
 
 

MOGA Gh. IULIU 

Scientific researcher, Associate PhD professor 

01.05.1928 - 03.10.2007 

 

Professor Moga Gh. Iuliu was born on 1 

May 1928 in Ocna Mures. 

He attended primary and gymnasium 

school in his hometown, then high school in Blaj and 

Cluj-Napoca. He graduated the Faculty of 

Agronomy from Cluj-Napoca in 1953. 

Professor Moga Gh. Iuliu has devoted his 

entire activity to scientific research in the field of 

agro technology of forage plant for 45 years, 

namely: 8 years at Mărculeşti Agricultural Research 

and Development Center (Calarasi) and 37 years at 

the National Institute for Agricultural Research and 

Development Fundulea (Calarasi). 

Working with much dedication and passion, he has made important and 

original contributions in the field, materialized through improved technology or 

technological sequences to the main fodder species in pure or various intensive 

mixed stands. Also, on the basis of the researches carried out, it has developed 

numerous technologies for the production of seeds for leguminous and forage 

grasses, a pronounced novelty in the field being the technologies of sowing 

alfalfa, red clover and Italian or hybrid ryegrass in autumn. 

Professor Moga Gh. Iuliu received the title of "Doctor in Agronomy" in 

1968, with the thesis entitled "Contributions to the Establishment of Forage Plants 

Agrotechnique in the Pedoclimatic Conditions of the Southern Bărăgan Plain" 

under the guidance of the Professor, PhD Iremia STAICU from the "Nicolae 

Balcescu" Agronomic Institute of Bucharest, the current UASVM Bucharest. 

Iuliu Moga has been a PhD coordinator at the University of Agronomic 

Sciences and Veterinary Medicine in Bucharest and at the Academy of 

Agricultural and Forestry Sciences since 1990, and since 1999 he has become 

Associate PhD Professor. Thus, it has contributed to the formation of new 

specialists in the field of grassland and forage crops. 

The results of his research were published in 272 papers, of which 131 

were research papers, from which 9 papers as first author, 15 were monograph 

works and 126 popularization brochures. Among these following are some titles 

of representative scientific papers: 

- Quelques resultants experimentaux concernant la culture des plantes 

fourragères dans des conditions d’irrigation en Roumanie, Zeszyty Problemmowe 

Neuk Rolniczych no.110, pg. 303-316, 1970; 
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- Relationship: harvest-production epoque, quality, longevity at 

irrigated alfalfa – Analele ICCPT, vol XLI, Series B; pg. 435-443; 1976; 

- Experimental results recorded at Lolium multiflorum sown in autumn 

– Analele ICCPT, vol XLIII; pg.335-346; 1978; 

- Some biological aspects concerning the resistance to low 

temperatures of some forage species – Probleme de Agrofitotehnie Teoretică şi 

Aplicată, vol I, no. 1; pg. 41-54; 1979; 

- Relationship between the vegetation phase of plants at the beginning 

of winter and the resistance of alfalfa to low temperatures – Analele ICCPT vol 

XLV; 1980; pg. 301-308; 

- Relationship: root mass - air vegetative mass and rotation of the 

alfalfa sown for seed – Analele ICCPT, vol LVI; 1988; pg. 151-167;  

- Efficient utilization of temperature a Winter crops – corn from 

ensiling sequence in the irrigated areas of the Danuble Field, NITRA 

Cehoslovacia, pag, 255-259, 1992; 

-  Root – serial mass relationship and growth control in seed – 

producing Lucerne, Research Institute for Cereale and Industrial Plants Fundulea, 

Rom. Agronomy Journal, pg. 7-19, 1992 

- Monographic paper: “Alfalfa”, Ed. Ceres, 1973; pg. 98-166; 198-211; 

- Scientific paper: “Perennial forage plants”, Ed. Academiei Române, 

1983; pg.73-185; 204-233; 

- Scientific paper: “Forage plants”, Ed. Ceres, 1996; 

- Forage plants crops for seed, Ed.Ceres, 258 pg., 2000; 

- Modern technologies for forage seeds production, Ed. Ceres, 288 pg., 

2005.  

His high-profile as researcher in the field of forage plant culture has been 

a solid support to his attendance in the international scientific life. Thus, in the 

year 1963, he took part in the working group for the research "Exploitation of 

intensive land resources" in the Netherlands at Roterdam; in 1969, he presented 

the paper entitled "Ecological and Economic Aspects of Crop Irrigation" 

published in Poland; at the CAER Symposium from Moscow (USSR), in 1976, 

he presented a paper on "Intensive Cultivation Technologies for Forage Plants" 

applied to Romania, subsequently published in Russian, etc. 

Through the scientific research conducted by him in the field of forage 

crop technology, PhD Iuliu Moga has become a remarkable personality of the 

field for more than 40 years. Its achievements in this field place him at the 

forefront of plant breeders who have devoted all their passion and competence to 

establishing crop technologies for the purpose of forage production. In 

recognition of his special contribution, in 1992 he became a member of the 

Academy of Agricultural and Forestry Sciences "Gheorghe Ionescu Sisesti" 

(ASAS). For the outstanding results obtained in scientific research he received 

several distinctions, among which we quote: 
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 - Prize „Ion Ionescu de la Brad” from the Romanian academy, for the 

monographic paper entitled „Alfalfa”, in the year 1975; 

 - One nominee for „Man of the year 1988”, distinction gave by The 

Biographical Institute from North Carolina, SUA; 

- One nominee for „Man of the year 1999”, distinction gave by The 

International Biographical Centre from Cambridge, England; 

 - National Order „Faithfull Service” in Degree of Cavalier, through 

Presidential Decreed, with the occasion of celebrating 75 years from the 

foundation of The Romanian Agronomic Research Institute (ICAR), in the year 

2003. 

 

  

PhD Maria Schitea 
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OVERSOWING 
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Abstract  
Degraded grassland of Nardus stricta have a wide spread in the Carpathians 

of Romania. One of the main methods of improvement is the sheepfold with animals which 
can improve a maximum of 15 - 20% of the surface. In order to increase the effect of this 

classical sheepfold method a bi-factorial experience has been placed in the Bucegi 

Mountains, at 1800 m altitude. The main experimental factor was the total herbicidation 

with glyphosate, followed by calcium amendment, 4-night sheepfold with a cow on a 6 
m2 surface and over-sowing with perennial herbs in 2009, followed by sheepfold in the 

autumn of the year 2013. 

The 8-year results (2010 - 2013) highlighted the very good effect of herbicide 
for the success of over-sowing as well as of the calcification amendment on both dry 

matter production, feed quality and soil agrochemical properties. 

 

Keywords: Nardus stricta meadows, paddocking, spraying, liming, over sowing 

 
INTRODUCTION 

 

The improvement of 

Nardus stricta degraded meadows 

by sheepfold with animals is a 

method well known in the 

Carpathians of Romania (Puscaru et 

al., 1956; Bârbulescu and Motcă, 

1983). 

This method of 

improvement on a constant surface 

of Nardus stricta grasslands cannot 

exceed 15-20% of the total surface 

(Maruşca, 2016). 

In order to increase the 

improved grassland surface, the 

production and the quality of the 

feed, additional measures such as 

herbicide, calcification and over 

sowing of field are needed, measures 

less used in research and current 

practice. 

 
MATERIAL AND METHOD 

 

The experience was placed on a 

degraded Nardus stricta grassland 

located at 1,800 m altitude, on the 

subalpine floor at the Base for 

Mountain Grassland Research Blana 

– Bucegi.  

The experimental plot were the 

following:  
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Factor A: Herbicide 

 a1 – no herbicide 

 a2 – Glyphosate 5 L/ha 

Factor B: Calcic amendment 

 b1 – no amendment 

 b2 – amendment with 4 t/ha 

CaO. 

 After herbicide and 

amendment in the summer of 2009 

grassland were sheepfold with dairy 

cows 4 nights / 1 cow / 6 m2. M. 

After two days of sheepfold, sowing 

with a mixture of perennial herbs 

was carried out and the next two days 

sheepfold were continued. 

The perennial forage 

mixture consisted of: 30% Phleum 

pratense, 30% Festuca pratensis, 

10% Lolium perenne, 5% Poa 

pratensis, 20% Trifolium pratense 

and 5% Trifolium repens. The 

surface of a plot - replicate had a 

surface of 9 m2. 

The species over sown by 

animals trampling have risen up 

properly and have entered well in the 

winter. 

In the following year, 2010, 

the production of grass and dry 

matter yield were determined on 1 

m2, at the end of July beginning of 

August, after which the rest of the 

surface was grazed with animals in 

order to get as close as possible to the 

practical use of the meadow. Prior to 

harvesting, floristic observations 

were made using the percentage 

participation method in the 

vegetation cover after KLAPP - 

ELENBERG. 

At the end of the 4th 

experimental year, in the autumn of 

2013, the sheepfold with cow was 

repeated for 4 nights / one cow / 6 

m2, in order to observe the remaining 

effect of the herbicide and the 

amendment. 

Between the years 2014 and 

2017, floristic observations were 

continued as well as determination of 

grass production and sampling for 

chemical analysis performed after 

the Near Infrared Spectroscopy 

Technique (NIRS). 

Prior to the start of the 

experiment in the year 2008 and at 

the end of  the year 2017 soil samples 

for agrochemical analysis were 

taken, according to the current 

methodology of ICPA - Bucharest. 

 
RESULTS AND DISCUSSION 

 

Dry matter production 

The experimental factors 

studied have had a significant 

influence on the dry matter 

production of the grassland 

improved by the above-mentioned 

methods. Thus, the herbicide 

treatment of the degraded Nardus 

stricta floristic cover allowed the 

installation of a higher proportion 

from the over sowing forage mixture 

to be achieved, resulting in a 20% 

higher production in the first 4 years 

compared to the non-herbicidal 

variant (table 1).

 

Blaj V.A. et al.

Romanian Journal of Grassland and Forage Crops (2017)16 12



 
 

Table 1 

The influence of the experimental factor – herbicide - on dry matter production  

Average for 2010 – 2013 

Herbicide  
DM Production  Difference 

Signification 
t/ha % t/ha 

No herbicide 2,25 100 Ct.   

Glyphosate 5l/ha 2,71 120 0,46 * 

DL 5% =  0,35;  DL 1% = 0,81;   DL 0,1% = 1,83 t/ha 

 

Calcic amendment gives a 

significant crop increase only in the 

second period, namely 2014-2017, 

the effect of amendment being 

slower (table 2). 

 
Table 2 

The influence of calcic amendment on dry matter production 
Average for 2014 – 2017 

Amendment 
DM Production  Difference 

Signification 
t/ha % t/ha 

No amendment 2,00 100 Ct.   

Amendment with  4 t 

CaO/ha  
2,13 107 + 0,13 * 

DL 5% =  0,11;  DL 1% = 0,65;   DL 0,1% = 1,21 t/ha 

 

An 8-year average revealed 

that dry matter production was 

significant compared to the control 

(a1b1) only on the herbicide plot and 

amendment plot (a2b2) where a 32% 

increase in dry matter production is 

achieved (table 3). 

 
Table 3 

The influence of combined experimental factors on dry matter production   
Average for 2010 – 2017 

Herbicide Fertilization  
DM prod. Difference 

Signif. 
 t/ha %  t/ha 

a1- No 

herbicide 

b1- No amendment 2,05 100 Ct.   

b2- Amendment with 4 t 

CaO/ha  
2,24 

109 0,19   

a2 - Glyphosate 

5l/ha 

b1 - No amendment  2,10 102 0,05   

b2 – Amendment with 4 t 

CaO/ha  
2,70 

132 0,65 * 

DL 5% =  0,36;  DL 1% = 0,60;   DL 0,1% = 1,11 t/ha 

These production data 

highlight the combined efficacy of 

herbicides and amendment, followed 

by over sowing and sheepfold with 
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cow in relation to simple sheepfold 

with cow. 

Floral composition 

 

The success of the forage 

mixture was extremely varied, 

depending on the experimental 

factors - herbicide and calcific 

amendment (table 4). The yearly pre-

harvest observations have been 

synthesized for 2 years in order to 

reduce the data volume and to 

observe the dynamics of sown and 

spontaneous species. After 8 years 

from over sowing, the only species 

that are kept in the grassy carpet are: 

Phleum pratense from 30% initially 

to 26-31% on plots with glyphosate 

herbicide; Poa pratensis from 5% 

initially increases to 6-7% and 

Trifolium repens from 5% to 9-13% 

on calcic amendment plots  

Of the perennial grasses, 

Festuca pratensis and Lolium 

perenne had the highest regressions 

in the grassy carpet, which after two 

years disappeared basically as 

percentage of participation. 

Similarly, Trifolium 

pratense survived two years, from 

20% originally managed to install up 

to 28-37% on the amendment plot, 

after which only 1-4% remained in 

the grassy carpet in the following 

years. 

In all the years without 

exception, oversowing has 

succeeded better in the herbicide and 

amendment plots. 

On an average of 8 

experimental years, the success of 

over-sowing on herbicide plots was 

with 74% higher compared to control 

variant and with 36% higher on 

amendment plots compared to the 

no-amendment plot. Similar results 

were obtained by other researchers 

(Maruşca and Frame, 2003; Blaj et 

al., 2012) who highlighted that the 

success of over sowing was 

extremely influenced by herbicide 

and the intensity of sheepfold with 

animals. 

As the species sown 

disappeared, the gaps were 

supplemented by spontaneous 

species: Festuca nigrescens 12-58%, 

Agrostis capillaris 5-23%, 

Ligusticum mutellina 1-8%, 

Deschampsia caespitosa 1-5% and 

other species on a percentage 

between 1- 21%. 

On an average of 8 

experimental years spontaneous 

species are maintained at 57% in the 

grassy carpet, being better 

represented in the non-herbicide 

plots sharing 69% of the total 

compared to 46% of participation on 

the herbicide plots and a share of 

63% of participation on the no-

amendment plots compared to 51% 

in the amendment plots. 

Generally the grassy carpet 

is well-finished, Nardus stricta 

species disappeared and 

Deschampsia caespitosa is on the 

way to expand on all experimental 

variants. 
 

‘ 
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Table 4 

The success and dynamics of over-sown species depending on herbicide and calcific 

amendment 

% of participation 
Specification Var. 2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

Average % 

Phleum pratense 

TIROM (30%) 

a1b1 10 12 6 7 9 100 

a1b2 17 9 15 12 13 144 

a2b1 32 42 28 22 31 344 

a2b2  22 35 36 22 26 289 

Poa pratensis 

COMPACT (5%) 

a1b1 5 4 9 4 4 100 

a1b2 8 5 6 4 6 150 

a2b1 2 2 5 5 4 100 

a2b2 8 6 6 6 7 175 

Festuca pratensis 
TRANSILVAN (30%) 

a1b1 3 + 1 1 1 100 

a1b2 6 + + + 2 200 

a2b1 4 + + + 1 100 

a2b2 6 + + + 2 200 

Lolium perenne 

MARTA (10%) 

a1b1 + - - - +  

a1b2 2 + - - +  

a2b1 2 - - - +  

a2b2 3 + - - 1  

Trifolium pratense PAVO 
(20%) 

a1b1 16 1 1 + 4 100 

a1b2 28 4 3 + 9 225 

a2b1 19 1 1 + 5 125 

a2b2 37 2 2 + 10 250 

Trifolium repens 

RIESLING (5%) 

a1b1 4 7 7 6 6 100 

a1b2 8 10 11 7 9 150 

a2b1 8 6 9 10 8 133 

a2b2 8 12 16 15 13 217 

Total specii 

supraînsămânțate (100%) 

a1b1 38 24 18 18 24 100 

a1b2 69 28 35 23 39 162 

a2b1 67 51 43 37 49 204 

a2b2 84 55 50 43 59 246 

General average x 65 40 37 30 43 x 

No-herbicide average 10 53 26 26 20 31 100 

Herbicide average 20 76 53 47 40 54 174 

Difference  +, - ; (20-10) 

                   %   (20-10) 

x 

x 

+23 

143 

+27 

204 

+21 

181 

+20 

200 

+23 

174 

x 

x 

No-amendment average  01 52 37 30 27 36 100 

Amendment average 02 77 42 43 33 49 136 

Difference  +, - , (20-10) 

                   %   (20-10) 

x 

x 

+25 

148 

+5 

114 

+13 

143 

+6 

122 

+13 

136 

x 

x 
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Forage chemical composition 

Forage chemical analyzes 

along with the floral composition 

provide additional useful 

information about the quality of the 

grassy carpet (table 5).

 
Table 5 

Forage chemical composition of the improved grassland 

Years  Plots  
Protein 

% 
Ash % 

Crude 

fiber % 
ADF % ADL % NDF % DSU 

Average 

2011-
2013 

 

a1b1 8,40 7,10 36,6 41,4 4,74 64,3 50,1 

a1b2 10,14 7,61 34,2 38,7 4,58 60,2 56,0 

a2b1 8,29 6,37 35,6 39,9 4,46 61,1 53,4 

a2b2 9,79 7,00 36,4 41,3 4,61 63,4 55,9 

Average 

2014 -
2017  

 

a1b1 8,44 6,72 38,0 40,6 5,06 66,2 51,5 

a1b2 10,64 6,79 37,1 40,0 5,12 65,2 52,3 

a2b1 8,65 6,33 38,0 40,2 5,07 65,3 51,5 

a2b2 10,13 6,64 36,5 39,3 5,06 64,1 53,7 

Average 

2011-

2017 

a1 9,43 7,01 36,6 40,2 4,91 64,2 52,4 

a2 9,24 6,57 36,7 40,1 4,84 63,7 53,5 

b1 8,46 6,61 37,2 40,5 4,86 64,4 51,6 

b2 10,21 6,97 36,2 39,8 4,88 63,4 54,3 

AVERAGE 9,33 6,79 36,7 40,2 4,87 63,9 52,9 

 

Thus, the average content of crude 

protein, recorded between the years 

2011-2017, varies between 8.46-

10.21%, the gross fiber between 

36.2-37.2 and the digestibility of the 

dry substance is 51.6-54.3, all of the 

quality parameters being in normal 

limits for the climatic conditions 

specific to the sub-alpine floor. A 

particular influence on forage quality 

was performed by the calcic 

amendment which gave distinct 

significant differences in content for 

protein content and significant 

differences for the digestibility of the 

dry substance (table 6).  The success 

of over-sowing with more valuable 

species in herbicide and amendment 

plots is also reflected in the forage 

quality of the grassy carpet. 

 

Agrochemical soil indices 

Technological factors for the 

improvement of the grassy carpet, 

such as sheepfold and amendment, 

have had a strong influence on the 

agrochemical properties of the soil 

(table 7).  Depending on these 

factors, the soil pH from an initial 

index of 4.6 increases by 0.2-0.4 

units, as well as the saturation degree 

in the bases by 7-12%, the mobile 

phosphorus with 5.8- 10.4 ppm while 

mobile potassium remains almost 

constant. 
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Table 6 

The influence of calcic amendment on forage quality  

 Average for 2011 – 2017 

Specification Experimental 
plots 

Indices 

Difference 

Sem
nific. 

Limit difference 
DL % 

Valori

c 

Protein content 

% CP 

b1- No 

amendment  
8,46 100 martor  DL 5% = 0,75 

DL 1% = 1,24 

DL 0,1% =2,31 
b2- Amendment 

with 4 t CaO/ha  
10,21 121 1,75 ** 

Fiber content 

% CF 

b1- No 

amendment 
37,2 100 martor  DL 5% = 0,56 

DL 1% = 0,93 

DL 0,1% =1,74 
b2- Amendment 

with 4 t CaO/ha 
36,2 97 - 1,0 oo 

Dry matter 

digestibility 

DSU 

b1- No 

amendment 
51,60 100 martor  

DL 5% = 1,84 

DL 1% = 3,04 

DL 0,1% =5,69 

b2- Amendment 

with 4 t CaO/ha  
54,26 105 2,66 * 

b2- Amendment 

with4 t CaO/ha  
51,18 106 3,0 * 

Note: * = significant positive difference; **= distinguished significant positive difference; 

oo=distinguished significant negative difference; 

 
Table 7 

Soil agrochemical indices for the year 2017 according to the experimental plots after 9 

years 
Indices UM Initial 

2008 

a1b1 a1b2 a2b1 a2b2 

pH in water ind. 

dif.  +, –   

4,6 

0 

4,8 

+ 0,2 

4,9 

+ 0,3 

4,8 

+ 0,2 

5,0 

+ 0,4 

VAh % 

dif.  +, –   

31 

0 

38 

+ 7 

41 

+ 10 

40 

+ 9 

43 

+ 12 

Humus % 
dif.  +, –   

10 
0 

11,9 
+ 1,9 

11,8 
+ 1,8 

11,9 
+ 1,9 

11,9 
+ 1,9 

P – AL ppm 

dif.  +, –   

10,6 

0 

17,9 

+ 7,3 

16,4 

+ 5,8 

17,2 

+ 6,6 

21 

+ 10,4 

K – AL  ppm 

dif.  +, –   

97 

0 

111 

+ 14 

96 

- 1 

97 

0 

96 

-1 

Al+++ me/100  

g sol 

dif.  +, – 

%   

6,8 

 

0 

100 

4,3 

 

- 2,5 

63 

4,4 

 

- 2,4 

65 

5,0 

 

- 1,8 

73 

4,0 

 

- 2,8 

59 
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A particular effect exercised by the 

grassland improving technology 

experimented was observed on toxic 

mobile aluminum, which decreases 

by 1.8-2.8 me / 100 g of soil, which 

is very important for the normal 

growth and development of 

grassland plants. 

 
CONCLUSIONS 

 

 Simple sheepfold with 

animals, 4 nights/1 cow or 1 sheep/6 

m2 can be improved by herbicide 

treatment of the degraded Nardus 

stricta grassland followed by calcic 

amendment and over sowing prior to 

the removal of the animals from the 

field: 

 Glyphosate herbicide with 5 

l/ha give 20% increases in dry matter 

production by increasing the success 

of over sowing with 74% compared 

to no-herbicide plots; 

 Amendment with of 4 t/ha 

CaO ensures a better installation of 

perennial legumes, increasing the 

protein content of the feed and the 

digestibility of the dry matter, as well 

as correcting the acidity of the soil; 

 The most suitable species for 

over sowing were Phleum pratense, 

Poa pratensis, Trifolium pratense 

and T. repens and among the 

spontaneous species the most 

widespread after grassland 

improvement were Festuca 

nigrescens, Agrostis capillaris and 

others; 

 Improving the traditional 

sheepfold of Nardus stricta degraded 

grassland could lead to 4-5 times 

increases in the production and 

quality of forage, which can attract 

allow a greater number of animals 

per hectare in the mountain area, able 

to continue the sheepfold on bigger 

surfaces of degraded grasslands. 
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Abstract 

Many iris species that had contributions for obtaining current cultivated 
garden irises can be found in Romanian flora. It is known that Iris aphylla had a great 

contribution in obtaining dark shade cultivars of today and Iris reichenbachii had a 

contribution in obtaining first cultivars of Amoena type flowers admired in many current 
hybrids. Iris pumila genotypes from Romania were documented contributors to the 

obtaining of fertile dwarf garden irises. Also, recently in Romanian villages were 

identified nameless tetraploid old garden irises similar with ‘Amas’ that can present 

importance for breeding disease resistant ornamental irises. All these suggest the 
importance as source of genetic material, the irises from our flora could still hold for 

breeding programs, highlighting the need of increased awareness and raised 

conservation efforts for native irises from meadows, even more since Red lists indicate a 
current decreasing trend for many wild irises in Europe including Romania.  
 
Keywords: garden iris, genotype, wild traits, tetraploids, flower type, cultivar 

 

INTRODUCTION  

 

 

History of the Family 

Iridaceae was traced back to 
Australasia during Cretaceous while 
the genus Iris diverged from its 
African relatives about 45 million 
years ago (Goldblatt et al., 2008). 
Today the genus Iris is divided in 6 
subgenera, 12 sections and 260 
species (Wilson and Morrison, 2011) 
reaching the greatest diversity in 
Eurasia (Goldblatt et al., 2008). 
Irises have been known as 
ornamental and medicinal plants in 
Romania for a long time (Butură, 
1979; Ardelean et Mohan, 2008). 
The genus Iris is rich not only in 
species but natural and artificial 

hybrids as well (White et al., 1997; 
Colasante and Vosa, 2000), 
presenting many unresolved 
taxonomic and nomenclatural 
challenges. These include problems 
of synonymy, populational 
polymorphism, and hybrid origin 
(Colasante and Vosa, 2000). For 
example, not only the well-known 
species Iris germanica it is believed 
to have appeared by crossing 
between species (Lim, 2016), but 
others as well, like Iris pumila 
(White et al., 1997). Also, Tutin et 

al. (1980) mentioned a hybrid 
between Iris aphylla and Iris pumila 
allegedly found in Central Romania. 

Crisan Ioana et al.

Romanian Journal of Grassland and Forage Crops (2017)16 21

roxana.vidican@usamvcluj.ro


 
 

Besides native species 
mentioned in this paper, in 
Romanian literature are described 
several others especially in older 
works like the one of Săvulescu et 
Nyarady (1966), that currently are 
not unanimously recognized as 
separate species, fact acknowledged 
by Romanian authors in last years 
(Robu, 2005). While some can be 
found in international literature as 
synonyms to existing species, others 
are considered subspecies of some 
known species (Tutin et al., 1980; 
White et al., 1997; Cullen et al., 
2011). In this sense, Iris brandze 
Prodan that is spread across several 
counties in Eastern Romania: Buzău, 
Vrancea, Galați, Vaslui, Iași, 
Botoșani (Sârbu et al. 2013) is 
considered actually Iris sintenissi 
Janka ssp. brandze. Similarly, Iris 

halophila Pall. is considered to be 
Iris spuria ssp. halophila Pall. 
(White et al., 1997; Tutin et al., 
1980). Also, Iris mangaliae Prodan 

is actually referring to Iris variegata 
Linn (White et al., 1997) and Iris 

arenaria Waldst. et Kit. often 
described as subspecies of Iris 

humilis in our literature (Sârbu et al. 
2013) was merged simply in Iris 

humilis as of 2011 (Biltz et al., 
2011).  

The Red List of European 
medicinal plants, is listing 7 Iris 

species, from which 5 are found also 
in Romania: Iris aphylla, Iris 

pseudacorus, Iris pumila, Iris 

sibirica, Iris spuria. Among these, 
IUCN is listing Iris aphylla and Iris 

sibirica as near threatened and Iris 

spuria as vulnerable (Allen et al. 
2014; IUCN, 2017).  

The aim of this paper is to 
bring into attention the importance 
that wild irises have for plant 
breeding in the context of decreasing 
wild iris populations across Europe, 
highlighting the need of increased 
awareness and raised conservation 
efforts for protecting our native 
species.  
 
ORNAMENTAL IRISES RELATED 

TO ROMANIAN FLORA 

 
First Iris breeders from past 

centuries, conducted hybridizations 
intuitively. They made crosses, 
harvested seed, raised seedlings, 
made selections, all without 
awareness about cellular biology. 
From the ornamental perspective, the 
conversion of garden hybrids from 
diploids to tetraploids was the most 
significant event in ornamental iris 
history (Norris, 2012).  

Because the current 
ornamental Iris assortment is very 
wide (Beresford-Kroeger, 2004), the 
horticultural classification used 
worldwide for irises, is designated 
by the abbreviated English name for 
each category (ISA Handbook, AIS 
Handbook, British Iris Society, 
Iridarium of Komarov Botanical 
Institute). To these main ornamental 
categories, can be added a 
nomenclature of different crosses 
between species and series within the 
genus as the one described by 
Komarnicki (2012) for the Apogon 
irises.  
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Knowing the characteristics 
ascribed to each horticultural class is 
important for breeding of ornamental 
irises, constituting criteria for 
evaluation of cultivars (ISA 
Handbook, AIS Handbook).  

Miniature Dwarf Bearded 

(MDB) are the shortest, with stems 
often unbranched and having 
between 15-20 cm. They are the first 
to flower among the bearded types in 
the early spring. Their origin is in the 
meadows of Caucasus, Eastern 
Europe (including Romania) and 
Russia.  The existence of this class 
owns the most to introduction of Iris 

pumila in mainstream breeding 
during 1930-1950. Notably Bob 
Schreiner from USA used imported 
seeds from Romania in late 1930 to 
obtain the miniature cultivars 
‘Carpathia’ and ‘Sulina’ that were 
the ones further used by other 
breeders. For some early breeders, 
Iris suaveolens also attracted interest 

due to slender habitus but was little 
used. The successful MDB cultivars 
originated from crosses between Iris 

pumila and modern tetraploid TB 
followed by generations of selection 
for miniature proportions that lead to 
the creation of hundreds MDB 
registered cultivars. This paved the 
way to obtaining also SDB and IB 
later on.  

Standard Dwarf Bearded 

(SDB) bloom after MDB but before 
the IB. They have between 21-40 cm 
in height. The flowers have a 
diameter of 7-8 cm and the flower 
stem presents 3 flower buds. They 
have a wide color range and were 
obtained by crosses between TB and 
MDB, thus presenting the 
characteristics of both. Their history 
begins in 1940 USA with breeders 
Cook and Douglas, who managed to 
obtain fully fertile hybrids from 
crosses between Iris pumila and TB, 
and soon other hybridizers followed. 
Cook launched the first SDB 
cultivars. Later, breeders used 
existing SDB for further crosses. 
Intermediate Bearded (IB) reach a 
height of 41-65 cm and have a 
diameter between 8-12 cm. They 
present minimum 2 branches per 
stem and have 4 to 5 flowers per 
stem. They were obtained by crosses 
between SDB and TB.  

Border Bearded (BB) are 
the shorter versions of TB. They 
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Further are presented the 
main horticultural classes of irises 
related to species found in our wild 
flora and major sources consulted for 
describing the classes were those of 
Species Group of the British Iris 
Society, The American Iris Society 
and Iris Society of Australia, all 
indicated at the end of the 
classification together with other 
popular sources used. The 
horticultural classes of irises related 
to species found in our wild flora are: 
A. Pogon irises 
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reach 64 cm in height and flowers 
have 12.5 x 9 cm.  

Miniature Tall Bearded 

(MTB) have the strictest 
classification. These diploids are 
distinguished by the delicacy of the 
flowers that have to form on slender 
and flexible stems. Are often called 
‘table irises’. The branched flower 
stems reach 41-70 cm in height and 
present 6-9 flowers each having a 
diameter of 9 cm but not larger than 
15 cm.  

Tall Bearded (TB) exceed 
70 cm in height. The flower stem is 
branched and presents several buds 
(7 or more for new cultivars). 
Reunites the tall bearded garden 
irises either hybrids or species: Iris 

germanica, Iris pallida, Iris 

variegata, Iris trojana etc. Many TB 
available at the beginning of XXth 
century were diploids, making them 
more difficult to cross with other 
species (often resulting sterile 
hybrids), much to the frustration of 
early hybridizers like of Schreiner 
and cytologist Marc Simonet. 
Eventually, successful crosses with 
dwarf species lead to the creation of 
SDB and other horticultural Iris 
categories (White et al., 1997; Norris 
2012; AIS Handbook, ISA 
Handbook, The Blog of AIS, British 
Iris Society, Iridarium of Komarov 
Botanical Institute). 

Most modern TBs, BBs, and MTBs 
have 48 chromosomes while MDBs 
and SDBs can have variable 
chromosome numbers, yet many 
produce fertile offspring by crossing 
on one another. SDBs x TBs crosses 
give IBs that are usually infertile 
hybrids (Spoon, 2011). 
B. Apogon irises 

Spuria (SP) have heights 
between 60 to over 100 cm and wide 
color range from white, blue to 
brown and often with yellow signals. 
The species belong to the series 
Spuriae from subgenus Limniris, 

rooted in the horticultural literature 
through Iris spuria and its 
subspecies. 

Siberians (SIB) have blue, 
violet and white flowers. They can 
reach 60-100 cm in height. Includes 
10 species of the subgenus Limniris 
divided in 2 groups: first with 28 
chromosomes (sibiricae) is found 
also in Romania. Tetraploids of this 
group are not found in the wild, but 
many of today cultivars are 
tetraploid. However, their crossing is 
more difficult, and they usually set 
less seed than the diploids. There 
were also less breeding programs for 
them (White et al., 1997; Norris 
2012; AIS Handbook, ISA 
Handbook, The Blog of AIS, British 
Iris Society, Iridarium of Komarov 
Botanical Institute). 
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IRISES OF ROMANIAN FLORA 

 

Many Iris species from 
Romanian flora are xerophytes (Iris 

suaveolens, Iris reichenbachii) or 
xero-mesophytes (Iris aphylla, Iris 

pumila, Iris variegata, Iris 

graminea), with only a few species 
met in swampy meadows, or 
watersides: Iris spuria, Iris sibirica, 

Iris pseudacorus.  

Two taxa were long known 
for their ability to establish on saline 
soil: Iris sintenissi ssp. brandze and 
Iris spuria ssp. halophila (Tutin et 

al. 1980; Sârbu et al. 2013) while a 
few others also can tolerate to some 
degree a saline substrate: Iris 

germanica, Iris sibirica, Iris 

pseudacorus, Iris pumila, Iris 

graminea (Grigore, 2008). 

 All species prefer meadows. 
Some are restricted to open habitats 
on hills and plains (Iris sintenisii) 
while others can be met in various 
environments. For example, some 
irises can grow in glades and at forest 
edges (Iris ruthenica, Iris variegata, 

Iris graminea), bushy areas (Iris 

pallida, Iris variegata, Iris 

graminea) and grass-covered 
rockeries (Iris reichenbachii, Iris 

pumila, Iris humilis, Iris aphylla) 

(Sârbu et al., 2013).  
 In table 1 are named 15 Iris 
species from Romanian meadows 
avoiding synonyms for the species. 
For the spread or status of the species 
in the Romanian wild flora, was used 
the latest consulted source 
mentioned in the last column, for 
each species.  

 
Table 1 

Inventory of Iris species from Romanian meadows  
(unanimously accepted names for distinct species) 

Species Flowering  
time 

Phytocoenosis Spread or 
status 

Sources 

Iris aphylla L.  
(2n= 24, 40, 48) 

V-VI Geranion sanguinei, 
Festucion valesiacae, 
Jurineo-
Euphorbinenion 

vulnerable Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al., 2013; Marinescu et 
Alexiu, 2013 

Iris germanica L.  
(2n= 36, 44, 48) 

V-VI sub-spontanous cultivated Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al., 2013 

Iris graminea L.  
(2n=34) 

V-VI Brometalia erecti,  
Geranion sanguinei 

frequent Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al., 2013 

Iris humilis Georgi  
(2n=22) 

V-VI Quercetea 
pubescentis, 
Festucetalia 
vaginatae, 
Festucetalia 
valesiacae 

rare Tutin et al., 1980; 
Ciocârlan 2000; Biltz et 
al., 2011; Sârbu et al., 
2013  

Iris pallida Lam.  
(2n=24) 

V-VI Festuco-Brometea  rare Tutin et al., 1980; 
Ciocârlan 2000; Norris, 
2012; Sârbu et al., 2013 
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Iris pontica Zapal  
(2n=72) 

V Festucetalia 

valesiacae 

vulnerable White et al. 1997; Sârbu 
et al., 2013; Irimia et 
Mânzu, 2013 

Iris pseudacorus L.  
(2n= 24, 30, 32, 34, 
40) 

V-VII Phragmitetalia common Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013;  

Iris pumila L.  
(2n=32) 

IV-V Festucetalia 
valesiacae, Stipion 
lessingianae, 
Festucion valesiacae 

frequent 
 

Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013;  

Iris reichenbachii 
Heuff. (2n=24, 48) 

V Festucion valesiacae rare Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013 

Iris ruthenica Ker 
Gawl. (2n=84) 

V-VI Seslerietalia frequent Tutin et al., 1980; White 
et al. 1997; Ciocârlan 
2000; Sârbu et al. 2013 

Iris sibirica L.  
(2n=28) 

V-VI Molinion, Molinio-
Arrhenatheretea 

sporadic Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 

al. 2013;  
Iris sintenisii Janka 
(2n=16, 18) 

V Quercetea 
pubescentis 

sporadic Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013 

Iris spuria L.  
(2n=20, 22) 

V-VI Molinietalia, 
Puccinellietalia 

sporadic Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013;  

Iris suaveolens 
Boiss. et Reut 
(2n=24) 

IV-V Festucion valesiacae rare Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013 

Iris variegata L. 
(2n=24) 

V-VI Geranion sanguinei, 
Quercetalia 
pubescentis, 
Festucetalia 

valesiacae 

frequent Tutin et al., 1980; 
Ciocârlan 2000; Sârbu et 
al. 2013 

 
The wild Iris species found also in 
Romanian flora although 
contributors to many ornamental iris 
classes have only yellow, blue and 
purple shades as described in 
autochthonous works (Ciocârlan 
2000; Sârbu et al., 2013). However, 
there is a dominant inhibitor of 
anthocyanins (IA), and one for 
carotenes (IC) at a separate locus that 
is involved in color pattern found 
today in so many current cultivated 
irises (Spoon, 2011). All wild irises 
bloom only once a year (Table 1). 
The cultivated rebloomers have lost 
wild type, dominant traits by 

selection. No rebloom is possible 
without four doses of recessive 
alleles of the gene locus that is called 
Frigida in Arabidopsis. Rebloomers 
need support from high doses of 
dominant genes for vigor and 
resistance to bacterial soft rot, other 
diseases and pests (Spoon, 2011).  
Topographical information for 
several important species, reveals a 
more or less widespread area of 
distribution across Romanian 
geographical regions. While Iris 

spuria can be found in many counties 
in Transilvania, Banat, Crișana and 
Moldova, Iris spuria ssp. halophila 
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is restricted to counties of Dolj, 
Prahova, Ialomița, Vrancea, Galați 
and Iași. Limited to several counties 
in east and south-east Romania is Iris 

sintenisii while Iris sintenissi ssp. 
brandze is further restricted to 
counties of Botoșani, Buzău, 
Vrancea, Galați, Vaslui, Iași.  

Also, Iris suaveolens can be 
met in Tulcea and Constanța. Iris 

pallida is limited to Mehedinți, while 
Iris reichenbachii can be found in 
Mehedinți, Caraș-Severin and 
Hunedoara (Ciocârlan 2000; Sârbu 
et al., 2013).  

In flora of Cluj County, can 
be met several important Iris species: 
Iris pumila and Iris humilis 
(Ciocârlan 2000; Sârbu et al., 2013), 
the vulnerable Iris aphylla ssp. 
hungarica (Marinescu et Alexiu, 
2013; Fig. 1), as well as Iris pontica 

another rare and vulnerable species 
signaled across several counties in 
Transylvania including Cluj (Irimia 
and Mânzu, 2013). 
 
CHALLENGES FOR BREEDING 

 

 There are five directions to 
consider in current breeding of 
ornamental irises: 1) color: flowers 
(including patterns) and leaves 
(variegated/non-variegated), 2) 
flower morphology and plant 
morphology according to each 
corresponding ornamental class 
(branching stem, height etc.), 3) 
blooming time (early/late, 
rebloomers), 4) rhizome resistance to 
rotting. Dominant genes of Iris 

cultivars express wild type traits 

from species that created the hybrid. 
Modern traits for flower form, like 
wide and ruffled petals, come from 
recessive genes that in order to be 
expressed, must occur in four doses 
in tetraploids, and there is an 
increased difficulty to express 
recessive traits in tetraploids 
compared to diploids (Spoon, 2011). 

It is known that polyploidy, 
can increase plant size, flower size, 
fragrance, vigor and many other 
desired horticultural traits (Norris, 
2012). But more specialists today 
start to ask if the tendency to create 
oversized, heavy and multiple 
flowers that with rain can hardly 
open or even start to rot, together 
with disease susceptibility is what 
the public is going to seek in the 
future.  

Spoon (2011) citing a 
British author, said: “the natural, 
graceful lines of the wild iris flower 
are being lost”. In this context 
perhaps, a returning to the older 
genotypes and even wild species in 
search for suitable genitors for a new 
generation of resilient garden irises 
is not far-fetched.  

Regarding old garden irises, 
Blažek (2016) reports that in 
Romanian villages, he found 
tetraploids of Iris aphylla as well as 
tetraploid irises related to ‘Amas’, 
similar with the bitone or bicolor 
clones of Iris trojana or Iris 

germanica. He concluded that 
although old tetraploid irises are not 
rare in European gardens they 
remain nameless. This might be of 
great interest because according to 
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Historic Iris Preservation Society 
most modern tall bearded irises 
descended from ‘Amas’, an early 
tetraploid collected by Sir Michael 
Foster in 1885 in Turkey (Historic 
Iris Preservation Society). In this 
sense, the “nameless” old genotypes 
identified by Blažek (2016) in 
Romania could be of great interest 
for breeding ornamental irises, 
specially disease resistant ones. 
Although most cultivars sold today 
as garden plants are the known 
breaded hybrids some species might 
present interest too. Iris pontica, also 
found in Romania, was once 
considered to have great potential as 
a rockery plant (White et al., 1997).  
Today bearded garden irises can 
present flowers with various colors 
displayed in a variety of ways, and is 
one of the main characteristic that 
distinguishes them. Most 
pigmentation of the flower is in the 
upper and lower epidermal cells. The 
water-soluble violet, blue, maroon, 
and cardinal red anthocyanin 
pigments are in the central fluid 
vacuoles. The lipid soluble yellow 
xanthophyll and carotenes as well as 
pink, red, and orange lycopene 
pigments are in the cytoplasm 
(Spoon, 2011).  
Besides the one-colored flowers 
called Self-type, there are several 
others. The IA gene by inhibiting 
anthocyanin pigments in standards, 
style arms, and falls is responsible 
for most white, yellow, pink, and 
orange in single colored flowers. 
One dominant dose can remove most 
of the anthocyanin. Amoena flower 

type presents white standards and 
colored falls and it had as starting 
base the species Iris reichenbachii 

and two TB cultivars. Due to dosage 
effect, four doses of dominant (IAs) 
leads to obtaining an Amoena with 
no anthocyanin in the standards 
while four doses of recessive (ias) 
gives an anthocyanin Self type 
flower. The Bicolor type flower 
presents standards and falls of 
different colors. The Bitone type 
flowers present different shades of 
the same color on their falls and 
standards, Blend type flowers 
present a combination of different 
colors. There are also other types of 
flowers like Luminata, Neglecta, 
Plicata, Glaciata, Zonal and 
Variegata type flowers (Beresford-
Kroeger, 2004; Cundy et Bartlett, 
2007; Spoon, 2011; Norris 2012; 
Historic Iris Preservation Society).  
The emblematic blue and purple 
flowers rich in anthocyanins remain 
the preferred colors for iris lovers to 
this day, from fine blue-violet to 
nearly black. Also, a very sought 
color in Iris is red, which 
preoccupied many breeders (Norris, 
2012). In many cases the carotenoids 
and not the anthocyanins, are 
responsible for red and orange hues 
of Iris flowers (Lim, 2016). It is 
acknowledged that it is a challenge to 
obtain a cultivar with intensely red 
spectrum. Pink, peach, red, yellow-
orange, and orange in Iris are 
produced by the carotenoid pigment, 
lycopene. The recessive allele (t) for 
lycopene expression in four doses 
(tttt) produces the “tangerine factor” 
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(Spoon, 2011). Many widespread iris 
cultivars display orange, white and 
yellow colors. Pink was the second 
color after yellow that triggered the 
interest of breeders in the XXth-
century. To less interest were green 
flowers. Most black iris cultivars that 

have reached the highest point in 
1990, have arisen from crosses 
between dark purple and blue 
cultivars, and Iris aphylla (figure 1) 
is credited with the intensifying 
pigmentation of today black iris 
cultivars (Norris, 2012).

  

 
Fig.1. Iris aphylla in Botanical Garden  

of UASVM Cluj-Napoca (2017) 
 
Variegated foliage admired most 
notably in certain cultivars of Iris 

pallida and Iris pseudacorus (Ondra, 
2007), is controlled both by 
cytoplasmic genes of the 
chloroplasts and modifying genes in 
the chromosomes that give a dosage 

effect, as a result only 5 to 10 % of 
the seedlings have variegated 
foliage. Allan Ensminger worked 
many years to obtain irises with 
variegated flowers and foliage with 
some degree of success (Spoon, 
2011). 

 
CONCLUSIONS 

 
Most irises cultivated today 

are tetraploids and modern traits of 
flowers are caused by recessive 
genes.  

The efforts of hybridizers in 
past decades are remarkable 
especially since to obtain the 
expressing of recessive traits in 
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tetraploids is much harder compared 
to diploids.  However, some recent 
authors and hybridizers have thrown 
a shadow of doubt on the old trend of 
breeding for exacerbated increased 
number and size of flowers in new 
cultivars at the cost of the elegance 
of wild flower, that now tend to meet 
also practical difficulties for plants in 
opening their blooms during raining 
weather and their proneness to rot. 
Also, the rebloomers having lost the 
wild type dominant traits are 
susceptible to pests, lack of vigor, 
sensitivity to drought and need 

special care. It might seem that wild 
traits could still be helpful in 
breeding more resilient garden irises 
today, with more graceful lines too.  

Several autochthonous iris 
species have a decreasing trend of 
their populations, as it was 
acknowledged by many authors and 
IUCN, indicating the need for 
sustained conservation efforts.  

Species that had a 
contribution in obtaining some 
ornamental classes of irises can still 
be found in Romanian flora and 
could be used in plant breeding.  
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Abstract 
The microbiota has a critical role in regulating soil ecosystem-level processes, 

such as nutrient cycling and organic matter decomposition. Scientific community has a 

little knowledge about the composition and diversity of microbial communities and how 
these affect the fertility of the soil and productivity of the grassland. An indicator which 

gives important information about grasslands management strategies is the 

fungal/bacterial ratio. This article tries to gather the results of the studies which assessed 
the fungal/bacterial ratio. In order to make this research paper Google Scholar scientific 

database was used to search for scientific literature such as academic journals, 

conference paper, books, dissertations, theses, abstracts and other academic literature. 

Database search was done using a set of keywords: “grassland”, microbial biomass”, 
“microbiota”, “fungal/bacteria ratio”.  

 

Keywords: grassland, fungi, bacteria, microbial biomass, soil, management. 

 
INTRODUCTION 

 

There is a great interest in 

the development of agricultural land 

management strategies aimed at 

increasing dependence on ecosystem 

self-regulation, rather than on 

artificial inputs such as fertilizers 

and pesticides (Altieri, 1991). An 

important requirement of these 

systems is the need to increase 

dependence on natural biological 

processes of the soil, such as organic 

matter decomposition and nutrient 

mineralization, for the supply of 

plant nutrients available for growing 

crops. To achieve this goal, it is 

obvious that management regimes 

that encourage a soil community that 

resembles the natural ecosystems 

most likely will require fewer inputs 

because they rely more on self-

regulation of ecosystems (Yeates et 

al., 1997). 

Soil microbes play 

important roles in decomposition of 

organic matter, nutrient cycling, and 

plant nutrient availability in all 

ecosystems (Paul and Clark, 1989). 

However there is little knowledge 

about the composition and diversity 

of microbial communities and how 

the microbiota can affect the fertility 

of the soil and productivity 

(Grayston et al., 2001). Most of the 

knowledge about microbial 

communities is based on the 

estimated 1–10% of the total 
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community (Torsvik et al., 1998). 

The microbial communities respond 

to soil management, organic matter, 

and the abiotic environment, and are 

influenced by plant litter and 

rhizosphere effects (Calderón et al., 

2000; Chen and Stark, 2000). Some 

landscape-level studies have shown 

relationships between soil microbial 

community composition, and biotic 

and abiotic environmental conditions 

(Myers et al., 2001). The microbial 

biomass is higher during wet 

environmental periods than dry 

periods (Sandor et al., 2011). The 

main decomposition pathways in soil 

are bacterial-based or fungal-based, 

both support their own chain of soil 

fauna (Wardle and Lavelle, 1997). 

Therefore, the biomass of fungi 

compared to bacteria can be 

considered as an indicator for the 

activity of two pathways of the soil 

food web, formed by fungivores or 

bacterivores and their predators, 

respectively. Generally, fungal 

biomass is found to be greater than 

bacterial biomass in agricultural 

soils (Zelles et al., 1995). Fungi have 

hyphae that allow them to move, 

colonize and degrade surface litters 

with which soil bacteria can not 

contact (Holland and Coleman, 

1987). Chemical composition of 

fungal biomass is more complex than 

bacterial biomass (Guggenberger et 

al., 1999). For example, the two 

components of fungal cell walls are 

polymers of melanin and chitin, 

while the main component of 

bacterial membranes are 

phospholipids. Polymers are much 

more resistant to degradation, while 

phospholipids are rich in energy 

substrates and readily decomposed 

by a wide range of soil 

microorganisms. Bacteria tend to 

have lower C assimilation 

efficiencies than fungi, and thus 

store less of the C that they 

metabolize (Adu and Oades, 1978). 

In some cases, C-leaf fungal storage 

was 26 times higher than the 

corresponding bacterial deposition 

of C (Suberkropp and Weyers, 

1996). Thus, storage of C is expected 

to be more persistent when it is 

mediated by fungal biomass and 

more labile when mediated by 

bacterial biomass (Van  de Werf and 

Verstraete, 1987). A key feature of 

natural ecosystems is a soil 

community dominated by fungal 

decomposition pathways (Bardgett 

1996). In this regard, a study of 

agricultural grasslands by Yeates et 

al. (1997) suggested that, during the 

shift from intensive farming to 

organic management, an indicator of 

successful transformation into a 

system based on soil biological 

processes was a change in the biotic 

soil community towards fungal 

dominance. This proposal was based 

on the finding that in a number of 

grasslands in the middle of Wales it 

was found that soil food networks 

were constantly dominated by 

bacterial decomposition pathways, 

while the long-term organic soil 

systems were dominated by fungi 

(Yeates et al., 1997). An additional 

feature of organically managed 

grassland soil was a high total 
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microbial biomass relative to the 

soils of intensive grassland systems 

(Yeates et al., 1997). These findings 

are broadly consistent with those of 

other studies of different temperate 

grassland systems that have shown 

that both total microbial biomass and 

F/B ratios are higher in long-term 

unfertilized soils than in fertilized 

ones (Bardgett et al. 1997a). 

Therefore, in the case of managed 

grassland systems, detection of a 

substantial increase in microbial soil 

biomass and F/B biomass ratio from 

a defined baseline is an appropriate 

indicator of effective transformation 

from a intensive system to a low 

input system based mainly on self-

regulation biological pathways 

(Bardgett and McAlister, 1999).  

Microbial biomass in 

grasslands is generally higher than in 

cultivated soils (Adams and 

Laughlin, 1981). Large microbial 

biomass in the grassland soil is 

supported by a large amount of 

carbon and therefore has a high 

potential for immobilization of the 

inorganic N. Expansion of microbial 

immobilization and subsequent 

turnover of microbial N are both 

related to changes in composition 

and size of microbial biomass. Since 

bacterial biomass and fungal 

biomass have C/N ratios of about 5 

and 10, respectively (De Ruiter et al., 

1993), incremental growth of 

bacterial biomass will immobilize 

more N than a similar fungal biomass 

growth and, therefore, the turnover 

of a biomass unit in the soil 

dominated by bacteria will result in a 

higher mineralization than in the soil 

dominated by fungi (Bittman et al., 

2005), also, grazing by fungivores 

results in a lower mineralization rate 

than bacterial grazing. In addition, 

fungal feeding fauna generally has 

lower biomass and lower rotation 

rates than bacterial feed (Didden et 

al., 1994). Therefore, a fungal-

dominated food network may result 

in a lower N-mineralization rate. 

This, however, does not necessarily 

lead to a lower production. The 

mycorrhizal biomass probably 

increases at lower nutrient content in 

the soil. Their contribution to 

nutrient absorption can 

counterbalance the negative effects 

of low nutrient availability to the 

crop and thus reduce nutrient losses 

in the environment (Franciska et al., 

2006). 

Growth of fungal/bacterial 

biomass ratio in extensively 

managed grasslands is consistent 

with other reports (Bailey et al., 

2002). The mechanisms responsible 

for changes in the soil microbial 

community remain largely unknown. 

Some studies have shown that arable 

soil management affects the F/B 

biomass ratio (Frey et al., 1999). In 

most cases, bacteria dominate under 

conventional tillage, while fungi 

dominate under no-tillage. This has 

been attributed to direct contact 

between bacteria and substrate under 

conventional tillage, encouraging 

bacterial growth (Beare et al., 1997). 

Mycelial networks are also 

destroyed by tillage. The grazing has 

been reported to be positive 
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(Bardgett et al., 1997b) or as a 

negative impact (Ghani et al., 2003) 

on the F/B ratio. Changes in the F/B 

ratio related to grassland 

management have been attributed so 

far to the amount (Mawdsley and 

Bardgett, 1997) and the quality 

(Grayston et al., 2001) of root 

exudations, changes in the quality 

and quantity of animal faeces and 

litter (Bardgett et al., 1996) and plant 

productivity and composition 

(Donnison et al., 2000). F/B ratios 

may also be affected by other factors, 

e.g. toxic metals (Tobor-Kaplon et 

al., 2005). Most of these factors are 

linked to the availability of nutrients. 

Bittman et al. (2005) found a 

decrease in fungal biomass due to the 

application of manure and fertilizers. 

Inorganic nitrogen fertilization has 

been reported to reduce the F/B 

biomass (Bloem and Vos., 2004), 

while organic matter with a high C/N 

ratio stimulates fungal growth and 

thus increases the F/B ratio (Vinten 

et al., 2002; Sandor et al., 2011).  

The pH had a positive or 

negative effect on the F/B ratio 

(Bååth and Anderson, 2003). It is 

suggested that higher biomass ratio 

of fungal/bacterial are indicative of a 

more sustainable agroecosystem 

with a lower environmental impact 

where organic matter decomposition 

and N mineralization dominate the 

supply of plant nutrients for growing 

crops (Yeates et al., 1997). 
Table 1  

Fungal/bacterial ratio changes in different grasslands management strategies 
 

Reference System Methodology 
Response of soil microbial 

community 

Yeates et 
al. (1997) 

Comparison of long-term or-

ganic and conventional 

grassland systems in lowland 

mid- Wales 

PLFA 

Total microbial biomass and 

fungal: bacterial biomass ratio 

significantly higher in organic 

than fertilized grassland soils 

Bardgett et 
al. (1997a) 

Adjacent fertilized and unfer-

tilized meadows in northern 

England and Wales 

PFLA, 

ergosterol 

analysis 

Total microbial biomass, 

fungal biomass and 

fungal:bacterial biomass ratio 

consistently higher in 

unfertilized than adjacent 

fertilized upland meadows 

Bardgett et 
al. (1996) 

Productive upland grasslands 

under extensive management 

(3 years) in South Wales 

PLFA 

Cessation of fertilizer 

applications and liming 

resulted in significant increase 

in the soil fungal:bacterial 

biomass ratio 

Bardgett et 
al. (1993) 

Established upland grass-

lands in Dentdale, Cumbria 
Membrane 
filtration 

Total fungal biomass (hyphal 

length) was greater in 

unfertilized than adjacent 

fertilized grasslands 

 
(Source: Bardgett and McAlister, 1999)  
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CONCLUSION 

 

The microbial communities 

respond to soil management, organic 

matter, and the abiotic environment 

factors. Grassland management 

strategies such as mineral 

fertilization/organic fertilization and 

conventional tillage/no-tillage can 

change fungal/bacterial ratio 

positively or negatively. F/B 

biomass ratio it is an indicator of 

effective transformation from an 

intensive system to a low input 

system based mainly on self-

regulation biological pathways. 
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Abstract 
The purpose of this research is to assess the state of the biodiversity and 

pastoral value for Bothriochloa ischaemum grasslands from the hill area. Also, there has 

been analyzed the floristic composition and a series of ecological indexes, respectively 

humidity, soil reaction, temperature and nitrogen. Other aspects taken in account were 
the agronomical and anthropogenic specters. The analyzed grasslands are placed in the 

perimeter of the localities: Gilău, Aiton, Jucu and Mociu, all from Cluj County. 

 
Keywords: biodiversity, Cluj County, Bothriochloa ischaemum, hill area. 

 

INTRODUCTION  

 

Grasslands worldwide 

continue to be destroyed by 

expansions of agricultural fields, 

overgrazing, development, and 

urban sprawl (Hoekstra et al. 2005). 

The invasive yellow bluestem 

(Bothriochloa ischaemum [L.] Keng) 

threatens native biodiversity, and its 

control is of interest to land 

managers involved in restoration of 

invaded grasslands (Robertson et al., 

2013). Old World Bluestems (OWB; 

Bothriochloaspp.) are one group of 

non-native, perennial, warm-season 

grasses that have begun to raise 

concerns in the central and southern 

Great Plains (Smith and Knapp 

1999; Grace et al. 2002; Reed et al. 

2005; Harmoney and Hickman 2004, 

cited by Schmidt et al., 2008). These 

grasses were introduced from Europe 

and Asia in the 1920s (Celarier and 

Harlen 1955), because of their 

purported superiority to native 

grasses (Coyne and Bradford 1985a). 

For instance, a comparison of growth 

of OWB versus native grasses 

showed that OWB produced more 

biomass than the native grasses and 

OWB seedlings were established 

more easily (Coyne and Bradford 

1985b).  

In Romania, Bothriochloa 

ischaemum grassland is part of the 

Bothriochloa ischaemum series, 

specific to the nemoral floor, 

suburban forests of the hornbeam 

and oak mixture. This is usually met 

on the layer steppe degraded, ribs 

rocky soils compacted in the upper 

part, poor in humus (Ţucra et al., 

1987).
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MATERIAL AND METHOD  

 

Study site 

In this study, we examined 

how estimated changed on a Festuca 

rupicola - Bothriochloa ischaemum. 

Grasslands with varying survey 

intensity and a 4 different area from 

The Transylvanian Plain, Romania. 

The experiment was performed in 

2015 in Gilău, Aiton, Jucu and 

Mociu commune, Cluj County. The 

area shows a typical plain until 

hillside climate, the landscape is 

undulating, with altitudes between 

250 and 750 m above sea level. It is 

characterized by a high variation of 

land use and topoclimatic conditions 

in the area and fine-grained mosaic 

of different land uses, including 

substantial amounts of semi natural 

vegetation with 7.2°C average 

temperature (Păcurar and Rotar, 

2014). The vegetation observations 

were made on 22 plots.  

Data analysis  

The floristic composition 

was interpreted using an improved 

Braun-Blanquet scale with 

subdivisions (Păcurar and Rotar, 

2014). Sward fodder value was 

calculated based on species quality 

score on a scale from 1 (poor) to 9 

(excellent), after Dierschke and 

Briemle (2002), as modified by 

Păcurar and Rotar (2014). Sward 

fodder value was performed on a 

scale from 1 (poor sward, quality 

dominated by toxic species) to 9 

(excellent) after Păcurar and Rotar 

(2014). Data regarding the share of 

economic groups (Poaceae, 

Cyperaceae-Juncaceae, Fabaceae 

and other botanical families- AFB), 

species number were processed by 

analysis of variance. Plant resistance 

against interference mechanical, 

such as mowing, grazing and crushed 

materialized by value indicator (from 

1-9) after Dierschke and Briemle 

(2002), and the names of appropriate 

species depending on the category 

disturbance were taken after Păcurar 

and Rotar (2014). Based on data 

from spectrum it can be calculate the 

average indicator of a phytocenosis. 

This may be unweighted or 

weighted. Assigning a phytocenosis 

feed is achieved at the expense 

calculated weighted average 

indicator value. 

Using descriptive statistics 

(Cristea et al. 2004) analyzes were 

performed which are divided into 

two categories: central tendency 

parameters and indicators of 

scattering data. In the central 

tendency parameters included those 

processes provide a representative 

value (central) measured for the data 

stream.  

There are three estimators 

that can be used for this purpose: the 

mean, median and module 

(http://statisticasociala.tripod.com/p

arametri.htm).
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RESULTS AND DISCUSSION  
 

In this descriptive plot has 

been identified the Bothriochloa 

ischaemum grassland type, which is 

part of Bothriochloa ischaemum 

series, feature areas habitats meso-

xerofile, thermophilic, with inclined 

slopes exposed to the south and 

southwest (Ţucra et al., 1987). In our 

case, the type Bothriochloa 

ischaemum was described in nemoral 

area, at altitudes between 350 and 

550, generally starting on exhibitions 

south until the west (90o - 180o), land 

with an average slope of around 

39.390 (table 1). There have been 

studied 8 grassland plots in the 

Transylvanian Plain. 

Bothriochloa ischaemum 

type is mostly used by grazing. In 

this type, woody vegetation cover 

has an average of 17.75% (table 1), 

the amplitude data is high (max = 

45% and minimum =1%), and the 

most common cover being 3% 

(Module = 3%). The stubs are 

present in only one case with 21% 

cover. The rocks and stones presence 

in most cases is lacking entirely. 

Fallow molehills have a presence, 

generally about 2.50% (table 1). 

Overall, the herbaceous vegetation 

coverage is averaging 71% and data 

distribution is one relatively normal. 

The floristic nucleus of this type of 

grassland is given for edifying 

species and frequent species. Thus, 

edifying species (K = V), for 

Bothriochloa ischaemum grassland 

type are: Festuca rupicola (6.60%) 

and Euphorbia cyparisias (1.00%; 

table 1). The frequent (common) 

species (K = IV) are six: Stipa 

capillata (5.30%), Medicago 

lupulina (2.90%), Achillea 

millefolium (2.10%), Agrimonia 

eupatoria (1.17%), Fragaria vesca 

(5.17%) and Salvia pratensis 

(0.83%, table 1). Potential indicator 

species (K=III) for this studied type 

of grassland are: Cardus acanthoides 

(0.50%), Cycorium intybus (0.50%), 

Eryngium campestre (2.00%) and 

Plantago media (0.50%). 

In this phytocoenosis are 19 

accompanying species (K = II), and 

33 random species (K = I). The 

Phytodiveristy of this grassland type 

is given by a 65 species (table 1). 

Poaceae family makes its 

presence felt in the sward with an 

average participation of 52.6% 

(Table 1), the data having high 

amplitude (minimum = 23% and 

maximum = 71.5%; Annex 1). From 

Poaceae family, besides of the 

dominant specie (Bothriochloa 

ischaemum) with a big mean 

abundance (39.50%) is present 

Elymus elongatus followed by 

Festuca rupicola (6.06% coverage), 

then the species Stipa capillata 

5.30% (table 1). 

Regarding the participation 

of Cyperaceae and Juncaceae 

families in this type of grassland, we 

find that they are lacking. 

Pacurar F. et al.

Romanian Journal of Grassland and Forage Crops (2017)16 43



 
 

Fabaceae family participates 

in the floristic composition, an 

average of only 5.5%, registering a 

maximum of 23% (Annex 1). Data 

collected on Fabaceae participation 

are symmetric (obliquity = 0.46) and 

a distribution curvedflat (kurt = 1.30, 

Annex 1). From Fabaceae species 

the Onobrichis vicifolia has good 

participation (5.00%), followed by 

species Medicago lupulina (2.90%) 

and Astragalus monspessulanus 

(2.00%), other species are with lower 

covered. Plants from other botanical 

families (OBF) are present in 

Bothriochloa ischaemum 

phytocoenosis type on average by 

30%, reaching a minimum of 13% 

and a maximum of 52% (Annex 1). 

Data obtained on the participation of 

plants from other botanical families 

are symmetrical, positive (obliquity 

= 0.46) and platicurtic arching = - 

1.80, Annex 1). Some species in this 

group have a significant mean 

abundance such as: Equisetum 

arvense (8.00%), Thymus 

pulegioides with 8.00% coverage, 

Fragaria vesca (5.17%), Filipendula 

hexapetala with 5.00%, Potentilla 

erecta with 5.00%, Thymus vulgaris 

with 5.00%, Daucus carota with 

3.75%, Centaurea bifurcata with 

2.50%, Centaurea phrygia with 

2.50%, Veronica chamaedrys 

2.50%, Achillea millefolium with 

2.10%, and Eryngium campestre 

with 2.00% (Table 1). Some species 

have a lower participation on 

average of 2%, as species: Galium 

verum, Agrimonia eupatoria, 

Hieracium pilosella and Euphorbia 

cyparisias. Many species have a low 

participation on average 0.5-1%.

 
Table 1 

Floristic composition of the type of grassland Botriochloa ischaemum and specific 
requirement on ecological, agronomic and anthropogenic (B - BioForm, T - 

temperature, U - humidity, R - soil reaction, N - nutrition, C - tolerance of mowing, P - 

tolerance of grazing, S - tolerance of crushed, VF - fodder value, H - hemerobie, UR - 
urbanophile, SO - - Average, Adm - mean abundance – 

dominance, K - Constancy) 
Ecological 

indexes 

Agronomical 

indexes 

Anthropogen

ic indexes 
Stand conditions 

 

   

Altitude (m) - 

Slope (°) 39.39 

Exposition S-V 

Land use pasture 

Grassland type 

Botriochl
oa 

ischaemu

m 

General cover (%) 71 

Wooden vegetation 

cover (%) 
17.75 

Stubs (%) 2.6 
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Rocks (%) 0 

Stones (%) 0 

Fallow molehills (%) 2.5 

Fresh molehills (%) 0 

Landslides (%) 36 

Erosion (%) 10.2 

Swamps (%) 0 

B T U R N C P S SO VF H UR SPECIES ADm K 

- - - - - - - - - - - - Agropyron intermedium 2.50 I 

H

S x 6 x 5 9 9 9 n 7 2 - 5 3 Agrostis stolonifera 2.50 I 

- - - - - - - - - - - - Arenatherum elatius 0.50 I 

GRs 5 4 7 4 3 6 6 n 5 2 - 3 2 Brachipodium pinnatum 1.50 II 

HT 5 3 8 3 5 4 4 n 6 2 - 3 2 Bromus erectus 5.00 I 

H 7 3 X 3 - - - n 3 3 - 4 2 Botriochloa ischaemum 39.50 V 

HT x 5 x 6 8 4 6 n 9 3 - 4 3 Dactylis glomerata 2.50 I 

HT x 5 x 8 7 5 7 n 6 3 - 6 3 Elymus elongatus 8.00 I 

H 7 3 8 2 7 7 7 n 4 2 - 3 2 Festuca rupicola 6.06 V 

H 7 2 8 2 7 7 7 n 4 2 - 3 1 Festuca valesiaca 1.17 II 

H 5 2 8 2 - - - n 6 2 - 3 1 Phleum phleoides 2.50 I 

H 7 2 8 2 2 3 3 n 3 2 - 4 1 Stipa capillata 5.30 IV 

- - - - - - - - - - - - POACEAE 52.6  

- - - - - - - - - - - - CYPERACEAE-JUNCACEAE 0.00  

H 7 3 9 2 5 5 4 n 5 1 - 2 1 Astragalus onobrychis 1.50 II 

H 7 2 7 2 4 7 4 n 4 1 - 2 1 
Astragalus 

monspessulanus 2.00 II 

HT x x x 3 4 4 4 n 5 2 - 3 2 Briza media 0.50 I 

- - - - - - - - - - - - Dorychnium herbaceum 1.00 II 

HT x 4 7 4 6 4 4 n 7 2 - 4 3 Lotus corniculatus 1.63 II 

H 6 3 9 3 5 2 2 n 7 2 - 4 2 Medicago falcata 1.50 II 

HT 7 3 8 x 6 2 2 n 8 3 - 4 1 Onobrichis vicifolia 5.00 I 

H

S 5 4 8 x 7 4 6 n 8 3 - 5 3 Medicago lupulina 2.90 IV 

- - - - - - - - - - - - Trifolium medium 0.50 I 

ChRs x x x 6 8 8 8 n 8 3 - 5 3 Trifolium repens 0.50 II 

- - - - - - - - - - - - FABACEAE 5.5  

ChRs x 4 x 5 7 4 5 n 6 2 - 4 3 Achillea millefolium 2.10 IV 

HT 6 3 7 1 5 8 8 n 1 2 - 3 1 Adonis vernalis 0.50 I 

HRs 6 4 8 4 3 4 3 n 3 2 - 3 2 Agrimonia eupatoria 1.17 IV 

H 7 3 8 4 2 6 1 n 2 4 - 6 3 Artemisia austriaca 0.50 I 

H 7 3 8 3 3 3 3 n 6 2 - 3 1 Asperula cynanchia 0.50 I 

TT 5 3 X 8 3 7 3 n 2 3 - 5 3 Cardus acanthoides 0.50 III 

H X 4 X 2 3 8 7 n 3 2 - 3 1 Carlina acaulis 0.50 II 

- - - - - - - - - - - - Campanula serpilifolia 0.50 I 
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- - - - - - - - - - - - Centaurea bifurcata 2.50 I 

HRs 6 4 6 6 4 2 2 n 4 2 - 4 1 Centaurea nigrescens 0.50 I 

HRs 4 5 5 3 5 2 2 n 4 2 - 3 1 Centaurea phrygia 2.50 I 

HRs 6 4 8 5 4 5 5 n 5 3 - 5 3 Cycorium intybus 0.50 III 

HRs 5 5 6 5 6 2 2 n 4 3 - 4 3 Crepis biennis 0.50 II 

HRs 4 5 5 5 5 3 3 n 4 3 1 Crepis mollis 0.50 I 

GRs 5 6 7 x 5 9 3 n 1 2 - 3 1 Colchium autumnale 0.50 I 

- - - - - - - - - - - - Chondrilla juncea 0.50 I 

- - - - - - - - - - - - Dipsacum fullonum 0.50 I 

HRs 6 4 x 4 6 3 4 n 5 3 - 5 3 Daucus carota 3.75 II 

GRs x 6 x x 5 7 6 n 1 3 - 6 3 Equisetum arvense 8.00 I 

H 7 3 8 4 2 4 3 n 2 2 - 4 2 Eryngium campestre 2.00 III 

H X 4 8 X 4 8 7 n 1 2 - 4 2 Euphorbia cyparisias 1.00 V 

- - - - - - - - - - - - Filipendula hexapetala 5.00 II 

H X 5 X 6 3 4 4 n 4 2 - 3 2 Fragaria vesca 5.17 IV 

HT 5 4 7 3 5 4 4 n 5 2 - 3 2 Galium verum 1.50 II 

H

S x 4 x 2 4 7 7 n 4 2 - 4 2 Hieracium pilosella 1.17 II 

HRs 6 6 x 5 4 3 3 n 4 2 - 3 1 Inula britanica 0.50 II 

- - - - - - - - - - - - Linum austriacum 0.50 I 

HRs x 4 8 4 5 4 2 n 4 2 - 5 2 Picris  hieracioides 0.50 I 

HR x x x x 7 6 6 n 6 2 - 4 3 Plantago lanceolata 0.50 II 

HR x 4 8 3 4 8 8 n 5 2 - 4 2 Plantago media 0.50 III 

HT x x x 2 3 4 5 n 5 2 - 3 1 Potentilla erecta 5.00 I 

- - - - - - - - - - - - Potentilla incana 0.50 I 

H

S x x 4 x 9 8 8 n 4 3 - 4 2 Prunella vulgaris 0.50 I 

HRs 6 4 8 4 5 3 3 n 4 2 - 3 2 Salvia pratensis 0.83 IV 

H 6 3 7 3 - - - n 4 3 - 4 1 Salvia nemorosa 0.50 II 

- - - - - - - - - - - - Scabiosa argentea 0.50 II 

HRs 5 4 8 2 5 3 4 n 4 2 - 3 1 Scabiosa columbaria 0.50 I 

HRs 5 4 7 6 6 9 4 n 1 2 - 3 2 Senecio jacobaea 0.50 II 

- - - - - - - - - - - - Stachis germanica 0.50 I 

- - - - - - - - - - - - Spergula arvensis 0.50 I 

- - - - - - - - - - - - Thymus vulgaris 5.00 I 

ChL

T x 4 5 6 4 4 4 n 3 2 - 3 2 Thymus pulegioides 8.00 I 

ChRs x 4 x 6 7 6 6 n 4 2 - 4 2 Veronica chamaedrys 2.50 I 

- - - - - - - - - - - - OBF 30  

 Number of species 65  
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From an environmental 

(ecological spectrum) phytocoenosis 

is of a meso-xerofil (Up = 3.7), 

neutrophil (Rp = 7.3) and have a 

character oligomezotrophic (Np = 

3.8; table 2). 

From agronomical point of 

view (agronomic spectrum), the 

phytocoenosis is medium tolerant of 

mowing (Cp = 5.1), is moderate 

grazing tolerant (Pp = 4.8) and 

moderate crushed tolerant (Sp = 4.8, 

table 2). 

Thus, the patoral value of 

Bothriochloa ischaemum type is 4.2 

(VFP =4.2, table 2). The presence of 

wood vegetation (17.75%) causes a 

reduction in pastoral value by 10%. 

Therefor the grassland falling within 

Class III, category of pasture is 

degraded and supports 0.21 to 0.40 

LU/ha. 

From agronomical point of 

view, in studied phytocoenosis, 5 

species have toxic value with a total 

coverage of 10.5% (Adonis vernalis, 

Colchium autumnale, Equisetum 

arvense, Euphorbia cyparisias and 

Senecio jacobaea; table 2) and 3 

species are harmful of animal 

products: Artemisia austriaca 

(0.50%), Cardus acanthoides 

(0.50%) and Eryngium campestre 

(2.00%, Table 1). Phytocoenosis is 

composed of 5 species damaging the 

grassland vegetation: Bothriochloa 

ischaemum (39.50%), Stipa capillata 

(5.30%), Agrimonia eupatoria 

(1.17%), Carlina acaulis (0.50%) 

and Thymus pulegioides (8.00%, 

table 1). 

Phytocoenosis shows high 

coverage with poor forage species 

(ballast) with a share of 25.4%. The 

species of medium fooder have a 

participation of 33.4%, the best feed 

species are in number of 6 and have 

a cumulative 14% coverage and the 

species of excellent fodder are 

represented by Dactylis glomerata, 

with a small coverage of 2.50% 

(table 2).

 

 
Table 2 

Ecological and agronomical spectrum of Bothriochloa ischaemum grassland type 

Eclg. indexes Ecological spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0 4 12 19 6 4 0 0 0 5 3.9 

Up 0 11.0 63.1 31.5 19.2 11.5 0 0 0 7 3.7 

Rnp 0 0 0 1 3 2 8 17 2 17 7.3 

Rp 0 0 0 0.5 11 1 8.6 35.9 3 83 7.3 

Nnp 1 10 9 8 6 7 0 2 0 7 3.9 

Np 0.5 25.7 52 11.9 6.6 19.7 0 8.5 0 18 3.8 

Agron. indexes Agronomic spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Cnp 0 3 7 9 12 5 7 2 2 0 5.0 
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Cp 0 7.8 14.3 14.7 23.3 11.4 23.2 3 3 0 5.1 

Pnp 0 5 7 13 3 4 6 6 3 0 5.1 

Pp 0 10 11.9 38.0 10 5 18.9 3.5 3.5 0 4.8 

Snp 1 6 9 11 3 6 6 4 1 0 4.6 

Sp 0.5 10.5 11.8 30.0 7.6 17.9 17.9 2 2.5 0 4.8 

FVnp 5 3 5 16 8 6 3 3 1 0 4.4 

FVp 10.5 3 54.5 25.4 14.8 18.6 5.6 8.4 2.5 0 4.2 

Legend 

U humidity C mowing VF fodder value 

R soil reaction P grazing np unweighted (depending on the 

number of species) 

N nutrition S crushed p weighted (depending on species 

coverage) 

 

CONCLUSION  
 

Bothriochloa ischaemum 

appears on downhill, dry land with a 

neutral reaction and poor trophicity. 

Maintenance work is hardly 

and seldom implemented, the proof 

being the presence of molehills and 

woody vegetation. 

Agronomic value of the 

pasture of Bothriochloa ischaemum 

is degraded, being predominant by 

species damaging the grassland 

vegetation. 

Grasslands are used in a 

free-extensive system, plants being 

trampled 3-7 times in grazing period. 

We recommend a 

management pastoral developing 

plan which should contain adequate 

maintenance and a system of 

sustainable use. 

 
REFERENCES 

  

1. Celarier R., Harlan J. (1955) Studies on old world bluestems. Okla 

Agric Exp Stn Bull T-58. 

2. Coyne P., Bradford J. (1985a) Some growth characteristics of four Old 

World bluestems. J Range Manage 38:27–33. 

3. Coyne P., Bradford J. (1985b) Morphology and growth in seedlings of 

several C4, perennial grasses. J Range Manage 38:504–512. 

4. Cristea V., D Gafta, F. Pedrotti (2004) Fitosociologie. Publisher Presa 

Universitară Clujeană (Chapter IV). 

5. Grace J., Smith M., Grace S., Collins S.L., Stohlgren T.J. (2002) 

Interactions between fire and invasive plants in temperate grasslands 

of North America. In: Galley K, Wilson T (eds) Proceedings of the 

invasive species workshop: the role of fire in the control and spread 

of invasive species. Fire conference 2000: the First National 

Pacurar F. et al.

Romanian Journal of Grassland and Forage Crops (2017)16 48



 
 

Congress on Fire Ecology, Prevention, and Management. 

Miscellaneous Publication No. 11, Tall Timbers Research Station, 

Tallahassee. 

6. Harmoney K., Hickman K. (2004) Comparative morphology of 

caucasian old world bluestem (Bothriochloa bladhii) and native 

grasses. Agron J 96:1540–1544. 

7. Herbei M. (2011) Elemente metodologice aplicate in cercetarea 

pajistilor. Editura Mirton Timisoara. 

8. Hoekstra J., Boucher T., Ricketts T., Roberts C. (2005) Confronting a 

biome crisis: global disparities of habitat loss and protection. Ecol 

Lett 8:23–29. 

9. Păcurar F., Rotar I. (2014) Metode de studiu și interpretare a vegetației 

pajiștilor. Ed. Risoprint, Cluj-Napoca, ISBN 978-973-53-1452-1. 

10. Puşcaru-Soroceanu Evdochia, Puşcaru D., Buia A., Burduja C., 

Csuros Ş., Grâneanu A., Niedermayer K., Popescu P., Răvăruţ M., 

Resmeriţă I., Samiolă Z., Vasiu V., Velea C. (1963) Păşunile şi 

fâneţele din R.P.R. – Studiu geobotanic şi agroproductiv, Editura 

Academiei R.P.R. 

11. Reed H., Seastedt T., Blair J. (2005) Ecological consequences of C4 

grass invasion of a C4 grassland: a dilemma for management. Ecol 

Appl 15:1560–1569. 

12. Robertson S., Karen R., Hickman K. Harmoney R., David M. Leslie 

Jr. (2013) Combining Glyphosate With Burning or Mowing 

Improves Control of Yellow Bluestem (Bothriochloa ischaemum). 

Rangeland Ecology & Management May 2013, 66(3):376- 

381https://doi.org/10.2111/REM-D-11-00198.1 

13. Schmidt C. D., Hickman K.R., Channell R., Harmoney K., Stark W. 

(2008) Competitive abilities of native grasses and non-native 

(Bothriochloa spp.). Plant Ecology, July 2008, 197(1):69–80. 

14. Smith M., Knapp A. (1999) Exotic plant species in a C4-dominated 

grassland: invisibility, disturbance, and community structure. 

Oecol 120:605–612. 

15. Ţucra I., Kovacs A.J., Roşu C., Ciubotaru C., Chifu T., Marcela 

Neacşu, Bărbulescu C., Cardaşol V., Popovici D., Simtea N., 

Motcă G., Dragu I., Spirescu M. (1987) Principalele tipuri de 

pajişti din R.S. România, Centrul de Material Didactic şi 

Propagandă Agricolă,Bucureşti. 

16. (http://statisticasociala.tripod.com/parametri.htm). 

 
 
 

 

Pacurar F. et al.

Romanian Journal of Grassland and Forage Crops (2017)16 49

http://statisticasociala.tripod.com/parametri.htm


 
 

Annex 1 

Statistic processing of data regarding stand conditions, species composition of 

Botriochloa ischaemum type and the species’ frequence constancy in relevees 

Species  Median 
Stde

v 
VC 

Mod

e 

Ske

w 
Kurt Min Max Count 

Agropyron 
intermedium 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

Agrostis 

stolonifera 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

Arenatherum 

elatius 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Brachipodium 

pinnatum 1.50 1.50 1.41 0.94 0.00 0.00 0.00 1 3 2 

Bromus erectus 5.00 5.00 0.00 0.00 0.00 0.00 0.00 5 5 1 

Botriochloa 

ischaemum 

39.5

0 37.50 14.55 0.37 37.50 -0.72 0.27 13 54 8 

Dactylis 

glomerata 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

Elymus 

elongatus 8.00 8.00 0.00 0.00 0.00 0.00 0.00 8 8 1 

Festuca 

rupicola 6.06 5.00 3.33 0.55 5.00 0.96 0.86 3 13 8 

Festuca 

valesiaca 1.17 0.50 1.15 0.99 0.50 1.73 0.00 1 3 3 

Phleum 

phleoides 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

Stipa capillata 5.30 5.00 3.07 0.58 8.00 -1.02 0.92 1 8 5 

POACEAE 
52.6

3 
52.5 15.45 0.29 

0.00 -0.83 0.85 23 71.5 8 

CYPERACEA
E-

JUNCACEAE 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.0

0 
0.00 

0.00 

Astragalus 

onobrychis 1.50 1.50 1.41 0.94 0.00 0.00 0.00 1 3 2 

Astragalus 

monspessulanu

s 2.00 0.50 2.60 1.30 0.50 1.73 0.00 1 5 3 

Briza media 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Dorychnium 

herbaceum 1.00 0.50 1.00 1.00 0.50 2.00 4.00 1 3 4 

Lotus 

corniculatus 1.63 0.50 2.25 1.38 0.50 2.00 4.00 1 5 4 

Medicago 

falcata 1.50 1.50 1.41 0.94 0.00 0.00 0.00 1 3 2 

Onobrichis 

vicifolia 5.00 5.00 0.00 0.00 0.00 0.00 0.00 5 5 1 

Medicago 

lupulina 2.90 0.50 5.37 1.85 0.50 2.24 5.00 1 13 5 
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Trifolium 

medium 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Trifolium 

repens 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 

FABACEAE 5.5 2 7.41 1.35 2 2.15 4.79 0 23 7 

Achillea 

millefolium 2.10 2.50 0.89 0.43 2.50 -2.24 5.00 1 3 5 

Adonis vernalis 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Agrimonia 

eupatoria 1.17 0.50 1.03 0.89 0.50 0.97 

-

1.88 1 3 6 

Artemisia 

austriaca 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Asperula 

cynanchia 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Cardus 

acanthoides 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 4 

Carlina acaulis 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 

Campanula 

serpilifolia 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Centaurea 

bifurcata 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

Centaurea 

nigrescens 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Centaurea 
phrygia 2.50 2.50 0.00 0.00 2.50 0.00 0.00 3 3 2 

Cycorium 

intybus 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 5 

Crepis biennis 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 

Crepis mollis 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Colchium 

autumnale 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Chondrilla 

juncea 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Dipsacum 

fullonum 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Daucus carota 3.75 3.75 1.77 0.47 0.00 0.00 0.00 3 5 2 

Equisetum 

arvense 8.00 8.00 0.00 0.00 0.00 0.00 0.00 8 8 1 

Eryngium 

campestre 2.00 2.50 1.00 0.50 2.50 -2.00 4.00 1 3 4 

Euphorbia 

cyparisias 1.00 0.50 0.93 0.93 0.50 1.44 0.00 1 3 8 

Filipendula 

hexapetala 5.00 5.00 0.00 0.00 5.00 0.00 0.00 5 5 2 

Fragaria vesca 5.17 3.75 4.42 0.86 2.50 0.96 0.21 1 13 6 

Galium verum 1.50 1.50 1.41 0.94 0.00 0.00 0.00 1 3 2 

Hieracium 

pilosella 1.17 0.50 1.15 0.99 0.50 1.73 0.00 1 3 3 

Inula britanica 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 
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Linum 

austriacum 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Picris  

hieracioides 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Plantago 

lanceolata 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 3 

Plantago media 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 4 

Potentilla 

erecta 5.00 5.00 0.00 0.00 0.00 0.00 0.00 5 5 1 

Potentilla 

incana 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Prunella 

vulgaris 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Salvia 

pratensis 0.83 0.50 0.82 0.98 0.50 2.45 6.00 1 3 6 

Salvia 

nemorosa 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 3 

Scabiosa 

argentea 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 

Scabiosa 

columbaria 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Senecio 
jacobaea 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1 1 2 

Stachis 

germanica 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Spergula 

arvensis 0.50 0.50 0.00 0.00 0.00 0.00 0.00 1 1 1 

Thymus 

vulgaris 5.00 5.00 0.00 0.00 0.00 0.00 0.00 5 5 1 

Thymus 

pulegioides 8.00 8.00 0.00 0.00 0.00 0.00 0.00 8 8 1 

Veronica 

chamaedrys 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3 3 1 

OBF 
30 25 16.32 0.54 0 0.46 

-

1.80 13 52 8 

Legend:  – Average; St.dev. – Standard deviation; VC – variability coefficient; OBF – other 

botanical families 
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Abstract  
Over the years, on the semi - natural grasslands of the Apuseni Mountains, a 

traditional management was used for mowing and grazing which in some areas is 

practiced even today. Of the maintenance work (gathering stones, fighting woody 
vegetation etc.), fertilization has the greatest significance. The theory of indicator species 

was based on Ellenberg (1952, 1979) and developed over time in collaboration with other 

authors (Ellenberg et al., 1991; 1992). Plant preferences to environmental factors have 

been coded by numbers, an operation called ecological indexes (Cristea et al., 2004). 
The requirement of each species on a given environmental factor has been encoded as 

an indicator value within a predetermined scale. Some species have an indicator value 

for the phytocoenoses due to different treatments applied and implicitly for the treatment. 
The results come from a 4-treatment experiment: T1=control (unfertilized), T2= 

N50P25K25, T3=N100P50K50, T4=N150P75K75. 

 

Keywords: semi-natural grasslands, indicator species, Festuca rubra, mineral fertilizers, 
grassland management. 
 

INTRODUCTION  
 

Indicator species provides us 

with a series of information on 

stationary conditions, semi-natural 

grassland management and 

anthropogenic influence. 
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The purpose of this paper is 

to draw up a list of species with 

indicaticator value for the intensity 

of mountain grassland management. 

Based on analysis of 

environmental, agronomic and 

natural spectrum it can be establish 

the grassland’s ecosystem at one 

time, including how is maintain and 

use this ecosystem. Also, it can be 

develop a management strategy 

which will accurately try to measure 

the maintenance and the use of this 

grasslands (Pacurar et al., 2014). 

A management with applying 

large amounts of fertilizers could 

improve the quality of mountain 

grassland fodder (Rotar et al, 2015). 

At present, in Romania, specialists 

are trying to assess the management 

of grasslands by using indicator 

species planning, and also to make a 

list of species taking into account 

stationary conditions (Pacurar et al., 

2011). 

ioana.vaida@usamvcluj.ro


 
 

 

MATERIAL AND METHOD  

 

The experimental treatments 

designed to follow the effect of small 

and large inputs of mineral fertilizer 

on floristic composition were 

installed in 2001, in Apuseni 

Mountains, Romania. The 

experimental design was made 

according to randomized blocks 

method in four replications (blocks), 

with 4 treatments: T1=control 

(unfertilized), T2= N50P25K25, 

T3=N100P50K50, T4=N150P75K75, 

included 1 cut year-1, end of July. 

Harvesting period was chosen 

according to the particular site 

conditions, located on an altitude of 

1130 m a.s.l. and characterized by an 

annual average temperature of 5.2°C 

and annual precipitation of 1122.65 

mm.  

Floristic composition was 

determined after Bran-Blanquet 

method modified by Păcurar and 

Rotar (2014).  

Floristic data processing was 

performed with PC-ORD, version 6, 

which use the multivariate analysis 

of the ecological data entered into the 

spread sheet (McCune and Grace, 

2011). The analysis of indicator 

species was elaborated according to 

the method developed by 

DUFRENE and LEGENDRE in 

1997.

 
RESULTS AND DISCUSSION  

The analysis of indicator 

species (ISA, table 1) shows that 

some species have an indicator value 

for the phytocoenoses determined by 

different treatments applied and 

implicitly for the respective 

treatment. In general, oligotrophic 

and oligomezotrophic species are 

specific to the Festuca rubra - 

Agrostis capillaris type of grassland 

that belongs to the unfertilized 

witness, and these are: Briza media, 

Carex pallescens, Leucantenum 

vulgare, Scabiosa columbaria. 

Applying 50N25P25K 

treatment can be identified by the 

presence of oligomezotrophic and 

mesotrophic species such as Festuca 

rubra, Anthonxantum odoratum, 

Lotus corniculatus, Viola declinata. 

From the series of species that prefer 

richer substrates (100N50P50K; 

150N75P75K) we have identified 

Agrostis capillaris. 
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Table 1 

Indicator species specific to grassland types resulting from mineral fertilization (T-

treatment, INDVAL - indicator value, N - trophic index, ADM - Abundance - mean 

dominance) 

Species T INDVAL Media  Std. 

Dev. 

P N ADM 

(%) 

Briza media 1 80.0 26.7 11.87 0.009 3 0,5 

Carex pallescens 1 75.0 22.9 15.31 0.029 4 0,5 

Leucanhtemum 

vulgare 

1 59.2 31.7 13.05 0.066 3 0,5 

Plantago lanceolata 1 80.8 36.9 13.30 0.010 X 2,6 

Polygala vulgaris 1 66.7 27.1 12.43 0.031 2 0,5 

Scabiosa columbaria 1 88.9 31.3 14.90 0.007 2 1 

Thymus pulegyoides 1 92.3 29.4 14.18 0.005 6 1,5 

Festuca rubra 2 87.9 62.0 9.21 0.029 6 7,25 

Lotus corniculatus 2 100.0 48.1 16.92 0.029 4 1 

Campanula abietina 2 100.0 41.5 18.55 0.030 4 0,5 

Viola declinata 2 100.0 41.5 18.55 0.030 6 0,5 

Anthonxantum 

odoratum  

2 87.0 58.7 9.85 0.029 X 2,5 

Trisetum flavescens 2 76.1 58.3 6.37 0.029 6 22,25 

Agrostis capillaris 3 74.1 56.8 6.45 0.030 4 50 

Agrostis capillaris 4 78.7 58.0 7.43 0.029 4 64,69 

 
CONCLUSIONS  

 

Following the study on the 

intensity of mountain grasslands 

management we identified 15 

species with indicative value for 

mineral fertilization.
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Abstract  

Maize silage growing provides an energy feed for dairy cows. Corn silo, with a 

relatively high energy content, is also well suited for low-cost rations for fattening cattle. 
The suitability for silage of maize depends on several factors including: cultivated hybrid, 

climatic conditions, harvesting time, relations between all these factors, but also its 

energy value at the time of harvesting. Corn production in developing areas is low 
compared to developed countries, one of the causes being the sowing density. The 

research was conducted in 2017 in the pedoclimatic conditions corresponding to the 

depression Jijia - Bahlui. Three experimental factors were, as followed: the influence of 

sowing density, the distance between the rows and the hybrid on dry matter production 
(DM) in order to obtain the best quality silo. The results obtained showed that under the 

experimental conditions of 2017 year, the highest DM production (29.61 Mg·ha-1) was 

obtained at the H3 hybrid at the sowing density of 100000 plants·ha-1 and the distance 
between rows of 50 cm. The production increase compared to the control by 86.7%. The 

H2 hybrid at the density of 100000 plants·ha-1 and the distance between rows of 70 cm 

obtained the lowest DM production (12.33 Mg·ha-1) the difference compared to the 
control variant was 22.3%. 
 

Keywords: maize hybrids, density, dry matter production 

 

INTRODUCTION 
 

Maize silage provides an 

energy feed for dairy cows. This is 

most important for high-quality 

production and for farms facing 

problems related to the production or 

purchase of high-quality feed. Maize 

silage, with a relatively high energy 

content is also well suited for use in 

low-cost ratios for cattle fattening 

(Roth G.W. and Heinrichs A.J., 

2017). The silage obtained from 

maize plants is characterized by a 

stable fermentation due to a dry 

matter content of more than 200 

g·kg-1, high carbohydrate 

concentration and low buffering 

capacity (Fisher L.G. and Burns J.C., 

1985).  

The suitability for silage of 

maize depends on several factors 

including: cultivated hybrid, climatic 

conditions, harvesting time, relations 

between all these factors, but also its 

energy value at the time of 
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harvesting (Ceclan, 2010; Vîntu et 

al., 2010). 

The importance of this type 

of feed is motivated by a number of 

peculiarities, such as: stimulates a 

high production capacity for dairy 

cows and it has high consumption in 

both green and fermented forage 

(Pinter et al., 1990). Due to the 

richness of the carbohydrates content 

can be easily fermented, it also has a 

great ecological plasticity that allows 

it a wide area of spreading (Baciu  

and Ciocan, 1991). Silk maize 

hybrids are the „pillars of 

resistance” of cattle farms, ensuring 

a high green mass production with 

high digestibility and low levels of 

cell walls (Cox et al., 2013). Also, 

maize silage offers a high 

palatability feed (Oliveira et al., 

2017). 

There is a series of 

correlations between plant density 

and production. Thus, this factor 

modifies some parameters such as: 

number of leaves, leaf angle, leaf 

edge length and upper leaf area, 

staygreen effect (Mansfield and 

Mumm, 2013). 
 

MATERIAL AND METHOD 
 

The studies were conducted 

in 2017 in Moldavian forest steppe. 

From the administrative point of 

view, the area under study is located 

in the Iasi county, on the coordinates 

(47°02' north latitude and 27°22' east 

longitude).  

From the climatic point of 

view, the territory belongs to the 

temperate-continental climate zone 

under the influence of Atlantic and 

Euro-Asian anti-cyclones. The year 

of experience was characterized by 

normal weather conditions, no 

extreme weather phenomena were 

recorded during the whole 

vegetation period of the experience. 

The soil corresponds to the forest 

steppe zone types and is a cambic 

chernozem, formed on clay deposits. 

The research was concerning 

at the influence of sowing density 

and distance between rows at three 

different plant densities on the silage 

maize production on three maize 

hybrids. 

In order to attain the 

proposed objectives, a polyfactorial 

experience was set up. The 

experiment was established, with a 

design type 2x3x3, arranged in 

subdivided plots in three replications, 

which have a 22,4 m2. The factors 

were as follows: A - distance 

between rows, with two graduations 

(a1 - 70 cm between rows and a2 -50 

cm between rows), B - cultivated 

maize hybrid, with three graduations 

(b1 - H1, b2 - H2 and b3 - H3) and C - 

plant densities, with three 

graduations (c1 - 70000 plants·ha-1, 

c2 - 83000 plants·ha-1 and c3 - 100000 

plants·ha-1). 

The precursor culture was 

maize, the experience being in the 

second year of research in the same 

location. In the autumn, a basic 

fertilization of 200 kg·ha-1 (N18P46) 
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was carried out and in the pre-sowing 

seedbed was fertilized throughout 

the experiment with 200 kg·ha-1 of 

urea (N46). 

The hybrids used were H1 - 

FAO 450, H1 - FAO 480 and H1 - 

FAO 550. Major phenomena that 

could have led to the compromise of 

the experience were not recorded. 

On the emergence of plants there was 

a slight attack on the Tanymecus 

dilaticollis Gyll., the most affected 

being the H1 hybrid. 

The date of sowing was 2nd of 

May 2017, and the harvest date was 

25th of August 2017. 
 

RESULTS AND DISCUSSION  

 

From the study conducted resulted, 

the analysis of the influence of the 

distance between the rows on dry 

matter production (table 1), showed 

that by decreasing the nutrition space 

to 50 cm between maize plants rows 

there was an insignificant increase of 

the dry matter production, of only 

9.5% compared to the control, being 

recorded at 19.34 Mg·ha-1. 
 

Table 1 

Influence of distance between maize plants rows on dry matter production 

Experimental plot 
DM production 

(Mg·ha-1) 

Diferences Statistical 

significance Mg·ha-1 % 

a1 - 70 cm between rows (c 
) 

17.66 Control 100 Control 

a2 - 50 cm between rows 19.34 1.69 109.5 ns 

  

LSD 5% 2.38 

  

LSD 1% 3.95 

LSD 0.1% 7.39 

 

The influence of the 

genotype (hybrid) on dry matter 

production is shown in table 2. As 

with green mass production, dry 

matter production is most strongly 

influenced by the studied hybrids. 

Thus, the H3 hybrid recorded the 

highest production of dry matter, of 

25.76 Mg·ha-1, with a production 

increase compared to the control of 

60.6%.  

Of hybrids tested, hybrid H2 

recorded the lowest dry matter yield 

of only 13.70 Mg·ha-1, the difference 

from the control hybrid (H1) being 

insignificant. 
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Table 2 

Influence of maize hybrid on dry matter production 

Experimental plot 
DM production  

(Mg·ha-1) 

Diferences Statistical 

significanc
e 

Mg·ha-1 
% 

b1 - H1 (control) 16.04 Control 100 Control 

b2 - H2 13.70 -2.34 85.4 ns 

b3 - H3 25.76 9.72 160.6 *** 

  

LSD 5% 2.79 

  

LSD 1% 4.63 

LSD 0.1% 8.66 

The analysis of the influence 

of the sowing density on the 

production of dry matter (table 3) 

highlights the fact that, with the 

increase of the nomber of plants·ha-

1, there is a decrease of the 

production of dry matter, the values 

obtained oscillating between 17,8 

Mg·ha-1 at the density of 83000 

plants·ha-1 and 19.01 Mg·ha-1  at the 

density of 70000 plants·ha-1. 

The effect of the interaction 

betwen distance between rows, 

maize hybrid and, plant densities on 

dry matter production is shown in 

table 4. 
 

Table 3 

Influence of sowing density on dry matter production 

Experimental plot 
DM production 

(Mg·ha-1) 

Diferences Statistical 

significanc

e 
Mg·ha-1 

% 

c1- 70000 plants·ha-1 (c) 19.01 Control 100 Control 

c2- 83000 plants·ha-1 17.87 -1.13 94.0 ns 

c3- 10000 plants·ha-1 18.62 -0.39 97.9 ns 

  

LSD 5% 2.75 

  

LSD 1% 4.56 

LSD 0,1% 8.52 
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Table 4 

Influence of interaction between experimental factors on dry matter production 

Experimental plot 

Dry matter 

production 
(Mg·ha-1) 

Diferences Statistical 

significanc
e 

Mg·ha-1 % 

a 1
 - 

70
 c

m
  b

et
w

ee
n 

ro
w

s 
(c

) 

b1 - H1 

(c) 

c1 - 70000 plants·ha-1 

(c) 
15.86 

Contro

l 
100 Control 

c2 - 83000 plants·ha-1 14.36 -1.51 90.5 ns 

c3 - 10000 plants·ha-1 
16.11 0.24 

101.

5 
ns 

b2 -H2 

c1 - 70000 plants·ha-1 14.18 -1.68 89.4 ns 

c2 - 83000 plants·ha-1 13.72 -2.14 86.5 o 

c3 - 10000 plants·ha-1 12.33 -3.54 77.7 ooo 

b3 - H3 

c1 - 70000 plants·ha-1 
25.66 9.79 

161.

7 
*** 

c2 - 83000 plants·ha-1 
24.08 8.22 

151.

8 
*** 

c3 - 10000 plants·ha-1 
22.61 6.75 

142.

5 
*** 

a 2
 - 

50
 c

m
  b

et
w

ee
n 

ro
w

s 

b1 - H1 

c1 - 70000 plants·ha-1 
18.71 2.85 

117.

9 
** 

c2 - 83000 plants·ha-1 14.90 -0.96 94.0 ns 

c3 - 10000 plants·ha-1 
16.28 0.42 

102.

6 
ns 

b2 -H2 

c1 - 70000 plants·ha-1 14.24 -1.63 89.7 ns 

c2 - 83000 plants·ha-1 12.98 -2.88 81.9 oo 

c3 - 10000 plants·ha-1 14.76 -1.11 93.0 ns 

b3 - H3 

c1 - 70000 plants·ha-1 
25.39 9.53 

160.
1 

*** 

c2 - 83000 plants·ha-1 
27.19 11.33 

171.

4 
*** 

c3 - 10000 plants·ha-1 
29.61 13.75 

186.

7 
*** 

 

LSD 5% 1.71 

 LSD 1% 2.29 

LSD 0,1% 3.02 
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Average dry matter yields 

ranged from 12.33 Mg·ha-1 to the 

interaction of a1b2c3 (70 cm between 

rows x H2 x 100000 plants·ha-1) and 

29.61 Mg·ha-1 at the interaction 

between a2b2c3 (50 cm between rows 

x H2 x 100000 plants·ha-1).  

Unfavorable interactions 

with sowing plant densities and with 

the distance between rows were 

recorded in the H2 hybrid, with the 

dry matter being inferior to the 

control. 

From the data obtained, it 

emerges that the H3 hybrid has had a 

major effect on the production of dry 

matter in all interactions, the 

differences being very significant 

compared to the other studied 

factors. 
 

CONCLUSIONS 

 

Increasing the sowing 

density, and the use of some hybrids, 

such as H2 hybrid at the density of 

100000 plants·ha-1 in this study,  

reduces the nutritional value of the 

feed by lowering the dry matter 

content and production.  

 Sowing maize plants at a 

distance of 50 cm between rows, 

compared to 70 cm between rows, 

has increased the production of dry 

matter. 

 The results obtained showed 

that under the experimental 

conditions of 2017 year, the highest 

dry matter production (29.61 Mg·ha-

1) was obtained at the H3 hybrid at 

the sowing density of 100000 

plants·ha-1 and the distance between 

the rows of 50 cm, the production 

increase compared to the control 

being 86.7%. The H2 hybrid at the 

density of 100000 plants·ha-1 and the 

distance of the 70 cm rows obtained 

the lowest dry matter production 

(12.33 Mg·ha-1), the difference from 

the control variant 22.3%. 

 It was noticed that with the 

increase of sowing density, the 

percentage of plants with breeds 

decreases, with differences between 

hybrids. 
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“GRASSLAND CULTURE FOR ALL” 

- BOOK REVIEW – 

 

 

PhD Teodor Marușca is a 

passionate Romanian researcher in 

the field of grassland science and 

much more than this. He surprises us 

almost yearly with innovative and 

new approaches on grassland 

science, both theoretical and 

practical approach. In the year 2016, 

he has published an interesting book 

entitled “Praticultura pe înțelesul 

tuturor” (“Grassland culture for all”), 

a selection of scientific papers 

already published, which concerned 

aspects of grassland culture that  are, 

as we mentioned, theoretical and 

also involving the methods of 

management of grasslands in our 

country, grassland culture 

techniques. 

The book is structured into 

8 well defined chapters, covering 

aspects of grassland classification in 

close connection with ecological 

factors and, equally, aspects 

concerning practices of management 

of these important grassy areas from 

our country. Thus, Chapter 1 

presents the areas and vegetation 

levels specific for Romania, 

distributed as a function of 

ecological factors. Chapter 2, a well-

researched but also a very short 

chapter, covers the methods of 

studying the vegetation cover and the 

ways in which the species relate to 

the ecologic and agronomic factors. 

The unique requirements of 

the forage species and of the 

categories of grasslands to the 

ecologic factors, on vegetation area 

and level, are found in Chapter 3 

where the author exemplifies also the 

formulas for calculating the station 

and economic parameters of 

grasslands. Interesting are also the 

details presented in Chapter 4 - 

concerning the methods of using 

grasslands by grazing, mowing or 

mixed utilization. The author 

presents also the link between animal 

load and the development of the 

grass cover; a heavy load of animals 

leading to the degradation of grasses, 

while a low load implies the 

reduction in the number of grassland 

species. 

Interested in grassland 

management methods, the author 

analyzes, in Chapter 5, aspects 

regarding land improvement 

operations and pastoral 

infrastructure. Because most of the 

grasslands in our country are on 

inclines, soil erosion caused by water 

runoff creates a lot of problems. 

Recommendations are made for 

measures of preventing soil erosion 

by means of grazing management 

and by identifying the optimal 

animal loads, but also for measures 

of soil restoration with special 

operations done for the affected 

lands.  

 Special attention is given to 

woody plants which must be 

controlled under strict guidelines, 
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depending on the slope of the land 

and the species that exist there. 

Buildings made for animals, but also 

for people, must be constructed with 

local means and without aggression 

towards the environment.  

Starting with the 6th 

Chapter, the author analyzes the 

means by which the grass cover of a 

grassland and the grassland itself can 

be improved as a source of feed and 

also as a component of the 

landscape. Specifically, the author 

analyzes, with great expertise, the 

measures that have to be taken in 

order for natural grasslands to have a 

firm grass cover with valuable 

species and a with a sustainable 

animal load. The author discussed a 

series of aspects concerning specific 

measures of grassland management 

such as over seeding, weed 

management, mineral and organic 

fertilization, sheepfold manure 

fertilization (with sheep and 

bovines), to maintain high grass 

cover productivity and a valuable 

flora structure. Another expert 

analysis reveals the case of grass 

cover that requires drastic 

operations. Seed mixes and cultivars 

are also recommended, the author 

insisting upon the need to use species 

of Fabaceae and Poaeae that are of 

Romanian origin which are better 

suited for ecological conditions in 

our country. 

Chapter 7 is dedicated to the 

methods of grasslands utilization; 

namely, by grazing or by mowing. A 

generous space is allocated for 

grazing, presenting a series of 

relevant aspects for organizing this 

method of grassland use. A central 

point of the analysis of grazing is the 

pastoral value of the grassland – and 

indicator which must be considered 

for any grassland used by grazing. 

The pastoral value of a grassland 

must be correlated with the grazing 

system, with the start and the end of 

the grazing season, with providing 

water resources – aspects which have 

a decided impact on the welfare of 

the animals and on maintaining a 

well-structured and balanced grass 

cover. 

Using the natural grasslands 

by mowing raises many issues, 

delivering a quality hay being not an 

easy task to manage. The author 

highlighted that the following of a 

proper harvest times and 

thoughtfully choosing the drying 

period and methods based on the 

geographical area, are basic elements 

that contribute to the producing of 

high quality hay.  

The passionate researcher 

Teodor  Marușca, the man who 

dedicated his entire life to the study 

of Romanian grasslands, pleasantly 

surprises us with this new book 

which covers a synthesizes of 

Romanian grassland research, along 

with ideas from his own expertise 

and research at the Institute for 

Grassland Research and 

Development from Brașov. This 

book is equally useful for passionate 

researchers, farmers who use 

grasslands by grazing or mowing, 

students from Agriculture 
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specialization and anyone else who 

is – in one way or another – tied to 

the science of grasses; a book which 

we wholeheartedly endorse. 

PhD. Prof.  Ioan Rotar,  

President of The Romanian Society for Grassland 
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