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Abstract—Using adequate nitrogen (N) supply is one of the 
main goals of sustainable plant production. Excessive 
application leads to health, environmental and economic 
problems. Horticultural systems are more sensitive but 
beside the question of sustainable agriculture, the demand 
for N fertilizers remains strong. Being ‘green’, but satisfied, 
we need to know the exact amount of N, which is sufficient 
and no more, or need to find efficient genotypes for 
adequate N use efficiency. The objectives of this research 
were to investigate photosynthetic capacity of cucumber 
(Cucumis sativus L cv. Rajnai fürtös) seedlings under 
different amount of N supply (5 times, half times, tenth of 
optimal N in the nutrient solution) in hydroponic conditions. 
The dry weight of root and shoot, the relative chlorophyll 
content (SPAD value), photosynthetic pigments content and 
optimal photochemical activity (Fv/Fm) were measured. The 
half reduction of optimal N supply did not reduce our 
measured parameters, the relatively large nitrogen 
deprivation did not cause significant differences compared 
to the optimal nitrogen supply.   
 
Index Terms—cucumber, nitrogen, SPAD value, chlorophyll, 
carotenoids, chlorophyll fluorescence 
 

I. INTRODUCTION 

The main goal of sustainable agriculture is to feed the 
increasing global population and agree with heath-, 
environmental and economic criterions. The basis of 
successful plant production is the adequate nutrient 
supply. The intensive nutrient supply is crucial for 
horticultural plant systems, because they need to produce 
high amount with excellent quality on relative small 
fields. Nowadays horticultural systems are concentrated 
on quality in which the nutrient supply is fundamental. 
Using chemical nitrogen (N) fertilizers is the main tool 
for improving plant production. It is well known, that 
vegetables are sensitive for nitrate accumulation, which 
needs more cautions. Besides this dangerous nitrate 
accumulation – mainly for babies – nitrate, as a mobile 
ion, can leach from the soil and leads to environmental 
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problems [1]. Use of excess nitrogen supply also can 
causes economic problems for agrarians.  

The demand for higher amount for food with better 
quality is getting higher and higher. Nitrogen, often a 
limiting resource for plant growth as in cucumber [2], is 
required by plants in great quantities than any other 
mineral element. The main reason of reduced growth may 
have a declined stimulation of nitrate-reductase enzyme 
due to the insufficient N supply [3]. Nitrogen is the core 
constituent of a plant’s nucleic acid, proteins, enzymes, 
and cell wall and pigment system [4]. Nitrogen nutrition 
influences the plant photosynthetic capacity through the 
decrease of synthesis of several key photosynthetic 
enzymes, especially of Rubisco (ribulose-1, 5-
bisphosphate carboxylase/oxygenase), thus affecting the 
carbon assimilation, and subsequently also the 
photochemical processes in thylakoid membranes [5]. 
Rubisco is the most abundant protein on earth and 
contributes a high percentage to the total leaf nitrogen in 
C3 plants [6]. 

Besides of Rubisco, chlorophylls also contain 
relatively high portion of nitrogen. In addition to 
indicating plant nitrogen status, chlorophyll content is an 
important indicator of leaf senescence [7], and it can also 
be altered in response to environmental stresses [8]. 
Extraction of photosynthetic pigments from leaf tissue is 
useful quantitative and qualitative method for getting 
information about chlorophyll-a, -b and total carotenoids 
as well. Carotenoids have photoprotective role, mainly if 
the chlorophyll concentration is reduced by different 
environmental factors, like nutrient deficiency. In 
photosystem two (PSII), carotenoids can deactivate 3Chl* 
and 1O2

*, and reduce reactive oxygen species formation 
due to the thermal dissipation of excess light energy 
because of nutrient deprivation [9], [10]. Nondestructive 
analysis of relative chlorophyll content with chlorophyll 
meters, for example the SPAD-502, provide a simple, 
quick, and nondestructive method for estimating leaf 
chlorophyll content [11], [12]. 

The chlorophyll fluorescence induction curve has 
several parameters for characterizing plant conditions. In 
dark adapted samples the value of Fv/Fm, as potential 
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photochemical efficiency of photosystem two (PSII) 
estimates the maximum portion of absorbed quanta used 
in PSII reaction centers [13]. The indicator function of 
chlorophyll fluorescence is originated from the fact that 
fluorescence emission is complementary to alternative 
pathways of de-excitation which are primarily 
photochemistry and heat dissipation [14]. In healthy 
leaves, this value is always close to 0.8, independently of 
the plant species studied. A lower value indicates that a 
proportion of PSII reaction centers are damaged, a 
phenomenon called photoinhibition, often observed in 
plants under stress conditions. 

The objectives of this study were to determine the 
effects of different N supply – deficiency and excess – on 
the photosynthetic capacity of cucumber in early growth 
stage. Measuring several parameters which characterized 
plant production is a tool for evaluate the optimal 
nitrogen content for this genotype and help to find 
parameter to detect and catch insufficient N.  

II. MATERIALS AND METHODS 

A. Materials 
Cucumber (Cucumis sativus L cv. Rajnai fürtös) 

seedlings (24 days old) were used in our experiments 
under hydroponic conditions. The seeds were germinated 
on moistened filter paper at 25oC. After eight days the 
seedlings were transferred to a continuously aerated 
nutrient solution of the following composition: 2.0 mM 
Ca(NO

3
)

2
, 0.7 mM K

2
SO

4
, 0.5 mM MgSO

4
, 0.1 mM 

KH
2
PO

4
, 0.1 mM KCl, 1μM H

3
BO

3
, 1μM MnSO

4
, 0.25 

μM CuSO
4
, 0.01 μM (NH

4
)

6
Mo

7
O

24
. The H

3
BO

3 
concentrations were 10μM and iron was added to the 
nutrient solution as Fe-EDTA in a concentration of 10

-4
M.  

Three separated pots were set up in each treatment 
with 4 plants respectively. The following treatments were 
applied: optimal N content (control), 5 times of optimal N 
(5*N), half times of optimal N (1/2*N), tenth of optimal 
N (1/10*N) and no N in the nutrient solution (N-). The 
total N deprivation caused plants’ death on the 10th day. 
The experiments were set up in the controlled 
environmental room. The light intensity was 300 µmolm-

2s-1, the day/night temperature was 25/20°C, the 
day/night time period was 16h/8h and the relative 
humidity was 65-75 %.  

B. Methods 
1) Dry weight determination of root and shoot 
The actual dry weight of plant parts – root and shoot - 

was determined with thermal gravimetric analysis. The 
twenty four days old seedlings were separated to roots 
and shoots. Different parts were stored in the oven with 
65oC for three days and measured the dry weight (g 
shoot-1 and g root-1) with analytical balance (OHAUS 
Explorer, Switzerland). 

2) Determination of photosynthetic pigment contents 
Chlorophyll-a, chlorophyll-b and total carotenoid 

contents were analyzed with UV/VIS spectrophotometer 
(Metertech SP-80, Taiwan). The extraction was prepared 

according to Moran and Porath (1989) [15]. The amount 
of chlorophyll-a, chlorophyll-b and total carotenoid 
content was calculated by Wellburne (1994) [16] 
formulas. For these measurements younger (4th) and older 
(1st) leaves were used in all treatments. 

3) Relative chlorophyll content measurements (SPAD 
value) 

The relative chlorophyll contents (SPAD value) of 
younger (4th) and older (1st) leaves were determined by 
relative chlorophyll meter (SPAD-502, Minolta, Japan). 
Three plants were measured per plots and each leaf the 
average value was calculated from 5 measurements. 

4) Measurement of maximal photochemical activity 
(Fv/Fm) with the chlorophyll fluorescence method 

The parameters of in vivo chlorophyll fluorescence 
were detected with a PAM 2001 (Walz, Germany) 
modulated light fluorometer as described by Schreiber et 
al. (1986) [17]. Samples were dark-adapted for 30 
minutes. After dark adaptation, the initial fluorescence 
(F0) was excited by weak light (0.1 µmolm-2s-1). The 
maximal fluorescence (Fm) was induced by white 
saturating flash (8 000 µmolm-2s-1). In this condition, QA, 
the first electron acceptor of PSII (photosystem two), is 
fully reduced. This allows the determination of the 
maximum quantum efficiency of photosystem II (PSII) 
primary photochemistry, given by Fv/Fm = (Fm-Fo)/Fm, 
as potential photochemical activity of leaves [13].  

5) Statistical analysis 
The number of replicates were 3-6. Analysis of 

Variance (ANOVA) was performed and using the 
Duncan’s Multiple Range Test for mean separation. The 
data regarding the samples were presented as mean 
values±standard errors and analyzed using the t-test 
statistical analysis. The analysis of all data was conducted 
using SigmaPlot for Windows Version 12.0 (Systat 
Software Inc., Germany), with the significant level 
determined at 95% confidence limit (p≤0.05). 

III.   RESULT AND DISCUSSION 

Due to the reduced N application generally reduce the 
growth of plants [18]. The dry weight of control shoot 
was 0.972 g (±0.216 g), and root 0.133 g (±0.046g) (Fig. 
1). The excess nitrogen application (5*N) increased the 
shoot dry weight by 4%, and the half N deprivation 
(1/2*N) also increased it by 13%. The larger N 
deprivation (1/10*N) significantly reduced the shoot dry 
weight by 39%. The root dry weight declined with 10% 
by the effect of 5-times more nitrogen, compare to the 
control value. The nitrogen deprivation induced higher 
root dry weight by 19% in ½-N and by 59% in 1/10*N 
compared to the control. Nitrogen nutrition has 
significant effects on root and shoot relations [19]. 
Nitrogen deficiency increased root surface area and 
decreased shoot growth resulted in a higher root/shoot 
ratio, because increased consumption of assimilates and 
reduced the amount of nitrogen transported to shoot and 
resulted in an increased root and shoot ratio [19], [20], 
[21]. Nitrogen in excess causes an excessive shoot growth, 
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reduced the assimilate availability for root, and reduced 
the root and shoot ratio [19].  
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Figure 1. Changes of shoot and root dry weight (g) by nitrogen 
treatment: 5 times more (5*N), half amount (1/2*N) and tenths (1/10*N) 

than the control. n=6, ±s.e. Significant differences compared to the 
control: ***p<0.001.  

In our experiment the 50% nitrogen deprivation (1/2*N) 
did not cause significant reduction in shoot dry weight, 
rather than conversely caused higher dry weight. This 
treatment slightly increased the dry weight of shoot as 
published by Zhang et al. [19].  

Photosynthetic pigment content plays a critical role in 
photosynthesis. The amount of chlorophylls has a close 
correlation with photosynthetic capacity of plants [22]. 
The chlorophyll meter (or SPAD meter) is a simple, 
portable diagnostic tool for nondestructive estimation of 
leaf chlorophyll content [23].  
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Figure 2. Changes of relative chlorophyll content (SPAD value) of 

older (1st) and younger (4th) leaves of cucumber seedlings affecting by 
nitrogen treatments: 5 times more (5*N), half amount (1/2*N) and 
tenths (1/10*N) than the control. n=9, ±s.e. Significant differences 

compared to the control: *p≤0.05, **p≤0.01, ***p≤0.001  

According to our results in control plants the SPAD 
value was 50.8 (±8.03) in older and 43.9 (±2.3) in 
younger leaves of cucumber seedlings (Fig. 2). Five times 
more N supply resulted in higher value of SPAD by 16% 
in older and by 11% higher in younger leaves. Half 
amount of N (1/2*N) the SPAD values also were higher 
in older and younger leaves as well (124% and 1.8%, 
respectively) compared to the control value. The higher N 
deprivation (1/10*N) caused reduction in relative 
chlorophyll content. Consequently, the distribution of leaf 
SPAD values is affected by nitrogen availability, with 
differences between older and younger leaves decreasing 

with increasing N applications as found Yang et al. in 
rice as well [24]. 

Besides the amount of chlorophylls, the quality of 
photosynthetic pigments also determinant in plant 
production. In plant’s chloroplasts two groups of 
photosynthetic pigments take place: chlorophylls and 
carotenoids. Chlorophylls (a and b) are sensitive for 
several stress which diminish the photosynthetic activity, 
such as nutrient deprivation, and leads to reduction in 
their content. Kyparissis et al., [25] and Munné-Bosch 
and Alegre [26] published, that this decline is a kind of 
down-regulation to reduce oxidative damages caused by 
excess light. Carotenoids play a central role in the 
deactivation of reactive oxygen species formation due to 
the thermal dissipation of excess light energy [9]. 

TABLE I.  PHOTOSYNTHETIC PIGMENT (CHLOROPHYLL-A, B AND 
CAROTENOIDS) CONTENT (MG G-1) IN OLDER (1ST) AND YOUNGER (4TH) 

LEAVES OF CUCUMBER SEEDLINGS N=3, ±S.E.  P≤0.05 

treatment 
Photosynthetic pigment content (mg g-1) 
chlorophyll-a chlorophyll-a carotenoids 

 older leaves (1st)  

control 12.1±0.8 4.5±0.4 7.5±0.5 

5*N 12.8±0.4 5.1±0.2 8.6±0.2 

½*N 12.8± 5.1±0.5 7.9±0.4 

1/10*N 8.8±0.5* 3.2±0.3 5.9±0.3 
 younger leaves (4th)  

control 8.6±1.5 6.1±1.2 6.7±0.5 

5*N 14.1±0.1* 5.9±0.2 8.6±0.3 

½*N 13.5±0.3* 5.2±0.3 8.5±0.1 

1/10*N 7.9±0.3 2.5±0.2* 5.5±0.2 

 
With half amount reduced N application did not cause 

a decline in chlorophyll-a content and resulted in slight 
increase in chlorophyll-b and carotenoid contents in older 
leaves (Table I). Interestingly the chlorophyll-a and 
carotenoid contents increased in younger leaves in case of 
50% N application. 

Chlorophyll a fluorescence is a rapid and non-intrusive 
tool used to screen varieties for PSII under different 
stresses [13]. Photosystem II is considered to play an 
important role in the response of higher plants to 
environmental stress [27]. The reduction of CO2 
assimilation by N stress should therefore be reflected in 
the PSII behavior. In a fast phase of chlorophyll-
fluorescence induction curve the differences between 
basic fluorescence (Fo) and maximal fluorescence (Fm) is 
a variable fluorescence (Fv). The ratio of Fv/Fm gives 
information about a maximal/potential efficiency of PSII 
[13]. 

The values of Fv/Fm in dicot plants under optimal 
conditions is 0.832±0.004 [28]. As our figure shows (Fig. 
3) the control values were around this number, and five 
times more and half amount nitrogen supply did not 
caused significant differences compared to the control 
values. Strong nitrogen deprivation (1/10N) significantly 
reduced the maximal efficiency of PSII. Chlorophyll 
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fluorescence method is good tool for establishing plant 
conditions [29], but in our cases two applied nitrogen 
treatments (5*N and 1/2N) did not decline significantly 
the Fv/Fm values. The reason one: the Fv/Fm is not 
sensitive for the applied treatment, or reason two: in this 
cucumber genotype the tolerance of PSII under these 
nutrient supplies is adequate. 

treatment

control 5*N 1/2*N 1/10*N

m
ax

am
al

 p
ho

to
ch

em
ic

al
 e

ffi
ci

en
cy

 o
f P

SI
I (

Fv
/F

m
)

0,70

0,72

0,74

0,76

0,78

0,80

0,82

0,84

0,86

m
ax

am
al

 p
ho

to
ch

em
ic

al
 e

ffi
ci

en
cy

 o
f P

SI
I (

Fv
/F

m
)

0,70

0,72

0,74

0,76

0,78

0,80

0,82

0,84

0,86

older
younger

**

*

 
Figure 3. Values of maximal photochemical efficiency of PSII (Fv/Fm) 

under different nitrogen treatment: 5 times more (5*N), half amount 
(1/2*N) and tenths (1/10*N) than the control. n=6, ±s.e. Significant 

differences compared to the control: *p≤0.05, **p≤0.01.  

Using adequate nitrogen (N) supply is one of the main 
goals of sustainable horticulture. In our experiment we 
made an attempt to fix the nitrogen tolerance of cucumber 
(Cucumis sativus L cv. Rajnai fürtös) in early growth 
stage.  

In conclusion, the measured parameters connected to 
photosynthetic capacity of cucumber seedlings and 
contributed to sustainable food production. Based on our 
results we showed, the relatively large nitrogen 
deprivation did not cause significant differences 
compared to the optimal nitrogen supply. Younger leaves 
had similar reaction to the applied nitrogen supplies, it 
seems, that the nitrogen remobilization strategy of this 
cultivar is considerable. It is strongly recommended to 
consider N supply in different genotypes. 

REFERENCES  
[1] A. V. Barker and H. A. Mills, “Ammonium and nitrate nutrition of 

horticultural crops,” Hort. Rev., vol. 2, pp. 395-423, 1980. 
[2] B. Zhang, Q. Chen, S. Luo, C. Zhang, Q. Yang, and K. Liu, 

“Effects of NPK deficiences on root architecture and growth of 
cucumber,” Int. Journal of Agr. and Bot., vol. 14, no. 1, pp. 145-
148, 2012.  

[3] J. M. Ruiz, and L. Romero, “Cucumber yield and nitrogen 
metabolism in response to nitrogen supply,” Scient. Hort., vol. 82, 
pp. 309-306, 1999. 

[4] A. Krapp, “Plant nitrogen assimilation and its regulation: A 
complex puzzle with missing pieces,” Curr. Opin. Plant Biol., 
vol. 25, pp. 115–122, 2015.  

[5] J. Harbinson, B. Genty, and N. R. Baker, “The relationship 
between CO2 assimilation and electron transport in leaves,” Phot. 
Research, vol. 25, pp. 213–224, 1990.  

[6] U. Feller, S. J. Crafts-Brandner, and M. E. Salvucci, 
“Rubiscolytics: Fate of Rubisco after its enzymatic function in a 
cell is terminated,” Journal of Exp. Bot., vol. 59, pp. 1615-1624, 
2008. 

[7] L. D. Nooden, J. J. Guiamet, and I. John, “Senescence 
mechanism,” Physiol. Plantarum., vol. 101, pp. 746-753, 1997. 

[8] H. S. Neufeld, A. H. Chappelka, G. L. Sommers, K. O. Burkey, A. 
W. Davison, and P. L. Finkelstein, “Visible foliar injury caused by 
ozone alters the relationship between SPAD meter readings and 

chlorophyll concentrations in cutleaf coneflower,” Photosynth. 
Res., vol. 87, pp. 281-286, 2006. 

[9] P. Jahns and A. R. Holzwarth, “The roel of the xanthophylle cycle 
and of lutein in photoprotection of photosystem II,” Biochem. et 
Biophys. Acta – Bioenergetics, vol. 1817, no. 1, pp. 182-193, 2012. 

[10] M. F. Pompelli, S. C. V. Martins, W. C. Antunes, A. R. M. Chaves, 
and F. M. DaMatta, “Photosynthesis and photoprotection in coffee 
leaves is affected by nitrogen and light availabilities in winter 
conditions,” J. of Plant Physiol., vol. 167, pp. 1052-1060, 2010. 

[11] Q. Ling, W. Huang, and P. Jarvis, “Use of a SPAD-502 meter to 
measure leaf chlorophyll concentration in Arabidopsis thaliana,” 
Phot. Research, vol. 107, pp. 209-214, 2011.  

[12] P. C. R. Fontes, and C. de Araujo, “Use of a chlorophyll meter and 
plant visual aspect for nitrogen management in tomato 
fertigation,” J. Appl. Hort., vol. 8, pp. 8-11, 2006. 

[13] K. Maxwell and G. N. Johnson “Chlorophyll fluorescence – a 
practical guide,” Journal of Experimental Botany, vol. 51, pp. 
659-668, 2000. 

[14] G. H. Krause and E. Weis, “Chlorophyll fluorescence and 
photosynthesis: The basics,” Annual Rev. Plant Physiol. Plant Mol. 
Biol., vol. 42, pp. 313-349, 1991. 

[15] A. Moran, and M. Porath “Chlorophyll determination in intact 
tissues using N, N-dimethylformamide,” Plant Physiology, vol. 65, 
no. 3, pp. 478-479, 1980. 

[16] A. R. Wellburn, “The spectral determination of chlorophylls a and 
b, as well as total carotenoids, using various solvents with 
spectrophotometers of different resolution,” Journal of Plant 
Physiology, vol. 144, no. 3, pp. 307-313, 1994. 

[17] U. Schreiber, U. Schliwa, and W. Bilger, “Continuous recording 
of photochemical and non-photochemical chlorophyll fluorescence 
quenching with a new type of modulation fluorometer,” 
Photosynthesis Research, vol. 10, pp. 51-62, 1986. 

[18] B. Bojovic and A. Markovic, “Correlation between nitrogen and 
chlorophyll content in wheat (Triticum aestivum L.),” Kragijevac 
J. Sci., vol. 31, pp. 69-74, 2009. 

[19] Z. P. Shangguan, M. A. Shao, S. J. Ren, L. M. Zhang, and Q. Xue, 
“Effect of nitrogen on root and shoot relations and gas exchange in 
winter wheat,” Bot. Bull. Acad. Sin., vol. 45, pp. 49-54, 2004. 

[20] F. Lioert, C. Casanovas, and J. Penuelas, “Seedling survival of 
Mediterranean shrub land species in relation to root: Shoot ratio, 
seed size and water and nitrogen use,” Functional Ecol., vol. 13, 
pp. 210-216, 1999. 

[21] D. Sugiura and M. Tateno, “Optimal leaf-to-root ratio and leaf 
nitrogen content determined by light and nitrogen availabilities,” 
Plos One, vol. 6, no. 7, pp. e22236, 2011.  

[22] X. Yang, X. Wang, M. Wei, S. Hikosaka, and E. Goto, “Changes 
in growth and photosynthetic capacity of cucumber seedlings in 
response to nitrate stress,” Braz. J. Plant Physiol., vol. 21, no. 4, 
2009. 

[23] T. A. Netto, E. Campostrini, J. de Oliveira, and R. E. Bressan-
Smith, “Photosynthetic pigments, nitrogen, chlorophyll a 
fluorescence and SPAD-502 readings in coffee leaves,” Scientia 
Hort., vol. 104, pp. 199-209, 2005. 

[24] H. Yang, J. Li, J. Yang, H. Wang, J. Zou, and J. He, “Effect of 
nitrogen application rate and leaf age on the distribution pattern of 
leaf SPAD readings in the rice canopy,” Plos One, vol. 9, no. 2, 
e88421, 2014. 

[25] A. Kyparissis, P. Drilias, and Y. Manetas, “Seasonal fluctuations 
in photoprotective (xanthophyll cycle) and photoselective 
(chlorophylls) capacity in eight Mediterranean plant species 
belonging to two different growth forms,” Au. J. of Plant Physiol., 
vol. 27, pp. 265-272, 2000. 

[26] S. Munné-Bosch and L. Alegre, “Changes in carotenoids, 
tocopherols and diterpenes during drought and recovery, and the 
biological significance of chlorophyll loss in Rosmarinus 
officinalis plants,” Planta, vol. 210, pp. 925-931, 2000. 

[27] N. R. Baker, “A possible role for photosystem II in environmental 
perturbations of photosynthesis,” Physiol. Plant, vol. 81, pp. 563-
570, 1991. 

[28] O. Björkmann and B. Demming-Adams, “Photon yield of O2 
evolution and chlorophyll fluorescence characteristics at 77K 
among vascular plants of diverse origins,” Planta, vol. 170, pp. 
489-504, 1987. 

[29] S. Veres, I. A. Malik, L. Lévai, and Z. Rengel, “Chlorophyll 
fluorescence method as a tool for establishing crop conditions,” in 

International Journal of Food Engineering Vol. 4, No. 2, June 2018

©2018 International Journal of Food Engineering 168



Proc. 13th Congress of the European Society for Agronomy (ESA), 
2014, pp. 187-188. 
 

Dr. Veres Szilvia, associate professor, was 
born in Budapest, Hungary, in August of 1972. 
She is a biologist – ecologist and biology 
teacher (high school). She has a PhD degree in 
Environmental Sciences (University of 
Debrecen). She got her Degree of Habilitated 
Doctor in 2013. 
She had Internal Doctoral Fellowship (Kossuth 
Lajos University, Faculty of Science, Dept. of 
Botany) between 1995-1998 and was PhD 
student between 1998-2001 at the Kossuth 

Lajos University/University of Debrecen, Program of Environmental 
Sciences. She spent 2 years at the Faculty of Science, Dept. of Botany 
as a scientific assistant. From Dec 2003 she got a job in the same 
university but at the Faculty of Agricultural, Department of Agricultural 
Botany and Crop Physiology as assistant professor. Between July 2006 
and Sept 2014 she was senior lecturer at the same department. Between 
Aug 2010 and March 2011 and Aug 2012 and May 2013 she was 
Visiting Research Fellow at the University of Western Australia, Perth. 
From Sept 2014 she is an associate professor at the University of 
Debrecen, Institute of Crop Science, Department of Agricultural Botany, 
Crop Physiology and Biotechnology. The list of her publications: 
https://vm.mtmt.hu//search/slist.php?nwi=1&inited=1&ty_on=1&url_on
=1&cite_type=2&orderby=3D1a&location=mtmt&stn=1&AuthorID=1
0012452. 
Dr. Veres is a member of several scientific board: Hungarian Academy 
of Science public-body member (2005-); Committee of Academy in 
Debrecen, Environmental Board member (2006-); Scandinavian Plant 
Physiology Society member (2011- 2013); Free International 
Association of Researcher on Natural Substances 09 (FIARNS09) 
(2012-); European Plant Science Organisation (EPSO) member (2013-); 
International Society of Photosynthesis Research member (2014-); 
Association of Hungarian Plant Physiologist member (2015-); 
Federation of European Society of Plant Biology (FESPB) member 
(2015-). 

 
Dr. Zsombik László, senior research fellow, 
was born in Szolnok, Hungary, in August of 
1976. He is an agricultural engineer. He got 
his PhD degree from Agricultural Sciences in 
2006 at the University of Debrecen, Centre for 
Agricultural Sciences and Engineering. 
He was an assistant lecturer at the University 
of Debrecen, Centre for Agricultural and 
Applied Economic Sciences, Faculty of 
Agricultural and Food Sciences and 
Environmental Management, Instirute of Crop 

Sciences between Sept 2006 and Aug 2008 and senior lecturer at the 
same institute between Sept 2008 and Dec 2010. From March 2011 he 
is a director of the Research Institute of Nyíregyháza (University of 
Debrecen, Institutes for Agricultural Research and Educational Farm) 

and works as a senior research fellow from Sept 2015 in this institute. 
The list of his 
publications:https://vm.mtmt.hu//search/slist.php?nwi=1&inited=1&ty_
on=1&url_on=1&cite_type=2&orderby=3D1a&location=mtmt&stn=1
&AuthorID=10012502 
Dr. Zsombik is a member of several scientific board: Hungarian Branch 
of ISTRO; Introduction of Hungarian Seed Association; Hungarian 
Plant Breeders and The Hungarian Chamber of Agriculture. 

 
Setzka Dávid, MSc student, was born in 
Debrecen, Hungary, July of 1993. He was 
BSc student as a Horticultural engineer 
between 2011-2014 at University of Debrecen, 
Faculty of Agriculture. He is a plant 
protection engineer MSc student at the 
Corvinus University of Budapest. 
 
 
 
 

 
Dr. Rátonyi Tamás, associate professor, was 
born in Hajdúböszörmény, Hungary, Apr of 
1967. He is an agricultural engineer, he has 
PhD degree in Crop production (2000, 
University of Debrecen).  
He was a research fellow between 1997 -
2000 at the University of Debrecen, Hungary. 
He worked as an assistant professor between 
2000–2004. From 2004 he is at the 
University of Debrecen, Hungary. His list of 

publications:https://vm.mtmt.hu/search/slist.php?nwi=1&inited=1&ty_o
n=1&url_on=1&cite_type=2&orderby=3D1a&top10=1&location=mtmt
&stn=1&AuthorID=10000155. 
Dr. Rátonyi is a public board member of the Hungrian Academy of 
Sciences from 2000. 

 
Dr. Makleit Péter, assistant professor, was 
born in Debrecen, Hungary, in August of 
1966. He is an agricultural engineer. He got 
his PhD degree in Crop production in 2003 at 
the University of Debrecen. He is a plant 
protection engineer as well from 2016. 
He was a research engineer between 1990 and 
1993 at the Tobacco research institute. 
Hungary, Debrecen, and a research fellow 
between 1993-2004 University of Debrecen, 

Hungary. From 2005 he is an assistant professor at the University of 
Debrecen, Hungary. His list of publications: 
https://vm.mtmt.hu/search/slist.php?nwi=1&inited=1&ty_on=1&url_on
=1&cite_type=2&orderby=3D1a&location=mtmt&stn=1&AuthorID=1
0010941&Scientific=1 
Dr. Makleit is a public board member of the Hungrian Academy of 
Sciences from 2002. 

 

International Journal of Food Engineering Vol. 4, No. 2, June 2018

©2018 International Journal of Food Engineering 169




