3
V4
2,53
2,65
2,76
DM t/ha
V1
2,21
0,32ns
0,44 ns
0,55 ns
ns
V2
2,53
0,12
0,23 ns
V3
2,65
0,11 ns
V4
2,76
SD value 5% for different limits of comparison of the variants
Average error SX = 0.20 (t/ha)
V2
V3
V4
Distance in classification
Q value
3,46
3,59
3,65
SD theoretical values
0,70
0,72
0,73

Liming caused changes at the
vegetation level, influencing
even the species cover. The
grassland type of the witness
variant was Festuca rubra Agrostis capillaris, but trough
liming the grassland type had

been changed into Agrostis
capillaris (Figure 1, table 3). The
species Festuca rubra reduced its
cover in favor of Agrostis
capillaris when 2 t/ha limestone
filer was applied. Some species
as Arnica montana, Gnaphalium
sylvaticum, Luzula campestris,
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etc.
prefer
environmental

the

witness’
conditions

(without liming), and other
species increase their cover
Phleum pratense, etc. are tolerant
to the soil acidity and their
production is not influenced by
the available ionic form of
aluminium (Elliot et al., 1983,
cited by D. Daniliuc et al., 1987).
In a study realized by Elliot
showed that the grasses, in
general, were more tolerant than
the legumes (Elliot, 1973).
Research realized by Lăpuşan A.
(1975) confirms that Festuca
rubra is calcifuges species,
which
install
easily
on
experimental
plots
without
liming and fertilizers. Instead the
species Anthoxanthum odoratum
establish quickly in grasslands
once the lime is applied.

caused by the influence of liming
like Trisetum flavescens, Trollius
europaeus,
Centaurea
pseudophrygia,
etc.
The
differences
between
the
phytocenosis are more evident,
when comparing the witness with
V4 (6 t/ha limestone filler) and
V3 (4 t/ha limestone filler, Table
3). The correction of the soil
reaction through liming, in the
research conducted by Buzdugan
I. et al. (1986) cited before, had
no influence upon the vegetation
dynamics, this was influenced
only when long time fertilizing
with different quantities had been
applied. However there are
references in the literature that
some species as Festuca rubra,
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Figure 1. Ordering the floristical composition
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(V-variants, R-repetition, species: Agrocapi= Agrostis capillaris L., Achidist = Achillea
distans Waldst. et Kit. ex Willd., Achimile = Achillea millefolium L., Alchvulg =
Alchemilla vulgaris L. emend. Fröhner, Anthodor= Anthoxanthum odoratum L.,
Arnimont = Arnica montana L., Carucarv = Carum carvi L., Centpseu = Centaurea
pseudophrygia C. A. Mey., Ceraholo= Cerastium holosteoides Fr.em. Hyl., Colcautu =
Colchicum autumnale L., Crepbien = Crepis biennis L.,Cynocris = Cynosurus cristatus
L., Euphoffi = Eupharsia officinalis subsp. rostkoviana (Hayne) F. Towns, Festrubr =
Festuca rubra L., Gnafsylv = Gnafalium sylvaticum L., Hieraura = Hieracium
aurantiacum L., Hypemacu = Hypericum maculatum Crantz, Leucvulg = Leucanthemum
vulgare Lam., Linucath = Linum catharticum L., Lotucorn = Lotus corniculatus L.,
Luzucamp = Luzula campestris (L.) DC., Melasylv = Melampyrum sylvaticum L.,
Pimpmajo = Pimpinella major (L.) Huds., Planlanc = Plantago lanceolata L., Planmedi =
Plantago media L., Poteerec = Potentilla erecta (L.) Raeusch., Primuvulg = Primula
vulgaris Hudson, Prunvulg = Prunella vulgaris L., Ranuacri = Ranunculus acris L.,
Rhinmino = Rhinanthus minor L., Rumeacet = Rumex acetosa L., Scorrose = Scorzonera
rosea Waldst. et Kit; Stelgram = Stellaria graminea L., Taraoffi = Taraxacum officinale
Weber ex F.H.Wigg., Thympule = Thymus pulegiodes L., Trifprat = Trifolium pratense
L., Trifrepe = Trifolium repens L., Trisflav = Trisetum flavescens (L.) Beauv., Troleuro =
Trollius europaeus L., Veraalbu = Veratrum album L., Verocham = Veronica
chamaedrys L.,Violtric = Viola tricolor L.)

Table 3
Comparing floristic composition of experimental variants with MRPP
(T = T test, A = homogeneous group, p = statistical significance, ns = not
significant, * = p <0.05)
Comparing
variants
V1 vs. V2
V1 vs. V3
V1 vs. V4
V2 vs. V3
V2 vs. V4
V3 vs. V4

T

A

p

Significance

-1,18326399
-1,76690227
-2,95274379
0,89869674
-0,98852248
-1,41328396

0,08737942
0,12601322
0,26555471
-0,08882683
0,02902687
0,05597883

0,12145609
0,04626039
0,02177032
0,81374275
0,14153210
0,03803927

ns
*
*
ns
ns
*

The
effect
of
limestone
(fraction 0,5 – 1,0 mm) upon
semi-natural grasslands

The use of limestone (fraction 0,5
– 0,1 mm) results small increases
of dry matter yield, but without
statistical assurance (Table 4).
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Table 4
The influence of limestone (fraction 0,5 – 1,0 mm) upon dry matter content
(DM = dry matter, Mt. = witness)
Variants

DM
t/ha
2,74
2,78

%

Difference

Significance

100,0
0,00
V 1 - witness
101,5
0,04
V 2 -limestone (fraction 0,5 – 1,0
mm) - 2 t/ha
2,83
103,5
0,10
V 3 - limestone (fraction 0,5 – 1,0
mm) - 4 t/ha
2,94
107,6
0,21
V 4 - limestone (fraction 0,5 – 1,0
mm) - 6 t/ha
DL(p 5%) –0,54; DL(p 1%) – 0,81; DL(p 0,1%) – 1,30

Mt.
-

compared to each other, without
witness (Table 5).

Insignificant differences were
found, when the variants were

Table 5
Differences between the variants and their significance in increasing order
(DM = dry matter ns = not significant, SD = significant differences)
Variants

V2

V3

2,78
2,83
DM t/ha
ns
V1
2,74
0,04
0,10 ns
V2
2,78
0,06 ns
V3
2,83
V4
2,94
SD value 5% for different limits of comparison of the variants
Average error SX = 0,15 (t/ha)
V2
V3
Distance in classification
Q value
3,46
3,59
SD theoretical values
0,53
0,55

The floristic composition of
grassland was changed by the
limestone (fraction 0,5 - 1,0
mm),
resulting
specific
vegetation types for each of the
treatments.
The
differences
between the vegetation types are
high
and
have
statistical

V4
2,94
0,21 ns
0,17 ns
0,11 ns

V4
3,65
0,56

assurance (Table 6). The witness
grassland type is Agrostis
capillaris, but due to increasing
level of applied limestone, the
type is changed in Agrostis
capillaris - Festuca rubra,
starting with 2 t/ha limestone
(Figure 2).
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Figure 2. Ordering the floristical composition
(V - variants, R - repetition, grassland type: A.c. = Agrostis capillaris, F.r. - A.c. =
Festuca rubra - Agrostis capillaris; species: Agrocapi= Agrostis capillaris L., Achidist
= Achillea distans Waldst. et Kit. ex Willd., Achimile = Achillea millefolium L.,
Alchvulg = Alchemilla vulgaris L. emend. Fröhner, Anthodor= Anthoxanthum odoratum
L., Arnimont = Arnica montana L., Carucarv = Carum carvi L., Centpseu = Centaurea
pseudophrygia C. A. Mey., Ceraholo= Cerastium holosteoides Fr.em. Hyl., Colcautu =
Colchicum autumnale L., Crepbien = Crepis biennis L.,Cynocris = Cynosurus cristatus
L., Euphoffi = Eupharsia officinalis subsp. rostkoviana (Hayne) F. Towns, Festrubr =
Festuca rubra L., Gnafsylv = Gnafalium sylvaticum L., Hieraura = Hieracium
aurantiacum L., Hypemacu = Hypericum maculatum Crantz, Leucvulg = Leucanthemum
vulgare Lam., Linucath = Linum catharticum L., Lotucorn = Lotus corniculatus L.,
Luzucamp = Luzula campestris (L.) DC., Melasylv = Melampyrum sylvaticum L.,
Pimpmajo = Pimpinella major (L.) Huds., Planlanc = Plantago lanceolata L., Planmedi =
Plantago media L., Poteerec = Potentilla erecta (L.) Raeusch., Primuvulg = Primula
vulgaris Hudson, Prunvulg = Prunella vulgaris L., Ranuacri = Ranunculus acris L.,
Rhinmino = Rhinanthus minor L., Rumeacet = Rumex acetosa L., Scorrose = Scorzonera
rosea Waldst. et Kit; Stelgram = Stellaria graminea L., Taraoffi = Taraxacum officinale
Weber ex F.H.Wigg., Thympule = Thymus pulegiodes L., Trifprat = Trifolium pratense
L., Trifrepe = Trifolium repens L., Trisflav = Trisetum flavescens (L.) Beauv., Troleuro =
Trollius europaeus L., Veraalbu = Veratrum album L., Verocham = Veronica
chamaedrys L.,Violtric = Viola tricolor L.)
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Table 6
Comparing floristic composition of experimental variants with MRPP
(T = T test, A = homogeneous group, p = statistical significance, * = p
<0.05)
Comparing
variants
V1 vs. V2
V1 vs. V3
V1 vs. V4
V2 vs. V3
V2 vs. V4
V3 vs. V4

T

A

p

Significance

-2.32422593
-2.73944963
2.98811311
-2.62296665
-2.94936725
-2.71775154

0.17137716
0.31190775
0.50142001
0.25233034
0.41394505
0.22866980

0.03005114
0.02358284
0.02155866
0.02447503
0.02184137
0.02329086

*
*
*
*
*
*

The effect of limestone (fraction
0,1 - 0,5 mm) upon semi-natural
grasslands Applying limestone
(fraction 0,1 - 0,5 mm) on semi

natural grassland caused very small
changes in dry matter yield, but
without statistically significant
differences (Table 7).

Table 7
The influence of limestone (fraction 0,1 - 0,5 mm) upon dry matter content
(DM = dry matter, Mt. = witness)
DM t/ha
%
Difference
Significance
Variants
V 1 – witness
2,44
100,0
0,00
Mt.
V 2 - limestone (fraction 0,1 2,41
98,5
-0,04
0,5) 2 t/ha
V 3 - limestone (fraction 0,1 2,29
93,9
-0,15
0,5) 4 t/ha
V 4 - limestone (fraction 0,1 2,18
89,4
-0,26
0,5) 6 t/ha
DL(p 5%) - 1.03; DL(p 1%) – 1,57; DL(p 0,1%) – 2,52

The level of dry matter yields
realized by application of
limestone (fraction 0,1 - 0,5 mm)

did not differ significantly, when
comparing the variants to each
other (without control, Table 8).
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Table 8
Differences between the variants and their significance in increasing order
(DM = dry matter ns = not significant, SD = significant differences)
V2
V3
2,29
2,41
DM t/ha
V4
2,18
0,11 ns
0,22 ns
V3
2,29
0,11 ns
V2
2,41
V1
2,44
SD value 5% for different limits of comparison of the variants
Average error SX = 0.30 (t/ha)
V2
V3
Distance in classification
Q value
3,46
3,59
SD theoretical values
1,03
1,07

V4
2,44
0,26 ns
0,15 ns
0,04 ns

Variants

V4
3,65
1,09

(Figure 3, Table 9). The witness
grassland type was Festuca
rubra- Agrostis capillaris.

Using of limestone (fraction 0,1 0,5 mm) had a minimum effect
on floristic composition, without
changing of grassland type
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Figure 3. Ordering the floristical composition (V - variants, R - repetition)
(V-variants, R-repetition, species: Agrocapi= Agrostis capillaris L., Achidist = Achillea
distans Waldst. et Kit. ex Willd., Achimile = Achillea millefolium L., Alchvulg =
Alchemilla vulgaris L. emend. Fröhner, Anthodor= Anthoxanthum odoratum L.,
Arnimont = Arnica montana L., Carucarv = Carum carvi L., Centpseu = Centaurea
pseudophrygia C. A. Mey., Ceraholo= Cerastium holosteoides Fr.em. Hyl., Colcautu =
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Colchicum autumnale L., Crepbien = Crepis biennis L.,Cynocris = Cynosurus cristatus
L., Euphoffi = Eupharsia officinalis subsp. rostkoviana (Hayne) F. Towns, Festrubr =
Festuca rubra L., Gnafsylv = Gnafalium sylvaticum L., Hieraura = Hieracium
aurantiacum L., Hypemacu = Hypericum maculatum Crantz, Leucvulg = Leucanthemum
vulgare Lam., Linucath = Linum catharticum L., Lotucorn = Lotus corniculatus L.,
Luzucamp = Luzula campestris (L.) DC., Melasylv = Melampyrum sylvaticum L.,
Pimpmajo = Pimpinella major (L.) Huds., Planlanc = Plantago lanceolata L., Planmedi =
Plantago media L., Poteerec = Potentilla erecta (L.) Raeusch., Primuvulg = Primula
vulgaris Hudson, Prunvulg = Prunella vulgaris L., Ranuacri = Ranunculus acris L.,
Rhinmino = Rhinanthus minor L., Rumeacet = Rumex acetosa L., Scorrose = Scorzonera
rosea Waldst. et Kit; Stelgram = Stellaria graminea L., Taraoffi = Taraxacum officinale
Weber ex F.H.Wigg., Thympule = Thymus pulegiodes L., Trifprat = Trifolium pratense
L., Trifrepe = Trifolium repens L., Trisflav = Trisetum flavescens (L.) Beauv., Troleuro =
Trollius europaeus L., Veraalbu = Veratrum album L., Verocham = Veronica
chamaedrys L.,Violtric = Viola tricolor L.)

Table 9
Comparing floristic composition of experimental variants with MRPP
(T = T test, A = homogeneous group, p = statistical significance, ns = not
significant)
Comparing
variants
V1 vs. V2
V1 vs. V3
V1 vs. V4
V2 vs. V3
V2 vs. V4
V3 vs. V4

T

A

p

Significance

0.18004900
0.83825280
1.21899933
0.25449202
1.21430776
0.97851391

-0.00813666
-0.07865859
-0.08771654
-0.01653342
-0.06478059
-0.06442656

0.53952195
0.79338335
0.89304128
0.56071471
0.89958476
0.83608990

ns
ns
ns
ns
ns
ns

CONCLUSIONS

Applying of limestone filler,
limestone (fraction 0,5 - 1,0
mm), limestone (fraction 0,1 0,5 mm) on semi natural
grasslands, have not determined
significant increases of dry
matter yield. The progressive
growth
of
the
limestone
quantities have not caused
significant increases of dry
of liming is various in all of the
cases and sometimes even
contradictory.

matter yield (analyze with
Duncan test). The limestone filler
and the limestone (faction 0,5 1,0 mm) have major influence on
the vegetation, causing the shift
of the grassland type and
limestone (fraction 0.1-0.5 mm)
had not caused significant
changes. The reaction of the
phytocenoses on different type
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Abstract
The research conducted during March-October 2011, on the Ezăreni
farm, has sought influence of fertilization on the leaves/stems ratio and dry matter
yeld (DM) per hectare, of alfalfa (Medicago sativa L.) in the second year of
vegetation. The studied experimental plots were v1- unfertilized (control plot), v2N50P50, v3-N75P50 and v4-30 Mg·ha-1 manure). The results showed that the
fertilization resulted in obtaining production of DM between 10.40-12.96 Mg·ha1
. Influence of fertilization on the leaves/stems ratio determined negative
differences in all fertilization plots, but, with higher significance for mineral
fertilization. Fertilization showed a differential effect on the DM production of
whole plant, leaves and stems, depending on the number cut. Noted residual
effect of manure on the indicators analyzed. It was observed the residual effect of
manure
on
the
analyzed
indicators.
Keywords: mineral fertilizers, manure, leaves/stems ratio, leaf production, stems
production
INTRODUCTION

Alfalfa (Medicago sativa
L.) is one of the most valuable
forage cultivated. Besides the
great economic value as forage,
alfalfa has many other uses, as a
supplement to human nutrition,
for the production of biofuels as
melliferous plant, not least as a
very good soil ameliorative plant
(SCUPHAM J.A. et al., 1996;
SCHITEA Maria and VARGA
P., 2007).
Productivity and quality
of alfalfa depends on a number of
factors,
including
climatic
conditions, genetic potential of

the variety used and cultivation
technology used, inoculation of
seeds, fertilization and harvesting
period, having great importance
(KOENIG R.T. et al., 1998;
GRANDER E.H. et al., 2000).
Lucerne is a great
consumer of nutrients. Nitrogen
is provided mostly by symbiosis
and soil reserves, but moderate
doses supply plants needs early
in the vegetation when nodules
are not yet formed. Phosphorus
holds a determining role in
nitrogen assimilation, protein and
carbohydrates synthesis.
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Normal supply of soil
with phosphorus at the alfalfa
crop establishment determines a
good root system development.
The manure is the most
economical and complete source

of supply the soil in macro and
micronutrients for alfalfa crop
(CHAPMAN G. et al., 2008;
STANCHEVA I. et al., 2008;
BERG W.K. et al., 2009).

MATERIAL AND METHODS

The
research
was
conducted in 2011 and 2012
(March-October), on the Ezăreni
farm
(47°05'-47°10'
North
latitude and 27°28'-27°33' East
longitude), farm belonging to the

University
of
Agricultural
Sciences
and
Veterinary
Medicine Iaşi. The soil from the
region is a cambic chernozem
characterized by the indicators
presented
in
Table
1.

Table 1

Physico-chemical characteristics of the soil on Ezareni Farm
Horizon

Clay
(<0.002)

pH

Humus
(%)

Ap 0-20 cm
Atp 20-28 cm

41.8
38.8

6.68
6.78

2.24
2.40

Research has sought
influence of fertilization on the
leaves/stems ratio and dry matter
(DM) production, af alfalfa
(Medicago sativa L.), during the
second growing season.
The
research
was
conducted in a randomized plots
experiment, in three replications,
which have a 10 m2 harvesting
area (2m x 5m).
The studied factor was
fertilization with four variants as
follows: v1-unfertilized (control),

N
total
(%)
0.178
0.149

Nitrogen
index
IN
2,19
2,35

P-Al
(ppm)
26.00
10.43

K
mobile
(ppm)
242
178

Ca
exch.
(me)
15.21
15.38

v2-N50P50, v3-N75P50 and v4-30
Mg·ha-1 manure.
Yield production was
determined by weighing the yield
harvested from an area of 10 m-2
then reported per hectare. Dry
matter was determined by treating
samples at 105°C for 3 hours.
The leaves/stems ratio was
determined by separating the
stem, leaflets, buds and flowers
by the stem, weighing them
separately and report their
amount to the amount of strain
(leaves/stems
ratio).
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The biological material
used was represented by Sandra
alfalfa variety (F 660-94)
registered in 2003 to I.N.C.D.A.
Fundulea. (Schitea Maria and
MARTURA T., 2004).
Manure used had the
following chemical composition:
N-0.445%, P2O5-0.212% and
K2O-0.695%. Fertilizers were

applied, and incorporated into the
soil before seeding. Harvesting
was performed at a height of 7 cm
from the ground.
The
results
were
interpreted
statistically
by
analysis
of
variance
and
calculation of least square
difference (LSD).

RESULTS AND DISCUSSION

The leaves/stems ratio is
an important indicator of quality
for alfalfa crop. A higher
percentage of leaves gives a
higher quality to obtained forage
because the leaf crude protein
content is twice higher than in
stems.
From the results obtained
it was observed that the influence
of
fertilization
on
the
leaves/stems ratio resulted in the
recording of negative differences
in all cases of fertilization, but
with a higher significance in
mineral fertilization (Table 2). In

this case organic fertilization
determined obtaining higher
values than mineral fertilization.
Fertilization
had
a
positive influence on the
production of leaves throughout
the year. At each of the three
variants of fertilization the
differences obtained for leaf
production was very significant,
and the highest production of
leaves (4.77 Mg·ha-1 DM) was
obtained when fertilization was
performed with 30 Mg·ha-1
manure
(Table
3).

Table 2

Influence of fertilization on leaves/stems ratio
Variant
v1- unfertilized (C)
v2- N50P50
v3- N75P50
v4- Mg·ha-1 manure

First cut
0.50
0.44ºº
0.41ººº
0.50

LSD 5 %
LSD 1 %
LSD 0.1 %

0.03
0.04
0.07

Leaves/stems ratio
Second cut Third cut Fourth cut
0.84
0.61
1.26
0.80º
0.58ºº
1.18ºº
0.76ººº
0.55ººº
1.12ººº
0.80
0.58ºº
1.19º
0.03
0.05
0.07

0.02
0.03
0.04

0.05
0.08
0.13

Total
0.62
0.56ººº
0.53ººº
0.60º
0.02
0.03
0.04

C- control variant
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Table 3

Influence of fertilization on leaves dry matter production
Variant
v1- unfertilized (C)
v2- N50P50
v3- N75P50
v4- Mg·ha-1 manure
LSD 5 %
LSD 1 %
LSD 0.1 %

Leaves dry matter production (Mg·ha-1 DM)
First cut
Second cut Third cut Fourth cut
Total
1.56
1.14
1.02
0.30
3.87
1.77***
1.28**
1.14***
0.33
4.35***
1.79***
1.27**
1.13***
0.33
4.36***
1.89***
1.42***
1.26***
0.36**
4.75***
0.07
0.11
0.18

0.09
0.13
0.21

0.05
0.07
0.11

0.04
0.06
0.09

0.09
0.13
0.22

C- control variant

As on production of stems
obtained throughout second year
of vegetation fertilization had a
positive influence on each of the
three variants of fertilization, the
differences obtained were very
significant, and the highest
production of stems (8.51 Mg·ha1
DM) was obtained when
fertilization was performed with
N50P50 (Table 4).
Fertilization showed a
differential effect, depending on
the number of cut, on the
production of DM from the
whole plant, leaves and stems. At
each of the three variants of
fertilizer production differences

obtained were very significant.
The highest yield (12.96 Mg·ha-1
DM) was obtained in the variant
V4, fertilized with 30 Mg·ha-1
manure (Table 5).
Was distinguished the
residual effect of manure on the
indicators analyzed. Thus, if at
the first cut the N75P50
fertilization had the greatest
influence, on the following cuts
fertilization with 30 Mg·ha-1
manure generated the largest
differences. In the case of leaves
production was observed that the
organic fertilization had the
greatest contribution between the
three variants of fertilization.
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Table 4

Influence of fertilization on stems dry matter production
Stems dry matter production (Mg·ha-1 DM)

Variant
v1- unfertilized (C)
v2- N50P50
v3- N75P50
v4- Mg·ha-1 manure
LSD 5 %
LSD 1 %
LSD 0.1 %

First cut
3.20
4.09***
4.42***
3.91***
0.08
0.13
0.20

Second cut
Third cut
1.43
1.78
1.69***
2.10***
1.76***
2.18***
1.85***
2.30***
0.05
0.06
0.08
0.09
0.13
0.15
C- control variant

Fourth cut
0.23
0.28***
0.29***
0.30***
0.02
0.03
0.05

Total
6.53
8.02***
8.51***
8.21***
0.10
0.16
0.25

Table 5

Influence of fertilization on total dry matter production
Variant
v1- unfertilized (C)
v2- N50P50
v3- N75P50
v4- Mg·ha-1 manure
LSD 5 %
LSD 1 %
LSD 0.1 %

Total dry matter production (Mg·ha-1 DM)
First cut
Second cut Third cut Fourth cut
4.76
2.58
2.81
0.52
5.86***
2.97***
3.24***
0.61**
6.21***
3.04***
3.31***
0.62**
5.80***
3.27***
3.56***
0.66**
0.14
0.21
0.34

0.10
0.14
0.23

0.09
0.14
0.22

0.06
0.09
0.15

Total
10.40
12.37***
12.87***
12.96***
0.15
0.23
0.36

C- control variant

CONCLUSIONS

Research conducted in
2011, on the farm Ezăreni
showed that fertilization had a
positive influence on total dry
matter production of leaves and
stems.
Residual effect of manure
ensures, at the second, third and
fourth cut, higher yields than

mineral fertilization
Both the mineral and
organic fertilization negatively
influenced the leaves/stems ratio,
but in organic fertilization
differences were smaller. This
indicates a high quality of forage
obtained from the variant
fertilized with manure.
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Abstract
Mangalita is a rustic pig breed which is considered to be much organic
resistant than other breeds improved and less demanding in which concerns food
and shelter. Mangalita breed in our country has increased since the midnineteenth century. Pigs of this breed can exploit very well the natural and
cultivated pastures, legumes, alfalfa or stubble. It also presents a high resistance
to disease, adverse climatic conditions, being less demanding on food
(ŞTEFĂNESCu Gh. et al., 2005).
Keywords: mangalita, breed, alfalfa, grassland, legumes
INTRODUCTION

The phrase home-mealbreed is well known among
specialists in animal husbandry,
meaning they are valid in
achieving
some
high
performance in selling of animal.
Lately (4-5 years) no longer
operates the system highly
centralized planning of the area
cultivated or natural, but are
trying
to
swine
breeders
experimenting
different
technologies of rearing and
feeding them. In this context,
after a long experience in raising
pigs, we come up with some
proposals
on
strengthening
Mangalita breed and feed it
through
the
potential
of
grasslands
in
north-western
Romania.

Optimal structure of
livestock enterprises: the notion
of the size of farms and livestock
sectors is a major and urgent
competitive
economy
in
Romania. This problem has
existed for decades in many
countries in Europe and there are
now, but on another level. What
is extremely important in the
development of the breed
Mangalita
is
system
maintenance, respectively, must
be purely family, that all work
related to breeding and feeding
and related land work to be made
possible by family members for
getting performance and market
competitiveness.
Mangalita is a rustic pig
breed which is considered to be
much organic resistant than other
breeds improved and less
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demanding in which concerns
food and shelter. Pigs of this
breed very well exploit natural
pastures and cultivated, legumes,
alfalfa or stubble. It also presents

a high resistance to disease,
adverse climatic conditions,
being less demanding on food
(ŞTEFĂNESCU Gh. et al.,
2005).

BREED CHARACTERISTICS

Mangalita breed in our
country has increased since the
mid-nineteenth century. It is
specialized breed grease with
several varieties: blond, red,
black, abdomen swallow and
baris. In present, a reduced
increase in private sector in areas
such
as
ponds
Danube
Carpathian at SCDA Turda is a
nucleus selection. The carcasses
are very suitable for the
manufacture of salami and meat
products containing fat without
cholesterol. Meat and the fat are
tender with good flavor, juiciness
and higher energy value.
Of all the varieties
mentioned, blonde Mangalita is
the variety with the most
improvement actions and most
widespread simultaneously. As a
PERSPECTIVES FOR
MANGALITA BREED

description of the breed can be
considered mesomorphic type
with a tendency to dolicomorf,
head suitably large ears with
large variability, from small and
straight to long and bent,
muscular neck short and thick fat
deposits, short limbs defects
common aplomb, thick and hairy
skin thoroughly with a degree of
undulation hair varies depending
on the variety of the breed. Pigs
of this breed are part of the type
semiprecoce - late and can
achieve average daily growth
increments in weight of 480-520
grams,
with
a
specific
consumption of 5.2 to 5.9
nutrient
units
(A)
(ŞTEFĂNESCU Gh. et al.,
2005).

VALORIZING

From
an
economic
perspective, this race promises
insight rearing and household
organic farms in the north - west
of the country, where we have
natural resources of protein-rich
green fodder (pasture, alfalfa,
clover, trefoil, herbs flora
spontaneous:
nettles
news

GRASSLAND

THROUGH

Loboda etc.). Green fodder used
to feed all categories of pigs.
With the intensification of
livestock production as necessary
feed livestock holdings, man has
had to intervene in terms of
agricultural technique applied to
pastures and hayfields bodied
grassland
cultivation,
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fodder production increased by
doubling or even tripling its.
From the researches found that
animals eat grass meadows in a
certain order, with preference for
some. Thus, in the case of
grasses order of preference of use
is Festuca rubra, Lolium perenne
then, Phleum pratense and
Agrostis capillaris. Of fabacee
prefer first Trifolium pratense
and then Trifolium arvense. Age
of plants influence the degree of
consumption of grass greater
than floristic composition of
grassland, young plants are better
eaten than aging (DINESCU S.,
2001).
Production grassland used
as pasture, hay or silage. Also
produced green fodder meadows
can be consumed by grazing or
mowing and distributed to
animals. Grazing, in addition
they provide valuable feed,
enables movement of animals in
the open, under the sunlight,
favorable factors affecting the
growth,
production
and
reproduction
of
animals
(Hălmăgean P., 1984).
Grassland production can
be increased by the actions of
their overseeding or seeding and
agro-technical measures such as
weed control, destruction of
woody vegetation, the molehills,
of plants consumed by animals,
harrowing pastures, soil erosion,
draining of excess moisture,
fertilization, etc.).

In particular, alfalfa, and
clover are some of the most
valuable fodder plants, which
provides a high yield of protein
per hectare. They are droughtresistant plants,
regenerates
quickly, producing a large
amount of green mass per
hectare, being indispensable feed
in feed. The feeding pigs, alfalfa
and clover are used fresh mowed
paddock or stall administered. It
is an excellent feed for young
animals growing for breeding to
breeding boars, bulls
for
fattening and sows and lactating.
A sow pasture may consume
daily about 15 kg green mass.
According
to
the
literature in the last 20 years, in
the north-western Romania,
maintenance of natural and sown
pastures were performed at the
limit of obtaining higher yields
per hectare. We can say that in
some areas of Transylvania
Mangalita
breed
through
selective breeding gilts were
obtained that exceeded 8-10
piglets at farrowing using green
fodder from natural and sown
pastures (ROMAN Gh. et al.,
2010).
Research shows that still
have harnessed the potential of
grasslands
in
increasing
Mangalita porcine breed and
maintaining
their
extensive
household.
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Specialists in the field shows that
this race using green fodder
quality and lends itself to an
early fattening providing a daily
allowance of 500 grams and
adulthood is reached at age 3.5 4 years, you can reach weight of
300-350 kg, a lot of fat, 75 80%. Ideal fattening is up to 180200 kg when about 65-70% fat.
What remains is to
improve the capacity of nursing
sows and their behavior after
calving. It is recommended to be
given to breeding gilts at the age
of 10-11 months when body

weight is 70% of the adult stage
of development.
These are some important
characteristics of the breed
Mangalita showing that using
green fodder from natural and
sown pastures would highlight
the potential of both vegetal and
animal and breed pigs could
become a core national program
development growing pigs in the
north-western
Romania.
However, the involvement of
decision makers could improve
the quantitative and qualitative
development perspective of this
breed.
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Abstract
Intensification of natural ecosystems may be beneficial for a series of plants,
which are favored to become the dominant at the level of grass cover. However,
no matter how low would be the inputs applied, the first effects are observed in
the symbiotic organisms of existing plants in the ecosystem. Adaptation of plants
and soil microorganisms to environmental conditions has made the type and
dosage of fertilizer applied to become factors with limiting effect on the balanced
evolution of mycorrhizal fungi. For mycorrhizal colonization of Festuca rubra
plant, climatic factors play a small role, from this consideration is necessary to
identify the dose and type of fertilizer and the effective management type to
ensure the stability in time of colonization parameters.To study the effect of
increasing soil nutrient resources on the mycorrhizal colonization parameters in
Festuca rubra, we set up an experiment with six degrees of fertilization, in
addition to unfertilized control were applied to two types of organic fertilization
and three types of mineral fertilization. The experimental variants were managed
by mowing and mulching, once per year. Balancing the colonization degree and
reducing fluctuations in time of these parameters is influenced in a high degree
by nitrogen, independent from the origin of the source. At the end of growing
season it is observed the superiority of combined fertilizers, Eurofertil mezocalc
supplemented with nitrogen, manure + NPK combined with mowing and
mulching or solely NPK, which ensure the highest values of the colonization
degree.
Keywords: mycorrhizal parameters, colonization degree, organic fertilization,
mineral fertilization, fertilization doses, management.

INTRODUCTION
The roots of vascular plants
are in private contact with a
substrate and even in the case
that this is represented by soil,
water or bark, the functionality
and
development
are
all

influenced by various biotic and
abiotic factors. A complex of
microorganisms resides in a
diversity of niches within the
substrate, affecting the roots
hence the plants performance
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through multiple means. The
most
frequent
organisms
associated with plants are the
environmentally adapted fungi
from soil, which form rootfungus
partnerships
called
“mycorrhiza” (Peterson, 2004).
These symbioses are present in
the roots of the large majority of
plants (Varma, 2008).
The main benefit for the
host plant in a mycorrhiza
symbiosis is the enhancement of
immobile nutrient assimilation,
especially
of
phosphorus
(Jakobsen, 2011).
Matured ecosystems are
characterized by a continuous
and cyclic movement of the
elements between the biotic and
abiotic components.
The
mycorrhiza has the purpose to
adjust the composition and
functionality of a community, by
correctly
allocating
food
resources and influencing the
growth of interfering plants.
The increase of fertilization
levels (20 or 40 t/ha manure) or
the usage of unconventional
fertilizers (20 or 60 t/ha waste
water sludge) at a lucerne
culture, can benefit directly on

the intensity of symbiotic
microorganisms activities, thus
enhancing
the
ability
to
biologically
bond
nitrogen
(Vidican et al., 2012). A highly
important
role,
besides
fertilization,
plays
the
ecosystem’s management. In the
case of natural grasslands, the
mowing or a combination of
mowing + mulching encourages
the Agrostis capillaris to become
dominant within the grass cover
(Rotar et al., 2011).
In time, the growth of
fertilization doses may lead to
changes in the coverage extent of
plants in grasslands. For values
of fertilization NPK = 50:25:25
Festuca rubra and Trisetum
flavescens are privileged, while a
fertilization with
NPK =
100:50:50 and NPK=150:75:75
will enhance the development of
Agrostis capillaris and Trisetum
flavescens (Păcurar et al., 2012).
Still, these various changes
experienced by ecosystems have
in their first phase a more intense
impact on the mycorrhizal fungi
then on the colonized plants (Liu
and
Co.,
2012).

MATERIAL AND METHOD

For studying the growth
effect of nutritive resources from
soil
on
the
mycorrhizal
colonization parameters for
Festuca rubra species, an
experimental
layout
was

implemented with 6 degrees of
fertilization,
besides
the
unfertilized
witness,
and
applying one type of organic
fertilization (V2 - 10 t/ha), a
combined
organic-mineral
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fertilization (V3 - 10 t/ha +
NPK=50:25:25) and three types
of mineral fertilization (V4 NPK=50:25:25, V5 - Eurofertil
mezocalc 120 kg/ha + N=50 and
V6 - Eurofertil mezocalc 120
kg/ha).
Through this experiment, a
series of hypothesis were tested:
(i) the influential scale of
climatic factors (Temperature –
Tm, Sum of precipitations – Pp)
and technological factors over
mycorrhizal
colonization
parameters (Frequency – Fv%,
Intensity – In%, Colonization
degree –Gc%), (ii) the effects by
type and dose of applying
fertilizers, and (iii) the variation
of mycorrhizal colonization at
the end of vegetation period.
The experimental concept,
design of experimental field and
.

the methodology for acquisition
of data were presented by Stoian
(2011). The add-in of the current
experiment is brought through
statistical
analyses
that
emphasize the individual effect
of experimental factors.
This study reveals the
evolution
of
mycorrhizal
colonization
parameters
in
differential
fertilization
conditions, during 2010 – 2011.
A non-metrical statistical
evaluation (NMDS) on the effect
of fertilization and climatic
factors was performed using the
R Statistics software – “vegan”
package (Oksanen, 2013). The
differences between variants
where obtained using the
comparative analysis Post-hoc –
Fisher
LSD,
specific
for
Statistica
software
(2012)

RESULTS

Mowing
Climatic and technological
factors were also assessed on the
impact over the mycorrhizal
colonization. This is underlined
very well by overlapping these
but these two factors are
characterized as insignificant
regarding the influence over the
colonization’s parameters,.
On
the
contrary,
phosphorus and potassium had a

factors over the non-metrical
ordering axes (Table 1). Both
temperature and precipitations
had an almost perfect overlap on
the secondary NMDS axe,
distinguished
significant
influence, while the nitrogen was
ranked as very significant (Table
1).
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Table 1
Overlap of experimental factors on the ordering matrix and display effects
on experimental parameters – mowed variants

Tm
Pp
N
P
K

NMDS1
-0.120
0.120
0.154
0.126
0.363
p < 0.05

NMDS2
0.993
-0.993
0.988
0.992
0.932
*°

p < 0.01

At the second vegetation
sequence, the level for stability
of frequency of radicular
colonization is established by a
nitrogen value ranging between 0
– 10 kg/ha (Fig. 1). The stability
of intensity is ensured at 60 – 70
kg/ha nitrogen values. Synthesis
of the nitrogen demand for a
constant degree of colonization
determined an annual amount of
approximately 50 kg/ha.
The
influence
of
phosphorus is lower than in the
case of nitrogen, a quantity of 0 –
5 kg/ha is considered sufficient
for a steady frequency of
colonization during time (Fig. 2).
Higher quantities of phosphorus
are required for a constant

r2
0.090
0.090
0.450
0.283
0.311

** °°

Pr(>r)
0.217
0.217
0.001
0.008
0.004

***
**
**

p < 0.001 *** °°°

intensity of colonization, with
values of 30 – 35 kg/ha.
Synthesizing
the
colonization’s parameters as
degree
of
colonization
diminishes the demand for
phosphorus up to a value of 25
kg/ha, level which ensures
constancy of this index (Fig. 2).
A 5 – 10 kg/ha potassium
input is necessary for a stable
colonization frequency over time
(Fig. 3). For a steady intensity of
colonization, a 36 – 40 kg/ha
potassium
fertilization
is
required. Extending these values
as degree of colonization, it is
noticed that this parameter is
durable in time at a 30 kg/ha
potassium fertilization.
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Figure 1 – 3. Influence of chemical elements over mycorrhizal colonization
parameters – mowed variants: 4) Nitrogen (N); 5) Phosphorus (P); 6) Potassium
(K);
Fv% - Frequency; In% - Intensity; Gc% - Colonization degree.

Mulching
The influence of climatic
and technological factors over
the mycorrhizal colonization
parameters has been highlighted
by overlapping the recorded
values on the non-metrical
ordering
axes
(table
2).
Temperature and rainfall were
proven insignificant with regards
to the influence over the
colonization’s parameters.

The potassium’s influence
was proven insignificant, the
element effectively acting only
when combined with the other
chemical commands. Phosphorus
proved a significant influence,
while
nitrogen
a
highly
significant impact during the
study (Table 2).
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Table 2
Overlap of experimental factors on the ordering matrix and display effects
on experimental parameters – mulched variants

Tm
Pp
N
P
K

NMDS1
0.128
-0.128
-0.322
-0.118
-0.147
p < 0.05

NMDS2
-0.992
0.992
-0.947
-0.993
-0.989
*°

p < 0.01

At the second vegetation
sequence, the stability of
radicular colonization frequency
is ensured by a nitrogen value
ranging between 0 – 10 kg/ha
(Fig. 4). For the colonization
intensity, the stability is ensured
by nitrogen in 60 – 80 kg/ha
value range.
The phosphorus influence
is lower than the nitrogen, a
quantity of approximately 10
kg/ha being sufficient for
ensuring
stability
of
the
colonization frequency values
during time (Fig. 5). Higher
phosphorus
quantities
are
required
for
constant
colonization
intensity,
the
recorded
value
being
approximately 50 kg/ha.
Although
recorded
as
insignificant, potassium input of
15 – 20 kg/ha in the nutritive

r2
0.111
0.111
0.470
0.176
0.045

** °°

Pr(>r)
0.168
0.168
0.001
0.048
0.476

***
*

p < 0.001 *** °°°

elements
combination,
is
necessary for a colonization
frequency proven constant during
time (Fig. 6). For ensuring the
stability of the colonization in
intensity during time, is required
to apply a 5 kg/ha fertilization
with phosphorus.
The information synthesis
with regards to a certain fertilizer
type and applied doses to
guarantee the stability in time of
the colonization degree is
difficult to be performed. This
synthetic index is based on the
correlation of values related to
frequency and intensity with the
environment and technological
factors. From this point of view,
general results can’t be issued.
For this reason the position on
the NMDS chart of the
colonization degree is outside the
interpretation grid.
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Figure 4 – 6. Influence of chemical elements over mycorrhizal colonization
parameters in mulched variants vegetation sequence: 4) Nitrogen (N); 5)
Phosphorus (P); 6) Potassium (K);
Fv% - Frequency;
In% - Intensity; Gc% - Colonization degree.

Comparing the effect of
interaction
Management
Fertilization over mycorrhizal
colonization degree
Fertilization overlapped on
management type during the
entire vegetation period created
the premises for a wide variation
in the level of mycorrhizal
colonization degree of Festuca
rubra roots (table. 3.).
The recorded values for
degree of colonization in mowed

variants has proved the beneficial
impact of fertilization in almost
all experimental cases, with
significant differences over the
witness (Table 3). The exception
was V4 variant, which used an
solely NPK fertilizer and
recording
insignificant
differences over the witness. The
Eurofertil mezocalc + N (V5)
fertilization has ranked first over

Romanian Journal of Grasslands and Forage Crops (2013)8

61

Stoian V. et al.
all fertilized variants. By
comparing the degree of
colonization for the unilateral
fertilization using only manure
(V2) and the variant fertilized
with NPK (V4), the organic
fertilization has surpass with
significantly higher values.
Combining mulching with
fertilization have proved to have
a
beneficial
impact
over
colonization degree in the cases
of manure + NPK (V3) and NPK
(V4)
fertilizations,
highly
significant differences being
recorded over the witness (Table
3). At the opposite pole, the
unilateral fertilization using
manure (V2) and Eurofertil
mezocalc (V6) fertilization have
decreased
the
colonization
degree values under 1.0%. Also,
the recorded differences over the
witness were highly significant
negatives. Similarly to the
colonization’s frequency and
intensity results, all variants with
chemical
nitrogen
in
the
fertilizer’s composition have
recorded superior values over the

cases
using
manure
and
Eurofertil mezocalc fertilizers.
Despite this, the combination of
chemical nitrogen and Eurofertil
mezocalc (V5) has proven highly
inferior to the manure + NPK
(V3) and NPK (V4) variants.
Comparison of unfertilized
mown and mulched variants
revealed significant differences
in the degree of mycorrhizal
colonization (table. 3.). Mowed
unfertilized
variant
proved
inferior to the variant mulched
and fertilized with manure +
nitrogen (V3), variant mulched
and fertilized with NPK (V4) and
V5 (mulched and fertilized with
eurofertil
mezocalc
supplemented with nitorgen).
After comparing variant mowed
and organic fertilized (V2 – 10
t/ha manure) with all variants
mulched was relief superiority
over variant fertilized with
manure and the one fertilized
with
eurofertil
mezocalc,
compared to all other variants
proved inferior.
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Table 3
The effect of interaction Management – Fertilization over mycorrhizal
colonization degree
M
F
Me
d
1 1 1.0
1
1
1
1
1
2
2
2
2
2
2

1
1

1
2

1
3

1
4

1
5

1
6

2
1

2
2

2
3

2
4

2
5

2
6

1.
00

3.
40

9.
84

0.
71

27.
34

4.
80

5.
13

0.
65

9.
91

9.
01

5.
09

0.
51

0.0
04

p<
0.0
01
p<
0.0
01

0.7
16

p<
0.00
1
p<
0.00
1
p<
0.00
1
p<
0.00
1

p<
0.0
01

p<
0.0
01

0.6
61

p<
0.0
01
p<
0.0
01

p<
0.0
01
p<
0.0
01

p<
0.0
01

0.5
0
42
p<
0.0 0.0 p <
0.0 p <
2 3.4
0.0
0.0
0.0
0
88
36
41
01
01
01
p<
p<
p<
p<
p<
0.9 0.3 p <
3 9.8
0.0
0.0
0.0
0.0
0.0
0.0
4
38
08
01
01
01
01
01
01
p<
p<
p<
p<
0.9 p <
0.8
4 0.7
0.0
0.0
0.0
0.0
0.0
1
41
06
01
01
01
01
01
p<
p<
p<
p<
p<
p<
p<
27.
5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
34
01
01
01
01
01
01
01
p<
p<
0.6 p <
0.7 p <
6 4.8
0.0
0.0
0.0
0.0
0
84
25
01
01
01
01
p<
p<
p<
0.9 p <
1 5.1
0.0
0.0
0.0
0.0
3
56
01
01
01
01
p<
p<
p<
0.8
2 0.6
0.0
0.0
0.0
5
64
01
01
01
p
<
p
<
0.2
3 9.9
0.0
0.0
1
73
01
01
p<
p<
4 9.0
0.0
0.0
1
01
01
p<
5 5.0
0.0
9
01
6 0.5
1
p < 0.05
*°
p < 0.01
** °° p < 0.001
*** °°°
M – management: 1 – mowing, 2 – mulching / F – fertilization

Combination
of
management by mowing and
fertilization with NPK (V4)
proved inferior compared with
variants mulched and fertilized
with different combinations of
chemical nitrogen (V3, V4 and
V5) and even compared to
variant unfertilized and mulched

(Table. 3.). The best possible
combination of management
proved
by
mowing
and
fertilization
with
Eurofertil
mezocalc supplemented with
chemical
nitrogen
(V5)
differences compared to the other
variants were very significant.
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CONCLUSIONS

Climatic factors have a
reduced
impact
over
the
mycorrhizal
colonization
parameters in comparison with
the chemical fertilization, which
has a strong restrictive role in the
evolution
of
mycorrhizal
colonization.
By supplementing the
manure with nitrogen or using
the Eurofertil mezocalc fertilizer
in combination with mowing
have determined superior values
of the colonization degree for
Festuca rubra plants at the
closure of vegetation period.
The constancy in time of a
mycorrhizal
colonization
is
guaranteed from a unilateral
balanced
fertilization,
both

organically and mineral, with
nitrogen as the key chemical
element that proved the most
influential for all the variants.
Once the mulching is
installed, the manure fertilization
supplemented with chemical
nitrogen and fertilization with
NPK has ensured the highest
levels for colonization degree,
overcoming significantly the
evolution recorded for the
unfertilized variant.
The unilateral fertilizations
based on manure and Eurofertil
mezocalc have provided the
lowest values of the mycorrhizal
colonization
at
final
of
vegetation.
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FOR THE ASSESSMENT OF INFLUENCE LEVEL OF CLIMATIC
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PARAMETERS
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ABSTRACT
Intensification of natural ecosystems may be beneficial for a series of
plants, which are favored to become the dominant at the level of grass cover.
However, no matter how low would be the inputs applied, the first effects are
observed in the symbiotic organisms of existing plants in the ecosystem.
Adaptation of plants and soil microorganisms to environmental conditions have
made the type and dosage of fertilizer applied to become factors with limiting
effect on the balanced evolution of mycorrhizal fungi. For mycorrhizal
colonization of Festuca rubra plant, climatic factors play a small role, from this
consideration is necessary to identify the dose and type of fertilizer to ensure the
stability in time of colonization parameters. To study the effect of increasing soil
nutrient resources on the mycorrhizal colonization parameters in Festuca rubra,
we set up an experiment with six degrees of fertilization, in addition to
unfertilized control were applied to two types of organic fertilization and three
types of mineral fertilization, combined with two management types – mowing
and mulching once per year. Balancing the colonization and reducing
fluctuations in time of colonization parameters is influenced in a high degree by
nitrogen, whether it comes from manure or synthetic fertilizers.
Stability during time of the mycorrhizal colonization is ensured by a unilateral
balanced fertilization, organically or mineral, with nitrogen as chemical
compound with highest impact for both management types. Both NMDS and posthoc analysis proved effective in assessing the impact of individual and combined
of factors in the study.
Keywords: mycorrhizal colonization,
fertilization doses, mulching, mowing.

colonization

degree,

fertilization,

INTRODUCTION

The roots of vascular plants
are in private contact with a
substrate and even in the case
that this is represented by soil,

water or bark, the functionality
and
development
are
all
influenced by various biotic and
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abiotic factors. A complex of
microorganisms resides in a
diversity of niches within the
substrate, affecting the roots
hence the plants performance
through multiple means. The
most
frequent
organisms
associated with plants are the
environmentally adapted fungi
from soil, which form rootfungus
partnerships
called
“mycorrhiza” (Peterson, 2004).
These symbioses are present in
the roots of the large majority of
plants (Varma, 2008).
The main benefit for the
host plant in a mycorrhiza
symbiosis is the enhancement of
immobile nutrient assimilation,
especially
of
phosphorus
(Jakobsen, 2011).
Matured ecosystems are
characterized by a continuous
and cyclic movement of the
elements between the biotic and
abiotic components.
The
mycorrhiza has the purpose to
adjust the composition and
functionality of a community, by
correctly
allocating
food
resources and influencing the
growth of interfering plants.
The increase of fertilization
levels (20 or 40 t/ha manure) or
the usage of unconventional

fertilizers (20 or 60 t/ha waste
water sludge) at a alfalfa culture,
can benefit directly on the
intensity
of
symbiotic
microorganisms activities, thus
enhancing
the
ability
to
biologically
bond
nitrogen
(Vidican et al., 2012). A highly
important
role,
besides
fertilization,
plays
the
ecosystem’s management. In the
case of natural grasslands, the
mowing or a combination of
mowing + mulching encourages
the Agrostis capillaris to become
dominant within the grass cover
(Rotar et al., 2011).
In time, the growth of
fertilization doses may lead to
changes in the coverage extent of
plants in grasslands. For values
of fertilization NPK = 50:25:25
Festuca rubra and Trisetum
flavescens are privileged, while a
fertilization with
NPK =
100:50:50 and NPK=150:75:75
will enhance the development of
Agrostis capillaris and Trisetum
flavescens (Păcurar et al., 2012).
Still, these various changes
experienced by ecosystems have
in their first phase a more intense
impact on the mycorrhizal fungi
then on the colonized plants (Liu
and Co., 2012).

MATERIAL AND METHOD

For studying the growth
effect of nutritive resources from
soil
on
the
mycorrhizal
colonization parameters for

Festuca rubra species, an
experimental
layout
was
implemented with 6 degrees of
fertilization,
besides
the
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unfertilized
witness,
and
applying one type of organic
fertilization (V2 - 10 t/ha), a
combined
organic-mineral
fertilization (V3 - 10 t/ha +
NPK=50:25:25) and three types
of mineral fertilization (V4 NPK=50:25:25, V5 - Eurofertil
mezocalc 120 kg/ha + N=50 and
V6 - Eurofertil mezocalc 120
kg/ha).
Through this experiment, a
series of hypothesis were tested:
(i) the influential scale of
climatic factors (Temperature –
Tm, Sum of precipitations – Pp)
and technological factors over
mycorrhizal
colonization
parameters (Frequency – Fv%,
Intensity – In%, Colonization
degree –Gc%), (ii) the effects by
type and dose of applying
fertilizers, and (iii) the variation
of mycorrhizal colonization at
the mowing and mulching point
(100 day from vegetation start).

The experimental concept,
design of experimental field and
the methodology for acquisition
of data were presented by Stoian
(2011). The add-in of the current
experiment is brought through
statistical
analyses
that
emphasize the individual effect
of experimental factors.
This study reveals the
evolution
of
mycorrhizal
colonization
parameters
in
differential
fertilization
conditions, during 2010 – 2011.
A non-metrical statistical
evaluation (NMDS) on the effect
of fertilization and climatic
factors was performed using the
R Statistics software – “vegan”
package (Oksanen, 2013). The
differences between management
type and fertilization variants
where obtained using the
comparative analysis Post-hoc –
Fisher
LSD,
specific
for
Statistica software (2012).

RESULTS

Mowing
Overlapping
the
experimental factors on the nonmetrical
ordering
matrix
(NMDS) has underlined the
small impact of temperature and
precipitations on the mycorrhizal
colonization (Table 1). Among

the chemical elements, the most
influential proved to be the
nitrogen.
Phosphorus
and
potassium had a high influence,
but statistically ensured only as
distinctly significant.
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Table 1
Overlap of experimental factors on the ordering matrix and display effects
on experimental parameters – mowed variants

Tm
Pp
N
P
K

NMDS1
0.553
0.553
0.084
0.082
0.235
p < 0.05

NMDS2
0.833
0.833
-0.997
-0.997
-0.972
*°

p < 0.01

Under the aspect of
nitrogen’s influence over the
frequency of colonization, the
NMDS ordering chart indicates
an optimum range of values
between 10 and 20 kg/ha for
fertilization. This level of
fertilization
with
nitrogen
ensures a reduced variation
during time of the frequency that
Festuca rubra plants are
colonized (Fig 1). When is
analyzed the intensity of the
radicular system’s colonization,
the optimum value of nitrogen is
50 kg/ha, this providing the
durability of this factor in time.
Synthesizing the information
regarding mycorrhizal fungi
demand for nitrogen has
indicated a value of 30 – 40
kg/ha as optimum for ensuring a

r2
0.0365
0.0365
0.5767
0.3494
0.3678

** °°

Pr(>r)
0.524
0.524
0.001
0.002
0.001

***
**
***

p < 0.001 *** °°°

fluctuations-free
degree
of
colonization.
Phosphorus necessity for
sustainable stability during time
of the mycorrhizal colonization is
equal for both the frequency and
intensity
parameters.
The
optimum value for this element
in first vegetation stage was
recorded at 20 kg/ha (Fig. 2).
Optimum
level
of
potassium necessary for a
constant colonization frequency
is 20 kg/ha, while for the
intensity 25 kg/ha. The degree of
colonization is stable at a
potassium
value
of
approximately 25 kg/ha, much
closer to the necessity recorded
for a constant intensity (Fig. 3).
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Figure 1 – 3. Influence of chemical elements over mycorrhizal
colonization parameters in mowed variants: 1) Nitrogen (N); 2)
Phosphorus (P); 3) Potassium (K);
Fv% - Frequency; In% - Intensity; Gc% - Colonization degree
Mulching
By
overlapping
the
experimental factors on the nonmetrical
ordering
matrix
(NMDS) has evidenced the lower
impact of temperature and
precipitations on the mycorrhizal

colonization when compared
with the nutritive input (Table 2).
All chemical elements had a
highly significant influence on
the colonization parameters.
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Table 2
Overlap of experimental factors on the ordering matrix and display effects
on experimental parameters – mulched variants

Tm
Pp
N
P
K

NMDS1
0.295
0.295
-0.022
0.047
0.054
p < 0.05

NMDS2
-0.955
-0.955
1.000
0.999
0.999
*°

p < 0.01

NMDS ordination graph is
indicating an optimal value of 10
kg/ha for the nitrogen to
influence
the
colonization
frequency. By applying thus dose
of fertilizer will ensure a reduced
variation of the colonization
frequency for Festuca rubra
plants (Fig. 4). For the
colonization intensity of the
radicular system, the optimal
value for nitrogen is 40 kg/ha,
thus ensuring the constant of the
factor
during
time.
The
information’s synthesis of the
nitrogen needs for mycorrhizal
fungi has indicate a value of
approx. 40 kg/ha as optimal for
ensuring
a
fluctuation-free
colonization degree over time.

r2
0.349
0.349
0.487
0.525
0.410

** °°

Pr(>r)
0.002
0.002
0.001
0.001
0.001

**
**
***
***
***

p < 0.001 *** °°°

For ensuring sustainability
of the mycorrhizal colonization
during time, the phosphorus
needs are 0 – 10 kg/ha for
frequency and 20 – 30 kg/ha for
the colonization’s intensity. The
optimal value of this element for
a constant colonization degree
was 20 g/ha (Fig. 5.).
The optimal potassium
level for a constant frequency
was 5 kg/ha, while for the
colonization’s intensity the level
is approx. 25 kg/ha. The degree
of colonization is constant at a
potassium value of 25 – 30
kg/ha, much closer of the
necessary for a constant intensity
(Fig. 6).
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Figure 4 – 6. Influence of chemical elements over mycorrhizal
colonization parameters in mulched variants: 1) Nitrogen (N); 2)
Phosphorus (P); 3) Potassium (K);
Fv% - Frequency; In% - Intensity; Gc% - Colonization degree
Comparing the effect of
interaction
Management
Fertilization over mycorrhizal
colonization degree
Overlapping fertilization
on management type created the
premises for a wide variation in
the
level
of
mycorrhizal
colonization degree of Festuca
rubra roots (Table 3).

Regarding the mowed
variants,
the
degree
of
colonization results has proven
the
beneficial
impact
of
fertilization, almost all variants
recording significant values over
the witness. The one exception
was the variant fertilized with
manure + NPK (V3), in which no
significant
differences
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were recorded over the witness.
The fertilization with Eurofertil
mezocalc and N (V5) has proven
superior to the variant fertilized
with NPK (V4), but also when
compared with solely Eurofertil
mezocalc
fertilizer
(V6),
revealing significant differences
(Table
3).
Similar
to
phenomenon described before,
variation of colonization degree
at the level of mulched variants,
significantly superior values over
the unfertilized witness were
recorded only at the manure
fertilization variant (V2) and
Eurofertil
mezocalc
with
nitrogen (V5) fertilization variant
(Table 3.). Compared with the
organic fertilized variant (V2),

significant differences were
recorded (p<0.01) for manure
supplemented with NPK (V3)
variant, NPK (V4) and Eurofertil
mezocalc
(V6)
fertilization
variants.
Comparison
of
unfertilized mown and mulched
variants revealed no significant
differences in the degree of
mycorrhizal colonization (Table
3.). Both unfertilized variants
proved inferior to the variants
fertilized
with
Eurofertil
mezocalc supplemented with
nitrogen (V5 mowed and V5
mulched), a situation which is
maintained after comparing these
variants with one fertilized with
10 t / ha manure (V2 mowed and
V2 mulched).
Table 3

The effect of interaction Management – Fertilization over mycorrhizal
colonization degree
M
F
Me
d
1

1

1.4
0

1

2

12.
64

1

3

4.5
8

1

4

8.9
0

1

5

15.
53

1

6

8.8

1
1
1.
40

1
2
12.
64
p<
0.0
01

1
3
4.5
8
0.2
90
0.0
09

1
4
8.9
0
p<
0.0
01

1
5
15.
53
p<
0.0
01

1
6
8.8
8

2
1
2.3
3

0.0
15

0.7
57

0.2
14

0.3
36

0.2
12

p<
0.0
01

0.1
54

0.4
53

0.9
95

0.0
31
p<
0.0
01
0.0

0.1
52

p<
0.0
01
0.0
30

0.0
29

2
2
18.
45
p<
0.0
01

2
3
5.8
6

2
4
6.4
0

2
5
11.
85
p<
0.0
01

2
6
7.6
2

0.1
40

0.0
99

0.0
56

0.0
26

0.0
40

0.7
90

0.0
97

0.6
69

0.5
43

0.0
18

0.3
12

0.3
11

0.4
04

0.3
27

0.6
68

0.3
31

0.0
02

0.0
03

0.2
21

0.0
10

0.0

0.3

0.4

0.3

0.6

p<
0.0
01
0.0
02
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8
2

1

2.3
3

2

2

18.
45

2

3

2

4

2

5

2

6

32

02
p<
0.0
01

5.8
6
6.4
0
11.
85
7.6
2

14

08

24

72

0.2
41

0.1
77

0.0
02

0.0
81

p<
0.0
01

p<
0.0
01
0.8
56

0.0
30
0.0
49
0.0
72

p<
0.0
01
0.5
57
0.6
84
0.1
61

p < 0.05 * °
p < 0.01 ** °°
p < 0.001
*** °°°
M – management: 1 – mowing, 2 – mulching / F – fertilization

Fertilization with 10 t / ha
manure (V2) in combination with
management by mowing proved
to be superior to variant mulched
and fertilized with manure
supplemented with nitrogen (V3)
or variant mulched and fertilized

only with NPK (V4 ). The
situation is kept when comparing
mowed and fertilized with
Eurofertil mezocalc + nitrogen
(V5) variant with V6 variant,
mulched and fertilized only with
Eurofertil mezocalc (table. 3.).

CONCLUSIONS

Climatic factors have a
reduced
impact
over
the
mycorrhizal
colonization
parameters in comparison with
the fertilization, which has a
strong restrictive role in the
evolution
of
mycorrhizal
colonization.
Stability during time of the
mycorrhizal
colonization
is
ensured by a unilateral balanced
fertilization,
organically
or
mineral, with nitrogen as
chemical compound with highest

impact for both management
types.
Fertilization with manure
or with Eurofertil mezocalc
supplemented with nitrogen in
combination with mowing has
ensured the highest levels of
colonization degree, recorded
values exceeding 12%.
Once the mulching is
installed, the manure fertilization
has ensured the highest levels for
the colonization parameters,
overcoming significantly the
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evolution recorded for the
unfertilized variant.
Using NMDS analysis in
assessing
the
effect
of
fertilization and climate on
variation
mycorrhizal
colonization parameters has
proven
performance
for
individualizing each factor and
assessing the individual degree
impact.

Post-hoc analysis made it
possible to assess the differences
between
the
types
of
management in combination with
fertilization,
identifying
variations between experimental
variants after comparing both
variants
fertilized
with
unfertilized witnesses and within
the fertilized variants.
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