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Abstract 
 
Strongyle parasites infecting grazing horses have different pathogenity potentials. For this reason, strongyle eggs with 
horse feces need to be differentiated into small and large strongyle species, usually by means of larval cultivation and 
subsequent microscopicidentification of third- stage larvae. The present study aims to provide an analysis of the 
strongyle populations composition based on different morphotypes of third stage strongyle larvae in naturally infected 
horses. In this regard, a coprological study was carried out to investigate the diversity of strongyle species in naturally 
infected working horses, in Northeastern Romania. For this, individual faecal samples were collected and examined 
qualitatively for parasitic infection, using a sodium chloride flotation method, and quantitatively for faecal strongyle 
egg count (eggs per gram - EPG), by a modified McMaster technique. Further larval cultures were performed from 
pooled positive samples for the identification of third-stage larvae (L3) of strongyle nematodes. All samples were 
positive for strongyle eggs,with an intensity rate varying from 50 to 2450 EPG. Larval identification showed mixed 
strongyle populations, with the following structure: small strongyles (92.9%), represented by the cyathostomin larvae 
type A (62%), type C (18.6%), type F (8.5%, and Gyalocephalus capitatus (3.8%), and large strongyles (4.5%) species, 
such as Oesophagodontus robustus (2.6%) and Craterostomum acuticaudatum (1.9%). Out of the total number of 
counted larvae, 2.6% could not be identified. The present study emphasizes that use of larval cultures allows a proper 
assessment of mixed strongyle populations in horses and it might represent an useful tool for further investigations into 
the epidemiology of equine strongyle infections in Romania. 
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INTRODUCTION  
 
Equine gastro-intestinal parasites are 
ubiquitous and clinically important across the 
world (Andersen et al., 2013).  
Usually, mixed populations of multiple 
species are present in individual animals 
(Corning, 2009; Mattews, 2011).  
About 60 different species of strongyles 
(Nematoda: Strongylidae) have been described 
infecting equids. Of them, the cyathostomin 
(Cyathostominae) group, known also as small 
strongyles, consists of more than 50 species 
(Lichtenfels et al., 2008).  
Small strongyles are the most prevalent 
parasites in equine populations worldwide, 
regardless of climatic or management 
differences (Lyons et al., 1999).  
Of  the  to ta l  worm burden  o f  equ ids , 
cyathostomins often comprise 95-100%, 
followed by species such as Parascaris  

 
equorum, Oxyuris equi, Strongyloides westeri, 
Anoplocephala perfoliata and large strongyle 
(Strongylinae) species (S. vulgaris, S. edentatus, S. 
equinus, Triodontophorus spp.) (Nielsen, 2012).  
The similar morphology of strongyle eggs does 
not allow species differentiation of mixed 
natural infections by faecal microscopy, not 
even to the subfamily level (Lichtenfels, 2008). 
For this reason, larval cultivation is the most 
practical and readily available method to 
differentiate between large and small strongyles, 
based on the morphology of the third-larval (L3) 
stage (Andersen et al., 2013).  
Moreover, performance of coprocultures is now 
an established practice in many countries, such as 
Denmark, where, in order to reduce treatment 
intensities and to delay further development of 
resistance surveillance based parasite control 
programs are implemented (Nielsen, 2012). 
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The identification of horse strongyle infective 
larvae is extremely important for biological and 
epidemiological studies, since the most 
prevalent and abundant larval types are 
produced by the most prevalent and resistant 
species (Madeira de Carvalho et al., 2008).  
The present study aims to provide an analysis of 
the strongyle populations composition based on 
different morphotypes of third stage strongyle 
larvae in naturally infected horses, as basis for 
further evaluation of the status of susceptible 
and/or resistant cyathostomin subpopulations in 
Romanian horses. 
 
MATERIALS AND METHODS 
 
A total number of ten working horses aged 
between two and nine years originating from 
different households in Northeastern Romania 
(Suceava county), were included in the study. 
All animals were naturally infected and had 
not been treated with any anthelmintic for at 
least 3 months prior to sampling. Individual 
fresh faecal samples were collected in 
November, 2015.  
The parasite burden for each horse was 
qualitatively analysed, using a sodium chloride 
flotation method. Additionally, strongyle 
infections were quantitatively investigated by a 
modified McMaster tehnique with a sensitivity 
of 25 eggs per gram.  
All strongyle egg positive samples were further 
used for larval cultures, using humidity 
chambers as described by Henriksen and 
Korsholm (1983).  
Four larval cultures were performed on pooled 
faeces, using one gram of faeces from each 
strongyle egg positive sample. Briefly, pooled 
faeces weresuspended in humidity chambers 
created from disposable plastic cups and double-
layered squares of cheesecloth (Bellaw and 
Nielsen, 2015). The humidity chambers were 
kept for 15 days at 22-24ºC and regularly 
checked for dessication and moistened. The 
third stage larvae were harvested after 
sedimentation for 24 h using a modified 
Baermann analysis, as described by Bellaw and 
Nielsen (2015). 1 ml of sediment from each 
sample was collected and centrifuged at 3000 
rpm for 5 min. Larvae were immobilized with 
Lugol's iodine for a better identification. 
Harvested larvae counting and identification 

were performed from an aliquot of 100 µl from 
each 1 ml sediment as described by Schneider 
et al. (2014). The remaining sediment (900 µl) 
was analysed for the the presence of large 
strongyle larvae.   
Finally, the mean number of counted larvae and 
percentages of identified larval types were 
calculated.  
The morphological identification and differen-
tiation of harvested larvae into free-living 
nematodes and different morphotypes of third 
stage small and large strongyle larvae were 
performed according to the identification keys 
described by Kornas et al. (2009) and Cernea et 
al. (2008), based on the following 
differentiation criteria: number, shape, and 
arrangement of intestinal cells, type of 
oesophagus, and length of tail.  
 
RESULTS AND DISCUSSIONS 
 
Overall, all fecal samples (10/10) collected 
from working horses and copro-
parasitologically analyzed were positive for 
parasite eggs and/or oocysts, as follows: 
strongyles 100% (10/10), Parascaris equorum 
10% (1/10) and Eimeria leuckarti 10% (1/10). 
The overall mean output of strongylid eggs was 
417.5 EPG (SD=721.2114), with individual 
intensity variation from 50 to 2450 EPG.  
The faecal cultures from horses showed both 
free-living nematodes and infective strongyle 
larvae.  
A total number of 156 third-stage strongyle 
larvae (L3) were counted from all the four 
analysed aliquots. On average, 39 infective 
larvae per sample were recovered.  
Details on the structure of strongyle 
populations in investigated horses are 
presented in Table 1. 
Small strongyle larvae were predominantly 
identified (92.9%). According to the 
identification keys (Kornas et al., 2009; Cernea et 
al., 2008), mixed populations of cyathostomins 
were classified in:  
- type A (62.2%): with 8 rectangular intestinal 
cells, the first two paralell, the remaining six in a 
single row (Figure 1);  
- type C (18.6%): with 8 intestinal cells, first 4 
in a double row, rectangular shaped, the 
remaining in a single row, trapezoidal shaped 
(Figure 2);   
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Table 1. The structure of strongyle populations in working horses, Romania, using larval cultures 

L3 morphotype / 
species 

Third stage strongyle larvae identified (number; %) 
Larval 

culture 1 
Larval 

culture 2 
Larval 

culture 3 
Larval 

culture 4 
Average 

(%) 
Cyathostominae  
Cyathostomins 

 Type A 
18 

(47.4%) 
28 

(59.6%) 
32 

(80.0%) 
19 

(61.3%) 62.2% 

Cyathostomins 
 Type C 

4 
(10.5%) 

13 
(27.6%) 

4 
(10.0%) 

8 
25.8% 18.6% 

Cyathostomins 
 Type F 

9 
(23.4%) 

3 
(6.4%) 

1 
(2.5%) 0 8.3% 

Gyalocephalus 
capitatus 

2 
(5.3%) 

 
0 

1 
(2.5%) 

3 
(9.7%) 3.8% 

Strongylinae  
Oesophagodontus 

 robustus 
1 

(2.6%) 
2 

(4.3%) 
1 

(2.5%) 0 2.6% 

Craterostomum 
acuticaudatum 

2 
(5.3%) 0 0 1 

(3.2%) 1.9% 

Unidentified  

Unidentified 2 
(5.3%) 

1 
(2.1%) 

1 
(2.5%) 0 2.6% 

Total 38 47 40 31 39 
 

- type F (8.3%): with 7 clearly defined 
elongated intestinal cells (Figure 3), and 
- Gyalocephalus capitatus (3.8%) - with 12 
intestinal cells, the first 6-10 elongated cells 
disposed in a double row, the remaining cells in 
a single row, trapezoidal shaped (Figure 4).  
Additionally, larvae belonging to large strongyle 
species (4.5%) were detected, as follows: 
- Oesophagodontus robustus (2.6%): with 16 
elongated intestinal cells disposed in a double 
row (Figure 5), and 
- Craterostomum acuticaudatum (1.9%): with 
16 rectangular intestinal cells arranged in a 
double row at the anterior end, and a single row 
at the posterior end (Figure 6). 
Out of the total number of counted infective 
larvae, there were four (2.6%) unidentified 
larval types, due to the less defined structure and 
arrangement of the intestinal cells. 
 

 
Figure 1. Third stage cyathostomin larva type A (100x) 

 

 
Figure 2. Third stage cyathostomin larva type C (100x) 

 

 
Figure 3. Third stage cyathostomin larva type F (100x) 

 

 
Figure 4. Third stage of Gyalocephalus capitatus  

larva (100x) 
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Figure 5. Third stage of Oesophagodontus robustus 

 larva (100x) 

 
Figure 6. Third stage of Craterosomum acuticaudatum 

larva (100x) 

Studies have proved that regular deworming 
influences the species composition and 
structure of equid strongylid populations. For 
this reason, investigation of development of 
natural infections and structure of strongyle 
communities is essential for a better 
understanding of the anthelmintic resistance 
mechanisms in small strongyles (Lyons et al., 
2011).  
In the present study, the research on the 
structure of strongyle populations in working 
horses was undertaken starting with the 
qualitative and quantitative analysis of the 
parasite burden. Strongyle infection was found 
in all investigated horses, with a mean intensity 
rate of approximately 500 EPG. Previous 
large-scale studies on the prevalence and 
intensity of equine gastrointestinal parasites in 
Romanian horses raised in stud farms and 
working horses also showed high prevalence, 
of 87.97% and 70.3% respectively, and 
intensity rates up to 3800 and 2775 EPG, 
respectively, for strongyle infections (Ioniță et 
al., 2013; Buzatu et al., 2013, 2014). 
In addition to EPG profiling, examination of 
cultivated third-stage strongyle larvae (L3) can 
determine whether eggs are produced by small 
or large strongyles. Although samples were 
collected in November, the cultivating 
temperature was according to the optimal 

values. Similar cultivation conditions were 
successfully used for the recovery of strongyle 
larvae in coprocultures  as described before 
(Arias et al., 2012; Postoli et al., 2010; Denwood 
et al., 2012; Schneider et al., 2014). Moreover, 
for a maximum yield of strongylid larvae, fresh 
faeces from horses of stall/pasture-keeping 
conditions were collected, as it is recommended 
by Sengupta et al. (2016). 
The amount of harvested larvae was sufficient 
to analyse to what extent they belong to either 
the cyathostomins or strongylins.  
However, the specific diagnosis of equid 
strongyle infections based on larval culture 
technique and subsequent morphological 
identification of harvested L3 has its limitations. 
According to Roeber and Kahn (2014), the 
development of some strongylid species requires 
different temperature and humidity conditions. 
Thus, one cultivation technique is likely to favor 
the development of certain species over the 
others, which would provide incomplete results 
of the composition of a mixed strongyle 
infection. The technique may also suffer to some 
degree from bias, which may lead to incorrect 
results. Moreover, larval identification is 
inherently difficult because of indistinctive 
morphological features of some larvae. This 
situation was encountered during the present 
study, when 2.6% of larvae could not be 
identified due to unclearly defined number and 
arrangement of the intestinal cells.  
In Romania, equid cyathostomin infections are 
highly prevalent as described by most of the 
studies related to strongyle parasitism in 
horses (Morariu et al., 2012; Badea et al., 
2014; Cernea et al., 2015; Madeira de 
Carvalho et al., 2008). In the present study, 
cyathostomins were predominant (92.9%) in the 
strongylid community of the investigated horses 
likewise. Third-stage larvae belonging to 
different morphotypes of cyathostomins were 
observed in all the examined faecal cultures. 
The predominant morphological type identified 
was type A (62.2%), followed by type C 
(18.6%) and F (8.5%). A very small percentage 
(4.5%) of L3 belonging to the large strongyle 
group was identified, respectively two species: 
O. robustus and C. acuticaudatum.  No larvae 
belonging to Strongylus spp. were recovered. 
Similar studies in Romania showed a complex 
structure of strongyle populations, with also the 
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type A subpopulation being predominant 
(Cernea et al., 2015). The comparative study 
conducted by Madeira de Carvalho et al. (2008) 
in Portugal and Romania on cyathostomin 
infection in feral and domestic horses and 
donkeys, both dewormed and not dewormed, 
also revealed type A as the most prevalent, 
followed by type C, D and B. Most frequently, 
type A was recovered from dewormed horses, 
which strengthens the authors’ statement that 
this larval type is produced by the most 
prevalent and resistant cyathostomins. The A 
type cyathostomes larvae originated by highly 
prevalent species (i.e. Cylicocyclus nassatus, 
Cylicocyclus insigne, Cyathostomum catinatum, 
Cylicostephanus longibursatus) (Villa-Vicosa et 
al., 1997; Madeira de Carvalho et al., 2008). 
Thus, the knowledge on the biodiversity level 
of larval morphotypes within strongyle 
populations will allow an indirect evaluation of 
the status of susceptible or resistant 
cyathostomin subpo-pulations, as base for 
further studies for assessing the anthelmintic 
resistance phenomenon in Romanian horses.  
 
CONCLUSIONS 
 
The present study showed mixed third stage 
strongyle larvae (L3) subpopulations in working 
horses, and the morphotype A was dominant. 
However, further studies are planned in order to 
asses the biodiversity of larval types in strongyle 
populations while assesing the anthelmintic 
resistance in different equine strongyle 
populations in Romania. Subsequently, this 
study represents a base for further investigations 
into the epidemiology of strongyle infections in 
Romanian horses.  
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Abstract 
 
The objective of this study was to evaluate the quantity of some phenolic compounds, free radical scavenging 
activity and antibacterial activity of goji berry fruits (Lycium barbarum L.) in order to highlight which of 
these biotypes fulfills the best nutraceutical qualities. Freshly harvested fruits of three goji berry biotypes 
(‘Biotype 1(B1)’, Biotype 2’ (B2), and ‘Biotype Ua’ (BUa) were smashed and the juice was subjected to 
analysis. The phenolic compouns were analyzed as follows: total phenolic content (TPC) expressed as g 
gallic acid equivalents (GAE), total flavonoid content (TFC) expressed as g of rutin equivalents (RE), and 
free radical scavenging activity expressed as inhibition % (I %). The evaluation of antibacterial activity 
consisted of using Gram positive and negative bacteria based on the standard agar disk diffusion method. 
With regard to the TPC, all analysed juices have revealed ‘Biotype BUa’ with a maximum content of 8.95 
mM ± 0.48 GAE / ml juice. Also, the same biotype recorded high levels of free radical inhibition rate of 40%. 
In terms of flavonoid content, ‘Biotype 1’ highlighted the best results. With regard to the evaluation of 
antibacterial activity, all juices showed good results. The most susceptible to all three juices was S. aureus 
and the least, P. aeruginosa. The highest inhibitory activity was registered in the case of ‘Biotype 1’ juice 
against E. coli, showing an average inhibition diameter of 1.84 ± 0.13 and 1.81 ± 0.20 cm. 
 
Key words: antibacterial, biochemical compounds, goji berry fruits, goji berry juice. 
 
INTRODUCTION  

 
Lycium barbarum L., also known as goji, is a 
shrub belonging to the Solanaceae family and 
is native to Asia. 
In Romania, the research studies about Lycium 
barbarum L. are scarce (Mencinicopschi et al., 
2012), though given its growing popularity can 
be a profitable investment. 
Over the years, to many regions of the world, 
Lycium barbarum L. has been used in 
hypotensive and immunomodulatory drugs, or 
as a potential agent in cancer chemotherapy 
(Naghibi et al., 2014). Also, is wide known to 
have beneficial effects against fatigue, aging, 
glaucoma and to enhance neuroprotection and 

cytoprotection (Amagase and Farnsworth, 
2011). Lycium barbarum L. enhance the 
immunity due to its content in LBP which 
stimulates the T lymphocytes synthetisation 
(Chen et al., 2008). Cong et al. (2005) stated 
that the extracted polysaccharides have a 
potential effect in promoting the 
haematoproteic growth in the recovery of bone 
marrow injury in the case of animals. The fruit 
of Lycium barbarum L. is abundant in taurine 
which has been reported as beneficial as 
treatment for diabetic retinopathy (Song et al., 
2011). However, Lycium barbarum L. shows a 
high allergenic potential, being related with the 
LTPs (plant lipid transfer proteins) presence 
(Carnés et al., 2013).  
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Another species, Lycium chinese M. was used 
in traditional chinese medicine to treat several 
inflammation-related symptoms, like diabetes 
mellitus, the main responsible compound for 
this being the phenolic amides from its Radicis 
Cortex (Xie et al., 2014).  
The fruits of Lycium barbarum L. contain 
phenolics like caffeic acid, p-coumaric acid, 
rutin, scopoletin, N-trans-feruloyl tyramine, N-
cis-feruloyl tyramine, N-feruloyl tyramine 
dimer (Forino et al., 2016), kaempferol 
glycosides, isomers of dicaffeoylquinic acid 
and coumaric acid (Bondia-Pons et al., 2014). 
Zhang et al. (2016) detected a series of 
flavonoids like quercetin-rhamno-di-hexoside 
and quercetin-3-O-rutinoside and also phenolic 
acid (chlorogenic acid), a carotenoid 
(zeaxanthin), etc. It also contains cateckins 
(catechin, epicatechin), monoterpenes 
(phellandrene, sabinene, γ-terpinene), organic 
acids (citric acid, malic acid, oxalic acid, quinic 
acid, tartaric acid) and vitamin C (Donno et al., 
2015).  
Chung et al. (2015) identified from Lycium 
chinese M. fruit, constituents like labd-3β, 
arabinofuranosyl-2dp-hydroxybenzoate, and β-
sitosterol-β-D-glucoside. 
According to Mocan et al. (2015), the leaves of 
Lycium barbarum L. contain as polyphenolic 
compounds, gentisic acid, chlorogenic acid, 
caffeic acid, p-coumaric acid, sinapic acid, 
ferulic acid, isoquercitrin, rutin, quercetin, 
kaempferol and patuletin.  
Amagase et al. (2009) determined the in vivo 
antioxidant activity of Lycium barbarum L. 
polysaccharides (LBP) by investigating their 
effect from LBP-standardized Lycium 
barbarum L. preparation (GoChi) after a trial 
of 30 days. They registered, on a population 
formed by 50 Chinese healthy adults aged 55 to 
72 years, a significantly increase of the values 
of antioxidant markers with 9.9% for GSH-Px 
(glutathione peroxidase) and with 8.4% for 
SOD (superoxide dismutase), whereas MDA 
(malondialdehyde) were significantly 
decreased by 8.7%.  
In 2015, Yang et al. isolated the LBPs from 
Lycium barbarum L., having the highest yield 
by ultrasound-enhanced subcritical water 
extraction (USWE), 14.1%. The four extracted 
LBPs showed concentration dependant DPPH 
radical scavenging activities in a range of 0.5 - 

5 mg/ml. Between 2.5 and 5.0 mg/ml, the LBPs 
produced over 50% suppression of DPPH. 
Dahech et al. (2013) studied the antioxidant 
and antibacterial effects of infusion, macerate 
in ethanol and fractional extracts with solvents 
of increasing polarity of another species, 
Lycium shawii. He determined the total 
flavonoid and phenolic contents which varied 
from 3.3 to 110.6 mg quercetin/g DW and 100 
to 377 mg GAE/g DW. They also showed that 
the fruits of Lycium shawii have antibacterial 
extract over a series of Gram-positive and 
Gram-negative bacteria like Enterococcus 
faecalis ATCC 29212, Bacillus subtilis ATCC 
6633, Bacillus cereus ATCC 14579, 
Micrococcus luteus ATCC 1880, 
Staphylococcus aureus ATCC 25923, Listeria 
monocytogenes, Salmonella enterica, 
Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 9027, Klebsiella 
pneumoniae CIP 32147 etc. 
Also, the same strains of E. coli and S. aureus 
were interacted with alcoholic extracts of 
Lycium barbarum L. by Mocan et al. (2014), 
showing inhibition zones of 1.31 ± 0.09 cm for 
S. aureus ATCC 25923 and of 1.23 ± 0.08 cm 
for E. coli ATCC 25922.  
Therefore, this paper aims to study biochemical 
composition and also antibacterial effect of the 
goji fruit juice belonging to different biotypes. 
Also, the study aims to emphasize to the 
consumer which is the biotype that provide the 
best nutraceutical qualities. 
 
MATERIALS AND METHODS 
 
The biological material was represented by the 
fruits provided from the 3 biotypes of goji 
berry (Lycium barbarum L.). Fruits from the 
‘Biotype 1’ (B1), ‘Biotype 2’ (B2) and 
‘Biotype Ua’ (BUa) were harvested until the 
end of September. 
The fruits were smashed and the juice was 
subjected to further analysis.  
The total phenolic content of the juices was 
determined using a method adapted after 
Singleton et al. (1999). The proper diluted 
samples were oxidized with the Folin – 
Ciocâlteu reactive and neutralized with sodium 
carbonate 30%. After 45 minutes, the 
absorption of the samples was recorded at the 
wavelength (λ) of 750 nm. Quantifying the 
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results was based on the sample curve of the 
gallic acid, based on the equation 1. 
 
Abs = 0.0204 + 0.0002 x C gallic acid              (1)   
 
The results were expressed as gallic acid 
equivalents (GAE) / ml juice. 
The flavonoid content was determined using a 
method adapted after Tuker et al. (2012) using 
rutin as standard. The diluted juice was mixed 
with a sodium nitrite (NaNO2) 5%. After 5 
minutes was added aluminum chloride (AlCl3) 
10%. After 6 minutes, NaOH of 1M 
concentration and water were added too. 
After an incubation time of 45 minutes, the 
absorption was measured at the wavelength (λ) 
of 510 nm. The results were then obtained 
based on the sample curve of the rutin, 
equation 2. 
 
Abs = 0.004 + 0.0001 x C rutin                      (2) 
 
The results were then shown as rutin 
equivalents (RE) /ml juice. 
The free radical scavenging activity of the 
extracts was determined using stabile radical 
2.2 diphenyl-1-picrylhydrazyl (DPPH•), after a 
method adapted after Marinova et al. (2011). 
The inhibitory effect (I %) of DPPH was 
calculated using the equation 3. 
 
I (%) = [(Absorbance control - Absorbance 
sample)/Absorbance control] × 100                    (3) 
 
The statistical significance was considered for 
the probability value of difference p<0.05. The 
obtained results were expressed as mean values 
± standard deviation (SD).  
 
Biological materials, growth conditions and 
inoculation 
They were used two Gram-negative bacteria, 
Escherichia coli ATCC 25922 and 
Pseudomonas aeruginosa ATCC 27853, and 
also 2 Gram-positive bacteria, Staphylococcus 
aureus ATCC 25923 and B. cereus (B5). The 
strains were isolated from Allium cepa L. 
rhizosphere and identified with Biolog GEN III 
(data not shown). The bacteria were 
precultivated at 30oC on Nutrient Agar 
(Liofilchem) for 24 h. The inoculum required 
for screening was realized at the value of 0.5 

for McFarland Scale (less than 300 CFU x 
106/mL). 
 
Screening for susceptibility determination of 
bacteria to the action of goji juices 
The screening method was derived from 
standard agar disk diffusion method by using 
wells instead of discs (NCCLS, 2008). The 
culture medium used for screening was Mueller 
Hinton Agar (Liofilchem), 12 ml being poured 
in each Petri dish (Ø 90 mm). After 
polymerisation, 1 ml of bacteria inoculum was 
spread on each Petri dish and the surplus was 
removed. After the culture medium surface has 
dried, they have been made, with a corkscrew, 
three wells with a diameter of 6 mm, arranged 
equidistant from one another and halfway 
between center and edge of the Petri plate. In 
each well they were poured 75 µl of juice. The 
control plates used for the experiments 
followed a similar protocol using standardized 
antibiotic discs. The antibiotics used were 
Gentamicin (CN10) and Ampicilin (AM10) 
(Comuzzi et al., 2001; Braga et al., 2005; 
NCCLS, 2008). The bacteria inoculum was 
cultivated at 30oC for 18 h in interaction with 
the crude vegetal extracts. The experiments 
were realised in triplicate.  
The results were expressed as mean values ± 
standard deviation, representing two 
perpendicular diameters (D1 and D2). 
 
RESULTS AND DISCUSSIONS   
 
The results of the biochemical examination of 
the goji juices are shown in Table 1. 
According to them, it can be seen as the highest 
phenolic content was reported for the BUa 
biotype.  

 
Table 1.  Total phenolic and flavonoid contents values of 

Lycium barbarum L. biotypes 
 

Name 
Mean 

mM GAE / 
ml juice 

Mean 
mM RE / ml 

juice 
Inhibition rate 

% 

BUa 8.95 ± 0.48 12.58 ± 0.15 40.08 ± 0.21 
B1 6.77 ± 0.27 14.00 ± 0.40 31.32 ± 0.00 
B2 6.97 ± 0.18 11.36 ± 0.39 24.50 ± 0.33 

 
In terms of the flavonoid content was revealed 
the B1, with a value of 14.00 mM RE/ml juice. 
With regard to the flavonoids, there are several 
studies (Amagase and Farnsworth, 2011) 
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confirming their goji fruits (fresh or dried). In 
this regard, Le et al. (2007) presented the 
research study about Fructus lycii. The results 
showed that Fructus lycii have antioxidative 
activities and is rich in flavonoids.   
The scavenging activity of the juices against 
free radical DPPH, highlighted BUa with a 
value of 40% rate of inhibition. The values 

obtained in this study are lower than those 
obtained by Istrati et al. (2013). 
The antimicrobial effect of Lycium barbarum 
L. juice over a series of Gram positive and 
Gram negative bacteria was studied and the 
results are showed in the Table 2. 
 

 
Table 2. The inhibitory effect of Lycium barbarum L. juices over a series of bacteria 

 
 
 Biotype  Control 

 BUa B1 B2 Gentamicin Ampicillin 

 D1 (cm) D2 (cm) D1 (cm) D2 (cm) D1 (cm) D2 (cm) D1 (cm) D2 (cm) D1 (cm) D2 (cm) 

B. cereus 1.48 ± 0.24 1.36 ± 0.12 1.40 ± 0.24 1.31 ± 0.15 1.18 ± 0.11 1.13 ± 0.18 
 
 
 

2.3 ± 0.1 

 
 
 

2.27 ± 0.81 

 
 
 

0.8 ± 0.00 

 
 
 

0.8 ± 0.00 

E. coli 1.43 ± 0.14 1.28 ±  0.10 1.84 ±  0.13 1.81 ± 0.20 1.32 ± 0.08 1.37 ± 0.08 

P.aeruginosa 0.00 0.00 1.28 ± 0.16 1.29 ± 0.11 1.07 ± 0.09 0.95 ± 0.05 

S. aureus 1.79 ± 0.23 1.69 ± 0.25 1.79 ± 0.10 1.74 ± 0.19 1.63 ± 0.21 1.59 ± 0.29 

 
The most susceptible bacteria to BUa juice was 
S. aureus showing average inhibition diameters 
of 1.79 ± 0.23, respectively 1.69 ± 0.25 cm. P. 
aeruginosa was resistant to BUa juice. 
With regard to B. cereus and E. coli, the results 
were similar. Thus, in the case of first one was 
registered an average inhibition diameter of 
1.48 ± 0.24 and 1.36 ± 0.12 cm. In the case of 
E. coli, the average was 1.43 ± 0.14 and 1.28 ± 
0.10 cm.  
The most susceptible bacteria to B1 juice was 
E. coli with the values of 1.84 ± 0.13 and 1.81 
± 0.20 cm. The second most susceptible 
bacteria was S. aureus which showed values as 
1.79 ± 0.10 and 1.74 ± 0.19 cm. The lowest 
susceptibility to the juice was recorded by P. 
aeruginosa. 
The B1 juice had a higher inhibitory effect than 
BUa juice over the entire series of bacteria.  
The B2 juice registered the highest inhibitory 
activity in the case of S. aureus strain and the 
lowest in the case of P. aeruginosa (Table 1). 
B. cereus is the most susceptible to BUa juice. 
B2 juice is the one that had the lowest 
inhibitory effect, recording the average 
diameters (cm) of halos 1.18 ± 0.11 and 1.13 ± 
0.18 cm. 
S. aureus was the most susceptible to all 
Lycium barbarum L. juices, showing similar 
results for BUa and B1. B2 juice had the lowest 
inhibitory effect on S. aureus than the other 
two (B1 and BUa). The results obtained are 
encouraging compared with the results 

obtained by Fiț et al. (2013) were the extracts 
(aqueous and a macerate), obtained from 
rehydrated fruits didn’t present any inhibitory 
activity against S. aureus. 
The same fruit extracts were tested by Fiț et al. 
(2013) on E. coli showing halos of inhibition 
with diameters ranging in size between 2.2 and 
2.5 cm. In the case of our experiments, E. coli 
registered the highest susceptibility with the 
values of 1.84 ± 0.13 cm and 1.81 ± 0.20 cm 
interacting with B1 juice. The B2 and BUa 
juices had a lower inhibitory effect on E. coli 
than B1 juice.  
The second Gram negative bacteria, P. 
aeruginosa was the most resistant one to all 
Lycium barbarum L. juices. BUa biotype has 
no effect, at the opposite being B1 juice, which 
recorded 1.28 ± 0.16 and 1.29 ± 0.11 cm. 
Alassadi et al. (2015) tested the same strains of 
E. coli and S. aureus, with a Lycium barbarum 
L. ethanolic extract (80%). The obtained results 
using ethanolic extracts were 1.5 cm in case of 
S. aureus and 1.2 cm in case of E. coli. Also, 
the same strains of E. coli and S. aureus were 
interacted with alcoholic extracts of Lycium 
barbarum L. by Mocan et al. (2014), showing 
inhibition zones of 1.31 ± 0.09 cm for S. aureus 
and 1.23 ± 0.08 cm for E. coli.  
The results demonstrate that the juices obtained 
from the three biotypes of Lycium barbarum L. 
have inhibitory effect on bacteria taken into the 
study.  
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CONCLUSIONS 
 
Biochemical analysis of goji juice showed that 
BUa have a high content of phenols, and an 
ability to inhibit free radicals.  
Also, B1 was emphasized by the flavonoid 
content.  
All four bacteria showed susceptibility towards 
the action of Lycium barbarum L. juices. B. 
cereus was most inhibited by BUa and S. 
aureus, E. coli and P. aeruginosa by B1. The 
highest inhibition was registered in the case of 
B1 against E. coli which recorded average 
values of 1.84 ± 0.13 and 1.81 ± 0.20 cm. The 
only case that did not generate an inhibition 
halo was P. aeruginosa in the presence of BUa. 
The biochemical results have a certain 
connection with those obtained by evaluating 
the antibacterial activity. Therefore, it requires 
a deeper research on the biochemical 
compounds that are found in juice. 
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Abstract  
 
Growing of Siirt type of pistachio has a significant potential in the agriculture of Siirt province. As a result of the 
studies on this issue performed by public and legal institutions in recent years, while about 2000 tons of products were 
taken from the area in 4545.3 ha in 2002, these values reached about 11.000 tons of products in 25.000 ha by the end of 
2014. Considering the climatic conditions of the region, the fact that summer is very hot and irregularity in the 
precipitation regime further increase the importance of irrigation and make it necessary for cultural practices in 
farming. However, pistachio orchards are not irrigated or tried to be contented with a little water due to the reasons 
such as the topographical structure of the area where farming is performed, irrigation water constraints, and any other 
reasons. The questionnaire study was carried out to determine the local farmers' tendencies on Siirt pistachio 
irrigation, problems faced, and the solution offers. For this purpose, the questionnaire form consisting of 40 questions 
was prepared, and data were collected using the Simple Random Sampling method. By this method, questionnaires 
were filled in by making face to face interviews with 177 farmers in 73 villages of 7 districts where farming is 
intensively performed. The obtained data were analyzed using MINITAB 16 statistical program. As a result of the 
statistical analyses, an attempt to contribute to the solution of the problems was made by developing solutions to 
identified problems.  
 
Key words: Siirt pistachio, irrigation, questionnaire. 
 
INTRODUCTION 
 
Water, as in every area of life, is a strategic and 
logistic need in agriculture. Considering the 
fact that the water resources of our country are 
not infinite, it is evident that water has a 
strategic importance, and its unconscious use 
will cause negative effects on agricultural 
productivity and sustainability. 
Furthermore, Siirt pistachios need irrigation 
water as all plants. The balanced distribution of 
water between the plant organelles causes the 
plant to maintain its life and also ensures its 
continuity through the production of fruits and 
seeds. Siirt pistachio is a hard shell fruit that 
has been cultivated mainly in the Southeastern 
Anatolia Region in our country for many years. 
It is cultivated in stony, rocky and hilly areas 
with less soil depth where any other crop plant 
cannot be cultivated economically mainly in 
the Southeastern Anatolia Region in our 

country. Due to the topographical structure of 
land and the fact that pistachio trees are 
abstemious plants (annual precipitation of 150 
mm is sufficient to maintain the plant's life), 
they are not irrigated. However, the fact that it 
is drought-tolerant does not mean that a small 
amount of water is sufficient for the optimal 
plant growth. Irrigation to be performed 
without irrigation planning may prevent the 
plant from benefiting from the water at the 
optimum level and also may cause problems 
such as reduction in yield, deterioration of soil 
properties, salinity and sodium (Yıldırım et al., 
1994), and likewise, the excessive water use 
leads to shortening life cycle of the soil causing 
ecosystem degradation, increase in erosion and 
water loss, and changes in the soil structure 
(Anonymous, 2012)  
In our country, studies concerning the irrigation 
of pistachio were firstly initiated by Bilgen et 
al. in 1973 and 1982 and maintained by many 
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researchers in the forthcoming years Kanber et 
al., 1990 and 2000; Kuru, 1992; Bilgel et al., 
1999; Aydın, 2004. Irrigation increases the 
amount of fruit especially in the normal yield 
years and decreases the severity of periodicity 
(Kanber et al., 1990). Siirt pistachio needs to be 
irrigated 3 times at 45-day intervals in the 
conditions of the Harran Plain (Bilgel et al., 
1999).  
In addition to these studies performed within 
the country, numerous irrigation studies were 
conducted in countries such as Iran, the United 
States, Syria and Italy where pistachio farming 
is performed, studies performed by: Sykes 
(1975), Spiegel-Roy et al. (1977), Firuzeh and 
Ludders (1978), Geurts (1982), Maranto and 
Crane (1982), Sepeaskhah and Maftoun (1981 
and 1982), Goldhamer et al. (1985), 
Michialidies and Morgan (1991), Mac Donald 
et al. (1992), Sheibani (1994), Hendricks and 
Ferguson (1995), De Palma and Novello 
(1997), Metheney et al. (1998). The fact that 
the annual rainfall is irregular and insufficient, 
and the evaporation is too high makes irrigation 
compulsory in hot summer months (Aydın, 
2004). The consensus that irrigation has a 
positive effect on Pistacia species in terms of 
yield, quality parameters, periodicity, and some 
physiological characteristics, and that irrigation 
should necessarily be performed was reached in 
all studies. Due to the fact that inadequate 
irrigation increases the formation of empty fruit 
by decreasing clicking from the quality 
characteristics especially during the summer 
period in which the air temperature is very 
high, it is necessary to avoid water stress during 
this period (Freeman and Ferguson, 1995., Ak 
et al., 1999).  
In recent years, some researchers have thought 
that yield loss and, therefore, periodicity, most 
important problems encountered in the 
cultivation of pistachios, are caused by water 
stress (Kanber et al. 1993). It is stated that 
water stress decreases yield about in half shares 
and causes deteriorations in fruit quality 
characteristics and that irrigation is a 
prerequisite to obtaining yield at the optimum 
level. Ak and Kaska (1992) divided periodicity 
into two classes as absolute and proportional 
and stated that the red type showed absolute 
periodicity and Ohadi and Siirt type showed 
proportional periodicity. They stated that 

pistachio tree increased the carbohydrate 
accumulation by more stooling and would lead 
to an increase in the yield of fruit if there were 
a sufficient amount of water in the soil. Arpaci 
et al. (1995) stated that Siirt pistachios give 
higher yields under irrigated conditions 
compared to dry conditions, and pistachio 
growing should be performed under irrigated 
conditions.  
85.3% of Turkey's production of pistachio is 
performed in the Southeastern Anatolia Region 
(Gaziantep, Şanlıurfa, Adıyaman, 
Kahramanmaraş, and Siirt). However, there are 
differences among the provinces in terms of the 
varieties grown. The pistachios grown in Siirt 
region is Siirt type, which is round, big and 
flashy. The presence of 102.897 hectares of 
land used in the agriculture of Siirt province 
constitutes the 18.3% of the total area. Siirt 
pistachio is cultivated in approximately 25,000 
hectares of land and has an annual production 
of around 11,000 tons (Anonymous, 2014).  
Low yields, proportional periodicity, lack of 
cultural practices and the limited irrigation 
facilities due to geographical conditions can be 
considered as the most important problems of 
pistachio cultivation. However, despite the 
region's scarce water resources and the 
disadvantages of geographical conditions, 
pistachio farmers' approach to this issue is very 
important. In this study, it was aimed to 
determine the irrigation facilities in the area, 
farmers' tendency towards irrigation, irrigation 
problems, and their solutions.  
 
MATERIALS AND METHODS 
 
Questionnaires consisting of 40 questions to 
determine the tendency of local farmers 
concerning the irrigation facilities, approaches 
to the irrigation, problems and solutions in Siirt 
pistachio growing constituted the material of 
the study. Questions prepared in these 
questionnaire studies were asked by means of 
face to face interviews.  
The number of growers used to determine the 
number of questionnaires was determined 
based on the Siirt Pistachio Growers 
Association records, and the surveyed villages 
were determined in accordance with the 
recommendations of Food, Agriculture, and 
Livestock Directorate of Coordination and 
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Agricultural Data Branch Office. According to 
the basic data, the number of enterprises to 
which questionnaire would be applied in the 
districts and villages where pistachio farming is 
performed in the region was calculated using 
the following formula by the Simple Random 
Sampling method (Cicek and Erkan, 1996).  

 = 133 

 
where, 
n: the number of enterprises where 
questionnaires would be made, 
N: the number of enterprises in the population 
(1097 enterprises), 
S2: the variance according to the size of the 
area where Siirt pistachio is cultivated owned 
by the enterprises constituting the population, 
tα: table value, 10% 
d2: the amount of error allowed by sample 

mean, 10*% X
�

X: Average land size 3.157 ha 
In the study, 10% margin of error and 95% 
confidence limits were used in the 
determination of the number of the enterprises 
where questionnaire would be applied.  
133 questionnaires calculated using the Simple 
Random Sampling method were taken as the 
lower limit of the specified number of 
questionnaires despite the geographical 
conditions of Siirt, inability to perform 
questionnaire in some enterprises and the 
possibility of questionnaires to be inconsistent, 
and the questionnaires performed on this were 
evaluated to reduce the error margin and to 
reach more accurate information, and a total of 
177 questionnaires was evaluated in this way.  
In the study, the correlation coefficient (r) 
analysis was performed to determine the 
relationships between variables, and the 
correlation coefficient matrix (r) was calculated 
using Minitab 16 statistical package program. 
In this matrix, the correlation coefficients (r) 
and probability values (p) of variables with 
high statistical significance were determined. 
Whether the calculated correlation coefficient 
(r) gives a significant and reliable result is 
possible by measuring the significance of this 
coefficient. This significance was performed by 
the "t-test" which is a result test, and the 

amount of the relationship was determined by 
comparing calculation and table values (Helsel 
and Hirsch, 1997). 
 
RESULTS AND DISCUSSIONS  
 
Family Structure, Age, Education and 
Cultivation Experiences in Enterprises 
 
Enterprises engaged in Siirt pistachio farming 
have families with more than one kid in 
general. Among the farmers to whom the 
questionnaire was applied, while the proportion 
of families with 7 and more children was 
determined to be 38.4%, this was followed by 
families with 3-4 children with 26.0%. While 
the number of individuals contributing to the 
production of pistachios in the family was 3-4 
at the ratio of 48.6%, it was determined that 
they participated in the production with at least 
2 people at the ratio of 39.5%. Thus, it can be 
said that at least 2 family members in the 
family made a contribution in terms of the 
labour force to the production including parents 
in the enterprises where pistachios production 
is performed.  
Regarding the education levels of farming 
families, it was determined that 50.3% of them 
were primary school graduates, 37.3% of them 
were literate, and 7.4% of them have high 
school and university education. While 44.6% 
of the enterprises engaged in Siirt pistachio 
growing adopted farming as the main field of 
occupation or profession, the self-employed 
persons are engaged in cultivation at the ratio 
of 39.5%.  
 
Land Size (LS), Usage Status (LUS), and 
Land Class (LC) in Enterprises  
 
Generally, pistachio farming is mostly carried 
out in marginal agricultural lands without 
irrigation facilities that are rugged and barren 
where other products are not cultivated 
economically in all provinces in which farming 
is performed  (Yükceken, 1998). This situation 
does not change in the areas where Siirt 
pistachio is cultivated. While the average size 
of the areas where Siirt pistachio was planted 
was 3.157 he, the ratio of the areas with 0-25 
sizes was calculated as 53.1%. In addition, in 
the question posed to determine the product 
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pattern which is cultivated in the enterprise 
lands, while 81.4% of the growers answered 
this question as Siirt pistachio, the remaining 
approximately 13% of them stated that they 
performed almond, pomegranate, vegetable, 
and pistachio farming together. While 78.5% of 
the enterprises engaged in farming made 
production in dry and arid lands, the irrigated 
land ratio was determined as 1.1%.  
 
Enterprises' Reasons to Choose the Siirt 
Pistachio Growing (ERSPG) 
 
Agricultural enterprises are affected by many 
factors when deciding on the product pattern. 
The most important one of them can be the 
climate and topography of the region. 
Cultivation of different products in the same 
region is directly associated with the 
parameters such as farmers’ habits, product's 
market value, and profitability. Firstly, the 
region where the farmer lives, climate and 
topography of the land determine the main 
product pattern. Siirt region has a mountainous 
and rugged structure by its geographical 
structure. Therefore, while growers were 
sorting their preference reasons for pistachio 
farming, 53.7% of them stated the suitability of 
the land and climate conditions, 37.9% of them 
preferred the profitability option to transform 
the disadvantages of field conditions into a high 
proportion of benefits (Figure 1).  
 

 
Figure 1. Reasons to Choose the Siirt Pistachio Growing 

(ERSPG) 
 
Water Resources Usage Status in 
Enterprises and Irrigation Facilities of Siirt 
Pistachio 
 
The areas, where cultivation is performed, are 
poor in water resources, have no wells (96%), 

no irrigation water sources and are the 
enterprises where production is made under 
waterless conditions (78.5%). Hence, the 
growers' knowledge, experience, and training 
concerning the irrigation are very limited. A 
question was posed to determine whether 
making production under dry conditions was an 
obligation for enterprises or to determine their 
tendency concerning the irrigation of Siirt 
pistachios when they get the irrigation 
facilities. 
In the correlation analysis performed between 
the fact that Siirt pistachio is irrigated or not 
irrigated (INSP) and the fact that irrigation is 
necessary for plants (INP), it was determined 
that there was a moderate positive linear 
relationship with INSP=0.654*INP+0.323 
equality and R2=0.363 coefficient.  
According to this result, it was observed that 
the vast majority of farmers (68.9%) thought 
that irrigation was necessary for the plants and 
still behaved timidly concerning the irrigation 
of Siirt pistachios. Although 39.5% of growers 
stated that Siirt pistachios should be irrigated, 
14.7% of them stated that they were doubtful, 
and 45.8% of them stated that they should not 
be irrigated (Figure 2). 
Regarding the fact that whether Siirt pistachios 
are damaged with irrigation, it was observed 
that a large part of the growers (65.6%) thought 
that they would not be damaged, 14.7% of 
them thought that they would be damaged, and 
19.8% of them were still doubtful. 
In order to confirm this, when farmers were 
asked which plant they would prefer to irrigate 
if there were irrigation facilities, about 52.0% 
of them stated that they would irrigate the Siirt 
pistachios, 17.5% of them stated that they 
would irrigate the vegetables, 4.0% of them 
stated that they would irrigate the vineyard, and 
25.4% of them stated that they would irrigate 
all plants (Figure 3).  
Based on the assumption that growers have 
irrigation facilities, non-execution of irrigation 
may be caused by many reasons. Farmer’s 
tendency is a decisive factor in this regard. For 
the reason of non-execution of irrigation in the 
Siirt watershed where water is insufficient and 
expensive, a very large proportion of growers 
(61.0%) stated that they were concerned about 
the irrigation costs, 18.6% of them stated that 
they were concerned about the lack of water, 
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and 5.6% of them stated that they were 
concerned about the fact that irrigation would 
damage the pistachio tree. When the frequency 
of consulting public institutions or the relevant 
and competent people about irrigation is  
 

examined, 59.9% of growers stated that they 
sometimes consulted, 25.4% of them stated that 
they rarely consulted. However, 8.5% of them 
stated that they had never consulted (Figure 4).  
 

 

 
Figure 2. Irrigation Necessity for Plants (INP) and Siirt Pistachio (INSP) 

 

 

 
Figure 3. Damage anxiety due irrigation and Priority plants in Irrigation 

 
 

 
Figure 4. Reasons for non-irrigation and Consultation Frequency 
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In the correlation analysis performed between 
the fact on what basis you decide on irrigation 
(DI) and how often you benefit from written 
and visual media concerning the irrigation of 
Siirt pistachio (BWVM), whether they intend to 
use newly developed technology or tool 
immediately for the irrigation of Siirt pistachio 
(UNTT), while a positive and moderate 
correlation which is expressed with 
DI=0.3272*BWVM+1.4913; R2=0.2533** was 
determined between deciding on irrigation and 
the frequency of benefiting from written and 
visual media, a negative and moderate 
correlation which is expressed with DI=-
0.4335*UNTT+3.5761; R2=0.2671** equality 
was determined between deciding on irrigation 
and whether they intended to use a new 
technology immediately for the irrigation. In 
this case, it could be said that environmental 
factors and the technical agricultural 
organizations with which they were in close 
contact affected mostly the growers' decision 
on irrigation. 54.80% of farmers are 
agricultural engineers; 30.5% of them decide 
on irrigation according to the fading or 
shrinkage of the plants’ leaves, 8.5% of them 
decide according to temperature increase, and 
5.65% of them decide according to soil 
dryness; regarding the irrigation of Siirt 
pistachio, 58.8% of them stated they sometimes 
used written and visual media, 24.4% of them 
stated they never used written and visual 
media, and 9.6% of them stated they rarely 
used written and visual media. Regarding the 
fact whether they considered using a newly 
developed technology or tool immediately 
concerning the irrigation of Siirt pistachio, 
37.3% of farmers said they would use it 
immediately, 25.99% of them said they would 
not use it immediately, 21.5% of them said they 
would wait until others used it, and 9.04% of 
them said they preferred to see the results 
(Figure 5).  
 
Current Problems and Solutions Related to 
Irrigation in Enterprises 
 
Problems related to irrigation 
One of the important reasons for empty fruit 
formation in Siirt pistachio farming is known to 
be the fact that there are more rainy days in the 
flowering period, and, therefore, the pollen of 

pistachios that are pollinated by the wind slows 
down by being affected by moisture in the air 
and cannot reach female flowers. The increase 
in the air humidity which causes insufficient 
pollination not only occurs by precipitation but 
also by an increase in reservoir surfaces and 
evaporation. Because of these concerns, 
growers in the areas where pistachio farming is 
performed think that the increase of dam will 
have negative effects on farming, fruit yield 
will decrease, and disease and pests will 
increase. 
In the questionnaire performed, the presence of 
a positive, moderate and linear relationship 
which is expressed by the equality and 
coefficient of IYI= 0.4719*EDPP+0.9884 and 
R2= 0.2879** was determined between the 
questions posed in the form of what kind of 
effect the construction of dams in the region 
has on Siirt pistachio production (EDPP) and 
whether you would think there would be yield 
increase in Siirt pistachios with irrigation (IYI). 
According to this result, while 41.2% of 
growers stated that dams would have a positive 
effect on Siirt pistachio production, 52.0% of 
them stated that they would have a negative 
effect, and 6.8% of them stated that they had no 
idea. However, regarding the question whether 
there would be yield increase in Siirt pistachios 
with irrigation, 71% of them answered yes, 
18.0% of them answered no, and 11% of them 
said that they had no idea (Figure 6). 
 
Farmer Training Problems 
In the correlation analysis performed between 
on which subject you want to get information at 
the most on Siirt pistachio farming (WISPG) 
and participate in the training if training on 
irrigation is provided in agricultural 
organizations (PIT), a moderate, positive and 
linear relationship which is expressed by 
WISPG=0.1314*PIT+0.8726, R2=0.2777** 
equality was determined. In the analysis 
performed between on which subject you want 
to get information at the most on Siirt pistachio 
farming (WISPG) and whether the technical 
staff giving training on irrigation had sufficient 
knowledge on irrigation (KLTS), a negative, 
moderate linear relationship which is expressed 
by WISPG=-0.4688*KLTS+4.4529, R2= 
0.2854** equality and coefficient was 
determined and compared with Table values. 
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Figure 5. Benefit from Written and Visual Media (BWVM) and Using New Technologies and Tools (UNTT) 

 

  
Figüre 6. Effects of Dam on Pistachio Production (EDPP) and Increasing of Yield by Irrigation (IYI) 

 

 
Figure 7. Attandance to Irrigation Training (AIT) and Information Subject Chosen on Pistachio Growing (WISPG) 

 

Based on this conclusion, it was determined 
that the enterprises engaged in production made 
waterless production under dry conditions at 
the high level of 78.5% and that they had not 
received any training on the irrigation of Siirt 
pistachios (91.5%) but were in need of 
information on this subject. The ratio of willing 
to participate in the training in which irrigation 
is mostly desired (44.1%), and all subjects such 
as cultivation, pruning, and spraying that are 
other cultural practices along with the irrigation 
will be given by public institutions, competent 
institutions and organizations and universities 
is quite high (77.4%) (Figure 7). 

 
Figure 8. Knowledge Level of Technical Staff (KLTS) 

 
However, it is observed that the grower has 
significant concerns regarding the competency 
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of the technical educational personnel. 34.5% 
of the growers stated technical personnel was 
well informed, 27.1% of them stated they had 
sufficient information, 22.0% of them stated 
they had information at the intermediate level, 
and 13.0% of them stated they had quite 
enough information (Figure 8). 
 
Pistachio Grower’s Expectations 
The vast majority of growers want to expand 
the irrigation applications within the extent 
facilities, and, therefore, to increase the amount 
of product and improve the business 
economics. However, when asked what should 
be done for this, 85.9% of them suggest the 
increase of state support to irrigation projects.  
 

The expansion of the irrigation networks is in 
the second rank at the ratio of 5.6%, and the 
other suggestions following this are the 
improvement of the awareness of farmers, 
increasing the farmers' training and increasing 
the extension activities of irrigation 
cooperatives. 
Similarly, growers' expectations from training 
organizations related to irrigation are 
compatible with the results above. Pistachio 
growers expect financial support from 
institutions at the ratio of 81.4%. Their request 
for information is in the second rank at the ratio 
of 9.6%, and they stated that they wanted to get 
applied irrigation training at the ratio of 5.6% 
(Figure 9).  
 

 

 
Figure 9. Irrigation Dissemination and Pistachio Growers’ Expectations 

 
CONCLUSIONS 
 
Regarding Siirt pistachios irrigation, growers 
make production under dry conditions due to 
the fact that water resources are insufficient and 
scarce. Both inadequacy of water resources and 
the irrigation costs adversely affect production 
under irrigated conditions or the irrigation of 
Siirt pistachios.  
Generally, growers, having stated that plants 
should be irrigated, have negative thoughts at 
the undeniable level (45.8%) concerning the 
irrigation of Siirt pistachio. However, they also 
stated that they would not be damaged if 
irrigation was performed (65.5%).  
Thus, the abstention on irrigation is believed to 
have resulted from the factors such as cost and 
labor rather than damage.  
It is seen that growers' abstention on this issue 
results from the lack of information related to 
irrigation, however, technical organizations,  

 
competent public or private sector 
organizations providing irrigation training are 
less consulted (59.9% sometimes consulted) in 
order to eliminate the deficiency, and this is 
believed to resulted from the fact that they 
think technical personnel providing irrigation 
training do not have enough knowledge about 
irrigation.  
Whereas growers want to participate in the 
training sessions, in order to be provided by a 
very large proportion (77.4%) and to receive 
information about irrigation at the most 
(44.1%) in cultural practices. 
Growers state that, regarding their greatest 
expectations concerning the extension of 
irrigation, they expect an increase of state 
contribution for irrigation projects (85.9%), the 
development of water resources, training and 
extension activities and financial support from 
educational institutions. 
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Abstract 
 
Horses are hosts to a variety of internal parasites which represent a significant threat to their health. Parasitic 
infections in horses are often associated with reduced performance and physical condition, to serious pathological 
conditions such as colic, severe diarrhoea, and even death. An epidemiological study was undertaken in order to 
investigate the prevalence and abundance of parasite infections in horses (n=233) raised in different types of equine 
establishments in Romania, such as stud farms (n=87), recreational unit (n=25), and working horses (n=121). For this, 
individual fresh faecal samples were collected and further examined for helminth eggs and protozoa oocysts using 
qualitative and quantitative copro-parasitological methods. Overall, 88.4% of the horses raised in stud farms and 
recreational units and 79.3% of the working horses were positive for strongyles, the most prevalent parasite infection. 
Other parasite species identified were Parascaris equorum (prevalences of 13.4% and 14.9%, respectively) and 
Eimeria leuckarti (12.5% and 13.5%, respectively); Anoplocephala spp. infection was found only in working horses 
(6.6%). The quantitative faecal examination for strongyle egg count showed higher individual egg output (EPG up to 
5350) and higher percentage of horses (54.5%) from collective units as intense strongyle egg shedders (EPG>1000) 
comparing with working horses (32.3%). These results emphasized that strongyle infections are widespread in 
Romanian horses, with prevalence influenced by the age of animals and the management grazing practices. Higher 
parasite contamination pressure was registered for horses sharing pastures and grazing areas. These results will help 
to develop sustainable control program in Romanian horses.  
 
Key words: parasite infections, strongyles, horses, Romania. 
 
INTRODUCTION  
 

 

Internal parasites pose a significant threat to the 
health of horses and cause serious pathological 
conditions, sometimes fatal. Parasite infections 
are associated with reduced performance and 
physical condition, to severe pathological 
conditions such as colic, severe diarrhea and 
even death (Krecek et al., 1987; Love et al., 
1999).  
Equines can be infected with over 100 species 
of internal parasites; about half of these species 
are in the strongyles group (Lichtenfels et al., 
2008). Strongyles are considered the most 
important group on horses. They are 
differentiated as large strongyles (Strongylinae), 
also known as strongylins, and small strongyles 
(Cyathostomi-nae), known also as cyathostomins 
(Lichtenfels et al., 1998, 2002). The 
cyathostomins often may represent over 95% of 
the total equine parasite fauna (Lyons et al., 1999; 

Wood et al., 2013). The rest is accounted, 
according to the age of host, by ascarids 
(Parascaris equorum), species of large 
strongyles (Strongylus vulgaris, S. edentatus, S. 
equinus), Strongyloides westeri, Oxyuris equi, 
bots, or tapeworms, especially Anoplocephala 
perfoliata (Gasser et al., 2005; Mitrea, 2011). 
Parasite control relies, for many decades, on 
regular and frequent anthelmintic treatment. 
Subsequently, it has led to occurrence of 
anthelmintic chemoresistance currently 
affecting most species of parasitic helminths 
and virtually all market antiparasitic products 
for equines (Kaplan, 2002, 2004).  
In this regard, it is widely accepted that 
investigations on the structure of parasite fauna 
in horses in various grazing areas and different 
management practices, provide useful 
information for occurrence of different parasite 
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species and monitoring their prevalence and 
susceptibility to different class of anthelmintic 
drugs (Relf et al., 2012). 
The present study aims to characterize the 
gastro-intestinal parasite fauna in horses grazed 
in different horse establishments in Romania. 
 
MATERIALS AND METHODS 
 
An epidemiological study was undertaken in 
order to investigate the prevalence and 
abundance of parasite infections in different 
horse populations in Romania. For this, a total 
of 233 animals, comprising horses from 
collective units, such as stud farms (n=87), and 
horses from a recreational unit (n=25), and 
working horses (n=121) were included in the 
study. Horses originated from different areas of 
the country (Northeastern, Central, and 

Southeastern Romania). All horses had access 
to pasture: horses from stud farms and 
recreational units usually share the same 
pastures and grazing areas, while working 
belonged to distinct owners and are raised in 
small households. 
The animals were allocated by age, gender, and 
reproductive (for stud farms) category (details 
are shown in Tables 1 and 2). Individual fresh 
fecal samples were collected and were 
coproscopically analyzed qualitatively, for the 
presence of parasite stages (helminth eggs, 
protozoa oocysts), using a sodium chloride 
technique (Ionita and Mitrea, 2013). 
Additionally, all strongyle-positive samples 
were quantitatively analyzed, to determine the 
strongyle eggs per gram (EPG) counts, and 
subsequently to comprise the EPG profile, as 
described before (Buzatu et al., 2013). 

 
 

Table 1. Data on horses raised in stud farms (A, B) and recreational establishments (unit C),  
included in the study 

 

Stud farm 
/unit 

Animals stratified by: age, gender, reproductive category Total 
foals 

(< 1 an) 1 – 3 years 3 – 5 years Stallions Mares 
 

 male female male female 
Stud farm A 10 6 4 5 5 15 10 55 
Stud farm B 5 12 - - - 10 5 32 
Unit C - 1 1 4 3 6 10 25 

Total 15 19 5 9 8 31 25 112 
24 17 31 25 112 

 
Table 2. Data on working horses, raised in small households in different areas of Romania, included in the study 

  

Originating 
area 

Horses stratified by age and gender categories 
Total 1 – 5 years 6 – 10 years 11 – 15 years 16 – 20 years >20 years 

male female male female male female male female male female 
Northeastern 9 6 4 13 4 7 3 3 0 0 49 
Center 4 8 1 4 2 1 0 0 0 0 20 
Southeastern 1 4 13 12 2 8 2 9 0 1 52 

Total 14 18 18 29 8 16 5 12 0 1 121 32 47 24 17 1 
 
 
RESULTS AND DISCUSSIONS 
 
Copro-parasitological investigations revealed 
that 88.40% and 79.3% of the horses in stud 
farms and recreational unit, and working 
horses, respectively were positive for parasite 
infections, showing parasite stages (helminth 
eggs and / or protozoan oocysts).  
The results are presented in Tables 3 and 4. The 
most prevalent parasite species was represented 
by strongylids. Overall, 88.4% of the horses 
from stud farms and recreational unit and 
79.3% of the working horses were positive.  

Other parasite species identified were P. 
equorum (prevalences of 13.4% and 14.9%, 
respectively), E. leuckarti (12.5% and 13.5%, 
respectively); Anoplocephalid infection was 
found only in working horses (6.6%) (Figure 1).  
For all strongyle-positive horses, a quantitative 
analysis was performed in order to determine 
individual fecal strongyle EPG counts. Based 
on these results (Table 5), the analysis of 
frequency and distribution of different class of 
EPG values, such as: <250; 250-1000; 1000-
2000; >2000, was performed for strongyle 
EPG profiling and identification of high egg 
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shedders within different horse populations 
investigated. 
The quantitative examination for fecal 
strongyle egg count showed higher individual 
egg outputs and higher percentage of horses 
(54.5%) from collective units (stud farms, 
recreational unit) as intense parasite egg 
shedders (EPG>1000) comparing with working 
horses (only 32.3%). Also, a higher individual 
intensity rate for strongyle eggs was registered 
for horses from stud farms and recreational 
units (EPG counts ranging up to 5350) 
comparing with working horses (EPG up to 
3075). Overall, 80.80% and 62.5% of the 
horses in stud farms and working horses, 
respectively, exceeded the cut-off value of 250 
EPG, which is considered a threshold for a 
selective therapy program.  
The concept of selective therapy, the new 
approaches for control of equine strongyles, is 
based on egg count and is supported by various 
studies showing that populations of parasitic 
are very unevenly distributed in a herd of hosts 
(Nielsen et al., 2006).  
Within a population, about 20% of the horses 
are responsible for shedding about 80% of the 
total amount of eggs (Relf et al., 2013). There-
fore, by specifically targeting the higher shed-
ders, a satisfactory overall egg count reduction 
can be achieved (Kaplan and Nielsen, 2010). 
he results of this study showed that strongyles 
infections are widespread within Romanian 
horse populations, with prevalence and 
intensity values influenced by age of the 
animals and the contamination of pastures.  
Thus, in horses from herds or recreation 
centers that regularly use the same areas for 
grazing, often regardless of the age, 
prevalence and intensity of strongyles is much 
higher (Ionita et al., 2013) comparing with 
working horses raised in small households, for 
which the parasitic infection pressure is lower.  
Similar high strongyle infection rates, varying 
from 80% to 100%, have been reported in 
Romanian horses in other geographical areas, 
such as Transilvania or Moldavia regions 
(Cernea et al., 2003; Covasa and Miron, 2011; 
Covasa, 2014). 
Moreover, the results confirm the value of 
strongyle EPG profiling to identify the higher 

eggs shedding horses, particularly for 
applying a selective therapy based control 
program (Nielsen, 2012).  
It is known that the basic concept of applying 
a selective targeted treatment for control of 
equine strongyles is to identify the high egg 
shedders within a given herd (Gomez and 
Georgi, 1991; Nielsen et al., 2006).  
This is also supported by studies showing 
consistency of strongyle egg shedding level in 
individual horses, over the time (Becher et al., 
2010; Wood et al., 2013). 
In this respect, there are studies (Osterman 
Lind et al., 1999 Dopfer et al., 2004; Çirak et 
al., 2005; Lyons et al., 2012) showing that 
strongyle EPG profile is a proved selection 
tool of horses for the selective therapy 
program. However, more field studies are 
necessary in order to provide new data on the 
benefits of this control strategy.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Comparative prevalence of parasite infections 
in different horse populations, Romania 

 
CONCLUSIONS  
 
The present study emphasized that strongyle 
infections are widespread in Romanian horse 
populations, with prevalence influenced by 
the age of animals and the management 
grazing practices.  
Higher parasite contamination pressure was 
registered for horses sharing pastures and 
grazing areas, such as horses from stud farms 
and recreational unit. These results will help to 
develop sustainable parasite control programs 
in Romanian horses.  
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Table 3. Prevalence of gastrointestinal parasites (number positive/number tested; %) in horses raised in  
stud farms (A, B) and recreational unit (C), in Romania  

 

Parasite species /Stud 
farm /unit 

Positive horses, stratified by age, gender, and reproductive category  

foals 1 – 3 years 3 – 5 years stallions mares Total (%) 
male female male female n % 

Strongyles          
Stud farm A 10/10 6/6 4/4 5/5 5/5 10/15 10/10 50/55 90.90 
Stud farm B 5/5 9/12 - - - 8/10 5/5 27/32 84.40 

 15/15 15/18 4/4 5/5 5/5 18/25 15/15 77/87 88.5 
Unit C - 1 / 1 1 / 1 2 / 4 3 / 3 5 / 6 10 / 10 22/25 88.00 

Total 15/15 16/19 5/5 7/9 8/8 23/31 25/25 99/112 88.40 
Parascaris equorum          

Stud farm A 6/10 0/6 1/4 0/5 0/5 1/15 0/10 8/55 14.50 
Stud farm B 3/5 2/12 - - - 0/10 0/5 5/32 15.60 

 9/15 2/18 1/4 0/5 0/5 1/25 0/15 13/87 14.94 
Unit C - 1 / 1 1 / 1 0 / 4 0 / 3 0 / 6 0 / 10 2/25 8.00 

Total 9/15 3/19 2/5 0/9 0/8 1/31 0/25 15/112 13.40 
Eimeria leuckarti          

Stud farm A 2/10 2/6 0/4 0/5 0/5 0/15 0/10 4/55 7.30 
Stud farm B 0/5 0/12 - - - 0/10 0/5 0/32 0 

 2/10 2/18 0/4 0/5 0/5 0/25 0/15 4/87 4.6 
Unit C - 1 / 1 1 / 1 2 / 4 0 / 3 1 / 6 5 / 10 10/25 44.00 

Total 2/15 3/19 1/5 2/9 0/8 1/31 5/25 14/112 12.50 
 

Tabel 4. Prevalence of gastrointestinal parasites (number positive/number tested; %) in working horses,  
from different areas of Romania 

 

 
Tabel 5. Proportion of strongyle EPG-positive animals stratified by classes of intensity,  

for horses residing in collective units and working horses, in different regions of Romania 

Type of horse establishment   
Total samples (n) 

Horses (%) with positive EPG counts,  
stratified by different classes of intensity  

collected positive < 250 250-1000 1000 - 2000 > 2000 
Stud farm / recreational unit       

Stud farm A 55 50 10 13 19 8 

Stud farm B 32 27 6 4 16 1 

Unit C 25 22  3 9 8 2 

Total (n/ %) 112 99 19 (19.20%) 26 (26.30%) 43 (43.40%) 11 (11.10%) 

Working horses       

North-eastern 49 37 16  9  9  3  

Central 20 20 6 8 4  2  

South-eastern 52 39 14 12 11  2 

Total (n/ %) 121 96 36 (37.50%) 29 (30.20%) 24 (25.0%) 7 (7.30%) 

 

Parasite species / 
area 

Positive horses, stratified by age (years) and gender category 
Total 

1 – 5 6 –-10 11-15 16-20 >20 
male female male female male female male female male female n % 

Strongyles  
North-Eastern 8/9 6/6 0/4 11/13 2/4 6/7 3/3 1/3 0 0 37/49 75.50 

Center 4/4 8/8 1/1 4/4 2/2 1/1 0 0 0 0 20/20 100 
South-Eastern 1/1 4/4 12/13 7/12 2/2 6/8 1/2 6/9 0 0/1 39/52 75.0 

Total 13/14 18/18 13/18 22/29 4/8 13/16 4/5 7/12 0 0/1 96/121 79.30 
Parascaris equorum 

North-Eastern 3/9 4/6 0/4 1/13 0/4 0/7 0/3 0/3 0 0 8/49 16.30 
Center 1/4 2/8 0/1 1/4 0/2 0/1 0 0 0 0 4/20 20.0 

 Sud-Est 0/1 1/4 2/13 2/12 1/2 1/8 0/2 0/9 0 0/1 7/52 13.5 
Total  4/14 6/18 2/18 4/29 1/8 1/16 0/5 0/12 0 0/1 18/121 14.9 

Anoplocephalids  
North-Eastern 0/9 0/6 0/4 0/13 0/4 0/7 0/3 0/3 0 0 0/49 0 

Center 0/4 2/8 1/1 1/4 0/2 0/1 0 0 0 0 4/20 20.0 
SouthEastern 0/1 0/4 0/13 1/12 1/2 1/8 0/2 1/9 0 0/1 4/52 7.7 

Total 0/14 2/18 1/18 2/29 1/8 1/16 0/5 1/12 0 0/1 8/121 6.6 
Eimeria leuckarti 

North-Eastern 3/9 4/6 0/4 1/13 0/4 0/7 0/3 0/3 0 0 8/49 16.30 
Center 1/4 2/8 0/1 1/4 0/2 0/1 0 0 0 0 4/20 20.0 

South-Eastern 0/1 1/4 2/13 2/12 1/2 1/8 0/2 0/9 0 0/1 7/52 13.50 
Total 4/14 7/18 2/18 4/29 1/8 1/16 0/5 0/12 0 0/1 18/121 15.70 
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Abstract 
 
The research of some alternative variants to conventional soil tillage (characterized by furrow ploughing) targeted the 
setup and promotion of some technologies adapted to concrete conditions from different agricultural areas, regarding 
especially the type of soil, the climate conditions, the land orography and the technical equipment available. The 
objectives were surveyed from an agronomical, ecological and economical point of view. The failure in putting into 
practice many of the alternative variants of soil tillage were related to crop weeds, cultural defects and lower 
productions. The paper presents the results of the research made under the conditions of a Phaeozem situated in the 
Transylvanian Plain, regarding the influence of soil tillage system conventional system and minimum tillage - with 
chisel) and the fertilization & herbicide system upon the degree of weeds, production and economical of corn crop, 
during 2011-2014. The soil tillage system and climate conditions of the agricultural year influenced the weeds in the 
corn crop. In the case of minimum tillage bigger weeds have been registered, of 33.67 weeds/m2 compared to the 
conventional tillage, with 29.17 weeds/m2. In a drought year, respectively 2012, weeds grew the most (35.50 weeds/m2), 
they reduce during a normal climate year 2013, to 27.50 weeds/m2, and in 2014 which was considered a rainy year, 
favorable to corn crop, weeds were 31.25 weeds/m2. The soil tillage system hasn’t influenced significantly corn 
productions, they were almost equal in the two systems. Corn production is influenced significantly by the climate 
conditions of the agricultural year, ranging between 5392-6102 kg/ha. The economic efficiency of the minimum tillage 
system is higher and it results from the reduction of fuel consumption to 84.4 l/ha compared to conventional system, 
which needs 101.5 liters/ha for all the soil tillage. Subtracting total expenses (material and fuel) from the value of the 
production made within each technological system it results a profit of 112.9 lei/ha, which overall minimum tillage 
technology means a reduction by 6.6%. 
 
Key words: conventional tillage, minimum tillage, weeds, corn, yields, climate conditions. 
 
INTRODUCTION 
 
Conventional soil tillage, the main 
characteristic of which is ploughing with 
mouldboard plough (for furrow), is applied 
worldwide, on almost 55% from the arable 
surface (Chetan et al., 2014). For the following 
10-15 years, it is estimated to reduce the weight 
of this system under 40%, motivated mainly by 
ecological objectives, by the reduction of fuel 
consumption and by the growth of economical 
efficiency (Gus et al., 2003; Rusu, 2005; 
Domuta, 2008). The energophage technologies, 
with tough action on the soil are an initial 
factor for soil degradation, 35% of the damaged 
surface is due to human activity worldwide, 

and 28% to other forms of improper land 
administration. 
The agricultural research and practice have 
promoted several alternative variants to the 
conventional soil tillage, variants adapted to the 
concrete conditions regarding especially the 
type of soil, the climate conditions, land 
orography and the technical equipment 
available (Hulpoi, 1970; Săndoiu, 1999; Gus et 
al., 2003; Fabrizzi et al., 2005). Expert 
literature quotes as alternative variants of soil 
tillage from sowing directly into raw soil to 
deep loosening without furrow. Between these 
extremes there are variants like (Rusu, 2001): 
reduced tillage (conventionally rationalized), 
minimum tillage (with coverage under 30%), 
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mulch tillage (with coverage over 30%), ridge 
tillage, strip till, zone till, no-tillage (direct 
drill). „Grouping the tillage to the maximum in 
order to save energy, work and people” is the 
definition given to the minimum tillage system 
by Săndoiu (1999).  
The evolution of research in the field of soil 
tillage alternatives and the results gained are 
influenced by the variant chosen and the 
technology applied, both in terms of 
performance of the agricultural equipment and 
modelling new technologies. 
The first experiences with minimum tillage 
system were made in Romania for corn crop, in 
1962 at Fundulea and then in other research 
stations like: Lovrin, Oradea etc., and the first 
results are published in 1966 (Gus et al., 2003). 
The results obtained by Pintilie (1979) on the 
levigated chernozem from Fundulea and on the 
brown-red soil from Simnic-Dolj show that on 
the lands on which the ploughing hasn’t been 
made, even if herbicides were applied, the 
weed number has grown and corn production 
dropped to a quarter (840 kg/ha). Bachthaller 
(1968) who experienced this method in 
Germany didn’t obtain satisfactory results. The 
optimal climate conditions, especially 
humidity, contribute to the success of corn crop 
cultivated in minimum tillage (Hulpoi, 1970). 
Following the research made in corn crop 
under irrigation conditions (1967-1969), having 
as precursory plant lucerne, the corn had 
productions ranging between 8880-9960 kg/ha. 
The soil diversity in Romania makes the 
application of minimum soil tillage be 
practiced on 42% from the arable surface (15% 
under favourable conditions and 27% under 
moderate favourable conditions (Canarache, 
1990). 
Griffith et al., 1982, observes that the classical 
soil tillage system determines a profit 10% 
times higher than the minimum system on a 
poorly drained soil, on the other hand the profit 
is 8% higher in minimum soil tillage on a well-
drained soil. Cardina et al., 1991, Feldman et 
al., 1997, show that the density and contents of 
the weed seed reserve in the soil varies 
according to the soil tillage system. The 
diversity of the seed reserve grows from the 
mouldboard plough, to disk, chisel and no-
tillage, which had the biggest seed reserve 
(Rusu et al., 2013). In order to fight weeds one 

must state the importance of meeting the 
methods and agrotechnical measures which 
accompany the technology of cultivating an 
agricultural crop, which act upon weeds 
restrictively indirectly, reducing the risk of 
infestation with species existing in the 
respective land (Berca, 2011; Rusu et al., 2014) 
and in certain cases, decreasing the risk of 
infestation with certain weed species (crop 
rotation, the use of fertilizers and amendments, 
rational sowing, adequate phytosanitary 
methods). 
Crop rotation and soil tillage system continue 
to remain one of the measures with high 
efficiency in fighting weeds (Cociu, 2011; 
Rusu et al., 2013). By specific agrotechnical 
measures applied to each plant from the crop 
rotation (for example: soy-wheat-corn) the 
growth and breeding of certain weed species is 
diminished. Thus, cane - Sorghum halepense 
(L.) Pers. - grows very well in weeding 
machine crops and creates difficulties in 
fighting it while it doesn’t develop at all in the 
wheat crop, and thistles - Cirsium arvense (L.) 
Scop. - which damages the wheat crop is 
fought easily if weeding machines enter the 
rotation.  
During the last years there are increasing 
problems with drought, that is why we must 
preserve soil water, and choosing the range of 
machine and technology is the most important 
issue (Rusu et al., 2009; Moraru et al., 2010; 
Chetan et al., 2014). Limiting the drought 
effects can be also made by agrophyto-
technical measures to accumulate, preserve and 
value efficiently rain water. By protecting the 
soil with vegetable scraps (mulch), we avoid 
losing water by evaporation but also 
suffocating weeds emerged or under emerging 
(Rusu, 2005; Chetan et al., 2015). 
Corn is very much studied due to crop 
requirements in minimum soil tillage and 
choosing the type of hybrid for this system has 
been a constant preoccupation of breeders 
(Lazureanu et al., 1997). For the corn hybrids 
destined to the crop in minimum soil system or 
no-tillage system, the following features are 
taken into account even more: the capacity to 
germinate at low temperatures, early vigor and 
vegetation period more reduced than the 
hybrids traditionally cultivated in the area, 
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resistance to disease and pests specific to the 
mulch system. 
The paper presents the results of the research 
made at Agricultural Research Development 
Station Turda (ARDS Turda), situated in the 
Transylvanian Plain, the influence of the soil 
tillage system and the fertilization & herbicide 
system upon the degree of weeds, the 
production and economic efficiency in corn 
crop. 

  
MATERIALS AND METHODS 
 
Research of the influence of the soil tillage 
system and the fertilization system in corn crop 
was made within a tri-factor experience during 
2011-2014, in a 3 year rotation: soybean - 
wheat - corn.  
The experimental factors were:  
A - Soil tillage system: a1 - Conventional 
System (CS); a2 - Minimum Tillage (MT) 
System (with chisel). 
B - Fertilization system: b1 - N40P40 kg/ha in 
sowing; b2 - N40P40 kg/ha in sowing + N40 
kg/ha on vegetation in corn phenophase 4-6 
leaves. 
C - Combined treatments: c1, c2 (Table 1) 
which comprise combinations of treatments 
with foliar fertilizers, fungicides and 
insecticides applied in 2 important 
phenological moments of corn: (i) phenophase 
3-5 leaves with foliar fertilizers, insecticides, 
herbicides; (ii) phenophase 7-8 leaves with 
foliar fertilizers, insecticides and fungicides. 
The biological material used was the corn 
hybrid Turda Star.  
The degree of weeds of the crop and the weed 
spectrum present were determined: visually, by 

numbers with the help of a metric frame, 
gravimetrically by extracting weeds, separation 
by species, weighting and drying in the oven.  
The production of corn crop was determined by 
weighting on the experimental parceling, after 
having eliminated the margins and transformed 
the production according to STAS humidity 
(14%).  
The experimental data were processed by 
analyzing the variant and setting up the Least 
Significant Difference - LSD (5%, 1%, and 
0.1%) (ANOVA, 2015). 
The economic efficiency of the systems was 
determined according to the number of 
technological works applied, the fuel 
consumption (based on the features of the 
agricultural equipment and the machines used) 
and the materials used, reported on ha.  
The experiment was placed on a Phaeozem soil 
with the following characteristics: pH 7.00; 
humus 3.40%; total nitrogen 0.226%; 
phosphorus 73 ppm; potassium 295 ppm, 
determined on the depth 0-30 cm. 
The climate conditions from the experimental 
years are presented in Table 2 (thermal regime) 
and Table 3 (rainfall regime) (according to the 
Weather Station ARDS Turda). 

 
RESULTS AND DISCUSSIONS 
 
In minimum tillage processing the land is made 
from autumn with chisel, and in spring before 
sowing a germinating bed was prepared by a 
milling. Destroying the weeds emerged earlier 
depends on the quality of this tillage which is 
not made when the soil is too humid (Cirsium, 
Sonchus, Rubus etc.).  

 
Table 1. Treatments applied at corn, 2012-2014 

Variant 
 

Application moment 
Sprayers preemergent 3-5 leaves phenophase 7-8 leaves phenophase 

Used  
product 

Dose 
 (l; kg/ha) 

Used  
product 

Dose  
(l; kg/ha) 

Used 
product 

Dose 
 (l; kg/ha) 

c1 Merlin Flex+Tender 0.4 l/ha +1.5 l/ha Cerlit + Astral 1l/ha + 1.5 l/ha - - 
- - Agrofeed 2.5 kg/ha - - 
- - Calypso 0.1 l/ha - - 

c2 Merlin Flex+Tender 0.4 l/ha +1.5 l/ha Cerlit + Astral 1l/ha + 1.5 l/ha - - 
- - Agrofeed 2.5 kg/ha Agrofeed 2.5 kg/ha 
- - Calypso 0.1 l/ha Fastac 0.1 l/ha 
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Table 2. The thermal regime ARDS Turda, 2012-2014 

Year/ 
month 

Temperature – month average  (oC) Average 
annual I II III IV V VI VII VIII IX X XI XII 

2012 -2.3 -6.1 4.7 11.8 16.2 21.0 24.0 22.3 19.1 11.4 5.2 -2.6 10.4 
2013 -2.4 2.0 3.5 12.3 16.8 19.4 20.9 22.1 13.8 11.2 7.1 -1.7 10.4 
2014 0.5 3.8 8.8 11.4 15.1 18.5 20.4 19.9 16.6 10.8 5.7 1.3 11.1 

Average 10 years -2.1 -0.4 5.2 12.2 17.3 20.8 23.0 22.5 17.4 11.0 4.8 -0.8 9.8 
Average 57 years -3.5 -0.9 4.1 9.9 14.8 17.8 19.7 19.3 15.0 9.6 3.8 -1.5 9.0 

 
Table 3. The rainfall regime ARDS Turda, 2012-2014 

Year/ 
month 

Rainfall – monthly amount (mm) Suma 
anuala I II III IV V VI VII VIII IX X XI XII 

2012 26.2 30.7 5.3 78.4 89.2 67.4 52.4 28.0 30.2 42.0 9.6 45.0 504.4 
2013 19.8 10.3 57.9 53.3 79.3 86.2 37.6 44.0 57.8 67.8 5.9 3.3 523.2 
2014 51.6 15.5 23.1 72.0 66.2 48.4 144.

4 
83.8 48.4 67.4 34.2 86.6 741.5 

Average 10 years 26.0 21.3 30.6 55.3 78.9 111.7 94.2 76.8 49.1 49.1 21.6 29.0 598.2 
.Average 57 years 21.4 18.8 23.4 45.4 68.3 84.2 75.6 55.2 40.4 32.8 28.0 26.8 520.4 

 
In the conventional system the autumn 
ploughing was made followed by preparing the 
germinating bed in spring. Crop weeds arise 
even from the beginning of the vegetation 
period, annual and perennial dicotyledonous 
species infest early the land and the annual and 
perennial monocotyledonous species appear 
later in the field. 
Before sowing corn, in order to fight weeds 
emerged or under emerging, herbicide on the 
soil was applied pre-emerging, by using the 
products: Merlin Flex 0.4 l/ha + Tender 1.5 l/ha 
in a volume of 250 l water/ha. This herbicides 
was made in both soil tillage systems: 
conventional and minimum tillage.  
The post emerging fight against weeds from the 
corn crop was made in the 3-5 leave phase with 
the herbicides: Cerlit 1l/ha to fight 
dicotyledonous weeds (especially Rubus) + 
Astral 1.5 l/ha to fight monocotyledonous 
weeds.  
Before post-emerging herbicides the spectrum 
of present weeds was determined. 20 weed 
species have been identified, of which: 17 
species are annual (DA) and perennial 
dicotyledonous (DP), respectively 3 species 
annual (MA) and perennial monocotyledonous 
(MP) (Figure 1). 
In minimum tillage system, starting with 2013, 
two weed perennial dicotyledonous species 
appeared, that is: Lepidium draba L. and 
Rorippa austriaca (Crantz) Besser, and in 2014 
the species Matricaria inodora L., Polygonum 
aviculare L. Specific for 2014 is the presence 

in the corn crops and soy of the annual species 
Capsella bursa pastoris (L.) Medik. which has 
a predominant emerging in the autumn and ripe 
in early spring or the beginning of the summer.  
The participation of weed species to the degree 
of weeds in the corn crop is presented in  
Figure 2, from which it results that the highest 
percentage was held by the DA weeds, 51% of 
the total of 29.51 t/ha, in CS and 48% of the 
total of 29.8 t/ha in MT. The DP weeds were 
mostly present in MT (20%) compared to CS 
(18%). The MT system determined an MA 
weed percentage of 31% compared to CS 
where weeds were 30%. The MP weeds 
(Elymus repens L. Goud) recorded a lower 
value in participation, of 1%, in both soil tillage 
systems. 
The number and mass of weeds presented in 
corn crop is bigger in MT during the first 
experimental years 2012, 2013, but in 2014 the 
weed number decreased (30 weeds/m2) 
compared to CS where the weeds present were 
33/m2 (Table 4). The weed species present MT, 
in 2012, were 45 weeds/m2 with a height of 
1212.5 g/m2 and 12.1 t/ha. By ploughing with 
the mouldboard and furrow, the number of 
weeds determined in CS was influenced, in 
2012, being 27 weeds/m2, with a mass of 956.5 
g/m2 and 9.6 t/ha. 
The year influences significantly the weed 
degree of the corn crop (Table 5). Thus, in 
2012 (drought) it has determined a number of 
35.50 weeds/m2, the year 2013 recorded a 
value of 27.50 weeds/m2, and the year 2014, 
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considered a year favorable to corn crop, 
distinct significant negative influence, the weed 
number present was 31.25 weeds/m2. The 
favorability of this year for the corn crop also 
influences the development of weeds. 

The soil tillage system influences the weed 
degree of corn crop (Table 6). The MT system 
recorded a growth of the weed degree, 
respectively 33.67 weeds/m2, compared to the 
number of weeds present in CS, where 29.17 
weeds/m2 were determined. 

 

 
Figure 1. Weeds species presented in the corn culture during, 2012-2014 

 

 
Figure 2. Participation of weed species in the crop weeds degree according to the soil tillage, 

 2012-2014 
 

Table 4. Gravimetric determination of existing weeds in corn culture, 2012-2014 
 

System / 
Year 

DA DP MA MP 
No/m2 g/m2 t/ha No/m2 g/m2 t/ha No/m2 g/m2 t/ha No/m2 g/m2 t/ha 

a1 2012 13 441.7 4.4 5 143.4 1.4 6 363.7 3.6 3 7.7 0.07 
2013 18 518.3 5.2 5 131.2 1.3 4 298.5 3.0 2 6.8 0.07 
2014 21 556.9 5.6 6 259.9 2.6 4 221.2 2.2 2 7.5 0.08 

Total a1 52 1517 15.2 16 534.5 5.3 16 883.4 8.8 7 22 0.22 
a2 2012 25 631.5 6.3 7 185.2 1.9 8 384.6 3.8 5 11.2 0.1 

2013 13 398.6 4.0 7 176.5 1.8 4 311.1 3.1 3 6.8 0.07 
2014 16 411.3 4.1 8 238.7 2.4 3 215.4 2.2 3 7.9 0.08 

Total a2 54 1441.4 14.4 22 600.4 6.0 15 911.1 9.1 11 25.9 0.26 
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Table 5. The influence of the year upon the weed degree in corn, 2012-2014 

Year No. weeds/m2 % Differences Significance 
2012 35.50 100.00 0.00 Mt. 
2013 27.50 77.50 -8.00 000 
2014 31.25 88.00 -4.25 00 
LSD (p 5%) = 1.50; LSD (p 1%) = 2.48; LSD (p 0.1%) = 4.65                             

 
Table 6. The influence of soil tillage upon the weed degree in corn, 2012-2014 

Tillage system No.weeds/m2 % Differences Significance 
a1- Conventional System (CS) 29.17 100.0 0.00 Mt. 
a2- Minimum Tillage (MT) 33.67 115.4 4.50 * 
LSD (p 5%) = 2.12; LSD (p 1%) = 10.61; LSD (p 0.1%) = 106.10 

 
The soil tillage system hasn’t significantly 
influenced the productive potential of Turda 
Star hybrid, the average productions registered 
don’t present statistically ensured differences, 
that is 5693 kg/ha in MT and 5671 kg/ha in CS 
(Figure 3). The corn crop is influenced by the 
climate conditions of the production year 
(Figure 4), therefore, compared to 2012 (a 
drought year, 5392 kg/ha), in 2013 the 
production is significantly positive (5552 
kg/ha), and in 2014 the production is extremely 
significantly positive (6102 kg/ha).  
A great contribution to the success of corn crop 
is the more abundent rain during winter 
accumulated in the soil, putting thus the water 
reserve in spring to the disposal of plants in the 
first phases of vegetation. The rain from the 
spring of 2012 (78.4 mm in April, 89.2 in May) 
and in 2013 (57.9 mm in March, 53.3 mm in 
April, 79.3 mm in May) managed to ensure 
corn a sufficient humidity during the sowing 
period and up to July. After this period the 

pedological drought came (52.4 mm in July and 
28.0 mm in August in 2012, respectively 37.6 
mm in July and 44.0 mm in August in 2013), 
this reflecting then in the productions made. 
The year 2014 characterized as a rainy year, the 
drought came in June (the monthly amount of 
rain was 48.4 mm) after which consistent rain 
followed, 144.4 mm in July and 83.8 mm in 
August, a climate situation which hasn’t 
influenced the reduction of the production. 
Fertilization system have a very significant 
positive influence on the yield difference 
between the two variants, a basic fertilizer 
(N40P40) and two fertilization (N40P40 + N40) 
being 876 kg/ha (Table 7). 
From the analysis of the economic efficiency of 
soil tillage system it results a reduction of the 
fuel consumption in the case of MT but this 
difference, in the end, mitigates by the high 
price of the agricultural inputs (1682.93 lei/ha), 
resulting still a decrease of expenses by 97.47 
lei/ha (Table 8).  

 

 
Figure 3. The influence of soil tillage upon corn production, kg/ha, 2012-2014 
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Figure 4. The influence of the year upon corn production, kg/ha, 2012-2014 

Table 7. The influence of fertilization system upon corn production, kg/ha, 2012-2014 

B-fertilizing factor Yield, kg/ha % Differences Signification 
b1- N40P40 5244 100.0 0.00 Mt. 
b2- N40P40 + N40 6120 117 876 *** 
LSD (p 5%) = 157; LSD (p 1%) = 258; LSD (p 0.1%) = 484                                                                                           

 
Table 8. The economic efficiency of soil tillage in the 

corn crop 

Technological expenses CS MT 
Consumption diesel fuel, l/ha 101.5 84.4 
Lei/ha 578.55 481.08 
Expenditure with materials, lei/ha 1682.93 1682.93
Total, lei/ha 2261.48 2164.01
 

CONCLUSIONS 
 
The soil tillage system and the climate 
conditions influenced the weed degree of corn 
crop. The MT system recorded a growth of the 
weed degree to 33.67 weeds/m2 compared to 
the number of weeds present in CS soil tillage 
which had 29.17 weeds/m2. In a drought year, 
respectively 2012, the weed degree was the 
highest (35.50 weeds/m2), it reduces in a 
normal climate year, 2013, to 27.50 weeds/m2, 
and in 2014 considered a rainy year, favorable 
to corn crop, the weed degree is 31.25 
weeds/m2. 
The soil tillage system hasn’t significantly 
influenced the corn productions, they were 
almost equal in the two systems, but still with 
an increase of 0.4% in MT. The corn crop is 
influenced by the climate conditions of the 
agricultural year, thus compared to 2012, a 
drought year with a production of 5392 kg/ha, 
in 2013 the production is significantly positive 
with 5552 kg/ha, and in 2014 the production is 

extremely significantly positive, being 6102 
kg/ha.  
The economic efficiency of the MT system is 
higher and it results from the fuel consumption 
84.4 l/ha at a price of 481.08 lei/ha compared 
to CS which needs 101.5 liters/ha at a price of 
578.55 lei/ha. The economic efficiency of the 
MT system also results from the higher 
production obtained. Subtracting from the 
value of the production made in each 
technological system the total expenses 
(materials and fuel) it results a profit of 112.9 
lei/ha, which overall MT technology means 
6.6%. 
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Abstract 
 
Understanding of antioxidants role in the wine matrix is an important aspect when it comes to sensory quality and 
conformity of the product. This study aims to compare the effects of sulphur dioxide (SO2) as a conventional 
antioxidant, alone or in combination with ascorbic acid (AA), in the presence or not of reduced glutathione (GSH) in 
white wines from Sauvignon blanc and Muscat Ottonel grape varieties. The results demonstrate that consumption of 
oxygen occurs differently, mostly according to the phenolic composition of the variety rather than the antioxidants 
added fortheir protection. Sauvignon blanc wines are believed, and our results proved it, to be more sensitive to 
chemical oxidation due to certain polyphenols that may act as a good substrate for oxidation. On the other hand, 
Muscat Ottonel wines seem to have more resistant polyphenols to oxidation, while the additional presence of higher 
concentrations of terpenes may improve this resistance due to their ability to act as antioxidant substances as well. 
Regarding color intensity values, which are desirable to be low in white wines, we observed that the smallest values 
were achieved in wine samples treated with sulphur dioxide with or without glutathione addition. Conversely, wines 
treated with ascorbic acid had the most intense color, due to the oxidation of polyphenols, irrespective of grape variety. 
The samples treated with combinations of sulphur dioxide, glutathione and ascorbic acid showed increased color 
intensity as compared to samples treated only with glutathione, but not to the same extent as in the case of samples 
treated with ascorbic acid alone. Knowing that the main tool of the winemaker for the protection of aroma compounds 
and polyphenols remains the use of antioxidant supplementation, a better choice was proven to be the addition of 
glutathione in the presence of a moderate concentration of SO2. Precautions should be taken when using ascorbic acid 
as antioxidant, because the depletion of SO2 is fast, and then ascorbic acid acts as pro-oxidant, releasing hydrogen 
peroxide. 
 
Key words: glutathione, ascorbic acid, chemical oxidation. 
 
INTRODUCTION 
 
The use of antioxidants in wine industry is 
crucial for the quality of products, especially 
when it comes to the preservation of aroma and 
colorcompounds. Many antioxidants have been 
tried, but no one yet was able to fulfill all 
functions sulphur dioxide exhibit in wine aside 
that of antioxidant, such as antiseptic, 
antioxidasic, clarifying agent, acidifying agent, 
good solvent for maceration and capacity of 
carbonyl compound binding (Waterhouse et 
Laurie, 2014; Danilewicz et al., 2008; 
Ribéreau-Gayon et al., 2000). World Health 
Organization recommendsan intake of 
maximum of 0.7 mg/kg body weight/day of 
sulphur dioxide. Due to concernsregarding its 
toxicity, the researchers are looking for 
alternative ways to preserve the aroma 

compounds andpolyphenols. An alternative is 
ascorbic acid (AA), but it was found out that in 
the absence of sulphur dioxide it actually acts 
as pro-oxidant, leading to the formation of 
hydrogen peroxide (Bradshaw et al., 2003; 
Scollary, 2002). Recently, studies shifted 
toward a new antioxidant molecule, the reduced 
glutathione (GSH), which is a powerful cellular 
antioxidant and metabolic regulator, found in 
most living organisms, including grapes 
(Cheynier et al., 1989; Badea et Antoce, 2015). 
Lately, experiments performed with both 
ascorbic acid and glutathione have revealed 
that under some circumstances they may act as 
pro-oxidants in the wine matrix, but even so 
there are some expectations regarding the usage 
of glutathione (Wegmann-Herr et al., 2015).  
As already mentioned, ascorbic acid alone is a 
powerful antioxidant, but in order to be used 
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efficiently it is important for wine to be 
protected with sufficiently high concentrations 
of sulphur dioxide, to prevent the oxidative 
damage due to the formation of degradation 
products of dehydroascorbic acid (DHA) in 
acidic mediumand  hydrogen peroxide release 
(Bradshaw et al., 2003; Scollary, 2002).When 
sufficiently high doses of sulphur dioxide are 
present, hydrogen peroxide is neutralized to 
sulphate anions, protons and water, while 
dehydroascorbic acid (DHA) binds with 
sulphur dioxide on one ketone group to form an 
adduct (Addams, 1997). Other authors noted 
too that ascorbic acid degradation products are 
weak binders of sulphur dioxide under 
winemaking conditions (Barril et al., 2012).  
In the cases of low sulphur dioxide, none of 
thesechemical mechanisms work and even if 
the hydrogen peroxide is completely 
neutralized, DHA will undergo multiple steps 
degradation to by-products that modify the 
wine color and aroma compounds. The resulted 
DHA degradation products lead to the yellow 
pigment formation (Scollary, 2002). Recent 
observations showed that wine treatment with 
ascorbic acid under oxidative conditions could 
lead to the formation of xanthylium cations, 
when flavan-3-ols are linked together through 
glyoxylic acid or by-products resulted from 
dehydroascorbic acid degradation (Wegmann-
Herr et al., 2015). Glyoxylic acid is a 
compound derived in wine from tartaric acid 
oxidation, catalyzed by transition metals, and is 
involved in flavan-3-ols condensation 
(Fulcrand et al., 1997). It was later 
demonstrated that flavan-3-ols condensation 
through carboxy-methine bridges occurs faster 
in the presence of copper (II) cations (Clark et 
al., 2003). 
However, it was revealed that glutathione could 
inhibit to some extent the condensation of 
flavan-3-ols mediated by glyoxylic acid or 
dehydroascorbic acid degradation products, 
but, in the same time, it was also found it 
increased the levels of acetaldehyde in wines 
(Wegmann-Herr et al., 2015). Acetaldehyde 
behaves similarly regarding the condensation of 
flavan-3-ol molecules, but the reaction is faster 
with glyoxylic acid than with acetaldehyde, 
while when both are present, the reaction takes 
place even faster (Drinkine et al., 2005). Thus, 
contradictory results obtained by different 

authors may be explained by the competitive 
addition of both acetaldehyde and glyoxylic 
acid molecules on C8 position to flavan-3-ol, 
the result being dependent on their ratio and 
concentration.  
The result of acetaldehyde mediated 
polymerization of flavan-3-ols is a colorless 
adduct, methyl-methine-linked-flavan-3-ols 
(Oliveira et al., 2011). Methyl-methine linkages 
are sensitive to acid-catalyzed cleavage and 
generate vinyl-flavan-3-ols (Oliveira et al., 
2011; Cruz et al., 2008; Asenstorfer et al., 
2001; Es-Safi et al., 1999), which are also 
reactive. 
In wines treated with ascorbic acid a 
dramatically increased consumption of SO2 was 
observed, accompanied by further degradation 
of dehydroascorbic acid, which led to yellow 
pigment formation, while no pigment could be 
detected in treated wines only with SO2 
(Scollary, 2002).    
Another important aspect regarding wine 
oxidation is the speed of consumption of 
dissolved oxygen in the presence of specific 
antioxidant combination. Some studies showed 
that SO2 is the most active in consumption of 
oxygen, but ascorbic acid is effective as well, 
while glutathione proved to be less effective in 
oxygen scavenging processes (Comuzzo et al., 
2015). However, the reaction of molecular 
oxygen with antioxidants and organic 
molecules is ‘spin forbidden’ due to the 
arrangement of electrons in molecule and 
before any reaction occurs, a conversion from 
the lowest energy oxygen (ground state) to a 
higher energy (excited state) is absolutely 
necessary (Scollary, 2002). In chemical 
oxidation of wine, activation of molecular 
oxygen is done by transition metals even if 
their concentration is in trace amounts 
(Scollary, 2002). 
 
MATERIALS AND METHODS 
 
Sauvignon blanc and Muscat Ottonel wines 
were produced in 2014 harvest from Dealu 
Mare region of Romania. Both wines were 
produced with a short maceration on skins of 
about twelve hours at 14°C and the resulted 
musts were decanted at 10°C using 4 g/hl 
pectolytic enzymes. Acidity of both musts was 
corrected with 2 g/l tartaric acid. Alcoholic 
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fermentation was carried out at controlled 
temperature of 12-14°C. Protein stability was 
acquired through fining with 100 g/hl Na-
bentonite. Potassium hydrogen tartrate 
stabilization was carried out through cold and 
static contact with seedling crystals at -4°C two 
weeks with daily agitation.  
Bottling process of experimental samples was 
carried out under oxidative conditions with a 
small gravitational filler. Temperature of wines 
during filling was about 4˚C to enhance the 
absorption of oxygen to saturation. Both wines 
were oxygen saturated to ~8.5 mg/l O2 during 
filling and due to the bottle headspace. Control 
samples were made by simply filling 0.75 liters 
bottles with wines described above, while the 
other samples were prepared after filling, by 
adding various doses of GSH and AA using 
freshly prepared solutions applied with 
micropipettes.  
Prepared experimental samples description and 
codification are summarized in Table 1.  

 
Table 1. Description and codification of experimental 

samples 
*Groups Experimental 

samples 
Treatments 

Glutathione 
(GSH), mg/l 

Ascorbic acid 
(AA), mg/l 

CT CT 0 0 
GSH GSH10 10 0 

GSH20 20 0 
GSH30 30 0 
GSH50 50 0 
GSH100 100 0 

GSH: 
AA 

AA30GSH10 10 30 
AA30GSH20 20 30 
AA30GSH30 30 30 
AA30GSH50 50 30 
AA30GSH100 100 30 

AA AA30 0 30 
 AA40 0 40 
 AA50 0 50 
 AA60 0 60 
 AA70 0 70 

*CT - control samples; GSH - glutathione treated samples; AA - 
ascorbic acid treated wines; GSH: AA - glutathione and ascorbic acid 
treated wines. 
 
After a period of storage of 4 months, samples 
were analyzed by measuring color intensity and 
residual dissolved oxygen to better understand 
the oxidation mechanisms and assess the 
chemical behavior of GSH and AA in wines 
treated with moderate SO2 under oxidative 
filling conditions. 
Spectrophotometric measurements were 
performed in 10 mm optical path quartz 
cuvettes with a UV–VIS double beam 
spectrophotometer Specord 250 from Analytik 
Jena running WinAspect software, version 

2.2.7. Data analysis wasperformed using 
ANOVA functions in Origin 10.0 software. 
Dissolved oxygen was measured with a 
NOMASenseO2 Prime analyzer based on the 
principle of luminescence technology, using an 
invasive PreSens oxygen dipping probe.  
Control wine physico-chemical analyses before 
filling are included in Table 2.  
 

Table 2. Physico-chemical analyses of control wines 
Physico-chemical 
analyses 

*Variety Method SB MO 
Free SO2, ppm 35 42 OIV-MA-AS323-04A 
Total SO2, ppm 86 80 OIV-MA-AS323-04A 
Total acidity, meq/l 80.0 80.0 OIV-MA-AS313-01 
Volatile acidity, meq/l 4,80 4.40 OIV-MA-AS313-02 
% vol. alc. 14.5 13.1 OIV-MA-AS312-01A 
Reducing sugars, g/l 1.20 1.23 OIV-MA-AS311-01A 
Specific gravity 20°C 0.9912 0.9902 OIV-MA-AS2-01A 
Non-reducing extract, g/l 19.80 20.20 OIV-MA-AS2-03B 
Total dry extract, g/l 21.20 21.43 OIV-MA-AS2-03B 
ITP, AU (10 mm) 2.1555 2.0920 ITP = D280 
Dissolved O2, ppm 8.13 8.75 NomaSense - App. note 
*SB - Sauvignon blanc; MO – Muscat Ottonel. 
 
RESULTS AND DISCUSSIONS 
 
After 4 months from bottling samples were 
opened and the remaining dissolved oxygen 
determined.  
The means of oxygen determinations for 
groups of samples treated with AA, with GSH 
and with a combination of AA and GSH show 
significant statistical differences in the case of 
Sauvignon blanc wines (Figure 1), but 
insignificant statistical differences for Muscat 
Ottonel wines (Figure 2).  
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Figure 1. Average residual dissolved oxygen in 
Sauvignon blanc wines treated with various doses of 
reduced glutathione (GSH), ascorbic acid (AA) and 

mixtures of GSH and AA 
 

This situation can be explained by the 
differences in the polyphenols type of the grape 
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variety, Sauvignon blancbeing more sensitive 
to oxidation. Muscat Ottonel wines appear to 
be more resistant to chemical oxidation, 
probably due to a lower concentration of 
polyphenols sensitive to oxidation. This rate of 
oxygen consumption after 4 months in bottle 
correlates well with color intensity developed 
in wines (Figures 3 and 4), which show that 
Sauvignon blanc has an increased overall color 
as compared to Muscat Ottonel wines, 
irrespective of antioxidant combination used 
for treatment. 
Antioxidant molecules present modify the rate 
of oxygen consumption in Sauvignon blanc 
wines. The highest oxygen consumption was 
observed in control Sauvignon blanc wines, 
which have the smallest average value of 
dissolved oxygen left after 4 month of aging 
(Figure 1). When glutathione is used, residual 
dissolved oxygen measured is a little higher 
than in control samples of Sauvignon blanc, 
suggesting that some changes occur due to the 
presence of glutathione, and sulphited wines 
treated with GSH may be better protected than 
those treated with sulphur dioxide alone. The 
result observed sensorially also indicated a 
better protection of aroma compounds and of 
certain polyphenols susceptible to oxidation. In 
samples of sulphited Sauvignon blanc wines 
treated with ascorbic acid, the situation is 
different and the average value of residual 
dissolved oxygen is higher than in all groups of 
samples, suggesting that the rate of oxygen 
consumption was reduced, but this does not 
necessarily mean that those wineswere 
sufficiently protected from oxidation and color 
change. It can be observed from the color 
intensity determinations that Sauvignon blanc 
wines treated with sulphur dioxide and ascorbic 
acid are the most oxidized, having higher 
values for color intensity compared with 
control sample or glutathione treated samples 
and even compared with glutathione and 
ascorbic acid treated samples (Figure 3). 
It is well known that ascorbic acid (AA) when 
oxidized by dissolved oxygen forms hydrogen 
peroxide and dehydroascorbic acid (DHA). The 
presence of high enough SO2 levels can block 
all hydrogen peroxide, but the reaction reduces 
the available active sulphur dioxide. Later 
on,under low SO2 levels, DHA can  decay in 
wine conditions relatively fast and yellow 

pigments are formed via nucleophile attack and 
cyclization of L-xylosone on 8 or 6 position 
(+)-catechin (Barril, 2008). However, an even 
worse situation may occur, when SO2 level is 
not enough to react with all generated hydrogen 
peroxide and, through Fenton reaction, 
hydroxyl radical is formed. This is a powerful 
oxidant that starts a chain reaction that leads to 
tartaric acid oxidation to glyoxylic acid and 
alcohols oxidation to aldehydes. Glyoxylic acid 
isan important product derived from successive 
oxidation of tartaric acid, which will react with 
two molecules of (+)-catechin to form 
xanthylium cations (Fulcrand et al., 1997).   
Also, the degradation products of ascorbic acid 
are binders of sulphur dioxide which reduce the 
free SO2 once they are formed. 
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Figure 2. Average residual dissolved oxygen in Muscat 
Ottonel wines treated with various doses of reduced 

glutathione (GSH), ascorbic acid (AA) and mixtures of 
the GSH and AA 

 
In Muscat Ottonel wines the situation is 
different as regards the average residual oxygen 
measured in groups treated with different 
antioxidants.Due to the better resistance of this 
variety to chemical oxidation the oxygen 
consumption is not significantly different from 
one group to another (Figure 2). The 
antioxidant doses and combinations are less 
important, the polyphenol composition of 
wines leading to a similar behavior regarding 
the oxygen consumption rate. Another possible 
explanation would be the presence of much 
more terpene compounds in Muscat as 
compared to Sauvignon, which are also known 
as good antioxidants (González-Burgos et 
Gómez-Serranillos, 2012). The presence of 
terpenes may improve to some extent the 
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resistance of Muscat Ottonel wines against 
dissolved oxygen.  
When the color intensity of groups of 
Sauvignon blanc wines is compared taking into 
account the type of antioxidants added, the 
control wines and glutathione treated wines 
proved to behave similarly,displaying the 
smallest color intensity, while, when only 
ascorbic acid is introduced into wines, the color 
intensity increases dramatically. 
When glutathione and ascorbic acid are both 
present in sulphited wines, intermediary results 
regarding color intensity can be observed 
(Figure 3). However, here too, degradation of 
ascorbic acid occurred, due to a low to 
moderate concentration of SO2 present in the 
treated wines. In our experiment, the 
concentration of free SO2 proved insufficient to 
ensure protection under the oxygen saturated 
conditions present during bottling wines. 
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Figure 3. Average color intensity in Sauvignon blanc 

wine treated with various doses of reduced glutathione 
(GSH), ascorbic acid (AA) and mixtures of GSH and AA 
 
Color intensity of Muscat Ottonel wines is 
overall smaller than in Sauvignon blanc, 
irrespective of the antioxidant type of treatment 
used (Figure 4).This fact confirms the better 
resistance to oxidation of this variety, but even 
so, when observing the groups of wines treated 
with various antioxidants, a similar pattern with 
Sauvignon blanc wines is displayed (Figure 4). 
For this variety too the least oxidized samples 
were control samples and glutathione treated 
samples. When ascorbic acid is present, color 
intensity increases and this behavior is most 
likely due to the depletion of sulphur dioxide 
and degradation products of ascorbic acid. 
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Figure 4. Average color intensity in Muscat Ottonel wine 
treated with various doses of reduced glutathione (GSH), 

ascorbic acid (AA) and mixtures GSH and AA. 
 

A mechanism of oxygen consumption and 
antioxidants interaction in wine is suggested in 
Figure 5, which can explain the consumption of 
free SO2 observedin ascorbic acid treated 
wines. This mechanism suggests a molar ratio 
of O2:AA:SO2 of 1:1:(1.7 to 2),which means 
that 1 mg/l dissolved O2 will consume 5.5 mg/l 
ascorbic acid and 3.5 to 4 mg/l free SO2. A 
good protection in wines is ensured by a molar 
ratio between O2 and SO2 of 1:1.7 and hasbeen 
already suggested by Danilewicz et al. in 2008 
forred wines, while a molar ratio between SO2 
and ascorbic acid of 2:1 hasbeen suggested by 
Barril in 2011 for white wines. 
However, in our experiments the free SO2 level 
proved to be under the optimum protection 
dose: Sauvignon blanc samples had 35 mg/l 
free SO2 while, in accordance to our proposed 
calculation method, a level of 55 mg/l free SO2 
should ensure a good protection when the wine 
is also treated with AA. These calculations are 
based on a molar consumption ratio of 1:1:1.7 
for O2:AA:SO2 plus a minimum of 25 mg/l free 
SO2. Similarly, Muscat Ottonel samples had 42 
mg/l free SO2, while the concentration of free 
SO2 calculated based on the proposed 
mechanism and the amount of oxygen present 
should be above 56 mg/l in wines treated with 
AA.  
Thus, for a good prediction of the necessary 
free SO2 for bottling, the winemaker should 
take into account the oxygen and ascorbic acid 
levels in the wine. If the proposed mechanism 
of wine oxidation in the presence of AA, GSH 
and SO2 (Figure 5) holds true and the soluble 
oxygen in wine is known, then the required 
dose of sulphur dioxide can be calculated. Our 
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experimental conditions described a worst case 
scenario, with a level of around 8 mg/l oxygen 
present at bottling time, but the exposure of 

wine to oxygen can be limited to 1-2 mg/l total 
oxygen, including the one available in the 
headspace (O’Brien et al., 2009). 

 

Figure 5. Proposed mechanism of wine oxidation under specific antioxidant combination 
(SO2, AA and/or GSH) 

 
CONCLUSIONS 
 
A combination of SO2, GSH and AA added to 
wine at bottling time could improve the 
antioxidant protection as compared with the 
already classic treatments with SO2 and AA, 
but the success of this operation depends highly 
on ensuring a sufficient level of SO2to prevent 
the formation of oxidation and degradation 
products which may lead to color change.  
The consumption of oxygen during bottle aging 
is affected more by the grape varietyand 
differences in polyphenol composition of 
wines, rather than by the type of antioxidant 
used for the protection.More important 
differences on residual oxygen in samples can 
be observed in the case of the groups of 
Sauvignon blanc wines treated with various 
types of antioxidants, leading to the 
conclusionthat the polyphenols of Sauvignon 
are more sensitive to oxidation. The better 
resistance to oxidation of Muscat Ottonel wines 
is probably due to its polyphenols structure, but 
also to the presence of more terpenes, which act 
as antioxidants in wine. 
Even though treatments with GSH with or 
without AA lead in the beginning to more 
fruitier wines compared with only SO2 treated 
wines (results not shown), after a period of 
storage, a decay of product is observed, with 
the color and smell being firstly affected. These 
undesirable effects are most likely due to an 

underestimation of the SO2 concentration, 
which allowed the occurrence of a complex 
phenolic compounds oxidation mechanism, 
involving AA and/or GSH. The main reactions 
occur through the addition of glyoxylic acid or 
L-xylosone with (+)-catechin which act as 
nucleophiles. As the available SO2 is 
combined, hydrogen peroxide resulted from 
oxidation of catechols or ascorbic acid, under 
iron or copper mediated catalysis, is reduced to 
hydroxyl radical, which has a stronger 
reactivity towards organic molecules.      
When GSH or AA additions are desired, a 
comprehensive study of the polyphenol matrix 
behavior should be done and the dissolved 
oxygen uptake rate evaluated, in order to 
calculate and adjust SO2 levels in the treated 
wine. As opposed to the general belief, the SO2 
levels should be higher when the wine is also 
treated with AA than in the case SO2is used 
alone, otherwise, the AA degradation products 
formed could negatively modify the color and 
overall sensory properties of product. Likewise, 
when GSH treatment is desired, the levels of 
sulphur dioxide should be high enough to react 
with all hydrogen peroxide to prevent hydroxyl 
radical occurrence. 
Unexpected results of a relatively simple 
experiment show us that a reduction of SO2 
concentration in wines, when it is used along 
with GSH and AA, does not ensure protection 
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to dissolved oxygen consumption and color 
oxidation. 
Often, GSH with SO2 can offer good results 
regarding the preservation of aromatic 
complexity of young fruity wines, but only 
when wines are well protected from oxygen 
contact or sufficient SO2 concentration is 
present. If free SO2is quickly depleted, GSH 
and/or AA may act as a pro-oxidants and 
negatively affect the sensory characteristics of 
wine. 
Further investigations are needed to establish 
for each variety the optimum doses for GSH 
and AA combination, along with a protective 
SO2 concentration.  
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Abstract  
 
Yeast strains from Saccharomyces, Kluyveromyces and Candida genera are present in most foods representing the 
basis for various industrial and biotechnological processes. The strains CMGB79 and CMGB159 were identified using 
PCR-RFLP on the ITS1-5.8S-ITS2 region as belonging to Candida parapsilosis, respectively, to Kluyveromyces 
marxianus. The primer OPA03 yield the highest degree of intraspecific RAPD polymorphism for the strains 
Saccharomyces cerevisiae CMGB59, CMGB121and ATCC201583. Lipase production was observed in the presence of 
Tween 80 in concentration of 0.1 and 0.5%  for Candida parapsilosis CMGB79, respectively, 0.1 to 0.8% for Candida 
parapsilosis CBS604. The oleic acid represented the best substrate for lipase induction and cell growth for 
Kluyveromyces marxianus CMGB159. All the yeast strains tested positive for lipase synthesis in the presence of 
tributyrin. The antagonistic interactions between the studied strains were assessed using killer assays against Candida 
parapsilosis CMGB79 and CBS604. The killer activity was high for Kluyveromyces marxianus CMGB159 and good for 
the Saccharomyces cerevisiae strains, the toxin representing a stress factor which determined modifications in the 
sensitive cells. The results obtained during the present work showed that the characterized yeast strains present an 
important potential for applications in food industry, in obtaining probiotic compounds or as therapeutic agents of 
biomedical interest. 
 
Key words: Candida, Kluyveromyces, Saccharomyces, killer activity, lipases. 
 
INTRODUCTION  
 
The intensive development of numerous 
industry and biotechnology domains and the 
advances of knowledge on the molecular and 
metabolic characteristics of the 
microorganisms, revealed that many genera and 
species present strains with multiple and 
various abilities. The ubiquitous presence of 
yeasts in natural and industrial environments 
and their ability to assimilate a wide range of 
substrates and to produce proteins or specific 
metabolites, represent the basis for their 
important practical applications.  
The lipases are a family of enzymes involved in 
catalyzing the hydrolysis of triglycerides 
producing mono- or diglycerides, glycerol and 
fatty acids. Yeast lipases produced by Candida, 
Kluyveromyces and Saccharomyces species are 
intensively studied and used in food industry 
(for taste and flavour improvement, 
preservation of food products, hydrolysis of 
milk fat), in production of cosmetics, 
detergents, leather, pharmaceutics, in 

biomedicine and in bioremediation of polluted 
environments (Saxena et al., 1999; Vakhlu and 
Kour, 2006;  Lock et al., 2007; Karigar and 
Rao, 2011).  
Strains belonging to S. cerevisiae, K. lactis and 
K. marxianus produce extracellular killer toxins 
which induce the death of cells from the same 
species or even belonging to different genera 
and species. While the killer systems and toxins 
are well studied for S. cerevisiae (Marquina et 
al., 2002) and K. lactis (Schraffrath and 
Breunig, 2000), the knowledge concerning K. 
marxianus is still poor (Abranches et al., 1997). 
Even though the killer toxins are of main 
interest in beer, wine or bakery products, they 
gain a growing importance in obtaining 
monoclonal killer toxin-like antibodies with 
candidacidal activity (Magliani et al., 1997).  
In the present work yeast strains isolated from 
foods are identified and characterized at 
molecular level and screened for the lipolytic 
activity, with emphasis on the influence of 
carbon and nitrogen sources on lipase induction 
and cell growth. Also, the killer activity was 
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used to evaluate the antagonistic relations 
between the strains and to assess the effect of 
the killer toxin on Candida sensitive cells.  
 
MATERIALS AND METHODS  
 
1. Yeast strains 
The yeast strains CMGB79, CMGB159, 
Saccharomyces cerevisiae CMGB59 and S. 
cerevisiae CMGB121 were previously isolated 
from fermented food products (diary), food 
industry and fodder and maintained in the 
Collection of Microorganisms of the 
Department of Genetics, Faculty of Biology, 
University of Bucharest, Romania (CMGB). 
For the experiments were used fresh cultures 
grown for 20 hours on Yeast Peptone Glucose 
(YPG) medium (0.5% yeast extract, 1% 
peptone, 0.2% glucose).  
2. Analysis of the ITS1-5.8S-ITS2 amplicons  
The genomic DNA of the strains CMGB79, 
CMGB159,  S. cerevisiae CMGB59, S. 
cerevisiae CMGB121 and S. cerevisiae 
ATCC201583 was isolated (Csutak et al., 
2014) and then amplified using the PCR 
program: initial denaturation 5 min at 94oC, 40 
cycles of 1 min at 94oC, 30 sec at 55oC, 2 min 
at 72oC, and a final extension 5 min at 72oC. 
The reaction mix comprised 1 �l genomic 
DNA,  25 �l Thermo Scientific DreamTaq 
Green PCR Master Mix  (2X) and 1.2 �M ITS1 
(5’TCCGTAGGTGAACCTGCGG) and ITS4 
(5’TCCTCCGCTTATTGATATGC) primers. 
The amplicons were digested with 0.5 �l of 
each endonuclease Cfo I (5'-GCG/C-3'), Hae III 
(5'-GG/CC-3'), Hinf I (5'-G/ANTC-3') and Msp 
I (5'-C/CGG-3') (10U/�l, Promega) and 
vizualized by gel electrophoresis using 1.7% 
agarose and Tris-Borate-EDTA (TBE) 0.5X. 
The sizes of the amplicons and restriction 
fragments were  determined using the program 
Quantity One (Bio-Rad).  
3. PCR-RAPD  
The PCR-RAPD analysis of the strains S. 
cerevisiae CMGB59, S. cerevisiae CMGB121 
and S. cerevisiae ATCC201583 was performed 
in a total volume of 25 �l using GoTaq Green 
Master Mix 2X (Promega), 1 �M of OPA01  
(5’CAGGCCCTTC-3’), OPA03 (5’-
AGTCAGCCAC-3’), OPB17 (5’-
AGGGAACGAG-3’) or M13 (5’-
AGGGTGGCGGTTCT-3’) and the 

amplification program: initial denaturation 5 
min at 94oC, 45 cycles of 1 min at 94oC, 1 min 
at 36oC and 2 min at 72oC, and a final 
extension of 10 minutes at 72oC. The RAPD 
fragments were analysed in 1.5% agarose gels 
in TBE 0.5X. 
4. Screening for lipase production 
Lipase production was evaluated using two 
types of tests. In a first place, we used the 
Tween opacity test with six different media: S 
(1% BactoPeptone, 0.5% NaCl, 0.01% CaCl2, 
2% agar-agar, 0.5% Tween 80), S w/o Ca (S 
without CaCl2), S-0.4Ca (S with 0.04 % 
CaCl2), S-1T (S with 0.1% Tween 80), S-8T (S 
with 0.8% Tween 80) and S-10T (S with 1% 
Tween 80) (Slifkin, 2000). Lipase production 
resulted in a white halo of precipitate of 
calcium salts surrounding the colonies of the 
tested strains. In parallel, lipase production was 
also determined by growing the yeast strains 
for five days on YPTA medium  (0.3% yeast 
extract, 0.5% peptone, 1% tributyrin, 2% agar) 
(Shirazi et al., 1998; Darvishi, 2012). The 
qualitative evaluation of the lipolytic activity 
was based on the ratio between the measured 
diameters of the tributyrin hydrolysis halo (TH) 
and those of the cell colonies (CC). Thus, if the 
TH/CC ratio is 1, the yeast strain is not able to 
hydrolyse the tributyrin and does not produce 
lipases. On the contrary, a high TH/CC ratio 
indicates active lipase secretion.  
5. Influence of the growth media on the 
lipolytic activity 
The studied strains (2 x 107 cells/ml) were 
grown on liquid media: T20 (0.7% YNB, 2.5% 
Tween 20), T80 (0.7% YNB, 2.5% Tween 80) 
and D (1% olive oil, 0.2% yeast extract, 0.05 % 
KH2PO4, 0.05% K2HPO4, 0.05% MgSO4 x 7 
H2O, 0.01% CaCl2, 0.01% NaCl) (Tsuboi et al., 
1996; Darvishi et al., 2009). The ability of the 
yeast strains to produce lipase for hydrolyzing 
Tween 20, Tween 80 and olive oil was 
estimated by monitoring cell growth after 24, 
48 and 72 hours with  a Thoma counting 
chamber. The aspect of the cells was also 
microscopically observed.  
6. Antagonistic activity  
The antagonistic activity was assessed using 
the killer assay. Colonies from overnight YPG 
grown cultures of CMGB159, S. cerevisiae 
CMGB59, S. cerevisiae CMGB121 and K. 
lodderae CMGB64 were spotted onto Petri 
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dishes with killer medium (0.1 M phosphate 
citrate buffer pH 4.8, 2% glucose, 1% yeast 
extract, 2% agar, 0.03% methylene blue) 
inoculated with 107 cells/ml of potential 
sensitive yeast strains: CMGB79 and C. 
parapsilosis CBS604. The plates were checked 
daily during seven days of incubation at 22oC. 
A strain was considered as killer positive when 
an inhibition halo or a zone with reduced 
growth of the sensitive strain appeared 
surrounding the colonies (Vassu et al., 2001). 
The killer toxin effect was also microscopically 
analyzed (40X) by observing the modified 
sensitive yeast cells.  
 
RESULTS AND DISCUSSIONS  
 
Molecular identification  
Accurate identification of yeasts using 
molecular approaches represents the basis for 
the development of new research strategies 
aimed to improve the metabolic abilities of 
yeast strains for various practical applications 
such as food industry. Besides sequencing, the 
PCR-RFLP analysis of the ITS1-5.8S rDNA-
ITS2 region is one of the techniques 
extensively used in interspecific differentiation 

of yeast species from food industry (Clemente-
Jimenez et al., 2004; Naumova et al., 2004).  
The genomic DNA obtained from the strains 
CMGB79 and CMGB159 was amplified using 
the primers ITS1 and ITS4 and the amplicons 
were digested with four endonucleases. The 
PCR products had 540 bp for CMGB79 and 
740 bp for CMGB159 (Table1).  
The restriction profiles obtained with Cfo I and 
Hinf I for CMGB79 and CMGB159 (Table 1, 
Figure 1) were highly similar with those 
obtained for other strains from the species C. 
parapsilosis (Guillamon et al., 1998; Esteve-
Zarzoso et al., 1999; Jeyaram et al., 2008), 
respectively, K. marxianus (Bockelmann et al., 
2008; Pham et al., 2011; Verdugo Valdez et al., 
2011).  
No restriction sites were found for Msp I for 
both CMGB79 and CMGB159. Our results 
were identical with those obtained during 
previous studies for C. parapsilosis (Mirhendi 
et al., 2001; Mirhendi et al., 2006; Basilio et 
al., 2008; Ayatollahi Mousavi et al., 2012) and 
for K. marxianus for which, in present, only 
few data can be found (Pérez-Brito et al., 
2007). 
  
 

Table 1. The size of the amplicons and restriction fragments of ITS1-5.8S-ITS2 region  
for the strains CMGB79 and CMGB159 

 

Yeast strain Amplicon 
(bp) 

Fragment size (bp) 

Cfo I Hae III Hinf I Msp I 
CMGB79 540 270, 240 420, 110  260, 255  520 

CMGB159 740 300, 210, 180, 90 660, 80 285, 190, 120, 70 720 
 

 

 (a)  (b)  
 

Figure 1. The restriction profile of the 
ITS1-5.8S-ITS2 amplicon of the strain 

CMGB159 obtained with: 1 -50 bp DNA 
Step ladder  (Promega), 2- Cfo I, 3 - Hae 
III, 4 - Hinf I, 5 - Msp I, 6-Benchtop 100 

bp DNA ladder (Promega) 

 

Figure 2. The PCR-RAPD amplicons obtained for: (a) S. 
cerevisiae ATCC201583 with the primers: 1 - OPA03, 2 - 
OPB17, 3 - M13; (b) S. cerevisiae CMGB59 (2, 4, 6, 9) 

and S. cerevisiae CMGB121 (3, 5, 7, 10) with the primers: 
2, 3 - M13; 4, 5 - OPB17; 6, 7 - OPA01; 9, 10 - OPA03. 

Molecular markers used: (a) 4 and (b) 1 - Benchtop pGEM 
marker (Promega), 8 - 1 kb DNA ladder (Promega) 
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On the contrary, the variations observed in the 
restriction patterns obtained with Hae III for 
our strains compared to strains from the works 
mentioned above, are probably the result of the 
intraspecific variability related to the different 
environments from which the strains were 
isolated. The data from the analysis of the 
ITS1-5.8S rDNA-ITS2 amplicons allowed us to 
conclude that the strain CMGB79 belongs to C. 
parapsilosis and the strain CMGB159 to K. 
marxianus. 
PCR-RAPD analyses were performed in order 
to determine intraspecific polymorphisms 
within the Saccharomyces specie using four 
primers: OPA01, OPA03, OPB17 and M13. 
Only two amplified fragments were obtained in 
the case of OPA01, while OPB17 and M13 

yield the highest number of bands, followed by 
OPA03 (Figure 2b). The profiles were identical 
for S. cerevisiae CMGB59 and S. cerevisiae 
CMGB121 except when the OPA03 primer was 
used (Figure 2b). Therefore, in order to obtain a 
more accurate discriminatory characterization 
of the S. cerevisiae strains, we decided to also 
use a reference strain: S. cerevisiae 
ATCC201583. The compared analysis of the 
RAPD profiles (Figure 2a and b) showed that, 
although the OPA03 primer yield a total of 
only seven bands for all three strains, it 
provided a maximum degree of polymorphism 
- 100%  (Table 2). Our results can be correlated 
with similar studies using the primers OPA03, 
OPB17 and M13 (Gomes et al., 2003; Andrade 
et al., 2006; Zhang et al., 2015). 

 
Table 2. Polymorphic frequency of S. cerevisiae strains generated with primers M13, OPB17 and OPA03 

 

Primer Total amplified 
lanes 

Common 
lanes  

Polymorphic 
lanes 

Polymorphic 
frequency (%) 

M13 10 6 4 40 

OPB17 10 3 7 70 

OPA03 7 0 7 100 
 
Lipolytic activity 
The strains C. parapsilosis CMGB79, C. 
parapsilosis CBS604 and K. marxianus 
CMGB159 were tested for lipase production, 
since they belong to genera described as having 
lipolytic activity (Vakhlu and Kour, 2006). The 
strain C. parapsilosis CBS604 showed best 
results on S-1T medium with 0.1% Tween 80. 
Good results were also obtained for Tween 80 
at 0.5% (S and S-0.4 Ca media) and 0.8% (S-
8T  medium) (Table 3).  
 
Table 3. Lipase production on media with Tween 80 and 

CaCl2 after seven days of incubation 
 

Growth 
media 

Opacity halos (mm) 
C. parapsilosis 

CMGB79 
C. parapsilosis 

CBS604 
S 2 

- 
2 
2 
- 
- 

3 
- 
3 
5 
3 
2 

S w/o Ca 
S-0.4Ca 

S-1T 
S-8T 
S-10T 

     (-) no halo 
 
C. parapsilosis CMGB79 was able to 
hydrolyze Tween 80 when added in small 

concentrations (0.1 and 0.5%). Moreover, it 
seems that lipase production was not influenced 
by the amount of Tween 80 from the growth 
media, or the variation of the activity was 
reduced and therefore could not be detected 
using the Tween opacity test even in the 
presence of higher concentrations of CaCl2 (S-
0.4Ca medium). In contrast, no lipase synthesis 
could be observed for the strain K. marxianus 
CMGB159 under the same conditions.  
Since C. parapsilosis CBS604 showed the best 
screening results from the two Candida strains 
tested, we decided to investigate the factors that 
influence its lipolytic activity. We observed the 
ability of the yeast strain to use as sole carbon 
source for growth the oleic acid (C18) and the 
lauric acid (C12) liberated by the hydrolysis of 
Tween 80 (polyoxyethylene (20) sorbitan 
monooleate), respectively, Tween 20 
(polyoxyethylene (20) sorbitan monolaurate), 
added in various concentrations.  
In general, C. parapsilosis CBS604 preferred 
Tween 20 (E20-T20) as source for lipase 
production. The growth was reduced in the 
presence of 0.1% Tween. Best results with 
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similar curve profiles were obtained using 
2.5% Tween. The lipolytic activity was high 
within the first 24 hours, followed by a plateau 
phase at 48 hours and a slower ascending curve 
at 72 hours (Figure 3). This might indicate that, 
in the first day of incubation, only part of the 
Tween was hydrolyzed forming fatty acids. 
Once these carbon sources exhausted, the 
growth was reduced. In the next hours, a 
possible enhancement of the lipolytic activity 
could take place due to residual Tween from 
the environment. New quantities of fatty acids 
were liberated, providing thus a basis for the 
cell growth. It was reported previously that 
Tween 20 and 80 from the culture media 
activate lipase production in Candida and 
promote synthesis of multiple lipase isoforms 
(Aravidan et al., 2007). On the other hand, the 
ethylene oxide (oxyethylene) groups present in 
Tween, are successfully used in production of 
copolymers aimed to increase lipase activity 
(Park et al., 2006).   

 
 

Figure 3. Effect of carbon source on cell growth  
of  C. parapsilosis CBS604 

 
The influence of carbon and nitrogen substrates 
on lipase synthesis of the strain K. marxianus 
CMGB159 was determined by monitoring the 
cell growth in liquid media. Cell multiplication 
was fast within the first 24 hours similar to C. 
parapsilosis CBS604, then it maintained a 
constant rate or decreased rapidly in the case of 
Tween 80 (E80), respectively, Tween 20 (E20) 
(Figure 4). The lipolytic activity was enhanced 
in the presence of olive oil (medium D). The 
olive oil and the oleic acid, component of the 
olive oil and Tween 80, were determined as 
best carbon source for lipase production also 
for other K. marxianus strains (Lock et al., 
2007; Stergiou et al., 2012). 

The nitrogen source played an important role in 
the process. In D medium, the yeast extract 
provided a complex nutritional basis for the 
cell growth, comparatively to the YNB (Yeast 
Nitrogen Base) used in E20 and E80 cultures. 
This could be observed also at microscopic 
level, K. marxianus CMGB159 presenting 
numerous cells and developed pseudohyphae 
after 48 hours of incubation on D medium 
(Figure 5). 
 

 
 

Figure 4. The influence of media on the cell growth 
of  K. marxianus CMGB159 

 

 
 

Figure 5. K. marxianus CMGB159 pseudohyphae 
on D media with olive oil 

 
When tested on media with tributyrin, K. 
marxianus CMGB159 showed the highest 
lipolytic ability, followed closely by the S. 
cerevisiae strains CMGB59 and CMGB121 
and, finally, by C. parapsilosis CMGB79 
(Table 4). All three species can be found in 
fermented food, such as various dairy products, 
in which the butyric acid released by tributyrin 
hydrolysis is one of the main chemical 
compounds. Recent studies showed that the 
butyric acid inhibits the growth of potential 
pathogenic bacteria such as Helicobacter pylori 
(Yonezawa et al., 2012), has a major positive 
impact on the energy metabolism of the host 
when produced by the intestinal microbiota and 
is involved in gene regulation processes 
(Kasabuchi et al., 2015).  
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Therefore, the ability to hydrolyze trybutirin 
represents an important characteristic that 

recommend our strains for potential probiotic 
use.

  
Table 4. Tributyrin hydrolysis after seven days of incubation 

 

Yeast strains K. marxianus 
CMGB159 

C. parapsilosis 
CMGB79 

S. cerevisiae 
CMGB59 

S. cerevisiae 
CMGB121 

Lipolytic activity 
(HT/CC) 1.8 1.5 1.7 1.7 

 
 
Antagonistic interactions 
The antagonistic interactions between yeast 
strains are widespread not only in nature, but 
also in industry, having a major importance on 
the quality of the product and on the rate of 
success of the process. 
S. cerevisiae and K. marxianus are species with 
antimicrobial activities related to the presence 
of killer toxins acting both intra and 
interspecific, including against Candida species 
(Marquina et al., 2002; Hernández et al., 2008). 
C. parapsilosis can be found in fermented food 
such as the fruit juice (Arias et al., 2002), but 
the most important aspect is represented by its 
pathogenicity, being one of the most known 
opportunistic pathogens which causes 
nosocomial infections (van Asbeck et al., 
2009).  
In fact, in present, the killer toxins present a 
growing importance not only for food industry, 
but also as therapeutic agents (Magliani et al., 
2008).  
Therefore, it was interesting to determine the 
potential interactions between Candida, 
Kluyveromyces and Saccharomyces strains. 
Besides the strains described during this work, 
we also tested the strains C. parapsilosis 
CMGB79 and K. lodderae CMGB64 from the 
pharmaceutical industry (Csutak et al., 2014).  
K. marxianus CMGB159 showed good killer 
activity against C. parapsilosis CMGB79 while 
for C. parapsilosis CBS604 the results were less 
important (Figure 6 a, b). S. cerevisiae 
CMGB59 and S. cerevisiae CMGB121 formed 
growth inhibition halos for both Candida strains 
tested (Figure 6 c, d). When observed at the 
microscope, the presence of the killer toxin from 
K. lodderae CMGB64 determined modifications 
in the C. parapsilosis CBS604 culture: the 
appearance of pseudohyphae with large 

vacuoles and dead cells which absorbed the 
methylene blue (Figure 7).  
 

(a)  (b)  

(c)  (d)  
 

Figure 6. Killer activity of:  
K. marxianus CMGB159 against C. parapsilosis 
CMGB79 (a) and C. parapsilosis CBS604 (b); 

S. cerevisiae CMGB59 and S. cerevisiae CMGB121 
against C. parapsilosis CMGB79 (c); S. cerevisiae 

CMGB59 against C. parapsilosis CBS604 (d) 
 

(a)  (b)  
 

Figure 7. Modifications of C. parapsilosis CBS604 cells 
due to K. lodderae CMGB64 killer toxin: 

pseudohyphae with large vacuoles (a) and dead cells 
coloured with methylene blue (b) 

 
Until present, the zymocin produced by K. 
lactis is the best known toxin of the 
Kluyveromyces genera. It acts in G1 before 
DNA replication causing cell-cycle arrest in the 
sensitive cells, similar to the K28 toxin from S. 
cerevisiae (Schaffrath and Breunig, 2000). It 
has been suggested that the presence of low 
concentrations of killer toxins in the 
environment determine caspase-like apoptosis 
and accumulation of reactive oxygen species in 
the susceptible cells (Schmitt and Breinig, 
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2006). The vacuoles play an important role in 
cell adaptation to these processes. Moreover, 
emergence of pseudohyphae at Candida is 
accompanied by appearance of numerous large 
vacuoles (Palmer et al., 2005). This might 
explain our observations regarding the 
mechanism of action observed for K. lodderae 
CMGB64 toxin on C. parapsilosis CBS604.  
 
CONCLUSIONS  
 
Yeast strains isolated from foods were 
characterized at molecular level and screened 
for specific metabolic abilities. The strains 
CMGB79 and CMGB159 were identified as 
belonging to C. parapsilosis, respectively, to K. 
marxianus. The primer OPA03 assured the 
highest degree of intraspecific polymorphisms 
within the S. cerevisiae speciae. When tested 
for the lipolytic activity, C. parapsilosis 
CBS604 hydrolyzed Tween 20 and Tween 80 
in concentration up to 2.5%, while the presence 
of oleic acid and nitrogen substrates had an 
important impact on lipase induction and cell 
proliferation in K. marxianus CMGB159. All 
the strains showed good ability to hydrolyze 
tributyrin which might represent a basis for 
studies concerning a potential probiotic use. 
Moreover, the antagonistic interactions 
revealed high killer activity for the 
Kluyveromyces and Saccharomyces strains, an 
important characteristic for future studies 
aiming not only the food industry, but also 
biomedical applications.   
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Abstract 
 
The genetic progress towards quality and productivity improvement was and still remains a major concern in wheat 
breeding as generally these traits are negatively correlated. Consequently, any additional useful variability 
identification could contribute to attain this goal. Besides natural variability, exploitation by classical hybridization 
method, artificial mutagenesis can also be used to generate a different and new genetic variability. The special 
advantages of induced mutation are that variants with desired traits can often be produced in high frequencies, in a 
short time, in a chosen genetic background without disrupting the original genetic constitution of the crop. By using DH 
technology it become possible to perform a rapid and easier selection for desired plant type and, particularly for traits 
controlled through recessive alleles that constitute the greatest majority of genetic variability produced by irradiation 
with gamma rays. Many studies have demonstrated the role of thousand kernel weight traits in expression of 
productivity parameters and the protein content in expression of quality parameters in the wheat gene pool. In this 
paper is briefly described a study regarding protein content, thousand kernel weight (TKW) and volumetric mass (VM) 
variability generated by using a specific mutagenic protocol consisting in recurrent irradiation, hybridization and DH-
technology. 
 
Key words: mutated/recombinant lines, variability, protein content, TKW, volumetric mass. 
 
INTRODUCTION 
 
Wheat is an important crop plant, as it provides 
the necessary food for 35-40% of the world 
population. Since the main destination of wheat 
is the use in bakery, the quality improvement 
was one of the objectives pursued by breeders 
and according to them, the phenotypic 
expression of wheat quality is given by the 
interaction between genotype, environmental 
conditions and crop technology and the bakery 
quality is determined by the wheat quality and 
bakery technology (Săulescu, 1984; Kadar et 
al., 2002).  
Although there is a genetic determinism 
regarding protein contents, this is often 
disturbed by growing conditions, such as wheat 
may have protein content between 6.9% and 
22.00% (Vogel et al., 1973).  
 At this time, however, the pressure of climatic 
change, losses caused by the emergence of new 
breeds of disease, population increasing 
emphasized the need for higher wheat 

productions and superior protein content. For 
accomplish these endeavors is necessary to 
identify and use new and different genetic 
variability sources. Besides the classical intra 
and inter specific hybridization method, the 
mutagenesis has become in our days a valuable 
approach in providing new and different 
genetic variability; more 3000 mutants were 
released as new cultivars in around 170 
cultivated species (Lagoda, 2009). 
In wheat mutations with favorable effects in 
multiple directions, such as increasing 
resistance to diseases (Campbell et al., 2012), 
improved nutrition quality by decreasing the 
phytic acid level (Guttieri et al., 2004), and 
even shortening the growing season were 
obtained (Chen and Dubcovsky, 2012).  
Molecular markers and TILLING method 
(Targeting Induced Local Lesions in Genomes) 
are modern genetic tools that allow the 
mutation identification and localization.  
At NARDI Fundulea by using a specific 
mutagenic protocol including two genotypes, 
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two irradiation cycles, hybridization and 
technology (Zea system), were obtained over 
524 mutant and mutant/recombinant DH lines, 
among which exists phenotypic variability for 
many traits (Giura, 2011). The aim of this work 
was to identify the variability regarding high 
protein content, TKW and VM in the analyzed 
material that may be induced by mutagenesis. 
 
MATERIALS AND METHODS  
 
A set of 524 mutated and mutated/recombinant 
DH lines obtained at NARDI Fundulea by A.  
Giura, was analyzed for protein content, 
thousand kernel weight (TKW) and volumetric 
mass (VM). The lines were hand planted in 
field trial in 2014-2015 seasons in pair of rows, 
1 m long, 25 cm between rows and spaced 
apart 50 cm between pairs.  
TKW measurements were established using the 
Contador machine and volumetric mass was 
determined using a 100-ml graduated cylinder 
and an analytical balance for weighing. Protein 
content was performed using Infratec™ 1241 
Grain Analyser that use a non-destructive 
spectroscopic technique based on naturally 
occurring electromagnetic spectrum. For 
protein determinations were necessary to weigh 
about 60 grams wheat samples. 
The results obtained were compared with those 
registered for parental genotypes, the cultivar 
Izvor and the advanced breeding line F00628G-
34. 
 
RESULTS AND DISCUSSIONS 
 
Protein content. The dispersion for protein 
content is presented in Figure 1. The majority 
of DH lines were grouped in ranges of 13.5%- 
15% protein, interval in falling and the Izvor 
parent, 13.7%. The other parent, F00628G-34 
line, has lower protein content, 12.2%. The 
lower protein content of 11% was recorded in 
only one line and the highest of 19.5% in two 
lines. 
Thousand kernel weight and volumetric 
mass. Variation of these two analyzed traits is 
presented in Figure 2 and Figure 3. As 
expected, majority of lines were grouped in the 
interval classes that include both parental 
genotypes, the parent Izvor being however 

quoted as having superior values compared to 
the parent F00628G-34.  
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Figure 1. Protein content variation in different wheat 

lines  
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Figure 2. Distribution of lines in intervals for thousand 

kernel weight 
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Figure 3. Distribution of lines in intervals for volumetric 

mass 
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Although the correlation coefficient between 
protein content and TKW are generally 
negative, it is small and non significant; and 
several mutant lines obviously deviated from 
the regression lines (Figure 4). 
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Figure 4. Distribution of lines depending on TKW and 
protein content 

 
As regard the correlation between protein 
content and volumetric mass it was found a 
similarly negative correlation. However, some 
lines presented high values for both parameters, 
like AiII 202 and BiII 106 (Figure 5).  
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Figure 5. Distribution of lines depending on VM and 
protein content 

 
A total of 125 lines which expressed high 
protein content (> 15%), higher values than the 
parents Izvor (13.7%) and F00628G-34 (12.2 
%) in terms of 2015 conditions were selected 
for further experiments and analysis. 

Although no significant correlation between 
protein content and TKW were detected, a total 
of 32 lines combined higher TKW values and 
protein content than their parents (Figure 6).  
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Figure 6.  Distribution of lines with protein content 

>15% in correlation with TKW values 
 
The line distribution depending on protein 
content and volumetric mass indicates that the 
negative relationship is maintained but there 
are lines that deviate from this regression, 
expressing both high protein content and high 
volumetric mass (Figure 7). 
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Figure 7. Distribution of lines with protein content >15% 
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By analyzing the distributions of 125 lines for 
protein content and TKW, on the one hand, and 
the protein content and VM on the other hand, 
have been noticed 8 lines that shows superior 
values than parents, for all these 3 parameters, 
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which can be considered valuable lines for use 
in breeding (Table 1). 

Table 1. Lines with high protein content and superior 
values for volumetric mass and TKW 

Genotype Protein % TKW 2015 VM 2015 
Ai II 50 15.1 52.51 86.61 
Ai II 72 16.1 52.5 85.81 
Ai II 109 15.2 52.33 87.06 
Ai II 175 16.5 54.04 86.13 
Ai II 20 15.5 55.3 86.17 
Ai II 83 15.1 52.23 86.08 
Ai II 97 15.8 54.5 87.12 
Bi II 104 15.2 50.87 87.17 
Izvor (Control) 13.7 50.31 85.80 
F00628G-34 (Control) 12.2 48.63 84.24 

 
CONCLUSIONS 
 
This study highlights the variability obtained 
on three parameters, namely the protein 
content, TKW and VM and the importance of 
the interaction between them on the wheat DH 
mutated and mutated/recombinant lines 
produced at NARDI Fundulea. 
The results obtained in this investigation 
confirm the expectation that artificial 
mutagenesis combined with DH - technology 
generated simultaneously a large amount of 
variability regarding TKW, protein content, 
volumetric mass and fixed in homozygous 
condition.  
During the experiments were selected 8 lines, 
Ai II 20, Ai II 50, Ai II 72, Ai II 83, Ai II 97, 
Ai II 109, Ai II 175 and Bi II 104, with higher 

values for analyze parameters which could 
represent a valuable gene source for use in 
wheat breeding and genetic studies. 
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Abstract 
 
Agricultural crops are vulnerable to infections by a wide spectrum of plant pathogens. In today’s marketplace, the 
increasing complexity and wide distribution chain represent enormous challenges for food production. The increased 
fungal infection and cross-contamination hazards are associated with the globalization of cereal trade (Waage et al., 
2006). Cereals are one of the most important sources of food (FAO, 2002), which have contributed to human nutrition 
for millennia. However, cereals are exposed to numerous biotic and abiotic stress factors, from cultivation and 
throughout their life cycle to processing. The grain losses recorded during storage period on worldwide scale 
according to FAO estimations are between 5-10% of total production. In developing countries, due to reduced 
possibilities of implementing appropriate technologies, the reported damages during storage period may increase up to 
30%.  
In 2015, the maize grains which are to be stored on an indefinite period of time is affected by the presence of various 
pests specific to warehouse ecosystem. The paper work presents a study regarding the occurrence and development of 
specific warehouse micromycetes during the first months of maize storage. Immediately after being deposited, it has 
been identified the specific micoflora for this period, respectively species of Alternaria, Trichoderma, Cladosporium, 
Aureobasidium, Cephalosporium, Aspergillus and Fusarium genera. Crop safety and security can be achieved by 
maintaining climatic factors in stored spaces, thus limiting the populations’ level of contaminating microorganisms. 
 
Key words: maize grains, storage fungi, aflatoxin production. 
 
INTRODUCTION 
 
Maize (Zea mays L.) is one of the most 
important sources of food for human and 
animal nutrition and raw materials for 
industrial processing. The nutritional value of 
stored maize grains could vary significantly 
due to the interaction between the physical, 
chemical and biological factors.  
The contamination of maize with fungi 
(moulds) and mycotoxins represents a major 
problem for its use in human and animal 
nutrition (Krnjaja, 2013). Infection of grains in 
the field by fungi could result in the production 
of mycotoxins during cultivation, harvesting, 
storage, transport and processing. The most 
important species of fungi and mycotoxins that 
could contaminate maize grains are Aspergillus 
flavus and aflatoxins, Fusarium verticillioides, 
F. proliferatum and fumonisins and F. 
graminearum and trichothecenes and 
zearalenone (Chulze, 2010). 

Despite decades of intense research, the molds 
infection is still a major challenge for scientists 
(Munkvold, 2003). It has been estimated by 
FAO that approximately 25% of the worldwide 
cultivated surface is contaminated with 
phytopathogenic fungi and affected by 
mycotoxins (CAST 2003, Rice and Ross, 
1994), generating economic losses of billions 
of dollars (Trail et al., 1995). Molds are 
considered to be the second largest pest agent 
after insects that cause losses in stored grains. 
Outdating harvesting agricultural practices, 
improper drying, handling, storage and 
transport conditions, all together contribute to 
fungi development and increase the risk of 
mycotoxin production.  
Mycotoxins are dangerous by their presence in 
food and agricultural products, as even in low 
concentrations endanger animal and human 
health, affecting their immune response. Since 
the discovery of these toxins, the research were 
focused on detection and determination 
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pathways, on the induced toxicity towards 
humans and animals, on establishing the 
favorable conditions of toxigenic fungi 
development and on studies regarding 
maximum limits of mycotoxins in food and 
feed (Matei et al., 2011). 
Micromycetes’ development on stored grains is 
conditioned by temperature and atmospheric 
humidity present in stored areas and by its 
fluctuations in time (Cristea et al., 2004). 
Toxigenic molds are present, due to various 
climatic factors, in different stages of food and 
feed production, including crop growth, 
harvesting, transport, storage and handling 
(Beyer et al., 2006).  
The most common genera of fungi identified in 
stored maize grains are Aspergillus, Penicillium 
and Fusarium. Researches regarding seed 
micoflora were performed on several cultures 
like wheat, barley, sunflower, mustard and rape 
(Gheorghies et al., 2001; Berca and Cristea 
2015; Berca et al., 2015; Cristea et al, 2004; 
Cristea et al., 2015; Pana et al., 2014; Radu et 
al., 2011; Mardare et al., 2014). 
The proliferation of these fungi are stimulated 
with higher grains moisture content, higher 
temperature during storage, long storage 
period, intensive infection by fungi before 
storage and by higher activity of insects and 
mites. Therefore, it is important to identify the 
species of fungi in stored maize grains with 
special emphasis on mycotoxigenic species, 
which pose a potential risk to human and 
animal health (Castellari et al., 2010). 
This study presents the micromycetes’ 
evolution during the first period of storage. 
 
MATERIALS AND METHODS 
 
The research aimed to identify the present 
micoflora on maize grains, its timeline 
evolution during 120 day of storage and 
possible aflatoxin contamination of cereals 
samples. 
Biological material consisted in maize grains 
samples from warehouses in various locations 
in Romania, such as Sibiu, Dalga, Ramnicu 
Sarat, Traian, Tecuci, Targul Secuiesc, Inand, 
Neresti, Portaresti, Paulesti, Targoviste, 
Giurgiu, Braila, Calarasi, was stored in 
horizontal deposits, bags or bulk, from which 
were taken samples in order to analyze the 

contamination of grains. The samples were 
taken in four stages, immediately after harvest 
and after 60, 90 and 120 days of storage. The 
batch sampling was performed on three levels, 
respectively base, middle and top surface, also 
from doors and windows area.  
 
Isolation and identification of contaminating  
fungi  
Maize contaminating fungi were isolated using 
Ulster method (Hulea, 1969) and identified 
with optical microscope, after 12 days of 
growth. Using the Ulster method there can be 
identified the majority of seed pathogens, 
regardless thee species and type of seed. In 
separate Petri dishes of 10 mm diameter, were 
placed 15 wheat seeds on growth solid media 
(water-agar, 20 g/l, autoclaved 20’ at 121 ºC), 
with enough space between the grains in order 
to allow the development of fungi or bacteria. 
The water agar media was preferred due to its 
low nutrients composition which allows the 
fungi growth but not its abundant sporulation. 
This is an important step in order to be able to 
isolate each fungus from the Petri dish 
multitude of pathogens. The dishes were kept at 
room temperature (22-24 ºC) and normal light 
conditions. After 7 days there were performed 
macroscopic observations regarding the 
mycelia growth in Petri dishes, followed by 
optical microscope determinations. For further 
isolation and purification of each fungus was 
used the Potato-Dextrose-Agar medium, 
prepared after the classic recipe (Hulea, 1969). 
The isolation method was performed for both 
epiphytic and endogenous fungi. For the 
isolation and identification of pathogenic and 
saprophytic epiphytic flora, the experiments 
were carried out using unsterilized seed placed 
directly into water agar Petri dishes. 
Afterwards, it was studied the development of 
endogenous flora during two experiments. The 
first consisted in placing the seeds on water-
agar medium, after being sterilized in a 4% 
sodium hypochlorite solution and washed three 
times with sterile distilled water. The micros-
copical examinations were made after 7 days. 
In the second experiment, the seeds after being 
sterilized, washed and dried were ground using 
a small laboratory mill, and an amount of flour 
was spread on the growth medium surface. 
Observations were performed after 6 days.  
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Analysis of aflatoxin from maize samples 
Research in this stage was focused also on 
production of aflatoxin, metabolized by species 
of Aspergillus. Determinations regarding the 
presence or absence of this mycotoxin were 
made by enzyme immunoassay using ELISA 
kits, namely RIDASCREEN FAST AFLA 
(Matei et al., 2011). The basis of the test is the 
antigen-antibody reaction. The microtiter wells 
are coated with capture antibodies directed 
against anti-aflatoxin antibodies. Aflatoxin 
standards or samples solutions, AFLA enzyme 
conjugate anti-AFLA antibodies are added; 
Free AFLA and AFLA enzyme conjugate 
compete for the AFLA antibody binding sites, 
which represents the competitive enzyme 
immunoassay. At the same time, the anti-
AFLA antibodies are also bound by the 
immobilized capture antibodies. Any unbound 
enzyme conjugate is then removed in a washing 
step. When the chromogenic substrate is added 
into wells, bound enzyme conjugate converts 
the chromogenic substrate into a blue product. 
The addition of the stop solution leads to a 
color change from blue to yellow. The 
measurement is made photometrically at 450 
nm, the absorbance being inversely 
proportional to the aflatoxin concentration from 
the sample.  
Each kit contains: microtiter plate with 96 or 48 
wells (coated with capture antibodies), 5 
different concentrations aflatoxin standard 
solutions, 1conjugate peroxidase, anti-AFLA 
antibody solution, chromogenic substrate 
solution, stop solution, washing buffer solution. 
Test protocol 
� Samples preparation - the maize grains 

were ground with a small laboratory mill. A 
quantity of 5 g ground sample is placed in a 
suitable container and 100 ml of 70% 
methanol was added. The samples were 
shaken vigorously for three minutes. The 
samples were filtered through Whatman 
No. 1 filter and we recovered the extracts.  

� Immuno-enzymatic procedure - a 
sufficient number of wells were inserted into 
the microtiter plate for all the standards and the 
samples needed to be run. 50 µl of each 
standard and sample were pipetted into separate 
wells, using a new pipette tip for each standard 
or sample; we added 50 µl enzyme conjugate to 
each well and then 50 µl anti-AFLA antibody 

solution. Plate mixed gently by shaking and 
was incubated 5 minutes at room temperature. 
The liquid was dumped afterwards from the 
wells into a sink, and it was performed a 
washing step with 200 µl washing buffer, three 
times. 100 µl of chromogen substrate were 
added to each well, followed by 3 minutes 
incubation time, in the dark at room 
temperature.  
At the end were added to each well 100 µl stop 
solution, the plate was mixed gently and the 
absorbance was determined at 450 nm with a 
StartFax 2000 spectrophotometer. 
 
RESULTS AND DISCUSSIONS
 
The micoflora associated with maize grains 
from the storages taken into analysis is 
represented by microorganisms like 
micromycetes, actinomycetes and bacteria. The 
study was focused on micromycetes’ analysis.  
From the maize samples taken immediately 
after being deposited, there were isolated 
specific fungi belonging to the field ecosystem, 
respectively with predominance species of 
Alternaria, followed by species of 
Cladosporium, Penicillium, Mucor, 
Cephalosporium, Aureobasidium, Trichoderma 
viride (Figures 1-5).  
Alternaria and Cladosporium fungi induced in 
the vegetation period an infection of the grains’ 
apex, developing a “black point”.  
In terms of unfavorable climatic conditions a 
reduced percent of Fusarium species was 
identified, its evolution remaining to be studied 
in time for evidence of mycotoxin secretion. 
Due to 2015 environmental conditions during 
the vegetation season, characterized by heavy 
rainfall and high temperatures, especially 
during kernels development, the maize grains 
were not infected by a various micoflora. 
 

              
Figure 1. A versicolor                   Figure 2. Fusarium sp. 

 
Figure 3. Alternaria sp. 
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Figure 4. N. sphaerica          Figure 5. A. niger 

                     
Analyzing the data presented in table 1, it is 
concluded that after 60 days of storage, the 
percent of the field fungi, respectively species 
of Alternaria and Cladosporium decreased, and 
it was observed the development of stored grain 
specific fungi such as Fusarium spp., 
Aspergillus spp. and S. sclerotiorum. 
Gradually, over a storage period of 90 days, the 

grains’ micoflora enriched by the incidence and 
growth of the phytopathogen fungi, due to 
storage conditions like high atmospheric 
humidity. Saprophytic fungi such as 
Cladosporium spp., Periconia spp., 
Aureobasidium spp. and S. botryosum 
completely disappeared from the storage 
ecosystem. After 120 days of storage, the maize 
grains associated micoflora consisted in various 
species of fungi belonging with predominance 
to Fusarium, Aspegillus and Penicillum genera. 
Also, there have been isolated, with a lower 
incidence, species of M. pussilum, R. stolonifer, 
N. sphaerica and Alternaria spp. 

 
Table 1. Micoflora structure of maize grains 

 

Fungi Contamination level 
At harvest 60 days of 

storage 
90 days of 

storage 
120 days of 

storage 
Fusarium moniliforme + + ++ +++ 
Fusarium tricinctum - ++ +++ +++ 
Fusarium graminearum - ++ +++ +++ 
Cephalosporium spp. + ++ ++ + 
Aspergillus spp. + ++ ++ +++ 
Alternaria tennuissima +++ ++ ++ + 
Cladosporium herbarum ++ + - -
Trichoderma viride ++ + + -
Nigrospora sphaerica + ++ ++ + 
Sclerotinia sclerotiorum - ++ +++ ++ 
Mucor pussilum ++ +++ +++ ++ 
Aspergillus niger - ++ ++ ++ 
Alternaria spp. ++++ ++++ +++ ++ 
Penicillium frequentans ++ ++ +++ +++ 
Periconia spp. + - - -
Aureobasidium spp. + + - -
Stemphillium botryosum + + - -
Rhizopus stolonifer - ++ + + 

Legend: + = low frequency; ++ = moderate frequency;  +++ = incresed frequency;  ++++ = high frequency 
 
 
Though Aspergillus species incidence was 
detected, the analysis performed to determine 
the occurrence of aflatoxin revealed that the 
toxin was produced, but in a very small 
concentration. 
The maize samples which were analyzed 
through Elisa method using specific kits, have 
been classified as “negative” regarding 
mycotoxin production, all the samples 
concentrations being below the minimum legal 
value permitted for maize of 20 ppb (Figure 6).      

       

 
Figure 6. Aflatoxin samples’ concentrations (in ppb) 
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CONCLUSIONS 
 
During storage period on wheat grains develop 
a series of microorganism, mostly represented 
by micromycetes.  
When entering into storages there was 
identified the specific micoflora for this period 
of time, respectively species of Alternaria, 
followed by species of Cladosporium, 
Penicillium, Cephalosporium, Aureobasidium, 
Trichoderma viride, and Fusarium. The maize 
infection started in field, during vegetation 
period, the grains being already infected before 
storage with saprophytic fungi such as 
Alternaria, Cladosporium, Aureobasidium, 
Cephalosporium and a low percent of 
Fusarium species. During the storage period, 
the field contaminating micromycetes 
development decreased, while developing 
specific storage phytopathogens such as 
Aspergillus spp., Fusarium spp. and 
Penicillium spp. 
Incidence of Aspergillus species in stored 
maize samples determined aflatoxin mycotoxin 
production in small concentrations, below EU’ 
imposed value limits.  
Preventive measures, such as fast drying of 
maize for the medium and long-term storage in 
hygiene maintained warehouses, without the 
presence of insects and microorganisms, and 
proper regulation of grains moisture content, 
could significantly reduce the fungi 
contamination of maize grains. 
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Abstract 
 
An attempt of this article is to review the system transformation and the European integration in Poland and their 
impact on agriculture and rural development.  In the first part, the transformation of the economic and political system 
is briefed from a perspective of turbulent Polish history during last 100 years. It is pointed out that a deep recast, 
enforced since 1989, replaced the “socialist” regime as emerged in late 1940s and covered the very nature of the 
political system and the national economy. Then, the author deals with the performance of Polish agriculture under the 
framework of “socialist” Centrally Planned Economy. The unique feature of Polish agriculture is explained – 
maintaining a dominant position of the peasant sector in a (hostile) collectivized environment of the national economy. 
From such a context, the system transformation is described. In a concluding part, the performance of agriculture is 
outlined in the context of the EU association and the membership. The CAP measures and the support from the EU 
budget for agriculture and rural development is outlined.  It is depicted that, Polish agriculture can successfully 
compete on the inner EU market as is demonstrated by the position of the leading net-exporter of the food in the region.   
Some conclusions are formulated and development trends are briefed, covering both advantages and shortages of the 
undergoing processes. 
 
Key words: European integration, Polish transformation, agricultural development. 
 
Polish transformations 
A stormy story of the one century 
 
The inter-war period 
 
Latin word ‘transformatio’, used in different 
contexts, means a deep change. Nowadays, the 
term system transformation is widely used to 
describe fundamental ‘metamorphosis’ (another 
Greek expression for the basic change) taking 
place in countries replacing the Centrally 
Planned Economy by the market economy 
system and the “socialist” political regime by 
an introduction of democratic institutional 
framework of the state and legal order 
(Gaziński, 2005). 
An overview of Poland’s contemporary history 
during 100 year span can greatly facilitate the 
examination of this phenomenon as Poland 
during such a short period has passed two other 
transformations: her re-birth from the partition 
after the 1-st World War and in the second half 
of the decade of 1940s - the taking over the 
power by communists.  
 

 
Poland did not exist on the political maps 
during the 1st World War - the 123 year long 
partition period ended in 1918. The newly 
independent country faced many challenges: to 
defend the independence (the Polish-Bolshevik 
war) to define the boundaries (the Great 
Poland’s and Silesian uprisings) to integrate the 
territory, belonging before to three different 
states (miscellaneous currencies, taxes, law 
regulations, communication networks, etc.). 
So early as in July 1919 - well before solving 
the above issues - the Seym (Polish Parliament) 
adopted “A declaration on Principles of the 
Land Reform”. Related measures, undertaken 
later, were only half successful: from total c. 25 
million hectares of agricultural land, some 4.5 
million hectares were assigned to the parcelling 
from which 2.5 million were parcelled until 
1937 (Zaremba, 1981). 
Some spectacular achievements marked-up the 
period 1918 – 1939: reliable zloty replacing 
Polish mark (Grabski reform), construction of 
Gdynia harbour, or heavy investments in the 
COP (Central Industrial District). But acute 
problems of Polish agriculture remained to be 
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solved: overpopulation of rural areas, hidden 
unemployment and spread of the related 
poverty. Speaking in terms of the transfor-
mation, Poland experienced that one of political 
system during the inter-war period. Twenty 
years of the development, interrupted by outer 
and inner conflicts was short and soon cut by 
the outbreak of another war.    
 
Towards the system of socialism  
 
The end of the 2nd World War did not result in 
turning back to the former experiences and the 
continuation of a political and social frame-
work of the state, like in Western European 
democracies. Instead of, quite a new model of 
the state had been enforced during the first 
post-war years, 1944-1948 (Gaziński, 1991): 
i) Polish new boundaries cover 54% of the pre-
war territory, which decreased from 389.7 
thousand km2 to 312 thousand km2. The 
territorial loss to the USSR was in fact 178.2 
thousand km2, and profit (at the expense of 
Germany) - 101.2 thousand km2; 
ii) post-war Poland had only the three 
neighbours: the Soviet Union, Czechoslovakia 
and German Democratic Republic - losing 
Lithuania, incorporated into the SU and moved 
away from the border with Romania (counting 
before the war 338 km); 
iii) the structure of population changed 
radically. Before the war, Poland had a 
population of more than 30% of national 
minorities (Jews, Ukrainians, Germans - to cite 
only those more numerous). Currently, Poland 
has become one of the most ethnically 
homogeneous countries - the size of the 
minority does not exceed 3%.  
Following that, there was a unification of the 
religion of the population - Roman Catholic 
community became dominant with a few 
hundred thousand Geek-Catholics and 
Orthodox believers. Protestants are less 
numerous, and the more - other churches and 
denominations; 
iv) “last not least” the crucial point has to be 
underlined-radical changes in political and 
economic system, imposed upon Poland. They 
deserve to be treated in-depth, separately. 
The establishment, on 22 July 1944, the PKWN 
- Polish Committee of National Liberation 
(date accepted as a national holiday, cancelled 

in free Poland) and later the Provisional 
Government meant a challenge to the 
government in exile in London. The first was 
recognized by the Soviet Union, and the second 
– by the Western powers. Obtaining 
international legitimacy by the newly installed 
regime was therefore one of the most important 
of its objectives during the transitional period. 
The opposition worked legally, centered to the 
President of the PSL, Polish Peasant Party 
Mikołajczyk, who in London served as a Prime 
Minister, and in Warsaw – as a Deputy Prime 
Minister. In its programme, the PSL questioned 
the rationality of the strategy of rapid 
industrialization, stressing the need for 
development of branches of the economy 
related to agriculture and favouring the 
development of rural areas and the internal 
market. The basis of the agricultural system 
had to be strong peasant farms, ensuring family 
welfare. The second opposition party was the 
SP, Labour Party. In addition, other relatively 
independent associations and organization were 
active, many of which revived the pre-war 
activities. It is true especially for cooperatives, 
whose traditions date back to the 19-th century, 
the period of the partitions. At that time, 
authorities tolerated even small private 
ownership in the industry, trade and commerce. 
Counteroffensive of the authorities followed 
quickly after the goal of legitimacy has been 
achieved. In May 1947, the “battle on trade” 
has been launched - targeting not only to 
eliminate private trade but also putting a 
pressure against small-scale private enterprises 
and handicraft (Beksiak et. al., 1999).  
In Szklarska Poręba, Southern Poland the 
Informative Bureau of the Communist Parties – 
in spite of Gomułka's objections – was created 
to subordinate them to the Kremlin 
headquarters. This Polish communist leader 
was not against collectivization of agriculture 
but perceived it as a long-run process. 
However, the margin of national sovereignty 
was not then so vast, prejudging his future. In 
December 1948, the Polish United Workers 
Party (PZPR) has been created by the merge of 
the Polish Workers Party and the Polish 
Socialist Party with resultant removal of 
Gomułka from the power (to return to it, once 
again, and to act as the First Secretary of the 
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Party in the longest time-span in the history, 
from October 1956 to December 1970). 
The Unification Congress signifies completion 
of the conquest of power and its exercise by the 
one party continuously for more than 40 years, 
until September 1989, when Tadeusz 
Mazowiecki became the first for decades non-
communist Prime Minister in Central and 
Eastern Europe. 
In December 1948, following the Soviet 
directives, a new economic strategy was 
introduced – focusing on forced collectivization 
of agriculture and rapid industrialization 
(Kaliński, Landau, 1999). In the conventional 
way, this means the end of the post-war 
transformation (in Polish literature the term in 
relation to those times is not used): leaving 
democratic principles of the state and the 
market economy for the pursuit of the socialist 
utopia (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The transformation of the “revolution from 
abroad” 

 
Performance of agriculture (1944-1989) 
 
Domination of politics over the economy, the 
inner feature of socialism, means that post-war 
political and economic periods are the same. 
During the first one, the post-war enforcement 
of the system (July 1944 - December 1948), 
the land reform was of crucial importance - an 
issue vitally nurturing Polish society. 
According to the “Decree on Land Reform”, 
land estates were submitting to parceling, those 
exceeding 50 hectares (“old territory”) or 100 

hectares (“new lands”). Temporary political 
goals, gaining political support, laid behind the 
reform, though. Allotments of land were very 
small with resultant farm fragmentation. And of 
more importance, it was a short-lived step 
(Góra, 1969). 
Seizure of power was accompanied by the 
adoption of a new economic strategy - that one 
of rapid industrialization and forced collec-
tivization (December 1948 - October 1956). 
The coincide of industrialization and collecti-
vization was not by a case. As Swianiewicz 
(1965) pointed-out, agriculture was to deliver - 
filling central plan demands - food supplies and 
the workforce for the industry, being reduced to 
a mere “suction pump”. 
Furthermore, relatively independent peasant 
economy was against a logic of the system, 
striving to control all the forms of social, 
political and economic life. Extreme pressure 
was put against the most prosperous farmers, 
called kulaks (not applied before, a Russian 
word). As a result, the share of private sector 
was significantly reduced (but still strong 
enough to survive) in favour of collective 
(“cooperative”) and state farms. 
The workers rebellion in Poznań led to the 
transient “thaw” of the Gomułka’s period 
(October 1956 - December 1970). 
Taking the opportunity of increased political 
freedom and debated economic reforms, 
majority of farm cooperatives were dissolved. 
During that period, collectivization was continued 
but its forms were much milder than before. 
The survival of Polish farmers, unique among 
the COMECON countries, can be attributed to 
the two major factors: steadfastness of the 
Catholic Church, which has survived years of 
severe repression and reluctance of the 
peasantry against collectivization, seen as an 
alien form, imposed from the "East". 
Once more the workers riots, that time at the 
Baltic coastline, culminated in the political 
turnover - comrade Gomułka was replaced by 
Edward Gierek and his openness to the West 
(1970 - 1980). 
With years of work in the Belgian mines, and 
therefore familiar with the realities of the 
Western world, Gierek quickly gained 
confidence, both inside the country (workers 
response: "we will help!") and outside its 
borders. Reference to the communist ideology 

Political system: 
� Parliamentary 

democracy replaced by 
totalitarian “the 
dictatorship of 
proletariat”. 

Economic system: 
� Market economy 

mechanism replaced by 
the centrally planned 
one. 

� “Socialist” ownership 
over-domination in the 
national economy. 
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was replaced by a slogan: “let's Poland growing 
stronger, and the people live prosperous”. 
The new opening was conducive to relaxation 
in relations between East-West (e.g. creation of 
the OSCE) as well as the establishment of 
diplomatic relations with Federal Germany. 
Reforming and modernization of the economy 
were conducive to foreign loans. Liberalization 
was manifested by relatively easy travels to the 
West, or the possibility of collecting the citizen 
savings on the bank accounts in foreign 
currencies. 
At the beginning of the decade of the seventies, 
a number of decisions relevant to private 
agriculture were undertaken. The archaic 
system of compulsory purchase was abolished, 
agricultural population has been subjected to 
general social security framework, including 
public health service. Another important step 
was the introduction of farmers' pension 
scheme. Initially it was connected with the 
requirement of transfer of land to the state, but 
later that demand was abandoned (Jezierski and 
Leszczyńska, 1994).  
These beneficial steps can not obscure the other 
side of the coin. Still in fact they recognized 
"the necessity of continuing the basic principles 
of the agricultural policy ... gradual socialist 
transformation in agriculture” (cited from the 
official party "Guidelines"). Policy of 
collectivization was not abandoned but 
continued in more moderate and hidden way. 
One of its forms were impeding the marketing 
of land - only about 1/3 of the land acquired 
from individual farmers returned to other 
private hands. The rest increased the ownership 
of the socialized sector. 
In addition, the socialist economy enjoyed 
privileged access to the scarce means of 
production. The investment inputs in the 
socialist sector, despite its lower efficiency of 
c. 70% of individual farms, were even 10-fold 
higher (Otoliński, 2002). 
Deteriorating performance of the economy and 
spread of semi-legal political opposition 
culminated in the “Solidarity” Spring and the 
later agony of the system (1980 - 1989).   
During strikes of the Summer 1980, spread all-
through Poland, famous “21 postulates” were 
formulated (the wooden table, on which they 
were written, is nowadays put into the “World 
Heritage List” of the UNESCO) and the final 

agreement paved the way to formal recognition 
of the “Solidarity” trade union. 
Another strikes, those ones of the peasantry in 
Southern Poland, led to the establishment of the 
“Solidarity of Individual Farmers” union. 
Under the increasing political pressure, the 
authority decided to amend the law and put a 
clause on the durability of the peasant economy 
in the system of socialist state. The rural people 
took it with reserve, taught that the most 
solemn declarations of the authorities often fail 
to match with reality. That time a policy of 
collectivization, also this hidden, has come to 
an end, indeed. An important reason for that 
was the disastrous state of the economy, 
referred simply as a "mass of bankruptcy". 
Poland was the unique example in that part of 
the world of a country with the system of 
consumer goods rationing. Introduced in 1976, 
during the riots of workers in Radom and 
Ursus, initially only on sugar, it was 
subsequently extended to the whole range of 
products: meat, flour, alcohol, cigarettes, or 
shoes (Jezierski and Leszczyńska, 1997). 
One of the chronic ills of those years was also 
the acute shortage of production means, not just 
machines or fertilizer but even so elementary as 
forks, or a twine to a sheaf-binder.  
However, changes were conducive to revive the 
land market. The share of private farms in the 
agrarian structure increased from approx. 75% 
in the early 1980s to just over 80% in 1989, a 
year of the democratic breakthrough (Gaziński, 
2010). 

*  
*    * 

Agricultural policy of People's Poland aimed - 
sometimes by hidden tools - to displace 
individual farms by the so-called socialized 
ones. An attempt was made to combine the 
gradual rebuilding of the agricultural system 
with an increase in agricultural production - 
these goals, however, proved to be inconsistent. 
Policies of that kind belonged to important 
causes of economic and social disturbances, 
occurring cyclically in Poland. In spite of 
unfavourable conditions, peasant farms showed 
their vitality and great adaptability. Their 
economic efficiency was greater than, preferred 
by authorities, socialized forms. 
Polish economic collapse, including the 
ongoing food shortages have proved to be one 
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of the causes of the democratic breakthrough 
of 1989. 
 
Towards democracy and market economy 
 
In his expose in September 1989, Tadeusz 
Mazowiecki, the Prime Minister, declared 
departure from socialist system and the 
beginning of profound political and economic 
reforms. Thus the transformation of the system 
began, a reversal of what has been imposed in 
the first post-war years (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The system transformation - moving away from 

socialist regime 
 

Such thorough changes were connected with 
costs - in 1990 GDP/caput fallen down by some 
8% and by another c. 7% in the following year. 
But they were not evenly distributed. Mainly 
the poor were burdened by them, while some 
others quickly used the new opportunities to go 
forward, becoming much more prosperous. 
The initial enthusiasm for the change quickly 
extinguished, as unemployment (previously 
known only in the hidden form) spread and the 
differences in wealth (so far carefully 
concealed) deepened. Hence, despite the 
changes in the economic trend, GDP growth 
already recorded in 1992, in the following year 
post-Communists came into the power.  
In Copenhagen, in 1993, the European summit 
decided to put "green light" for aspiring to the 
EU membership post-socialist countries 
provided that they meet the relevant criteria. 
Subsequent positive opinion of the European 
Commission recognized that these basic 
requirements - for the implementation of 
democratic model of the state and concerning 

the market economy, being able to compete 
effectively on the inner European market - have 
been met. 
A local government reform has become an 
important development factor of agriculture 
and rural areas with the establishment of 
communes as independent entities, beneficiary 
with their own assets and budget. 
The over-all legal system was submitted to a 
thorough change. The new law was monitored 
in terms of its compliance with the acquis 
communautarie of the European Union by the 
Office of the Government Plenipotentiary for 
European Integration and Foreign Assistance 
(since 1996 - Office of the Committee for 
European Integration), established at the 
beginning of the 1990s (Gaziński, 2002). 
As a result of the system transformation, the 
existing ownership structure of the national 
economy was reversed. The cooperative 
property was recognized as a form of private 
ownership. Socialized sector disappeared, 
while the category of communal property 
emerged - unknown before and very important 
for grass-root development. 
The system transformation completely changed 
the situation of Polish agriculture, despite the 
fact that private ownership prevailed in it, as 
opposed to the other bloc countries (Figure 3). 

 
 
 
 
 
 
 
 

Figure 3. Poland’s vs. Hungary’s agrarian structure 
during the period of socialism 

 
Different agrarian structure meant that owner-
ship changes were relatively less of a problem 
than in other Eastern countries. An average 
statistics do not, however, reflect the spatial 
differentiation of agriculture. On the Western 
and Northern territories, incorporated to Poland 
after the war, state ownership exceeded 50%, 
while in old areas peasant farms prevailed (the 
highest in Ostrołęka region - approx. 95%). The 
collapse of state farms in areas where that 
property dominated resulted in increased 
unemployment, a problem which has remained 
unsolved for many years (inheritance of 
poverty and social exclusion). Also transfor-

Political system: 
� The totalitarian 

“dictatorship of proletariat” 
replaced by the 
parliamentary democracy. 

Economic system: 
� The Centrally Planned 

Economy converted into the 
market economy. 

� Private ownership over-
domination in the national 
economy. 

Poland                                          Hungary 
 
Private farms c. 75%        Cooperative farms c.75% 
State farms c. 20%                   State farms c. 20% 
Cooperative farms c. 5%          Private farms c. 5% 
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mation of ownership in the agricultural and 
rural cooperatives was conducted not skillfully. 
One of major problem related to transformation 
was the economic environment of agriculture. 
Years ago, an employee of the Cooperative 
Institute in Budapest and later, in democratic 
Hungary, one of the ministers described it 
suggestively (Magyar, 1987): “In Poland there 
are no peasants. ‘no peasants’ is in this sense, 
as a lion in a cage at the zoo is not a lion – it is 
the king of beasts only in freedom”. What for 
the lion cage bars, the dominance of the state 
over the purchasing of products and supplies of 
production means, as well as dictate of prices 
was for Polish farmers. The problem turned out 
to be more troublesome than shortages, so 
chronic in socialism because its solution is 
more difficult. 
Pertinence of comments of Hungarian scientist 
was confirmed a few years later. Empty in the 
1980s, shop shelves, became filled with goods 
within a few months after the release of prices. 
For the first time after the war (except of fruit 
or vegetables), farmers were confronted with 
the fact that the problem is not only to produce, 
but also to sell. 
Serving rural areas, "Peasant Self-Assistance" 
Communal Cooperatives (network of shops and 
purchasing centers) and cooperative banks were 
abandoned. To fill the vacuum, private 
companies and large retail chains have started 
to operate. It was accompanied by deepening 
price gap between the price received the farmer 
for their products, and that one paid by the 
consumer. 
It is worth to recall that the traditions of the 
Polish cooperative movement dates back to the 
nineteenth century, the time of partition. 
Decades of socialism, during which the margin 
for bottom-up initiatives was extremely narrow, 
caused however the existence of a generation 
gap in the cooperative movement. Moreover, 
bearing in mind the bad experiences of the past, 
the rural population treated attempts of 
reconstruction of cooperatives with reserve and 
distrust (Sobków, 2002). 
At the early stage of the system transformation, 
the need to establish some new institutions was 
recognized. The first one was the Agricultural 
Market Agency, followed by the two others: 
the Agricultural Land Property Agency and the 
Agency for Restructuring and Modernization of 

Agriculture. In subsequent years, they have 
played an important role in fulfilling the tasks 
associated with the CAP. 
Already in the initial period of changes, the 
opening of markets in international trade took 
place. Principles of the international trade were 
submitted to a thorough change. Previously, the 
right to conduct it had only specialized 
socialized foreign trade enterprises, now all 
registered firms could be involved in it (except 
the trading of weapons or medical drugs). 
Because of the lack of the convertibility of the 
złoty, a complicated system of settlement of the 
transaction had been used: "plain" złoty in the 
internal market, "foreign exchange" złoty and 
"transfer" ruble in relations with socialist 
countries (except of China and Yugoslavia) and 
the settlement in foreign currency - with the 
rest of the world (Rosati, 1998). It was 
radically changed by the introduction of the 
currency convertibility. 
The opening of borders has led to a temporary 
flood of Polish market by imported food. The 
positive food trade balance, existing for many 
years, has become negative. 
The food industry in Poland took the facing 
challenge, however. Imported products, their 
method of packaging, labeling and batching 
(sliced ham or cheese) have become a model to 
follow. The high requirements of the European 
Union accelerated modernization of the food 
manufacture. Influx of foreign capital served as 
another stimulating factor. Therefore, in the 
period of some 15 years, preceding the Polish 
accession to the European Union, all branches 
of agro-food industry have been thoroughly 
modernized: dairy plants, breweries, meat 
processing or confectionery to settle for only a 
few examples. Rapidly increasing food exports 
recorded already in 2003, prior to EU member-
ship, a positive trade balance – for the first time 
in many years. Poland came to the leadership in 
net exports of food in the region of Central and 
Eastern Europe, distancing Hungary 
(Siekierski, 2002). 
The consequence of the collapse of socialism 
was also significant change in the directions of 
Polish foreign trade, which affected the 
agricultural products, as well. Previously the 
main direction of international trade, the 
COMECON was replaced by the Member 
Countries of the European Communities and 
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the Soviet Union - by Germany. The share of 
foreign trade in GDP was gradually increased. 
 
Agriculture during pre-accession period 
 
The Association Agreement signed in Brussels 
in December 1991 by Poland, Czechoslovakia 
and Hungary provided for the achievement of a 
free trade area within ten years. However, it did 
not apply to agriculture. 
Part related to the trade, the Interim Agreement 
entered into force already in 1992, two years 
earlier than occurred all over the ratification of 
the Treaty. The principle of asymmetry stated 
that trade liberalization would proceed faster on 
the part of the European Communities. 
Practice has proved to be different, though. 
Protective barriers within the CAP proved 
difficult to break through the Polish exporters. 
Subsidized export encouraged in turn to 
imports, especially that the Polish markets were 
more open. Moreover, subsidized by the 
Community food removed Polish exports from 
third markets such as Russia, were previously it 
increased rapidly. 
The collapse of real socialism, and profound 
political changes associated with it, raised the 
need to make the right reaction from the 
European Communities. Already in 1989 a 
decision was made to launch the PHARE 
(Poland, Hungary Assistance for Restructuring 
their Economies) Programme. Then, it was 
extended to other countries. In the beginning, it 
was a temporary assistance programme, but in 
the final period being transformed into the first 
pre-accession programme (Backer et al., 2003). 
A variety of activities were covered by the 
Programme, some of them – although to a 
limited extent – were related to agriculture and 
rural development. 
In 1999, organizational and legal framework of 
the two pre-accession programmes: SAPARD 
and ISPA were approved. ISPA was applied 
exclusively to large infrastructure programmes, 
while SAPARD was related only to agriculture. 
During a period 2000-2006, 2.9 billion EUR 
were allocated for the SAPARD and the largest 
beneficiaries were Poland (1.1 billion) and 
Romania (700 million).  
Candidate countries were allowed to make a 
choice from different 13 measures of the 
programme and to decide on the distribution of 

the available financial resources on each of 
them (Table 1). 
 

Table 1. Distribution of the SAPARD resources on 
different measures (%) 

Measure Bulgaria Hungary Poland Romania 
1 31 28 18 15 
2 24 21 38 17 
3    3 
4 2 4 1 3 
5 6 15 12 10 
7 1 7  2 
8 8 9   

11 4 2 2 5 
12 6 12 28 28 
13 5   3 

Legend: 1 - investment in agricultural holdings; 2 - processing and 
marketing of agricultural and fishery products; 3 - support for quality 
assessment, veterinary and phyto-sanitary procedures and food control; 
4 - environmentally sound agricultural practices; 5 - diversification of 
off-farm activities; 7 - setting up producer groups; 8 - revitalization of 
villages and protection of rural heritage; 9 - land consolidation and 
improvement of their quality, 12 - development of rural infrastructure; 
13 - water resources management 
Source: A. Jankowska, 2015, p. 26-27. 
 
Four measures were implemented in each of the 
candidate countries: 

i) investments in agricultural farms; 
ii) processing and marketing of agricultural 

and fishery products; 
iii) diversification of economic activities; 
iv) development of rural infrastructure. 

Romania selected 9 measures but for the above 
four allocated 70% of the available budget. In 
the case of Poland, 6 measures were chosen but 
the stated four consumed as much as 96% of 
the total sources. 
Implementation of the programme revealed the 
difficulties, beneficiaries of EU funds will have 
to contend: excessive bureaucratic require-
ments (it happened that imposed national rigors 
were stricter than the EU ones), changes of 
regulations, or even the requirements of the 
provision of such documents for the past 
period, while their collection was not required. 
Beneficiaries were also faced with the need of 
their own contribution to the project budget. 
The SAPARD programme turned out to be 
therefore more accessible to the economically 
stronger units. 
Pre-accession programmes not only expand the 
possibility of funding a variety of projects to 
enable the modernization of agriculture and its 
economic environment (processing, marketing, 
environment protection, off-farm employment, 
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etc.). They played a significant role in the 
preparation for later use of EU funds, available 
to a greater amounts during the period of 
membership(implementation of appropriate 
procedures related to applying for funds, the 
implementation of projects and their settlement, 
as well as the creation of appropriate, 
specialized institutions, such as a certified 
national Paying Agency). 
Agriculture was one of the most difficult areas 
of the accession negotiations, which is 
understandable, considering its share of the 
total EU budget expenditures. 
In the document "Agenda 2000", adopted by 
the European Council in Berlin (Drago and 
Gaziński, 1998), it was decided that the new 
Member States will not have access to direct 
payments up to the end of the budgetary period, 
ie. 2013. The position was justified by the fact 
that the system was to offset the loss of income 
incurred by farmers due to the lowering of 
intervention prices within the framework of the 
CAP reform. Meanwhile, these prices were 
considerably lower in the candidate countries 
and that is why their membership would not 
result in reduction of agricultural incomes, but 
just opposite - their increase. 
Such a point of view was not acceptable for the 
Polish negotiators. They emphasized that the 
deprivation to access to these subsidies could 
be described as an overt discrimination - 
farmers from the new MS would get a much 
lower level of global subsidies per 1 hectare of 
agricultural land than their partners from the 
"old" EU. And what's more, it was the farmers 
from the candidate countries to meet the 
competition in the European internal market 
and the high requirements of the EU standards - 
they had to bear a much greater effort to 
modernize their farms. 
Finally arduous negotiations led to a 
compromise - starting from the year of the 
membership, the level of direct agricultural 
subsidies to be increased from year to year, to 
reach 100% in the last financial year, 2013 
(Kałużyńska et al., 2014). 
 
Agriculture under the CAP regulations 
 
Unique concerning the scale of the EU 
enlargement from 15 to 25 (in 2004) and then 
to 27 (admission of Romania and Bulgaria) and 

28 (from 2013, the adoption of Croatia) MS 
resulted in many other significant changes 
throughout the Union. 
More than doubled employment in agriculture. 
Therefore, maintaining the same number of 
consumers in the EU-28 requires four times 
more agricultural employees than in the EU-12 
(before the adoption of Finland, Sweden and 
Austria). Among the new entrants, Poland is 
the largest country (Table 2). 
 

Table 2. Poland as a EU member. Some selected 
indicators (2014) 

Item EU “Euroland” 
of EU-19 

Poland 

Population (million) 507.4 337.8 38 
Labour productivity 
(EU = 100) 

100 107.7 73.8 

Unemployment rate (%) 10.2 11.6 9.0 
Long-term 
unemployment rate (%) 

5.1 6.1 3.8 

Industrial production 
(2013 = 100) 

101.1 100.8 103.4 

R&D expenditures (as a 
% of GDP) 

2.02 2.12 0.87 

Source: Statistical Yearbook of the Republic of Poland, Warsaw 2015, 
p. 756-759. 
 
In the first years of membership, agricultural 
subsidies were of particular importance as in 
the pre-accession period their level was low. 
One of the issues raised in the first period of 
membership was, again, a way of calculating 
direct payments. 
Reference yields, used to these calculations, as 
well as the cattle population based on historical 
data, caused the existence of considerable 
differences between the new MS and the EU-15 
(in Poland they were then much lower). 
Far greater employment in agriculture of new 
MS resulted in direct payments per AWU, the 
full-time employee (AWU - Annual Work 
Unit: equivalent to the time worked during the 
year by 1 person fully employed in agriculture. 
In Poland, 2120 hours worked during the year 
is adopted as a full-time equivalent) being up 9-
fold lower than in the EU-15. 
The relative over-employment in agriculture 
may be illustrated by a number of AWU/100 
hectares. In the EU-12, it amounts to an 
average 10.5/100 hectares and is 2.5-fold 
higher than the EU-15 average. In absolute 
numbers, Poland and Romania are the two 
countries with the largest employment in 
agriculture - both account for more than 1/3 of 
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the total working population in the EU 
agriculture. Hidden unemployment in Polish 
agriculture that still occur, can be, according to 
some estimates, as high as some 2 million 
people. It is another side of the picture 
beneficial one - higher than the EU average 
share of young people employed in agriculture 
(Jankowska, 2015). 
Small farms are dominating in some new MS, 
hence the average direct payment per farm is 
almost 13 times lower than in the EU-15. 
Differences of the agrarian structure and the 
level of development of agriculture resulted 
also in significant diversity within the level of 
payments among the new MS. 
Continuous pressure from Polish negotiators, 
supported by other countries (agricultural 
commissioner was then D. Cioloș), led to the 
changes that were adopted in February 2013. 
They include gradual equalization of payments 
in those MS in which they are shaped at a level 
below 90% of the EU average (this applies, 
among others, to Poland and Romania). In each 
of these countries by 2020, direct payments 
should reach a level of at least 196 
euro/hectare. Some of the related costs are to be 
covered as a transfer from the budget of direct 
payments of the countries where they are at the 
highest level. 
Some flexibilities to national solutions are also 
available. And so, countries with a level of 
direct payments below 90% of the EU average 
will be able to transfer up to 25% of the funds 
allocated to them for the second pillar of the 
CAP (rural development) to support the 
payments (Poślednik et al., 2014). 

Despite the controversy due to the uneven 
access to direct payments they have contributed 
largely to the agricultural family income and 
closing the gap between agricultural families 
and other strata of the society (Table 3). 
 
Table 3. Available monthly income in households/capita 

(PLN) 

Item 2000 2005 2010 2014 
Poland 611 762 1193 1340 
Cities 695 867 1342 1516 
Rural areas 483 593 953 1067 
Self-employed 795 977 1496 1632 
Employees 656 770 1199 1340 
Farmers 456 606 1025 1051 

Source: Compiled from: Sytuacja społeczno-ekonomiczna 
gospodarsyw domowych w latach 2000-2011. Zróżnicowaniemiasto-
wieś, Warszawa 2013, p. 24; Households Budget Survey … Warsaw 
(different issues). 
 
They also contributed significantly to the 
increase in the price of agricultural land, 
observed after joining the European Union. 
Expressed in current prices, the average price 
of agricultural land has increased from 8244 in 
2005 to 32 317 PLN/hectare in 2013 (i.e. 3.9-
fold). While the price of land measured in tons 
of rye increased in the same time from 23.78 to 
50.57 t/ha, 2.2-fold increase (Statistical …, 
2015). 
Another consequence of the widespread system 
of direct payments is slowing down the flow of 
land to larger and economically stronger farms 
(Table 4). 
Joining to the European Union has enabled 
access to support from the second pillar of the 
CAP - the Rural Development Programmes. 

 
Table 4. Size structure of agricultural farms in Poland (in %) 

Year total number 
(in thousand) 

average 
farm size 

below 5  
hectares 

5 – 14.99 
hectares 

15 – 19.99 
hectares 

20-49.99 
hectares 

above 50 
hectares 

1995 2 048 7.6 54.6 37.4 4.4 3.3 0.3 
2000 1 881 8.0 56.4 33.7 4.5 4.7 0.7 
2010 1 429 11.3 54.1 32.9 4.8 6.4 1.8 
2014 1 413 11.5 53.1 32.3 5.0 7.3 2.3 

Source: Statistical Yearbook of the Republic of Poland, Warsaw (cited from different issues) 
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As in the case of direct payments, the different 
conditions of agriculture resulted in the 
existence of disparities in the use of these funds 
in the individual MS (Table 5). 
 

Table 5. Distribution of the resources of the Rural 
Development Programmes (period: 2004-2006) 

 
Country EUR/employee EUR/hectare EUR/farm 
Czech 
Republic 

21114.7 113.4 9664.9 

Hungary 221.6 73.4 601.1 
Poland 878.6 130.7 847.3 
UE-10 1227.7 123.6 1081.9 
UE-15 2443.8 116.9 2603.0 
UE-25 2021.7 118.5 1999.5 
Source: A. Jankowska, 2015, p.73. 
 
In Poland as much as 56.5% of the total agri-
cultural area was classified as belonging to the 
less favored areas (LFA), and as a result they 
received additional funds. This meant "blurring" 
the way of their spending, as covering very large 
area, result in not supporting enough those 
households that really were located in 
particularly difficult areas (Gaziński, 2006). 
A significant budget resources of the EU were 
allocated during a period 2007-2013 for 
agriculture - nearly 79% of total 371.3 billion 
EUR for preservation and natural resources 

management were reserved for direct payments 
and the market interventions. It was the first 
Multiannual Financial Framework fully 
covering the Poland's membership in the EU 
(Table 6). 
 
Table 6. Allocation from the EU budget (million EUR) 

for agricultural sector for a period 2007-2013 

Country Direct 
payments 

2-nd 
Pillar 

Total 

Bulgaria 2 489 2 609 5 098 
- % 49 51 100 

Hungary 6 493 3 806 10 299 
             - % 63 37  
Poland 15 039 13 230 28 269 
             - % 53 47 100 
Romania 5 502 8 023 13 525 
             - % 41 59 100 
EU-12 39 745 36 852 76 597 
             - % 52 48 100 
EU-15 246 232 51 205 297 437 
             - % 83 17 100 
EU-27 278 223 77 665 355 888 
             - % 76 24 100 

Source: Compiled from: Jankowska 2015, p. 102 
 
In the current budget perspective, Poland takes 
a position of the largest net beneficiary of EU 
funds (Table 7). 
 

 
Table 7. Financial transfers EU – Poland (mln EUR) 

Item Period: 
01.05.2004 - 31.12.2015 

2016 
(to 29.02.2016) Total Structure 

(%) 

I. Transfers: EU – Poland 125733.8 3153.9 128887.7 100 
in this: 1. Cohesion Policy 81178.4 2500.1 83678.5 65 
             2. Common Agricultural Policy 40181.3 646.9 40828.2 31.7 
In this: i) Direct Payments 22008.9 554.3 22563.2 - 

ii) Market interventions 1519.7 1.6 1521.3 - 
iii. Rural Development 

Programmes 
15824.3 86 15910.3 - 

iv. Other transfers of the CAP 139.1 0 139.1 - 
v. Support of fisheries 688.5 5 693.4 - 

             3. Other transfers 4374.1 6.90 4381 3.30 
II. Transfers: Poland - EU  40377.6 913.9 41291.5 100 
in this: i) payments to EU budget 40226.6 913.9 41140.5 99.6 

ii) returns of the sources to EU 
budget 

151 0 151 0.4 

III. Balance (I – II) 85356.2 2240.0 87596.2 - 

Source: Own calculations; Ministry of Finance, http://www.mf.gov.pl/c/document_library/get_file?uuid=65984a7c-1f8a-4a4d-ae71-
65872c347e1c&groupId=764034  
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Rural Development Programme 2014-2020 is 
considered as a key integral element of the 
coherent policy of the overall country 
development. Its six formally accepted 
priorities cover: transfer of knowledge and 
innovations, increase of the competitiveness of 
the food sector, risk management, biodiversity 
and environment protection, promotion of low-
emission economy, combating the climate 
change, reduction of a poverty and social 
exclusion. The total national budget of 
13 513 295 000 EUR consists of the transfer 
from the EU: 8 598 280 814 and the co-
financing from the national budget: 
4 915 014 186 EUR to cover 15 different 
programmes (Ministerstwo …, 2016). 
Net support, obtained by Poland during years 
of the EU membership per 1 inhabitant 
amounts to approx. 2 250 EUR. 
In the period 2004-2015, an annual average  
GDP growth was approx. 3.8%, resulting in 

increasing the Polish GDP per capita from 
initial approx. 49% of the EU average to the 
current approx. 68% and the cumulative GDP 
growth amounted to almost a half (Czekaj, 
2016; Figure 4). 
Food exports should be recognized as one of 
the most spectacular achievements of the Polish 
food sector. To the end of 2015, i.e. during 11 
years of membership in the EU, it amounted to 
approx. EUR 160.5 billion, which is 4.5-fold 
increase as compared with the year 2004 (Table 
8). Due to these remarkable surpluses, the 
positive balance in the Polish foreign trade - for 
the first time for many years - was recorded in 
2015, 8.3% of the yearly increase of total 
volume (of some 171.7 billion EUR) of the 
Polish export (Nużyńska and Poczta, 2014). 
A good illustration of the undergoing changes 
in the directions of Polish exports is the issue 
of the Russian market.  
 

 
 

 
Figure 4. Cumulative GDP growth in the regions in the period 2004-2013 (2003 = 100) 

Source: Poland’s 10 years in the European Union. Report, Ministry of Foreign Affairs, Warszawa 2014, p. 59. 

 
Table 8. Polish foreign trade of food and agricultural products (billion EUR) 

Item 2001 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Export 4 5.2 7.1 8.5 10.1 11.7 11.5 13.5 15.2 17.9 20.4 21.9 23.6 
Import 3.6 4.4 5.4 6.4 8.1 10.3 9.3 10.9 12.6 13.6 14.3 15.1 15.9 
Balance o.4 0.8 1.7 2.1 2.0 1.4 2.2 2.6 2.6 4.3 6.1 6.8 7.7 
Value of 
export/capita 
(EUR) 

. 137 187 225 264 307 301.29 351 395 454 518 569 613 

Source: Polski handel zagraniczny towarami rolno-spożywczymi w 2015 r., Agencja Rynku Rolnego, Warszawa 2016, p. 1; Wymiana 
międzynarodowa. Inwestycjezagraniczne, Central Statistical Office, Warsaw, www.strateg.stat.gov.pl/Home/Strateg (access: 12.04.2016) 
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After the disintegration of the SU and an 
introduction of changeable currency in settle-
ments, the trade with Russia collapsed to a very 
low level. A dynamic reconstruction of that 
market has already occurred in the first years of 
transition. In the Kaliningrad District, close to 
Poland, the high quality products, imported 
from neighbouring Warmia and Mazury, 
dominated definitely on the shop shelves. 
However, after a few years, that trade cracked, 
again. That time it was a competition from EU 
exporters, the domestic entrepreneurs - 
deprived from export subsidies - could not 
cope. The troublesome constraint ended while 
Poland became a member of the EU - a value 
of Polish food exports rocketed-up during a 
period of 2004-2013 from 400 to 1300 million 
EUR. And Russia occupied the third place as 
the largest importer of Polish food products 
(after Germany and the UK). 
Once more, that state was disturbed - by a 
Russian embargo on food from the EU, the US, 
Canada, Australia and Norway, introduced on 
7-th July 2014. Around a half of afflicted 
products were of Polish, Lithuanian or German 
origin. It is estimated that the ban covered a 
variety of exported products valuing above 800 
million EUR, some 62% of the total Polish 
food export to Russia. The most exposed to the 
restraint were fruits, vegetables, dairy and meat 
products (Wysokiński and Braun, 2015). 
Diversification of exports, search for new 
directions of trade and promotion of inner 
consumption was applied as a remedy. This 
refers especially to apples and their products 
(expansion of cider, little known before at local 
market, and even a slogan: eat an apple - to 
make Putin angry). 
Experiences of making business with Russia, 
briefed above, confirms that the most important 
trading partner for Poland is the inner EU 
market. Moreover, this is an area with which 
Poland, for years, has achieved a positive trade 
balance – in the context of negative results at 
the other directions, including with Russia this 
is not to be overestimated. 
 
CONCLUDING REMARKS AND 
OPINIONS 
 
The process of adaptation to the conditions of 
the EU membership did not begin with the 

accession, but actually lasted from the fall of 
socialism, which is nearly 15 years. The 
transition to a market economy, suitable for 
individual farming for breaking with previous 
discrimination, did not take place, however, 
without many problems. They were especially 
severe in those areas where the socialized 
sector was strongly dominant. As yet, they have 
not been effectively solved - sociologists speak 
even in terms of their inheritance for the next 
generation. The peasant economy has also been 
affected. In areas with fragmented agrarian 
structure, where a farm size was too small to 
provide family existence, the phenomenon of 
so-called peasant-workers was widespread. 
Privatisation processes resulted in the collapse 
of a number of state-owned enterprises and the 
related unemployment. As having another 
source of income, peasant-workers lost the 
work in the first instance, with a resultant 
forces to return to their overpopulated 
households. One of the consequences was the 
exodus, especially young people, to work 
abroad. Related social issues have not been 
combated as yet - the direct payments of the 
CAP are treated by the small-scale farmers as a 
kind of a social rent, slowing down the 
processes of the agricultural land concentration. 
Economists estimate that, in Polish conditions, 
prosperous farms should have an acreage of at 
least 30 hectares, and there are no more than 
approx. 100 000 of such farms from the total 
number above 1 400 000. 
During years before the accession, rural Poland 
was afraid about the European integration. 
Farmers were strengthened in these feelings by 
a flood of cheaper imported foods and the 
difficulties encountered by them in selling their 
products on the EU market. A significant 
liberalization of foreign trade, introduced in the 
initial period of transformation, paved an easy 
access of imported food on the Polish market. 
Polish food export, from another side, met 
constraints of the restrictive CAP. 
Furthermore, farmers were aware that, in 
comparison with their counterparts from the 
Union, their farms are outdated and the labour 
efficiency lags behind. In addition, the reality 
of the principle of financial solidarity and the 
prospect of significant support to agriculture 
and rural areas from the EU budget seemed to 
be an unrealistic perspective. 
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In overcoming prejudices, a lot of work 
performed Agricultural Advisory Centers and a 
number of other institutions. Many information 
actions, as well as other programmes, were 
financed by the European Union and other 
sources of international support. 
Obtaining at the eve of accession to the Union, 
in 2003, the positive balance in the food trade – 
for the first time in many years – may be a 
symbolic sign of a good preparing of the 
agriculture for the membership. 
Farmers, as well as the entire food sector 
quickly adapted to the new rules of the game 
set by the CAP, as well as a number of other 
EU procedures. 
A necessity of the co-financing of a number of 
EU programs has forced, moreover, the larger 
flow of funds from domestic sources to the 
countryside and agriculture. 
Agriculture has become one of the most 
important beneficiaries of the European 
integration. One can cite numerous examples to 
support that: modernization of farms, inland 
and marine fisheries, developments in the food 
manufacture. During a period of the EU 
membership dynamics of an increase of 
agricultural incomes overtook these ones of the 
national average and of the urban population. 
Remarkable improvements can be reported in 
the infrastructural facilities and the human 
capital. More care, than previously, is disclosed 
in protecting the environment and preserving 
the cultural heritage of the village. One of the 
manifestations of these changes is that in recent 
years more people settle in the rural areas than 
leaving them for the cities. Moreover, a support 
among farmers for the Union membership 
exceeds the national average and also they are 
more likely to declare a satisfaction with their 
social role and affirmation for living in the 
countryside. 
The EU support under the CAP measures and 
other funds is focused on bridging the gap 
between poorer regions and those ones more 
prosperous. However, such an objective can be 
eventually recognized as a half-success. Richer 
and better developed regions are more skillful 
in efficient use of the available opportunities 
and are "moving forward" faster. Therefore, the 
occurred distance is not only in decline, but 
even deepening. This is confirmed by selected 

indicators of economic and social development, 
such as GDP/person. 
The large influx of aid funds caused their 
spending in such programmes, where it is 
relatively easy to consume - as infrastructure 
development. With this, it is not always rational 
spending as kilometers of glazed fences along 
the highways to protect against noise fields and 
unpopulated areas, or the launch of the new 
local airport, which in 2015 paid off only 
approx. 500 passengers. 
In part the same can be referred to agriculture. 
Special support for organic farms caused their 
dynamic growth. But often they are not 
involved in keeping livestock, according to one 
features of that style of agriculture, and in some 
cases they seem to be specialized, but rather in 
obtaining EU subsidies. 
In some 15 years after the collapse of socialism 
but before the accession, farmers were exposed 
to the market rules, being paid for what was 
supplied from a farm. Today, they are paid as 
well for what they do not produce – the share 
of subsidies in farm incomes is so significant 
that it can be compared to life on a drip. 
In practice, despite the announced measures 
simplifying bureaucratic procedures, farmers 
are experiencing something quite opposite. 

* 
*      * 

Polish farmers have adapted to new conditions 
largely exploiting the opportunities afforded by 
the European integration. They compete 
effectively, but largely due to their less-paid 
work. 
Since 1989, Poland benefited from the two 
driving forces of her development. At first, it 
was the transformation as such, the replacement 
of the generally worse system by a more 
efficient one. In the years preceding the 
accession and the first decade of the EU 
membership, such a strong impetus of 
development was European integration - it 
means not only the flow of development aid, 
but also accelerated somehow modernization of 
economic and social structures, and the state 
itself. 
Today, however, we enter into a third period - 
the one in which inner development potential 
will count, inherent not only in natural 
resources but human ones, as well. What is 
needed is a new philosophy of development, 
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not only for rural areas and agriculture, not 
only for Poland, but throughout the Union 
facing the new challenges of a changing world. 
In this process, changes in the CAP and 
shaping the future of the European Union - for 
several years - Poland is also involved. 
But so far, this contribution is not sufficient. 
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Abstract 
 
Maize leaf weevil (Tanymecus dilaticollis Gyll) produce high damages at maize crops, in south and south-east of the 
Romania. Until end of the year 2013, seed treatments were generalized. After neonicotinoid treatment restrictions, as 
result of EU directive 485/2013, no insecticides remain available, for maize seeds treatment, against T. dilaticollis, in 
Romania. As result, researches from last years were focused for finding possible alternatives to replace neonicotinoid 
insecticides, used for maize seed treatments, in eventuality of permanent ban of these, in 2016. 
In this paper, authors collective present results concerning testing of two active ingredients (cyantraniliprole and 
thiacloprid), for controlling of the maize leaf weevil, used high pest pressure, in laboratory conditions. The results 
obtained at variants treated with cyantraniliprole, thiacloprid or different combinations of these two active ingredients 
were compared with one standard active ingredient, clothianidin and control (untreated) variant.  
In this laboratory assessment, in conditions oh high pest pressure, after 8 days from pots infestation with T. dilaticollis 
adults, higher insect mortality was registered in case of variant treated with clothianidin active ingredients (67.50%). 
At the rest of the treated variants, insects mortality, after 8 days of observations, presented low values, ranged between 
6.25 and 12.50%. On a scale from 1 (not attacked) to 9 (total damage), attack intensity of the T. dilaticollis at the maize 
untreated plants, was of 8.67. In conditions of high pest pressure, untreated plants were destroyed. The lowest attack 
intensity values was registered in case of variant treated with clothianidin active ingredient (I=3.92). Cyantraniliprole 
and thiacloprid active ingredients didn’t provide effective protections of the maize plants, in first vegetation stages 
(BBCH 10-14), against T. dilaticollis attack, in conditions of high pest pressure. 
 
Key words: maize, laboratory testing, weevil, control. 
 
INTRODUCTION  
 
Maize leaf weevil (Tanymecus dilaticollis Gyll) 
is main pest of the maize crops in south and 
south-east of the Romania (Cristea et al., 2004). 
In last 15 years pest area extended in south-
west and north-east of the country (Popov et 
al., 2003, 2004, 2005, 2006a). Every year, 
1.000.000 ha with maize from the favorable 
areas is affected, with different attack degrees, 
by this pest (Popov et al., 2007). Recent 
researches made in Transylvania make in 
evidence important attack of the T. dilaticollis 
at the maize plants, although this area was not 
considered favorable for the pest activity 

(Antonie et al., 2012). A possible explication 
for occurrence of this insect in areas considered 
until now unfavorable is because of the climate 
changes, especially global warming (Olesen et 
al., 2011). Same author mentioned that climate 
changes from Central and South-East of the 
Europe countries have negative impact on local 
agriculture and, in the same time, can favor 
pests attack. According Paulian (1972), T. 
dilaticollis produce high damages when maize 
plants are in first vegetation stages, between 
plant emergence and four leaf stage (BBCH 10-
BBCH 14). In some cases, maize can be 
destroyed by this pest before plants arrive at 
soil surface (Barbulescu et al., 2001). At a 
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density between 25 and 30 insects/m2, average 
yield losses were evaluated at 34% (Paulian et 
al., 1979). Later reports mentioned that in case 
of both, favorable climatic conditions from 
spring and maize monoculture, insects density 
were higher then 60 adults/m2 in south-east of 
the Romania and even 160 adults/m2 in 
Dobrogea county (Barbulescu et al., 1986, 
1987, 1988). In last years, there were situations 
when farmers sowing again maize in same 
spring, because of the higher T. dilaticollis 
attack (Rich Harvests, 2013, 2014; Plants 
Health, 2015). Field and laboratory researches 
make in evidence that seed treatment is one of 
the most  effective method for protect maize 
young plants against pests attack (Voinescu, 
1985; Barbulescu et al., 2001; Krusteva et al., 
2006; Keszthelyi et al., 2008; Popov et 
Barbulescu, 1997, 2007; Čamprag, 2011, 
Trotus et al., 2011). Researches made at 
NARDI Fundulea demonstrate higher 
effectiveness of the carbofuran active 
ingredient (commercial product name: Furadan 
350 ST) against maize leaf weevil (Paulian et 
al., 1974; Voinescu et Paulian, 1982). At the 
mid of the years ’80 more then 400000 ha were 
sowing with maize treated with carbofuran 
active ingredient (Barbulescu et al, 1986; 
Barbulescu, 1997). Because of higher toxicity 
for environment, from 2007 the authorization 
for use of carbofuran active ingredient at seed 
treatment in Romania was withdraw (MADR, 
2007). From middle of the years ’90 it has 
tested insecticides from neonicotinoid class for 
maize seeds treatment against main pests of this 
crop, especially when plants are in first 
vegetation stages (Popov et Barbulescu, 2007). 
These insecticides classes have action on 
insects nervous system, blocking nicotinic 
acetylcholine receptors, causing paralysis and 
death (Chao et al., 1997; Jeschke et al., 2011; 
Adak et al., 2012). Higher effectiveness of 
these active ingredients was mentioned in 
different communications (Barbulescu et al., 
2001; Popov, 2002; Vasilescu et al., 2005). As 
result of EU directive 485/2015, from 1 
December the use of neonicotinoid insecticides 
for seed treatment of the spring crops, 
including maize, was restricted (Official 
Journal of the European Union, 2013). After 
this directive no insecticides remain available 
for maize seed treatment against T. dilaticollis 

in Romania. Although it has obtained 
temporary authorizations for use of the 
neonicotinoid insecticides like seed treatment at 
maize crop in spring period, between 2014 and 
2016, it is necessary to testing new insecticides 
for controlling of the maize leaf weevil attack, 
when maize plants are in first vegetation stages. 
For seed treatments evaluation, field 
assessments were organized in spring period 
(Paulian 1972; Voinescu 1985; Barbulescu, 
2001; Vasilescu, 2005). However climatic 
conditions from spring were variable from one 
year to another. In years with reduced rainfall 
level in the spring, the attack of T. dilaticollis 
on maize untreated plants was maximum or 
almost maximum, while in years with higher 
rainfall level the attack of this pest on maize 
untreated plants was lower (Popov et al., 
2006b). At NARDI Fundulea, Paulian (1972) 
develop a laboratory method for evaluate 
effectiveness of seed treatments, where maize 
emerged plants are placed in conditions of high 
attack pressure. Barbulescu et al. (2001) and 
Vasilescu et al. (2005) tested the efficacy of the 
maize and sunflower seeds treatment with 
neonicotinoid insecticides in laboratory 
conditions, using a pest density from four to 
seven insects per plant. In Hungary, Keszthelyi 
et al. (2008) study effectiveness of both, seed 
and soil treatments, on three soils type, using 
isolators, previously sown with corn. In 
Bulgaria, Draganova S. (2012) testing 
effectiveness of some Beauveria bassiana 
isolates for biological control of T. dilaticollis 
adults in laboratory conditions.  
The aim of this study is testing different 
insecticides used like seed treatments, both in 
laboratory and field conditions, for finding an 
alternative at the neonicotinoids treatment in 
eventuality of permanent ban of these 
substances in EU, after 2017. In this paper were 
presented preliminary results of testing three 
active ingredients (cyantraniliprole, thiacloprid 
and clothianidin) in laboratory conditions, 
using high pest pressure. 
 
MATERIALS AND METHODS 
 
The researches were made in laboratory 
conditions at Plant Protection Collective, from 
National Agricultural Research Development 
Institute, Fundulea, Calarasi County, Romania.   
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Insects were collected from natural populations 
of this pest, at Fundulea (44° 30′ N, 24° 1′ E). 
The adults of T. dilaticollis were collected at 
the end of April or beginning of May, this 
period coincides with maximum activity of this 
pest at the soil surface. The insects were 
collected from the open field, between hours 
11:00 and 15:00, in the days with clear sky, 
without wind. The insects collected from the 
field were maintaining inactive, in laboratory, 
for a few days, at 15±2 ºC air temperature and 
80-85 % air relative humidity.  
 

 
Figure 1. Plastic pots, sowed with maize, used at 

laboratory experiments, for evaluating seed treatments 
for T. dilaticollis control 

 
For laboratory experiments it has used plastic 
pots (12x12x10 cm). Before sowing, pots were 
filing 3/4 with soil, harvested from the areas 
without chemical treatments. In each plastic pot 
it has sowed five maize seeds (Figure 1). After 
sowing, pots are complete filled, then soil 
surface from each pot was slight compressed 
and soaking with water for ensure uniform 
emergence of maize plants. Each variant have 
four replications, each pot represent one 
replication.  

Table 1. Active ingredients used in the laboratory 
experiment concerning seed treatment effectiveness 

against Tanymecus dilaticollis Gyll 

Variant Active ingredient Dose 
(µgai/seed) 

1 cyantraniliprole 625 
2 cyantraniliprole+thiacloprid 625+750 
3 cyantraniliprole+thiacloprid 625+1000 
4 cyantraniliprole+thiacloprid 450+750 
5 cyantraniliprole+thiacloprid 450+1000 
6 thiacloprid 1000 
7 clothianidin 1250 
8 control (untreated) – 

For this laboratory experiment it has used 
PR37N01 maize hybrid (FAO 380). 
After beginning of the plants emergence, the 
insects collected from the open field were 
added in plastic pots. For ensure higher pest 
pressure, in each pot it has added 20 insects to 
have a pest density of 4 adults per plant. Insects 
must manipulated carefully and not hurt then. 
Immediately, after insects were added, the pots 
were covered with isolators (Figure 2). 
Died insects were checked daily, until 8 days 
after starting of the experiment (pots 
infestation). After each assessment, dead 
insects from all pots were removed. Results of 
these assessments were evaluated as average 
mortality percent.   
 

 
Figure 2. Pots covered with isolators, bonnet with bolter 
 
Attack intensity of T. dilaticollis adults on 
maize plants was evaluated when maize plants 
arrive at four leaf stage (BBCH 14), at 8 days 
after pots infestation. This laboratory 
assessment is similar with field evaluation of 
the pest attack. The attacked plants were rated 
on a scale from 1 to 9, elaborated and improved 
by Paulian (1972), as follows:  
• Note 1: plant not attacked; 
• Note 2: plant with 2-3 simple bites on the leaf 
edge; 
• Note 3: plants with bites or clips on all leafs 
edge; 
• Note 4: plants with leafs chafed in proportion 
of 25 %;   
• Note 5: plants with leafs chafed in proportion 
of 50 %; 
• Note 6: plants with leafs chafed in proportion 
of 75 %; 
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• Note 7: plants with leafs chafed almost at the 
level of the stem; 
• Note 8: plants with leafs completely chafed 
and beginning of the stem destroyed; 
• Note 9: plants destroyed, with stem chafed 
close to soil level. 
Plants height was checked at 8 days after pots 
infestation, by measuring with a corbel all 
plants from the pots.  
In this experiment it has tested cyantraniliprole 
active ingredient, from ryanoid class. This 
active ingredient interacts with ryanodine 
receptors and causes loss of muscle function, 
leading to paralysis and death of the insects 
(Selby et al., 2013). Also, it has tested 
thiacloprid active ingredient, formulated for 
seed treatment. The mechanism of action of 
thiacloprid active ingredient is similar to other 
neonicotinoids and involves disruption of the 
insect's nervous system by stimulating nicotinic 
acetylcholine receptors (Jeschke et al., 2011). 
The two active ingredients or combination 
between them, were compared with one 
standard variant, treated with clothianidin and 
with control (untreated) variant (Table 1).  
The data were statistical analyzed through 
variance analysis method, using Microsoft 
Excel, version 2003 and ARM, version 8.5.0 
software. 
 
RESULTS AND DISCUSSIONS 
 
After insects were added in plastic pots, they 
start immediately feeding with maize leafs. At 
variant treated with clothianidin active 
ingredient (1250 µgai/seed), the feeding 
process stopped after 10-15 minutes, at the 
majority of the insects. At the rest of the 
experimental variants, feeding process 
continue, until the end of the assessments 
period. Concerning at average insects mortality 
(%), at the end of the assessments period, 
higher value of this parameter was registered in 
case of clothianidin active ingredient (1250 
µgai/seed). In case of variant treated with 
cyantraniliprole (625 µgai/seed), insects 
mortality were bellow 12.50% while at variant 
treated with thiacloprid (1000 µgai/seed) it has 
registered lowest insects mortality, from all 
treated variants of this experiment (3.90%). At 
control variant, mortality percent of the T. 
dilaticollis adults was below 1%. At different 

combinations, between cyantraniliprole and 
thiacloprid active ingredients, the insect 
mortality percent, after 8 days from starting of 
the experiment, ranged between 6.67 and 11.08 
% (Figure 3). Only in case of variant treated 
with clothianidin in dose of 1250 µgai/seed 
there were significant statistical differences 
comparative with control variant (P<0.05). The 
differences between variants treated with 
cyantraniliprole, thiacloprid and control variant 
were not statistically assigned (P<0.05).         
  

 
Figure 3. T. dilaticollis adults mortality (%), in 

laboratory conditions 
 
When maize plants from experimental pots 
arrive in for leaf stage it has registered attack 
intensity, on a scale from 1 (plant not attacked) 
to 9 (plant complete destroyed). At control 
(untreated) variant, plants were almost 
complete destroyed by maize leaf weevil 
attack. In this case, attack intensity was of 8.67. 
In laboratory conditions, using high pest 
pressure (4 insects/plant), in case of variant 
treated with clothianidin active ingredient it has 
registered lowest value of the attack intensity, 
from this experiment (Table 2). At variant 
treated with cyantraniliprole (625 µgai/seed) 
attack intensity was of 7.17 while at variant 
treated with thiacloprid (1000 µgai/seed) attack 
intensity present high value (I=8.0). At 
different combinations between 
cyantraniliprole and thiacloprid active 
ingredients, attack intensity was high, ranged 
between 7.50 and 8.08 (Figure 4). According 
Paulian scale (1972), at this attack intensity, 
almost all plants from experimental pots have 
leafs chafed almost at the level of the stem and 
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some plants have beginning of the stem 
destroyed. Fewer plants can recover after this 
high level of the attack.  
 

 
Figure 4. T. dilaticollis attack intensity (I), in laboratory 

conditions 
 
Concerning attack intensity values, even if 
there were differences between variants treated 
with cyantraniliprole (625 µgai/seed), 
thiacloprid (1000 µgai/seed) or different 
combinations between this two active 
ingredients and control (untreated) variant, this 
differences were not statistically significant 
(P<0.05). Higher statistical differences, 
comparative with control variant, was 
registered only in case of variant treated with 
clothianidin active ingredient (1250 µgai/seed). 
Also, there were not significant statistically 
differences between variants treated with 
cyantraniliprole and thiacloprid.  
 

 
Figure 5. Relation between insects mortality and attack 

intensity, in laboratory conditions 
 

Result from laboratory experiment demonstrate 
that these active ingredients don’t assign 
effective protection of maize plants, in first 
vegetation stages, against T. dilaticollis, in 
conditions of high pest pressure. Also, at 
variants with lower insects mortality percent it 
has registered high attack values. At variant 
treated with clothianidin active ingredient, even 
if the insects don’t die immediately, they stop 
feeding. As result, attack intensity was low. At 
the rest of the treated variants, the insects 
continue feeding, all days, after pots 
infestation. As result, attack intensity, at the 
end of experiment presented high values. 
Between insects mortality and attack intensity 
there were negative correlation (Figure 5).  
 

 
Figure 6. Plants height (cm), in laboratory conditions, 

after 8 days from starting of the experiment 
 
Regard as plant height, at 8 days from pots 
infestation, data from table 2 show that highest 
value of this parameter was registered at variant 
with lowest attack intensity (clothianidin active 
ingredient). In this case, feeding process of the 
insects was stopped as result of systemic 
insecticide action and plants, even if present 
leaf chaffed in proportion of 5-20%, they 
recover and arrive at 19.02 cm at the end of the 
observations period (Figure 6). At variant 
treated with cyantraniliprole active ingredient 
(625 µgai/seed), plants height was of 5.64 cm 
while at variant treated with thiacloprid (1000 
µgai/seed), plants height was of 4.22 cm. At 
different combinations between 
cyantraniliprole and thiacloprid active 
ingredients, at the end of the observations 
period, plants height ranged between 4.64 and 
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5.06 cm. In case of untreated variants, plants 
height was of 1.31 cm. Because of higher 
attack of the pest, maize plants can’t recover 
after the attack and died (Figure 7). This 
situation can occur in field conditions too, in 
case of high pest density and if the climatic 
conditions from spring period are favorable for 
pest attack (Paulian, 1972; Barbulescu et al., 
2001; Popov et al., 2006b; Čamprag, 2011).  
 

 
Figure 7. Maize untreated plants destroyed by T. 

dilaticollis attack, in laboratory conditions 
 

Although there were differences between plant 
height of variants treated with cyantraniliprole, 
thiacloprid (or different combinations between 
this two active ingredients) and control 
(untreated) variant, these differences were not 
statistically assigned (P<0.05).  
 

 
Figure 8. Relation between insects mortality and plants 

height, in laboratory conditions 
 
At variant treated with clothianidin active 
ingredient (1250 µgai/seed), the differences 
comparative with untreated variant were

 

Table 2. The effectiveness of some active ingredients used for seed treatment at maize crop against  
Tanymecus dilaticollis Gyll, in laboratory conditions 

Active ingredient 
 

Dose  
(µgai/seed) 

Insects 
mortality 

(%) 

Attack 
intensity 

(1-9) 

Plants 
height  
(cm) 

cyantraniliprole 625 12.27b 7.17b 5.64b 
cyantraniliprole+thiacloprid 625+750 9.38b 6.61b 5.04b 
cyantraniliprole+thiacloprid 625+1000 11.08b 7.50b 5.06b 
cyantraniliprole+thiacloprid 450+750 7.12b 8.08ab 4.64b 
cyantraniliprole+thiacloprid 450+1000 6.67b 7.67b 4.78b 

thiacloprid 1000 3.90b 8.00ab 4.22b 
clothianidin 1250 66.58a 3.92c 19.02a 

control (untreated) – 0.57c 8.67a 1.31c 
LSD P=.05 0.378 0.688 0.11 

Standard deviation (SD)  0.257 0.393 0.07 
Coefficient of variation (CV) 26.59 5.36 9.21 

Replicate F 0.956 1.872 0.529 
Replicate Prob. (F) 0.4316 0.1904 0.6674 

Treatment F 12.710 40.860 49.445 
Treatment Prob. (F) 0.0001 0.0001 0.0001 

                        Means followed by same letter do not significantly differ (P=.05) 
 
 
significant (P<0.05). Between insects mortality 
and plants height there were positive 
correlation (Figure 8). 
In conditions of high pest pressure, using a 
density of 4 insects/plant, clothianidin active 
ingredient (1250 µgai/seed) provide good 
protection for maize plants, in first vegetation 

stages (BBCH 10-BBCH 14) against maize leaf 
weevil attack (T. dilaticollis Gyll).   
In 2015, same experimental variants were 
assessed in field conditions. Climatic 
conditions from May, when maize plants are in 
first vegetation stages were favorable for pest 
attack. Results obtained in field conditions 
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were in concordance with results obtained in 
laboratory conditions (Figure 9). 
 

 
Figure 9. Relation between T. dilaticollis attack in field 

and laboratory conditions 
 
Further studies are necessary, both in field and 
laboratory conditions to find possible 
alternatives for seed treatment of the maize 
plants to control T. dilaticollis attack, in 
eventuality of neonicotinoids permanent ban, 
after 2017 in EU.   
 
CONCLUSIONS  
 
In laboratory conditions, using high pest 
pressure (4 adults/plant), maize untreated plants 
were destroyed by Tanymecus dilaticollis 
adults.  
At variant treated with clothianidin active 
ingredient it has registered higher adults 
mortality percent. At the rest of the treated 
variants, mortality percent was low and the 
differences comparative with untreated variant 
were not statistically assigned (P<0.05).   
In laboratory conditions, clothianidin active 
ingredient (1250 µgai/seed) provide good 
protection for maize plants against T. 
dilaticollis attack.  
In this experiment, cyantraniliprole and 
thiacloprid active ingredients didn’t provide 
effective protections of the maize plants, in first 
vegetation stages, against T. dilaticollis attack. 
Laboratory experiments with high density of 
insects per plants (T. dilaticollis) is an 
important tool for evaluate effectiveness of 
some insecticides used like seed treatments for 
controlling this pest. 
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Abstract  
 
Amniotic membrane transplantation is used in both human and veterinary ophthalmology for ocular surface 
reconstruction after certain ocular diseases in order to regain corneal transparency and to improve visual outcome. 
Feline corneal sequestrum is a disease unique to the cat, characterized by the presence of an area of corneal necrosis, 
brown coloured, sometimes accompanied by vascularization and edema, usually located in the center of the cornea. 
Depending on the stage of the disease, treatment can be medical or surgical. This pilot study aims to evaluate the 
clinical outcome after lamellar keratectomy and amniotic membrane transplantation in cases of feline corneal 
sequestrum. The study was conducted in the Opthalmology Department of the Faculty of Veterinary Medicine in 
Bucharest and in Oftalmovet Private Practice in Valencia for a period of two years. During this time, six cats with 
corneal sequestrum underwent superficial keratectomy associated with human amniotic membrane transplantation 
fixed with OcuSeal Liquid Ocular BandageTM (Beaver Visitec). In all the cases, a third eyelid flap was used to protect 
the graft. Good corneal clarity and improved vision was obtained in all the cases. Amniotic membrane transplantation 
after lamellar keratectomy was an optimal choice for the treatment of corneal sequestrum in cats. There was no 
recurrence of the disease in our follow-up period (3-15 months). 
 
Key words: amniotic membrane, cat, cornea, corneal adhesive, sequestrum. 
 
INTRODUCTION 
 
Amniotic membrane transplantation (AMT) 
was first used in human ophthalmology in 1940 
in the treatment of ocular burns (Rama et al., 
2001; von Versen-Hoynck et al., 2004). After 
this, in 1990, Kim and Tseng wrote about their 
success in using human amniotic membrane for 
repairing various corneal defects (Kim et al., 
2009; Sonia June Hill, 2008). In veterinary 
ophthalmology, Barros et al. (1998) were the 
first to report the use of equine amniotic 
membrane to repair corneal perforations in the 
dog (Storms et al., 2012). 
Amniotic membrane (AM) is the innermost 
layer of the fetal membrane, consisting of an 
epithelium, a basement membrane and a stroma 
(Niknejad et al., 2008; Sonia June Hill, 2008). 
It contains various growth factors, hormones 
and cytokines (Cristina Peris and Menezo, 

2004) that offer its different properties. Several 
studies have shown that AM has anti-
inflammatory, antifibrotic and antiangiogenic 
effects (Tseng SC., 2001; Wang et al., 2001; 
Plummer, 2009), promotes migration of the 
epithelial cells, prevents corneal epithelium 
apoptosis and inhibits protease activity 
(Sangwan et al., 2007; Niknejad et al., 2008; 
Storms et al., 2012). Also, AM has antibacterial 
and antiviral activity (Dua et al., 2004; 
Fernandes et al., 2005; Plummer, 2009). 
AMT can be recommended as a surgical 
therapy in different ocular diseases, like 
bullous keratopathy (Sangwan et al., 2007; 
Plummer, 2009), deep stromal ulcers and 
descemetoceles (Duchesne et al., 2001; 
Solomon et al., 2002), melting ulcers 
(Lassaline et al., 2005), corneal burns (Meller 
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et al., 2000; Sangwan et al., 2007), 
symblepharon (Barros et al., 2005; Barachetti 
et al., 2010). In human ophthalmology, AMT 
was also used in cases of limbal stem cell 
deficiency, amniotic membrane promoting cell 
differention (Grueterich et al., 2003; Barachetti 
et al., 2010). AM is able to cover the ocular 
surface like a graft after removal of some types 
of corneal or corneolimbal tumors (Barros et 
al., 2005; Ollivier et al., 2006) or after dermoid 
resection in dogs (Kalpravidh et al., 2009).  
Corneal sequestrum is a disease that affects 
primarily the cat, but isolated cases have also 
been reported in dogs (Bouhanna et al., 2008) 
and in horses (McLellan et al., 2000). 
Brachycephalic cats are more commonly 
affected (Andrew et al., 2001; Barachetti et al., 
2010), the lesion being usually localized in the 
central or paracentral cornea (Featherstone et 
al., 2004). The corneal stroma becomes 
necrotized and the lesion can extend in depth 
and in size (Laguna et al., 2014), leading to 
corneal perforation (Featherstone et al., 2004). 
Predisposing factors include tear film 
abnormalities, lagophtalmos, ocular trauma, 
chronic corneal irritation (entropion, ectopic 
cilia, distichiasis) or the presence of feline 
herpesvirus-1 (Featherstone et al., 2004; Cullen 
et al, 2005; Grahn et al., 2005; Williams et al., 
2009). In the first stage of the disease, when the 
necrosis is only superficial, the sequestrum can 
slough off just with medical therapy, 
represented usually by hyaluronic acid 
containing ophthalmic gels (Featherstone et al., 
2004; Maggs, 2013). In cases where 
sequestrum is accompanied by areas of 
ulceration, antibiotic collyres are added. When 
the sequestrum is affecting the deeper corneal 
layers and there are associated ocular signs like 
epiphora, blepharospasm, vascularization, 
edema, surgery is recommended to remove the 
affected area (Featherstone et al., 2004; Maggs, 
2013; Dulaurent et al., 2014). Most commonly, 
a superficial keratectomy is performed, 
followed by corneal grafting, which could be 
done by using conjunctival grafts or various 
biomaterials (Featherstone et al., 2001; 
Barachetti et al., 2010; Laguna et al., 2014). 
AMT can be used for ocular surface 
reconstruction after removal of corneal 
sequestrum and can be fixed in place either by 
using sutures, usually 8-0/10-0 Vicryl (Vicryl®, 

Ethicon) or by using tissue adhesives (Barros et 
al., 2005; Barachetti et al., 2010; Lerit et al., 
2012). OcuSeal® is a special liquid ocular 
bandage, a new type of tissue adhesive, made 
of a synthetic hydrogel. It has a high water 
content and is well tolerated by the ocular 
structures (Wathier et al., 2006; Ó hÉineacháin, 
2011). In people, this tissue adhesive can be 
used to close the corneal incision after cataract 
surgery, after sclerotomies or pterygium 
surgery (Kim et al., 2006; Singh et al., 2010). 
The present study aims to evaluate the visual 
outcome and the degree of corneal clarity after 
superficial keratectomy and sutureless human 
amniotic membrane transplantation in the 
therapy of feline corneal sequestrum.  
 
MATERIALS AND METHODS 
 
This study was conducted in the 
Ophthalmology Department of the Faculty of 
Veterinary Medicine in Bucharest and in 
Oftalmovet Private Practice in Valencia 
between December 2013 and December 2015. 
During this period, six cats with corneal 
sequestrum were treated using human AMT. 
Data collected for each case included breed, 
age, gender, clinical history, concurrent ocular 
diseases, eye affected, size and depth of the 
corneal necrosis. Initial ocular assessment was 
done in all the cases and included visual 
testing, examination with a light source and a 
magnifying loupe, Schirmer tear test, 
fluorescein stain, tonometry (TonoVet iCare, 
Finland), indirect ophthalmoscopy (PanOptic, 
Welch Allyn, NY, USA) and 
photodocumentation (Nikon D80 with Medical 
Nikkor 200 mm macro objective; Nikon D3200 
with AF-s DX 18-55 mm objective). 
Amniotic membranes used for transplantation 
in the present study were already prepared in a 
specialized laboratory. They were all obtained 
from cesarean births and kept in optimal 
conditions until use.  
All the cats went to general anaesthesia and the 
affected eye was aseptically prepared for ocular 
surgery with 2% povidone iodine solution. 
After the eye was fixed in place with stay 
sutures using 6-0 monofilament nonabsorbable 
suture material (Ethilon® Nylon Suture), a 
lamellar keratectomy was performed using a 
corneal knife to remove the corneal sequestra. 
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The keratectomy site was 1 mm larger than the 
corneal defect and the incision started from the 
external quadrant to the center of the cornea. 
The incision was deep enough as to remove all 
the brown pigment from the corneal stroma. 
After that, the remaining corneal defect was 
covered completely by a human amniotic 
membrane graft. The AM was placed in a 
single layer, with its stromal side facing the 
corneal stroma. The graft was then fixed in 
place using the liquid ocular bandage 
(OcuSeal®, Beaver-Visitec International, 
Waltham, MA). The corneal adhesive was 
prepared by mixing together its two 
components, the diluent and the powder, and 
shaking the container for 3 seconds. After that, 
the obtained gel was applied on the surface of 
the cornea with the special brush tip applicator 
within 10 seconds. If this time was not 
respected, the liquid became solid and couldn’t 
be used anymore. After polymerization on the 
surface of the cornea, the liquid bandage was 
transformed in a transparent, protective gel that 
fixed the AM graft. The excess of the liquid 
bandage was removed from the margins using a 
corneal scissors.  
A third eyelid flap was then used to protect the 
corneal graft. In four cats, this was done by 
using a 3-0 braided suture material (Vicryl®, 
Ethicon) in a continuous, “U shape” pattern. 
In the other two cats, tarsorrhaphy was done 
using the same suture material, but a single “U 

shape” knot apposed the third eyelid to the 
upper eyelid.  
 
RESULTS AND DISCUSSIONS 
 
The six cats affected by corneal sequestrum 
were represented by four Persian and two 
Domestic Shorthair cats. There were two 
neutered males, three spayed females and one 
intact female. The sequestrum was present in 
the right eye (OD) of three cats, left eye (OS) 
in two cats and affected both eyes (OU) in one 
cat. The Persian cat with bilateral corneal 
sequestrum underwent superficial keratectomy 
and AMT for the OS, while the OD sequestrum 
was managed with topical medication. The 
mean age of the affected animals was 5.8 years, 
with a range between 2 and 10 years old.  
Concurrent ocular disease included tear film 
deficiency in three cats, lower eyelid entropion 
in one cat and history of corneal ulceration in 
one cat. One of the Persian cats had a history of 
allergic dermatitis treated with oral 
prednisolone. The sequestrum affected 1/3 of 
the corneal stroma in three cats, 1/2 of the 
corneal stroma in two cats and 2/3 of the 
corneal stroma in two cats. Associated ocular 
signs were epiphora, blepharospasm, 
superficial vascularization and edema 
surrounding the corneal lesion. Table 1 
summarizes the pretreatment ocular findings 
and visual outcome in the six patients.  
 

 
Table 1. Signalment, pretreatment characteristics and clinical outcome in six cats with corneal sequestrum 

 
Case Breed Age Gender Affected 

eye 
Concurrent ocular 

disease 
Visual outcome 

1 DSH 7yr M(C) OS Tear film deficiency Good, superficial corneal 
vascularization 

2 Persian 4yr F(S) OD Tear film deficiency Good 
3 Persian 5yr M(C) OD Chronic corneal 

ulceration 
Central corneal ulceration 

4 DSH 2yr F OD Lower eyelid 
entropion 

Good 

5 Persian 10y F(S) AO Tear film deficiency Good, small central corneal scar 
6 Persian 7yr F(S) OS None Good 

DSH: Domestic Shorthair cat; yr: years; M(C): neutered male; F: intact female;  
F(C): spayed female; OD: right eye; OS: left eye 

 
 
Tarsorrhaphy was maintained for 21 days in 
four of the affected cats. In one cat (Case 1, 
Table 1) sutures from the third eyelid flap were 

removed after six weeks (Figure 1e), while for 
one cat (Case 6, Table 1) these were kept in 
place just for one week.  
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Figure 1. Case 1: a - Intraoperative aspect of the cornea while removing the corneal sequestrum; b - Corneal  
appearance after AMT. Note the intense vascularization of the deep stroma; c- Fixing the AM graft with OcuSeal®;  

d - Tarrsorrhaphy aspect; e - 6 weeks from the AMT. Transparent cornea, superficial vascularization;  
f - One year after AMT. Good corneal clarity 

 
After surgery, all cats received oral antibiotics, 
either amoxicillin/clavulanic acid (Synulox®, 
Pfizer) 12.5 mg/kg q 8 h or doxycycline 
(Ronaxan®, Merial) 10mg/kg q 24 h for 10 
days. Also, they were all administered oral 
nonsteroidal antiinflamatories (robenacoxib, 
Onsior®, Novartis) 1 mg/kg q 24 h for 3 days. 
Tobramycin (Tobrex®, Alcon) and Diclofenac 
(Voltaren®, Novartis), three times daily, were 
used topically in two of the cats 
postoperatively.  
For the other four cats topical therapy was 
started after tarsorrhaphy suture removal and 
consisted in antibiotic and artificial tears eye 
drops, antiinflamatory eye drops being added 
10-14 days later in order to reduce the 
granulation tissue proliferation. As a long term 
therapy, aminoacids and hyaluronic acid 
ophthalmic gel (HyCare®, Bausch&Lomb) was 
recommended in almost all the cases, 
especially in the cats that had tear film 
deficiencies. 
Case two (Figure 2), a 4 years old female 
Persian cat developed a small ulceration in the 
center of the cornea one month after AMT. 
Local treatment was instituted, consisting in 

antibiotic eye drops, anticollagenolytics  
(N-acetylcysteine) and artificial tears gel, given 
six times daily, with improvement of the 
clinical signs after one week. 
Bilateral corneal sequestrum was present in 
Case 5 (Table 1), this Persian cat having also 
the history of allergic dermatitis. The 
sequestrum in OD was treated topically with 
antibiotic eye drops and HyCare®, six times 
daily and the area of necrosis has sloughed off 
after one month. In OS superficial keratectomy 
and AMT were performed (Figure 3a), sutures 
from tarsorrhaphy being removed after 21 days, 
when the cornea had a small area of opacity in 
the supero-extern quadrant and superficial 
vascularization (Figure 3b). After 5 days, 
Dexamethasone containing eye drops were 
started three times daily, with good clinical 
outcome at the future revisits. Nine weeks after 
surgery, a thin corneal scar was present and 
also two small areas that stained with 
fluorescein. At this moment, antibiotic eye 
drops and artificial tears were recommended. 
The last recheck, 4 months after surgery, 
revealed a transparent cornea, with good visual 
outcome (Figure 3f).  

a b c 

d e f 
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Figure 2. Case 2: a - Clinical aspect at initial examination: small central area of necrosis, surrounded by edema and 

peripheral vascularization; b - Performing superficial keratectomy with the corneal knife; c - After AMT. The graft is 
larger than the corneal defect; d - AM graft fixed with the liquid ocular bandage; e - Clinical aspect one week after 

removal of the tarsorrhaphy sutures. Central corneal opacity and superficial blood vessels; f - Same picture as in “e”, 
lateral aspect. Superficial, thin scar 

 

 

   

   
Figure 3. Case 5: a - Superficial keratectomy. 1/3 deep corneal sequestrum, accompanied by superficial vascularization; 
b - 21 days after surgery, small area of opacity; c - 5 days after tarsorrhaphy suture removal. Dexamethasone eye drops 
were started; d - 45 days after surgery, good clinical outcome; e - Nine weeks after keratectomy and AMT. Thin corneal 

scar; f - 4 months after surgery. Transparent cornea, negative fluorescein test 

a b c 

d e f 
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Case 6, a 7 years old female Persian cat had a 
three weeks history of epiphora and brown 
pigmentation of the skin around the left eye. 
The sequestrum was affecting one third of the 
corneal stroma and was staining the fluorescein 
dye at the periphery (Figure 4a). In this cat, 
after keratectomy and AMT, the third eyelid 
flap was removed in 7 days, when a good 
adhesion of the AM graft was noticed (Figure 

4c). Topical treatment with antibiotic, 
nonsteroidal antiinflammatories and artificial 
tears was instituted, with a good clinical 
outcome. Three weeks after surgery, a small 
central area of epithelial denudation appeared 
(Figure 4e), but a complete remission was seen 
after 7 days. The last recheck was after five 
months, when the cornea was completely 
transparent (Figure 4f). 

 

 
Figure 4. Case 6: a - Initial examination: 1/3 deep corneal sequestrum, with no vascularization; b - Intraoperative aspect, 

after OcuSeal was applied on the surface of the cornea; c - 7 days after keratectomy and AMT. Note the corneal 
transparency; d - Two weeks after surgery. The cornea healed without vascularization; e - 21 days after initial 

presentation. Central area stained with fluorescein; f - Five months recheck. Complete remission, transparent cornea.
 
CONCLUSIONS 
 

 
 

Feline corneal sequestrum affects primarily 
brachycephalic cats and is characterized by an 
area of corneal necrosis, brown pigmented, 
usually located in the central or paracentral 
cornea. Recommended treatment can be 
medical or surgical, depending on the depth of 
the lesion.  
In the present study, a superficial keratectomy 
was performed in order to remove the corneal 
sequestrum, followed by a human amniotic 
membrane transplantation and a third eyelid 
flap. 
Amniotic membrane promotes reepitheliali-zation, 
inhibits neovascularization and fibrotic tissue 
formation by suppressing the fibroblasts and 

has antiinflammatory effects. Being avascular, 
there is rare graft rejection after AMT. Because 
the AM is transparent, its use as a graft for 
corneal surface reconstruction supports 
cosmetic repair. At the moment, AMT is 
probably the best option in the surgical 
management of feline corneal sequestrum.  
In our study, sutureless AMT was used after 
lamellar keratectomy. AM graft without sutures 
has some advantages, like shorter surgical time 
and reduction of suture-induced inflammation. 
For fixing the AM on the corneal surface, a 
liquid ocular bandage was used. This is a 
transparent adhesive that forms a protective 
barrier for the cornea. The disadvantage is that 

a b c 

d e f 
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it has to be prepared and used very quickly 
after reconstitution otherwise it becomes solid 
and cannot be used anymore.  
The six cats that we treated with AMT after 
lamellar keratectomy for the therapy of feline 
corneal sequestrum had a good visual outcome 
and corneal transparency was noted in the 
follow-up period. There was also no recurrence 
in neither of the cats. 
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Abstract 
 
Being a plant with considerable agronomic qualities, soybean returns to farmers attention (Dencescu et al.,1982b; 
Ionescu, 1985). Indeed the new varieties have improved by characters: high production potential, quality and 
constantly over time (Gallais & Bennerot, 1992). In exchange for use of these qualities are needed informations about 
how to adapt plants in different ecological areas (Giosan et al., 1986). Given white luvicsoil in South the plant finds a 
good regime of sufficient rainfall and temperature (Ionescu et al., 1986; 1994). Against this background proved to be 
important the specific crop system. 2.0-3.0 t.ha-1 yields were obtained while during the filling of the grains fell 150-200 
mm water. During the growing season of 100-140 days have accumulated 1200-14000C temperatures above 100C. 
Among during the growing season and grain production achieved a positive correlation (r=0.591***) so that varieties 
with higher period during the growing season formed the best production. Plant morphology: size, number of pods per 
plant and grains were positively correlated with grain yield. Negative correlations were obtained between the thousand 
grains weight-TGW with production of grains, TGW with grain number per plant and between fat content with the 
content of crude protein of the grain. Production levels achieved over the years has been between 1.06 and 3.49 t.ha-1 

like limits. Among the crop items highlighted technological density peaks at 60-80 seeds.sq.m-1. 
 
Key words: ecology, morphology, quality, soybean plants, albic luvisol.   
 
INTRODUCTION 
 
Due to its importance (Bîlteanu & Bîrnaure, 
1989), soybean [Glycine max (L) Merrill, G. 
hispida (Moench) Max a.s.o] is required 
increasingly more so in the world (Cregan, 
2008), and us (David, 2002). To obtain high 
yields of grains is recommended primarily 
cultivation of new varieties adapted (Haș, 
2006). These new varieties are accepted under 
the rules of priority established specific eco-
system (Ionescu & Ionescu, 2012). In one such 
eco-soy system will not miss sustainability, 
environmental protection and the cultivation 
technological links as such. Thus, each 
ecological zone of soybean eco-system adapts 
its own rules after. The aim is that the new 
variety to produce as much grain, both 
quantitatively and qualitatively. 
Given soybean genetics (Dencescu, 1980; 
1982a; Cregan, 2008), obtaining maximum 
production of soy beans in a variety is based on 

a real complex characters. Some of these 
characters is based on the additive gene action, 
such as: the number of seeds per plant, grain 
size and height (size) of the plant. Other 
characters besides the additive action, is also 
based on dominance and epistasis of genes, for 
example: the number of nodes per plant, 
number of pods per plant and the number of 
beans in the pod (David, 2002). The quality of 
soybeans is expressed mainly through the 
protein and fat content. Along with the 
production of grain, the two characters have a 
wider complexity of both the structure and the 
respective genetic factors (Wilcox & Shibles, 
2001; Yin & Vyn, 2005). Meanwhile, grain 
yield and quality varieties and new lines are 
greatly influenced by environmental factors. 
Expressing characteristics of soybean 
adaptability to eco-culture medium can be done 
through the study of correlations (Yin & Vyn, 
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2005). Some ie between content of proteins, the 
fat and morphological characters of soybean 
were positive. However, correlations between 
proteins and fats found in most grains varieties 
were negative (Wilcox & Shibles, 2001; Ifrim 
& Haș, 2008). 
In this paper we present the adaptation aspects 
of soybean plants through the correlations in 
several directions. The first direction refers to 
grain yield response to climatic factors: rainfall 
and temperatures assets. Another line shows the 
connection between morphological elements: 
size, number of nodes on the stem, number of 
pods per plant and number of grains per plant, 
on grain yield formation. A third line shows the 
correlations between absolute grain weight 
(TGW) with grain yield, number of grains per 
plant, and between the fat content with protein. 
Grain yield obtained over the years has high-
lighted the influence of year and density, as 
two elements which best expresses the ecology 
of some new soybean varieties and lines.  
 
MATERIALS AND METHODS  
 
Soybean grown to normal after the technology 
developed by the resort. We used a relatively 
long period of time, lines and new varieties 
recommended for areas that belong white luvic-
soils of southern territory. The data represent 
the average periods of research. Measurements 
and determinations were made both in the field 
(Photo 1) and laboratory follow several 
parameters. 
During the vegetation period (VP) of soy, 
precipitations were noted in two periods and 
namely the entire period between sunrise and 
maturity, and during the submission of the 
reserve substances period (July and August). 
Temperatures active: Σtn0 C>100C were 
accumulated throughout the growing season, as 
well as the number of vegetation days. 
Soybean plants were measured: size from the 
crop, the number of nodes on the main stem, 
number of pods on the whole plant, grain 
number per plant, and grain from production 
area. Experiences with lines and new varieties 
were made after the block method in five 
repetitions and variants had each 25 m2. In 
experiments with the density method was all 
the blocks in 5 replications, with 20, 40, 60, 80, 
and 100 grains/m2, 25 m2 each variants. 

Soybean were determined: thousand grains 
weight (TGW), the average number per plant, 
the fat content and protein content. 
Between the different measurements and 
determinations settled most important 
correlations. 

 

 
Photo 1. Daciana variety (0)(David, 2006) 

 
RESULTS AND DISCUSSIONS  
 
On the climate. Soy is generally high demands 
for water and warm. From the beginning, 
soybeans need water for germination of 150% 
of their dry weight. The specific consumption 
is expressed by the transpiration coefficient 
between 300 and 700. Sweating period for 
water occurs during the formation of 
reproductive organs, flowering and grain 
filling.  
The correlations obtained between the amount 
of rain fallen, so the entire growing season and 
in the months of July- August shows positive 
upper results (Figure 1). If the entire growing 
season, the correlation coefficient was pasitive, 
but not significant (r=0.142), one from July to 
August was significant (r=0.695*). The chart 
shows that the rains have fallen throughout the 
soybean growing season were between 180 and 
480 mm, while the July-August were between 
50 and 220 mm. 
Compared to soy light behaves as a short-day 
plant, so that integration as early seeding 
ensures claims for medium varieties 
photoperiod district here. Warm factor recorded 
in vegetation soybean varieties was between 
1200-14000C (Σtn0 C>100C).  
Correlations between vegetation period (in 
days) with Σtn0C>100C and between vegetation 
period with grain yield were positive and 
highly secured statistic (Figure 2). Thus, during 
the growing season of 95 to 140 days were 
cumulative 1200-1400 Σtn0 C>100C and 
average yields were between 22 and 28 q/ha 
(according to the regression line).
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Figure 1. Correlation between rainfalls sum (two periods) and soybean grain yields 

 

       
Figure 2. Correlations between vegetation period (VP) with active temperatures sum  

(Σtn˃100C) (left) and VP with soybean grain yields  
 

Characteristics of soybean plant. The 
correlation between plant height obtained with 
the number of nodes on the main stem was 
negative (r=-0.377). This means that varieties 
and lines formed more pods and beans at fewer 
nodes. Plants 60-90 cm high were formed 

between 13 and 10 knots. The correlation 
between plant tall with grain production is 
positive, slightly increasing and no significant 
(r=0.205) (Figure 3). The data show that the 
plants were between 60-80 cm tall and 
produced between 24 and 28 q/ha grain. 

 

      
Figure 3. Correlations between plant size (tall) and knot number per stem (left) 

 and plant size (tall) with soybean grain yields 
 

       
Figure 4. Correlations between pods no. per plant with grains yields (left)  

and grains no.  per plant with soybean grain yields 
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Other characteristics: the number of soybean 
pods per plant and the number of grains per 
plant were positively correlated with the grain 
productions (Figure 4). The data showed that 
25-46 pods per plant resulted in the formation 
of about 25 q/ha grain, with r=0.180. The 
number of grains of between 40-90 on a 
soybean plant ensured production of 23-27 
q/ha, with r=0.368** (insured statistic). By 
comparing the two characters showed that the 
number of grains formed on a soybean plant 
was decisive in the formation of higher 
production. 

Characteristics of soybean grain. The 
correlations obtained between the thousand 
grains weight (TGW) with production of grain 
and between the number of grains per soy plant 
and TGW were negative (r=-0.187, and  
r=-0.363 respectively, Figure 5).  
Between beans fat content and protein content 
was obtained a negative correlation, with  
r=-0.833***.  
Data show that crude fat varied between 16% 
and 19%, and crude protein between 45% and 
36% (Figure 6 and Photo 2). 

 

      
Figure 5. Correlations between TGW with grain yields (left) and between grain number/ plant and TGW 

 

      
                 Figure 6. Correlation between fat oil and protein                         Photo 2. Daciana grains 
                               contents from soybean grain 

 
Soybean grain yield. Production levels 
achieved over the years were located at 
different levels. Greatest influence was the year 
of culture (Table 1). In new soybean varieties 
(Daciana also) and lines were markedly 
different. Absolute values of soybean yields 
were 30.1-34.9 q/ha like maximum, and 10.6-
11.8 q/ha like minimum. Among the 
technological elements of soybean crop, 
density plays an important role. The high yields 
obtained over time were obtained from 60 to 80 
grains/m2 (Table 2). 
 
CONCLUSIONS 
 
Rainfall that fell in soybean vegetation were 
between 200 and 500 mm, and in July- August 

period of 40 to 220 mm. However, production 
levels were 15-30 q/ha, as it has contributed to 
the formation of cross-system practiced. The 
amount of active degrees of temperature 
(>100C) was between 1200-14000C, which 
allows the cultivation of early varieties (000, 
00) and middle (0). The growing season was 
95- 140 days. Higher production was achieved 
with more grains per plant, followed by higher 
tall and a greater number of pods per plant. In 
contrast, the tall (high) plants are knots less. 
Negative correlations were obtained between 
the TGW and production, the number of grains 
on a plant and TGW, and between grains fats 
and proteins. 
Average grain yields were obviously 
influenced by climatic conditions. The levels of 
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more than 30 q/ha were obtained for 5 years, 
11-18 q/ha were in 3 years, and the following 
years were intermediate. Between 

technological measures, 80 grains/m2 density 
ensured 2/3 of years in the achievement of 
great productions. 

 
Table 1. The grain yileds of differing soybean varieties and lines, q.ha-1 

Var./years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
A1 15.7 30.1 29.7 17.5 28.6 23.0 28.9 30.6 13.8 13.0 13.0 16.7 16.5 19.1 
A2 18.7 23.3 25.0 18.3 27.1 20.8 24.8 29.9 15.3 16.0 13.8 19.5 16.8 17.5 
A3 15.3 26.5 22.5 22.9 30.2 16.4 20.6 28.0 15.3 14.6 15.0 19.9 15.8 14.9 
A4 14.4 27.9 19.4 22.4 27.3 22.2 27.9 28.3 17.7 14.9 13.5 15.5 15.8 16.3 
A5 16.1 34.0 28.9 29.9 27.9 21.4 28.6 30.7 16.0 18.0 14.3 19.9 17.0 14.2 
A6 17.0 25.9 29.1 22.8 30.7 22.1 30.1 30.5 15.2 14.8 15.3 18.7 20.0 18.6 
A7 13.8 32.3 29.8 24.4 29.4 20.9 25.6 29.7 14.0 14.9 14.8 20.7 18.3 17.5 
A8 16.8 29.2 23.6 21.2 30.9 23.3 28.8 26.9 16.5 17.8 15.3 16.4 15.8 18.8 
A9 18.1 29.1 26.7 21.8 28.4 22.5 26.1 30.7 12.1 16.6 16.5 20.6 14.3 18.1 
A10 10.6 27.5 33.8 25.3 29.4 21.2 25.8 29.6 10.9 14.2 13.5 18.5 17.8 17.6 
A11 11.4 27.0 30.2 18.0 29.1 21.9 25.8 31.1 15.9 14.1 13.3 19.1 14.4 19.9 
A12 20.5 32.9 31.3 24.7 26.6 21.1 31.5 29.4 17.4 13.7 16.0 19.3 14.3 17.3 
A13 13.5 30.5 32.8 21.5 29.6 21.9 26.5 28.0 17.6 15.5 14.8 19.2 16.3 14.5 
A14 16.9 30.5 31.5 25.4 29.4 21.5 27.7 28.1 14.6 14.6 13.0 20.3 17.0 19.2 
A15 16.9 26.0 28.4 22.7 29.4 21.4 26.2 31.9 17.0 16.1 14.5 20.2 15.0 16.6 
A16 15.8 32.4 25.7 21.8 27.1 22.9 26.6 31.6 17.6 13.6 11.8 18.8 15.8 20.1 
A17 10.7 34.9 23.6 19.4 28.6 22.7 25.0 28.5 16.1 18.4 12.8 17.8 15.3 16.2 
A18 15.0 33.1 30.1 22.7 29.6 21.7 26.3 28.2 16.1 16.6 11.8 21.9 14.3 14.7 
A19 17.0 31.6 29.2 19.2 27.9 19.8 23.9 26.5 15.3 15.9 11.3 19.6 15.3 18.2 
A20 19.9 31.9 27.0 25.7 29.6 21.0 23.6 27.1 18.4 14.1 11.5 17.1 17.5 18.6 
A21 13.2 31.2 29.9 17.6 25.8 15.6 28.0 26.5 16.1 12.3 13.0 22.7 18.0 19.9 
A22 18.6 27.0 29.2 23.7 24.8 15.3 20.6 28.2 14.9 14.8 13.8 20.7 14.8 18.8 
A23 10.8 31.6 29.9 21.4 25.8 16.4 20.1 26.6 17.0 17.9 12.8 19.1 17.8 20.2 
A24 16.3 32.0 25.5 21.2 29.1 16.4 21.8 22.4 17.0 15.3 11.8 18.7 16.3 19.6 
A25 18.1 32.0 29.8 22.6 26.8 15.7 25.4 28.7 17.2 17.7 12.8 18.0 17.3 20.0 

DL 5% 
DL 1% 

DL 0.1% 

2.41 
3.22 
4.20 

2.97 
4.03 
5.40 

5.75 
7.81 
10.46 

1.71 
2.32 
3.11 

1.55 
2.09 
2.80 

4.12 
5.47 
7.05 

3.17 
4.19 
5.39 

2.22 
2.95 
3.80 

3.33 
4.44 
5.79 

3.46 
4.59 
5.91 

2.96 
3.93 
5.07 

4.44 
5.89 
7.61 

2.37 
3.22 
4.31 

3.35 
4.47 
5.84 

MEDIA 15.6 30.0 28.1 22.2 28.4 20.4 25.9 28.7 15.8 15.4 13.6 20.5 16.3 17.9 
 

Table 2. The density influence on soybean grain yields 

Var./years 1 2 3 4 5 6 7 8 9 10 11 12 
20 10.9 22.2 15.1 10.4 16.0 10.3 14.2 14.1 28.0 11.3 11.2 23.8 
40 17.7 25.0 17.9 13.6 18.0 11.5 16.3 14.2 30.0 12.7 13.2 26.8 
60 18.3 26.9 17.3 14.0 18.8 13.8 19.1 17.0 30.5 13.2 14.7 25.2 
80 20.8 27.8 15.5 14.4 18.7 15.3 17.1 18.9 31.0 14.8 15.5 24.4 
100 18.6 25.1 15.3 14.1 17.2 14.9 16.0 16.6 29.3 11.6 13.8 24.0 

DL 5 % 
DL 1 % 
DL 0.1% 

4.01 
5.50 
7.49 

5.82 
7.98 
10.86 

2.75 
3.77 
5.14 

1.87 
2.56 
3.49 

4.97 
7.53 
12.10 

3.77 
5.43 
7.98 

3.93 
5.66 
8.32 

2.64 
3.79 
5.57 

5.60 
8.06 
11.85 

3.23 
4.65 
6.84 

2.30 
3.15 
4.27 

3.93 
5.65 
8.01 

MEDIA 17.3 25.4 16.2 13.3 17.7 13.2 16.5 16.2 29.8 12.7 13.7 24.8 
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Abstract 
 
The indigenous cultivars Žilavka and Blatina of V. vinifera are of the greatest economic importance for wine 
production in Bosnia and Herzegovina. In vineyards, the grape productivity of Žilavka is normal while that of Blatina is 
extremely low. The objective of this work was to study the pollen morphology of V. vinifera cvs. Žilavka and Blatina 
using scanning electron microscopy. The pollen grain of Žilavka showed three furrows, but acolporated (without 
furrows or pores) pollen grains were observed in Blatina. Pollen germination in Žilavka was satisfactory, whereas 
Blatina pollen lacked the capacity to germinate. The present research is a contribution to amore detailed analysis of 
major grapevine cultivars in the Balkans. 
 
Key words: indigenous cultivars, scanning microscopy, pollen. 
 
INTRODUCTION 
 
Although there is a range of indigenous 
grapevine cultivars available in Herzegovina 
region (southeastern part of Bosnia and 
Herzegovina) for many years the greatest 
enological and economic importance has been 
placed on cvs. Žilavka and Blatina. As opposed 
to excellent reproductive characteristics and 
satisfactory yields of Žilavka (Mijatović, 1988; 
Kurtović et al., 1989; Tarailo, 1991) Blatina 
exhibits low productivity which is typically 
associated with the characteristics of the 
functionally female flower and fertilization 
problems, which have not been systematically 
examined and explained so far. Pollen grains of 
V. vinifera are normally 3-zonocolporate, 
spheroidal to prolate, with very long, narrow, 
slit-like, slightly, but distinctly sunken 
ectoaperture (colpus). The endoaperture is a 
circular pore, with narrow, but distinct costae 
(Galardo et al., 2009). However, a considerable 
body of previous research (Lombardo et al., 
1978; Cargnello et al., 1980; Cabello Saenz 
Maria et al., 1994; Slimane-Harbi et al., 2004; 
Marasali et al., 2005; Abreu et al., 2006) on 
some economically important cultivars 
(hybrids) of grapevine (and their clones) has 
demonstrated the presence of pollen roundish 

in shape, without furrows and germination 
pores. In the wild grapevine V. vinifera subsp. 
sylvestris (Gmelin) Hegi, pollen dimorphism 
has also been observed (Inceoglu et al., 2000; 
Galardo et al., 2009) and attributed to 
differences between pollen grains of male and 
female plants. Regardless of the report 
(Lombardo et al., 1978) that the presence of 
pollen with pores and germination apertures is 
responsible for high grapevine productivity, 
Gargnelo et al. (1980) found that the absence of 
germination pores can be major cause, although 
not the only cause of low yields in some 
grapevine cultivars and populations. The 
objective of this research was to analyse the 
pollen morphology and germination of 
indigenous cvs. Žilavka and Blatina to 
determine their morphological specificities. 
 
MATERIALS AND METHODS 
 
Research was conducted in the 2010/2012 
flowering season using two main indigenous 
cultivars in Bosnia and Herzegovina - 'Blatina' 
with functionally female flowers and 'Žilavka' 
with hermaphrodite flower type. Samples were 
taken from commercial vineyards in Mostar 
region (characteristics of the Mediterranean 
climate, average temperature in January 2.3oC, 
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in July 22.5oC to 25.7oC). At different stages of 
flowering, inflorescences were removed from 
the vines in early morning and kept in a sealed 
vial in an insulated container for transport to 
the laboratory, where they were refrigerated at 
4oC. Pollen samples were coated with 0.02 
μmgold alloys in a BAL-TEC SCD 005 sputter-
coater and monitored at 15 kV with a JEOL 
JSM-6390LV SEM. Pollen grains were 
observed and photographed at 500�, 1,500� 
and 2,000� (whole grain) and 10,000 – 15,000� 
magnification (for exine pattern 
characteristics). Pollen grains were measured 
directly on the screen of the electron 
microscope and pictures of pollen grains were 
taken for each of the tested cultivars. Both dry 
and hydrated pollen grains were examined. For 
each pollen grain (30 per cultivar) the 
following parameters were monitored: pollen 
shape and size (length, width and length/width 
- L/W ratio) and exine ornamentation 
characteristics (Punt et al., 2007). Pollen 
separation for germination analysis was 
performed at the initial flowering stage. Pollen 
viability was assessed by the hanging drop 
method under in vitro conditions using 12%, 
15%, 18% sucrose solutions. The germination 
of pollen grains was examined under a light 
microscope, with readings taken in microscopic 
fields of view. In each field of view (5 per 
cultivar), total number of pollen grains and 
number of germinating pollen grains were 
counted. Germination was photodocumented 
using an Olympus/DP/SOFT light microscope 
and an Olympus/DP camera, and the resulting 
images were edited by the Image Analyzer 
software. Statistical analysis was carried out 
via the statistical software package SPSS 22 
(IBM 2013). 
 
RESULTS AND DISCUSSIONS 
 
The morphological analysis of the dry pollen 
grain of 'Žilavka' shows that it hasthe 
morphology of a wheat grain as caused by the 
closed colpi due to the morphological and 
physiological preparation for viability at the 
dissemination stage (Figure 1 and 2). 
Once the pollen grain reaches the stigma, the 
colpi open, thus giving the hydrated pollen 
grain of 'Žilavka' the shape of a slightly 
flattened rotating ellipsoid (Figure 3).  

 
Figure 1. Pollen grain - distribution in anthers ('Žilavka') 
 
 

 
Figure 2. Pollen grain - equatorial view ('Žilavka') 

 
 

 
Figure 3. Pollen grain - polar view ('Žilavka') 

 
In 'Blatina', the dry pollen grains are visually 
collapsed, with a depression in the interior of 
the grain itself (Figure 4 and 5).  
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Figure 4. Pollen grain - distribution in anthers ('Blatina') 

 

 
Figure 5. Pollen grain - equatorial view ('Blatina') 

 
During hydration the pollen grain of 'Blatina' 
absorbs the fluid and obtains the shape of a 
flattened rotating ellipsoid with 
undifferentiated colpi - furrows and without 
germination apertures (Figure 6).  
 

 
Figure 6. Pollen grain - polar view ('Blatina') 

 
In both cultivars, the exinetakes the form of a 
reticulate pattern in the equatorial zone (Figure 
7 and 8). In the polar region, the exine is 

reticulate-foveolatein 'Blatina' and foveolate in 
'Žilavka'.  
 

 
Figure 7. Pollen grain-exine pattern ('Žilavka') 

 

 
Figure 8. Pollen grain - exine pattern ('Blatina') 

 
The detailed analysis of the collapsed pollen 
grains of 'Blatina' shows interesting details that 
suggest the effort of the cytoplasm to 
invaginate the external membrane and 
morphologically prepare the pollen grain for 
release by the anther (Figure 9 and 10). 
 

 
Figure 9. Sporadic occurrence of an initial furrow, 

suggesting signs of colpus positioning 
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Figure 10. Sporadic initial invagination of the external 

membrane, suggesting colpus formation efforts 
 
The shape of a pollen grain (Table 1) in 
'Žilavka' is prolate (26.86 � 15.41 μm), and that 
in 'Blatina' subprolate (23.12 � 21.90 μm).  
 

Table 1. Pollen grain diameters in the tested cultivars 
(average for 2010-2012) 

 Pollen grain diameters 
 Length 

(μm) 
Width 
(μm) 

L/W  
ratio 

cultivar ±  ±   
'Blatina' 23.448 ± 0.86 18.164 ± 0.74 1.290 
'Žilavka' 26.861 ± 0.87 15.416 ± 0.73 1.742 

 
During the research, 'Blatina' showed no pollen 
germination in any experimental year (Figure 
11), whereas the germination of 'Žilavka' 
ranged from 18.21 0.237 to 2.52 0.404 
depending on the sucrose content in the 
medium and experimental year (Figure 12 and 
Table 2). 
 

 
Figure 11. In vitro germination  
of 'Blatina' acolporated pollen 

Typically two aperture types were observed. 
Tricolporate pollen grains were observed in the 
pollen of 'Žilavka', the tricolporate form being 
characteristic of regular-bearing cultivars and 
clones (Cabello Saenz Maria et al., 1994; 
Slimane-Harbi et al., 2004; Marasali et al., 
2005; Abreu et al., 2006) as well as of male 
plants of the wild grapevine V. vinifera subsp. 
sylvestris (Gmelin) Hegi (Inceoglu et al., 2000; 
Galardo et al., 2009). 
 

 
Figure 12. In vitro germination of 'Žilavka'  

tricolporated pollen 
 

Table 2.  pollen germination of 'Žilavka' in 12%, 15% 
and 18% sucrose solution 

year sucrose  
solution % Vk 

2010 12 36.25  0.562 17.32 
 15 31.68  0.599 20.56 
 18 32.06  0.486 14.31 

2011 12 34.64  0.603 18.26 
 15 42.52  0.404 11.36 
 18 29.26  0.436 14.59 

2012 12 38.41  0.636 19.32 
 15 28.77  0.680 24.56 
 18 18.21  0.237 12.88 

 
Upon hydration, the pollen grains of 'Žilavka' 
become hexagonal, due to the preparation for 
germination, and do not take a different form of 
pollen of the same plant (Cabello Saenz Maria 
et al., 1994). Pollen germination of this cultivar 
was satisfactory and in agreement with 
previous results (Kurtovićet al., 1989), ranging 
between 29.0 and 31.5% depending on the 
germination medium.  
In 'Blatina', the presence of inaperturatepollen 
grains was observed, as also found in certain 
cultivars and clones (Cabello Saenz Maria et 
al., 1994) of plants of economically important 
cultivars (Lombardo et al., 1978)and of female 

108



 
 
plants of the wild grapevine V. vinifera subsp. 
sylvestris (Gmelin) Hegi (Inceoglu et al., 2000; 
Galardo et al., 2009). In analysis of the pollen 
of female plants of V. vinifera ssp. silvestris, 
Caporali et al., (2003) found a high percentage 
of collapsed pollen grains with a typical 
depression towards the interior, which are 
identical to the collapsed pollen grains in 
'Blatina'. Such pollen grains do not have the 
capacity to germinate, although the present 
research confirmed that the pollen grains of 
'Blatina' show a normal cytogenetic 
constitution which enables them toperform 
fertilization (results not presented in this 
paper). Pollen grain size in 'Žilavka' and 
'Blatina' is correlated with the results of 
Marasali et al. (2005) and Galardo (2009), 
whereas somewhat larger grains were observed 
by Cabello Saenz Maria et al. (1994). 
Differences in exineornamentation in the polar 
region and that in the equatorial view were also 
confirmed by Abreu et al. (2006).  
 
CONCLUSIONS 
 
'Žilavka' has morphologically functional pollen 
grains that exhibit a high germination rate, thus 
ensuring high regular yields regardless of the 
presence of a pollinator in the vineyard. 
In 'Blatina', reproductive success is inhibited 
not only by functionally female flowers but 
also by the aporate pollen, which is not 
morphologically predisposed to germination. 
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Abstract 
 
As biomass from the tobacco production can be regarded the stems of tobacco plants. They have huge market potential 
as a fuel, because of the available materials, that are not used (they are incinerated or buried into soil) and they have a 
high energy density. 
Developments in technique make it possible to use new technologies and perfection systems, that allow waste biomass 
from tobacco to become attractive and environmentally friendly energy source with high quality and minimal costs for 
utilization. 
In this paper is presented the technological capabilities for gathering, processing and utilization of residual biomass 
from the tobacco production. The machines for utilization of residual biomass from tobacco production are applicable 
in conditions of small and large farmers, who meet certain needs heating. 
 
Key words: biomass, tobacco, machines, heating systems. 
 
INTRODUCTION 
 
Tobacco industry is an important part of 
agriculture in Bulgaria. The culture is from 
type "technical" and represented 13.8% of total 
agricultural exports. In our country are grown 
as large leaf and small-leaved tobacco. Tobacco 
is grown in weak soils (mountainous and hilly 
areas) and without irrigation. Tobacco has large 
energy potential, but it is used only 50% 
extremely leaf mass. The other part in form of 
stems is not used or is used as a mineral 
fertilizer of the soil, on which it is grown 
(Komitov, 2014). 
Rational use of resources, necessary for the 
utilization of residual biomass from tobacco 
production requires the use of highly efficient 
processing technologies, the cost of which is 
minimal. 
Technologies of use (even small scale) of the 
energy sources by agricultural and forest origin 
(biomass) developed quickly and making use of 
such resources competitive (Komitov, 2015; 
Failoni, 2006). 
Outlook for energy saving and the development 
of new energy sources are related to economic 
models, aimed at maintenance and local 
development. This leads to the following 
favourable benefits: the development of new 
regions for agricultural and forestry production 
and markets, reducing the energy costs for 

domestic enterprises, economic growth regions, 
low cost of the energy conversion, stimulate 
large-scale construction of small installations, 
favourable impact on the environment (Failoni, 
2006). 
 
RESULTS AND DISCUSSIONS 
 
For use of one or another machine for 
harvesting and utilization of biomass from 
tobacco industry is necessary advance to create 
route technology for movement of energy raw 
materials. 
In the main idea of using residues from tobacco 
industry stand an economically accessible 
energy source with a large stock (Komitov, 
2014).  
For its transform in energy is not necessary 
complicated and expensive processes. 
First operation in this transformation of the 
bioenergy from tobacco stems is collecting 
from the field. This can be done in two ways: 
- By using an self-propelled forage harvester, 
(Figure 1). The harvester is having large price 
and usually this machine is used by large 
manufacturers of tobacco. The possession of 
this machine is warranted, because it has big 
efficiency. The principle at harvest is crawled 
the area from tobacco stems at least possible 
moves. 
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Figure 1. Self-propelled forage harvester 

 
- By using the forage harvester, attached to 
tracktor (Figure 2). The method is suitable for 
small farmers, because isn’t necessary to use 
expensive equipment.  
 

 
Figure 2. Forage harvester attached to tracktor 

 
Drawback of this method is double crawl on 
the tobacco field, primarily with working unit 
and secondly with transport unit for biomass. 
This can be avoided by using of trailers, 
attached to a forage harvester. 
Another functin of forage harvester (except 
function for collecting tobacco stems) is 
crushing the stems at harvest. The result is 
heterogeneous mixture (with various sizes). 
For transportation of biomass from agricultural 
field into enterprise for further processing using 
suitable trailers (Figure 3). 
When choosing a trailer should be borne in 
mind the small size of already crushed tobacco 
stems (10-20 mm in length and thickness 10-5 
mm). 
Because of this specificity is necessary the 
select trailer, as not to lost the biomass when 
transporting. This can be done in enclosed 
trailers for grain, type "gondola" with cover. 
After transport in factory processing it is 
necessary to dry the biomass with humidity, 
suitable for further processing. For this 

technological operation used grain dryers, which 
may be rotary (Figure 4) or band (Figure 5). 
 

 
Figure 3. Transport trailer for agricultural production 

 

 
Figure 4. Rotary dryer for biomass 

 
In rotary dryer the raw biomass is fill into 
inclined rotating bunker. There entrance for 
blowing hot air. The biomass humidity 
decreased after contact with hot air. 
Band dryer is a conveyor belt, which is placed 
in a suitable furnace. The hot air blows into 
biomass to a suitable humidity. The tape must 
be selected, so as to provide blown the biomass 
from all sides. 
The choice of dryer is determined by the 
volume of biomass which will be dried. Here 
can be used dryers with continuous or 
intermittent operation in drying process. The 
output humidity can be controlled with a 
suitable controller. 
Suitable option for small farmers are mobile 
dryers. The drying process is done on the field. 
Another good option for those producers is 
natural drying.  Disadvantages of natural drying 
are a long drying time, required large indoor 
areas and impossible for briquetting and 
peletizing the same heating season. Advantage 
of this type of drying is zero price of costs. 
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Figure 5. Band dryer for biomass 

 
For ease further processing, drying continues 
untill receive humidity from 8 to 12%. The 
temperature of the heating champer should be 
in range from 6500 to 7000 C. 
Biomass after drying must be submitted in 
machines for briquetting or pelletizing with 
suitable sizes (4 mm length and 1.5 mm 
thickness). The dimensions are recommended 
for better functioning of subsequent process. 
Fragmentation of biomass is carried out in a 
mill machine (Figure 6). As suitable for simple 
use and exploitation proved hammer mill. The 
process helps to align the particles of the 
biomass. The peripheral speed of the hammers 
is in the range 55-80 m/s, and the desired 
particle size can be adjusted within certain 
limits, by replacing the output grid. 

 
Figure 6. Hammer mill for biomass 

 
By dispenser biomass (after drying and 
fragmenting) is delivered in the press or 
granulator for forming granules. The extrusion 
process may be carried out at high or low 
pressure and temperature. In biomass are 
contains lignin and tar. They are natural 
adhesive at low temperatures and soften at 
temperature of about 800 C. This allow the 

material to acquire another form. Thus the 
elements behave pellets or briquettes in 
compressed form, without adhesives (potato 
starch). A favourable effect on the process 
small amount of lubricant can be added to the 
product. 
Briquetting and pelletizing are technology 
which compacts biomass. Finished products are 
solid biogenic fuels. They are ready for 
combustion in heating installations. The 
purpose of sealing the biomass compaction is 
improving indicators (quality and cost) of the 
original biomass as fuel. Such indicators are 
calorific value, density, keeping and s.o. 
(Komitov, 2015). 
For pelletization may be applied variations of 
pelleting machines. They are generally 
separated into two types depending on the 
method for introduction biomass into the 
matrix. The machines for pelletizing are 
separated through this methods on machines 
with a flat matrix or a cylindrical matrix 
(Figure 7). 

 
a) 

 
b) 

Figure 7. Schemes of pelletizing machines 
a) with cylindrical matrix:  

1-matrix, 2-rollers, 3-knife;  
b) with flat matrix:  

1-roller, 2-biomass, 3-matrix, 4-knife, 5-pellet 
 
The choice of pelletizing machine depends on 
the desired performance. The productivity 
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range is from 15 to 20 kg for pelletizing 
machines with cylindrical matrix and from 450 
to 500 kg for pelletizing machines with flat 
matrix (per hour). 
Principle of pelletization (in both cases) is the 
sealing of the biomass in the holes of the matrix 
by pressure with the roller. The pellets, after the 
customization, leave the matrix from the other 
side. Suitable length of pellets is formed with 
knife for cutting. The dimensions of the 
product are 6-8 mm thick and 10-15 mm in 
length. 
For production of briquettes can be used press - 
mechanized or manually (Figure 8). 

 
Figure 8. Manual press for briquettes 
1-plate, 2-lever drive, 3-lever support 

 
Piston press has small performance and is 
usually used for supporting the household for 
heating. Briquettes are produced with a 
diameter 80 mm and a length of 40 mm. 
For the production of the briquettes can be used 
presses with piston or with extruder (extruder 
press is shown on Figure 9). 

 
Figure 9. Extruder press 

 
For the combined production of briquettes and 
pellets is the appropriate use of this extruder 
press. The briquettes or pellets is carried out 
with the replacement of the adaptor that is used. 
The adaptor can be found at the end of the 
device. 

Solid fuels produced from biomass is used in 
heating installations. On the market there are 
many types of heating systems. Before 
choosing a press machine, it is necessary to 
choose a heating system. When using briquettes 
do not need adaptation of the heating system. 
Automating the combustion process is not 
necessary. They are normally applied to small 
or family heating installations. 

 
Figure 10. Burning boiler for waste from tobacco 

 
Application of pellets as a source of energy is 
carried out by applying the automated pellet 
burners for biomass combustion. Through the 
use of the burner is avoiding the need for 
regular charging and adjusting the heat in the 
heating system. The power of the heating 
systems of this type varies widely - from 10-15 
kW to 1000 kW. For the use of waste from the 
tobacco industry could use a boiler, shown on 
figure 10. The fuel is full in appropriate bunker. 
By screw fuel is fed into the combustion 
chamber, in the appropriate mode of choice. In 
boilers with an appropriate selection of the 
screw it is possible to burn briquettes. 
 
CONCLUSIONS 
 
Technology-route has been created for 
movement of energy raw materials and 
utilization of waste biomass in the tobacco 
industry. 
Below are the different variants of machinery 
for the implementation of various technological 
operations in utilization of biomass in tobacco.
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Abstract 
 
A study about the effect of carrageenan addition, on shelf-life and quality improvement and organoleptic qualities, 
chemical of spent chicken sausages, was carried out with objectives to assess the right percentage of carrageenan using 
in manufacturing spent chickens sausages. Different factors during processing have an impact on shelf-life, quality 
characteristics and organoleptic of final product. Using of spent chickens in further processing, are popular in some 
countries. Chicken sausages considered as very popular and highly consumed in many countries. Fresh spent chickens 
sausages were manufactured using some concentration of carrageenan   (0.0%, 2.5%, 5.0%, and 7.5%). This work used 
an experimental, with completely randomized design 4 x 5 (CRD), with 4(four) different percentage of carrageenan, 
and 5 (five) replications. The effect of pH, moisture and tenderness on the physical, chemical and sensory quality, also 
about total bacteria and the initial decay of sausages was studied. Samples were analyzed immediately (day zero after 
manufactured) in room temperature. Results indicated that the moisture and tenderness has significance results, but the 
sausage pH were not significant between the treatments; and the total bacteria and initial decay also were significant. 
The conclusion is, that the carrageenan addition has improved the quality, organoleptic and shelf-life of spent chicken 
sausages. It could be concluded from this work that the tough culled layer hen meat, by value-addition with 
carrageenan, and processing as sausage, can be converted into an acceptable product. 
 
Key words: carrageenan, physical, chemical, sensory quality, spent chicken sausage. 
 
INTRODUCTION 
 
Meat is the most valuable livestock product, as 
the choice source of animal protein and also as 
a component of processed meat products. On 
the other side, the increased number of 
population growth needs enough food stock to 
fulfill the food necessity; this is where meat 
processing plays a permanent role. Meat 
processing are manufacturing meat products 
from muscle, animal fat and non-meat additives 
to enhance flavor, appearance and increase 
product volume. Processing can create some 
different type of product composition. Thus, 
there are economic, dietary and sensory aspects 
that make meat processing one of the most 
valuable mechanisms for adequately supplying 
animal protein to human populations. 
Demand rate of chicken meat is four per cent 
more than its production rate (Jimenez-
Colmenero et al., 2013). Chicken meat can be 
supplied from the poultry farm, either from the 

broiler or from the layer hens. Layer hens have 
double benefits, beside production egg. They 
can also produce meat after their production 
period over. Unproductive layer hens also can 
be used to produce meat, and then to be sold as 
culled layer meat, since they have tough meat 
(Ilayabharathi et al., 2012). Poultry products 
are popular, and the meat itself is perceived as 
wholesome, healthy and nutritious, being 
relatively low in fat (Muguerza et al., 2001). 
Spent hens are the main by-product of egg 
industry. The meat from these birds is 
considered as low quality because of its age 
and relative toughness and therefore sold at a 
lower market price (Lengkey et al., 2014). 
Further, the availability of broiler meat all 
through the year to meet the local demand does 
not necessitate meat tenderization thereby 
diminishing the demand for meat from spent 
hens. Hence meat from these birds needs 
sufficient processing to improve its 
acceptability (Heinz and Hautzinger, 2007). 
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The advantage of meat processing, is the 
integration of certain animal tissues into the 
food chain as valuable protein-rich ingredients. 
Meat and meat products are very important in 
human nutrition, because they are an excellent 
source of protein with a well-balanced 
composition of amino acids (Cocolin et al., 
2004; Flores et al., 2004). 
Seaweeds are rich and varied source of 
bioactive natural products and have a broad 
range of bioactivities such as against 
microorganisms (Prabhahar et al., 2012).   
Carrageenans are a family of anionic polymers 
extracted from certain marine red algae. These 
polysaccharides are used as additives to 
improve food texture, gelation, stability and 
viscosity and are generally (GRAS) by the 
FDA in the United States. Carrageenan is a 
versatile product, used in food such as 
lunchmeats, is used to improve the safely and 
efficiently stabilizer food, extend shelf life 
without loss of quality; and also as a thickening 
agent such as flour, that used to thicken or bind 
other ingredients (Necas and Bartosikova, 
2013). Carrageenan has also been used as a 
gelatinizing additive to enhance the texture and 
water holding capacity of meat and poultry 
products (Hunt and Park, 2013). Carrageenan 
acts as an additives in the food industry due to 
its functional properties, can be used to control 
moisture, texture and to stabilize foods.  
Fresh sausages are meat products, and sausages 
is an oil-in water emulsions undergo a number 
of instability processes; so characterization and 
control of these processes are key aspects of the 
formulation of the products. In this regard, the 
addition of carrageenan will give positive effect 
on consumer acceptance. High fat sausages still 
had high acceptability due to their appearance 
and also to other characteristics such as flavor 
(Heinz and Hautzinger, 2007). 

The aim of this study was to determine the best 
percentage of carrageenan addition on shelf 
life, quality improvement based on pH, 
moisture, tenderness and consumer 
acceptability of fresh spent hen sausages.  
It is concluded that the addition of 7.5% 
carrageenan, could be useful to improve the 
final quality of fresh spent hen sausages, shelf 
life and acceptability of consumers. 
 
MATERIALS AND METHODS 
 
The research was performed on 30 fresh, 
boneless Hy-line spent chickens meat from 
Missoury Breeding Farm, Bandung, Indonesia 
and other ingredients were procured from local 
supermarket in Sumedang, Bandung, Indonesia. 
 
Preparation of sausages 
Five batches of fresh sausages (10 kg meat 
batter for each batch) with different carra-
geenan contents (0%, 2.5%, 5.0%, and 7.5%) 
were manufactured.  
The meat mixture was stuffed into collagen 
casings (1.50 cm diameter); the final weight of 
each sausage was 500 g. Approximately 20 
sausages were made in each batch.  
From each batch (0%, 2.5%, 5.0%, and 7.5% 
carrageenan), two sausages from each batch 
were used to control the pH by introducing a 
pH meter Jenway 3310. 200 g of the minced 
meat/meat batter were collected to study the 
effect of carrageenan on total bacteria and 
initial decay.  
The sample were minced and used for moisture 
content, tenderness and pH analyses. All the 
results were expressed as the mean of 4 (four) 
replicates at each sampling time. 
In Table 1, there are the spent sausages 
ingredients and composition. 

 
Table 1. Composition of spent chicken sausage (g/kg product) 

 

Ingredients P-1 P-2 P-3 P-4 
Spent chicken 1.0 kg 1.0kg 1.0kg 1.0kg 
Flour 10.0% (100.0 g) 10.0% (100.0 g) 10.0% (100.0 g) 10.0% (100.0 g) 
Carrageenan 0.0% (0.0 g) 2.5% (25.0 g) 5.0% (50.0 g) 7.5% (75.0 g) 
Salt 2.0% (20.0 g) 2.0% (20.0 g) 2.0% (20.0 g) 2.0% (20.0 g) 
Sugar 2.0% (20.0 g) 2.0% (20.0 g) 2.0% (20.0g) 2.0% (20.0g) 
Onion 0.2% (2.0 g) 0.2% (2.0 g) 0.2% (2.0 g) 0.2% (2.0 g) 
Pepper 2.0% (20.0 g) 2.0% (20.0 g) 2.0% (20.0 g) 2.0% (20.0 g) 
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Physical and Chemical analysis 
The moisture percentage of spent chicken 
sausages was determined according to AOAC 
standard procedures (AOAC, 1997), using hot 
air oven. The determination of pH was 
performed by homogenizing 10g of each 
sample with distilled water in a 1:10 
sample:water ratio. The homogenate was 
subjected to a pH test using pH-meter 
electrodes (pH-meter Jenway 3310) for 5 
minutes while the pH readings were performed. 
The determination of pH was performed at days 
0 post production (fresh sausages). The 
moisture content was determined also at days 0 
post production (fresh sausages), using two 
sausages per batch. Total bacteria were test and 
initial decay used to evaluate. 
Moisture content was determined according to 
the official method for analysis of meat 
products (AOAC, 1997). Moisture were 
examined by weighing 10g of sample in 
aluminium dish and kept in an oven drying at 
1050C for overnight (AOAC, 1997). 

 
Shelf life 
The bacterial counts of the samples were deter-
mined by standard methods (APHA, 1984). 
Preparation of samples were done near the 
flame, observing all possible aseptic conditions. 
Readymade media were used for the enume-
ration of microbes. The plates for mesophilic 
counts were incubated at 370C for 48 h and 
plates showing 30-300 colonies were counted. 
The average number of colonies for each 
species was expressed as log 10 cfu/g sample. 
 
Sensory analysis 
The spent chicken sausages were evaluated for 
their color, flavor, juiciness, texture, juiciness 
and overall acceptability. Sensory analysis was 
conducted by 30 untrained panelists recruited 
among students, faculty and staff members 
from the university campus, were asked to 
express their opinion of the sausages regarding 
the color, flavor, texture, juiciness and overall 
acceptance. All data were recorded on a 
questionnaire designed to indicate the degree of 
likeness for the sausages of each treatment 
using a non-structured scoring scale of nine 
points (1 = dislike extremely, 2 = dislike very 
much, 3 = dislike moderately, 4 = dislike 
slightly, 5 = neither like nor dislike, 6 = like 

slightly, 7 = like moderately, 8 = like very 
much, and 9 = like extremely), according to 
Larmond (1977). The panelists were served 
with randomized slices of sausages, two per 
treatment, together with room temperature 
water to clean the palate between samples. Four 
sausages from each batch were taken for 
sensory analyses. Samples were coded with 
three random numbers. The presented data are 
mean values of 30 panelists. 
 
Statistical analysis 
All analysis were performed in duplicate, and 
the data were evaluated by one way analysis of 
variance (ANOVA) using the SPSS 21.0 
version statistical package (IBM Statistics 
version 21) software package. The averages 
were compared by Duncan’s multiple range test 
at a confidence level of 5% (p<0.05) For 
sensory analysis, the ability of each descriptor 
to discriminate between samples was 
investigated using Kruskall-Walis test. Data 
obtained from physical-chemical analysis were 
analyzed using mean comparisons, analysis of 
variance (ANOVA) and Duncan multiple range 
test to see significant differences (p<0.05) in 
the formulation of fresh culled hens sausages. 
 
RESULTS AND DISCUSSIONS 
 
Physical and Chemical Composition of 
Fresh Culled Layer Hens Sausage 
Mean of pH, moisture and tenderness value, of 
fresh culled hens sausages are given in Table 2. 
The results obtained from this experiments 
show that carrageenan added in the culled hens 
sausages show significance different (p<0.05), 
for moisture and tenderness in mean percent, 
except the pH that has no significant different. 
The pH of the spent chickens sausages are 5.51, 
5.54, 5.57, and 5.58 respectively. The pH did 
not show any significant difference (p>0.05) 
among the four treatments. The pH content of 
culled layer hen sausages ranges from 5.50 to 
5.60. The pH of the sausages was increase as 
more carrageenan added in the sausages batter. 
The normal pH of meat products range from 
4.8 – 6.8, while that of fresh sausages has been 
suggested to be at a pH of not less than 5.5 
(Muguerza et al., 2004; Asmaa et al., 2015). It 
means that fresh culled hen sausages are in the 
range of normal fresh sausages.  
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Table 2. The average physical and chemical composition of fresh spent chicken sausages 

 

 Treatments 
P-1 P-2 P-3 P-4 

pH 
Tenderness (mm/g/10 sec) 
Moisture (%) 

5.51a 

8.16a 

53.96a 

5.54a 
9.25b 

55.05b 

5.57a 
9.72c 

57.10b 

5.58a 
9.96d 

58.37c 

 Notes:  P-1 = sausages batter + 0.0% carrageenan  
             P-2 = sausages batter + 2.5% carrageenan  
             P-3 = sausages batter + 5.0% carrageenan  
             P-4 = sausages batter + 7.5% carrageenan 
 
The pH value are not different significant, even 
the pH value was found to increase as the 
carrageenan in the sausage more added. P-4 
treatments (7.5% carrageenan added) has the 
highest pH value (5.58), while the lowest value 
(5.51) is P-1 (0.0% carrageenan added). The 
pH value for the spent chicken sausages is 
affected by the addition of carrageenan. It 
means that carrageenan increase the pH value 
of the product. A work on chicken broiler, 
spent hens and duck meat, also there was no 
significant different (Naveena et al., 2012), on 
pH of the sausages. 
The tenderness, were significant among the 
treatments, and as the carrageenan percentage 
in the sausages were increase, between 8.16 to 
9.96; it means that the spent chicken sausages 
is affected by the addition of carrageenan.      
Moisture content in spent chicken sausages 
containing carrageenan was higher (P-2, P-3 
and P-4) compared to the control samples (P-
1). The moisture content is 53.96% (P-1), 
55.05% (P-2), 57.10% (P-3), and 58.37% (P-4), 

respectively: increased as the carrageenan 
added in sausage increased. In this work, the 
moisture content increased was accompanied 
by the rising carrageenan in the sausages 
(p<0.05). There were a significant increase 
(p<0.05) in the moisture content of treatment 
spent chicken sausages (P-2, P-3 and P-4) as 
compared to that control sausages (P-1). The 
moisture content ranging from 53.96 to 
58.37%, were increase as the carrageenan 
content in the sausages were increase, because 
the carrageenan has to bind more water and 
also has the ability to form complexes with 
water. The moisture content of spent chicken 
hens sausages are significant different 
(p<0.05). This could be because of the ability 
of carrageenan particles to retain more water 
than control. The addition of carrageenan 
improved the quality of the spent chickens 
sausages based on the results of physical-
chemical analysis. So using 7.5% carrageenan 
in fresh culled hens sausages are fulfill the 
sausage condition. 

 
Table 3. The shelf life of fresh spent chicken sausages 

 

 Treatments 
P-1 P-2 P-3 P-4 

Total bacteria (cfu/g) 
Initial decay (minutes) 

38.05a 
427a 

31.55b 
472b 

29.10b 

518c 
21.43c 
566d 

Notes:  P-1 = sausages batter + 0.0% carrageenan  
            P-2 = sausages batter + 2.5% carrageenan  
            P-3 = sausages batter + 5.0% carrageenan  
            P-4 = sausages batter + 7.5% carrageenan 
 
The shelf life of spent chicken sausages 
 
From Table 3, the results of total bacteria were 
diminishing as the concentration of carrageenan 
in the sausages was rise.  It means that 
carrageenan has anti bacteria effect. Because of 
the diminishing bacteria, than the sausages 
shelf life were better. It is readily apparent that, 
the spent chicken sausages from the batters 

with different content of carrageenan, differ 
quite markedly. The differences among the four 
treatments for microbiological parameters 
indicated that the shelf life of spent chicken 
sausages is also influenced by the addition of 
carrageenan of the batter. It is also apparent 
that carrageenan depressed the total bacteria 
contents in the sausages, decreased from 38.05 
log 10 cfu/g in 0.0% carrageenan to 21.43 log 
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10 cfu/g in 7.5% carrageenan. According to 
FMC, carrageenan enables processes that 
extend shelf life without loss of quality, and it 
reduces food waste, and also carrageenan has a 
long history as a safe food stabilizer that 
thickens and extends shelf-life efficiency, 
helping to provide healthy and nutritious food. 
Carrageenan has also been used as a 
gelatinizing additive to enhance the texture and 
water-holding capacity of water-based gel 
systems, dairy products, meat and poultry 

products, and seafood systems (Hunt and Park, 
2013). Thus, this finding suggests that spent 
chicken sausages could be processed with 
adding carrageenan until 7.5% in the batter. 
 
The Sensory Quality of Spent Chickens 
Sausage 
The sensory quality average scores of spent 
chickens sausages are given in Table 4. The 
sensory attributes were aroma, taste, texture 
and overall acceptance. 

 
Table 4. The sensory quality average scores of spent chickens sausages 

 

 Treatments 
P-1 P-2 P-3 P-4 

Aroma 
Colour 
Taste 
Texture  
Overall 

7.50a 

5.08a 
5.10a 

5.44a 
7.53a 

7.65a 
5.25a 
5.25a 
5.63a 

7.66a 

7.70a 
5.35a 
5.33a 
5.74a 

7.70a 

7.80a 
5.55a 
5.37a 
5.89a 

7.80a 
 
Results of the sensory analysis indicated 
differences between sausages, depending on the 
carrageenan added; but the scores of all sensory 
quality are increase as more carrageenan 
percentage added in the batter. Even there are 
increase on carrageenan, but there is no 
significant different, between the treatment. 
The overall results of sensory quality were 
between 7.53 to 7.80. It means that between 
like moderately to like extremely. The results 
of this work indicate that carrageenan has good 
effect in fresh culled hens sausages. 
The aroma in fresh sausages was not well 
developed. It was differed than the fermented 
sausages that has been developed occur during 
fermentation and drying (Fernandez-Gomez et 
al., 2005). That is why in this work, the aroma 
has no significant difference in fresh culled 
hens sausages. 
In solid food emulsions, the texture is 
determined by the composition of the food, the 
homogenization conditions and post-processing 
operations. Sausages are oil in water emulsions 
in which the continuous phase is a complex 
colloidal system of gelatine, protein, minerals 
and vitamins, and the dispersed phase is fat 
globules (Cocolin et al., 2004). 
Sensory analysis shows that carrageenan has 
significance effect on spent chicken sausages. It 
can be concluded that carrageenan seem to be 
suitable for the production of spent chickens 
sausages. Sensory quality was acceptable in all 

sausage variants, but somewhat better aroma, 
taste and texture were detected in sausages 
produced since added of 7.5% carrageenan. 
 
CONCLUSIONS 
 
It could be concluded from this work that the 
tough culled layer hen meat, by value-addition 
with carrageenan, and processing as sausage, 
can be converted into an acceptable product. 
This study clearly revealed that addition of 
carrageenan could make much difference in the 
chemical composition of final products. 
Considering the results obtained, it may be 
concluded that the application until 7.5% 
carrageenan could improve the quality of spent 
chicken sausages.  The sensory analyses results 
revealed that the product added since 7.5% 
carrageenan (P-4) was found to be better in 
quality attributes. Therefore, could be used to 
produce a high quality spent chickens sausages. 
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Abstract   
 
This paper takes its starting point in Potters finding that neoliberalism, neomercantilism and multifunctionality are the 
most important discourses shaping agricultural policy. It identifies paradigms that underlie the discourses of 
neoliberalism and multifunctionality, while neomercantilism can be shown to miss a firm normative framework. The 
paper uses a utilitarian perspective and concludes in its analysis of the paradigms’ arguments that the realities taken 
into account for the multifunctional framework are more holistic than for the justification of neoliberalism. 
 
Key words: paradigms, agricultural policy, agricultural philosophy. 
 
 
INTRODUCTION 
 
Eleven years ago, Potter and Tilzey (2005) 
have remarked in a seminal paper that 
essentially agricultural policy is influenced by 
three different discourses: neoliberalism, 
neomercantilism and multifunctionality. Over 
the last eleven years, these discourses have 
proceeded, but they have neither merged, nor 
have innovative new discourses come up, so to 
date the finding by our British colleagues turns 
out to be a stable one. A brief introduction into 
the three concepts is provided in the subsequent 
section, before the methodology of our 
exploration is presented in Section 3. 
Results are then presented in Section 4. Every 
relevant paradigm creates some sort of a 
discourse, but not every discourse is underlined 
by a well-founded paradigm. It is the first 
objective of this paper to check whether all 
three discourses are sufficiently underpinned 
by a theoretical framework to qualify as a 
paradigm. This will be done in Section 4.1.  
A subsequent question is then how ethical the 
paradigms of agricultural policy are.  
This is largely dependent on the framework 
applied. In Section 4.2 I argue why a utilitarian 
framework is more promising for the exercise 
we are undertaking than a deontological 
approach. This utilitarian approach will then be 
applied in Section 4.3, before Section 5 
summarizes our results. 

Neoliberalism, neomercantilism and 
multifunctionality 
Agricultural policy is usually guided by some 
set of underlying assumptions. As justified 
above, this section briefly reviews the three 
most common sets of assumptions dominant in 
the public discussions. 
Neoliberalism is the underlying rationale of 
most contemporary economists. The invisible 
hand of the market is expected to generate the 
maximum possible utility if it is left unfettered 
by the state. Supported by mathematical 
models, it can be shown that most interventions 
by governments lead to market distortions and 
subsequent welfare losses. While a lot of recent 
literature (Hall et al., 2013; Rolnik, 2013; 
Bruff, 2014) mentions the insufficiencies and 
the “fracturing” of neoliberalism, most 
neoliberal discourses have reached a degree of 
self-assurance that their normative foundations 
are more often than not just a tacit assumption. 
Neomercantilism describes the ideology that 
exports have to be fostered, while imports have 
to be restricted, a policy that is meant to result 
in a trade surplus and a resulting strong 
national economy. Wigell (2016) describes 
neomercantilism as a power instrument rather 
than a well-founded policy approach. Likewise, 
Lucarelli (2013) emphasizes the harmful 
effects of neomercantilism for neighboring 
countries. 
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The ideology of multifunctionality is certainly 
the youngest of the three, and it has been 
focusing on the area of agriculture. The 
complexity of different effects of agriculture is 
highlighted, even though it often contains 
positive and negative parameters (Byrnes et al., 
2014). While it is hardly realistic to account for 
all single effects of agricultural production 
separately, intelligent government tools may 
enable sustainability of food production (De 
Rooig et al., 2014). Lately, it has been 
suggested that multifunctionality is also a 
useful concept of enterprises when pursuing 
strategies of Corporate Social Responsibility 
(Hediger, 2013). 
 
MATERIALS AND METHODS 
 
In the realm of social sciences as solid as 
agricultural economics, it is common to 
describe the methodology applied in depth. 
However, in order to test the transmission of 
discourses and the justification of paradigms, 
no statistics of data collections are required, not 
even a skillful qualitative text analysis. The 
methodology of such analysis is more or less 
the methodology of analytical philosophy. “The 
basic principles of argument construction and 
evaluation lie at the heart of many of the 
philosophical skills”, as Beebee (2003; 54) 
writes. This is a fair description of the 
methodology as attempted in subsequent 
sections. 
 
RESULTS AND DISCUSSIONS 
 
Which discourse creates a paradigm? 
Discourse comes from the latin “discursus” 
which means running to and from. In the 
colloquial form, discourse describes 
communication about a certain subject. Focault 
(1972), however, has remarked that a discourse 
needs some theoretical frame, leading to 
Lessa’s (2006) definition of a discourse as 
“systems of thoughts composed of ideas, 
attitudes, courses of action, beliefs and 
practices that systematically construct the 
subjects and the worlds of which they speak”. 
The definition of the term paradigm only 
provides added value if it is not used in an 
identical way as discourse. The Greek term of 
paradeigma does not only find its origin in 
deignumi (to show), but adds para to it, which 

indicates going beyond the mere showing act. 
Indeed, paradigms are mostly cited in the 
context of science. Kuhn (1970) has explored 
the emergence of paradigms in depth, showing 
that certain preconceptions are the centerpiece 
of the concept of paradigms. 
It is not obvious why liberalism needs the “neo-
“ prefix as suggested not only by Potter and 
Tilzey (2005), but also by many other social 
scientists such as Saad Filho and Johnston 
(2004) or Harvey (2005). There may have been 
some innovations in liberal economic thinking, 
but the essence has remained constant: The 
notion that economic actors do not need 
anything except a secure legal framework to 
operate in order to unfold their full potential 
and generate maximum utility. 
Summarized in its most radical form by 
Friedman’s (1970) wonderful headline “The 
Social Responsibility of Business is to Increase 
its Profits”, the discourse on liberalism covers 
the whole range from most substantial, 
scientifical justifications all the way to 
statements by policy makers or entrepreneurial 
associations. This also applies to the 
applications to agriculture. Ranging from 
Koester and Tangermann’s (1976) early pledge 
against food market distortions to the 
conviction that “farmers don’t need more 
regulation” by Roocke (2013), the argument 
that a free market will do best and generates 
optimum results has sound epistemological 
foundations so that this discourse also qualifies 
as a paradigm. 
Mercantilism has been a powerful intellectual 
movement between the 16th and the 18th 
century (Wilson, 1958). In this case, the “neo-“ 
prefix may have slightly more justification. The 
last major mercantilist work was written by 
Steuart (1767). In social sciences, the notion 
that free exchange would foster growth, since 
that time, has received so much more sympathy 
and attention than the notion that nation-states 
should protect their economies, that 
mercantilism is not debated in the major 
international journals any more. Farmer Unions 
and conservative politicians still loudly defend 
the mercantilist case. By doing so, however, 
they turn mercantilism into neomercantilism 
which is a political position, but unjustified by 
contemporary scientific standards. The 
following quote by Murdoch et al. (2003) is 

122



more helpful than welfare economics: “In order 
to understand … trajectories of development, 
and the nature of struggles between different 
social groups interests, the role of social agency 
must be central to any academic analysis.” 
The growing movement of fair trade has been 
cited as an essentially neomercantilist 
movement (Phillips, 1992). This, however, is 
unjustified. Fair trade proponents and 
mercantilists are unified in their longing to 
protect; but the modes and the object of 
protection are entirely different. While fair 
trade intends to protect the weakest elements of 
the international community (poor peasants), 
mercantilism wants to protect only 
entrepreneurs of the own society. And while 
fair trade uses market demand for their 
purpose, mercantilism intends to use state 
power. Bringing fair trade to the context of 
multifunctionality (Dibden et al., 2009) comes 
much closer to reality. Multifunctionality is the 
youngest of the three discourses, going back to 
the former Commissioner for Agriculture of the 
European Union, Fischler (2003). It 
summarizes the idea that agriculture produces a 
broad range of market and non-market 
commodities, an idea that has been developed 
particularly in Europe and North America 
(McCarthy, 2005). Translated into economic 
theory (Mann and Wüstemann, 2008), it 
proposes the ubiquity of externalities, so that 
only broad public intervention into the farming 
sector does justice to the many dimensions 
which agriculture has for human well-being. 
Adding the fair trade aspect (a framework 
created by market forces) to this concept, it 
would mean that both private and public 
interventions are needed in order to account for 
the many externalities of food markets. In any 
case, the numerous attempts of agricultural 
economists to explain and justify 
multifunctionality (Jongeneel and Polman, 
2003; Hagedorn, 2007; Wilson, 2007) indicate 
that this discourse has quickly become a 
competing paradigm to the classic liberal 
approach to agricultural policy. 
 
Which ethical framework? 
Both consequentialist and rights-based 
approaches provide frameworks for the ethical 
judgement of actions and of the basic 
paradigms behind these actions. Of course, it is 

impossible to generally judge which of the two 
approaches is “better”. Which one is used 
primarily depends on the value-system of the 
author, but partly also how fruitful the 
respective system promises to be. 
Rights-based, deontological frameworks such 
as developed by Kant (1964) or Rawls (1971) 
are particularly well-suited to protect the rights 
of persons which would be hurt otherwise. 
Showing that everybody has the right to be 
treated in a certain way is particularly essential 
for underprivileged persons. In most countries 
and environments, the majority of farmers 
belongs to the underprivileged class. This 
might be understood as in argument to engage 
rights-based frameworks when analyzing 
paradigms of agricultural policy. However, 
policies for distributional justice are usually 
designed as social policy. Using the example of 
German  social agricultural policy as a case in 
point, Schmitt and Witzke (1975) as well as 
Hagedorn (1981; 1982) have shown the social 
policy approaches specifically designed for 
farmers are unfair and inefficient. Their finding 
is that there should be no group in society that 
deserves support because it is located within 
one particular sector. People should get support 
because of their actual material or 
psychological situation. 
This has shown that rights and sectors should 
be treated rather independently from each 
other, which, in turn, leads to the conclusion 
that rights-based approaches are not 
particularly helpful when it comes to specific 
sectoral issues. 
Among the consequentialist approaches, 
utilitarianism is by the most influential, looking 
for a maximization of overall utility. When 
economists make normative statements, they 
are usually based on a maximization of overall 
utility. Several scholars have been concerned 
with the differences between philosophical 
utilitarianism and economic utility-
maximization. In doing so, Posner (1979) has 
come to the conclusion that economists are 
rather concerned about wealth maximization 
than about overall utility, and Mann and 
Gesang (2008) have subsequently explored the 
differences between the maximization of 
monetary measures and of happiness. 
In any case, a first conclusion is that economic 
welfare theory and utilitarianism have a 
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comparatively high degree of compatibility 
through the fact that both have a one-
dimensional normative scale. A second 
important remark is that e4conomists have 
taken great pains since Posner’s times to 
include in their calculus factors that do not 
easily lend themselves for economic valuation. 
The huge literature having emerged in recent 
decades on the valuation of the environment 
(for a recent review see Pethig, 2013) shows 
that wealth maximization can be softened to a 
degree that makes it almost indistinguishable 
from utility maximization. 
Having almost touched on the debate between 
liberal and multifunctional views on 
agriculture, it can be seen that the utilitarian 
perspective will be able to contribute to the 
issue at hand, mainly due to similar 
epistemological patterns in its methodology. It 
is therefore worthwhile to judge liberalism and 
multifunctionality by utilitarian standards. 
 
A utilitarian analysis 
Before entering the realm of normativity, it will 
be essential to briefly recall the main 
differences in the underlying assumptions 
between liberalism und multifunctionalism. 
Liberal theory is extremely well documented 
through a large number of economic textbooks 
and articles. It may therefore be the easiest way 
to obtain our goal if we use liberalism as the 
reference point and define the deviations which 
multifunctionality takes from that view. Hardly 
anybody denies that environmental externalities 
which farmers produce (be they positive or 
negative) need to be internalized to generate 
maximum utility for society. However, 
proponents of a multifunctional agriculture are 
probably less strict what they count as 
externality. Liberal textbooks (El Agraa, 2004) 
suspect undue subsidies under the umbrella of 
environmental justifications, so that Robinson 
and Ryan (2002) demand: “Design of the 
instrument must be based on robust science and 
be established within a legal and policy 
framework.” 
The most important contribution to this 
worldview by multifunctionalists is to cast 
doubt. This starts with the reliability of 
scientific evidence: Lopez-i-Gelats (1998), for 
example, asks: “What happens, for instance, 
when private money drives a university 

research agenda? Or what happens when 
scientific endeavour is led by sectarian interests 
instead of by the quality of the research? 
Modern science fails as well.” 
Another important caveat concerns transaction 
cost. Every additional policy measure causes 
additional administrative costs, factors being 
usually neglected by conventional economic 
analysis. Rǿrstad et al. (2007) suggest that it is 
much more costly to issue a large number of 
well-targeted, but small programs, implicitly 
justifying broad programs like general direct 
payments. 
However, the most central difference between 
the two approaches probably is the bandwidth 
of externalities being allowed into the calculus. 
Proponents of multifunctional approaches 
recall all sorts of externalities, not only 
technological ones. And, as Loury (1998; 123) 
remarks: “Once it is admitted that preferences 
and investment in skills of market participants 
are influenced by social and psychological 
externalities, the conventional results in welfare 
economics concerning the efficiency of market 
outcomes are no longer generally valid.” 
Through outlining the differences between both 
schools of thinking, it turns out that the 
maximization of utility is the objective of both. 
However, the model of multifunctional 
agriculture tries to take a stronger account of 
complexity in society, thereby dissolving the 
rigid assumptions of conventional economic 
models. Multifunctionalists do not close their 
eyes from the fact that we value many 
amenities of which no monetary value is easily 
obtained. While the smell of hay in our 
neighborhood is usually ignored by mainstream 
economics, it can occur that this smell is by far 
valued higher than a bag of potatoes, the latter 
being of course included in the economic 
calculus. I may have a strong preference to live 
in a neighborhood where a majority still knows 
how to fix a plough, even if I could not define a 
willingness to pay for that. 
The framework of multifunctionality has been 
criticized as “dressing old ideas into new 
clothes” by Bilal (2000). His concern is that 
interest groups may use the concept of 
multifunctionality to justify all sorts of trade 
restrictions or subsidies that, in effect, are 
decreasing overall welfare.  
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This is a warning that should be taken serious 
in any case. Justifying public interventions in 
the market for agricultural goods may never 
occur randomly or through vague justification. 
Any reference to the multifunctional nature of 
agriculture should be supported by sound 
empirical evidence. Such evidence can rest on 
quantitative or qualitative data, but it has to 
become plausible how interventions are, in fact, 
adding to the welfare of the entire population, 
not only to the welfare of farmers. The 
exploration of jointness between agriculture 
and other amenities (and harms) has to be a 
priority, as Cahill (2001) rightly claims. 
If this important condition is met, however, the 
multifunctional perspective apparently takes 
into account a larger share of the existing 
situation, of preferences and interdependencies. 
Its impact to increase societal utility will be 
greater than that of liberalism. 
 
CONCLUSIONS 
 
The considerations above have confirmed that 
both liberalism and multifunctionality are 
paradigms being applied as a normative 
framework for the evaluation of agricultural 
policies. The relation between them can be 
illustrated by the image of a theater stage with 
a curtain. Due to its epistemological 
foundations, liberalism is restricted to taking a 
certain part of reality into account. A part of the 
stage is hidden by the curtain. The paradigm of 
multifunctionality opens the curtain to a 
stronger degree, by taking into account effects 
that are not prone to be valued monetarily. 
Applied in an appropriate way, 
multifunctionalists can include a greater part of 
reality in their calculus, even though there may 
still may be parts of reality hidden by the 
curtain. 
We know, of course, that not everything which 
can be seen on stage is real. Particularly when 
the curtain opens widely, there may be mere 
show effects without any substance. It will 
need agricultural economists with a sound 
mastering of a large range of quantitative and 
qualitative methods to distinguish real 
substance of different agricultural systems from 
empty claims. 
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Abstract 
 
Naked oat is a spring cereal crop with a good yield potential and high nutritional grain value owing to its high content 
of protein, fiber, fat and minerals. The trend of climate change by increasing temperatures and aridity has a negative 
influence upon plant growth and crop yield stability. Analyzing the evolution of climatic conditions for the Ilfov area 
(Southeastern Romania) in the past 10 years (2006-2015), we observed an increase in average temperature by 1.5oC 
and a decrease in the annual rain autumn amount by 45.4 mm.  
Research was conducted for the naked oats crop (GK Zalan variety) and the purpose was to analyze plant growth and 
yield potential by sowing the crop in autumn, as compared with the spring crops and the influence of mineral 
fertilization. All the analyzed parameters (panicles/sqm; number of panicle/plant; yield grain /panicle; thousand grains 
weight; hectolitre mass, grain yield) had maximum values for the autumn sowing period (October) and N100P50 
fertilization level. Grain yield was 3,962 kg.ha-1 exceeding the spring crop yield by 55% (2,550 kg.ha-1). 
 
Key words: naked oat, Avena nuda L., sowing period, fertilizer, yield. 
 
INTRODUCTION  

 
Avena nuda L. (naked oat) is an oats variety in 
which the grains are naked after harvest. 
Naked oat grains have a high nutritional value 
owing to their high content in protein, fiber and 
fat. The nutritional value of Avena nuda L. is 
higher compared to other cereal crops  
(Ahokas, 2005; Biel, 2014; Wood, 2007; 
Zarkadas, 1995), being classified as a 
functional food. Naked oat has a high content 
in β-glucan, favourably influencing the 
cholesterol content, as well as the functionality 
of the cardiovascular system and digestive 
system. 
In temperate climate conditions naked oat is a 
spring cereal crop. 
Naked oat has a good yield potential depending 
on the technology applied (Mut et al., 2016; 
Klimek-Kopyra et al., 2015).   
The trend of climate change, i.e. increasing 
temperatures and aridity, has a negative 
influence upon plant growth and crop yield 
stability. According to NMA, in Romania 
between 1901 and 2008 average temperature 
increased by approx. 0.8oC, and rainfalls 
decreased quantitatively. These changes were 
more significant after 1970 for the Southern 

and Eastern areas of the country. Forecasts for 
the next period reveal continous warming and 
significant reduction of rainfalls especially in 
summer (Romania's National Strategy on 
Climate Change 2013-2020).  
Finding technical solutions to limit the impact 
of climate change on crops and food resources 
is a priority for agricultural research. 
 
MATERIALS AND METHODS 
 
Experiments were placed at the Experimental 
Field of Moara Domneasca Didactic Farm 
(Ilfov County) on a chromic luvisol with a 
moderately acidic reaction. 
Research started by analyzing the evolution of 
climatic conditions in the past ten years (Table 
1) relative to the average annual values of the 
area (Normal). During 2006-2015 an increase 
in average temperature of 1.5oC and a reduction 
in the annual rainfalls amount of 45.4 mm were 
observed.  
In winter (December-February) the average 
temperature for 2015-2016 was 0.270C, com-
pared to -1.12oC normal values. 
In these climatic conditions we considered 
appropriate a review of the technological 
elements (sowing date, culture density, variety, 
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dosage and type of fertilizer, soil tillage system, 
etc.), especially for some spring crops.  
Research was conducted for the naked oat crop 
Avena nuda L. Biological material was 
represented by GK Zalan variety. 
 
Table 1. Climatic condition of Moara Domnească, Ilfov 

 
The purpose of the research was to analyze 
plant growth and yield potential by sowing the 
naked oat crops in autumn, as compared with 
the spring crops. 
Sowing was conducted in two periods: Period I 
- 18 October 2014 and Period II - 28 March 
2015.  
The effect of three fertilizations (N0P0, N100P0, 
N100P50) on plant development and crop yield 
was analyzed. Nitrogen fertilizer was applied in 
divided doses, 50% of the dose at sowing and 
50% during vegetation and phosphorus 
fertilizer (as NP 20:20 complex fertilizer) was 
applied at sowing. 
During the vegetation period observations and 
biometric measurements were conducted. 
 
RESULTS AND DISCUSSIONS 
 
Influence of sowing period and fertilization 
upon naked oats crop density 
Naked oat crop in May (Table 2) at sowing   
presented a higher density in the variants 
fertilized with up to 12% (N100P50), compared 
to the unfertilized variants. At spring sowing 

crop density was between 277 and 291 
plants/sqm. 
 

Table 2. Avena nuda L. crop density (plants/sqm) in 
spring, depending on sowing period and fertilization 

Variants 

Period I - October Period II - March 

No. of  
plants/sqm % Diff No. of  

plants/sqm % Diff 

N0 228 100 Ct 277 100 Ct 

N100 245 107 17 291 105 14 

N100P50 256 112 28 283 102 6 

 
Influence of the sowing period and 
fertilization on the number of panicles 
An important component of yield was the 
number of  harvested  panicles.  
The data presented in Table 3 show that, 
depending on fertilization, the number of 
panicles/sqm was between 242 and 350 
panicles/sqm for the autumn sowing period  
while for the spring sowing period was between 
264 and 322 panicles/sqm. 
N100P0 fertilization generated a 35% increase 
for the autumn sowing period and a 17% 
increase for the second sowing period, and 
nitrogen and phosphorus fertilization resulted 
in an increase of 45% in Period I and 22% in 
Period II.  
 
Table 3. Panicles density to naked oat crop depending on 

sowing period and fertilization 

Variants  

Period I - October Period II - March PI 
com. 

PII 
 

% 
No. of  
pn/sqm % Diff 

No. of  
pn/sq

m  
% Diff 

N0 242 100 Ct  264 100 Ct 22 

N100 327 135 85 310 117 46 17 

N100P50 350 145 108 322 122 58 28 

 
Phosphorus-based fertilizer had a higher effect 
to the oat sown in autumn, as the number of 
panicles was 9% higher. 
The number of panicles formed by the 
productive twinning of oat plants (Table 4) was 
favourably influenced by fertilization in both 
sowing periods; maximum results were 
recorded for autumn sowing 1.33-1.37 
panicles/plant. For the variant sown in March, 
there were 1.06-1.14 panicles/plant on average, 
the productive twinning being influenced more 
strongly by low rainfalls in April and May 

Month 

Temperature (oC) Rainfall (mm) 

Normal 
 Average  

2006-
2015 

2014-
2015 Normal 

Average 
2006-
2015 

2014-
2015 

October 11.0 12.3 11.8 35.8 48.24 64.2 
November 5.3 6.8 6 40.6 24.5 49.1 
December 0.4 1.4 1.4 36.7 46.5 84.6 

January -3.0 -1.5 -1.5 30.0 36.0 33.4 
February -0.9 0.9 2 32.1 16.9 21.4 
March 4.4 6.5 6.2 31.6 26.9 65.0 
April 11.2 12.6 11.7 48.1 39.5 2.0 
May 16.5 17.6 18.6 67.7 63.2 33.6 
June 20.2 21.6 21.0 86.3 70.5 56.8 
July 22.1 23.4 25.3 63.1 51.1 5.2 

August 21.1 23.6 24.3 50.5 38.0 48.4 
September  17.5 18.3 18.8 33.6 48.7 88.0 

Average oC 
Sum -mm 10.5 

 
11.96 

 
12.1 556.1 509.87 

 
551.7 
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(31% of the value of rainfalls in the area). 
Naked oat sown in autumn resulted in an 
increase in the number of panicles/plant by 11-
25%, compared to the crop sown in March. 
 

Table 4. Number of panicles/plant in naked oat crops 
depending on sowing period and fertilization 

Variants  

Period I - October Period II - March  
PI 

comp. 
PII 
% 

No 
pn/pl % Diff Nr 

pn/pl % Diff 

N0 1.06 100 Ct  0.95 100 Ct  111 

N100 1.33 125 0.27 1.06 111 0.11 125 

N100P50 1.37 129 0.31 1.14 120 0.19 120 

 

 
Figure 1.  Naked oat plants development depending on 

sowing period (Left - Period I, Right -Period II) at 
6/19/2015 

 
Influence of the sowing period and 
fertilization upon grain yield 
Sowing period and fertilization strongly 
influenced the nude oats yield level in 2015 
(Table 5). 
Grain yield had the highest level in the three 
variants of fertilization for the autumn sowing 
period. Fort the fertilizated variant N100P50 the 
recorded grain yield was of 3962 kg.ha-1. The 
fertilizer resulted in yield increase of 1852 
kg.ha-1 for nitrogen a dose of 100 kg.ha-1 and 
2246 kg.ha-1 from the nitrogen and phosphorus. 
For the second sowing period (spring), the 
maximum yield level of 2550 kg.ha-1 was 
recorded for nitrogen and phosphorus 
fertilization, and the yield increase was 1145 
kg.ha-1 for N100 and 1412 kg.ha-1 for N100P50 
compared to the unfertilized variant. 
Analyzing the sowing period effect on yield, it 
resulted that autumn sowing generated 
important yield increases of 365 kg.ha-1 for the 

unfertilized variant, i.e. 1145 kg.ha-1 for 
nitrogen fertilization and 1412 kg.ha-1 when 
N100P50 surpassed the oats yield sown in Period 
II by 27-55%.  
 

Table 5. Sowing period and fertilization  
influence on naked oats yield 

 
Influence of the sowing period and 
fertilization on some yield parameters 
The analysis of several yield parameters 
(yield/panicle - YGP, a thousand grains weight 
- TGW, hectolitre mass - HM see, Table 6) 
shows that they were favourably influenced by 
autumn sowing and fertilizer applied. Thousand 
grains weight per panicle increased depending 
on fertilization with 0.20-0.34 g, TGW with 
0.3-1.1 g and HM with 0.5-1.3 kg. 
 

Table 6. Sowing period and fertilization influence on 
naked oats yield parameters 

Variants 

Period I - October Period II - March 
YGP 

 g  
(%) 

TGW 
g 

(%) 

HM 
kg 

(%) 

YGP 
 g 

(%) 

TGW 
g 

(%) 

HM 
kg 
(%) 

N0 
0.71 
(100) 

22.3 
(100) 

58.1 
(100) 

0.51 
(100) 

22.0 
(100) 

57.6 
(100) 

N100 
1.09 
(153) 

23.8 
(107) 

59.6 
(102) 

0.78 
(153) 

23.0 
(105) 

58.9 
(102) 

N100P50 
1.13 
(159) 

24.2 
(108) 

60.0 
(103) 

0.79 
(155) 

23.1 
(105) 

58.7 
(102) 

YGP-yield grain panicle; TGW-thousand  grains weight;  
HM-hectolitre mass 

 
CONCLUSIONS  
 
Considering the conditions of the agricultural 
year 2014-2015, the results obtained show that 
the cultivation of the naked oats variety GK 
Zalan as winter grain leads to substantial yield 
increases under the pedological and climatic 
conditions of the Ilfov region. 
In spring plants had a quick start of the 
vegetative development, a vigorous develop-
ment with a higher capitalization of fertilizers 
and soil water reserve. 
All the analyzed parameters recorded the 
highest values for the autumn sowing period 
and N100P50 fertilization level. 

Variants 
Period I – October Period II – March 

Diff 
PI-PII 
kg.ha-1 

PI 
comp. 

PII 
% kg.ha-1 % Diff kg.ha-1 % Diff 

N0 1716 100 Ct 1351 100 Ct  365 127 

N100 3568 208 1852 2423 179 1072 1145 147 

N100P50 3962 231 2246 2550 189 1199 1412 155 

LSD (5%) = 217 kg   
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Grain yield was 3962 kg.ha-1, exceeding the 
spring crop yield by 55%. Yield increase was 
2246 kg.ha-1, compared to the unfertilized 
variant and to variant N100P0, 394 kg.ha-1. 
N100P0 fertilization generated an yield increase 
of 1852 kg.ha-1 for the sowing Period I and of 
1072 kg.ha-1 for Period II. 
These results lead to further research for the 
elaboration of an alternative naked oat crop 
technology in the context of climate changes. 
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Abstract 
 
Influence of nitrogen (N) fertilization (in doses of 40, 80, 120, 160 kg/ha) and phosphorus (P) fertilization (in doses of 
40, 80, 120, 160 kg/ha) on soil organic matter content was studied in a long term experiment at Drăgănești Vlașca. The 
studied soil was classified as a Cambic Phaeozem and the samples were collected from the surface layer (0-20 cm) after 
the wheat was harvested. The obtained results showed the following: none of applied nitrogen doses not significantly 
influenced the content of humus in the soil; when applying 40 kg/ha of phosphorus there was no influence on the 
content of humus in the soil, instead applying 120 and 160 kg/ha resulted in distinct significant increases of the humus 
content; simultaneous application of 80-160 kg/ha P and 40-160 kg/ha N led to distinct and very significant increases 
of the soil humus content; high doses of nitrogen (120 and 160 kg/ha) significantly increased the level of soil hydrolytic 
acidity. Applying high doses of N resulted in a drop of soil pH. Thus, the pH values decreased with 0.29 to 0.37 units, 
reaching the point where liming was necessary. In wheat culture, results obtained in 39 years of experiments showed 
that nitrogen and phosphorus fertilization has led to significant yields increases as compared with the unfertilized 
control. The highest yields were obtained when applying the maximum tested doses of fertilizers. 
 
Key words: soil, organic matter, fertilization, long term experiences. 
 
INTRODUCTION  
 
Research conducted within the National System 
of Soil Quality Monitoring showed that the 
level of humus in the soil horizon surface is 
extremely small on 0.74% of the surface, very 
little on 4.14%, lower on 42.57%, middle to 
31.00%, 10.30% great, very big on 3.29%, 
extremely high on 6.26% and excessive on 
1.70% (Dumitru et al., 2000).    
Unfortunately the increasing trend of areas with 
low humus continued to grow under the 
influence of agricultural technologies. Thus 
areas with small reserves, very low and 
extremely low up 35% from 4.876 million to 
7.485 million ha, 1990-2000 (Dumitru, 2003). 
That led system to evaluate the influence of 
mineral fertilization on sequestration of organic 
carbon in soil. This could be done only under 
certain experiences long as it was found that 
any type of fertilizer we apply not found 
statistically significant changes in the supply of 
organic matter, N, P, K, macronutrients and 
micronutrients due to resilience soil, applied 
doses, consumption by the plant. In these 
circumstances Mr. Academician Hera 

organized experimental fields with similar 
treatments in a series of 16 agricultural research 
stations to be able to discern long-term effects 
of different doses of mineral fertilizers on soil 
and agricultural production. The research 
conducted by Lazar et al. (2010) on experience 
for a long time on a Cambic Faeoziom showed 
that the only application of nitrogen fertilizers 
has led to the surface horizon a decrease of the 
soil reaction on the dose of N applied, as the 
N50 version, which became very significant 
decrease for N150 and N200 variants compared to 
unfertilized variant; phosphorus fertilizer no 
caused significant change of soil reaction; 
humus content and the total nitrogen were not 
significantly influenced by nitrogen and 
phosphorus differentiated treatments 
administered. The specialty literature provides 
information on influence ofmineral fertilization 
on the humus contenton the soil. 
 
MATERIALS AND METHODS 

 
The experiences were located at SCDA 
Teleorman and was established in 1976. In 
terms of physical-geographical Research 
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Station is located in Teleorman Plain, which is 
divided into several sub-units, and the area 
where it is located SCDA Teleorman Plain 
belongs Găvanu -Burdea. 
Genetically Găvanu-Burdea is an absolute 
piedmont plain with altitudes ranging between 
80-200 m. The entire surface is covered by a 
continues blanket of loess, thicknesses varying 
between 8-20 m below who meet marl, clay 
deposits of Villafranchianage, sand and gravel. 
The general relief is relatively flat plain. 
Valleys that cross towards N-NW to S-SE 
succeed regularly, separating inter-parallel and 
somewhat symmetrical. Plain is crossed by 
numerous potholes especially in the south. 
Meteorological data analysis during the 
growing of winter wheat in 2014-2015 leads to 
the following findings:at SCDA Teleorman, 
during September 2014 - June 2015 fell 608.8 
mm rainfall with 178.23 mm more than the 
annual average of area -430.6 mm, indicating 
normal conditions for winter wheat, yet in 
some ponding sole occurred which led to a 
significant decrease in production. 
The average air temperature did not exceed 
normal area, which resulted in the 
manifestation of a prolonged autumn, a mild 
winter. 
To achieve experiences in the field subdivided 
parcels method was used with two factors and 
three replications. The first factor was the 
phosphorus (P) at doses of 0, 40, 80, 120, 160 
kg/ha of superphosphate administered. The 
second factor was nitrogen (N) at doses of 0, 
40, 80, 120, 160 kg N/ha, in the form of 
ammonium nitrate. 
Experience has as rotating crops wheat and 
maize. Soil sampling was performed at the end 
of the growing season of the crop of wheat, the 
depth of 0-20 cm, according to the methods 
used in RISSA laboratories. 
Ammonium nitrate applied experimental field 
contains 34.5% N of which half is nitrate 
nitrogen and half ammonia nitrogen. Because 
ammonium nitrate has a final acid reaction. 
Ages most appropriate application of nitrogen 
fertilizers are the requirements crop nitrogen 
are highest, thereby ensuring maximum 
efficiency of this nutrient but also other 
beneficial results such as the reduction of 
nitrogen quantities dissipated into the 
environment, that the risk of water pollution by 

nitrates in the soil infiltration or runoff. Crops 
sown in autumn due to the increased quantities 
of mineral nitrogen from organic matter 
mineralization existing in soil in autumn and 
more abundant precipitation season autumn-
winter, there is an increased risk of 
contamination with nitric nitrogen through 
leaching and runoff. These reserves must take 
into account soil fertilizing of winter crops, the 
applied dose levels of nitrogen annual rate 1/4, 
established on the above mentioned principles. 
Mineralization of organic matter and nitrates 
run phenomena are strongly influenced by how 
the land use and crop technologies (Code of 
Good Agricultural Practices, 2005). 
Superphosphate applied is concentrated, 
containing 46% P2O5 total, 46% P2O5 soluble 
conventional soil and water. Phosphorus 44% 
P2O5 soluble fertilizers applied to soil has a low 
mobility, being mostly retained reversible 
forms adsorbed colloids ground.  
The analysis methods were as follows: 
- Humus - STAS 7184/21-82; wet oxidation 
volumetric method (Walkley-Black, the change 
Gogoașă); 
- The pH determined potentiometrically in 
aqueous suspension, the ratio soil: water of 1: 
2.5; using a combined glass electrode-calomel 
(pH units); 
- SB - sum of basic cations, STAS 7184/12-
88;by extraction with HCl 0.05 N, the method 
Kappen (me/100 g soil) 
- Ah - hydrolytic acidity STAS 7184 / 12-88; at 
equilibrium in 1 N sodium acetate solution, the 
ratio soil: solution 1:2.5; by titration with 
NaOH in the presence of phenolphthalein, 
acidity extracted (me/100 g soil); 
- T - total cation exchange capacity by 
calculation: T = SB + Ah (me/100 g soil); 
- VAh - basic cation saturation level was 
determined by calculation (%). 
Analytical data were statistically analyzed 
using analysis of variance. 

 
RESULTS AND DISCUSSIONS 

 
The influence of differentiated fertilization 
on soil reaction 
The soil reaction influences most physical, 
chemical and biological soil properties (Puiu, 
1980). On soils with high humidity occurs 
laundering depth basic exchangeable cations. 
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This process leads to depletion of bases in the 
surface horizon. The mobility of anions in soil 
increases with increasing soil acidity due to the 
number of negative charge that repels the 
complex absorption in the soil solution. The 
decrease in pH lowers the cation exchange 
capacity and reduce absorption intensity cations 
root. The root system of plants is poorly 
developed in depth, volume controls a small 
edaphic and supply plants with water and 
nutrients is reduced. Ammonia nitrogen 
fertilizers have a physiologically acid effect 
after nitrification, when an ammonium ion 
( )generates two unbound H+which acidify 
the soil reaction. 
Humus mineralization has an acidifying effect, 
that effect is partly offset by ammonification 
amide nitrogen resulting from mineralization of 
humus, but the result of mineralization remain 
as distinct acidifying effect thereof (Rusu et al., 
2005). 
When applying fertilizers which give an acid 
reaction, acidifying effect on the soil is 
explained by depletion of bases. Higher 
consumption of bases with higher yields and 
leaching in the profile of the anion 
accompanying nutrients or fertilizers in the soil 
is formed by converting the nutrients cations 
( ) generates depletion of bases the soil. A 
net depletion of bases of the plowed soil layer 
causes only fertilizers that do not contain 
themselves bases (Ca, Mg, Na) and anions 
contained therein are not absorbed at all 
( , Cl-, ), or absorb weak in soil 
( ). Acidification of the reaction by 
absorbing debazificarea argilohumic complex 
cation exchange can only occur in soils 
nesaurate bases. In soils saturated bases, 
changes of reaction are buffered by the 
presence of carbonates and the effect of 
decreasing the pH which it determines the 
presence of salts in soluble fertilizers so-called 
"salt effect" disappears with the removal of 
salts in the arable layer by consumption in the 
plant and leaching profile (Borlan et al., 1998). 
Most crops grow and develop at a slightly acid 
pH - neutral, which is full of nutrients and 
mobility. 
The correction is done with acid reaction 
amendments limestone containing basic cations 
that can change the H+ ions and Al3+ (Budoi, 
2000). 

Figure 1 shows the influence of nitrogen on the 
pH after the analysis of the results of soil 
samples from the experimental field. After 
statistical processing of the data showed that 
applying nitrogen fertilizer ammonium nitrate, 
a decrease of soil reaction by nitrogen rate 
applied by 0.29 to 0.37 pH units from 5.75 
weak acid, from 5.37 to moderately acidic 
unfertilized control. When applying doses of 40 
and 80 kg N/ha were significant decreases 
distinct and significant, and the application 
doses of 120 and 160 kg N/ha decrease soil 
reaction was very significant area where the 
amendment is necessary. 
The doses of phosphorus did not bring 
significant changes in soil reaction. 
According to the literature wheat is a crop plant 
with medium acidity tolerance requirements of 
such crops include values of pH between 5.5 to 
7.5 (Dodocioiu et al., 2009). 
 

 
Figure 1. Influence of nitrogen dose on pH 

 
Retention and cation exchange is a reversible 
process, regularly ensuring mobility cations for 
plant nutrition. Cation exchange is performed 
depends on the energy equivalent amounts and 
detention increases with atomic weight and 
valence cation, an exception to this rule cation 
H+, which has the largest energy holding. 
Cation exchange depends on the degree of 
hydration inversely, the cation concentration in 
the soil solution (Dodocioiu et al., 2009). 
Analytical data on the indicators used to 
determine the ability for cationic exchange: of 
the base parts (SB), the acidity of hydrolytic 
(Ah), the total capacity of the cation exchange 
(T) and the degree of saturation in the base 
cation (VAh) are shown in Table 2. The 
application of nitrogen fertilizers in doses of 
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120-160 kg N/ha resulted in an increase from 
unfertilized hydrolytic acidity from 1.64 with 
1.57 me/100g soil, applying nitrogen fertilizer 
with phosphorus associated with causing a drop 
the base amount with 0.43, 0.75%, and the 
decline in base saturation of -4.23, 4.90%.  
The total cation exchange capacity (T) recorded 
a significant increase in application doses and 
distinctly significant phosphorus P120-160 
(kg/ha). Nitrogen has determined about 
significant changes. 
Figure 2 shows the influence of combined 
application of nitrogen and phosphorus on the 
properties of cationic exchange. 
 

 
Figure 2. Influence of nitrogen dose on cationic 

exchange 
 
Influence of nitrogen and phosphorus 
fertilization on the humus content 
Soil organic waste decomposition is performed 
under the direct influence of microorganisms 
using this material as a source of food and 
energy. Once in the soil, crop residues are 
subject to microbial active which results in 
breakdown of carbohydrates and proteins, 
followed by decomposition slower cellulose, 
lignin, lipids and tannins, thus triggers the 
process of humification (Lăcătuşu, 2006). 
Borlan et al. (1994) defined the terms "humus" 
and "humic substances" as inanimate organic 
component of soil resulting from the processing 
plant debris under the action of microorganisms 
and quantitatively assessed by organic carbon 
content by multiplying by 1.724 times. This 
coefficient is correlated with an average of 58% 
of carbon in humic substances. Blaga et al. 
(2005), defined as the essential component of 
humus soil, which gives it its peculiar property 

- reserve represents fertility and permanent soil 
nutrients. 
Dorneanu (1984) quoted Borlan et al. (1994), 
established the main qualities of humus: 
incorporating over 90% of total nitrogen 
content; 35-65% of total phosphorus content; in 
soils desalted up to 70% of the sulfur; provides 
energy and chemical substances necessary 
interim plastic bodies that make up the soil 
micro flora and fauna; contribute significantly 
to the orderly aggregation of mineral particles 
and their structural organization into the 
ground. Also humic substances interact with 
colloidal clay forming clay-humic complex. 
Under natural conditions not influenced by 
fertilizers application mineralization of soil 
organic matter under the influence of 
microorganisms lead to mineral nitrogen 
compounds. Climatic factors in particular 
temperature and humidity strongly influences 
the activity of microorganisms and the 
formation of ammonia, nitrite and nitrate in the 
soil by mineralization of humic substances has 
its own dynamics during the year, which is 
dependent on weather conditions. 
The formation of the clay-humus complex 
between humic substances and clay minerals is 
also influenced by the nature of the surface of 
the clay cation exchange, the pH of the medium 
and ionic strength, the molecular weight of the 
species of humic substances and clay minerals. 
Since plant resources into the soil, is the most 
accessible source of microbial metabolism in 
soil, much of it (60-70%) will be consumed in 
respiratory processes, only an amount of 30-
40% will go into the compound structure of 
humic and it is known as the coefficient of 
humification or izohumic coefficient 
(Dodocioiu et al., 2009). 
The content of humus in the soil is influenced 
by the ratio C/N, the amount of humus is all the 
more higher as the C/N ratio is small, while the 
C/N value takes place over 22 to 24. 
The mineralization and the decrease of humus 
content (Rusu et al., 2005). 
Experimental data obtained after many years 
standing experiences from their start indicates a 
differentiation of humus content in arable layer 
between variants fertilized every year and the 
unfertilized control. This differentiation occurs 
as a result of higher annual rates of decline of 
humus content in the soil fertilized than in 
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fertilized. The experimental data and 
mathematical models developed on the basis. 
It highlights their tendency soil system to 
evolve towards equilibrium states amplitude 
modification of humus content in the arable 
layer is decreased increasingly more.  
The humus content tends toward "equilibrium 
level" and is significantly higher than under 
conditions of balanced fertilization when not 
fertilize (Borlan et al., 1998). 
Table 1 presents the analytical results regarding 
the influence of phosphorus fertilization for 
each variant on humus content. The humus 
content increased by 0.49% to P80 application; 
0.51% to 0.61% in P120 and P160 kg/ha. 
Table 3 presents the combined influence of 
applying nitrogen and phosphorus.  
 
 

They found significant increases, significantly 
distinct and very significant to 0.84% compared 
to the unfertilized control. After nitrogen 
fertilization experimental field was found that it 
did not bring significant changes humus content 
regardless of the applied dose. Significant 
changes were significant and distinctly 
highlighted the application of phosphorus. 
 

Table 1. Influence of phosphorus  
on the humus content of soil 

 
Table 2. Analytical results on fertilization with nitrogen and phosphorus 

on the cation exchange properties 
 

Agrofond  
SB (%) Ah (me/100g sol) V (%) T (me/100g sol) 

Average Semnif. Average Semnif. Average Semnif. Average Semnif. 
N0P0 22.66 Control 5.98 Control 79.69 Control 29.54 Control 
N40P0 22.84 0.18      ns 6.17 0.19      ns 78.75  -0.93   ns 29 -0.54   ns 
N80P0 23.59 0.93      ns 6.09 0.11      ns 79.41 -0.28 ns 29.69 0.14      ns 
N120P0 21.99  -0.67   ns 7.56 1.58     oo 74.39 -5.29    ns 29.55 0.01      ns 
N160P0 22.33  -0.33   ns 8.08 2.10   ooo 73.43 -6.26    ns 30.42 0.87      ns 
N0P40 24.28 1.62      ns 5.76  -0.22    ns 80.79 1.09    ns 30.03 0.49      ns 
N40P40 23.94 1.28      ns 6.25 0.27      ns 79.24 -0.44    ns 30.19 0.65      ns 
N80P40 24.04 1.38      ns 6.53 0.55      ns 78.6 -1.09   ns 30.56 1.02      ns 
N120P40 22.74 0.08      ns 7.62 1.64      oo 74.87 -4.82   ns 30.36 0.82      ns 
N160P40 22.42  -0.24   ns 7.65 1.67      oo 74.5 -5.19   ns 30.07 0.53      ns 
N0P80 23.24 0.58      ns 6.05 0.07      ns 79.32  -0.37   ns 29.29 -0.25   ns 
N40P80 24.33 1.67      ns 6.64 0.66      ns 54.56  -25.13ooo 30.97 1.42      ns 
N80P80 24.22 1.56      ns 6.29 0.31      ns 78.46  -1.23   ns 30.87 1.33      ns 
N120P80 23.74 1.08      ns 7.68 1.70      oo 76.08  -3.60   ns 31.2 1.66      * 
N160P80 23.60 0.94      ns 7.78 1.80      oo 75.21 -4.48   ns 31.39 1.84      * 
N0P120 24.70 2.04      ns 6.17 0.19      ns 79.99 0.29   ns 30.87 1.33      ns 
N40P120 24.97 2.31       * 5.99 0.01      ns 79.43 0.26   ns 31.77 2.23     ** 
N80P120 24.59 1.93      ns 6.5 0.52      ns 79.09 -0.60   ns 31.1 1.56      ns 
N120P120 24.59 1.93      ns 8.24 2.26   ooo 76.08  -3.61   ns 32.34 2.79    *** 
N160P120 23.74 1.08      ns 6.71 0.73      ns 76.71 -2.98   ns 30.93 1.39      ns 
N0P160 25.41 2.75       * 5.89  -0.08    ns 81.09 1.39   ns 31.3 1.76      * 
N40P160 25.48 2.82      ** 5.61  -0.36    ns 80.99 1.30   ns 31.45 1.91      * 
N80P160 25.38 2.72       * 8.28 2.30   ooo 76.82    -2.87   ns 33.05  3.50   *** 
N120P160 25.04 2.38       * 6.96 0.98      ns 78.25  -1.44   ns 32 2.45     ** 
N160P160 24.42 1.76      ns 7.51 1.53      oo 76.51 -3.18   ns 31.93 2.39     ** 
  LSD 5% 2.07 LSD 5% 1.04 LSD 5% 14.05 LSD 5% 1.6 

LSD 1% 2.76 LSD 1% 1.39 LSD 1% 18.74 LSD 1% 2.13 
  LSD 0.1% 3.60 LSD 0.1% 1.81 LSD 0.1% 24.47 LSD 0.1% 2.78 

No. 

Phosphorus 
Mean (%) 

 
Content 

 

Control 
(%) 

 

Diff. 
Control 

(%) 
Semnif. 

 
1 P0 3.66 100 0 Control 
2 P40 3.96 108.23 0.3 - 
3 P80 4.15 113.28 0.49 * 
4 P120 4.17 113.94 0.51 ** 
5 P160 4.27 116.8 0.61 ** 
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Table 3. Analytical results on fertilization with nitrogen and phosphorus on the humus content and pH 

Agrofond 
pH Humus (%) 

Average Semnif. Average Semnif. 
N0P0 5.96 Control 3.72 Control 
N40P0 5.65  -0.30    oo 3.36 -0.36   oo 
N80P0 5.75 -0.20     o 3.42 -0.30     o 
N120P0 5.46  -0.49   ooo 3.83 0.2        ns 
N160P0 5.33  -0.62   ooo 3.96 0.24      ns 
N0P40 5.73  -0.22      o 3.66 -0.06    ns 
N40P40 5.69  -0.26    oo 3.82 0.10      ns 
N80P40 5.54  -0.41   ooo 4.02 0.30       * 
N120P40 5.43  -0.52   ooo 3.86 0.40        ns 
N160P40 5.35  -0.60   ooo 4.44 0.72     *** 
N0P80 5.54  -0.41   ooo 4.26 0.54     *** 
N40P80 5.64  -0.31     oo 4.00 0.28       * 
N80P80 5.58  -0.37   ooo 4.00 0.28       * 
N120P80 5.41  -0.54   ooo 4.20 0.48     *** 
N160P80 5.37  -0.58   ooo 4.26 0.54     *** 
N0P120 5.74  -0.21      o 4.20 0.48     *** 
N40P120 5.62  -0.33   ooo 4.08 0.36      ** 
N80P120 5.58  -0.37   ooo 4.14 0.42      ** 
N120P120 5.39  -0.56   ooo 4.26 0.50     *** 
N160P120 5.43  -0.52   ooo 4.16 0.44      ** 
N0P160 5.76 -0.19      o 4.15 0.43      ** 
N40P160 5.65  -0.30    oo 4.08 0.36      ** 
N80P160 5.45  -0.50   ooo 4.56 0.84     *** 
N120P160 5.60  -0.35   ooo 4.26 0.54     *** 
N160P160 5.40  -0.55   ooo 4.32 0.60     *** 
  LSD 5% 0.19 LSD 5%  0.27 

LSD 1% 0.26 LSD 1%  0.35 
  LSD 0.1% 0.34 LSD 0.1% 0.47  

 
 

CONCLUSIONS  
 
Long-term differentiated fertilization phosphorus 
and nitrogen on the Cambic Phaeozem from 
Teleorman had the following effects after 39 
years: 
• The application of nitrogen fertilizers in the 
experimental field no changes were made 
statistically significant in humus content 
regardless of the applied dose. Significant changes 
were significant and distinctly highlighted the 
application of phosphorus was found an increase 
of 0.49% humus content of the application P80; 
0.51% to 0.61% in P120 and P160 kg/ha. 
• Nitrogen applied in doses of 120-160 kg N/ha 
resulted an increase from unfertilized acidity hy-
drolytic 1.64 with 1.57 to me/100g soil, applying 
nitrogen fertilizer with phosphorus were asso-
ciated with a decrease in the amount bases from -
0.43 to -0.75 me/100 g soil, thus decreasing the 
degree of saturation in bases -4.23 to -4.90%. 

• The total cation exchange capacity (T) has 
experienced significant growth and significant 
distinct phosphorus application rates from P120-160 
kg/ha. 
• Nitrogen fertilizers of ammonium nitrate, 
causing a drop of soil reaction depending on the 
applied dose of 0.29 to 0.37 pH units from 5.75 
weakly acidic to moderately acidic unfertilized 
control to 5.37, 120 and 160 kg N/ha, the decrease 
was very significant soil reaction and reached 
levels that require the application of amendments 
calcareous soil. The doses of phosphorus did not 
bring significant changes in soil reaction. 
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Abstract 
 
Agroclimax state has to be a national and global priority in sustainable agriculture. The main steps of resetting the 
state of agroclimax are: providing secondary biomass for the humification process, fixing nitrogen from atmosphere, 
and enssuring the speed of organic matter mineralization processes. Crop rotation is an important component of 
agricultural technologies for achieving constant yields over time. The paper presents the impact of a mixed 
grass/legume pastures on the main soil characteristics, highlighting a general upward trend. 
The experimental field was set up in Fagaras Depression, on a Fluvi-Eutric Cambisol, with a moderate acid reaction, a 
poor supply with N, and a medium supply with P and K. The experimental field was organized in 15 variants of 
different crop rotation, with 4 different periods of turning the soil. The studied chemical and physical parameters 
referred to soil reaction, organic matter, total nitrogen, available phosphorus and potassium contents, hydro-structural 
stability, dispersion index, and structural instability index. The soil state highlighted a slightly improvement after 6 
years of experiments. The effects of introducing mixture of grasses with legumes in rotation is not quite remarkable, 
significant changes being highlighted only after a long period of time. But, this slight improvement of soil quality is 
important, and added to the improvement of yield quality could be a reason to recommend such a technology for 
farmers in similar areas. 
 
Key words: mixed grass/legume pastures, crop rotation, soil fertility, soil parameters. 
 
INTRODUCTION 
 
Soil quality is the ability of soil to provide 
services for ecosystems and society through its 
capability to perform in changing environment 
(Tóth et al., 2007). The soil functions are as 
following: providing support for food and other 
biomass production; storing, filtering and 
processing; habitat and gene bank of living 
organisms; physical and cultural environment 
for mankind; source of raw materials; carbon 
pool; archive of geological and archaeological 
heritage.  
Soil quality has been of interest to humankind 
ever since the dawn of civilization and settled 
agriculture, and its definition had many forms 
during the last 3 decades (El-Ramady et al., 
2014). As a complex term, it has a relatively 
stable component given by slowly changeable 

parameters and another one relatively variable 
component given by easily or moderate 
changeable parameters. The second component 
is very important in terms of soil resources 
management (Florea and Ignat, 2007). 
The soil-system dynamics and the essential soil 
characteristics (fertility included) are close 
related to the fluxes of matter and energy, 
necessary to carry out its functions. Four fluxes 
of substances and energy are indispensable for 
soil existence: water, air, nutrients and energy 
(Florea et al., 2014).  
Agroclimax state reffers to agro-biocenosis 
stability integrating both anthropogenic and 
natural actions. Therefore, agroclimax state has 
to be a national and global priority in 
sustainable agriculture. The agroecosystems 
used intensively, extensively or unilateral 
intensively (single crops, short crop rotations) 
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are imbalanced in terms of soil state and 
nutrient supply. The main steps of resetting the 
state of agroclimax are as follows: providing 
secondary biomass for the humification 
process, fixing nitrogen from atmosphere, and 
enssuring the speed of organic matter 
mineralization processes (Mocanu et al., 2011). 
Crop rotation is an important component of 
agricultural technologies for achieving constant 
yields over time (Triberti et al., 2016). On the 
other hand, diversification of crop rotations is 
considered an option to increase the resilience 
of European crop production under climate 
change (Kollas et al., 2015). Therefore, in the 
framework of a national research project, the 
crop rotation has been studied in three 
experimental plots in different regions with 
different climatic and topographic conditions 
(Fagaras Depression, Tara Barsei and Central 
Moldavian Tableland). For these experiments, 
complex mixture of grasses and legumes has 
been introduced in crop rotation and its 
influence on crop yield and soil state has been 
studied. In this paper, only the impact of using 
mixed grass/legume pastures in crop rotation 
on soil parameters in the case study of Dragus, 
Fagaras Depression, is presented. The influence 
of the experimental variants with different crop 
rotations on crop yields and income was 
presented by Mocanu et al. (2011), this paper 
focusing only on the impact on the soil state. A 
comprehensive understanding of the impact of 
different agricultural management practices on 
soil physical, chemical and biological 
parameters is very important since they are key 
indicators and components of soil 
quality/health (Ahamadou and Huang, 2013). 
 
MATERIALS AND METHODS 
 
Dragus experimental field is located in Fagaras 
Depression, in the southern part of 
Transylvania, on Fluvi-Eutric Cambisol (WRB, 
2014) developed on recent alluvial-proluvial 
sediments. Parent material consists of silicate 
gravels, 50 – 125 cm thick. The soil water 
regime is percolative. The soil has a medium 
texture, poorly differentiated on the profile, 
with skeletic features from topsoil, and a good 
internal drainage. 
It is noteworthy that even in climate conditions 
of 800 - 1000 mm annually precipitation and a 

flat landform (<5% slope), the soil is not 
affected by waterlogging.  
The chemical analysis of soil at the initial 
moment of the experiment showed a moderate 
acid reaction. The rate of nitrogen (IN) 
indicates a poor supply with Nitrogen, while 
Phosphorous and Potassium contents highlight 
a medium supply.  
The experiment started in 2008, when a 
complex mineral fertilizer N100P100K100 and 
limestone amendment have been used, the 
fertilizers amount being reduced by half in the 
further years. 
The experimental field was organized 
following a scheme including 15 variants (V1 – 
V15) of different crop rotation, with 4 different 
periods of turning the soil:  

- every year for V1 – V5; 
- every 2 years for V6 – V8; 
- every 3 years for V9 – V12; 
- every 4 years for V13 – V15. 

The predominant crops in this area include 
cereals, potatoes and perennial and annual 
fodder crops. 
Taking into account the local conditions, crop 
rotation consisting of spring wheat, fodder 
turnip, fodder maize, potatoes and perennial 
grasses + legumes has been used. Soil sampling 
has been carried out at the initial moment 
(spring 2008) and every year after harvesting. 
The soil chemical and physical analyses have 
been done using the methodology of soil survey 
(1987) in the laboratories of National Research 
and Development Institute for Soil Science, 
Agro-Chemistry and Environment - ICPA, 
Bucharest. The hydro-structural stability 
indices have been analysed according 
Canarache (1990). 
 
RESULTS AND DISCUSSIONS 
 
Soil reaction (pH) (Figure 1). The initial soil 
reaction ranges from weak to moderate acid, 
with values of pH from 5.23 to 6.13. After the 
first year, there is a slight increase in pH 
values, to slightly acid reaction class for all 
variants, excepting variant 8 (pH values below 
5.6) and 7 (pH values below 5.79), with 
moderate acid reaction. This increase could be 
caused by the structure of selected crops, and 
by limestone amendments applied in spring. In 
2009, there is an increase in pH values for all 
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variants, with quite similar values, due to the 
same amendments from spring 2008. Soil 
reaction has slightly lower values in 2013, 
compared to the original state. 
The main problem of this soil is to amend its 
acid reaction; therefore there is need for close 
monitoring. The aim of crop rotation is to 
maintain or increase the initial pH values, if 
possible, in order to improve the nutrient 
supply of plants by improving the soil nutrients 
accessibility for plants.  
It has to be noticed that the variants from the 
first group, turning the soil every year, have the 
higher values of pH, compared with the other 
groups, with longer period between two 
moments of turning the soil. 
It has to be noticed that the variants from the 
first group, turning the soil every year, have the 
higher values of pH, compared with the other 
groups, with longer period between two 
moments of turning the soil. 

 
Figure 1. Soil reaction in the experimental field Dragus 

 
Organic matter content (OMC, %) (Figure 
2). The initial soil organic matter content was 
low, between 1.4 and 2.16%. In autumn 2009, 
an increase of organic matter content is noticed, 
with values from 2.70 to 3.06%, without 
exceeding the low class. Since soil organic 
matter content is quite stabile over time, the 
changes observed in the first two years could 
be due to the green residues remained in soil. 
Data from 2013 indicates a slight increase in 
organic matter on all experimental variants 
compared to initial data. 
Total nitrogen content (Nt%) (Figure 3). 
Bioavailable nitrogen is one of the keys for 
plant growth in agriculture, but nitrogen 
compounds like nitrate, nitrite or N2O play an 
important role in environmental pollution. 
Therefore, it is of great interest to study 
nitrogen content and the way of its behaviour 
(Schloter et al., 2003). 

 
Figure 2. Organic matter content (%) in the experimental 

field Dragus 
 
The initial total Nitrogen content varied from 
low to moderate values (0.133 - 0.154%). After 
the first year, there is a slight increase in total N 
content. The largest increase is highlighted in 
the case of perennial grasses and legumes 
(0.1487%). In 2009, a decrease of total N 
content is highlighted in all experimental 
variants. The total nitrogen content decrease is 
due to the massive export by crop, soil organic 
matter intake is reduced compared with 
outflows of soil. It should be noted that 50 
kg/ha fertilizers were applied per each 
experimental plot, insufficient for the obtained 
yields. In 2013 there has been a slight increase 
of N content compared to initial values in all 
experimental variants.  

 
Figure 3. Total Nitrogen content (%) in the experimental 

field Dragus 
 
Available Phosphorus Content (APC, ppm) 
(Figure 4). The initial phosphorus supply 
ranged from moderate to high, with values 
from 27.3 ppm to 44.6 ppm. After the first year, 
a significant increase is noticed in all 
experimental plots, with values ranging from 
45 ppm at 65.3 ppm. 
Applying limestone amendments in spring 
influenced the availability of phosphorus, the 
complex fertilizer applied in spring being better 
used in these conditions.  
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The same increase is maintained in 2009, for 
the entire experimental field. The maximum 
value of 79.92 ppm in 2009 is recorded for 
variant 1, for potato crop. The other values are 
around 50 ppm. Data from 2013 indicates a 
uniformity of values obtained in all 
experimental variants, with a slight increase 
from initial state (spring 2008). 

 
Figure 4. Available Phosphorous content (ppm) in the 

experimental field Dragus 
 
Available Potassium Content (AKC, ppm) 
(Figure 5). The initial values of available 
Potassium supply ranged from 86 ppm to 173 
ppm (low to moderate). After the first year, the 
increased amount of available Potassium in all 
variants assured a high supply with Potassium 
(from 131.67 to 208.67 ppm), excepting the 
variants 12 (114 ppm) and 14 (121.3 ppm), 
where the Potassium content was low. In 
autumn 2009, a decrease of Potassium content 
is noticed in all experimental variants. The 
same trend is highlighted also in 2013. 
The soil potassium supply in Romania covers 
the plants needs for almost all croplands, 
excepting acid soils (the potassium being 
blocked by mineral clay films) or sandy soils 
(with low capacity to retain water and 
nutrients). 

 
Figure 5. Available Potassium content (ppm) in the 

experimental field Dragus 
 
Hydro-structural stability (HSS, %) (Figure 
6). The initial hydro-structural stability values 

ranged from 3 to 4%, i.e. low stability class. 
After the first year, there is a slight 
improvement in the hydro-structural stability 
value, but in the same low stability class (4.33 
to 4.66%). 
In 2009, an increase of number of hydro stabile 
aggregates could be observed in all 
experimental variants (3.79 – 6.38%), 
excepting variants 1 and 7 (potato), 3 (fodder 
turnip) and 12 (grasses + perennial legumes). 
The HSS values trend highlighted a slightly 
increase from the baseline to half of the range, 
especially in the plots with mixed grass/legume 
pastures, the trend being maintained till 2013. 

 
Figure 6. Hydro-structural stability (%) in the 

experimental field Dragus 
 
Dispersion index (DI, %) (Figure 7). The 
initial dispersion index (DI) was very high, 
ranging between 12 and 16%. After the first 
year, the soil structural state improvement is 
reflected in the dispersion index values (from 
7.91 to 10.33%). Only two variants have values 
from the lower part of the medium class, with 
values of 10.33%. In 2009 there is an increase 
of the dispersion index, closer to the initial state 
(11.87 to 15.40%). In 2013, a decrease of 
dispersion index is noticed. 

 
Figure 7. Dispersion Index DI (%) in the experimental 

field Dragus 
 
Structural instability index (SII) (Figure 8) 
has initial values from 3.46 to 6.05 (extremely 
high). After the first year, there is a decrease of 
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this index, reaching values from 1.74 to 2.82, 
falling within the high instability class, 
excepting variant II, with extremely high value 
(2.82).  

 
Figure 8. Structural instability index (%) in the 

experimental field Dragus 
 
In 2009, there is an increase compared to 
autumn 2008, for all variants, excepting 
variants 5 and 15 (perennial grasses + 
legumes). However, SII is lower, the soil 
becoming more stable in terms of structure, but 
remaining also in the extremely high class. 
Normally, a decrease of this index was 
expected, due to the beneficial effect of 
perennial grasses with legumes, as a result of 
the amelioration of soil structure. 
The instability index values in 2013 are lower 
than the initial values, excepting variants 
cultivated with fodder turnip and potatoes, that 
have higher values in 2013 than in the initial 
phase. 
 
CONCLUSIONS 
 
Crop rotation is an important component of 
agricultural technologies for achieving constant 
yields over time.  
The evolution of physico-chemical parameters 
in the experimental plots had a general positive 
trend. The higher agrochemical inputs in the 
first year from NPK fertilizers and limestone 
amendment were reflected in the agrochemical 
indices measured after first harvesting, as well 
as in the crop yields. Further decrease of 
fertilizers amount was also highlighted by these 
soil parameters. The combined effect of 
mineral fertilizers applied and mixed 
grass/legume pastures used in crop rotation led 
to increasing crop production and a slight 
improvement of soil structural stability indices: 
� Soil reaction (pH) showed a general 

downward trend, but the values remained in 

the same reaction class. It has been noticed 
a uniformity of soil reaction values for all 
the variants across the field and a very small 
variation in time, this stability being 
attributed to the application of limestone 
amendments in the first year; 

� Organic matter content (%) had a general 
upward trend, due partially to the green 
plant residues (debris) incorporated in soil 
in the experimental plots; 

� The values of total nitrogen content (%) 
increased in experimental plots, due to the 
presence of large amounts of fresh organic 
matter. 

� The available phosphorus content had 
increasing values in time in all experimental 
plots; 

� The available potassium content showed a 
general downward trend. The soil potassium 
supply in Romania covers the plants needs 
for almost all croplands, excepting acid 
soils or sandy soils. Therefore, for Dragus 
experimental field, it is recommended to 
increase the dose of potassium. 

� The general trend highlighted an 
improvement in soil structure in all 
experimental variants. The hydro-stable 
aggregate number increased slightly in all 
variants, due to the mixture of selected 
crops, the dispersion index showed a 
downward trend, while the structural 
instability index (SII) showed a slight 
decrease. 

� As regarding the soil nutrients, it could be 
noticed a slight improvement, excepting the 
available potassium content. The effects of 
introducing mixture of grasses with 
legumes in rotation is not quite remarkable, 
significant changes being highlighted only 
after a long period of time. But, this slight 
improvement of soil quality is important, 
and added to the improvement of yield 
quality could be a reason to recommend 
such a technology for farmers in similar 
areas. 
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Abstract 
 
Agricultural land-use planning is a socio-economic process and a combination of technical and economic activities, 
which streamline and optimize land use according to the industrial, economic and social conditions and to the factors 
of the environment. By taking control on the agricultural land structure, the state plays a major role in solving 
problems of land tenure, use of the country’s agricultural potential and environmental protection. The goal of the paper 
is to reveal the need, objectives and tools of the state intervention in regulation of the agricultural land-use planning. In 
the paper, the history of regulation of land use and land use planning is traced. The peculiarities of the agricultural 
land-use planning and its state regulation in the countries under centrally planned economy are revealed. The essence 
and the objectives of the agricultural land-use planning under free-market economy are outlined. The need of state 
intervention and its complexity is analyzed and discussed. The major role of the state in the agricultural land-use 
planning is to ensure a fair territorial basis for implementation land tenure, for agribusiness development, for 
regulation of land market and land relations and for implementation of environmental protection measures. 
 
Key words: agricultural land-use planning, state intervention, land tenure, land market, land relations, environmental 
protection. 
  
INTRODUCTION 
Many experts believe that in a situation of a 
global financial crisis agriculture is the fulcrum 
of any economy and its main asset is the 
agricultural land. One of the main tools for 
prospective management of the agricultural 
land is the science-based agricultural land-use 
planning.  
This can be explained with the nature of the 
agricultural land-use planning itself as a socio-
economic process and a combination of 
technical and economic activities that 
streamline and optimize land use according to 
the industrial, economic and social conditions 
and to the factors of the environment.  
It pursues a complex objective of balancing the 
land use and of preservation and development 
of the agricultural land potential of a country. 
The basic approach is through synchronizing 
the economic and the environmental issues of 
sustainable development.  
By serving this objective on behalf of every 
single barer of land tenure rights and of the 
society as a whole, agricultural land-use 
planning has the following general 
peculiarities:  

� corresponds to the current level of the 
scientific and technical progress; 

� considers the availability and the technical 
status of the productive forces and the 
established land relations;  

� serves the economy plans and perspectives 
of the agricultural enterprises 

� considers the quality and the peculiarities of 
the environment 

� has an impact on the economy efficiency of 
the business enterprises;  

� it is state regulated. 
The history of the agricultural land 
management reveals that the agricultural land-
use planning has always been a part of the state 
governing system. The state control on the 
agricultural land structure ensures several 
important for the business, Nature, land tenure 
and society items. Firstly, the state has the 
responsibility to protect and regulate land 
tenure, which proceeds from of the basic role 
of private property in the free-market economy. 
Secondly, the state is interested in exploiting 
the full agricultural potential of the country and 
in developing a competitive agriculture. 
Thirdly, it is state’s responsibility for the 
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control and guarantee of food security for its 
citizens. Fourthly, no one but the state is to take 
care for preservation of the national nature 
resources - both in the national and in the 
global environment interest. Fifth, it is state’s 
responsibility, too, to provide comparable to 
the other economy sectors level of the income 
and employment in agriculture. This is in touch 
with its greater responsibility for the 
development of the rural areas.  
Generally the state governs the process of 
agricultural land-use planning by taking into 
account the market needs, the diversity of 
forms of land tenure, the requirements of the 
environmental preservation, etc.  
Currently, the governmental regulations of land 
relations are characteristic for all countries in 
the world. However, this regulation is observed 
more strictly in the economically developed 
countries).  
In these countries, it has long been realized that 
the absence of legally, scientifically and 
financially ensured agricultural land-use 
planning causes a hold in land tenure 
transformations (Volkov, 2005).  
The goal of the paper is to outline the role of 
the state in terms of motivation, objectives and 
tools of state intervention in the agricultural 
land-use planning and land tenure regulation. 
 
THE HISTORICAL PATH IN 
REGULATION OF LAND USE AND 
LAND-USE PLANNING 
 
The need for land-regulation activities has been 
proven since ancient times. Human history 
represents a continuous adaptation of the 
human activities to the nature peculiarities of a 
territory and vice versa - adaptation of the 
territory to the human activities, the latter 
resulting in distribution of a territory among the 
land users. The distribution of land during the 
primitive society had casual nature and was 
regulated by force (for hunting, for example). 
When these primitively won rights developed 
into private property on land, various problems 
of economic, environmental and social nature 
had to be solved. A need of governance of land 
ownership and land use occurred. Land use 
management was first practiced in connection 
with agricultural production. Afterwards the 
scope of addressed activities expanded with 

construction, infrastructure (irrigation canals, 
for example) and other land issuing ones.  
At first, the way of governing land distribution 
was only by stabilizing the borders of the land 
plots on the terrain and registering the property 
rights in state books. Land survey and land 
registration were the first state regulated 
actions, connected with land tenure. The first 
cadastral plans were created by land surveying 
for the purposes of land taxation. The first 
ordinances on land were written in Russia, 
Sweden and other European countries in 18th 
century. Gradually, a process of redistribution 
of property by division, reunion, inheritance 
and assignment of rights, exchange of 
properties, sale and purchase started. Land 
turned into capital goods and land market 
emerged. Land turn-over became an 
unpreventable ceaseless process. The 
agricultural production in such dynamic 
territorial conditions could be organized only 
by land management activities and mostly by 
land-use planning as state responsibility. A 
time came when the ordinances turned into the 
first land management laws.   
Necessarily, the land-use governance served 
the interests of the governing political class. 
The feudalists expanded their holdings on 
fertile lands, while the land plots for the 
peasants were small and poor and so allocated 
to permit labor exploitation. During the 
transition from feudalism to capitalism, land 
management was a tool for land deprivation of 
the small agricultural producers and turning 
them into free but landless and no lucrative 
working class. 
Nowadays, the state land policies of the 
economically developed countries outline 
several directions in the agricultural land-use 
management (Volkov, 2005):  
� land survey for documentation of land tenure 
� land-use planning connected with distribution 

of land for different functions and production 
� land management, connected with land 

preservation;  
� land consolidation for improving the 

functionality of the land properties,  
� farm area structuring for optimizing the 

economy functions and ensuring land 
protection of the single farms.  

Specific features of land management and 
agricultural land-use planning were created in 
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the countries that passed a period of centrally 
planned economy. This period was 
characteristic for deficiency in three essential 
attributes of a democratic society - private 
property, land market and economy 
competition. For this reason, the agricultural 
land-use planning was like a passive action in 
the interest of the only land owner – the state. It 
also served the socialist-type land relations that 
were formal. Though the state was the only real 
governing factor, land-use planning suffered of 
lack of real governmental actions towards its 
implementation. Agricultural land-use planning 
was a consequence of implementation of 
investment projects. The other activities, which 
were attributes of the agricultural land 
structuring projects, were based informally on 
the expertise of the agronomists and managers 
of the agricultural enterprises. In other words, 
there was no officially done agricultural land-
use planning. Further, the philosophy of the 
political system hardly admitted the constraints 
of the global resources and of the benefits. The 
agricultural land-use planning contained in 
itself the risk of land resources exhaustion and 
their unsustainable use. Today, the countries in 
transition join the global policy of preservation 
of land as a planet resource.  
The diversity of land ownership, the free choice 
of land management, the market relations and 
conversion of land into capital market goods 
dictate the objectives of the contemporary 
agricultural land-use planning. The new issues 
for the countries in transition are: 
� optimum land use for agricultural production 
� regulation of land relations  
� protection of land tenure  
� soil and environment conservation  
� providing information basis for efficient land 

management. 
 
THE STATE REGULATION OF THE 
AGRICULTURAL LAND-USE PLANNING 
IN THE CENTRALLY PLANNED 
ECONOMY 
 
Land use planning was the main lever of the 
state for the implementation of the socialist 
transformation after World War II. Land 
property was weakened in the processes of 
nationalization and collectivization. Socialist 
land relations were established. The purpose 

and the principles of land-use planning were 
defined by the type and nature of the general 
economic concept of a total state regulation. 
The socialist definition of land-use planning 
specifies that it is a "system of state activities". 
This is logical, given the centralized manage-
ment of the processes and linkages in economy. 
The state efforts aimed at implementing 
planned production and realization of regulated 
prices. There were two main negative features 
of the state behavior in land policy: 
� The state was a totalitarian holder of land 

tenure and defended its own interests with 
priority. The land-use planning served mainly 
the mass agricultural production of the 
socialist organizations and cooperatives but 
not the farmer himself and his private 
interests. Due to the strong intervention of the 
state, the deprived of land tenure farmer lost 
his stimulus for making labor efforts on his 
land. He knew that he would not reap the 
fruits of his labor. In this situation, the 
agricultural productivity rather decreased than 
increased. What is worst, the state land policy 
produced one of the most negative effects, 
which would not be overcome for decades – 
that is the alienation effect on land owner’s 
consciousness and emotional connection to 
land. Getting back to market economy, the 
motivated interest of the land owner in 
stewardship of his land and in agricultural 
production didn’t automatically get back.  
� The state pursued a maximum production and 

economic growth but through using more 
resources, not through a better use of the 
available resources (Isachsen et al., 1994). In 
this sense, the state, firstly, realized large-
scale operations under the delusion of high 
efficiency and, secondly, reduced to zero the 
economy competition as an engine of the 
development. The state tolerated the 
monopolistic production that put obstacles to 
market development mechanisms.  

It is obvious that the political system and the 
state actually worked for slowing down the 
development of the economy and therefore 
such public activities like land-use planning 
became inefficient. The land relations were 
formal. They were oriented to develop the 
state-cooperative land tenure. Land relations 
were restricted by the state and agricultural 
land-use planning didn’t play a role of their 
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natural regulator as it was in the states of free-
market economies.  
The maximization of the agricultural 
production excluded considerations of an 
ecological balance.  
 
AGRICULTURAL LAND PLANNING 
AND THE COMPLEXITY OF STATE’S 
RESPONSIBILITIES IN FREE-MARKET 
ECONOMY 
 
The essence and the objectives of the 
agricultural land-use planning under free-
market economy are completely different from 
those under the conditions of a planned 
economy. This stems from the fact that land is 
not only a spatial basis, a means of production 
and a natural production resource but is also a 
real estate and capital market goods. This 
determines the importance of land-use 
planning for several activities that need state 
intervention such as: 
� proper use of the agricultural territory for 

agricultural production 
� land registry  
� proper functioning of market and land 

relations   
� protection of the environment. 
Nowadays, the state is interested in the fact that 
the Land Fund as a whole and each individual 
plot is rationally used, thus ensuring the 
interests of the national economy and all of its 
branches so that each hectare of agricultural 
land gives its production potential, the land is 
properly cultivated and its productive 
properties and other useful qualities are 
continuously improved. 
In almost all developed EU-countries, USA, 
Canada, Japan, China and other countries the 
governmental regulation of land relations is 
intensive (Volkov, 2005). Land management 
under market economy operates with the land 
plots as objects of real estate. This presupposes 
the existence of a system of state land registry 
(for valuation and management). The land plot 
(real estate) is also a unit of taxation, inventory 
(for compulsory judicial execution of decisions 
on land use), building rights etc. Land property 
is a subject of certain state regulated rights and 
relations and the state has duty of governing 
these rights on behalf of economy and a good 
order in society.   

The market intervention of the state is 
connected with shaping of the land properties 
because of the land transactions and for 
ensuring conditions for the development of 
agribusiness. The main objectives of the 
agricultural land-use planning as a state 
regulated activity are: 
� To establish and record the physical 
properties of the land plots - their location, 
area, boundaries and nature quality. This is 
connected with the release of documents which 
certify the land tenure and its implementation. 
The documentation of land ownership helps in 
protection of the private property rights and is a 
release option for a free economic choice. 
Maintenance of a public register of 
agribusinesses also needs this recorded 
information. 
� To provide the costs of land properties by 

land valuation. Valuation is necessary for 
releasing options for land transactions, for 
providing information in support of the 
supply and demand on land market, for 
regulation of the relations within the 
agribusiness and of the agribusinesses with 
the state, workers and citizens. State 
intervention in valuation of the agricultural 
land helps monitoring the dynamics of the 
land market and protection of the economic 
competition.  
� To prepare the necessary information for the 

land tenure transfer, for taxation and for 
implementation of economic incentive 
measures and economic sanctions. 

It is well known from economy science that the 
private initiative and the market mechanisms 
cannot effectively protect the public interest. 
Nowadays, the public interests in an 
environmental protection are a priority of any 
activity, connected with the use of the natural 
resources. From the point of view of the 
sustainable development, the use of nature 
resources in geosphere and biosphere reached a 
critical point at the end of 20th century. The 
balance of the personal and public interests 
turned in favor of the latter. Actually, the 
emergence of misbalances in land use 
decisions, the risk of pressure which is 
generated by the private initiative while trying 
to maximize the results of agricultural 
production without taking into account the 
environmental risks, etc. evokes a need of state 
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intervention. The state should organize the 
priority defense of the public interest – either 
economic or environmental. The purpose of the 
intervention is to minimize the negative effects 
of any wrong decision on land-use planning for 
the society, to prevent the loss of effectiveness 
of this activity and the to prevent the reducing 
of the welfare of society as a whole. The state 
should legally define special patterns and 
conditions of land use and should offer 
economic and legal measures for proper land-
use. It has to regulate special arrangements for 
protection of the national and citizen’s interests 
by conduction a judicial review and control.  
The methods through which the state has to 
affect the agricultural land management are 
(Belev, 2009):  
� direct methods. i.e. legislative measures  
� indirect methods, i.e. economic measures.  
The state intervention requires creation of 
institutions (laws) on the structure of the 
agricultural lands, land use and regulation of 
market conditions. The legislative framework 
on the agricultural land is a tool for proper land 
use, including land protection. It guarantees the 
primary land use of the agricultural territory for 
agricultural production, implementation of the 
technical regulations and specifications, soil 
and land protection and landscape preservation. 
The direct market intervention puts legal limits 
on the scope of activities and requirements to 
the impact factors. The regulatory function of 
the state comprises rules and procedures for: 1) 
direct regulation of the real estate market to 
reduce and correct its uncertainty;  2) control 
on the liability for any breaches of regulations 
in the transactions; 3) control of the compliance 
with the established norms and rules by all 
market players; 4) registration of the land 
transactions and the rights obtained, 5) 
regulation of the private entrepreneurship 
(through rules and procedures for any business 
related to land).  
The economic regulatory measures can be 
grouped as: 1) governmental programs for 
resource prices and tax policy (tax rebates, 
incentives, etc.) for regulation of land prices; 2) 
state programs for the development of land 
property and environmental protection, 
together with taxation and certain charges 
related to land use and fiscal and others kinds 
of policies for land use and land development 

ensuring economic stability; 3) compulsory 
premiums, insurance, subsidizing, etc. 
The process of specifying the scale, guidelines 
and tools of state intervention in land 
management and agricultural land-use planning 
is being constantly discussed and adjusted. The 
reference point is protection of land resources 
and regulation of rules in order to protect 
private interests within the priority protected 
public interest. 
 
CONCLUSIONS 
 
In short, the goal of the state intervention in 
agricultural land-use planning process is to put 
a fair territorial basis for the development 
agribusiness, to implement environmental 
protection measures, to contribute for land 
tenure implementation, and to contribute for 
regulation of land market and land relations. 
The enterprises, which have land-use plans for 
their farmland, are more cost-effective than 
those, which don’t have (Volkov, 1994). 
For all the participants in the agricultural land-
use planning, the important items in state 
regulation are: 
1) Ensuring the legal validity of land 
tenure and regulation of land market and 
land relations through: 
� an effective system of land tenure normative 

framework, including protection of land 
tenure, establishment of standards for 
maximum and minimum size of land tenure, 
reconciliation of the interests of the society 
with the legitimate interests of citizens, 
regulation of land relations in leasing, 
cooperatives and rentals, responsibility for 
failure to comply with the law  
� implementation of an effective land policy on 

based on a concept, plans and programs for 
efficient management of the agricultural land, 
rural regions and municipalities  
� ensuring reliability of the valuation and 

registration of land tenure 
� operation of a reliable system of taxation 
� control over land turnover and land 

redistribution, as well as on the amount of 
private land possessed by foreigners 

2) Ensuring an efficient use of farmland 
through:  
• following an official methodology in 

elaborating of agricultural land-use projects  
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• matching the technological requirements for 
agricultural land-use planning 

• compulsory revision of the existing projects 
and elaborating new ones in case of change in 
land tenure 

• development of infrastructure 
• solving the problems of suburban agricultural 

areas and suburban agriculture 
• solving the problems of the mountainous 

agriculture and the land-use for agricultural 
production in the mountainous regions 

• use of modern technologies for elaborating 
projects 

3) Ensuring environmental protection 
through: 
� strictly targeted use of the agricultural 

territories for agricultural purposes and 
suppression of the negative phenomena in 
land use 
� maintenance of a rational use of the nature 

resources for agriculture 
� efficient use of land resources in the process 

of agricultural production 
� preservation of land and land resources  
� development of a monitoring system for land 

use in the agricultural areas  

� subordination of the agricultural land-use 
planning to the spatial planning of the 
territory of the country 

The governmental regulations of agricultural 
land-use planning should be viewed not as an 
interference in life of land as a real estate but as 
a part of the internal socio-economic policy for 
a balanced development of the territories, as a 
support for the depressed regions, as creating 
zones of economic growth through implemen-
tation of programs for land development. 
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Abstract 
 
The fertilization is an essential technological factor in improving yield. The purpose of this research was to evaluate the 
effect of fertilization and the answer of grain sorghum hybrids in terms of yield and its components. Research conducted 
over two agricultural years (2013/2014-2014/2015) was located in the South-Eastern Romania area and was based on 
a split plot design. The paper presents the results regarding the following tested factors: Factor A- grain sorghum 
hybrids: Alize, Aquilon, Arack; Factor B - fertilization levels: N0P0, N90P0, N90P60, N120P0, N120P60. Regarding 
fertilization, both the use of nitrogen (N) and the fertilization with complex fertilizers (nitrogen and phosphorus) 
generated the increase of yield and its components with values statistically assured for the three researched hybrids. 
The average yield was 7.83 t/ha, varying from 5.61 t/ha (Arack hybrid unfertilized) to 9.22 t/ha (Aquilon hybrid 
fertilized N120P60). Hectolitre mass was highly significant influenced by the use of fertilizers, the highest value (80.74 
kg/hl) being recorded by the hybrid Arack fertilized N120P60. The maximum value of a thousand seeds weight was 
recorded by the hybrid Aquilon fertilized N120P60 (24.15 g) and the lowest value was recorded by the hybrid Alize 
unfertilized (19.03 g) with variations between +0.95 g (Arack hybrid fertilized N90P0) and +3.56 g (Aquilon hybrid 
fertilized N120P60). 
 
Key words: Sorghum, fertilization, grain yield, yield components. 
 
INTRODUCTION  
 
Sorghum bicolor (L.) is well known as a grain 
with a high capacity of exploiting natural 
resources (Varvel, 2000; Almondares, 2008; 
Borghia, 2013). Nevertheless grain sorghum 
production and yield are highly influenced by 
the interaction of the plants with environmental 
factors (Showemimo, 2007) and technological 
factors. Hydric stress, poor soils and a poor 
fertilization management are the main limiting 
factors of the yield (Aleminew, 2015). Water 
stress at panicle differentiation and during 
flowering determines the yield reduction, 
following the decrease in number of seeds by 
45% (Tolka, 2013). Lack of nitrogen 
fertilization determines a yield reduction by 
nearly 19% (Smith, 1990 cited by Tucker, 
2009). Thus, agricultural practices regarding 
fertilization management are essential in terms 
of increasing yield. Nitrogen (N) is the main 
determinant nutrient of yield (Baozhen, 2014; 
Akdeniz, 2006; Saber-Rezaii, 2009). Long term 
research (40years) conducted in Western 

Kansas highlighted the positive influence of 
fertilization with different doses of N (up to 
225 kg/ha) and P (up to 20 kg/ha) on the grain 
yield of sorghum. On average, during the 40 
years, the grain yield increased by 31%. The 
highest average yield was recorded for the 
application of N180P20 (Stewart, 2005). Along 
with nitrogen (N), phosphorus (P) is important 
for the development of sorghum plants (Khalili, 
2008; Sahrawat, 1999), P fertilization with a 
dose of 40 kg/ha once every two years 
satisfying the plant requirements under semi-
arid agro-climatic conditions (Sahrawat, 
2000).Phosphorus fertilization in irrigated 
cropping conditions has a positive influence on 
the yield and its elements (No. of seed/panicle, 
a thousand seeds weight) (Afshar, 2014). 
In Romania, research results underline the fact 
that sorghum reacts to fertilization rates ofN50-

80, P30-60, K40 kg/ha active substance (a.s.) (Sin, 
2005 cited by Nica, 2011)and to fertilization 
doses of N60-120, P60, K60 kg/ha a.s. (Oprea, 
2015).Research conducted on a sandy soil (in 
Craiova area, at Tâmburești) reveals the 
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obtaining of better yields under the fertilization 
with N160P80K80 (Matei, 2011).Other authors 
(Munteanu L.M. and Tabără V., 2011, 2012) 
also show the fertilization influence on the 
yield of grain sorghum cultivated on a brown 
soil, the maximum yield being obtained for the 
fertilization with N240P80K80, respectively 8,214 
kg/ha in 2010 and 6,770 kg/ha in 2011. 
The purpose of this research was to determine 
the influence of applying different doses of 
nitrogen and phosphorus on the grain yield of 
some sorghum hybrids (Sorghum bicolor (L.) 
Moench, in the field conditions of South-
Eastern Romania. 
 
MATERIALS AND METHODS 
 
The research was conducted over two 
agricultural years (2013/2014 and 2014/2015) 
in the South-Eastern area of Romania, in Ilfov 
County. The experiments were placed at the 
Experimental Field of Moara Domnească 
Didactic Farm (44o30’ North latitude, 26o13’ 

East longitude, 90 m altitude) on a chromic 
luvos oil with a moderately acidic reaction. 
The experimental design was developed in 
order to study the effect of different fertiliza-
tion doses of nitrogen and phosphorus over the 
grain yield of sorghum hybrids. The experi-
ments were based on the split plot method and 
the tested factors were the following: 
- Factor A -grain sorghum hybrids: a1 - Alize, 

a2 - Aquilon, a3 - Arack; 
- Factor B -fertilization treatment with the 

following graduations: b1 - N0P0, b2 - N90P0, 
b3 - N120P0, b4 - N90P60, b5- N120P60. 

In the two agricultural years of research the 
sorghum hybrids were sown at the distance of 
70 cm between rows, on the 2nd of May 2014 
and on the 24th of April 2015. The fertilization 
treatments were applied when preparing the 
field for sowing and during the vegetative 
stages, at 36 days after sowing (2013/2014) and 
41 days after sowing (2014/2015). Regarding 
the maintenance of the crop in both years Dual 
Gold 1.5 l/ha (S-metolachlor 960 g/l) herbicide 
(pre-emergence) and Dicopur Top 1 l/ha (2.4-D 
dimethylamine salt 600 g/l) herbicide (after 
emergence) were used to control weeds, two 
mechanical hoes were also applied. Pests 
control (Tanymecus dilaticollis) was carried out 
using Calypso (150 ml/ha). 

Normal climatic conditions of the research 
area, presented in Table 1, are characterized by 
rainfalls with values of 301 mm and average 
temperatures of 19.5oC. In the agricultural year 
2013/2014, during the plants growing season, 
rainfalls recorded a value similar to the normal 
standard of the area (291 mm) but with 
different distribution. In terms of temperature, 
the average value during the growing season 
was 2o C higher compared to the multiannual 
values. In the agricultural year 2014/2015 the 
average temperature during sorghum vegetation 
period recorded values with 2.8o C higher than 
the normal temperature of the season and 0.8o 
C higher compared to the same interval in the 
previous year. Regarding rainfalls, these 
recorded in the growing season values by 
approx. 49% lower compared to the normal 
precipitations values characteristic to the same 
period (144 mm). 
 

Table 1. Climatic conditions in the agricultural years 
2013/2014 and 2014/2015 at Moara Domnească, Ilfov 

Month 

Temperature (oC) Rainfall (mm) 

Year 
2013-
2014 

Year 
2014-
2015 

Normal 
Year 
2013-
2014 

Year 
2014-
2015 

Normal 

October 14.0 11.8 11.0 81.7 64.2 35.8 

November 8.3 6.0 5.3 17.6 49.1 40.6 

December -0.2 1.4 0.4 1.2 84.6 36.7 

January -0.5 -1.5 -3.0 33.2 33.4 30 

February 1.2 2.0 -0.9 7.6 21.4 32.1 

March 8.9 6.2 4.4 37.3 65 31.6 

April 13.4 11.7 11.2 116.0 2 48.1 

May 19.3 18.6 16.5 88.0 33.6 67.7 

June 19.9 21.0 20.2 113.0 56.8 86.3 

July 22.8 25.3 22.1 38.0 5.2 63.1 

August 24.1 24.3 21.1 26.2 48.4 50.5 

September  21.3 - 17.5 25.8 - 33.6 
Avg./Sum 12.7 11.5 10.5 585.6 463.7 556.1 
Avg./Sum* 
May–Sept 21.5 22.3 19.5 291.0 144.0 301.2 

*May-15 Sept (2014); 24 Apr-1 Sept. (2015) 
 
RESULTS AND DISCUSSIONS 
 
Hybrid influence on grain sorghum yield and 
yield components, Moara Domnească 
 
Grain yield of sorghum hybrids researched in 
the field conditions of South - Eastern 
Romania, in the agricultural years 2013/2014 -
2014/2015recorded an average value of nearly 
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7.8 t/ha (Table 2). Under hybrid’s influence 
grain sorghum yield recorded variations from -
3.8% to +4.4%, but without being statistically 
assured. Aquilon hybrid recorded positive yield 
increases (between 2.3% and 4.6%) compared 
to Control. Alize and Arack hybrids recorded 
mainly negative yield variations compared to 
Control, the average yield being by 2.4% and 
0.8% lower. Arack hybrid unfertilized had the 
minimum yield (5.61 t/ha) and Aquilon hybrid 

fertilized N120P60 had the maximum yield of 
9.22 t/ha. Compared to Alize, Aquilon hybrid 
recorded yield increases statistically assured for 
the fertilization with complex fertilizers (N90P60 
and N120P60) while compared to Arack the yield 
had a significant variation for the fertilization 
treatment N90P60. Yield differences between the 
hybrids Alize and Arack varied depending of 
the fertilization treatment from -0.23 t/ha to 
+0.42 t/ha and were not statistically assured.

 

Table 2. Hybrid influence on sorghum grain yield (t/ha) 
(Moara Domnească, Average 2014-2015) 

 Variants  
Alize (a1) Aquilon (a2) Arack (a3) Average Hybrids Diff. between hybrids 

GY  
(t/ha) % GY  

(t/ha) % GY  
(t/ha) % GY  

(t/ha) % Signf. a2-a1 
(t/ha) 

a3-a1 
(t/ha) 

a3-a2 
(t/ha) 

N0 P0 (b1) 5.83 ns 100.5 5.98 ns 103.0 5.61 ns 96.6 5.81 100 Ct 0.15 ns -0.23 ns -0.37 ns 

N90P0 (b2) 7.68 ns 98.1 8.09 ns 103.4 7.72 ns 98.6 7.83 100 Ct 0.41 ns 0.04 ns -0.37 ns 

N120 P0 (b3) 8.02 ns 97.2 8.44 ns 102.3 8.30 ns 100.6 8.26 100 Ct 0.42 ns 0.28 ns -0.14 ns 

N90 P60 (b4) 8.04 ns 96.8 8.69 ns 104.6 8.18 ns 98.5 8.30 100 Ct 0.65* 0.14 ns -0.50 o 

N120 P60 (b5) 8.65 ns 96.3 9.22 ns 102.7 9.06 ns 101.0 8.98 100 Ct 0.57* 0.42 ns -0.16 ns 

Avg.  7.64 ns 97.6 8.08 ns 103.2 7.77 ns 99.2 7.83 100 Ct 0.44 ns 0.13 ns -0.31 ns 

LSD 5% = 0.50 t/ha; LSD 1% = 0.70 t/ha; LSD 0.1% =0.97 t/ha   
GY = Grain Yield at STAS humidity (14%); Ct = Control; ns = no significance 

 
Analyzing the hybrids’ influence on a thousand 
seeds weight (TSW, g), data presented in Table 
3 show that Aquilon hybrid recorded the 
highest value of TSW (24.15 g) for the 
fertilization treatment N120P60; the minimum 
value was recorded by Alize hybrid un 
fertilized (19.03 g). Compared to Control the 
three hybrids recorded variations of the TSW 
between -0.85 g (Alize fertilized with N90P60) 
and +1.19 g (Aquilon fertilized with N90P0). 
Increases of a thousand seeds weight statis-
tically assured compared to Control were 
recorded by Aquilon hybrid for 4 fertilization 

treatments (N90P0, N120P0, N90P60, N120P60). 
Also, Aquilon present statistically assured 
increases of TSW compared to Alize for all the 
fertilization variants, with values between 1.6 g 
and 2.01 g. Differences between the hybrids 
Arack and Aquilon ranged from -0.86 g and -
1.62 g, being distinctly significant when 
fertilizers were used (N90P0, N120P0, N90P60, 
N120P60). A thousand seeds weight for the 
hybrid Arack varied negligible in relation to 
Alize hybrid, the differences were between 
+0.20 g. and +0.69 g. 

 

Table 3. Hybrid influence on grain sorghum hybrids’a thousand seeds weight (TSW, g)  
(Moara Domnească, Average 2014-2015) 

 Variants  
Alize (a1) Aquilon (a2) Arack (a3) Average Hybrids Diff. between hybrids 

TSW 
(g) % TSW 

(g) % TSW 
(g) % TSW 

(g) % Signf. a2-a1 
(g) 

a3-a1 
(g) 

a3-a2 
(g) 

N0 P0 (b1) 19.03ns 96.2 20.59 ns 104.1 19.72 ns 99.7 19.78 100 Ct 1.55** 0.69 ns -0.86 ns 

N90P0 (b2) 20.26 ns 96.2 22.25* 105.6 20.67 ns 98.1 21.06 100 Ct 1.98*** 0.40 ns -1.58oo 

N120 P0 (b3) 21.65 ns 97.4 23.34* 105.0 21.72 ns 97.7 22.24 100 Ct 1.69*** 0.06 ns -1.62oo 

N90 P60 (b4) 20.69 ns 96.1 22.70* 105.4 21.21 ns 98.5 21.53 100 Ct 2.01*** 0.52 ns -1.49oo 

N120 P60 (b5) 22.54 ns 97.4 24.15* 104.3 22.74 ns 98.3 23.14 100 Ct 1.60** 0.20 ns -1.40oo 

Avg.  20.84 ns 96.7 22.60* 104.9 21.21 ns 98.4 21.55 100 Ct 1.77*** 0.38 ns -1.39oo 

LSD 5% =0.89 gr; LSD 1% =1.22 gr; LSD 0.1% =1.65 gr 
TSW = a thousand seeds weight; Ct = Control; ns = no significance 
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The hectolitre mass (HLM) of the grain 
sorghum hybrids recorded an average value of 
78.48 kg/hl (Table 4). Under hybrid’s influence 
the indicator recorded insignificant variations, 
nevertheless the maximum value of HLM was 
recorded by Arack fertilized N120P60 (80.74 
kg/hl), while Alize unfertilized had the 
minimum value (73.65 kg/hl). Compared to 
Control the influence of the three sorghum 
hybrids on the hectolitre mass is not significant, 
the indicator recording variation’s values from 

-0.94 kg/hl (Alize unfertilized) to 0.86 kg/hl 
(Arack fertilized N120P60). The hybrids’ 
hectolitre mass differences varied between -
0.17 kg/hl and +1.60 kg/hl, being mainly insig-
nificant. A comparison between hybrids’ HLM 
reveals differences statistically assured between 
Aquilon and Alize, Arack and Alize for the 
unfertilized variant and also between Arack and 
Aquilon, when fertilization treatments with 
N120P0 and N120 P60 were applied. 

 

Table 4. Hybrid influence on grain sorghum hybrids’ hectolitre mass (HLM kg/hl)  
(Moara Domnească, Average 2014-2015) 

 Variants  
Alize (a1) Aquilon (a2) Arack (a3) Average Hybrids Diff. between hybrids 

HLM 
(Kg/hl) % HLM 

(Kg/hl) % HLM 
(Kg/hl) % HLM 

(Kg/hl) % Signf. a2-a1 
(Kg/hl) 

a3-a1 
(Kg/hl) 

a3-a2 
(Kg/hl) 

N0 P0 (b1) 73.65ns 98.7 74.87 ns 100.4 75.25 ns 100.9 74.59 100 Ct 1.21* 1.60** 0.38 ns 

N90P0 (b2) 78.64 ns 99.6 79.00 ns 100.1 79.22 ns 100.3 78.95 100 Ct 0.36ns 0.58 ns 0.22 ns 

N120 P0 (b3) 79.55 ns 99.6 79.47 ns 99.5 80.47 ns 100.8 79.83 100 Ct -0.08 ns 0.92 ns 1.00 * 

N90 P60 (b4) 78.93 ns 99.7 79.19 ns 100.0 79.35 ns 100.2 79.16 100 Ct 0.26 ns 0.42 ns 0.16 ns 

N120 P60 (b5) 79.95 ns 100.1 79.77 ns 98.8 80.74 ns 101.1 79.88 100 Ct -0.17ns 0.79 ns 0.97* 

Avg.  78.14 ns 99.6 78.29 ns 99.8 79.01 ns 100.7 78.48 100 Ct 0.32 ns 0.86 ns 0.55 ns 

LSD 5% =0.88 gr; LSD 1% =1.22 gr; LSD 0.1% =1.77 gr 
HLM = hectolitre mass; Ct = Control; ns = no significance 

 
Fertilization influence on grain sorghum yield 
components, Moara Domnească 
 
Nitrogen and phosphorus fertilization (Table 5) 
generated an average yield growth from 34.8% 
to 54.6%, statistically assured compared to 
Control (that was not fertilized). The positive 
influence of fertilization on the grain yield was 
significant for all the hybrids. Nitrogen 

fertilization with doses of 90 kg/ha and 120 
kg/ha (a.s.) generated significant positive yield 
increases from 1.85 t/ha (Alize) to 2.70 t/ha 
(Arack) while N90P60 and N120P60 fertilization 
treatments generated an yield growth statis-
tically assured with values between 2.21 t/ha 
(for the hybrid Alize fertilized N90P60) and 3.45 
t/ha (for the hybrid Arack fertilized N120P60). 

Table 5. Fertilization influence on sorghum grain yield (GY t/ha)  
(Moara Domnească, Average 2014-2015) 

Variants 

Alize Aquilon Arack Average hybrids 

GY 
(t/ha) % Diff. 

(t/ha) Signf GY 
(t/ha)  Diff. 

(t/ha) Signf GY 
(t/ha) % Diff. 

(t/ha) Signf GY 
(t/ha) % Diff. 

(t/ha) Signf 

N0 P0 (Ct) 5.83 100.0 Ct - 5.98 100.0 Ct - 5.61 100.0 Ct - 5.81 100.0 Ct - 

N90P0 7.68 131.6 1.85 *** 8.09 135.3 2.11 *** 7.72 137.6 2.11 *** 7.83 134.8 2.02 *** 

N120P0 8.02 137.5 2.19 *** 8.44 141.2 2.46 *** 8.30 148.1 2.70 *** 8.26 142.2 2.45 *** 

N90P60 8.04 137.8 2.21 *** 8.69 145.3 2.71 *** 8.18 145.9 2.58 *** 8.30 143.0 2.50 *** 

N120P60 8.65 148.2 2.81 *** 9.22 154.2 3.24 *** 9.06 161.6 3.45 *** 8.98 154.6 3.17 *** 

Avg.  7.64 131.0 1.81 *** 8.08 135.2 2.10 *** 7.77 138.7 2.17 *** 7.83 134.9 2.03 *** 
LSD 5% = 0.61 t/ha; LSD 1% = 0.81 t/ha; LSD 0.1% = 1.06 t/ha  
GY = Grain Yield at STAS humidity (14%); Ct = Control 

 
Considering the influence of nitrogen and 
phosphorus fertilization treatments on sorghum 
hybrids’ a thousand seeds weight (Table 6), on 
average this varied between 19.78 g for the 
unfertilized variant and 23.14 g for the 

application of N120P60. The fertilization 
treatment N90P0 generated a significant growth 
of the indicator compared to Control, the 
application of N90P60 determined a distinctly 
significant increase and the fertilization with 
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N120P0 and N120P60 had a very significant 
positive influence on TSW. 
Nitrogen fertilization with a rate of 90 kg/ha 
active substance generated an increase of the 
TSW statistically assured for the hybrid 
Aquilon (+1.66 g), while for the hybrids Alize 
and Arackthe indicator variations were not 
significant. The treatment with complex 
fertilizers N90P60 determined a significant 

growth of a thousand seeds weight for the 
hybrids Arack and Alize, with 1.49 g and 1.65 
g respectively, compared to the unfertilized 
variant, and distinctly significant for Aquilon 
(+2.11 g compared to Control). The use of 
nitrogen in a dose of 120 kg/ha (a.s.) and the 
fertilization with N120P60 generated TSW’s 
increases statistically assured compared to 
Control, for all three tested hybrids.

 

Table 6. Fertilization influence on grain sorghum a thousand seeds weight (TSW, g) 
(Moara Domnească, Average 2014-2015) 

Variants 
 

Alize Aquilon Arack Average hybrids 
TSW 
(g) % Diff. 

(g) Signf TSW 
(g) % Diff. 

(g) Signf TSW 
(g) % Diff. 

(g) 
Signf

. 
TSW 
(g) % Diff. 

(g) Signf 

N0 P0 (Ct) 19.03 100.0 Ct - 20.59 100.0 Ct - 19.72 100.0 Ct - 19.78 100.0 Ct - 

N90P0 20.26 106.5 1.23 ns 22.25 108.1 1.66 * 20.67 104.8 0.95 ns 21.06 106.5 1.28 * 

N120P0 21.65 113.8 2.62 *** 23.34 113.4 2.76 *** 21.72 110.1 2.00 ** 22.24 112.4 2.46 *** 

N90P60 20.69 108.7 1.65 * 22.70 110.3 2.11 ** 21.21 107.5 1.49 * 21.53 108.9 1.75 ** 

N120P60 22.54 118.4 3.51 *** 24.15 117.3 3.56 *** 22.74 115.3 3.02 *** 23.14 117.0 3.36 *** 

Avg.  20.84 109.5 1.80 ** 22.60 109.8 2.02 ** 21.21 107.6 1.49 * 21.55 108.9 1.77 ** 
LSD 5% =1.25 gr.; LSD 1%=1.66 gr.; LSD 0.1% = 2.17 gr  
TSW = 1,000 seeds weight; Ct = Control; ns = no significance 

 
The use of fertilizers determined increases of 
the hectolitre mass statistically assured for each 
of the three researched grain sorghum hybrids 
(Table 7). The average HLM varied following 
the application of fertilizers with values 
between +4.36 kg/hl and +5.29 kg/hl, 
statistically assured for all the fertilization 

treatments. Thus, the application of nitrogen in 
dose of 90 kg/ha and 120 kg/ha (a.s.) 
determined the growth of the HLM with values 
ranging from 3.79 kg/hl to 5.90 kg/hl, and the 
use of complex fertilizers (N90P60 and N120P60) 
generated increases of the indicator from 4.10 
kg/hl to +6.30 kg/hl, compared to Control. 

 

Table 7. Fertilization influence on grain sorghum hybrids’hectolitre mass (HLM kg/hl)  
(Moara Domnească, Average 2014-2015) 

Variants 
Alize Aquilon Arack Average hybrids 

HLM 
Kg/hl % Diff. 

Kg/hl Signf HLM 
Kg/hl % Diff. 

Kg/hl Signf HLM 
Kg/hl % Diff. 

Kg/hl Signf HLM 
Kg/hl % Diff. 

Kg/hl Signf 

N0 P0 (Ct) 73.65 100.0 Ct - 74.87 100.0 Ct - 75.25 100.0 Ct - 74.59 100.0  - 

N90P0 78.64 106.8 4.99 *** 79.00 105.5 4.13 *** 79.22 105.3 3.97 *** 78.95 105.8 4.36 *** 

N120P0 79.55 108.0 5.90 *** 79.47 106.2 4.60 *** 80.47 106.9 5.22 *** 79.83 107.0 5.24 *** 

N90P60 78.93 107.2 5.28 *** 79.19 105.8 4.32 *** 79.35 105.5 4.10 *** 79.16 106.1 4.57 *** 

N120P60 79.95 108.5 6.30 *** 78.94 105.4 4.08 *** 80.74 107.3 5.49 *** 79.88 107.1 5.29 *** 

Avg.  78.14 106.1 4.49 *** 78.29 104.6 3.43 *** 79.01 105.0 3.76 *** 78.48 105.2 3.89 *** 
LSD 5% =1.35 kg/hl; LSD 1%=1.79 kg/hl; LSD 0.1% = 2.35 kg/hl 
HM= hectoliter mass; Ct = Control 

 
Correlation between fertilization and grain 
yield and yield components 
 
The high positive correlation between fertilizer 
doses (a.s.) applied to the analyzed sorghum 
hybrids and their grain yield is supported by a 
coefficient with the value r = 0.9788*** (very 
significant positive) (Figure 1). The 
relationship between grain yield and the 

quantity of fertilizers active substance applied 
is described by a regression line with a positive 
slope, b = 0.0171, meaning that for every 
additional kg of fertilizer active substance 
applied per ha an increase of 0.017 t/ha in grain 
yieldis expected. The y-intercept of 5.9915 
shows that in the absence of fertilization (x=0) 
the expected average grain yield is nearly 5.99 
t/ha.  
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Figure 1. Correlation between the grain yield (GY t/ha)  
of sorghum hybrids and the doses of active substance 

fertilizers applied (kg/ha) 
 
The relationship between a thousand seeds 
weight and the doses of fertilizers (a.s.) is 
described by a regression line with a positive 
slope, that allows the association of fertilizers 
doses (a.s.) to a higher TSW, supported by a 
high correlation coefficient r = 0.9228*** 
(Figure 2). The yield indicator’s value is 
mainly influenced (85%) by the quantity of 
active substance fertilizers applied, while in the 
lack of fertilization grain sorghum hybrids 
record an average TSW of nearly 19.73 g. 
 

 

Figure 2. Correlation between a thousand seeds weight 
(TSW g) of sorghum hybrids and the doses of active 

substance fertilizers applied (kg/ha) 

The influence of the doses of active substance 
fertilizers on the hectolitre mass of sorghum 
hybrids (Figure 3) is supported by a correlation 
coefficient with the value r=0.9113***.R square 
(R2=0.8304) shows that the increase of the 
hectolitre mass, for the three researched 

hybrids, is due in a proportion of 83% to the 
doses of active substance fertilizers applied. 
The positive slope of the regression line shows 
that an increase of the hectoliter mass by 
0.0292 kg/hl is expected for every additional kg 
of fertilizer active substance applied per ha. 
Much more, in the absence of fertilization the 
average HLM of grain sorghum hybrids was 
approx. 75.33 kg/hl. 
 

 

Figure 3.Correlation between hectolitre mass  
(HLM kg/hl) of sorghum hybrids and the doses  
of active substance fertilizers applied (kg/ha) 

CONCLUSIONS  
 
In the field conditions of South-Eastern 
Romania, corresponding to the agricultural 
years 2013/2014 - 2014/2015, research results 
regarding the influence of fertilization and 
hybrid on grain sorghum yield and its compo-
nents conducted to the following conclusions: 
- Under the hybrid influence the average 

grain yield varied between 7.64 t/ha for 
Alize and 8.08 t/ha for Aquilon. 

- Aquilon hybrid had the highest value of a 
thousand seeds weight (24.15 g), recording 
significant increases of the indicator 
compared both to Alize and Arack; the 
lowest value of the indicator was recorded 
by the hybrid Alize (19.03 g). 

- The average hectolitre mass of the resear-
ched hybrids had a value of 78.48 kg/hl, 
the highest value was recorded by the 
hybrid Arack (79.01 kg/hl) and the lowest 
value by thehybrid Alize (78.14 kg/hl). 

- Under the hybrid influence the hectolitre 
mass recorded variations from -0.17 kg/hl 
to +1.60 kg/hl, with differences statis-
tically assured between the hybrids 
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Aquilon and Alize, Arackand Alize, 
Arackand Aquilon. 

- Nitrogen fertilization with rates of 90 
kg/ha and 120 kg/ha (a.s.) determined yield 
increases between 1.85 t/ha (Alize) and 
2.70 t/ha (Arack). 

- Under the influence of different fertili-
zation treatments sorghum hybrids 
recorded TSW’s increases statistically 
assured with values between 1.66 gand 
2.76 gand HLM’s increases with values 
form 3.79 kg/hl and 5.90 kg/hl. 

- The application of complex fertilizers 
likeN90P60 and N120P60had a strongly 
significant positive influence on the grain 
yield of three researched hybrids, with 
average increases of 2.5 and 3.17 t/ha. 
Under the fertilization with N90P60 the 
average TSW increased by 1.75 g and 
HLM recorded a variation of +4.57 kg/hl. 
N120P60 fertilization generated TWS’s and 
HLM’s growth statistically assured with 
values of 3.36 g and 5.29 kg/hl 
respectively. 
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Abstract 
 
In this study, the heating loads of plastic greenhouses were determined based on long term meteorological data in 
Adana region of Turkey. Considering the air temperature requirements of warm season species, energy consumptions 
were calculated for heating periods. If the monthly average low temperatures are considered as the outside air 
temperature, when the air temperature in the greenhouse is considered as in 18 �C, the average greenhouse heating 
load is 64.4 W/m2, during the October-May heating period. However, when the air temperature in the greenhouse is 
considered as in 15 �C, the average greenhouse heating load is 44.5 W/m2 during the same period. The average energy 
consumption for 1 da greenhouse heating (Tg=15�C) is 176 MJ/h, during the October-May heating period.  
 
Key words: greenhouse, cooling load, energy consumption, Adana. 
 
INTRODUCTION  
 
The optimization of air temperature in 
greenhouses is of particular importance in 
relation to plant growth and development. In 
order to achieve optimum indoor conditions, it 
is necessary to heat the greenhouses, 
particularly during the cold seasons. Heating 
cost represents 30% of the overall operational 
cost of a greenhouse (Santamouris et al., 1994). 
Consequently, this cost has proved prohibitive 
in not permitting the use of heating systems in 
many applications. As a result, heating 
application has a significant impact on the 
cultivation time, quality, and quantity of the 
products, since the primary objective of 
greenhouses is to produce agricultural products, 
outside the cultivation season. To overcome 
these problems it is of primary importance to 
utilize alternative heating technologies, with 
low cost, and efficient and dependable 
operation, such as the use of advanced cover 
materials and night thermal screens. 
Lack of greenhouse heating has an important 
effect on the yield as well as on the quality and 
the cultivation time of the products. Therefore, 
the availability of low cost, efficient, 
alternative to the conventional fuel systems, are 
of primary importance. Recent achievements 
regarding the energy conservation in the 

agricultural sector, has shown that the 
greenhouse sector has an exceptional potential 
in energy conservation. 
Adana that is one of the centre places of 
greenhouse production in Turkey due to the 
very favourable ecological conditions for 
protected cultivation. According to 2015 
statistics, 15 percent of the total protected 
cultivation area and 35 percent of plastic houses 
in Turkey located in Adana (TIS, 2015). The 
majority of the greenhouses in the Cukurova 
region are located in city of Adana. This 
climate zone allows unheated greenhouse 
production most of the time due to abundant 
solar radiation during the winter season. 
Greenhouse production makes a significant 
contribution to Adana’s economy. It is not only 
provides income to growers but also 
employment opportunities.  
In this study, the heating loads of plastic 
greenhouses were determined based on long 
term meteorological data in Adana region. 
Considering the air temperature requirements 
of warm season species, energy consumptions 
were calculated for heating periods. 
 
MATERIALS AND METHODS 
 
Based on the geographic features, two types of 
climate prevail in Adana: typical Mediterranean 
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climate on the low lying plains and continental 
climate on high mountains. The Mediterranean 
climate is characterized with hot and dry 
summers, mild and wet winters. Summer 
months are very hot since high mountains 
surrounding the city on the north forms a 
barrier in front of the northern winds. Half of 
the precipitation occurs in winter, and the other 
half in spring and fall. There is almost no rain 
during two or three months in summer.  
According to the meteorological data recorded 
in Adana weather station, mean annual 
temperature is 19 °C, with an annual lowest of -
6.4 °C in February and an annual highest of 
43.8 °C in August. The change of air 
temperatures in Adana is given in Table 1.  

Table 1. The Air Temperatures in Adana 

Month 
Air temperature (�C) 

Max. Min. Average 
high 

Average 
low Mean 

January 23.0 -2.8 15.2 5.6 9.8 
February 24.4 -6.4 15.9 5.7 10.2 
March 30.0 -3.6 19.0 8.2 13.1 
April 36.8 -1.3 23.8 12.3 17.5 
May 40.6 5.6 28.0 16.2 21.6 
June 41.0 13.7 31.5 20.1 25.4 
July 41.5 17.1 33.6 23.5 28.1 
August 43.8 17.6 34.4 23.7 28.4 
September 43.2 10.9 33.4 20.9 26.3 
October 39.4 5.0 29.1 16.1 21.5 
November 33.3 1.0 21.4 10.7 15.1 
December 25.8 -1 16.6 7.2 11.1 
Yearly 43.8 -6.4 25.2 14.2 19 

 
The average monthly air temperatures (20 
years’ average) range between 9.8 and 28.4ºC. 
The minimum air temperatures are very 
important for protected cultivation. Frosts are 
rare. Expected 20-year lowest temperature is -
6.4°C. Soil temperature never falls below zero 
centigrade. Weather is mostly clear. The 
number of cloudy days is only 49.2. Mean 
annual hours of sunshine is 8.6 hours in the 
plain and in the mountainous region, with the 
highest in July, and the lowest in December and 
January. Prevailing wind direction is southwest 
and the yearly average wind velocity is 1.45 
m/s. While southern winds are dominant during 
summer months, northern winds prevail in 
October, November and February. Mean 
relative humidity is about 65%. 
In Turkey, a small proportion of the greenhouse 
owners use the auxiliary heating systems only 
during the coldest winter nights. On the other 
hand, Turkey has also great solar energy 
potential due to its location in the 

Mediterranean Region. The sunshine period of 
Adana is 3062 h/year with a maximum of 365 
h/month in July and minimum of 103 h/month 
in December. The average yearly solar 
radiation intensity is about 1378.2 kWh/m²year.  

Table 2. The Solar Radiation Energy  
and Sunshine Period in Adana 

Solar radiation energy 
(kWh/m²) 

Sunshine period 
(h/year) 

Yearly 
average Max. Min. Yearly 

average Max. Min. 

1378.2 180.0 44.2 3062 385 139 
 
The heat requirement of the plastic greenhouse 

gQ�  in W/m2 was calculated from the following 
equation. 

� � ��� tdg
g

c
g )t(TTu

A
A

)t(Q �� ��	 …… (1) 

where: Ac is the surface area of the greenhouse 
cover in m2; Ag is the ground area of the 
greenhouse in m2; u is the overall heat loss 
coefficient in W/m2 �C; Tg is the air 
temperature in the greenhouse in �C; To is the 
outside air temperature in �C; tI� is the total 
solar radiation in W/m2; � is the transmittance 
of the greenhouse cover for solar radiation; and 
� is the conversion factor of global radiation 
energy to thermal energy within the 
greenhouse. � is the portion of the solar 
radiation entering the greenhouse which is used 
to increase the internal temperature.  
The overall heat loss coefficient u represents 
the total energy loss in W per m2 of external 
area of the greenhouse for a difference of 1 �C 
between the inside and outside temperatures. 
The value of the overall heat loss coefficient 
depends on especially external climatic 
conditions (principally on the wind speed but 
also on rain and snow), it is always given in 
relation to the wind speed. A number of 
relationships have been developed to predict 
the overall heat loss coefficient of different 
types of greenhouses.  
In this experimental study, the following 
relationship that obtained by Ozturk (2005) for 
the plastic greenhouse (PE) in which the 
experiment will be carried out was used to 
calculate the overall heat loss coefficient: 

wv ..u 110553 
	 ………………….. (2) 
where: vw is the wind velocity in m/s. In Eqn 
(1), the value of � for single foil ranges from 
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0.6 to 0.7, for double foil greenhouses from 0.5 
to 0.6.  
During the day, a part or all of the energy may 
be supplied by solar radiation. During the night, 
the heat storage system will provide most of the 
energy. The value of � depends on the 
proportion of the floor which is covered by 
plants, and generally lies in the range of 0.3-07. 
In this study, 0.6 and 0.5 as the values for � and 
�  were used to calculate the heat requirement 
of the plastic greenhouse. 
 
RESULTS AND DISCUSSIONS 
 
The monthly changes of the greenhouse heating 
loads during the heating periods are shown in 
Figure 1 and Table 3.  
During the October-May heating period (Figure 
1a), when the air temperature in the greenhouse 
is considered as in 18�C (Tg=18�C) the 
greenhouse heating load range from 63.8 W/m2 
to 163.2 W/m2, while the greenhouse heating 
load is in the range of 62.8-143.1 W/m2 when 
the air temperature is considered as in 15�C 
(Tg=15�C). 
 

Table 3. Greenhouse Heating Loads  

Month 
Wind 
speed 
(m/s) 

u 
(W/m2K) 

Qg (W/m2) 
To= Minimum 

Qg (W/m2) 
To= Average 

Low 
Tg=18 �C Tg=15 �C Tg=18�C Tg=15 �C 

January 1.48 3.7128 139 119 82.6 62.8 
February 1.51 3.7161 163.2 143.1 82.3 62.2 
March 1.59 3.7249 144.8 124.7 65.7 45.6 
April 1.54 3.7194 129.2 109.1 38.2 18.1 
May 1.49 3.7139 82.9 62.8   
June 1.64 3.7304   
July 1.55 3.7205 
August 1.45 3.7095 
September 1.46 3.7106 
October 1.31 3.6941 86.4 66.5 
November 1.24 3.6864 112.8 92.9 48.4 28.5 
December 1.20 3.5645 121.2 102.7 69.3 50.0 
Average 1.45 3.7003 122.4 102.6 64.4 44.5 
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Figure 1. Change of Greenhouse Heating Loads 
 

If the monthly average low temperatures are 
considered as the outside air temperature when 
the greenhouse heating load is calculating (Fig. 
1b), the greenhouse heating load range from 
18.1 W/m2 (Tg=15�C) to 82.6 W/m2 (Tg=18�C) 
depending on desired temperature.  
If the fuel is burnt in a heater, sited within the 
greenhouse, η is the combustion efficiency of 
the heater, but if the heat is produced remote 
from the house, the loss of energy from the 
transport pipes must be included which reduces 
the efficiency by 5-10%. When the greenhouse 
energy consumption is calculating for 
greenhouse heating and cooling, the 
greenhouse heating/cooling loads per square 
meter of ground surface in the plastic 
greenhouse and efficiency factor (10%) were 
considered. The monthly changes of the energy 
consumption for greenhouse heating during the 
heating periods are given in Table 4. The 
greenhouse heating loads and the overall heat 
loss coefficients during the heating periods are 
given in Table 3.  

Table 4. Energy Consumption for Greenhouse Heating 

Month 
Eg (W/m2) 

To= Minimum 
Eg (W/m2) 

To= Average Low 
Tg=18 �C  Tg=15 �C Tg=18 �C Tg=15 �C 

January 152.90 130.90 90.86 69.08 
February 179.52 157.41 90.53 68.42 
March 159.28 137.17 72.27 50.16 
April 142.12 120.01 42.02 19.91 
May 91.19 69.08   
June   
July 
August 
September 
October 95.15 73.15 
November 124.08 102.19 53.24 31.35 
December 133.32 112.97 76.23 55.00 
Average 134.7 112.7 70.9 48.9 

 
If the monthly average low temperatures are 
considered as the outside air temperature, when 
the air temperature in the greenhouse is 
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considered as in 18�C, the average energy 
consumption for greenhouse heating is 70.9 
W/m2, during the October-May heating period. 
However, when the air temperature in the 
greenhouse is considered as in 15�C, the 
average energy consumption is 48.9 W/m2 

during the same period. The average energy 
consumption for 1 da greenhouse heating (Tg= 
15�C) is 176 MJ/h, during the October-May 
heating period. 
 
CONCLUSIONS 
 
Greenhouses may utilize central heating 
systems or localized heating systems. Central 
heating systems generate heat, most often using 
a large boiler, in one location, and distribute 
that heat to many locations. Localized heating 
systems are located in the greenhouse or 
greenhouse section that they are responsible for 
heating. For large operations, a central heating 
system may be more efficient than a localized 
system. However, the cost of installation and 
maintenance of a centralized heating system 
can be high. For smaller operations, this 
expense may be hard to justify. However, the 
size of the boiler unit, the fuel source, size of 
the operation, and maintenance costs all must 
be considered when deciding whether to use a 
centralized or localized heating system. 
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Abstract 
 
The EU produces more than 190 million tons of meat, milk and eggs. About 450 million tons of feeds/year are needed to 
support this production in the 28 EU member states. Research and innovation in animal feeding and in feed 
manufacturing technology are basic for the support of animal production in the EU, being the most profitable 
investment for this industrial sector. One of the problems with market demands regards the economic efficiency of the 
production, which involves diet formulations and choosing feed ingredients. Fibre-high feed ingredients can decrease 
the cost of feeding because of their lower costs compared to the conventional raw materials used in poultry diets. The 
paper reports the findings of a study on the effect of higher dietary crude fibre levels given to replacement pullets on 
their subsequent performance. A feeding trial was conducted on 240 Lohmann Brown pullets (9-16 weeks). The pullets 
have been assigned randomly to four groups (C, E1, E2, and E3), with 60 pullets per group, housed in an experimental 
hall under controlled environmental conditions. The diets for the four groups were characterized by 14.5% CP and 
2800 kcal/kg ME. Compared to the diet for group C (5% fibre/kg compound feed, CF), the experimental diets had 
different levels of dietary fibre, given by the different amounts of dietary alfalfa: 6% fibre/kg CF (E1), 8% fibre/kg CF 
(E2), and 10% fibre/kg CF (E3), in combination with 2 enzymatic products that improve fibre digestibility (Biozim 
M6000 and Digestarom). The production parameters (feed intake, body weight, weight gain and animal welfare) were 
monitored throughout the experimental period. The experimental results have shown that feeding pullets (9-16 weeks) 
with compound feeds high in fibre (6% - E1; 8% - E2 and 10% - E3), didn’t affect the growth parameters. The positive 
results compared to group C were recorded for group E2 (8% dietary fibre). The average live weight of E2 pullets 
(1419.5±97.76g GV) was significantly (P≤0.5) higher (by 4.65%) compared to group C pullets (1356.33±110.64 g LW). 
The live weight of E2 pullets also was 6.73% higher compared to the values stated in the Lohmann Brown management 
guide (1330.00 g LW). 
 
Key words: pullets, fibre, alfalfa, performance. 
 
INTRODUCTION 
 
One of the strongest challenges of the 21st 
century is to provide enough healthy food for 
the increasing global population. Over the past 
20 years, the importance of animal feeding and 
nutrition stimulated the development 
innovative solutions in support of the “from 
Farm to Fork” concept. The objective of the 
innovation activities in animal nutrition is to 
provide pertinent and consistent answers to the 
demands of the current production. Thus, diets 
are redesigned both in terms of the ingredients 
and in terms of formulation. (Mateos et al., 
2002; Pottgüte, 2008). The economic efficiency 
is a very important aspect of the feed 
formulations and the selection of ingredients is 

done according to their cost (Abdallah et al., 
2015). The feed ingredients rich in fibre 
generally have rather low prices, although their 
protein concentration can be rather significant 
(van Krimpen et al., 2008). Usually, both 
poultry research and practice regarded fibre as 
something that dilutes the formulation 
(Rougière and Carré, 2010), with adverse 
consequences on the voluntary feed intake and 
nutrient digestibility (Mateos et al., 2002). 
Therefore, the commercial diets, particularly 
for growing poultry, were thus formulated as to 
have less than 3% fibre. Wenk (2007) consider 
that animal diets must contain a minimal level 
of fibre, which maintains the normal 
physiological functions of the gut. The higher 
dietary fibre concentration is a major concern 
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because of the resulting lower dietary nutrients 
and lower net energy content. Several authors 
(Sklan et al., 2003; Amerah et al., 2009; Svihus, 
2011; Knudsen et al., 1997; Walugembe et al., 
2014) consider that the dietary fibre can have 
positive effects in maintaining gut health, for a 
higher satiety, improving animal behaviour and 
welfare. By its structure and properties, the 
dietary fibre influences the transit rate, digesta 
pH and the production of volatile fatty acids in 
the gut (Montagne et al., 2003; Raninen et al., 
2011). The effects of the dietary fibre on 
poultry physiology and productivity depend on 
the dietary level and source of fibre (Jiménez-
Moreno et al., 2011); on diet formulation 
(Jiménez-Moreno et al., 2009); on the physical 
structure of the source of fibre (Jiménez-
Moreno et al., 2010); on the form of 
conditioning of the feed (Jiménez-Moreno et 
al., 2007); on poultry hybrid and age 
(González-Alvarado et al., 2010). In the 
practice of feeding, particle size and solubility 
of the cellulose fraction in the digestive 
environment and the level of lignification are 
key characteristics (Lindberg, 2014), which 
influence productivity due to their effect on the 
rate of passage (Saki et al., 2011).The feeding 
value of the available high-fibre forages can be 
increased by pelleting and by reducing particle 
size(Lindberg, 2014; Brufau et al., 2006), by 
the addition of exogenous enzymes (Svihus and 
Gullord, 2002) or by using enzyme-cereal 
grains combinations (Bedford, 2000; Ribeiro et 
al., 2011). 
The purpose of this study was to study the 
effect of different dietary crude fibre levels on 
replacement pullets (9-16 weeks) performance.  
 
MATERIALS AND METHODS 
 
A trial was conducted on 240 Lohmann Brown 
pullets (9-16 weeks), in agreement with 
Romanian laws (Law 206/2004, Ordinance 
28/31.08.2011, Law 43/11.04.2014 and 
Directive 2010/63/EU). The experiment was 
performed in a hall with controlled 
environmental conditions (temperature: 
21.94±1.960C and humidity 56.83±6.38%). The 
light regimen was adequate to the age category 
(8 h light/16 h dark). The pullets were assigned 
randomly to four groups (C, E1, E2, E3), and 
were housed in enriched cages (20 

pullets/cage). The feed was given according to 
the hybrid guidebook, gradually increasing the 
amount of feed with the week of age and body 
weight of the pullets.  
The compound feeds formulation took into 
consideration the objective of the trial, the 
species, hybrid, age and nutritional 
requirements of the Lohmann Brown hybrid. 
The feed ingredients were first assayed 
chemically and the compound feeds 
formulations were thereafter determined (Table 
1). Pelleted alfalfa was used in the compound 
feeds for the experimental groups as additional 
source of fibre compared to the diet for group 
C, at the following rates: 4% for E1; 8% for E2 
and 19.44% for E3. Alfalfa is one of the most 
important leguminous forages because of its 
high feeding qualities, its high production 
capacity and outstanding adaptability.  

 
Table 1. Diet formulation 

 

Specification C E1 E2 E3 
Corn, % 67.92 66.50 61.97 52.02 
Pelleted alfalfa, % - 4.00 8.00 19.44 
Wheat bran, % 8.85 6.91 3.00 3.00 
Soybean meal , % 9.00 6.70 - - 
Sun flower meal, % 10.22 12.00 21.58 18.51 
Plant oil, % - - 1.60 3.69 
Lysine, % 0.09 0.14 0.27 0.23 
DL-methionine, % 0.12 0.12 0.10 0.12 
Calcium carbonate, % 0.98 0.73 0.55 - 
Monocalcium phosphate, % 1.15 1.20 1.23 1.28 
Salt , % 0.37 0.37 0.37 0.38 
Premix, % 1.00 1.00 1.00 1.00 
TOP 3, %* 0.20 0.20 0.20 0.20 
MICOFIX,%** 0.10 0.10 0.10 0.10 
BIOZIM M 6000, %*** - 0.015 0.015 0.015 
DIGESTAROM, %**** - 0.015 0.015 0.015 
Total ingredients 100 100 100 100 
Calculated 
ME, kcal/kg 2800 2800 2800 2800 
CP, % 14.52 14.5 14.5 14.7 
EE, % 2.29 2.16 3.47 5.25 
Crude fibre, % 5.00 6.00 8.00 10.00 
Calcium, % 0.9 0.9 0.9 0.9 
Phosphorus, % 0.69 0.69 0.71 0.69 
Lysine, % 0.65 0.65 0.65 0.65 
Methionine, % 0.38 0.38 0.38 0.42 
Premix IBNA (A3) = (1100000 IU/kg vit. A; 200000 IU/kg vit.D3; 5000 
IU/kg vit. E; 200 mg/kg vit. K; 400 mg/kg vit.B1; 400mg/kg vit.B2; 
1485 mg/kg pantothenic acid; 3600 mg/kg nicotinic acid; 300 mg/kg 
vitamin B6; 4 mg/kg vitamin B7; 100 mg/kg vitamin B9; 2 mg/kg 
vitamin B12; 2000 mg/kg vitamin C; 6200 mg/kg Mn; 4000 mg/kg Fe; 
500 mg/kg Cu; 6000 mg/kg Zn; 37 mg/kg Co; 114 mg/kg I; 13 mg/kg 
Se; 6000 mg/kg antioxidant; *acidifying agent; **mycotoxin inhibitor; 
***enzymatic product; ****phytogenic additive 
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It is an ingredient rich in protein, having a 
balanced fatty acids profile. Alfalfa also is a 
rich source of vitamins and carotenoids (Sen et 
al., 1998) and saponins, which have 
hypocholesterolaemic, anticarcinogenic and 
anti-inflammatory effects (Whitehead et al., 
1981). It is often used in layer diets as source 
of xanthophylls to pigment the skin and egg 
yolk, or as source of the so-called unidentified 
growth factors (Leeson and Summers, 2005). 
Fibre digestibility from the experimental diets 
was improved with and enzymatic product 
(BIOZYM M6000) and a plant mixture 
(DIGESTAROM) produced by BIOMIN 
Company. Biozym M6000 is a multi-enzyme 
feed additive having beta-xylanase (produced 
by immersed fermentation of a selected strain 
of Trichoderma longibrachiatum CNMC MA 6-
10W) and beta-glucanase as active products. 
This product is used stabilised source of 
enzymes. Digestarom is a phytogenic feed 
additive designed to improve digestion and to 
maintain gut health. It is a standard mixture of 
essential oils, herbs, spices and plant extracts 
(Biomin Catalogue of Additives and Specialties 
Premixes, Concentrates and Complete Feed, 
2014). 
The average daily feed intake (kg 
CF/pullet/day) and body weight (kg LW/pullet) 
were monitored throughout the experiment. 
Body weight curve was compared to that 
specified in the guidebook in order to anticipate 
the egg production as adult. Both the feed 
ingredients and the manufactured compound 
feeds (one batch/group) manufactured 
according to the formulations shown in Table 1 
were assayed chemically (Tables 2 and 3). The 
chemical analyses were performed using 
methods from Regulation (CE) no. 152/ 2009 
(Sampling and analytical methods for the 

official inspection of feeds): gravimetric 
method for the dry matter (DM); the Kjeldahl 
method for the crude protein (CP); extraction in 
organic solvents for the ether extractives (EE); 
acid hydrolysis followed by alkaline hydrolysis 
for the crude fibre (CF); gravimetric method 
for the ash (Ash); photocolorimetric method 
with ammonium metavanadate for phosphorus 
(P); spectrophotometric method with atomic 
absorption for lead (Pb) and cadmium (Cd). 
Calcium (Ca) was determined by titration 
according to standard: SR ISO 6490-1:2006. 
The feeding costs for the four groups were also 
calculated. 
Statistical analysis: The analytical data were 
compared by variance analysis (ANOVA), 
using Stat View for WINDOWS (SAS, 
version6.0). The differences between the 
average values within the groups were 
considered significant for P<0.05. The results 
were expressed as mean±SD for all 
measurements. 
 
RESULTS AND DISCUSSIONS 
 
Table 2 shows the results of the chemical 
determinations on the samples of feed 
ingredients. Table data show that the pelleted 
alfalfa was rich both in protein (16.05%) and in 
fibre (27.43%). Similar results for alfalfa were 
also reported by Mouráo et al. (2006) for 
protein (17.5%) and fibre (24.1%) but a lower 
amount of metabolisable energy. Tedeschi et al. 
(2001) showed that the chemical composition 
of the alfalfa varies with the time and stage at 
harvesting (for instance, CP varies between 
17.2-21.7%), while Homolka et al. (2008) 
reported a fibre content of 25.4-40.1% 
depending on the stage at harvesting. 

 
Table 2. Chemical composition of the feed ingredients 

 
Specification Corn Alfalfa  Wheat bran Soybean meal Sunflower meal 

DM, % 86.34±1.44 85.68±9.42 88.38±2.10 88.36±1.56 90.28±0.03 
CP, % 7.70±1.22 16.05±1.07 10.54±0.70 43.32±0.75 31.82±2.95 
EE, % 2.37±0.20 1.06±0.07 1.03±0.10 1.17±0.07 0.72±0.03 

Fibre, % 3.43±0.94 27.43±1.89 4.98±1.14 3.98±0.93 18.31±0.95 
Ash, % 1.44±0.17 9.15±0.47 2.19±0.01 6.96±0.76 7.05±1.27 
Ca, % 0.03±0.02 1.15±0.83 0.07±0.01 0.06±0.01 0.35±0.01 
P, % 0.19±0.15 0.32±0.21 0.33±0.02 0.04±0.01 1.17±0.20 

 
The determinations performed on the 
compound feed samples (Table 3) show that 

they balanced in terms of protein and energy 
supply.  
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The diets of the four groups had an average 
14.5% CP and 2800 kcal/kg ME. Compared to 
the diet formulation for group C, the diets for 
groups E1, E2 and E3 had 2% more dietary 
fibre (Table 3) due to the pelleted alfalfa (Table 
1). 

 
Table 3. Chemical composition of the compound  

feeds (CF) 
 

Specification CF C CF E1 CF E2 
CF 
E3 

Dry matter, (%) 87.88 87.88 88.11 88.72 
Protein, (%) 14.24 14.89 14.86 14.76 
Fat, (%) 1.89 2.80 3.93 5.52 
Fibre, (%) 5.00 6.19 8.42 10.66 
Ash, (%) 4.83 4.90 5.48 5.21 
Calcium, (%) 0.83 0.82 0.83 0.82 
Phosphorus, (%) 0.82 0.70 0.70 0.73 
Lead, (ppm) 0.361 0.123 0.113 0.034 
Cadmium, (ppm) 0.056 0.041 0.039 0.043 

 
The concentration of Ca in the compound feeds 
(Table 3) was not different between groups, 
even though group E3 had no calcium 
carbonate (Table 1). For this group, Ca (0.82%) 
was provided by the dietary alfalfa (19.44%), 
which has a concentration of 1.15% Ca (Table 
2). It is important to provide a dietary calcium 
level according to the requirements of the 
hybrid, because this element is necessary both 
to the growth and development of the bone 
system of the pullets and, particularly, for the 

establishment of the calcium deposits that will 
be later used to form the egg shell. 
Knowing the fibre concentration of each feed 
ingredient, we calculated the fibre 
concentration of each CF (Table 4). It can thus 
be noted that in the CF for group C (no alfalfa), 
corn provided most of the fibre (47%), 
followed by the sunflower meal (37%), wheat 
bran (9%) and soybean meal (7%). As the 
alfalfa concentration increased in the 
experimental CF, the fibre concentration also 
increased in these feeds. Thus, in the CF for 
group E1, the inclusion of 4% alfalfa provided 
18% of the CF fibre, while in the CF for group 
E2 (8% alfalfa), this contribution doubled 
(Table 4). In the CF for group E3 (19.44% 
alfalfa), the fibre provided by alfalfa 
represented 50% of the dietary fibre 
concentration (Table 4). 
A balanced diet during pullet growth is 
essential for its transformation into a mature 
bird. The pullet must be fed intensively on a 
particular type of feed. It was shown that a high 
proportion of very fine components, or a 
granulation that is too large, lead to selective, 
unbalanced feeding, some of the nutrients not 
being therefore assimilated (Amerah et al., 
2011; Jiménez-Moreno et al., 2009). 

 
Table 4. Supply of fibre by the ingredients of each compound feed formulation 

 

Specification 
Fibre level of the 
feed ingredient 

(%) 

CF C CF E1 CF E2 CF E3 
Feed 

ingredient 
(kg) 

Fibre 
(%) 

Feed 
ingredient 

(kg) 

Fibre 
(%) 

Feed 
ingredie
nt (kg) 

Fibre 
(%) 

Feed 
ingredien

t (kg) 

Fibre 
(%) 

Corn 3.43 67.89 2.33 66.50 2.28 61.96 2.13 52.02 1.78 
Alfalfa meal 27.43  - - 4.00 1.10 8.00 2.19 19.45 5.34 
Wheat bran 4.96 8.85 0.44 6.91 0.34 3.00 0.15 3.00 0.15 
Soybean meal 3.98 9 0.36 6.70 0.27  - -  - - 
Sunflower meal 18.31 10.22 1.87 12.00 2.20 21.58 3.95 18.51 3.39 
Fibre concentration/formulation, (%) 5.00 6.19 8.42 10.66 

 
 
In this case, the growth performance of the 
poultry, their weight gain, is directly affected 
(González-Alvarado et al., 2010; Sklan et al., 
2003). Due to the high fibre content of the 
compound feeds, pullet feeding was given 
particular importance. 
The average daily feed intake was 67.14±4.43 g 
CF/pullet/day (Table 5), irrespective of the 

group. Starting with the second experimental 
week (week 10 of life), the amount of given 
feed increased by 2 grams/week, irrespective of 
the experimental group. Regarding the live 
weight of the pullets, Table 5 shows that the 
live weight of the pullets from group E2 was 
significantly (P≤ 0.05) higher than that of the 
control group (1356.33±110.64 g). 

 
 

164



Table 5. Evolution of the feed intake and of the live weight of the pullets (average values/group) 
 

Age 
Average 

daily feed 
intake, (g) 

Live weight of the pullets, (g) 
Lohmann 

Brown 
guidebook  

C E1 E2 E3 

10 
weeks 60 

874.00 880.50±72.05 876.50±127.78 895.67±86.23 d 850.00±84.37 c 
100% 0.74% 0.29% 2.48% - 2.75% 

100% -0.45% 1.72% -3.46% 

11 
weeks 64 

961.00 956.33±73.00 d 975.17±94.64 d 984.50±86.31 d 918.83±91.02 a,b,c 
100% - 0.49% 1.47% 2.45% - 4.39% 

100% 1.97% 2.95% -3.92% 

12 
weeks 65 

1043.00 1039.50±159.07 1045.83±105.24 1069.33±87.66 d 1018.17±112.0 c 
100% - 0.34% 0.27% 2.52% - 2.38% 

100% 0.61 2.87 -2.05 

13 
weeks 68 

1123.00 1129.00±103.03 1144.33±112.38 d 1144.50±159.36 d 1088.17±165.79 b,c 
100% 0.53% 1.90% 1.91% - 3.10% 

100% 1.36% 1.37% -3.62%

14 
weeks 70 

1197.00 1202.39±105.26 1230.16±113.89 d 1230.34±125.98 d 1169.78±140.14 b,c 
100% 0.45% 2.77% 2.79% - 2.27% 

100% 1.45% 3.18% -2.33% 

15 
weeks 71 

1264.00 1258.33±107.50 c 1277.50±115.42 c 1318.83±92.61 a,b,d 1243.50±114.49 c 
100% - 0.45% 1.07% 4.34% - 1.62% 

100% 1.52% 4.81% -1.18% 

16 
weeks 72 

1330.00 1356.33±110.64 c 1377.00±140.58 1419.50±97.76 a,d 1370.83±131.04 c 
100% 

 
1.98% 3.53% 6.73% 3.07% 
100% 1.52% 4.66% 1.07% 

*where: a, b, c, d show significant differences compared to C, E1, E2, E3 
 
Figure 1 shows the body weight evolution in 
the Lohmann Brown replacement pullets, the 
experimental results being compared to the 
figures from the management guide. The higher 
level of dietary fibre produced a higher body 
weight and a better feed conversion ratio. 
Similar results have been reported by Abdallah 
et al., (2015) who investigated the effect of the 
different sources of fibre (sunflower meal and 
olive meal). 
Figure 1 data show that in group E3 (10.66% 
fibre), live weight was lower compared to the 
hybrid management guidebook after the first 
week. At the end of the experiment, however, 
the live weight of group E3 was significantly 
(P≤0.05) higher, exceeding by 3.07% the value 
given by the hybrid management guidebook 
(Table 5). The compound feeds of groups E1 
(6.19% fibre) and E2 (8.42 %fibre) were very 
well assimilated by pullet organism, which 
produced higher live weights compared to the 
reference values (Table 5).  
Group E2 displayed a linear increase of the live 
weight from the first experimental week 
(Figure 2) so that, at the end of the trial, the 
live weight of the pullets was 4.66% higher 
compared to the value recorded for group C, 
and 6.73% higher compared to the hybrid 
management guidebook (Table 5). The live 

weight of the pullets from group E1 was just 
1.52% higher than the control, and 3.53% 
higher than the management guidebook (Table 
5). We may say that both the 8.42% and the 
10.66% dietary fibre levels didn’t affect pullet 
growth. Hetland and Svihus (2001) reported 
that the pullets maintained their body weight 
when the diets contain high levels of insoluble 
fibre, maybe because the fibre increases the 
rate of passage of the digesta through the 
digestive system and maintains the physical 
capacity of the gastrointestinal tract. 
 

 
 

Figure 1. Comparison between the body weight gain of 
the pullets from groups C, E1, E2, E3 and the values 
from the Lohmann Brown management guidebook 

 

0 50 100 150

BWG/wk.1

BWG/wk.2

BWG/wk.3

BWG/wk.4

BWG/wk.5

BWG/wk.6

E3 E2 E1 C Lohmann Brown management guidebook

165



 
 

Figure 2. Evolution of pullet live weight 
 
No significant economic changes were noticed 
in terms of the feeding cost, except for group 
E3, where it was 12.9% higher compared to 
group C (Table 6). This means 0.352 
lei/pullet/experimental period more compared 
to the control. On the other hand, the feeding 
cost for group E2, with the best performance, 
was just 0.056 lei/pullet more than in group C. 
 

Table 6. Economic efficiency of the trial which run 
throughout the period 9-16 weeks 

 

Item Feeding 
days 

CF 
consumption/ 

period 
(kg feed) 

Price/ kg 
feed 
(lei) 

Total cost 
/period, 

(lei) 

C 49 3.290 0.8306 2.733 
E1 49 3.290 0.8281 2.724 
E2 49 3.290 0.8477 2.789 
E3 49 3.290 0.9379 3.085 

 
 
CONCLUSIONS 
 
The growth parameters of the pullets (9-16 
weeks) were not affected when they were fed 
with compound feeds high in fibre. 
Positive results compared to C were noticed in 
group E2 (8.42% dietary fibre). The average 
live weight of E2 pullets (1419.5±97.76 g) was 
significantly (P≤0.5) higher (by 4.65%) 
compared to the average live weight of group C 
pullets (1356.33±110.64 g) and 6.73% higher 
compared to the Lohmann Brown management 
guide (1330.00 g). 
The use of alfalfa - feed in gradient rich in fibre 
- increased the cost of feeding proportionally 
with the dietary level of fibre. In group E1 
(6.19% fibre), the cost of feeding was slightly 
lower compared to group C, which means that 

it is possible to use alfalfa at a level of 6.19% 
fibre/formulation, without affecting the price of 
the formulation 
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Laetiporus sulphurous 

Abstract 
 
Laetiporus sulphureus (Bull.) Murrill is an edible wood-rotting Basidiomycete widely consumed as a nutritional food. 
These mushrooms were found to be medically active in some therapies, such as: antimicrobial, antitumor, antiviral, and 
immunomodulating treatments. In this work, antioxidant and antimicrobial potentials of L. sulphureus alcoholic 
extracts from dried fruiting bodies, dried mycelia broth and mycelia-free broth submerged cultures were investigated. 
For determination of potential antioxidant activity of thedried fruiting bodies and mycelia-free broth methanol extracts, 
the total phenols amount and scavenging capacity on 2.2-diphenyl-1-picrylhydrazyl (DPPH) radicals have been 
analyzed. The results showed that the highest total phenols amount (283.9 mg GAE/100g) was found in fruiting bodies 
extract. Radical scavenging activity was found higher for fruiting bodies extract (EC50=35.45 mg/ml) followed by 
mycelia-free broth extract (EC50=46.67 mg/ml). The antimicrobial effects of the ethanol extracts were analyzed against 
Candida albicans ATCC10321, Candida parapsilopsis CBS604, Escherichia coli ATCC8739, Staphylococcus aureus 
ATCC6538, Enterococcus faecalis and Staphylococcus epidermidis ATCC12228. Two extracts presented a wide 
antimicrobial spectrum and were active against both yeast and bacteria tested: fruit bodies extract and dried biomass 
extract.  

Key words: Laetiporus sulphureus, submerged culture, antioxidant activity, antimicrobial activity.
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Abstract 
 
The paper aimed to present the quality of some soils from the West Region from Romania. The soil types who were 
studied occupied a surface of 54250 ha in the south part of Timiş Department and the East part of Caraş-Severin 
Department. This two part of departments are included in one area named Barzava Plain. It was made analyses in two 
depths 0-20 cm and 20-40 cm and was studied some physical and chemical properties of soils like pH, soil texture, 
humus content, total nitrogen content, P2O5 content and K2O content.  The main soil types who was founded in this area 
is Fluvisols (gleyic, vertic and haplic) on 6.72% from the entire surface, Chernozems (calcic, haplic, gleyic, hyposodic, 
vertic, luvic) on 6.97% from the surface, Haplic Phaeozems, Cambisols (mollic and gleyi-eutric) on 0.5% from the 
surface, Luvisols (vertic and stagnic) on 39.4% from the surface, Haplic Luvisols on 5.49% from the surface, Vertisols 
(pellic-gleyic and pellic-stagnic) on 27.66% from the surface, Gleysols (haplic and mollic) on 3.08% from the surface, 
Stagnosols (haplic and vertic) on 3.08 from the surface and Antrosols on 1.80% from the surface. The soil analyses was 
made on Laboratory from Soil Science Department from Faculty of Agriculture on Timişoara. The obtained results was 
compared with the Romanian Pedological Studies Elaborating Methodology, 1987.  
 
Key words: soil texture, base saturation degree, soil fertility. 
 
INTRODUCTION  
 
The term of soil quality is utilized until present 
with different connotations; it is meaning 
became nowadays more comprehensive 
(Florea, 2007). The most adequate definition of 
the soil quality is: “the capacity of a specific 
kind of soil to function, within natural or 
managed ecosystem boundaries, to sustain 
plant and animal productivity, maintain or 
enhance water and air quality and support 
human health and habitations” (Karlen et al., 
1997). 
In Romania, the soil quality was regarded until 
recently from the point of view of fulfilment of 
the function of the soil role to yield, either by 
evaluation of the production potential or 
suitability classes for different land-use or land 
development (ICPA, 1987; Florea, 2007). 
In the soil science, the term of quality is 
generally used in connections with classes of 
quality and rating for the evaluation different 
soil properties, some of them regarding to 
simple properties as permeability, humus      

content, water retaining capacity, reaction, etc., 
other regarding too complex characteristics as 
land capability, irrigation suitability, 
productivity potential etc. Before, the soil 
fertility was considered as the single and most 
important property of soil that integrates all 
together properties concerning the soil vocation 
to contribute to the crop production, estimated 
quantitatively and sometimes qualitatively 
(Florea, 2007). 
After Brady and Weil, 2002, soil quality is 
determined by a series of physical, chemical 
and biological indicators like texture, total 
organic soil matter, pH, extractable N, P and K 
etc. 
 
MATERIALS AND METHODS 
 
The research was carried out in the field and in 
the laboratory, in order to identify and to 
establish the soil’s properties. Collected soil 
samples were analysed according to the 
national and international methods. pH was 
determined by potentiometric method, in water 
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extract 1:2.5 ratio, using a Mettler Toledo pH-
meter. Humus content was established by Turin 
method, improved by Gogoasa. The degree in 
base saturation was determined after a standard 
formula. The Kacinski method was used to 
establish soil texture. Soil potassium content 
was determined in ammonium-acetate lactate 
solution, soil extract being measured by a 
Varian atomic absorption spectrophotometer at 
766 nm wave length. For phosphorus content it 
was used Egner-Rhiem-Domingo method, the 
samples being analysed by a C intra spectra-
photo colorimeter at 660 nm wave length. The 
content in soil total nitrogen was established by 
Kjeldahl method. The soil types of the research 
area were verified according to the Romanian 
Soil System Taxonomy and after the Soil Atlas 
of Europe. The obtained values of soil analyses 
were interpreted after the Pedological Studies 
Methodology.  
 
RESULTS AND DISCUSSIONS 
 
Soil reaction is moderate acid on 51.36% from 
the surface and weak acid 48.64% from the 
surface on the 0-20 cm depth. On the depth 20-
40 cm, soil reaction is moderate acid on 
47.97%, weak acid on 45.06% and neutral on 
6.97% from the surface (Figure 1). 
 

 
Figure 1. Distribution of soil reaction classes 

 
Humus content is reduced on 46.41%, medium 
on 53.59% from the surface on 0-20 cm depth, 
and very reduced on 37.84%, reduced on 
62.16% on 20-40 cm depth (Figure 2) 
Regarding the base saturation degree we can 
affirm that on the 0-20 cm depth, soils is 
mesobasic on 51.05% from the surface, eubasic 
on 41.98% and base saturated on 6.97%. 

 
Figure 2. Distribution of soil humus content classes 

 

 
Figure 3. Distribution of soil base saturation  

degree classes 
 

On the other depth (20-40 cm) soils mesobasic 
on 47.97% from the surface, eubasic on 45.06% 
and base saturated on 6.97% (Figure 3). 
Soil texture is the propertie which is the most 
patchy in the studied area. From this point of 
view, the main soils types has the next 
percentages from total surface: loamy-sand 
texture on 6.72%, loamy-clay texture on 
52.17%, loamy-dust texture on 5.49%, loamy 
texture on 4.88% and clayed texture on 30.74% 
for both depths (Figure 4). 
Total nitrogen content has a very high amount 
on 100% from the surface at 0-20 cm depth, 
and on 20-40 cm depth is very high on 98.2% 
from the surface and high on 1.8% from the 
surface (Figure 5). 
Patchy is also the P2O5 content who has 
extremely reduced amount on 1.8% from the 
surface, very reduced amount on 12.02%, 
reduced amount on 12.96%, medium amount 
on 45.56% and high amount on 27.66% on 0-
20 cm depth. In the other depth (20-40 cm), 
P2O5 content is extremely reduced on 1.8% 
from the surface, very reduced on 12.02%, 
reduced on 58.52% and medium on 27.66% 
(Figure 6). 
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Figure 4. Distribution of soil texture classes 

 

 
Figure 5. Distribution of total nitrogen content classes 

 

 
Figure 6. Distribution of soil P2O5 content classes 

 
K2O content has extremely reduced amount on 
3.08% from the surface, very reduced amount 
on 8.52%, reduced amount on 41.53% and 
medium amount on 46.87% for 0-20 cm depth, 
and extremely reduced amount on 1.8% from 
the surface, very reduced amount on 6.72% and 
reduced amount 91.48% for 20-40 cm depth 
(Figure 7). 

 
Figure 7. Distribution of K2O content classes 

CONCLUSIONS  
 
Fluvisols has a moderate acid reaction, medium 
humus content on 0-20 cm depth and reduced 
in 20-40 cm depth, very high amount of total 
nitrogen, much reduced amount of P2O5 and 
K2O, is eubasic from the base saturation degree 
point of view and has a loamy-dust texture. 
Chernozem is moderate acid on 0-20 cm depth 
and neutral on 20-40 cm depth, has a very high 
amount of total nitrogen, a medium amount of 
humus in 0-20 cm depth and reduced amount in 
20-40cm depth, reduced amount of P2O5, has a 
medium amount of K2O on 0-20 cm depth and 
reduced on 20-40 cm depth, is base saturated 
from the base saturation degree point of view 
and has a loamy texture. 
Haplic phaeozem has a moderate acid reaction 
on 0-20 cm depth and weak acid reaction on 
20-40 cm depth, has a medium amount of 
humus on 0-20 cm depth and reduced amount 
on 20-40 cm depth, has a very high amount of 
total nitrogen, reduced amount of P2O5, 
medium amount on 0-20 cm depth and reduced 
amount on 20-40 cm depth of K2O, is eubasic 
on 0-20 cm depth and base saturated on 20-40 
cm depth from the base saturation degree point 
of view and has a loamy soil texture. 
Cambisols has a moderate acid reaction on 0-20 
cm depth and weak acid reaction on 20-40 cm 
depth, reduced amount of humus, very high 
amount of total nitrogen, very reduced amount 
of P2O5, reduced amount of K2O, is eubasic 
from the base saturation degree point of view 
and has a loamy soil texture. 
Luvisols has weak acid reaction, has medium 
amount o humus on 0-20 cm depth and reduced 
amount of humus on 20-40 cm depth, a very 
high amount of total nitrogen, a medium 
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amount on 0-20 cm depth and reduced amount 
of P2O5 and K2O, is mesobasic from the base 
saturation degree point of view and has a loamy 
texture. 
Haplic luvisols has weak acid reaction, reduced 
amount of humus, very high amount of total 
nitrogen, reduced amount of P2O5 and K2O, is 
mesobasic from the base saturation degree 
point of view and has a loamy-clay soil texture. 
Gleyisols has a weak acid reaction on 0-20 cm 
depth and moderate acid reaction on 20-40 cm 
depth, a reduced amount of humus on 0-20 cm 
depth and very reduced amount on 20-40 cm 
depth, very high amount of total nitrogen, 
medium amount on 0-20 cm depth and reduced 
amount on 20-40 cm depth of P2O5, extremely 
reduced amount on 0-20 cm depth and reduced 
amount of K2O on 20-40 cm depth, is 
mesobasic on 0-20 cm depth and eubasic on 
20-40 cm depth from the base saturation degree 
point of view and has a loamy soil texture. 
Stagnosols has a weak acid reaction,a reduced 
amount of humus, very high amount of total 
nitrogen, medium amount on 0-20 cm depth 
and reduced amount on 20-40 cm depth of 
P2O5, reduced amount of K2O, is mesobasic 
from the base saturation degree point of view 
and has a loamy-clay soil texture. 
Vertisols has a moderate acid reaction, a 
reduced amount on 0-20 cm depth and very 
reduced amount on 20-40 cm depth of humus, 
very high amount of total nitrogen, high 
amount on 0-20 cm depth and medium amount 
of P2O5 on 20-40 cm depth, reduced amount of 
K2O, is eubasic from the base saturation degree 
point of view, and has a clay soil texture. 
Antrosols has a weak acid reaction, a reduced 
amount on 0-20 cm depth and very reduced 
amount on 20-40 cm depth of humus, very high 
amount on 0-20 cm depth and high content on 
20-40 depth of total nitrogen, extremely 
reduced amount of P2O5, reduced amount on 0-

20 cm depth and extremely reduced amount of 
K2O on 20-40 cm depth, is eubasic from the 
base saturation degree point of view and has a 
medium loamy soil texture. 
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Abstract 
 
Grain legumes (pulses) are currently grown on 1.8% of the EU's arable land (compared to 4.7% in 1961) and as a 
result, Europe is dependent on protein imports totalling annually about 20 mil. tons of soybean meals and 12 mil. tons 
of soybean grains. Only about 2.5% of soybean meal consumed is produced in the EU. This imbalance between 
production and consumption creates economic and trade problems; in addition, imported soybean is mostly GM, which 
is not accepted by many European consumers. Since 2013, the Common Agricultural Policy included as a priority 
increasing the production of vegetal proteins by subsidies to grain legumes crops (including soybean non-GM), forage 
crops (alfalfa, clover) and oil crops (rapeseed, sunflower). In this framework encompasses the initiative Donau Soja 
(Danube Soya), which promotes the cultivation of conventional soybean in the Danube region and the development of 
yields processing and valorisation network. Romania falls well into these trends by traditions in cultivating soybean 
(over 500 thou ha before 1990), the favourability of natural conditions, the existence of biological material adapted to 
the specific natural conditions (varieties developed in ARDS Turda and NARDI Fundulea). Romanian farmers are 
interested in expanding soybean cultivation for ameliorating soil fertility and as a very good previous crop for winter 
cereals, but by providing an efficient weeds control, supplying water by irrigation and treating the seeds with bacterial 
preparations. Also, taking soybean harvest in the food networks involves a very rigorous quality control in terms of 
protein content and of avoiding contamination by GMOs. It is estimated that it can reach 700 thou ha with soybean, 
which can produce about 0.51 mil. tons proteins, which would add about 0.40 mil. tons of sunflower proteins (from 800 
thou ha) and about 0.25 mil. tons of rapeseed proteins (from 500 thou ha). 
 
Key words: protein supply, Common Agricultural Policy, grain legumes, soybean. 
 
INTRODUCTION  
 
Compared with other major agricultural regions 
of the world, the EU is characterized by a low 
level of vegetal protein production.  
The dominance of cereals in European 
agriculture combined with the import of large 
quantities of soybean grains and meal enable 
self-sufficiency in livestock products. 
Increasing the cultivation of protein crops 
(grain legumes) would be an important 
contribution to the sustainable development of 
European agriculture and food systems.  
The direct farm, regional and global level 
environmental benefits of increased grain 
legumes production, combined with the indirect 
benefits arising from the better balance of EU 
agriculture and trade, justify public intervention 
in this sense (European Parliament, 2013). 

In 2013, provisions of new Common 
Agriculture Policy (CAP) include as a priority 
the promotion of protein crops to cover a large 
proportion of the protein consumption from 
own production. 
Grain legumes crops (or pulses), species of 
Fabaceae (Leguminosae) family - first pea, 
field beans and soybean, but broad beans, chick 
pea, lentils and lupine too -, are now grown on 
only 1.8% of arable land in the EU, compared 
with 4.7% in 1961. This decline is the result of 
diverse economic and policy factors. The direct 
human consumption of pulses has declined and 
this had resulted in a reduction in the area of 
food legumes. Only 11-15% of pea and 9-14% 
of broad beans are now used for human 
consumption. 
Grain legumes yields are unsteady and 
technological and breeding efforts are 
necessary to improvement, as these crops 
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compete better with cereals. They are less 
competitive in the fight against weeds, some 
are susceptible to dropping and shaking of the 
seeds, water stress, pests and diseases attack.  
Legumes crops require small quantities or no 
nitrogen fertilizer and are effective in the use of 
soil phosphorus reserves. On the other hand, 
plant residues rich in nitrogen and left on the 
soil helps to reduce the need for nitrogen 
fertilizers of next crops. Grain legumes 
increase biodiversity, reduce consumption of 
fossil fuels by reducing the need for fertilizers, 
produce fewer polluting emissions. 
Soybean is currently one of the most important 
agricultural crop in the world, holding over 100 
mil. ha sown annually, the 4th place after wheat, 
maize and rice. Extent that soybean cultivation 
has taken in recent decades is due to: chemical 
composition of the crop, rich in biochemical 
constituents with high biological value 
(approximately 20% lipids and proteins around 
40%) formed a significant proportion of 
essential fatty acids and amino acids for human 
body; very varied possibilities of processing 
and use of crop (edible fats, animal feed 
concentrates, protein preparation for food, bio-
fuels, other uses as row material in different 
industries); importance as leguminous plant for 
land fertility improvement in crop rotations. In 
this context, decreasing soybean growing in 
Romania, while in the 80s it had reached over 
500 thou ha (the area cultivated was more that 
over all other European countries together) is 
an unwanted process with multiple causes and 
negative consequences. 
Our approach comes in the context of decision 
at EU level on the not-acceptance of GM 
soybean growing in Europe and new CAP 
which intend to promote protein crops. In 
addition, is coming the launch of „Donau Soja” 
initiative according to a document signed by 
agriculture ministers from 18 European 
countries to support traditional soybean 
varieties growing, including organic soybean 
crop.  
 
MATERIALS AND METHODS 
 
In the studies carried out they were collected 
and analyzed statistical data on cultivation of 
soybean and other crops that produce protein at 
global, European and national levels, provided 

by specialized institutions on statistical data 
collection and processing. There were studied 
documents in the last decades on European 
policies regarding soybean and other protein 
crops.  
A particular attention was paid to evaluate the 
competitiveness of protein crops under 
economic aspect, using data from different 
sources and comparing them with data from 
wheat and maize, crops which are expected to 
be replaced in some extend by grain legumes 
crops. To this end, in specific documents data 
were collected at EU level and in different 
European countries. Crops value was assessed 
using average content in starch, lipids and 
proteins and using the market value of these 
products, including market prices for grain 
legumes (pea, field beans, soybean, lupines, 
alfalfa), sunflower and rapeseed. 
In this study were included data obtained in our 
own research with soybean crop in order to 
illustrate the level of the competitiveness of 
this crop in the specific conditions of South 
Romania.  
 
RESULTS AND DISCUSSIONS 
 
The current situation of grain legumes 
growing in the world. Most protein crops are 
components of the grain legumes group, 
belonging to the Fabaceae (Leguminosae) 
family and include dozens of cultivated plant 
species in the world, especially in Asia, Latin 
America, Africa; of these 9 species with 
economic importance stand out (Table 1). 
Global area with these legumes totals 201,728 
thou ha, of which detaches soybean with 
111,271 thou ha (55.2% of world total), field 
beans with 26,827 thou ha (13.3%), peanuts 
with 25,408 thou ha (12.6%), chick pea with 
13,529 thou ha (6.7%) and cow pea with 
11,274 thou ha (5.6%). 
Of the legumes, soybean dominates by the 
production of 276,405 thou tons (72.1% of 
global) and by productivity – 2,485 kg/ha, and 
is followed by peanuts with 45,160 thou tons 
(11.8%), field beans with 22,855 tons (6%) and 
chick pea with 13,103 thou tons (3.4%). Great 
growers and producers of soybean are found in 
South and Central America (52,106 thou ha and 
146,149 thou tons, mainly Brazil and 
Argentina), North America (32,523 thou ha and 
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94,681 thou tons, mainly the USA) and Asia 
(20,629 thou ha and 27,294 thou tons, mainly 
China).  
Grain legumes crops growing in Europe. 
Traditional grain legumes for the European 
continent, with food and feed use, are pea, field 
beans, lentils, broad bean, soybean and lupines. 
In Europe, grain legumes are grown on only 
5,726 thou ha in 2015 (2.8% of the global 
area). The most important legumes crops on the 
European continent are soybean with 3,176 
thou ha (5,943 thou tons and 1,871 kg/ha) and 
pea with 1,723 thou ha (3,021 thou tons and 
1,753 kg/ha). 
Protein crop minor role in European agriculture 
reflects the large imbalances in the European 
agro-food system. The decline in grain legumes 
production and cereals production increase is 
due to higher productivity of cereals, by 
comparison with grain legumes crops grown in 
Europe. Thus, after 1961, of relatively equal 
production of protein crops, cereals production 
has almost doubled from those of grain 
legumes. Coupled payments that took into 
account protein crops have slowed down to 
some extent the decline in protein crops 
production, but not much changed the interest 
of businesses agents. 
In recent years, protein crops production prices 
have increased slightly faster than the price of 
wheat, soybean protein feed have become more 
expensive and fertilizer prices also increased 
significantly. As a result, competing legumes 
position strengthened in terms of economic 
return (European Parliament, 2013). 
As noted, since 2013 promoting protein crops 
is a priority of the Common Agricultural 
Policy. The reason for this decision was the 
EU's dependence on imports of proteic 
agricultural products and reduce protein crops 
diversity in European agriculture. 
Table 3 contains a summary of the EU balance 
of feed rich in proteins and shows that the EU 
is totally dependent on imports of 70%, and for 
soybean meal dependence is over 97%. This 
illustrates the risks associated with the growing 
requirements of vegetal protein products, the 
sustainability of the European agricultural 
system is questionable and the evolution of 

prices on the international market is 
unpredictable (Schreuder, de Visser, 2014). 
The competitiveness of protein crops and 
European agricultural policies to support 
these crops. As noted, the EU is heavily 
dependent on imports of vegetal products rich 
in proteins. The main reason is that protein 
crops in the EU is not competitive with other 
crops commonly grown as productivity, steady 
production and sometimes growing technology 
costs. This competition was assessed using data 
from various protein crops and comparing them 
with those from wheat and maize, which are 
expected to be replaced with the growing of 
protein crops, including grain legumes.  
Table 4 presents the situation for wheat and 
Table 5 the situation for maize. From tables 
results, in order to become competitive with 
wheat or maize, the protein crops productivity 
should increase considerably. Thus, for 
soybean, the main source of vegetal proteins, 
incresing of average production should be 
about 30% (from 2.7 t/ha to 3.4 t/ha) to 
compete with wheat and about 63% to compete 
with maize (from 2.7 t/ha to 4.3 t/ha). For other 
legumes (pea and field beans) increases should 
be much higher, eg 76-69% in the competition 
with wheat and 120-112% in the competition 
with maize. 
It notes that, over the past few decades in 
Europe were initiated a series of measures 
designed to support protein crops including: 
price protection, subsidies and direct coupled 
payments, agriculture-environment schemes; 
thus: between 1958 and 1992, various schemes 
have been developed to support prices for 
soybean, pea, and lupine; in 1989, they were 
introduced area payments to chick pea, lentils 
and pea; in 1992, production subsidies were 
reduced and replaced by area payments, these 
payments varying according to the type of crop, 
and soybean received less than other protein 
crops; in 2012, 17 EU Member States 
introduced "The protein award”, in the protein 
crops major growing countries; moreover, 
Lithuania, Poland and Slovenia have used 
special measures available to the new Member 
States to support protein crops (European 
Parliament, 2013). 
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Table 1. Grain legumes growing area in the world (thou ha) 

(Gh.V. Roman, 2015) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2. Grain legumes total production in the world (thou tons) 

 (Gh.V. Roman, 2015) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. EU balance of protein-rich feeds in 2012 
(R. Schreuder, C. de Visser, 2014) 

 
Material 

EU production (Mt) EU consumption (Mt) 
Product Protein Product Protein 

Soybean/meal 1,189 452 34,134 15,904 
Rapeseed and 
sunflower 
seed/meal 

27,481 5,213 19,721 6,329 

Grain legumes 
(Pulses) 

3,045 670 2,800 616 

Dried forage 4,056 771 3,900 741 
Miscellaneous 
plant sources 

2,877 654 5,859 1,260 

Sub-total 38,648 7,760 66,414 24,850 
Fish-meal 398 275 599 433 
Total 39,046 8,035 67,013 25,283 

 
Table 4. Indication of required yield level increase to match wheat yield based on EU-member states average 

(R. Schreuder, C. de Visser, 2014) 

Crop Yield 
(tons) 

Oil production  
(Mton) 

Starch 
production 

(Mton) Actual Increa- 
sed 

% 
increase 

Soybean 2.7 3.4 30% 3.9 0.0 
Rapeseed 3.1 3.1 0% 13.8 0.0 
Sunflower 2.2 2.9 31% 20.3 0.0 

Lupine 1.0 4.2 334% 1.9 0.0 
Pea 2.7 4.8 76% 0.0 15.5 

Field beans 2.7 4.5 69% 0.0 11.1 
Alfalfa 22.9 24.8 8% 0.0 0.0 

 

 
Species 

North 
America 

South and 
Central 
America 

Europe Africa Asia Oceania Total 

Pea 1,634 152 1,723 812 1,875 181 6,377 
Field beans 616 5,957 260 5,695 14,237 62 26,827 

Soybean 32,523 52,106 3,176 1,797 20,629 41 111,272 
Lentils 1,095 20 84 178 2,820 146 4,343 

Chick pea 158 161 74 483 12,079 574 13,529 
Broad bean 0 163 238 570 964 112 2,047 

Lupine 0 34 153 14 0 450 651 
Peanuts 421 686 11 12,405 11,871 14 25,408 
Cow pea 16 16 7 11,075 160 0 11,274 
TOTAL 36,463 60,295 5,726 33,029 64,635 1,580 201,728 

 
Species 

North 
America 

South and 
Central 
America 

Europe Africa Asia Oceania Total 

Pea 4,558 188 3,021 720 2,229 263 10,979 
Field beans 1,317 5,590 500 4,860 10,635 53 22,855 

Soybean 94,681 146,149 5,943 2,246 27,294 92 276,405 
Lentils 2,108 12 71 186 2,246 327 4,950 

Chick pea 327 270 94 531 11,068 813 13,103 
Broad bean 0 192 663 738 1,494 297 3,381 

Lupine 0 55 251 21 1 459 787 
Peanuts 1,893 1,759 8 11,547 29,951 28 45,160 
Cow pea 29 19 24 5,422 193 0 5,687 
TOTAL 104,913 154,134 10,575 26,271 85,108 2,306 383,307 
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Table 5. Indication of required yield level increase to 
match maize based on EU-member states average 

(R. Schreuder, C. de Visser, 2014) 

 
The evolution of grain legumes in Romania 
and the current situation. In Romania, the 
assortment of grain legumes covered, over 
time, about 10 species, some of economic 
importance (pea, field beans, soybean, chick 
pea, lentils), some grown on small areas and of 
regional significance (for example, broad 
beans, peanuts, white lupine, yellow lupine, 
cow pea). The areas sown with grain legumes 
have been quite volatile over the last century 
(Figure 1): about 99 thou ha in 1938 (mainly 
pea and field beans); 167 thou ha in 1950; 194 
thou ha in 1963; 672 thou ha in 1987 (390 thou 
ha of soybean, 170 thou ha of field beans, 100 
thou ha of pea, 10 thou ha of chick pea, and 0.7 
thou ha of lentils); 250 thou ha in 1992 (166 
thou ha of soybean, 58 thou ha of field beans, 
22 thou ha of pea); 125 thou ha in 2013 (67 
thou ha of soybean, 21 thou ha of field beans, 
30 thou ha of pea).  
 

 
Figure 1. Evolution of Grain Legumes grown acreage in 
Romania, in 1935-2010 (thou ha) (Gh.V. Roman, 2015) 

 
Soybeans presents a more special situation, in 
the sense that there were only 5.6 thou ha in 
1935, reached over 300 thou ha during 1980-
1985 and 500 thou ha in 1989; in that period, 

Romania was the most important soybean 
grower in Europe.  
After 1990, the soybean crop has shrunk to 
58.1-73.3 thou ha, with a short period with 
growing areas nearly 200 thou ha, between 
2002-2006, when it was permitted growing of 
GM-modified varieties. 
In recent years soybean was grown on 42 thou 
ha in 2012, 67 thou ha in 2013, 72 thou ha in 
2014 and over 100 thou ha in 2015. 
European studies have shown that a soybean 
crop is competitive with wheat at a production 
least 3.4 tons/ha and with maize at least 4.3 
tons/ha. From own research carried out in 
South Romania, resulted that, under intensive 
cultivation technology a soybean crop becomes 
profitable at a production of 3,000 kg grains/ha. 

 
Table 6. Economic efficiency of soybean crop in 

Dobrudja region (2010-2014) 

Index 2010 
(very 

favorable 
year) 

2014 
(less 

favorable 
year) 

Average 
(2010-2014) 

Grain yields (kg/ha) 4,285.2 2.508.1 3,291.1 
Market price (lei/t) 1,450 1,450 1,450 
Total production 
value (lei/ha) 

6,187.1 3,636.7 4,772.1 

Total expenses 
(lei/ha) 

3,773.7 3,610.8 3,680.5 

Profit (lei/ha) 2,413.4 25.9 1,091.6 
Rentability rate (%) 63.9 0.7 22.9 
Production cost  (lei/t) 880.6 1,439.7 1,118.3 
 
 
Donau Soja Initiative and prospects of 
soybean cultivation in the Danube Basin.  
In 2012, it founded Donau Soja (Danube Soya) 
Association, based in Vienna, whose 
declaration of constitution was signed so far by 
18 European ministers of agriculture (Figure 
2).  

 
Figure 2. Region of ”Donau Soja” Association (”Danube 

Soya”) activity 
(“2nd International Danube Soya Congress”, Augsburg, 

2013) 

Crop Yield (tons) Oil 
produc-

tion. 
(Mton) 

Starch 
produc
-tion 

(Mton) Actual Increa- 
sed 

% 
increase 

Soybean 2.7 4.3 63% 3.9 0.0 
Rapeseed 3.1 3.9 25 13.8 0.0 
Sunflower 2.2 3.6 64 20.3 0.0 

Lupine 1.0 52 443 1.9 0.0 
Pea 2.7 6.0 120% 0.0 15.5 

Field beans 2.7 5.7 112% 0.0 11.1 
Alfalfa 22.9 31.0 36% 0.0 0.0 
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The organization aims mainly: promoting of 
GMO-free soybean varieties growing; building 
a reliable soybean grain and meat supply and a 
value chain as a contribution to European 
protein supply; to establish an international 
breeding-research and control program for 
GMO-free soybean seeds along the Danube and 
it will establish concepts for improved crop 
growing. 
The strategies developed in this respect 
stipulate that potential, among other things, 
increasing area growing with soybean up to 
700 thou ha in Romania (which it can produced 
about 0.51 mil. tons of proteins), 125 thou ha 
for Bulgaria, 1 mil. ha for Ukraine, and 75.5 
thou ha for Republic of Moldova (Dima, 2015). 
 
CONCLUSIONS 

 
The development of livestock in Europe and 
the need to balance feed rations based on 
cereals and the drastic reduction of areas grown 
with grain legumes crops led to reliance on 
Europe's imports, which reached 70% for 
agricultural protein products and over 95% for 
soybean grains and meal.  
Diminishing area with grain legumes was due 
to the reduction of the use in human food, but 
also to deficiencies of these crops, including 
lower productivity, sensitivity to stressors and 
productions stability. 
The consequences of these processes are more 
important if are considering restricting 
diversity of agricultural crops in crop rotations, 
which are dominated by cereals, lack of 
improving soil fertility that have legumes 
crops, and high dependence of Europe on 
imported protein products, in soybean grains 
and meal, majority GMO. 
In recent decades the EU stimulus measures 
were initiated to extend protein crops growing, 
and since 2013 this has become a priority 
objective of the Common Agricultural Policy. 
Assortment of legumes (protein crops group) 
from Europe consists mainly of pea, soybean, 
field beans, chick pea, lentils, broad beans, and 
lupine (and alfalfa). As protein sources can be 
included the oilseed crops important for Europe 
- rapeseed (a potential of 0.25 mil. tons of 
protein) and sunflower (a potential of 0.40 mil. 
tons of protein).  

European studies have shown that a soybean 
crop is competitive with wheat at a production 
least 3.4 tons/ha and with maize at least 4.3 
tons/ha. From own research carried out in 
South Romania, resulted that, under intensive 
cultivation technology a soybean crop becomes 
profitable at a production of 3,000 kg grains/ha. 
Stimulating farmers to expand the protein crops 
refers to coupled payments - for example, for 
non-GM (conventional) soybean in Romania 
were provided 345 Є/ha, by provisions the use 
of certified seed and harvesting at least 1,300 
kg ha (plus current subsidies per ha). 
Donau Soja initiative will support farmers in 
order to increase soybean grown area, will 
intent to help for establishing harvest 
processing companies and to develop the trade, 
accompanied by the certification Donau Soja, 
allowing production recovery on specific 
channels. Following this program, provides for 
Romania, increasing soybean areas up to 700 
thou ha, which would ensure a production of 
about 0.51 mil. tons of proteins.  
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Abstract 
 
The aim of the present study was to establish the main cause of the poor allocation of PK fertilizers to wheat crops, as 
this phenomenon has been observed in Romania. The experimental research consisted in differentiated allocation of 
fertilizers with N and the PK complex in order to create controlled nutrition deficits. It was conducted within the 
Didactic Station in Timisoara, from 2012 to 2014. Based on the yields obtained and on the associated economic 
elements, two scenarios were used: variation of wheat selling price and the price of fertilizers; each scenario had 
several variants. For each variant, the study assessed the optimal dose of N and PK respectively that resulted in the 
maximum profit. The model employed for this purpose was a model given by the production function verified by 
experimental data. The results were analysed and processed with SPSS and the graphic representations with Wolfram 
Alpha. The study discovered that the main cause of the Romanian farmers’ low interest in using PK fertilizers is the 
dissonance between the cost of PK fertilizers and the low market price of wheat.  Given the current price of wheat - 
between 0.5 - 0.6 lei/ kg-1, the authorities have to adopt incentive pricing for PK fertilizers in order to stimulate the use 
of such fertilizers by Romanian farmers. These measures will result not only in better quality and quantity of the yield, 
but also in medium and long-term improvement of soil fertility. 
 
Key words: fertilization, models, phosphorus, potassium, wheat. 
 
INTRODUCTION 
 
Wheat is one of the most widely used cereals in 
the world, together with rice and corn. On 
average, the world produces over 600 million 
tons of wheat annually (Shewry, 2009). 
Wheat production is mainly concentrated in a 
few large areas: the European Union is 
responsible for around 21% of the entire 
production of wheat in the world (Eurostat 
Database). Over 50% of the wheat production 
is obtained in France (about 41 Mio. tons), 
Germany (approx. 24 Mio. tons) and the UK 
(approx. 15 Mio. tons). Other countries with 
large wheat yields are Poland (approx. 10 Mio. 
tons), Italy (approx.6 Mio. tons), Denmark, 
Romania and Spain (approx. 5 Mio. tons each), 
Bulgaria and Hungary (almost 4 Mio. tons 
each). The development of better crop 
technologies and the improvement of the 
biologic material in recent years have led to a 
significant increase in wheat production 
worldwide (Vigani et al., 2013). Romania is 
among the biggest 6 producers of wheat in 

Europe: here, wheat is cultivated on an area of 
approx. 2.135 million ha, with an average yield 
of 3479 kg ha-1 and a total production of 7.428 
million tons (INS, 2014). 
Fertilizers are necessary for increasing the 
productivity of agricultural crops, especially 
wheat crops. Nevertheless, fertilization has to 
be well-balanced in terms of nutrients and soil 
fertility, the consumption needs of plants and 
the estimated yields (Otiman and Creț, 2002; 
Havlin et al., 2005; Sala, 2011). Addition of 
macro- and micro-elements and balanced 
fertilization are essential for ensuring good 
quality and quantity of the wheat yield 
(Calderini and Ortiz-Monasterio, 2003; 
Malakouti, 2008; Habib, 2009; Zeidan et al., 
2010; Pîslea et al., 2013; Hamzeh and Sala, 
2015; Wang et al., 2016). 
The basic principles of plant nutrition are 
known (Marschner, 1995; Mengel and Kirkby, 
2001), as are a series of principles and methods 
for establishing fertilization programs and 
fertilizer doses in relation to different 
agricultural systems (Borlan and Hera, 1982; 
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Buresh and Witt, 2007; Cui et al., 2008; Chuan 
et al., 2013). Nevertheless, certain limitations 
of technical and economical nature have 
generated imbalance in the optimal allocation 
of fertilizers in Romania, affecting soil fertility 
over large areas, the yields of different crops 
and the productivity of agricultural 
exploitations (Otiman, 1999). 
It is well-known that, after 1989, in Romania, 
the allocation of fertilizing substances has been 
unevenly distributed in relation to the types of 
agricultural exploitations, being generally 
insufficient and generating nutritive imbalance 
on extensive areas (Dumitru, 2002; Hera, 
2010). 
Eurostat statistics show that, when compared to 
countries such as Germany or France, where on 
average 7-8 kilos P are added per hectare, as 
reported to UAA, or Croatia, where on average 
the allocation is 13 kg P/ha reported to UAA, in 
Romania the average allocation is 3 kilos P/ha, 
as reported to UAA. Certainly, if we look at the 
area cultivated with cereals (from UAA), which 
in Romania is approximately 37%, the quantity 
of phosphorus fertilizers allotted to cereal crops 
will be higher than the average mentioned 
above, but from the point of view of the 
biological potential of the cultivated plants and 
the necessary support for soil fertility in 
relation to the estimated yields, it is insufficient 
(Hera, Otiman et al. 2015). Eurostat statistics 
show that things are similar in respect to K 
fertilization, as well: almost 2 kg K/ha reported 
to UAA in Romania, while in France there are 
13 kg K/ha reported to UAA, and in Germany 
there are 20 kg K/ha reported to UAA (Eurostat 
Database). 
Optimization of wheat crop fertilization has 
always been of interest. Thus, a series of 
studies have developed models focusing on the 
interdependence among fertilizers, yield and 
quality in relation to the soil and climate 
conditions and to the cultivars (Fu et al., 2014; 
Swain et al., 2014; Rawashdeh et al., 2015; 
Sala et al., 2015; Nutall et al., 2016). Others 
have focused on optimizing the fertilization 
process with insufficient quantities of fertilizers 
(Sala and Boldea, 2011; Boldea and Sala, 
2013). Recent measures for financing 
agriculture, based on the use of an initial fix 
capital, have introduced a different approach to 

the optimization issue (in this case abandoning 
the idea of increasing the profits by minimizing 
the costs - concept that often involves 
fertilization deficit). In this sense, some studies 
have been made on particular cases, regarding 
the determination of optimal productions for a 
reference area, given a certain initial capital 
(Rujescu et al., 2014, 2015). 
Taking into consideration the demand for 
quality wheat for human consumption and also 
some aspects that have been identified in the 
Romanian agricultural practice, the aim of the 
present study was to establish, through 
adequate mathematical analysis, the fact that 
the main cause of poor allocation of PK 
fertilizers is given by the lack of correlation 
between the market price of wheat and the 
prices of PK fertilizers, as well as to indicate 
threshold values for economic profitability. 
 
MATERIALS AND METHODS 
 
The starting point of the study is represented by 
direct results obtained under experimental 
conditions at the Didactic Station within 
BUASVM Timişoara, regarding the influence 
that different doses of N fertilizers and PK 
fertilizers, respectively, have on wheat yield. 
The variety of wheat cultivated was Alex. The 
studies were done on cambic chernozem with 
medium fertility, neutral reaction (pH = 6.7-
6.8), good humus supply (H = 3.2%), nitrogen 
index IN = 2.8, high base saturation (88-90%), 
poor phosphorus supply (P = 11.4 ppm) and 
medium potassium supply (K = 130.5 ppm). 
The experiments were run between 2012 and 
2014, and the climate conditions were 
favourable for wheat crops. 
The fertilization variants were made based on 
the PK complex in rates between 0-150 kg ha-1 
and N in rates between 0-200 kg ha-1. 
Variants and combinations of variables. The 
study was focussed on two variables and the 
phosphorus and potassium fertilization was 
determined/motivated in relation to them.  
These variables are the price of wheat and the 
price of PK fertilizers. Price variations of the 
two variables were simulated in order to find 
the justification for fertilizer application at 
farmer level, Table 1. 
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Table 1. Schematic representation of the simulation variants – input data  

V 1  
Fixed data: pwheat = 0.5 lei/kg; pN = 4.1 lei; fixed costs per 1 hectare c= 1900 lei 

Variable: pPK = 6.1 lei (current price) 
 

Variables: 
V 1A 

pPK=4.1 lei 
V 1B 

pPK=4.6 lei 
V 1C 

pPK=5.1 lei 
V 1D 

pPK=5.6 lei 

V 2 
Fixed data: pwheat = 0.6 lei/kg; pN = 4.1 lei; fixed costs per 1 hectare c= 1900 lei 

Variable: pPK = 6.1 lei 
 

Variables: 
V 2A 

pPK=5.1 lei 
V 2B 

pPK=5.6 lei 

Fixed data: pN = 4.1 lei; pPK = 6.1 lei; Fixed costs per 1 hectare: c= 1900 lei 

 
Variables 

V3 
pwheat = 0.7 lei/kg 

V4 
pwheat = 0.8 lei/kg 

V5 
pwheat = 0.9 lei/kg 

 
 

The aim of the simulation was to indicate, for 
each variant, the optimal quantity of N and PK 
respectively, to be allocated for obtaining 
maximum profit. The negative values of the 
production factors PK indicate that the optimal 
point is not located in the first quadrant of the 
rectangular coordinate system O N PK, but in a 
different one, which translates into economic 
inefficiency under the respective initial 
conditions.  The threshold values of the input 
were observed, which led to positioning the 
optimal point in the positive region of the 
coordinate system. 
The mathematical model and functions. The 
first stage consisted in determining the 
production function Q = Q(N, PK), which 
immediately led to the determination of the 
technical maximum, with the help of SPSS 
software. The expression of Q is given by a 
real-valued function with two real variables, N 
and PK, respectively, and real coefficients 
a1,..., a6, of the form: 

 
6543

2
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1),( aPKaNaPKNaPKaNaPKNQ �������  

 
expressions which give an objective description 
of the yield variation in relation to certain 
production factors, and on which one can easily 
apply the techniques for determining the 
extreme points (Intriligator, 2002).    
The issue was then discussed from an 

economic perspective, with prices for fertilizers 
and wheat that are currently on the market. 
After that, a simulation was made for various 
hypothetical prices of wheat and PK fertilizers, 
respectively, which resulted in the 
identification of variants/combinations which 
could indicate an increase in the interest to 
allocate P and K fertilizers in higher rates. The 
graphical representations in the present paper 
were made by using the application Wolfram 
Alpha. 
  
RESULTS AND DISCUSSIONS 
 
The differentiated conditions of plant nutrition 
ensured by fertilization with the two types of 
fertilizers, N and the PK complex, determined a 
specific development of the wheat crop in the 
experimental variants in relation to the 
nutrients supplied. Table 2 presents the yield 
results obtained. 
Starting from the results obtained in real 
conditions, through the SPSS software, the 
corresponding production function was 
determined, represented by expression (1) and 
Figure 1. 
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Figure 1. Graphical representations of the production 

function (graph and isoquants) 
 
The high value (r = 0.995) of the correlation 
coefficient indicates closeness of the chosen 
functional model to the real phenomenon. By 
annulling the partial derivatives of function 
Q(N, PK) one can get to the N and PK 
quantities that lead to the technical maximum 
of the function, namely 7204 kg ha-1. 
 

ha/kg236PK,ha/kg248N ��  
 

Table 2. The influence of the rates of N and PK 
fertilizers respectively on the wheat yield  

N PK Q 
0 0 3290 

100 0 5180 
200 0 6045 
50 50 4765 

100 50 5845 
200 50 6385 
100 100 5650 
150 100 6445 
200 100 6740 
150 150 6655 
200 150 6995 

 
Taking into account the aim of the present 
paper, the variations in the prices of wheat and 

PK fertilizers were simulated, in order to find 
the economic moment/conditions where PK 
fertilization is profitable and motivating for 
farmers.  
The results obtained through simulation are 
described below, together with their graphical 
distribution in accordance with each variant. 
Simulation variant 1 (V 1) 
The input considered in variant 1 was: pwheat= 
0.5 lei/kg; pN=4.1 lei; pPK=6.1 lei; fixed costs 
per 1 hectare c=1900 lei and output: N 126 kg 
ha-1, PK=81 kg ha-1. 
It is easy to note that the result obtained 
through simulation does not justify the use of 
PK fertilizers, for two reasons: the low price of 
wheat and the high price of PK fertilizers. This 
aspect will be justified in the following results, 
for other values of the market price of wheat 
and of PK fertilizers, respectively.  
Simulation variant 1A (V 1A) considered the 
following input: pwheat =0.5 lei kg-1; pN=4.1 lei 
ka-1; pPK=4.1 lei kg-1; fixed costs per 1 hectare 
c=1900 lei, and output: N=143 kg ha-1, PK=11 
kg ha-1, profit 390 lei ha-1. The cost of 4.1 
lei/kg PK induces an economic optimum which 
is realized for a positive value of PK rates. This 
is realized even if the wheat is sold for a low 
price, 0.5 lei kg-1. 
Simulation variant 1B (V 1B) considered the 
input: pwheat=0.5 lei kg-1; pN=4.1 lei kg-1; 
pPK=4.6 lei kg-1; fixed costs per 1 hectare 
c=1900; Output: N=138 kg ha-1, PK-11 kg ha-1, 
profit 390 lei ha-1. With these values of the 
prices for wheat and PK fertilizers, 
respectively, the results obtained through 
simulation do not justify the use of PK 
fertilizers. 
Simulation variant 1C (V 1C) considered the 
input: pwheat =0.5 lei kg-1; pN=4.1 lei ka-1; 
pPK=5.1 lei ka-1; fixed costs per 1 hectare 
c=1900; Output: N=134 kg ha-1, PK-35 kg ha-1, 
profit=402 lei ha-1. 
With these values of the prices for wheat and 
PK fertilizers, respectively, the results obtained 
through simulation do not justify the use of PK 
fertilizers. 
Simulation variant 1D (V 1 D) considered the 
input: pwheat=0.5 lei kg-1; pN=4.1 lei kg-1; 
pPK=5.6 lei kg-1; fixed costs per 1 hectare 
c=1900; Output: N=130 kg ha-1, PK=-58 kg ha-

1, profit=426 lei ha-1. 
With these values of the prices for wheat and 
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PK fertilizers, respectively, the results obtained 
through simulation do not justify the use of PK 
fertilizers. 
Simulation variant 2 (V 2) considered the input: 
pwheat=0.6 lei kg-1; pN=4.1 lei ka-1; pPK=6.1 lei 
ka-1; fixed costs per 1 hectare c=1900; Output:  
N = 46 kg ha-1, PK=-28 kg ha-1, profit=977 lei 
ha-1. With these values of the prices for wheat 
and PK fertilizers, respectively, the results 
obtained through simulation do not justify the 
use of PK fertilizers. 
Simulation variant 2A (V 2A) considered the 
input: p pwheat=0.6 lei kg-1; pN=4.1 lei ka-1; 
pPK=5.1 lei kg-1; fixed costs per 1 hectare 
c=1900; Output: N=153 kg ha-1, PK=10 kg ha-1, 
profit=968 lei ha-1. 
The cost of 5.1 lei/kg PK induces an economic 
optimum which is realized for a positive value 
of PK rates. This is realized even if the wheat is 
sold for a low price, 0.6 lei kg-1. 
Simulation variant 2B (V 2B) considered the 
input: pwheat=0.6 lei kg-1; pN=4.1 lei ka-1; 
pPK=5.6 lei ka-1; fixed costs per 1 hectare c 
1900; Output: N=149 kg ha-1, PK=-9 kg ha-1, 
profit=968 lei ha-1. 
With these values of the prices for wheat and 
PK fertilizers, respectively, the results obtained 
through simulation do not justify the use of PK 
fertilizers. 
Simulation variant 3 (V 3) considered the 
input: pwheat=0.7 lei kg-1; pN=4.1 lei ka-1; 
pPK=6.1 lei ka-1; fixed costs per 1 hectare 
c=1900; Output: N=160 kg ha-1, PK=9 kg ha-1, 
profit=1552 lei ha-1. 
A higher market price for wheat, 0.7 lei kg-1, 
induces an economic optimum which is 
realized for a positive value of PK rates, even if 
the cost of fertilizers is 6.1 lei kg-1 PK. 
Simulation variant 4 (V 4) considered the 
input: pwheat=0.8 lei kg-1; pN=4.1 lei kg-1; 
pPK=6.1 lei ka-1; fixed costs per 1 hectare 
c=1900; Output: N=171 kg ha-1, PK=37 kg ha-1, 
profit=2164 lei ha-1. 
A higher market price for wheat, 0.8 lei kg-1, 
induces an economic optimum which is 
realized for a positive value of PK rates, even if 
the cost of fertilizers is 6.1 lei kg-1 PK. 
Moreover, the profit will be much higher than 
in the previous cases. 
Simulation variant 5 (V 5) considered the 
input: pwheat=0.9 lei kg-1, pN=4.1 lei kg-1, 
pPK=6.1 lei kg-1, fixed costs per 1 hectare 

c=1900; Output: N=180 kg ha-1, PK 59 kg ha-1, 
profit=2799 lei ha-1. In this case, as well, a 
higher market price of wheat, 0.9 lei kg-1, 
induces an economic optimum which is 
realized for a positive value of PK rates, even if 
the cost of fertilizers is 6.1 lei kg-1 PK. The 
profit will be much higher than in the previous 
cases. Figure 2 presents the graphical 
distribution of the values in the form of 
isoquants, obtained from the simulations.   
After comparing the results generated in 
simulation variants V1, V1A-D, where the 
price of wheat was considered to be constant, 
0.5 lei kg-1, and the price of the nitrogen 
fertilizer 4.1 lei kg-1 respectively, the threshold 
value of the PK fertilizers over which there 
appears economic inefficiency was 4.1 lei kg-1, 
suggested in simulation variant V1A.  
Practically, higher costs of the PK fertilizers 
lead to a relocation of the optimum point to an 
area that indicates economic inefficiency when 
using PK fertilizers for wheat crops.   
Now we can observe what would happen if the 
market price of wheat rose. Obviously, the 
threshold value for efficiency of buying PK 
would grow, so it would be more easily 
supported by subsidies. Thus, for simulation 
variants V2, V2A-B, where the price of wheat 
is 0.6 lei kg-1 and the price of nitrogen is kept 
constant, the threshold value for profitability 
when buying PK fertilizers is 5.1 lei kg-1. 
In the hypothetical situations given by the 
simulation variants V3-5 where the price of 
wheat was 0.7 lei kg-1 or higher, this type of 
fertilization would be attractive from an 
economic point of view, even with the current 
cost of PK of approximately 6.1 lei kg-1. 
Therefore, it is safe to say that, if a fixed 
buying price is kept of 6.1 lei kg-1 for PK 
fertilizers and if all other given conditions are 
met, the threshold value for the price of wheat 
should be 0.77 lei kg-1 so that PK application 
can be profitable.  
Taking into consideration the modification of 
soil fertility due to the lack of application of 
PK, as well as secondary acidification 
generated by unilateral application of N, PK 
application should be stimulated through direct 
measures (lower prices for fertilizers) and the 
costs could be recovered from selling the 
wheat, through improvements in both the 
quality and the quantity of the yield. 
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Figure 2. Graphical distribution, in the form of isoquants, of the results regarding the profitability of the wheat crop as 

the balance between the price of PK fertilizers and the price of wheat; a – V1, b – V1A, c – V1B, d – V1C, e – V1D, f – 
V2, g – V2A, h – V2B, i – V3, j – V4, k – V5. 
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Econometric studies of the optimization of 
wheat crops in relation to the cultivated area, 
the level of fertilization, the estimated yields 
and the types of agricultural systems, have been 
done in various geographical areas, with 
specific pedoclimatic and socio-economic 
conditions.  
Efficient management of fertilizers in the 
agronomic practice, for ensuring the 
sustainability of  the wheat crop, has proven 
necessary in relation to the biological material 
and germplasm potential (Hawkesford, 2014), 
agricultural system, pedoclimatic conditions, 
technological conditions and economic 
efficiency (Ghosh et al., 2003; Jat et al., 2012; 
Velasco et al., 2012; Poruțiu et al., 2015). 
Due to the fact that nitrogen has a greater 
contribution to the wheat yield (Spiertz and De 
Vos, 1983; Marschner, 1995; Ortiz-Monasterio 
et al., 1997; Mengel and Kirkby, 2001), but at 
the same time a higher mobility, with the risk 
of loss on the soil profile, with unfavourable 
effects on the environment (Lehmann and 
Schroth, 2003; Liu et al., 2003; Beaudoin et al., 
2005), many studies have focused on the 
optimization of the rates of nitrogen on wheat 
crops (Delogu et al., 1998; Merle, 2007; 
Gandorfer and Rajsik, 2008; Abedi et al., 2011; 
Hawkesford, 2014; Khalid et al., 2014). 
Gandorfer and Rajsik (2008) addressed 
economic modelling of the optimum rate of 
nitrogen for the wheat crop, if the input affects 
the production and the price of the yield. 
However, phosphorus and potassium 
represented the object of the study, together 
with nitrogen, for the optimization of fertilizing 
treatments on the wheat crop; the economic 
aspects were dealt with in relation to the three 
nutrients. 
Yadav (2003) made experiments at farm level, 
in different pedoclimatic conditions, in order to 
study the production of cereals (wheat and rice) 
in relation to the fertilizer unit used through 
agronomic efficiency (AE) and the partial 
factor productivity (PFP) through marginal 
analyses.   
Niamatullah et al. (2010) communicated the 
results of studies performed over the course of 
30 years, regarding the evolution of the areas 
covered by wheat crops, the evolution of 
support prices and of fertilizer use in Pakistan. 
They measured the significant contribution of 

the price factor (support price) and the price of 
fertilizers on the production of rice and wheat. 
They found that the support price had a strong 
influence on the production of rice (p<0.05) 
and wheat (p<0.10) and that the use of 
fertilizers has a significant relation with the 
production (p<0.10). These results are similar 
to those communicated in the present study and 
they highlight the necessity of support prices 
for enhancing the efficiency of phosphorus and 
potassium application for the final purpose of 
optimizing the fertilization process of wheat 
crops. 
Jat et al. (2012) assessed the response of wheat 
crops (in the conditions of the Indo-Gangetic 
Plains) to the application of phosphorus 
fertilizers and the profitability of applying 
phosphorus according to some models/ equa-
tions that took into account the rates of phos-
phorus applied in the context of NPK 
fertilization, the yield obtained, the return on 
investment when applying P, and the costs of P 
fertilizers. Based on two scenarios, they 
assessed the profitability of phosphorus appli-
cation on wheat crops (together with rice and 
corn) and concluded that, for the profitability of 
phosphorus application, besides other factors 
such as application rates, crop response to P 
application, and the cost of P fertilizers, there is 
another very important factor: the minimum 
support price for wheat crops.  
These results are similar with the ones obtained 
in the present study. Taking into account the 
response of the wheat crop, the flexibility of 
the support prices had an important medium-
term and long-term role. The flexibility of the 
support prices was in slight contradiction with 
the fertilizer price levels.  
Therefore, the problem of the nutrient deficit in 
wheat crops (and for rice and corn crops, as 
well) was solved through balanced and flexible 
use of the market prices of wheat and the costs 
of fertilizers, of NPK especially, which played 
a crucial role in obtaining the yields for the 
respective crops.  
Other studies have focused on the analysis of 
wheat crop performance as a response to 
different fertilizer rates (Aujla et al., 2010; Ali 
et al., 2015) or to differentiated N fertilization 
on gradual PK backgrounds (Sala et al., 2015). 
Singh and Sharma (2014) used a Fuzzy basic 
expert system for optimizing the fertilization 
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rate of the wheat crop. In order to do this, they 
considered 24 Fuzzy rules for describing the 
relations among the three inputs NPK, soil and 
wheat yield. 
This study has highlighted the balance and 
flexibility of prices of fertilizers and wheat pro-
duction, for an incentive and also to determine 
farmers to use fertilizers with phosphorus and 
potassium for balanced wheat crops. The 
results of this study are consistent with results 
obtained in other research and studies from 
different countries, to which reference has been 
made. These results were obtained in certain 
climatic conditions and biological material 
(Alex cultivar) specific but it is possible that 
the equilibrium level become other value accor-
ding to other climatic conditions, or biological 
material. Thus, the dynamic and flexible nature 
of support prices for crop fertilization can solve 
the problem together with other financial 
incentives for farmers. Thereby the soil fertility 
will undergo a rebalancing as a result of fer-
tilization with phosphorus and potassium, 
which will contribute to the sustainable use of 
agricultural land. 
 
CONCLUSIONS 
 
The main cause of Romanian farmers’ low 
interest in using PK fertilizers is the low market 
price of wheat, correlated with the high cost of 
PK fertilizers. Thus, the results obtained from 
simulations indicate that only starting from a 
market price of wheat of 0.7 lei kg-1, even with 
the current cost of PK fertilizer, which is 6.1 lei 
kg-1, it would be profitable to use PK fertilizers.   
With the current price of wheat (between 0.5 
and 0.6 lei kg-1), it is mandatory to change the 
policy in such a way as to make it possible to 
buy PK fertilizers at a lower price. More 
exactly, for the price of 0.5 lei kg-1 for wheat, 
the maximum acquisition price of PK fertilizers 
is approximately 4.1 lei kg-1. If the price of 
wheat is 0.6 lei kg-1, the results indicate the 
maximum acquisition price of PK fertilizers 
should be approximately 5.1 lei kg-1 in order 
for their use to be profitable.  
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Abstract 
 
Conservative tillage techniques are widely used to preserve soil structure and fertility, the use of legumes in crop 
rotation system help improve soil quality and growth of culture yield which are in rotation.This paper evaluate the 
yielding of pea cultivated on three different conditions of tillage: conventional tillage, minimum tillage and no tillage 
were studied for four genotype of afila peas: Tudor, Dora, Bellmondo and Camilla. The experiment was conducted in 
the years 2014-2015on soil type phaeozem, located in the Transylvanian Plain, Romania.Climatic conditions have a 
large influence on production, the differences obtained in those two years are being very significant, in 2014 was 
obtained an average production of 3161 kg/ha compared with 2015, respectively 2380 kg/ha. In conventional tillage 
system soil has achieved a higher production than in conservative systems, the difference being 163 kg/ha compared to 
the minimum system and 813 kg/ha compared to the no tillage system. Production differences exist in the case of 
varieties used in the experiment, varieties Bellmondo and Camilla has good production304 kg/ha respectively 133 
kg/ha compared to the average of varieties. Significant values of correlation between morph-productive characters are 
in the number of plants/m2, the number of pods/m2 and number of grain/m2. 
 
Key words: pea, conventional tillage, minimum tillage, no tillage, yield. 
 
INTRODUCTION 
 
The whole planet is facing global warming, 
population had to adapt to climate change, and 
the most important element is the need for 
measures to reduce emissions of greenhouse 
gases. Establishing a system of sustainable 
management in agriculture can be achieved by 
adapting tillage on soil at climatic conditions 
and efficient use of nutrients by including 
legumes in the rotation. 
Soil tillage is of great importance in providing 
proper conditions for plant germination 
emergence (Sprague, 1986; Gajri et al., 2002; 
Hakansson et al., 2011) and growth, is a key 
element of soil environment management 
(Małecka et al., 2012).  
The objective of tillage is to provide optimal 
conditions for plants growth (Morris et al., 
2010; Haliniarz et al., 2014), crop yield in 
inversion tillage (Rice, 1983; Lafond et al., 
2006) and non-inversion tillage depends by 

many genetic and environmental factors 
(Ranjan et al., 2006; Espósito et al., 2009) such 
as temperature, precipitations or soil type and 
moisture,that affect one another (Jones et al., 
2006) and whose effects are difficult to predict 
(Marin et al., 2012; Rusu, 2014). 
In dry regions, the conventional tillage system 
with ploughing may be replaced by 
conservative tillage (Derpsch, 2005) that 
increases crop productivity and in a long-term 
perspective improves soil properties (Hemmat 
and Eskandari, 2004).The yielding of plants 
cultivated in no-tillage systems is, generally, 
lower than of plants from conventional tillage 
systems (Woźniak, 2013). 
Tillage is considered to be one of the basic 
elements modifying soil physical, chemical and 
biological properties and determining the 
germination, growth (Simon et al., 2015) and 
development of plant vegetation. 
It is estimated that approximately 40-60 million 
metric tons of atmospheric nitrogen is fixed by 
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cultivated legume plants annually (Smil, 1999), 
which is important for agriculture and for the 
environment because nitrogen fixation (Reiter 
et al., 2002) can supplement the use of 
synthetic nitrogen fertilizers (Phillips, 1980) 
which require a large amount of energy input 
during production that can contribute to 
environmental pollution. 
Pea as a major food legume has the capacity for 
enhanced nitrogen fixation (Poudel et al., 2001) 
and CO2 (Drinkwater et al., 1998) capture, 
which may partially offset growth reduction 
associated with higher temperature (Yadav et 
al., 2011), shorter growing season, and periods 
of drought. 
The aim of this paper is to evaluate the yielding 
of pea cultivated on three different conditions 
of tillage: conventional tillage, minimum tillage 
and no tillage. 

 
MATERIALS AND METHODS 
 
The experiment was conducted in the years 
2014-2015 at the Agricultural Research 
Development Station Turda (ARDS Turda), 
experimental field are located in the 
Transylvanian Plain, on soil type phaeozem, 
with pH neutral, loam-clay texture, medium 
humus content, good supply in mobile 
phosphorus and potassium. 
The experimental factors were:  
A - Conventional tillage system included 
ploughing at 25 cm depth after harvest of the 
previous crop and processing with rotary 
harrowbefore sowing. 
B - Minimum tillage system involved the use of 
a cultivatorat 25 cm depth after harvest of the 
previous crop andprocessing with rotary 
harrow before sowing.  
C - No tillage system included the direct 
sowing.  

To evaluate the yielding of pea cultivated in the 
three tillage systems were studied four 
genotype of afila peas: Tudor, Dora, 
Bellmondo and Camilla. Pea was grown in a 
crop rotation for 3 years, the precursory plant 
being winter wheat. 
After sowing it was made one treatment with 
gliphosate (4 l/ha) in the three systems. 
Monocotyledonous and dicotyledonous weeds 
control was made with Tender (1.5 l/ha), Pulsar 
(1.0 l/ha) and Agil (1.0 l/ha) herbicide in a 
weeds rosette phenophase. 
For pea protection against pests, at the early 
flowering stage of plants it was made a 
treatment with Calypso (0.1 l/ha) insecticide 
and at the 10 days after early flowering it was 
made another treatment. 
Pea (Pisum sativum L.) was sown in the 
thirddecade of April, in the quantity of 100 
seeds per m2in row spacing of 18 cm with 
Gaspardo Directa 400drills. 
The climatic condition of the years 2014 and 
2015 are presented according to the Weather 
Station ARDS Turda (Table 1). During the last 
55 years, the annual means of temperature were 
90C and total amount of precipitation were 
520.6 mm. The temperatures recorded in the 
two years studied were higher than the average 
of 57 years. In 2015 rainfall was lower than in 
2014, and their absence in optimum moments 
for culture development has resulted in 
significant loss of production. In 2014 the 
temperatures and rainfall were beneficial to the 
crop of peas, productions being the result of the 
interaction optimum climatic conditions. 
Results achieved were elaborated statistically 
with the method of analysis of variance and 
setting up the Least Significant Difference - 
LSD - DL (5%, 1%, and 0.1%) (ANOVA, 
2015). Correlations between the analyzed 
parameters were evaluated with the Pearson’s 
correlation coefficients. 

 
Table 1. Thermal and pluviometric regime in the vegetation period of pea culture, 2014-2015 

Years  Months  Average or amount 

March April May June July 

Air temperature (0C) 2014 8.8 11.4 15.1 18.5 20.4 14.8 
2015 5.5 9.6 15.8 19.4 22.3 14.5 
Average 57 years 4.1 9.8 14.7 17.7 19.6 13.2 

Precipitation (mm) 2014 23.1 72.0 66.2 48.4 144.4 354.1 
2015 12.8 32.2 66.0 115.7 52.2 278.9 
Average 57 years 23.1 44.7 67.7 84.5 76.7 296.7 
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RESULTS AND DISCUSSIONS 
 
Due to favorable climatic condition in the 
vegetation period of the year 2014 it was 
obtained high productions over 3100 kg/ha. 
Because in 2015 year were not sufficient 
rainfall (0.6 mm in the first decade of June) 
during the bloom-forming pods, the 
productions were lower, the difference from the 
average of two years is very significant (Table 
2). 
Pea yield was also differentiated by tillage 
systems, in the conventional tillage system 

achieved the highest yields of pea (Table 3). 
Negative significant differences in yielding 
obtained after applying the minimum tillage 
systems are to 5% and 26% in the case of no 
tillage system compared with the conventional 
tillage system. 
The pea varieties Bellmondo and Camilla 
obtained a higher yield compared with control 
variant (variety average), the difference being 
very significant, Dora variety obtained ayield 
lower than the average of the four varieties, the 
difference being very significant (Table 4). 

 
Table 2. The influence of the experimental years on the yield of pea 

Experimental year Yield (kg/ha) Difference (kg/ha) 
Average (control variant) 2770 - 
2014 3161*** 390 
2015 2380000 -390 

LSD (p 5%) = 57;              LSD (p 1%) = 105;            LSD (p 0.1%) = 234 
 

Table 3. The influence of the tillage systems on the yield of pea 

Experimental year Yield (kg/ha) Difference (kg/ha) 
Conventional tillage (control variant) 3096 - 
Minimum tillage 2933000 -163 
No tillage 2283000 -813 

LSD (p 5%)= 51;              LSD (p 1%)= 71;            LSD (p 0.1%) = 101 
 

Table 4. The influence of the afila pea variety on the yield 

Pea variety Yield (kg/ha) Difference (kg/ha) 
Average (control variant) 2770 - 
Tudor 2737 -33 
Dora 2366000 -404 
Bellmondo 3074*** 304 
Camilla 2903*** 133 

LSD (p 5%) = 68;              LSD (p 1%)= 91;            LSD (p 0.1%) = 118 
 
In all three tillage systems between the number 
of plants/m2 and the number of pods/m2, 
number of grains/m2 and grain weight/m2 are 
direct relations (Table 5). The number of 
plants/m2 has influence over the number of 
grains. The most important connection is 
between the grain number and weight of the 
grains, the production obtained in conventional 
tillage system being the results of this 
relationship. 
Literature data show that higher yields are 
achieved in the no-tillage systems than in the 
conventional tillage systems, but in dry and 
semi-desert regions (Guy and Cox, 2002), in 
areas with loam-clay texture, the yields 
obtained are smaller in minimum and no tillage 
systems, as evidenced by our experiment, 

compared with the conventional tillage 
systems. 
It is common knowledge that leguminous 
plants are characterized by specific traits 
including the dependency for high rainfall and 
low temperatures during flowering and forming 
pods. In addition, their yielding is influenced 
by co-effects of weather and agro-technical 
conditions, the variability of yielding may be 
high and difficult to predict (Doré et al., 1998). 
Proper soil moisture conditions are a very 
important element that affects the germination 
of pea. Drought greatly limits emergence and 
reduces the plant density, which results in 
lower competitiveness against weeds (Velykis 
and Satkus, 2010). 
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The yields obtained by applying minimum 
tillage system shows that systems can be 
differentiated results, choice of tillage in 
relation to crop plant being determinative. The 
results of investigations showed that the yield 
is a conclusion soil tillage systems influence on 
soil properties, plant density assurance and on 
weed control (Rusu, 2005). The yield of pea 
was lower due to the reduced ploughing tillage 

as compared to the conventional ploughing 
(Sepp et al., 2009). 
Climatic conditions have a decisive role in 
obtaining high yields, peas very well getting 
the amount of water accumulated in the soil 
during the winter and water from rainfall in 
each month of culture vegetation period (Simon 
et al., 2015). 

 
Table 5. The average value of the coefficient of correlation “r” between some characteristics morpho-productive from 

four varieties of peas 
 

Traits Plants number 
(m2) 

Pods number 
(m2) 

Grains 
number (m2) 

Grain weight 
(g/m2) 

1000 grains 
weight  (g) 

Conventional tillage  
Pods number (m2) 0.45 1    
Grains number (m2) 0.48 0.13 1   
Grain weight(g/m2) 0.62 0.44 0.90*** 1  
1000 grains weight(g) -0.16 0.64 -0.42 -0.18 1 
Hectolitric weight 0.68 -0.05 0.79* 0.81* -0.64 

Minimum tillage 
Pods number(m2) 0.83** 1    
Grains number (m2) 0.71* 0.44 1   
Grain weight(g/m2) 0.69 0.58 0.58 1  
1000 grains weight(g) -0.43 -0.39 -0.37 -0.07 1 
Hectolitric weight 0.46 0.78* -0.20 0.58 -0.24 

No tillage 
Pods number(m2) 0.52 1    
Grains number (m2) 0.74* 0.52 1   
Grain weight(g/m2) 0.51 0.33 0.38 1  
1000 grains weight(g) -0.18 -0.26 -0.60 -0.45 1 
Hectolitric weight -0.12 0.55 -0.05 -0.07 -0.32 
 
CONCLUSIONS 
 
The number of plants emerged, the number of 
pods, the number of grains and the yield was 
influenced by the experimental factors, the 
greatest influence on production elements 
having a tillage system and climatic conditions 
of the experimental years. 
The climatic conditions of the two years taken 
into study influenced yield obtained, thus in 
2014, the year favorable were obtained higher 
productions and in 2015, atypical year 
productions were obtained are lower compared 
to the average of the two years. 
The minimum tillage stored the properties of 
soil, reduce the negative impact on soil, hydric 
regime and of natural fertility, but the yield 
obtained in conventional tillage system is 
higher than yield obtained in minimum and no 
tillage system. 
The varieties used in the experiment have 
influence on production, low production 

achieving a variety Dora, was a very significant 
difference compared with the average varieties, 
the varieties Bellmondo and Camilla standing 
out by high production, difference from a 
control variant being very significant. 
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Abstract 
 
The number of hydrological (flood, mass movement), meteorological (tropical storm, extratropical storm, convective 
storm, local storm), climatological (extreme temperature, drought, wildfire) and geophysical (earthquake, tsunami, 
volcanic activity) events continue to increases in the last decades at global level. According to different research, 
statistics and databases (UNISDR, EM-DAT) floods are the most frequent in the last decades worldwide and especially 
in Romania. On the other hand, the probabilistic hazard results for Romania indicate that, in the future, the highest 
damages will be produced by floods and earthquakes. In this context, it has become necessary to develop an emergency 
response service. The emergency service, named GEODIM, integrates the GIS geodatabases: roads, rivers, 
administrative units, land cover/land use, satellite data (optical and synthetic aperture radar), in-situ measurements, in 
order to support the disaster management.  
The Earth Observations data offers the capabilities to monitor the disasters at a large scale, being able to identify areas 
where the events are not in-situ observed or to monitor large vulnerable areas potentially affected by disasters. The 
paper presents the downstream emergency response service for disaster hazard in Romania, based on Earth 
Observation data and other geo-information information. 
 
Key words: Earth Observation, Disaster, Downstream service Hazard management. 
 
INTRODUCTION  
 
The Sendai Framework for Disaster Risk 
Reduction 2015 - 2030 highlighted that natural 
disasters are of increasing frequency and 
severity in the modern world, with important 
impacts on human lives and the economy. 
Romania is a flood hotspot in Europe, which 
experienced significant human and economic 
losses in the last decade. Since 2000, Romania 
has been affected by 55 natural disasters from 
which 34 were floods (62%), according to the 
International Disaster Database. 
Earth Observation data offer necessary 
information for emergency and disaster 
management. In order to mitigate the human 
and property losses, different programs have 

been developed and implemented: the 
International Charter on Space and Major 
Disasters, the Emergency Management Service 
(EMS), managed by the European Commission 
within the Copernicus Program and the United 
Nations Platform for Space-based Information 
for Disaster Management and Emergency 
Response (UN-SPIDER).  
These programs/services offer space-based 
products by combining the satellite derived 
information with additional geospatial data 
(maps, statistics and reports). In this context, a 
downstream emergency response service is 
built in Romania (GEODIM), based on the 
users' requirements. The GEODIM geoportal is 
a geoinformation platform for local disaster and 
hazard management, which provides value-
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added products (reference maps, disaster 
situation maps, graphics, statistics, reports on 
the extent of disasters and their effects) that are 
tailored to the specific conditions in Romania. 
The accent is put on floods (the most important 
natural hazard in Romania), landslides, ground 
displacements, and earthquakes. The GEODIM 
service is developed to provide value-added 
and validated products for emergency 
management process. The GEODIM service is 
the support for decision makers and responsible 
authorities, in order to develop and implement 
better policies in the field of environment, 
climate change, and disaster management. 
The downstream service for disaster hazard is 
starting to be implemented on a dedicated 
geoportal in the framework of the GEODIM 
project (“Platform for Geoinformation in 
Support of Disaster Management”: 
http://geodim.meteoromania.ro). 
 
EARTH OBSERVATION DATA 
SOURCES 
 
The service is based on the acquisition, 
processing and analysis, in rapid mode of 
satellite images.  
Different types of freely available satellite 
images, covering the disaster event time 
interval, were acquired and processed:  
� satellite data available on public 
repositories (e.g. MODIS, ASTER, Landsat  
5-8, SPOT VGT, PROBA-V); 
� satellite data from the EMS or 
International Charter on Space and Major 
Disasters, obtained via Romanian General 
Inspectorate for Emergency Situations (IGSU); 
� Pléiades satellite images, in order to 
provide data to build the relief maps of the 
impact of the earthquake in Ecuador, acquired 
during The International Charter Space and 
Major Disaster and Emergency Copernicus 
activation; 
� The TerraSAR-X data, provided by 
courtesy of DLR and the German Commission, 
have been used for landslide monitoring.  
Due to the good temporal frequency the 
MODIS data have been widely used for flood 
mapping, flood assessment, warning, 
vulnerability analysis and mitigation. 
The new Sentinels mission, specifically 
designed for the operational needs of the 

Copernicus programme, can be used to assess 
the extent of affected areas and the impact on 
human, economic and environmental loss. 
Sentinel-1, equipped with a C-band synthetic 
aperture radar imaging makes it ideal for flood 
and ground displacements monitoring; 
Sentinel-2, with the high-resolution, multi-
spectral imaging instrument offers valuable 
information to generate the reference maps. 
Reference datasets were also integrated into the 
service platform. The datasets include: 
historical maps, topographical maps, aerial 
images (used to analyze the old landscape), 
reference water masks (before the event 
occurred), digital elevation model, soil maps, 
land cover/use maps, GIS layers (localities, 
transportation network, points of interest, etc). 
Different methodologies/techniques/algorithms 
have been applied tailored with the disaster 
type: Content Based Image Annotation (CBIA) 
for flood reference maps, Differential InSAR 
(DInSAR) techniques for ground displacements 
monitoring and Persistent Scatterers 
Interferometry (PS-InSAR) for landslides 
monitoring, Alparone and KullbackLeibler 
algorithms for change detection in case of an 
earthquake. 
 
SATELLITE BASED PRODUCTS FOR 
DISASTER MANAGEMENT 
 
1. Generation of flood reference maps 
 
The reference maps for flood events monitoring 
and assessment are usually based on high 
spatial resolution offered by the optical images. 
In this respect the capabilities of the new 
Sentinel-2 was used to generate flood reference 
map for the vulnerable river basins. The image 
was acquired by the Multi-Spectral Instrument 
(MSI) from a descending orbit (no 905), on the 
17th of April 2016. The satellite image offers an 
almost cloud-free view of the area of interest 
(2% cloud coverage), i.e. Moldova, located in 
the north-eastern part of Romania. Crossed my 
major rivers, this region is often flooded, thus it 
represents an excellent area for the generation 
of reference maps. A subset containing the city 
of Buzau and the Buzau River was extracted 
from the 13 spectral bands acquired by MSI.  
Using the CBIA system and a patch based 
approach, the water class was successfully 
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identified (Figure 1). The patch-based approach 
used to extract relevant contextual information 
is also described in (Faur et al., 2013). The 
study demonstrates the effectiveness of multi-
temporal satellite data for damage assessment 
in case of floods or earthquakes. Considering 

Sentinel 2 data availability pre and post disaster 
the proposed processing scheme (Faur, 2015) 
comes to support the classical rapid mapping 
procedures by offering an analytical evaluation 
of the damages.  
 

 
Figure 1. Instant of CBIA system - Patch level processing - Water class highlighted 

 
 

 

a 
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Figure 2. Semantic classes distribution in the 
studied area  

Figure 3. Samples of classes’ distribution in the studied area  
a) - airport, b) agriculture fields, c) water and d) inhabited areas 

 
The semantic classes' distribution within the 
area of interest is illustrated in Figure 2. Four 
classes were considered for the analysis, 
namely airport, agriculture field, water, and 
urban areas (Figure 3).  
Another approach to generate a reference map 
is to highlight scene’s physical features at pixel 
level. The linear dimensionality reduction 
technique-PCA (Mateen, 2009) transforms the 
13 spectral bands- the high dimensional data set 

of Sentinel 2, in a 3 dimensional space aiming 
to describe as much as possible the existing 
data variance.  
The procedure is followed by a K-means 
classification of the result. Figure 4 shows a 
preliminary result. 
Through trails, supplemented by human 
interpretation of the image, the considered 
number of classes to describe this scene is 
seven. The watercourse is clearly highlighted in 
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the classification map and so is the river basin 
(Figure 4).  
The envisaged approaches represent comple-
mentary techniques designed to be used as a 
reference data for a further evaluation of the 
disaster impact on a region. The patch based 
procedure will deliver quantitative semantic 
annotations of the scene before and after 
disaster while the land cover map provides 
additional data for scene understanding. 
 

 
Figure 4. Land cover classification of the Sentinel 2 

scene considering a dimensionality reduction technique 
 
2. Landslides and ground displacement 
monitoring 
 
As a growing number of EO satellites are 
launched every year, EO has become a valuable 
tool for land monitoring services that allow the 
generation of complete, consistent, accurate 
and timely information. 
The Synthetic Aperture Radar (SAR) 
interferometry is the state-of-art technology 

used for landslide detection and subsidence 
determination, providing millimetre-scale 
monitoring of changes in ground elevation. 
The development of the spaceborne SAR 
interferometric techniques started in 1992, after 
the launch of the ERS-1 mission of the 
European Space Agency. Since then, it 
continuously advances and gains importance in 
geosciences. Until now, Differential InSAR 
(DInSAR) techniques have been successfully 
applied for measuring the effects of a large 
spectrum of phenomena, such as: landslides, 
mining or groundwater related subsidence, 
deformation induced by the volcanic activity, 
co-seismic and post-seismic motions, or 
glaciology (Crosetto, 2005; Poncos, 2008, 
2010; Teleaga, 2012). The advantage of this 
DInSAR technique is that it reduces the main 
errors specific to the conventional DInSAR 
processing, namely temporal and geometrical 
decorrelation, and atmospheric artefacts (Yu et 
al., 2008). 
 
2.1 Landslides monitoring 
Based on multitemporal SAR data, Persistent 
Scatterers Interferometry (PS-InSAR) uses 
radar reflectors that remain stable within a time 
series and are identified on phase 
interferograms. PS-InSAR was applied for a 
series of 18 TerraSAR-XHigh Resolution 
Spotlight images acquired between March and 
October 2014. The test area is represented by 
the residential houses of the Vasile Lucaciu 
street in Sighisoara (Mures County), located to 
the west of the City Hill and along the Saes 
Stream (Figure 5).  

 

  
Figure 5. Area affected by landslides in Sighisoara (left); Landslides monitoring using PS-InSAR (right), (© Google 

Earth - background images)
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Since many years ago, Sighisoara has been 
affected by landslides triggered in most of the 
cases by heavy precipitation.  
The most active landslide area is located 
between the south-western slope of the City 
Hill and the north-eastern part of the Stejeris 
Hill, along the both banks of the Saes Stream. 
The result of the PS-InSAR processing consists 
in a map showing ground and structural 
displacement over the analysed time interval. 
The map comprises of 215 persistent scatterers 
that reveal a mean displacement velocity that 
ranges between -22.9 mm/year and +8.7 
mm/year, with a mean value of +1.1 mm/an. 
Relatively high displacements that indicate a 
downshift are in case of 33 persistent scatterers 
(Figure 5 - red points). A compact group of 
persistent scatterers (Figure 5 - yellow circle) 
can be observed at the base of the Stejeris Hill, 
on the right bank of the stream. 

2.2 Ground displacement monitoring 
The DInSAR technique was applied on two 
Sentinel-1 scenes, SLC format, acquired on 
26.10.2014 and 31.01.2015, in order to 
demonstrate the capabilities of Sentinel-1 data 
to detect and monitor ground displacements, 
especially landslides.  
The test area is located in Bacau County, 
Romania, the ground elevation varies between 
80 - 1650 m, and two rivers (Siret and Trotus) 
cross the area.  
This area was chosen based on historical 
landslides and favourable landforms for ground 
instabilities. 
In Figure 6, the deformation map for the time 
interval 26.10.2014 - 30.01.2015 is presented.  
Analyzing the DInSAR map, active landslides 
may be detected (Figures 7 to 9) and the 
displacement speed estimated. 
 

 
Figure 6. DInSAR deformation map for Onesti area, computed using Sentinel-1 data from 26.10.2014 and 30.01.2015. 

The map shows displacements [mm] for the interval 26.10.2014 - 30.01.2015 

  
Figure 7. DInSAR deformation values visualized in 

Google Earth, showing active landslide on steep 
shore of Lake Beresti 

Figure 8. Closer look at the active landslide area 
identified in Figure 2, showing clear evidence of ground 

instability in Google Earth imagery 
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Figure 9. Instable slopes near Darmanesti area, Bacau 

County, identified by DInSAR 
 
3. An earthquake post disaster assessment 
scenario  

 
The damages caused by the earthquake over a 
region can be quantitatively assessed based on 
multitemporal high resolution optical satellite 
images, as previously demonstrated (Faurand 
Datcu, 2015).  
Recently, on April 16 2016 the town of 
Pedernale, Ecuador was affected by an 
earthquake measuring a 7.8 magnitude. The 
International Charter Space and Major Disaster 
and Emergency Copernicus have been 
activated, in order to provide data to build the 
relief maps of the impact of the earthquake. 
Destroyed structures and affected buildings are 
visible in the Pléiades satellite image acquired 
before and after the earthquake (Figure 10 a. 
before b. after). 
The proposed method (used in case of 
Pedernale town) uses patches of data features 
extracted from pre- and post-event satellite 
images that are mapped into semantic classes 
and symbolic representations. Another 
approach to acquire quantitative and qualitative 
information relative to damages produced by 
the earthquake involves the use of change 
detection algorithms. 
The scene dynamic is highlighted by means of 
two similarity measures: KullbackLeibler-KLD 
(Faur 2008) and conditional information 
(Alparone) previously used to delineate 
changes associated to spectral features of the 
scenes (Vaduva, 2013).  
Based on pixel statistics KLD measures is able 
to detect the divergence between two image’s 
windows described by their probability 
distribution functions, while CI measure is an 
adopted version of the Alparone method used 
for SAR images. It has the advantage of low 
sensitivity to noise and no constraints of pre-
processing data. The results (Figure 10 c. and 

d.) demonstrate the potential of the considered 
similarity measures to emphasize the degree of 
change. 
 

 
a. Pedernales,  September 17th 2015 

 

b. Pedernales,  April 17th 2015 

 

c. Alparone algorithm for change detection 

 
d. KullbackLeibler divergence for change detection 

Figure 10. Pleiades images before (a) and after (b) 
Ecuador earthquake Pleiades data 

The results of change detection algorithms (c, d), in 
white the areas subject to major changes      
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4. The GEODIM geoportal 
 
A geospatial portal is a human interface to a 
collection of online geospatial information 
resources, including data sets and services. The 
GEODIM geoportal represent the public face of 
the GEODIM down-stream service, created to 
facilitate the sharing of satellite derived hazards 
information in Romania. 
The geoportal consist in several software 
modules/services, splited into two categories: 
� Server-side modules/services (e.g. data 

processing, transformation, discovery services); 
� Client side modules - responsible for 

interaction with the user (Graphical User 
Interface). 
The geoportal interface was carefully designed, 
respecting the existing W3C (World Wide Web 
Consortium) standards and separating the 
structure from the presentation by using strict 
HTML5 markup and CSS (Cascade Style 
Sheets). New web technologies, were also used 
to increase the interactivity. The goal was to 
obtain a simple, friendly and accessible 

environment for emergency situation data 
management. From the user’s perspective, 
when a button is clicked, an operation is 
performed, and a result appears on the screen. 
This summarizes a complex process of 
communication between the viewer and the 
server. 
The system design was based on project 
partner’s requirements and well-established 
national and international bodies/initiative. The 
following relevant European initiatives were 
taken into account when formulating the 
requirements INSPIRE, SEIS and Copernicus. 
A natural step after the design and 
implementation of the system was to define a 
series of test cases to verify and validate the 
system compliance with the initial system 
requirements and the technical standards (e.g. 
network services defined by OGC/INSPIRE 
Directive). The components were developed 
entirely with standard compliant free and open 
source software (the most important 
libraries/applications are listed in Figure 11). 

 

 
Figure 11. GEODIM geoportal architecture 

 
4.1 Catalogue service 
The GEODIM geoportal integrates data from 
several sources. When the volume and diversity 
of data increase, the rapid and intuitive retrieve 
of specific information from the system (by a 
user or a client application) becomes a 
challenge. In order to comply with this 
challenge a geospatial catalogue service was 
implemented. Catalogue services are the key 
technology for locating, managing and 

maintaining distributed geo-resources. With a 
catalogue service the client applications are 
capable of searching for geo-resources in a 
standardized way (i.e. through standardized 
interfaces and operations) and retrieve back 
relevant information’s. GEODIM catalogue 
service is powered by an application called 
GeoNetworkOpensource (http://geonetwork-
opensource.org). GeoNetwork is a standards 
based, catalog application to manage spatially 
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referenced resources through the web. It 
provides powerful metadata editing and search 
functions as well as an embedded interactive 
web map viewer. GeoNetwork was developed 
in Java and provides support for an important 
number of catalogue protocols (e.g. OGC-CSW 
2.0.2 ISO Profile, OAI-PMH, Z39.50) and map 
services interfaces (e.g. WMS, WFS, WCS, 
KML). Also, has out-of-the-box support for a 
large range of metadata standards (e.g. 
ISO19115, ISO19119, ISO19110, ISO19139, 
FGDC, Dublin Core). 
 
4.2 Data delivery and portrayal service 
Represent one of the main services of the 
system and is bringing GIS functionality into 
the web environment. The geospatial server 
application helps the users to access and 
display the GIS datasets and to perform layer 
selection, different queries and spatial analysis. 
Geospatial server works with the web server 
application. The web server receives requests 
for maps and passes them to geospatial server 
to create. Geospatial server generates the 
requested map image/vector/grid and hands it 
to the web server, which transmits it back to the 
user (Figure 12). 
 

 
Figure 12. Geospatial service generic architecture 

 
The map server functionality within GEODIM 
geoportal is provided by GeoServer. GeoServer 
is a Java (J2EE) implementation of the OGC's 
Web Feature Server specification (Ramsey 
2007). It is free software, available under the 
GPL 2.0 license. GeoServer supports efficient 
publishing of geospatial data to a numerous 
types of formats, including: WMS (Web 
Maping Service), WMS-C/WMTS/TMS (tiled 
web map services - dddd), WCS (Web 
Coverage Service), WFS (Web Feature 
Service), KML (Keyhole Markup Language), 
GML (Geographic Markup Language), 
Shapefile, GeoRSS, PDF (Portable Document 
Format), GeoJSON, JPEG, GIF, SVG (Scalable 
Vector Graphics), PNG, GeoTiff. Through 
gazetteer service, the geospatial server is able 
to retrieve the known geometries for one or 

more features, given their associated well-
known feature identifiers (text strings), which 
are specified at run-time through a query 
(filter) request. An access control service 
provides a solid base for user authentication 
management. From the services supported by 
GeoServer, GEODIM makes extensive us of: 
� WMS: a standard protocol for serving 

georeferenced map images over the Internet 
that are generated by a map server using data 
from a GIS database. The specification was 
developed and first published by the Open 
Geospatial Consortium in 1999. GEODIM end-
users can access the datasets published through 
WMS service using the web or desktop clients; 
� WFS: provides an interface allowing 

requests for geographical features across the 
web using platform-independent calls. The 
XML-based GML furnishes the default 
payload-encoding for transporting the 
geographic features, but other formats like 
shapefiles can also serve for transport. 

 
4.3 Web GIS client 
The users are able access the geoportal GIS 
client with a web browser (like Internet 
Explorer or Mozilla Firefox. The system 
compatibility was tested on Windows, Mac OS 
X and Linux (Ubuntu and Fedora) platforms, 
with the following browsers: Internet Explorer, 
Mozilla Firefox, Safari, Google Chrome, 
Opera.  
The GEODIM web mapping application allows 
the users to analyse the reference database and 
the thematic products (e.g. flood extent maps) 
in a geospatial context. The application has a 
simple user interface, with several functional 
areas (Figure 13): 
� Map. The map is the main component of 

this module; 
� Layer list. The layers list is used to 

determine the way the map is composed and 
displayed; 
� Pan-zoom control. This is a navigation 

tool to zoom and pan around the map; 
� Map toolbar. This contains all the 

instruments needed for the map navigation 
(zoom, pan, etc.); 
� Transparency slider. The slider allows 

changing the transparency percentage of the 
active layer. 
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Figure 13. GEODIM Web GIS client interface 

 
CONCLUSIONS  
 
Satellite observations can supply regular, 
detailed updates on the status of flood hazards 
on a regional or national basis. The new 
Sentinel Constellation with continuous spatial 
and temporal (every 6 days) coverage of the 
whole Earth is able to provide data available 
directly and free of charge. This is a great 
opportunity to define a robust service based on 
this mission. 
Furthermore, the possibility of using this 
monitoring method can improve the 
capabilities of hazard surveying at a large scale, 
by being able to identify areas where the 
landslides are not observed yet or by 
monitoring large areas with well-known 
problems. 
The GEODIM downstream emergency 
servicewas designed and developed following 
the principles of the Copernicus downstream 
services and the end-users requirements. This 
service will strength the collaborative 
approaches between the existing expert 
institutions/groups in the domain of geo-
information applications for disaster 
management and will contribute to the 
availability of critical information for the 
decision-makers and other end-users in near-
real time. The results can be disseminated in 

near-real time to the decision makers by using 
the service. 
The service allows the storage, management 
and exchange of raster and vector information 
and also related ancillary data for flood 
monitoring activities. The service contributes to 
regional quantitative risk assessment. 
The main aim of the national downstream 
service for emergency response is to reinforce 
the Romanian capacity to support disaster 
management based on geoinformation, 
covering all the phases of a disaster cycle: 
prevention, preparedness, response and 
recovery. The emphasis is put on value-added, 
validated products and services for each phase 
of the disaster management. 
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Abstract 

The shell and head of shrimp is a waste material whose protein content is constrained by its content of chitin (15-20%) 
making it difficult to digest. The objective of this research was to determine the optimum time required for different 
microbes bioprocess shrimp waste in order to improve nutrient availability, protein digestibility, and metabolizable 
energy of these materials in native chickens. Experiments were conducted using a completely randomized design with 
three microbial treatments and bioprocessing times. Data were statistically analyzed for variance using a Duncan’s 
Multiple Range test. Shrimp waste materials were treated with each microbe sequentially over time (W) as follows: W1, 
Bacillus licheniformis (Bl) + Lactobacillus sp. (Ls.) + Saccharomyces cereviseae (Sc), each for 1 d; W2 = Bl+ Ls+ Sc, 
each for 2 d; W3 = Bl+ Ls+ Sc, each for 3 d. Bioprocessed products of shrimp waste materials were used as a nutrient 
concentrate in diets of native chickens (crude protein). The optimal crude protein content at W2 of the bioprocessed 
product was 48.5%, while extract ether, calcium, and phosphorous levels were 7.81%, 7.57%, and 3.14%, respectively. 
The highest protein digestibility obtained from the best nutrient (W2) with value 72.91%; the best of metabolizable 
energy of these materials was 2613.90 kcal/kg 
 
Key words: microbial bioprocessing time, shrimp waste, protein digestibility, metabolizable energy, native chickens. 
 
INTRODUCTION 
 
Waste products of shrimp, especially the shell 
and head have great potential as alternative 
ingredients in poultry feed since their 
nutritional content includes 43.41% crude 
protein, 18.25% crude fiber, 7.27% crude lipid, 
5.54% calcium, 1.31% phosphorus, 3.11% 
lysine, 1.26% methionine, 0.51% cysteine, and 
3892 kcal/kg gross energy (Abun, 2008).  
The main factor limiting the use of shrimp 
waste materials in poultry feed is the presence 
of chitin (15-20%).  
Chitin binds strongly to proteins, lipids, and 
minerals with covalent β-(1-4)-glyosidic bonds 
making these materials difficult to digest by 
poultry (Leeson and Summers, 2001).   
Because poultry do not possess enzymes that 
can break β-(1-4)-glyosidic bonds, shrimp 
waste materials must first be processed before 
being used as feed material.  
One way to convert organic material into new 
and useful products with better nutritional 

value is by using microbial bioprocessing. 
Microbial bioprocessing of shrimp waste 
materials can be done sequentially by first 
deproteinating with Bacillus licheniformis, then 
demineralizing with Lactobacillus sp., and 
finally terminating the process by addition of 
Saccharomyces cerevisiae which produces 
amylase, lipase, protease, and other enzymes. 
Native chicken is a type of poultry that is 
popular and across the archipelago. Biopro-
cessing of shrimp waste materials in order to 
use them as a dietary ingredient for native 
chicken is expected to improve digestibility 
because its nutrients will have been released 
from their bonds with chitin.  
Apparent digestibility can be defined as the parts 
of feed substances that are not secreted in the 
feces. In other words, apparent digestibility can 
be interpreted as the amount of nutrients diges-
ted and absorbed in the digestive tract. Thus, the 
more nutrients that are absorbed by the body, the 
higher the digestibility of the feed substance, 
which is an indicator of high quality feed. 
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MATERIALS AND METHODS  
 
Materials, Equipment, and Experiments 
Microbial isolates used were B. licheniformis, 
Lactobacillus sp., and S. cereviseae. Fresh, raw 
shrimp waste materials (the head and shell) 
were obtained from a local company exporting 
frozen shrimp. Other ingredients included 
distilled water, glucose, yeast extract, tryptone, 
NaCl, NaOH, azokasein reagent, borate buffer, 
phosphate buffer, citrate buffer, bicarbonate 
buffer, oxygen gas, and bovine serum albumin. 
Equipment included (reaction vessel), a water 
bath, an auto-shaker bath, an autoclave, 
beakers, a Bunsen burner, petri dishes, a 
porcelain cup, a Nimac CR 21G centrifuge, 
funnels, a Knick pH meter, a Novaspec II 
spectrophotometer, test tubes, furnaces, a high-
performance liquid chromatograph. The 
nutrient concentrate created after bioprocessing 
of shrimp waste materials was fed to 27 native 
chickens (average weight, 1139.86 � 111.86 g) 
which were placed in a 20x40 x30 cm metal 
cage. Native chickens were obtained from the 
Jatiwangi, Majalengka, and West of Java, 
Indonesia. 
 
Scope of Research 
1) Bioprocessing of shrimp waste using B. 

licheniformis, Lactobacillus sp., and S. 
cereviseae, followed by analysis of the 
nutrient content in the processed product. 

2) Determination of the quality of bioprocessed 
products (nutrient concentrate) by 
measuring their protein digestibility and 
metabolizable energy in native chickens. 

 
Experimental Procedure 
1) Microbial bioprocessing was completed with 

the following steps: 
(a) Deproteination 

First, a starter inoculum was prepared by 
cultivating B. licheniformis in a containing 50 

ml of sterile broth. The bacterial broth was then 
incubated for 2 days at 50°C. Second, bacteria 
were allowed to ferment in an auto-shaker bath. 
Shrimp waste materials were put into stainless 
steel jars, inoculated with an inoculum of 2% 
(v/w), and then incubated inan auto-shakerbath 
for 1-3 d at 45oC. 

(b) Demineralization 
This step dissolves minerals from shrimp waste 
materials that were deproteinated as described 
above. First, a starter inoculum of 
Lactobacillus sp. was cultivated in a containing 
50 ml sterile broth.  The bacterial broth was 
then incubated for 2 d at 45oC. Second, bacteria 
were allowed to ferment in an auto-shakerbath. 
Then, a 2% (v/w) inoculum of Lactobacillus 
sp. was added to the deproteinated products 
(Saefulhadjaret.al, 2013), and then incubated 
for 1-3 d at 45oC with a rotation of 120 rpm. 

(c) Fermentationby S. cerevisiae 
First, an inoculum was made from a pure 
culture of S. cerevisiae grown on an agarose 
slant and incubated at 30oC for 3 d. An ino-
culum of 3% (v/w) S. cerevisiae was added to 
the demineralized products (Haetami, et al., 
2010), and then incubated for 1-3 d at 35oC. 
Fully bioprocessed products were then analy-
zed for protein, lipid, calcium, and phosphorus 
content, as well as for gross energy. 
 
2) Measurement of Protein Digestibility 
Native chicken placed in individual cages. 
After 14 h, chickens were slaughtered and their 
large intestines removed to obtain feces 
samples. Feces samples were dried and 
analyzed for nutrient and protein content, 
whereas the indicator (lignin in rations and 
feces) was analyzed according to Van Soest 
(1979). Protein digestibility was calculated 
according to an equation presented by Ranjhan 
(1980): 

 

 
Protein Digestibility=100% -100  

 
 
RESULTS AND DISCUSSIONS 
 
The nutrient content (crude protein, crude 
lipids, calcium, and phosphorus) after each 
bioprocessing time point for each microbe is 

presented in Table1. The highest crude protein 
content (47.19%) was obtained after 
deproteination by B.licheniformis for 2 days 
(W2), and lowest after 1 day (W1,41.92%). 
Similarly the highest phosphorus content was 

210



 

 

obtained at W2 was 2.24%. The lowest crude 
lipid and highest calcium content obtained at 
W3 were 8.75% and 6.95%, respectively.  
B. licheniformis served to break the covalent β-
(1-4)-bonds between chitin and proteins within 

shrimp waste materials. A bioprocessing 
duration of 2 d was optimum for microbe 
growth, release of proteins from chitin, and 
increasing the protein content of the processed 
product.  

 
Table 1.Mean crude protein, crude lipid, calcium, and phosphorus content in shrimp waste material  

over time after each microbial bioprocessing step 

Treatments 
 

Crude Protein Extract ether Ca P 
……..……................................……..%................................................... 

Bl.W1 41.92 13.49 6.54 1.87 
Bl.W2 47.19 9.37 6.79 2.24 
Bl.W3 45.38 8.75 6.95 2.23 

+Ls.W1        42.99 12.11 7.25 2.15 
+Ls.W2 47.60 8.56 7.48 3.12 
+Ls.W3 46.06 8.07 7.65 2.95 
+ScW1 43.50 11.44 7.35 2.31 
+Sc.W2 48.50 7.81 7.57 3.14 
+Sc.W3 47.69 7.42 7.72 2.96 

Bl, Bacillus licheniformis(step 1, deproteination);+Ls, product of step1 + Lactobacillus sp. (step 2, demineralization);  
+Sc, product of step 2 +Saccharomyces cerevisiae(step 3, fermentation);W, processing time; W1 = 1 d; W2 = 2 d; W3 = 3 d. 
 
Chitin binds strongly to proteins, lipids, and 
mineralsvia covalent β-(1-4)-glyosidic bonds 
making them difficult forpoultry to digest 
(Leeson and Summers, 2001). Degradation of 
chitin-bound protein in shrimp waste materials 
by B. licheniformis must be followed by 
addition of Lactobacillus sp. to release 
minerals associated with denatured proteins 
and chitin. Table 1 indicates that a 
bioprocessing duration of 2 released the highest 

crude protein content at each step in the shrimp 
waste material degradation process. The 
bioprocessing times examined (W1-W3) 
produced significantly different (P<0.05) crude 
protein, crude lipid, calcium, and phosphorus 
content. Results of Duncan’s Multiple Range 
analysis of bioprocessed products of shrimp 
waste materials (i.e., the nutrient concentrate) 
at W1-W3 are presented in Table 2. 

 
Table2. Duncan’s multiple range analysis of the effect of bioprocessing with steps  

of three microbe’s duration on the nutrient content of shrimp waste materials 

Treatments* Crude Protein Crude Lipid Ca P 
……......................…………..%........................................................ 

W1 43.50  A 11.44 A 7.35 A 2.31 A 

W2 48.50 B 7.81 B 7.57 A 3.14 B 

W3 47.69 B 7.42 B 7.72 A 2.96 B 

* Bl, Bacillus licheniformis(step 1, deproteination);+Ls, product of step1 + Lactobacillus sp. (step 2, demineralization); +Sc, 
product of step 2 + Saccharomyces cerevisiae (step 3, fermentation); 
W, processing time; W1 = 1 d; W2 = 2 d; W3 = 3 d 
 
The results showed that a bioprocessing 
duration of 2 d (W2) by B. licheniformis, 
Lactobacillus sp., and S. cerevisiae was 
optimal for microbial enzyme activity as shown 
by the highly significant differences (P<0.01) 
in crude protein, crude lipid, and phosphorus 
content of processed products (Table 2). 
Differences in protein content with 
bioprocessing duration were most likely due to 

the level of microbial growth obtained in that 
time frame. Microbial growth can be divided 
into three phases: the “slow phase,” when cells 
undergo metabolic and physiological activities 
which prepare them for division; the 
“exponential phase, ”a period of accelerated 
growth; and a stationary or resting phase 
(Battley and Edwin, 1987; Fardiaz, 1988; 
Balia, 1993). The ability of microbesto quickly 
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multiply their numbers and produce functional 
enzymes which break down substrates affects 
the quality and quantity of the final processed 
product, and is directly reflected in the 
bioprocessing time. Furthermore, a higher dose 
of inoculum and longer fermentation time has 
been shown to create larger microbial 
populations and increased degradation of 
substrates (Aisjah, 1995).Hall and De Silva 
(1992) suggested that microbes which create 
acidic conditions, such as Lactobacillus sp., 
result in the formation. For example, citric acid 
produced in the Lactobacillus sp. fermentation 
process reacts with calcium carbonate to form 
calcium citrate, carbon dioxide, and water.  
Fermentation determines the amount of time 
needed to establish of microbial populations 
which is directly link to the development of 
enzymes which break down substrates and 
affect the final product. A longer bioprocessing 

time allows for an increase in the microbial 
population enabling more substrate components 
to be overhauled. Microbes experiencing high 
growth rates continue to rise until they reach 
the stationary phase. This is in accordance with 
current results which showed that a longer 
fermentation time (W3) did not produce a 
higher content of phosphorus in the processed 
product. 
B. licheniformis is a species of bacteria that is 
capable of producing protease and chitinase in 
relatively high amounts (Alam et al., 1996). 
The highest content of crude protein, crude 
lipid, calcium, and phosphorus in bioprocessed 
products of shrimp waste materials was at W2. 
These results were further tested to determine 
quality of the processed product (nutrient 
concentrate) by examining their digestibility in 
native chicken rations. 

 
Tabel 3.  Effect bioprocessed products (concentrate nutrient) by Bacillus licheniformis, Lactobacillus sp. And 

Saccharomyces cerevisiae on protein digestibility and metabolizable energy in native chickens 

 
Treatment 

Protein Digestibility Metabolizable Energy 

% kkal/kg 

Bl+Ls+Sc. W1 62.90 B 2569.24 B 

Bl+Ls +Sc.W2 72.91 A 2613.90 A 

Bl+Ls +Sc.W3 71.73 A 2629.09 A 
W, processing time; W1 = 1 d; W2 = 2 d; W3 = 3 d 
 
Statistical analysis showed that the protein 
digestibility of the nutrient concentrate at W2 
and W3 were both significantly (P<0.05) 
higher than its digestibility at W1. These results 
demonstrated that components of bioprocessed 
products have higher biological value than the 
original material. In addition, bioprocessing 
duration plays a key role in transforming 
organic material into other useful products, 
especially by utilizing biolysis and biosynthesis 
is events. Generation of additional microbial 
cells or biomass increases the concentration of 
enzymes, primary and secondary metabolites, 
and chemical compounds used by microbes to 
bioprocess materials (Laskin and Hubbert, 
1973). 
Poultry, like most animals, have digestive 
limitations, especially to foods containing 
chitin and a high amount of crude fiber. This is 
because poultry cannot produce cellulase or 
chitinase, leaving any chitin or crude fiber 

present in the feed to bind other key nutrients, 
causing them to be excreted in the feces 
(Tulung, 1987; Rev., 1997). Chitin is a 
compound that cannot be digested by poultry 
(Leeson and Summers, 2001); therefore shrimp 
waste materials should first be processed before 
being included in poultry feed.  
Bioprocessed products created by B. 
licheniformis, Lactobacillus sp., and S. 
cerevisiae in the current study have better 
protein digestibility. This is likely because B. 
licheniformis produce proteases and chitinases 
in relatively high amounts (Alam et al., 1996; 
Rahayu et al., 2004), which degrade proteins 
and break protein-chitin bonds. Then, acidic 
conditions created by Lactobacillus sp. dissolve 
minerals that are bound to chitin and other 
proteins that have been unraveled by exposure 
to B. licheniformis enzymes. Finally, fermen-
tation with S. cerevisiae helps improve the 
digestibility of deproteinated and demineralized 
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components with its carbohydrase and protease 
enzymes. Furthermore, the optimum 
bioprocessing time of 2 d provides these 
microbes with the opportunity to produce their 
respective enzymes and allow them to process 
the appropriate substrates. 
The high value of metabolic energy as a result 
of the use of feed supplement of W3 in the 
ration of native chickens was 2629 kcal/kg, as 
reflection of the high quality of products. This 
is consistent with the opinion of Shurtleff is a 
and Aoyagi (1979), which states that the 
product bioprocess cause changes in complex 
molecules or organic compounds such as 
proteins, carbohydrates and fats into molecules 
simpler and easier to digest. Low metabolizable 
energy describes a lot of energy is lost through 
the stool, otherwise the value of a high 
metabolic energy describes the energy that is 
lost through the feces slightly. 
The use of high chitinous feed ingredient in 
poultry rations, but can degrade components 
that are easy to digest also decreased enzyme 
activity solver food substances, such as 
enzymes that aid digestion of carbohydrates, 
protein, and fat (Parrakasi, 1983; Klasing, 
2000). Chitin is a chemical compound that 
cannot be digested by the digestive enzymes of 
poultry (Leeson and Summers, 2001), therefore 
the shrimp waste should be processed first. 
Bastaman (1989) suggested that the chitin 
polymer chains each typically consisting of 
2000 to 5000 monomer units of N-acetyl-D-
glucosamine (2-acetamino-2-deoxy-D-
Glucose) that through bond β (1-4) glucoside. 
Chitin is a macromolecule amorphous solid 
form, and can be biodegradable 
(biodegradable) mainly by bacteria producing 
enzymes protease and chitinase (Stephen, 
1995). 
Product of fermentation process with Bacillus 
licheniformis deproteinization and continued 
mineralization with Lactobacillus sp., and 
Saccharomyces cerevisiae has a better protein 
digestibility value. This is because the bacterial 
species Bacillus licheniformis capable of 
producing protease and chitinase in relatively 
high amounts (Alam et al., 1996; Rahayu et al., 
2004), and acidic conditions created by 
Lactobacillus sp. mineral shed attached to the 
protein that has been unraveled. Furthermore, 
the fermentation process premises. 

CONCLUSIONS 
 
A bioprocessing time of 2 d was optimum for 
degradation of shrimp waste materials (the 
head and shell) using B. licheniformis, 
Lactobacillus sp., and S. cerevisiae, as it 
produced the highest nutrient concentrate and 
protein digestibility value (>70%). The highest 
crude protein, crude lipid, calcium, and 
phosphorus content were 48.50%, 7.81%, 
7.57%, and 3.14%, respectively. Lastly, the 
best digestibility of bioprocessed products in 
the native chicken diet was 72.91%, and 
Metabolizable Energy value was 2629.09 
kcal/kg. 
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Abstract 
 
The aim of this study was to comparatively analyze the impact of dairy farming policies on the socio-economic and 
technological characterization of dairy industry. Primary data were collected from dairy farms through the use of 
structured questionnaires and were analyzed using both descriptive and inferential statistics. Data obtained was 
analyzed using Chi-square (χ2) test. In this study, modern and traditional dairy farms were compared in terms of their 
socio-economic and technological characterization and structural farming practices, and adoption levels of dairy 
farming support services. The results revealed that there is a statistically significant difference between the improved 
and traditional dairy farms in terms of education level of farm holder, gender of farm holder, agricultural credit use, 
purpose of dairy farming, farm land size, number of cattle, number of milking cow, barn type, size of barn, feeding 
system silage making status of farm, fodder crop growing, milk marketing channels, farmers’ reasons for choice in milk 
marketing channel, type of dairy farming supports received by farmers, use purpose of dairy farming supports by 
farmers, effects on modernization of dairy farms and increase in farm income of dairy farming supports variables. The 
result depicted that improved dairy farms benefit more from dairy farming and rural development supports than the 
traditional dairy farms. As dairying is the sole source of income in the area, the study concludes by highlighting the 
importance of government support for small and medium sized dairy farms in the study area. The conclusion is that 
policy makers should take into account socio-economic and technological characterization of dairy farms in 
implementation of dairy farming policies to ensure sustainable food security, food safety and farmers’ income. 
 
Key words: dairy industry, policy assessment, technological characterization, comparative analysis. 
 
INTRODUCTION  
 
Dairy farming has great importance for 
agriculture sector, economy and employment in 
Turkey. One of the most significant changes in 
Turkish agricultural economy over the past ten 
years has been the rising contribution of dairy 
farming sector in the agricultural gross 
domestic product. The contribution of dairy 
production is 26.5% in the agricultural 
production value, and the greatest contribution 
to dairy production value comes from cow milk 
as much as 42.0% of it. Contribution of milk 
production in agricultural production is 11.2%. 
It is said that the required workforce is 
provided by family labor for approximately 1.6 
million dairy farms in Turkey. The number of 
employees in dairy sector in Turkey is 477 146. 

Annually, 16.87 million metric tons of milk is 
produced out of which 91.18% is obtained from 
cattle (TURKSTAT, 2015). Thanks to 
government subsidies and incentives, there 
have been important developments in dairy 
farming in Turkey. Significant increases in the 
number of dairy cows and quantity of milk 
production have occurred. The total number of 
cattle was around 11.18 million in 2000 and 
increased to 14.12 million in 2014, equivalent 
to 26.30% increment. Total annual cow milk 
production was around 8.98 million tons in 
2000 and increase to 16.86 million tons in 
2014, (87.75% increases) (TURKSTAT, 2015). 
Dairy farming is the main source of income and 
employment among the low-income population 
living in rural areas in Turkey. Many studies 
indicate that dairy farming is important on both 
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economic and social basis (Demircan et al., 
2006; Artukoglu and Olgun, 2008; Demir and 
Aral, 2009; Demir and Yavuz, 2010; 
Ozcatalbas et al., 2010). Dairy farming sector 
in Turkey should be the locomotive of the rural 
economic development as in the whole world. 
To be successful on rural economic 
development, it is necessary to improve dairy 
farming in order to develop the rural 
community and improve their life standards. 
Turkish dairy farming sector is characterized 
by a dual structure: traditional and modern. 
Regional differences in dairy farming 
technology use are also a distinct characteristic 
of the dairy farms. There are some structural 
problems in dairy farms of Turkey such as 
unorganized small dairy farms, lack of forage 
production in high quality, unstable prices of 
input/output, high costs, dual structure, low 
milk production and yield, ineffective support 
and policies and absence of market mechanism. 
Several small dairy farms are weak against the 
powerful dairy industry. A successful 
cooperation of those small farms could not be 
achieved yet. Some problems still wait for the 
solution, especially, in terms of milk yield and 
quality (Yilmaz and Koknaroglu, 2007). 
Although reform projects and dairy farming 
supports were executed in the last ten years, 
desired level of milk yield and quality has not 
been achieved yet. In comparison to average 
milk yield per lactation of 6.55 tons in 
European Countries (EU-28), (EUROSTAT, 
2015), the equivalent amount of 2.97 tons in 
Turkey is quite low. 
In the last ten years, dairy support policies have 
been implemented in different periods and 
different subsidies to develop dairy sector in 
Turkey. There have been radical changes in 
dairy farming support policies starting from 
2005 year. During the period of 2005 to 2014, 
the support policy gave more emphasis to 
animal with breeding pedigree, calves born by 
artificial insemination, artificial insemination 
subsidy, milk premium, milking hygiene and 
milk quality, disease free farm, fighting animal 
diseases, heifer supports and forage crops 
(Anonymous, 2014).  
Dairy farming policies plays an important role 
in dairy production and assure better income 
and welfare levels for smallholder dairy 
farmers. In order to achieve a regular income 

and a more market-oriented production pattern 
in dairy farming sector, it is necessary to 
analysis the effects of dairy farming support 
policies in rural areas. In recent years, many 
studies have been made on dairy farming. 
Nevertheless, no study has comparatively 
examined the effect of dairy farming policies 
on the socio-economic and technological 
characteristics of improved and traditional 
dairy farms in Turkey. The output of this study 
can also serve as an input for a large scale 
study on the evaluation of dairy policy in the 
country in terms of its capacity to generate 
quality products that meet the EU standard. The 
study was undertaken in Burdur Province since 
its economy largely depends on dairy and also 
contributes a lot to the national dairy 
production in the country. 
 
MATERIALS AND METHODS 
 
Burdur is one of the leading provinces of 
Turkey in dairy farming production. Burdur has 
a large dairy cattle population approximately 
198346, being raised on approximately 17 679 
dairy farms in 2014. The total number of cattle 
was around 105 128 in 2000 and increased 198 
346 in 2014, increase 88.67 of %. Total annual 
cow milk production was around 129 333 tons 
in 2000 and increased 332 980 tons in 2014, 
increase of 157.46% (TURKSTAT, 2015). The 
number of cattle owned in Burdur province is 
1.39% of the total number of cattle in Turkey. 
The Holstein cattle population in Burdur 
represents a significant portion of the total 
Holstein cattle population in Turkey (Agaoglu 
et al., 2015). 
This study was conducted for a period of six 
months starting from March to August 2013. 
The primary data were collected from a formal 
survey of sample dairy farm households. The 
sampled population took into account the 
improved (which fixed milking unit and the 
cooling tank) and traditional dairy farms. 
Intentional sampling method was used to 
determine the districts and the number of 
samples for each district based on dairy 
farming activities (Karasar, 1991). Dairy farm 
populations were obtained from “Burdur 
Directorate of Provincial Food Agriculture and 
Dairy”. Based on the population size, 100 dairy 
farmers were determined of 50 improved and 
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50 traditional dairy farms from 19 villages in 
Central, Yesilova Cavdir, Karamanli, Celtikci, 
Tefenni and Bucak districts of Burdur 
Province, Turkey.  
In this study, two analyses were made: 
descriptive analyses (by use of means, standard 
deviations, percentages, and frequencies) and 
the inferential analyses (by use of chi-square 
test). Descriptive statistics were worked out to 
understand and explain the dairy farming 
practices by farmers, logistics and managerial 
behavior of dairy farmers, technological and 
structural characteristics of improved and 
traditional smallholder dairy farms. Chi Square 
test (χ2) measures whether there is a significant 
difference between the effects of two 
categorical independent variables on a 
categorical dependent variable (Howell, 2009; 
Koseoglu and Yamak, 2008). The Chi square 
test (Eq. 1) was used to determine whether 
there is a significant difference between the 
improved and traditional dairy farms as a result 
of dairy support program. In the statistical 
analysis, the SPSS 22.0 (Statistical Package for 
Social Sciences for Windows 22.0) program 
has been used and the test results have been 
verified at a significance level of 1% and 5%. 
             (Oij-Eij)2 
�2 = �ij ______           (Eq. 1) 
                 Eij 
where: 
�2 =calculated chi-square value 
Oij= observed frequency value 
Eij= expected frequency value 
Dairy cattle population on the farm was 
converted to Livestock Units (LU) by means of 
coefficients (Erkus et al., 1995). Active labor 
on the farms was expressed as full-time 
equivalent (Karwat-Wozniak, 2014). 
 
RESULTS AND DISCUSSIONS 
 
The general characteristics of the improved 
dairy farms were compared with the traditional 
dairy farms in order to understand nature of the 
sample. A wide range of socio-economic, 
technological and structural characteristics 
were provided in the survey. Some basic 
characteristics of the sampled farms are 
presented in Table 1. Farmer’s average year is 
41.88 years old for the improved dairy farms 
and that of traditional dairy farms is 42.78 

years. Experience in dairy farming was 
approximately same in both farms. The 
educational level of farmers in the improved 
dairy farms was higher compared to traditional 
dairy farms. Proportion of farm that hired 
foreign workers in the improved dairy farms 
was 14%, higher than the traditional dairy 
farms (4%). Proportion of farmers who used 
agricultural credit in the improved dairy farms 
was 78%, higher than the traditional dairy 
farms (36%). The amount of milk production, 
farm size, forage crop production area, 
household income and total feed consumption 
in the improved dairy farms are higher 
compared to traditional dairy farms. Average 
farm size for the improved and traditional dairy 
farms was 19.87 and 8.42 ha-1, respectively. 
The study showed that mixed farming system 
was main dairy production system and different 
cereal and forage crops were predominantly 
produced. Average forage crop and grain 
production area for the improved and 
traditional dairy farms was 18.59 and 8.07 ha-1, 
respectively. It was determined that the rate of 
forage crop and grain production area in 
average farm size for the improved and 
traditional dairy farms was 93.58% and 
95.89%, respectively. Examining the feed 
consumption, results indicated that the total 
feed consumption (roughage and concentrate 
feed) average was found to be 33.68 and 24.49 
kg/LU per day for the improved and traditional 
dairy farms. Average number of cattle for the 
improved and traditional dairy farms was 90.78 
and 36.50 farm-1 respectively. There is no 
domestic races and culture crossbred in the 
investigated improved and traditional dairy 
farms. All of them are Holstein races. Average 
milk production per farm for the improved and 
traditional dairy farms was 253.66 and 89.77 
tons per year, respectively. Average milk yield 
per cow for the improved and traditional dairy 
farms was 19.80 and 18.56 kg per day, 
respectively. Average income of household for 
the improved and traditional dairy farms were 
290 200 farm-1 and 104 560 TRY farm-1, 
respectively (Table 1). Dairy farming is 
generally integrated with cropping activities in 
the smallholder farming system via using crop 
by-products as cattle feed and applying manure 
to crops. Dairy farming and crop production 
serves the overall objective of providing food 
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and cash income for the farm family in the 
surveyed improved and traditional dairy farms. 
The following can be concluded from the chi-
square (χ2) showing relationships between 
improved and traditional dairy farms and their 
selected socio-economic characteristics. The 
result of the analyses shows that education 
level of farmer (p<0.05), and gender of farmer 
(p<0.05), agricultural credit use (p<0.01), and 
purpose of dairy farming (p<0.05), showed 
significant difference between the improved 
and traditional dairy farms. However, no 
significant differences were observed on age, 
dairy farming experience, household size, non-
agricultural income, number of employees on 
the dairy farming and hired foreign workers. 
According to the result of χ2 test applied to find 
out whether there are any differences in the 
technological, structural and dairy farming 
characteristics, there is a significant difference 
on farm land size (p<0.01), number of cattle 
(p<0.01), number of milking cow (p<0.01), 
barn type (p<0.01), size of barn (p<0.01), 
feeding system (p<0.01), silage making status 
of  farm (p<0.01), fodder crop growing 
(p<0.05), milk marketing channels (p<0.01), 
and farmers’ reasons for choice in milk 

marketing channel (p<0.01) between the 
improved and traditional dairy farms (Table 2). 
In the surveyed dairy farms, two types of 
feeding systems are practiced. In one system, 
the cows are feed free stall. In the other system, 
the cows are feed as a tie stall. It was 
determined that the rate of free-stall feeding 
system in improved dairy farms are higher than 
the rates in the traditional dairy farms 
(p<0.001). The number of cattle kept by the 
farmer determines the total production costs 
and therefore influencing the amount of 
working capital needed on the dairy farm. This 
motivates farmers with a large herd size to 
prefer supplying milk to channels that handle 
big volumes and pay milk revenues in lump 
sum (Anjani et al., 2011; Nkwasibwe, 2014). 
Dairy cooperatives play an important role in 
dairy production and milk marketing in the 
research area. Milk like any other agricultural 
products also reaches the consumer through 
different marketing channels. It is sold through 
dairy cooperatives, milk processing factories, 
and national or regional dairies (Artukoglu and 
Olgun, 2008). Some studies reported that herd 
size significantly affect farmers marketing 
channel choice.  

Table 1. General characteristics of surveyed dairy farms 
 

Indicators 
Improved Dairy Farms Traditional Dairy Farms 

Mean Standard Deviation Mean Standard Deviation 
Age of farm holder 41.88 10.80 42.78 9.49 
Dairy farming experience of farmers (year) 15.84 7.67 15.02 5.79 
Household population (person) 4.28 1.64 4.00 1.01 
Labor use (FTE) a 2.66 1.06 2.32 0.79 
Proportion of farm that hired foreign workers (%) 14.00 - 4.00 - 
Education level of farm holder (year) 8.44 2.99 6.88 2.55 
Agricultural Cooperative membership (%) 100.00 - 100.00 - 
Proportion of farmers who used agricultural credit (%) 78.00 - 36.00 - 
Number of Cattle 90.78 52.28 36.50 14.48 
Dairy Units (LU) 62.66 34.18 25.41 10.95 
Cow 40.28 19.71 16.82 9.39 
Heifer 18.20 12.61 7.56 4.03 
Yearling 13.56 10.79 4.51 2.83 
Calf 16.90 13.10 7.20 4.94 
Yearling Bull 1.52 4.49 0.46 1.16 
Bull 0.32 1.52 0.04 0.20 
Milk Production (ton/farm) 253.66 147.69 89.77 50.40 
Milk Yield (kg/head) 19.80 1.85 18.56 1.86 
Average Lactation Length (month/year) 9.72 0.64 9.68 0.55 
Farm Size (hectare) 19.87 12.89 8.42 6.21 
Arable land (including second crop) 20.77 12.59 8.58 6.26 
Irrigated land 15.87 12.09 3.65 3.23 
Non-irrigated land 4.04 4.95 4.76 5.75 
Owned land 10.89 9.49 4.83 3.48 
Rented land 8.98 9.17 4.76 5.75 
Fallowing land 0.38 1.61 0.06 0.36 
Roughage feed consumption kg/LU/day) 24.29 9.02 16.45 9.70 
Concentrate feed consumption kg /LU/day) 9.38 2.96 8.04 2.38 
Total feed consumption kg/LU/day) 33.68 10.45 24.49 9.98 
Roughage feed supplied on-farm (%) 54.48 - 48.65 - 
Concentrate feed supplied on-farm (%) 14.85 - 18.50 - 
Average household income (TRY /year)* 290 200.00 153083.81 104 560.00 53 133.32 
Proportion of farmers has non-agricultural income (%) 32.00 - 42.00 - 
Proportion of dairy farming in household income (%) 77.14 - 73.81 - 

Source: author’s calculations based on farmer survey data. *1 US Dollar (USD) = 1.91 Turkish Lira (TRY); a(FTE): full-time equivalent 
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Herd size of dairy cattle determines the 
volumes of milk available for sale and 
influences farmers’ choice of marketing 
channel. Large milk producers get price 
incentives because of high bargaining power as 
well as lower transaction costs (Falkowski et 
al., 2008; Gong et al., 2009).  
Smallholder farms, which are mostly family 
farms, have in general the lowest average farm 
income per labor unit. In the absence of dairy 
farming supports, the gap between large and 
smallholder farms would increase, in particular 
for farms specialized in field crops and for 
mixed farms. The smaller the farm, the greater 

is the effect of dairy farming subsidies on 
income stability. In the absence of dairy 
farming subsidies, the incomes of small farms 
would be particularly volatile. It should be 
noted that, even with dairy farming supports, 
the incomes of smallholder farms are already 
more volatile than the incomes of medium-
sized and large farms (EU, 2011). Table 3 
shows that the chi-square test result of 
differences between improved and traditional 
dairy farms in terms of dairy farming supports 
received and its impact on income and 
modernization of the dairy practices. 
 

 
Table 2. Dairy farming practices with the technological and structural characteristics 

  

 
Variables 

Improved Dairy 
Farms 

Traditional Dairy 
Farms Calculated χ2  

Value p 
N % N % 

Farm land size (decare) 
25.609 

 
0.000*** 

 
< 50 2 4.08 10 20.41 
50-150 19 38.78 34 69.39 
150+ 28 57.14 5 10.20 
Number of parcel 

4.775 
 

0.092 
 

1-5 8 16.33 9 18.37 
6-10 10 20.41 19 38.78 
11-+ 31 63.27 21 42.86 
Number of cattle   
10-30 1 2.00 18 36.00 52.776 0.000*** 
31-50 6 12.00 25 50.00   
51+ 43 86.00 7 14.00   
Number of milking cow   
10-20 3 6.00 43 86.00 64.449 0.000*** 
21-50 42 84.00 6 12.00   
51+ 5 10.00 1 2.00   
Barn type   
Semi-open 33 66.00 9 18.00 23.645 0.000*** 
Closed 17 34.00 41 82.00   
Size of barn (m2)   
120-500 7 14.00 30 60.00 30.135 0.000*** 
501-1000 8 16.00 11 22.00   
1001+ 35 70.00 9 18.00   
Feeding system   
Free stall  23 46.00 9 18.00 9.007 0.003*** 
Tie stall  27 54.00 41 82.00   
Silage making status of farm 21.418 0.000*** 
Yes 46 92.00 25 50.00   
No 4 8.00 25 50.00   
Forage crop growing 3.840 0.050** 
Yes 49 98.00 44 88.00   
No 1 2.00 6 12.00   
Milk marketing channels   38.200 0.000*** 
Cooperative 16 32.00 46 92.00   
Dairy Products Factory 34 68.00 4 8.00   
Farmers’ reasons for choice in milk marketing channel   
High price 24 48.00 20 40.00 24.289 0.000*** 
Ready payment 7 14.00 21 42.00   
Milk sales from the farm (No transport costs) 21 42.00 2 4.00   
Constant milk purchases 38 76.00 42 84.00   
Advance payment 3 6.00 6 12.00   
Reliable market /No defaulting farmers' money 40 80.00 37 74.00   

Source: author’s calculations based on farmer survey data.*** p<0.01, **p<0.05,  
 
The result of the analysis is shown in Table 3, 
there is a significant relationship between the 
improved and traditional dairy farms, 
considering the farmers receiving and not 

receiving dairy farming supports (p<0.01). It 
was also determined that there is a significant 
relationship between the improved and 
traditional dairy farms, considering the farmers’ 

218



using for agricultural and non-agricultural 
purposes of dairy farming support they receive 
from the government (p<0.01). It was also 
found that the rate of use of dairy farm supports 

for agricultural purpose by improved dairy 
farms was 54% while it was found to be 76% 
for the traditional dairy farms.

 
Table 3. Dairy farming supports received by farmers and their effects 

 
 Variables 
 

Improved Dairy Farms Traditional Dairy Farms Calculated χ2  
Value p N % N % 

Dairy farming supports received by farmers 
Feed crop production premium support 39 78.00 23 46.00 

108.763 0.000*** 

Brucella S-19 vaccine support 50 100.00 50 100.00 
Calves support born by artificial insemination 50 100.00 50 100.00 
Milk incentive premium  50 100.00 50 100.00 
Parent cattle support   50 100.00 50 100.00 
cooled milk premium  50 100.00 0 0.00 
milk quality premium 50 100.00 0 0.00 
Rural development grant support 44 88.00 2 4.00 
Use purpose of  dairy farming supports 
Agricultural 27 54.00 12 24.00 9.458 0.002*** Agricultural +non agricultural  23 46.00 38 76.00 
Effects on modernization of dairy farms of dairy supports 
Technological development was provided 44 88.00 26 52.00 15.429 0.000*** Technological development wasn’t  provided 6 12.00 24 48.00 
Effects of dairy farming supports on incomes increase  
Increased 38 76.00 29 58.00 3.664 0.056 No changed 12 24.00 21 42.00 

Source: author’s calculations based on farmer survey data.*** p<0.01 

This study also determined the beliefs and 
opinions of farmers on the effects of the dairy 
supports on modernization of dairy farms. 
According to the result, 88 and 52% of farmers 
from the improved and traditional dairy farms 
respectively reported that the support program 
provided technological development 
(modernization) to the dairy farms. This 
difference was found to be statistically 
significant (P<0.01).  Furthermore, 76% of 
improved and 58% of the traditional dairy 
farms recognized the positive economic effect 
of the support program. The larger economic 
benefit of the improved dairy farms can be 
attributed to the fact that traditional dairy farms 
couldn’t receive the cooled milk and milk 
quality premium as they do not have the fixed 
milking unit and the cooling tank. Besides, the 
rate of utilization of rural development grant 
support is very low in the traditional dairy 
farms. 
Although Turkey has a great potential for dairy 
farming, it has not reached the desired level yet. 
One of the most important reasons for this 
occasion to arise is the uncertainty and 
inefficiency in dairy policy pursued (Yilmaz, 
2006). The main problem of dairy industry in 
Turkey is supply shortage, milk yield and 
quality of raw milk. Small and low efficiency 
farms can be the reason for this problem. The 
low number of cattle per farm is a result of the 

poor quality of the farmland and the low 
intensity of land cultivation. Considerable 
differences exist between the different regions 
and availability of irrigation has a marked 
influence on cattle keeping (Budak, 2009). 
Moreover, there are many problems pending to 
be solved such as not being able to provide 
suitable barn, inadequacy of herd size and farm 
land, lack of forage and fodder crops 
production, ineffective extension service, 
inadequacy of grassland management policies, 
scantiness of meadow-rangeland areas (low 
pasture quality), absence of effective farmer 
organization, turning the rise of product input 
prices against product prices, not adopting the 
pedigree system and economic principles in 
farms (Ozcatalbas et al., 2009). Table 4 shows 
that problems perceived and encountered by 
farmers in surveyed dairy farms. The research 
results showed that the majority of these 
farmers faced problems and constraints 
including; lack of forage crop production, 
inadequate and unsuitable of barn, lack of 
labor, financial difficulties, high of roughage 
and concentrate feed price (high cost), lack of 
cultivated area, low milk prices, low production 
per cow and one milking per day. Among the 
problems the most commonly encountered in 
dairy farming in the study area are lack of 
forage crop production, high of roughage and 
concentrate feed price and high feed costs. 
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Problems on the shortage of labor and 
cultivated area were found to be more 
pronounced in the improved dairy farms than in 
the traditional dairy farms. The problems are 
equally important in both the improved and 
traditional farms as there was no statistical 
difference on the rating of problems between 
the two types of farming. A critical factor for 
increasing the milk production is the limited 
availability of arable land because of the small 
size in surveyed dairy farms. Policy initiatives 
could be taken to train farmers, with the aim of 
enhancing their profitability by improving 
general dairy farming practices and on-farm 
rough forage crop production. Despite all the 

problems it faces, the dairy sector holds high 
promises as a dependable source of livelihood 
for the vast majority of the rural poor in 
Turkey. Sustainable dairy farming is an 
interaction of many factors that influence 
production and reproduction environment, 
longevity of live and input management. It is 
therefore necessary to plan for dairy 
development specific to each micro level, a 
barn, a village, and a district for sustainable 
dairy farming. This planning not only would 
result in optimum utilization of local resources, 
but will also ensure better viability of the 
programs and higher cost benefits ratio (Shahi 
et al., 2012). 

Table 4. Challenges perceived and encountered by farmers in surveyed dairy farms 
 

Challenges 
Improved Dairy 

Farms 
Traditional Dairy 

Farms 
Calculated 

 χ2  
Value 

p 
N % N % 

Lack of forage crop production 12 24.00 13 26.00 

4.177 0.524 

Inadequate and unsuitable of barn 6 12.00 7 14.00 
Lack of labor 8 16.00 2 4.00 
Financial difficulties 7 14.00 9 18.00 
High of roughage and concentrate feed  price/ high costs 11 22.00 13 26.00 
Lack of  cultivated area 10 20.00 9 18.00 

Source: author’s calculations based on farmer survey data.*Multiple responses 
 
CONCLUSIONS  
 

 

The purpose of this study was to comparatively 
analyze the impact of dairy farming policies for 
improved and traditional smallholder dairy 
farms in terms of the socio-economic, structural 
and technological characterization of dairy 
industry.  
The result of the analyses showed that there is a 
statistically significant difference between the 
improved and traditional dairy farms, 
considering education level of farm holder, 
gender of farm holder, agricultural credit use, 
purpose of dairy farming, farm land size, 
number of cattle, number of milking cow, barn 
type, size of barn, feeding system silage making 
status of farm, fodder crop growing, milk 
marketing channels, farmers’ reasons for choice 
in milk marketing channel, type of dairy 
farming supports received by farmers, use 
purpose of dairy farming supports by farmers, 
effects of dairy farming supports on 
modernization of dairy farms and effects of 
dairy farming supports on dairy farm incomes 
increase variables. 
The dairy farming sector is socially, 
economically and politically very significant; it 

provides food and income for one small dairy 
farmer, especially in research area, where dairy 
farming is often the only source of livelihoods. 
Therefore, much attention should continue to be 
given for the sector by policy makers. In light 
of the results obtained from this study, the 
following recommendations could be 
developed and implemented. 
First, instead of dealing with the trivial details 
of dairy farming policy, policy-makers should 
first determine what subsidies are intended to 
accomplish. Dairy farming subsidies should be 
promoted as assistance to family dairy farms. 
While transforming traditional dairy farms to 
the improved dairy farms, the government 
should provide monetary support so that 
farmers should change their growing area to 
forage and fodder crops. 
Second policies need to create conditions, 
which sustain high farm productivity and 
production efficiency at lower operating costs 
to allow the dairy sector to become 
competitive. As starting points, policymakers 
should look at issues such as land ownership 
and subsidies with an emphasis on farm inputs 
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such as machinery, veterinary medicine, 
concentrate and forage feedstuffs, which can 
improve farm productivity through 
intensification. 
The government is carrying out a support 
policy, such as milk quality premium, cooled 
milk premium, parent cattle support, and milk 
incentive premium, calves support born by 
artificial insemination and forage crop 
production support in dairy farming. 
Government should continue to support the 
small and medium-sized dairy farms. It was 
said that Turkish dairy farming is lagging 
behind, based on criteria such as lactation milk 
yield, farm size, milk processors, milk 
consumption per capita and share of dairy cattle 
production in agricultural production value.  
Turkish dairy farming production branch 
cannot compete with European Union (EU) in 
terms of production, milk quality, technology 
use, productivity and farms size. Dairy farming 
sector is still the most critical sector in Turkey. 
In the harmonization process to EU standards, 
support policies toward enhancement of 
competitive power of dairy farming sector in 
Turkey should be a priority. The government 
should continue to provide monetary support to 
farmers to enable them to meet the EU 
standards.  
It is said that, dairy farmer need reliable 
markets to sell their milk each season and an 
adequate price to compensate them for their 
efforts and provide incentive to continue 
production the following year in research area. 
Turkish governments and policy makers can 
help by: establishing and maintaining good 
dairy farming policies that include revenue 
assurance programs, such as guaranteed prices 
that may require supplemental payments in 
difficult years, working with the private sector 
to support producer associations or price 
pooling cooperatives, which give farmers 
improved access to markets and greater 
leverage in pricing their products, providing 
revenue safety nets themselves and encouraging 
the private sector to provide price assurances 
through their contracts with farmers.  
It was felt that the government should provide 
adviser to help farmers, and should also 
facilitate a business management-mentoring 
program that would enable farmers to help 
farmers. To support innovation and enable 

producers to capture opportunities, we suggest 
the dairy farming cooperatives to host forums 
between researchers and farmers to enable 
knowledge transfer. Furthermore, future 
researches are needed to analyze broader 
aspects of impact of the dairy farming policies 
on the characteristics of dairy farming. 
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