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Abstract: Most of tomato production areas are limited in water during its growing season, therefore irrigation is
needed to optimize the productivity, but higher yield results in Brix losses and adversely affect fruits quality. In
this field-based study processing tomato (Lycopersicum esculentum Mill. “‘Uno rosso F1’) seedlings inoculated
with arbuscular mycorrhizae (AM) compared to non-inoculated (Control) were subjected to three irrigation
regimes: Amply irrigation (IR ), water deficit irrigation (IR,)), and non-irrigated (IR ) depending on crop
daily water requirement and by adjusting the irrigation water amount. Effects of irrigation water amount, AM
inoculation, and their interaction on plant growth, water use efficiency (WUE), fruits quantity, and fruits quality
were determined. AM plants performed better growth and increased the WUE remarkably compared to Control
plants. In Control plants marketable yield decreased by (10%) when irrigation water reduced by half, and by
(30%) in unirrigated compared to the potential yield in amply irrigation. Mycorrhizal inoculation improved
marketable yield by (11%) in IR, (9%) in IR, and the highest yield increase was by (59%) in IR, More
mycorrhizal contribution (37%) to fruit production was observed in IR, water regime. Water supply increased
the yield from (65 t ha') to (85 t ha') and resulted in a (0.5) °Brix lose, but mycorrhizal inoculation slightly
enhanced the °Brix in marketable fruits.
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Changes in climate patterns disturbed the global water cycle especially precipitation
aspects, where regional differences in precipitation amount is evidently observed and many
areas faced more intense drought (Trenberth et al., 2014). Water restriction especially in
water limited environments affects the production of processing tomato negatively, due
its summer growing season and high water demand (Patane et al., 2011). The fact that
higher tomato paste from processed tomatoes, and lower energy cost for volatilization
during the processing as a result of high soluble solid content in produced fruits makes
°Brix the most important ingredient in processing tomatoes (Barrios-Masias and Jackson,
2014). Carotenoids are organic pigments that human body cannot create them and they are
playing an important role in cell function.

Arbuscular mycorrhizal fungi (AMF) settle symbiosis relationship with most plant
families (Smith and Read, 2008), and processing tomato can establish this symbiotic
relationship with AMF too. This symbiont relationship backs up tomato plants to avoid
water lack stress (Bakr et al., 2017; Candido et al., 2015), while the host plant supplies the
fungus with photosynthates and an ecological niche. The improvement direct and indirect
water uptake by AMF (Ruth et al., 2011), is also accompanied by enhancement in nutrient
acquisition and uptake especially phosphorus (P), leading to better water retention in
plant, enhanced physiological functions, and better growth (Augé, 2001; Smith and Read,
2008) more efficiently under dry soil conditions (Neumann and George, 2004). Further
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inoculation with commercial inoculum did enhance crop productivity and colonization
rate, with no quality improvement (Bakr et al., 2017; Candido et al., 2015). In tomato,
antioxidants composition is affected by abiotic factors such as irrigation, temperature,
and light (Pék et al., 2014), but mycorrhization could improve lycopene and B-carotene in
fruits (Ulrichs et al., 2008).

This field based experiment is to evaluate effects of the commercial bio-inoculant
Symbivit®, and different irrigation regimes on growth, production, fruit nutritional
content, agronomical water use efficiency of Uno Rosso processing tomato.

Materials and methods

Seeds of processing tomato UNO ROSSO F1 (United Genetics Seeds Co. CA, USA),
were sown on April 13 in (Klasmann TS3) substrate and inoculated with the arbuscular
mycorrhizae (AM) or not (Control). The commercial inoculum Symbivit® (mixture of
G. mosseae, G. etunicatum, G. claroideum, G. microaggregatum, G. geosporum, and R.
irregularis) produced by Symbiom Ltd. (Czech Republic, www.symbiom.cz) was used by
adding 25 grams of the inoculum to each litter substrate.

The experimental farm arranged in a randomized block design with three irrigation regime
blocks: Amply irrigation (IR ), water deficit irrigation (IR,)), and unirrigated (IR)
depending on crop daily water requirement and by adjusting the irrigation water amount
through a dripping system. Seedlings were arranged in double (twin) rows with 1.1 m and
0.4 m inter rows distance and 0.2 m between plants. Depending on air temperature (data
taken from the National Metrological institute) plants daily water requirement calculated
(daily water demand mm = average daily Temperature °C x 0.2 mm °C™') after Pék et al.
(2014). The experimental site had a brown forest soil, loamy in texture (41% sand, 47.5%
silt, and 11.5% clay) with a bulk density of 1.49g cm™, 25% field capacity, neutral in pH,
free from salinity (0.212 dS m™), low in organic matter 1.4%, and contains [(NO, -N (8.6
gkg"), P,0, (8 gkg"), K,0 (56.7 g kg")] super elements. After one month of growth and
during transplanting AM seedlings were re-inoculated by adding 20 grams of Symbivit®
to the planting hole. According to Helyes and Varga (1994) plant nutrition requirements
and plant protection were regulated throughout the growing season. After 100 days of
growing the seedlings in the field, fruits and total biomass were harvested on August 23.

Plants roots were stained by Trypan Blue after Phillips and Hayman (1970). A
stereomicroscope at X 100 magnification was used to determine internal fungal structures
(hyphae, arbuscules), and gridline intersect method (Giovannetti and Mosse, 1980) was
used to calculate root length colonization in percentage.

Water use efficiency (WUE) was calculated depending on total marketable fruit (WUE =
kg marketable fruit per hectare/ water consumed per hectare m?).

Extraction of carotenoids and °Brix determination: The pigments from raw tomato
were extracted according to a previously described procedure with slight modification
(Abushita et al., 2000). A Hitachi Chromaster HPLC instrument, which consists of a
Model 5110 Pump, a Model 5210 Auto Sampler, a Model 5430 Diode Array detector, and
a Model 5440 Fluorescence detector, was used for the determination of all compounds.
Digital Refractometer Kriiss DR201-95 (Kiiss Optronic, Hamburg, Germany) was used to
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estimate the soluble solid content (°Brix).

Statistical analysis: SPSS Version 22.0. (IBM Hungary, Budapest, Hungary) was use to
perform statistical analyses. Effects of mycorrhizae, irrigation level, and their interaction
were determined by two-way ANOVA. Means (n=4) with different letters are significantly
different at (P<0.05) as determined by Tukey test. Capital letters represent mycorrhizal
inoculation effect; small letters represent irrigation effect.

Results and discussion

The first month of the growing season experienced regular with sufficient amount of rain,
therefore irrigation induced after 5 weeks of transplanting. Throughout the growing season
the experimental field supplied 296 mm of rain with couple heavy rain events in the mid
of July. Irrigation resulted in 480 mm in IR100 and 388 mm in IR50 including 296 mm of
rain, while IR0 block received only 296 mm of rainfall (Fig. 1).
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Figure 1. Average daily temperature, precipitation, and accumulative irrigation amount in 2016.

Control plants showed relatively high colonization rates (51, 58, and 53%), but mycorrhizal
inoculation raised the root colonization in AM plants to (70, 73, and 71%) in IR0, IR50, and
IR100 respectively (Fig. 2). The relatively high root colonization levels in control plants
is due to natural occurrence of AMF in most of the agricultural soils in Hungary, where
Glomeraceae family is dominating the mycorrhizal community (Magurno et al., 2015), and
the fact that even the agronomical practices such as winter tillage and bar fallow did not
reduce AM colonization potential (Bakr et al., 2017). Mycorrhizal inoculation increased
the above ground total biomass in AM plants by 4%, 34%, and 9% in IR, IR, and IR,
respectively compared to Control plants (Fig. 2), and this in compatible with (Lekberg et al.,
2005; Ortas et al., 2013) additional mycorrhization enhances the growth in field crops, and
in processing tomato (Bakr et al., 2017; Candido et al., 2015). The growth enhancement is
related to better nutrient (Augé, 2001) and water (Ruth el at., 2011) uptake from the soil.

Better water uptake in AM plants improved the water use efficiency slightly in IR , and
IR, with most efficient use of water (29.6 kg/m’) in IR, (Fig. 3); more efficient water use
by mycorrhized tomatoes was also observed in previous field grown tomatoes (Bakr et al.
2017; Bowles et al. 2016).
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Figure 2. Root colonization rate (%), and total biomass

(ton per hectar) of Control plants (empty bars), and AM

plants (filled bars) under different irrigation regimes.
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Figure 3. Water use efficiency (WUE) (vield kg / water consumption m3), and total biomass (ton/ hectar)

Irrigation did increase marketable yield from 65 to 72, and 85 tons per hectare in IR,

R, and IR, in non-inoculated plants, but not reaching significant levels statistically.
AM plants raised the yield by 9% when fully irrigated, and by 59% under deficit irrigation
regime similar to that of Bakr et al. (2017) on a sandy loam field using the same commercial
inoculum Symbivit®, and exceeding results of Bowles et al. (2016), who recorded an
increase of 28% in mycorrhized tomatoes on a very fine sandy loam field under deficit

water conditions.
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Figure 4. Yield impact on (a) soluble solid (°Brix) content, and (b) soluble solid production per unit area.

In Control plants a loss of a half unit of °Brix was registered when marketable fruit raised
from (65 t ha') to (85 t ha!) due watering increase to optimal level (Fig. 4a). Despite
losses in soluble solid content in non-inoculated plants, yield increase recompensed this
loss and soluble solid was increased as a mass production per area, while this trend was
more pronounced in AM fruits with a very strong positive relation (r = 0.83) between
soluble solid production and yield production per unite area (Fig. 4b). Unlike Control
plants, mycorrhizal inoculation slightly enhanced the °Brix content in marketable fruits (r
= 0.12) along with the yield increase.
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Table 1. Fruit and antioxidant concentrations (ug g")

Irrigation  Treatment °Brix Total Carotene Lycopene B-Caroten Ascorbic Acid

IR Control ~ 3.7%40.1 3138432 20580 £10 13.58¢+2 331423

0 AM 4.182+0.2 28242 +32 1654 +23 9.7% +1 2934 +61

IR Control ~ 4.5%°+0.4 23340426 1884°+26 10.140 +1 418%+39

50 AM 4.282+0.7 28142 +42 18540 423 9.7 £.2 3740 45

IR Control ~ 3.24°+0.2 1814 £11 954 £19 5.4% 1] 3347 +74

100 AM 3.4%40.1 43750 £50 2738 +30 17.2%° +4 236" £72

Significant of Source of variation (ns= not significant, * P<0.05, ** P<0.01, *** P<0.001)

Mycorrhizae (M) *k seokok ok *k ok
Irrigation (IR) HAE * ns ns *
M*IR ns kskok skkok skskok ns

In control plants, decreasing irrigation positively affected and increased significantly the
total carotenoids concentration in marketable fruits from 181 pg g'in IR to 233 pg g
inIR,,and 313 ug g"' in IR . The same was observed for lycopene, and B-Carotene and
along gradients of decreasing irrigation amount lycopene, and B-Carotene concentrations
were increased gradually, but this enhancement is accompanied by a decrease in
marketable fruit (Table 1). Despite, slight changes within the same treatment and between
the treatments, ascorbic acid levels have not shown a clear trend.

In addition to the increase in fresh fruit biomass by 11% and 59% in both IR, and IR,
regimes, mycorrhization could preserve the high antioxidant levels. Moreover, beside
the yield improvement in AM plants, mycorrhizal inoculation did increased the total
carotenoids by 2.5 folds, and tripled both lycopene and B-Carotene content in ripened
fruits in IR, , compared to Control plants (Table 1). This scored for the mycorrhizal fungi
effects in optimizing the yield with respect to the quality that not achieved in a previous
study (Bakr et al., 2017). The enhancement in nutrient acquisition from the soil due to
mycorrhization may resulted in better accumulation of the antioxidants in tomato fruits
which also reported by Ulrichs et al. (2008).

Conclusion

This study illustrated field based evident that water deficit irrigation and arbuscular
mycorrhizae field inoculation can be followed as an effective strategy in field crop mass
production especially in limited water environments. AM enhanced the water uptake and
did make considerable improvement in water use efficiency, production, and guarantee
high quality when it is combined with deficit irrigation. More studies needed to standardize
the application of AMF, and irrigation strategy as well especially under field condition
where many environmental and biological aspects are interacting.

Acknowledgement

Thanks to Stipendium Hungaricum, and Research Centre of Excellence - 8526-5/2015/
TUDPOL, for supporting this study.

References

Abushita, A.A., Daood, H.G., Biacs, P.A. (2000): Change in carotenoids and antioxidant vitamins in tomato as a
function of varietal and technological factors. Journal of Agricultural and Food Chemistry. 48:6. 2075-2081.
DOI: 10.1021/jf990715p

Augé, R.M. (2001): Water relations, drought and vesicular-arbuscular mycorrhiza symbiosis. Mycorrhiza 11:1.
3-42. DOL: 10.1007/s005720100097

DOI: 10.18380/SZIE.COLUM.2017.4.1.suppl | 269



16t Alps-Adria Workshop — Synergism in science Opatija, Croatia— 2017

Bakr, J., Daood, H.G., P¢k, Z., Helyes, L., Posta, K. (2017): Yield and quality of mycorrhized processing tomato
under water scarcity. Applied Ecology and Environmental Research. 15:1. 401-413.

Barrios-Masias, F.H. and Jackson, L.E. (2014): California processing tomatoes: Morphological, physiological
and phenological traits associated with crop improvement during the last 80 years. European Journal of
Agronomy. 53: 45-55. DOI: 10.1016/j.€ja.2013.11.007

Bowles, T.M., Barrios-Masias, F.H. , Carlisle, E.A., Cavagnaro, T.R., Jackson, L.E. (2016): Effects of arbuscular
mycorrhizae on tomato yield, nutrient uptake, water relations, and soil carbon dynamics under deficit
irrigation in field conditions. Science of the Total Environment. 566-567: 1223-1234. DOI: 10.1016/j.
scitotenv.2016.05.178

Candido, V., Campanelli, G., D’Addabbo, T., Castronuovo, D., Perniola, M., Camele, 1. (2015): Growth and
yield promoting effect of artificial mycorrhization on field tomato at different irrigation regimes. Scientia
Horticulturae. 187: 35-43. DOI: 10.1016/j.sctenta.2015.02.033

Giovannetti, M. and Mosse, B. (1980): Evaluation of the techniques for measuring vesicular arbuscular
mycorrhizal infections in roots. New Phytologist. 84:3. 489-500. DOI: 10.1111/j.1469-8137.1980.tb04556.x

Helyes, L. and Varga, G. (1994): Irrigation demand of tomato according to the results of three decades. Acta
Horticulturae. 367. 323-328. DOI: 10.17660/actahortic.1994.376.44

Lekberg, Y. and Koide, R.T. (2005): Is plant performance limited by abundance of arbuscular mycorrhizal fungi?
A meta-analysis of studies published between 1988 and 2003. New Phytologist. 168:1. 189-204. DOI:
10.1111/5.1469-8137.2005.01490.x

Magurno, F., Sasvari, Z., Posta, K. (2015): Assessment of native arbuscular mycorrhizal fungi assemblages
under different regimes of crop rotation. Applied Ecology and Environmental Research. 13:4. 1215-1229.
DOL: 10.15666/acer/1304 1215229

Neumann, E., and George, E. (2004): Colonisation with the arbuscular mycorrhizal fungus Glomus mosseae
(Nicol. & Gerd.) enhanced phosphorus uptake from dry soil in Sorghum bicolor (L.). Plant and Soil. 261:1/2.
245-255. DOIL: 10.1023/b:pls0.000003557394425.60

Ortas, ., Sari, N., Akpinar, C., Yetisir, H. (2013): Selection of arbuscular mycorrhizal fungi species for tomato
seedling growth, mycorrhizal dependency and nutrient uptake. European Journal of Horticultural Science.
78(5): 209-218.

Patane, C., Tringali, S., Sortino, O. (2011): Effects of deficit irrigation on biomass, yield, water productivity and
fruit quality of processing tomato under semi-arid mediterranean climate conditions. Scientia Horticulturae.
129:4. 590-596. DOI: 10.1016/j.scienta.2011.04.030

Pék, Z., Szuvandzsiev, P., Daood, H., Neményi, A., Helyes, L. (2014): Effect of irrigation on yield parameters
and antioxidant profiles of processing cherry tomato. Open Life Science. 9:4.: 383-395.DOI: 10.2478/
s11535-013-0279-5

Phillips, J.M. and Hayman, D.S. (1970): Improved procedures for clearing roots and staining parasitic and
vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the British
Mycological Society. 55:1. 158-161. DOI: 10.1016/s0007-1536(70)80110-3

Ruth, B., Khalvati, M., Schmidhalter, U. (2011): Quantification of mycorrhizal water uptake via high-resolution
on-line water content sensors. Plant and Soil. 342:1-2. 459-468. DOI: 10.1007/s11104-010-0709-3

Smith, S.E. and Read, D.J. (2008): Mycorrhizal symbiosis, 3rd edition. Academic Press, London.117-144. DOI:
10.1016/b978-012370526-6.50006-4

Trenberth, K.E., Dai, A., van der Schrier, G., Jones, P.D., Barichivich, J., Briffa, K.R., Sheffield, J. (2014):
Global warming and changes in drought. Nature Climate Change. 4:1. 17-22. DOI: 10.1038/nclimate2067

Ulrichs, C., Fischer, G., Biittner, C., Mewis, 1. (2008): Comparison of lycopene, b-carotene and phenolic contents
of tomato using environmental and horticultural practices, and arbuscular mycorrhizal fungi (AMF).
Agronomia Colombiana. 26:1. 40-46

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


https://www.researchgate.net/researcher/76183048_N_Sari
https://www.researchgate.net/researcher/81406452_C_Akpinar
https://www.researchgate.net/researcher/73485046_H_Yetisir
https://www.researchgate.net/journal/1611-4426_European_Journal_of_Horticultural_Science

	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


