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Quality and quantity of winter wheat varieties in 22 years’ time range

Katalin M. KASSAI1 – Ákos TARNAWA1 – Ferenc H. NYÁRAI1 – Zsolt SZENTPÉTERI1 –
Adnan ESER1 – Hajnalka KATÓ1 – Márton JOLÁNKAI1

1:Szent István University, Institute of Crop Production, Páter Károly u. 1., 2100 Gödöllő, Hungary, E-mail:
Jolankai.Marton@mkk.szie.hu

Abstract: The Nagygombos experiments of the Szent István University, Gödöllő, Hungary have always been
a testing area for various agronomic technologies as well as a research site for evaluating the performance
of crop varieties. The present paper is intended to give an overview of 18 winter wheat Triticum aestivum L.
varieties tested during the time range between 1996 and 2018. All of the varieties were studied under similar
agronomic conditions, each of them for min 3 years in a series of a polyfactorial replicated field trial. The 120
kg/ha N plant nutrition applications of the respective crop years were processed in the evaluation. Amount of
grain yield, protein %, wet gluten content and farinographic values of the varieties examined were compared.
The results obtained suggest, that most of the varieties had a rather high variation concerning yield figures,
however protein and farinographic indicators proved to be more stable characteristics. Wet gluten content was
influenced mainly by the crop year. The study may support a conclusion that certain varieties have shown a
higher stability in technological quality manifestation regardless to the amount of their grain yield. Alföld 90,
Yubileynaya 50, Mv Magdaléna and Mv Toldi varieties proved to be the best quality varieties in this research
series.
Keywords: wheat, quality, quantity, long term trial
Received 08 November 2019, Revised 23 March 2020, Accepted 25 March 2020

Introduction

Environmental conditions are highly influ-
ential regarding crop quality and quantity
performance. Grain yield and yield qual-
ity of winter wheat Triticum aestivum L. is
highly influenced by the meteorological con-
ditions of the given crop year, especially
the amount and distribution of precipitation
and the actual temperature (GRIMWADE ET
AL 1996, GYŐRI 2008, PEPÓ 2010). Crop
yield and grain quality can also be influ-
enced by agronomic applications. Plant nu-
trition in general and N topdressing in par-
ticular should be considered as the most ef-
fective treatments within the technologies of
winter wheat production. The amount of ni-
trogen and the timing and distribution of the
application have an impact on wheat quality,
especially on the protein production of the
crop (GYŐRI 2006, PEPÓ 2010). Wheat va-
rieties may have different responses to agro-
ecological impacts (VIDA ET AL 1996;
MESTERHÁZY 2019). Varietal differences
are to be evaluated in long term trials to re-

duce the impact of variable crop year effects
(KISMÁNYOKY AND RAGASITS 2003).

Materials and Methods

A wide range of high milling and bak-
ing quality winter wheat Triticum aestivum
L. varieties were examined under identical
agronomic conditions in a long term field
trial. The small plot trials were run at the
Nagygombos experimental field of the Szent
István University, Crop Production Institute,
Hungary. Soil type of the experimental field
is chernozem (calciustoll). Annual precipi-
tation of the experimental site belongs to
the 550-600 mm belt of the Northern edges
of the Hungarian Great Plain. Experiments
were conducted in a split-plot design with
four replications. The size of each plot was
10 m2. Plots were sown and harvested by
plot machines (standard Wintersteiger ce-
real specific experimental plot machinery se-
ries). Various identical agronomic treatments
were applied to plots. Plant nutrition applica-

DOI: 10.18380/SZIE.COLUM.2020.7.1.5 5
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Figure 1. Grain yield and protein content of wheat varieties Nagygombos, 1996-2018.

Figure 2. Wet gluten content and quality classes of wheat varieties Nagygombos, 1996-2018.

tions were done in single and combined treat-
ments. N topdressing variants were applied
by single and repeated topdressings repre-
senting 6 levels: 0, 80, 80+40, 120, 120+40
and 160 kg/ha N in single and split appli-
cations. All plots were sown with identical
series of wheat varieties for studying their
performance in relation with agronomic im-
pacts. The present paper is intended to give
an overview of 18 winter wheat Triticum
aestivum L. varieties tested during the time
range between 1996 and 2018. All of the va-

rieties were studied under similar agronomic
conditions, each of them for min 3 years in a
series of a polyfactorial replicated field trial.
The 120 kg/ha N plant nutrition applications
of the respective crop years were processed
in the evaluation for both yield and qual-
ity parameters. Wheat grain quality param-
eters: protein and wet gluten contents were
determined from grain samples, as well as
quality characteristics at the Research Lab-
oratory of the SIU Crop Production Insti-
tute, and RET Regional Knowledge Centre

6 DOI: 10.18380/SZIE.COLUM.2020.7.1.5
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laboratories according to Hungarian and EU
standards (MSZ 1998; EK 2000, HORVÁTH
2014). During the examined period levels
of fusarium head blight (Fusarium gramin-
earum) infection were detected in the wheat
trials.

Results

During the 22 years of the experimental se-
ries many varieties had been studied in the
trials (JOLÁNKAI ET AL 2018). In this pa-
per only those are introduced which were
tested for minimum 3 years at the Nagygom-
bos site. Amount of grain yield, protein %,
wet gluten content and farinographic values
of the varieties examined were compared.
The results obtained suggest, that most of the
varieties had a rather high variation concern-
ing yield figures, however protein and farino-
graphic indicators proved to be more stable
characteristics. Wet gluten content was influ-
enced mainly by the crop year.
Figure 1 provides information on grain yield
and protein content of the varieties. Bu-
zogány, Mv Magdaléna, Mv Nádor, Mv To-
borzó were the highest yielding varieties dur-
ing the examined years. The study may sup-
port a conclusion that certain varieties have
shown a higher stability in quality manifes-
tation regardless to the amount of their grain
yield. Figure 2 presents information on the
quality ranges of the varieties summarising
the wet gluten content and the baking qual-
ity groups. Alföld 90, Yubileynaya 50, Mv
Magdaléna and Mv Toldi varieties proved to
be the best quality varieties in this research
series.
During the examined period fusarium head
blight infection had been monitored in all

years. According to the data presented in
Figure 3 it can be stated, that except few ex-
treme years the Nagygombos experimental
site was not exposed to severe fusarium head
blight infections. There were two peaks with
high infection: 1997 to 1999 was a strong
infection period followed by an almost 10
years’ free period of Fusarium sp. The next
peak occurred in 2010. Both high infections
were escorted by extreme weather conditions
– like water flood during the pre harvest veg-
etation period.

Discussion

According to the results obtained it should be
emphasized that the quantity and quality pa-
rameters of any crop varieties are to be exam-
ined in polyfactorial long term trials that may
provide the researcher identical conditions to
exclude unfavourable factors and buffer the
crop year effects.
The authors are sorry to inform the LOTEX
participants that in 2018 year the Nagygom-
bos experimental site of the SIU Crop Pro-
duction Institute had to be terminated. Figure
4 attached presents a satellite photo of the
experimental site from 2016. We do hope,
that preserving the main blocks of the exper-
imental design, once the trial can be restarted
again.
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Figure 3. Occurence of fusarium head blight infection in wheat trials Nagygombos, 1996-
2018.

Figure 4. Satellite photo of the Experimental site of the SIU Crop Production Institute Nagy-
gombos, 2016.
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Comparative study of two different neem-derived pesticides on
Meloidogyne incognita under in vitro and pot trials under glasshouse
conditions

Pratik DOSHI1 – Ferenc TÓTH1 – Péter NAGY2 – György TURÓCZI1 – Renáta PETRIKOVSZKI1

1: Szent István University, Faculty of Horticultural Science, Plant Protection Institute, Department of
Integrated Plant Protection, Páter Károly u. 1., 2100 Gödöllő, Hungary, E-mail: pratik.doshi159@gmail.com,
phone: +36 70 222 9858
2: Szent István University, Faculty of Agricultural and Environmental Sciences, Institute of Biological
Sciences, Department of Zoology and Animal Ecology, H-2100, Páter Károly utca 1., Gödöllő, Hungary

Abstract: Two different neem-derived plant protection products i.e neem leaf extract and a commercial product
containing 1% azadirachtin were used to study their effects on M. incognita under in vitro and pot trails under
glasshouse conditions. In the in vitro studies, highest concentration (1%) of neem leaf extract resulted in more
than 90% mortality in J2 whereas the commercial product did not differ significantly in mortality compared
to control. In the pot trials under glasshouse conditions, fresh shoot weight and number of fruits of both the
landraces did not differ significantly for different treatments. Zeck scale was found to be the best for evaluation
of gall index compared to other scales i.e Garabedian and Van Gundy scale and Mukhtar et al. scale. Gall index
decreased in all the treatments compared to positive control and 0.1% azadirachtin was significantly different
from the control. This shows that neem-derived pesticides can reduce the galling of roots and can help control
M. incognita infestation with proper planning and implementing the treatments.
Keywords: neem leaf extract, azadirachtin, root-knot nematodes, biological control, tomato
Received 11 November 2019, Revised 05 March 2020, Accepted 30 March 2020

Introduction

More than 90 root-knot nematode
(Meloidogyne) species are known world-
wide (Hunt & Handoo 2009), from which
23 species are present in Europe (Wesemael
et al. 2011). Root-knot nematodes are re-
sponsible for decreasing yields (Bernard et
al. 2017) of nearly every cultivated crop in
the world (Sasser, 1980). They have a wide
range of host plants: with different sensitiv-
ity, but they are able to infect the roots of
vegetables (Anwar et al. 2007), medicinal
and culinary plants (Walker 1995; El-Sherif
et al. 2012), ornamental plants (Dabaj and
Jenser, 1990; den Nijs et al. 2004) and weeds
as well (Rich et al. 2008).
If once their appearance is noticed in a
field, their total eradication is an almost im-
possible task (Briar et al. 2016). It is es-
pecially so recently due to the restricted
use of soil disinfecting chemicals (Briar et
al. 2016). Moreover, certain species, like

Meloidogyne incognita has several biolog-
ical races with different pathogenicity and
host plant preferences (Khan and Khan
1991). Consequently, mixed natural popula-
tions of Meloidogyne species can break the
resistance of Meloidogyne-resistant varieties
of crops (Eddaoudi et al. 1997; Tzortzakakis
et al. 2016).

Neem as a pesticide is used for centuries in
Asia and has known to possess several ben-
eficial plant protective properties such as an-
tifeedant, repellent, antifungal (Schmutterer
1988) and nematicidal (Nile et al. 2017; Ya-
dav et al. 2018). Javed et al. (2007) investi-
gated the efficacy of different neem formula-
tions on Meloidogyne javanica (Treub, 1885)
Chitwood, 1949 on tomato. They found that
crude extracts of neem cake and leaves
reduced the severity of the nematode in-
festation both under in vitro circumstances
and in plants under glasshouse conditions.
However, in the case of pure azadirachtin
which is a refined neem product, neither the

DOI: 10.18380/SZIE.COLUM.2020.7.1.11 11
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immobilisation of nematodes nor increased
mortality was observed under in vitro con-
ditions. Similar results were obtained by
Khanna and Kumar (2006) when they tested
five different neem formulations against M.
incognita in vitro. Out of the five differ-
ent neem formulations tested, neem seed
kernel extract and Econeem, a commercial
product consisting of Azadirachta A and B,
gave the highest juvenile mortality (73-77%)
whereas the other formulations i.e Nimbeci-
dine, NeemAzal T/S and Neem Gold were
comparatively less effective.

During a study conducted by Lynn et al.
(2010) on the effects of azadirachtin and
neem based formulations to control sweet
potato whitefly and M. incognita, they ob-
served a reduction in the development of
both the whiteflies and root-knot nematodes
and recommended that the soil-based appli-
cation would be the best to control both leaf-
sucking and soil pests. Sahu et al. (2018)
compared the efficacy of different oil cakes
in pot culture experiment with tomato. It
was concluded that the neem cake applied
at a rate of 100 g/m2 increased the morpho-
logical characteristics of tomato and signifi-
cantly reduced the number of root galls, thus
it is considered a most promising manage-
ment option against M. incognita infecting
tomato. Singh et al. (1980) also found sig-
nificant reduction in the abundance of differ-
ent plant parasitic nematodes and fungi by
coating the tomato seeds with oil cakes of
Ricinus communis L., Brassica campestris
L, Azadirachta indica, Madhuca indica and
Arachis hypogaea L. Similar results were ob-
tained by Siddiqui and Alam (1987) with
seed dressing method using neem and Per-
sian lilac (Melia azedarach L.) extracts to
control the plant-parasitic nematodes M.
incognita and Rotylenchulus reniformis Lin-
ford et Oliveira.

The objective of this study was to test two
different neem-derived products i.e. tradi-
tional aqueous neem leaf extract and a com-

mercial product of azadirachtin, for their ne-
maticide effect against M. incognita in vitro
and in pot experiments. We wanted to com-
pare the traditional water extract which can
be easily prepared without any processing lo-
cally (being cost effective and easily avail-
able in nature) and the commercial product
which is much more expensive to the farmers
and growers. In addition, we also compared
the different M. incognita infestation scales
to get a better understanding about the sever-
ity of infestation.

Materials and Methods

Preparation of aqueous neem leaf extracts
(NLE)
Pre-air dried neem leaves were obtained
from the local market situated in Mumbai
Sub-urban area, Konkan Division, Maha-
rashtra, India. The method of Doshi et al.
(2018) was followed with modified work-
ing concentrations. For in vitro studies, a
stock concentration of 5% was prepared by
suspending 5 g of air-dried neem leaf pow-
der in 100 ml distilled water. It was filtered
through muslin cloth and was centrifuged at
5000 rpm for 5 mins to remove the debris
and leaf particles. Working concentrations of
0.01, 0.05, 0.1, 0.5 and 1% were prepared
from the stock solution with distilled water.
For glasshouse trials, a stock solution of 20%
was made by adding 200 g of neem leaf pow-
der to 1000 mL of distilled water. It was fol-
lowed by the same procedure as in vitro to
get a clear solution. Working concentrations
of 1, 10 and 20% were prepared from the
stock solution with distilled water.

Preparation of azadirachtin (NAZ)
NeemAzal T/S (Trifolio-M GmBH) which
contains 1% azadirachtin and is a registered
product in the EU was used for preparation
of azadirachtin. The methodology of Doshi
et al. (2018) was followed with modified
concentrations. For in vitro studies, the fol-

12 DOI: 10.18380/SZIE.COLUM.2020.7.1.11
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lowing working concentrations were applied:
0.0001, 0.0003, 0.0005, 0.001 and 0.01% all
in distilled water.
In pot trials, the working concentrations were
increased to 0.001, 0.01 and 0.1% with a
stock solution of 0.1% which is prepared by
dissolving 100 mL of the product in 1000 mL
distilled water.

M. incognita inoculum
Second stage juveniles (J2) of M. incognita
were obtained from egg masses previously
collected from the infected Hungarian deter-
minate tomato landrace cv. ‘Dányi’ grown
in the greenhouse. In order to dissolve the
gelatinous matrix and release the eggs, the
egg masses were shaken by hand for 2 mins
in 0.2% sodium hypochlorite (NaOCl) solu-
tion, then they were washed with tap water
until the smell of NaOCl was removed. The
eggs were suspended in tap water and kept at
24 ± 1°C in dark for hatching. After 14 days,
the hatching of the eggs and viability of J2
were checked under a dissecting microscope
with transmitting illumination at a 40x mag-
nification. Only moving and viable J2 were
picked up and were collected using a Pasteur
pipette in a glass bottle with tap water and
were stored in dark at 20°C ± 1°C for 24 hrs
before using for the experiments.

Experiment 1: In vitro effect of neem-derived
products on M. incognita (J2)
A total of eight samples of each concentra-
tions and control were applied. The entire
experiment was performed in vitro in flat-
bottom 96-well microplates (Kartell S.p.A.,
Italy) in three repetitions. Five J2-s were put
into each well with 60 µl of distilled wa-
ter using a micropipette. Then 200 µl of
different neem leaf extract or azadirachtin
concentrations and 200 µl distilled water
was added in the microplate wells as treat-
ments and negative control respectively. Mi-
croplates were incubated at room tempera-
ture (25 °C) in dark for 24 hours. Nematode
mortality was checked under dissecting mi-

croscope at 40⇥ after 24 hours. In order to
check the motility of nematodes as a sign of
viability, pH was dropped by adding 10 µl
of 5% lactic acid, a modification of the pro-
cedure described by Ciancio (1995). A max-
imum mortality of 20% in control was con-
sidered as a criterion for the validity of the
tests (Kiss et al. 2018).

Experiment 2: Effects of neem-derived prod-
ucts on M. incognita infestation under
glasshouse conditions

One Hungarian determinate tomato landrace.
‘Dányi’ (RCAT057829) and a Hungarian
indeterminate tomato landrace ‘Ceglédi’
(RCAT030275) were chosen for this exper-
iment. For potting material, horticultural soil
and sand in the ratio of 1:1 (henceforth called
as ‘mixture’) was used. After filling the pots
with the mixture, approximately 20 g of M.
incognita infested soil was added in the mid-
dle by making a ditch followed by plant-
ing of 1-month old tomato plants. The av-
erage temperature recorded during the ex-
periment in the glasshouse was between 25
- 28°C and the relative humidity was be-
tween 55-60%. For positive infected control
(henceforth called as positive control), only
inoculation was done but no treatment was
performed. Each treatment was replicated 5
times for both the landrace. The plants were
watered daily. The first treatment was done
by adding 50 ml of the different concentra-
tions of neem derivatives by soil drenching
method after 7 days from planting. In the
case of negative control, plants were potted
just with the mixture and watered with the
rest of the plants. Plants were watered only
after the treatment to help spread and mix
everywhere in the pots. The treatments were
repeated once per week on every 7th day af-
ter the previous treatment, for a period of 6
weeks altogether. Experiments were termi-
nated 9 weeks after the setup. Gall index
was measured using three different scales
by Zeck (1971), Garabedian and Van Gundy
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Figure 1. Mortality effect (%) of different concentrations of neem leaf extract (NLE) (%)
on Meloidogyne incognita J2 larvae under in vitro conditions after 24 hours. Different let-
ters represent significant difference at 95% confidence level (p  0.05). Data are the mean
mortality values of 3 replications of the whole experiment, i.e. 24 replicates.

Figure 2. Mean number of fruits produced by Meloidogyne incognita infested ‘Dányi’
determinate tomato landrace after treatment with different neem leaf extract (NLE) and
azadirachtin (NAZ) concentrations. Same letters indicate no significant difference at 95%
confidence level (p<0.05). Data is average of five individual plants per treatment.

(1983) and Mukthar et al. (2013). Morpho-
logical characteristics such as fresh shoot
weight and number of fruits were measured
and recorded.

Data analyses

In the case of Experiment 1, post-hoc
Tukey’s test was performed after arcsine
square root transformation of the data. In the
case of Experiment 2, post-hoc Tukey’s test

was used in R software (R Core Team 2017)
for all the three scales. With this approach,
a more complete picture from root damage
was given. Graphs and tables were made in
excel sheet. In addition, we used post-hoc
Welch test followed by Tukey’s test to com-
pare the two tomato landraces with respect to
the root damage caused by M. incognita de-
pending on three different scales and to se-
lect the best scales for evaluation.
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Figure 3. Mean shoot fresh weight in grams of Meloidogyne incognita infested ‘Dányi’
determinate tomato landrace after treatment with different neem leaf extract (NLE) and
azadirachtin (NAZ) concentrations. Different letters represent significant difference at 95%
confidence level (p  0.05). Data is replicate of five individual plants per treatment.

Figure 4. Mean number of fruits produced by Meloidogyne incognita infested ‘Ceglédi’
indeterminate tomato landrace after treatment with different neem leaf (NLE) extract and
azadirachtin (NAZ) concentrations. Same letters indicate no significant difference at 95%
confidence level (p<0.05). Data is average of five individual plants per treatment.

Results

Experiment 1: Effect of neem-derived prod-
ucts on M. incognita second stage juveniles
(J2)
The mortality effect of different concentra-
tions of azadirachtin (NAZ) and neem leaf
extract (NLE) on mortality of M. incognita J2
larvae under in vitro conditions was demon-
strated. In case of NAZ, the mortality of

the larvae was inconsistent, wherein numeri-
cally the highest mortality was found at the
lowest concentration i.e 0.0001% followed
by 0.003% and not at the highest concen-
tration of 0.01% as it would have been ex-
pected. However, all these mortality values
were quite low with no significant differ-
ences (Table 1). In case of NLE, it is evi-
dent from Figure 1 that higher concentration
of NLE yielded in higher mortality. Mortality
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Figure 5. Mean shoot fresh weight in grams of Meloidogyne incognita infested ‘Ceglédi’
determinate tomato landrace after treatment with different neem leaf extract (NLE) and
azadirachtin (NAZ) concentrations. Different letters represent significant difference at 95%
confidence level (p  0.05). Data is average of five individual plants per treatment.

Table 1. Different azadirachtin (NAZ) concentrations tested for mortality of Meloidogyne
incognita J2 larvae after 24 hours. Same letters indicate no significant difference at 95%
confidence level (p<0.05). *Data are the mean mortality values of 3 replications of the whole
experiment i.e. 24 replicates.

Treatment Concentration (%) *Per cent juvenile mortality after 24 hours
(mean ± SD)

Control 0 0.69 ± 3.40 a

Azadirachtin
(NAZ)

0.0001 10.97 ± 4.83 a
0.001 4.58 ± 2.40 a
0.003 9.26 ± 4.41 a
0.005 6.37 ± 2.44 a
0.01 6.98 ± 2.11 a

in the case of the two highest concentrations
of NLE, i.e. 0.5% and 1% was significantly
higher (p <0.05) as compared to azadirachtin
in Table 1.

Experiment 2: Effects of neem-derived prod-
ucts on M. incognita infestation in pot exper-
iment under glasshouse conditions
Neither in the case of Dányi (Fig 2) nor
’Ceglédi’ (Fig 4) tomato landraces was there
any significant difference in the number of
fruits with respect to different treatments and
concentrations. Further evaluation such as

yield could had been possible as we did not
wait for the fruits to ripen.
Having said that, azadirachtin (NAZ) 0.1%
showed lower fresh shoot weight with a
significant difference in both ’Dányi’ (Fig
3) and ’Ceglédi’ (Fig 5) varieties with re-
spect to 0 control. Apart from this difference,
there was no significant difference between
the other treatments. All the three scales
showed significant difference as compared
to non-infected control. In the case of both
’Dányi’ and ’Ceglédi’, Zeck scale proved the
strongest next to the scales of Mukhtar et al.
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Table 2. Average root damage caused by Meloidogyne incognita on two Hungarian lan-
draces tomato, the determinate ‘Dányi’ and the indeterminate ‘Ceglédi’ depending on three
scales: Zeck, Garabedian and Van Gundy and Mukhtar et al. (p-value: Welch test, confidence
interval (CI) 95%: 95% confidence level).

Tomato landraces Dányi ’Ceglédi’
M. incognita infection -/+ - + - +
Replications 5 34 5 34

Teck scale (0-10)
mean ± CI 95% 0 ± 0 4.53 ± 0.60 0 ± 0 5.32 ± 0.40
p-value 4.8*10�14 1.69*10�23

Garabedian and Van Gundy scale (0-5)
mean ± CI 95% 0 ± 0 2.21 ± 0.34 0 ± 0 2.53 ± 0.37
p-value 2.64*10�14 7.95*10�15

Mukhtar et al. scale (0-6)
mean ± CI 95% 0 ± 0 4.06 ± 0.54 0 ± 0 4.62 ± 0.48
p-value 5.12*10�16 2.31*10�19

Table 3. Average root damage caused by Meloidogyne incognita on Hungarian determinate
tomato landrace ‘’Dányi”, depending on three scales: Zeck, Garabedian and Van Gundy and
Mukhtar et al. receiving the following treatments: 0.001, 0.01 and 0.1% of NeemAzal T/S
and 1, 10 and 20% of neem leaf extract. ANOVA post-hoc Welch test followed by Tukey’s
test was performed. Different letters indicate significant difference at 95% confidence level
(p<0.05).

Treatments Concentration (%) Zeck (0-10) Garabedian and Mukhtar et al. (0-6)Van Gundy (0-5)
Negative 0 0 ± 0 a 0 ± 0 a 0 ± 0 acontrol
Positive 0 5.8 ± 0.96 c 2.8 ± 0.96 b 5.6 ± 0.78 ccontrol

0.001% 5.2 ± 0.73 c 2.4 ± 0.78 b 4.4 ± 1 bc
NeemAzal T/S 0.01% 4.6 ± 1.47 bc 2.6 ± 1 b 4.4 ± 1 bc

0.1% 2 ± 0.8 ab 1.25 ± 0.44 ab 2 ± 0.72 ab

Neem leaf
extract

1% 5.4 ± 0.48 c 2.4 ± 0.48 b 4.2 ± 0.96 bc
10% 5 ± 1.52 bc 2.4 ± 0.78 b 4.4 ± 1.33 bc
20% 3.2 ± 2.09 bc 1.4 ± 1 ab 3 ± 1.96 c

and Garabedian and Van Gundy (Table 2).

In the case ’Dányi’ landrace, values of the
root damage were inconsistent, since the
values of Zeck and Mukhtar et al. scales
of NeemAzal T/S 0.1% concentration were

significantly different from positive control,
however, the scale of Garabedian and Van
Gundy said the opposite. Moreover, accord-
ing to the Garabedian and Van Gundy scale,
the 20% concentration of neem leaf extract

DOI: 10.18380/SZIE.COLUM.2020.7.1.11 17



Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

Table 4. Average root damage caused by Meloidogyne incognita on indeterminate Hungarian
tomato landraces ‘Ceglédi’, depending on three scales: Zeck, Garabedian and Van Gundy
and Mukhtar et al. receiving the following treatments: 0.001, 0.01 and 0.1% of NeemAzal
T/S and 1, 10 and 20% of neem leaf extract. ANOVA post-hoc Welch test was performed
followed by Tukey’s test. Different letters indicate significant difference at 95% confidence
level (p<0.05).

Treatments Concentration (%) Zeck (0-10) Garabedian and Mukhtar et al. (0-6)Van Gundy (0-5)
Negative 0 0 ± 0 a 0 ± 0 a 0 ± 0 acontrol
Positive 0 6.4 ± 0.48 c 3.4 ± 0.48 c 5.2 ± 0.73 ccontrol

0.001% 5.6 ± 0.48 bc 2.6 ± 0.48 bc 5.4 ± 0.78 bc
NeemAzal T/S 0.01% 5.8 ± 0.73 bc 3.4 ± 1.47 c 5 ± 1.07 c

0.1% 4 ± 1.24 b 1.4 ± 0.78 2.6 ± 0.78 ab

Neem leaf
extract

1%5 ± 1.52 bc 2.4 ± 0.78 bc 4.8 ± 1.57 bc
10% 5.6 ± 0.48 bc 2.6 ± 0.48 bc 5.2 ± 0.96 bc
20% 4.75 ± 0.84 bc 1.75 ± 0.84 ac 4 ± 1.01 ac

was similar to the negative control, but Zeck
and Mukhtar et al. scales showed differences
(Table 3).
In the case of ’Ceglédi’ landrace, concen-
trations of neem leaf extract did not differ
from positive control, according to all the
three scales. On the other hand, 0.1% of
NeemAzal T/S was significantly lower than
only M. incognita infected treatment (Table
4).

Discussion

Although Khan et al. (1974) attributed
to the toxicity of neem formulations to
azadirachtin, it is evident from our in
vitro experiment results that neem leaf ex-
tract showed better nematicidal property.
Azadirachtin did not show any significant
difference in the nematicidal activity which
was reported by Javed et al. (2008) and Ntalli
et al. (2009). Our results contradict the study
of Grandison (1992), where he could not ob-
serve any effect of neem seed on J2 larvae

of M. javanica. But our results are in line
with Abo-Elyousr et al. (2010) and Agbenin
et al. (2005) as they both concluded that the
neem leaf extracts were lethal to Meloidog-
yne larvae. In accordance with our results,
previous investigations by several different
researchers have shown 70% - 100% mor-
tality using aqueous extracts of neem formu-
lations as mentioned by Javed et al. (2008).
This might be due to the array of differ-
ent phytotoxins and chemical compounds
which might work individually or synergis-
tically, and which are water soluble (Nile
et al. 2017). It could not be found which
compound was responsible for the 90% and
higher mortality in the case of neem leaf ex-
tracts in our study, but according to Qamar
et al. (1989), kaemptro and myricetin could
be the chemical compounds responsible for
nematicidal activity in neem leaf extracts.
As seen in the results, in the case of 0.1%
azadirachtin (NAZ), fresh shoot weight for
both the landraces was lower and signifi-
cantly different compared to 0 control. This
is probably because the roots were ad-

18 DOI: 10.18380/SZIE.COLUM.2020.7.1.11



Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

versely affected by the emulsifier used to
dissolve the commercial product containing
azadirachtin (i.e if the azadirachtin concen-
tration is 0.1%, then the concentration of the
emulsifier is 10%). According to the Hungar-
ian approval document of azadirachtin, the
maximum concentration of the applied spray
mixture could be 0.003% against glasshouse
whitefly (Trialeurodes vaporariorum West-
wood 1856) in protected tomato (04.2/4878-
1/2012. Nébih 2018), but there is no further
information about the maximum concentra-
tion that can be used.

The results of the glasshouse experiment are
in accordance with Agbenin et al. (2005)
who used 20% fresh neem leaf extract
weekly for 8 weeks on tomato plants (Roma
VF) against M. incognita, and treatment did
not differ from untreated control. According
to Kankam and Sowley (2016), neem leaf
powder applied to the root zone of chili pep-
per plants resulted the lowest root gall index
next to neem seed powder and neem cake.

In the laboratory experiment, when M. incog-
nita larvae came in contact continuously to
the leaf extracts or product solutions, leaf ex-
tracts have stronger lethal effect. By contrast,
under glasshouse conditions with weekly ap-
plication, neem leaf extracts did not show the

same lethal effects on the M. incognita lar-
vae as compared to the laboratory conditions.
As a conclusion, neem leaf extracts could
be more effective against M. incognita with
continuous and timely application either by
drip irrigation or soil drenching.
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Abstract: This study assessed the function of genes involved in wild strawberry (Fragaria vesca L.) fruit
development and maturation to better understand the mechanism of non-climacteric fruit ripening. SPATULA
(FvSPT) and SPIRAL (FvSPR) genes of Fragaria vesca displayed differential expression between the green
and red ripening stages. SPT, which encodes a bHLH transcription factor, was characterized in Arabidopsis
thaliana L. where its recessive mutation caused degenerative carpel and fruit development. The spt mutant
of A. thaliana had shorter, smaller, and wider spatula-shaped siliques than the wild type. SPT was expressed
throughout the development of marginal and transmission tract tissues, confirming its role in regulating the
growth of these tissues. Two A. thaliana SPIRAL genes, SPR1 and SPR2, are required for directional control
of cell elongation. Recessive mutations in either of these genes decreased anisotropic growth of endodermal
and cortical root cells and etiolated hypocotyls and caused right-handed helical growth in epidermal cells.
The strawberry SPATULA (FvSPT) and SPIRAL (FvSPR) genes were amplified and spt and spr mutant A.
thaliana plants were transformed with FvSPT::pGWB401, FvSPR1-1::pGWB401 and FvSPR1-2::pGWB401
vector constructs. Silique length and seed number/silique in the A. thaliana spt mutant were effectively com-
plemented by FvSPT whereas spr was almost fully complemented by FvSPR1-2, but not by FvSPR1-1.
Keywords: bHLH gene; spatula shape-silique; helical root growth; spr and spt mutants
Received 1 February 2020, Revised 27 March 2020, Accepted 6 April 2020

Introduction

Fruits are of two ripening types, climacteric,
such as in tomato, apple, or banana, or non-
climacteric, such as in wild strawberry (Fra-
garia vesca L.), grape, or orange. Climac-
teric ripening is accompanied by enhanced
ethylene production, but this phenomenon
cannot be observed in non-climacteric fruit
(Chen et al. 2018). However, this catego-
rization is not too stringent, and several
studies have reported the regulatory func-
tion of ethylene in controlling gene expres-
sion during non-climacteric maturation (Li
et al. 2016; Megías et al. 2016; Kou and
Wu 2018; Tadiello et al. 2018). Investigating
and assessing the genes involved in straw-
berry ripening can contribute to a better
understanding of the non-climacteric pro-
cess in this fruit crop. FaSPT (FaSPATULA;

GeneBank accession no. AY679615) is one
of the genes that displayed altered expres-
sion during strawberry ripening (Balogh et
al. 2005; Tisza et al. 2010).

Recessive mutations of the SPATULA (SPT)
gene in Arabidopsis thaliana L. (spt1 and
spt2) cause degenerative carpel development
and a transmission tract within the style and
septum is absent (Alvarez and Smyth 1999).
These phenomena are accompanied by in-
hibited growth and a decrease in the num-
ber of ovules. Anatomical gaps caused by
rips can mostly be observed in carpel tips
and the stigma. In spt mutants, the trans-
mission tract and style within the septum
bring about an extracellular matrix. Despite
this anatomical deformation, fertilization can
take place, but at a low frequency. Siliques
of spt mutants are smaller, broader in the

DOI: 10.18380/SZIE.COLUM.2020.7.1.23 23



Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

center and terminus than wild type (WT)
siliques, and their shape is spatula-like (Al-
varez and Smyth 1998). The SPT gene en-
codes a basic-helix-loop-helix (bHLH) tran-
scription factor that is continuously ex-
pressed in the marginal tissues of develop-
ing carpels, where it is also likely respon-
sible for their further growth (Bowman and
Smyth 1999). Heisler et al. (2001) exam-
ined the transcription factors that influenced
SPT expression in A. thaliana and showed
that CRABS CLAW and AGAMOUS genes,
which contribute to carpel development (Al-
varez and Smyth 2002; Lee et al. 2005), did
not impact SPT expression, and that SPT
played a role in flower organogenesis. SPT is
a homologue of the phytochrome-interacting
factor (PIF) which regulates seed dormancy
(Josse et al. 2011). Groszmann et al. (2011)
found similarity between SPT and ALCA-
TRAZ (ALC) genes, claiming that both were
essential in flower and fruit development,
and that A. thaliana alc mutants could be
successfully complemented with 35S::SPT
vectors. Zumajo-Cardona et al. (2017) iso-
lated paleo, SPT and ALC genes from dif-
ferent plants and examined their gene ex-
pression and conserved regions, and also per-
formed phylogenetic analyses, noting that
these genes may play a role in early floral or-
gan development and specification in Bocco-
nia frutescens L. Makkena and Lamb (2013)
investigated the role of SPT in the regulation
of root meristem development in strawberry
where its expression increased as fruit ripen-
ing progressed, but decreased in response to
wounding, auxin and ethylene. In strawberry,
RNAi-based gene silencing of SPT retarded
fruit development (Tisza et al. 2010).

Members of the SPIRAL (SPR) gene family
encode small proteins that regulate the or-
ganization of microtubules by affecting cell
growth and elongation (Furutani et al. 2000;
Nakajima et al. 2004). Members of the SPR
gene family in A. thaliana are classified into
two main categories, spr1 and spr2, and five

subgroups of spr1, spr1-1 to spr1-5 (Naka-
jima et al. 2006). A. thaliana plants harbour-
ing a mutant SPR gene develop roots with
characteristic helical growth. Epidermal cell
rows of roots of spr mutants in A. thaliana
are twined resulting in left-handed helical
growth, and cortical cells of etiolated spr
hypocotyls showed microtubule arrays with
irregular orientations (Furutani et al. 2000).
The SPR2 gene codes for a protein that
binds to a plant-specific microtubule (Shoji
et al. 2004). Mutations in the SPR2 gene
may result in right-handed helical growth
in hypocotyls, petioles and petals (Furutani
et al. 2000; Buschmann et al. 2004). Us-
ing cDNA-AFLP, Balogh et al. (2005) iden-
tified the FaSPR gene (C11M32M003) from
cultivated strawberry (Fragaria ⇥ ananassa
Duch.). Polgári et al. (2010) analysed the
cDNA-AFLP fragment and the full-length
cDNA (AY695666) of FaSPR, showing over
60% homology at the nucleotide level with
two gene groups in A. thaliana and other
plants.

The complementation test is a very effi-
cient tool for functional genomic analysis.
In the plant kingdom, the model plant A.
thaliana, with its well-known genome, has
plenty of natural and induced mutants, which
are used to prove similar or analogous func-
tions of genes isolated from different organ-
isms (Groszmann et al. 2011).

Our aim was to functionally characterize the
Fragaria vesca SPATULA (FvSPT) and SPI-
RAL (FvSPR) genes. To achieve this, we car-
ried out a complementation analysis using
FvSPT (XM_004287975; LOC101290893),
FvSPR1-1 (XM_004297177; LOC01307108)
and FvSPR1-2 (XM_004299243; LOC10130
9836) constructs within the pGWB401 vec-
tor and transformed A. thaliana Columbia
mutants spt and spr. An understanding of
the functionality of FvSPT and FvSPR genes
would allow for their use in transgenic con-
structs for postharvest applications.
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Materials and Methods

After sowing seeds ex vitro in soil, they were
incubated at 4°C for 4 days, then placed in
the dark. After 4 days, they were put in a
22°C climate chamber (Binder KBWF 240,
Tuttlingen, Germany) and grown under an
8-h photoperiod at a photosynthetic photon
flux density (PPFD) of 37 µmol m�2 s�1

provided by Biolux tubes (Osram L58W,
Markham, Canada). When the first flowers
appeared (14-16 days after seedling emer-
gence; Smyth et al. 1990), they were cut.
Plantlets were then grown under a 16-h pho-
toperiod at a PPFD of 37 µmol m�2 s�1 and
at 22°C. Plant material was grown at Szent
István University.

FaSPT, FaSPR1-1 and FaSPR1-2 genes
(coding sequences), which were identified
with cDNA-AFLP (Balogh et al. 2005;
Tisza et al. 2010), together with their
promoters, were applied in the comple-
mentation tests. The homology was anal-
ysed with ClustalO (https://www.ebi.ac.
uk/Tools/msa/clustalo/) between FvSPR1-1
(XM_004297177; LOC01307108), FvSPR1-
2 (XM_004299243; LOC101309836),
AtSPR1-2 (BT024676), FvSPT (XM_00428
7975 and AY679615) and AtSPT
(BT026462). For primer design and in sil-
ico analysis of the promoter regions, we
used the “Fragaria vesca Whole Genome
v2.0a1 assembly & annotation” from GDR
(http://www.rosaceae.org). Genomic DNA
was isolated from 100 mg of fresh plant tis-
sue of in-house Fragaria vesca L. cv. Rügen
using NucleoSpin Plant II kit (Macherey-
Nagel, Düren, Germany) following the man-
ufacturer’s protocol. The SPT gene and its
promoter (6600 bp), as well as the SPR1-
1 and SPR1-2 genes and their promoters
(9647 bp and 2443 bp, respectively) were
amplified with the GoTaq Long PCR Master
Mix (Promega, Madison, WI, USA). A to-
tal of 100 ng of genomic DNA was used as
a template in a 50 µL PCR mix. The PCR

mixture consisted of 25 µL volume of Go-
Taq Long PCR Master Mix (2⇥), and 40
pmol of each primer. The PCR conditions
were 95°C for 2 min followed by 35 cycles
at 95°C for 30 s, 65°C for 7 min. Cycling
was followed by a final incubation at 72°C
for 10 min. PCR products were separated
by electrophoresis on 1.0% agarose gels in
1⇥ TAE buffer (Sambrook et al. 1989) and
were detected by fluorescence under UV
light (302 nm) after staining with 0.1% ethid-
ium bromide. A molecular marker of 1 Kb
Plus DNA Ladder (ThermoFisher Scientific,
Carlsbad, CA, USA) was used. The PCR
products were purified with Wizard® SV Gel
and the PCR Clean-Up System (Promega).
Purified PCR fragments were ligated into
a pDONR221 entry vector (Life Technolo-
gies, Carlsbad, CA, USA). The pGWB401
vector (Nakagawa et al. 2007; Tanaka et
al. 2011) was used to establish plant trans-
formation constructs containing full-length
genomic clones of FvSPT, FvSPR1-1 and
FvSPR1-2 genes (i.e., containing promoters
and coding sequences). A. thaliana spt and
spr mutants of Columbia (Col), purchased
from the Eurasian Arabidopsis Stock Centre
NASC (http://arabidopsis.info/), were grown
under an 8-h photoperiod at a PPFD of 37
µmol m�2 s�1 provided by Biolux tubes
(Osram L58W, Markham, Canada), and at
22°C in a climatic chamber (Binder KBWF
240, Tuttlingen, Germany). The spr1-2 Col
mutant (NASC ID: N6547) has defective
directional cell elongation, abnormal corti-
cal microtubule function and exhibits right-
handed helical growth in roots, which are
caused by the SPR1-2 allele (At1g69230;
GenBank: BT26462) mutation by sequence
tagged T-DNA insertion line. The spt Col
mutant (NASC ID: N857133) has a T-DNA
insertion in the SPT gene (At4g36930; Gen-
Bank: BT024676) on chromosome 4, posi-
tion 17414295 on TAIR10.

Genetic transformation of spr1-1/spr1-2 and
spt mutants was carried out when secondary
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Table 1. Primer names and sequences applied in RT-qPCR.

Primer name Position of primer Sequence (50 – 30) Amplicon length

FvSPR1 forward TGCAGATGGCTCAACTCAA 280 bpreverse ACCTGGGAAAGGGTGGAGTA

FvSPR2 forward TGTATGAATTACGTAACCAT 178 bpreverse TTCTCTTTCGACACTCGTC

FvSPT forward ACTATTTAAAATTAAAAGAA 197 bpreverse ATTAGGAAATCCACTCAGACA

FvGAPDH forward AGGTTGTGCTGGTAATGGAA 218 bpreverse ATTGCAGTGGTGGATACCTT

flowering (about 1 month after seedling
formation) started. In-house Agrobacterium
tumefaciens GV3101 strain was used for
floral dip transformation (Clough and Bent
1998), which was repeated when the ter-
tiary flowers appeared after 1-2 weeks. Seeds
were harvested after about 6 weeks then
sown in soil. Transformants were selected
by treating plants with kanamycin solu-
tion (Duchefa, Haarlem, The Netherlands)
(Xiang et al. 1999). Specifically, two-leaf
A. thaliana plantlets were sprayed con-
secutively with 100, 200 then 400 mg/mL
kanamycin for 3 days, 1 week and 2 weeks,
respectively after sowing seeds. Plants that
survived the third spray were analysed
by PCR with a Phire Plant Direct PCR
Kit (ThermoFisher Scientific, Carlsbad, CA,
USA). The PCR mixture consisted of 10 µL
of Phire Plant PCR Buffer (2⇥), 40 pmol
of each primer, 0.4 µL of Phire Hot Start
II DNA Polymerase and 0.5 µL of diluted
plant tissue. The PCR conditions were 98°C
for 5 min followed by 40 cycles at 98°C for
5 s, 60°C for 5 s and 72°C for 20 s. Cy-
cling was followed by a final incubation of
72°C for 1 min. PCR products were sepa-
rated by electrophoresis based on the same
protocol that was used for promoter PCR.
The PCR-positive T1 individuals were grown
in a climatic chamber until T4. The T3 and
T4 individuals were analysed with RT-qPCR

for quantification of the transgene expression
and determination of transgene copy number
(Fletcher et al. 2014). Vector construction
and genetic transformation were conducted
at Szent István University.

The T3 and T4 plants with one transgene
copy were examined; we observed and mea-
sured their habit, roots and siliques (three
biological and technical replicates), and the
number of seeds and siliques (three biologi-
cal and technical replicates) was determined
and compared to wild type (WT) and mutant
Col plants. Data was analysed statistically in
SPSS version 22 (SPSS Inc., IBM Corp., Ar-
monk, NY, USA). Following mean separa-
tion by ANOVA using Windows Microsoft
Excel (2017), statistical significance was de-
termined using Tukey’s multiple range test
(P<0.001). Statistical analyses were carried
out at the University of Debrecen, IAREF,
Research Institute of Nyíregyháza.

To prove the transcription of the FvSPT,
FvSPR1-1 and FvSPR1-2 genes, total RNA
was isolated from F. vesca (cv. Rügen)
and the transformant A. thaliana plants. To-
tal RNA was applied to RT-qPCR with
primers designed for the exon-exon junction
of FvSPT, FvSPR1-1 and FvSPR1-2, as well
as the GAPDH housekeeping gene (primer
sequences are listed in Table 1). We calcu-
lated the transformation efficiency based on
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the number of transformants/number of flo-
rets dipped in the transformation (floral dip)
solution.

Silique length of T3 and T4 progeny (80
siliques per generation, three biological
replicates) was measured and seeds were
counted under a SMZ-161-BL stereomicro-
scope (Motic; Hong Kong, China). RT-qPCR
and microscopic analyses were carried out
at the University of Debrecen, IAREF, Re-
search Institute of Nyíregyháza.

Results and Discussion

In this study, we isolated the F. vesca FvSPT,
FvSPR1-1 and FvSPR1-2 genes (Balogh
et al. 2005; Polgári et al. 2010), which
showed altered expression in the course of
fruit ripening, and introduced them into A.
thaliana spt and spr1-2 mutants with the
objective of trying to complement mutated
functions. Using in silico analysis for the
promoter regions and genes, we determined
the FvSPT, FvSPR1-1 and FvSPR1-2 genes
and their promoters based on homology with
the At1g69230 (Figure 1) and At4g36930
(Figure 2) genes in F. vesca genomic se-
quences (Shulaev et al. 2011) and GDR
data (http://www.rosaceae.org). Homol-
ogy was 84.03%, 69.45% and 74.24% be-
tween FvSPT (XM_004287975) and AtSPT
(At4g36930), FvSPR1-1 (XM_004297177)
and AtSPR1-2 (At1g69230), and FvSPR1-
2 (XM_004299243) and AtSPR1-2
(At1g69230), respectively. We amplified
the FvSPT (6600 bp), FvSPR1-1 (9647 bp)
and FvSPR1-2 (2443 bp) genes, includ-
ing their promoters. After constructing the
FvSPT::pGWB401, FvSPR1-1::pGWB401
and FvSPR1-2::pGWB401 vector constructs,
we confirmed, using colony PCR, that the
vectors carried the inserts. The A. thaliana
spt and spr mutants (60 plants/line) were
transformed with the vector constructs. In

germinated plants that survived three-step
kanamycin selection (3 days, one week
and two weeks after germination) with 100
mg/mL, 200 mg/mL and 400 mg/mL, respec-
tively, we confirmed that the plants carried
the FvSPT, FvSPR1-1 and FvSPR1-2 genes
by applying direct PCR with the specific
gene of interest using PCR primers for the
putative transformed plants and RT-qPCR.
Average transformation efficiency for the
three genes was 0.38% with only one trans-
formation at secondary flowering. When
redefining the transformation efficiency as
the number of transformants/number of
seeds set and we used two transforma-
tion processes (when secondary and ter-
tiary flowers appeared), then transformation
efficiency was much higher (7.6%). After
these plants developed until 6 weeks, it was
possible to compare the phenotype of the
WT Col silique (Figure 3A), the FvSPT-
complemented plants (Figure 3B), and the
spt mutant (Figure 3C).

The spt mutant plants were significantly
shorter (Figure 4C) and had shorter siliques
(Figure 5) than WT (Figure 4A). The suc-
cessfully complemented FvSPT transfor-
mant was significantly taller than the spt mu-
tant (Figure 4D), while its non-malformed
silique resembled that of WT (Figure 3),
demonstrating that the FvSPT gene was able
to effectively compensate for the missing
silique-related function of spt.

When silique length (from an average of 12
siliques/plant) of 80 plants of WT, spt and
spr mutants and complemented Col mutants
were compared, the spt mutant displayed sig-
nificantly shortest silique length (3.8 mm),
while WT as well as the FvSPT/FvSPR1-
1/FvSPR1-2-complemented plants had sig-
nificantly longer siliques (12.8-13.3 mm).
Relative to the spr mutant, silique length was
significantly increased only in the FvSPR1-
1-complemented plants (Figure 5).

The spt mutant produced fewest
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Figure 1. Homology between FvSPR1-1 (XM_004297177), FvSPR (AY695666), AtSPR1-2
(BT024676) and FvSPR1-2 (XM_004299243).

Figure 2. Homology between FvSPT (XM_004287975), FvSPT cDNA (AY679615) and
AtSPT (BT026462).

seeds/silique (7.7), while WT Col produced
the most (47.7) (Figure 6). The spr mu-
tant, which had significantly shorter siliques

than the WT (Figure 5), also developed
significantly fewer seeds (37.5) than WT
(47.7). The number of seeds in FvSPT-
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Figure 3. Siliques of Arabidopsis thaliana Columbia wild type (A); FvSPT-complemented
Columbia spt mutant (B) and Columbia spt mutant (C) from 6-week-old plants.

Figure 4. Habit of 8-week-old plants of Arabidopsis thaliana Columbia wild type (A), spiral
mutant, spr (B), spatula mutant, spt (C) and FvSPT1-2-complemented (D).

complemented siliques was, as expected,
significantly higher than the spt mutant, but
significantly lower than the WT control (Fig-
ure 6). Similarly, the number of seeds in
FvSPR1-1- and FvSPR1-2-complemented
siliques was, also as expected, significantly
higher than the spr mutant, but signifi-
cantly lower than the WT control (Figure
6). The FvSPR complementation was not
as pronounced as the FvSPT complementa-
tion, but the trait (number of seeds/silique)

was still complemented, nonetheless. De-
spite these differences, FvSPT-, FvSPR1-
1- and FvSPR1-2-complemented genotypes
displayed the same phenotype as the WT
control. As one example, see the comparison
between WT and FvSPT1-2-complemented
plants in Figure 4.

A contrast of the phenotypes of FvSPR1-1-
and FvSPR1-2-complemented, WT and spr
mutant plants can be seen in Figure 7 and
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Figure 5. Average length of silique (mm). Col WT: Columbia wild type; spt mutant: spatula
mutant Col; spr mutant: spiral mutant Col; FvSPT: SPATULA gene of strawberry (Fra-
garia vesca L.) complemented A. thaliana Col; FvSPR1-1: SPIRAL1-1 gene of straw-
berry complemented A. thaliana Col; FvSPR1-2: SPIRAL1-2 gene of strawberry com-
plemented A. thaliana Col. Different letters within blue bars indicate significant differ-
ences with Col WT based on one-way ANOVA (Tukey’s multiple range test; P<0.001);
80 plants/experiment/line and three biological replicates.

Figure 8. The spr mutation could only be re-
stored by FvSPR1-2 (Figure 7). In the case of
FvSPR1-1 plants, similar helical roots devel-
oped as in the spr mutants. There are three
recessive A. thaliana spr mutants, spr1-1,
spr1-2 and spr1-3 (Nakajima et al. 2006). We
used the spr1-2 mutant in our experiment,
so this could theoretically only be comple-
mented by FvSPR1-2, and not by FvSPR1-1
(FvSPR1-1-complemented plants continued
to have helical roots, i.e., the mutant phe-
notype was not corrected), indicating that
FvSPR1-1 does not have the same function.

To show the expression of FvSPT, FvSPR1-
1 and FvSPR1-2 genes, we isolated to-
tal RNA from the transformants and con-
firmed the transcription of these genes
by RT-qPCR. The primers designed for
exon-exon junctions amplified 146 bp and
265 bp on the cDNA and gDNA, respec-
tively. The A. thaliana GAPDH gene was

used as the reference, generating a 130 bp
fragment. RT-qPCR results prove that the
FvSPT::pGWB401, FvSPR1-1::pGWB401
and FvSPR1-2::pGWB401 constructs func-
tioned in the AtSPT-complemented A.
thaliana plants.

Our experimental results attested that FaSPT
and FaSPR genes isolated from octoploid F.
⇥ ananassa by cDNA-AFLP (Balogh et al.
2005), show sequence similarity not only to
A. thaliana AtSPT, AtSPR1-1 and AtSPR1-2,
but also as well as with diploid strawberry
(F. vesca) FvSPT, FvSPR1-1 and FvSPR1-
2, but they also have the ability to comple-
ment the A. thaliana mutant phenotype (spt
and spr1-2 mutant Columbia). Similarly to
the result of Heisler et al. (2001), in which
the WT AtSPT2 allele complemented the At-
spt2 mutation, FvSPT had the same effect,
confirming the same functional ability of this
strawberry-derived gene. The literature indi-
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Figure 6. Average number of seeds/silique. Col WT: Columbia wild type; spt mutant: spat-
ula mutant Col; spr mutant: spiral mutant Col; FvSPT: SPATULA gene of Fragaria vesca
complemented A. thaliana Col; FvSPR1-1: SPIRAL1-1 gene of F. vesca complemented A.
thaliana Col; FvSPR1-2: SPIRAL1-2 gene of F. vesca complemented A. thaliana Col. Dif-
ferent letters within blue bars indicate significant differences with Col WT based on one-
way ANOVA (Tukey’s multiple range test; P<0.001); 80 plants/experiment/line and three
biological replicates.

Figure 7. Roots of FvSPR1-2 complemented Arabidopsis thaliana Columbia (A), Columbia
wild type (B) and spiral mutant (spr) of A. thaliana Columbia (C) plants after 1 week (Scale
bar: 5 mm).

cates that mutant SPR1-1, SPR1-2 and SPR1-
3 genes cause the same abnormal root mal-
formation symptoms in A. thaliana (Furutani

et al. 2000). We showed, however, that only
FvSPR1-2 was able to restore the dysfunc-
tional spr1-2.
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Figure 8. Roots of spiral mutant of Arabidopsis thaliana Columbia (A), Columbia wild type
(B) and FvSPR1-2-complemented Columbia (C) plants after 2 weeks (Scale bar: 5 mm).
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Abstract: Current global climate change alters the behaviour of species, and this can be also witnessed when
investigating the species composition, the structure and the processes of different ecosystems. Today a grow-
ing number of researches deal with the climatic exposures of forests, mostly focusing on the responses of the
dominant climate susceptible tree species and the direct and indirect impacts of climate change experienced
in forests. During literature review we looked for publications investigating the experienced impacts of cli-
mate change in our region including responses witnessed in growth, mortality and regeneration capacity of
tree species. From different climatic exposures the impacts of increased CO2 level, nitrogen deposition, milder
winters and more droughty and drier summers can be experienced most in our region. Publication’s statements
on the changes of tree species and forest stands have been grouped and summarized according to the character-
istic exposures. Based on the literature data it can be stated that climate change variously alters the tree species
composition, mixture ratio and diversity of forest stands and the outcomes of other forest dynamic processes
through vitality, production and competitiveness of different tree species.
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Introduction

In the last 30-40 years atmosphere, oceans
and surface of the Earth became warmer sig-
nificantly increasing the average temperature
values of the last 1400 years. In addition,
the carbon and nitrogen cycles of ecosys-
tems also substantially changed (Galloway
2004, IPCC 2014). At the same time, aver-
age global surface temperature values vary
to a great extent, which can be experienced
not only at the decade level but even on an
annual basis. According to the weather data
recorded since 1901, the average amount of
precipitation increased in the temperate zone
of northern hemisphere, but its distribution
within the year considerably changed com-
pared to the former period (IPCC 2014).
Since 1950 the frequency of weather extrem-
ities has also changed. Most importantly, the
number of colder weather extremities de-
creased, while the occurrence of extreme
warm weather conditions increased, and we

also had to face a growing number of heavy
rainfall events in more regions (IPCC 2014,
IPCC 2019). According to the different CO2
emission scenario based climate model sim-
ulations, these weather conditions are ex-
pected to get more extreme in the future.
What is more, there are some regions (e.g.
the North Pole) which respond much faster
than other regions of Earth. It is expected that
due to global warming heat waves are get-
ting longer and more frequent (IPCC 2014),
making it even more difficult for the living
creatures to survive the dry periods (Allen et
al 2010). According to the recorded weather
facts (the extremely hot and dry periods),
2018 can be considered a new reference year
regarding hot droughts in Europe (Buras et
al. 2019).

Regional datasets and tendencies are in
line with the global changes, and can pro-
vide more accurate data at the local level
(Szelepcsényi 2014, Dobor et al. 2015, 2016,
Spinoni 2015). Regarding Europe as a whole,
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the Mediterranean Region is the most threat-
ened area, since not only the more frequently
appearing droughts but also the increasing
risk and occurrence of forest fires are ex-
pected there (Lindner 2010). At the same
time, huge regional and local differences
can be witnessed when analysing climate
change. Hlásny et al. (2014) draw the at-
tention to the “hotspots” of the Carpathian
region, which may be highly vulnerable
to climate change due to the loss of bio-
diversity. Climate models predict stronger
Mediterranean weather characteristics, more
frequent weather extremities and significant
increase of the average temperature (even
by 4°C) in Hungary by the end of the cen-
tury (Krüzselyi et al. 2011, Spinoni et al.
2015). Based on the different model sim-
ulations, it is expected that there will be
less cold weather extremities but more warm
ones, and drought periods will be also longer
(Pieczka et al. 2011). Although there are
some uncertainties regarding the amount and
the distribution of precipitation, it seems that
the amount of rainfall will change, its inten-
sity is expected to increase, and the winter
months will be the wettest ones (Bartholy et
al. 2011, Horányi et al. 2011, Bihari et al.
2018).
For the natural ecosystems climate change
will appear in the form of climatic expo-
sures. According to the definition of the In-
tergovernmental Panel on Climate Change
(IPCC), climatic exposure means “the na-
ture and degree to which a system is exposed
to significant climatic variations” (Füssel &
Klein 2006). The various species respond to
climatic exposures differently due to their
unique sensitivity levels. This leads to com-
plex and diverse outcomes affecting the
species composition and the productivity of
forest ecosystems (Lindner et al. 2010).
The most important questions to be answered
by this review are the following:
Regarding growth, mortality and regenera-
tion capacity of the trees living in the natural

forests of Hungary ...

• What are the major characteristics of
climate change (experienced in the last
decades) in our region?

• How will these changes – as cli-
matic exposures – affect the native tree
species and the natural forest stands of
our region?

Materials and Methods

During literature review we focused on those
papers, which were investigating the impacts
of the major climate factors changed in re-
cent decades and influencing the behaviour
of trees, stands and processes of natural de-
ciduous forest ecosystems in our Pannon-
ian region and surroundings. We searched
for publications focusing on the impacts of
the following climatic exposures: increasing
of atmospheric carbon-dioxide and nitrogen
deposition; summer drought stress; milder
winters, longer vegetation season and ear-
lier onset of spring and shift of temperature
and precipitation’s regime. Articles present-
ing the impacts of the specific climate ex-
posure through the examples of Central Eu-
ropean, temperate zone and climate zonal
forests of Hungary had priority. Those pro-
fessional articles have been taken into ac-
count that investigating directly the already
experienced impacts of exposures.
The statements of the selected papers were
tagged and grouped according to the main
types of climatic exposures: A) increas-
ing global atmospheric CO2 concentration;
B) increasing reactive atmospheric Nitrogen
(Nr) deposition; C) more frequent mild win-
ters, earlier onset of spring and the extension
of the growing season; D) increasing temper-
ature with no water limitation; E) Increas-
ing summer temperature and drought stress
and F) indirect effects of increasing summer
temperature and drought stress. Afterwords
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the impact statements were ordered, grouped
and summarized with no weighting, however
the number of references shows a higher de-
gree of agreement.

Results

The main impacts of climatic exposure on
trees and natural forest stands have been ar-
ranged, assessed and summarized in Table 1.

Table 1. Thematic overview of the main impacts of climatic exposure on trees and natural
forest ecosystems caused by the recent climate change – summarized results of a review.

Climatic Exposure Impact on Forests References
A) Increasing global Increased growth of young tree Asshoff et al. (2006),
atmospheric CO2 stands if no other limitation factors DeLucia et al. (1999),
concentration by 15-20 (i.e. light, water, nutrient) occur, Hickler et al. (2015),
ppm / decade since 1980 but mature forest trees (oak, Laubhann et al. (2009),
(NOAA 2019) hornbeam) generally did not show Norby et al. (2005)

growth enhancement in response
to elevated CO2 level, partly
except of beech.

B) The reactive atmospheric Increase of Nreactive deposition can Fowler et al. (2013),
Nitrogen (Nreactive) enhance ecosystem productivity Galloway et al. (2008)
deposition almost tripled the (mostly in N-limited regions) Fowler et al. (2013),
natural level by the early through fertilization and decreases Galloway et al. (2004),
1990s. According to the biodiversity (i.e. herb layer) Sybryn et al. (2018)
projected trend it is to through acidification and
double more by 2050 eutrophication.
Galloway et al. (2008) Nitrogen deposition generally Etzold et al. (2020),

shows a significant positive impact Komarov et al. (2012),
on tree growth, although the N and Laubhann (2009)
the C cycles of the ecosystems are
complex and coupled processes.
Too much nitrogen slows down
forest growth.

C) More frequent mild Spring warming has a strong Ahas et al. (2002),
winters, earlier onset of impact, but the combination of Fu et al. (2012),
spring and the extension of winter and spring warming has the Menzel et al. (2006),
the growing season. The greatest impact on earlier budding Chmielewski & Rötzer
average advance of spring (beech, birch and oak). (2001)
was 2-4 days/decade Indirect impact: warm Pureswram et al. (2018)
between 1951 and 2000 in temperatures can decrease the
our region. An increase of winter mortality of forest pest
mean annual temperature by insects, thereby shortening
1°C led to the extension of generation time (generalization is
the growing season by 5. difficult because of the various
days species-specific responses)

Pest insect populations can react Csóka et al. (2018),
fast to the favourable periods and Hirka et al. (2018),
condition deterioration of their Mátyás et al. (2018)
host trees.
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Table 1. Continued. Thematic overview of the main impacts of climatic exposure on trees
and natural forest ecosystems caused by the recent climate change – summarized results of
a review.

Climatic Exposure Impact on Forests References
D) Increasing temperature Increasing growth (basal area) of Kint et al. (2012),
with no water limitation larger beech and pedunculate oak Laubhann et al.

trees, but beech turned to decline (2009), Hilmers et
Trend: Significant warming since the 1960s due to the al. (2019)
tendencies are dominant at decreasing relative summer
the period of 1961-2001, in humidity in the Atlantic climate.
the Carpathian Basin
(Pongracz & Bartholy, Stable stand volume increment of
2006). mixed mountain forests, however

significant changes in the growth
dynamics at the species level:
spruce dropped, fir rose, beech did
not change.

E) Increasing summer Forest growth declined during Árvai et al. (2018),
temperature and drought drought, especially during more Führer et al. (2011),
stress severe droughts in the drier Führer et al. 2016),

climates. Gálos & Führer
Trend: Heat waves in the (2018), Gleason et
Carpathian region between Beech is the most drought al. (2017), Horváth
1961-2010: four out of sensitive tree species compared to & Mátyás (2014),
seven heat events occurred sycamore, Norway maple, sessile Mátyás et al. (2018)
after 2000 (Spinoni et al. oak and common ash. Its growth Sáenz-Romero et al.
2015). decreases in the driest stands (less (2019), Spathelf et

precipitation than 600 mm/year) al. (2014),
since about the 1980s. Zimmermann et al.

(2015)
Decreasing productivity by
increasing aridity for beech,
hornbeam, sessile oak and Turkey
oak.

F) Indirect effects of Change of dominance among Mette et al. (2013)
increasing summer trees species, beech was more
temperature and drought competitive but less drought
stress tolerant than oak until annual

precipitation fell below 540 mm
in a 100-year-old mixed forest.

Drought induced self-thinning Berki et al. (2014),
(mortality) of sessile oak stands in Berki et al. (2016),
Hungary Herczeg et al.

(2018), Árvai et al.
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Table 1. Continued. Thematic overview of the main impacts of climatic exposure on trees
and natural forest ecosystems caused by the recent climate change – summarized results of
a review.

Climatic Exposure Impact on Forests References
F) continued Indirect effects Expanding distribution area at Molnar & Czúcz
of increasing summer leading edge of manna ash tree (2009)
temperature and drought due to good natural regeneration
stress capacity on drier sites

Reduction of macroclimatically Czúcz et al. (2011),
suitable areas for beech and Salamon-Albert et
sessile oak in the following al. (2016),
decades near the xeric Illés (2018)
distributional limits

Discussion

Increasing CO2 and atmospheric Nitrogen

deposition can enhance tree growth and

ecosystem productivity

Although increasing atmospheric CO2 lev-
els and reactive Nitrogen deposition in-
crease forest productivity at many places,
researches revealed that such responses are
site, age and species specific. According
to the researches investigating young hard-
wood and pine stands, trees treated with
air enriched with CO2 grew more inten-
sively that the surrounding ones; and their
net primary production (NPP) also signif-
icantly increased together with their fine-
root. In drought years there was no differ-
ence between the growth intensity of the
treated trees and those of the control group
(surrounding trees without any CO2 treat-
ment). However, in the long run decreased
production has been observed, which could
be traced back to the limited access to min-
erals (DeLucia et al. 1999). Other outdoor
CO2 chamber experiments also found that
younger tree stands reached higher NPP val-
ues, exceeding the reference value with 23%

on the average (with significant standard de-
viation) (Norby et al, 2005). It has been veri-
fied at more locations that water supply has a
greater impact on the growth intensity of the
different tree species. Usually, higher CO2
concentration level leads to increased pro-
ductivity but in many cases the effects of
CO2 have been overestimated because at ar-
eas with water deficiency less growth can
be observed, or decline can be experienced
(Hickler et al. 2015). Asshoff et al. (2006) in-
vestigated the changes of the sum of the basal
area of 5 dominant European tree species in
old forest stands. They found that in the in-
vestigated 4 years long period increased CO2
level did not lead to the enhanced production
of the tree species. Although beech reached
outstanding growth levels in the first year,
this growth advantage disappeared due to the
drought experienced in the third year. During
the research also phenological variables (e.g.
budding and defoliation) have been analysed,
which turned to be species specific, but could
not be linked to the increased CO2 levels.

“By now, food and energy production
of [industry] increased the rate of anthro-
pogenic Nitrogen creation tenfold compared
to the value of the late 19th century.” (Gal-
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loway 2004, Galloway 2008, Sybryn et al.
2018) Komarov and his colleagues (2012)
modelled the changes of productivity accord-
ing to two different climate scenarios and
forestry inventory data in three forest sites in
Russia under continental climate. Due to the
growing level of N-deposition increased pro-
ductivity can be expected besides the spread
of deciduous tree species in the mixed tree
stands (Komarov et al. 2012). N-deposition
increased the growth of all the investigated
dominant tree species (beech, sessile oak, pe-
dunculate oak, fir and spruce) in European
forests (Laubhann et al. 2009).

Milder winters and the earlier onset of

spring cause less winter mortality among

forest pest insects, and accelerate budding

Milder winters and the earlier onset of spring
can be witnessed all over Europe leading
to the lengthening of the vegetation period
and the growing risk of late frost damages.
Milder winter weather facilitates the survival
of phytophagous insects, consequently larger
populations and increased insect damages
can be witnessed in the vegetation period
(Pureswarm et al. 2018, Csóka et al. 2018).
In the absence of the critical winter periods
the range of insects also changes enabling
the conquest of new territories (Pureswarm
et al. 2018, Csóka et al. 2018). The aver-
age advance of the summer half year was 2-
3 days/decade in Europe. The phenological
characteristics of the species also responded
to this in accordance with the earlier spring
temperature increase. On the other hand, de-
foliation takes place one day later/decade on
the average (Menzel et al. 2006). Based on
the data of the European phyto-phenological
database, budding starts 4 weeks earlier
in Western and Central Europe compared
to the reference period (1951-1998) of the
database. Differences can be observed in the
timing of spring phenological events in the
mountainous regions, which is mostly the re-

sult of the diverse microclimatic patterns and
the different altitude levels (Ahas et al. 2002)
Temperature manipulation experiments have
been used for investigating the phenological
events of beech, oak and birch seedlings in
winter and spring periods through the sim-
ulation of warming. Budding started earlier
in the case of all the three tree species when
spring warming has been simulated, while
winter warming seemed to have no effects at
all (Fu et al. 2012). Milder winter weather
facilitates the survival of phytophagous in-
sects, consequently larger populations and
increased insect damages can be witnessed
in the vegetation period. (Csóka et al. 2018,
Hirka et al. 2018). In the absence of the crit-
ical winter periods the range of insects also
changes enabling the conquest of new terri-
tories (Pureswarm et al. 2018, Mátyás et al.
2018).

Altered growth dynamics of trees due to in-

creasing temperature

The connection between more environmen-
tal variables (e.g. average temperature, pre-
cipitation, carbon-dioxide level and nitrogen
level) and the growth of stand forming tree
species (beech, sessile oak, pedunculate oak,
spruce and fir) have been investigated in Eu-
rope. Increasing average temperature had a
positive impact on the growth of all the tree
species, except for spruce (Laubhann et al.
2009). In Austrian mixed forest stands – con-
sisting of pine and deciduous trees – higher
average temperature combined with lower
precipitation levels did not alter the produc-
tivity of the trees. In the mixed forests re-
searched by Hilmers and his colleagues the
diminishing population of spruce was coun-
terbalanced by the increased production of
other tree species (e.g. beech and silver fir)
(Hilmers et al. 2019). Similarly, the basal
area growth of temperate tree species has
been investigated in areas under Atlantic cli-
mate between 1901 and 2008. According to
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the data, the productivity of pedunculate oak
continuously increases, while in the case of
beech productivity started to decrease from
the 1960s due to the drop in relative humid-
ity values during the summer periods in the
Atlantic regions (Kint et al. 2012).

Increasing drought stress decreases pro-

ductivity, and can induce higher mortality

among the more susceptible tree species

The characteristic exposures of climate
change include the more frequent occur-
rence of warmer and drier summers and
longer drought periods accompanied with
heat waves. The intensity of growth signifi-
cantly decreased during drought periods, es-
pecially at arid and semi-arid locations. In
regions with sufficient water supply compe-
tition had a greater impact on production.
This could be also observed in drought pe-
riods when the impact of aridity has not been
enhanced by high temperature. (Gleason et
al, 2017). By using the aridity index, calcu-
lations have been made on the future changes
of the habitat conditions and the production
of the different tree species in Central Eu-
rope. From the analysed weather variables
late spring temperature and total annual pre-
cipitation turned to be of special importance.
Since the amount of available water affects
the production of organic matter, decreased
productivity, worse health status and lower
density values can be expected in the case
of some of the species at areas with high
forestry aridity index (FAI) values (Salamon
et al. 2016, Führer et al. 2011, Gálos &
Führer 2018, Sáenz-Ronero et al. 2019). In
Hungary, the spread, the ecological needs
and the climate sensitivity of more stand
forming tree species have been investigated,
and based on the results their future has been
predicted for the next decades according to
the expected climatic changes. These forests
and tree species are located close to the xeric
edge of the temperate deciduous forest zone

in the Carpathian Basin, therefore some of
the currently dominating tree species (beech,
sessile oak and Turkey oak) may disappear
from huge areas, and the structure and the
characteristic of the forests may fundamen-
tally change (Spathelf et al. 2014). A further
finding of the researches is that habitats suit-
able for beech will be limited to smaller ar-
eas by 2050, and the ideal habitats meeting
the ecological needs of beech – being a stand
forming species today – will virtually disap-
pear from Hungary by the end of the cen-
tury a (Czúcz et al. 2011, Illés 2018). Beech
is susceptible to aridity, and this can be also
witnessed in the changes of dominance rela-
tions. Drier and warmer weather forecasted
in Central Europe decreases the competi-
tiveness of beech, consequently the ratio of
drought tolerant tree species (e.g. maples and
ashes) and the dominance of sessile oak are
expected to increase (Mette et al. 2013, Zim-
mermann et al. 2015, Árvai et al. 2018).
From the indicator species signalling drier
climate manna ash can be highlighted. Data
on its historical and recent spread and the lat-
est related observations have been summa-
rized by Molnár and Czúcz (2009). Accord-
ing to their research, the spreading and the
increasing ratio of the species can be wit-
nessed in the forest stands of the North Hun-
garian Mountains where habitat conditions
were not so ideal for manna ash earlier (Mol-
nár & Czúcz 2009).

Conclusions

Climatic exposure caused by climate change
is a complex process showing regional and
local patterns. The major changes – increas-
ing CO2 concentration and atmospheric Ni-
trogen deposition, more frequent mild win-
ters and earlier onset of spring, higher tem-
peratures, and increasing summer drought
stress – cause direct impacts, which some-
times counterbalance each other. Climatic
exposure mostly alters growth dynamics, vi-
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tality and competitiveness of the trees, which
are highly specific due to the ecological and
trait profile and various sensitivity of differ-
ent tree species. The more frequent appear-
ance of forest pest insects and the new in-
vaders may cause severe indirect impacts on
trees. We found it during the literature review
that in the majority of the cases tree spe-
cific growth and mortality related changes
can lead to considerable shift in density and
mixture ratio of trees in the stand. Much
less evidences are available on the close re-

lation between climate exposure and success
of tree regeneration. It is clear that besides
climate exposure the establishment and the
regeneration of the trees also greatly depend
on several other factors (i.e. canopy closure,
propagulum sources, competition relation-
ships, browsing effect of the stock of game,
etc.) in the natural forest stands. Finally, we
can conclude that investigating and exploring
changes in tree specific growth and mortality
as the possible outcomes of climate exposure
are promising fields of research.
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a Kárpát-medence térségében az ENSEMBLES projekt eredményei alapján

Pureswaran, D.S., Roques, A. Battisti, A. Curr Forestry Rep (2018) 4: 35. https://doi.org/10.
1007/s40725-018-0075-6

Pongrácz, R., Bartholy, J. (2006): Tendency analysis of extreme climate indices with spe-
cial emphasis on agricultural impacts http://www.cbks.cz/sbornikStrecno06/prispevky/Sekcia_2/S2-
8.pdf
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Effect of water supply and season on the productivity and carotenoid
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Abstract: The weather, the growing conditions and the genetic background of the varieties determine the effi-
ciency of processing tomato growing. During years Strombolino a cherry type tomato hybrid with determinate
growth habit was investigated to show the effect of unirrigated and regularly irrigated treatments on the yield
quantity and phytonutrients content under open field conditions. Too much water (precipitation + irrigation)
was disadvantaged for the productivity and yield quality of cherry tomato hybrid because the amount of dis-
eased yield increased while the soluble solids content (°Brix) and lycopene content of tomato fruit decreased.
In the mildly wet year, irrigation had positive effect on the marketable yield, the b -carotene and zeaxanthin
content of tomato fruit but the ratio of diseased fruit increased. In the dry years smaller weighed fruits were
produced but the regular irrigation significantly increased the marketable yield, °Brix, b -carotene and cis ly-
copene content of fruit.
Keywords: cherry tomato; irrigation; yield; phytonutrients
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Introduction

Frequently occurance of high temperature
and low precipitation due to global warm-
ing (Spinoni et al. 2015) decreases the pro-
ductivity of vegetables crops grown in open
field conditions and unfavourably influence
unfavourably the yield quality (Bisbis et al.
2018). The damage caused by drought can
be mitigated using irrigation technology, but
the efficiency of irrigation was influenced by
the time and dose of irrigation (Helyes et al.
2018), the water use efficiency of the vari-
eties (Nemeskéri et al. 2015, 2018) and the
weather of the years (Molnár et al. 2012).
In recent years, the focus of research has
been on the bioactive substances of differ-
ent vegetable species, especially tomatoes
(Duc et al. 2017; Pék et al. 2012 and 2013).
Tomato is one of the most water-demanding
crops. Water deficiency affects the phys-
iological processes, growth and yield of
tomato. Nevertheless, the water deficit can
benefit the tomato quality due to the accu-
mulation of high level of soluble solids af-
fecting the taste, aroma and water content

of fruit (Barbagallo et al. 2013; Klunklin
and Savage 2017). The amount of marketable
yield, the soluble solids (°Brix) and lycopene
content of fruit are important parameters for
the preparation of various tomato purée in
the processing industry (Berki et al. 2014).
Nevertheless, the soluble solids content of
tomato fruit depends on the variety, growing
and weather conditions (Helyes and Varga
1994; Sass-Kiss et al. 2005; Pék et al. 2019).
Under good water supply conditions, the
tomato varieties produced high yield with
low Brix value but the Brix yield per hectare
increased (Pék et al. 2015). Lycopene con-
tent of tomato fruits depends on the vari-
ety and environmental conditions including
temperature, and water supplies (Brand et
al. 2006; Helyes et al. 2006; Petrović et al.
2019).

Tomato is classified as a functional food
because of high levels of lycopene and
carotenoids that are responsible for the red
colour of the fruits (Rocha et al. 2013; Díaz
et al. 2020). Its consumption helps prevent
chronic diseases such as cancer and cardio-

DOI: 10.18380/SZIE.COLUM.2020.7.1.47 47



Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

vascular diseases and it has favourable ef-
fects on the human health due to the phy-
tonutrients of fresh fruits such as phenolic
compounds, flavonoids, carotenoids and vi-
tamins (Agarwal and Rao 2000). Lycopene
comprisess 64-80% of the carotenoids de-
pending the varieties in addition the amount
of b -carotene, lutein and zeaxanthin is re-
markable in the tomato (Lugasi et al. 2004;
Chaudhary et al. 2018; Helyes 2014). Lutein
and zeaxanthin is considered to retard the
development of eye diseases such as age-
related macular degeneration (Frede et al.
2017) and they have antioxidant properties
because they take part in the scavenging
of free radicals in the cells (Steiner et al.
2018). The accumulation of phytonutrients
in tomato is influenced by the genotype, the-
fruit ripening and environmental factors. An
increase in lycopene content of cherry type
tomato varieties was detected using deficit ir-
rigation but it decreased in large fruited cul-
tivars (Dumas et al. 2003). Although there
have been a number of studies conducted on
the effect of irrigation on the yield of tomato
the knowledge about the responses of cherry
type tomato to water deficiency under field
condition is scarce.
The aim of the present study was to inves-
tigate the effect of water supply on the pro-
ductivity, the distribution of yield and phy-
tonutrients of small sized processing cherry
tomato.

Materials and Methods

Experimental design
During four years (from 2012 to 2015) the
productivity and yield quality of early ripen-
ing Strombolino F1 processing cherry tomato
was investigated under regularly irrigated
and non-irrigated conditions in open field
experiments at the Experimental Farm of
the Institute of Horticulture of Szent István
University, Gödöllő. Tomato seedlings have
been propagated in greenhouse and the four-

week-old seedlings were transplanted ton the
field on 8 to 11 of May depending on the
weather of the years. Tomato seedlings were
planted in twin rows, with 40 cm spacing
inside the row and 120 cm between adja-
cent twin rows. The space between the plants
in the rows was 30 cm with a plant den-
sity of 4.2 plants m�2. The irrigation treat-
ments were arranged in a randomized com-
plete block design with four repetitions. Reg-
ular irrigation (RI) was used to provide the
optimal water demand of plants using mete-
orological data to determine the dose of irri-
gation as described by Helyes at al. (2018).
In non-irrigated plots the plants were grown
only under natural precipitation conditions.
The irrigation method was drip irrigation and
was performed three times per week and it
was finished 19 days before the harvest.

Analysis of yield quantity and quality

Ten and twenty plants were selected and har-
vested from each repetition between the 8th

and 11th of August depending on the year.
After harvest the fruit yield of selected plants
was weighed and classified. The marketable
group contained the healthy red coloured
tomato fruits. The healthy green coloured
fruits were classified into the second group
and the third group comprised of the diseased
fruits.

Five tomato fruit of red marketable yield
from each repetition was used to determine
the content of total soluble solids (°Brix) us-
ing a Krüss DR201-95 handheld refractome-
ter (A. Krüss Optronic GmbH, Hamburg,
Germany). Identification and measurement
of carotenoids was performed using HPLC
analysis as described by Daood et al. (2014).

Data were evaluated by two-way analysis of
variance (ANOVA) using SPSS 20.0 (IBM
Hungary Ltd, Budapest, Hungary) Windows
software. The average values of treatments
were compared by Tukey test at p < 0.05.
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Table 1. Total amount of precipitation and irrigated plots water during the growth of Strom-
bolino F1 cherry type processing tomato

Years
Water supply 2012 2013 2014 2014
mm until total until total until total until totalflowering flowering flowering flowering
Precipitation 118.6 219.4 144.9 166.2 129.5 380.7 116.5 175.6
Irrigation 159.9 337.0 169.8 351.7 184.5 447.7 154.8 438.1

Results

On the basis of precipitation shown in Ta-
ble 1, the weather was dry in years 2013 and
2015 and it was mildly wet in 2012 and rainy
in 2014. Processing tomato requires at least
400 mm rainfall for undisturbed growth (Bat-
tilani et al. 2012) that was ensured by reg-
ular irrigation in the dry 2015 year. During
the growth of tomato, the distribution of pre-
cipitation was different in the years which
influenced the fruits setting and fruit devel-
opment. From planting to the flowering, the
amount of precipitation was similar 116 and
145 mm, respectively, both in wet and dry
years. Nevertheless, a significant difference
in the precipitation between the years was
detected during fruit development and fruit
ripening; a lot of rain fell in the wet years,
but it was 19 mm and 57 mm in the dry years
of 2013 and 2015 respectively.
In mildly wet (2012) and moderate dry
(2015) years the total yield was larger than
in the very dry (2013) and rainy (2014) year.
Nevertheless, the amount of marketable and
green yield originating in the individual pro-
ductivity of plants was determined by the wa-
ter supply together with the year (Table 2).
In mildly wet (2012) year, a high productiv-
ity of plants was shown by large number of
fruits and fruit weight per plant. In this year
the irrigation was event efficient; regular ir-
rigation resulted in a significantly increase in
the weight of red fruit and marketable yield,

but the rate of diseased fruits was high. In
the rainy (2014) year the plants used a large
proportion of available water to develop their
vegetative organs rather than for the yield
production. This was proven by the low fer-
tility which resulted in the fewer larger sized
matured red and green tomato fruits. In a
rainy year the irrigation had no impact on
the weight of red tomato fruits, but it sig-
nificantly increased the amount of diseased
yield in comparison with the non-irrigated
plants (Table 2.). In dry (2013 and 2015)
years, the plants produced generally smaller
sized red fruits than in wet years however the
water supply had significant influence on the
fertility of plants i.e. fruit number per plant
(Table 2). The largest soluble solids content
(°Brix) of tomato fruit was measured in the
very dry 2013 year and it was the lowest
in rainy 2014. Irrigation had a negative ef-
fect on soluble solids content (°Brix) of fruit
in the moderate dry (2015) and mildly wet
(2012) year. It can be said that in dry years
regular irrigation significantly increased the
weight of tomato fruits when compared with
the non-irrigated plants however the extent
of increase was related to the intensity of
drought which affected the marketable yield.

Under non-irrigated conditions, indepen-
dently of the years, a low marketable yield
(15-21 t ha�1) has been produced (Figure
1ab). In dry years, under non-irrigated con-
ditions more uniform and healthy yield was
detected than in wet years. In dry years use
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Table 2. Water supply on the yield components, distribution of yield and soluble solids con-
tent (°Brix) of fruit of Strombolino F1 processing tomato

Traits Water Wet years† Wet years††
supply 2012 2014 2013 2015

Fruit nr. plant�1 NI 130.09a 93.31b 123.77a 76.01c
RI 184.83a* 99.25c 84.32c* 149.10b*

Total fruit kg plant�1 NI 0.93a 0.74b 0.73b 0.35c
RI 1.89a* 0.89c* 0.74d 1.56b*

Red fruit weight g NI 7.48b 8.85a 6.15c 5.05d
RI 10.28a* 9.88a 9.63a* 10.78a*

Green fruit weight g NI 6.15a 4.18b 1.48d 2.68c
RI 2.63c* 4.05b 2.55c* 7.73a*

Diseased fruit weight g NI 6.90a 6.75a 7.10a 4.38b
RI 11.83a* 8.40c* 9.73b* 9.75b*

Total yield t ha�1 NI 38.73a 30.80b 26.63c 21.90d
RI 78.93b* 37.00d* 57.33c* 97.43a*

Marketable yield t ha�1 NI 15.63c 14.65c 25.55a 18.53b
RI 57.45b* 14.38c 53.93b* 85.27a*

Green yield t ha�1 NI 9.85a 1.48c 0.38d 2.23b
RI 1.03d* 1.48c 1.68b* 5.43a*

Diseased yield t ha�1 NI 13.28a 8.20b 0.73d 1.13c
RI 20.45a* 15.78b* 1.75d* 6.68c*

°Brix NI 6.93a 4.60c 6.60b 7.35a
RI 5.05b* 4.40c 6.03a 4.53c*

Value in the rows following different letters indicates the significant difference at P<0.05
level using Tukey test * significant difference between non-irrigation (NI) and regular irri-
gation (RI) in the year. †2012 mildly wet, 2014 rainy year, ††2013 very dry 2015 moderate
dry year.

of regular irrigation increased the marketable
red yield and low green and diseased yields
were produced (Figure 1a). In wet years the
relatively low marketable yield was due to
the low fruit setting however the regular irri-
gation significantly increased the amount of
diseased and green yields in comparison with
the non-irrigation (Figure 1b).
It can be established that in dry years (2013
and 2015) the amount of marketable yield
was increased by irrigation while the rate
of diseased yield can be maintained at low
level, but too much water (precipitation + ir-
rigation) can decrease the marketable yield
and increase the diseased yield of cherry

tomato.
During the fruit development and ripening
stages of tomato the water supply condi-
tions, and temperature influence the synthe-
sis of secondary metabolites and phytonutri-
ent compounds (Table 3). The largest con-
tent of zeaxanthin and lowest of b -carotene
in fruits was measured in the dry (2013) year.
The regular irrigation resulted in an increase
in the b -carotene and cis lycopene contents
of fruits in the dry year however in the mildly
wet (2012) year an increase in the accumu-
lation of zeaxanthin and b -carotene could
be detected. The finding showed that regu-
lar irrigation depending on the weather of the
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Table 3. Water supply on the phytonutrients content of Strombolino F1 cherry type tomato

Phytonutrients µg g�1 Water Years
supply 2012 2014 2013

Total carotenoids NI 168.67a 121.16b 64.14c
RI 159.94a 126.56b 56.05c*

b -carotene NI 3.63a 1.63b 3.83a
RI 5.75a* 2.95b* 4.17a

Lycopene NI 150.20a 101.82b 53.51c
RI 140.70a* 109.39b 46.01c*

cis lycopene NI 8.02a 7.35a 2.03b
RI 7.45b 9.05a* 3.10c*

Zeaxanthin NI 0.39b 0.63a 0.37b
RI 0.49a* 0.27b* 0.48a*

Value in the rows following different letters indicates the significant difference at P<0.05
level using Tukey test * significant difference between non-irrigation (NI) and regular irri-
gation (RI) in the year.

years enhanced the accumulation of zeaxan-
thin into the fruit, except in a very dry year,
when it decreased.
It can be established that abundant water
was unfavourable on the nutritional quality
of cherry tomatoes because the soluble solids
content (°Brix) and lycopene content of fruit
decrease. In mildly wet year the effect of
irrigation on the b -carotene and zeaxanthin
content of fruit was favourable however the
best nutritional quality of cherry tomato fruit
including high b -carotene and cis lycopene
could be reached in the dry years.

Discussion

During the reproductive stage of develop-
ment of tomato, the water supply influence
the fruits number and weight of plants which
determine the final yield and its morphologi-
cal distribution (Pék et al. 2019). The impact
of water deficiency on the yield and qual-
ity depends on the genotype, the duration
and intensity of water stress occurring dur-
ing the fruit development stage (Riggi et al.
2008, Ripoll et al. 2014). It was shown that

long-term water deficit decreased a greater
extent the fresh mass and fruit diameter of
cherry tomatoes than in large fruited ones
but the reduction of fruit growth of cherry
tomato could be compensated by improving
fruit nutritional value (Petrović et al. 2019,
Duc et al 2017). Others (Coyago-Cruz et al.
2019) also found that water stress reduced
the fruit weight and number per cluster of
cherry tomato (Coyago-Cruz et al. 2019).
According to our results both water supply
and years influence the yield components,
yield fraction and accumulation of phytonu-
trients of Strombolino F1 processing cherry
tomato.
In mildly wet and moderate dry years the
regular irrigation more efficiently improved
the fruit setting (fruit number per plant) and
the weight of fruits than in marginal wet
and arid years (Table 2). Therefore, the to-
tal yield increased (78.83 and 97.38 t ha�1

respectively) in these years however the dis-
tribution of yield was different. Others (Bőcs
et al. 2011) also found a strong positive ef-
fect of water supply on the marketable yield
and average fruit weight of tomato with large
fruit size was detected. The result concern-
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Figure 1. Effect of water supply on the yield quantity of Strombolino F1 cherry tomato in dry
(a) and wet (b) years. Means following different letters are significant difference at P<0.05
level using Tukey test NI=non-irrigated RI= regularly irrigated conditions

ing the cherry type tomato was similar to that
of Bőcs et al (2011) but the effect of irriga-
tion was modified by the weather of years.
In rainy year the plants increased the green
biomass rather than to the fruit development
while the amount of diseased yield was in-
creased. In dry years the irrigated plants
produced healthier marketable yield than in
rainy years.

Prior to harvest the irrigation and precipita-
tion strongly influence the tomato yield qual-
ity (Helyes et al. 2012). During this period
the soluble solids contents including sugars,
amino acids, organic acids are accumulating
into the tomato fruits to provide the flavour
aroma and water content of fresh fruits. The
soluble solids content (°Brix) of tomato fruit
is determined by the genetic attributes of the

52 DOI: 10.18380/SZIE.COLUM.2020.7.1.47



Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

varieties. A higher Brix value was found in
cherry type tomato varieties than in tradi-
tional weighed fruit ones (Lapushner et al.
1990) however the weight of fruits can be
changed by water supply conditions. Helyes
et al. (2018) published that in a moderate dry
year using regular irrigation the Brix value of
Uno Rosso F1 processing tomato with larger
size fruit decreased by 52% in comparison
with that of non-irrigated plants (8.0 °Brix).
According to the results in the moderate dry
(2015) year, under irrigated condition the de-
crease in the Brix value was lower (38%)
for cherry type Strombolino F1 tomato com-
pared to the non-irrigated plants but it did not
change in the very dry (2013) year (Table 2).
Lycopene and b -carotene accumulate in the
final ripening stage of tomato and are re-
sponsible for the deep-red colour and b -
carotene for the orange colour of the fresh
fruits (Brandt et al. 2006). During this period
the effect of drought stress influences the
lycopene content however the results con-
cerning lycopene synthesis are rather con-
tradictory. Riggi et al. (2008) showed that
drought stress decreased the lycopene con-
tent of fruits but Sánchez-Rodriguez et al.
(2012) pointed out that the moderate water
stress induced an increase in the lycopene
content of tomatoes. Nevertheless, lycopene
content of fruits is determined by the genetic
background of cultivars. Pék et al. (2014) re-
ported that small-fruited cherry tomatoes had
higher lycopene content than large-fruited
cultivars. Petrović et al. (2019) also estab-
lished that independently of the water sup-
ply conditions the fruit of cherry tomato had
higher total carotenoids than in larger fruits
mainly due to higher content of lycopene.
They also reported that the effect of drought
was more favourable on the accumulation
of b -carotene than on lycopene of tomatoes.
The results partly confirmed this statement;

in very dry year, despite of irrigation ly-
copene content of fruits of Strombolino F1
tomato did not change but it was the lowest
in a rainy year.

Conclusions

Strombolino F1 processing cherry tomato re-
sponded sensitively to water stress under dif-
ferent weather conditions. Under water abun-
dance few and large weighed fruits per plant
were produced that had low nutritional qual-
ity including low °Brix and lycopene while
the diseased yield increased significantly. In
a mildly wet year the good fertility of plant
is further increased by irrigation therefore
the marketable yield significantly increased
and the fruit nutritional quality was improved
with increasing F1 and cis lycopene and
less decreased °Brix value but lycopene con-
tent of fruit decreased significantly while the
amount of diseased yield increased. Contrary
to smaller weighed fruits that were produced
in dry years, the marketable yield was in-
creased significantly by irrigation and their
nutritional quality improved due to rising
°Brix, F1 and cis lycopene content of fruit
while diseased yield was minimal.
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Abstract: This research was conducted in a spilt-plot design at the University of Debrecen Látókép Research
Station, site (N 47°33’ E 21°27’) in 2015 and repeated in 2016. There were three main plots, each 1.0 ha
in size which represents the tillage treatments: moldboard plowing (MT), strip tillage (ST) and ripper tillage
(RT). Maize hybrids, Loupiac (FAO 380) and Armagnac(FAO 490) were sown at 80,000 plants ha�1 with a
row spacing of 76 cm in the main plots which were subdivided to accommodate three fertiliser treatments
(N0 kg ha�1 (control); N80 kg ha�1; N160 kg ha�1) with four replications. The hybrids were harvested at the
end of the growing cycle with a Sampo 2010 plot harvester and the grain moisture content was computed at
15% moisture to arrive at the final yield. The findings revealed RT produced the highest yield of 10.37 t ha�1,
followed by MT and ST with 10.22 and 9.60 t ha�1 respectively. There was no significant difference(p>0.05)
in yield between the RT and MT treatments. However, both the RT and MT were found to be statistically
significant (p<0.05) when compared to ST treatment. In 2015, a relatively dry year, yield of ST plots were not
significantly different compared to MT and RT plots. A positive interaction between tillage and fertilisation
was evident, with higher yield variation (CV=40.07) in the non-fertilised (N0) tillage plots, compared to those
which received the N80 and N160 kg ha�1 treatments (CV=22.42). Fertilizer application greatly increased
the yield of maize and accounted for 43% of yield variances. The highest yield (11.88 t ha�1) was obtained
with N160 kg ha�1 treatment, followed by N80 kg ha�1 ( 10.83 t ha�1), while the lowest yield (7.48 t ha�1)
was recorded in the nonfertilised plots(N0 kg ha�1). Year effect was highly significant with vast variation
in yield between the two years, ranging from 8.36 t ha�1 in 2015 to 12.43 t ha�1 in 2016 for the same set
of agrotechnical inputs. In 2016, higher yield was obtained with increase fertiliser dosage due to favourable
growing condition which allowed for better fertiliser utilisation. However, with 2015 being a relatively dry
year there was no yield increasing effect with higher fertiliser dosage ( N160 kg ha�1 ). Loupiac (FAO 380)
was the better performing hybrid, with a yield of 11.09 t ha�1 compared Armagnac (FAO 490) with 10.60 t
ha�1 . The adaptability traits of the two hybrids appears very similar, since the yield differential between the
two hybrids was almost constant (0.48 vs 0.49) in both years , despite the vast variation in weather condition.
Keywords: maize; mouldboard; strip tillage; ripper tillage; fertiliser; hybrid; year effect
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Introduction

In an ever-changing world, improving and
achieving sustainable yield requires contin-
uous evaluation of production technologies
in order to determine the best combination
of inputs which will optimise yield for a
given situation. Maize (Zea mays L.), is ma-
jor grain crop in Hungary, cultivated on ap-
proximately one million hectares. Besides
being an excellent feed source, maize is also
a cheap source of energy and raw material for
industry (Nagy, 2006a). Annual production
over the last decade ranged from 4.8 to 9.3
million tons, with significant fluctuation in

yield (Hungarian Central Statistical Office,
2018).
Year effect significantly influences the size
of yield of maize and in particular, the
amount and distribution of precipitation dur-
ing the growing season, coupled with the
temperature during the winter (Nagy, 2003;
Széles et al. 2013). Harmonization of the
agroecological (weather and soil), biological
bases and agrotechnical factors (crop rota-
tion, nutrient supply, soil cultivation, sowing,
plant care, irrigation, harvest, etc.) is critical
for optimization and reduction of fluctuation
in the yield of maize (Nagy, 2003; Berzsenyi,
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2010; Berzsenyi et. al. 2011; Sárvári and
Bene, 2012; Pepó and Csajbók, 2013 ).
Tillage is central to the agrotechnical factors
which modifies soil structure by changing
its physical properties, such as soil moisture
content, bulk density and penetration resis-
tance. These changes in soil physical prop-
erties, as a result of different tillage prac-
tices, influenced seedling emergence, plant
population density, root distribution and crop
yield (Khan et al., 2001; Iqbal, et al., 2013;
Khurshid et al., 2006; Rashidi and Ke-
shavarzpour, 2007).
The effects of basic soil tillage are largely
modified yearly by the various levels of wa-
ter supply (Nagy, 2006a). Under extremely
dry conditions the final yield of maize was
significantly affected by the soil tillage sys-
tem (Kristo et al., 2013; Memon et al.,
2012). Soil tillage systems had different ef-
fects on the preservation of the soil moisture
contents, which significantly affected maize
yield (Simić et al. 2009) and the most im-
portant goals of tillage include preserving the
favourable soil attributes and alleviating cir-
cumstances leading to detrimental processes
(Birkás, 2010).
In Hungary, changing climatic condition
and increase frequency of drought years
are paving way for alternative tillage meth-
ods which can conserve on soil moisture,
minimise soil erosion and optimize yield
(Birkás, 2015). Mouldboard plowing has
been the common tillage practice in Hungary
in maize production technology. It provides
good depth and improves the water storage
capacity of the soil (Nagy,2006a). However,
this tillage practice offers minimal soil sur-
face protection with crop residue and has
high potential for moisure loss and soil ero-
sion (Birkás, 2010).
Strip tillage (ST) and ripper tillage (RT) are
two alternatives which have been identified
for evaluation in this research. Unlike the
moldboard plow , strip and ripper imple-

ments do not completely invert the soil and
leaves a higher percentage of the soil sur-
face covered by crop residue. The poten-
tial for erosion and moisture loss is there-
fore considerably less than that of moldboard
plowing. Besides, ripper tillage reportedly
loosens more soil, compared to conventional
and zero tillage and allows for greater aera-
tion and water retention capacity, which are
favourable for plant growth (Memon et al.
2012).
Rátonyi et al.(2014) reported higher mois-
ture retention in the soil profile of ST and
RT in Hungary, compared to the conven-
tional MT tillage and posited that maize yield
in ST treatment can reach similar level as
yields of maize in conventional MT treat-
ment on chernozem soil in Hungary. On
sites with root-restricting soil layers, deep
tillage effects were 20% higher than at sites
without such layers (Kuhlmann et al., 1989;
Kirkegaard et al., 2007). Successful deep
tillage requires soil water content to be be-
low the plastic limit from the topsoil to the
maximum tillage depth (Borchert, 1975; Eck
and Unger, 1985). In addition to appropriate
selection of tillage operations, the improve-
ment in average yield per hectare can be ob-
tained if soil fertility is maintained through
proper dose, application method and use of
organic and inorganic fertilizers (Mermon et
al. 2012). Under favourable conditions fertil-
isation could improve yield up to 50%, how-
ever in excessively dry years, it does not have
any yield increasing effect (Pepó, 2007).
The findings of this research will add to the
body of knowledge gained from similar re-
search and will serve as an effective tool to
analyse trends, generate model and predict
the most suitable crop production technolo-
gies which can be applied, in order to reduce
fluctuation in yields and achieve production
sustainability.
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Table 1. Monthly temperature(°C) for the examined period (2015-2016).

Year Temperature (°C)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2015 1.69 2.00 6.84 11.19 16.10 20.31 23.38 23.33 17.77 10.44 7.06 2.61
2016 -0.64 5.99 7.15 12.88 16.35 21.15 22.50 20.76 18.55 9.86 5.26 -0.38
30-year mean -2.6 0.2 5.0 10.7 15.8 18.7 20.3 19.6 15.8 10.3 4.5 -0.2

Materials and Methods

The experiment was conducted at the
Látókép Research Station Site (N 47°33’ E
21°27’) of the University of Debrecen in
2015 and repeated in 2016. The soil type
was calcareous chernozem soil, consisting
of 11% sand, 65% silt and 24% clay in the
upper soil layers , with a near neutral pH
value (pHKCl=6.46). It has a humus content
of 2.8% and humus depth of approximately
80 cm, with good water holding capacity.
The experiment was set up in a split-plot de-
sign with three main plots, each 1.0 ha in size
(37 ⇥ 272 m) which represents the tillage
treatments: Moldboard plowing (MT) – 30
cm depth; Strip tillage (ST) – 30 cm depth;
Ripper tillage (RT) – 45 cm depth. The main
plots were subdivided to accommodate three
fertiliser treatments (N0 kg ha�1 (control);
N80 kg ha�1; N160 kg ha�1) with four repli-
cations.
Maize hybrids, Loupiac (FAO 380) and Ar-
magnac (FAO 490) were sown with 80,000
plants ha�1 with a row spacing of 76 cm. The
crop was harvested at the end of the grow-
ing cycle with a Sampo 2010 plot harvester
and the grain moisture content was adjusted
to 15% moisture to arrive at the final yield.
Yield data were analyzed using IBM SPSS-
26.0 and treatment means were compared us-
ing the Fisher’s least significant difference
(LSD) test (p<0.05).
Monthly temperature (Table 1) and precipita-
tion (Figure 1) and were recorded for the pe-
riod 2015-2016 and compared to the 30 year

mean. Precipitation during the vegetative pe-
riod (April to September) was 303.8 mm and
449.9 mm for 2015 and 2016 respectively,
against a 30 year mean of 345.1 mm.

Results and Discussion

Cropyear interaction was highly significant
with vast variation in yield between the two
years, ranging from 8.36 t ha�1 in 2015 to
12.43 t ha�1 in 2016 for the same set of
agrotechnical inputs. Analysis of the meteo-
rological data for the two years (2015 & 2016
), revealed major differences, especially the
amount and distribution of rainfall during the
growing season (April-Sept). According to
Nagy (2006a) the most critical period of the
growing season in Hungary is between flow-
ering and fertilization (15th July – 15th Au-
gust) and a period of 3 to 4 days of severe
moisture stress at this time can easily re-
duce final grain yields by 30 percent (Lamm,
2003).
Rainfall in 2015 (303.8 mm) was below the
30-year mean (345.1mm) and specifically in
the month of July when the reproductive
phase commenced (Figure 1). Unlike 2015,
there was adequate rainfall throughout the
growing season of 2016, as a result, the yield
gain in 2016 was 4.07 t ha�1. Significant ef-
fects of the year on the yield and its compo-
nents were observed very often in long-term
field studies due to differences in precipita-
tion and grow degree days accumulation dur-
ing the vegetative period of maize (Wilhelm
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Figure 1. Monthly precipitation for the examined period (mm) (Debrecen 2015-2016).

and Wortmann, 2004; Boomsma et al. 2010).
Weather regulates heat and moisture supply
of the crop environment and therefore has
an effect on material transformation, fertil-
izer efficiency and nutrient uptake by plants
(Kovács, 1982; Nagy, 1996).
Based on results of long-term experiment,
Nagy, (2006b) observed that higher yields
were always accompanied by higher precipi-
tation but low yield was not always accom-
panied by the lowest amount of precipita-
tion. It was evident that the effect of the year
(Figure 2) and fertilization (Table 2) on yield
of maize was highy significant compared to
tillage.
The effect size of tillage on yield of maize
was 2.2% for the examined period(2015-
2016), compared to fertilizer and year effect
with 43.6 and 53.4% respectively. Among
the three tillage treatments, ripper tillage
(RT) had the highest average yield (10.37
t ha�1) followed by mouldboard plowing
(MT) and strip tillage(ST) with 10.22 and
9.60 t ha�1, respectively. Yield difference be-
tween RT and MT was not statistically sig-
nificant (p>0.05), as compared to ST (Table
3).
Although the average yield of strip
tillage(ST) was lowest over the two-year pe-
riod, in 2015, a relatively dry year, the yield
of ST treatment ( 8.27 t ha�1) varied less than

2% when compared to the MT (8.41 t ha�1)
and RT( 8.42 t ha�1) treatments. It is evident
that yield of maize in ST can reach compa-
rable level as maize in the conventional MT,
especially under drier condition. Roger et al.
(2007) reported that in persistently dry con-
ditions, strip-tilled maize performed better
than maize planted with conventional tillage
because of better soil moisture conservation.
Similar observations were made by Birkás
(2010) and Ratónyi et al. (2014).
According to Nagy (1996) & Fenyves (1997)
the depth and method of tillage do not signif-
icantly influence the yield of maize on well
structured soil. It can be inferred based on the
results of our tillage treatments, that soil at
the experimental site possess good attributes
and may not be the ideal location to evalu-
ate the effectiveness of various tillage treat-
ments. Schneider et al., ( 2014) , found that
the yield gains of deep tillage were strongly
dependent on site-specific condition and sites
with root-restricting soil layers, deep tillage
effects were generally 20% higher than at
sites without such layers.
A holistic approach will be needed when se-
lecting the most appropriate tillage method
since fuel consumption , machine productiv-
ity, time and labour are all likely to be var-
ied, inaddition to the yield, and therefore the
method with the highest yield gain may not
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Figure 2. Yield of maize for the tillage and fertiliser treatments (2015-2016) (MT-
Mouldboard tillage; RT-Ripper tillage; ST-Strip tillage).

Table 2. Analysis of variance: Tests of Between-Subjects Effects.

Dependent Variable: Yield

Source Type III Sum of df Mean Square F Sig.Squares
Corrected Model 6255.982a 35 178.742 48.380 .000
Intercept 93539.493 1 93539.493 25318.145 .000
Year 3484.418 1 3484.418 943.120 .000
Fertilization 2526.592 2 1263.296 341.934 .000
Tillage 52.366 2 26.183 7.087 .001
Hybrid 10.991 1 10.991 2.975 .085
Year * Fertilization 60.586 2 30.293 8.199 .000
Year * Tillage 44.888 2 22.444 6.075 .002
Year * Hybrid 4.260 1 4.260 1.153 .283
Fertilization * Tillage 13.674 4 3.418 .925 .449
Fertilization * Hybrid 3.359 2 1.679 .455 .635
Tillage * Hybrid 5.975 2 2.988 .809 .446
Year * Fertilization * Tillage 30.408 4 7.602 2.058 .085
Year * Fertilization * Hybrid .558 2 .279 .076 .927
Year * Tillage * Hybrid 11.290 2 5.645 1.528 .218
Fertilization * Tillage * Hybrid 1.614 4 .404 .109 .979
Year * Fertilization * Tillage * Hybrid 5.001 4 1.250 .338 .852
Error 3059.099 828 3.695
Total 102854.574 864
Corrected Total 9315.081 863
a. R squared = .672 (Adjusted R squared = .658)

necessarily be the most economical one. It
is the expressed views of several researchers,
that the effects of tillage systems on yield

cannot be evaluated on the basis of a sin-
gle season and that long-term experiments of
many years are required.
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Table 3. Analysis of variance: Tests of Between-Subjects Effects.

Dependent Variable: Yield
LSD

(I) Tillage (J) Tillage Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound

MT ST .60* .130 .000 .35 .86
RT .00 .130 .995 -.25 .26

ST MT -.60* .130 .000 -.86 -.35
RT -.60* .130 .000 -.86 -.35

RT MT .00 .130 .995 -.26 .25
ST .60* .130 .000 .35 .86

Based on observed means.
The error term is Mean Square(Error) = 3.660.
*. The mean difference is significant at the .05 level.

Table 4. Analysis of variance - Fertilizer treatments.

Dependent Variable: Yield
LSD

(I) Fertilization (J) Fertilization Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound

0 kg N/ha 80 kg N/ha -3.22* .130 .000 -3.48 -2.97
160 kg N/ha -3.79* .130 .000 -4.05 -3.54

80 kg N/ha 0 kg N/ha 3.22* .130 .000 2.97 3.48
160 kg N/ha -.57* .130 .000 -.83 -.32

160 kg N/ha 0 kg N/ha 3.79* .130 .000 3.54 4.05
80 kg N/ha .57* .130 .000 .32 .83

Based on observed means.
The error term is Mean Square(Error) = 3.660.
*. The mean difference is significant at the .05 level.

Fertilizer application significantly increased
the yield of maize and accounted for 43%
of yield variances. Yield differences between
fertilizer treatments was highly significant
(Table 4). The highest yield (11.88 t ha�1)
was obtained with N160 kg ha�1 treatment,
followed by N80 kg ha�1 ( 10.83 t ha�1),
while the lowest yield (7.48 t ha�1) was
recorded in the nonfertilised plots(N0 kg
ha�1).
A positive interaction between tillage and
fertilisation was observed, with higher yield
variation (CV=40.07) in the non-fertilised
(N0) tillage plots, compared to those which

received the N80 and N160 kg ha�1 treat-
ments (CV=22.42). Similar observations
were made by Győrffy, (1976) who postu-
lated that effects of tillage depth as well as
the number of interventions are reduced or
compensated for by fertilization.
In 2016, higher yield was obtained with in-
crease fertiliser dosage due to favourable
growing condition which allowed for better
fertiliser utilisation. However, 2015 being a
relatively dry year with less than optimum
water supply, there was no yield increasing
effect with higher fertiliser dosage (N160 kg
ha�1 ). Similar observation was made by
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Figure 3. Yield of maize hybrids for the three fertiliser treatments (2015-2016).

Nagy (2006a, 2007) who concluded that a
positive correlation exists between fertiliser
and water suppy and both factors must be
increased or decreased simulataneously in-
order to realise optimum benefits. According
to Berzsenyi & Dang (2003) in dry years,
lower fertiliser dosage had higher stability
while in wet years higher fertiliser dosage re-
sults in more stable yield.
Maize has high productivity, but it is very
sensitive to the agroecological and agrotech-
nical conditions. When these conditions are
optimal, the amount of yield is determined
by the differences between the hybrids; but
in the case of unfavourable weather condi-
tions or shortcomings in the agrotechnique,
the most important factor is the adaptability
of the hybrids (Gardner et al. 1990; Marton
et al. 2005).
Loupiac (FAO 380) was the better perform-
ing of the two hybrids, with an average yield
of 11.09 t ha�1 compared Armagnac (FAO
490) with 10.60 t ha�1 . The adaptability
traits of the two hybrids appears to be very
similar, since the yield differential between

the two hybrids was almost constant (0.48 vs
0.49) in both years , despite the vast variation
in weather condition (Figure 3).

Conclusions

Loupiac (FAO 380) was the better perform-
ing hybrid compared to Armagnac (FAO
490). Lower dosage of fertiliser produced
optimum results in drier year with limited
water supply. Ripper tillage and strip tillage
can be suitable alternatives for the conven-
tional mouldboard tillage, especially in drier
conditions. The best combination of treat-
ments for optimum yield was Lopiac (FAO
380), cultivated under rip tillage (RT) with
N80 kg ha�1 fertiliser.
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OBITUARY

Attila BARCZI
(1964–2020)

Dr. Attila Barczi, habilitated associate professor of the Department of Nature Conservation
and Landscape Management at the Faculty of Agriculture and Environmental Sciences of
Szent István University; editor of Columella - Journal of Agricultural and Environmental
Sciences, died unexpectedly on March 14 2020, at the tragically young age of 56.
Dr. Barczi was born in 1964 in Budapest. He completed his primary and secondary schools
in Siófok. He began his university studies in 1983 at the József Attila University, Depart-
ment of Biology, and went on to Gödöllő University of Agricultural Sciences in 1985. He
started his work as a graduate agricultural engineer in 1989 at the Gödöllő University of
Agricultural Sciences (later: Szent István University).
To further develop his professional knowledge, he obtained a degree in soil science and
soil fertility on post-graduate engineering (1991) and one in agricultural-environmental en-
gineering (1995). He defended his doctoral thesis (PhD) in 1997 with highest honors, and
habilitated in 2004.
He began to work for the university at the Department of Soil science and Agro-chemistry
as a staff member, then continued as a junior assistant professor and later as an assistant
professor. He then became an associate professor at the Department of Landscape Ecology
(later the Department of Nature Conservation and Landscape Ecology), where he oversaw
the work of the department for several terms as head of department. During his rich profes-
sional career, he was, among others, the president of the Scientific Students’ Associations
at the university, the developer and supervisor of several study programs, the acting head of
the Doctoral School of Environmental Sciences, and vice-dean for science and research of
the Faculty of Agriculture and Environmental Sciences.
Dr. Barczi’s subjects, taught in Hungarian and English, played a significant role in all levels
of education, including undivided, BSc and MSc programs, post-graduate engineering and
doctoral programs. His courses were primarily related to soil science and soil conservation,
Hungarian landscapes and landscape management, as well as knowledge on landscape ecol-
ogy. In his educational activities, he always considered field education tasks, field practical
training and complex field landscape analyses to be of paramount importance. As a guest
lecturer, he participated in the training of several Hungarian colleges and universities. He
also engaged in significant science propagation activities, was frequently invited to speak
at farmer forums, events and exhibitions, undertook editorial work in TV programs such as
Telecke and Heuréka, regularly talked on professional programs, and undertook professional
set of several educational films. The hallmarks of his teaching work lay in the high number
and excellent performance of students who wrote their undergraduate, graduate or doctoral
thesis under his supervision, while his outstanding talent management activity with Scien-
tific Students’ Associations is characterized by national first places, ministerial diplomas,
and special awards. In recognition of his teaching and university work, he was eight-time
winner of the Gold Medal for Best Performer awarded by students, while his work with Sci-
entific Students’ Associations was honored with a commemorative medal, the Páter Károly
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Memorial Medal, the SZIE Laurel Wreath Gold Degree and the SZIE Silver Medal.
His research activities were extremely versatile. In addition to the examination and quali-
fication of organic manures, compost and humus materials, he also dealt with agricultural
land suitability studies, natural and agricultural landscape analyses, as well as landscape and
agricultural assessments. Dr. Barczi’s complex approach in education was most prominently
evident in landscape analyses – which, based on information in geology, geography, biol-
ogy, soil science, landscape history, land use and landscape processes – helped to perform
sustainable land use and landscape conservation tasks and to plan farming activities that are
aligned with landscape conditions. Investigations of the interaction of soil types and soil-
forming factors, soil-plant correlation analyses and the study of the time of soil formation
were also part of his work, as were soil compaction research, the effects of agricultural and
industrial use on soils, and monitoring the effectiveness of recultivation procedures. His re-
search on soil protection initiatives, his erosion databases and his studies on soil degradation
were not only currently relevant, but also forward-looking by international standards. His re-
search of the buried soil layers of kurgans and their paleo-ecological and paleosol properties
extended over the Carpathian Basin to other Eastern European mounts, which contributed
to his international recognition and the expansion of his scientific relations.
The results of his scientific work were published in more than 75 Hungarian and interna-
tional scientific journal articles, 5 books and 22 book excerpts, 27 professional studies, 55
domestic and international conference volumes and 95 conference abstracts, 22 textbooks,
textbook chapters and notes, 25 science propagation publications and 16 works. The recog-
nition of his publications is also indicated by more than 500 independent citations.
Written and edited with scientific rigor but also with a view to popularize, Attila Barczi’s
colorful educational booklets on the landscapes of Hungary will help theoretical and practi-
cal training for many years to come.
During his professional career, he participated in 21 research proposals as a leader or par-
ticipant. He was a member and official of several Hungarian and international scientific
societies, as well as the founder and editor-in-chief of the scientific journal Tájökológiai
Lapok, and also helped the work of the editorial boards of several domestic and interna-
tional journals. The recognition of his research activities was marked by conference awards
and excellent research scholarships (Széchenyi and Bolyai Scholarships).
In him, we have lost an erudite, open-minded, professionally recognized, very popular edu-
cator, a kind and helpful man and a good friend.
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