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Abstract: Fritillaria imperialis L production is a challenge for the producers since its regeneration from seeds 
needs several years. In vitro micropropagation is considered the most proper technique to guarantee a rapid, 
effective and healthy regeneration. In vitro culture effects of different doses (0.0, 0.5, 1.5, 2.5 g/L) of activated 
charcoal (AC), and three levels (0.0, 1.5, 1.75 mg/L) of 6-Benzylaminopurine (BAP) on the growth of F. 
imperialis plantlets were determined. The growth medium contained same concentrations of auxins (0.8 mg/L 
NAA and 0.4 mg/L IAA) for all treatments. The number of shoots, roots, and leaves in regenerated plantlets 
were increased by adding 2.5 g/L of AC in growth medium containing 1.75 mg/L of BAP. No effects of different 
cytokinin concentrations were observed on shoot length but added AC significantly improved the shoot length all 
amounts studied. High concentration of BAP (1.75 mg/L) gave adverse impact on root length in all treatments, 
but 1.5 g/L AC enhanced the root length and better interacted with cytokinin hormone at 1.5 mg/L level. 
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Introduction 

Fritillaria imperialis L. (Liliaceae), widely known as crown imperial or Tears of Mary 
because of great drops of nectar at the petal base, is a perennial plant with ornamental and 
cut flower use. Besides, it is important for medicine because it contains steroidal alkaloids 
with various pharmaceutical properties (Gao et al., 1999; Perry and Metzger, 1980; Wang et 
al., 2005). The species of the Fritillaria genus are distributed in different parts of the world 
including Turkey, Iraq, Iran, Asia Minor, South Asia, South Eastern Asia and some parts of 
USA. In the natural habitat, a full-sized Fritillaria needs nearly five years to grow from the 
seed. On the other hand, the natural propagation rate of most geophytes is relatively low. 
This often hampers the large scale cultivation of these plants. Since it has small numbers of 
scales, the amount of meristematic cells in the plant is rather restricted. In vitro propagation 
methods are essential components of plant genetic resources management and they are 
becoming increasingly important for conservation of rare and endangered plant species 
(Almeida et al., 2005; Bhatia et al., 2002). The application of tissue culture techniques 
may allow rapid and large-scale propagation of uniform plants for field condition. Thus, 
other techniques such as vegetative propagation and micropropagation were used. On the 
other side, wild population of F. imperialis is highly heterozygote and non-uniform, so 
for the conservation of different F. imperialis populations, the regeneration pathway must 
be highly genotype-independent and applicable for a wide number of genotypes. Direct 
organogenesis pathways (regeneration without crossing callus) and indirect organogenesis 
pathway (regeneration with crossing callus) have been applied for overcoming genotype-
dependency and retaining long-time to totipotency in cumin (Ebrahimie et al., 2006b). 

In plant tissue culture, activated charcoal (AC) is widely used to stimulate rooting of 
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micropropagated plantlets, since it enhances the adsorption of metal irons, vitamins, plant 
growth regulators, and darkening the media (Dumas and Monteuuis, 1995). Moreover, 
AC adsorbs harmful substances produced either by the media or the explant (Fridborg and 
Eriksson, 1975; Fridborg et al., 1978).

One of the most important factor in vitro culture especially in proliferation stage is cytokinin 
hormone. It is well known that cytokinins play multiple roles in the plant development 
such as promotion of cell, division and cell expansion and protein synthesis stimulation in 
plant. The present study investigates effects of different doses of activated charcoal AC, 
different concentrations of 6-Benzylaminopurine (BAP), and their interaction on growth 
of in vitro micropropagted F. imperialis.

Materials and methods

F. imperialis wild grown bulbs obtained from a free trader in Adiyaman were used as 
plant material. Murashige and Skoog (Murashige and Skoog, 1962) (MS) basal medium 
was used in this experiment. The medium was gelled with 5.5 g/L agar plant (Duchefa 
Biocheme) in addition to 30 g/L sucrose as energy and carbohydrate source. The pH 
of the medium was adjusted to 5.5±0.9 before adding agar and prior autoclaving. After 
that, the medium was put in autoclave at 121 0C for 15 minute sterilization process. The 
cultures were saved in a growth room at 25±2 0C with 65% relative humidity, under white 
fluorescent light for 16h light photoperiod.

The bulbs were washing thoroughly under running tap water to remove the soil, dead 
parts and insects on the surface, and then, they were rinsed three times with distilled water 
as well, then after bulbs were cut to smaller pieces. Afterwards, these pieces were pre-
treated with 1% (w/v) sodium hypochlorite with Tween-20 for 15 minutes. The prepared 
cuts were washed extensively with sterile water more than 3- 4 times. This process was 
completed under controlled and sterilized conditions. These surface sterilized pieces were 
cut at 1.5 cm width and 2 cm length, then after cultured on MS medium containing 0.125 
mg/L Thidiazuron (TDZ).

From the generated callus, medium size pieces ‘2cm*2cm’ were selected and cultured in 
MS supplemented with different doses (0.0, 0.5, 1.5, 2.5 g/L) of AC, and three levels (0.0, 
1.5, 1.75 mg/L) of BAP.

Statistical analysis: Statistical analyses were performed using the software IBM SPSS 
Statistics for Windows, Version 22.0. Analysis of variances was done by two way ANOVA 
to separate the activated charcoal effect, hormones effect, and their interaction. Tukey’s 
tests were performed for every possible pairwise comparison.

Results and discussion 

In this study, effects of 0, 0.5, 1.5 and 2.5 g/L of activated charcoal (AC) alone or combined 
with three concentrations (0.0, 1.5, 1.75 mg/L) of 6-Benzylaminopurine (BAP) on 
growth parameters were evaluated on Fritellaria imperialis plantlets, cultured by indirect 
organogenesis. Number and length of the roots were observed after 9 and 13 weeks of 
treatment.
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Adding activated charcoal to the growth media without cytokinin hormone increased the 
number in a dose-dependent manner reaching 10.2 and 36.0 at the 9th and 13th weeks of 
growth, respectively (Figure 1).

Of all conditions studied, the greatest increase in number of roots was observed when 
explants were grown in a medium containing the highest dose of AC (2.5 g/L) with 
the highest concentration of BAP (1.75 mg/L) for both 9 (32.0±2.5) and 13 (54.8±7.6) 
weeks (Figure 1). This observation might be related to the ability of activated charcoal to 

adsorb all compounds in explants and media, also continuing division of the cells in the 
mersitematic region (Nhut et al., 2001). 

Figure 1. Number of roots, and length of roots of F. imperialis plantlets, after 9, and 13 week. (a) Number of 
roots. (b) length of roots in centimetre. Vertical bars represent standard deviation (n=5).

 On the other hand, the lowest numbers were counted in the treatments with no AC and 
higher concentrations of BAP; 1.38±0.5 and 2.20±0.8 for 9 and 13 weeks, respectively. 
This possibly related to the present of phenolic compounds and toxic brown pigments in 
the growth medium, as it is also reported by Fridborg et al. (1978), who found phenolic 
compounds and other metabolites in a medium without activated charcoal resulted in 
embryogenesis and morphogenesis inhibition.

Despite, differences within the same treatment, adding AC to the medium did positively 
affect the length of roots reaching the highest value 7.2 cm in (AC1.5, BAP1.5) treatment 
at week 13, meanwhile raising the AC dose to 2.5 g/L did not enhance the root length 
furthermore and gave an adverse effect especially when combined with 1.75 mg/L BAP. 
Excessive doses of AC in growth media can lessen its adsorption capacity due to many 
factors such as density, purity of the activated charcoal and the pH of the MS media 
(Druart and Wulf, 1993).

In contrast to our results, Rahimi et al. (2014) found no difference between treatments with 
or without activated cahrcoal, when they added 1g/L activated charcoal to 1/2 strength  MS 
media for F. imperialis.

As it is shown in (Table 1), the superior dose of AC (2.5 g/L) along with a moderate 
concentration of BAP (1.5 mg/L) gave the highest number of shoots (32.4±5.0 and 
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43.2±3.1) after  9 and 13 weeks, respectively. The lowest number of shoots (10.4±2.7) 
were noticed with no activated charcoal at the same concentration of BAP in 9 weeks. In 
week13, however, the lowest number of shoots were observed (11.6± 2.07) only when no 
BAP or AC were added to the media. 

The fact that a similar observation was also made for shoot numbers, which showed its 
highest numer at the highest concentration of AC, might be another evidence to support 
that the use of activated charcoal in the growth media stimulates and feeds the tissue more 
effectively, which in turn helps in modification and differentiation of the explant (Thomas, 
2008).According to (Pan and Staden, 1998), AC can inhibit the toxic effect of phenolic 
components and help plant parts to uptake the nutritional compounds from the media, 
resulting in better growth.

Shoot length appeared to be affected greatly by both BAP and AC concentrations, and 
their combination providing us with various results. For samples plantlets treated for 9 
weeks generated the longest shoot (1.12±0.10) at moderate concentrations (1.5 g/L of 
AC and 1.5 mg/L BAP). When the duration of the treatment was extended to 13 weeks, 
the longest shoot (1.50±0.12) was generated from the sample treated with relatively low 
concentration of AC (0.5 g/L) and the highest concentration (1.75 mg/L) of BAP (Table 
1). In our study, higher concentrations of  hormone affected shoot formation possibly 
related to the physiology and the multiformity of plantlets and the synthesis of endogenous 
hormones in the plantlets, different endogenous hormones of explants may differ in their 
ability to react to exogenously applied plant growth regulators (Winkelmann and Serek, 
2005). 

Table 1. Number of shoots, and length of shoots of F. imperialis plantlets, after 9, and 13 weeks.  Means with 
different letters are significantly different at (p<0.05), determined by Tukey’s HSD test (Mean ± SD, n= 5). 
Capital letters represent AC effect, small letters represent BAP effect.

AC g/L BAP mg/L Number of shoots Length of shoots
9 weeks 13 weeks 9 weeks 13 weeks

AC0

Cyt0 10.6Aa ±2.4 11.6Aa± 2.07 0.25Aa±0.07 0.90Ab± 0.25
Cyt1.5 10.4Aa ±2.7 11.8Aa± 3.11 0.32Aa±0.08 0.38Aa± 0.17
Cyt1.75 12.8Aa ±4.4 12.2Aa± 3.11 0.40ABb±0.18 0.40Aa± 0.18

AC0.5

Cyt0 11.8Aa ±3.3 33.6Bb± 2.3 0.96Ca±0.05 1.1ABa± 0.10
Cyt1.5 12.8Aa±1.6 23.4Ba± 1.1 1.02Ba±0.10 1.22Ba± 0.16
Cyt1.75 23.4Bb±3.9 31.8Cb± 1.6 0.90Ba±0.07 1.80Cb± 0.27

AC1.5

Cyt0 13.8Aa±3.3 14.00Aa±6.8 0.78BCab±0.3 1.32Ba±0.39
Cyt1.5 26.4Bb±4.2 31.20Cc±2.1 1.12Bb±0.10 1.50Ca±0.12
Cyt1.75 15.0Aa±1.5 23.60Bb±2.0 0.50Aa±0.10 1.24Ba±0.25

AC2.5

Cyt0 15.0Aa±2.2 33.8Ba± 1.9 0.48Ba±0.08 1.62Bb± 0.43
Cyt1.5 32.4Bc±5.0 43.2Db± 3.1 0.98Bb±0.04 1.10Ba± 0.10
Cyt1.75 26.0Bb±2.9 36.2Ca± 4.0 0.90Bb±0.17 1.30Ba± 0.15

Higher concentrations of AC and BAP (2.5 g/L, 1.75 mg/L raised number of leaves 
(32.40±2.0 and 46.4±3.6) after 9 and 13 weeks respectively (Table 2). The minimum 
number of leaves was observed when there was no AC but the highest amount of BAP 
(1.75 mg/L) in the media. Even though increasing AC or BAP alone did not create a 
regular pattern on the number of leaves in any duration, after AC level was reached to 
1.5 g/L, BAP concentration apperaed to be possitivley correlated with leaf number in 
week 13. As it has been reported previously, in our experiments, MS medium suplemented 
with activated charcoal also provided a better leaf growth compared to a medium without 
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activaed charcoal (Rittirat et al., 2012). Consisiting with results by Rittirat et al. (2012), 
in our experiment, MS medium suplemented with activated charcoal provided a better 
leaf growth compared to a medium without activaed charcoal. Higher number of leaves 
obtained by adding activated charcoal related to the attribution of AC in adsorption of 
inhibitory compounds in the culture medium (Fridborg et al., 1978).

Table 2.  Number of leaves of F. imperialis plantlets.after 9, and 13 week. Means with different letters are 
significantly different at (p<0.05) as determined by Tukey’s HSD test (Mean ± SD, n= 5).Capital letters represent 
AC effect, small letters represent BAP effect.

AC g/L
BAP mg/L

Number of leaves
9 weeks 13 weeks

AC0

Cyt0 1.60Aa±0.5 8.0Ab±1.2
Cyt1.5 1.40Aa±0.5 2.2Aa±0.8
Cyt1.75 1.20Aa±0.4 1.6Aa±0.5

AC0.5

Cyt0 6.60Ca±1.1 15.2Bb±2.3
Cyt1.5 5.60Ba±0.5 10.0Ba±0.7
Cyt1.75 6.80Ba±1.3 13.2Cb±1.3

AC1.5

Cyt0 3.00Aa±0.7 16.6Bb±5.6
Cyt1.5 10.0Cb±2.1 19.6Db±1.1
Cyt1.75 5.20Ba±1.3 5.8Ba±1.7

AC2.5

Cyt0 5.00Ba±1.0 11.8Aa±1.4
Cyt1.5 12.00Cb±2.8 15.4Ca±1.8
Cyt1.75 32.40Cc±2.0 46.4Db±3.6

Conclusions 

Results of this experiment provide invulnerable evidence that activated charcoal can be 
added to the culture media for propagation of F. imperials by indirect organogenesis to 
improve the growth of regenerated plantlets, but excessive doses of activated charcoal 
should be avoided to prevent adverse results. Further studies are needed to standardize the 
propagation, since F. imperialis is slow in growth and culture medium faces unfavorable 
changes in pH and nutrient depletion.

Figure 2. Plantlets of F. imperialis grown in different media: A- MS medium without AC,  B- MS medium with 
0.5 g/ L AC, C- MS medium with 1.5 g/ L AC, D- MS medium with 2.5 g/ L AC,  E- MS medium with 1.5 g/ L AC 
and 1.5 mg/L BAP.



16th Alps-Adria Workshop – Synergism in science     Opatija, Croatia – 2017

64 | DOI: 10.18380/SZIE.COLUM.2017.4.1.suppl

References 
Almeida, R., Goncalves, S., Romano, A. (2005): In vitro micropropagation of endongered Rhododendron 

Ponticum L. subsp. Baeticum (Boissier and Reuter) Handel-Mazzetti. Biodiversity and Conservation. 
14:5.1059-1069. DOI: 10.1007/s10531-004-8413-3.

Bhatia, P., Bhatia, N.P., Ashwath, N. (2002): In vitro propagation of Stackhousiab tryonii Bailey (Stackhousiaceae): 
A rare and serpertine-endermic species of central Queensland, Australia Biodiversity and conservation 
.11:8.1469-1477. DOI: 10.1023/a:1016252207054.

Druart, Ph. and De Wulf, O. (1993): Activated charcoal catalyses sucrose hydrolysis during autoclaving. Plant 
Cell Tissue Organ Culture. 32:1.96-99. DOI: 10.1007/bf00040122.

Dumas, E. and Monteuuis, O. (1995): In vitro rooting of micropropagated shoots from juvenile and mature Pinus 
pinaster explants: influence of activated charcoal. Plant Cell Tissue and Organ Culture. 40:3.231-235. DOI: 
10.1007/bf00048128.

Ebrahimie, E., Habashy, A.A., Mohammadie-Dehcheshmeh, M., Ghannadha, M.R., Ghareyazie, B, Yazdi- 
Amadi, B.(2006b): Direct shoot regeneration from mature embryo as a rapid and genotype-independent 
pathway in tissue culture of heterogeneous diverse sets of cumin (Cuminum cyminum L.) genotypes. In Vitro 
Cellular & Developmental Biology-Plant. 42:5.455- 460. DOI: 10.1079/ivp2006789.

Fridborg, G. and Eriksson, T. (1975): Effects of Activated Charcoal on Growth and Morphologenesis in Cell 
Cultures. Physiologia Plantarum. 34:4.306-308. DOI: 10.1111/j.1399-3054.1975.tb03843.x.

Fridborg, G. and Pedersen, M.L., Eriksson, T. (1978): The effect of activated charcoal on tissue culture: 
adsorption of metabolites inhibiting morphogenesis. Physiologia Plantarum. 43:2.104-106. DOI: 10.1111/
j.1399-3054.1978.tb01575.x.

Gao, S.L., Zhu, D.N., Cai, Z.H., Jiang, Y., Xu, D.R. (1999): Organ culture of a precious Chinese medicinal plant – 
Fritillaria unibracteata. Plant cell, tissue and organ culture. 59:3.197-201. DOI: 10.1023/a:1006440801337.

Murashige, T. and Skoog, F. (1962): A revised medium for rapid growth and bio assays with tobacco tissue 
cultures. Physiologia Plantarum. 15:3.473-497. DOI: 10.1111/j.1399-3054.1962.tb08052.x.

Nhut, D.T., Van, Le.B., Fukai, S., Tanaka, M., Van, K.(2001): Effects of activated charcoal, explant size, explant 
position and sucrose concentration on plant and shoot regeneration of Lilium longiflorum via young stem 
culture. Plant Growth Regular. 33:1.59-65. DOI: 10.1023/a:1010701024963.

Pan, M.J. and Staden, J. (1998): The use of charcoal in in vitro culture-A review. Plant Growth Regulation. 
26:3.155-163. DOI: 10.1023/a:1006119015972.

Perry, L.M. and Metzger, J. (1980): Medicinal plants of East and Southeast Asia: attributed properties. 
Massachusetts institute of Technology Press, Cambridge, Massachusetts. 34:4.361-361. DOI: 10.1007/
bf02858311.

Rahimi, M., Daneshvar, M.H., Heidari, M. (2014): Propagation and bulb formation of Fritillaria (Fritillaria 
imperialis L.) via in vitro culture. Internation journal of Agronomy and Plant Production. 4:3.707-710.

Rittirat, S., Thammasiri, K., Te-chato, S. (2012): Effect of media and sucrose concentration with or without 
activated charcoal on the plantlet growth of P. cornu-cervi ( Breda) Blume& Rchb.f. Journal of Agriculture 
Technology. 8:7.2077-2087.

Thomas, T.D. (2008): The role of activated charcoal in plant tissue culture. Biotechnology Advances. 26:6.618-
631. DOI: 10.1016/j.biotechadv.2008.08.003.

Wang, S., Gao, W., Chen, H., Xiao, P. (2005): New starches from Fritillaria species medicinal plants. 
Carbohydrate polymers. 61:1.111-114. DOI: 10.1016/j.carbpol.2005.03.017.

Winkelmann, T. and Serek, M. (2005): Genotypic differences in callus formation and regeneration of somatic 
embryos in Cyclamen persicum Mill. Euphytica. 144:1-2.109-117. DOI: 10.1007/s10681-005-5038-x.


	Prologue
							Márton Jolánkai  

	The effects of wastewater irrigation on the yield of energy willow and soil sodicity
	Ágnes KUN1 – Csaba BOZÁN2 – Károly BARTA3 – Mária B. ONCSIK4

	Model study to investigate the toxic interaction between glyphosate herbicide and lead acetate on chicken embryos
	Rita SZABÓ1 – Géza SZEMERÉDY1 – Adrienn GRÚZ1– Péter BUDAI1 – 
József LEHEL2

	The effect of sowing date and plant density on yield elements of different winter oilseed rape (Brassica napus var. napus f. biennis L.) genotypes
	Éva VINCZE

	Responses of maize (Zea mays L.) roots to soil condition in an extreme growing season
	Igor DEKEMATI1 – Zoltán RADICS1 – Zoltán KENDE1 – Igor BOGUNOVIC2 – 
Márta BIRKÁS1 

	Measuring and mapping within-field soil moisture content for precision (site-specific) plant production
	Gabor MILICS1 – Viliam NAGY2 – Tomas ORFANUS2

	The natural viral infections of the weedy Panicum miliaceum (L.)
	György PÁSZTOR - Rita SZABÓ - András TAKÁCS - Ágnes HENÉZI - 
Erzsébet NÁDASY

	Abiotic stress impacts caused by weather and nutrient replenishment on the yield of maize (Zea mays L)
	Adrienn SZÉLES1 – Péter RAGÁN1 – János NAGY1

	Inland excess water hazard on the flat lands in Hungary
	Csaba BOZÁN1 – János KÖRÖSPARTI1 – Gábor ANDRÁSI1 – Norbert TÚRI1 – 
László PÁSZTOR2

	Impacts of arbuscular mycorrhizal fungi on plant growth and yield of three pepper genotypes
	Hong Duc NGUYEN – Au Trung VO – Katalin POSTA 

	Wheat genotypes under reduced nitrogen supply: changes in chlorophyll fluorescence parameters 
	Szilvia VERES1 – Attila SIMKÓ1 – László KISS1 – László ZSOMBIK2 

	Activated charcoal improves growth of F. imperialis propagated by indirect organogenesis
	Nigar SAEED 1,2* - Sabahattin CÖMERTPAY3

	Effects of soil tillage systems and fertilization on the CO2 emission of chernozem soil 
	Ágnes TÖRŐ – András TAMÁS – Tamás RÁTONYI – Endre HARSÁNYI

	Gene expression of glutathione-S-transferase in sunflower (Helianthus annuus L.) inoculated with arbuscular mycorrhizal fungi under temperature stresses
	Zoltán MAYER – Nguyen HONG DUC – Katalin POSTA

	The comparison of spring to early summer SPAD values of various winter cereals
	Ákos TARNAWA 1 – Laura CZERŐDINÉ KEMPF 1 – Ferenc NYÁRAI-HORVÁTH 1 – András MÁTÉ 1 – Zsolt SZENTPÉTERY 2

	Effect of salinity on rice (Oryza sativa L.) in seedling stage
	Árpád SZÉKELY1 – Tímea SZALÓKI1 – János PAUK2 - Mihály JANCSÓ1 

	Performance of rice varieties under aerobic conditions in Hungary
	Mihály JANCSÓ1 – Árpád SZÉKELY1 – Tímea SZALÓKI1 – Csaba LANTOS2 – 
János PAUK2

	The marigold’s (Calendula officinalis L.) drug yield and economic value changes over time and composition of the essential oil active agents under different fertilization settings
	Judit Éva Lelesz1 – József Csajbók2

	Aluminum-toxicity responses in Phaseolus vulgaris L. genotypes
	Brigitta TÓTH1 –  Michael A. GRUSAK2

	Effect of aluminum and bacteria fertilizer treatment on the Vigna radiata root growth and photosynthetic activity on early growth stage
	Dávid KACZUR1 –  Csaba BOJTOR1 –  Gerda HANKOVSZKY1 –  Szilvia VERES2 –  
Brigitta TÓTH1 

	The effects of two pesticides on the mortality and reproduction of Folsomia candida
	Adrienn GRÚZ1 – Dóra VARJAS-BODROG1 – Rita SZABÓ1 – József LEHEL2 – 
Péter BUDAI1

	Herbicidal activity and inhibitory potency of two essential oils on weeds under natural condition
	Kamel MOUSSAOUIl  ─ Karima BABA-AISSA1 ─  Islam ZEKKARI1 ─ Abdelhamid BOUCHERF1  ─  Zahr-Eddine DJAZOULI1

	Biocidal effect of two formulated essential oils compared with a synthetic product on a green aphid Chaitophorus leucomelas (KOCH, 1854) of black poplar Populus nigra (L, 1753) 
	Karima BABA-AISSA 1 ─ Kamel MOUSSAOUI 1 ─ Asma BERDIA 1 ─ 
Nesrine MECHERI1 ─ Zahr-Eddine DJAZOULI 1

	Three different genotypes of maize hybrids yield response to sowing date and plant density changes
	Ákos TÓTIN  

	Runoff and infiltration – Case study of a Cambisol
	Judit Alexandra SZABÓ1* – Boglárka SZABÓ2 – Zoltán SZALAI1;3  – Marianna RINGER3  – Gergely JAKAB1;3

	The role of climate strategies and green infrastructure in the adaptation to climate change
	Edit HOYK1 – András Donát KOVÁCS2

	Climate consciousness and adaptation from the viewpoint of farmers
	Jenő Zsolt FARKAS1 – Edit HOYK2

	Nitrate dispersion-diffusion coefficients in agricultural soil profile of Žitný ostrov locality (Slovakia)
	Viera KOVÁČOVÁ

	Effects of carbon dioxide concentration on chlorophyll fluorescence of peas „Pisum sativum L.”
	András TAMÁS1 – Ágnes TÖRŐ1 – Zoltán BALLA2 – Tamás RÁTONYI2 – 
Endre HARSÁNYI2

	Infiltration and runoff measurements on arable land with different slopes and rainfall intensities
	Boglárka SZABÓ1 – Judit SZABÓ2 – Csaba CENTERI1 – Gergely JAKAB2 - Zoltán SZALAI2 

	Impact of crop year and nitrogen topdressing on the quantity and quality of wheat yield
	Adnan Eser – Katalin M. Kassai – Ákos Tarnawa – Ferenc H. Nyárai  – Márton Jolánkai

	Investigation of the phytotoxic effect of herbicide 2,4-D with hormonal function on winter wheat
	György PÁSZTOR - Rita SZABÓ - Erzsébet NÁDASY

	Effect of gluten formation on wheat quality
	Desimir KNEZEVIC1 – Anja ROSANDIC2 – Danijela KONDIC3 – 
Adriana RADOSAVAC4 – Dragana RAJKOVIC5 

	Subalpine Springs (The Krkonoše Mountains National Park): Species Diversity in Relation to Environmental Factors
	Milan SKALICKY1 – Vaclav HEJNAK1 – Josef HAKL2 – Marketa HRONOVSKA1 – Josef HARCARIK3

	Environmental and production aspects of maize cultivation in relation with the different time-applied nitrogen
	Milan MESIC1 – Aleksandra PERCIN1 – Igor BOGUNOVIC1 – Zeljka ZGORELEC1 – Lola GANDJAEVA2 

	Elaboration of the methodology of dew measurement by means of weighing lysimeters
	Krisztina CZELLÉR – Lúcia SINKA – Géza TUBA – József ZSEMBELI

	Complex effect of secondary salinization and composting on soil respiration
	József Zsembeli1 – Yuriko Mori2 – Géza Tuba1 – Krisztina Czellér1 – 
Györgyi KOVÁCS1

	Land cover changes in the Visegrád Group between 1990 and 2012
	József LENNERT

	The determination of the areas at risk of soil degradation by water erosion
	Elena KONDRLOVÁ – Jaroslav ANTAL 

	Risk of soil salinization/sodification in the Danube Lowland after the realization of underground sealing walls between Komárno and Štúrovo, Slovakia 
	Tomáš Orfánus – Anežka Čelková – Viliam Nagy

	Economic Structures of Tobacco Farms: The Case of Denizli Province in Turkey
	Mevlüt GUL1 – Nurgül SALUK1

	Socio-Economic Structure of Buckwheat Farms in Turkey
	Mevlüt GUL1  –  Emine BIRER1

	Nitrogen fertilization analysis on small plot winter wheat (Triticum aestivum L.) experiments
	István BALLA – Gergő Péter KOVÁCS – Péter Pál MIKÓ – Csaba GYURICZA

	Impacts of nutrition and age on the angiological state
	Zsuzsanna SÓFALVY1 – Zsolt SZENTPÉTERY2 

	Appearance of the health – conscious consumer behavior in the V4 countries
	Amelita Kata GÓDOR1 – Éva HEGYES GÖRGÉNYI2

	Changes in capacity and utilization of general practitioner care in Northern Hungary since the EU accession
	Csaba BÁLINT

	Ahlam HAMIM1,2 –  Sevastianos ROUSSOS3 – Robin DUPONNOIS4 – 
Rachid MRABET2 – Mohamed HAFIDI1
	Estimation of different fractions of organic carbon and it’s implication to carbon dynamics in agricultural soil 
	Nandkishor  MORE – Ashima SINGH  – Rana Pratap SINGH 

	Water deficit irrigation strategy and arbuscular mycorrhizae application in field crop production
	Jawdat BAKR1,3 – Hussein G. DAOOD2– Lajos HELYES3 – Katalin POSTA4

	Status of plant available phosphorus in Nisava area of the South and Eastern Serbia 
	Miodrag JELIC 1 – Violeta MAKLENOVIC2 – Vlado KOVACEVIC3  – Desimir KNEZEVIC1 – Aleksandar PAUNOVIC4

	Integration of the traits of life history “fitness” of the black bupreste in his environment
	Latifa BRAHIMI1.2  –  Nawel MEKIOUS1  –  Zahreddine DJAZOULI1

	Reviews & project communications
	Cultural and economic aspects of the Roman limes route in Hungary 
	Lajos Szabó1 - Bulcsú Remenyik2

	Agronomic impacts on the performance of active ingredients of hemp (Cannabis sativa L) plant
	Laura CZERŐDINÉ KEMPF1 – Zuzana FINTA2 - Ákos TARNAWA 1

	Support of implementation process of EU directive 2007/60/EC on the assessment and management of flood risks in Georgia
	Peter STRADIOT

	Storage proteins in wheat (Triticum aestivum L.) and impact of mycotoxins affecting quality and quantity with focus on nitrogen supply
	Adnan ESER

	Determining the main physical characteristics of fertilisers
	Zoltán BALLA – András TAMÁS – András VÁNTUS – Zoltán HAGYMÁSSY

	Methodological approach in rehabilitating coal ash disposal sites from thermoelectric power plants and mitigation of environmental risks
	Hamid ČUSTOVIĆ1 – Melisa LJUŠA1 – Emira HUKIĆ2
	Index
	Sponsors


