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PhD GHEORGHE ANGHEL (1910 - 1986) 

AN ILLUSTRIOUS BOTANIST AND PRATOLOG 

 
   

 Professor Gheorghe 

Anghel, honorary member of ASAS, 

was born on March 27, 1910 in 

Ciugud, Alba County. After 

attending primary school in his 

native village and high school 

“Mihai Viteazul” in Alba Iulia in 

1929 as head of promotion he 

attended the Academy of Agronomic 

Studies in Cluj which he graduated in 

1934 as head of promotion, obtaining 

diploma of agronomist with 

“distinction”. 

 After finishing his military 

service in the fall of 1935 he began 

his professional activities in Banat at 

the Research Institute for Agriculture 

Cenad (I.C.A.R. network) where, in 

1936 he was appointed assistant to 

the Research Station for Plant 

Breeding and Seed Control, Cluj. 

 As a result of his 

exceptional professional training and 

his qualities as research scientist 

with great perspectives, he was sent 

in 1938 and 1939 to training for 

questions regarding subjects as 

botany, pasture and meadow, plant 

breeding, seed control and others at 

the Faculty of Agriculture, 

Polytechnic of Munich – Germany. 

After his return and the earning of the 

PhD title, in 1940, with the thesis 

“Contributions experimental 

technics with grain varieties”, he 

continued his activity as research 

scientist in Research Station for 

Agriculture from Câmpia Turzii and 

Bucharest, also occupying 

management positions. In 1948 he 

was appointed head of the new 

Research Station for Seed Control, 

from 1960 to 1969 was chief of 

pastures and meadows department of 

the former ICAR and ICCA, after 

which he kept his activity in higher 

agricultural education, in Bucharest, 

until his retirement in 1975. 

 He began the academic 

activities at 31 years old when he was 

appointed lecturer at the pastures and 

meadows department of Faculty of 

Agronomy from Bucharest where in 

1948 he was appointed professor at 

the Faculty of Animal Husbandry. 

 I first met prof. Gheorghe 

ANGHEL in 1964 at Agronomical 

Institute from Cluj, during the 

Scientific Festival for students of 

biology and agriculture, where he 

was a member in the examination 

committee, with prof. Alexandru 

BUIA, rector of the University of 

Craiova and prof. Emil ROSU rector 

of the Agronomic Institute of Iasi, 

where I presented a paper entitled 

“Flora and vegetation of grasslands 

from Jebel and Sânmihaiul Român 

and methods of their improvement”, 

winner of the third prize in the 

country. It was, for me, the 

beginning of a longer period of 

mentoring and support especially 

with my employment in research 

Marusca T. et al.

Marusca T. et al.
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(1967), training in Switzerland 

(1969) and PhD studies (1972-1982) 

in agricultural botany, with the thesis 

entitled “Geobotanic and typological 

studies of Nardus sp. grasslands 

from Brasov County”, where he was 

my scientific leader, for which I was 

grateful and thankful. Throughout 

his life, prof. Gheorghe ANGHEL 

carried out important research 

activities alongside with his activity 

in agricultural higher education, 

resulted by books as first author: 

”Grassland Culture“ Ed. 

Agrosilvica, 1967; “Geobotanica” 

Ed. Ceres, 1971; “Grasslands from 

Bran Platform” Casa agronomului 

Braşov, 1977; “The weeds in 

agricultural crops and their 

combating” Ed. Ceres, 1972; 

“Intensive grassland“ Ed. Ceres, 

1984 and others. 

 One of the latest 

achievements of Prof. Gheorghe 

ANGHEL was the coordinating of 

synthesis “Grasslands in the 

Romanian Carpathians” 10th volume 

of scientific works of the Research 

and Production Institute for 

Grasslands - Brașov, published in 

1986, just before his death. Prof. 

Gheorghe ANGHEL can be 

considered, the founder of the 

Central Research Station for 

Grasslands, founded in 1969, based 

on the Research Station for 

Agriculture Măgurele - Brașov, the 

first institution of its kind in the 

country. 

 Besides his essential 

contribution to the development of a 

unified research program in 

grasslands at country level, he 

guided and perfected researchers 

thought PhD thesis and especially he 

managed to send many researchers 

for training in Switzerland. 

 One of his closest disciples 

of USAMV Bucharest, Prof. Costică 

BĂRBULESCU “in memoriam” 

make the following confession: 

“Professor Gheorghe ANGHEL has 

created and left as legacy a school of 

Romanian agricultural botany, for 

studying the grasslands, weeds and 

seeds, which the survivors have the 

duty to preserve and take her to the 

level saw by their illustrious teacher 

and master. But above all, as a 

teacher he taught into the 

consciousness of his students, the 

love for his chosen profession, for 

nature, for the motherland, seed 

them into their hearts and thoughts, 

the unquenchable flame of 

knowledge”. With these exceptional 

achievements, the followers of Prof. 

Gheorghe ANGHEL which knew 

and cherished him are keeping him in 

memory and they placed him the 

pantheon of our great predecessors in 

grasslands science. 

 Dr. ing. Teodor MARUȘCA 

General Manager of ICDP- Brașov 

General Secretary of SRP 

Marusca T. et al.

Marusca T. et al.

Romanian Journal of Grassland and Forage Crops (2015)12



 

9 

 

DEVELOPING A MINIMAL PROCESSING METHOD FOR WILD AND 

CULTIVATED CULINARY HERBS. APIACEAE FAMILY CASE STUDY   

 
 Giorgiana Mihaela CĂTUNESCU*, ROTAR I.*, Roxana VIDICAN *, Florina 

BUNGHEZ * 

 

* University of Agricultural Science and Veterinary Medicine Cluj – Napoca, 

Calea Mănăştur, no. 3-5, Romania 

 

Abstract  

 Culinary herbs are widely used in restaurants where chefs require fresh raw 

material. Their short shelf-life is an impediment for an extensive use. Moreover, some 

local producers are not aware that the products generically called “herbs” include a 

wide range of species and plant parts with different physiological requirements. So, they 

are stored in improper temperature and humidity conditions and substantial losses occur 

daily. The aim of this paper was to review scientific literature on postharvest 

biochemistry and handling of aromatic plants and to propose a minimal processing 

method that would extend shelf-life and add value to the herb industry. Parsley 

(Petroselinum crispum), dill (Anethum graveolens) and lovage (Levisticum officinale) 

were the representatives of Apiaceae family. Following the analysis of current research 

and previous quality assessments a processing method was recommended for wild and 

cultivated culinary herbs. The procedure assured a minimum storage of 14 days for dill, 

one of the most perishable plant from Apiaceae family.   

  
Keywords: dill, handling, lovage, parsley, postharvest 
 

INTRODUCTION 

 

The hospitality industry 

based on local foods is in full 

development and requires large 

volumes of fresh produce throughout 

the year (DUARTE ALONSO and 

O'NEILL, 2010). Restaurants chefs 

prefer fresh culinary herbs to their 

dried equivalents because of their 

superior sensory qualities, but the 

short shelf-life limits an extensive 

use (DAVIS, 2007).  

Aromatic herbs consist of a 

wide range of species and plant parts, 

but they are generically called 

“herbs”. Often local producers do not 

know the physiological requirements 

of each plant and use the same 

handling or packaging technologies 

for botanical species with different 

physiological traits (USFDA, 2010).  

Similar, in the agrifood chain 

traders combine in the same bunch 

highly perishable and shelf-stable 

herbs such as dill with rosemary or 

thyme (LOPRESTI and TOMKINS, 

1997). In addition, they are stored in 

improper temperature and humidity 

conditions and substantial losses 

occur daily (DAVIS, 2007).  

Marusca T. et al.

G.M. Catunescu et al.
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The aim of this paper was to 

review the current scientific 

literature on postharvest 

biochemistry and handling of 

culinary herbs and to propose a 

simple minimal processing method 

that would extend shelf-life and add 

value to the herb industry. Two main 

botanical families contain almost all 

culinary herbs: Lamiaceae (basil, 

lemongrass, marjoram, mint, 

oregano, rosemary, thyme) and 

Apiaceae (coriander, dill, lovage, 

parsley). Although all these are used 

in Romanian cuisine, parsley 

(Petroselinum crispum), dill 

(Anethum graveolens) and lovage 

(Levisticum officinale) are present in 

traditional dishes, being the most 

consumed herbs (ALBALA, 2011). 

In consequence the three 

plants were chosen as representatives 

of Apiaceae family for the case 

study.

 
MATERIAL AND METHOD 

 

The scientific papers were reviewed 

and grouped on the following topics: 

postharvest biochemistry and 

handling of culinary herbs. An 

analysis was performed for each 

method (KASPERSKAYA et al., 

2014; TAHERNEJAD et al., 2012). 

Quality characteristics of minimally 

processed parsley (Petroselinum 

crispum), dill (Anethum graveolens) 

and lovage (Levisticum officinale) 

was previously determined during 

storage: sensory quality 

(CĂTUNESCU et al., 2012a), 

humidity, chlorophyll, vitamin C 

content (CĂTUNESCU et al., 

2012b), total plate and total yeas and 

mold count (CĂTUNESCU et al., 

2014), volatile aroma compounds, 

total polyphenols, antioxidant and 

antibacterial activity (data not 

shown). The three were herbs were 

representatives of Apiaceae. 

A minimal processing 

method was proposed for wild and 

cultivated culinary herbs from 

Apiaceae following the review and 

the quality assessment.
 

RESULTS AND DISCUSSIONS 

 

Postharvest Biochemistry of Fresh Culinary Herbs 

Although culinary herbs 

belong to different botanical families 

and are collected at different stages 

of maturity they are physiological 

similar with leafy vegetables 

(LOPRESTI and TOMKINS, 1997). 

Both groups of vegetables 

deteriorate rapidly after harvest 

because of tissue damages, high 

temperatures and moisture losses 

that trigger senescence-related 

metabolic processes. These affect 

hormones such as ethylene, 

cytokinins, abscisic acid and 

gibberellins (AHARONI et al., 1993; 

LOPRESTI and TOMKINS, 1997).  

G.M. Catunescu et al.
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Biochemical changes such 

as: an increase in respiration rate or 

ethylene production and a decrease 

in moisture predispose plants to 

microorganisms’ attack 

(OUZOUNIDOU et al., 2013). The 

respiration rate decreases 

immediately after harvest, but as the 

senescence processes develop it 

increases again, being comparable to 

that of very perishable vegetables 

such as mushrooms and asparagus 

(CANTWELL and REID, 1992).  

The role of ethylene in plant 

senescence is widely acknowledged; 

its synthesis generally increases with 

senescence (PRUSKY, 2011). The 

variations of temperature during the 

agrifood chain causes physiological 

stress and tissue injuries, leading to 

an increases in ethylene production 

(OUZOUNIDOU et al., 2013). 

Herbs are sensitive to very low 

concentrations of ethylene, but low 

storage temperatures, however, help 

reduce ethylene formation 

(CANTWELL and REID, 1993).    

  Other biochemical changes 

occur such as: protein degradation, 

lipid peroxidation, a decrease in 

photosynthesis, an increases in 

respiration rate and ethylene 

production (AHARONI et al., 1993; 

CANTWELL and REID, 1992; Meir 

et al., 1992; OUZOUNIDOU et al., 

2013). These processes lead to 

chlorophyll degradation in leaves 

(Cătunescu et al., 2012b) and 

yellowing (CĂTUNESCU et al., 

2012a). Cell membrane loses its 

integrity and becomes susceptible to 

bacterial contamination attacks that 

would otherwise be harmless 

(CANTWELL and REID, 1992; 

CATUNESCU et al., 2014; 

LOPRESTI and TOMKINS, 1997; 

TRIGO et al., 2006). Light generally 

delays senescence, but its interaction 

with CO2 and ethylene is complex 

and difficult to predict (LOPRESTI 

and TOMKINS, 1997). Dill, basil 

and thyme had a longer shelf-life 

when stored unpackaged in light, 

while sage was preserved similarly 

in light and darkness. The respiration 

rate decreased when the herbs were 

stored at 10°C in the dark. No 

differences were observed in visual 

quality when oregano was stored 

packaged at 10°C in light or in 

darkness (CANTWELL and REID, 

1993; TAHERNEJAD et al., 2012). 

The main factors influencing 

moisture loss are surface-volume 

ratio, respiration rate, temperature 

and the atmospheric humidity during 

storage (LOPRESTI and TOMKINS, 

1997). The amount of water that can 

be lost with little effect on the visual 

quality of herbs is unexpectedly 

high. Parsley and mint showed 

moderate changes in their 

commercial aspect after losing 40% 

moisture, thyme had insignificant 

changes, while dill and mint were not 

marketable (CANTWELL and 

REID, 1993). Water losses are 

reduced when herbs are stored at a 

relative humidity above 95% 

(LOPRESTI and TOMKINS, 1997). 

The age of leaves affects the 

postharvest physiology of herbs: 

G.M. Catunescu et al.
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young plants retained visual quality 

longer than mature plants because 

they have a lower respiration rate and 

ethylene production (CANTWELL 

and REID, 1993). At 5°C younger 

parsley leaves had a higher 

respiration rate at the beginning of 

storage and older leaves after 30 days 

(APELAND, 1969). But, only 34 % 

of the older leaves were still 

marketable compared with 89% of 

young leaves.  

The shelf-life of fresh herbs 

is determined by genotype, 

morphological and metabolic 

variability, environmental factors 

and even cultivation or harvesting 

technology 
Post-Harvest Handling of 

Aromatic Herbs 

The main post-harvest 

operations for fresh herbs employed 

by local producers are washing, 

binding in bunches and/or 

packaging. These are performed at 

ambient temperature, even in 

summer. Spraying or immersion in 

water is the usual method to prevent 

moisture loss. When cold storage is 

used, products are chilled within 3 

hours after harvest. LOPRESTI and 

TOMKINS (1997) reported that only 

14% of manufacturers have used 

chemical treatments to decrease the 

microbial load. This is surprising 

given that the microflora reduces the 

shelf-life and retail units require 

products with minimum microbial 

load. 

A range of 2 to 6°C is used 

for cold storage – too low for basil 

and too high for other herbs 

(LOPRESTI and TOMKINS, 1997). 

In addition, the chilling sometimes 

takes several hours, depending on the 

refrigeration equipment, and can 

compromise their quality.Local 

producers are packaging culinary 

herbs in plastic bags to prevent 

excessive loss of moisture. 

UMIECKA (1973) concluded that 

dill can be stored for 9 to 12 days and 

chives and parsley for 14 to 21 days 

at 2°C in non-perforated wraps. 

AHARONI et al (1988) 

evaluated the quality of seasoning 

plants more susceptible to yellowing 

such as coriander, dill and parsley. 

The herbs were packed in bulk (1 to 

3 kg) in perforated or non-perforated 

plastic bags placed in cardboard 

boxes and subjected to transport and 

marketing conditions. The perforated 

polyethylene bags substantially 

reduced water loss, but did not delay 

yellowing and spoilage. The best 

results were obtained for the non-

perforated because of the CO2 

accumulation. Similarly, 

CANTWELL and REID (1993) both 

perforated and non-perforated 

polyethylene bags reduced moisture 

losses and preserved the visual 

quality, but the latter delayed 

spoilage.  

However, condensation can 

form inside the bag if temperature 

fluctuates during handling and 

storage. This favors the growth of 

spoilage microorganisms and 

accelerates decaying processes. 

Perforated or microperforated 

G.M. Catunescu et al.
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packaging is or recommended when 

temperature varies in the agrifood 

chain to avoid condensation (ARTES 

and ALLENDE, 2014). 

Each herb distribution 

channel has its own requirements 

regarding the post-harvest operations 

that impact the shelf-life. 

Wholesalers require culinary herbs 

in bulk, delivered in cardboard 

boxes, sometimes tied in bunches, or, 

rarely, packed in plastic bags. 

Retailers prefer herbs in bunches 

delivered in cartons. Recently, value-

added products became popular in 

the form of extra quality aromatic 

plants packed in plastic bags or trays 

and plastic bags with a weight of 10-

50 g and labeled with manufacturer. 

Another very dynamic sector is the 

hospitality and services: restaurants 

and catering units, that need fresh 

herbs in large quantities delivered 

periodically (LOPRESTI and 

TOMKINS, 1997). 

Minimal Processing Method for 

Apiaceae Herbs 

Fresh parsley (Petroselinum 

crispum), dill (Anethum graveolens) 

and lovage (Levisticum officinale) 

were purchased from a local market. 

The batches were homogenized and 

examined visually. Foreign bodies 

and plant materials were removed, 

together with yellow and withered 

leaves. The stems were cut to 

approximately 10 cm. The leaves 

were cleaned, washed with potable 

water and drained. Bunches of 30g 

were packed in polyethylene bags 

(CANTWELL and REID, 1992; 

CATUNESCU et al., 2014; 

CĂTUNESCU et al., 2012b).  

The procedure is described in 

the diagram flow in figure 1. 

The samples were stored at 

4°C up to 12 days. Quality attributes 

during cold storage were assessed for 

minimal processed parsley 

(Petroselinum crispum), dill 

(Anethum graveolens) and lovage 

(Levisticum officinale) in the 1st, 5th, 

8th and 12th day of storage. 

The minimally processed 

herbs were stored for 12 days at 4°C 

with minor changes of quality 

parameters. The estimated shelf-life 

for parsley was 23 days, for dill 14 

days and for lovage 15 days 

(CĂTUNESCU et al., 2012a).  

Of the studied compounds, 

only vitamin C showed a substantial 

decrease along storage. After 12 

days, it decreased by 18% for 

parsley, by 8% for dill and by 3% for 

lovage, similar to other plant 

products stored at refrigeration 

temperature (CĂTUNESCU et al., 

2012b).

 

 

G.M. Catunescu et al.
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Fig. 1. Diagram flow of minimally processed Apiaceae herbs 

 
CONCLUSIONS 

This paper intended to 

analyze the postharvest biochemistry 

and handling of culinary herbs to 

propose a simple minimal processing 

method that would extend shelf-life 

and add value to culinary herbs.  

Aromatic plants are similar to leafy 

vegetables, but their morphological 

differences should be accounted for 

when harvesting and handling them. 

Aromatic plants from Apiaceae 

family should be harvested young 

and stored at refrigeration 

temperatures (below 10°C) to reduce 

ethylene formation and control 

bacterial population. The surface-

volume ratio should be small and 

relative humidity above 95%. The 

demand for fresh culinary herbs is 

increasing, but they are required as 

quality products, presented in an 

attractive manner and packed so that 

quality is maintained throughout the 

distribution channel. Herbs from 

Apiaceae family should be packaged 

in non-perforated plastic wraps and 

stored at 2-4°C. Herbs from 

Apiaceae should be to minimal 

processed by washing, cutting of 

stems and sealing in non-perforated 

polyethylene bags. The products can 

be stored at 4°C for minimum of 14.

 

FRESH APIACEAE HERBS

removal of foreign materials 

and withered leaves

homogenization of batches

cutting of stems 

(at approx. 10 cm)

cleaning and washing 

with potable water

draining of water

packaging in polyethylene bags 

(30 g)

MINIMALLY PROCESSED 

APIACEAE HERBS 
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Abstract 

The area of 4.9 million hectares covered by permanent grasslands represents an 

important component of the land resources in our country. Delineating and representing 

the grasslands in each administrative territorial unit through thematic maps (making use 

of remote sensing techniques) constitute the starting point for designing the pastoral 

management plan regulated in Romania by GEO 34/2013 and Law 86/2014.The aim of 

the present paper is to delineate the surfaces corresponding to the grasslands in the 

administrative territorial unit (ATU) Ezeriş in Caraş-Severin County, through methods 

and techniques specific for remote sensing, and to generate thematic maps with their 

spatial representation. For delineating the grasslands in ATU Ezeriş, we used a satellite 

image from August 2011. The image was processed with the program IDRISI Selva: the 

area of interest was cut, the contrast was improved (Linear with saturation method) and 

combinations of spectral bands were created that were useful for the visual analysis of 

the area and for pixel classification. Following the assisted classification, the areas in 

ATU Ezeriş were attributed to four classes: localities, agricultural crops, forests and 

grasslands. Only the lands used as grasslands were of interest for the purpose of the 

present paper. In order to make the calculation for the areas assigned to each type of 

use, the raster map was converted in vector file format, with the help of ArcGIS 10.0 

software. Then it was reclassified, and the surface was calculated automatically for each 

category of use. According to the analysis, ATU Ezeriş includes 1050 hectares covered 

by grasslands, 161 hectares covered by constructions (settlements, roads), 2606 hectares 

destined for agricultural crops and  3773 hectares of forest. The analysis made it possible 

to delineate the grassland areas in ATU Ezeriş by using satellite imagery, but the results 

obtained must be validated through field study and/or comparison with plans, maps and 

other sources of information in the analysed area, taking into account the heterogeneity 

of the territory, the spatial and temporal changes, image resolution, etc. 
 

Keywords: grassland delineation, grassland representation, remote sensing, thematic 

maps 
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INTRODUCTION 

 

The area of 4,9 million 

hectares covered by permanent 

grasslands represents an important 

component of the land resources in 

our country. In order to put into 

practice the measures of grassland 

management, other related issues 

must be taken into account, namely 

the nature of the property, its clear 

delineation, its assignment to the 

adequate legal framework and 

identification of financing sources 

for these activities.  

In what the management, 

organization and exploitation of 

permanent grasslands in Romania 

are concerned, Government 

Emergency Ordinance (GEO) 

34/2013 approved by Law 86/2014, 

establishes the obligation to 

elaborate pastoral management 

plans, according to the guide 

designed by the Institute for 

Research and Development for 

Grasslands, Brașov (MARUŞCA et 

al., 2014). 

The management of 

permanent grasslands in ATU 

Ezeriș, regulated by the pastoral 

management plan, requires firstly for 

the grassland areas to be clearly 

defined and framed in the 

geographical space. Remote sensing 

is regarded as “a complex of methods 

and techniques capable of leading to 

the remote acquisition of data 

regarding the Earth... based on 

recordings made in different bands 

of the magnetic spectre” 

(http://media0.webgarden.ro). It 

offers the possibility to delineate and 

represent various types of surfaces, 

starting from the premise that the 

behaviour of surfaces, objects or 

phenomena to the radiations that 

they come into contact with is not 

identical: these absorb certain 

wavelengths, while reflecting others. 

This means that each has a specific 

spectral signature (POPESCU, 

2010). Therefore, the concept of 

spectral signature is the most 

frequently used method for the 

identification and separation of 

different materials and objects with 

the use of multispectral data 

(MIHAI, 2009). 

A pluridisciplinary study 

can contribute to better 

characterisation of grassland areas. 

Their delineation and classification 

constitute the first step in the 

elaboration of the pastoral 

management plan. Methods and 

techniques specific for remote 

sensing can be used for identifying 

and delineating the grassland areas in 

the administrative-territorial unit 

(ATU) Ezeriş, in Caraş-Severin 

County. 
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The main purpose of the 

present study is to delineate the 

grassland areas in the administrative-

territorial unit (ATU) Ezeriş, in 

Caraş-Severin County, using 

methods and techniques specific for 

remote sensing, as an alternative for 

the traditional methods for 

delineation. Another aim is to 

generate thematic maps with the 

spatial representation of these areas. 

The maps will be used in subsequent 

spatial analyses.  

The following were used for 

the purpose of the present study: 

- one Landsat 4-5 TM satellite 

image made in 2011 (August), 

accessible for free in Earth Explorer 

database 

(http://earthexplorer.usgs.gov); 

- orthophoto plan of Ezeriş 

area taken from the National Land 

Registry (Arhiva Agenţiei Naţionale 

de Cadastru şi Publicitate 

Imobiliară); 

- the cadastral map of the 

commune of Ezeriş (scale 1:10000) 

taken from the Land Registry Office 

in Timiş County (Arhiva Oficiului de 

Cadastru şiPublicitate Imobiliară 

Timiş). 

The following specialized types 

of software were used for processing 

the charting materials and obtaining 

the final maps: 

- IDRISI Selva – software used 

for cutting the area of interest out of 

the satellite image, for processing the 

contrast in the cut-out image, and for 

obtaining combinations of spectral 

bands, pixel classifications (assisted 

and unassisted classification) 

through different methods and 

cartographical representation of the 

results;      

- ArcGIS 10.0 – software used 

for processing the results and also for 

generating different cartographical 

representations.

  

RESULTS AND DISCUSSIONS 
 

The area under analysis in the 

present paper overlaps the 

administrative-territorial unit (ATU) 

Ezeriş, located in Banatului 

Mountains, partially in Ezeriş  

Depression,  Semenic Mountains and  

Dognecei Mountains. ATU Ezeriş 

covers an altitudinal interval of 

approximately 300 m, the minimum 

altitude being 193 m, and the 

maximum 493 m (figure 1). The 

climate conditions are specific for 

the above-mentioned altitude 

interval.

  

MATERIAL AND METHOD 
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Fig. 1. ATU Ezeriş – Digital ElevationModel (left) andorthophoto plan of the region 

(right) 

 

As the analysis of figure 1 reveals, 

the area under study includes large 

grassland areas, agricultural lands, as 

well as forested areas.   

The delineation of the 

different types of surfaces, in 

accordance with their use, can be 

made on cadastral plans and/or maps 

(figure 2), these being subsequently 

represented with the help of 

specialized applications (GIS, 

AutoCAD, etc.). 

 

 
Fig. 2. Delineating grassland areas on cadastral maps 

 

 The technical and scientific 

progress achieved in recent decades 

has made it possible to delineate, 

analyse and represent areas in 

accordance with their category of 

use, based on satellite images.

 The use of satellite images 

has a series of advantages over other 

sources of information: it offers a 

very large amount of information 
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that can be processed with the help of 

specialized software (POPESCU and 

COPĂCEAN, 2015), the 

representations thus obtained can 

also be used in other, subsequent 

analyses. Nevertheless, these images 

cannot be used in their „raw” form, 

but they require more or less 

complex processing, according to the 

final aim of the analysis.  For the 

purpose of the present study, for 

delineating the grasslands in ATU 

Ezeriş, we used a satellite image 

obtained in August 2011. This image 

was processed in IDRISI Selva: the 

area of interest was cut out, the 

contrast was improved (Linear with 

saturationmethod, which involves 

the modification of the image in what 

the pixel brightness is concerned, 

from an unsaturated state to a 

saturated one) and spectral 

bandcombinations were created 

(figure 3), which were useful for the 

visual analysis of the area and for the 

pixel classification. 

 

 
 

Fig. 3. Spectral band combinations: 321 – natural colours (left) and 432 – fake-colour 

(right) 

 

 We used the specialized 

software IDRISI for applying 

unassisted pixel classification to the 

satellite image in the area of interest 

(figure 4) – this involves creating 

pixel clusters that represent 

geographical characteristics, based 

on spectral signatures, without a 

priori knowledge of what is being 

classified, which means that the 

computer analyses all spectral 

signatures of all pixels in the image 

and identifies areas with pixels of 

similar values (POPESCU and 

COPĂCEAN, 2015).
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Fig. 4. The result of unassisted classification in ATU Ezeriş 
 

 

 Unassisted classification in 

„raw” form (figure 4) provides 

information on the way the land is 

used. However, it cannot be the main 

source for delineating the grassland 

areas, due to the heterogeneity of the 

territory, the resolution of the 

satellite image, and the impossibility 

to correctly attribute a type of land 

use to each cluster.   

 The results of assisted 

classification, based on a priori 

knowledge of the characteristics of 

the surface in a part of the image, are 

clearly better; in this case, the 

number of clusters is smaller. Based 

on the orthophoto plan and cadastral 

maps of the area under analysis, we 

established and located on the 

satellite image some portions of the 

areas covered by grasslands, forests, 

agricultural crops and constructions. 

 These constituted the 

“basis” for the process of assisted 

classification. Following this 

process, the pixels in the satellite 

image were assigned, according to 

their spectral signature (figure 5), to 

one of the four established classes. 
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Fig. 5. Spectral signatures of various areas 

 

 

After the assisted classification, the 

areas in ATU Ezerişwere assigned to 

four classes (figure 6.). Out of the 

four types, the lands used as 

grasslands were of interest for the 

present paper. 

 

 
Fig. 6. The result of assisted classification – Ezeriş area 
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Because of the fact that the 

assisted classification map (figure 7) 

is a raster representation, we cannot 

calculate the areas assigned to each 

category of use. In order to make this 

calculation, the raster was converted 

into vector file format, with the help 

of ArcGIS 10.0 software (HERBEI, 

2013), reclassified (figure 7), and the 

surface was automatically calculated 

for each category of use.  

 
Fig. 7. Delineation of the lands according totheir different categories of use 

 

 

According to our analysis, ATU 

Ezeriş sums up 161 hectares covered 

by constructions (settlements, 

roads), 2606 hectares for agricultural 

crops, 1050 hectares of grasslands 

and 3773 hectares of forests. 

The importance of maps has 

largely increased lately; their use in 

all sectors of the economy as well as 

in the field of grasslands increases 

their utility even further (BÂRLIBA 

and COJOCARIU, 2010). Their 

accuracy, their rich details turn 

modern maps into very valuable 

documents (BOŞ, 2003; BÂRLIBA 

et al., 2008; POPESCU et al., 2015).
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CONCLUSIONS 

 

The use of satellite images for the 

analysis of geographical space has a 

series of advantages over the use of 

analogue maps. The most obvious of 

these are as follows:   

- they offer a large amount of 

information,  

- they can be processed 

automatically, with the use of 

specialized software, 

- the cartographic 

representations thus obtained 

can be used in later analysis, 

- information can be extracted 

from had to reach areas,  

- they can be integrated and 

used together with other 

geospatial information.  

It is worth noting that 

satellite images cannot be used in 

their “raw” form, but they require a 

more or less complex processing, in 

relation to the aim of the study; this 

means that the analyst has to have a 

certain level of specialized training, 

or else the processing may be 

erroneous and so the end result of the 

analysis may be compromised. 

The analysis made it possible 

to delineate the grassland areas in 

ATU Ezeriş by making use of 

satellite images, but the results thus 

obtained have to be validated 

through field study and/or 

comparison with plans, maps and 

other sources of information in the 

analysed area, taking into account 

the heterogeneity of the territory, the 

spatial and temporal changes, image 

resolution, etc.   
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Abstract 

Presently in Romania, the surface of permanent ecological grasslands, 

hayfields or meadows, is growing but at the same time is increasing also the abandon of 

mountainous grasslands. The purpose of this research is to show the quality improvement 

gained by permanent grassland located in a disadvantaged area of Bihor Mountains, by 

converting it from a conventional system to an organic one. 

 
Keywords: mountain areas, pastures, meadows, organic, farm 

 
INTRODUCTION 

 

The diminishing and 

elimination of permanent grasslands 

degradation processes, valorization 

of grasslands diverse functions, 

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 (MARUSCA and 

HAS, 2015). Grasslands show 

potential in carbon absorption in 

soils (ROTAR and VIDICAN, 

2005). Therefore, it is needed a set of 

cultivation methods to increase the 

soil carbon accumulation and 

grasslands productivity (CARLIER 

et al., 2009). In Romania, the 

certification process for a permanent 

grasslands is given by: Council 

Regulation (EC) No 834/2007 of 

28 June 2007 on organic production 

and labeling of organic products and 

repealing Regulation (EEC) 

No 2092/91 and Commission 

Regulation (EC) No 889/2008 of 5 

September 2008 laying down 

detailed rules for the implementation 

of Council Regulation (EC) 

No 834/2007 on organic production 

and labeling of organic products with 

regard to organic production, 

labeling and control.The purpose of 

conversion is to realize a balance on 

agricultural ecosystem where the 

farmer is the integrated responsible 

factor of all means, methods and 

measures in a systematic way, thus 

ensuring the auto regulation, which 

determines the sustainability. The 

change from conventional to organic 

farming, it must be well planned, 

phased, because the conversion 

period is 2-3 years, during which 

application of the principles of 
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organic farming is obligatory. The 

area of certified organic permanent 

grassland (hay or meadows) in 

Romania is growing. According to 

the Eurostat classification, 

certification and inspection 

authorities, the certified organic 

grassland areas in 2010 were 

31,579.11 ha and in 2013 were 

103,701.5 ha. More and more 

research is oriented towards 

establishing the role of grasslands in 

maintaining a natural and healthy 

environment. Natural grasslands 

stores around 15% of organic carbon 

on our planet (ROTAR and 

CARLIER, 2005). 

Considering this, the study 

objective is to deepen and assess one 

important way to improve the quality 

of permanent grassland from 

disadvantaged mountainous area. 

We evaluate benefits of 

conversion for the area and its 

inhabitants, by capitalizing the 

organic products and by the good 

influence that it has to the human and 

environment health. 
 

MATERIAL AND METHOD 

 

The experiment was carried 

out for 4 years, on a permanent 

grassland from Bihor Mountains, 

Avram Iancu village, Alba County. 

The procedures begun in 2012 and 

were completed in 2015. In 2012, has 

begun the simultaneous conversion 

period of 1.70 ha of a 

grassland/meadow and two cattle, 

the conversion period last for two 

years, and now is already being 

organic certified. The conversion 

consists in a series of managerial 

actions, technical-economic and 

administrative (table 1) through 

which the permanent 

pasture/animals are now suitable for 

the organic farming. 

For the conversion period 

was signed a contract with a 

certification and control organization 

(ECOCERT, 2015).  

There were two inspections 

during the conversion period, one 

announced and one without any 

notice in advance. 

 
Table 1 

Step by step, the conversion time of the permanent grassland  

 

Time 

 

Usability 

0.70 ha Grassland, 

plot number 1184 

1.00 ha Meadow, 

plot number 1108 

2012 - 

2015 

Maintenance works 

1. Leveling the mounds, 

gathering the rocks and dead 

vegetation 

5.  Cut of stumps and gathering the 

dead vegetation; 
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Continuation of Table 1 

Time 

 

Usability 

0.70 ha Grassland, 

plot number 1184 

1.00 ha Meadow, 

plot number 1108 

2012 - 

2015 

Maintenance works 

2.   On 15 of May starts the 

grazing period 
6.   Mow the grass only after 15 July 

3.    This grazing period does not 

last more than 45 days on the 

same area 

7. Traditional management, without 

mechanization 

 

4.     A number of maximum two 

animals is preferred on this  

specific area 

8.  Haystacks are not kept more than 

2 weeks on  the field 

 

Manure quantity 

400 kg  

applied after 15 October 

600 kg 

 applied after 15 October 

 

During the conversion 

period, according to the contract 

established between the operator and 

the certification and control 

authority, the first one must pay a fee 

in order to obtain the certification of 

organic grassland. 

 
RESULTS AND DISCUSSIONS 

 

The benefits of conversion 

of permanent grassland from 

disadvantaged mountainous area are:  

1. Romania faces a phenomenon of 

abandonment of the mountainous 

grasslands; therefore the conversion 

of permanent grassland in the Avram 

Iancu mountainous area is very 

important and necessary, 

representing the starting point for a 

sustainable management of 

grassland. 

2. The goal of conversion is to 

obtain a balanced agricultural 

ecosystem in which the farmer is the 

key, responsible and integrator of all 

resources, methods and actions taken 

in a systematic way, thus ensuring 

the self-regulation which determines 

its sustainability. 

3. The inspection report shows that 

the actions taken by the operator 

were effective respecting the soil 

fertilization rules for the 
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grassland/meadow, and 

grazing/mowing in this way, the 

grassland obtained the status of 

’’permanent’’ in 2015. 

4. A different production way 

which is in balance with the 

natural laws that are protecting 

the genetic diversity, water, soil, 

consumers’ health and rural 

landscape (CARLIER et al., 

2009). 

5. Conversion of the permanent 

grassland was carried out 

simultaneously with the 

conversion of two cattle. 

6. A sustainable grassland 

management is a different way a 

fodder production which is in 

balance with the environment 

laws. They protect the genetic 

diversity, water and soil quality 

in a direct form. Some indirect 

effects are the influence on the 

consumers’ health and rural 

landscapes. 

7. The most important role in 

the conversion process of this 

permanent grassland from 

disadvantaged area is to keep a 

high natural value, which 

nowadays is endangered by the 

change of land utilization or 

abandonment. 

8. Permanent grassland has a 

particular importance in the 

structure of organic farms. For 

example, the optimal grassland 

surface area for one animal is 

0.6-0.75 ha of and the optimal 

arable land is 0.25-0.4 ha. 

 
CONCLUSIONS 

 

By converting the grassland 

meadow and animals from a 

conventional to an organic one we 

create a sustainable farming system 

which helps on: exploitation of a 

cheap fodder resource and animal 

products, maintaining and enhancing 

the biodiversity simultaneously with 

soil conservation.
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Abstract 

The paper presents current advanced methods of observation and analysis using 

satellite information and GIS. Such approaches facilitate the conservative management 

of grasslands and maximize their multifunctional utilization value in correlation with 

animal production. Calmatui River Basin was selected for exemplification because is 

mainly an intensive agricultural area with predominant diffuse sources of pollution due 

to the cropping technologies and chemical inputs used. The secondary grasslands 

accounted 1318.07 ha, representing 1.4% from the total area of the basin. However, this 

category occupies the 2nd place after the arable land not irrigated category (97.1%). The 

productivity potential of these grasslands ranges from 1.5-3.5 t DM ha-1 having a 

pastoral value of 1.5-2.5, which ranks them as average quality. The delineation of the 

secondary grasslands is useful for developing a continuous monitoring program using 

PROBA-V NDVI information processed at basin scale on multiannual basis during the 

growth season. 

 

Keywords: secondary grasslands, PROBA-V, Normalized Difference Vegetation Index, 

Calmatui River Basin  

 
INTRODUCTION 

On the biological efficiency 

of solar energy conversion acts 

genetic factors related to the 

characteristics of each species that 

forms the perennial canopy that, and 

crop factors related to field operation 

or the land use. Obtaining the crop 

performance (i.e. net efficiency, 

persistence of the valuable forage 

species in the canopy, competition 

capacity, and high viability) depends 

on many technological, 

environmental and genetic factors 

(SCHAPENDONK et al., 1998; 

DUNEA and MOTCĂ, 2007).  

Forage resources potential of 

Romanian permanent grasslands can 

be ensured through a number of 

measures of which the most 

important are the improvement of 

herbaceous canopy with valuable 

forage species, grazing 

rationalization, ensuring water 

sources and access roads in the 

productive grasslands (VÎNTU et al., 

2004). 
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In terms of technical and 

economic feasibility, the efficient 

application of these strictly 

necessary measures to meet the goals 

of a functional forage system 

requires the use of a multi-criteria 

information system with geospatial 

analysis and processing of satellite 

images (DUNEA et al., 2014). 

Floristic composition, together with 

the fodder value of the component 

species, is an essential indicator 

expressing the perennial canopy 

utilization through grazing that 

substantiates the basis of animal 

production economic efficiency 

according to the concept of 

multifunctional utilization of the 

grasslands proposed by MOTCĂ 

(2005). In sustainable agriculture 

system, the role of perennial canopy 

is substantial and acquires the 

valences of multifunctional 

utilization. Besides its use as a 

fodder resource, the perennial 

canopy integrated into the cropping 

systems of each farm becomes a 

reservation of biodiversity (an area 

of ecological compensation) for the 

flora and fauna seriously affected by 

the intensive agricultural 

technologies.  

Such technologies are 

performed on arable land in major 

agricultural areas, requiring reliable 

methods for environmental 

protection and enhancing of the 

natural specific landscape (ROTAR 

et al., 2005). The utilization value of 

the canopy represents the synthetic 

indicator for assessing technical, 

economic and ecological aspects in 

analyzed forage systems 

(MARUȘCA, 2012). 

The content of this synthetic 

indicator includes several elements 

as follows: 

 efficiency of canopy to produce 

nutrients for animals; 

 conversion of forage production 

in animal production, 

 recycling degree of the 

substances in the food chain, 

and 

 capacity of ecological 

compensation, and economic 

efficiency of multifunctional 

utilization. 

The objective of this study is to 

present a reliable procedure based on 

the latest advanced solutions 

including geographical information 

systems and satellite image 

processing facilitating the 

conservative exploitation of 

grassland ecosystems and 

maximizing the multifunctional 

utilization value of the monitored 

grasslands. 

 

USE OF SATELLITE IMAGES 

AND GROUND-BASED 

METHODS FOR GRASSLANDS 

MONITORING 

The current satellite 

techniques envisage the use of a 

quick surveying method relying on 

the radiometric information from the 

satellite images. Such images have 

various characteristics such as 

multispectral with high geometric 

resolution (HR) – SPOT 5/SPOT 6, 

hyperspectral – PROBA, with very 
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high geometric resolution (VHR) – 

Pléiades 1A/1B, and also with 

average and low resolution  

(Medium Resolution-MR, Low 

Resolution-LR) – SPOT 5, PROBA-

V, NOAA-AVHRR, which can 

provide the perennial canopy 

reflectance of the grasslands. 

SPOT-VEGETATION 

mission, which is a collaboration 

between France, Belgium, Italy, 

Sweden and the EC, has been 

delivering images on the global 

vegetation status to more than 

10.000 users worldwide on a daily 

basis for 5880 days.  

16 years later, the European micro-

satellite PROBA-V succeeded the 

SPOT-VEGETATION mission. 

SPOT 4, with VGT1 sensor on 

board, was launched in March 24, 

1998. The VGT2 instrument, of the 

SPOT 5 satellite, was sent into orbit 

on May 4, 2002. SPOT 5 has 

delivered images of the Earth 

vegetation until the end of May 

2014.  

An important upgrade was 

achieved in spatial resolution from 1 

km (SPOT-VEGETATION) to 300 

m (PROBA-V). This feature allows 

the extraction of more detailed 

information regarding the crop 

yields, droughts, desertification, 

deforestation, changes in the type of 

vegetation, etc.  

The current spatial resolution 

of PROBA-V instrument is also in 

line with the upcoming Sentinel 3 

mission, hereby offering users the 

access to an uninterrupted times 

series of 25 years (http://proba-

v.vgt.vito.be).  

The use of hyperspectral 

images (e.g. CHRIS spectrometer of 

Proba micro-satellite in 5 modes - 

configurations of spectral subsets 

adapted to the studied surfaces or 

phenomena) to characterize the land 

surface reflectance has become a 

consolidated scientific method 

frequently used in the study of forest 

ecosystems (GUANTER et al., 

2005; MENENTI et al., 2004; 

SCHLERF and ATZBERGER, 

2006, RAUTIAINEN et al., 2008 

etc.). CHRIS remote sensing system 

captures images in 62 spectral bands 

with resolution of 34-40 m (mode 1: 

0.773 μm - 1.036 μm), being possible 

the planning of observations with 

enhanced resolution (17-20 m) in 

modes 2-4, but with fewer bands (18) 

depending on the particular land area 

which is intended to be analyzed. 

Another mode that has potential to be 

useful in grassland research is the 

mode 4, allowing the estimation of 

the chlorophyll content. 

Multidirectional remote 

sensing technique using CHRIS / 

PROBA sensor was successful to 

identify structural differences 

between age classes in the canopy of 

shrub areas (CHAN et al., 2008). 

DARVISHZADEH et al. (2008) 

estimated leaf area index and 

chlorophyll content of the 

heterogeneous canopy of grassland 

in the Mediterranean region using 

hyperspectral images correlated with 

ground radiometric measurements. 

DUCA and DEL FRATE (2008) 
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have automatically classified the 

scanned areas by hyperspectral 

images using various neural network 

topologies providing thematic land 

cover maps. Neural network 

technique is a successful artificial 

intelligence technique for modelling 

environmental time series (LUNGU 

et al., 2008; DUNEA and MOISE, 

2008). 

The Normalized Difference 

Vegetation Index (NDVI) is a 

descriptive index of plant 

“greenness” or photosynthetic 

activity. NDVI is commonly used for 

mapping vegetation of various 

ecosystems using large scales. 

Vegetation indices are based on the 

observation that different surfaces 

reflect different types of light 

differently (SINOQUET et al., 1990; 

DUNEA et al., 2014). 

Consequently, NDVI 

provides an index to present the 

vitality of the vegetation cover on the 

Earth’s surface. The algorithm uses 

the abrupt rise of the reflection level 

of 0.7 mm. The NDVI results from 

the following equation: 

(Rs,NIR–Rs,RED)/ (Rs,NIR+Rs,RED), 

with Rs,RED and Rs,NIR the 

atmospherically corrected surface 

reflectances in the Red and Near 

Infrared (NIR) bands.   

Radiometric measurements 

at canopy level using a precision 

spectroradiometer could be 

performed to calibrate and correct 

these features and to correlate 

specific reflectance of the species in 

various stages (phenophases) of the 

canopy development. The position of 

the measurements is determined with 

GNSS positioning receivers, and the 

sampling data is georeferenced in 

specific coordinate systems (e.g. 

stereographic 1970) and is used to 

create thematic layers in a suitable 

GIS environment. 

A system able to perform the 

comparison, correlation and 

reclassification of radiometric data 

can result using terrestrial 

measurements and thematic 

information from the satellite images 

of a specific area. In this way, an 

interface might allow the automatic 

recognition of phytosociological 

associations existing at a specific 

moment in the grasslands of interest 

and hence the estimation of grazing 

capacity. 

An advanced ceptometer 

with beam fraction reference sensor 

(BFS) can provide solar radiation 

data, together with radiometric 

measurements, to perform 

nondestructive methods for 

determining significant 

morphometric characteristics - LAI 

and the use of light in the mixed 

canopy. It can provide key 

information on the radiative 

variables that influence the plant 

growth (LANTINGA et al., 1999).  

The measuring technique is 

to place the reference sensor on a 

tripod outside the canopy and to 

perform samplings with the 

ceptometer positioned horizontally 

inside the canopy from the bottom to 

the top layers. The sampling of PAR 

(Photosynthetic Active Radiation) 

can be performed in 10 points on the 

Dunea D. and Dinca N.

Romanian Journal of Grassland and Forage Crops (2015)12



 

37 

 

diagonal of the surfaces. 

Measurements must be made 

between 11.00 and 13.30 (Uniform 

Overcast Conditions). Directly 

measured values of the Incident PAR 

with the BFS reference sensor are 

correlated with the corresponding 

values inside the canopy, resulting 

the multi-layer profile of the light 

extinction. Identification of plant 

species and their height must be 

made at each sampling. Thermal 

characterization of the canopy must 

be performed with a hand-held 

infrared thermometer gun. 

A portable analyzer can be 

used to assess the photosynthetic 

efficiency measuring the 

photosynthetic gas exchange at leaf 

level, net photosynthesis, stomatal 

conductance and stomatal response 

by comparing biological response 

curves in relation to the relevant 

environmental factors 

(photosynthetic active radiation, 

atmospheric deficit of moisture, the 

temperature of the leaf etc.). The gas 

exchange at leaf level will describe 

the factors responsible for the short 

and long-term water stress tolerance 

by analyzing the efficiency of water 

use. 

The floristic composition of 

permanent grasslands and the 

estimation of the species 

participation in the 

phytosociological associations are 

obtained using classical methods as 

follows: Braun-Blanquet 

phytosociological method, Klapp-

Ellenberg praticultural method, 

Daget-Poissonet double-meter 

method, and gravimetric method 

(MARUŞCA et al., 2012). The 

planimetric method is one of the 

most accurate methods for research 

of grassland vegetation. The degree 

of ground cover with vegetation is 

established with this method, which 

covers the area actually occupied by 

shrubs and shoots. Surface area 

covered by leaves through their 

projection will be recorded at gaps. 

The degree of land cover 

determined using planimetric 

method is not identical to the one 

resulted from the geobotanical 

method. Planimetric method is 

mainly used in experimental works 

performed on permanent and 

temporary grasslands to determine 

the changes occurred under the 

influence of some improvement 

measures or certain methods of use. 

In the case of floristic assessment in 

grasslands research, selection of this 

method is recommended only on 

grazed grasslands, where the plants 

are not tall, which allows the 

placement of the frame for readings 

directly on the ground. 

Using these methods, which 

are leading to the estimation of the 

pastoral value, involves long time to 

perform flora identification and 

complex logistics, requiring 

experienced operators in identifying 

the component species of the 

herbaceous canopy.  

Pastoral value provides 

information on the grazing capacity 

potential and on the animal loading 

of the pasture without making 

determination of green fodder 
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production (PEARSON and ISON, 

1987). There are several steps to be 

performed to characterize the 

grassland typology and its value: 

 Rigorous assessment of the 

limitations and advantages of 

the existing forage system: 1. 

spatial arrangement, 2. density 

of species, 3. heterogeneous 

canopy architecture, and 4. 

periods of grazing / grazing 

capacity (loading of animals on 

the pasture); 

 Selection of the experimental 

scheme to allow testing and 

critical analysis of the forage 

system based on the initial 

objectives - establishing the 

sampling areas, detailed 

planning of the sampling 

interval, planning of the 

biometric and radiometric 

measurements and 

determinations sequence in 

relation to the availability of 

satellite images. 

 Identification of species in the 

phytosociological association to 

update the grasslands’ typology 

and the corresponding floristic 

composition;  

 Estimation of the forage value of 

the species and pastoral value of 

the grassland. 

This experimental approach that 

integrates all the above mentioned 

methods presents novelty elements 

in the research applied to grassland 

ecosystems. Vegetation indices rely 

on the reflectance characteristics of 

various surfaces for different types 

of light spectrum (DUNEA et al., 

2014). 

 
Fig. 1. Land use/land cover of Călmăţui River Basin: 231 INSPIRE category is showing 

the distribution of secondary grasslands 
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Fig. 2. Normalized Difference Vegetation Index (NDVI) extracted from PROBA-V 

satellite images for Călmăţui River Basin from data recorded in March 2014 

 

 

 

 
Fig. 3. Land use distribution (%) in Calmatui River Basin 
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Table 1  

Analysis of land use in Calmatui River Basin based on Corine Land Cover data 

  

No. Land use category Area (ha) Area (%) 

1.  Arable land not irrigated 91634.15 97.11 

2.  Secondary grasslands 1318.07 1.40 

3.  Deciduous Forests 244.97 0.26 

4.  Agricultural land mixed with natural vegetation 210.02 0.22 

5.  Watercourses 171.90 0.18 

6.  Vineyards 163.74 0.17 

7.  Water accumulations 135.15 0.14 

8.  Urban area 128.31 0.14 

9.  Orchards 107.30 0.11 

10.  Complex cropping areas 89.81 0.10 

11.  Transit areas with shrubs 67.58 0.07 

12.  Marshes 47.38 0.05 

13.  Industrial/commercial area 45.94 0.05 

Total 94364.34 100 

Statistics 

1. Average 7258.80 - 

2. Standard deviation 25353.84 - 

3. Coefficient of variation (%) 28.63 - 

4. Skewness 3.60 - 

5. Kurtosis 12.99 - 

 
MATERIAL AND METHOD 

 

Calmatui River Basin, 

Romania, was considered for 

exemplification because it is an 

intensive agricultural area with 

predominant diffuse sources of 

pollution due to the cropping 

technologies and chemical inputs 

used. Secondary grasslands are 

present in this basin.  

We used the vectors 

contained in 2006 Corine Land 

Cover layers (version 16; 04/2012) 

that corresponded to the natural 

grasslands and related destination 

categories (e.g. 321, 231, and 324). 

The land cover/land use 

(LCLU) and adjacent layers were 

georeferenced using the 

stereographic projection (central 

meridian: 25º; latitude of origin: 46º) 

and Dealul Piscului 1970 

Geographic Coordinate System, 

which describes the official 

cartographic projection used in 

Romania on the Krasovsky 1940 
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ellipsoid (Azimuthal Stereographic 

perspective oblique conform 

projection in secant plane 1970). 

GIS environment facilitated the 

performing of statistic inferences. 

Remote sensing resources such as 

radiometric information from the 

satellite images provided the 

Normalized Difference Vegetation 

Index (NDVI) of the natural 

grasslands and its spatio-temporal 

fluctuations in the envisaged area. 

PROBA-V S10 images (HDF5 

format) were used in this paper. 

These observations are processed 

into daily and 10-daily syntheses 

products, available at 100 m, 300 m, 

and 1 km. The products can be 

downloaded from www.vito-

eodata.be.  

All geo-referencing 

operations, conversions, statistical 

analysis, and mapping were 

performed with ESRI ArcGIS 9.3.

RESULTS AND DISCUSSIONS 

 

Extraction of the data for 

Calmatui River Basin was performed 

in ArcGIS environment by clipping 

using the watershed perimeter. 

Vector data from Corine Land Cover 

was overlapped on the SRTM 90 m 

digital elevation model. Figure 1 

presents the distribution of the 

delineated secondary grasslands 

(INSPIRE 231 category) existent in 

the region. It was observed that most 

of the grasslands are located in the 

middle of the basin sideways from 

Calmatui River watercourse.The 

resulted vectors corresponding to 

231 INSPIRE category accounted 

1318.07 ha, representing 1.4% from 

the total area of the basin (table 1). 

However, this category occupies the 

2nd place after the arable land not 

irrigated category (97.1%). Figure 2 

presents an example of NDVI 

extracted for vegetation 

characterization using data recorded 

in March 2014. The processed 

information showed higher NDVI 

values (62-108) for River origin and 

River mouth, suggesting that the 

corresponding canopies located in 

that areas started earlier in 

vegetation. 

Figure 3 shows the land use 

distribution (%) in Calmatui River 

Basin resulted from GIS analysis.  

Some of the secondary 

grasslands are valuable meadows 

containing species with increased 

pastoral value such as: 40-50% 

grasses (Agrostis stolonifera, 

Alopecurus pratensis, Lolium 

perenne, Agropyron repens, 

Cynodon dactylon, Cynosurus 

crystatus, etc.); 15-20% legumes 

(Trifolium repens, Trifolium 

pratense, Trifolium fragiferum, 

Medicago lupulina, etc.); and 30-

35% other botanical species.  

The productivity potential 

of these grasslands ranges from 1.5-

3.5 t DM ha-1 having a pastoral value 

of 1.5-2.5, which ranks them as 

average quality.
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CONCLUSIONS 

 

The delineation of the 

secondary grasslands is useful for 

developing a continuous monitoring 

program using PROBA-V NDVI 

information processed at basin scale 

on multiannual basis during the 

growth season.  

Analysis of NDVI 

information is useful for productivity 

assessment and also for evaluation of 

the impact of cropping practices 

performed on these grasslands on the 

surface water quality. Extracted 

indices may support simulation runs 

of water quality models such as Soil, 

Water and Assessment Tool - 

http://swat.tamu.edu/ (a model that 

simulate the quality and quantity of 

surface and ground water and predict 

the environmental impact of land 

use, land management practices, and 

climate change).
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Abstract  

The biological methods for the determination of the water quality are important 

in that they provide water quality notes which reflecting water quality evolution in time 

and space. Using diatoms instead of the other communities of phytobenthos has become 

a general practice in recente years. They form a very diverse group, both 

morphologically and ecologically, and are found in all natural Waters.  

Following conducted research aspect, we can say that most species of algae are part of 

list of indicators Saprobic water quality, resulting that analyzed water is not polluted in 

an aggressive way.   

 

Keywords: Diatoms, phytoplankton algae, yellowish – brown algae, seasonal variation 

INTRODUCTION 

 

Diatoms (class Bacillariophyta) 

are a type of aquatic 

photosynthetic algae principal. 

Similar to many other algae, they 

can live as unicellular, colonial, or 

folamentous. 

Altough known qualities of these 

algae in literature specialized in 

the country and abroad are few 

studies and they refer mainly to 

major general characters, without 

making reference to their use in 

differentiating the quality of water 

depending on the activity and 

presence of algae in four season, 

respectively winter, spring, 

summer and autumn.  

Since diatoms is an indicator of 

water quality, this aproach aims to 

analyze experimental variation of 

diatom species in four seasonal 

periods of points: Someşul Rece, 

Someşul Cald, Someşul Mic, 

Apahida, Somesul Mare, Dej. 
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MATERIAL AND METHOD 

 

Sampling points were located on 

Somes River in Cluj – Napoca in 

the following areas: Someşul 

Rece, Someşul Cald, Someşul 

Mic, Apahida, Someşul Mare, 

Dej. In order to achieve test 

samples were used in the 

phytoplankton water. The 

biological material was studied by 

taking six water samples from 

phytoplankton in spring – summer 

– autumn – winter 2011. The 

operation was the commonly used 

in laboratoires.         

Morphological characters were 

measured, length, width and were 

taken into consideration for 

determining species specific 

characters. 

After determining the species of 

diatoms was calculated the total 

number of taxa abundance, taxa 

numerically dominant%, 

abundant diatom taxa number%, 

the numerical abundance of 

diatoms%. 

   
RESULTS AND DISCUSSIONS 

 

Sampling points were:  

 Someşul Rece – slightly above 

the Gilau and Someşul; 

 Someşul Cald – somewhere 

above Lake Tarniţa, above village 

Ruseşti; 

 Someşul Mic – somewere 

above Grigorescu neighborlood 

before downtown Cluj; 

 Apahida – after Cluj; 

 Someşul Mare – above the 

confluence with the Someşul 

Mare and Someşul Mic 

 Dej – on Someş, after 

confluence Someşul Mic and 

Mare 

The samples were taken in 4 

season , namely:  

1. Winter  

2. Spring  

3. Summer  

4. Autumn  

According to analyzes conducted 

in the winter season, the dominant 

species is  Diatoma Vulgare, as 

can be seen in the table below:  

 

 

 

 

 

 Table 1 
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Determination winter diatom species 

Stream  Sampling 

date 

Taxonomic 

compozition  
(species list) 

Number 

of taxa 
(total) 

Numerical 

dominant 
taxa 

abundance 

(%) 

Numerical 

abundance 
diatom taxa  

(%) 

Numerical 

abundance of 
diatoms (%) 

Someşul 
Rece 

11.02.2011 Diatoma vulgare 17,00 45,70 89,99 99,87 

Someşul 

Rece 

11.02.2011 Didymosphenia 

geminata 

16,00 28,76 99,99 99,98 

Someşul 
Rece 

11.02.2011 Cymbella 
ventricosa 

 13,45   

Someşul 

Rece 

11.02.2011 Cocconeis 

placentula 

 11,50   

Someşul 
Rece 

11.02.2011 Melosira varians  33,87   

Someşul 

Cald 

11.02.2011 Achnanthes 

minutissima 

10,00 19,69 100,00 100,00 

Someşul 
Cald 

11.02.2011 Cymbella minuta  19,69   

Someşul 

Cald 

11.02.2011 Cymbella 

silesiaca 

 18,98   

Someşul 

Mic 

11.02.2011 Navicula 

capitatoradiata  

16,00 44,10 95,45 99,87 

Someşul 

Mic 

11.02.2011 Navicula sp.  51,31   

Someşul 

Mic 

11.02.2011 Diatoma vulgare  48,89   

Someşul 

Mic 

11.02.2011 Cymbella 

silesiaca 

 20,72   

Apahida  11.02.2011 Navicula 

lanceolata 

15,00 19,90 87,57 97,43 

Apahida  11.02.2011 Navicula 

capitatoradiata  

 14,00   

Apahida  11.02.2011 Diatoma vulgare  49,67   

Someşul 

Mare 

11.02.2011 Didymosphenia 

geminata 

14,00 15,00 100,00 100,00 

Someşul 
Mare 

11.02.2011 Navicula 
capitatoradiata  

 31,60   

Someşul 

Mare 

11.02.2011 Diatoma 

ehrenbergii 

 40,02   

Dej  11.02.2011 Melosira varians 25,00 16,10 65,70 78,00 

Dej  11.02.2011 Navicula 
capitatoradiata 

 45,56   

Dej  11.02.2011 Cymbella 

silesiaca 

 18,87   

 

Following the analysis 

performed in the summer in all 6 

points, were identified different 

species of diatoms, the dominant 

species is Cymbella minuta. 

 
 

 

Table 2  
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Spring diatoms determination 

 
Stream  Sampling 

date 
Taxonomic 
compozition  

(species list) 

Number 
of taxa 

(total) 

Numerical 
dominant 

taxa 

abundance 
(%) 

Numerical 
abundance 

diatom taxa  

(%) 

Numerical 
abundance of 

diatoms (%) 

Someşul 
Rece 

8.04.2011 Cocconeis 

placentula 

16 5,22 95,65 99,97 

Someşul 
Rece 

8.04.2011 Cymbella 
silesiaca 

 13.30   

Someşul 
Rece 

8.04.2011 Cymbella 

minuta 

11,00 40,12 110,00 110,00 

Someşul 
Rece 

8.04.2011 Navicula 

lanceolata 

10,00 10,55 100,00 100,00 

Someşul 
Rece 

8.04.2011 Cymbella 

cymbriformis 

 30,12   

Someşul 
Rece 

8.04.2011 Diatoma 

vulgare 

20.00 

 

16.00 

 

95.74 

 

99.90 

 

Someşul 
Rece 

8.04.2011 Achanthes 

minutissima 
 6,50   

Someşul 
Rece 

8.04.2011 Cymbella 

ventricosa 
 15,06   

Someşul 
Rece 

8.04.2011 Synedra ulna   13,00   

Someşul 
Cald 

8.04.2011 Ceratoneis 
arcus 

12,00 6,50 92,88 30,02 

Someşul 

Cald 

8.04.2011 Meridion 

circulare 

 5,66   

Someşul 
Cald 

8.04.2011 Diatoma 
vulgare 

 5,32   

Someşul 

Cald 

8.04.2011 Synechococcus 

capitatus 

 84,90   

Someşul 
Mic 

8.04.2011 Navicula 
lanceolata 

20,00 55.60 96,76 100,00 

Someşul 

Mic 

8.04.2011 Cymbella 

minuta 
 45,60   

Someşul 
Mic 

8.04.2011 Diatoma 
vulgaris 

 8,20   

Someşul 

Mic 

8.04.2011 Navicula 

cryptocephala 

 6,88   

Apahida 8.04.2011 Navicula 

lanceolata 
16,00 90,89 100,00 100,00 

Apahida 8.04.2011 Diatoma 

vulgaris 

8,20    

Apahida 8.04.2011 Navicula 
cryptocephala 

16,00 30,00 99,99 100,00 

Apahida 8.04.2011 Cymbella 

minuta 
 16,80   

Someşul 
Mare 

8.04.2011 Cocconeis 
placentula 

15,00 4,53 94,97 99,80 

Someşul 

Mare 

8.04.2011 Cymbella 

silesiaca 
 14.86   

Someşul 
Mare 

8.04.2011 Cymbella 
minuta 

 66,79   

Someşul 

Mare 

8.04.2011 Navicula 

lanceolata 
 10,02   

Someşul 
Mare 

8.04.2011 Achanthes 
minutissima 

 6,71   
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Dej 8.04.2011 Navicula 

lanceolata 
10,00 10,56 99,90 99,98 

Dej 8.04.2011 Cymbella 

minuta 
75,00    

Dej 8.04.2011 Cymbella 

cymbriformis 
41,00    

 

According to the analyzes 

conducted in the summer in all 6 

points, were identified different  

 

species of diatoms, the dominant 

species are  Cymbella minuta and  

Didymosphenia geminate.

 

Table 3 

Summer diatoms determination 

Stream  Sampling 

date 

Taxonomic 

compozition  

(species list) 

Number 

of taxa 

(total) 

Numerical 

dominant taxa 

abundance (%) 

Numerical 

abundance 

diatom taxa  
(%) 

Numerical 

abundance of 

diatoms (%) 

Someşul 
Rece 

11.06.2011 Achanthes 

minutissima 

18 47,52 96,65 99,97 

Someşul 
Rece 

11.06.2011 Cocconeis 

placentula 

 38,71   

Someşul 
Rece 

11.06.2011 Cymbella minuta  20,12   

Someşul 
Rece 

11.06.2011 Achnanthes 

affiniss 

20,00 18,55 99,00 0,00 

Someşul 
Rece 

11.06.2011 Navicula gregaria  28,88   

Someşul 
Rece 

11.06.2011 Navicula 
lanceolata 

 
 

1,00 
 

 
 

 
 

Someşul 

Cald 

11.06.2011 Achanthes 

minutissima 

9,00 5,60 68,20 8,12 

Someşul 

Cald 

11.06.2011 Tapinothrix sp.  98,66   

Someşul 

Cald 

11.06.2011 Didymosphenia 

geminata 

11,11 12,53 99.00 98,99 

Someşul 

Cald 

11.06.2011 Cymbella minuta 32,01 51,09 92,94 89,99 

Someşul 

Cald 

11.06.2011 Gomphonema 

olivaceum 

7,00 48,80 99,89 98,89 

Someşul 

Cald 

11.06.2011 Achanthes 

minutissima 

40,54    

Someşul 

Cald 

11.06.2011 Fragilaria arcus 

var arcus 

45,00    

Someşul 

Mic 

11.06.2011 Cymbella minuta 32,00 44,43 93,94 98,93 

Someşul 

Mic 

11.06.2011 Didymosphenia 

geminata 

 24,10   

Someşul 

Mic 

11.06.2011 Diatoma vulgaris 30,00 50,05 95,00 99,60 
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According to the analyzes carried 

aut in autumn, in all 6 locations was 

dominant Navicula capitatoradiata 

species. 
 

Table 4  

Autumn diatoms determination 

 
Stream  Sampling 

date 

Taxonomic 

compozition  

(species list) 

Number 

of taxa 

(total) 

Numerical 

dominant 

taxa 
abundance 

(%) 

Numerical 

abundance 

diatom taxa  
(%) 

Numerical 

abundance of 

diatoms (%) 

Someşul 
Rece 

5.09.2011 Navicula 
capitatoradiata 

9,00 39,00 99,99 99,99 

Someşul 

Rece 

5.09.2011 Cocconeis  

placentula 

 30,11   

Someşul 
Rece 

5.09.2011 Fragilaria ulna  41,00   

Someşul 

Rece 

5.09.2011 Diatoma vulgaris 21,00 30,08 79,99 99,98 

Someşul 
Rece 

5.09.2011 Achnanthes 
affinis 

30,00 20,32 87,67 89,78 

Someşul 

Rece 

5.09.2011 Cymbella 

silesiaca 

 20,12   

Someşul 
Cald 

5.09.2011 Diatoma 
ehrenbergii 

9,00 69,56 99,89 98,99 

Someşul 
Cald 

5.09.2011 Fragilaria arcus 
var arcus 

 44,32   

Someşul 
Cald 

5.09.2011 Achanthes 
minutissima  

15,00 78,66 100,00 100,00 

Someşul 

Mic 

11.06.2011 Navicula  

capitatoradiata 

 41,39   

Apahida  11.06.2011 Navicula sp. 18,00 61,20 95,44 99,95 

Apahida 11.06.2011 Navicula 

capitatoradiata 

 34,12   

Apahida 11.06.2011 Diatoma vulgare 30,00 18,42 89,99 85,50 

Apahida 11.06.2011 Didymosphenia 
geminata 

 34,50   

Apahida 11.06.2011 Cymbella minuta  35,00   

Apahida 11.06.2011 Cymbella 

silesiaca  

 20,12   

Someşul 

Mare 

11.06.2011 Achanthes affiniss 19,00 18,19 98,98 99,60 

Someşul 

Mare 

11.06.2011 Navicula gregaria  30,63   

Someşul 

Mare 

11.06.2011 Navicula 

lanceolata 

 1,21   

Someşul 

Mare 

11.06.2011 Fragilaria arcus 

var arcus 

9,00 45,00 99,99 99,99 

Someşul 

Mare 

11.06.2011 Diatoma vulgare  26,00   

Dej  11.06.2011 Diatoma sp. 5,00 18,75 100,00 100,00 

Dej  11.06.2011 Cocconeis 
placentula 

 7,00   

Dej  11.06.2011 Didymosphenia 

geminata 

 80,32   
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Someşul 
Cald 

5.09.2011 Cymbella minuta  16,76   

Someşul 
Mic  

5.09.2011 Navicula 

capitatoradiata 

15,00 31,99 96,00 99,89 

Someşul 
Mic  

5.09.2011 Navicula sp. 16,00 61,11 94,80 99,98 

Someşul 
Mic  

5.09.2011 Cymbella minuta  20,70   

Someşul 
Mic  

5.09.2011 Navicula 
lanceolata 

20,00 20,23 76,44 87,90 

Apahida  5.09.2011 Diatoma vulgare 15,00 20,04 77,99 79,98 

Apahida  5.09.2011 Navicula 

capitatoradiata 

12,00 19,79 78,00 87,89 

Apahida  5.09.2011 Navicula 

lanceolata 

17,00 45,56 88,84 89,80 

Someşul 
Mare 

5.09.2011 Didymosphenia 

geminata 

14,00 19,56 78,69 79,88 

Someşul 
Mare 

5.09.2011 Didymosphenia 

geminata 

15,00 17,60 88,00 78,10 

Someşul 
Mare 

5.09.2011 Achnanthes 

minutissima 

13,00 16,99 99,00 87,00 

Someşul 
Mare 

5.09.2011 Diatoma 

ehrenbergii 

 32,05   

Dej  5.09.2011 Navicula 

capitatoradiata  

13,00 21,05 65,15 78,45 

Dej  5.09.2011 Melosira varians 17,00 12,03 35,60 56,90 

Dej  5.09.2011 Diatoma Vulgare 8,00 10,70 34,09 54,70 

Dej  5.09.2011 Cymbella 

silesiaca 

 18,87   

 

CONCLUSIONS 

The advantage of biological data 

analysis that algae are permanent 

reception of the environment, 

making ,,bodies santinel” or 

indicator species, they also reflect 

the evolution of water quality and 

sediment for long periods, are 

abundant and divers in diferent 

aquatic ecosystems, have a 

sensitivity range of appropiate 

environmental variations are 

relatively easy to collect and 

determined taxonomic and are 

relatively sedentary.  

A river water quality varies greatly. 

Chemical measurements only 

provide momentary values for water 

quality. Biotic communities reflect a 

river conditions throughout the 

period of life. Developing a diatom 

communities on a fixed surface 

require several weeks. Evolution of 

biological measurements of water 

quality. Determination classic river 

quality is based on a chemical 

analysis of water samples. In recent 

years it has shown that the analysis 

of plant and animal community 

structure in streams, rivers and lakes, 

reflect more accurately their health. 

Diatom instead use other 

phytobenthos communities become a 
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general practice in recente years due 

to a number of reasons. Diatoms 

from a very diverse group, from the 

morphologically and ecologically, 

are found in all natural Waters. It 

representes major group of algae in 

most rivers. 

Following research, we can say that 

most species of algae are part of list 

if indicators Saprobic water quality 

resulting water analyzed is not 

polluted in an aggresive way, 

allowing algae to grow in favorable 

conditions.
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Abstract 

 The solution for a continuous increase of the requirements for food resources, 

both in terms of quantity and quality, can be done by expanding cultivated areas, 

increasing the soil fertility, high yields per unit area, but the most important alternative 

is implementation  of  the higher technological measures. Conventional farming system 

causes the rapid growth of production through the use of numerous works for seedbed 

preparing, with short rotations, increasing amounts of fertilizers and pesticides, all with 

negative repercussions on the physical-chemical state of the soil and in the same way on 

the environment quality. To remedy these inconveniences was resorted to practicing the 

sustainable agriculture systems. The sustainable agriculture has emerged as an 

alternative to conventional agriculture or intensive, with the main components: crop 

rotation and crop structure, use in optimal doses of chemical fertilizers combined with 

the organic, soil works etc. All these are intended to increase and maintain the soil 

fertility for a longer period, environmental protection, biodiversity conservation, 

protecting and stimulating the activity of microorganisms, useful flora and fauna, 

restoration and protection of natural landscape quality etc. Crop rotation is the most 

important component of agricultural systems that contribute to meeting these 

requirements. By introducing crop rotation are eliminated most of the problems caused 

by intensive use of land and biodiversity loss, deteriorating the physicochemical and the 

biological soil characteristics, ambient pollution etc. Establishing a more diverse 

structures of crops, in the crop rotation with species and varieties adapted to specific 

regional conditions and specific technology application, improves the sustainability of 

the farming system. 

 

Keywords: temporary grassland, crop rotation, sustainable agriculture 

 
INTRODUCTION 

 

The introduction in the cropping 

rotation of the surfaces with complex 

mixture of perennial grasses and 

legumes improves soil physical, 

chemical and biological soil 

properties, protects the soil against 
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erosion, creating as a result the 

favorable conditions for plant 

growth, involving production 

increases. Grasses and perennial 

legumes from floristic composition 

of temporary grassland have a very 

important role in improving the soil 

properties, increasing the content of 

organic and inorganic substances, 

getting a stable soil structure, 

improves system of water and air and 

develops intense biological activity. 

It also recorded significant increases 

of humus soluble aggregates, P2O5 

and K2 0.In the crop rotation with 

temporary grassland has also been a 

rise in the concentration of organic 

carbon and total nitrogen and also 

there is a limit to decrease the pH. 

Legumes in the mixture have the 

appropriation to enrich the soil with 

atmospheric nitrogen as a result of 

symbiosis, with nitrogen-fixing 

bacteria (150-200 kg/ha/year). 

In the rotation, the crops following 

temporary grassland, find the most 

favorable conditions for growth and 

development, achieving higher 

production, both quantitatively and 

qualitatively.

. 
MATERIAL AND METHOD 

 

In the experimental field of Fagaras 

Depression were cultivated the crops 

suitable to these areas, using the 

following rotation: 

- Temporary grassland (perennial 

grasses + legumes); 

- Potato; 

- Spring wheat; 

- Fodder turnip; 

- Silage maize. 

Figure 1 shows the location of crops 

scheme under experimental device.
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Legend: P - potato;   G 1 – temporary grassland in 1st year; 

FT-forage turnip;  G 2 - temporary grassland in 2nd year  

SW - spring wheat;  G 3 - temporary grassland in 3rd year; 

SM - silage maize;  G 4 - temporary grassland in 4th year. 

 
Fig.1. Cultural history of experimental field 
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To determine the characteristics of 

the climate from Fagaras 

Depression- Brasov County, have 

been used data from the 

meteorological station Fagaras, 

belonging to the National 

Meteorological Administration, the 

only serving territory. The Fagaras 

station is located at latitude 45050l N, 

longitude 24
0

56
l

 E and altitude of 

428 m above sea level. 

It was found that the year 2013 - 

2014 was a farming year with hydric 

stress, the growing season being a 

thermal regime moderately 

compared to  the previous year and 

low precipitation, both during in 

winter and the growing season, 

which contributed the crop 

developing in  the harsh conditions 

and a decreasing in average 

productivity per hectare.  

 
RESULTS AND DISCUSSIONS 

 
 

a. Economic aspects to specific 

crops of the Fagaras zone, in 

rotation with a complex mixture of 

grassland perennial grasses and 

forage legumes 
 

a.1 Economic aspects of the complex 

mixture of grassland perennial 

grasses and legumes 

The data obtained during 

experiments shows the yields of 

DM/ha for each rotation. In the year 

that the grass mixture was cultivated 

after spring wheat (A1) to a NPK 

fertilizer rate of 100-100-100 kg/ha, 

in 2013 and 50-50-50, in 2012 and 

2014, it has obtained an average 

annual output of 13,85 t DM/ha, 

achieving an estimated income of 

7.617* lei/ha. Potato crop is also a 

good precursory crop for the mixture 

of grassland perennial grasses and 

legumes, the land remains clean after 

harvesting it. At a fertilizer rate of 

N100P100K100, in the year of 

establishment 2013 and 

N50P50K50, next year 2014 (C1) 

were achieved an average 12,29 t 

DM/ha, with an estimated income of 

6.760* lei/ha. 

Average production level at 

all alternatives ranged from 7,93 to 

13,85 t DM/ha, with estimated 

incomes, between 4361-7617* 

lei/ha, values that recommend a 

profitable crop in the area. 

(* The average annual price 

of complex mixture of perennial 

grasses with legumes was considered 

0,55 lei/kg DM). 

a.2  Economic aspects of the 

potato crop 

The experimental results 

highlight that silage maize and the 

temporary grassland are good 

precursory for potato in Fagaras 

area. 

The highest yields were 

obtained in variants of rotation (A2, 

B3, C4), within 

temporary grassland was followed 

by a hoeing plants (silage maize, 

forage turnip) and a uniformity crops 

(spring wheat). 
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 The lowest yields, of 11,47 and 

13,97 t/ha, were obtained in 2012, 

because the 2012 agricultural year 

was characterized by a deficient 

rainfall during June-September, that 

associated with high temperatures in 

summer generated a particularly 

excessive drought. Another cause 

was the low levels of fertilization of 

N50P50K50 kg/ha. 

 One advantage of using the 

rotational temporary grassland 

system, in 2013, after two years, is 

the low degree of weed infestation 

compared to other preceding crops. 

On average, in the three years of 

rotation after different precursory 

crops, potato provides an estimated 

income of 17.644* lei/ha. 

 (* The average annual price of 

potatoes was considered by 0,60 

lei/kg). 

a.3 Economic aspects of the spring 

wheat crop 

     According to the experimental 

results, the first crop rotation cycle of 

2012, spring wheat crop has had 

production of 3.318-3.700 kg/ha, on 

all variants with precursory the 

temporary grassland. 

In 2013,  in all variants the yields 

were lower than those of 2012 and 

2014, differences ranging from 306-

1.959 kg/ha, due to spring weather 

conditions which resulted in a lower 

establishment  of spring wheat crop 

which led to  a density at harvest of 

220 heads/m2 A4 variant, 194 

heads/m2, variant B3 and 235 

heads/m2, variant C5. 

    The medium annual yields of 

spring wheat crop are 2.368 (2013), 

3.509 (2012) and 3.452 kg/ha 

(2014), the estimate incomes 

obtained are, averaged over three 

years of rotation, of 2.363* lei/ha, 

relatively small, but it is 

recommended its use in crop rotation 

in a situation where cannot work the 

land in autumn and cannot sow 

winter wheat or rye, allowing a better 

time sharing of the labor on the farm, 

especially since it is a complete 

mechanized crop. 

(* The annual average price of spring 

wheat was considered 0,76 lei/kg). 

a.4 Economic aspects of the forage 

turnip crop 

              From the experimental data 

it results that for forage turnip the 

best precursory represents temporary 

grassland, which provides an 

increase of 14 % in the same year 

2013 and 34 % in 2014, when in crop 

rotation, sown grassland is  before 

preceding  crop, compared to other 

rotation made in the same years, 

under a low fertilization  of 

N50P50K50 kg/ha, in 2014. 

    Notably that in 2013, in 

alternative with precursory sown 

grassland (A2), in addition to 

relatively high production of roots, 

the crop weeding degree was 8 %, 

compared with 19 % for the above 

mentioned rotation. 

      Averages of annual root 

production were 38,25 (2013) and 

50,68 t roots/ha. 

      The estimated income average 

realized from the crop, in the rotation 

of two years, is 15.563* lei/ha, 

except derived income from 

secondary production (leaves etc.), a 
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profitable crop with a high feeding 

value. 

   (* The annual average price of 

forage turnip was considered 350 

lei/t). 

  a.5 Economic aspects of the 

silage maize crop 

     The experimental data shows that 

silage maize production in 2012, at a 

fertilization N50P50K50 kg/ha, 

ranged from 8,95 (B3) and 10,10 t/ha 

(C2), due to the spring weather 

conditions of this year, large 

temperature fluctuations between 

day and night, thermal amplitude 

being 33,9 oC in April, with monthly 

minimum -5,2 oC (on April 2nd) and 

the maximum  of 28,7 oC (29th to 30th 

April), that affected significantly  the 

maize crop. Also, during July-

August coincided with the highest 

soil water deficit caused by lack of 

rainfall.  

The phenomenon has been amplified 

by high sunshine duration and the 

average of monthly 

temperatures. Under fertilization 

rate of N100P100K100 (2013) the 

production ranged between 50,81 

and 64,51 t/ha, the maximum being 

obtained from variant with sown 

grassland as previous crop, two years 

of existence. 

     The average of estimated annual 

income, during the two years of 

rotation, 2013 and 2014 

(N50P50K50), with climatic 

conditions closely to multiannual 

average, after different precedent 

crops is 5.670* lei/ha and it is a 

suitable crop for mixed farming in 

Fagaras, in addition that is a 

completely mechanized crop, 

indispensable within dairy cows 

farms. 

     (* The annual average price of 

silage maize was considered 120 

lei/t). 

 

b. The evolution of soil physical 

and chemical indicators of 

temporary grassland crop rotation 

The sustainable use of soil under 

conditions of significant changes in 

terms of ownership, technical 

equipment, production destination, 

price fluctuations, demand for 

agricultural products, requirements 

related to environmental protection,  

it was attempted finding the specific 

technological solutions for the 

studied area. 

Crop rotation is an important link of 

agricultural technologies 

contributing to constant productions 

over time. For this purpose, have 

initiated experiences in Depression 

Fagaras, was introduced in the crop 

rotation a  complex mixture of 

grasses with legumes on an initial  

agro fond N100, P100, K100, 

reducing half in the coming years. 

Physical-chemical evolution in the 

studied experimental field was 

positive in terms that the soil 

answered to chosen technological 

solution. The greater inputs from the 

first year of experimentation, were 

reflected in agrochemical indices 

measured, as the yields obtained. 

Further reduction of the amount of 

fertilizer also has reflected its index 

values measured. Also, it was 

observed that doses N50, P50, K50, 
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consistently applied with 

improvement effect that the complex 

mixture of grasses with forage 

legumes has on soil have led to an  

increased production of crops in 

rotation and a slight improvement in 

soil structure indices. 

For each determined element have 

observed the following: 

 soil reaction (pH) in Fagaras 

experimental field is 

characterized by a uniformity 

across the field and very little 

variation from one year to 

another, this stability is 

attributed to the 

administration of calcareous 

amendments in the first year 

of experimentation; 

 content of total nitrogen (Nt 

%) recorded an  increasing; 

 organic matter content (Ct * 

1,72 %) increased (because of 

fresh plant debris) in 

experimental field; 

 phosphorus content (PAL ppm) 

registered a growth trend in 

experimental field; 

 mobile potassium content 

(KAL, ppm) decreased. It is 

recommended to increase the 

dosage of potassium; 

 hydrostatic aggregates 

number (AH) increased 

modestly, growth can be 

attributed to the assortment of 

selected crops. The degree of 

dispersion of structural 

aggregates (D) shows a 

downward trend; 

 structural instability index 

(IS) shows a modest decrease 

in the experimental fields It 

notes, as a general trend, 

improvement in soil structure 

in the analyzed field.  

Also, it may notice a modest 

improvement in the supply of 

nutrients from the soil. An exception 

is the potassium content available for 

the plants, which suffered a decrease 

in time. 

The effects of introducing 

the temporary grassland in rotation 

were poorly distinguishable from the 

physico-chemical parameters 

analyzed, producing the significant 

changes over a period of time. 

Importantly is this slight 

improvement as a sustainable land 

use.  

If to this soil quality 

improvement it adds the  production 

increases achieved by crops and 

environmental benefits, it can be said 

that the chosen technological 

solution can be successfully 

recommended to farmers from the 

studied area. 
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CONCLUSIONS 

 

The research conducted before and 

during the trials revealed that the 

introduction in  the crop  rotation 

system of sown grassland with 

mixtures of perennial grasses and 

forage legumes have substantially 

improved the physical and 

biochemical properties of soil, 

creating favorable conditions for 

other crops in the rotation, 

highlighting the following 

advantages: 

- symbiotic nitrogen fixation 

(bioazot) up to 150-200 kg/ha/year 

and a rezidual biomass at the end of 

the growing season of 5-6 t/ha; 

- soil carbon sequestration; 

- reducing the nutrients leaching 

from the soil; 

- improved utilization of rain water; 

- shading the soil (decrease the 

evapo-transpiration); 

- soil aeration; 

- weed control; 

- pest and disease control; 

- ensuring low cost in crop rotation 

as a result of lower amounts of 

chemical fertilizers; 

- improve the use of soil nutrients; 

- lighter cultivation systems; 

- reduced requirements for plant 

protection. 
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Abstract  

The study conducted during 2014-2015, in the ARDS Secuieni, aimed to analyze 

the influence of fertilization and the mixture of species on forage quality and goals were 

represented by the determination of forage content in raw protein (CP), NDF (neutral 

detergent fiber), ADF (acid detergent fiber) and the calculation of relative forage quality 

(RFQ). The experimental factors were represented by the fertilization (factor A), with 

four graduations: a1-N0P0; a2-N40P40; a3-N80P40; a4-N80+40P40, and the mixture of 

perennial grasses and legumes (factor B), with three graduations: b1 - 85% grasses (60% 

Dactylis glomerata L. + 25% Lolium perenne L.) + 15% legumes (15% Lotus 

corniculatus L.); b2 – 90% grasses (20% Dactylis glomerata L. + 70% Lolium perenne 

L.) + 10% legumes (5% Lotus corniculatus L.+ 5% Trifolium pratense L.);  b3 - 90% 

grasses (70% Dactylis glomerata L. + 20% Bromus inermis Leyss) + 10% legumes (10% 

Lotus corniculatus L.). The results showed that the highest content of feed PB was 

achieved in variant fertilized with N80+40P40 and sown with Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus corniculatus 5% + Trifolium pratense L. 5% mixture, 

and the lowest, was recorded in the unfertilized variant and sown with Dactylis glomerata 

L. 70% + Bromus inermis Leyss 20% + Lotus corniculatus L. 10% (control variant) 

mixture. The amounts of applied nitrogen had influenced the raw protein content in each 

of the studied mixtures, existing positive correlations statistically ensured. 
 

Keywords: fertilization, grasses-legumes mixtures, CP, NDF, ADF, RFQ 

 

INTRODUCTION  

 

The sown meadows have 

valluable attributes, unmatched by 

other forage crops. Among these 

notes, first, high yields that can be 3-

5 times higher than the permanent 

grasslands. The floristic composition 

is established on scientific criteria, 

according to climatic conditions, 

agricultural technique applied and by 

the exploitation mode allows for a 

higher feed in terms of quantity and 

quality, than that obtained in 

permanent grassland.  

Temporary meadows 

exercised a remarkable role in terms 

of improving soil properties. Thus, 

due to the cultivation of grasslands it 

is recorded an increase in the content 
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of organic and mineral matter in the 

soil, its structure becomes stable, it 

enhances the regime of water and air, 

microbiological activity is 

developing intensively and the crops 

following the perennial grasses find 

the most good growing conditions 

and give high yields with reduced 

fertilizer (VÎNTU et al., 1996; 

SAMUIL and VÎNTU, 1999; 

GOLIŃSKI, 2008; TOMIĆ et al., 

2011).In the conditions of our 

country, the establishment of 

temporary meadows are the main 

and sometimes the only means of 

improvement of some permanent 

meadows. 

The maintaining at a high 

level of temporary meadows  

productive potential is achieved by 

using valuable species on their 

establishment, applying fertilizer 

and through a rational exploitation 

(LIGORSKY, 1995; ROTAR et al., 

2002; BĂLAN, 2008; HANCOCK, 

2011).  
 

MATERIAL AND METHOD  
 

The aim of the study was to 

analyze the influence of fertilization 

and the mixture of species on forage 

quality and goals were the 

determination plant crude protein 

(CP), NDF (neutral detergent fiber), 

ADF (acid detergent fiber) and 

calculate forage quality relative 

(RFQ) in 2014-2015. 

In the spring of 2013 was 

established in the experimental field 

of the Agricultural Research - 

Development Station Secuieni, from 

Neamt county, an experience with 

two factors of 4x3 type, after the 

subdivided parcels method, in four 

repetitions. The A factor is 

represented by the fertilization, with 

four graduations: a1-N0P0; a2-N40P40; 

a3-N80P40; a4-N80+40P40, and the B 

factor, the mixture of perennial 

grasses and legumes, with three 

graduations: b1 – 85% grasses (60% 

Dactylis glomerata L. + 25% Lolium 

perenne L.) + 15% legumes (15% 

Lotus corniculatus L.); b2 - 90% 

grasses (20% Dactylis glomerata L. 

+ 70% Lolium perenne L.) + 10% 

legumes (5% Lotus corniculatus L.+ 

5% Trifolium pratense L);  b3 – 90% 

grasses (70% Dactylis glomerata L. 

+ 20% Bromus inermis Leyss) + 

10% legumes (10% Lotus 

corniculatus L.). the soil type is 

chernozem (SRTS, 2012) and it is 

characterized by a poorly acid pH 

(6.29), the humus content of 2.55-

3.10%, middle stocked in N and well 

stocked in P2O5 and K2O.  

The sown surface of the 

experimental plot was of 10 m2 

(sqm), of which 8 m2 have been 

harvested. In the seeding year were 

performed three uniformisation 

mowings.  

In the researches carried out 

at A.R.D.S. (S.C.D.A.) Secuieni, the 

use of the studied mixtures was 

mixed: a harvest in grassland regime, 

at the earing of dominant grasses and 

the legumes budding, and four 

harvests in grazing simulation 
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regime, at 28 days.  

The background fertilization 

was made with phosphate fertilizers 

administered in the fall, and those 

based on nitrogen were administered 

in early spring at vegetation startup, 

except the N80+40 graduation, which 

difference was administered after the 

first cut.   

The harvesting was done 

with „Bertolini” moto mower, at a 

height of 4-5 centimeters from the 

ground.  

Dry matter was determined 

by treating samples at 105°C for 3 

hours. Nitrogen content was 

determined by Kjeldahl method, and 

NDF and ADF content were 

determined by Van Soest method. 

The amount of CP per hectare 

was calculated based on DM 

production per hectare and its 

content in the CP. 

RFQ (Relative Forage 

Quality) was calculated using the 

Equation 1 (WARD and 

ONDARZA, 2008; LINN  and 

MARTIN, 2012). 
 

23.1

120
))0124.0085,1(796,89898,4(

NDF
ADF

RFQ



  

Equarion 1. Relative Forage Quality 

 

From a climate perspective, 

in 2013/2014 agricultural year the 

recorded temperatures were with 

0.5°C higher than the multiannual 

average (8.7°C), and the 

precipitations have recorded a deficit 

of 49.3 mm compared with the 

multiannual average (548 mm). 

The results were statisticaly 

analyzed by the analyses of variance 

and limit differences. We also 

determined the correlation equations 

and the significance of the square 

regression between the amount of 

nitrogen applied and the CP, NDF, ADF 

content and RFQ. 

 

RESULTS AND DISCUSSIONS 

 

Analyzing the influence of 

the interaction between fertilization 

and the quality of the feed mixture in 

2014 (Table 1) are observed 

variations of RP content. Thus at the 

variant fertilized with N80+40P40 and 

sown with Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixture, 

was achieved the highest content of 

feed in RP of 15.43 g/100g d.s., and 

the lowest, of 13.07 g/100g d.s., was 

recorded in the unfertilized variant 

and sown with Dactylis glomerata L. 

70% + Bromus inermis Leyss 20% + 

Lotus corniculatus L. 10% mixture 

(control). Compared with the 

control, all the differences obtained 

by Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 
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pratense L. 5% mixture, were 

positive statistically ensured. At 

N80+40P40 fertilization, all the studied 

mixtures showed significant positive 

differences compared to the control 

variant. 

From the analysis of the 

obtained results can be noticed that 

in the case of the influence 

interaction between fertilization and 

mixture on the content in NDF of the 

feed mixture, the recorded values 

ranged from 42.40 to 58.90 g/100g 

d.s. Compared with the control, the 

differences obtained at the variant 

sown with Dactylis glomerata L. 

70% + Bromus inermis Leyss 20% + 

Lotus corniculatus L. 10% mixture 

at the four fertilization doses were 

positive, very significant. Also, the 

difference obtained at Dactylis 

glomerata L. 60% + Lolium perenne 

L. 25% + Lotus corniculatus L. 15% 

mixture, fertilized with N80+40P40, 

was positive, highly significant. 

Analyzing the influence of 

interaction between fertilization and 

mixture on the content in ADF of the 

feed, it is noted that at the variant 

sown with Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixture, in 

unfertilized conditions, was obtained 

the lowest content, of 26.63 g/100g 

d.s., and the highest of 35.17 g/100g 

d.s., was registered at the variant 

sown with Dactylis glomerata L. 

70% + Bromus inermis Leyss 20% + 

Lotus corniculatus L. 10% mixture, 

fertilized with N80+40P40. The variant 

sown with Dactylis glomerata L. 

70% + Bromus inermis Leyss 20% + 

Lotus corniculatus L. 10% mixture, 

was obtained the highest content in 

ADF of the feed, the differences 

from the control variant were 

statistically ensured, being very 

significant. The difference between 

the control variant and the variant 

sown with  Dactylis glomerata L. 

60% + Lolium perenne L. 25% + 

Lotus corniculatus L. 15% mixture 

fertilized with  N80+40P40, was 

statistically ensured, as distinctly 

significant. 

Analyzing the influence of 

interaction between fertilization and 

mixture on the relative quality of the 

feed RFQ, it is noted that the 

unfertilized variant, sown with 

Dactylis glomerata L. 20% + Lolium 

perenne L. 70% + Lotus corniculatus 

L. 5% + Trifolium pratense L. 5% 

mixture was achieved the best 

relative value, of 167, and the lowest, 

of 105, was registered at the variant 

fertilized with N80+40P40, sown with 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10%. 

The fertilization had 

influenced differently the relative 

forage quality (RQF) so between the 

control variant and the other variants 

were obtained differences 

statistically ensured. At the variant 

sown with Dactylis glomerata L. 

70% + Bromus inermis Leyss 20% + 

Lotus corniculatus L. 10% mixture, 

all the differences compared to the 

control variant at the four 

fertilization doses were negative, 

very significant.
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Table 1 

The influence of the interaction between mixture and fertilization 

on the feed quality, in 2014 to mixed usage 

 

Variant 
Quality parameters 

PB 
(g·100g-1 DM) 

NDF 
(g·100g-1 DM) 

ADF 
(g·100g-1 DM) 

RFQ 

a1 -  

N0P0 

 (c) 

b1 - D.g.60% 

+L.p.25% 

+L.c.15% (c) 

13.21C 44.51C 26.97C 158C 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

15.24* 42.40 26.63 167** 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

13.07 51.45*** 30.63** 129ººº 

a2 -  

N40P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

13.58 45.97 28.06 151º 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

15.06* 43.11 27.20 163 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

13.60 51.76*** 31.29** 127ººº 

a3 -  

N80P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

13.90 48.17* 28.67 143ººº 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

15.37* 45.06 28.22 154 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

14.08 53.80*** 32.24*** 120ººº 

a4 -  

N80+40 

P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

15.25* 52.78*** 31.46** 124ººº 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

15.43* 45.03 28.32 153 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

15.34* 58.90*** 35.17*** 105ººº 

LSD 

0.05 1.78 3.22 2.61 7 

0.01 2.38 4.31 3.50 9 

0.001 3.14 5.69 4.62 12 

c - control variant 
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The differences obtained 

between the control variant and the  

Dactylis glomerata L. 60% + Lolium 

perenne L. 25% + Lotus corniculatus 

L. 15% mixture fertilized with  

N40P40, N80P40 and N80+40P40, were 

negative, significant and very 

significant. Feed produced from this 

mixture as belonging to 0 class 

(excellent) (after HANCOCK, 

2011). In the case of the variant sown 

with Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 

pratense L. 5% mixture, in 

unfertilized conditions, the 

difference compared to the control 

variant was positive, significant 

distinct. The feed produced from this 

mixture, with a RFQ of 167, belongs 

to the 0 class of quality (excelent) 

(after HANCOCK, 2011).  

Analyzing the influence of 

interaction between fertilization and 

mixture on forage quality in 2015 

(table 2) revealed that the variant 

fertilized with N80P40 and sown with 

Dactylis glomerata L. 20% + Lolium 

perenne L. 70% + Lotus corniculatus 

L. 5% + Trifolium pratense L. 5% 

mixture, it was obtained the highest 

content of feed in PB, of 16.26 

g/100g d.s., and the lowes, of 12.94 

g/100g d.s., was recorded in the 

unfertilized variant and sown with 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% (control 

variant) mixture. The studied factors 

had a different impact on PB feed 

content. Compared with the control 

variant, all the differences obtained 

by Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 

pratense L. 5% mixture and 

fertilized with N40P40, N80P40, 

N80+40P40 were positive, significant 

and very significant distinct. The 

variants sown with Dactylis 

glomerata L. 60% + Lolium perenne 

L. 25% + Lotus corniculatus L. 15% 

and Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% mixtures and 

fertilized with  N80P40 and N80+40P40, 

showed positive differences, but 

significant to witness. Analyzing the 

influence of interaction between 

fertilization and mixture on the feed 

content in  NDF it is noted that the 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% mixture, 

fertilized with N80P40, obtained the 

highest content of feed in NDF, of 

57.69 g/100g d.s., and the lowest, of 

45.67 g/100g d.s. was recorded at 

Dactylis glomerata L. 20% + Lolium 

perenne L. 70% + Lotus corniculatus 

L. 5% + Trifolium pratense L. 5% 

mixture, in unfertilized conditions, 

which shows the importance of 

species on the chemical composition 

of the feed mixture. All the studied 

factors have increased the NDF 

content of the feed. Thus, the 

differences between the control 

variant and variants sown with 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 
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corniculatus L. 10% mixture, were 

positive, very significant. 
 

Table 2 

The influence of the interaction between mixture and fertilization 

on the feed quality, in 2015 to mixed usage 

Variant 
Quality parameters 

PB 
(g·100g-1 DM) 

NDF 
(g·100g-1 DM) 

ADF 
(g·100g-1 DM) 

RFQ 

a1 -  

N0P0 

 (c) 

b1 - D.g.60% 

+L.p.25% 

+L.c.15% (c) 

12.94C 45.99C 27.13C 153C 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

14.14 45.67 27.18 154 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

13.07 53.39*** 31.35** 123ººº 

a2 -  

N40P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

13.78 49.44* 28.88 138ººº 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

15.16** 47.42 28.39 145 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

13.84 54.63*** 32.37*** 118ººº 

a3 -  

N80P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

14.79* 51.87** 30.44* 129 ººº 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

16.26*** 49.61* 29.83 136ººº 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

14.79* 57.69*** 34.03*** 109ººº 

a4 -  

N80+40 

P40 

b1 - D.g.60% 

+L.p.25% 

+L.c.15%  

14.42* 50.70** 29.68 133ººº 

b2 - D.g.20% 

+L.p.70% 

+L.c.5%+T.p.5% 

16.12*** 49.50* 29.57 137ººº 

b3 - D.g.70% 

+B.i.20% 

+L.c.10% 

14.49* 56.99*** 33.41*** 111ººº 

LSD 

0.05 1.48 3.44 2.82 8 

0.01 1.98 4.61 3.77 10 

0.001 2.62 6.09 4.98 13 

c - control variant 
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The fertilization had 

determined the recording of some  

positive differences, meaningful and 

significant distinct compared to the 

control variant at Dactylis glomerata 

L. 60% + Lolium perenne L. 25% + 

Lotus corniculatus L. 15% mixture. 

In case of Dactylis glomerata L. 20% 

+ Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 

pratense L. 5% mixture, fertilized 

with N80P40 and N80+40P40, were 

recorded positive differences, 

significant to the control 

variant.From the analysis of the 

obtained results it is observed that, in 

case of the interaction between 

fertilization and mixture on the feed 

content in ADF, the variant sown 

with Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 

pratense L. 5% mixture, in 

unfertilized conditions, was 

achieved the lowest feed content in 

ADF, of 27.13 g/100g d.s., and the 

highest of 34.03 g/100g d.s., was 

recorded in the variant sown with 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% mixture, 

fertilized with N80P40. The 

differences between the control 

variant and the Dactylis glomerata 

L. 70% + Bromus inermis Leyss 20% 

+ Lotus corniculatus L. 10% mixture 

were positive, significant and very 

significant distinct. At the variant 

sown with  Dactylis glomerata L. 

60% + Lolium perenne L. 25% + 

Lotus corniculatus L. 15% mixture 

the feed content in ADF was of 30.44 

g/100g d.s., the difference compared 

to the control variant was positive, 

significant. 

Analyzing the influence of 

interaction between fertilization and 

mixture on the relative quality of the 

feed RFQ, it is noted that at the 

unfertilized variant sown with  

Dactylis glomerata L. 20% + Lolium 

perenne L. 70% + Lotus corniculatus 

L. 5% + Trifolium pratense L. 5% 

mixture, was achieved the highest 

relative quality feed, of 154 units (0 

quality class - excellent), and the 

lowest, of 109 units (2 quality class - 

medium), being recorded at the 

variant Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% mixture, 

fertilized with N80P40.  

The differences obtained 

compared to the control variant, 

were statistically ensured, being 

negative, very significant. At the  

Dactylis glomerata L. 20% + Lolium 

perenne L. 70% + Lotus corniculatus 

L. 5% + Trifolium pratense L. 5% 

mixture in unfertilized conditions 

and fertilized with N40P40, no 

statistically ensured differences were 

recorded. 

The response curves from 

the figures 1 and 2, shows that, both 

in 2014, and 2015, at all the mixtures 

there are positive correlation 

statistically ensured between the 

amount of nitrogen applied and the 

raw protein content. 
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Fig. 1. The correlation between the amount of nitrogen applied and the PB content at 

each of the studied mixtures, at the first cut, in 2014 to mixed usage 

 

 
Fig. 2. The correlation between the amount of nitrogen applied and the PB content at 

each of the studied mixtures, at the first cut, in 2015 to mixed usage 

 

Regarding the content in 

NDF, it appears that in 2014 there are 

positive correlations statistically 

ensured between the amount of 

nitrogen applied and the feed content 

in NDF at two of the mixtures, the 

correlation coefficients were 

statistically ensured. At Dactylis 

glomerata L. 20% + Lolium perenne 

L. 70% + Lotus corniculatus L. 5% 

+ Trifolium pratense L. 5% mixture, 

the correlation coefficient was not 

statistically assured (figure 3).  

Between the amount of 

nitrogen applied and the contents of 

NDF, in 2015, there are positive 

correlations statistically ensured at 

Dactylis glomerata L. 60% + Lolium 

perenne L. 25% + Lotus corniculatus 

L. 15% and Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixtures. 

At Dactylis glomerata L. 70% + 
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Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% mixture, the 

correlation coefficient was not 

statistically assured (figure 4). 

Between the amount of 

nitrogen applied and ADF content at 

each of the studied mixtures, in 2014, 

there is a positive correlation, the 

coefficients being statistically 

ensured (figure 5). 

In 2015 conditions there are 

positive correlations between the 

amount of nitrogen applied and the 

content in ADF, at two of the studied 

mixtures, the coefficients being 

statisticallz ensured. At Dactylis 

glomerata L. 70% + Bromus inermis 

Leyss 20% + Lotus corniculatus L. 

10% mixture, the correlation 

coefficient was not statistically 

assured (figure 6). 

 

 
Fig. 3. The correlation between the amount of nitrogen applied and the NDF content at 

each of the studied mixtures, at the first cut, in 2014 to mixed usage 
 

 
Fig. 4. The correlation between the amount of nitrogen applied and the NDF content at 

each of the studied mixtures, at the first cut, in 2015 to mixed usage 
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Fig. 5. The correlation between the amount of nitrogen applied and the ADF content at 

each of the studied mixtures, at the first cut, in 2014 to mixed usage 
 

 
Fig. 6. The correlation between the amount of nitrogen applied and the ADF content at 

each of the studied mixtures, at the first cut, in 2015 to mixed usage 

 

Analyzing the correlation 

between the amount of nitrogen 

applied and RFQ, at each of the 

studied mixtures, in 2014, it shows 

that there are negative correlations, 

and the correlation coefficients were 

significant distinct at two of the 

mixtures.  

At Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixture 

the correlation coefficient was not 

statistically assured (figure 7). 

Negative correlations 

statistically ensured were found also 

in 2015, between the quantity of 

nitrogen applied and RFQ, at all 

studied mixtures. At Dactylis 

glomerata L. 70% + Bromus inermis 

Leyss 20% + Lotus corniculatus L. 

10% mixture, the correlation 

coefficient was not statistically 

assured (figure 8). 
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Fig. 7. The correlation between the amount of nitrogen applied and the RFQ content at 

each of the studied mixtures, at the first cut, in 2014 to mixed usage 
 

 
Fig. 8. The correlation between the amount of nitrogen applied and the RFQ content at 

each of the studied mixtures, at the first cut, in 2015 to mixed usage 

CONCLUSIONS  

 

The highest feed content in 

PB was achieved at the variant 

fertilized with N80+40P40 and sown 

with Dactylis glomerata L. 20% + 

Lolium perenne L. 70% + Lotus 

corniculatus L. 5% + Trifolium 

pratense L. 5% mixture, and the 

lowest, was recorded at the 

unfertilized variant and sown with 

Dactylis glomerata L. 70% + 

Bromus inermis Leyss 20% + Lotus 

corniculatus L. 10% (control 

variant) mixture. 

In the case of the variant 

sown with Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixture, in 

unfertilized conditions, was obtain 

the lowest feed content in ADF, and 

the highest was recorded  at the 

variant sown with Dactylis 
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glomerata L. 70% + Bromus inermis 

Leyss 20% + Lotus corniculatus L. 

10% mixture, fertilized with 

N80+40P40.  

The interaction between 

fertilization and mixture on the 

relative quality of the feed RFQ, 

shows that at the unfertilized variant, 

sown with Dactylis glomerata L. 

20% + Lolium perenne L. 70% + 

Lotus corniculatus L. 5% + 

Trifolium pratense L. 5% mixture, it 

was obtained the best relative value 

of 167 (excellent quality feed).   

The amounts of nitrogen 

applied have influenced the raw 

protein content in each of the studied 

mixtures, there are positive 

correlations statistically ensured.
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Abstract  

The goal of the researches between the period 2013-2015, at the ARDS Secuieni 

- Neamt, was to establish the influence of silage sorghum hybrids (Fundulea 135 ST, 

BMR Gold X şi Biomass 150) and of the sowing density (15 g.b./sqm, 20 g.b./sqm, 25 

g.b./sqm and 35 g.b./sqm) on the dry substance yields. The results obtained in the 

experiments performed have revealed the fact that the sorghum silage prefers the high 

sowing densities (20 g.b /sqm) and the maximum level of production was recorded in the 

variants sown by 25 g.b./sqm. The increase of sowing density at 35 g.b./sqm has 

conducted to a reduced plant resistance at dropping before harvest and also this fact 

leaded at a decreasing level of dry matter yields. The number of shoots dropped with the 

increase of sowing density, but this thing didn’t have a negative influence on the dry 

substance yields. 
 

Keywords: sowing density, dry matter, shoots, plants, silage sorghum. 
 

INTRODUCTION  

 

Sorghum bicolor L. 

Moench. species has a tropical 

origin, it comes from Est Africa and 

spread rapidly in India and China, 

where the sorghum is cultivated 

more then 3000 years. In Europe, this 

specie was brought in sec. XV, but 

didn’t had a rapid spread 

(DRAGOMIR, 2009). In Romania, 

the cultivation of this specie expand 

quickly after 1950’s, in the same 

time with the creation of hybrids 

with high productivity and the 

possibility of harvesting by 

combines for cereals (Volf M., 

2009). India has the largest areas 

cultivated with sorghum species, 

followed by Niger and Sudan, and it 

is ranked at the second place by the 

annual obtained production, after the 

US (FAO, 1995; ICRISAT, 2004; 

NADIA et al., 2009). 

The sorghum can be an 

excellent source of starch, protein, 

sugar, fiber, being more cheaper than 

corn because the cost/ha are lower 
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(SHINDE, 2005;. SINGH et al, 

2007 ; SINGH et al., 2009; 

CLAVER et al, 2010). The sorghum 

percentage of the integration in the 

animal feedind is variable, between 

25% and 100%. The sillage corn is 

used in a large proportion in the 

animal feedind, but the sillage 

sorghum it is used as feed 

supplement. The sorghum 

digestibility is excellent (60-65%), 

what generate favorable 

performance in animal husbandry. 

Moreover, the high level of soluble 

sugars (4-10%) allows fermentation 

of ensiled mass, resulting a perfect 

taste for animals. The sorghum hay 

is quality superior compared with the 

corn hay, beacause it contained hight 

amounts of calcium, phosphorus and 

carotene, but at sillage form, has the 

same value as sillage corn, but it is 

easily ensiling due to the high 

content of carbohydrates 

(DRAGOMIR, 2009). 

Considering the importance 

of this species, the improvement of 

technological links of sorghum 

cultivation, is an issue of a great 

importance for our country, in order 

to obtain high yields to ensure the 

necessary food, forage, feedstock in 

the production of bioethanol - 

considered the fuel of the future. 

Through this paper we want 

to bring some information on the 

importance of genotype adaptability 

to the area’s conditions and also, the 

importance of estabilished proper 

densities of sowing wich has a high 

significant effect due to its positive 

correlation with the number of plants 

present who are forming the plant 

density in the field.  
 

MATERIAL AND METHOD  

 

The researches were conducted 

during 2013 – 2015, at the 

Agricultural Research -  

Development Station Secuieni - 

Neamt. In the unit experimental field 

was placed a bifactorial experience 

of 3 x 4 type, after the subdivided 

parcels method, in three 

repetitions.The placement was made 

on a typical cambic fanerozem 

(chernozem) soil type with a medium 

texture, characterized as: slightly 

acidic (pHH2o – 5.98), well stocked 

in phosphorus (77.6 ppm PAL), Ca 

(13.6 meq/100 g soil Ca) and Mg 

(1.8 meq/100 g soil Mg), medium 

stocked in active humus (1.88 %) 

and nitrogen (16.2 ppm N-NO3) and 

poorly stocked in potassium (124.6 

ppm K2O). The factors studied in the 

experience were AxB type, where: 

the A factor was represented by 

hybrids, with three graduations, 

namely: a1 - Fundulea 135 ST, a2 -  

BMR Gold, and a3 – Biomass 150, 

and the B factor was represented by 

the sowing density, with four 

graduations, namely: b 1 - 15 

germinable beans (g.b.)/sqm, b 2 – 20 

germinable beans (g.b.)/sqm, b 3 - 25 

germinable beans (g.b.)/sqm and b 4 

– 35  germinable beans (g.b.)/sqm. 

The experiments seeding 

was done in the same day 
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(3.05.2013, 30.04.2014 and 

28.04.2014), at a temperature of 

12ºC in soil, and the sowing density 

was secured according to the 

experience plan. The sowing depth 

was of 3-4 cm, and the fertilization 

was made with 40 kg a.s./ha nitrogen 

and 40 kg/ha P2O5. The previous 

plant was the soybean. To describe 

the linear association degree 

between the obtained production and 

experienced densities it has been 

calculated the correlation coefficient 

(r), which takes values between +1 

and -1, the positive values showing a 

positive correlation and the negative 

ones showing a negative 

correlations.  

In the experiment were 

complied all the technological links, 

and the obtained data were 

statistically processed and 

interpreted according to the variance 

analysis method. 
 

RESULTS AND DISCUSSIONS  

 

The results obtained at the 

sorghum silage, during the analyzed 

period, indicate a significant 

difference at the dry matter yields, 

which is depending on the cultivated 

genotype, sowing density and the 

climatic conditions. 

The three years of 

experimentation were different in 

terms of temperature and 

precipitation patterns. However, 

every year of experimentation 

showed a negative influence of the 

sowing density on the number of 

shoots/ha. Between these two 

variables (sowing density and 

number of shoots) were established 

an indirect correlations and the 

correlation coefficients (r) were 

ensured statistically in every year 

and interpreted as negative distinctly 

significant (2013, 2014) and 

negative very significantly (2015) 

(figure 1).
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Fig. 1. Thecorrelation between the sowing density and the  number of shoots at sillage 

sorghum (Sorghum bicolor L. Moench), 2013 – 2015 

The most favorable conditions 

for the cultivation of sorghum were 

those of 2013 year and this was 

reviewed in dry matter yields. The 
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informations from the tab. 1 reveals 

that, the variation of the dry matter 

yields obtained in this year was from 

20.98 to/ha (Fundulea 135 ST x 15 

g.b./sqm) to 29,85 to/ha (Biomass 

150 x 25 g.b./sqm). Compared with 

the productions recorded at the 

control variant (average of the 

experience),  in the variants sown 

with 15 g.b./sqm, only the hybrids 

Biomass 150 and Fundulea 135 ST 

have realized negative very 

significant yields differences 

(Fundulea 135 ST) and negative 

significant yields differences 

(Biomass 150). The Fundulea 135 

ST hybrid have realized negative 

very significant yields differences in 

the variant sown with 20 g.b./sqm 

and negative distinct semnificativ in 

the variant sown with 35 g.b./sqm. In 

the variants sown with 25 g.b./sqm 

were realized distinct significant 

production increases (Fundulea 135 

ST) and very significant (BMR Gold 

and Biomass 150). The BMR Gold 

and Biomass 150 hybrids have 

realized significant production 

increases in the variants sown with 

35 g.b./sqm (table 1). 

The second year of 

experimentation (2014) negatively 

influenced the sorghum silage 

because at the beginning of the 

growing season fell the hail which 

unfortunately led to the loss of 15% 

of the plantlets. The gaps have been 

covered quickly by the emerging 

shoots, fact that has led to obtaining 

a good yields of silage. Thus the dry 

matter production obtained in this 

year varied between 16.22 to/ha 

(Fundulea 135 ST x 15 g.b./sqm) and 

23.84 to/ha (BMR Gold x 25 

g.b./sqm). Compared with the 

control variant dry matter yields 

(average), the yields difference 

obtained was negative very 

significant in the variants sown with 

the Fundulea 135 ST hybrid at the 15 

g.b./sqm sowing density, and at the 

Biomass 150 x 15 g.b./sqm and 

Fundulea 135 ST x 20 g.b./sqm 

variants were registre negative 

distinct semnificative yields 

difference. The yields increases was 

statisticaly assured by the variants 

caracteristic to the interactions 

between BMR Gold x 20 g.b./sqm 

(significant), BMR Gold x 25 

g.b./sqm (very significant), Biomass 

150 x 25 g.b./sqm (distinct 

significant) and BMR Gold x 35 

g.b./sqm (distinct significant) (tab. 

1). The third year of experimentation 

(2015) was extremely droughty, but 

the silage sorghum has succeeded to 

realized good yields of dry matter in 

these conditions. Thus the minimum 

level of yields was recorded by the 

interaction between Fundulea 135 

ST (15.56 to/ha) x 15 g.b./sqm and 

the maximum level was obtained at 

the interaction between Gold BMR x 

35 g.b./sqm (25.66 to/ha), and in 

comparation with the control variant 

(average) the yield increases 

statistically ensured was realized at 

only there variants namely: BMR 

Gold x 25 g.b./sqm (distinct 

significant), BMR Gold x 35 

g.b./sqm (very significant) and 

Biomass 150 x 35 g.b./sqm 

(significant).  
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The Fundulea 135 ST hybrid 

realized the yields difference 

negative very significant, both in the 

variant sown with 15 g.b./sqm, and 

also in the variant sown with 20 

g.b./sqm (table 1). 

 
Table 1 

The influence of the interaction between the hybrids and the sowing density on the dry 

mater yields at Sorghum bicolor L., 2013 – 2015 

 

Sowing density 

(B) g.b./sqm 
Hybrid (A) 

Yields obtained (to/ha) 

2013 2014 2015 

15 

Fundulea 135 ST 20.98 ooo 16.22 ooo 18.56 ooo 

BMR Gold 26.26  19.14 23.21 

Biomass 150 24.70 o 18.37 oo 20.53 o 

20 

Fundulea 135 ST 22.86 ooo 18.41 oo 19.14 ooo 

BMR Gold 27.58  22.64 * 24.00 

Biomass 150 26.33  21.76 22.16 

25 

Fundulea 135 ST 28.51 ** 20.61 21.19 

BMR Gold 28.91 *** 23.84 *** 24.98 ** 

Biomass 150 29.85 *** 23.08 ** 23.47  

35 

Fundulea 135 ST 24.45 oo 19.51 23.38 

BMR Gold 27.93 * 23.14 ** 25.66 *** 

Biomass 150 27.71 * 22.62  24.42 * 

Average (Control variant) 26.34 20.78 22.56 

LD A x B (t/ha) 

5% = 

1% = 

0,1 % = 

 

2
0

1
3
 

 

1.30 

1.74 

2.30 

 

2
0

1
4
 

 

1.86 

2.21 

2.85 
2

0
1

5
 1.68 

2.15 

2.68 

 

The results obtained, averaged 

over the period of research, revealed 

the variant characteristic of the 

interaction between BMR Gold x 25 

g.b./sqm, which realized an average 

yields of 25.91 to/ha and the yields 

increase obtained in comparation 

with the control variant (2.68 to/ha) 

was interpreted as very significant. 

With yield increases who have been 

statistically ensured, we have 

identified the variants characteristic 

with the interactions between 

Biomass 150 x 25 g.b./sqm (distinct 

significant), BMR Gold x 35 

g.b./sqm (distinct significant) and 

Biomass 150 x 35 g.b./sqm 

(significant) (table 2).  

These variants and 

preeminently the one sown with 

BMR Gold hybrid at the 25 g.b./sqm 

sowing density are recommended to 

be included in the cultivation 

technology for silage sorghum in the 

climatic conditions of Central 

Moldavia. 
 

Table 2 

The influence of the interaction between the hybrids and the sowing density on the dry 

matter yields at Sorghum bicolor L., average 2013 - 2015 
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Sowing 

density (B) 

g.b./sqm 

Hybrid (A) 
Yields 

(kg/ha) 

% compared to 

the Control  

Difference 

(kg/ha) 
Signif. 

15 

Fundulea 135 ST 18.59 80 -4.64 ooo 

BMR Gold 22.87 98 -0.36  

Biomass 150 21.20 91 -2.03 oo 

20 

Fundulea 135 ST 20.14 87 -3.09 ooo 

BMR Gold 24.74 107 1.51  

Biomass 150 23.42 101 0.19  

25 

Fundulea 135 ST 23.44 101 0.21  

BMR Gold 25.91 112 2.68 *** 

Biomass 150 25.47 110 2.24 ** 

35 

Fundulea 135 ST 22.45 97 -0.78  

BMR Gold 25.58 110 2.35 ** 

Biomass 150 24.92 107 1.69 * 

Average (Control) 23.23 100 Mt.  

LD A x B (t/ha) 

5% = 

1% = 

0,1 % = 

1.61 

2.03 

2.61 

Between the sowing density and the 

yields dry matter obtained at the 

silage sorghum has been estabilished 

a direct correlation and the 

correlation coefficients (r) were 

assured as very significant (2015) 

and significantly (2014). It can be 

seen how important was the sowing 

density ensured in 2014 year, when 

the hail led to the loss of 15% of 

plants (figure 2).

  
Fig. 2. The correlation between the sowing density and the yield dry matter obtained at 

sorghum (Sorghum bicolor L. Moench.), 2013 – 2015 

 

CONCLUSIONS  
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The results obtained in the 

researches conducted have revealed 

that the silage sorghum can achieve 

very high yields dry matter (29.85 

to/ha) in favorable environmental 

conditions (2013). In the climatic 

conditions, from S.C.D.A. Secuieni, 

have been realized higher yields dry 

matter of 20 to/ha in all experimental 

variants.In the less favorable 

climatic conditions of the second 

year of research (2014), due to the 

emergence of the hail, crop 

productivity has declined, however, 

the yields dry matter realized were 

satisfactory and reached up to 24.15 

to/ha.The third year of the research 

was extremely droughty and the 

silage sorghum dry matter yields 

achived obtained demonstrated that 

it is a species with a high resistance 

to these unfavorably conditions to all 

field crops. This year, the yields dry 

matter obtained have reached up to 

25.66 t/ha. 

The results obtained, 

averaged over the three years of 

experimentation, have revealed that 

the highest yields dry matter is 

recorded in the variants sown with 25 

g.b./sqm and the maximum level is 

recorded in the variant characteristic 

of the interaction between BMR 

Gold x 25 g.b./sqm.The sowing 

density had a positive influence on 

yields dry matter obtained, the 

correlations between these two 

variables were direct, but the number 

of shoots were negatively influenced 

by  the ensured sowing density.
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Abstract 

When people understand that their quality of life is reliant upon the health of 

their natural environment and that they have a direct hand in identifying and creating 

ways to protect and sustainably use their natural resources, both nature and people are 

served. This is the reason why our experience include a study on semi-natural grassland 

based on combined form of organic and mineral fertilization. The experiment was placed 

after experimental technique method and includes six different fertilized treatments in 

four replications. Experiment is establish in Baisoara Commune, Cluj County. The 

experience includes four variants in three repetitions, which are: V1 – control variant, 

(unfertilized); V2 – variant fertilizer with 10 t/ha manure; V3 – variant fertilizer with 10 

t/ha manure + 50N25P25K; V4 – variant fertilizer 20 t/ha manure; V5-variant fertilizer 

with 10 t/ha manure + 100N50P50K and V6-variant fertilized with 100N50P50K. Like 

is known, mineral fertilization reduce more than organic fertilization the phytodiversity 

and in our experiment this are very good highlighted. The studied phytocenosis present 

a Shannon diversity even if large mineral inputs are are provided. 

 
Keywords: diversity, fertilization, grasslands, mineral  

 
INTRODUCTION  
 

Loss of biodiversity - the 

variety of animals, plants, their 

habitats and their genes - on which so 

much of human life depends, is one 

of the world’s most pressing crises 

(www.iucn.org).  

Preservation of biological 

diversity, ecosystems, and natural 

places is critically important to the 

survival of us all-people, plants, and 

animals alike. In addition to the 

intrinsic value of nature and wildlife, 

biological diversity and healthy 

ecosystems provide humankind with 

many of the things that sustain our 

lives, including clean air and water, 

fertile soil, a stable climate, food, 

medicines, materials and 

technologies, and a diversity of 

genes and species-not to mention 

recreational opportunities and 

natural beauty 

(http://www.ecologic.org/). In 

Apuseni Mountains are a major 
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problem with losing diversity of 

grasslands by starting fertilize with 

outside inputs. In Baisoara Mountain 

village are still practice mostly an 

organic fertilization on grassland. 

The aim of our study is to see what 

will happens with phyto-diversity if 

grasslands will be intense fertilize 

especially with mineral inputs. 

 
MATERIAL AND METHOD  

 

The experiment was 

established in 2014 in the place 

called "Cross", in Băişoara 

Commune, Apuseni Mountains, 

Romania on a Festuca rubra L.- 

Agrostis capillaris L. grassland type, 

at the altitude of 1240 m.  

The experimental was field 

bounded in order to remove any 

unwanted danger or grazing, and also 

has been cleaned of woody 

vegetation and rocks.  

The experience was placed 

in randomized blocks, each 

experimental plot covering a surface 

of 20 m2. The experience includes six 

variants in four repetitions, as 

follows: V1 – control variant, 

(unfertilized); V2 – variant fertilized 

with 10 t/ha manure; V3 – variant 

fertilized with 10 t/ha manure + 

50N25P25K; V4 – variant fertilized 

with 20 t/ha manure; V5-variant 

fertilized with 10 t/ha manure + 

100N50P50K and V6-variant 

fertilized with 100N50P50K.  

The floristic studies were 

performed before mowing according 

to the scale vegetation interpretation 

given by Braun-Blanquet (1932). 

Cattle and horse manure and also the 

mineral inputs were applied in early 

springtime (in the beginning of 

March), according to the treatments 

scheme mentioned earlier.  

Floristic data processing 

was performed with PC-ORD, 

version 6, which uses the 

multivariate analysis of the 

ecological data entered into the 

spread sheet (McCUNE and 

MEFFORD, 2011). For data 

processing, best interpretation and to 

visually explore the floristic gradient 

in our dataset non-parametric 

multidimensional scaling (PCA) was 

performed on the Bray-Curtis 

dissimilarity matrix.

RESULTS AND DISCUSSIONS 

 

The vegetation plots (during 2 years) 

fell into six groups (similar to the 

number of treatments).  

Regarding the phyto-diversity of 

grasslands, we didn’t find the same 

overlap between experimental 

variants (figure 1). Variants which 

are overlapping are fertilized with 

the same inputs but in different 

quantities, so predicting ecosystem 

services from management practices 

and environmental factors remains a 
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challenge because of the wide 

diversity of plant species and 

growing conditions (GARNIER and 

NAVAS, 2011). A rational organic 

fertilization and its sustainable use 

has determined a change in the 

composition of floristic composition 

(VÎNTU et al., 2014). 

 

 
Fig. 1. Floristic composition of grassland on botanical family 

 

After only two years of 

applying mineral and organic inputs, 

it can be noticed that all treatments 

compared with control are 

statistically ensured (table 1). Even 

so, comparing the control variant 

(V1) with the variant fertilized only 

with 10 t/ha manure (V2) it can be 

observed that T has the lowest value 

(-2.80). Between variants fertilized 

only organic (V2 and V4) there are 

no statistically assurance. Therefore 

the statement that the combined 

fertilizer produced changes in 

phytocenosis it is conclusive in this 

case.  

Since legislation imposes 

restrictions on the use of mineral 

nitrogen-based fertilizers, traditional 

organic fertilizers (such as cattle 

manure) are being applied and are 

now becoming a significant factor 

for achievement required forage 

production (SIMIĆ et al., 2014). 
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Table 1 

Pairwise Comparisons 

 

Compared variants T A p 

1 vs. 2 -2,800 0,138 0,016 

1 vs. 3 -3,507 0,174 0,008 

1 vs.4 -3,034 0,165 0,012 

1 vs.5 -3,840 0,230 0,007 

1 vs.6 -4,179 0,273 0,006 

2 vs.3 -2,768 0,143 0,020 

2 vs.4 0,062 -0,003 0,461 

2 vs.5 -3,678 0,246 0,008 

2 vs.6 -4,041 0,326 0,007 

3 vs.4 -1,668 0,099 0,068 

3 vs.5 -3,156 0,172 0,009 

3 vs.6 -4,199 0,302 0,006 

4 vs.5 -3,512 0,249 0,009 

4 vs.6 -3,881 0,324 0,007 

5 vs.6 -0,580 0,028 0,233 

Note: p values not corrected for multiple comparisons. 

 

The variant fertilized only 

with mineral fertilizer had a reduce 

number of species compared to the 

variants which were treated with 

organic fertilizer (table 2). Even so, 

after two years the number of species 

are almost equal in all variants. 
Taking into consideration the Shannon 

diversity Index (H) we observed that the 

highest value, of 2,52, is recorded in V2 

(10 t/ha manure) with 0,10 percentage 

more than is was recorded in control 

treatment. Values below average were 

recorded on the treatments V5 and V6, 

broadly, species richness is expected to 

decrease as land-use intensification 

increases (FLYNN et al., 2009). Also 

SAMUIL et al., show that using a 

fertilization management based on small 

amounts of organic and mineral 

fertilizer can be a solution which will 

contribute to the conservation of the 

biodiversity of the grasslands. 
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Table 2 

Summary of the variants 

 

Name Mean 
Stand. 

Dev. 
Sum Min. Max. S E H D` 

V1 1,32 4,44 91,38 0,00 29,25 37,25 0,67 2,42 0,82 

V2 1,48 4,45 102,13 0,00 27,13 38,00 0,69 2,52 0,85 

V3 1,51 4,92 104,50 0,00 30,00 37,00 0,67 2,41 0,84 

V4 1,53 4,79 105,88 0,00 28,50 38,00 0,67 2,45 0,85 

V5 1,49 5,33 102,75 0,00 35,25 38,25 0,63 2,28 0,80 

V6 1,48 5,32 102,38 0,00 37,00 37,25 0,63 2,28 0,80 

S = Richness  = number of non-zero elements in row 

E = Evenness  = H / ln (Richness) 

H = Diversity = - sum (Pi*ln(Pi)) = Shannon`s diversity index 

D = Simpson`s diversity index for infinite population = 1 - sum (Pi*Pi) 

       where Pi = importance probability in element i (element i relativized by row total) 
 

CONCLUSIONS  

 

All treatments present differences 

when were compared to the control. 

Applied fertilizer produces changes 

in floristic composition and in 

diversity.The difference in the 

floristic composition between 

organic fertilization and mineral 

fertilization after just two years is not 

recorded in phytocenosis. We put 

this fact that the period was too short 

and this contributes to maintain plant 

diversity especially in mountain 

areas where traditional farming 

system has declined.

 
REFERENCES  

 

1. Braun-Blanquet J. (1932) Pflanzensoziologie–Grundzüge der 

Vegetationskunde. Springer Verlag, Wien. 

2. Flynn D.F.B., Gogol-Pokurat M., Nogeire T., Molinari N., Traurman Ri 

Chet B., Li N B.B., Simpson N., Ma Y F I Eld M.M. and Declerck F. 

(2009) Loss of functional diversity under land use intensification 

across multiple taxa. Ecology Letters, 12:22–33. 

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2015)12



 

 

88 

 

3. McCune B. and Mefford M.J. (2011) PC-ORD. Multivariate Analysis of 

Ecological Data. Version 6. MJM Software. Gleneden Beach OR. 

4. Garnier E. and Navas M.L. (2011) A trait-based approach to comparative 

functiona plant ecology: concepts, methods and applications for 

agroecology. A review. Agronomy for Sustainable Development, 

32:365–399. 

5. Samuil C., Vîntu V., Popovici C.I. and Stavarache M. (2014) Influence 

of fertilization on the biodiversity of Festuca rubra L. and Agrostis 

capillaris L. grassland. Grassland Science in Europe, 19:302-305. 

6. Simić A., Rakić V., Marković J., Dželetović Ž. and Živanović I. (2014). 

Effect of manure enriched with clinoptilolite on pasture yield and 

quality. Grassland Science in Europe, 19:291-293. 

7. Vîntu V., Chidovet S., Samuil C. and Stavarache M (2014) The effect of 

organic fertilization on Agrostis capillaris L. and Festuca rubra L. 

grasslands from the Romanian Eastern Carpathians. Grassland 

Science in Europe, 19:306-308. 

8. www.iucn.org 

9. http://www.ecologic.org/ 

Rotar I. et al.

Romanian Journal of Grassland and Forage Crops (2015)12

http://www.iucn.org/
http://www.ecologic.org/


 

 

89 

 

THE EFFECT OF SOIL FAUNA ON MAIZE MORPHOLOGICAL 

CHARACTERISTICS 
 

Valentina ȘANDOR*, Roxana VIDICAN *, STOIAN V.*, PUSTAI P.M.* 

 

*University of Agricultural Sciences and Veterinary Medicine from Cluj-Napoca, Faculty of 

Agriculture, Calea Mănăștur, No. 3-5, 400372, Cluj-Napoca, Romania. 

Corresponding author: roxana.vidican@usamvcluj.ro 

Abstract 

 One of the most important forage crops from the wide variety of plants is maize. 

This paper aim is to assess the effect of soil fauna on maize leaf length and width. Pots 

were set up with two soil types sandy and loamy; two soil animals in single, mixed species 

or without animals and maize plant. The entire experiment surprised the first vegetation 

phase and was conducted during eight weeks. The average leaves length in loamy soil 

was observed to have the lowest value (85.5±3.46 cm) in the pots with collembolans as 

soil fauna and the highest value in the pots with earthworms (89±3.59). In sandy soil the 

lowest average leaves length was in the pots with collembolans (81.93±3.85) and the 

highest value in the both species interaction (84.47±4.15). In case of leaves width, the 

three point measurements registered the highest values in both soils and collembolan 

fauna in the pots. In the pots with earthworms we observed a higher number of leaves 

compared with the other pots with soil fauna. Generally, earthworms promote high 

values of leaves length and collembolans promote high values of leaves width.  

 
Keywords: earthworms, collembolans, leaf length, leaf width 

 
INTRODUCTION 

 

Maize (Zea mays L.) it is used for 

three main purposes: as staple food 

crop for human consumption, a feed 

for livestock, and as raw material for 

many industrial uses, including bio-

fuel production (FAOSTAT, 2009). 

The importance of this plant is given 

by the fact that (1) it is the world’s 

third most important cereal grain 

after wheat and rice (NADEEM et 

al., 2008); (2) it is the main food 

stock for hundred millions of people 

in developing countries (LUKEBA 

et al., 2013); (3) it is an important 

source of protein and energy supplier 

for humans and animals (4) is a C4 

crop with a great photosynthetic 

activity, very efficient in water use 

(KRIEDMANN and BARRS, 1983) 

and (5) a source of raw material for 

the industry. Maize has a remarkable 

productive potentials, however, does 

not have the flexibility of most crop 

species, which can increase leaf area 

and number of reproductive units by 

branching at low crop densities 

(SFECHIS SUSANA et al., 2015).In 

general, plant production is 

influenced by the well functions in 

the soil food web. These soil 

functions are directly influenced by 

soil fauna activity (SANDOR and 

SCHRADER, 2012). This 

experiment was made to establish the 
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connection between soil fauna and 

leaf length and width 

growth.According to this fact, the 

objective of this research was chosen 

and this was to assess the effect of 

different animal treatments on some 

morphological plant characteristics 

regarding length and width of leaves. 

 
MATERIAL AND METHOD 

 

A number of 40 plastic pots 

(d=10 cm; h=30 cm) were used for 

maize growth. Half of the pots were 

filled with sandy soil (65% sand, 

15% silt 20% clay) with a pH of 6.50 

and the other half was filled with 

loamy soil (22% sand, 32% silt, 40% 

clay) with a pH of 5.02.  

Prior to any action soil was 

treated in a freezer compartment at -

18ºC. Four animal treatments were 

made as follows: one pot with 

earthworms, one with collembolans; 

one with interaction between both 

species and a control treatment with 

no animals. These treatments were 

made for both type of soil and were 

replicated five times. In the 

treatments with earthworms we 

introduced one adult weighting 

3±0.02 grams; in those with 

collembolans we calculated a 

number of 100 individuals of 

collembolans, in the interaction 

treatment 101 soil fauna and without 

fauna in control treatments. In each 

pot it was planted one seed of maize.  

During eight weeks, the soil 

humidity was maintained constant at 

20% WHC and we monitored the 

growth of these plants to observe the 

influence of fauna in soil.   

DATA ANALYSIS  

Dendrograms resulting from 

cluster analysis were generated from 

the similarity matrix in StatSoft 

statistical software (STATSOFT, 

2015). Frequency curve was made 

for each measured parameter, leaf 

length and leaf width in three points, 

the base parte, the middle part and 

the upper part. 

 
RESULTS AND DISCUSSIONS  
 

In loamy soil, collembolans 

tend to decrease plant height with 

almost 5 cm which suggest a 

negative effect of soil mesofauna on 

plant growth (figure 1). A study 

reveals the collembolan effect in 

particularly Folsomia candida 

species and in conclusion was 

revealed that this animals can reduce 

or enhance C and N mineralization, 

biomass and activity of 

microorganism and microfauna, 

shoot and root biomass or have no 

effect at all, moreover, they depend 

on both abiotic and biotic 

environmental conditions (FILSER, 

2002). The results registered in the 

mixed treatment emphasize the 

equilibration in plant growth 

potential of collembolans 

community by the earthworms’ 

community.
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Fig. 1. Average plant height 

 

In the treatments from 

sandy soil, it was best shown the 

synergic effect of soil animals. The 

average plant height is the highest in 

the mixed treatment (S.Int) 

compared with the registered values 

with singular soil biota species. 

Overall, the difference in plant 

height compared to the control 

treatment has lower values in sandy 

than in loamy soil. Therefore, loamy 

soil has shown a higher growth 

potential of maize height. 

Throughout the entire experiment set 

in loamy soil, was observed that 

leaves length growth is 

proportionally with the number of 

leaves. Most of the results were 

included in 100-110 cm class of 

leaves length. The normal curve of 

the leaves length indicates an 

average of 80-100 cm for most of the 

experimental samples (figure 2). 

Analyzing the maize plant 

width in three different points from 

loamy soil pots were observed 

different distributions in terms of 

total observations frequency. 
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 The leaves base part width 

is approximately normal distributed 

between the evaluated set of maize 

plants and it ranges between 4.0-5.5 

cm (figure 3). A slight uneven 

distribution was observed in case of 

the smaller leaves. The 

measurements of the leaves width in 

the middle part (Fig. 4) are normal 

distributed by the frequency curve 

except the minimum and maximum 

area. Maize width in the upper part 

of the leaves have the lowest 

measured values; the majority of the 

measurements range within 4.0-5.0 

cm (figure 5).  

 The overlapping of almost 

all morphological parameters 

evaluated fit into a frequency curve 

with a normal distribution regardless 

different soil texture.   

Regarding the evaluated 

morphological characters of maize 

plant from sandy soil, first of all, it 

was observed that leaves length it 

ranges between 40-120 cm the same 

as in loamy soil (figure 6). 
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 Most of the leaves length 

observations ranged within 100-110 

cm class like in loamy soil. The 

maize leaves width from sandy soil 

in all three measurement points had 

lower values of leaves width with 

respectively: 1 cm at the upper part 

of the leaves and 3.5 cm on the base 

and the middle points of the leaves 

(figure 7,8,9).   

 The hierarchical clustering 

resulted from the comparison of 

morphological character leaf length 

indicates the highest average value in 

the treatment with loamy soil and 

earthworms (1L.Lt=89 cm). The 

following groups with medium 

values have a hierarchical closeness 

divided by the soil type. Intermediate 

average values of leaves length from 

loamy soil were between the 

interaction and control treatments 

(1L.Int=87 cm; 1L.C= 88.66). In 

sandy soil, the same two treatments 

(1S.Int= 84.47 cm; 1S.C= 82.50 cm) 

show the label closeness (figure 10). 

The lowest values of maize plants 

length depending on soil texture are 

included at the bottom of the 

clustered chart (1L.Fc= 85.5 cm and 

1S.Fc= 81.93; 1S.Lt= 82.9 cm). 

Generally, leaves length are positive 

influenced by earthworms and loamy 

soil and negative influenced by 

collembolans and sandy soil.  

 Regarding the width of 

leaves on the base point, the 

hierarchical clustering is splitting all 

four treatments in two large groups 

by soil texture. The treatments from 

loamy soil are distributed in three 

different ranges. The collembolan 

treatments with narrow leaves 

compose a group with a small 

difference among the second cluster 

treatments witch is divided in two 

groups depending on how close are 

the sets consisting from average 

measured values (figure 11). 

 Measured values in the 

middle part of the leaves divide in 

two the data set by the soil texture. 

The cluster distances are relatively 

uniform between the four different 

treatments (figure12). 

  In the last cluster, the 

distance and positions of the 

treatments into cluster are also 

divided into two groups by the soil 

texture (figure 13). Therefore, 

control (4S.C= 2.3 cm) and mixed 

(4S.Int= 2.59 cm) treatments from 

sandy soil are seen as the weakest 

treatments in terms of upper part leaf 

width. On the other hand, same 

treatments from loamy soil (4L.C= 

3.9 cm; 4L.Int= 3.92 cm) registered 

the highest measured values. 

 Soil biota in single 

treatments causes a noticeable effect 

on maize plant morphological 

characters length and width, whereas 

in the interaction treatment the 

equilibrium is reached.   
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CONCLUSIONS 

 

Maize plants grow 

differently depending primarily on 

soil type. Generally, maize leaves 

grow higher in length and width in 

loamy soil. Apparently, soil biota 

have both positive and negative 

effect on plant biomass 

accumulation, it needs other studies 

to be able to trace a well-founded 

conclusion.   
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Abstract 

Rhizosphere is a unique habitat, developed as a transfer interface of nutrients 

between microbial functional groups with highly specialized activity and the roots of 

higher plant. Due to the lack of study techniques for in situ the potential for microbial 

communities’ analysis at the cellular level is reduced, restricting current information to 

a small number of ecosystems or functional groups. The conversion of grassland 

ecosystems or changes in applied management act towards a strong modification in 

structure of microbial communities, their potential reaction being a good indicator of 

disturbance. The decomposition of organic matter may be used as a measure of the soil’s 

diversity and the oxygen level defines the dominant functional group. Nutritional 

heterogeneity specific to grassland soil stimulates the emergence of specialized 

functional groups with a much higher diversity than the above-ground, cyclical changes 

providing premises for small-scale fluctuations and successions, with high predictive 

potential. 

 

Keywords: grassland, microbial communities, soil processes, rhizosphere, microbial 

ecology. 

 
INTRODUCTION 

 

The wide diversity of 

organisms living on Earth was a 

fascination and constant concern of 

ecology researchers. In general, 

research on understanding the 

functioning of ecological 

communities and deciphering the 

patterns of diversity were focused on 

studies on  soil surface without 

connecting belowground 

components with the aboveground 

ones (BARDGETT, 2005, FISCHER 

et al., 2010, LOREAU, 2010, 

GRACE et al., 2010, THOMPSON 

et al., 2015, ROTAR et al., 2012). At 

this point scientific information is 

reduced to a series of specific 

ecosystems and a reduced number of 

functional groups, soil biodiversity 

being poorly  explored due to the 

difficulty of studying the soil 

communities (WARDLE, 2002, 

PUTTEN, 2012, DICKIE et al., 

2013, YANG, 2015, MCHUGH and 

SCHWARTZ, 2015). Plant roots-

soil interface is a unique habitat, root 
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exudates stimulating the installation 

of active microbial groups. The 

interactions and capacity for 

colonization of microorganisms act 

either for promoting plant growth or, 

conversely, in absence of 

rhizosphere filter, to disturbances 

while installing pathogens 

(CARDON and WHITBECK, 2007). 

The requirement for nutrient 

solutions in the rhizosphere leads to 

competition for microbial 

colonization of this area with the 

strong mobilization of nutrients and 

nutritional limitations appearance 

(HUANG, 2005, NANNIPIERI et 

al., 2007). 

The major limitation in 

exploring the structure and 

functionality of rhizosphere 

populations is mainly due to the lack 

of in situ analysis techniques of 

populations at a small-scale or 

observing cellular level of activity 

(VARMA et al., 2007). In contrast 

with the knowledge regarding 

macroorganisms, biogeographical 

zonation of microbial communities is 

mainly due to the soil conditions, in 

particular pH (BERG and SMALLA, 

2009), in addition to those 

limitations including also the 

rhizospheric deposits created by 

plants in soils, which favors the 

installation of specialized microbial 

functional groups (MENDES et al., 

2013). Evaluation of rhizosphere 

microorganisms behavior is a 

necessity for understanding the 

ecosystem’s functioning and 

balance, connecting the level of 

above- and belowground diversity in 

grassland ecosystems (MILLARD 

and SINGH, 2010, VIDICAN et al., 

2013), simultaneously with 

discovering the direction gradient for 

signals and nutrition in plant-soil 

interface (DINI-ANDREOTE and 

van ELSAS, 2013). 

In grassland soils from 

temperate areas, nutritional 

limitations of microbial groups is 

mainly due to nitrogen, amino acids 

playing an important role in the 

metabolic processes of 

microorganisms, and the evaluation 

of amino acids footprint being an 

indicator of the level of biodiversity 

(SAUHEITL et al., 2010).   

Conversion of grassland 

ecosystems and their management 

alter the structure of microbial 

communities, even under the control 

of applied technologies (JACKSON 

et al., 2012).  

Phosphorus fertilization 

correlated with existing species in 

the ecosystem determines microbial 

community structure, while long-

term fertilization with nitrogen 

modifies the community’s 

dominance from fungi to bacteria 

(VERESOGLOU et al., 2011). 

Discontinuation of applied 

management on grasslands leads to a 

change in the microbial community 

in the soil to a fungal dominance 

(MAHARNING et al., 2009). All 

these aspects impose the 

identification of microbial activity 

potential in the rhizosphere and the 

establishment of management 
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systems for effective areas from an 

ecological perspective.  
MICROBIAL METABOLISM - AN 

INDICATOR OF SOIL DIVERSITY 

The internal circuit 

elements in grassland ecosystems 

sustain the natural fertility of the soil, 

climate acting to limit the activities 

of flora and fauna (REGAN et al., 

2014). By compensating with 

organic fertilizer the nutrients 

removed from the ecosystem through 

production, lead to the introduction 

in the ecosystem of organic materials 

with varying degrees of 

decomposition (RYALS et al., 2014, 

DELONGE et al., 2013). Recycling 

of nutrients in the soil is the principal 

microbial process in soil, particularly 

mineralization of organic carbon by 

a variety of respiration and 

fermentation processes, which may 

result in high losses to the 

atmosphere in the case of improper 

management techniques (MORI and 

HOJITO, 2015). 

Organic matter introduced 

post-harvesting into the ecosystem, 

along with crop residues represents a 

complex nutritional source necessary 

to complete the microbial metabolic 

processes, during the first year 

degrading about 70% of the total 

amount of plant residues in soils 

from temperate areas (BENCKISER 

and SCHNELL, 2006). Compost and 

manure release into atmosphere 

volatile compounds - fatty acids, 

phenols, indoles, acetone (BERG, 

2009, WENKE et al., 2009, INSAM 

and SEEWALD, 2010), alcohols, 

ketones, aldehydes, sulfides and 

ester with signal role in soil for the 

start of mycorrhizal colonization, 

stopping fungal enzyme activity and 

capacity regulation of competition 

between microbial groups 

(EFFMERT et al., 2012). Microbial 

decomposition capacity is reduced 

for protein, lipids and aromatic 

compounds due to the absence of 

specialized extracellular enzymes or 

uptake mechanisms at the cellular 

level (PANDEY et al., 2011, HU et 

al., 2005, CHEN et al., 2004). 

Strategy of reaction of soil 

microorganisms to limitations 

imposed by substrate availability is 

channeled either to a reduced affinity 

towards the substrate (concomitant 

with proliferation of populations) or 

the efficient use of substrates with 

low population growth (HOBBIE 

and HOBBIE, 2013, KJELLEBERG, 

1993). In grassland ecosystems, 

microbial communities live in a mix 

of substrates, implying an increased 

metabolic flexibility and high 

competition capacity of individuals 

(JIN et al., 2010, TIEMANN and 

BILLINGS, 2010, GOLDFARB et 

al., 2011). 

Cellulose is the most 

common organic substrate in nature, 

synthesized by plants and 

microorganisms, in order of 

importance, followed by 

hemicellulose and chitin, 

degradation is an aerobic 

extracellular process (with the 

release of CO2) and anaerobic (with 

the release of CO2 and CH4) using 
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cellulase excreted by bacteria and 

fungi (ŠTURSOVÁ et al., 2012, 

BERLEMONT et al., 2014, 

EICHORST and KUSKE, 2012). 

The sugars are decomposed either by 

glycolytic pathway (Embden–

Meyerhof–Parnas) under aerobic 

conditions by fermentation bacteria 

or by an alternative Entner–

Doudoroff pathway (GUNINA and 

KUZYAKOV, 2015, BENCKISER 

and SCHNELL, 2006, MONARD et 

al., 2008, ANTONI et al., 2007). The 

lipids are hydrolyzed by lipase in 

mono- and di-glycerides, glycerol 

and fatty acids, and hydrocarbons are 

directly aerobic degraded by cyclic 

alkanes, and simultaneously with the 

anaerobic processes of 

denitrification, sulphate reduction 

and methanogenesis (DENEF et al., 

2007, RINNAN and BÅÅTH, 2009, 

FENG and SIMPSON, 2009, 

MUTABARUKA et al., 2007, 

ÁLVAREZ-BERNAL et al., 2006, 

AISLABIE et al., 2013). The 

aromatic compounds are subject to 

bacterial aerobic degradation 

through hydroxylation reaction and 

anaerobic during the nitrate 

reduction and fermentation process, 

lignin and humic compounds being 

decomposed only in the presence of 

oxygen - anaerobiosis acting as 

preservative (DE BOER and 

KOWALCHUK, 2001, Zhou et al., 

2012, PARK and KIM, 2015, 

BAUMANN et al., 2013, 

KAŠTOVSKÁ et al., 2012, BUGG 

et al., 2010, YASSIR and 

BUURMAN, 2011, GARCÍA and 

CANO, 2012, SHUKLA and 

VARMA, 2010). 

The evolution of 

microorganisms in soil has led to a 

high number of means in autotrophic 

CO2 fixation, the oldest system being 

3-hydroxypropionate cycle present 

in non-sulphur green bacteria and 

representatives of the aerobic group 

Archaea (LENGELER et al., 1999, 

OVERMANN and GARCIA-

PICHEL, 2013, YUAN et al., 2012). 

Autotrophic CO2-fixing bacteria are 

incapable of using other organic 

compounds, while the facultative 

autotrophic fixation of CO2 is 

stopped in the presence of other 

organic substrates available for 

metabolic decomposition. The only 

organisms capable of using organic 

carbon sources while fixing CO2 are 

mixotrophes. Photoautotrophs 

preferentially use organic substrates 

as carbon source but are capable of 

CO2 fixation in accordance with the 

availability in excess of reducing 

equivalents in soil. 

The microbial metabolic 

diversity in soil is an indicator, 

correlated with the size of climate  

impact , soil type, the availability of 

substrates and agronomic techniques 

applied, for this reason is useful in 

assessing the percentage of humus, 

microbial biomass, enzyme activity 

and the level of metabolites formed 

following anabolic and catabolic 

processes in soil (NIEDER and 

BENBI, 2008, KÖRSCHENS, 2006, 

SCHULZ, 2004, WEIGEL et al., 

2011, GEBEL et al., 2010). The 
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current research context on the 

dynamics of microbial activity in 

soils focuses on identifying the 

involvement of microorganisms in 

nitrogen cycle phases, the 

degradation of specific organic 

compounds and metabolites 

exported in soil – connecting the 

specificity of microorganism-

substrate with the roles of each 

functional group in the soil ‘s 

equilibrium.  

  
MICROBIAL DIVERSITY - ROLE 

IN TRANSFORMATION AND 

FUNCTIONING OF GRASSLAND 

ECOSYSTEMS 

Soil of grassland 

ecosystems is a huge reservoir of 

diversity, but information on the 

composition of communities is 

scattered and incomplete, 

particularly because of the difficulty 

of cultivating the microorganisms in 

the laboratory (LEMAIRE et al., 

2011). The small size of 

microorganisms in the soil of 

grasslands, compared to the plants 

and animals from the same area, 

along with the heterogeneity 

resources at specific scale of each 

ecosystem makes the diversity of 

belowground microflora to be a few 

units higher than the above-ground 

(BARDGET, 2005, LAVELLE and 

SPAIN, 2002, LAVELLE, 2002, 

PAUL, 2014, WAGG et al., 2013, 

BOWKER et al., 2013).  

The high amount of organic 

matter, soil porosity and particles in 

grasslands provides a complex 

habitat for co-existence of a large 

number of functional groups with a 

high number of individuals capable 

of resource exploitation 

(BARDGETT et al., 2005, 

GESSNER et al., 2010). Succession 

of microorganisms is mainly due to 

climatic conditions and nutrition, 

with latency stages overlapped on 

strong proliferation, releasing soil 

metabolite in exchange for energy 

consumption (BARDGETT et al., 

2008). The rate of emergence of new 

microbial generations, from several 

hours to several days, horizontal 

transfer of genetic material and 

spatial dispersion of species lead to 

an ongoing transformation of 

biodiversity in soil grasslands, 

cyclical transformations creating the 

premises for seasonal fluctuations 

and successions (FABER et al., 

2013; DIAZ et al., 2003).Coherent 

functioning of grassland ecosystems 

depends directly proportional to the 

level of functionality and diversity of 

soil microflora, the number of 

species being an indicator of 

ecological niches size and 

overlapping of groups in soil space 

(VAN DE HEIJDEN et al., 2006, 

GRIFFITHS and PHILIPPOT, 2013, 

KIVLIN et al., 2014). Progressive 

erodation of native soil’s 

biodiversity affects ecosystems 

functioning only in terms of species 

number, ecological niches being 

more restrictive to microbial 

functional groups, decomposition 

processes or nutrient cycles suffering 
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insignificant reductions (FIERER et 

al., 2009, SALLES et al., 2012). 

The response of soil’s 

microflora to disturbing inputs is 

reflected by the emergence of 

tolerant microorganism, or those 

capable of decomposing hazardous 

substances, but successional changes 

over time are difficult to forecast 

(WERTZ et al., 2007, SAGAAR et 

al., 2013, SHADE et al., 2013, 

RAYNAUD and NUNAN, 2014). 

The abundance of microbial 

species in soil can serve in 

forecasting actions of changes in the 

context of functional groups 

integration with the climatic 

conditions and nutrient reserves, 

complex models being more 

susceptible to this type of interaction 

(KARUSE et al., 2014, GRIGULIS 

et al., 2013, GRAHAM et al., 2014, 

ZHONG et al., 2014). 

Integrated approaches of 

specific abundance – activity type at 

the subgroup level - are viable 

solutions for predicting the temporal 

transformation of ecosystems 

(TRESEDER et al., 2012, 

VEREECKEN et al., 2014). 
 

CONCLUSIONS 

 

Absence of connections 

between the belowground microflora 

and the aboveground diversities 

makes difficult the interpretation and 

analyze of the potential exchange of 

information and transfer of nutrients 

in the soil interfaces. The 

degradation potential of specific 

functional groups is a good indicator 

of microbial diversity in soil of 

grasslands, the metabolic activity on 

substrates having different values 

depending on the applied 

management of these ecosystems. 

Microbial diversity is an indicator of 

heterogeneity of nutrient resources, 

playing an important role in the 

transformation and coherent 

functioning of grassland ecosystems 

and capable of forecasting 

fluctuations and potential 

successions. 
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