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Abstract

At Kompolt, since 2015 we have been testing environmentally friendly nutrient supply methods
for arable crops. The utilisation of the nutrients depends on the amount and distribution of
rainfall during the growing season. In 2022, there was an extreme drought in Hungary, with
rainfall from May to September 60-80% below the 40-year average, which resulted in failures
of maize yield in many parts of the country. In the given year, we set up experiments with 3
different plant conditioners (1. amino acids, 2. P+Zn+K+Mo, 3. ion Zn) on maize cultivars and
measured some photosynthetic parameters with different plant sensors, moreover the yield and
corncob parameters at harvest. The SPAD index and spectral vegetation indices, which
determine some physiological features, showed a positive effect of all three treatments at the
beginning of flowering. Yield were 155 and 159% higher in the first two treatments and 144%
higher in treatment 3 compared to the control. Based on corncob parameters, all three
treatments showed significantly better results than the control. The largest difference was
measured for treatment 2, based on all parameters tested, where foliar fertilizers supplemented
with macro- and micro elements in addition to amino acids. Overall, plant conditioners applied
at the right time can reduce the effects of environmental stress on plants, and the sensors used
can monitor the effects of treatments throughout the growing season.
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Osszefoglalas

Kompolton 2015 ota foglalkozunk kornyezetkimélé — tapanyagutanpotlasi  modszerek
vizsgalataval szantofoldi kulturakban. Ismert, hogy a kijuttatott tapanyagok hasznosuldsa
nagymeértékben fiigg a tenyésziddszak csapadékmennyiségétol és eloszldasatol. 2022-ben extrém
mértékii aszaly volt hazankban, a csapadékmennyiség mdjustol szeptembering 60-80%-kal
maradt alatta a 40 éves dtlagnak, ezért sok helyen nem termett a kukorica. 2022-ben 3
kiilonbozé novénykondiciondloval (1. aminosavak, 2. P+Zn+K+Mo, 3. lon Zn) dllitottunk be
kisérletet kukorica kulturdan és kiilonbozé novényi szenzorokkal vizsgaltuk virdgzaskor a
fotoszintézis és stressztiirés egyes jellemzoit, betakaritaskor a termésdtlagot és a kukoricacso
egyes parameétereit. A SPAD-index, és a spektralis vegetacios indexek a virdagzas kezdetén mar
jelezték mindharom kezelés pozitiv hatdsat. A termésatlag az elso két kezelésnél 155 és 159%-
kal, a 3. kezelésnél 144%-kal volt magasabb a kontrollhoz képest, a csoparaméterek alapjan
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mindharom kezelés szignifikansan jobb eredményt mutatott a kontrollhoz képest. A legnagyobb
meértékii elterést az Osszes vizsgalt paraméter alapjan a 2. kezelésnél meértiink, ahol az
aminosavak mellett makro- és mikroelemek is potlasra keriiltek lombtragyaként. Osszességében
elmondhato, hogy a megfelel6 idoben kijuttatott névenykondicionalokkal tompitani tudjuk a
kérnyezeti stressz hatdsait a novényekre, az alkalmazott szenzorokkal pedig a vegetacios
idoszak soran nyomon kovethetjiik a kezelések hatdsat.

Kulcsszavak: aszdly, kukorica, élettani paraméterek, novénykondiciondlok, aminosavak, cink

Introduction

Efficiency of crop production depends on many factors, but environmental conditions play a
key role. Optimal nutrient supply is useless if nutrient uptake is limited. This can be caused by
certain soil properties (e.g. pH, oxygen content), of which water content is one of the most
critical. In recent decades, the amount and distribution of rainfall during the growing season of
plants has been below expected levels in many cases, for which global climate change may be
responsible (GRAY and BRADY, 2016). It is not enough to choose the varieties that are best
adapted to the landscape, you also need nutrient supply methods that can be used under the
given environmental conditions. There is an increasing demand for the use of environmentally
friendly methods that allow the long-term sustainable use of soils (KUMMERER et al. 2010).

The growing season for maize should be between the last frosty days of spring and the first
frosty days of autumn. Its length depends on the amount of heat in addition to the irradiation.
The speed of germination and seedling emergence is also temperature dependent. Faster
germination reduces exposure to pathogenic fungi and pests, and the development of a proper
root system increases stress tolerance in addition to nutrient and water uptake. The lack of
precipitation causes permanent damage at several stages of plant development, notably the
onset silking and grain filling. Efficient photosynthesis of the upper leaves (husks) around the
cob is essential to achieve the yield average typical of the variety. From grain filling to full
maturity, maize requires large amounts of nitrogen in late summer, which is negatively affected
by drought, as this stage is shortened, resulting in lower yields and poorer kernel quality. Some
characteristics of the corncob (e.g. the number of kernels per cob) are already influenced by the
nutrient and water content at the emergence of the 6th leaf (\V6), when the generative organs
are developing. At silking (R1), it is determined whether the corncob will be fully covered by
kernel sor not, at milk stage (R3), whether the kernels will be fully developed or aborted, and
at dough stage (R4), there is intense grain filling, which will affect the thousand kernel weight
(AMPONG et al. 2024). So there are several sensitive periods in the development of maize,
depending on the water content (Website 1).

Nutrient supplementation in the form of foliar fertiliser is one solution to water shortages in
the soil, but it is also important to time this at the optimum stage of development, as it can also
establish the plant's stress tolerance (PUPPE and SOMMER 2018). A first step could be the use
of soil microbes, already at the time of ploughing or sowing, which is also of great importance
from a plant protection point of view, as well as increasing the availability of nutrients
(MIRANSARI 2013, TOTH et al. 2024).

In addition to more than 100 years of breeding activity, the MATE's farm in Kompolt
(formerly the Fleischmann Rudolf Research Institute) has an important role in advising farmers
in the region, for example on environmentally friendly nutrient supply systems adapted to the
region's specific conditions. Therefore, the primary objective in our investigations is to test new
plant conditioning formulations containing innovative technological advances on as many crops
as possible. As our research area is particularly drought-prone and the soil structure is also not
favourable, with this information, we can carry out the most effective advisory activities. In this
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paper, we present the results of testing three different plant conditioning products on waxy
maize in an extremely droughty year, when maize failed to grow in most of the country. In
addition to the classical yield measurements, we investigated in detail some parameters of the
corncob, and two weeks after foliar fertilizer application, at the beginning of flowering, we used
plant sensors to measure photosynthetic parameters and stress characteristics, which are the
most critical for yield formation.

Applied plant conditioners (Amino-Komplex, Zsémic, Ion Zn) can contribute to the stress
tolerance of maize under drought conditions. Amino-Komplex is a biostimulant containing 20
free amino acids derived from plant materials. Its stimulating effect is based on the fact that it
contains building blocks of protein components essential for both cell structure and metabolism.
In principle, plants take up the large quantities of nitrogen needed for this from the soil,
provided that they are available in the right form, but this depends to a large extent on the
specific conditions of the soil (water content, pH, microbial activity) and the conversion of the
nitrogen taken up requires a significant amount of energy (ATP). In times of drought, when
applied as a foliar fertiliser, the building blocks of proteins are available to the plants, so that
metabolism (organic matter production) is not slowed down and the plant recovers more easily
and quickly from environmental stresses. Some amino acids, as raw materials for plant
hormones, stimulate growth, others, as osmotic substances, help drought tolerance. Some amino
acids are components of antioxidant enzymes, others promote pollination and crop formation.
The product can also be used in organic farming. For maize, the recommended application
period is between 4-6 and 8-10 leaves.

Zsémix is a complex formulation containing phosphorus (30%), potassium (4.4%), zinc
(10%) and molybdenum (0.1%) besides amino acids. The lack of phosphorus causes problems
in root growth, which also has a negative effect on water and mineral uptake. It cannot be taken
up by plants from acidic (pH below 5), low temperature (below 13°C) and dry soils. In acidic
soils, potassium and molybdenum uptake is also inhibited, and in alkaline soils (above pH 9),
the plant cannot take up zinc in addition to phosphorus. These elements can only be taken up
by plants together at pH 6 to 8, which is not guaranteed in many agricultural areas. In addition,
phosphorus limits the uptake of zinc by inactivating part of it. Potassium plays an important
role in drought tolerance, reducing leaf transpiration. Molybdenum is a key enzyme in nitrogen
metabolism. Zinc is an important enzyme constituent, affecting many metabolic processes. It
also plays a very important role in longitudinal growth by stimulating the production of auxin,
a growth hormone, and thus in particular root growth, which increases the drought tolerance of
the plant. Its deficiency is not always visible on the plant (yellowish-white longitudinal stripes
on young leaves), but it can cause yield losses of up to 10-20% even in latent conditions.

lon-Zn biostimulant contain zinc in a concentrated ionic form, which does not crystallise on
the treated surface but forms a thin film and is absorbed very quickly, avoiding phytotoxicity.
Application is recommended at 4-5 leaf and 8-10 leaf stage (Website 2).

Material and methods

Stury site and technological parameters

For more than a century, the experimental area in Kompolt has been the site of plant breeding
work and the development and testing of technological improvements adaptable to the region.
The research area (47°44°18.45” E, 20°14°03.95” K) is located in the southern part of the Matra,
at an altitude of 125 m above sea level, and has a moderately warm climate, prone to drought,
as amount and distribution of precipitation are rather rhapsodic, especially during the growing
season (HOLLO et al. 2009). Table 1 clearly shows that in 2022, there was a significant
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precipitation deficit (60-80%) from May to August compared to the 40-year average
precipitation. In September, however, high rainfall was received, which greatly facilitated the
fruit formation of successfully pollinated crops.

Table 1. Climatic parameters during the growing season in 2022

Daily average Daily total Average precipitation .

2022 tempe);ature [%C] precipita)t/ion [mm] o% 4% yeaF;s Difference %
April 9.59 48.1 34.8 38.2
May 17.98 14.5 58.0 -75.0
June 22.93 24.8 62.5 -60.3
July 24.30 14.3 72.0 -80.1
August 24.85 14.4 49.9 -71.1
September 13.75 135.7 45.6 197.5
October 12.78 21.6 46.6 -53.6

Source: Research Site (Kompolt, MATE)

The experimental site can be characterized by a non-carbonate chernozem brown forest soil
with acidic pH (pH 4.7-5.1), 0% calcium carbonate (CaCO3) and 2.8-2.9% humus content. The
subsoil is alkaline at a depth of 130-150 cm. The humus layer is 50-80 cm thick and the
ploughed layer has a humus content of 2.5-3.0%. This indicates a moderate N supply, while the
P and K availability is poor for P and satisfactory for K. The physical properties are rather
unfavourable, difficult to cultivate, easily drying and cracking, which causes high evaporation.
The groundwater level is between 11 and 12 m. The soil has poor water conductivity, can store
and retain large amounts of water and has a relatively high dead water content (HOLLO et al.
2009; TOTH 2011).

In 2022, for the first time in several field crops, we set up an experiment to investigate the
effect of plant conditioners containing a specific combination of amino acids and micronutrients
on yield and on photosynthetic processes at the onset of flowering, which are considered critical
for crop production. Because the drought that year had caused very serious damage to
agriculture, maize in many places grew very low or even failed to produce fruit. In this paper,
we present the results obtained from the study of waxy maize at flowering and harvest. The
main steps of the agrotechnology applied are shown in Table 2.

Table 2. The agrotechnological operations of the experiment (2022)

Operations Date
Preceding crop: winter wheat
Base fertilizer placement: Sulky DX30-RTK 02/11/2021
NPK 8:21:21 (280 kg ha?)
Poughing: IH 6200 09/11/2021
Starter fertilizer placement: Pétiso 150 kg ha™ 09/03/2022
Seedbed preparation/sowing Seedbed combinator 18/04/2022
Applied maize cultivar: Waxy

Herbicide treatment: Laudis OD - BBCH18 16/05/2022
Row bed cultivation: Cultivator 01/06/2022
Placements of plant BBCH19 24/06/2022
conditioners: BBCH51 21/07/2022
Harvesting: Wintersteiger plot combine 21/10/2022

Source: Research Site (Kompolt, MATE)
The experiment was set up in 4 replicates on 7.5 m? plots in Latin square design.
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3 different plant conditioners were applied as foliar fertilizers (Hed-Land: Aminokomplex,
Zsémix, Ion-Zn) in the last week of June at 8-10 leaf stage (BBCHZ19) and in the last week of
July at tassel emergence (BBCH51) as follows:

Treatment 1 - Amino-Komplex 4 I/ha

Treatment 2- Amino-Komplex 2 1/ha + Zsémix 2 I/ha

Treatment 3 - Amino-Komplex 2 I/ha + lon Zn 2 I/ha

The control plots (4) received all other nutrients except these.

Physiological measurements

The positive effect of the treatments was not only evaluated on the basis of the yield average
and the different tube parameters, but also on some physiological parameters of photosynthesis
(the amount and composition of photosynthetic pigments and the water content of the leaves),
which is one the most important process for the yield formation. To achieve this, we used in
vivo methods that allow us to collect large amounts of data from large areas without damaging
the plants. Instead of the traditional method of spectrophotometry from solvent leaf extracts,
we used methods based on leaf reflectance, from which spectral vegetation indices can be
calculated from which a number of physiological processes can be estimated.

Table 3. Applied vegetation indices and related physiological parameters based on
measurements by ASD FieldSpec 3 instrument

Structural indices Formulae References
Normalized Difference Vegetation Index (Rsoo-Re70)/(Reoo+Rs70) Rouse et al. (1974)
(NDVI)

Optimized Soil-Adjusted Vegetation Index  [(1+0.16)*(Rzso- Rondeaux et al. (1996)
(OSAV|) Re7o)]/[(R7go+Re7o+0.16)]

Vogelmann index (VOG1) R740/R720 Vogelmann et al. (1993)
Leaf pigments

Transformed Chlorophyll Absorption in 3%[(R700-Rs70)-0.2*(R700- Haboudane et al. (2002)
Reflectance Index (TCARI) Rss0)%(R700/Re70)]

Modified Chlorophyll Absorption in [(R700-R670)-0.2x(R700- Daughtry et al. (2000)
Reflectance Index (MCARI) Rs50)]%(R700/Ré70)

Carotenoid Reflectance Index (CRI) 1/Rss0-1/R700 Gitelson et al. (2002)
Anthocyanin Reflectance Index (ARI) Rga0%(1/Rss0-1/R700) Gitelson ez al. (2001)
Stress sensitivity — carotenoid/chlorophyll ratio

Structure Insensitive Pigment Index (SIPI)  (Rsoo-Raas)/(Rsoo-Reso) Pefiuelas et al. (1995)
Light use efficiency — xanthophyll index

Photochemical Reflectance Index (PRI) (Rss0-Rs70)/(Rsso+Rs70) Gamon et al. (1997)
Water content of leaves

Normalized Difference Moisture index NIRgso—SWIR1240/(NIRggo + Gao (1996)

(NDMI) SWIR1240

Plant Water Index (PWI) Ra70/Ra0o Pefiuelas et al. (1997)
Simple Ratio Water Index (SRWI) Rgss/R1240 Zarco-Tejada et. al. (2003)

Source: ZARCO-TEJADA et al. (2005)

To determine the relative chlorophyll content of leaves, we used a SPAD 502 instrument
(KONICA, MINOLTA, JAPAN), which measures leaf absorbance in an area of 0.06 cm? at
650 and 940 nm (GITELSON AND MERZLYAK 2004). In maize, we measured the third leaf
below the crest, the right side of the leaf, in the middle, at 10-10 individuals per plot. Leaf
reflectance was also measured at the same site using an ASD FieldSpec3 portable field
spectroradiometer, between 400 and 2500 nm. From reflectance values measured at given
wavelengths, we calculated vegetation indices using the formulas given in Table 3 (ZARCO-
TEJADA et al. 2005), which have been successfully applied in agricultural crops, e.g. to
characterize the health of maize (GABRIEL et al. 2017). NDVI, TCARI, MCARI, OSAVI,
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Vogelmann indices are used to estimate chlorophyll and indirectly nitrogen content. CRI refers
to the amount of carotenoids and ARI to the amount of anthocyanins. The latter two groups of
pigments play an important role in plant stress tolerance, mainly as antioxidant compounds.
Their quantity increases under stress, while that of chlorophylls decreases. The SIPI provides
information on the stress sensitivity of the plant through the carotenoid/chlorophyll ratio and
the amount of xanthophylls, which are important for photoprotection within the carotenoids,
and the PRI index indicates photochemical efficiency. These two processes are inversely
related, since xanthophylls are involved in the emission of excess light in the form of heat,
which is no longer used in photosynthesis. In drought conditions, the water content of leaves is
an important parameter, since metabolic processes are impaired by water deficit, and the NDMI,
PWI and SRWI indices are used to indicate this.

Significant effects of treatments were tested by one-way analysis of variance (ANOVA) and
differences between treatments by Tukey's b test (SPSS 27.0).

Results

Photosynthetic pigments were measured at the beginning of tassel emergence, as
photosynthesis is of paramount importance for biomass production. Under field conditions,
there is always a large variation in the SPAD value indicating chlorophyll content, despite the
fact that leaf of the same development was selected for measurements for each individual and
the same site within the leaf is measured. Nevertheless, the positive effect of the treatments was
already clearly visible at the beginning of August. Relative chlorophyll content was
significantly higher in all treatments compared to the control: by 16.5% in treatment 1, 19.8%
in treatment 2 and 12% in treatment 3. However, there was no significant difference between
the 3 treatments, although the highest value was obtained in treatment 2 (Figure 1).
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Figure 1. Relative chlorophyll content (SPAD-value) of waxy maize at the beginning of
tassel emergence (Mean+SD, n=40; 01/08/2022)
(Note: ANOVA significance: **-p<(0.01; a, b, c index: significance groups by Tukey s-b test at
p<0.05)
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The physiological processes in leaves can also be characterised by a number of spectral
vegetation indices, in addition to the SPAD value, obtained by analysing the spectral
composition of the solar radiation reflected from the leaves. Several vegetation indices are
available to characterize the health status of agricultural crops (N supply, yield estimation,
infestation) and have been successfully applied to maize crops (FLORES et al. 2020). In our
previous research, several indices were effective in maize to evaluate the results of soil bacterial
treatments (LAPOSI et al. 2020). Among these hyperspectral vegetation indices, significant
differences between treatments were obtained for NDVI and VVogelmann index, and the ratio of
TCARI/OSAVI and MCARI/OSAVI indices at the onset of flowering (Table 4). The
MCARI/OSAVI and TCARI/OSAVI integrated indices have been shown to be more closely
correlated (R2=0.94 and 0.88, respectively) than, for example, the commonly used NDV1 index,
and the value is relatively independent of LAl and can be used at low chlorophyll concentrations
(WU et al. 2008). Based on these indices, the chlorophyll content was significantly higher in
treatment 2 compared to the control and treatments 1 and 3. Based on the VOG index, there
was no difference between treatments 2 and 1, and based on the NDVI, only the control could
be distinguished from the treatments. Chlorophylls, in particular chlorophyll-b, are sensitive to
a number of environmental stresses (high light intensity, UV-B), which easily damage them
and reduce their abundance and proportion (TEVINI et al. 1981). But chlorophyll content alone
is not a sufficient factor to evaluate biomass formation, since it does not tell us whether the
incoming light is used photochemically or whether the excess is emitted, e.g. as heat, from the
protective pigments, certain carotenoids. The PRI index indicates the photochemical efficiency
in leaves, which was highest in treatment 3, followed by treatments 2 and 1, all three
significantly higher than the control. The PRI index is inversely proportional to the amount of
photoprotective pigments (xanthophylls) and the intensity of the membrane protection
mechanism (xanthophyll cycle) they perform (GAMON et al. 1997). Under environmental
stress, the vulnerability of chlorophylls and the photoprotective role of carotenoids also increase
the carotenoid/chlorophyll ratio (YOUNG AND BRITTON 1990).

The CRI index indicates the amount of carotenoids involved in photoprotection, and the
activity of the xanthophyll cycle within carotenoids is indicated by the SIPI index, which is also
considered a stress sensitivity parameter (PENUELAS el al. 1995). CRI and SIPI index values
were highest in control leaves and lowest in treatments 3 and 2, indicating that foliar fertilizer-
treated leaves were more effective in coping with stress caused by high light, high heat and
drought. In maize, the accumulation of anthocyanins can also be observed in response to various
stresses (high light intensity, UV-B radiation, drought, wounding, bacterial and fungal
infections, nitrogen and phosphorus deficiencies), even in the epidermis of leaves exposed to
sunlight, where they reduce the entry and negative effects of excess light, thus protecting
photosynthetic processes (PIETRINI et al 2002). The ARI index refers to the amount of
anthocyanins, in our experiment it was highest in the control leaves and in treatment 1, and
significantly lower in treatments 2 and 3, indicating a lower sensitivity of these leaves to stress.

For optimal functioning of the various metabolic processes, adequate leaf water content is
essential. PWI and SRWI are the indices used to estimate leaf water content, but they are
strongly influenced by leaf structure, dry matter content and LAI (SERRANO et al. 2000,
ZARCO-TEJADA and USTIN, 2001), which can vary greatly during different phenophases. In
our experiment, both indices were significantly highest in treatment 2 and lowest in the control,
with treatments 3 and 1 not sharply different. According to RAHMAN & MESEV (2019), the
NDMI index is the best marker of moisture content in the plant canopy because it takes into
account a number of influencing factors and is therefore used to identify water stress levels.
NDMI values between 0.2 and 0.4 indicate significant water stress, above 0.4 no water stress
and below 0.2 high water stress (LYKHOVYD AND SHARII 2024). Our data fell in the range
0.2-0.3, indicating a significant water deficit in all plots. All three treatments had significantly
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higher values than the control, with the highest value in treatment 2. Thus, at the beginning of
tassel emergence, the positive effect of the treatments was already evident from the spectral
vegetation indices, of which the 2nd treatment proved to be the most optimal for several
parameters.

At harvest, the average yield was significantly higher in all three foliar fertilizer treatments
compared to the control, 159% in treatment 1, 155% in treatment 2 and 144% in treatment 3
(Figure 2). There was no significant difference between the three treatments, although the
variance between the 4 plots was relatively high for treatment 3 and lowest for treatment 2. In
the control plot, we obtained the average of 1.5 t of 2022 in Heves County, but the treatments
resulted in a yield average of 3.4 t above the national average of 3.4 t in all three plots.

Table 4. Statistics of spectral vegetation indices in waxy maize leaves at the beginning of

tassel emergence (Mean+SD, n=40; 01/08/2022
Amino- Amino- Amino-
Treatments komplex 2l/ha | komplex 2l/ha Control |ANOVA | Tukey’s-b
komplex 4l/ha
+ Zsémix 2l/ha | + lon Zn 2l/ha
Vegetation
indices
NDVI 0.735+0.063 0.741+0.051 0.738+0.059 0.704+0.062 | * 4132-abbb
TCARI/OSAVI 0.629+0.217 0.706+0.159 0.622+0.150 0.594+0.152 | ** 4312-aababb
MCARI/OSAVI | 0.209+0.072 0.235+0.053 0.207+0.050 0.198+0.050 | ** 4312-aababb
VOG 1.582+0.089 1.584+0.077 1.536+0.095 1.524+0.097 | *** 4312-aabb
PRI 0.253+0.075 0.261+0.062 0.283+0.080 0.235+0.056 | ** 4123-aababb
SIPI 0.748+0.072 0.738+0.052 0.721+0.059 0.751+0.063 | * 3214-abbcc
ARI 0.627+0.052 0.482+0.028 0.441£0.022 | 0.729+0.040 | *** 3214-aabc
CRI 4.830+0.410 3.893+0.208 3.457+0.165 4.889+0.246 | * 3214-aabbb
NDMI 0.249+0.037 0.262+0.024 0.243+0.038 0.226+0.024 | *** 4312-abbcc
PWI 0.959+0.007 0.965+0.014 0.967+0.008 0.953+£0.016 | *** 4132-aabbcc
SRWI 1.087+0.044 1.110+0.043 1.099+0.022 1.079+£0.024 | *** 4132-aabbcc

(Note: a, b, ¢ index: significance groups by Tukey-b test (p<0.05); ANOVA significance: ***-p<0.001,
**.pn<0.01, *-p<0.05, ns-not significant)
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Figure 2. Average yield at harvest under the different treatments (Mean+SD, n=4;
21/10/2022)
(Note: a, b, c index: significance groups by Tukey’s-b test (p<0.05); ANOVA significance: ***-
p<0.001, **-p<0.01, *-p<0.05, ns-not significant)
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At harvest, we also examined in detail the individual corncob parameters to evaluate the
effect of the treatments (Table 5). Corncob length, diameter, cob weight, thousand kernel
weight, kernel weight per cob, number of kernels per row and number of kernels per cob were
significantly higher in all three treatments than in the control, but there was no significant
difference between the three treatments. Based on the number of rows per tube, treatment 3 was
slightly above the other two, but there was no difference between treatments 1 and 2. It should
be noted that only one corncob per plot was investigated, so there were relatively large
variations between the four replicates. In the future, it will be worthwhile to include a larger
number of corncobs in the tests, as they can be relatively sensitive parameters.

Table 5. Statistics of corncob parameters of waxy maize at harvest (Mean+SD, n=40;

31/10/2022)

Amino- Amino-komplex | Amino-komplex ANO-
Treatments komplex 2l ha't 2l hat Control VA Tukey’s-b

4l hat + Zsémix 21 ha* | + lon Zn 2| ha!
Corncob
parameters
Length (cm) 18.83+1.72 19.66+1.65 19.17+1.67 16.75+£1.36 | *** 4132-abbb
Diameter (mm) 37.50+4.33 35.42+5.57 36.25+4.62 29.17+£6.07 | ** 4231-abbb
Thousand grain
weight (g) 308.83++52.95| 280.504+42.44 299.00+45.52 | 225.17+£35.36 | *** |4231-abbb
Grain weight
(g/cob) 167.38+35.55 | 155.56+38.68 160.63+28.63 | 99.46+14.89 |*** |4231l-abbb
Cob weight (g) 27.63+8.25 26.07+9.34 26.85+4.75 18.17+2.42 | ** 4231-abbb
Line number per
cob 15.00+1.00 14.67+1.25 15.33+0.94 14.17+£0.55 | * 4213-aababb
Grain number
per line 38.33+3.06 38.17+4.34 39.17+3.89 33.50+3.66 |** 4213-abbb
Grain number
per cob 576.00+67.79 | 558.83+74.93 599.17+57.80 | 434.67+54.46 | *** |4213-abbb

(Note: a, b, c index: significance groups by Tukey-b test (p<0.05); ANOVA significance: ***-p<0.001,
**p<0.01, *-p<0.05, ns — not significant)

Conclusions

In 2022, very extremely low rainfall and an unfavourable distribution were observed in the
maize growing season. Accordingly, yields were well below the expectations, and presumably
quality was also much lower than in better years. The three plant conditioners we used all
resulted in significantly higher average yields than in the control plot, and for all three, a
positive effect was also measured for the corncob parameters tested. The positive effect of the
treatments was already measurable at the beginning of flowering by the applied vegetation
indices, i.e. better stress tolerance, higher leaf water content, more efficient photosynthesis of
the plants, which is probably due to a more balanced nutrient supply. Since in our experiments
all three preparations resulted in better physioligal status of plants and significantly higher
yields than the control plot, so the soil conditions should be taken into account when choosing
the right product. However, the combination of amino acid + P + K + Zn + Mo is worth
highlighting, as it provides all the necessary elements for maize growth and drought tolerance.
However, it is worth starting the application at the 4-5 leaf stage, as recommended by the
manufacturer.
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To estimate expected yields, among several vegetation indices the NDVI is mainly used as
an indicator of chlorophyll and nitrogen content in the leaves, but this does not provide clear
information on the stress tolerance of the plant. The data used to generate the indices are derived
from ground, airborne remote sensing and free satellite databases. Their values are influenced
by a number of environmental factors (atmospheric and soil properties, stand structure), but it
is also important to note that they correlate differently with physiological processes in different
phenological phases (HUANG et al. 2013; SULTANA et al. 2014). With the indices we use,
we have been able to indicate the positive effects of each treatment at the beginning of tasseling.
In addition to yield estimation, these indices provide a snapshot of the physiological state of the
stands and allow us to correct any errors (nutrient deficiencies, infestation) by means of
agrotechnical tools, so that their application can be integrated into precision farming practices.

In Hungary, 57% less maize (2.8 m tonnes) was harvested in 2022 than in 2021 (6.5 m
tonnes). The purchase price was 110 HUF kg™ in 2022 and 70.7 HUF kg™ in 2021. The national
average yield was around 3.4 tonnes, the highest in Zala county (7.5 t ha) and the lowest in
Heves county (1.5 t hal) (Website 3). In 2022, the latter was also observed on Kompolt for the
control plot (1.583 t/ha), while the treated plots yielded one and a half times more. The average
yield showed the highest variance in 4 replications of treatment 3 (lon-Zn) and the lowest in
treatment 2 (Aminocomplex + Zsémix). In treatments 1 and 2, the average yield increased to
over 4 t ha'. The control plots produced maize worth about 175.000 HUF ha*, while the treated
plots produced 440.000 HUF ha™. The cost of the applied foliar fertilizer was below 10.000
HUF per hectare, so its application is highly recommended, as it will significantly increase in
profit even in such an extreme drought year.
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