
AgroLife
Scientific Journal

Volume 3,  No. 2,  2014



University of Agronomic Sciences
and Veterinary Medicine of Bucharest

BucharesT
DECEMBER, 2014

AgroLife
Scientific Journal

Volume 3,  No. 2



EDITORIAL BOARD 

General Editor: Prof. PhD Sorin Mihai CÎMPEANU 
Executive Editor: Prof. PhD Gina FÎNTÎNERU 

Deputy Executive Editor: Prof. PhD Doru Ioan MARIN 

Members: Adrian AS NIC , Silviu BECIU, Leonard ILIE, Viorel ION, 
Sorin IONI ESCU, tefana JURCOANE, Monica Paula MARIN, ,  
Elena NISTOR, Aneta POP, R zvan TEODORESCU, Ana VÎRSTA 

Secretariate: Alexandra Raluca DUMITRESCU 

PUBLISHERS: 

University of Agronomic Sciences and Veterinary Medicine of Bucharest 
Address: 59 M r ti Blvd., District 1, Postal Code 011464, Bucharest, Romania 
E-mail: agrolifejournal@usamv.ro;      Webpage: http://agrolifejournal.usamv.ro 

CERES Publishing House 
Address:1 Pia a Presei Libere, District l, Zip code 013701, Bucharest, Romania 

Phone: + 40 21 317 90 23,   
E-mail: edituraceres@yahoo.com,  Webpage: www.editura-ceres.ro 

Copyright 2014 
To be cited: AgroLife Sci. J. - Vol. 3, No. 2, 2014 

The mission of the AgroLife Scientific Journal is to publish original research  
relevant to all those involved in different fields of agronomy and life sciences. 
The publishers are not responsible for the opinions published in the Volume.  

They represent the authors’ point of view. 

ISSN 2285-5718;   ISSN - L 2285-5718 



SCIENTIFIC COMMITTEE 

 Bekir Erol AK - University of Harran, Sanliurfa, Turkey 
 Ioan Niculae ALECU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania  
 Adrian AS NIC  - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Sarah BAILLIE - Bristol Veterinary School, University of Bristol, United Kingdom 
 Narcisa Elena B BEANU- University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Silviu BECIU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Diego BEGALLI - University of Verona, Italy 
 Stefano CASADEI - University of Perugia, Italy 
 Fulvio CELICO - University of Molise, Italy 
 Serghei CHILIMAR - Academy of Agricultural Sciences, Republic of Moldova 
 Gheorghe CIMPOIE  - Agrarian State University, Moldova 
 Sorin Mihai CÎMPEANU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Drago CVIJANOVIC - Institute of Agricultural Economics, Belgrade, Serbia 
 Eric DUCLOS-GENDREU - Spot Image, GEO-Information Services, France 
 André FALISSE -University of Liège, Gembloux Agro-Bio Tech, Gembloux, Belgium 
 Gina FÎNTÎNERU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Armagan HAYIRLI - Ataturk University, Erzurum, Turkey 
 Jean-Luc HORNICK - Faculté de Médecine Vétérinaire, Université de Liège, Belgium 
 Dorel HOZA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Mostafa A.R. IBRAHIM - University of Kafrelsheikh, Egypt 
 Viorel ION - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Sorin IONI ESCU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Mariana IONI  - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Karsten KLOPP - ObstbauversuchsanstaltJork, Germany 
 Horst Erich KÖNIG - Institute of Anatomy, Histology and Embriology, University of Veterinary Medicine 

Vienna, Austria 
 Huub LELIEVELD - GHI Association Netherlands and EFFoST Executive Committee, Netherlands 
 Doru Ioan MARIN - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Monica Paula MARIN - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Mircea MIHALACHE - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 John D. OLDHAM - Scottish Agricultural College, Edinburgh Scotland, UK 
 Françoise PICARD-BONNAUD - University of Angers, France 
 Aneta POP - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Mona POPA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Agatha POPESCU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Sri Bandiati Komar PRAJOGA - Padjadjaran University Bandung, Indonesia 
 Narayanan RANGESAN - University of Nevada, Reno, USA 
 Svend RASMUSSEN - University of Copenhagen, Denmark 
 Peter RASPOR - Faculty of Biotechnology, University of Ljubljana, Slovenia 
 Marco Dalla ROSA - Faculty of Food Technology, Università di Bologna, Polo di Cesena, Italy 
 Sam SAGUY - The Hebrew University of Jerusalem, Israel 
 Philippe SIMONEAU – Universitéd’Angers, France 
 Vasilica STAN - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 Alvaro STANDARDI - University of Perugia, Italy 
 Florin ST NIC  - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 R zvan TEODORESCU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 André THEWIS - University of Liège, Gembloux Agro-Bio Tech, Gembloux, Belgium 
 André TOUSSAINT - University of Liège, Gembloux Agro-Bio Tech, Gembloux, Belgium 
 Ana VÎRSTA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
 David C. WEINDORF - Louisiana State University AgCenter, USA 

5



6



CONTENTS 

Sustainability in the exploitation of an aquifer for agriculture and urban water supply uses - 
Roberto MARTÍNEZ-ALEGRÍA, Javier TABOADA, Germán SANZ, Eduardo GIRALDEZ …….……. 9

Influence of soil chemical reaction and crop rotation on the capacity of reddish preluvosoil for free 
(asymbiotical) - fixing of the atmospheric dinitrogen - Maria-Daniela BUTURUG , Dumitru Ilie 
S NDOIU, Gheorghe TEFANIC ……………………………………………………….…………….…. 13

Calcium alleviates stress in plants: insight into regulatory mechanisms - Elena DELIAN, Adrian 
CHIRA, Liliana B DULESCU, Lenu a CHIRA ......................................................................................... 19

Restoration of heavy metals polluted soils case study - camelina – Delia DIMITRIU …………..….. 29

Coliform bacteria contamination profiling of raw milk cheeses using statistical assessment of type-
linked correlations - Mara GEORGESCU, Constantin SAVU, Iuliana NEAGU, Drago  GEORGESCU  39

Influence of sowing time on the expression of barley and wheat plants physiology - Nicolae 
IONESCU, Aurelian PENESCU, Sorin Gabriel IONESCU ........................................................................ 45

Industrial wastewater treatment plant sound impact - Sebastian MUSTA , Drago  DR CEA, 
Augustina TRONAC ..................................................................................................................................... 51

Determining adaptive capacity to climate change in the grape and wine industry - Kerrie 
PICKERING, Ryan PLUMMER, Gary PICKERING ……………………………………………….….. 55

The influence of tillage system and pre-emerging plant on economic efficiency and production at 
wheat cultures in the Somes Plateau - Adrian Ioan POP, Teodor RUSU, Ileana BOGDAN, Doru Ioan 
MARIN, Paula MORARU, Bogdan Matei DUDA, Camelia Liliana COSTE ……..………………..…… 62

Analysis of water balance for determine cropping patterns for food crops in watershed 
Karangmumus - the province of east Kalimantan - Akas Pinaringan SUJALU, Ismail, Sigit 
HARDWINARTO, Chandradewana BOER, Sumaryono ........................................................................... 69

7

Beef meatballs adulteration tests with real time quantitative pcr detection for halal authentication - case 
studies sellers at traditional market and small medium enterprises (SMEs) merchants in Indonesia - Lobo 
Balia OOSTITA, Hendronoto Arnoldus Walewangko LENGKEY, Lilis SURYANINGSIH, Obin
RACHMAWAN, Wendy Setyadi PUTRANTO, Eka WULANDARI, Gemilang Lara UTAMA ..............      66

Shto
Sticky Note
Accepted set by Shto



8



         
          

 
SUSTAINABILITY IN THE EXPLOITATION OF AN AQUIFER FOR 

AGRICULTURE AND URBAN WATER SUPPLY USES 
 

Roberto MARTÍNEZ-ALEGRÍA1, Javier TABOADA2, Germán SANZ2 

 
1European University Miguel de Cervantes (UEMC), C/Padre Julio Chevalier, no 2, 47012 

Valladolid, Spain, Phone: +34983001000, Fax: +34983278958, rmartinez@uemc.es 
2Department of Natural Resources and Environmental Engineering. E.T.S. de Enxeñería de Minas, 

Rúa Maxwell, Campus Universitario Lagoas-Marcosende, 36310 VIGO (Pontevedra),  
Phone: +34 649 963 822, jtaboada@uvigo.es and gsl9384@yahoo.com 

 
Corresponding author email: rmartinez@uemc.es 

 
Abstract 
 
To the unconfined aquifero Montes Torozos (Spain). The high vulnerability characteristics and the most dangerous 
elements were taken under consideration (e.g. inmision of return irrigation from agricultural products) fertilizers, 
Hydrocarbons, radioactive materials). The identification of their source. The simulations took into consideration the 
connection between the capital of the province (Valladolid) to Villanubla airport and between Valladolid to the 
electrical transformer substation too, located in the south-west edge of the hydrogeological unit of the Montes Torozos. 
 
Keywords: water management, aquifers, vulnerability, sustainability. 
 
INTRODUCTION 
 
The perception of water as a limited and fragile 
resource, due to deterioration by human 
actions, represents a limiting factor when 
considering the region’s sustainable 
development. The water in Monte Torozos 
aquifer drains to the Douro river watershed and 
goes through the provinces of Valladolid and 
Palencia (Spain), occupying an area of 1000 
km2 (Figure 1). The population exceeds 47000 
inhabitants spread over 48 municipalities. A 
dry Mediterranean climate predominates in the 
study area, with a median temperature value of 
11.14°C, precipitation of 456 mm/year and 
evapotranspiration of 312 mm/year, as the main 
climatic features1. 

 
Figure 1. Situation map 

 

The water balance shows 178 mm/year of 
useful rainfall that can reach and recharge the 
aquifer. Through processes of infiltration the 
substances present on the surface, accordingly 
to the respective dissolution constants and the 
particle size are transported, reaching the 
groundwater. 
The aim of this paper is a risk and vulnerability 
analysis into the aquifer of Montes Torozos 
using the DRASTIC index map, and a 
sustainability water management assessment. 
The regulatory framework according this goals 
in Spain are the European Agreement 
concerning the International Carriage of 
Dangerous Goods by Road (ADR), "Directive 
2000/60/EC of the European Parliament and of 
the Council establishing a framework for the 
Community action in the field of water policy, 
and the CAP framework regulatory stablished 
by EC No 1782/2003 that establishing common 
rules for direct support schemes under the 
common agricultural policy and this amending 
Regulations  
 
MATERIALS AND METHODS 
 
In this approach two vulnerability methods 
were used: DRASTIC index and the 
Susceptibility index (SI). The DRASTIC 

9

AgroLife Scientific Journal - Volume 3, Number 2, 2014
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



method is a method for measuring the intrinsic 
vulnerability (Aller et al., 1987), and it's well 
accepted in many studies (e.g. M.T.D., 
Albuquerque et al., 2013) On the other hand, SI 
stands for the extrinsic or specific vulnerability. 
The specific vulnerability assessment method, 
(Ribeiro, 2000), is an adaptation of the 
DRASTIC and was created for evaluating 
aquifer vulnerability to land use impact. 
The impact of natural and anthropogenic 
activity assessment is a target issue to a 
sustainable groundwater resources’ policy 
guidance in overcoming urban water 
governance challenges. 
The period analyzed in this study was 1960-
2010. The data, collected from CORINE Land 
Cover project of European Environmental 
Agency (EEA), have been statistically 
processed and interpreted, to characterize the 
spatiotemporal evolution of land use. The 
results has been contrast using remote sensing 
and photo interpretation techniques. 
 
RESULTS AND DISCUSSIONS 
 
The Tertiary sedimentary free aquifer is 
included in the Douro river watershed with a 
slight tilting towards south-west. Geologically, 
could be considered as a horizontal limestone 
strata laying on a detrital mixed formation 
named as Facies Cuestas (Sanchez F.J., 2013). 
The Facies Cuestas is the lower substrate 
formed by limestone and a series of soft clay 
loam-gypsum materials. The limestones are 
grey, hard and showing a microcrystalline 
structure in banks of varying thickness 
separated by marly intercalations. The area 
corresponds to an atectonic zone only modified 
by diagenetic fracturation, allowing the 
development of karst channels. 
The Torozos aquifer, consists on horizontal 
limestone (Miocene) with loamy collations 
supported on the detrital Tertiary (Figure 2). Its 
overall thickness is approximately 6-10 meters, 
but can reach 30 meters promptly and works as 
an unconfined aquifer. 
The aquifer recharge is due to rainfall and 
drains radially, along the aquifer’s perimeter, 
through spring and feeding the river’s base 
flow and the extraction wells. The aquifer 
shows issues of quick crack of the water levels 
due to its low regulatory capacity. The amount 

of water resources is enough, showing an 
annual or biennial regulatory capacity, 
depending on rainfall to sustain the supply of 
the population, though. Due to its nature, the 
unconfined aquifer is extremely vulnerable to 
topical and diffuse pollution. 
 

 
Figure 2. Regional geological profil 

 
The occurrence of dangerous substances in core 
sites such as the airport of Villanubla, the 
electrical transformer plant of Mudarra, the 
Villanubla prison, the Villanubla industrial area 
combined with the traffic of dangerous goods 
through the entire area, and mainly the 
agricultural activities, all of them makes the 
Torozos aquifer a sensitive unit in need of 
accurate monitoring strategies (Figure 3).  

 
Figure 3. IS and hazard elements map 

 
The identification of dangerous goods source 
location and the transportation of them has 
been the starting point of this study. This work 
aims the fitting of a numerical dispersion 
model for the most likely sources of emission 
and impact of pollutants into groundwater. The 
dispersion simulations took into consideration 
the connection between Valladolid, the capital 
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of the province, to Villanubla airport and 
between Valladolid to the electrical transformer 
substation, located in the south-west edge of 
the hydrogeological unit of the Montes 
Torozos. 
The aquifer’s hydrogeological conceptual 
model can be represented by the following 
scheme (Figure 4), where the existing inputs 
and outputs are represented. 

Figure 4. Aquifer’s hidrogeological conceptual model 

The starting dataset concerns to the following 
attribute1: 

• ETR - homogeneous and isotropic,
estimated from the Turc’s equation (312
mm/year)

• Recharge - homogeneous and isotropic
precipitation, minus the ETR (178 mm/year)

• Edge Drainage - estimated (10 hm3/year)
• Initial Piezometric has been computed using

visual modflow
• 211 pumping wells grouped into 63 wells

fields (total extracted volume 9 hm3/year)
• 32 perimeter springs (output 10 hm3/year)

The computed outputs are: parametric 
evolution, flow vectors, fluid balance, and 
direction of the particles over a year (Figure 5). 

SUSTAINABILITY ASSESMENT 
The sustainability assessment in water 
resources management is carried out from the 
weighting of the following indicators and 
drafted on Figure 6: 
• reliability of the water supply,
• Resilience against environmental impacts
• System vulnerability assessment
• Integrity of the environmental system,

• Equity on distribution of water
• Economic feasibility of the water

exploitation.

Figure 5. Model outputs 

Figure 6. Aquifer’s  sustainability assessment 

CONCLUSIONS  

The main conclusions extracted from the 
Torozos Limestone aquifer study can be 
summarized on: 
1. The hydrological budget is positive, with

estimated resources (100 hm3/year), more
than the annual withdrawal and recharge
sum (20 hm3/year).

2. Being an unconfined aquifer is extremely
vulnerable to direct emission of pollutants
from topical and diffuse, showing high11



values of intrinsic and extrinsic 
vulnerability indicators. 

3. Despite the existence of enough water 
volume it must be stressed its low quality 
since there are strong restrictions on its use 
and management.  

4. The fine flow model calibration has 
allowed to detect an annual inertia 
response of four months and a water 
renovation period of two years. 

5. This model can be used for scenarios 
predictions for different management 
situations. 

6.  By the high sensitivity observed 
concerning seasonal variations, this aquifer 
can easily retrievable without a hard and 
expensive intervention, only with the 
adoption of good farming practices.  

7. The sustainability of the water body is 
good, primarily due to its high resilience 
and viability management. 
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Abstract  
 
This paper continues other scientific research ( tefanic and Oprea G., 2010, 2011) aimed to rectify the Waksman and 
Karunacker method for determining the soil capacity to fix (asymbiotically) atmospheric dinitrogen. Their method 
ignored that Nt, determined by the Kjeldahl digestion, did not include nitrates, because these volatilized during boiling 
with concentrated H2SO4. That error, repeated by all specialists until the present, made Feher (1954), and Rippel-
Baldes (1955) and others conclude that atmospheric dinitrogen fixation is insignificant in comparison with the 
symbiotical one. In this paper we present some results concerning the negative influence of soil acidity, crop-rotation 
and any monocultures on the microbiological process. 

Keywords: Azotobacter, dinitrogen free-fixation, asymbiotical. 
 

INTRODUCTION 

Nitrogenous organic matter would have not 
existed on earth without the biological 
assimilation of atmospheric dinitrogen because 
soils arise from rocks containing no nitrogen. 
The only available source of nitrogen to take 
into account is derived from the atmosphere 
due to electric discharges and that is 
approximated to 3-5 kg/ha/year (Schmalfuss, 
1963, cited by Müller, 1965). If the CO2 in the 
atmosphere is only 0.03% v/v and N2 is 79% 
v/v, the combination of organic carbon ranges 
from 5 to 90 times higher. In nature, the 
assimilation of atmospheric dinitrogen is 
performed by bacteria containing nitrogenazae 
(an enzyme capable of reducing molecular 
dinitrogen to ammonia, with low energy), 
without human intervention and without 
harming the environment. When humans 
decided to supplement plant nutrition with 
nitrogen, they produced mineral manures of 
synthesis, with huge consumptions of fossil 
energy. The study of nitrogen fixation urged 
scientists to find its source, knowing that it was 
essential for life on earth. Even Berthelot 
(1885) published the first results of his research 
on soil nitrogen relations and acknowledged 
that fixing it in the soil was the work of 

microorganisms. In Russia, Winogradsky 
(1925) found anaerobic sporogenous bacteria in 
soil, whose role was to fix atmospheric 
dinitrogen, which he called Clostridium 
pasteurianum and in the Netherlands 
Beijerinck M., cited by Müller (1965), 
discovered the bacterium Azotobacter 
chroococcum which was very active in the 
dinitrogen fixation in soil. Winogradsky (1925) 
conducted complex microscopy and physiology 
research on the bacterium. Although the 
microbiological process of the dinitrogen free 
(asymbiotical) fixing was elucidated, the 
laboratory evaluation of the soil samples was 
uncertain. Bonazzi (1921), cited by Waksman 
(1932), published a paper which showed the 
negative effect of soil nitrate in liquid nutritive 
medium, on the ability to fix atmospheric 
dinitrogen. In a critical analysis of the soil 
methods used by his contemporaries, 
Winogradsky (1925) deemed it unusable for the 
intended purpose and recommended other 
methods, i.e. in liquid nutritive medium, that 
were more suited to highlight the properties of  
the bacteria to fix atmospheric dinitrogen, 
cultivating an artificial nutrient environment. In 
1924, Waksman and Karunacker, cited by 
Waksman (1932), experimentally determined 
the fixation capacity of dinitrogen under 
laboratory conditions, with 100 g of fresh soil 

13

AgroLife Scientific Journal - Volume 3, Number 2, 2014
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



that was sieved, then adjusted to the optimal 
humidity and 280C, within 30 days. With such 
methods, in the first half of the twentieth 
century, various researchers estimated the 
amounts of N2 fixed in the soil between 5 and 
15 kg/ha/year (Feher, 1954; Rippel-Baldes, 
1955). This created the general opinion that this 
soil quality was negligible and, in the second 
half of the twentieth century until the present, it 
focused most attention only on dinitrogen 
fixation by symbiosis with Rhizobium and 
Bradyrhizobium bacteria in the nodules of the 
leguminous plants, estimated to approx. 100 kg 
N/year, as claimed (Campbell and Less, 1967). 
However, when did the huge amount of 
combined nitrogen reach the earth and made 
it possible fore combinations of quaternary 
substances, and therefore plant and animal 
protein, to appears? It is known that the rocks 
that make up the soil did not contain nitrogen. 
Was it that only the electric discharges from 
the atmosphere led to the formation of 
nitrogen oxides, at a rate of 5 
kg/year/hectare? Literature explains that 
atmospheric dinitrogen, asymbiotically fixed, 
occured both in soils and across the globe, 
where temperature and humidity were 
achieved, thus explaining the origin of life on 
earth. 

tefanic and Oprea (2010) observed the 
discordance between the evaluation of the 
importance of atmospheric CO2 assimilation, 
from the atmosphere, and the evaluation of 
dinitrogen free-fixed from the atmosphere, 
which could not explain the formation of 
terrestrial and aquatic biomass. The study of 
literature allowed them to conclude that 
determining the amount of N2 free-fixed 
(asymbiotical) in experiments on soil, the 
method for Nt determining (Kjeldahl, 1883) did 
not contain nitrates from the soil samples nor 
ammonium nitrified during incubation, because 
nitrates were lost by boiling the samples in 
concentrated sulfuric acid. Research for 
determining the amount of dinitrogen free-
fixed by following the classical-Kjeldahl 
method, was performed in Romania (Laslo et 
al., 1956; Eliade and Chirita, 1977). In 2010, 

tefanic and Oprea corrected this method 
(Kjeldahl-classic) by summing Nt (classic 
Kjeldahl method) with N-nitrate (di-
nitrophenol method) after and before the 

incubation of the soil samples for 30 days, and 
determed the difference between these 
amounts, restoring the true measure of the N2 
free-fixing process in the biogeochemical 
circuit. 
 
MATERIALS AND METHODS 
 
The free-fixation of atmospheric dinitrogen 
(asymbiotical) by some bacteria and nitrifying 
bacteria is sensitive in soil acidity in which 
they develop, as Winogradsky (1925) 
determined by fundamental research. The soil 
samples were sampled from the reddish 
preluvosoil of the experimental field belonging 
to the research station of Moara Domneasca, 
Ilfov County. 
To assess the bacterial potential of free-fixation 
of atmospheric dinitrogen and of nitrification 
bacteria during the incubation of reddish 
preluvosoil (characterized by pH 5-5.6), an 
experiment was conducted in vegetation pots 
for determining the influence of the 
amendment, with equivalent 5t/ha CaCO3, to 
create environmental favourable conditions for 
atmospheric dinitrogen free-fixation 
(asymbiotical). The experiment was performed 
in 1-litre plastic bottles with control - the 
unamended soil (with CaO) with the variants: 
V1 - control 1 - soil without CaO equivalent to 
5 t/ha CaCO3; 
V2 - control 2 - soil amended with CaO 
equivalent to 5 t/ha CaCO3; 
V3 - soil under wheat crop (monoculture) 
amended with CaO equivalent 5 t/ha CaCO3; 
V4 - soil under corn crop (monoculture) 
amended with CaO equivalent to 5 t/ha CaCO3; 
V5 - soil under soybean crop rotation (rotation 
of 3 years) amended with CaO equivalent 5 t/ha 
CaCO3; 
V6 - soil under sunflower crop (rotation of 4 
years with a jumping sole) amended with 
equivalent CaO 5 t/ha CaCO3. 
 
The method of determining the atmospheric di-
nitrogen free-fixed in the soil sample during 
incubation, as made by Waksman and 
Karunacker, cited by Waksman (1932) and 
corrected by tefanic and Oprea (2010), had 
three parts: 
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1. The soil sample with optimum moisture 
content (40-60% of the maximum capillary 
water) was incubated at 28 0C for 30 days. 
2. Before and after incubation, the content of 
total nitrogen (Nt) was determined in the soil 
sample by the classical Kjeldahl method (1883) 
and N-NO3, by means of fenol-disulfonic acid 
(Chamot et al., 1911, cited by Borlan and Hera, 
1973). 
3. The initial amount of nitrogen in the soil 
sample not incubated (Nt+NO3

-) was extracted 
from the final amount of nitrogen in the soil 
incubated for 30 days (N-Nt+N-NO3

+), 
resulting in the total real quantity of nitrogen 
free fixation (asymbiotical) in the soil. The 
laboratory findings from atmospheric free-
fixing dinitrogen were statistically processed 
by the multiple test method (Tukey, 1953; 
Snedecor, 1965). 

RESULTS AND DISCUSSIONS 

In our case, the chemical reaction of soil pH 
was 5.64. The results in Table 1 show that the 
experiment in the plots treated with CaO 
(equivalent to 5 t/ha CaCO3), chemical reaction 
of 0-10 cm soil depth increased to pH 6.21. The 
free fixation (asymbiotical) of atmospheric 
dinitrogen was stimulated from N=14.52 to 
N=44.58 mg/100 g soil d.m. As shown in Table 
1, under acidic conditions, the free-fixation 
process of dinitrogen from the atmosphere was 
hindered. By improving the soil reaction, the 

response was an amount of about 30 mg N/100 
g soil d.m., which related to one hectare, in the 
layer of 0-10 cm, represented 450 kg N/hectare, 
in a period of 30 days of soil incubation. This 
amount of 450 kg/ha fixed in the soil for a 
month was 4.5 times higher than the optimum 
mineral fertilization  administrated per hectare 
for crop production in a vegetation cycle. 
Compared with the ammonium nitrate 
administered per hectare for agricultural 
production, nitrogen as a biological product 
was achieved every second, minute, hour, and 
day, without affecting the chemical reaction of 
natural soil, and entered the biogeochemical 
nitrogen circuit, enriching the organic form of 
nitrogen reserves in the soil. From this point of 
view, we noted the negative effects of chemical 
("optimal") fertilization, that led to soil 
acidification and enhanced humus 
mineralization. Also, Table 1 shows that, 
during the incubation of soil samples, the 
production of nitrates (by nitrifying bacteria), 
resulted by ammoniaoxidization, was higher 
compared to the initial (0.5 to 1 mg of N-NO3

-), 
in the unamended version.  
In the variant with soil reaction adjusted by 
calcium oxide, there was an increase in the 
nitrification capacity greater than the 
unamended variant, from 0.5 to 1.5 mg of N-
NO3

-, corresponding to the potential increase of 
atmospheric dinitrogen fixation. 

 

Table 1. Influence of amendment with CaO in vegetation pots with reddish preluvosoil, on the process of free-fixing 
(asymbiotically) of atmospheric dinitrogen (N2) 

Soil sample 
- experience 

characteristic 
average 

Dinitrogen free- 
fixation of atmos-

pheric N2 (with 
and without  incu-

bation 30 days) 

pH 
(H2O) 

Nt (Kjeldahl) 
mg/100 g soil 

Nitrate 
mg/100 g soil 

Total N2 - free fixed 
(asymbiotical) 

Organic 
nitrogen + NH4 

F-I N-NO3 F-I 
mg/100 g 

sol 
( col. 5+7) 

kg/ha 
(col. 8 x 

15) 
1 2 3 4 5 6 7 8 9 

V1 - Control 
unamended 
with CaO 

Initial  
5.65 

 

188.36 
14.02 

0.5 
0.5 

 
b 14.52 

 
217.90 Final 202.38 1.0 

V2 - Control 
amended  with 

CaO 

Initial 
6.21 

161.30 
43.08 

1.5 
1.5 

 
a  44.58 

 
66.73 

Final 204.39 3.0 
LSD 5%=19.12 
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The data in Table 2 show that soil samples 
amended with CaO in plots planted with wheat 
and maize in monoculture, free-fixing 
atmospheric dinitrogen, were significantly 
higher in the soil sample collected under 
monoculture maize (59.31 mg N/100 g soil 
d.s.) were placed in the group of significance

denoted by a, compared with the no-tilled soil 
sample and unamended (control) denoted by 
the letter c with 14.52 mg N/100 g soil. 
Regarding wheat monoculture, we found that 
there were significant differences compared 
with the control. 

Table 2. Determination of atmospheric dinitrogen free-fixation (asymbiotical) potential under the influence of crop
monoculture and crop rotations in reddish preluvosoil, amended with CaO, in vegetation pots, in the experimental field 

of Moara Domneasca, Ilfov County 

Soil sample 

Dinitrogen free- 
fixation of 

atmospheric N2 
(with and without 

incubation 30 
days) 

pH 

Nt (Kjeldahl) 
mg/100 g soil 

Nitrate 
mg/100 g 

soil 

Total N2 - free fixed 
(asymbiotical) 

Organic nitrogen 
+ NH4 

F-I N-
NO3 

F-I mg/100 g sol 
(col. 4+6) 

kg/ha 
(col. 7 x 

15) 
1 2 3 4 5 6 7 8 9 

Control 
without 

CaO 

Initial 5.65 188.36 
14.02 

0.5 
0.5 c 14.52 217.80 Final 202.38 1.0 

Wheat 
monoculture 

Initial 6.16 129.54 12.62 1.0 1 c 13.62 204.30 Final 142.17 2.0 
Corn 

monoculture 
Initial 5.97 123.03 58.30 4.0 1 a 59.31 889.65 Final 181.34 5.0 

Soybean 
3 years 
rotation 

Initial 
5.79 

117.22 
46.08 

0.5 
2.5 b 48.58 728.70 Final 163.31 3.0 

Sunflower - 
4 years 
rotation 

Initial 
6.08 

131.35 
73.59 

0.5 
0.5 a 74.09 1111.35 Final 204.94 1.0 

LSD 0.1%=23.44 

This distinction between the influence of plant 
species could be explained by the mode in 
which the soil was covered by plant: maize 
covered less and has deeper roots than wheat 
and a significant difference in terms of time 
and duration of soil employment in active 
vegetation period. Sunflower grown in rotation 
for four years with skipped sole (sunflower - 
wheat - corn-corn and alfalfa, skipped sole) 
significantly stimulated the fixation of 
atmospheric dinitrogen (a 74.09 mg N/100 g 
soil d.s.) as maize monoculture (a 59.31) with a 
longer vegetation period of nitrogen 
consumption. In soy-bean, in 3 year rotation 
(soy-bean - wheat-corn), it was still higher than 
plot control, although we obtained a lower 

fixing atmospheric dinitrogen (b 48.58). The 
validity of the atmospheric dinitrogen fixation 
process was proven every month, from April to 
Aeptember, as noted in Table 3, published by 

tefanic et al. (2012), noting the potential 
decrease during the months after soy-bean root 
nodules began to decompose and Azotobacter 
passed into nitrogen heterotrophic nutrition. 
The free fixing (asymbiotic) of dinitrogen from 
the atmosphere was greater than the quantity 
per hectare in the control (217.80 x 5 months = 
1089 kg/ha), compared to about 100 kg per 
hectare symbiotic nitrogen attached (during the 
vegetation legumes), considered by the 
literature. Our results obtained on reddish 
preluvosoil confirmed the results (Table 3) 
published by tefanic et al. (2010, 2011, 2012).  
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Table 3. Monthly dynamics of atmospheric dinitrogen free-fixed (asymbiotic) under soybean crop (Significant 
difference, D = 2.141, multiple test, Snedecor, 1968), cited after tefanic et al. (2012) 

 
 
Months 

Amount 
Nt+N-NO3

- 
Amount 

Nt+N-NO3
- 

 
Free-fixed N2 

 

Fixed N2 kg/ha 
(calculated layer 

0-10 cm) Before incubation After incubation 
N mg/100 g sol 

April 170.036 182.712 c  12.678 190.170 
May 171.038 185.385 b  14.005 210.075 
June 169.700 184.043 a  16.343 245.145 
July 169.700 197.721 a  14.682 220.230 
August 183.039 192.389        d 9.350 233.133 
September 174.702 179.722 e  5.020 75.300 

 
CONCLUSIONS 
 
Correcting reddish preluvosoil acidity by using 
CaO in the soil samples collected in plots 
planted with wheat and maize in monoculture 
and rotation of 3 and 4 years, favoured the 
increase in the free fixation of atmospheric 
dinitrogen. This is explained by the fact that 
bacteria Azotobacter (mainly) and other species 
of bacteria with a lower potential of 
atmospheric dinitrogen free-fixation, are 
adapted to neutral pH of soil. 
Free-fixation (asymbiotical) of atmospheric 
dinitrogen is significantly higher in the soil 
sample collected from maize monoculture (N = 
59.31 mg/100 g soil), compared with the soil 
sample collected from wheat monoculture 
(N=13.62 mg/100 g soil).  
Sunflower grown in rotation for four years 
(wheat- sunflower-maize-maize and alfalfa- 
jumpingsole) significantly stimulates fixation 
of atmospheric dinitrogen (74.09 mg N/100 g 
soil d.s.). Soil under soy-bean from crop 
rotation of 3 years (soy-bean- wheat- maize) 
fixes more atmospheric dinitrogen (48.58 mg 
N/100 g soil d.s.) than the control sample - no 
tillage soil (14.52 mg N/100 g soil d.s.). 
However,  this was lower than in the soil 
samples collected from the sunflower crop 
(74.09 mg N/100 g soil d.s.) and in 
monoculture maize (N=59.31 mg/100 g soil 
d.s.). Our experiments confirm the different 
importance given by other researchers who 
believe that the high number of Azotobacter 
chroococcum is in concordance with good soil 
fertility. 
Free fixation of atmospheric dinitrogen exceeds 
the quantity reported per hectare (1089 kg/ha in 
5 months), compared with about 100 kg N per 

hectare, symbiotically fixed, wronlyg 
considered by literature. 
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 Abstract 
 
Plants as sessile organisms are constantly exposed to different stressors incidence: biotic and / or abiotic factors. 
Consequently, the viability of plants depends on their ability to perceive the changes that occur in their natural 
environment (either beneficial or harmful) and to appropriately respond physiologically, biochemically, and in terms of 
their development, to overcome and to counter the possible destructive effects. Plasma membrane, as the main selective 
barrier between the plant cell and the environment have different receptor proteins in its structure, to sense various 
external stimuli and transduce them to downstream intra- and intercellular signalling networks. An universal signal 
molecule is calcium and the calcium-sensing is of fundamental importance for extracellular calcium signalling and 
calcium homeostasis. Calcium is an important second messenger in signal transduction pathways, mediating various 
defence responses to the action under environmental stresses and in the regulation of many developmental processes in 
plants, being one of the most studied second messengers both in plant and animal fields. This brief review summarizes 
some results of recent research on the involvement of calcium in plant responses to stress factors action, addressing in 
particular scientific and practical importance of such knowledge, in order to improve plant tolerance to stress factors. 
 
Keywords: unfavorable factors, plant responses, messengers. 
 
INTRODUCTION  
 
Plants are sessile and they must be able to sense 
their natural environment and undergo changes 
in their physiology and development in 
response to those environmental cues whether 
they are adverse or beneficial. Receptor 
proteins in the plasma membrane sense various 
environmental stimuli and transduce them to 
downstream intra- and intercellular signalling 
networks (Osakabe et al., 2013). 
Calcium is a universal signalling molecule 
(Batisti  and Kudla, 2012; Cheval et al., 2013; 
Moreno et al., 2014) and the calcium-sensing 
(CaS) receptor is of fundamental importance 
for extracellular calcium signalling and calcium 
homeostasis (reviewed by Bouschet et al., 
2008). Calcium is an important second 
messenger in signal transduction pathways  
(Song et al., 2008; Achary et al., 2013), 
mediating various defence responses  to the 
action  under environmental stresses ( Kim and 
Kim, 2006; Sano et al., 2006; Kader and 
Lindberg, 2010; Otulak and Garbaczewska, 
2011; Waraich et al., 2011; Pan et al., 2012) 

and in the regulation of many developmental 
processes in plants (Hepler, 2005; Hashimoto 
and Kudla, 2011; Kim et al., 2012), being one 
of the most studied second messenger both in 
plant and animal fields (Mazars et al., 2011). 
Several classes of calcium-sensing proteins, 
including calmodulin (CaM), calcineurin B-like 
(CBL) proteins, and calcium dependent protein 
kinases (CDPKs), have been identified in plants 
(Franz et al., 2011). Genome sequence analysis 
of Arabidopsis and rice has led to the 
identification of multigene families of these 
calcium signaling protein kinases (Das and  
Pandey, 2014). The Ca2+-signaling circuit 
consists of three major “nodes” - generation of 
a Ca2+-signature in response to a signal, 
recognition of the signature by Ca2+  sensors 
and transduction of the signature message to 
targets that participate in producing signal-
specific responses (Reddy and Reddy, 2004). 
Actually,  Ca2+ signatures encode information 
that specify downstream responses 
(Monshausen, 2012) and is now well 
established that the tight control of the temporal 
and spatial characteristics of cytosolic calcium 
alterations is considered to be responsible for 
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the specificity of various cellular responses, in 
particular to environment-induced stresses 
(Hong-Bo et al., 2008). 
Plant Ca2 +- dependent protein kinases 
(CDPKs) are mono-molecular Ca2 +-
sensor/protein kinase effector proteins, which 
perceive Ca2 + signals and translate them into 
protein phosphorylation and thus represent an 
ideal tool for signal transduction (Dubrovina et 
al., 2013; Jaworschi et al., 2012; Liese and 
Romeis, 2013). So, CDPKs proteins directly 
bind calcium ions before phosphorylating 
substrates involved in metabolism, osmosis, 
hormone response and stress signaling 
pathways (Valmonte et al., 2013). 
Also, these are crucial calcium sensors 
involved in plant responses to pathogen 
infection (Fu et al., 2013). Calmodulin and 
calmodulin-like proteins are primary Ca2+ 
sensors that control diverse cellular functions 
by regulating the activity of various target 
proteins (Yang and Poovaiah, 2003; Perochon 
et al., 2011; Cheval et al., 2013; Robertson 
2013). 
In recent years, functions of calcium are 
subjected to many investigation and several 
excellent reviews have been published as 
regards as the importance of calcium in the 
different cellular compartments: cytosol, 
chloroplast, mitochondria (Manzoor et al., 
2012), cellular organelles double membrane 
(Xiong et al., 2006,) nuclear calcium signaling 
(Mazars et al. 2011), Ca2+- permeable channels 
in the plasma membrane of plant root cells 
(White, 2005), Ca2+ uptake into vacuoles 
(Pittman, 2011), plant defence responses to 
pathogens (Cheval et al., 2013; Thuleau et al., 
2013) etc.  
This brief review summarizes some results of 
recent research on the involvement of calcium 
in plant responses to stress factors action, 
addressing in particular scientific and practical 
importance of such knowledge, in order to 
improve plant tolerance to stress factors. 
 
CALCIUM RECEIVES AND 
ALLEVIATES THE PLANT BIOTIC 
STRESS 
 
An increase in cellular calcium ion (Ca2+) 
concentration is acknowledged to be one of the 
earliest events occurring during the induction 

of plant defence responses to a wide variety of 
pathogens (Vadassery and Oelmüller, 2009; 
Ma, 2011; Schulz  et al., 2013). 
Cyclic nucleotide gated channels (CNGCs) 
play important roles in facilitating Ca2+ uptake 
into plant cells and plant innate immunity. Ca2+ 
sensors, nitric oxide and other associate 
signaling components play pivotal roles in 
plant innate immune signaling cascade. Ca2+ 
homeostasis can be regulated by downstream 
signaling components (reviewd by Ma, 2011). 
Although it talks about the fact that calcium 
homeostasis is also provided by the 
participation of the Golgi complex, research 
conducted by Ordenes et al. (2012) have 
emphasized its non-involvement in the 
generation of cytosolic calcium, when applied 
different treatments. Moreover, Golgi apparatus 
express their dynamics modulated in part by the 
activity of Ca2+ pumps and hormones.  
Liu et al. (2010) investigated calcium 
distribution and cell ultrastructural changes in 
wheat leaves invaded by leaf rust fungi. 
Electron-densed calcium precipitates were 
located mainly at intercellular spaces and in the 
vacuoles under resting conditions. After 
inoculation, extracellular calcium moved 
toward the cytoplasm across the cell wall and 
the plasma membrane in both resistant and 
susceptible plants. Also,   Ca2 + and sphingoid 
long-chain bases (LCBs) may be 
interconnected to regulate cellular processes 
which lead either to plant susceptibility or to 
resistance mechanisms (Xiong et al., 2008; 
Thuleau et al., 2013). Nuclei respond to LCBs 
on their own independently of the cytosolic 
compartment (Xiong et al., 2008). 
Otulak and Garbaczewska (2011) emphasized 
that infection of potato cv. Rywal with necrotic 
strains of Potato virus Y induced rapid 
hypersensitive response with highly localised 
increased accumulation of electron-dense 
calcium pyroantimonate deposits. The 
precipitates were founded along ER cisternae, 
chloroplast and mitochondria envelopes 
connected with PVY particles. Calcium 
deposits were detected in nucleus and in 
tracheary elements especially when virus 
particles were present inside. 
Furthermore, cryptogein (a proteinaceous 
elicitor secreted by the oomycete Phytophthora 
cryptogea, which induces a hypersensitive 
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response in tobacco plants) (Amelot et al., 
2012) and oligogalacturonides, two elicitors of 
plant defense reactions induced specific Ca2+ 
signatures in cytosol, mitochondria or 
chloroplasts. Also, depending on [Ca2+] fluxes 
at the plasma membrane, cryptogein triggered a 
mitochondrial respiration increase and affected 
excess energy dissipation mechanisms in 
chloroplasts (Manzoor et al., 2012). After 
Amelot et al. (2012), results obtained on 
tobacco that the predominant functional gene 
categories affected by cryptogein included 
stress- and disease-related proteins, 
phenylpropanoid pathway, signaling 
components, transcription factors and cell wall 
reinforcement. The most Ca2+-dependent 
transcripts upregulated by cryptogein were 
involved in defense responses or the oxylipin 
pathway.  
Lachaud et al. (2010) emphasized the increase 
in tobacco BY-2 cells of the endogenous 
content of long chain bases by external 
application of d-erythro-sphinganine (DHS) 
and showed the nuclear calcium signature role 
in controlling d-erythro-sphinganine (DHS)-
induced cell death in tobacco cells. 
Studies by Vatsa et al. (2012) on the 
involvement of calcium in response to 
ergosterol (specific component of fungus 
membrane ) using Nicotiana plumbaginifolia 
and Nicotiana tabacum cv Xanthi cells 
expressing apoaequorin in the cytosol have 
revealed the following: ergosterol caused a 
rapid, transient and biphasic free [Ca2+]cyt  
depending on its concentration; mobilizing 
calcium was specific for ergosterol; ergosterol 
induced changes in pH and [Ca2+]cyt  changes 
were specifically desensitized after two 
subsequent applications of ergosterol; the 
extracellular alkalinization and reactive oxygen 
species (ROS) production depended on calcium 
influx but, the ergosterol-induced mitogen-
activated protein kinases (MAPK) activation 
was calcium-independent; ergosterol-induced 
ROS production is not linked to cell death and 
ergosterol does not induce any calcium 
elevation in the nucleus. 
Kim et al. (2012) reported the first successful 
expression of a FRET (Förster Resonance 
Energy Transfer)-based Ca2+ biosensor in 
fungi. Time-lapse imaging of Magnaporthe 
oryzae, Fusarium oxysporum, and Fusarium 

graminearum expressing this sensor showed 
that instead of a continuous gradient, the 
cytoplasmic Ca2+ ([Ca2+]c) change occurred in a 
pulsatile manner with no discernable gradient 
between pulses, and each species exhibited a 
distinct Ca2+ signature. Occurrence of pulsatile 
Ca2+ signatures was age and development 
dependent, and major [Ca2+]c transients were 
observed during hyphal branching, septum 
formation, differentiation into specialized plant 
infection structures, cell–cell contact and in 
planta growth.  The data, materials and 
methods developed by Kim et al. (2012) will 
help understand the mechanism underpinning 
Ca2+-mediated control of cellular and 
developmental changes, its role in polarized 
growth forms and the evolution of Ca2+ 
signaling across eukaryotic kingdoms. 
For early detection and accurate determination 
of cytosolic ([Ca2+]cyt) calcium variations, 
Verrillo et al. (2014) used the Cameleon YC 
3.6 reporter protein expressed in Arabidopsis 
thaliana to quantify [Ca2+]cyt  variations upon 
mechanical leaf damage herbivory by larvae of 
Spodoptera littoralis and S. littoralis oral 
secretions applied to mechanical damage. The 
authors reported for the first time the 
quantitative [Ca2+]cyt determination upon 
herbivory using the Cameleon calcium sensor. 
Zebelo et al. (2012) have shown for the first 
time that the perception of volatile substances 
emitted by plants (eg tomatoes after the attack 
herbivores) and green leaf volatiles such as (E)-
2-hexenal, (Z)-3-hexenal, (Z)-3-hexenyl 
acetate, the monoterpene -pinene, and the 
sesquiterpene -caryophyllene is fast, second 
level, involving the alteration of the plasma 
membrane potential and the [Ca2+]cyt flux. 
As regard as methyl jasmonate (MeJA) 
stimulation of defense responses in grapevine 
(Vitis vinifera), Faurie et al. (2009) investigated 
the involvement calcium to production of  
stilbenes, which are the grapevine phytoalexins.  
Its origin seemed to play a major role in MeJA-
induced grapevine defense responses. 
Phytoalexin production was strongly affected if 
calcium from the influx plasma membrane was 
inhibited, whereas calcium from the 
intracellular compartments did not seem to be 
involved. By using as elicitors, cyclic 
oligosaccharides like cyclodextrins (CDs), 
alone or combined with methyl jasmonate 
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(MJ), Belchi-Navarro et al (2013) showed a 
very effective stimulating of the production of 
trans-resveratrol in V. vinifera suspension-
cultured cells and a role of Ca2+ in mediating 
elicitor-induced trans-R was also emphasized. 
Dubiella et al. (2012) identified calcium protein 
kinase 5 (CPK5) of the Arabidopsis calcium 
dependent protein kinase (CDPK) gene family 
as a positive regulator of innate immune 
signalling, with a dual function in rapid signal 
propagation and in the induction of prolonged 
transcriptional and phytohormone-mediated 
defense responses, mediating plant resistance to 
bacterial pathogens.  
As well, the expression of Oryza sativa calcium 
protein kinase 10 (OsCPK10) was strongly 
induced following treatment with a 
Magnaporthe grisea elicitor. Overexpression of 
constitutively active OsCPK10 in Arabidopsis 
enhanced the resistance to infection with 
Pseudomonas syringae pv. tomato, associated 
with elevated expression of both salicylic acid 
(SA)- and jasmonic acid (JA)-related defense 
genes. So, rice OsCPK10 is a crucial regulator 
in plant immune responses, and it may regulate 
disease resistance by activating both SA- and 
JA-dependent defense responses (Fu et al., 
2013). 
 
CALCIUM RECEIVES AND 
ALLEVIATES THE PLANT ABIOTIC 
STRESS  
 
Abiotic stresses present major challenges in 
sustaining crop yield. They trigger responses 
involving molecular mechanisms for cellular 
adjustments, including signal perception and 
transduction cascades, transcriptional networks 
and adaptive metabolic pathways (reviewed by 
Chen et al, 2013). 
Research conducted in tobacco revealed that 
both oxidative and hipoosmotic stress caused a 
growth of intracellular calcium content and 
induced cell cycle delay (Sano et al., 2006). Liu 
et al. (2010) showed that the increased 
cytosolic free Ca2+ by osmotic stress mainly 
comes from the extracellular and little is from 
the release of cytoplasmic calcium pool.  
On the other hand, foliar application of CaCl2 
enhanced adaptation of cucumber seedling to 
low light intensity and suboptimal temperature, 
as shown by the increase in net photosynthesis, 

Rubisco activity, reduction in stress-induced 
malondialdehyde content, higher catalase 
activity and proline content (Liang et al., 2009). 
In tobacco plants exposed to heat stress, 
application of exogenous calcium chloride 
(CaCl2) (20 mM) improved the process of 
photosynthesis in relation to improving the 
stomatal conductance and improved the 
thermostability of oxygen-evolving complex, 
which might be due to less accumulation of 
reactive oxygen species (Tan et al., 2011).  
The effect of calcium chloride on rice seedling 
growth under cadmium chloride (CdCl2) stress, 
as well as the possible role of endogenous nitric 
oxide (NO) in this process, was also studied 
(Zhang et al., 2012). The obtained results 
showed that Ca may alleviate Cd toxicity via 
endogenous NO with variation in the levels of 
nonprotein thiols (NPT), protein thiols (PBT), 
and matrix polysaccharides. As Cho et al 
(2012) noticed, Ca deficiency enhances Cd 
toxicity, and Ca may be required for heat-shock 
(HS) response in rice seedlings.  
Some recent studies peformed by Achary et al. 
(2013) for the first time, highlighted the the 
critical involvement of Ca2+ and Ca2+ channels 
in the biphasic or hormetic mode of action of 
Al3+ leading to DNA damage at high doses and 
protection against genotoxic stress at low doses 
in Alium cepa root cells. Authors highlighted 
the importance Ca2+ homeostasis in 
maintaining the integrity of plant genome under 
Al3+-induced oxidative stress and toxicity in 
plants. 
Nasir Khan et al. (2012) studied the tolerance 
of excised mustard leaves to salt stress and 
showed that nitric oxide donor sodium 
nitroprusside (SNP) in association with CaCl2 
plays a role in enhancing the tolerance of plants 
to salt stress by improving antioxidative 
defence system, osmolyte accumulation and 
ionic homeostasis. 
The activation of the antioxidative system and 
secondary metabolites contents was also 
obtained by the addition of CaCl to NaCl-
stressed Penisetum plants (Gobinathan etal., 
2009). In barley seedlings studies, Guo et al. 
(2006) found that the alleviation of aluminum 
toxicity with Ca supplementation could be 
associated with less absorption of Al and the 
enhancement of the protective ability of the cell 
because of increased activity of the 
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antioxidative enzyme. For example, 
extracellular Ca2+ affects cell extension by 
modulating reactive oxygen species at the level 
of specific tissues and developmental stages. In 
this context of action, Afiyanti and Chen 
(2014) noticed for the first time that sweet 
potato catalase activity is modulated by CaCl2 
and sweet potato calmodulin, and plays an 
important role in H2O2 homeostasis in mature 
leaves.  
Regarding the involvement of calcium as a 
messenger in mediating signaling pathways in 
response to salt stress, Kim and Kim (2006) 
found the first known calcium-binding 
basic/helix-loop-helix-type transcription factor 
(AtNIG1), involved in plant salt stress 
signaling. Also, recently, Xi et al. (2012) 
indicated that AtGT2L (GT factors are a family 
of plant-specific transcription factors with 
conserved trihelix DNA-binding domains that 
bind GT elements) is a Ca2+/CaM-binding 
nuclear transcription factor involved in plant 
responses to cold and salt stresses. Hua et al. 
(2008) mentioned that the effects of salt-stress 
on plants involve not only the water stress 
caused by low osmotic pressure, but also the 
toxicity of excess Na+. A large amount of Na+ 
entering cells would reduce K+ uptake, which 
leads to an imbalance of K:Na ratio in cells. 
NaCl-induced changes of membrane potential 
of root epidermal cells of maize (Zea mays L., 
Denghai 11) seedlings and the depolarization 
became greater and faster with increasing of 
NaCl concentration. The addition of calcium 
postponed the depolarization, decreased the 
degree of depolarization and had a positive 
influence in the integrality of cell membrane.  
As a practical matter, experiments performed in 
tomato (Lycopersicon esculentum Mill.) cv. 
“Target F1” (Tuna et al., 2007)  showed that 
supplementary calcium sulphate application in 
nutrient solutions at high NaCl concentrations 
significantly improved growth and 
physiological variables affected by salt stress 
(e.g. plant growth, fruit yield, and membrane 
permeability) and also increased leaf K+, Ca2+, 
and N in tomato plants. Also, reducing 
concentration of Na+ (because of cation 
competition in root zone) in leaves could offer 
an economical and simple solution to tomato 
crop production problems caused by high 
salinity. Aplication of boron (B) (up to 55.8 

mol/L) and Ca2+ (up to 2.72 mmol/L) 
increased bacterial population of Pisum sativum 
L. cv. Argona inoculated with Rhizobium 
leguminosarum bv. viciae 3841 in salt-stressed 
nodules. Salt stress produced cells with walls 
dramatically altered or even degraded in 
several zones, and pectin polysaccharides, 
increased in cells under salinity. These effects 
resembled typical effects of B-deficiency 
reactions in cell walls, and the increase of both 
Ca2+ and especially B also prevented these 
alterations (Bolaños et al., 2003). Studies 
carried out by Supanjani et al. (2006) in 
soybean (Glycine max [L.] Merr.),  by 
inoculation with rhizobia or application of Nod 
factors (lipo-chitooligosaccharides) suggested 
that in addition to its known role in provision 
of nitrogen fixation, rhizobia also improves 
early calcium uptake into soybean plants. 
Nowadays, substantial experimental evidence 
points to a pivotal role for calcium-dependent 
protein kinases (CDPKs). 
Quantitative real time PCR (qRT-PCR) 
analysis in the transgenic Arabidopsis 
identified several members of CDPKs as 
regulators for plants response to abscisic acid 
(ABA) signaling (Jiang et al., 2013).  
Overexpression of ZmCPK4, from maize in the 
transgenic Arabidopsis enhanced ABA 
sensitivity in seed germination, seedling growth 
and stomatal movement. The transgenic plants 
also enhanced drought stress tolerance. So, the 
results suggest that ZmCPK4 might be involved 
in ABA-mediated regulation of stomatal 
closure in response to drought stress. Chen et 
al. (2011) isolated CDPK gene, NtCDPK12 
from common tobacco (Nicotiana tabacum) 
leaves and showed that this gene was highly 
expressed in stems and increased in roots 
treated with high-salt or subjected to drought 
stress. Also, a CDPK gene cloned from 
Populus euphratica, designated as PeCPK10 
(localized within the nucleus and cytosol), was 
rapidly induced by salt, cold, and drought 
stresses (Chen et al., 2013) and a positive 
regulator responsive to cold and drought 
stresses in P. euphratica was proposed. 
Dubrovina et al. (2013) studied expression of 
CDPK genes under osmotic and temperature 
stress treatments in wild-growing grapevine 
Vitis amurensis Rupr. Using RT-PCR 
technique they identified 13 CDPK genes that 
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are actively expressed in healthy V. amurensis 
cuttings under high salt, high mannitol, 
desiccation, and temperature stress conditions. 
12 CDPKs, namely VaCPK1, VaCPK2, 
VaCPK3, VaCPK9, VaCPK13, VaCPK16, 
VaCPK20, VaCPK21, VaCPK25, VaCPK26, 
VaCPK29 and VaCPK30, were novel for 
Vitaceae, and their full cDNAs were obtained 
and described. The variability in their organ-
specific expression patterns indicates that the 
enzymes perform distinct biological functions. 
Rao et al (2010) have characterized the 
function of a calcium sensor-interacting protein 
kinase, OsCIPK03, in the salt stress in the 
response of rice (Oryza sativa L.) and 
suggested that it plays a negative regulator of 
rice tolerance to salt stress. On the other hand, 
Asano et al. (2012) suggest that OsCPK12 
promotes tolerance to salt stress by reducing 
the accumulation of ROS and OsCPK12-OX 
seedlings had increased sensitivity to abscisic 
acid (ABA) and increased susceptibility to blast 
fungus, probably resulting from the repression 
of ROS production and/or the involvement of 
OsCPK12 in the ABA signaling pathway. 
Malabadi and Staden (2006) showed that 
embryogenic cells require minimal 
concentrations of Ca2+ during pretreatment for 
the expression of the cold-enhancement of 
embryogenesis in mature Pinus patula tissues. 
Involvement of calcium in enhancing plant 
tolerance to the action of metals such as 
aluminum was noticed recently by Maejima et 
al. (2014). The authors explained this by the 
influence of the phosphate group of 
phospholipid composition of the plasmalemma 
and carboxyl groups of pectins present in cell 
walls, which are usually neutralized by calcium 
(Ca). 
It is known that in many plants of the family 
Leguminosae accumulate calcium oxalate 
(CaOx) crystals, whose distribution and 
accumulation depends on the climate change. 
Research conducted by Brown et al. (2013) in 
phyllodes of the leguminous Acacia sect. 
Juliflorae (Benth.) C. Moore & Betche from 
four climate zones along aridity gradient year 
suggested that both aridity and soil calcium 
levels have an important role in the 
precipitation of CaOx in Acacia most likely 
function in bulk calcium regulation. 

The calcium concentration and control it also 
presents a great practical importance for plant 
growth on artificial mineral nutrient solutions. 
Given the need for ion selective sensors in 
greenhouses and protected areas in general to 
allow nutrients and water consumption 
reduction, while improving production, 
Bamsey and al (2014) have developed ion-
selective bulk optodes tailored specifically for 
calcium monitoring in hydroponic nutrient 
solution. Studies have focused on theoretical 
and experimental production of calcium-
selective membranes based upon the calcium 
ionophore ETH 1001 and hydrogen ion 
chromoionophore ETH 5350 incorporated into 
highly plasticized PVC membranes. The 
developed membranes have been tested within 
a portable fiber optic instrument that could be 
directly incorporated into an operational plant 
growth system to selectively measure calcium. 
Experiments carried out by Wu et al. (2012) 
have revealed that calcium applied in nutrient 
solution used for maize (Zea mays L.) 
subjected to variable water conditions 
influenced the hydraulic properties of the 
whole roots (Lpr) and cortical cells (Lpcell). 
Under well-watered conditions, extra Ca2+ 
significantly increased the root Ca content, total 
root length, and lateral root number; however, 
it reduced the root cortical cell volume, Lpr, 
and Lpcell. Hg2+ inhibition experiments 
suggested that extra Ca2+ could reduce the 
contribution of the cell-to-cell water flow 
pathway. Osmotic stress (10% PEG6000) 
significantly decreased the cortical cell volume, 
Lpr, and Lpcell in the control plants, but smaller 
decreases were observed in the extra Ca2+ 
plants. Extra Ca2+ may adjust the contribution 
of cell-to-cell pathway by regulating the 
expression and/or activity levels of AQPs 
according to water availability; this regulation 
may weaken negative effects and optimize 
water use. Some of the ameliorative 
mechanisms of Ca2+ on salt stress at the cellular 
and tissue levels of Zea mays L. plants grown 
in nutrient solution containing 1 or 80 mM 
NaCl with various Ca2+ levels were also 
showed by Shoresh et al. (2010). 
Plant species differ markedly in terms of 
absorption and retention of calcium, especially 
in terms of absorbed calcium sequestration 
capacity. Of the six species studied by Borer et 
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al. (2012), four were found to sequester 40-
90% of foliar calcium in chemically-
unavailable form, and one of these obviously 
limited calcium uptake. Such researches offer 
new insights into the physiology of foliar Ca 
tolerance in plants growing in high-Ca 
conditions. Studies performed by Chen et al. 
(2013) on grapevine cuttings in a hydroponic 
system exposed to Cu-spiked solutions, with 
two Ca backgrounds (0.5 and 5 mM) for 15 
days revealed that increase of Ca background 
concentrations would enhance Cu to be 
accumulated by root, but not translocated into 
the leaf. 
 
CONCLUSIONS 
 
Plant response to biotic and abiotic stressors is 
one of great complexity, a wide variability and 
mutual interrelation is expressed through 
multiple and highly varied manifestations at 
molecular, cellular, tissue, organ level and plant 
as a whole. It is unlikely that in the near future 
this issue will be resolved and by right to 
receive answers expected by scientists, 
agronomists (as producers) and consumers. 
However, progress regarding the involvement 
of calcium as a second messenger in enhancing 
plant tolerance to the action of stress factors, 
offers hope that further research will provide 
insight into successful, to have a clearer picture 
about the molecular, physiological and 
biochemical mechanisms of plant response and 
adaptation to unfavorable conditions of life. 
As mentioned Zagorchev et al. (2014), 
charging different signals caused by stressors 
and subsequent operation of various signaling 
pathways should be the topics of particular 
interest in the future research. 
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Abstract 
 
Soil management is a very important action for agriculture in general, and also for producing biofuel feedstock. 
However, part of the soil is contaminated with heavy metals, particularly in C-E Europe, due to previous heavy 
industry. Therefore, the restoration action is necessary, to reclaim the contaminated land for agricultural purposes.  
Soil contamination by heavy metals such as cadmium (Cd), copper and mercury has become a big concern particularly 
in metal plating plants, mining sites and surrounding areas as well as residential area and farmlands in the river 
downstream region neighbouring these facilities. In some cases, heavy metals in soils leach into river water and then 
diffuse onto farmlands with irrigation, resulting in relatively low levels of heavy metals being spread into wider areas 
rather than being localized in high concentrations. 
Therefore, a remediation process is necessary. Thus, recently, weed species, possessing high adaptability to 
environment, have been pointed out as a suitable plant for soil remediation. Although research on phyto-remediation 
using weeds has just begun and there are many issues which need to be resolved, this remediation technique is expected 
to become a valuable technology for the alleviation of heavy metal contaminated soils in the near future.  
The paper will present a remediation plan, taken Camelina sativa as an example of selected weed, and as case-studies, 
Rovinari and Copsa-Mica, two heavily polluted areas in Romania. The proposed plan involves 5 steps which includes 
heavy metals accumulation abilities of weeds, goal and approach for the restoration of metal pollution soils by use of 
weeds/camelina, cleean up the remediation area: control the introduced weeds before re-using the area as a farmland. 
The work has started in 2013 and the research is still on going, as part of ITAKA project. This paper will present 
preliminary results based on selected plan.  
The paper concludes with an invitation to our colleagues from USAMV - Faculty of Land Reclamation and 
Environmental Engineering to join our research for a smart agriculture management.  
 
Keywords: camelina, heavy metals, remediation, soil contamination. 
 
INTRODUCTION 
 
Soil management is important, both directly 
and indirectly, to crop productivity, 
environmental sustainability, and human 
health. Because of the projected increase in 
world population and the consequent necessity 
for the intensification of food production, the 
management of soils will become increasingly 
important in the coming years (Edson, 2011).  
To achieve future food security, the 
management of soils in a sustainable manner 
will be the challenge, through proper nutrient 
management and appropriate soil conservation 
practices. That is why, any opportunity for soil 
decontamination is an important achievement. 
Soil contamination by heavy metals seems to 
be an important challenge in C-E Europe, due  
to former heavily industrialised region. Main 
metals identified in this region are: cadmium 

(Cd), copper (Cu), and mercury (Hg).  
Their presence has become a big concern 
particularly in: 

 metal plating plants;  
 mining sites and surrounding areas;  
 residential area; 
 farmland in downstream river catchment 

neighbouring these facilities. 
Former industrial sites can generate such 
contaminated land - high concentration of 
heavy metals.  
Intensive research will be required to avoid 
further degradation of soils, through erosion or 
contamination, and to produce sufficient safe 
and nutritious food for healthy diets.  
Organic amendments often improve the 
productivity of soils and the nutritional value of 
crops grown thereon. In particular, crop 
residues can be used to increase the 
phytoavailability of essential mineral nutrients, 
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reduce the phytoavailability of toxic mineral 
elements, improve soil physical properties, and 
promote a beneficial soil biota.  
Rothlisberger K.L. (2010), demonstrate that 
seed meal remaining after the extraction of oil 
for biodiesel production from white mustard 
(Sinapisalba), indian mustard (Brassica 
juncea), camelina (Camelina sativa), or 
jatropha (Jatrophacurcas) can act as a 
bioherbicide on several plants. 
Most of the plants mentioned above are source 
of bioenergy.  
The present paper will refer to camelina role in 
soil remediation, underlining the performance 
of energy crops in marginal lands. 

Soil contamination, an important issue 
across EU 
In the modern ecologic conception, soil 
pollutions means any action that causes the 
degradation of the normal operation of soil as 
support and living environment within various 
natural or anthropic ecosystems, control 
expressed through soil physical, chemical or 
biologic degradation, or the occurrence of some 
characteristics in the soil that reflect the 
depreciation of its fertility, the decrease of bio-
productive capacity both from qualitative point 
of view and/or quantitative point of view 
(Kabata-Pendias, 2010). 
3.5 million sites in the European Union 
(EU)were estimated in 2012 to be potentially 
contaminated with 0.5 million sites being really 
contaminated and needing remediation (Report, 
DG ENV B1, 2014).  
This is important to be assessed, as: 

 Soil is a non renewable source;
 Actions need to be undertaken at all

levels. 
Moreover, at local level, soil is considered as a 
key source of socio economic development, 
especially in C-E Europe.  
However, at European level, there is sharpest 
knowledge of soil contamination context, a 
large broadcast of best practices.  
EU also provides guidance and target, manage 
trans boundary impacts and invest in research. 
Romania hasspecific soil regulation at national 
level, using thresholds approaches as type of 
methodology. 

Remediation process 
Soil remediation 
Soil remediation is known as an action of 
reducing the risk to human health or to the 
environment of a soil by treating the source of 
the contamination (removing, treatment, 
containment, elimination, attenuation …).  
Soil remediation supposes the application of 
techniques that can be in-situ, on-site or ex-
situ. One example- used in this research- is the 
so called ‘phytoextraction’- the use of plants in 
remediation. 
Recently, weed species, possessing high 
adaptability to environment, have been pointed 
out as a suitable plant for soil remediation. 
Phyto-remediation research using weeds has 
just begun and there are many issues which 
need to be resolved (Kabata-Pendias, 2011). 
Thus, remediation technique is expected to 
become a valuable technology for the 
alleviation of heavy metal contaminated soils in 
the near future. 

Phytoextraction: the use of plants to remove 
heavy metals from soils 
Potential of weed for remediation of 
contaminated soils has been explored for some 
time. In order to better understand phyto-
remediation by weeds, the rationale of using 
weeds for Cd remediation (camelina for 
instance), there is need for more research.  
The present paper just tackles the problem, 
based on a previous project on Camelina Value 
Chain to Aviation Biofuel in Romania (2010-
2012). During this project, several sites for 
cultivation were chosen, including marginal 
land/contaminated with heavy metals: 
Rovinari, Copsa Mica. 
Based on initial literature review, a research 
has started to see if camelina has the potential 
to remove heavy metals from polluted soils 
(Jurcoane, 2013). 
It is known that herbaceous plants are classified 
into several groups such as crops, grasses, 
weeds and wild plants. Crops are plants that 
require artificial protection such as pest control, 
fertilization, watering and etc.; on the other 
hand, weeds can thrive under severe growth 
conditions. Camelina although is considered a 
crop, has many similarities with weeds. 
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There are several adverse conditions for plants, 
not only heavy metals existing in the soil, but 
also various environmental factors such as low 
temperature, aridity, low sunlight (shade), 
nutrient deficiency (infertile soil), poorly 
drained soil, competitions between plants for 
water, nutrition, and light etc. 
Therefore, remediation plant (plant using for 
restoration of heavy metals pollution soils) 
must be able to grow under these adverse 
weather and soil conditions. On the other hand, 
several methods are considered in 
phytoremediation, and the capability of 
remediation plants are depending on the 
approach considered.  
Unlike organic compounds, Cd cannot be 
degraded; therefore, absorption 
(phytoextraction) and fixation 
(phytostabilization) are the most effective 
methods proposed for Cd-remediation.  
The research related to this paper was focused 
on Cd. 
Phytoextraction is the chemical removal 
method of Cd by absorption through the roots 
and accumulation in shoots, followed by plant 
harvesting.  
Phytostabilization is a method of retaining Cd 
on the adjacent surface of plant roots. 
Mulching, which prevents the run-off of Cd 
contaminated soil into the surrounding non-
polluted area by the root system extending in 
soils, can also be considered for 
phytoremediation technologies.  
Particularly in slopes, mulching with plants 
may be prior to Cd extraction from the 
contaminated soils.  
These technologies are proposed for a join 
research MMU-USAMV. 
Proposed approach of remediation due to 
Cd pollution soils 
The proposed steps to soil remediation due to 
Cd pollution involves 5 steps illustrated below 
(Hernandez, 2012). However, other examples 
related to phytoremediation process are worth 
considering, particularly that they are related to 
Romania.  
Phytoremediation Processes 
The different forms of phytoremediation may 
apply to specific types of contaminants or 
contaminated media, and may require different 
types of plants- (the terms ‘plant’ and 

‘vegetation’ may be used interchangeably to 
indicate all plant life, whether trees, grasses, 
shrubs, or other forms). 
 

 
 
A Romanian research conducted by Barbu and 
his team from the University of Sibiu in 2010, 
selected Copsa-Mica as case-study. Part of the 
outcome of this research is illustrated below: 
 Phytoextraction: the use of certain plants to 

accumulate in the aerial parts of heavy 
metals/hyperaccumulators; remove by 
harvesting - Bunias orientalis to remove Pb 
and Cd. 

 Several other options, Thlaspicae rulescens, 
including corn (Zea mays), but 
accummulation not more than 10 kg Pb/ha 
pr year (needs 150 year to remediate this 
site). 

 None of selected options were long term 
effective, cheap and easy to use, or 
sustainable. 

As conclusion, the research team from Sibiu 
proposed as a possible solution Giant 
Miscanthus. 
In support of this approach, the polluted area 
needs to be well identified. 
The Figure 1 shows the degree of pollution in 
Copsa Mica. 

 
Figure 1. Copsa Mica polluted areas 
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Barbu and team experiment on Miscanthus is 
described below: 

A piece of land (0.5 ha) was chosen within
the town of Copsa Mica, situated one km
eastwards from the pollution source
(SOMETRA SA).

Land characteristics were determined
according to the current Romanian 
standards, the average sample consisting on 
10 sub-samples taken from different places.  
Soil loading with heavy metals, very
polluted, very acidic and has low amounts of
nutrients.
Solid polluted with heavy metals was
determined in solid state, using a High-
resolution continuum source atomic
absorption spectrometer ContrAA 700,
produced by Jena Analytik, Germany.

The first analysis were obtained in April 2009, 
but research continued in 2010/11/12 with 
promising results.  

Figure 2. Miscanthus before harvesting 

Figure 3. Harvesting site 

The outcome of this research shows that the 
amount of Pb taken by miscanthus is very low, 

unsuitable for phytoextraction. However, this 
plant can be used as renewable energy. 
Thus, the amount of Pb and Cd being low, it 
allows plant to be cultivated on polluted soil 
with now restriction and used as ‘green energy’ 
plant/source.  
Research on heavily polluted soils need to 
continue to find the right answer for restoration 
of heavily polluted soils. 
Phytoextraction 
Another option is phytoextraction. Through this 
method, the contaminant is up taken by roots 
with subsequent accumulation in the above 
ground portion of a plant, generally to be 
followed by harvest and ultimate disposal of 
the plant biomass. 
It is a contaminant removal process.  
Phyto-extraction applies to: 

metals (e.g. Ag, Cd, Co, Cr, Cu, Hg, Mn,
Mo, Ni, Pb, Zn);
metalloids (e.g. As, Se);
radionuclides (e.g. 90Sr, 137Cs, 234U,
238U);
non-metals (e.g. B).

Phytostabilization 
Phytostabilization, the third option, is the use 
of vegetation to contain soil contaminants in 
situ, through modification of the:  

chemical;
biological;
physical conditions in the soil.

Contaminant transport in soil, sediments, or 
sludge can be reduced through absorption and 
accumulation by roots; adsorption to roots; 
precipitation, complexation, or metal valence 
reduction in soil within the root zone. 
As a research stand-point, any of the above 
methods can be implemented in the selected 
case-studies: Rovinari and Copsa Mica.  
What is important, is to find some agricultural 
solutions that can help soil remediation and 
also answer to these objectives:  

reduce our dependence on foreign oil and
greenhouse gases;
create green collar jobs;
and address the world food crisis.

Both Camelina and HDSR- High-Density, 
Short-Rotation trees are the two evidence-
based agricultural solutions that are addressing 
these needs and available now. 
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They both: 
 Grow on marginal land, unsuitable for food 

crops, with low water and other input 
requirements; 

 Revive marginal, unused land by improving 
soil quality. 

 

 
Figure 4. HDSR Trees for high-yield biomass for non-

food biofuel grown on marginal land unsuitable for food 
crop 

 

 
Figure 5. Camelina non-food biofuel source grown on 

soil unsuitable for food, high-yield, 2 harvests/year 
 
Remediation plan: camelina 
Camelina role as soil decontamination 
The plant is native to southeast Europe and 
southwest Asia. Camelina occurs mostly as the 
weed accompanying flax. As a cultivated plant 
it is known for about 4000 years.  
In Romania it is known since bronze age and 
the camelina variety of today is called Camelia. 
In Europe it was spread as an oil plant in the 
time of the ancient Greeks and Romans and in 
the Middle Ages. It was sown purely or in 
mixtures with other crops.  
Camelina sativa is an oil plant of cruciferous 
family. Camelina is suitable for growing on 
less fertilised relatively drier soils with light 
texture, clay soils are not suitable. The sowing 

can be carried out rather early, the seeds are 
capable of germinating at +1…+2 0C and 
young plants resistance to night frosts is good 
(they stand -2…-10 0C).  
The sowing date ranges from end March to end 
April/early May, which gives a harvest date 
between mid-August to early September. 
However, there are two varieties of camelina, 
spring and autumn camelina, and 2 crops can 
be obtained per year, or used as rotational plant 
to wheat in general. The crop is fast growing, 
produces its own natural herbicide (known as 
allelopathy) and competes well against weeds 
when an even crop is established. 
While there are currently no registered 
herbicides for camelina, it is naturally very 
weed resistant and good stands of camelina 
have shown a minimum of weed 
contamination.  
European research has shown camelina to 
generate chemical compounds that suppress 
weed growth. The herbicidal effect of camelina 
is short lived and will not affect next years’ 
crop. Research also show that no insects have 
been found that feed on camelina.  
The crop is less susceptible than oilseed rape to 
pod shatter and seed loss, and can stand 
undamaged for up to 6 weeks after full 
maturity.  
However it is always good practice to harvest 
the crop as soon as possible to preserve quality. 
Focus on camelina role in soil 
decontamination from industrial pollution 
This paper presents the study of soil 
remediation with heavy metals, using camelina 
as a source of phyto-extraction: 

 Selected weed: Camelina sativa 
 Case-studies:  

1. Rovinari, a heavily polluted mining area 
in Romania.  

2. Copsa Mica, heavy industry. 
The proposed plan involves 5 steps which 
includes heavy metals accumulation abilities of 
weeds, selected area and approach for the 
restoration of metal pollution soils by use of 
weeds/camelina, clean up the remediation area: 
control the introduced weeds before re-using 
the area as a farmland. 
It is known that the industrial emissions can 
cause the accumulation of heavy metals in 
amounts that exceed normal limitations.  
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As long as heavy metals are strongly tied to 
soil constituents and their accessibility is low, 
their harmful effect on the life in the soil and 
environment will be low. 
But, when soil conditions allow it for heavy 
metals to pass in the soil solution, the increased 
content of heavy metals in the soil has direct 
risk for soil pollution and therefore of the 
plants that absorb it, of man and animals that 
eat the plants.  
Moreover, heavy metals can leach into the 
phreatic water or the surface water and from 
them they can affect man and animals.  
 
Camelina overview 
Camelina is an oilseed crop in the Brassica 
family, recently an important new player 
"fuelling" the alternative energy market.  
It grows in temperate climate, Europe, 
throughout U.S. and Canada where the oilseed 
is crushed to produce biodiesel. 
Airline demonstration flights using 
camelinabiofuel, and subsequent flights 
confirm the camelina 2nd-generation biofuel's 
operational performance capabilities and 
commercial viability. 
Camelina provides sustainable, low-input, 
biofuel feedstock that does not interfere with 
food production.  
 
Camelina benefits 
Virtually, Camelina sativa is considered to be 
100% efficient, known as ‘gold of pleasure’. 
The plant grows on marginal land, being 
unsuitable for food crops and uses little 
moisture. 
Camelina is an excellent rotational crop to 
break cycle of continuous, small grain crops 
requiring excessive petrochemical based 
fertilizer. It can enhance yield of subsequent 
rops such as wheat by up to 15%. 
Camelina aids in reduction of weed and disease 
cycles. 
Harvested and crushed for oil while remaining 
parts can be used for high-quality, omega-3 
rich animal feed. 
Camelina Biodiesel helps local economies, 
reduces need for foreign oil supplies on a 
national level, reduces gashouse emissions. 
 

Camelina's four significant advantages in the 
world of biofuel-US example (Deborah Dupre' 
and Associates, 2009) 
• Sustainability - Camelina is the only 

currently available biodiesel feedstock that 
is non-food, grows on marginal land, and 
requires little input, including water.  

• Profitability - Provides high-quality oil for 
biodiesel production at a $0.05/lb. lower 
price than competing oil, while also 
compensating growers with a healthy return 
for their marginal land use. Equity investor 
return is in excess of 30% over 5 years.  

• Scalability - 100 million gallons/378541180 
Litres can be produced with only 1 million 
acres/405000 ha of Camelina production 
over the next 5 years; a very small 
percentage of suitable land available for 
production of the crop in the U.S., not to 
mention opportunities internationally. 

• Flexibility - makes an ideal oil for 
development of 2nd generation biofuel 
products including 'drop-in' transportation 
and aviation fuel.  

• Camelina is the only a 90-day crop that can 
be planted in the fall or spring, allowing the 
potential for double-cropping with other 
crops in summer months. 

Romanian camelina value chain-case-study 
Copsa Mica (Jurcoane S. et al., 2012).  
Specific research on camelina related to 
Romanian soil was conducted as part of two 
projects: Romanian Camelina Value chain- 
case-study 2011/2012 (BIOTEHGEN 
approach) & ITAKA: 2013/14. 
The interest in Camelina crop is due especially 
for: 

 its unique agronomics characteristic and  
 for the possibility to cultivate this plant 

on different types of soils that are not 
suitable for food production.  

 This would minimise the direct and 
indirect effects of land use change 
associated with an increased market 
for biofuels.  

 The availability of lands and water 
could become a serious problem. 

 This is why there is need to improve 
water use efficiency through 
cultivation of drought resistant plant.  
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Another objective of this research was to 
identify what influence camelina plants have on 
soil fertilisation in order to determine the most 
suitable crop rotation. 
 
The outcome of MMU&BIOTEHGEN 
research (2013) 

 It is necessary to continue this kind of 
research especially monitoring the polluted 
lands, contaminated with heavy metals, and 
to analyse the phytoremediation potential of 
Camelina.  

 Recent studies have shown that plants from 
Brassicaceae family can extract heavy 
metals like Cr, Hg from soils (Kabata-
Pendias, 2011). 

 Previous research has shown that there are 
two ways plants can accumulate metals: 

 1. through roots by the soil absorption 
and precipitation of pollutants, process 
known as phyto-stabilization;  

 2. through the aerial part of the plants, 
process known as phyto-extraction. 

Only the correlation between the total metals 
content in soil and the metal concentration in 
the plant can provide information on how 
metals penetrate the plant. 
 
Rovinari case-study 
As mentioned above, Rovinari was selected as 
one of the contaminated site, linked to heavy 
industry. 
The Rovinari town is located in the Southern 
part of Romania. It is a small town, with less 
than 12,000 inhabitants, and it mainly grew due 
to the nearby coal exploitation for the Rovinari 
Coal Power Station (RCPS) - one of the largest 
electricity producers in Romania. The whole 
town has been build and developed around 
RCPS and its activities, being basically a 
mono-industrial town, highly dependent on the 
on-going business of RCPS. 
 
Copsa Mica 
In Romania there are some polluted regions. 
One of the most important polluted areas is 
Copsa Mica region (149,465 ha), while 18,638 
ha are considered excessively polluted as 
illustrated in Figure 1. 
 

 
Figure 6. Camelina field before harvest 

 
Experimental plot was located near Copsa 
Mica, in the experimental field of University 
Lucian Blaga Sibiu from Copsa Mic , Sibiu 
County (0.005 ha).  
In the experimental field, soil cadmium content 
was 20 ppm and lead content was 682 ppm. 
Accepted heavy metals limits are 3 ppm for 
cadmium and 50 ppm for lead. 
For these reasons, most of this area is 
uncultivated.  
However, camelina, and oil seed rape could be 
planted in this area, to produce biofuel, thus 
eliminating debate: fuel vs food. 
 

 
Figure 7. Camelina in early spring 2011 at Copsa Mica 

 
Crop rotation- previous crop was a degraded 
pasture.  
Fertilization - no fertilization was used. 
Seed bed preparation- the plow and disc harrow 
has been used.  
Seed density was around 500 seeds/sqm.  
A width of 25 cm between rows was used, 
according to Imbrea et al. (2011) 
recommendations. 
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Campina Polluted land 
 

 
Figure 8. Camelina - autumn 6 Dec 2012 

 

Table 1 shows selected trials on contaminated 
soil and organisational approach.  
Other Case - studies: Camelina Crop 
development in Axente Sever 
Weeds: 

 In the first part of the growth period, 
Camelina plants were not affected by the 
weeds.  
 During the pod filling period, after a wet 
period, the camelina plants were covered 
by the weeds, especially from genus: 
Xanthium because the rainfall did not 
allow farmer to harvest in time. 

 
Table 1. Camelina BIOTEHGEN locations - polluted land (seeding Autumn, 2012) 

No. 

Location 
County-

village-type 
of land 

Surface Tillage 
systems 

Previous 
crop 

Herbicides 
employed: 

date of 
application 

and dose 

Seeder 
Crop 

planting 
date 

Crop 
emergence 

date 

1. 

Copsa Mica-
Sibiu county- 

polluted 
land(heavy 

metals) 

1ha 

Ploughing 
at 22-25 

cm+ milling 
+ rolling + 

sowing 

Maize 
 - SUP 21 03.Nov.2012 20.Nov.2012 

2. Rovinari - 
Gorj county-  
polluted land 

(steril and 
ash dumps) 

0.5 ha  
- steril 
dump 

 

Ploughing 
at 20 cm + 

disc 
harrowing+ 

sowing 

Sunflower - 

SUP 29 09.Nov.2012 24.Nov.2012 

 

0.5 ha  
- 

ash 
dump 

Maize - 

3. 

Campina-
Prahova 
county -

polluted land 
(pyrite and 

oil pollution) 

0.8 ha 
  

No 
cultivate 

land 
- Spreading 

method 16.Nov.2012 03.Dec.2012 

 

 
Figure 9. Camelina plantation as of 18 June 2012 

 
 
 

 

 
Figure 10. Weeds in late spring 
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Figure 11. Weeds in late spring 

 
Experiments in 2012/2013 

 Experiments carried out in 2012-2013 
involved three degraded locations 
contaminated with various pollutants. 

 Need to determine whether there is a 
possibility that camelina plants have the 
potential for phytoremediation. 

Also, there is need to investigate the heavy 
metals transfer from soil to plant; some initial 
research is included in ITAKA project, but 
more in depth research is needed.  
 
Research Questions 
 
Giving back to agriculture a heavily 
contaminated land has a very positive 
messages. Therefore, research on phyto-
extraction, which is at the beginning, needs to 
be explored further.   
As stated before, this type of research is at very 
beginning. However, a question is imposed: 
Camelina Phyto-excluder or Phyto-
extracter…? 
At present (autumn 2014), preliminary research 
data are being analysed by MMU & Biotehgen. 
Research needs to continue for at least 3-4 
years till a conclusion can be drawn. 
Camelina may be more feasible than many 
other solutions, especially on large, arable 
surfaces as a crop suitable for polluted land. 
Research is far from being ready, considering 
the goal to regain heavily polluted land for 
agricultural purposes. 
There is NO definite answer: research needs to 
continue in a joint team: MMU & USAMV 
This paper is an invitation to our colleagues 
from USMV- Faculty of Land Reclamation and 
Environmental Engineering to join our research 
for a smart agriculture management: 

 May be it was not the best approach and 
smarter solutions are waiting out there… 

 However, this land can be used to 
camelina cultivation for biofuels, 
providing heavy metals are not present in 
the seeds/oil. 
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Abstract 
 
In the light of the current trend of increasing consumption of ecological, unprocessed and slow food, hygiene-associated 
microbiological drawbacks of raw milk cheeses are still an issue. This study was designed for the coliforms 
contamination assessment of multiple types of raw milk cheeses manufactured by local producers. The paper is focused 
on searching for possible correlations between the sample type and coliform bacteria contamination, using the chi-
squared test of significance for statistical processing of the data. The results for a total sample size of 253 cheeses 
indicated significant associations (p<0.0005) between salting, smoking, milk origin and cheese recipe, on one hand and 
coliform bacteria contamination on the other hand. No significant association (p=0.438) was found between coliforms 
and whey-cheese versus milk-cheese classification parameter. 
 
Keywords: coliforms, raw milk cheese, type-linked correlations. 
 
 
INTRODUCTION 
 
Impersonation of refinement and culinary 
delicacies, traditional cheeses are not only 
highly appreciated food commodities, but also 
gastronomy elements with powerful historical, 
social, economical and cultural implications in 
the individuality of Romanian people. 
Consumers’ interest for ecological, organic and 
traditional food products is continuously rising, 
while international authorities and 
organizations encourage research in this field. 
The need for an accurate scientific evaluation 
of the safety and quality of these cheeses is still 
a topic of great interest, aiming to create the 
adequate legal frame and to prevent the loss of 
many cultural and social traditions that have 
otherwise survived for centuries (Ross R.P. et 
al., 2001). It is a fact that developing countries 
have poor hygiene standards in traditional milk 
production, and that is reflected in the poor 
hygiene quality of traditionally made cheeses. 
It is well known that in many countries, 
including Romania, traditional cheese is made 

in harsh climate conditions. This situation is at 
times associated with a lack of producers’ 
knowledge for observing adequate hygiene and 
manufacturing practices all throughout the food 
chain, from milking, to cheese marketing  (Fox 
P.F. et al., 2000; Rodriguez Eva et al., 2001). 
All these drawbacks may bring damage to 
traditional cheese reputation. 
This study aimed to search for possible 
correlations between the hygiene conditions of 
various raw milk cheeses, expressed by the 
coliforms’ contamination level and different 
processing or recipe parameters, in order to 
highlight the significant factors involved in the 
occurrence of hygiene deviations for these 
traditional products. 
 
MATERIALS AND METHODS 
 
The study was performed on 253 raw milk 
cheese samples obtained in a two years’ time 
frame, from various local producers from three 
mountain counties (Prahova, Bra ov and Arge ) 
in Romania (Table 1). The microbial hazard 
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laboratory analysis was performed according to 
the national standard for coliforms’ 
enumeration method (SR ISO 4832:2009). No 
available references for maximum 
contamination levels are available: Regulation 
2073/2005 indicates maximum levels only for 
coagulase-positive staphylococci within the 
process hygiene criteria, while Ord. 27/2011 
does not make reference to raw milk cheeses. 
Therefore, we compared the coliforms’ 
contamination level in analyzed samples 
against maximum limits listed by the former 
Romanian regulations (Ord. 975/1998): 
103CFU/g cheese for fresh cheeses and 
102CFU/g cheese for the other raw milk 
cheeses subjected to analysis. The associations 
between coliform bacteria contamination and 
various processing or recipe parameters were 
statistically analyzed using univariate (Chi-
square test) statistical tests (De Coster, 2006). 
We considered p<0.05 to be statistically 
significant. SPSS statistical software (SPSS, 
Inc., Chicago, IL) was used for data analysis. 
 
RESULTS AND DISCUSSIONS 
 
Considering the maximum limits of former 
Romanian legislation (Ord. 975/1998), the 
coliforms’ contamination rate was important, 
with 107 exceeding samples (42.29% of the 
analyzed samples) (Table 1). No coliform 
exceeding samples were found for salted, 
smoked, cow’s and ewe’s milk cas cheese (a 
type of scalded cheese), while the highest 
contamination levels were seen in ewe’s milk 
telemea cheese (a type of brined, ripened soft 
cheese). The average level of coliforms’ 
contamination of various sample types was 
greatly heterogenous, as illustrated in Figure 1.  
 

Figure 1. Averge coliform contamination levels of 
analyzed cheese samples 

Simply analyzing the coliform counts of the 
samples investigated is not useful in drawing a 
certain conclusion related to the factors 
associated with the highest or the lowest 
contamination levels (Figure 1). 
In addition, the analysis of the average coliform 
counts may be misleading in that direction. 
Another drawback in the attempt of making 
correlations between the coliform count and 
various parameters of cheese type is the 
important difference in the number of samples 
investigated of each type of cheese. While 
burduf cheese in fir bark (BCM) participates in 
the study with 62 samples, brined cheese made 
of ewe’s milk (TO), or salted smoke ewe’s milk 
ca  (CSAO), were available for analysis with 
only two samples (Table 1). 
In order to achieve an adequate analysis of 
coliform count results for the investigated 
cheese samples, we classified the analyzed 
cheeses into various categories using the 
following processing and recipe parameters, as 
criteria: 

 Salting 
 Smoking 
 Curding 
 Cheese recipe (scalded, fresh, kneaded, 

brined) 
 Milk origin. 

For milk origin, we compared cheeses made of 
cow’s milk against mixture cheeses, on one 
hand and mixture cheeses against cow’s and 
against ewe’s milk, on the other hand, in order 
to obtain the most adequate correlation result 
with the contamination level (Table 2). 
We used the Chi-square statistical test to 
compare observed data (in terms of samples 
exceeding the reference coliforms’ count limit) 
with the expected data, for each criterion, 
which would be obtained according to a 
specific hypothesis. The null hypothesis in this 
case is that the specific processing and recipe 
parameters considered as classification criteria 
are not associated with the coliforms’ count. 
We considered that for p<0.05, the null 
hypothesis can be rejected. 
Based on the total number of each cheese type 
and the associated numer of samples with 
exceeding of coliforms’ count limits 
considered, we calculated the Chi-square 
values and p-values, as seen in Table 2.  
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In order to prove the significance of the Chi-
square test, the unpaired T-test was used for 
pairs of values representing the cheese 
categories compared in the study. Results 
indicated that the compared means are 
considered to be statistically significant (p 
values ranging from <0.0001, to 0.03) for 
salting, smoking, curding, cheese recipe 
(almost all pair combinations considered), and 
for mil origin, when comparing cow’s milk and 
ewe’s milk cheeses and also when comparing 
ewe’s milk cheeses with mixture milk cheeses 
(Table 3). Yet, the difference between the 
average coliform contamination levels of urda 
and telemea cheeses was considered to be not 
statistically significant (p=0.9560). Also, as 
sees in table 3, a similar result was obtained 
through the unpaired T-test for cow’s milk 
cheeses compared with mixture milk cheeses in 
terms of coliform contamination (p=0.1560) 
Results indicated (Table 2) statistically 
significant associations between the number of 
samples with exceeding coliforms’ count and 
the following parameters: 

 Salting: Chi-square=14.351, DF=1, 
p=0.0001517, 

 Smoking: Chi-square=16.83, DF=1, 
p=0.00004, 

 Cheese recipe: Chi-square=37.89, 
DF=3, p=0, 

 Milk origin (cow vs. mixture): Chi-
square=9.93, DF=1, p=0.00162, 

 Milk origin (cow vs. ewe vs. mixture): 
Chi-square=15.43, DF=2, p=0.00044. 

Since chi-square tests are generally considered 
inappropriate if any expected frequency is 
below 1 or if the expected frequency is less 
than 5 in more than 20% of the cells used for 
Chi Square calculation tables, we concluded 
that this would be the case for milk origin 
parameters (both cow’s milk versus mixture 
milk and cow’s, versus ewe’s, versus mixture 
milk correlation schemes).  
However, expected frequencies less than 5 may 
be used for interpretation if Yates' correction is 
employed (Preacher K.J., 2001). Therefore, 
using the Yates correction for milk origin, we 
obtain the following Chi Square and p values: 

1 Milk origin (cow vs. mixture milk) 
 Yates' Chi-square = 9.087 
 Yates' p-value = 0.00257 

2 Milk origin (cow vs. ewe vs. mixture) 
 Yates' Chi-square = 12.939 

 Yates' p-value = 0.00155.

Table 1. Raw milk, traditional cheese samples subjected to analysis 
No Cheese type (samples) Total 

no. 
Average 
coliform 
level (log 
CFU/g) 

Standard 
deviation 

Maximum 
admitted 
level (log 
CFU/g)* 

No. 
exceedings 

1 Un-salted urda – UD 14 4.007 1.376449 3 8 
2 Salted urda – US 21 3.136 0.903556 3 9 
3 Un-salted, un-smoked, cow’s milk ca  – CDNV 16 2.083 0.312648 2 16 
4 Un-salted, un-smoked, cow’s and ewe’s milk ca  

– CDNM 
20 3.603 2.20078 2 9 

5 Salted, smoked, cow’s milk ca  – CSAV 24 2.188 0.820595 2 9 
6 Salted, smoked, ewe’s milk ca  – CSAO 2 3.38 1.889389 2 2 
7 Salted, smoked, ewe’s and cow’s milk ca  – 

CSAM 
32 1 0 2 0 

8 Salted, un-smoked, ewe’s and cow’s milk ca  – 
CSNM 

5 2.204 0.495812 2 4 

9 Burduf cheese in natural membrane, ewe’s milk 
– BBO 

3 2.869 1.213656 2 2 

10 Burduf cheese in natural membrane, ewe’s and 
cow’s milk – BBM 

32 1.711 0.343484 2 2 

11 Burduf cheese in fir bark, cow’s and ewe’s milk 
– BCM 

62 3.017 1.920569 2 24 

12 Brined cheese, ewe’s milk – TO 2 5.875 0.425678 2 2 
13 Brined cheese, cow’s and ewe’s milk  - TM  20 3.224 1.218318 2 20 
 TOTAL 253    107 
*According to former Romanian legislation (Ord. 975/1998). There are no available upper limits of coliform colonies in traditional raw milk cheeses 
in current legislation 
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Table 2. Associations between processing parameters and coliform levels exceedings  
Processing/recipe 
parameters 

No. of 
samples 

No. of exceeding 
samples 

% of 
exceedings

Degrees of 
freedom 

Chi-
square 

p value

Salting    1 14.351 p – 
0.0001517

salted 203 74 36.45%    
un-salted 50 33 62.26%    
Smoking    1 16.83 p – 0.00004
smoked 58 11 18.96%    
Un-smoked 195 96 49.23%    
Curding     1 0.656 p - 0.4179
Whey curding (whey cheese) 35 17 48.57%    
Milk curding (regular cheese) 218 90 41.28%    
Cheese recipe    3 37.89 p – 3e- 8

Ca  (scalded cheese) 99 40 40.4%    
Urda (fresh, whey cheese) 35 17 48.57%    
Burduf (kneaded cheese) 97 28 28.86%    
Telemea (brined cheese) 22 22 100%    
Milk origin (cow vs. mixture)    1 9.936 p – 0.00162
Cow’s milk 75 42 56%    
Mixture of cow’s and ewe’s milk 171 59 34.5%    
Milk origin (cow vs. ewe vs. 
mixture) 

   2 15.433 p – 0.00044 

Cow’s milk 75 42 56%    
Ewe’s milk 7 6 85.71%    

 
Table 3. Unpaired T-test results used to verify the significance of the Chi-square test 

Processing/recipe 
parameters 

No. of 
samples 

(N) 

Average 
coliform 

contamination 
(log CFU/g) 

Standard 
deviation 

(SD) 

Standard error 
of the mean 

 (SEM) 

t value p value

Salting     t = 3.2425 p = 0.0013 
salted 203 2.43776 1.49357 0.10483   
un-salted 50 3.2299 1.75193 0.24776   
Smoking     t = 5.9912 p< 0.0001 
smoked 58 1.57397 0.89044 0.11692   
Un-smoked 195 2.89779 1.60963 0.11527   
Curding      t = 3.6896 p = 0.0003 
Whey curding (whey 
cheese) 

35 3.48486 1.17977 0.19942   

Milk curding (regular 
cheese) 

218 2.45133 1.58716 0.10750   

Cheese recipe     t =  5.1421 p = 0.0001 
Ca  (scalded cheese) 99 2.09803 1.43198 0.14392   
Urda (fresh, whey 
cheese) 

35 3.48486 1.17977 0.19942   

Cheese recipe     t = 2.3031 p = 0.0230 
Burduf (kneaded cheese) 97 2.58185 1.67046 0.16961   
Telemea (brined cheese) 22 3.46573 1.39988 0.29846   
Cheese recipe     t = 2.1784 p = 0.0306 
Ca  (scalded cheese) 99 2.09803 1.43198 0.14392   
Burduf (kneaded cheese) 97 2.58185 1.67046 0.16961   
Cheese recipe     t = 4.0681 p < 0.0001 
Ca  (scalded cheese) 99 2.09803 1.43198 0.14392   
Telemea (brined cheese) 22 3.46573 1.39988 0.29846   
Cheese recipe     t = 2.9410 p = 0.0039 
Urda (fresh, whey 
cheese) 

35 3.48486 1.17977 0.19942   

Burduf (kneaded cheese) 97 2.58185 1.67046 0.16961   
Cheese recipe     t = 0.0554 p = 0.9560 
Urda (fresh, whey 35 3.48486 1.17977 0.19942   
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Processing/recipe 
parameters 

No. of 
samples 

(N) 

Average 
coliform 

contamination 
(log CFU/g) 

Standard 
deviation 

(SD) 

Standard error 
of the mean 

 (SEM) 

t value p value

cheese) 
Telemea (brined cheese) 22 3.46573 1.39988 0.29846   
Milk origin (cow vs. 
mixture) 

    t = 1.4229 p = 0.1560 

Cow’s milk 75 2.77113 1.14969 0.13276   
Mixture of cow’s and 
ewe’s milk 

171 2.46436 1.70371 0.13029   

Milk origin (cow vs. 
ewe) 

    15.433 p = 0.0230 

Cow’s milk 75 2.77113 1.14969 0.13276   
Ewe’s milk 7 3.87414 1.74256 0.65862   
Milk origin (ewe vs. 
mixture) 

    t = 2.1441 p = 0.0334 

Ewe’s milk 7 3.87414 1.74256 0.65862   
Mixture cow’s and ewe’s 
milk 

171 2.46436 1.70371 0.13029   

 

Therefore, according to these results and based 
on the cheese samples analyzed, we may 
consider that there is a statistically significant 
association between salting and higher 
coliforms’ contamination, unsalted cheeses 
revealing higher coliforms’ contamination. 
Also, there is a statistically significant 
association between un-smoked raw milk 
cheeses and a higher coliforms’ count. Brined 
cheese telemea is statistically significant 
associated with the highest coliforms’ 
exceeding sample percent, while burduf cheese 
is statistically significant associated with the 
lowest coliforms’ exceeding rate, among the 
cheese types sampled. Considering milk origin, 
our results indicated that mixture milk cheeses 
are statistically significant associated with a 
lower coliform contamination than ewe’s milk 
cheeses. Moreover, ewe’s milk cheeses a 
statistically significant more contaminated with 
coliforms than cow’s milk cheeses. 
However, no statistically significant association 
was found between the curding technology 
(cheeses made of whey were compared with 
cheeses made of milk, in terms of coliforms’ 
count) and the rate of coliforms’ contamination 
level (p>0.05, DF=1, Chi-square=0.6). 
 
CONCLUSIONS 
 
The results for a total sample size of 253 raw 
milk, traditional cheeses, indicated significant 
associations (p<0.05) between salting, 
smoking, milk origin and cheese recipe, on one 

hand and coliform bacteria contamination, on 
the other hand.  
A higher number of samples exceeding the 
considered coliforms’ count limit, was 
statistically significant associated with un-
salted, un-smoked cheeses, telemea cheese and 
cheese made of only one type of milk regarding 
its origin: ewe’s milk cheeses were 
significantly associated with a higher number 
of coliforms, than mixture milk and cow’s milk 
cheeses.  
No significant association (p=0.438, Chi-
square=0.656) was found between coliforms 
and whey-cheese versus milk-cheese 
classification parameter, even though the 
difference between the two means of coliform 
contamination levels was considered 
statistically significant by the unpaired T-test 
(p=0.0003, t=3.6896), indicating a higher 
coliform contamination level for whey cheeses 
than for milk curded cheeses. 
These type-linked correlations may be helpful 
in a more accurate focusing on the source of 
process-related deviations concerning the 
hygiene practices and manufacturing practices 
that help proving the desired level of food 
safety for such traditional commodities. 
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Abstract 
 
Tipically, in our autumn wheat and barley have sown in a relatively wide range, due to variuos causes: climate (Slater, 
1976), management etc. To clarify what would be the most appropriate range for the plants to know the physiology of 
the most favorable, decadal have experienced many moments of sowing several years. Period was thus between Sept. 10 
and Nov. 1 (6 points sowing). Plants were studied by several indices for physiology expression (Stoy, 1969) i.e. leaf 
area index (LAI), the photosynthetic potential by leaf area duration (LAD), net assimilation rate (NAR) and grain yield. 
Among these features were found match, but on the contrary, some are even contradictory. Thus, if the maximum LAI of 
wheat was obtained from Oct. 1 (9.2 m2 leaf/m2 soil), the maximum photosynthetic potential was still to Oct. 1 (1.48 km2 
leaf x day), and maximum net assimilation rate was obtained in Oct. 10 (6.63 g d.m./m2/day). LAI of barley was Oct. 1 
(7.4 m2 leaf/m2 soil), maximum LAD Sep. 20 (1.11 km2 leaf x day), and maximum NAR Oct. 10 (7.05 g d.m./m2/day). In 
these conditions, the maximum grain production was formed for wheat in Oct. 1 with an extension until Oct. 20. Winter 
barley was maximum in Oct. 1 with an extension from Sept. 20 until Oct. 10. 
 
Keywords: wheat, barley, LAI, LAD, NAR, grain yields. 
 
INTRODUCTION 

 
For better success of the crop of both plants is 
recommended that sowing their appropriate 
times to do specific, in the autumn (Bîlteanu et 
Bîrnaure, 1989). In practice it was found 
(Quisemberry et Reitz, 1967) that its 
performance takes place in a fairly wide range, 
starting in Sep., continuing to Oct. and 
sometimes in Nov. Certainly sown plants, or 
too early, or too late, phsiology adapts to these 
conditions (Sebillotte, 1980), demonstrating, 
not infrequently, some deviation from their 
normal state. 
By sowing the two plants, as well as other 
autumn crops, not intended other than as 
placement of their good time (Ceapoiu et al, 
1984; Dr ghici et al., 1975), so that 
development of vegetation to take place at the 
highest possible value. Increased production 
will be achieved only if the plants are grown 
and developed as well, that show a large 
enough habitus ( ipo  et al., 1981). In its 
construction has an important role assimilation 
surface of leaves, and other bodies with green, 

stem and ear. From the research it was found 
that the maximum leaf area obtained in optimal 
time, most often leads to the formation of 
higher yields. Yet, what happens when the two 
plants are placed while the less favorable 
moments? The experiments carriet out under 
various conditions have shown adaptation 
which have been generally characterized as 
decreased physiological activity due to 
formation of reduced production. 
Of all the physiological aspects that 
demonstrate the influence of sowing time on 
wheat and barley plants (Tianu et Bude, 1985), 
some are more obvious, relatively easily 
measured and could give a comprehensive 
response to the formation of grain production. 
Total biomass and the grain is based on net 
assimilation of all surfaces of plants per unit 
area. One measure currently used is the leaf 
area index (LAI), or short leaf index (LI). It 
characterizes the relationship between leaf area 
(LA) which is formed on a surface of the crop 
and the surface of the land. An index of 3.3 
means that on 1 m2 of crop, leaf area amounts 
to 3.3 m2 leaf. LAI characterize the culture at a 
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particular time. LAI is attained during two 
flowering plants. The literature has 
demonstrated the LAI values between 2 and 8-
10. But to characterize the timing of the capture 
radiant solar energy (Tashiko, 1962; 
Zamfirescu, 1977), it shall record the dynamic 
evolution of LAI and adding them throughout 
the growing season. All LAI who worked 
during the vegetation period is measured in 
km2/day and is called the photosynthetic 
potential, PP, or LAD- leaf area duration. LAD 
is based on periodic measurements of LAI. 
Thus, LA plot developments throughout the 
growing season by interpolating the values 
obtained in short intervals of 1-3 days. LAD 
resulting from adding daily values throughout 
the growing season. Wheat and barley normal 
LAD is between 1 and 2 km2 x day. Resultant 
of photosynthetic activity, at a time and by the 
and of the vegetation period is expressed by net 
assimilation rate, NAR. It a measure of the 
ability of photosysnthesis and dry matter 
production expressed per unit area, per unit of 
time. The values obtained represent the grams 
of dry matter per m2 of leaf per day (g 
d.m./m2/day). Between LAI, NAR and grain 
yield are looking for the best relationship, so 
that the practical expression of plant 
physiology lead towards achieving yields 
increasingly higher. 
 
MATERIALS AND METHODS 

 
In order to fit the widest period of sowing area 
(Milthorpe et Ivins, 1966), it proceeded to 
establish the decadal by 6 points during Sep. 10 
- Nov. 1. Wheat and barley was cultivated by 
the technology developed by the resort 
normally using a relatively long period of time, 
adapted varieties for highlands plains of Pite ti. 
Data represent the mean periods of research. 
The measurements and determinations were 
made both in the field and in the laboratory, 
following the three parameters. 
Leaf area index, LAI, was determined by 
measuring the leaf lamina from the main stem, 
using the dimensions of limb length and width 
of its widest part. The calculation was using the 
formula: LAI = L x l x correction factor. 
Correction coefficient can take values between 
0.67 and 0.75, depending on the author. The 
calculations have used the factor 0.67. Values 

obtained from a plant were summed and were 
multiplied with the number of plants per m2 
(density determined from sunrise until spring to 
avoid inconsistencies appear). Plants were 
scored for measuring one meter by one in four 
repetitions. 
Photosynthetic potential, LAD, was determined 
by drawing diagrams LAI developments until 
the plants did not have green leaves (surfaces). 
To obtain diagrams proceeded to measure LAI 
in a very short period of 1-3 days. The curves 
have been extrapolated evolution of LAI 
obtaining graphs were drawn on the sheet 
millimeter. On this basis proceeded to adding 
daily values and became the expression LAD 
like km2 leaf x day. 
 

 
Photo 1. Winter wheat with maximum LAI 

 
Net assimilation rate, NAR, was determined 
during the growing season and at the end. The 
paper presents NAR entire growing season. To 
obtain values proceeded to harvest mature 
plants and weighing biomass formed (as dry- 
d.m.). NAR values were obtained reporting 
grams/LAI/day of the entire vegetation periods. 
Grain yield, GY, was obtained by harvesting 
the crop of 10 m2, in each variant, the four 
replications. In the expression results were used 
as statistical calculations, like Anova test 
(analysis of variance) and Excel. 
 
RESULTS  AND  DISCUSSIONS 
 
Expression LAI of wheat and barley at 
different times of sowing. Since the spring to 
maturity were performed measurements and 
determinations. The presentation includes data 
from two periods: a period considered early: 
Sep. 10 - Oct. 1, and one considered late: Oct. 
10 - Nov. 1. For the first time, wheat, their 
evolution has shown relatively steady grown in 
the period to bloom and abrubte after flowering 
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(Figure 1), while barley evolution was slow to 
start and quick to bloom. Maximum LAI 
ranged from 7.6 as on Sep. 10, 9.2 on Sep. 20 
and 8.4 on Oct. 1. For wheat, and between 6.6 
and 5.2, 7.4 respectively for barley. For the 
latter has been found during the different 
reactions of plants. Firstly decreased maximum 
LAI values and operating rate was relatively 

constant leaf for wheat and irregular for barley 
(Figure 2). 
The graphs show that by delaying sowing, 
barley plants suffer more compared to wheat. 
Maximum LAI varied between 6.7, 4.5 and 2.9 
respectively. Maximum LAI of barley 
decreased from 7.1 to 3.7 and finally to 1.7 m2 
leaf/m2 of crop (land). 

 

          
 

          
 

            
Figure 1. Leaf area index (LAI) evolution of wheat and barley  

for the early period: 10 Sep. - 1 Oct.  
 
The evolution of photosynthetic potential, 
LAD. Depending on the time of sowing, the 
plant photosynthetic potential expressed at 
specific levels. The highest values were 
obtained as wheat and barley, both sown in 
Sep. 20., with 1.48 and respectively 1.11 
km2/day (Figure 3). 

Of course the two graphs show different trends. 
Wheat higher values were obtained in Sep., 
followed by a decrease in late sowing. For 
barley, LAI values were relatively constant 
during the period Sep. 20 - Oct. 10, after which 
greatly decreases. 
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Figure 2. Leaf area index (LAI) evolution of wheat and barley  

for the late period: 10 Oct.-1 Nov. 
 

          
Figure 3. The evolution of photosynthetic potential (LAD)  

of wheat and barley in sowing time period 
 
Net assimilation rate, NAR, is a parameter 
which characterizes the oscillation and better 
vegetation and physiology of these two plants, 
according to the sowing time moments. For 
wheat NAR was below 6 g/m2/day sowing of 
Sep. 10 as well as to than of Nov. 1. Between 

Sep. 20 - Oct .20 values exceeded 6 g/m2/day, 
and the highest value was obtained in Oct. 10, 
with 6.63 g/m2/day. For NAR of barley had 
much different. The highest value was obtained 
to Oct. 10, with 7.05 g/m2/day, exceeding that 
of wheat (Figure 4). 

 

            
Figure 4. The evolution of net assimilation rates (NAR)  

of wheat and barley plants in sowing time period 
 

Grain yields evolution, GY. Given six points 
sowing, grain yields have generally followed slight 
increase from Sep. 20, a maximum in Oct., after 

which they fell to the sowing of Nov. 1. For winter 
wheat (Lep dat, 1976), sowing in Sep. led to the 
formation of grains yields approximately equal 
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about 4 t/ha. Sowing of Sep. 20 is found in most 
years, water scarcity leading to delays emergence, 
plants disfavored. Best yields were formed in the 
range Oct. 1 to 10, followed by the Oct. 20. For 
barley higher yields were formed between Sep. 25 - 

Oct. 10 (Figure 5). Sowing of Sep. 10, plants 
springing were attacked by aphids, raising 
seedlings, and after Oct. 15-20 we found sensitivity 
to cold in the viter time. 

              
Figure 5. The evolution of wheat and barley grain yields  

from sowing time period 
 
CONCLUSIONS 

 
The sowing wheat and winter barley takes 
place today in a time interval in all three 
months of the autumn. The causes are multiple 
and physiology of plants that spring up are 
more or less affected. Over time it was found 
that through sowing period as accurately as it 
can provide the most vigorous plant growth on 
leaf surface plays an important role. 
Leaf area index (LAI) experienced a greater 
increase during early sowing (Sep. 10 - Oct. 1). 
Both wheat and barley higher values were 9.2 
m2 leaf/m2 ground for wheat and 7.4 for barley. 
For late sowing only on Oct. 10 plants grew 
more vigorously, with higher maximum LAI. 
Maximum LAI for sowing in Nov. 1 it was 
lowest at both plants. 
Photosynthetic potential, LAD, was highest in 
wheat on Sep. 20, with 1.48 km2/day, and the 
same in barley sowed on Sep. 20 with 1.11 
km2/day. With these values demonstrates that 
both wheat and barlex to develop their highest 
potential in an earlier period. 
Net assimilation rate, NAR, show a relative 
uniformity for wheat from period Sep. 20 - Oct. 
20. The barley peak was located between Sep. 
20 to Oct. 10. Between the two determinations: 
NAR and LAD there is an inconsistency, 
especiallz for wheat. For the barley the two 
sizes showed a relatively similarity. 
The production of grain, such as wheat and 
barley, performed differently depending on the 
moment of sowing. Wheat maximum was 
located at Oct. 1, with an extension until Oct. 

10 to 20, and barley on Oct. 1, with the limits 
between Sep. 25 and Oct. 10. 
 

 
Photo 2. Winter barley with maximum LAI 
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Abstract 
 
Interlocking residential, administrative and production areas in urban development is accompanied by a decrease in 
population comfort caused by industry sound pollution. Verification of compliance of acoustic pressure and noise 
limits is done by direct measurements. This approach is used for assessing the noise level of a treatment plant of 
industrial wastewater resulting from a meat processing factory, having a technological chain comprising mechanical, 
chemical and biological phases. The interpretation of recorded values leads to a solution proposal aimedr to preserve 
the operation staff health and to improve the acoustic conditions of the surrounding areas. 
 
Keywords: sound, compressor, impact, pollution diminishing. 
 
INTRODUCTION 
 
Romania is under a complex process of social 
rules changing in the context of historical and 
cultural traditionalism.  
During the 1950s, economic development was 
based on the construction of large industrial 
sites that, after 1990, kept no longer their cost-
effectiveness and were dismantled. Some of 
these were converted into industrial parks, 
others into residential areas.  
Urban development in the post-revolution era 
in Romania led to intertwined residential, 
administrative and production areas, as no 
relocation techniques were applied to industries 
depending on urban evolution. Therefore, no 
natural territorial reorganizations of circular 
type were obtained. Relocation would have the 
advantage of facilitating access, diminishing 
the amount of local taxes, obtaining profit 
through land sales. The decision of no 
relocation has the disadvantage of discomfort 
resulting from noise pollution in the vicinity. 
Noise limits are set by authorities based on the 
effects on human health and comfort, taking 
into account social and economic factors and 
varyin according to day time, protected 
activities, source type, etc. 
Compliance checking with normative 
frameworks includes noise descriptors, relevant 

time, measurement points, area type and 
characteristics, descriptions and operating 
conditions of the source, the environment, 
propagation conditions from source to receiver 
(ASRO, 2008, 1). 
We analyzed a treatment plant of industrial 
wastewater (Figure 1) corresponding to a meat 
processing factory, having mechanical, 
chemical and biological phases on the 
technological chain. 
 

Figure 1. Wastewater treatment plant scheme:  
1, 9, 10 - screw volumetric pumps (wastewater, sludge, 

polyelectrolyte); 2, 7, 11 - centrifugal pumps (chemically 
treated water, flotation, washing water releases); 3, 4, 8 -  

blowers and compressors (mixing tank, biological 
reactor, compressed air command, flotation unit); 5, 6 - 

mechanical gearbox engines (flotation scraper, press); 12 
- electric panels and automations (submerged equipments 

- pumps and mixers not shown) 
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MATERIALS AND METHODS 
 
We chose to determine sound pressure levels 
by direct measurement and then extrapolating 
the results for isolines plotting. Measurements 
were carried out in real conditions, meeting the 
appropriate standards (ASRO, 2008, 2). The 
measurement interval was 10 seconds and only 
one set of measurements was performed. 
Measurements were made inside and outside 
the plant, between 10.00 o’clock and 12.00 
o’clock, in a winter month; weather conditions 
were characterized by: 4°C temperature, 2.1 m/s 
wind speed, 3/4 overcast, no sun shining, no 
precipitation. 
The outer street surface was dry concrete, 
uncovered with ice or snow, and was 
representative for the usual noise exposure 
situation. All measurements were performed on 
the wind direction, in order to minimise the 
related uncertainty (ASRO, 2008). 
The measurement device was Chauvin Arnoux 
type, indicative CA 834, with measuring ranges 
of: 30-80 dB, 50-100 dB, 80-130 dB and an 
extended range of 30-130 dB. 
The operating conditions were representative 
for the ambient noise analysed, all equipment 
was in continuous operation. Measurements 
were avoided during the compressor operation 
(its operation was discontinuous). The main 
noise source was the compressor corresponding 
to the biological reactor. 
Measurements were performed at a distance far 
enough, in order to include noise contributions 
from all major sources and small enough in 
order to minimize weather influence. 
The maximum sound pressure level coming 
from the wastewater treatment plant was 
measured, with the equipment in working 
conditions corresponding to the highest noise 
emission.  
Inside the plant (var. 1), the microphone was 
located in the area where the affected staff 
members spent their working time. The 
measurement points were chosen at 0.5 m 
distance from any surface, walls, ceiling or 
floor, and at least 1 m distance from significant 
acoustic transmission elements (windows, vents, 
doors). The distance between two neighbouring 
positions of the microphone was at least 0.7 m. 
Outside the plant (var. 2) we chose specific 
positions of the microphone in areas of interest 

to analyze the effects of equipments in the 
neighbourhood areas (Figure 2). 
 

Figure 2. Reception points 
 
RESULTS AND DISCUSSIONS 
 
Results are presented in Table 1 and through 
isolines (Figures 3 and 4). 
 

Table 1. Values recorded 

Point 
Acoustic pressure 

(dB) Point 
Acoustic pressure 

(dB) 
Var. 1 Var. 2 Var. 1 Var. 2 

1 75.3 75.5 21 58.0 58.7 
2 75.4 73.8 22 60.1 64.1 
3 64.3 65.2 23 52.9 62.3 
4 64.5 63.0 24 61.7 73.3 
5 67.7 67.3 25 59.2 58.9 
6 75.3/77.1 75.1/76.9 26 58.1 61.6 
7 75.2/75.9 74/74.7 27 59.5 68.7 
8 74.7/75.8 75.3/75 28 55.4 59.3 
9 74.3 74.0 29 56.6 64.4 
10 75.2/78.2 74.9/76.9 30 56.4 56.8 
11 67.7 69.4 31 56.9 65.1 
12 75.6 73.2 32 52.9 60.8 
13 55.7 54.8 33 52.4 57.5 
14 53.3 56.3 34 52.3 56.7 
15 54.4 53.1 35 52.3 56.3 
16 54.5 53.3 36 52.9 55.4 
17 55.9 55.6 37 95.7 87.0 
18 55.9 54.0 38 80.2 83.5 
19 56.6 56.1 39 80.6 81.9 
20 56.6 57.9 40 98.2 87.0 

 

Figure 3. Inner isolines (door closed) 
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                     a)                                          b)    

Figure 4. Isolines: a) door closed, b) open door
 
Analyzing the obtained acoustic pressure 
values, we could be distinguish these trends: 
a) var. 1 - door closed 
- the outer wall had a noise reduction effect of 
(17-24)% and the partition wall (site-scale) of 
(10-14)% 
- the recorded values were amplified at +3.4 m 
(inside) with (1-4)% 
- between the blower corners there was a gap of 
18dB(A), representing 22.4%  
- a noise decrease was recorded at a distance of 
2.5 m measured from the front wall of about 
8% on the access zone and an amplification of 
5%  at the same distance on the back wall 
b) var. 2 - open door 
- the outer wall had a noise reduction effect of 
(1-23)% and the partition wall (site-scale) of 
(8-13) % 
- the recorded acoustic pressure values were 
amplified at +3.4 m (inside) with (0.4-2.7)% 
- between the blower corners there was a gap of 
5.1 dB(A), representing 6.2% 
- a noise decrease was recorded at a distance of 
2.5 m measured from the front wall of about 
12% on the access zone and an amplification of 
1.5% at the same distance on the back wall 
c) comparing the two analyzed variants, we 
found that: 
- when door wa open, the outer wall had 
diminished efficiency of soundproofing with 
16% and the partition wall (site-scale) with 2% 
- the recorded values at the tank corners, floor 
level, were substantially the same regardless 
the variants 
- the recorded acoustic pressure values at the 
tank corners (+3.4 m level) were (0.3-1.7)% 
higher when door was closed  
- when door was closed, registered acoustic 
pressure values at the blower were (10-12%) 
larger near the wall and (1.6-4.0%) smaller near 
the door  
- outside, in the access area, a local noise 
pressure increase of 18% was recorded when 
the door was open; in the rear area, a local 

noise pressure decrease of 1.6% was recorded 
under the same condition 
- when the door was open in the access area, 
2.5 m from the front wall, there was a 1.4% 
increase of noise pressure and a 3.4% decrease 
in the rear area under the same condition. 
 
CONCLUSIONS 
 
All reaction/treatment basins and 
electromechanical equipment are located inside 
the technological hall of the industrial 
wastewater treatment plant analyzed. For the 
operating personnel and the equipment, the 
working and functioning environment is highly 
aggressive, combining physical, chemical, and 
biological pollution factors. The noise level 
exceeds 50 dB in any circumstance. 
In order to increase the inner acoustic comfort, 
it is recommended to make a separation and to 
enclose all equipment individually (depending 
on the needed noise protection - Figure 5), as 
follows: 
- a ventilated hall, equipped with air pollution 
control devices; wastewater and sludge 
collection basins, flotation unit, sludge 
dewatering unit, biological reactors will be 
installed; 
- a climatic hall, acoustic insulated; 
electromechanical equipment will be installed. 

Figure 5. Proposed scheme: 
A. Ventilated hall, B. Climatic hall 

 
Professional insulation or equipment placing in 
insulated boxes is estimated to reduce the noise 
level by 18%, having the same effect with the 
front wall.  
Moreover, the proposed solution could be 
imporved by placing the equipment vertically, 
which will: 
- reduce the plant surface;  
- simplify the hydraulic scheme; 
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- facilitate the plant operation; 
- eliminate the floating water and sludge 

pumps. 
The mentioned equipment has large wear and 
tear, induces significant operating costs and 
high phonic pollution; its removal results in 
diminishing the potential sound impact of the 
industrial wastewater treatment plants. 
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Abstract 
 
The agricultural sector is sensitive to climate change (CC) and associated extreme weather events, but suffers in 
Canada from little strategic research and policy on CC adaptation. The wine industry is often considered the ‘canary in 
the coal mine’ for CC due to the narrow geographic and climatic range required by many grape varieties. Adapting to 
current and projected CC challenges requires industry stakeholders to determine the risks and benefits of CC and 
develop a level of adaptive capacity. The objectives of this study were to develop a metric for assessing the adaptive 
capacity of a grape/wine industry, and apply that tool to the Ontario case. A framework was developed and represented 
as a three-tiered, hierarchical structure, which included eight operational and strategic determinants (financial, 
institutional, technological, political, knowledge, perception, social capital, and diversity), and 28 specific indicators. A 
comprehensive questionnaire was created from this framework consisting of 26 statements to which participants 
indicated their level of agreement. 42 Ontario wine industry members completed the questionnaire via an on-line 
survey. Results show that the Ontario wine industry has some adaptive capacity in all the key resources assessed. 
Perception, diversity and knowledge are the determinants with the greatest capacity, while political and technological 
are the most limited. Overall, industry stakeholders do not perceive they are at a coping threshold and are interested in 
learning how to better adapt to the impacts of CC. Results are discussed in the context of opportunities to enhance 
adaptive capacity in the grape/wine community. 
 
Keywords: adaptation, adaptive capacity, wine industry. 
 
INTRODUCTION 

The agricultural sector, including grape and 
wine, is sensitive to climate change and the 
associated extreme weather. The global wine 
industry is already experiencing impacts, 
including earlier growing seasons, changes in 
precipitation patterns, and increased frequency 
and intensity of extreme weather events, all of 
which are affecting wine quality (Jones, 2010, 
Mira de Orduña, 2010). To adapt to the 
challenges and opportunities created by climate 
change industry stakeholders must develop and 
sustain a level of adaptive capacity.  

Development of the Assessment Framework 

Vulnerability and social-ecological resilience 
are dominant approaches to climate change 

adaptation. Vulnerability is rooted in hazard 
management and focuses on identifying the 
sensitivity of a system when exposed to an 
extreme event such as a flood. The 
vulnerability of a system fluctuates with the 
degree of exposure and type of extreme event 
(Brooks, 2003). Vulnerability is reduced 
through adaptive capacity, which can reduce 
both exposure and sensitivity (Smit and 
Wandel, 2006). Social-ecological resilience 
emphasizes linkages between humans and 
nature and the dynamic properties of adaptive 
cycles (Berkes et al., 2003). An adaptive cycle 
is a four-stage process (exploitation, 
conservation, release, reorganization). With 
adequate adaptive capacity these systems are 
capable of self-reorganization, sustaining and 
developing with the ability to build and 
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increase capacity for learning and adaptation 
(Folke, 2006; Gunderson, 2003). Many 
resources affect the adaptive capacity of a 
system in adapting to climate change. 
Consistently listed among these are: financial 
resources, social capital, education, technology, 
infrastructure, institutions, political power, 
culture, governance, leadership, and human 
capital (Yohe and Tol, 2002; Brooks et al., 
2005; Eakin and Lemos, 2006; Adger et al., 
2007). Gupta et al., 2010 focuses on the role of 
institutions as the most dominant force 
affecting adaptive capacity under which access 
and availability to all other resources is 
controlled. Marshall and Marshall (2007) 
instead focus on the impact perception can 
have on the adaptive capacity of primary 
resource users such as fishers. Armitage 
(2005), taking a broader view, categorises 
resources as operational (exogenous) coming 
from outside the system and over which the 
system has limited control. Strategic 
(endogenous) occur within the system and the 
system has greater control of over these. 
While these determinants have become more 
clearly defined there is still a need to develop 
measurement and assessment criteria (Engle, 
2011; Holland & Smit, 2010). Adaptive 
capacity research has generally focused on 
either the macro national scale, which is too 
broad for contextualization (Brooks, 2005), or 
micro scale case studies making generalizations 
difficult (Armitage, 2005). Given the many 
institutional and social processes that influence 
and shape adaptive capacity it remains heavily 
context-specific and cannot be generalized 
between contexts or across scale (Engle, 2011). 
The international wine industry must adapt to 
the present and future impacts of climate 
change if it is to sustain present production. 
Adaptive capacity plays a critical role in the 
adaptation process but to date no integrated 
framework exists to assess the adaptive 
capacity of the wine industry so one was 
developed. This consideration formed the basis 
of our current study. 
 
The Ontario Wine Industry: a case study 
The Canadian wine industry has a current 
economic value of CAD $6.8 billion, with the 
majority of her wines produced in Ontario, 
along Lake Erie and Lake Ontario. The Ontario 

industry is comprised of approximately 17,000 
acres of vineyards located in 3 major 
appellations: Lake Erie North Shore, Prince 
Edward County, and Niagara Peninsula (Figure 
1).  
 

 
Figure 1. Map of the major wine appellations in Ontario 
(Sourced from http://www.vqaontario.com/Appellations)  
 
Niagara is the main producer, and consists of 
10 sub-appellations and 2 regional appellations. 
The main Vitis vinifera cultivars grown are 
Chardonnay, Riesling, Gewürztraminer, Pinot 
gris, Sauvignon blanc, Pinot noir, Cabernet 
franc, Cabernet sauvignon, Merlot and Gamay 
noir. A smaller portion of table wines are 
produced from French-American hybrid grape 
varieties, particularly Baco noir, Vidal and 
Maréchal Foch. In 2013, 21.9 million litres (2.4 
million cases) of wine were produced for the 
local and international market (Wine Council 
of Ontario, 2013). The industry is 
internationally recognized for its excellent 
icewines, which contribute 50% of the $40 
million revenue from wine exports. The 
Ontario wine industry has four main supporting 
bodies: the Grape Growers of Ontario, Wine 
Council of Ontario, Winery and Growers 
Alliance of Ontario and the Vintners Quality 
Alliance. 

Climate change challenges for the Ontario wine 
industry are numerous, and include warmer 
winter temperatures increasing the 
susceptibility of grapevines to freeze injury, 
delayed and shortened icewine harvest 
windows, and increasing pest pressures (Cyr 
and Shaw, 2010). The 2012 growing season 
had one of the earliest springs on record, with 
many growers relying on wind machines to 
reduce the risk of frost damage. Warmer 
average summer temperatures are also affecting 
production, with vines suffering increased 
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drought stress, and cooler-climate varieties 
such as Pinot noir showing reduced wine 
quality. While the Ontario wine industry is 
actively researching new technologies and 
practices to adapt to these and other impacts, a 
comprehensive assessment of its adaptive 
capacity to climate change is identified as an 
important component of positioning the 
industry for success in the future (Pickering et 
al., 2012).  
 
MATERIALS AND METHODS  
 
The conceptual framework serving as a 
foundation to this research is illustrated in Fig. 
2. Based on this framework, we develop a 
questionnaire template for the industry 
consisting of 28 statements related to each 
determinant (e.g. I have access to income 
stabilization plans).  
All except two statements were positively 
phrased, with agreement indicating the 
presence of adaptive capacity.  
Responses to the two negatively phrased 
statements were reversed for analysis.  
Two additional questions were asked of 
growers related to their use of crop insurance 
and credit in ‘bad’ years.  
Participants rated their level of agreement on a 
five point Likert scale.  
An on-line link to the questionnaire was sent 
out to all members of the Ontario Grape 
Growers, Wine Council of Ontario and Winery 
and Growers Alliance of Ontario.  
Forty-two Ontario wine industry members 
completed the questionnaire. 
 
RESULTS AND DISCUSSIONS  
 
The results from this research are divided into 
two sections:  
1) the development of the adaptive capacity 
assessment framework, and  
2) the adaptive capacity responses. 
Assessment Framework 
Frameworks are useful for analysing systems 
and issues so that a fuller understanding of 
components and their relationship can be 
attained. Several models have already been 
developed to explore the relationship of the 
determinants of adaptive capacity, although 
none specifically for agriculture or the 

grape/wine industry. We considered those 
proposed by Armitage (2005), Gupta et al., 
(2010) and Marshall (2010) as relevant, and 
synthesised key elements of their approach into 
the framework for our study (Figure 2).  
 

 
 
Figure 2. Adaptive Capacity assessment framework for 

the wine industry (Pickering, 2013) 
 
This framework has some similarity to the 
institutional adaptive capacity wheel of Gupta 
et al., (2010). However the determinants 
selected in this framework are tailored to the 
interests and concerns of the wine industry. The 
framework also has an additional layer 
categorizing determinants as operational 
(exogenous) or strategic (endogenous).  
The indicators in the outer tier identify the 
presence of each determinant. Each indicator 
has been developed from a review of the 
climate change concerns within the wine 
industry literature. For example, having access 
to crop insurance is an important financial 
resource for a wine industry. 
The framework is derived from diverse 
theoretical bases found in the adaptive capacity 
literature (Crimp, 2000; Belliveau et al., 2006; 
Engle and Lemos, 2007; Plummer and 
Fitsgibbon, 2007; Battaglini et al., 2009; 
Wesche and Armitage, 2010; Bohensky et al., 
2010; Marshall, 2010; Engle 2011). 
Further, the questionnaire derived from the 
framework represents a conceptually sound, 
comprehensive yet practical tool that may be 
applied to understanding the adaptive capacity 
of the Ontario grape and wine industry. 
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Adaptive Capacity Responses 
The following results correspond to the eight 
determinants of the framework. Responses 
were reduced to a 3-point likert scale (agree, 
neither agree nor disagree, disagree) to show 
direction of adaptive capacity; this removed the 
intensity of responses only (strongly). 
Figure 3 shows the result for financial 
resources. There is access to crop insurance and 
credit, which are being used during ‘bad’ years. 
More participants experience income 
variability than use stabilization plans.  

Figure 3. Financial Resources (adapted from Pickering et 
al., 2014) 

Institutional results are shown in Figure 4. The 
majority of participants indicated there was 
support for new and improved practices within 
the industry, along with various types of 
leadership. Access to water infrastructure and 
climate change policy options were more 
limited. 

Figure 4. Institutional (adapted from Pickering et al., 
2014) 

The results for the political determinant are 
shown in Figure 5. Overall the majority of 
participants indicate they are politically active 
and believe there is greater political support for 
the industry provincially than federally.  

Figure 5. Political (adapted from Pickering et al., 2014) 

Results for the technology determinant, Figure 
6, show there is greater incorporation of new 
technologies than participants believed they 
had access to.  

Figure 6. Technological  
(adapted from Pickering et al., 2014) 

Figure 7 shows the results for perception. Less 
than 20% of participants disagreed that climate 
change would impact the Ontario wine 
industry. Over 90% wanted to learn how to 
better adapt to extreme weather events and 
climate change. 
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Figure 7. Perception (adapted from Pickering et al., 

2014) 

The results for the diversity determinant are 
shown in Figure 8. The majority of participants 
indicated they have income source other than 
grape and wine, and 42% indicated they had 
income source outside of the Ontario wine 
industry. The majority indicated they had 
career options outside of the Ontario wine 
industry. 

Figure 8. Diversity (adapted from Pickering et al., 2014) 

Figure 9 illustrates the results for the 
knowledge determinant. The majority of 
participants indicate they have access to both 
local and scientific knowledge. Both of these 
knowledge types are also valued and shared by 
most participants. 

 
Figure 9. Knowledge (adapted from Pickering et al., 

2014) 

Results for social capital are shown in Figure 
10. Solidarity, social networks and trust are 
well established. Inclusion and closeness are 
also believed to be present by the majority of 
participants. 

 
Figure 10. Social Capital (adapted from Pickering et al., 

2014) 

Overall, these results show that the Ontario 
wine industry has some adaptive capacity in all 
of the determinants assessed. The strategic 
determinants of perception, diversity and 
knowledge show the greatest capacity. Ontario 
wine industry members have greater control 
over their adaptive capacity in these areas, and 
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can further enhance the present state by 
continuing to support and facilitate skill 
development, education, and communication, 
which will further build social capital and 
diversity. The most limited determinants were 
operational, specifically; political and 
technological. The Ontario wine industry has 
less influence over these areas, but can 
strengthen adaptive capacity in them by 
continuing to strengthen political resources. 
Examples include the creation of more policy 
options for managing climate change impacts, 
continuing subsidized access to crop insurance 
and income stabilization programs, and 
supporting development of and access to new 
technologies. Increasing dialogue on the future 
need for water infrastructure to established and 
new viticultural areas will also help build 
capacity. 
 
CONCLUSIONS 
 
From the existing climate change and wine 
industry literature a framework was developed 
that captures the most important dimensions of 
adaptive capacity for the wine industry. From 
this framework a questionnaire was developed 
and used to assess the adaptive capacity of the 
Ontario wine industry. The results show the 
Ontario wine industry has some adaptive 
capacity in all of the key areas assessed, while 
the political and technological resources 
require more attention. These results are 
important because they give the Ontario wine 
industry an initial baseline assessment. With 
knowledge of the key areas of strength and 
limitation, it can begin to strategically plan how 
to build and enhance present and future 
capacity. 
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Abstract 

Analysis of economic efficiency of wheat crop depending on the tillage system highlights the influence of tillage, in 
terms of primary production, costs of production and the rate of profit. Economic efficiency indicators reveal wheat 
crop profits of 289-290 lei/ha recorded in versions made with paraplow and rotary harrow. In the case of conservative 
soil tillage at wheat crop that came after wheat, we recommed using tillage systems with paraplow and rotary harrow, 
systems that achieved the highest rate of profit with values between 14.94 and 14.96%. Economic efficiency of wheat 
crop grown after soybeans is much higher than wheat grown after wheat. So if the average profit is 274 lei/ha, for 
wheat after wheat version, in the one with prior soybean rotation, average profit reached 356 lei/ha. Significantly, in 
the case of wheat after soybean cultivation, the maximum profit is obtained when the soil was worked with rotary 
harrow or paraplow. Based on economic efficiency regardless of previous plant for wheat crop we can use 
unconventional soil tillage systems with paraplow and rotary harrow, so the chisel usage remains an alternative in case 
the first two mentioned systems can not be used. The wheat production in experiences was influenced by the tillage 
system and preceding plant. When the wheat followed soybean in rotation, yields exceeded 4000 kg/ ha, with values 
ranging from 4663-4800 kg/ha. Production levels due to the previous plant (soybeans) without tilling was able to lead 
to differences statistically ensured compared to the witness variant. We also notice that the predecessor soybean 
recorded higher yields compared to the classic variant in the plots where the soil was worked with paraplow (a3) and 
rotary rotary harrow (a4). 

Keywords: economic efficiency, soil tillage,  production, crop rotation. 

INTRODUCTION 

Economic analysis occupies a very important 
role within an agricultural unit by the growth of 
profit rate and profit margins. Economic 
efficiency can be defined as a research of a 
phenomenon, process or activity, as well as 
correcting certain factors that determine it.  
In examining the economic efficiency of 
agriculture, it focuses on harnessing the 
productive potential of land with specific 
indicators such as average yield per hectare for 
each crop, the production value or net revenue 
per hectare etc.. 
In a great extent the relation between tillage 
system - production depends on the previous 
state of the soil and precipitation patterns. The 
classic tillage based on plowing with 

moldboard plow generally provides the highest 
yields, but exploiting the natural fertility of the 
soil and draining reserves. 
When elaborating the alternative soil tilling 
systems not only the immediate results (high 
productions) must be targeted, but also the 
long-term ones, which ensure the durability of 
the system in time. 
Soil tillage manifests its superiority as the main 
economical means of lasting agricultural 
production through the use of mechanical 
means, of water, being the leverage of the 
agricultural production profitability, closely 
connected to the economic requirements. 
The specialized literature from Romania - 
(L zureanu, 1999; Gu  et al., 1998; S ndoiu, 
2000; Jit reanu, 2006), offers enough examples 
concerning the Romanian researchers` 
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preoccupation for finding out the role that soil 
tillage has on production and profit with the 
cultivated plants. 
 
MATERIALS AND METHODS 
 
The results presented in this paper were 
obtained in the experimental fields of the 
Agrotechnics discipline from the Jucu region in 
Cluj, on an argic-stagnic Faeoziom soil, with a 
humus content of 3.8% and 6.5 pH. From a 
climateric point of view, the hilly area where 
the experiments took place is characterised by 
medium annual precipitations between 550-650 
mm. The thermal regime of the area is 
characterised by annual average temperatures 
between 8.0-8.20C. 
The purpose of the study was to determine the 
influence of tillage systems on economic 
efficiency and production of wheat crop. 
The experimental factors were as follows: 
Factor A - Tillage system:  
a1 - worked with reversible plough 
a2 - worked with chisel 
a3 - worked with paraplow 

a4 - worked with rotary harrow 
Factor B - Cultivated plants:  
b1 - corn 
b2 - soybean 
b3 - wheat 
 
RESULTS AND DISCUSSIONS 
 
ECONOMIC EFFICIENCY OF  WHEAT CROP 
RELATED TO THE SOIL TILLAGE SYSTEM, 
AFTER WHEAT AS A PRE-EMERGENT PLANT 
Economic efficiency indicators reveal wheat 
crop profits of 289-290 lei/ha (Table 1), 
recorded in versions made with paraplow and 
rotary harrow. 
These profits exceed profits of 270 lei/ha 
recorded in the variant made with conventional 
plow. 
Given the amount of profit and beneficial 
effects of conservative tillage systems at wheat 
crop that came after wheat, we recommed using 
tillage systems with paraplow and rotary 
harrow, systems that achieved the highest rate 
of profit with values between 14.94 and 14.96. 
 

 

Table 1. Economic efficiency in wheat crop related to the soil tillage system,  
after wheat as a pre-emergent plant 

Working 
variant 

Main 
production 

(kg/ha) 

Main 
production 

value 
(lei/ha) 

Production 
increase  

value 
(lei/ha) 

Production 
expenses 
(lei/ha) 

Production  
cost 

(lei/kg) 

Total 
 Profit 
(lei/ha) 

Rate of 
profit 
(%) 

a1 3750 2250 (Mt) 1980 0.53 (Mt) 270 13.63 

a2 3440 2064 -186 1816 0.53 -248 13.65 

a3 3700 2220 -30 1931 0.52 +289 14.96 

a4 3717 2230 -20 1940 0.52 +290 14.94 

 
ECONOMIC EFFICIENCY OF  WHEAT CROP 
RELATED TO THE SOIL TILLAGE SYSTEM, 
AFTER SOYBEAN AS A PRE-EMERGENT 
PLANT 
Economic efficiency of wheat crop grown after 
soybeans is much better than wheat grown after 
wheat. So if the average profit is 274 lei/ha for 
wheat after wheat version, in the one with prior 
soybean rotation, average profit reached 356 
lei/ha. 
Significantly, in the case of wheat after 
soybean cultivation, the maximum profit is 
obtained when the soil was worked with rotary 
harrow or paraplow. 

Maximum profit is due to the production cost 
of 0.52 lei/kg in the 2 ways of tillage which is 
lower than the classical tillage whose value is 
0.53 lei/kg. 
Higher profit after preceding soybean 
production is explained by the average of 4739 
kg/ha compared to 3652 kg/ha, when wheat had 
been cultivated after wheat. 
The rate of profit has values of 14.93% for 
variants using rotary harrow and paraplow 
tillage, respectively 13.65% for classical 
variant and of 13.64% for the variant tillage 
with chisel (Table 2). 
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Table 2. Economic efficiency in wheat crop related to the soil tillage system, after soybean as a pre-emergent plant  

Working 
variant 

Main 
production 

(kg/ha) 

Main 
production 

value 
(lei/ha) 

Production 
increase 

value 
(lei/ha) 

Production 
expenses 
(lei/ha) 

Production  
cost 

(lei/kg) 

Total  
profit  

(lei/ha) 

Rate of 
profit 
(%) 

a1 4800 2880 (Mt) 2534 0.53 (Mt) 346 13.65 

a2 4663 2798 -82 2462 0.53 -336 13.64 

a3 4708 2825 -55 2458 0.52 +367 14.93 

a4 4783 2870 -10 2497 0.52 +373 14.93 

 
To conclude, based on economic efficiency 
regardless of previous plant for wheat crop we 
can use unconventional soil tillage systems 
with paraplow and rotary harrow. The use of 
chisel remains an alternative in case the first 2 
mentioned systems can not be used. 
The wheat production in experiences was influenced 
by the tillage system and preceding plant. When the 
wheat followed soybean in rotation, yields exceeded 
4000 kg/ha, with values ranging from 4663-4800 
kg/ha. Production levels due to the previous plant 
(soybeans) without tilling was able to lead to 
differences statistically ensured compared to the 
witness variant. We also notice that the predecessor 
soybean recorded higher yields compared to the 
classic variant in the plots where the soil was worked 
with paraplow (a3) and rotary harrow (a4).  
The significance of differences in wheat production 
cultivated after preceding soybean in the four types 
of soil tillage confirms a broad range of processing of 
the soil for the cultivation of wheat after preceding 
soybean as compared to the variant when wheat 
had been cultivated after wheat.  
 
CONCLUSIONS 
 
Economic efficiency indicators reveal wheat 
crop profits of 289-290 lei/ha, recorded in 
versions made with paraplow and rotary 
harrow. These profits exceed profits of 270 
lei/ha recorded in the variant made with 
conventional plow. Given the amount of profit 
and beneficial effects of conservative tillage 
systems at wheat crop that came after wheat, 
we recommed using tillage systems with 
paraplow and rotary harrow, systems that 
achieved the highest rate of profit with values 
between 14.94 and 14.96%. Economic 
efficiency of wheat crop grown after soybeans 
is much better than wheat grown after wheat. 
So if the average profit is 274 lei/ha for wheat 

after wheat version, in the one with prior 
soybean rotation, average profit reached 356 
lei/ha. 
Recorded production of wheat crop varies 
depending on tillage system and preceding 
soybean plant so highest production was 
recorded in the variant worked conventional 
using the reversible plow, of  4800 kg/ha and 
the lowest production was recorded in the 
unconventional worked variant with chisel with 
a production of 4663 kg/ha. 
 

 Figure 1. Wheat production related to soil tillage system and 
the pre-emergent plant, soybean 
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Abstract 

The increase of beef price trigger meatballs adulteration which using pork. Protein specific identification in processed 
food like meatballs getting difficult because there are possibilities of protein breakdown caused by process. Therefore, 
molecular approach such as real time quantitative polymerase chain reaction was done to identify pork addition in beef 
meatballs and give halal authentication as safety warranty to the consumer. Forty eight samples taken purposively from 
21 SMEs merchants and 21 sellers at traditional market around Jatinangor education centre. The result shown all the 
merchant and sellers sold halal beef meatballs, because no adulterated beef meatballs found. 

Keywords: real time PCR, pork  adulteration, beef meatballs. 

INTRODUCTION 

Adulteration recently become a serious 
problem and frequently found in meat and meat 
products. In 2013, the Food Standard Agency 
of United Kingdom found 11 from 18 beef 
lasagna products contained 60-100% 
horsemeat. British meat industries also 
threatened by porcine and horse DNA finding 
in meat samples from three processing plants 
which two from Ireland and one from Britain. 
Since that, the scandal spread to 13 European 
countries includes a variety of findings in 
others meat products such as beef burgers, 
bolognese sauces and cottage pies. 
In Indonesia, the biggest concerns of meat 
adulteration findings were in SMEs and 
traditional market sellers. Lack of capital and 
knowledge was main reason why adulteration 
occurs. The high price of meat and passiveness 
of consumer safety warranty further encourage 
the SMEs and traditional market sellers to 
substitute beef with other kind of meat such as 
pork in the making of meatballs. Pork 
substitutions in meatball productions were not a 
crime, however it could generate interest about 

non-halal foods especially in Country with 
most of the population are moslem such 
Indonesia. Identification of meat adulteration in 
processed foods as well as meatballs is 
difficult. The properties of protein used in 
species identification, often damaged by heat 
and meatball processing that generate 
denaturized proteins (Hoffman et al., 1996). 
Mixed meat or processed meat was complex 
substrates that need a sensitive assay method to 
identify the correct DNA target. A specific 
target sequence could amplify by an optimized 
PCR procedure, even in a complex genomic 
sequence (Tanabe et al., 2007). Real-time PCR 
used as a rapid quantitative detection method to 
identify pork adulteration in beef meatballs 
sold in Jatinangor Education Centre, Sumedang 
District, West Java, Indonesia. Aims of the 
study were to determine halal authentication of 
the beef meatballs so that safety warranty of the 
consumer can be achieved.  

MATERIALS AND METHODS  

Total 48 beef meatball samples taken from 21 
SMEs merchants and 21 sellers at traditional 

66

AgroLife Scientific Journal - Volume 3, Number 2, 2014
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



market around Jatinangor education centre. 
Samples stored at refrigerator for 12 hours then 
tested with RT-PCR. 
DNA Isolation 
Genomic DNA extracted from beef meatballs 
samples using Pure Link’ Genomic DNA Kits. 
A total of 2 g sample entered into the 
eppendorf tube, add 20 L Proteinase K, 20 L 
of RNAse, vortex and incubate 2 min at room 
temperature. Add 200 L GLBB, vortex and 
incubate at 55°C for 10 minutes. Add 200 L 
of 95% ethanol and vortex it. Move into spin 
colums and centrifuged at 12500 rpm, 1 min, 
RT. Replace with the new collections tube, 
then add 500 L of WB 1, centrifuged at 12500 
rpm, 1 min, RT. Replace collections new tube 
add 500 mL WB 2, further centrifugation 
12500 rpm, 3 min, RT. Replace with a new 
collections tube and add GEB 200 L, RT 
incubation for 1 minute later centrifuged at 
14000 rpm, the DNA genome can be stored at 
4°C. 

 
Table 1. Reaction Composition of RT-PCR 

Material Amount (µl) 
KAPA”SYBR FAST 10 
PCR water 9 
Primer (forward) 0.4 
Primer (reverse) 0.4 
DNA template 0.5 
Total volume 20 

 
Table 2. Reaction Condition of RT-PCR 

Step Temp. 
(0C) 

Duration 
(Minutes) 

Incubation 50 02:00 
Polymerase 
Activation 

95 10:00 

PCR Cycling 95 00:10 
PCR Cycling 60 00:30 
Melt Curve 95 00:15 
Melt Curve 55 00:15 
Melt Curve 95 00:15 

 
Equipment 
Illumina EcoTM Real Time PCR, KAPA 
“SYBR FAST, ddH2O, ethanol 95%, primer 
with specific gen cyt b GCT GAT AGT AGA 
TTT GTG ATG ACC GTA (Matsunnaga). 
 
RESULTS AND DISCUSSIONS 
 
Mitochondrial gene such as cyt b DNA 
sequence that used could restrict the assay 
sensitivity. As shown in Figure 2, the assay 

could determine porcine DNA until 0.001% 
quantity with great reproducibility (Tanabe et 
al., 2007). As shown by the result, curve 
formed at Figure 1 was different with Figure 2 
that mean no porcine DNA sequence amplified 
from 48 samples of meatball tested. Therefore, 
no pork added to meatball samples that taken 
from 21 SMEs merchants and 21 sellers at 
traditional market around Jatinangor education 
centre. 
Presences of pork in meat and meat products 
were sensitive issues especially in country with 
moslem as the biggest population such as 
Indonesia. Pork is prohibited to consume, 
because it is not appropriate with halal clause 
and the consumption of halal foods was 
compulsory for moslems (Rohman et al., 
2011).  
Certainty of no beef meatballs adulterated with 
pork was a good result as base of moslems 
consumer safety warranty. The results can 
conclude those 21 SMEs merchants and 21 
sellers at traditional market around Jatinangor 
education centre sold halal beef meatballs. 
 
CONCLUSIONS 
 
Identification of adulterated beef meatballs 
with pork using RT-PCR give a rapid 
quantitative result that shown no pork addition 
in all of the samples. Twenty-one SMEs 
merchants and 21 sellers at traditional market 
around Jatinangor education centre sold halal 
and safe beef meatballs especially for moslems 
consumer. 
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Abstract 
 
The experiment objectives was to determine cropping patterns of food crop in watershed Karangmumus. The 
geographical position 116º49' EL - 117º08' EL dan 0º34' SL - 0º45' SL, with extent of the 644.2 km2 whereas covers 8 
village or 38.58% of total Samarinda City.  Have the Area Class III (1500 – 2000 mm/ year, with the Bimodel or 
Double Wave rainfall models with C patern. The hight rainfall depth periode at December and April, therefore the low 
rainfall depth at September and November. Have a value Q=± 9.9%, or rainfall tipe A (very wet area with tropical wet 
vegetation) and E1 agroclimtic zone. Modified method of Thornthwaite and Mather of bookkeeping system of water 
balance was used based on monthly data. Water Balance monthly indicated that this area have potential growing 
season about 9 months, have to water surplus 7 month (478.8 mm year-1) and water deficits about 4 months (44.5 
mm/year). In these area rice could be planted twice a year without irrigation. Futher for non-irrigation land with 
monthly high rainfall, the result showed that the area had potency of growing periods of 182 days through the year. 
Planting dates might be started from October 1 until December 1, with sequence of rice-rice or rice-rice-other food 
crops.  
 
Keywords: Water Balanced, Growing Season, cropping patterns. 
 
INTRODUCTION 
 
Considering that the East Kalimantan Province 
having the wet tropical climate, generally it can 
be said that the rainfall in the entire region is 
sufficient for agriculture. Even, in the dry land, 
where the distribution of rainfall throughout the 
year in many areas is uneven, the production 
could be comparable with those in the irrigated 
land, if it is managed properly.   
Therefore, the principal constraint of 
agriculture in Watershed Karangmumus areas 
is the water distribution.  This is due to the 
existing irrigation facilities are inadequate, both 
in terms of technology and limited irrigation 
canals.    
Although there are a lot of rains, plants can not 
directly utilize it from the river or the rain, but 
it should first be transformed so that it can be 
used by plants. By considering that the 
availability of water is very essential for 
agricultural planning, therefore, the success of 

farming will also be determined by how much 
we can expect the availability of water for 
plants. Various attempts were made to reduce 
the risk of crop failure is to compile 
information about potential the time of 
planting, especially for crops. Method of 
Thornthwaite and Mather (1957) is one 
approach that is commonly used to determine 
the level of availability of water to determine 
the potential growing season and croping 
patterns. 
Water balance iss simply a statement of the 
details of the law of energy conservation, 
which applies also to the water issue.  
Knowledge of the water balance is the basis for 
the development of agricultural production, 
crop selection, and determination of cropping 
pattern (Oldeman and Frere, 1982 in Sujalu, 
2000). Preparation of the water balance is the 
basis of the development potential of climate, 
soil, and plants that are very useful for planning 
the development of agricultural production.  It 
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is intended to provide important information on 
the net amount of water that can be obtained, 
the value of the surplus water which can not be 
accommodated, and when the water balance 
occur.  Therefore, these data can be used as a 
basis for planning and management of various 
activities, such as making a water dam (for 
water storage and distribution), and the 
possibility of natural water utilization for a 
variety of other activities. 
 
MATERIALS AND METHODS  
 
A. Time and Place Research  
The study was conducted at Watershed 
Karangmumus for approximately 6 (six) 
months (July-December 2012) in an area of 
approximately ± 64 420 hectares. 
 
B. Data Collection  
Data collected from both primary and 
secondary data related to the research, include:  
a. Climate, particularly rainfall and 

evaporation 
b. Physiographic, particularly land slope 
c. Soil Conditions, those related to soil water 

status 
d. The vegetation, especially the dominance 

of vegetation, land cover 
 

C. Water Balance Analysis 
Analysis of water balance the form of integral 
equations by simplifying some similarities, 
method of Thornthwaite and Mather of 
bookkeeping system (1957). So that the water 
balance of a land area can be expressed in the 
form of the equation:  

         CH = ETA ± ∆ WCS ± Li 
Whereas:  
CH = rainfall (mm months-1) 
ETA = actual evapotranspiration (≤ ETP) 
∆ WCS = soil water content changes (mm 

months-1) 
Li = runoff (surplus or deficit depending on its 

value) (mm months-1) 
 
C.2. Analysis of Soil Water Content (WCS) 
Changes in Water Content of Soil (WCS) is the 
difference in soil moisture content on a period 
to prior periods between sequential. For each 
change in soil water content, can be calculated 
with the formula R-ETP that if a negative 

value, there will be a deficit (lack of) water for 
(ETp=ETa). Conversely, if (R-ETP) is positive, 
then there will be a surplus/excess of water (R-
ETp-∆WCS), so that soil water availability 
decreases water exponentially and expressed by 
the equation: 
 
ASW = WHC X ka,  
WHC = FC - PWP,  
WCS = PWP + ASW 
K = (Po + P1) / WHC 
 
Whereas:   
ASW = Availability of Soil Water (mm)  
WHC = water holding capacity or availability 
of Maximum Soil Water (mm) 
WCS = Actual Soil Water Content (mm) 
FC = Field Capacity (mm) 
PWP = Permanent Wilt Point (mm) 
a = Accumulate Potential Water Loss (APWL)  
Po = 1.000412351 (constant) 
PI = -1.07380730 (constant) 

C.1. Analysis of Evapotranspiration Potential 
Calculation the potential evapotranspiration 
(ETp) using equation from Buckman and 
Braddy (1969) quoted bay Sujalu (2002, 2011, 
2013) as follow: 

EPTi = 616 X 
1

I
Ti x 10

a

 

I = 

514.1

5

des

jan

Ti
 

Whereas: 
ETP = Potential Evapotranspiration  
Ti = Temperature of the month to the first 

monthly  
 I = Index monthly heat  
 a = 6.75x10-7I3 – 7.71 x 10-512 + 1.792 x 10-2I+ 0.492 

 
RESULTS AND DISCUSSIONS 

 
A. Preview Area Watershed Karangmumus 
Geographically located of the region Watershed 
of Karangmumus is part of the Mahakam river 
basin is located at coordinates 116º49' EL - 
117º08' EL dan 0º34' SL - 0º45' SL, with extent 
of the 644.2 km2 whereas covers 8 sub-district 
or 38.58% of total Samarinda City, i.e. 
Samarinda Utara, Samarinda Ilir, Samarinda 
Ulu, Lempake, Sungai Pinang, Mugirejo, 
Gunung Kapur, and Muara Badak.  
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Watershed Karangmumus divided into 9 (nine) 
sub-watershed (river), namely Karangmumus, 
Lantung, Pampang, Muang, Karangasam, 
Bayur, Jayamulya, Siring and Betapus as well 

as several other small rivers. This area has 
varied topography, with elevation ranging 
topographic region from 1-120 m above sea 
level with a diverse variety of heights. 

 
Table 1. The Area Land Use Type 

No. The Area Land Use Type Area 
(ha) (%) 

01. 
02. 
03. 
04. 
05. 
06. 
07. 
08. 
09. 
10. 

Farm (dry land farming)  
Forest  
Shrub  
Mixed Garden  
Bush 
Wetland  
Garden 
Settlements 
Settlement expansion (Pp) 
Slough/swamp area 

403.13 
292.15 

13.996.25 
8.473.44 

29.501.36 
1.248.99 
2.106.64 
4.267.78 
415.61 

1.815.63 

0.65 
0.46 

22.23 
14.21 
46.07 
2.06 
3.52 
7.21 
0.69 
2.91 

Amount 64.420, 98 100 
   Source : Anonim (2001), Trisusanto (2002) 
 
B. Condition Elements The Climate Based on 
rainfall data from 3 (three) climate observation 
station in the basin area Watershed 
Karangmumus year period from 2001 to 2010 
showed that rainfall monthly average ranged 
from 101-220 mm  month-1 or an average of 
168 mm month-1, whereas the average rainfall 
ranging from 1500-2850 mm year-1 or average 
of 2018 mmyear-1. Rainfall occurred on rainy 
days (rd) monthly rates ranging from 9-14 rd 
with an average rainfall occurred 11 rd month-1 
(Table 2). 
Analysis of rainfall characterization includes 
four main components, namely: 
1. Annual Rainfall spread of this area falls 

within Class Region III (rainfall between   
1500-2000 mm year-1).  

2. Type Rainfall has a period of dry months 
(months with rainfall of<100 mm month-1). 
Thus obtained value of Q = ±9.8%, or rain 
type A (which may imply that the 
Watershed Karangmumus is very wet areas 
with dense vegetation of tropical rain 
forest). 

3. Rainfall patterns or Bimodel Dual (Double 
Wave) with the notation Pattern C, periods 
of high rainfall occurred in December and 
April, while periods of low rainfall occurred 
in September and November.  
4. Agro-climate zones, this area has a dry 
month (DM), 8 months humid (HM) and 3 
wet months (WM), including agro-climate 
zones E1.  

 

 
C. Water Balance 
Watershed Karangmumus in general has not 
been irrigated that is highly dependent on rain 
water. Table 2 was the result of water balance 
analysis was used as a reference in determining 
the initial forecasts of alternative commodities 
and time of planting on land that does not have 
a irrigation.  
The calculation result in soil water status were 
obtained from analysis of soil physical 
properties in the laboratory soil Assessment 
Institute for Agricultural Technology (BPTP) 
East Kalimantan Province from Heriansyah 
(2004) quoted by Ismail (2005) showed that 
soil available water content (WCS) in the range 
244-299 mm or average 268 mm.  
The analysis of water balanced implies about 
the details of the input and outputs of water in 
one place at a certain time period, compiled in 
the form of quantitative equations, which 
provide information in the form of quantitative 
values of each component of input and output 
water, can be seen in Table 2. 
Monthly Water Equilibrium analysis of the 
results mentioned above can be seen that these 
areas have a surplus during the eight months 
that occurred in a period of months from 
January to June and in November-December. 
The monthly water surplus in detail is in 
January amounted to 27.0 mm, 57.3 mm in 
February amounted, in March amounted 119.7 
mm (the highest monthly surplus), in April 
amounted to 72.8 mm, 48.4 mm in May, 
months of June amounted to 19.6 mm (the 
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lowest monthly surplus), the month of 
November amounted to 58.7 months in 
December and amounted to 75.3 mm in overall 
water surplus reached 478.8 mm year-1.  
In addition to having monthly water surpluses, 
the region normally monthly cumulative water 
deficit in a period of months from June to 

October as a whole as much as 44.5 mm year-1, 
with details of the deficit in June amounted to 
0.4 mm month-1, July amount 0.3 mm month-1, 
the month of August amounted to 3.9 mm 
month-1, the month of September amounted to 
13.6 mm month-1 and in October of 26.7 mm 
month-1.  

 
Tabel 2. Monthly water balance Analysis at Watershed Karangmumus 

(116º49' EL - 117º08' EL dan 0º34' SL - 0º45' SL) 
Elements Month 

Jan. Feb. Mar Apr. May June July Agst Sept Oct. Nov. Des.
Rain fall/CH (mm) 194.0 143.0 233.0 333.0 183.0 113.0 178.0 121.0 104.0 134.0 198.0 214.0 
Evapotr.Pot. /ETP (mm) 139.0 138.7 139.6 140.2 139.6 138.4 137.2 138.1 138.4 139.3 139.3 138.7 
CH – ETP (mm) 55.0 4.3 94.4 192.8 42.4 -25.4  40.8 - 17.1 - 34.4 - 5.3 58.7 75.3 
APWL (mm) 0 0 0 0 0 0 0 -17.1 -51.5  -61.8 0 0 
Soil Water available/SWC 
(mm)1 268 268 268 268 268 242,6 268 250.9 198.5 136.7 185.4 260.7 

 WCS  0 0 0 0 0 -25.8 0 - 17.1 - 58.0 - 62.0 - 3.3 0 
Evapotr. Akt./ETA (mm)2 139.0 138.7 139.6 140.2 139.6 138.4 136.9 142.0 152.0 196.0 139.3 138.7 
Defisit (mm) 0 0 0 0 0 0 0.3 3.9 13.6 26.7 0 0 
Surplus (mm) 55.0 4.3 94.4 192.8 42.4 0 0 0 0 0 58.7 75.3 

      Note: 1.Water Content of Soil (WCS) at Field Capacity (FC) 
            2.Actual evapotranspiration (ETA) in the period of time deficit (R<ETP) was obtained from R (mm) + WCS.  While at the time  
                 of surplus (R> ETP) the amount equal to ETP 

 
Table 3. Climate Data Average Monthly at Watershed Karangmumus 

(116º49' EL - 117º08' EL dan 0º34' SL - 0º45' SL) 
Climate Elements Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Rainfall (mm month-1) 194 123 233 333 183 113 178 121 104 134 198 214 

Rainy Days (days) 12 11 12 14 12 11 9 10 9 11 11 12 
Temperature (0C) 26.8 26.7 27.0 27.2 27.0 26.6 26.2 26.5 26.6 26.9 26.9 26.9 

Humidity (%) 87.2 86.3 89.2 90.2 88.6 86.5 85.6 86.2 83.4 85.9 87.1 86.3 
Sun Radiation (Kkal cm-2) 0.55 0.48 0.51 0.53 0.53 0.51 0.51 0.49 0.41 0.44 0.44 0.52 

 
As has been previously communicated its 
position Karangmumus river divides the city of 
Samarinda especially Watershed of 
Karangmumus, and considering the amount of 
potential run-off that occurred in the region and 
also by considering the conditions 
Karangmumus area topography, the watershed 
Karangmumus very possible to build dams or 
reservoirs, which have various functions.  
Although the main function is to accommodate 
the construction of the dam monthly surplus 
water run off resulting in the potential is big 
enough in this area, as well as water reserves in 
the period in the months of water deficit that 

can be utilized by a variety of purposes 
including drinking water.  
 
E. Analysis of Cropping Periods (Growing 
Season)  
To determine the length of cropping period (the 
length of growing season) can be done based 
on the ratio P/PE (ratio precipitation and 
potential evapotranspiration), defined as the 
time interval in a year that have a ratio 
P/PE>0.5 plus the time needed for PE 100 mm 
of ground water is considered available in the 
soil (FAO, 1978). Results of analysis ratio 
P/PE can be seen in Table 4 below. 

 
Table 4. Ratio rainfall (R) and potential evapotranspiration (EP) monthly 

Climate Elements Months 
1 2 3 4 5 6 7 8 9 10 11 12 

 Rainfall (mm/month) 194 123 233 333 183 113 178 121 104 134 198 214 
Evapotr. Pot. / ETP (mm) 139.0 138.7 139.6 140.2 139.6 138.4 137.2 138.1 138.4 139.3 139.3 138.7
Ratio P/PE 1.4 0.9 1.7 2.4 1.3 0.8 1.3 0.9 0.8 0.9 1.4 1.5 

 
Based on this analysis the ratio P / PE ratio of 
the above in mind that the P / PE in the rain fall 

average monthly cumulative throughout 12 
months is always>0.5. Therefore, according to 
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the restrictions provided FAO (1978), the 
Watershed of Karangmumus areas have 
planting period (the length of growing season) 
for 12 months or all year round.  
 
F.  Cropping Patterns for Food Crops 
Table 1 shows that in this type of land use, 
have the potential for considerable length of 
time of planting is about 270-330 days as 
paddy fields will be planted with rice twice a 
year. The results of the water balance analysis 
showed that both the use of land for irrigated 
land  and non-irrigated land at watershed 
Karangmumus (generally) in East Kalimantan 
Province still has the potential to grow rice at 
least once a year.  
In watershed Karangmumus, the area of 
irrigated rice can be planted with rice twice a 
year. So for the region can be planted rice twice 
a year if just relying rainfall. Thus as long as 
farmers can grow rice twice a year because of 
the additional water from rain. This region does 
not have irrigation but can still grow rice twice 

a year (Table 5), due to adequate rainfall with 
the potential for 293 days of planting time and 
planting time beginning November 1. Whereas 
during the dry season still has the potential to 
grow rice at least once a year. 
Based on conditions the elements of the climate 
and the results of analysis of water balance, 
Watershed Karangmumus at least once a year. 
In rainy season (wet season) can be used 2 
periods cultivation of rice and second crop by 1 
periods for a year. Whereas during the dry 
season can be used 1 periods cultivation of rice 
and second crop by 1 periods for a year, with 
one priods (July-September) fallowed land. 
 
CONCLUSIONS 
 
Based on the description as a whole can be 
concluded that Watershed of Karangmumus at 
irrigated or non-irrigated land area has a all 
year round (12 month) potential planting period 
(growing season).  

 
Table 5. Pattern of Cropping 

Subject Months 
1 2 3 4 5 6 7 8 9 10 11 12 

Ratio P/PE 1.4 0.9 1.7 2.4 1.3 0.8 1.3 0.9 0.8 0.9 1.4 1.5 
Pattern of Cropping1 Rice II Second Crop Rice I Rice II 
Pattern of Cropping2 Rice I Second Crop fallowed Rice I 

Note: 1. Pattern of Cropping at Wet season                                                                  
                   2. Pattern of Cropping at Dry Season  
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