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5 PhD. PROF. IOAN SAFTA (1897 — 1983),
PARINTELE STIINTELOR PRATICOLE DIN ROMANIA

PhD.Prof. loan SAFTA,
honoured member of Agricultural
and Forestry Academy was born on
April 21, 1897 in Luncoiul de Jos
commune, near Brad city,
Hunedoara County. He was the third
from the nine childs which prof.
loan Safta and Anastasia Safta, born
loanovici, had.

He spend his childhood in
the born village, he followed the
primary school in Brad city and the
secondary school in Brasov, where
he passed de bachelor exam in 1914.

After the years of The First
World War (between 1914 — 1918)
on which he tooked part, he
followed the Agriculture Academy
in Cluj (1919 — 1923) and from
1992 he was hired on The
Department of Botany and
Phytopatology where luliu Prodan,
one of our first botanists, was the
titular professor. After three years
in which he was assistant on Botany
discipline in 1925 he worked for a
short period of time on the Geodezy
Institute from Cluj and than at the
Agricultural School from Turda (as
teacher and principal director).

Under the patronate of
prof. Nicolae SAULESCU within
ICAR rased Plant breeding and and
seed control Station (SAPCS) from
Cluj where loan SAFTA was hired
as Laboratory Manager/
Responsible.

Short time after he was

hired he was send on Halle
University, Germany where he
reached the title of Doctor in
Biology Sciences.
He turn back to SAPCS, Cluj and
since than his activity was focused
on studying the mountain grassland
from Apuseni and Retezat and the
hill grassland from Transylvania
and Timis Plain. He wrote in
premier the first three research
article between the years 1936 and
1943.

As pioneer in studying the
Romanian Carpathian grassland he
initiated works and he managed
specialists in the study of Apuseni,
Rodnei and Fagaras Mountains
grassland until the year 1940 and
later on when he moved on Craiova
in Parang Mountains. He was
Manager of the Laboratory of
Grassland ~ Science  on  the
Agricultural Experimental Station
from Simnic — Craiova between the
years 1957 — 1968, period after
which he retired and moved to
Timisoara.

As recent employer in the
grassland scientific research in
December 1967, | was glad to take
part to the retiring festivity of prof.
loan SAFTA, occasion which aloud
me to know him closer.

As son of the Apuseni Mountains, he
wrote in one article mentioned by
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Prof. Gheorghe ANGHEL,
published in ”New Agriculture” no.
10 from 1938, about the economical
future of this area: ”When this
beautifull mountains will entail
tourists like Sweenden Alps do,
when they will shelter toy industry,
cheese next to the gold prosper
industry, when the ribs and ravenes
washed today by rainfalls will be
covered entirely by forests and
within valleys will be full of trees
and grain cereals and forage crops
speciffic to the soil-climatic
conditions, just than the wealth and
joy will be installed in Apuseni
Mountains taking the place of today
misery and poorness.”

Besides the distinguished
scientist he was, loan SAFTA was
also an exceptional universitary
professor. In 1934 he was hired as
professor on the Agricultural
Academy from Cluj, being both
professor on Phytotehny
Departement and Director SAPCS,
Cluj between 1939 — 1940, after
Prof.  Nicolae SAULESCU
departure to Bucharest. Between the
years 1940 — 1945 he activated in
Timisoara period after which he
retuned to the  Agricultural
Academy from Cluj, until 1948
when he was transferred to the new
Agronomical Institute from Craiova
(1955 — 1962) until his retirement in
1967.

Brasov, June 2015

Marusca T. et al.

In the year 1955 he was
entitled as docent and in the year
1969 he was elected as honoured
member of ASAS.

For his fruitfully activity
which summarisez more than 150
scientiffic papers in grassland
science among with numerous
universitary courses in the same
topic mentioned already he was
distingueshid with Labory Order,
third class in the year 1954.

In 1972 he took part on the
9 FAO Grup Reunion which was
organized on Grassland Culture
Research Station Brasov and where
he met specialists in the field of
grassland science from 10 European
countries (Austria, RS Cehoslovach,
Sweeden, France, RF Germany,
Italy, RFS lugoslavya, RP Polon,
RS Romania and Spain).

Professor loan SAFTA
wrote in a book publishe in 1980
that ”The art of living suppose that
life should have a precisely purpose,
an ideal”, thought followed by him
with  perseverance. He  was
dedicated to a noble cause namely
the one of studying Romanian
grassland and to substantiate the
scientific  measures  for  their
improvement and management.

Proff. loan SAFTA is one
of the pioneer’s of grassland
research from our country and he
will always be remembered by all
those who met him and his work.

Teodor MARUSCA,
General Secretary of SRP
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Agnes Balazsi et al.

ALTERNATIVE SOLUTIONS TO MAINTAIN THE NATURAL
PRODUCTIVITY OF OLIGOTROPHIC GRASSLANDS IN APUSENI
MOUNTAINS

Agnes BALAZSI*, ROTAR I, PACURAR F.", Anca PLESA", Roxana VIDICAN",
GLIGA A~

“Faculty of Agriculture, University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca, Romania, Manastur Street 3-5, 400372, Cluj-Napoca,
Corresponding author:balazsi.agnes86@gmail.com

Abstract

The research was performed by following the influence of mowing, mulching
and mineral fertilizing upon the productivity of Agrostis capillaris-Festuca rubra
grassland type in Apuseni Mountains, Garda de Sus Commune, Alba County. The study
investigated the effects of the applied treatments in tree following years. Among the
treatments mulching and mineral fertilizing had significant positive effect upon the
yield. Most of the treatments could be alternative solutions to maintain the productivity
of oligotrophic grasslands when regular mowing could not be considered.

Keywords: oligotrophic grasslands, mowing, mulching, mineral fertilizing, dry matter

content.
INTRODUCTION

A series of researches have
followed the effects of mineral
fertilizers upon the yield of the
semi-natural grasslands also in the
mountain areas. These fertilizers, in
function of the applied quantity,
assure inputs within the grassland
ecosystems. Beside the increase of
yield, which adds economic
benefits, the mineral fertilizing
change also the floristic
composition and favors species with
higher nutrient content needs
(PAVLU et al., 2012).

The viewpoint upon the
productivity of grasslands was
changed during the time, especially
in the mountain areas. As long as in
former time the tendency was to

increase the productivity, in the last
time much more focus was given to
the ecological value of these
ecosystems (MASKOVA et al.,
2009; ROMERMANN et al., 2009;
DOLEZAL et al., 2011). The
studies were highlighted the fact
that maintaining the biodiversity
level of oligotrophic grasslands
extensive management is required
for a sustainable use.

The effects of alternative
solutions were followed, like
mulching, burning - which assuring
the minimal disturbances upon the
vegetation, indispensible for a
proper functioning of the grassland
ecosystems (KAHMEN et al,
2002). These studies were not

Romanian Journal of Grassland and Forage Crops (2015)11 9
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focusing upon the productivity of
grasslands.

Even if the use of mineral
fertilizers is not favored by the agro-
environmental  requirements  of
agricultural policies, the tendency of
farmers will be to use them in the
mountain areas also. Thus, the aim
of the study was to find out the
influence of mulching and mineral

MATERIAL AND METHOD

The experiment was carried
out in the place Bear Meadows
(1349 m), Ocoale Village, Garda de
Sus Commune. In this paper are
followed the effect of seven

Agnes Balazsi et al.

fertilizing upon the yield of Agrostis
capillaris L. - Festuca rubra L.
grassland type, in the Apuseni
Mountains.

The results contribute with
valuable information for the
elaboration of scenarios of the long-
term effects of alternative extensive
management upon the productivity
of oligotrophic grasslands.

different treatments upon the
productivity in three consecutive
years (2012, 2013, 2014). The
detailed plan of the applied
treatments in presented in table 1.

Table 1
The investigated treatments
Treatments | Abbreviations Applied treatments
T1 1Mo - Control | Mowing once per a year - traditional hay making period
T2 1Mu Mulching once per year
T3 2Mu Mulching twice per year

T4 1Mu+1Mfnek

Mulching once per year and mineral fertilizing with
N2sP2sKos applied annually

T5 1Mu+1/2Mfnek | Mulching once per year and mineral fertilizing with

N2sP2sKos applied once in two years

T6 1IMu+1Mfpk

Mulching once per year and mineral fertilizing with
P2sKs applied annually

T7 1Mu+1/2Mfex | Mulching once per a year and mineral fertilizing with

P.sKs applied once in two years

To establish the fertilizing
level and the application period, the
extensive management’s borderlines
were taken in consideration for our
study area. The fertilizers were
applied in early springtime on the

plots, according to the treatments.
The floristic composition was
interpreted by  Braun-Blanquet
method, when the Poaceae species
were in flower. The harvesting was
carried out with a knife counter

Romanian Journal of Grassland and Forage Crops (2015)11 10




knife hay mower and mulching
system.
The yield was weighted on

RESULTS AND DISCUSSION

The effects of applied treatments
were minimal upon the productivity,
but without depreciating the
productivity level in the followed
period. Significant changes were
registered just at some of the
treatments. The results of BOGDAN
(2012) showed no significant
differences in the first two years,
changes  appeared only at
IMu+1Mfnek in the third year of
experiment. Our study continued to
follow the effects of the same
treatments and further significant
changes were recorded in the case
of 1IMu+1Mfnpk in 2012 and 2014
(table 2). The increase of the yield is
0.35 t/ha DM, respectively 0.42 t/ha
DM due to the classical combination
of NPK fertilizers. Significant
changes in the yield potential were
occurred in the case of 1IMu+1Mfpk,
with 0.53 t/ha DM. Even if T6 has
no mineral N content, the
mineralization of organic matter
offered by mulching, contributed to
the improvement of the

Agnes Balazsi et al.

every plot and later the dry matter
content (DM) estimated, based on
green mass production.

productivity. SEITHER et al., 2014,
obtained a higher yield by mulching
in  combination with chemical
fertilizers (PK), in comparison with
simply mowed variants.

Statistically assured
negative changes were registered
only in 2013, in the case of 2Mu
with 0.16 t/ha DM. This could be
caused by the accumulation of litter
on the plots.

The importance of these
treatments stands basically not in
their short-term effects, but in
complex changes which could be
felt after 5 years. DOLEZAL et al.,
2011 highlighted significant
changes after in soil characteristics
(e.g. pH, organic matter content,
content of N, P, K) determined by
mulching.

To find out the reason of the
fluctuation of productivity of
different treatments, further
analyses are necessary on floristic
composition and also on soil
principal components.

Romanian Journal of Grassland and Forage Crops (2015)11 11
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Table 2

The effects of investigated treatments upon the DM vyield in 2012, 2013, 2014

Year -E{f:rtir;r?tr]s t)s g?xi % Differences Significance
T1 0.60 | 100.0 0.00 Control
T2 0.77 | 127.7 0.17 -
T3 0.75 | 124.3 0.15 -
2012 T4 0.95 | 159.0 0.35 *
T5 0.57 | 94.7 -0.03 -
T6 0.83 | 138.7 0.23 -
T7 0.62 | 103.3 0.02 -
DL (p 5%) — 0.32; DL (p 1%) — 0.44 ; DL (p 0.1%) — 0.59
T1 0.74 | 100.0 0.00 Control
T2 0.68 | 90.9 -0.07 -
T3 059 | 79.0 -0.16 0
2013 T4 0.84 | 112.4 0.09 -
T5 0.79 | 105.6 0.04 -
T6 0.73 | 98.4 -0.01 -
T7 0.86 | 115.1 0.11 -
DL (p 5%) — 0.15; DL (p 1%) — 0.20; DL (p 0.1%) — 0.27
T1 1.31 | 100 0.00 Control
T2 1.36 | 104.1 0.05 -
T3 1.54 | 117.9 0.23 -
2014 T4 1.73 | 132.1 0.42 *
T5 1.23| 94 -0.08 -
T6 1.84 | 140.4 0.53 *
T7 1.49 | 1141 0.18 -
DL (p 5%) — 0.42; DL (p 1%) — 0.57; DL (p 0.1%) — 0.76

CONCLUSIONS

We can conclude that mulching
when  mowing and  organic
fertilizing is not a feasible for
economic reason can represent an
alternative solution to maintain the
natural productivity of oligotrophic
grasslands. The combination of
mulching with mineral fertilizers in

low quantities can also maintain the
natural  productivity of those
grasslands, but these have to be
balanced with the requirements of
biodiversity conservation goals.
Mulching combined with N2sP2sKos
increase the natural productivity
after three years of experiment.

Romanian Journal of Grassland and Forage Crops (2015)11 12
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Giorgiana Mihaela Catunescu et al.

ANTIMICROBIAL COMPOUNDS IN WILD AND CULTIVATED
HERBS

Giorgiana Mihaela CATUNESCU”, ROTAR 1.*, Roxana VIDICAN”, Florina
BUNGHEZ"

“University of Agricultural Science and Veterinary Medicine Cluj — Napoca,
Calea Manastur, no. 3-5, Romania

Abstract

Herbs contain secondary metabolites such as vitamins, flavonoids,
terpenoids, carotenoids and phytoestrogens. Some can be found in most herbs, while
other are specific to certain botanical families. Parsley, cilantro, basil and chives are
rich in f-carotene, lutein and zeaxanthin. Celery, parsley and thyme contain flavones:
apigenin and luteolin, while lovage is rich in kaempferol and quercetin. Herbs are
mainly studied for their health benefits, but they can to be used in food industry for
their antioxidant and antimicrobial activity. They contain antioxidants and
antimicrobials such as chlorophylls, lutein, cysteine, beta-carotene, vitamin B2, vitamin
C, vitamin E, flavonoids. Herbs can delay the growth of spoilage bacteria, increasing
thus the shelf life of food. They contribute to food security by controlling the pathogen
development and reduce the need for conventional antibiotics by helping the immune
system fight infections.

Keywords: antioxidants, carotenoids, chlorophylls, essential oils, polyphenols,
terpenoids, vitamin

INTRODUCTION

Herbs consist of leafy plants,
seeds or flowers used for food
flavoring, perfume processing or
medical purposes. Generally, the
term refers only to the leafy parts of
the plant while roots, seeds and bark
are called “spices” (HEDGES and
LISTER, 2007). Plants produce a
wide range of organic compounds:
carbohydrates, lipids, nucleic acids
and proteins — primary metabolites.
Other biocompounds do not seem to
directly participate in growth; they
are secondary metabolites and
include: alkaloids, amines,
cyanogenic glycosides, terpenes,

flavonoids, glucosinolates, non-

proteinogenic amino acids,
phenylpropanoids, polyacetylenes,
saponins and steroids

(PARTHASARATHY et al., 2008).
These compounds exert essential
biochemical functions in plants and
can have medicinal applications
(HEDGES and LISTER, 2007;
THOMPSON and THOMPSON,
2009).Wild and cultivated herbs
contain many bioactive compounds:
vitamins, flavonoids, terpenoids,
carotenoids and phytoestrogens
(CALUCCI et al., 2003). Some can
be found in most herbs, while other

Romanian Journal of Grassland and Forage Crops (2015)11 15



are specific to certain botanical

Giorgiana Mihaela Catunescu et al.

families (table 1).

Table 1

Major bioactive compounds of some botanical families of herbs

Botanical Family

Representatives

Bioactive Compounds

Alliaceae chives, garlic organosulfur compounds,
flavonoids

Asteraceae tarragon terpenoides

Apiaceae coriander, dill, fennel, lovage, | polyacetylenes, terpenoides

parsley

Brassiciaeae

horseradish, wasabi

glucosinolates, flavonoides

Lamiaceae basil, lemon balm, marjoram, terpenoides, flavonoides,
mint, oregano rosemary, sage, | phenolic acids
thyme

Lauraceae bay leaves terpenoides

Source: BLASA et al. (2010), BRAVO (1998), HEDGES and LISTER (2007),
THOMPSON and THOMPSON (2009)

Carotenoids are fat-soluble
yellow, orange and red pigments
found in vegetables, fruits, algae,
fungi and bacteria (BLASA et al.,
2010). Often they are found in
plants together with chlorophylls, so
leafy dark green vegetables are rich
in carotenoids. These pigments help
plants capture light in
photosynthesis and protect against
the negative effects of radiation
(HEDGES and LISTER, 2007).
Chemically, carotenoids are lipids
with a long carbon chain and
conjugated double bonds that
confers  antioxidant  properties.
Herbs contain  high  amounts
compared to the fruits and
vegetables traditionally considered
sources of carotenoids.

Parsley, cilantro, basil and
chives are richer in [-carotene,
lutein and zeaxanthin than carrots,
spinach, pumpkins, peppers and

apricots, the main vegetables and
fruits known as the richest source of
carotenoids. (HEDGES and
LISTER, 2007).

Chlorophylls a and b are
green pigments essential in plant
photosynthesis.

They absorb visible light at
slightly  different  wavelengths.
Chlorophylls showed antimicrobial
activity, SMITH (1944), NEVIN
and BIBBY (1954) cited by

MOWBRAY  (1957)  observed
bacteriostatic activity on
Staphylococci,  Streptococci  —

including Staphylococcus aureus
and Streptococcus pyogenes — and
some anaerobic microorganisms.
MOWBRAY (1957), MAEKAWA
et al. (2007) and KAKKAR (2012)
reported antimicrobial activity of
chlorophyll extracts on various
bacteria (Staphylococcus aureus,
Bacillus subtilis, Escherichia coli,

Romanian Journal of Grassland and Forage Crops (2015)11 16



Klebsiella oxytoca) and yeast
(Cadida albicans).

Phenolic compounds are
secondary metabolites with a role in
plant  defence and  growth
mechanism (BLASI et al., 2010).
They are antioxidants, thus
enhancing and protecting the colour
of plant products, contributing to
organoleptic quality.

Their chemical structure
allows them to react with free
radicals and chelate  metals
(HEDGES and LISTER, 2007).
Polyphenols prevent oxidation by
rapid donation of a hydrogen atom
(BRAVO, 1998):

ROO® + PPH — ROOH + PP°*

RO® + PPH — ROH + PP°*
Intermediate phenoxy
radicals are stable, thus a new chain
reaction can not easily begin. They
may end oxidative chain reactions
by reacting with free radicals
(BRAVO, 1998):

ROO* + PP* — ROOPP

RO® +PP* — ROPP

Phenolic acids and
flavonoids are the main classes of
phenolic compounds, both found in
herbs. Flavonoids are some of the
most powerful plant antioxidants
and quercetin is the strongest
flavonol.

Herbs are richer in
flavonoids than other vegetables
(HEDGES and LISTER, 2007).
Celery, parsley and thyme contain
flavones: apigenin and luteolin,
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while lovage is rich in kaempferol
and quercetin. The type and amount
of phenolic compounds vary with
species, environmental factors, with
crop technology, ante and post-
harvest treatments, and processing.

Essential oils, also called
volatile oils, are responsible for the
characteristic aroma of each herb
(BLASA et al, 2010). They
produce the smell, while oleoresins
give the taste (PARTHASARATHY
et al., 2008). They are not true oils
and are not made of one molecule of
glycerol and three fatty acids, but
may consist of terpenes, alcohols,
ketones, acids, oxides, lactones,
esters and phenols (HEDGES and
LISTER, 2007). Nonetheless, they
are soluble and liquid at room
temperature, similar to other oils.

Volatile oils are complex
mixtures of many compounds: the
desert parsley (Lomatium dissectum)
contained over 45  flavour
compounds, myristicin, apiol being
major constituents. Celery stalks
contain apiol (23%), 3-butilftalida
(22%) and sedanolide (24%), the
latter two giving its strong flavour
(Parthasarathy et al., 2008).

Terpenoids are responsible
for many plant biological processes,
and they are known for their
antioxidant and  antimicrobial
activity (table 2). Recently it was
shown they are absorbed through
skin, suggesting they could be used
transdermal transport of
pharmaceuticals.
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Bioactive terpenoids found in herbs

Table 2

Compound Herb source Compound Herb source
carvenone mint, dill citral lemongrass
. coriander, rosemary, sage, .
cineole eugenol basil, bay leaves
thyme
farnesol lemongrass myristicin parsley, dill
eraniol lemongrass, coriander, lemon s-Dinene coriander, cumin,
g balm, basil, rosemary, thyme P rosemary, thyme
. mint, dill, coriander, cumin, thyme, basil,
limonene carvacrol
thyme oregano
linalool rosemary, lemongrass thymol thyme
. carnosol,
menthol mint L rosemary, sage
carnosic acid
perillyl alcohol mint, lemongrass, sage y-terpinene thyme, rosemary

Source: BLASA et al. (2010), BRAVO (1998), HEDGES and LISTER (2007),
THOMPSON and THOMPSON (2009)

Herbs are mainly studied
for their health benefits. They have,

however, antioxidant and
antimicrobial activity (DAGLIA,
2012). Herbs and their extracts

delay rancidity of foods, prolong
shelf-life by affecting the alteration
flora and protect foods against
potentially pathogenic
microorganisms.
ANTIOXIDANT ACTIVITY OF
AROMATIC HERBS

The human body uses
oxygen and nutrients for energy.
Oxygen helps the immune system
against  diseases and  harmful
elements. As a result, compounds
are oxidized to form molecules that
can react with tissues and free
radicals are generated (KHAN,
2010). Free radicals can have
external sources, as well.

They can damage cellular
components, interfering in normal
processes: they may damage DNA,
leading to cancer, or oxidise blood
fats, contributing to atherosclerosis
and other cardiovascular (HEDGES
and LISTER, 2007).

Research shows that free
radicals are the main cause of over
sixty health problems, including
premature aging (KHAN, 2010).

To counteract the damage
caused by free radicals, the human
body produces antioxidant enzymes:
catalase, superoxide dismutase and
glutathione peroxidase. Antioxidant
enzymes can be also taken as
nutritional supplements. It seems,
however, that it is more effective to
ingest the compounds that will in-
vivo generate the enzymes (KHAN,
2010).
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Minerals: zinc, selenium,
copper, magnesium are some of the
most important components of
enzymes. Vitamins have antioxidant
activity as well. Thus, antioxidants
are found in food, on a large scale.
They reduce the number of free
radicals formed in the body, lower
their energy and quench free radical
chain reactions, thereby decreasing
their risk. Consequently, a diet rich
in antioxidants reduces exposure to
free radicals and decreases oxidative
stress (KHAN, 2010).

Herbs contain antioxidants:
lutein, cysteine,  beta-carotene,
vitamin B2, vitamin C, vitamin E
and flavonoids. Secondary
metabolites are, however, promoters
of health with preventive rather than
curative role (BLASA et al., 2010).

Epidemiological studies
showed that diets rich in fruits and
vegetables protect against chronic
diseases and age-related conditions
(HEDGES and LISTER, 2007).
These effects are due to the intake
of antioxidant compounds. Most
herbs have high antioxidant activity,
trapping free radicals, reducing
metals and peroxidation processes.

Phenolic acids have been
studied mainly for their antioxidant
activity, but flavonoids have other
beneficial health effects in addition
to their antioxidant properties such
as allergic, anti-inflammatory,
antimicrobial and anticarcinogenic
activity (BATRA and SHARMA,
2013; CHAHAR et al., 2011;
HEDGES and LISTER, 2007). They
detoxify enzymes, inhibit cancer
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cell proliferation and promote cell
differentiation (CHAHAR et al.,
2011). Some flavonoids have a
positive effect against
cardiovascular disease by inhibiting
platelet aggregation and protecting
against oxidation of low density
lipoprotein (PETERSON et al.,
2012). Herbs contain other phenolic
antioxidants. Rosemary contains
phenolic  diterpenee:  carnosol,
rosmanol, rosmarinic and carnosic
acids are its most active phenolic
antioxidants (ZHANG et al., 2012).

Carotenoids contain
conjugated double bonds that gives
its antioxidant properties (MULLER
et al.,, 2011). This may trap the
reactive oxygen species — singlet
oxygen and hydroxyl free radicals
and appear to act synergistically
with other carotenoids and other
antioxidants (HEDGES and
LISTER, 2007). They have many
health benefits such as protecting
against peroxidative processes of
the skin and eyes, inhibiting tumour
growth, helping intercellular
communication processes,
enhancing the immune system and
recycling vitamin E in the body
(BAKAN et al.,, 2014). Lycopene
has antioxidant activity against
singlet oxygen and reduce the
incidence of some cancers (cervical,
gastrointestinal tract, prostate) and
cardiovascular disease (JABEEN et
al., 2013).

However,  few  studies
focused on carotenoids from herbs
mainly because they are consumed
in small quantities, having minor
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nutritional contribution. Moreover,
carotenoids contribute to antioxidant
activity to a lesser extent compared
with polyphenols.

Most herbs have antioxidant
activity to various levels. Many
studies showed that oregano and
marjoram  have the  highest
antioxidant capacities (HOSSAIN et
al., 2011; POLISSIOU and
DAFERERA, 2015; ROBY et al.,
2013). Herbs from Lamiaceae
family including many plants
widely used (basil, lemon balm,
marjoram, mint, oregano, rosemary,
thyme) are very rich in flavonoids,
phenolic acids and terpenoids with
high levels of bioactivity and it has
been studied thoroughly studied.
Apiaceae family containing cilantro,
dill, lovage and parsley is rich in
flavonoids, but  second in
importance and  less  studied
(HEDGES and LISTER, 2007).

ANTIMICROBIAL ACTIVITY OF
AROMATIC HERBS

Research mainly focused
on the antioxidant activity of herbs,
although they show important
antimicrobial activity. They were
successfully used alone or in
conjunction  with  preservation
methods to extend shelf life, or as
antimicrobial agents. The efficacy
is, however, dependent on pH,
temperature, amount of available
oxygen, concentration of essential
oils and active compounds
(TAJKARIMI et al., 2010).
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Many studies concluded
that herb secondary metabolites
have antimicrobial effects against
pathogens (CEYHAN et al., 2012;
CHAN et al., 2012; SOLORZANO-
SANTOS and MIRANDA-
NOVALES, 2012; WENDAKOON
et al., 2012). Phenolic compounds
with a high content of eugenol,
carvacrol and  thymol show
bactericidal ~ properties  and/or
bacteriostatic (TAJKARIMI et al.,
2010). KALLIO et al. (2012) have
shown that vitamin C may increase
the antimicrobial effect of quercetin,
against Staphylococcus aureus and
Escherichia coli because vitamin C
is able to stabilize quercetin. A 5
mM  solution of vitamin C
completely inhibited the growth of
S. aureus by increasing oxidative
stress on bacterial cell. AKTHAR et
al. (2014) showed that oregano
inhibits the growth of Salmonella
typhimurium and Listeria
monocytogenes, while parsley and
coriander have a  moderate
antilisterial activity.

Herbs are added in small
amounts in food: 0.05-0.1% (500-
1000 ppm) and although some can
be effective at these concentrations,
but most require higher
concentrations. At 0.3% sage and
rosemary are bacteriostatic and
become bactericidal at 0.5%
(TAJKARIMI et al., 2010). Herbal
extracts could be used to increase
concentration of active compounds.
They enhance the antimicrobial
activity due to a higher content of
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saponins, flavonoids, thiosulfinates
or glucosinolates.

Essential oils exert
antimicrobial activity by affecting
the structure and function of
microbial cell membrane
(TAJKARIMI et al., 2010). The
compounds in the oils are
hydrophobic and  affect the
phospholipids of double layered
microbial.  They  disrupt the
enzymes, compromise the genetic
material and oxidize unsaturated
fatty acids inside the microbial cell.
Essential oils can also coagulate
cytoplasm and destroying lipids and
proteins (VIUDA-MARTOS et al.,
2011).

In general, Gram-negative
bacteria are resistant to vegetal
antimicrobial agents because of
their  lipopolysaccharide  outer
membrane that restricts their
diffusion within the cell. Gram-
positive bacteria are more likely to
be affected by  secondary
metabolites (TAJKARIMI et al.,
2010).

The main volatile aroma
compounds  have  antimicrobial
effects. Oregano, sage and thyme,
rich in terpenes, carvacrol, thymol,
p—cymene, and have antimicrobial
and anti-fungal activity, with
potential applications in the food
industry. Several essential oils are
synergistic: blends of oregano and
thyme and oregano, sage and
marjoram proved effective against
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Bacillus  cereus, Pseudomonas
aeruginosa, Escherichia coli O157:
H7 and L. monocytogenes
(AKTHAR et al., 2014). Different
combination of carvacrol and
thymol have enhanced antimicrobial
activity against pathogens. Vacuum
packaging and oregano and
coriander essential oils enhanced
antimicrobial activity against L.
monocytogenes and  Aeromonas
hydrophila. Similar results were
obtained using modified atmosphere
packaging and oregano essential oil
to increase the shelf life of chicken
(TAJKARIMI et al., 2010).

An antagonistic effect was
reported when mixing carvacrol and
p-cymene with salt in the rice
contaminated with Bacillus cereus
(AKTHAR et al., 2014). Oxygen is
another  antagonist factor: the
sensitivity ~ of  microorganisms
increased by  lowering its
concentration (TAJKARIMI et al.,
2010).

However, the reported
antimicrobial activity depends on
intrinsic and extrinsic characteristics
of the food product: pH, fat content,
protein, water, antioxidants,
preservatives, packaging  and
physical structure of product, the
time and temperature of incubation.
The employed procedure may also
affect the results: the extraction
method, the amount of inoculum,
the inoculum growth phase, and the
culture medium used
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CONCLUSIONS

In conclusion, most herbs
have antioxidant and antimicrobial
activity to various levels because of
their high content of flavonoids,
phenolic acids and terpenoids.
Herbs from Lamiaceae family are
extensively studied, while, Apiaceae
family were less considered for
research. Herb extracts have shown
the ability to slow the growth of
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spoilage bacteria, increasing thus
the shelf life of food, becoming a
safe and environmentally friendly
alternative of conventional
preservatives. They contribute to
food security by controlling the
pathogen development and reduce
the need for conventional antibiotics
by helping the immune system fight
infections.
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Abstract

The management of natural grasslands systems directly influence the
productivity and floristics development. The semi-natural grasslands in the Apuseni
Mountains have a wide variety of species, largely generated by use systems and
stational conditions. The meadows in the Apuseni Mountains have a high fitodiversity
(MICHLER et al., 2005) which is strongly influenced by management applied (STOIE,
2011). The aim of this paper was the effect of fertilization with liquid fertilizer (UAN) /
or Trifolium repens combined with overseeding on harvest of dry and floristic
composition. The meadows of second order in Baisoara village is exploited by mowing,
grazing or mixed. The meadows around the house are well cared and yield crops dry
matter (DM) higher, while the most distant are less cared and give a lower production.

Keywords: natural grassland, fertilization, productivity, Apuseni Mountains, Festuca
rubra, Agrostis capillaris

INTRODUCTION

Meadow is a major
resource in the biosphere that

Only by controlling the
mutual interaction between the two

sustains life about a billion people
worldwide (SCHNYDER et al.,,
2010).

The majority of pastures
are artificial products of human and
his animals. Achieving a balance
between pasture and livestock
provide the maintenance and
continuous improvement of
vegetation.

factors - plant and animal - can be
achieved positive economic results
(ROTAR and CARLIER, 2010).
Increasing the trophicity of
meadows using liquid fertilizers,
represents a novelty in the system of
natural grasslands  with mineral
fertilizer desired effect refers to
improving the quality, productivity
and floristic composition
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MATERIAL AND METHOD

The experiment whose
results we present, was placed in
2014 in the place "Cross" in
Baisoara Mountain village, Cluj
county, at the altitude of 1240 m.
The experience was placed after
experimental technique method. The
surface of experimental plots is 20
m2.The experience includes four
variants in three repetitions, which
are: first variant (V1) - control
variant, (unfertilized); the second
variant (V2) — fertilizer with 50 N
(liquid fertilizer) +  overseeding
with Trifolium repens; third variant
V 3 — fertilizer with 75 N (liquid
fertilizer) + overseeding with
Trifolium repens; fourth variant

RESULTS AND DISCUSSION

The natural meadow of Festuca
rubra with Agrostis capillaries
responded very well to mineral
fertilizers with liquid fertilizer UAN
which is a mixture of urea
ammonium  nitrate  (ammonium
nitrate, urea) chemical formula:
NHsNO3s, NH2-CO-NH2, as shown
in table 1.1. The reaction to mineral
fertilization with liquid fertilizer

Mirela Cirebea et al.

(v4) — fertilizer 100 N (liquid
fertilizer) + overseeding with
Trifolium repens.Floristic studies
were performed before mowing
after scale vegetation interpretation
given by BRAUN-BLANQUET
(1932).

Experience has been placed
on the Festuca rubra Agrostis
capillaris - of grassland type which
is specific nemoral storey, beech
forest undergrowth and mixed beech
and resinous (TUCRA et al., 1987),
determined by Braun-Blanquet,
1932. It was delimited experimental
field to remove any unwanted
danger or grazing has been cleaned
of woody vegetation and rocks.

UAN is particularly  strong,
registering positive gains,
significantly  distinct and very
distinctly  significant in  all
experimental variants compared to
variantcontrol, (unfertilized). In
variants  fertilized with  high
amounts of fertilizer (V3 and V4),
yields are between 39.10 -43.33 t/ha
green mass.
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Table 1
Influence of fertilization on green mass yield in 2014 (t/ha)
fDqs!ng .Of Yield (t/ha) | Percent % Differences t/ha Significance
ertilization
V1- 0 kg/ha 20,68 0,00 Mt.
V2- 50 N-
overseeding 26,83 6,15 *
with.T.R.
V3- 75 N-
overseeding with 39,10 18,43 fale
T.R.
V4- 100 N
- overseeding with 43,33 22,65 faale
T.R.
DL (p 5%) 4,72 DL (p 1%) 6,79 DL (p 0.1%) 9,99

The comparative analysis
using the Duncan test of the
production the green mass of in
2014 show differences between
versions harvest and crop growth
trend titrating upwards of fertilizer

(table 2 and table 3).
Thus, V3 reported to V1

we have a difference of 18.43

harvest t / ha green mass and V4
reported toV1l of 22.65 t / ha the
green mass.

Table 2

The yield differences among variants and their significance (2014)

Variants in order of increasing

crop
Dosing of fertilization Yield (t/ha) 2 | 3 | 4
MV t/ha
26,83 39,10 43,33
V1- 0 kg/ha 20,67 6,15 18,43 22,65
V2- 50 N- overseeding .
With-T R, 26,83 i 12,28 16,50
V3- 75 N- overseeding with 39,10 423
.T.R. ———
V4-100 N- overseeding with 4333
T.R.
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Table 3

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

Average error SX = 1,48 (t/ha)

The distance in clasification 2 3 4
Values q 3,20 3,34 3,42
Teoretical Values DS 4,73 4,94 5,05

The production of dry matter in the
case natural grasslands Festuca
rubra with Agrostis capillaries
types record values between 4.60 t /
ha DM the control variant and 9.63 t

strongly, with an increase of up to
5.03t/ha DM.

Increases are significantly distinct
provided significant and very
distinct from statistically, as shown

/ ha DM in fertilized variant most in table 4.

Table 4
Infuence of fertilization on dry matter yield in 2014 (t/ha)
Dosing of fertilization Yield Percent Differences Significance
(t/ha) % t/ha

V1- 0 kg/ha 4,60 100,0 0,00 Mt.

V2- 50 N- overseeding 5,98 129,9 1,38 *

with.T.R.

V3- 75 N- overseeding with 8,70 189,1 4,10 falekl

T.R.

V4- 100 N -overseeding with 9,63 209,2 5,03 falaie

T.R.

DL (5%) 1,08

The comparative analysis
with Duncan test using dry matter
production in 2014 show significant
differences (table 5 and table 6)

DL (1%) 1,55 DL (0,1%) 2,28
harvest between different treatments
and a good reaction meadows with
increasing doses of fertilizer.
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Table 5

The yield differences among variants and their significance (2014)

Variants in order of increasing
crop
Dosing of fertilization Yield (t/ha) 2 | 3 | 4
SU t/ha
5,97 8,70 9,63
V1- 0 kg/ha 4,60 23_8_ 4,10 5,03
V2- 50 N- overseeding with.T.R. 5,97 _2_73_ 3,65
V3- 75 N- overseeding with .T.R. 8,70 __(_)Q?___
V4- 100 N- overseeding with T.R. 9,63
Table 6

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

Average error SX = 0.34( t/ha)

The distance in clasification 2 3 4
Values q 3,20 3,34 3,42
Teoretical Values DS 1,08 1,13 1,16

Regarding the floristic composition
of natural grassland fertilized with
liquid fertilizers based on nitrogen,
after the first year it can be seen an
increase in the share from 50.2%
graminee to 54.7%, in the variant
fertilized with 100 kg N / ha and an

evidence downward trend from
fabacee 7.8% to the unfertilized
variant to 6.2% at variant fertilized
with 75 kg N / ha, there is the
downward trend in the plants of
other botanical families.

Tho mfuence of mineral fertiization with UAN on a the natural
meadow Festnca rubra with dgrostls caplllaris fypes

100°%
90%,
B0r%
7056
LUK
500%
A0F%
I0%
20F%
10%
e

—— AF B a0
FABACEAR 7.8

~f- CYPLRACEAE
= POALEAE S02

Fig. 1. The determination of floristic composition after mineral fertilization
with (UAN)
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CONCLUSIONS

Application of 100 kg / ha mineral
fertilizer based liquid nitrogen leads
to a harvest difference of 22.65 t /
ha green mass.

Obviously, the same trend is kept in
dry matter production where the
difference in yield compared to the
control variant is 5.03 t / ha.
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Abstract

Soybean is an important crop worldwide and in Transylvania, Romania meets
the proper conditions for achieving higher yields. On ARDS Turda there is a long
tradition in cultivating and studying the most efficient soybean hybrids. An
experimental field aimed to follow the response of Felix hybrid (created on ARDS
Turda) to phosphorus fertilizer was installed in the spring of 2013. Experimental plots
were fertilized in 3 different doses, namely P1 (control variant, unfertilized), P2
(fertilized with 50 kg/ha P,0Os) and P3 (fertilized with 100 kg/ha P.Os). The results
obtained in 2013 showed positive relationships between the number of nodules at the
beginning and at the end of flowering and phosphorus fertilizer. A significant influence
was observed also when considering soybean productivity until 50 kg/ha P.Os,
increasing the dose of phosphorus upper this value is not justified since gave a
decrease in beans number.

Keywords: soybean, nodules, phosphorus, fertilization, productivity

INTRODUCTION

Soybean is an important
crop worldwide and in
Transylvania, Romania meets the
proper conditions for achieving
higher yields. On ARDS Turda
there is a long tradition in
cultivating and studying the most
efficient soybean hybrids.

When essential nutrients
are deficient yields will be reduced,
therefore a profitable fertilizer
program must be developed to

MATERIAL AND METHOD

An  experimental field
aimed to follow the response of

maximize yields. Phosphorus (P)
enhances the photosynthesis rate,
enzymatic activity, energy transfer,
root development, uptake and
transfer ~ of  other  nutrients,
nodulation and nitrogen (N)-fixation
by symbiotic bacteria, water use
efficiency, reproductive growth and
maturation, seed number, seed size,
and seed germination (KHALIQ and
ABASSI, 2015).

Felix hybrid (created on ARDS
Turda) to phosphorus fertilizer was
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installed in the spring of 2013.
Experimental plots were fertilized in
3 different doses, namely P1

The climatic regime
registered in  Turda in the
experimental ~ year 2013 s
characterized by an annual medium
temperature of 10.4°C and annual

231

55
os—E gg 114

151185 20.4-13.9 16.6

ValeriaDeac et al.

(control variant, unfertilized), P2
(fertilized with 50 kg/ha P2Os) and
P3 (fertilized with 100 kg/ha P20s).
precipitations of 523.2 mm (figure
1). As we can observe the
vegetation period is characterized
by high amounts of rainfalls and
medium temperatures.

1424

484

10.8
Sy

Fig. 1. Climatic conditions specific to ARDS Turda (2013)

The soil type from the
experimental area is phaeozem
argilo iluvial vertic, characterized

RESULTS AND DISCUSSION

The results obtained show
a  significant  influence  of
phosphorus fertilizer on the number
of nodules before flowering
(r?=0,998; figure 2), between 72
nodules (P1, control variant,
unfertilized) and 85 nodules (P3,
fertilized with 100 kg/ha P2Os).
Similar aspects were reported also

by medium humus content of 3,5 %
and over 4,5 mg P.Os /100g soil
mobile phosphorus.

by others researchers who specified
that soybean has increased demands
in  which concerns phosphorus
nutrition (NYAMANGARA et al.,
2009), nutrient  with high
contribution on nitrogen symbiotic
fixation and therefore in nodules
formation (O’HARA and GLENN,
1994).

Romanian Journal of Grassland and Forage Crops (2015)11 32



Scamarpiet of

P wgaknsd Nod 1

}
ey |
74

Nod.{

ValeriaDeac et al.

n i)

Fig. 2. The influence of mineral fertilizer on nodules number at the beginning of
flowering period

A positive  correlation
between phosphorus fertilization
and nodules number was obtained
also when considering the number
of nodules at the end of flowering
suggesting that the number of
nodules is  increasing  with
increasing the dose of mineral
fertilizer (figure 3). Therefore the
highest number of nodules, namely
125 nodules was achieved on P3,
when 100 kg/ha P20s were applied.

" " "

Nod

We observed that the number of
nodules from the end of flowering
was increasingly higher than that
obtained at the beginning of
flowering.

Similar aspects are
highlighted also by other researches
where is underlined the fact that
usually between the beginning and
the end of flowering period the
number of nodules is growing
(MRKOVACKI et al., 2008).

Fig. 3. The influence of mineral fertilizer on nodules number at the end of flowering
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Analyzing soybean
productivity we observed that
phosphorus  fertilization has a
positive influence on the number of
beans (table 1). The highest yield
(1822 kg/ha) was obtained on the
variant fertilized with 50 kg/ha
P20s.

There was already known
that exceeded phosphorus produces

ValeriaDeac et al.

toxicity on soybean, decreases plant
growth and productivity
(MRKOVACKI et al., 2008), aspect
highlighted also by our researches.

Increasing the phosphorus
dose up to 100 kg/ha P2Os is not
justified in this case since gave a
decrease  with 24533  kg/ha
compared to the variant fertilized
with 50 kg/ha P2Os.

Table 1
The influence of mineral fertilizer on soybean production (kg/ha)
Experimental - Production Difference| . ... ..
variant Fertilizer dose kg/hal % [kg/hal] Signification
P1 0 kg/ha P,Os 1494.67 | 100,0 0,00 Mt.
P2 50 kg/ha P,0Os 1822 1219 327,33 ikl
P3 100 kg/ha P,Os 1576.33 | 105,5 81,67 faleled
CONCLUSIONS
The results registered on variant P3, when 100 kg/ha P20s

showed  positive  relationships were applied.
between phosphorus doses and the Regarding soybean
number of nodules from the productivity we  observed a

beginning and the end of flowering
period. The highest number of
nodules, namely 125 nodules was
achieved on the end of flowering,

significant influence of phosphorus
on beans number, the highest yield
(1822 kg/ha) being obtained on the
variant fertilized with 50 kg/ha P20s
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Abstract

Permanent grasslands in the Carag-Severin County represent 30% of the total
area of the county and 65% of its agricultural area; depending on area size (about
258,000 ha), it ranks seconds among the counties in the country. The wide diversity of
botanical species identified on the permanent grasslands in this county determines a
multifunctional valorisation of these species: fodder value, melliferous value, medicinal
value, aesthetic value. The share of use values differs depending on grassland altitude.

Keywords: permanent grassland, altitude, multifunctional use value, functional species

types

INTRODUCTION

Research conducted in the
last decades lead to the development
of a new vision about the use of
permanent grassland synthesised in
a complex index, i.e. grassland
multifunctional use value.
According to several authors, this
indicator was defined as follows:

- The ability of the vegetal
cover of a grassland to meet more or
less a series of criteria specific to
the functions of the production
system (FLEURY and DORIOZ,
2001);

- The ability of grassland
grasses and perennial legume
species of making up the
multifunctional structure of
agricultural systems (HARVIEU,
2002);

- The assessment of the effect

- of agricultural methods and
practices on vyield and grassland
quality (production period, food
value, use type), on the environment
(DURU et al., 2007).

Among sustainable natural
systems, permanent grasslands have
one of the most important features
of ecological compensation due to
such specific features as
biodiversity and multifunctionality
of the vegetal cover, perennity of
natural resources, stability of yields,
relationships with the environment,
etc. (HARVIEU, 2002).

The paper points out the
botanical composition of permanent
grasslands differentiated and
assessed at different altitudes
depending on the multifunctional
use value of component species.
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MATERIAL AND METHOD

Research was carried out
during 2011-2014, on permanent
grasslands in the Caras-Severin
County, Romania. The floristic
study consisted in applying the
double square method (DAGET et
POISSONET, 1971), determining
the  frequency and  specific
contribution of species. These
analyses were made in nine
stationary experimental points at
altitudes between 100 and 1400 m,
every 100 metres.

Fodder use value (FUV) was
assessed according to the following
size scale of this synthetic indicator
advanced by MOTCA (2005):

-FUV < 0.2; specialised
vegetal cover with extensive fodder
use;

- FUV = 0.2-0.4; specialised
vegetal cover with extensive fodder

use or with extensive
multifunctional use;
- FUV = 0.4-0.6;

multifunctional vegetal cover used
extensively in  half of the
components of its use value;

- FUV = 0.6-0.8;
multifunctional vegetal cover used
intensively in half of the
components of its use value;

- FUV = 0.8-1.0;
multifunctional vegetal cover used
at the maximum potential of all the

Dragomir N. et al.

components of its use value.

Grassland use level was also
pointed out by identifying the
functional types of grass species
that we grouped into six functional
classes (types) according to a set of
morphological and ecophysiological
features (DURU et al., 2007; CRUZ
et al., 2010):

- Type A, species for fertile
environments, short, with short
vegetation period (800°C), adapted
to permanent and frequent grazing;

- Type B, species for fertile
environments, very tall, with very
long vegetation period (1000°C),
adapted to precocious mowing;

-Type b, species for
relatively fertile environments, with
extremely long vegetation period
(1600°C), used for grazing,
particularly during summer;

-Type C, short species
typical to marginal areas, little
adapted to mowing, with low fodder
value, with long vegetation period
(1300°C);

-Type D, medium-size
species, with extremely long
vegetation period (1700°C), typical
for summer, with low fodder value;

- Type d, tall species, with
extremely long vegetation period
(over 1800°C), with very low fodder
value.
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Table 1
Characterisation of productivity and precocity of functional types of perennial
grasses (CRUZ et al., 2010)

Type A Type B Typeb | Type C Type D | Typed
Productivity | High High High Low Low Low
Precocity Very Precocious | Late Precocious | Late Late
(phenology) | precocious
The multifunctional feature cover: melliferous species,

was obvious also when determining
the non-fodder use value of the
grasslands due to the existence of
natural resources in the vegetal

RESULTS AND DISCUSSION

To sum up, the
multifunctional use value of the
grasslands is given by the following
indices:

e Agronomic and economic
value (productivity, food value,
exploitation type, perennity, etc.);

eEcological value, i.e.
impact on the environment (flows of
C, N and water between vegetation
and environment, preservation of
biodiversity and landscape,

medicinal species, aromatic species,
ornamental  species,  aesthetic
species, and species with energetic
value.

Studies carried out on the
floristic diversity of the grasslands
lead to the grouping of species into
three categories: fodder value
species (F), melliferous value
species (MF), and medicinal value
species (M). Since almost all
melliferous and medicinal species
also have a fodder value, we
classified them, to better express the
general multifunctional use value,
into mixed-use groups: F + MF, F +

ecological compensation effect). M, F + MF + M
F = forage species
MF = bee species
250 M = medicinal species
200
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Fig. 1. Multifunctional use value of plain and plateau pastures (100-300 m) depending
on floristic structure of the vegetation cover (per share of species, %)
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F = forage species
MF = bee species
M = medicinal species

]

]|

Fig. 2 Multlfunctlonal use value of plain and plateau pastures (100-300 m)
depending on floristic structure of the vegetation cover (per share of species, %)

In the area of plain and
plateau grasslands (100-300 m), the
species we identified were classified
into the following groups of mixed
multifunctional use: 38-39 species
in the group F + MF (29-34% of the
total species), 24-30 species in the

group F + M (21-23%) and 51-64
species in the group F + MF + M
(45-48%). The  aesthetic or
landscape value of the species on
the grasslands in the area was
estimated in 93-112 species (82-
85%) (figure 1 and figure 2).

| F=forage species
. MF = bee species
ig L/~ M = medicinal species
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!-300400 102 bad 2 51 ‘ 2

Fig. 3. Multifunctional use value of plain and plateau pastures (300-500 m) depending
on floristic structure of the vegetation cover (per number of species)
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Fig. 4. Multifunctional use value of plain and plateau pastures (300-500 m) depending

on floristic structure of the vegetation cover (per share of species, %)

The mixed multifunctional
use value of the species in the
vegetation area of the grasslands on
low hills (300-500 m altitude)
(figure 3 and 4) allowed the
classification of species into use
groups, as follows: the number of
species in the group F + MF ranged
between 21 and 27, the number of
species in the group F + M ranged
between 19 and 24, and the number

of species in the group m + MF + M
ranged between 47 and 51.

The share of these groups
of species varied between 24-26%
in the group F + MF, between 22-
24% in the group F + M, and
between 50% in the group F + MF +
M. To estimate the aesthetic use
value, we estimated 82-92 species
sharing 90-94% of the total species
identified

| F=forage species
MF = bee species
250 M = medicinal species
200
= |
¢ 190 0
&
5 100 |
0 ¢ 1 . . .
Nr total de FeMF F+M FeMEM Valosrea
. | speci | | estetica
* 600-700 | 2 \ 2 20 a3 ) 81
| %500-600| 135 | 35 2% 7% | 133

on floristic structure of the vegetation cover (per number of species)
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In the high hill vegetation
area (500-700 m), the mixed
multifunctional use value of the
species in the vegetal cover had the
following distribution: between 29-
35 species were classified in the
group F + MF, 20-26 species were
classified in the group F + M, and
43-78 species were classified in the
group F + MF + M. The share of

Dragomir N. et al.

these species of the total number of
species had the following structure:
between 25-32% for the group F +
MF, between 19-22% for the group
F + M and between 46-56% for the
group F + MF + M. The aesthetic
value of these species was pointed
out by 81-133 species representing
88.96% of the total species
identified (figure 5 and figure 6).

F = forage species
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180 | M = medicinal species
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Fig. 6. Multifunctional use value of plain and plateau pastures (500-700 m) depending

on floristic structure of the vegetation cover (per share of species, %)
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Fig. 7. Multlfunctlonal use value of plain and plateau pastures (>700 m) dependlng on
floristic structure of the vegetation cover (per number of species)
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As for the permanent
grasslands in the mountain (sub-
Alpine and Alpine) area (>700 m
altitude), the structure of the mixed
use value of the species making up
the vegetal cover was as follows:
between 19-26 species in the group
F + MF, between 8-14 species in the
group F + M and between 16-30
species in the group F + MF + M.
These species groups with mixed
use had the following share of the

Dragomir N. et al.

total number of species in the
vegetal cover: 36-45% for the group
F + MF, 17-20% for the group F +
M and 38-44% for the group F +
MF + M.

From the point of view of
the aesthetic value of species, we
estimated that there were 32-56
landscape value species
representing 74-82% of the total
number of species in the studied
grasslands (figure 7 and figure 8).

300
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Fig. 8. Multifunctional use value of plain and plateau pastures (>700 m)

depending on floristic structure of the vegetation cover (per share of species, %)

In general, on  most
permanent grasslands, the largest
share of the floristic structure is that
of Poaceae, which also represents
the species that ensure fodder
quality together with Fabaceae
species.

Taking into account their
importance in the fodder us of the
grasslands, Poaceae species were
grouped (according to the French
school of grassland typology) into
six functional types depending on
their agro-biological features and on

their vegetation factor requirements.
Data presented in table 2 below
show a wide variation between the
types of grasslands of the Caras-
Severin County, Romania.

Thus, in the floristic
structure of the grasslands in the
plain and plateau areas (100-300 m)
predominate the following
functional types of Poaceae: 29-
30% species of the functional type
A, 21-29% species of the functional
type B, 14-21% species of the
functional type b and 28% species
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of the functional type C, with no
species of the functional types D
and d. In most cases, these species
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are precocious and semi-precocious,
and are fit for both frequent grazing
and mowing.

Table2
Use value of grasslands depending on the structure of the functional types of
Poaceae
Grassland Functional types of Poaceae Significance of the share of functional
altitude limits (%) types of Poaceae
(m) AlB|b]|C d
100-200 2912914128 0 Precocious and semi-precocious species
adapted to frequent grazing and to late
mowing
200-300 3021|2128 0 | O Precocious to late species fit for mowing
during the entire vegetation period
300-400 1827|1045 0 | O Mixed use species most of which are fit
for mowing
400-500 9 |21 |24 |46 | 0 | O | Species fit for grazing with a high content
of dry matter and low foliar area
500-600 15146123 |16| 0 | O Tall species with longer leaf life adapted
to precocious and late mowing
600-700 2210|067 (11| 0 Short to medium species, late, little
adapted to mowing, used for grazing
700-1000 2014|1144 (11| O Medium to low species with good fodder
value during vegetation, used for grazing
1000-1400 25| 8 | 1733 |17 | O Species typical for summer, with low
fodder value, used for grazing
>1400 121 0 |12 |51|25| 0 Late species with long leaf life, with
mediocre fodder value, used for grazing
In the area of low hill The structure of the
grasslands  (300-500 m), the functional types of Poaceae in the

structure of the functional types of
Poaceae was as follows: between 9-
18% species of the type A, between
21-27% species of the type B, 10-
21% species of the type b, and 45-
46% species of the type C. From a
functional point of view, these
species are adapted to mixed use;
they have a high content of dry
matter and a low foliar area.

Romanian Journal of Grassland and Forage Crops (2015)11

high hill area (500-700 m), contains
the following groups: between 15-
22% species of the type A, 46%
species of the type B, 23% species
of the type b, 16-67% species of the
type C and 11% species of the type
D. In the grasslands in this area of
vegetation, there are low, medium,
and high Poaceae species, some of
which are precocious and some late,
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used for both mowing and grazing,
depending on their share.

In the mountain (sub-
Alpine and Alpine) grasslands
(>700 m) we identified the
following  functional types of
Poaceae: 12-25% species of the type
A, 8-14% species of the type B, 11-
17% species of the type b, 33-51%
species of the type C and between
11-25% species of the type D. As
we can see, in the structure of these
grasslands there are also species of
the type D characterised as
belonging to the category of
medium size, very late species
(blooming at around 1700°C)

Dragomir N. et al.

typical for summer, some of which
have a low use in animal feeding.
These species are used in most cases
though direct grazing.

In order to assess the general
fodder use value of permanent
grasslands, we conducted a study to
determine this indicator depending
on the structure of floristic
composition and of the
technological ~ improvement  of
grasslands  through fertilisation
(table 2). The fodder use value was
assessed according to a scale from 0
to 1, establishing the grassland use
level (from extensive to intensive
use).

Table 3

Fodder use value of the grasslands in the Caras-Severin County, Romania,

depending on the specific floristic composition and on fertilisation level

Altitude | Fertilisation level | Fodder use | Characterisation of the fodder use
(m) value value of the vegetal cover
100-200 | No fertiliser 0.16 Specialised vegetal cover with

excessive fodder use
Complex 0.68 Multifunctional vegetal cover
fertilisers used intensively in half of its use
value components
Animal manure 0.39 Specialised vegetal cover with
intensive fodder use or with
extensive multifunctional use
200-300 | No fertiliser 0.18 Extensive fodder use
Complex 0.69 Intensive multifunctional use in
fertilisers half of its use value components
Animal manure 0.44 Extensive multifunctional use
300-400 | No fertiliser 0.18 Extensive fodder use
Complex 0.70 Intensive multifunctional use in
fertilisers half of its use value components
Animal manure 0.48 Extensive multifunctional use in
half of its use value components
400-500 | No fertiliser 0.19 Extensive fodder use
Complex 0.75 Intensive multifunctional use in
fertilisers half of its use value components
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Animal manure 0.51 Extensive multifunctional use in
half of its use value components
500-600 | No fertiliser 0.19 Extensive fodder use
Complex 0.72 Intensive multifunctional use in
fertilisers half of its use value components
Animal manure 0.55 Extensive multifunctional use
600-700 | No fertiliser 0.17 Extensive multifunctional use
Complex 0.63 Intensive multifunctional use in
fertilisers less than half of its use value
components
Animal manure 0.49 Extensive multifunctional use
700- No fertiliser 0.14 Extensive fodder use
1000 | Complex 0.55 Extensive multifunctional use
fertilisers
Animal manure 0.38 Intensive fodder use
1000- No fertiliser 0.13 Extensive fodder use
1400 | Complex 0.46 Extensive multifunctional use
fertilisers
Animal manure 0.31 Intensive fodder use
>1400 | No fertiliser 0.11 Extensive fodder use
Complex 0.37 Intensive fodder use
fertilisers
Animal manure 0.29 Intensive fodder use

Depending on the results,

we could see the following:

. In all the types o
grasslands we studied, in the four
vegetation areas and nine altitudes,
where there no improvement
measures were taken, the fodder use
value of the vegetal cover ranged
between 0.11 and 0.19, which
shows that these grasslands have a
specialised vegetal cover with
extensive fodder use;Improving
grasslands in the studied areas by
applying complex mineral fertilisers

increased the fodder use value to
values between 0.37-0.75, which
shows that these  improved
grasslands have a multifunctional
vegetal cover used both extensively
and intensively at least in half of its
use value components.

On grasslands improved by
applying organic fertilisers, fodder
use value ranged between 0.29-
0.55, which points to a
multifunctional vegetal cover used
extensively in half of its use value
components.
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CONCLUSIONS

In the area of plain and
plateau grasslands (100-300 m), the
use value of the species is given by
the following multifunctional use
groups: group F + MF, between 29-
34%; group F + M, between 21-
33%; group F + MF + M, between
45-48%;

Species in  the hill
grasslands  (300-700 m) were
grouped as follows: group F + MF,
between 24-32%; group F + M,
between 19-24%; group F + MF +
M, over 50%; Species in the
grasslands at over 700 m a: group F
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+ MF +M, between 98-44;

The aesthetic value of
grassland  species had values
between 82-94% of the total species
identified;

From a functional point of
view, the species in the grasslands
of the Carag-Severin County,
Romania, in the altitude range
between 100-700 m, are precocious
and semi-precocious species
adapted for mixed use; in grasslands
at over 700 m altitude, the species in
the vegetal cover are adapted to
direct grazing.
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Abstract

In order to assess wild herbivores preferences on some semi-natural
grasslands from Rodna Mountains we chosed three different stations in the area of
Valea Mare village, situated in Bistrifa-Nasaud County, Romania. Floristic
composition was determined, and with a nine gradient scale we caracterised each
location from the perspective of wild ungulates grazing favourability. At each location
plant species with favourability index were clasified into main economical groupes and
their medium abundance dominance was recorded and interpreted. Locations differed
in terms of preferability, lowest at Arin station witch was situated at the altitude of 768
m a.s.l. and highest at Fata Dambului station, at 1261 m a.s.l.

Keywords: wild herbivores, Rodna Mountains, favourability index, semi-natural

grasslands.
INTRODUCTION

In Central Europe, open
semi-natural habitats with their
characteristic species-rich
communities have become rare over
the last few decades. This is a result
of abandonment, afforestation,
nitrogen deposition and changing
land use (JENTSCH &
BEYSCHLAG 2003).

Across many parts of the
world, vertebrate herbivores
influence the structure, composition
and functioning of ecosystems
(HOBBS 1996; AUGUSTINE et.
McNAUGHTON, 1998).

Wild ungulates, such as elk,
red deer, fallow deer and moufflon,

represent different feeding types
(Vila et al. 2004) and seem to be
particularly suitable for preventing
tree encroachment, because of their
browsing, rather than grazing,
fraying and bark stripping behavior.
Unfortunately, there is little
experimental evidence showing that
the influence of wild ungulates is
strong enough to impede or reverse
woody plant encroachment (but see
PEART 1989; VIRTANEN et al.,
2002), despite a huge amount of
literature exploring the influence of
wild animals on tree recruitment
(reviewed by MacDOUGALL,
2008; TAKATSUKI, 2009).
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As wild ungulate browsing
is considered a ‘natural’
conservation method, the interest of
conservation practitioners in this
method has considerably increased
in the past few years (FINCK et al.,
2002; BOKDAM, 2003). Being an
inexpensive method of high public
acceptance (PROCHNOW 2001;
TSCHOPE et al., 2004) it is very
likely to be a frequently adopted
method in the future. However, the
impact of browsing cervides on
different successional stages and on
successional pathways has been
rarely studied. This is surprising
given that grazing and browsing
may have opposite effects on woody
plant encroachment in different
successional stages (NOY-MEIR et

MATERIAL AND METHOD

The studies were conducted
in the village area of Valea Mare, in
the North-Eastern part of Bistrita -
Nasaud County during 2014. We
choosed tree diferent locations, with
their local names: Arin (47°29°36”
N, 24°57°23” E) at 768 m a.s.l;
Dealul Negru (47°30°35” N,
24°58°1” E) at 916 m a.s.l. and Fata
Dambului (47°30°59” N, 24° 59°5”
E) situated at 1261 m as.l.. The
reason we selected these locations
was the isolation factor regarding
human settlements and the fact that
they are enclosed in forest
vegetation.

The vegetation IS
characterized by the presence of
beech  with  spruce  forests

Gliga A. et al.

al. 1989; OESTERHELD et. SALA,
1990; BULLOCK et al., 1995) and
the effect of herbivores on plant
diversity can differ between
environments.

For example, grazing may
increase plant diversity in more
productive habitats, but may have
no effects or decrease plant
diversity in less productive habitats
(AUSTRHEIM et. ERIKSSON,
2001; VIRTANEN et al., 2002).

Specific objectives were to
explain wild herbivore preferences
for each station. Such data may help
to identify the role of these animals
in this habitat and provide a basis
for other studies of interactions of
wild herbivores with semi-natural
grassland vegetation.

(Leucanthemo waldsteinii - Piceio -
Fagetum). On the cleared hillsides

of this sublevel, mesophilic
phytocoenosis from the association
Festuco rubrae - Agrostetum

capillaris had installed, being the
predominantly grassland type in the
mountain meadows in the area
(COLDEA, 1990). The average
annual temperature is 1.3°C and
precipitation varies between 1200-
1400 mm/year.

We identified red deer,
(Cervus elaphus L.), roe deer
(Capreolus capreolus L.) and wild
boar (Sus scrofa L.) as being the
main wild herbivores in the area.

In order to explain wild
herbivore preferences we used a
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nine gradient scale (KUHN et.
KLOTZ, 2002).

We determined the floristic
composition and the medium
abundance-dominance of these hay
meadows using an improved Braun-

RESULTS AND DISCUSSION

In the Arin station we
found Agrostis capillaris - Festuca
rubra (A. capillaris - F. rubra)
phytocoenosis type at altitudes
between 749 and 768 m.

Poaceae family makes its
presence felt in the grassy carpet
with an average abundance
dominance of 42.9%. The species
from this family of interest for
species of wild herbivores have a
42.5% participation in the grassy
carpet, representing 59.3% from the
total species with favourability
indices (table 1). Cyperaceae and
Juncaceae families participation in
this grassland type is very low
(0.7%), all of which are of interest

Gliga A. et al.

Blanquet (BRAUN-BLANQUET,
1932) scale with subdivisions
(PACURAR and ROTAR, 2014)
applied to an area of -25 m? per
survey using species lists compiled
for this study

to wild herbivores. These botanical
families represent 1% of the total
preferred species (table 1).
Fabaceae family
participates with 20.45% in the
floristic composition, species with
interest totaling 20.15% of the
grassy carpet, with a share of 28.1%
of the preferred species (table 1).
The plants from other
botanical families (OBF) are present
in A. capillaris - F. rubra
phytocoenosis type with 38.25%.
Species with interest for these
herbivores totaling 8.35% of the
grassy carpet, with a percentage of
11.6% of all species with
favourability indices (tablel).

Table 1

Average abundance dominance of the major economic groups and their share in
the grassy carpet from Arin station

Sward Species with favourability index
Botanical families MAD (%) | MAD from sward | From total prefered
(%) (%)
Poaceae 42.9 42.5 59.3
Cyperaceae si Juncaceae 1.0 0.7 1.0
Fabaceae 20.5 20.2 28.1
AFB 38.3 8.4 11.6

Regarding wild herbivore
preferences in Arin station, we

determined 23 plant species with
favorability index 1 totaling a
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coverage of 30.9%, with
favorability index 2 were found a
number of seven species in the
grassy carpet with a coverage of
23.35%. Two  species  with
favorability index 3 had a total
coverage of 0.3%, there were no
species with favorability index four,
the ones with favourability index 5
were 6 species and their coverage of

Gliga A. et al.

Species with high
favorability indices were found in
low numbers in the grassy carpet as
follows: one species with 7
favorability index had a coverage of
0.3%, one species with favorability
index 8 had a coverage of 0.5% and
two species with favourability index
9 having 1% coverage (figure 1).

In this phytocoenosis,

11.45%, two species had unweighted average indicator value

favorability indicator 6, with (VIMnp) is 4523, and the weighted

17.75% coverage (figure 1). one (VIMp) of 4608 (figure 1).
Arin
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Fig. 1. Favourability spectrum of the Arin station phytocenosis

In the Dealul Negru station
the same A. capillaris - F. rubra
phytocoenosis type was found at
altitudes between 904 and 925 m.

Poaceae family is present
in the grassy carpet with 49.55%,
the species of interest for wild
herbivores have a coverage of
49.15% representing 60.5% of the
total consumed species (table 2).
Cyperaceae and Juncaceae families
occupy 2.6% of the meadow, all
species being consumed.
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These botanical families
totaling 3.2% of the total species
with favorability

degree (table 2).
Fabaceae family
contributes to the floristic

composition with 20.35%. 20.25%
represent consumed species,
accounting for 24.9% of all
consumed species (table 2).

The plants from other
botanical families (OBF) are present
in A. capillaris - F. rubra
52



phytocoenosis type in this station
with a average of 23.46%,
consumed species have only 8.65%

Gliga A. et al.

of the grassy carpet, representing
10.7% of the total consumed species
(table 2).

Tabl

e?2

Average abundance dominance of the major economic groups and their share in
the grassy carpet from Dealul Negru station

Sward Species with favourability index
Botanical families MAD (%) | MAD from sward From total prefered (%)
(%)

Poaceae 49.6 49.2 60.9

Cyperaceae Si 2.6 2.6 3.2
Juncaceae

Fabaceae 20.4 20.3 25.1

AFB 23.5 8.7 10.7

In the Dealul Negru As in previous station,

phytocoenosis we encountered 26
species having favorability index 1
with a cover of 15.31%, six species
having favorability index 2, having
a 23.95% coverage, one species
with the index 3 occupying 0.4% of
the grassy carpet and no species
with favorability index 4.

Five species were present
with favorability index 5 having a
coverage of 15%, two species with
the index 6, showing a 37.75%
coverage.

species with high favorability
indices are poorly represented as
follows: the ones with favorability
index 7 are in number of three with
a coverage of 0.7%, with the index
8 we have identified two species
with a participation of 2.25% and
with favorability index 9 we found
two species with a coverage of
0.6%. In this phytocoenosis,
unweighted average indicator value
(VIMnp) is 5,095, and the weighted
one (VIMp) of 4724 (figure 2).

Dealul Negru

R 9 ViMnp  Vintg

Fig. 2. Favourability spectrum of the Dealul Negru station phytocendsis
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In Fata Dambului station
Festuca rubra - Agrostis capillaris
(F. rubra — A capillaris)
phytocenosis type is present at an
altitude between 1230 and 1292.5 m
a.s.l.

Poaceae family
participates in the composition of
the grassy carpet with a average of
38.75%. Most species of this
botanical family are eaten by wild
herbivores, totaling 38.45%,
representing 45.6% of the total
consumed species (table 3).

The families Cyperaceae
and  Juncaceae  have  high
participation of 25.8%. 25.7% is the
average of the  abundance
dominance consumed, participating

Gliga A. et al.

with 30.5% in the total species
consumed by wild herbivores (table
3).

Fabaceae family species
are present with an average of
16.55%.

The consumed 16.25% of
the grassy carpet were participating
in a proportion of 19.3% to the total
consumed species (table 3).

The plants from other
botanical families (OBF) are part of
the floristic composition of F. rubra
- A. capillaris type with a coverage
of 15.11%, the average coverage of
the species eaten by wild herbivores
was only 4%, representing 4.7%
from the species of interest for wild
herbivores (table 3).

Table 3

Average abundance dominance of the major economic groups and their share in
the grassy carpet from Fata Dambului station

Sward Species with favourability index
Botanical families | MAD (%) MAD from sward From total prefered

(%) (%)

Poaceae 38.75 38.45 45.6

Cyperaceae Si 25.8 25.7 30.5
Juncaceae

Fabaceae 16.55 16.3 19.3

AFB 15.11 4 4.7

The phytocoenosis from
Fata Dambului has 36 species with
fvorability index 1 having a
coverage of 11.81%, six species
with favorability index 2, presenting
a participation of 24.9%, one
species having favorability index 3,
occupying 0.3% from the grassy
carpet and no species with

favorability index 4. We met six
species with favorability index 5,
showing a 34.3% coverage and two
species with the index 6 with a
cover of 21.25%. Species with high
favorability indices have been
encountered in a greater number
than in the stations presented above
as follows: two species with
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favorability index 7, with a
coverage of 0.6%, three species
having favorability index 8 with a
participation of 1.1% and four
species having favorability index 9

Gliga A. et al.

with a coverage of 1.95%. The
unweighted average indicator value
of this phytocoenosis (VIMnp) is
5.458, and the weighted one (VIMp)
of 4.533 (figure 3).

Fata Dambului

40
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Fig. 3. Favourability spectrum of the Fata Dambului station phytocenosis

CONCLUSIONS

Grasslands ~ from  each
location had a large degree of
preferability from wild herbivore
species.  Most  species  from

Poaceae, Cyperaceae and
Juncaceae and Fabaceae
economical groups had

favourability indices.

Plants from other botanical
families  represented a small
procentage of the total prefered

Acknowledgements

species.

The most preferded station
was situated in Fata Dambului with
84.4% representing prefered species
from the sward, Dealul Negru
station fallowed with 80.7% from
the total species with favourability
indices, and the less prefered one
beeing Arin station with 71.7%
prefered species from the grassy
carpet.
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Abstract

In Bucegi Mountains permanent grassland covers 8747 ha, and is an important
feed source for domestic livestock and wild fauna, which are grazing from the lowlands
up to the highest peaks of the massif. The present sward and soil are the result of
centuries of ecological utilization, mainly by paddocking system with cows on lower
altitudes and with sheep on higher ones. Bibliographic references are mentioning that
the fodder quality decreases proportionally with higher altitude levels, mainly because
of environmental restrictive conditions, such as a reduced growing season, soil acidity,
etc. The aim of the present study is to determine how much is the fodder quality
decreases on higher altitudes. In order to determine that, soil and grass samples have
been taken from six different areas and altitudes from Bucegi Mountains (1350-1800
m). The results are showing that the crude protein has decreased from 22,0% on a
lower altitude (1385 m) at 7,8% on a higher altitude (1790 m). The data obtained as a
result of the present study is consisting with the bibliographic references, showing that
the quality of fodder is decreasing on higher altitudinal levels.

Keywords: mountain grassland, fodder quality, altitude, Bucegi, crude protein

INTRODUCTION

In  Bucegi Mountains, important role on  vegetation

permanent grasslands are covering
8747 ha, and are an important
fodder resource for domestic
livestock and wild fauna, which are
grazing from the lowlands up to the
highest peaks of the massif. The
present sward and soil, the result of
centuries of ecological utilization, is
a well-documented subject in our
scientific literature (PUSCARU et
al., 1956; BELDIE, 1967; etc.) but
the altitudinal evolution of fodder
quality is not so well studied as well
as the relation between the chemical
composition of plants and soils. It is
known that the altitude plays an

distribution, and as indicated by
MARUSCA (2001), the
pedogenetical ~ factors influence
soil’s chemistry, and together are
playing an important role on
biogeochemical cycle of matter in
ecosystems, influencing the
vegetation, thus the chemical
composition of living matter has
developed and adjusted to the
chemistry of environments over
long periods of geologic time
(KABATA-PENDIAS, 2011),
therefore the mineral quantities
from plants differs not only from
species to species but also from one
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and the same plant in relation to
their growing environment

MATERIAL AND METHOD

3 to 7 floristic surveys have
been carried out during the summer
of 2011, each covering 100 square
meters, on six areas located at
different  altitudes in  Bucegi
Mountains, using the KLAP-
ELLEMBERG method and there
have been taken grass samples from
all studied areas (each weighing 200
grams).

Soil samples have been
taken, from the depth 0-15 cm, on
the same surface (100 square
meters) and analyzed by the Office
of Pedological and Agrochemical
Studies - Brasov using the
methodology developed by the
Research Institute for Pedological

RESULTS AND DISCUSSION

From the phytocenotic
aspect the vegetation of studied
grasslands is classified under two
alliances Potentillo ternatae -
Nardion (PON) and Seslerion bielzii
(SEB). The pastoral value of those
grasslands is low, with values
ranging between 1 and 20,
indicating an advanced degradation
status of the grass carpet. Thus in
Coteanu area are present subalpine
Seslerion bielzii grasslands, their
pastoral value is ranging between 5
and 10 (degraded to medium). In
Obarsia — Valea Sugarilor area it
was determined subalpine Festuca

HasE.C. et al.

(DAVIDESCU, 1956).

and Agrochemical Studies from
Bucharest.

After drying and grinding,
the grass samples have been
analyzed for total Nitrogen (crude
protein) using Kjeldahl method,
crude fiber, cell walls (NDF, ADF)
by Van Soest method and organic
matter digestibility (OMD)
coefficients of by Near Infrared
Spectroscopy (NIRS). Analyses of
mineral elements contents have
been made for phosphorus using
colorimetric  method, potassium
using flamfotometric method and
magnesium, iron, copper and zinc
using atomic absorption
spectroscopy.

sp. grasslands (PON 1) with a low
pastoral value (1 to 5) indicating an
advanced degrading stage.

The grasslands from Plaiul lui
Mircea, subalpine Nardus stricta
type (PON 2), have also a low
pastoral value, 5 to 10 (degraded to
medium). On Coteanu and Surlea
areas are present grasslands from
higher mountain Nardus stricta type
(PON 3), with a low pastoral value
(5 to 10). On the last two areas,
Diham and Pripor, the vegetation
consists on medium mountain
Nardus stricta type (PON 4) with a
better pastoral value (10 to 20).
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The chemical composition
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organic matter taken from studied

and the digestibility coefficients of areas are showed in table 1.
Table 1
Chemical composition of studied fodder samples % DM
Nr. Area Altitude | CP CF | ADF | NDF | OMD
Crt. m % % % % %
1 Obarsia—Valea Sugarilor 1790 78 | 404 | 446 | 71,3 39,7
2 Plaiul lui Mircea 1700 8,9 | 412 | 46,2 | 73,0 36,8
3 Coteanu 1600 143 | 325 | 37,6 | 59.9 58,6
4 Surlea 1550 17,4 | 28,9 | 33,7 | 58,0 64,8
5 Pripor 1420 18,9 | 26,6 | 30,8 | 54,3 70,8
6 Diham 1385 22,0 | 254 | 30,2 | 53,8 76,9
The crude protein (CP) As the altitude decreases

content of the six samples taken
from different altitudinal levels is
ranging between 7,8% and 22,0%.
The lowest protein value (7,8%)
was recorded at the sample from
Obarsia — Valea Sugarilor (1790 m),
followed by the one from Plaiul lui
Mircea (1700 m) with 8,9% CP.

the crude protein content increases
(figure 1), thus in Coteanu area
(1600 m) the CP content was of
14,3%, with approximately 6
percent higher than in Obarsia —
Valea Sugarilor and Plaiul lui
Mircea, in Diham area (1385 m) the
CP determined was of 22,0%.
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Fig. 1. The crude protein evolution in relation with the altitude
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The crude fiber (CF)
content ranged between 25,4% to
41,2%. As the altitude decreases, it
can be observed a lowering of crude
fiber content, so the higher value
was registered in Plaiul lui Mircea
area (1700 m) with 41,2% and the
lowest in Diham area (1385 m) with
25,4%.

Regarding the content of
cellular walls (ADF and NDF) it
was recorded a difference of 16%
for ADF and 19% for NDF between
the two altitudinal levels (highest
and lowest).

The digestibility
coefficients of the organic matter
(OMD) from the samples analyzed

HasE.C. et al.

altitude, the values growing as the
altitude decreases.

The mineral content (ash)
ranged between 4 to 12%, the
highest value registered at Diham
sample (12,2%) (Table 2).

The samples analyzed had
a low content of phosphorous, under
the optimum value (0,350%), near
the limit of deficiency were
registered in case of the samples
from Pripor (0,251%) and Diham
area (0,296%).

The potassium level
was optimal (2,71% - 4,10%),
excepting for the samples taken
from Obarsia — Valea Sugarilor and
Plaiul lui Mircea areas where the

valued from 36,8% on the higher content is near the limit of
altitude to 76,9% on the lower deficiency (1,06%).
Table 2
Mineral content of fodder samples
Nr. A Ash | Phosphorus | Potassium Magne- Iron | Copper | Zinc
rea sium
Crt. % g% g% g% ppm | ppm ppm
Obarsia—
1 Valea 4,85 | 0,011 1,06 0,10 3,69 | 0,56 9,83
Sugarilor
o | Plaiul it} 507 1§ ogg 1,06 010 |549 |056 |16,13
Mircea
3 Coteanu | 10,58 | 0,169 2,71 0,16 26,52 | 1,02 16,82
4 Surlea 9,06 | 0,203 2,93 0,14 18,28 | 1,13 14,33
5 Pripor 10,17 | 0,251 3,65 0,16 9,70 | 0,80 12,56
6 Diham 12,02 | 0,296 4,10 0,13 26,90 | 1,25 12,54
The magnesium content content of the analyzed samples, it

was at optimum level for all the
samples analyzed, ranging from
0,10 to 0,16%. In the case of iron
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can be noticed an obvious
deficiency, with very low levels
compared to optimum values (50 -
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300 ppm). A deficiency is recorded
also for the copper content, with
very low values (0,56 - 1,25 ppm)
compared with optimal levels of 2
to 15 ppm. The zinc level was
optimal for the samples taken from
Plaiul lui Mircea (16,13 ppm) and
Coteanu (16,82 ppm), for the Surlea
area the value was at a lowest
optimal level (14,33 ppm), the rest
of the samples analyzed had a zinc
deficiency.

The low contents of
minerals are registered due to the

HasE.C. et al.

from the decomposition of organic
matter, and, in some cases by
padocking. The soils have, generally
speaking, a short profile, a high
content of limestone rocks making
them less acid than the deeper soils
with a low content of base cations
located at lower altitudes. Most of
the soils are highly acidic as shown
by the pH (with values < 5,0), this is
the case for Obarsia — Valea
Sugarilor area, Plaiul lui Mircea,
Coteanu and Surlea areas. The soils
from Diham and Pripor, with a pH

lack of fertilization; the only greater than 5,1, are moderately acid
sources of elements are resulting (table 3).
Table 3
Main agrochemical characteristics of the studied soils
. Hydrolytic Mobile] Mobile
Nr. Altitude L Humus | Total
Crt Area m PHH20 acidity % N P K
% ppm ppm
Obarsia—
1 | Valea 1790 4,5 24,6 9,38 2,30 9,8 61,0
Sugarilor
o | Plallui 70y | 44 22,6 644 | 145 | 480 | 1200
Mircea
3 | Coteanu 1600 4,5 39,9 7,35 2,93 | 146,0 | 101,0
4 | Surlea 1550 4,5 40,7 9,38 381 | 295 | 1520
5 | Pripor 1420 51 52,8 6,58 3,47 85,0 3140
6 | Diham 1385 57 77,1 5,81 4,47 | 160,0 | 400,0
The degree of Dbase and Pripor) have a good supply of

saturation of the studied soils are
ranging between 22,6% (oligobasic)
and 77,1% (mesobasic). Some soils
have high humus content, meaning
over 7%, the case for Obarsia Valea
- Sugarilor, Coteanu and Surlea, and
the others (Plaiul lui Mircea, Diham
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humus. This appears due to
accumulation of raw acid humus
and because the mineralization
process are weaker at these soils.

Total nitrogen content varies
between 1,45 (poor) and 4,47
(good). The phosphorus and
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potassium contents register wide
variations due to the fact that some
samples have been taken from

CONCLUSIONS

In Bucegi Mountains, on
altitudes ranging between 1350 —
1800 m, the sward is in different
degrading stages due to improper
grazing and fertilization systems.

As the altitude increases, the
fiber and the cellular walls content
(NDF and ADF), in generally, are
increasing, and the crude protein
and organic matter digestibility
(OMD) coefficients are decreasing.

The macro elements content
from plants decreases as altitude
increases, the most obvious being
the potassium level who drops from
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GUIDE FOR PASTORAL MANAGEMENT PLANS — ANECESSITY
FOR THE ELABORATION OF OPTIMAL MANAGEMENT PLANS
FOR PERMANENT GRASSLANDS
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Abstract

The diminishing and elimination of permanent grasslands degradation
processes, valorization of grasslands multifunctionality, maintaining and increasing the
yield and quality of forage trough low inputs it can be made by a rational
administration system set by pastoral management plans. The pastoral management
plans were mentioned and introduced for the first time in Romania in “Management,
Administration and Usage of Pastures Law” issued in 1928. In present the 86/2014
Law is reinstating as compulsory the pastoral management plans for all permanent
grasslands from Romania. The guide edited by the team of researchers from the
Research and Development Institute for Grasslands, Brasov and Research and
Development Station for Grasslands Vaslui, composed by two main parts, in the first
section being presented the general framework and principles for the management
plans and the second part the methodologies to be used in pastoral managements plans,
is unifying al work methodologies in this domain. Another important aspect is the
facilitation of a unitary control system at national level.

Keywords: guide for pastoral management plans, permanent grasslands, Romania,
improvement methods, legislation.

INTRODUCTION

In Romania  permanent
grasslands range over 4.815.000 ha,
meaning almost 33% of the national
land fund (Romanian Statistical
Yearbook, 2013). The
multifunctionality of permanent
grasslands gives them a certain
importance, providing in the same
time the fodder for livestock units
and wild fauna, source of diversity,
anti-erosion protection, landscaping
function etc. (MARUSCA et al.,
2010).

The problem facing
Romanian permanent grasslands is

the abandonment of these surfaces,
caused mainly by the decreasing at
Y% of livestock units (cows and
sheep) in the past last two decades.
Adding to that are the excess of soil
moisture, acidity, alkalinity witch
each are affecting approximately
10% or less from total permanent
grasslands surfaces (MOISUC and
DUKIC, 2002; VINTU et al., 2004).

The diminishing and
elimination of permanent grasslands
degradation processes, valorization
of grasslands multifunctionality,
maintaining and increasing the yield
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and quality of forage trough low
inputs it can be made by a rational
administration  system set by
pastoral management plans.

The pastoral management
plans  were  mentioned and
introduced for the first time in
Romania in “Management,
Administration and Usage of
Pastures Law” issued in 1928

MATERIAL AND METHOD

The guide for elaboration of
pastoral management plans edited
by the team of researchers from the
Research and Development Institute
for  Grasslands, Brasov and
Research and Development Station
for Grasslands Vaslui, follows the
issue and promulgation of 86/2014
Law on applying regulations of the
Government Emergency Ordinance
no. 34/2013 and the normative
78/2015 witch are stating that the
land management for all permanent
grassland shall be made through
pastoral management plans.

The guide was based on the
methodology  stated in  the
legislative acts issued from 1950°s
up to 1980's and adapted to current
technologies and methodologies,
due to the fact that there are not any

RESULTS AND DISCUSSION

The guide for elaboration of
pastoral management plans is
structured in two main parts, in the
first section being presented the
general framework and principles
for the management plans,
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(GRIGORESCU and CHIPER,
1930). The gquide for pastoral
management plan contains
information that are supporting the
specialists which will manage the
national pastoral land fund and
include methods and instructions for
restoration and the maintaining of
permanent grassland
multifunctionality.

recent materials and information
about the pastoral management
plans. The methodologies of
improving the permanent grassland
presented in guide are recent and up
to date.

The guide contains detailed
descriptions and images of principal
herbaceous species found in the
sward of permanent grasslands in
order to facilitate their recognition
on terrain. In the guide there are
presented  different  types of
improvement methods and
management measures covering all
permanent grassland ecosystems
from Romania, from the sea level
up to alpine floor and are recorded
optimal manual labors as well as
mechanized works suitable for all
areas.

containing a detailing of work
manners and stages required for
preparation of the management
plans. In this first part are
mentioned the two mandatory
management plans conferences,
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stipulating the organization
schedule for each of them as well as
the personnel who will take part at
the work meetings. Another aspect
presented is the reception of works
carried out. At the end of this part it
is detailed the general framework
and  methodology for field
reconnaissance of the permanent
grassland included in pastoral
management plan. The second part
is structured in 8 chapters that are
complying with the requirements of
general guide introduced by
86/2014 Law.

Chapter I — Administration
and  territorial  management
situation. In this chapter is
presented the work and writing
methodology of following aspects —
the location of locality, stating the
legal owner of grassland surfaces to
be submitted to pastoral
management plans, the legal
documents that are certifying the
possession required to be annexed
to the pastoral management plan
and the history of property and
administration of all surfaces

included in the pastoral
management plan.
Chapter Il — Territorial

organization. It is specifying the
way and order presentation of all
parcels included in  pastoral
management plan, are presented and
annexed the maps that are cover all
grasslands surfaces as well as the
neighboring plots and it is detailed
the land parcellation system used.
Are presented all the cartographic
materials used and the parcel maps,
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their scale, and is justifying if there
are necessary to carry out more
mapping works. Is detailed the
methodology used for determining
the surface area and for
centralization and structuration of
all grasslands surfaces on land use
categories. The past management of
the grasslands is also presented. The
chapter ends with the presentation
of all enclaves located on all
surfaces included in the pastoral
management plan.

Chapter 11l — Geographical
and climatic features. In the
present chapter are indicated the
methodology of writing down for
geographic area and landscape
characteristics, altitude, slope for
each individual parcel and it is
detailed the methodology of soil
classification to be used in pastoral
management plans. The hydrologic
networks detailing methodology is
also presented as well as the climate
data available and temperature
regime, rainfall amounts, wind
regimes underlining the restrictive
climatic factors

Chapter IV — Vegetation. In
this chapter are indicated how to
presented the vegetation conditions
that have to be mentioned in the
pastoral management plans. In order
to facilitate the identification on
terrain of the main herbaceous
species have been presented and
detailed their characteristics along
with their images. The main
grassland types are presented also.
Due to the increasing utilization of
term habitat, the guide includes
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description and classification from
this term point of view. The wood
vegetation is also present in the
guide, the principal trees species
being described.

Chapter V - Pastoral
management plan framework. In
this chapter are presented the
technical aspects that will be used
for carrying out the pastoral
management plans, meaning the
data gathering methodology, socio-
economic aspects proposed and the
improvement methodologies and
technologies used, grazing season
length, grazing capacity etc.

Chapter VI -  The
management, improvement,
endowing and grassland usage. In
the process of choosing the proper
improvement technologies it must
be taken into account the specific
climatic conditions. In the guide
there are presented general aspects
concerning the improvement
methods of the sward including a
series of preliminary measures
(combating soil erosion, drainage
methods, liming etc.) written in
detail. Other important
improvement methods for
restoration of sward are referring to
the fertilization and, considering the
specificity —of fertilizing the
permanent grasslands, these aspects
are presented in detail. The
grasslands with a degraded sward
require over and re-sowing works.
In order to use properly these
methods there must be known the
main principles of sward restoration
by over and re-sowing technologies
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as well as the methodology for
choosing the proper seed mixture
suitable for the each specific
condition. After wusing all the
improvement methods necessaries
for restoration of permanent
grasslands, follows the
determination of the proper ways of
usage, meaning the determination of
pastoral value in order to be able to
calculate de animal load supported
by all types of grasslands and for
choosing the suitable grazing
system. Another important aspect
detailed in guide is the methodology
for determining the grazing season
in order to prevent the degradation
of sward.

Among  other  detailed
aspects are those  regarding
harvesting and technology for
making the silage and hey. The
buildings and the equipment located
on permanent grasslands, meaning
the access roads and paths, water
sources, the shelters both for
humans and livestock etc. so
important for zoopastoral activities
are detailed in the guide for a better
dimensioning and adaptation to
local conditions.

Chapter VII - Parcel
description. In this chapter it is
presented a model (table 1) for
parcel  description  for  each
individual descriptive parcel present
in pastoral management plan along
with writing instructions.

The table contains all
relevant data that must be known
about each descriptive parcel from
pastoral management plan,

Romanian Journal of Grassland and Forage Crops (2015)11 68



summarized in order to offer a clear
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image of each parcel.

Table 1

Model of parcel description

T.AU* | Plot Descriptive Surface Land usage Relief Configuration
parcel (ha) category entities
Altitude: Exposition: Slope: Soil:

Supplementary data (if necessary)

Grassland type

Grasses

Legumes

Other species

Toxic and harmful species

Degree of coverage with vegetation

Animal load

Wood vegetation

Works carried out

Works proposed

* Territorial Administrative Unit

Chapter VIII - Other
aspects.

This  chapter  comprises
indication about the valability of the
pastoral management plans, the
experts that elaborated the pastoral
management plan, the cartographic
materials annexed and the works
carried out in every year.

At the end of this guide are
presented the annexes witch are
containing information regarding
the soil classifications systems

including a correlation between

CONCLUSIONS

The issue of Pastoral Terrain
Pastoral management plan Guide
according to the national legislation
on permanent grasslands brings an
important aspect meaning the

different types of classification at
national and international level, a
floristic determinator of the main
species found in  permanent
grasslands, a short presentation of
the main grassland types and
habitats found in Romania, a
determinator of the principal wood
species, types of mountain forest
ecosystems, agricultural
technologies, aggregates and the
volume of expense for each of them,
a model of pastoral survey and a
glossary of terms and expressions.

unification at country level of
elaboration methodology of pastoral

management  plans and on
verification system of all works
carried out.
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Abstract

Achieving high and good yields on temporary grasslands largely depends on
the species and varieties used, the type of mixture, soil fertility and applied technology
(VINTU et al, 2010). In making mixtures, the basic requirement is that they be well
adapted to the stationary conditions and handling to give a dense vegetation cover
which provide high and constant yields for an extended exploitatin period (SAMUIL et
al, 2012; VINTU et al, 1996; VINTU et al, 2004). At the mixtures of perennial grasses
and legumes, nitrogen fertilizers used are in lower doses, because this element is
provided by symbiotic bacteria living on the roots of legumes. But even in these
situations fertilization plays an important role in achieving high yields and quality
(KIRAZ, 2011; TOMIC et al, 2011). To this end,at the Agricultural Research —
Development Station, Secuieni of Neamt County in the period 2012-2014 were carried
out research on the behavior of simple and complex mixtures under the influence of
some doses of fertilizers with nitrogen and phosphorus. The results come from an
experience which is in the second year of vegetation. During the research, the results
pointed out that the interaction between mixtures of perennial grasses and legumes and
nitrogen fertilization on phosphorus agrofond had major effects on dry matter
production. The recorded productions ranged from 10.60 t / ha d.s. at the mixture of
Dactylis glomerata 60% + Lolium perene 25% + Lotus corniculatus 15% in
nonfertilization conditions to 22.92 t/ha d.s., at the mixture consisting of Festuca
arundinacea 30% + Dactylis glomerata 20% + Festuca pratensis 20% + Medicago
sativa 20% + Trifolium pratensis 10%, fertilized with Ngo+40Pao .

Keywords: fertilizer, grasses, legumes, mixtures, temporary pastures.

INTRODUCTION

One of the most effective measures
that help improve forage base is the
establishment of temporary
meadows, made up of perennial
legumes and grasses.

Cultivation of grasses associated
with legumes is based on the
complementary behavior of the
species, belonging to two different
families (BALDONI and
GIARDINI, 2002). Temporary
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grasslands compared with
permanent grasslands give quality
feed because in their composition
enters the most valuable forage
grasses and legumes. The special
quality of feed is given by the high
content of protein with a high
percentage of essential amino acids,
significant amount of minerals and
vitamins, while the share of pulp is
low. Because of these
characteristics, the forage obtained
from the temporary meadows is
well consumed both fresh and as
hay and has a high degree of
digestibility. Temporary grasslands
have valuable properties compared
to other feed crops, primarily
through higher yields that can be 3-
5 times higher than the permanent
grasslands (CARLIER et al, 1998).
In making mixtures will take into
account the capacity of competition
since the introduction in mixtures of
the aggressive species together with

MATERIAL AND METHOD

The paper presents quantifying
productivity of perennial grasses
and legumes mixtures in the second
year of vegetation.

Experience was held in Agricultural
Research - Development Station -
Secuieni of Neamt County in 2013,
after the subdivided parcels method
in four repetitions. The total area of
the experience is 1360 sgm that
includes 80 experimental variants
and the plot size is 10 sgm, while
harvested area is 8 sgm.

Soil type used in the building

Margareta Naie et al.

those with low competition time
lead to their removal from carpet
plant (SANDERSON et al, 2005).
Also, in the composition of mixtures
will takie into account the biological
characteristics of the species,
climatic conditions, the use,
maintenance work and exploitation
period of temporary pastures.
Through high vyields they carry,
temporary meadows are large
consumers of nutrients making these
grasslands fertilization a necessity
(IONEL et al, 2006). The nitrogen
is one of the macroelements
essential in plant nutrition because it
contributes greatly to the formation
of biomass, respectively to the
synthesis of proteins, stimulate
tillering and revegetation after use.
In addition to nitrogen fertilizers are
used also those based on
phosphorus and potassium for a
balanced nutrition of plants.

experience is chernozem (SRTS,
2012) weakly acidic pH (6.29), the
humus content of 2.55 to 3.10%,
middle stocked in N and well
stocked in P205 and K20 . The
experience is bifactorial 4x5 type,
where A factor is fertilization, with
four graduations: ai-NoPo; az-
NaoP4o; a3-NgoPao; as-Nsgo+s0Ps0, and
B factor, the mixture of perennial
grasses and legumes with five
graduations: b: - 20% grasses +
80% legumes (20%  Dactylis
glomerata L. + 80% Medicago
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sativa L.) - Mt; b2 - 65% grasses +
35% legumes (30% Bromus inermis
Leyss + 35% Dactylis glomerata L.
+ 35% Onobrychis viciifolia Scop.);
bs - 70% grasses + 30% legumes
(30% Dactylis glomerata L. + 40%
Lolium perenne L. + 20% Medicago
sativa L. + 10% Lotus corniculatus
L.); bs - 70% grasses + 30% legumes
(30% Festuca arundinacea Schreb.
+ 20% Dactylis glomerata L. + 20%
Festuca pratensis Huds. + 20%
Medicago sativa L. + 10% Trifolium
pratense L.); bs - 80% grasses +
20% legumes (45%  Festuca
pratensis Huds. + 35% Festuca

arundinacea  Schreb. + 20%
Trifolium pratense L.).
To highlight the influence of

fertilization on yield mixtures of
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perennial grasses and legumes, were
compared the results obtained from
unfertilized variants with yields
achieved at the fertilized variants. It
was calculated the average yield
achieved at each mixture and dose
of fertilizer.

In the research made at S.C.D.A.
Secuieni, were obtained three sew,
harvesting being done in the middle
of the flowering phase of legumes.
From a climate perspective, the
agricultural year 2013/2014 is
characterized as a warm and dry
year, the average annual
temperature being 9,2°C with 0,5°C
higher than the annual average and
the annual amount of precipitation
was 498, 7 mm, with 49.3 mm less
than the annual average (table 1).

Table 1
Climate data recorded at SCDA Secuieni in 2013-2014 agricultural year
- 2013 2014
Specification X | x| x| o1 nlm | v | v v v | vl oix A"irag
Decade | | 66 | ‘o [-07| 07 | 57|40 |80 | 2| 12218
g | Decacell | 113 |62 |-09 |12 |-04 |81 | 82 Pl A B e
'g 5 Decade lll | 119 | 45 | 01 | -89 | 12 | 90 [ =5 | 18 | A0} 2L 4 A7) 142
5 ';"v%r;;g'g’ 09 | 71|05 | 23|16 | 70 | 10| | 1820120 A5 g,
“f‘;{fgggga 01 |34 |-18| 392225 |93 | > | |2 1T gy
Deviation | 08 | 3.7 | 1.3 | 1.6 | 06 | 45 | 0.7 | 02 | 06 | 05 | 14 | 11 | 05
Decade! | 116 | 26 | 02 | 06 | 02 | 5 | 12 [ o | B[ 2| 00 | 00
Decade Il | 28 | 1.4 12' 84 | 42 | 80 5§' 4}' 13' 321' 1;:" 0.0
e e
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RESULTS AND DISCUSSION

In the first year of use, 2014, the
results show that the nitrogen
fertilization has led to obtain high
yields of dry matter, which ranged
between 12.33 t/ha d.s. at the NOPO
(unfertilized variant) and 15.88 t/ha
d.s. at the variant fertilized with

Margareta Naie et al.

N80 + 40P40 kg/ha, with very
significant  production increases
compared to the control, the
differences being of 2.04 t/ha d.s.
and 3.55 t/ha dry substance (table
2).

Table 2
The influence of fertilization on dry matter production, in 2014
Variant P(:;):augflst.))n t /ha[))lfferenci % Semnification

a1 - NoPo (mt) 12.33 - 100 mt

a2 - NaoPao 14.37 2.04 116.6 e

a3 - NgoPao 15.60 3.27 126.5 i

a4 - Ngo+40P40 15.88 3.55 128.8 i
5% 0.60
DL 1% 0.86
0.1% 1.26

Looking at the separate
impact of the mixture, it is found
that forage production ranged
between 14.13 t / ha d.s. at the
mixture of Dactylis glomerata 30%
+ Lolium perenne 40% + Medicago
sativa 20% + Lotus corniculatus
10% and 19.53 t/ha d.s. at the
mixture of Festuca arundinacea
30% + Dactylis glomerata 20% +
Festuca pratensis 20% + Medicago
sativa 20% + Trifolium pratense
10%. Compared to the control
variant (Dactylis glomerata 20% +
Medicago sativa 80%), whose
obtained production was of 17.68 t /
ha d.s., all production increases at
the  studied  mixtures  were
statistically assured.

At the mixtures of Festuca pratensis
45% + Festuca arundinacea 35% +
Trifolium pratense 20% and Festuca
arundinacea 30% + Dactylis
glomerata 20% + Festuca pratensis
20% + Medicago sativa 20% +
Trifolium pratense 10%, production
increases were 0.72 t / ha ds.
respectively 1.85 t / ha d.s., both
statistically assured (distinct
significant and very significant).

At the mixtures of Bromus inermis
30% + Dactylis glomerata 35% +
Onobrychis viciifolia 35% and
Dactylis glomerata 30% + Lolium
perenne 40% + Medicago sativa
20% + Lotus corniculatus vyield
differences were highly significant
negative (table 3).
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Table 3
The influence of mixture on dry matter production, in 2014
. Production Difference .
Variant (t/ha d.s.) (tha) % Semnif.
b1 - D.g.20% +M.s.80%(mt) 17.68 - 100 mt
b, - B.i.30%+D.g.35%+0.v.35% 15.89 -1.79 | 89.9 | o000
b3 - D.g.30%+L.p.40%+M.s.20%+L.c.10% 14.13 -3.55 | 79.9 | o000
b4 _ *k*k
F.a.30%+D.g.20%+F.p.20%+M.s.20%+T.p.10% 19.53 1.85 | 1105
bs - F.p.45%-+F.a.35%+T.p.20% 18.40 072 |1041| **
5% 0.53
DL 1% 0.72
0.1% 0.97
Following investigations, it was it was found that in two mixtures
found that mixtures of Festuca were  made  differences  of

arundinacea 30% + Dactylis
glomerata 20% + Festuca pratensis
20% + Medicago sativa 20 % +
Trifolium pratense 10% si Festuca

pratensis  45% + Festuca
arundinacea 35% + Trifolium
pratensis 20% presents high

adaptability to climatic conditions
of the area, making production more
than 18.0t/ had.s.

Analyzing the behavior of mixtures
of perennial grasses and legumes in
terms of fertilization, in 2014, it was
found that the highest yields were

obtained in mixtures of Festuca
pratensis  45% + Festuca
arundinacea 35% + Trifolium

pratensis 20%, of 18.86 t/ha d.s. and
Festuca arundinacea 30% +
Dactylis glomerata 20% + Festuca
pratensis 20% + Medicago sativa
20% + Trifolium pratensis 10%, of
18.14 t/ha d.s., with production
increases very significantly
compared with the  control,
consisting of Dactylis glomerata
20% + Medicago sativa 80%. Also,

production negative very significant
(Bromus inermis 30% + Dactylis
glomerata 35% + Onobrychis
viciifolia 35%, Dactylis glomerata
30% + Lolium perenne 40% +
Medicago sativa 20 % + Lotus
corniculatus 10%) (table 4).

At NaoP4o fertilization, the highest
bproduction was achieved at the
mixture of Festuca pratensis 45% +
Festuca arundinacea 35% +
Trifolium pratensis 20%, of 17.71
t/ha d.s., and the lowest at the
mixture of Dactylis glomerata 30%
+ Lolium perenne 40% + Medicago
sativa 20% + Lotus corniculatus
10%, of 14.60 t/ha d.s. Compared
with the control variant, yield
differences were statistically
assured at all the fertilized variants.
Thus, very significant vyield
increases have been made on
mixtures of Festuca pratensis 45%
+ Festuca arundinacea 35% +
Trifolium  pratensis  20%, and
Festuca arundinacea 30% +
Dactylis glomerata 20% + Festuca
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pratensis 20% + Medicago sativa
20% + Trifolium pratense 10%, in
the other three mixtures were
obtained production  differences
negative significant and very
significant negative (table 4).

At NgoPso  fertilization, was
characterized by higher production,
the mixture of Festuca arundinacea
30% + Dactylis glomerata 20% +
Festuca pratensis 20% + Medicago
sativa 20% + Trifolium pratense
10%, achieving 19.84 t / ha d.s.,
with an increase compared to the
control variant ensured statistically
highly significant.

The harvests obtained from the
mixture of perennial grasses and
legumes fertilized with Ngo+a0Pao,
was the highest and ranged between
15.95 t/ha d.s. at the mixture of
Dactylis glomerata 30% + Lolium
perenne 40% + Medicago sativa
20% + Lotus corniculatus 10% and
22.92 t/ha d.s. at the mixture of
Festuca arundinacea 30% +
Dactylis glomerata 20% + Festuca
pratensis 20% + Medicago sativa
20% + Trifolium pratensis 10% .
Analysing the interaction of the
studied factors (fertilization X
mixtures) on production, it was
found that they ranged from 10.60
t/ha d.s. at the unfertilized variant
and sown with Dactylis glomerata

Margareta Naie et al.

30% + Lolium perene 40% +
Medicago sativa 20% + Lotus
corniculatus 10% and 22.92 t/ha d.s.
at the mixture of Festuca
arundinacea 30% + Dactylis
glomerata 20% + Festuca pratensis
20% + Medicago sativa 20% +
Trifolium pratensis 10%, fertilized
with Ngo+40P40 doses (table 4).
Between the production of dry
substances at the tested mixtures of
perennial grasses and legumes and
nitrogen fertilization were found
positive correlations, correlation
coefficients are statistically assured
significant and distinct significantly
(figure 1).

As regard to the mode of
accumulation of biomass at the
studied mixures was found that the
highest production was obtained
from the first scythe except the
mixture of Dactylis glomerata 30%
+ Lolium perenne 40% + Medicago
sativa 20% + Lotus corniculatus
10%. At the mixture which used the
Onobrychis viciifolia species, the
production obtained from the |
scythe represented approximately
50% of total production, while the
other mixtures vyields had a
decreasing trend from the I scythe to
111 scythe. It has been found that the
use period of mixtures was 143 days
(figure 2).
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Table 4
Influence of the interaction between mixture and fertilization on the dry matter
production, in 2014

. . Difference
Experimental variants t/had.s. Semnif.
(t/ha) %

b1 - D.g.20% +M.s.80% 16.39 - 100 Mt
bz - B.i.30%+D.g.35%+0.v.35% 12.73 -3.66 7.7 oo
a1 - NoPo | D3 - D.9.30%+L.p.40%+M.s.20%+L.c.10% 10.60 -5.79 64.7 oo
(mt) b4 - 1.75 110. falaled

F.a.30%+D.g.20%+F.p.20%+M.s.20%+T.p.10% 18.14 7

*kk
bs - F.p.45%+F.a.35%+T.p.20% 247 | 115

18.86 1
b1 - D.g.20% +M.s.80% 15.94 -0.45 97.3 °
b2 - B.i.30%+D.g.35%+0.v.35% 15.95 -0.44 97.3 °
a - bz - D.g.30%+L.p.40%+M.s.20%+L.c.10% 14.60 -1.79 89.1 000
NP | D4 - 0.83 105. il
F.a.30%+D.g.20%+F.p.20%+M.5.20%+T.p.10% 17.22 1

*k*k
bs - F.p.45%+F.a.35%6+T.p.20% 132 | 108.

17.71 1
1.17 107. | ***
b1 - D.g.20% +M.s.80% 1756 1
. 0.11 100.
- 0, 0, 0,
. bz - B.i.30%+D.g.35%+0.v.35% 16.50 7
N 3P bs - D.g.30%+L.p.40%+M.s.20%+L.c.10% 15.37 -1.02 | 938 000
i Y - 345 | 121. | %
F.a.30%+D.9.20%+F.p.20%+M.s.20%+T.p.10% 19.84 0
bs - F.p.45%+F.a.35%+T.p.20% 335 | s
Al - A 18.64 7
4.43 127. | ***
- 0, 0,
b1 - D.g.20% +M.5.80% 2082 0
. 2.00 112. | **=
- 0, 0, 0,
o - b2 - B.i.30%+D.g.35%+0.v.35% 18.39 5
Ngo+40Ps | bs - D.g.30%+L.p.40%+M.5.20%+L.c.10% 15.95 044 | 973 0
0 ba - 6.53 139, | **x

F.a.30%+D.9.20%+F.p.20%+M.s.20%+T.p.10% 22.92 8

**k*k
bs - F.p.45%+F.a.35%+T.p.20% 199 | 112

18.38 1
5% 0.44
DL 1% 0.58
0.1% 0.74
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Fig. 2. The dynamics of biomass accumulation at by mixtures (Dactylis glomerata L. -
20% + Medicago sativa L. - 80%), b, (Bromus inermis Leyss - 30% + Dactylis
glomerata L. - 35% + Onobrychis viciifolia Scop. - 35%), bs (Dactylis glomerata L. -
30% + Lolium perene L. - 40% + Medicago sativa L. - 20% + Lotus corniculatus L. -
10%), bs (Festuca arundinacea Schreb. - 30% + Dactylis glomerata L. - 20% + Festuca
pratensis Huds. - 20% + Medicago sativa L. - 20% + Trifolium pratense L. - 10%) si bs
(Festuca pratensis - 45% + Festuca arundinacea Schreb. - 35% + Trifolium pratense L.

- 20%)
CONCLUSIONS
The nitrogen fertilization with NgoPs kg/ha. Among the
contributed to obtain high yields of mixtures  tested, the highest
dry matter between 14.37 t/ha d.s. at production was obtained from the
the NP4 and 15.88 t/ha dry variant sown  with  Festuca
substance at the variant fertilized arundinacea 30% + Dactylis
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glomerata 20% + Festuca pratensis
20% + Medicago sativa 20% +
Trifolium pratense 10%, of 19.53
t/ha d.s.

Mixture x  fertilization
interaction shows that the highest
yield of 2292 t/ha ds., was

obtained at the variant sown with
Festuca arundinacea 30% +
Dactylis glomerata 20% + Festuca
pratensis 20% + Medicago sativa
20% + Trifolium pratensis 10% and
fertilized with Ngo+a0Pa4o.

Margareta Naie et al.

nitrogen applied and production of

dry substances at the studied
mixtures, there are  positive
correlations  statistically assured

significant and distinct significantly.

In SCDA Secuieni
conditions, in 2014 was made a
number 3 cut, the highest
production being obtained from |
scythe except the Bromus inermis
30% + Dactylis glomerata 35% +
Onobrychis viciifolia 35% variant,
where in the mixture was present

Between  quantities  of the Onobrychis viciifolia species.
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Abstract

Maize (Zea mays L.), which is the third most important cereal crop of world, is
an important dual purpose crop used in human diet and animal feed. Nowadays, in
agriculture, mineral fertilizer is often used amendments as zeolite in purpose of a
sustainable agriculture for obtaining high yields. The paper presents results obtained in
the year 2014 experimental the hybrid Turda Star the production and protein content
from maize grain. The highest maize grain production and protein was obtained in
climatic condition in the 2014 experimental year were obtained for the treatments with
200 kg/ha urea V..

Keywords: clinoptilolite, maize, protein, treatments, yield.

INTRODUCTION

Maize Zea mays L. is the (GHASSEMI-GOLEZANI et al.,,
most important crop species in 2011).

terms of global production and Maize is one of the most

comes a close second after wheat in
terms of globally cultivated area
(FAOSTAT, 2009). By 2020, global
demand for maize as a food supply
IS projected to exceed that for wheat
or rice, making it the world’s most
important crop (PINGALLI, 2001).
Maize with a remarkable
productive potential among the
cereals, is the third important grain
crop after wheat and rice and
accounts for 4.8% of the total
cropped area and 3.5% of the value
of  the agricultural output

important grain crops in Romania,
with over 2 million hectares in
production. This crop is an integral
part of Romanian agriculture and
has a potential to compete with its
multi-products  (Voichita HAS,
2010).

Organic amendments have
the ability to enhance soil fertility
and crop productivity, soil water
retention, and carbon sequestration
(Chng et al., 2014).

The use of minerals for
agricultural purposes is becoming
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widespread (VAN STRAATEN,
2006). Zeolites are, therefore, used
as a promoter for better plant
growth by improving the value of
fertilizers; retaining  valuable
nitrogen and consequently enhances
the crop yield. These minerals have
three main properties, which are of
great interest for agricultural
purposes: high cation exchange
capacity, high water holding
capacity in the free channels, and
high adsorption capacity
(MUMPTON, 1999).

MATERIAL AND METHOD

The experiments  were
conducted in the Transylvanian
Plain of the Agricultural Research
and Development Station Turda,
Romania (46°35°N; 23°47°E) on

Susana Sfechis et al.

Meteorological conditions,
such as temperature evolution and
precipitation are the main factors
which influence the crop Yyield
variability from year to year
(COCIU, 2012).

This research aim is to
assess the effect of single and
combined treatments with different
doses of fertilizers chemical and
zeolite on the (i) maize production
and (ii) maize protein content in
climate conditions of the 2014
experimental years.

the climate of the area we used
records from the Meteorological
Station Turda in the 2014
experimental year, compared with
multi-annual average values listed

faeoziom argic soil. To characterize in figure 1
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Fig. 1. Monthly average temperature ("C) and rainfall (mm) recorded at the
Meteorological Station Turda in the 2014 year compared to the multi-annual average

Biological material hybrid
Turda Star, trilinear hybrid, semi
early, FAO 370 group, resistance to
low temperatures in the first part of
the growing season, it s
recommended to grow in that area
and -l was favorability in

Transylvania, Moldova and western
country.

Field was divided into 32
plots (treatment) by the rectangle
method in four repetitions with
eight treatment: V1—control
(untreated); V2>—urea 200 kg/ha; Vs—
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zeolite 200 kg/ha; V4-100 kg/ha
urea+100 kg/ha zeolite; Vs-140
kg/ha urea+60 kg/ha zeolite; Ve—

100 kg/ha  NP20:20+100  kg/ha
zeolite; V7-175 kg/ha NP20:20+25
kg/ha  zeolite; Ve-175 kg/ha

zeolite+25 kg/ha NP2o:20.

The chemical composition
of the zeolite (clinoptilolite) used in
our experience is: SiO2 65-71.30%;
Al,0311.50-13.10%; CaO 2.70-
5.20%; Fe20s3 0.70-1.90%; TiO>

RESULTS AND DISCUSSION

The results obtained for
grain maize in 2014 are presented in
table 1. In 2014 year, grain maize
yields it was observed an increase in
production with 1t/ha after the
application of 200 kg/ha urea in V>
as well after 100 kg/ha urea+100
kg/ha zeolite V4 input in compared

Susana Sfechis et al.

0.10-0.30%; K20 2.20-3.40%; Na,O
0.20-1.30%.

The crop yields were
reported at the standard moisture of
15.5%. Maize protein content from
maize seeds expressed in percent
was determined with AGRI Bruins
Instruments CHECK  analyzer.
Statistical analysis of experimental
data was done with LSD post-hoc
test, in StatSoft statistical software
(StatSoft, 2012).

control and 2 t/ha it was observed
an increase in production with after
the application of 200 kg/ha zeolite
V3. The highest average vyield
production was obtained in the V>
treatment with 200 kg/ha urea; and
the lowest yield was obtained in V3
treatment with 200 kg/ha zeolite

with unfertilized treatment Vi (table 1).
Table 1
Comparative data analysis at grain maize production (t/ha) under the
application effect of the differentiated treatments in 2014 year
Variant 1 2 3 4 5 6 7 8
Average (t/ha) |  7.65 8.81 6.82 8.62 8.06 8.23 7.96 8.05
1 7.65 0.018° | 0.086 0046° | 0374 | 0218 | 0507 | 0.389
2 8.81 p<0.001***| 0.676 0.118 0.218 0.076 0.112
3 6.82 p<0.001°°°| 0.013°° | 0.005°° | 0.021° | 0.013°°
4 8.62 0.242 0.409 0.165 0.231
5 8.06 0723 | 0818 | 0977
6 8.23 0560 | 0.702
7 7.96 0.840
8 8.05

p<0.05*° p<0.01**°° p<0.001***°°°

V- control (untreated); V,—urea 200 kg/ha; Vs—zeolite 200 kg/ha; V,~100 kg/ha urea+100 kg/ha zeolite; Vs-140 kg/ha
urea+60 kg/ha zeolite; V6—100 kg/ha NP2.20+100 kg/ha zeolite; V7-175 kg/ha NPo.20+25 kg/ha zeolite; Vg—175 kg/ha
zeolite+25 kg/ha NP5
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The significant  values
(p<0.001) were observed between
the V2-Vz and V3-V4 treatments.
The significant values (p<0.01)
were observed between the V3-Vs;
V3-Ve and V3-Vg treatments. The
significant values (p<0.05) were
observed between the V1-V2; V1-V4
and Vs3-V7 treatments. Protein
content in grain maize is
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represented in Table 2. These values
ranged between minimum of 9.55%
V3 treatment with 200 kg/ha zeolite
and maximum of 10.20% V>
treatment with 200 kg/ha urea.

The treatments with zeolite
alone, showed the lowest protein
values Dbecause no inputs of
nitrogen, phosphorus and
potassium.

Table 2

Comparative data analysis protein content (%) from maize grain under the
application effect of the differentiated treatments in 2014 year

Variant 1 2 3 4 5 6 7 8
Average (%) 9.80 10.20 9.55 10.00 10.05 9.73 9.90 9.88
0.002°° 0.040 0.095 0.040 0.521 0.393 0.521
1
9.80
2 p<0.001***|  0.095 0.205 |p<0.000***| 0.015* | 0.009**
10.20
p<0.001°°° | p<0.001°°° 0.141 0.006°° | 0.009**
3
9.55
4 0.668 0.025 0.393 0.288
10.00
5 0.009** 0.205 0.141
10.05
6 0.141 0.205
9.73
0.830
! 9.90
8 9.88

p<0,05*° p<0.01**°° p<0.001***ooo

V- control (untreated); V—urea 200 kg/ha; Vs—zeolite 200 kg/ha; V4100 kg/ha urea+100 kg/ha zeolite; Vs—140 kg/ha
urea+60 kg/ha zeolite; V6—100 kg/ha NP2.20+100 kg/ha zeolite; V7-175 kg/ha NPo.20+25 kg/ha zeolite; Vg-175 kg/ha
zeolite+25 kg/ha NP2

Applying a treatment based
entirely on zeolite did not influence
the increase protein  content,
according to climatic spectrum in
the field.

Introducing the treatment
recipes Vs—140 kg/ha urea+60 kg/ha
zeolite protein percentage increases
up to 10.05%.

Protein content of maize
grains substances is influenced by
genetic  factors and external
conditions.

The conditions of climate,
soil, nutrition creates much larger
differences in terms of protein
content of the maize grains, rather
than a genetic factors.
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Maize  harvest quality
parameters are influenced by
climatic conditions of a certain
region. Environmental factors have
a greater influence on grain protein

CONCLUSIONS

The highest value of
production and protein content of
maize grains in climatic conditions
of the year 2014 or after treatment
registered 200 kg/ha urea.
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content of hybrids rich in protein,
than on the protein content of the
grain hybrids normal (POLLMER et
al., 1978).

Therefore, the zeolite works in the
soil as a sort of slow-releasing
nitrogen fertilizer, cultivated plants
are thus provided a sufficient
amount of nitrogen throughout the
vegetation period.
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Abstract

Mycorrhizal fungi are able to create hyphal networks between the roots of the
plants in natural ecosystems, having an important role in the transfer processes and the
regulation of nutrient allocation and providing a major nutrient-absorbing interface

between plants and soil.

Oscillating values of colonization and development structures can be linked
into clusters, providing a realistic image of the mycorrhizal development inside the root

cortex of clover.

Colonization in roots of Trifolium repens is composed of a strong colonization
phase, a transfer phase simultaneously with a strong development of mycorrhizal
structures in roots, and a restrictive phase for colonization.

Keywords: mycorrhizal colonization,

vegetation sequences.
INTRODUCTION

Mycorrhizal associations vary
in structure and function, being
necessary symbionts in the roots of
most  evolved plants. Many
cultivated species from a total of
80% of higher plants are able to
develop symbiotic partnership with
fungi colonized plants having a
development at least three times
faster than the uncolonized ones
(TRESEDER, 2013, STOIAN,
2011).

Through hyphal networks
developed by mycorrhiza is created
an interface between plant and soil
(JOHNSON et al., 2001), the main
benefit for the host plant, being the
increase in assimilation of nutrients,
especially phosphorus which is

controlled environment, fungal strategy,

hardly accessible (KAISER et al.,
2014). Also, vesicular-arbuscular
mycorrhizas can increase nitrogen
accumulation in the tissues of the
host plant as a result of hyphae
competition for mineralized organic
nitrogen.

At a large scale mycorrhizas
are able to reduce inputs in
ecosystems, optimizing the
nutritional cycles, reducing negative
environmental impact and ensuring
increased production. During the
concomitant evolution with higher
plants mycorrhizal fungi became an
indispensable component of
ecosystems (DU et al., 2009,
McCORMACK et al, 2014,
XIANG et al., 2014).
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MATERIAL AND METHOD

The experiment was placed
in the controlled environment of
greenhouse  of  University of
Agricultural Sciences and
Veterinary Medicine Cluj in order
to observe mycorrhizal colonization
parameters. Symbiotic parameters
were analyzed separately on short
sequences of vegetation in order to
create a complete image on
installing and progress of fungal
hyphae in roots of Trifolium repens
plants.

RESULTS AND DISCUSSION

Between frequency,
intensity of colonization and
arbuscules abundance in the root
system of plants Trifolium repens
and vegetation sequences is created
a series of connections highlighting
the behavior of mycorrhizal fungi in
relation to the root system of the
host plant (figure 1). At 10 days
after emergence mycorrhizal fungus
colonize takes about half of the root
system (F = 52.22%) but with an
intensity of only 2.07% and 0.11%
arbuscules abundance. An increase
of colonization parameters sequence
vegetation is seen from 20 days
reaching a value of frequency of
100%, which remains stable up to
70 days after emergence. During the

Soian V. et al.

For the established
experiment variants harvesting was
done gradually at an interval of 10
days of each other starting at 10
days from plant emergence,
covering a period of 150 days.

For the establishing of
experiment a terra rosa soil type
was used.

For the elaboration of
dendrogram all experimental data
were processed with  Statistica
software (STATSOFT, 2012).

same period, the intensity of the
colonization increase up to 76.17%
at 20 days and 71% at 30 days, then
decreasing to a value of 42.28% at
70 days after emergence of the
plants, while the arbuscules
abundance increases up to a value of
28.60% at 20 days and 35.84% after
30 days, but falls to 0.13% during
the 50-day sequence, and increases
again to a value of 14.66% at 70
days. Compared to the decreasing
trend of colonization intensity, the
sequence of 60 days make an
exception, with values of 62.67%
(higher than the sequences of 50 and
70 days), but with a lower
arbuscules abundance of only
0.13%.

Romanian Journal of Grassland and Forage Crops (2015)11 90



Soian V. et al.

100

90

80

70

40

30

20

60 4

o

10

o

20

¢

30

40

<

50

Y —

<o

o
iy

® <] @
®
(:.
[
o
b ®
A
A
©
A
(:\
A Q " o i'
100 110 120 130 140 150

60 70 80 90

Number of days
OF% o1% AA%

Fig. 1. Values of frequency (F%), intensity (1%) and arbuscules abundance (A%)

The moment of
colonization establishment in the
root system is evidenced by the low
values of frequency and intensity of
colonization,  respectively  the
arbuscules abundance. With the
growth and development of plants,
the absorption of nutrients relies
mostly on mycorrhizas and causes a
steady growth of the root system.
This phenomenon positive affect
mycorrhizal colonization, increasing
the frequency with which fungi
colonize newly formed roots and
reaching a 100% presence of the
hyphal network on the surface of
root endoderm within 20-70 days
after emergence (figure 1). As for
the intensity of the colonization at
the same period, the values fall
between 40 and 80%, decreasing
from the value recorded in the
sequence of 20 days, while the
increase  in  the  arbuscules

abundance in the system during
vegetation sequences 2 and 3, which
highlight the maximum
developmental stage of the root
system and mycorrhizal symbiont.
The high percentage of arbuscules
in the system indicates an intense
process of transfer of nutrients
between the two symbionts. The
interval 80-120 days is marked by a
decrease in the frequency of
colonization, compared with the
previous quarter, up to a value of
66.67% for 80 days sequence, rising
to 100% range value 90-120 days.
Colonization intensity fluctuates
from a value of 8.87% for 80 days,
increasing to a value of 64.60%
within 90 days, decreasing to a
value of 20.11% (to 100 days) and
reaching the from 76.11% at 120
days after germination, while high
values of arbuscules abundance
were registered at sequences of 90
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and 120 days (36.69% and 52.07%),
and low values at 80 and 100 days
(2.42% and 1.61%).

Fluctuation of colonization
parameter values indicate a series of
transformations in the life cycle of
the symbionts, structures production
during sequences of 70, 90 and 110
being oriented to arbuscules more
than hyphae. The sequences of 80
and 100 days were characterized by
vesicles formation and storage of
nutrients accumulated in these
structures. Vegetation sequences
from 130 to 150 days marked a
decline in the colonization of root
system, the frequency values is
between 55% - 75%, while the
intensity of the colonization is less
than 5%, with no arbuscules
production. This indicates a change
in the structures produced by the
symbionts, which is preparing for a
sporulation stage in order to
complete the life cycle.

Dendrogram in Figure 2
shows a group of sequences of
vegetation, based on Euclidean
distances and the complete linkage
of the values of frequency, intensity
of colonization and arbuscules
abundance in the root system. From
the 15 vegetation sequences
analyzed were obtained a series of
clusters based on the relationship
between the mycorrhization values
of each sequence, respectively

Soian V. et al.

linkage between sequences. To
simplify the analysis model was
chosen  just large  clusters,
containing several pairs of related
sequences respectively their sub-
clusters that are primary subordinate
components.

Cluster A consists of two
sub-clusters primary subordinate.
Sub-cluster Al is formed from a
single growth sequence, the 100
days after emergence, differentiated
from the other sequence by high
value of the colonization frequency
and a low intensity and percentage
of arbuscules. The second sub-
cluster, A2, contains sequences
corresponding to periods of 40, 50,
60 and 70 days, grouped on the
basis of high levels of frequency
and intensity related to the low rate
of colonization of arbuscules.
Analyzing the development of
fungal  structures during the
sequences in the cluster A give it a
colonization character, fungi being
developed both at the surface and
deep in the root system. The low
arbuscules percent proves that the
interface for the transfer of nutrients
between the two symbiotic partners
has a small development, which
means that during all these
sequences between the two partners
exist a particularly intimate contact
at intercellular level, but a is very
low intracellular contact.
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Fig.2. Cluster dendrogram of vegetation sequences based on colonization parameters

Cluster B is composed of
five sequences of vegetation. On the
basis of these sequences can be
concluded that this cluster has both
colonization and a  transfer
character. The frequency values are
100% corresponding to vegetation
sequences of 20, 30, 110 and 120
days, respectively, 96.67% from the
sequence of the 90 days after
emergence (figure 1, figure 2). In
terms of the intensity of
colonization in the root system, the
value at 90 days is 64.60%,
exceeding the 70% values of other
sequences. In terms of the transfer
of nutrients, the high percentage of

Romanian Journal of Grassland and Forage Crops (2015)11

arbuscules at all sequences indicates
an intense process of transfer
between the two partners. The
increased intimate contact between
the two partners at intercellular and
intracellular levels proves that
during these sequences both
partners need to better growth and
development.

The analysis of cluster C
sequences highlight a regression
phenomenon rendering the fungal
symbiont  colonization to the
development of the root system of
the host plant. Lower colonization
frequency with values in the range
50-75%, the intensity of the
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colonization by an amount less than
10% and little percentage or
absence of arbuscules in the root
system indicates  an early
colonization at 10 days, a process of

CONCLUSIONS

For  Trifolium  repens
species colonization frequency have
maximum values during early
development stages of the root
system, but with a reduced intensity
of development in root cortex. The
arbuscular circuit fluctuates
significantly throughout the entire
vegetation period, the intracellular
interface oscillating according to the

Acknowledgment

Soian V. et al.

storage of nutrients in vesicles at 80
days and a preparation for
sporulation and the formation of
new vesicles in the interval 130-150
days after emergence.

requirements of plant nutrients. The
process of colonization in the root
system of Trifolium repens plants
consists of a phase marked by
strong colonization, a phase of
powerful transfer of nutrients
between symbionts simultaneously
with colonization of fresh roots and
a restrictive phase for the
development of the fungus.
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Abstract

Grassland ecosystem management primary influences soil biota interactions,
therefore all ecosystem services they can provide. Production in grassland is directly
influenced by soil fauna activity. One of the most important organisms is represented by
soil engineers known as earthworms. They act as environmental buffer due to their
metabolism activity. This paper aim is to assess the effect of earthworms on physical,
chemical and biological properties in grasslands.

Keywords: biomass, densities, soil fertility

INTRODUCTION

Grasslands, natural or seeded
herbaceous ecosystems are mainly
defined by high turnover of root and
shoot biomass production and
composition  (BARGETT  and
SHINE, 1999.). Grassland soil
usually have large amount of
organic nitrogen and carbon and
small amounts of surface litter.
These properties result in a diverse
and abundant soil faunal community
(BALL et al., 2009).

Grassland management
directly and indirectly influences the
soil biota and their functions
(BARDGETT, 2005). Both older
grasslands and semi-natural
grasslands have in common that
they have been disturbance-free for
longer than young grasslands.
These, have had more time to
accumulate soil organic matter -

SOM (SONNEVELD and BOUMA,
2003) and to shift towards diverse
vegetation (De VRIES et al., 2006).

Soil biota plays an
important part in these processes
and in the provision of various
ecosystem services, such as supply
of nutrients, maintenance of soil
structure and water regulation
(BRUSSAARD et al., 1997; SWIFT
et al., 2004; MULDER, 2006;
KIBBLEWHITE et al., 2008).
Direct relations between soil biota
and ecosystem services were found.
But it is still extremely difficult to
disentangle cause and effect, due to
the interactive, cyclical and
complex nature of the plant-soil
system (SYERS and SPRINGETT,
1983). Relationships between soil
biota and ecosystem processes have
mostly been found in laboratory
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experiments (SANDOR and
SCHRADER, 2012) and rarely are
found in the field (KARBERG et
al., 2008).

In general, soil ecosystem
iIs numerically dominated by small
invertebrates and ecosystem
engineers that physically modify
their ~ surrounding  environment
through bioturbation.

In the 19" century,
earthworms, considered now the
ecosystem engineers were described
as soil pest. Nowadays, this view
has changed resulting in a high

EARTHWORMS ECOLOGY

Worldwide are known
more than 3000 species. These
organisms are hermaphrodite and
develop slowly. Earthworms live 2
to 8 years, depending on the species.
One generation with a maximum 12
cocoons (eggs) is produced every
year (FIBL, 2014).  Reproduction
usually take place in March-April
and also in September-October. In
the winter, the worms retreat to
frost-free portions of their burrows

THE ROLE OF EARTHWORMS IN
GRASSLAND ECOSYSTEMS

Earthworms should receive
more attention due to their general
role that increase sustainability of
grassland ecosystems (NEHER,
1999). They are classified as
ecosystem engineers, burrowers,
saprovores and geophages

Valentina Sandor €t al.

numbers of studies. The main
reason is the disappearance of
earthworms due to increasingly
heavy machines, intensive tillage
and intensive use of pesticides. In
contrast to this, in one hectare of
healthy soil of grassland, one to
three million earthworms can be
found (FIBL, 2014).

This paper aim is to (1)
assess the importance of
earthworms in sustainable
grasslands; (2) review earthworms
densities and biomass in grassland
ecosystems.

and their metabolism slows down to
minimum. Earthworms feed
primarily on organic material
provided by dead plant parts. They
are sensible to contact with
pesticides on (1) intraindividual
level by the changing gene-
expression and physiology; (2)
individual and population level,
affecting density and behavior and
(3) community level by modifing
earthworms biomass.

HAVLICEKAND and MITCHELL,
2014).
Physical changes

Earthworms change soil
structure, porosity, the hydric
regime and clay-humus complex
(BRUSSAARD, 2012.). The soil
structure is improvement by the
creation of biopores and aeration.
Biopores improve, as well, water
infiltration and water ballance in the
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grasslands soil. This new soil
structure  made Dby earthworms
activity is essential for traditional
grasslands because soil tillage is
absent. CLEMENTS et al. (1991)
showed that earthworms decrease
the soil bulk density.

High physiological activity
of earthworms was related to low
soil C/N ratio, high soil total N,
high relative abundance of endogeic
species, low relative abundance of
epigeic  species, and high
enchrytreaid biomass and
abundance (van EEKEREN et al.,
2007). Nitrogen input positively
affects the abundance and biomass
of earthworms in grassland soil.
They also change soil structure by
incorporating  organic _material
(CHRISTENSEN, 2001).

Chemical properties

An important role in the
circle of nutrients is played by
earthworms due to fragmentation
and transportation of plant residues
and other soil organic matter.

Earthworm activity may
contribute to improvement of
infiltration resulting in a reduced
runoff (van EEKEREN et al., 2007).
However, these effects on macro
pores formation can also lead to an
increased flow and greater leaching
of nutrients. (EDWARDS and
BOHLEN, 1996). Soil is enriched in
a natural way with help of
earthworms  activity  producing
excrements. These casts are rich
in N, P, K and other nutrients.
Therefore, nitrogen content and

Valentina Sandor €t al.

other elements concentration increse
due to the earthworms metabolism.
Parfitt et al. (2005) determined
relationships  between net N-
mineralization as a measure of soil
biological activity and N availability
in different pasture soils. They
explained the differences in crop
production. Also SAGGAR et al.
(2001) reported up to five times
greater potential N and C
mineralization rates in permanent
pastures compared to 34 years of
arable cropping.

Biological quality improvement

Biological  quality is
improved by the activity of
earthworms. They mix organic
materials with mineral particles. So
we can notice that soil organic
matter increasses as the number of
earthworms enlarges.

Their metabolism products

usually enhance microbial activity.
Examples of the earthworms effects
are provided by field experiments in
which earthworms were introduced
or removed.
For example, there was found an
increase in grass production of 9.7%
as well as an improved physical soil
fertility when earthworms are
present (HOOGERKAMP et al.,
1983).

By creating channels lined
with nutrients for plant roots,
earthworms improve root growth.
Because they turn soil over, may
reduce the incidence of disease by
bringing deeper soil to the surface
and burying organic matter.
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EARTHWORM POPULATION IN
GRASSLANDS

Number and diversity of
earthworms from the soil are
considered an important soil fertility
criterion. These contributes in many
ways to healty by improving and
mantaining physical and chemical
properties by kepping the soil
biologically active, thus providing
key soil functions and many
positive ecosystem service (van
EEKEREN et al., 2007).

It is well established that
grasslands (table 1) usually contains
more earthworms than arable land
(EDWARDS and BOHLEN, 1996).
In comparison with one field after
25 years of regular cultivation, the
numbers of earthworms  was
significantly decreased, only 10-
16% of those in old grasslands
(LOW, 1972).

EDWARDS and BOHLEN
(1996) mention two reasons for a
decreased number of earthworms,
besides the mechanical damage and
predation after cultivation, (1) the
loss of an insulating layer of
vegetation and (2) a decreased food
supply.

Earthworm biomass and
abundance is most clearly affected

Valentina Sandor €t al.

by cropping system.

In addition to the direct effects of
soil tillage (mechanical damage,
increased predation by birds, loss of
insulating vegetation layer),
decreased resource quantity and
quality in the arable phase are major
drivers of decreases in earthworm
abundance = (WARDLE,  1995;
EDWARDS and BOHLEN, 1996).

Cropping systems
significantly influenced earthworm
species composition.

In the long-term cropping
experiment, arable soil contained
primarily endogeic adults, whereas
permanent and temporary grassland
soil included both endogeic and
epigeic adults (EDWARDS and
BOHLEN, 1996).

Anecic adults were
dominant only in permanent
grassland.

Even higher abundances of
anecic species in no tillage systems
with a permanent clover crop was
found (SCHMIDT et al., 2003).

The combination of no
tillage and a stable food supply on
the soil surface provides an ideal
environment for anecic species.
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Table 1

Density and abundance of earthworms, class macrofauna, in grasslands and other type
of field management

Type of management Blomazs)s (gm Density (Ind/m) Source
In general 10-40 0-10° Neher, 1999
Grassland 80-100 100-150 Arnone and Zaller,
2014
140 (mineral

i input)

Grassland 400-500 230 (organic FIBL, 2014
input)
Grassland 400-600 40-180 Zaller ir;%gAmO”e’
Low-input pasture - 400-500 FIBL, 2014
Fertilized meadow - 200-300 FIBL, 2014
Hardwood forest - 150-250 FIBL, 2014
::ig;’é’"”p”t arable - 120-250 FIBL, 2014
Poor grassland - 30-40 FIBL, 2014
Spruce forest - 10-15 FIBL, 2014
CONCLUSIONS
Earthworms’ activity with N, P, K and other nutrients due

improves soil physical, chemical
and biological quality in grasslands.
The physical changes are
produced by creation of biopores,
aeration, water infiltration, water
ballance, decreasing bulk density,
increasing soil total N,
incorporating organic material and
creation of a new soil structure with
macro aggregates and casts.
Chemical properties are
enriched by a natural fertilization
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to earthworms’ metabolism.

Biological quality of the
grasslands soil is improved through
increased soil organic matter,
enhanced microbial activity,
increase in grass production, rooth
growth, reduced incidents of
disease.

Abundance and biomass of
different earthworms species is
direct dependent by food resource
quantity and quality.
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