Journal of Central European Green Innovation 13(2), 33—44. (2025) DOI:

STUDY ON THE PHYSIOLOGICAL CHARACTERISTICS OF
SUNFLOWER TREATED WITH BACTERIAL FERTILIZER

BAKTERIUMTRAGYAVAL KEZELT NAPRAFORGO ELETTANI
SAJATOSSAGAINAK VIZSGALATA

RITA TURY — SZILARD ZSOLT TOTH — TUNDE KAPRINYAK —
EVA LEHOCZKY - ILDIKO BELTEKI — REKA LAPOSI
tury.rita@uni-mate.hu

Abstract

In 2019, in the experimental area on Kompolt, we tested the effect of Mikro-Vital in sunflower
crops in a large-plot experiment using 2 doses (1 | ha™' and 2 | ha'). The bacterial fertilizers
were applied to the chernozem brown forest soil at sowing. At the beginning of July, before
flowering, the relative chlorophyll content of the leaves was measured in vivo with field
instruments (portable spectroradiometer and SPAD) and spectral vegetation indices were
determined, which, in addition to photosynthetic processes, allow us to infer the stress tolerance
of the plants and the nitrogen and water content of the leaves. These parameters are the most
important determinants of fertility. We also measured the average yield at harvest. In the year
of the study, weather conditions were not ideal for sunflower development. The minimal rainfall
in spring resulted in poor crop development after sowing. Chlorophyll vegetation indices also
indicated a significant positive effect of the bacterial fertilizer treatment, and photochemical
activity (PRI), leaf water content (PWI) were higher compared to the control plots. In the
control treatment, stress sensitivity (SIPI) and the amount of protective pigments (CRI, ARI)
were higher. Water shortages also occurred at flowering, resulting in a medium average yield
for all plots, which was lower than the average of Heves County, Northern Hungary and the
country. Based on our tests, a treatment of 1 | ha'' is considered optimal.

Keywords: plant conditioner, sunflower, in vivo measurements, SPAD-value, vegetation
indices
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Osszefoglalas

A Kompolton elhelyezkedo kisérleti teriileten, 2019-ben nagytablas kisérletben vizsgaltuk a
Mikro-Vital hatasat napraforgo kulturaban, 2 dozis (1 l/ha és 2 l/ha) alkalmazasaval. A
csernozjom barna erdotalajra vetéskor juttattuk ki a készitmenyeket. Julius elején, a viragzds
elott in vivo terepi miiszerekkel (hordozhato spektroradiométer és SPAD) meértiik a levelek
relativ klorofill tartalmat és hataroztuk meg azokat a spektralis vegetacios indexeket, melyekbdl
a fotoszintetikus folyamatokon tul kévetkeztetni tudunk a novények stressztiirésére és a levelek
nitrogén- illetve viztartalmara. Ezek a paraméterek befolyasoljak a legjelentosebb mértékben
a termoképességet. Betakaritaskor mértiik a termésatlagot is. A vizsgalt évben az idojarasi
viszonyok nem voltak idedlisak a napraforgo fejlodéséhez. A tavaszi minimalis csapadek
kovetkeztében a vetés utan az dallomany gyengen fejlodott. Viragzaskor is vizhiany lépett fel, igy
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minden parcellindl csak kézepes termésdtlagot mértiink, ami a Heves megyei, az Eszak-
magyarorszagi és az orszagos dtlaghoz képest is alacsonyabb volt. A klorofillra utalo
vegetdcios indexek, a fotokémiai aktivitas (PRI), a levélviztartalom (PWI) is jelezték a
baktériumtragya kezelés szignifikans pozitiv hatasat. A kontroll esetében pedig a
stresszeérzekenység (SIPI) és a védo pigmentek (CRI, ARI) mennyisége volt magasabb.
Vizsgalataink alapjan az 1 l/ha-os kezelés tekintheto optimdalisnak.

Kulcsszavak: novény kondicionalo, napraforgo, in vivo mérések, SPAD-érték, vegetdcios
indexek

Introduction

The aim of our work, which has been going on for several years, is to help farmers by testing
and developing environmentally friendly nutrient replenishment systems that can be adapted to
the needs of the Heves region. Our goal is to test the applicability of various products in as
many arable crops as possible, thereby providing assistance to advisory activities. In our current
work, we set out to test the effect of a soil conditioner on sunflowers in a two-hectare field
experiment, conducted during a growing season with unfavorable rainfall distribution in 2019.,
Sunflower is our most important oil crop, from an economic perspective, used to produce edible
oil, animal feed, and energy crop. In 2019, the harvested area of sunflower in Hungary was
567,000 hectares, with a record yield per hectare of 3.0 t ha™! on average, which is the highest
average yield in the EU; a total of 1.7 million tons of sunflowers were harvested in Hungary.
The purchase (producer) price in 2019 was 101 HUF kg! (http 1, http 2). In 2019, the total
production quantity in Heves County was 73,372 tons from 23,910 hectares of harvested area,
with an average yield of 3,070 kg ha™! (http 3).

In addition to examining crop yields, we used in vivo measurement techniques (ground-based
remote sensing) to obtain large amounts of data without damaging the plants (spectral
vegetation indices), providing us with information about the plants' organic matter production
potential and stress sensitivity at the beginning of flowering. We applied two doses (1 1 ha™! and
2 1 ha!) of the Mikro-vital liquid soil conditioner, which has a positive effect on soil life. The
product was developed with the aim of promoting healthy soil life and environmentally friendly
plant nutrition. Its content is protected by patent. The soil inoculant contains free-living
nitrogen-fixing and phosphorus-mobilizing soil bacteria (4zospirillum brasilense, Azotobacter
vinelandii, Pseudomonas gressardii), microelements, and indole-3-acetic acid, which has a
positive effect on plant growth (http 4, http 5, http 6). Its use makes phosphorus and potassium
available, which increases root mass, contributes to the formation of appropriate soil colloids,
and improves the microbiological condition, structure, cultivability, and nutrient-supplying
capacity of the soil. The use of the product requires a soil pH of 5.0-8.5, a soil temperature of
at least 5-6 °C, and an organic matter content of around 1%, depending on the soil type. It can
be used in both autumn and spring, either before sowing or at the same time as sowing, by
applying it to the soil. Its use is not only recommended for traditional arable- and horticultural
crops, but is also permitted in organic farming (http 7). Azospirillum brasilense is a rod-shaped,
Gram-negative bacteria that can fix nitrogen, thereby reducing the need for fertilizers. It
promotes resistance to various abiotic stresses, such as drought (http 8). Azotobacter vinelandii
is a gram-negative bacteria, that is also capable of fixing nitrogen from the air and converting
it into a form that can be used by plants. It produces auxin, a plant hormone that has a positive
effect on plant growth (http 9). In addition, it is a widely applicable resilient bacteria, as it does
not require symbiosis (e.g., with leguminous plants), and can therefore be used with many
different crops (corn, wheat, rice, sorghum, etc.). It is able to adapt to different soil conditions
and, like blue-green algae, it can form cysts that help it survive (http 10, http 11). Pseudomonas
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gressardii 1s a rod-shaped, Gram-negative, mobile aerobic bacteria that can mobilize phosphate
and potassium in the soil and is capable of binding iron (http 12).

All these effects enhance the plants' defense mechanisms and increase their stress tolerance,
which leads to improved crop quality and higher average yields. Its composition is completely
environmentally friendly and fully biodegradable. We have already used the product in
numerous crops.

Material and methods

The experimental site is located in Kompolt, on the south-eastern side of the Matra Mountains,
between Eger and Gyongy0s. The weather is moderately warm, prone to drought, and
precipitation distribution is uneven (HOLLO et al. 2009). Based on soil sampling and testing
in 2015 (Table 1): on plot BTK 4, the soil type is chernozem brown forest soil, the pH is
basically acidic (pH H2O: 5.86; KCI: 4.6), with low calcium content (CaCO3 0 %), moderate
nitrogen (nitrate+nitrite: 18.5 mg kg™ dry weight), low phosphorus (AL-P,0s 63.4 mg kg™!) and
adequate potassium (AL-K>0 212.3 mg kg!) content, and a humus content of 2.4 %. The soil
has unfavorable physical features (it is heavily compacted, difficult to cultivate, and prone to
crusting). The groundwater level can be found approximately at 11-12 m depth, therefore the
amount and distribution of precipitation, as well as the method of soil cultivation, influence the
utilization of fertilizers and crop yields (TOTH 2011).

Table 1. The results of soil analysis of the experiment (2015)

Designation Value
pH (KCI) 4.60
pH (H20) 5.86
H% 247
Plasticity (Ka) 43
humus (%) 2.4
Salinity (%) 0.07
N (nitrate+nitrite) (mg kg™!) 18.5
AL-P,0s (mg kg') 63.4
AL-K>O (mg kg™ 212.3
CaCOs (%) 0
Mg (KCI) (mg kg™ 408
AL-Na (mg kg 13.20
Zn (EDTA) (mg kg™!) 1.66
Cu (EDTA) (mg kg™ 4.07
Mn (EDTA) (mg kg’ 166
S (KCI) (mg kg™ 31.7

Source: based on the data of Fleischmann Rudolf Research Institute

The experiment was set up in spring 2019 on the two-hectare "BTK 4" field, where we
marked out 4.5%75.9-meter plots. The rows were oriented in an east-west direction. The applied
treatments were: 1. control, 2. fertilizer, 3. Mikro-Vital 1 1 ha!, 4. Mikro-Vital 2 1 ha™'. The
control plot did not receive any treatment. The strengths of the highly adaptable, mid-season
maturing ES EMERIC HO CLP hybrid sunflower, used in the experiment include good stress
tolerance, disease resistance, medium oil content, and high oleic acid content. Its sowing time
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is normal, the plant height is medium with turned head. Produces high and predictable yields
even in less favorable areas. Its early vigour is very good. Its tolerance to stem sclerotinia,
macrophomina and alternaria is also very good. Its lodging resistance and tolerance to head
sclerotinia can be considered good (http12).

The agrotechnological operations used are summarized in Tables 2 and 3.

Table 2. The agrotechnological operations of the experiment

Operations Date
Preceding crop maize 20/10/2018
Stem crushing RZ-3 22/10/2018
Disc cultivation IH plate disc plough+roller 22/10/2018
Base fertilizer placement Sulky 30-RTK; NPK 8:24:24 (250 | 11/11/2018
kg ha™!)
Plowing: IH 4 plow 11/11/2018
Starter fertilization Sulky 30-RTK; CAN (150 kg ha!) | 06/04/2019
Mikro-Vital 11 ha’! Berthoud 2500/18. Water 200 1 ha™! | 07/04/2019
Seedbed preparation Seedbed combinator 07/04/2019
Sowing: Matter Mac 6 23/04/2019
Rolling Ring cylinder 3 23/04/2019
Applied sunflower hybrids ES EMERIC HO CLP
Date of emergence 02/05/2019
Top dressing placement in Sulky 30-RTK; CAN N-fertilizer 05/06/2019
Spring total active substance content: 39 %
(112.5 kg ha'!)
Plant protection treatments According to Table 2.
Desiccation Fozat 480 2 1 ha! 12/09/2019
Harvesting NURSERYMASTER ELITE 1,9 26/09/2019
SD

The preceding crop was corn, which was harvested on September 20, 2018. Two days later,
stem crushing was followed by discing and closing with a ring roller, and basic cultivation was
made with 30 cm deep plowing on November 11. The base fertilizer (NPK 8:24:24, 250 kg ha
1) was applied before plowing (November 11, 2018). After applying starter fertilizer (CAN 150
kg ha!), seedbed preparation was carried out using cultivator (April 7, 2019). At the same time,
the Mikro-Vital liquid soil bacteria preparation was also applied and worked into the soil. The
sowing date was April 23, 2019. Emergence was uniform, beginning on May 2, nine days after
sowing. Post-emergence weed control was carried out on May 28, 2019, when the plants had 5
pairs of leaves (Pulsar 40 SL 1.2 1 ha!). Treatment against pests and fungal diseases was carried
out at the bud emergence stage (June 25, 2019) (Karate Zeon 5 CS 0.2 1ha™! + Pictor 0.35 1 ha’
'+ Atonik 0.5 kg ha! + Carbonboron 1 1 ha™! + Trend 90 0.1 % + Antifoam 3 ml in 200 | water).
The harvest took place on September 26, 2019 (Table 2). Two weeks after the second pesticide
treatment (July 11, 2019), the relative chlorophyll content of the leaves was measured by using
a Minolta SPAD-502 (Konica, Minolta, Japan) instrument (SPAD-Soil Plant Analysis
Development). We selected 20 plants per plot randomly, along the entire length of the plot. For
each selected plant, we measured from the top, in the middle of the 3rd or 4th mature (neither
young nor old) leaf. The SPAD measurement area is 0.06 cm?, and the index is calculated in
SPAD units based on the absorbance measured at 650 nm and 940 nm (GITELSON and
MERZLYAK 2004). This method is also used in agriculture to estimate the nitrogen supply,
health status, and biomass production potential of plants (RAJCAN et al. 1999).
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Table 3. Applied plant conditioner and plant protection treatments

Placement of plant Plant protection treatments
conditioners
At the time of | At 5 pairs of leaves stages At bud emergence stage
sowing 20/05/2019 25/06/2019
23/04/2019
Control - Pulsar 40 SL 1.2 1 ha™! Carate zeon 5 CS 0.2 1 ha™!

+ Pictor 0.35 1 ha™! + Athonic 0.5
kg ha'! + Carbon 1 1ha™! + Trend
90 0.1% + Antifoam 3 ml + 200
1 water

Treatment 1 - Pulsar 40 SL 1.2 1 ha™! Carate zeon 5 CS 0.2 1 ha™!

+ Pictor 0.35 1 ha™! + Athonic 0.5
kg ha! + Carbon 1 1ha™! + Trend
90 0.1% + Antifoam 3 ml + 200
1 water

Treatment 2 11ha! Pulsar 40 SL 1.2 1 ha™! Carate zeon 5 CS 0.2 1 ha™!

+ Pictor 0.35 1 ha! + Athonic 0.5
kg ha! + Carbon 1 1ha™! + Trend
90 0.1% + Antifoam 3 ml + 200
1 water

Treatment 3 21ha'! Pulsar 40 SL 1.2 1 ha™! Carate zeon 5 CS 0.2 1 ha™!

+ Pictor 0.35 1 ha! + Athonic 0.5
kg ha! + Carbon 1 1ha™! + Trend
90 0.1% + Antifoam 3 ml + 200
1 water

Spectral vegetation indices (Table 4) were determined on the same leaves using field
spectroscopic reflection measurements (ASD FieldSpecPro portable spectroradiometer, USA)
to estimate leaf chlorophyll, carotenoid, anthocyanin, and water content, light utilization, and
stress sensitivity. The spectral range of the instrument is 350-2500 nm. The spectra containing
the stored raw DN values were converted to reflection values using ViewSpecPro software. The
optical vegetation indices were calculated by using Microsoft Excel with the formulas given in
Table 4. From the large number of vegetation indices, we selected those that have already been
tested in agriculture and are known to be correlated with the physiological parameters
mentioned above (GARCIA-ROMERO et al. 2017), and are well suited for mapping the
qualitative and quantitative parameters of agricultural crops in practice (GABRIEL et al. 2017).
We examined whether the effects of treatments could be detected at the beginning of flowering
using spectral vegetation indices. After harvesting, we measured the yield of each plot. The
effect of the treatments on the examined parameters was assessed using one-way analysis of
variance (ANOVA) and Tukey's b test (SPSS 20.0).
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Table 4. Applied vegetation indices

Structural indices Formulae References
Renormalized Difference Vegetation (Rsoo- Roujean and Breon
Index (RDVI) Re70)/((Rs00+R670)*) (1995)
Enhanced vegetation index (EVI) 2.5%(Rga0 — Re670)/(Rga0 | Huete et al. (2002)
+ (6xRe70) — (7.5%R450)
+1)
Vogelmann index (VOGI) R740/R720 Vogelmann et al.
(1993)
Leaf pigments
Carotenoid Reflectance Index (CRI) 1/R550-1/R700 Gitelson et al.
(2004)
Anthocyanin Reflectance Index (ARI) R840x (1/R550- Gitelson ez al. (2004)
1/R700)
Stress sensitivity — carotenoid/chlorophyll ratio
Structure Insensitive Pigment Index (Rso0-Ra445)/(Rgoo-Rego) | Penuelas et al.
(SIPI) (1995)
Light use efficiency — xanthophyll index
Photochemical Reflectance Index (PRI) | (Rss0-Rs70)/(RssotRs70) | Gamon et al. (1997)
Water content of leaves
Plant Water Index (PWI) Ro70/Rooo Pefiuelas et al.
(1997)

Source: ZARCO-TEJADA et al. 2005

Results

Sunflower is a crop with moderate water requirements (500-550 mm during the growing
season). They have a strong, deep taproot with intense suction power. The formation of roots
and root hairs continues until the end of the growing season. It makes good use of water and
nutrients that are inaccessible to other plant species, which gives it good drought tolerance.
From a water management perspective, the critical periods are germination, emergence,
intensive stem growth, and flowering. The latter is characterized by the fact that plants consume
40% of their total water consumption (up to 200 mm) during this period (PEPO 2019, http 14).

The effect of precipitation amount and distribution on sunflower yield

The top 20 cm layer of soil became increasingly dry due to low precipitation (30.2 mm) in the
first three months of 2019. This amount is only one-third of the 40-year average (91.7 mm).
The moisture content of the deeper soil layers also failed to reach ideal levels because winter
precipitation was insufficient to replenish the soil after the autumn drought. The amount (32.2
mm) and distribution of precipitation during the sowing period had a positive effect on the
initial development of sunflowers, resulting in relatively uniform germination. The cool May
rainfall (107.6 mm), which was well above the long-term average across the country (http 15),
reduced the severity of the drought. The upper part of the soil became saturated with moisture,
which slowly seeped into the lower layers. In the first days of summer, the weather became
significantly warmer and sunnier, and the growth of sunflowers, which had been slow in May,
accelerated in the warmer weather. Dry, hot weather continued until mid-June. During the
hottest hours, atmospheric drought also developed, and strong UV radiation scorched the leaves
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of plants in addition to the high sun. During the June heatwave, a total of 37.2 mm of
precipitation fell, which is 40% less than the 40-year average and typically came in the form of
showers. There was therefore little precipitation during the period of intensive stem growth and
the formation of generative organs. Due to several thunderstorms in mid- and late July, a total
of 88.9 mm of precipitation fell during the month, which is 20 % more than the 40-year average,
improving soil moisture levels. The rainy period was not good for sunflower flowering. It
reduced the success of insect pollination and contributed tot he onset of diseases. The warm,
dry weather in August was favorable for sunflower ripening. The 47.5 mm of precipitation was
necessary (which is around the 40-year average), because seed growth and oil accumulation
account for 25-30 % of the total water requirement. The sunflower were already ripening in
September and did not require any additional rainfall, so the 33.4 mm of rain was sufficient for
ripening. During this period, heavy rainfall slows down the ripening process, reducing both
crop yield and oil content (PEPO 2019). The amount of precipitation during the growing season
was 10 % below the 40-year average (Table 5). Due to the resulting water shortage, we obtained
lower (average) crop yields.

Table 5. Monthly precipitation between January and September in 2019 (mm)

Months Jan. Febr. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sept.| Sum

Rainfall (mm) 21.2 53 | 3.7 |322|107.6|37.2 | 88.9|47.5|33.4|377.0

Average over
the past 40 years

Difference -9,6 -27.81-24.1| -2.6 | 49,6 |-25.3|16.9| -2.5 |-12.2| -37.6
Source: Agricultural Research Institute in Kompolt

30.8 33.1 | 27.8 |1 34.8 | 58.0 | 62.5|72.0 | 50.0 | 45.6 | 414.6

The effect of treatments on sunflower yield

According to data from the Hungarian Central Statistical Office (http 1 and 2), the average
sunflower yield in Heves County in 2019 was 3,070 t ha™!, which is in line with the typical yield
for the Northern Hungary region and slightly higher than the national average (3.0 t ha™).

2,5
0'5 I I
0

control fertilizer MV 1| ha-1 MV 2 | ha-1

kg ha-!
-
[9,] N

=

Treatment

Figure 1. Effect of the treatment on the average yield of sunflower (at 9% of seed’s
moisture content) at harvest (September 26, 2019)
Source: Agricultural Research Institute in Kompolt
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At harvest time, the moisture content of the sunflowers was 9 %. In the control plot, the
average sunflower yield (1.81 t/ha') was significantly lower than the county and national
averages, which can be attributed to the drought that has prevailed during the growing season
(for several years now). As a result of fertilizer treatment, the average yield increased (2.16 kg
ha'!), which is 20 % higher than the control. With Micro-Vital treatment at 1 1 ha!, the average
yield is 2.60 t ha™!, which is 44 % higher than the control. With the Micro-Vital 2 1 ha
! treatment, the average yield was 2.61 t ha!, which is 45 % higher than the result of the control
treatment. The average yields obtained with the 1 1 ha™! and 2 1 ha! treatments were closer to
the average for Heves County and the national average (Figure 1). It can be concluded that the
lower concentration of Mikro-Vital treatment resulted in a significantly higher yield compared
to the control despite the drought, thanks to better nutrient utilization, while the higher
concentration of Mikro-Vital treatment barely increased the average yield in comparison.

Photosynthetic parameters based on spectral vegetation indices

The efficiency of photosynthesis is one of the most important characteristics in terms of crop
yield and quality. However, it can be strongly influenced by environmental stress factors such
as water shortage, high light intensity, or high temperatures. The amount and composition of
photosynthetic pigments are very informative in terms of photosynthetic activity, so by
examining chlorophyll content and the chlorophyll/carotenoid ratio, we can obtain valuable
information about the biomass production capacity of plants. The relative chlorophyll content
of leaves can be determined, among other things, by the SPAD value, which also indicates the
nitrogen supply of plants, and is therefore widely used in agricultural practice to characterize
plant health and plan nutrient supply. Its value changes with the phenological stages of the
plant, reaching its highest level at the beginning of flowering (KANDEL 2020). At the
beginning of flowering, the chlorophyll content of the plants was assessed by determining the
SPAD value and some spectral vegetation indices, which can be correlated with chlorophyll
content. In our previous field experiment, we found that the effect of the treatments on SPAD
values was measurable but not significant due to the high standard deviation of the data. We
observed the same in the present study, although SPAD values were highest in treatment 2
(Table 6). The values of the indices indicating chlorophyll content (RDVI, EVI, VOG1) were
significantly higher in treatment 2. In parallel with this, the value of the index indicating
photochemical efficiency (PRI) was also highest in treatment 2. This index is inversely
proportional to the SIPI index, which refers to the amount and activity of xanthophylls playing
a role in light protection (GAMON et al. 1997). The chlorophyll/carotenoid ratio (SIPI) of
plants, primarily the amount of xanthophylls, indicates the sensitivity of plants to environmental
(stress) effects (PENUELAS et al. 1995). There was no significant difference in the value of
this index between treatments, but the highest value was found in the control. However, the
amount of protective pigments (CRI-carotenoids; ARI-anthocyanins) was significantly higher
in the control (Table 6). In addition to fertilization, the soil bacteria preparation also promoted
nutrient uptake by the plants and increased their stress tolerance. All of these factors have a
positive effect on crop yield. In our previous nutrient replenishment experiments, we
successfully used these indices to characterize the physiological parameters of arable crops
(wheat, corn, rapeseed, sunflower) (KAPRINYAK et al. 2018; LAPOSI et al. 2020; TURY et
al. 2023). The PWI index, which indicates the water content of leaves, was significantly higher
in treatment 2 than in the control. Although its value is influenced not only by water content
but also by leaf structure, dry matter content, and leaf area index (LAI) (ZARCO-TEJADA et
al. 2001), based on our results, it can be said that the water content of leaves treated with soil
bacteria is more favorable than that of control leaves. This has a positive effect on numerous
other metabolic processes in the plant.
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Table 6. Relative chlorophyll content and spectral vegetation indices in wheat leaves 11.
07.2019. (Note: a, b, ¢, d index: significance groups by Tukey-b test (p<0.05); ANOVA
significance: *** - p<0.001, ** - p<0.01, * - p<0.05, ns — not significant; mean+SD, n=20)

11/07/2019
(M) D) 3) @
Parameter | Level of significance control treatment treatment treatment
1 2 3

SPAD ns 34251-aaaaa 38.01+1.658 | 38.12+2.638 | 38.79+2.618 | 38.30+3.895
RDVI **%15423-aabbccc [ 0.592+0.496 [ 0.634+0.028 | 0.636+0.523 | 0.621+0.028
EVI **%14352-aabbccc [ 0.729+0.071 | 0.796+0.043 | 0.801+0.075 | 0.775+0.045
VOG1 **% 15243-aaabbcc | 1.490+£0.066 | 1.518+0.051 | 1.555+0.069 | 1.543+0.062
PRI1 **%34215aaabc 0.159+0.032 | 0.174+0.032 | 0.205+0.004 | 0.190+0.030
SIPI ns 35421-aaaaa 0.780+0.041 | 0.776+0.026 | 0.772+0.031 | 0.775+0.027
CRI **% 3245]-aaaab 5.844+1.541 | 4.599+1.330 | 4.269+1.221 | 4.628+1.597
ARI **% 321-aabbcbec 0.305+0.235 | 0.215+0.259 | 0.176+0.185 | 0.246+0.264
PWI **%41523-aabcd 0.950+0.006 | 0.967+0.004 | 0.969+0.005 | 0.960+0.05
Conclusions

At the Kompolt Research Institute an important task was to test and develop environmentally
friendly nutrient replenishment methods that could be adapted to the region. The experimental
area is prone to drought, the soil is heavily compacted, difficult to cultivate, prone to crusting,
and requires very careful agrotechnology to retain water on soil with a thin humus layer. The
aim of this study was to describe the effects of a fertilizer and three levels of Mikro-Vital soil
conditioner (1 1 ha!, 2 1 ha') on the yield of the ES EMERIC HO CLP sunflower hybrid,
moreover to characterize the photosynthetic processes and stress sensitivity of treated and
control plants before flowering by vegetation indices. During the growing season of the under
review, there was a significant lack of rainfall and its distribution was also quite extreme, which
resulted in lower yields than would be expected from the hybrid in all treatments. However,
both fertilizer and Micro-Vital treatments resulted in higher average yields than the control.
Soil bacteria treatments provide plants with a more balanced supply of nutrients and water,
which also contributes to increased stress tolerance. The vegetation indices we examined
already indicated this at the beginning of flowering. Most of these indices can be used in
agricultural practice to plan nutrient replenishment or plant protection treatments, or to estimate
crop yields. Many of them are available from satellite databases and reflection measurements
from multispectral cameras mounted on drones, and can be integrated into precision farming.
Based on our results, a lower dose of Mikro-Vital treatment already results in a significant
increase in crop yield (by 44 %), which was confirmed by the average yield and vegetation
index values. A higher dose did not result in an increase in crop yield (10 kg ha™') that could be
considered economical, taking into account the price of the product (8700 HUF 1! in 2025 by
http 16) and the purchase price of the sunflower (101000 HUF in 2025 by http 1).

41




Rita Tury — Szilard Zsolt Téth — Tiinde Kaprinyak — Eva Lehoczky — I1diké Bélteki — Réka Laposi

References

GABRIEL J.L. — ZARCO-TEJADA P.J. - LOPEZ-HERRERA P.J. - PEREZ-MARTIN E. —
ALONSO-AYUSO M. — QUEMADA M. (2017): Airborne and ground level sensors for
monitoring nitrogen status in a maize crop. Biosystem Engineering 160: 124-133.
https://doi.org/10.1016/j.biosystemseng.2017.06.003

GAMON J.A. — SERRANO L. — SURFUS J.S. (1997): The photochemical reflectance index:
an optical indicator of photosynthetic radiation use efficiency across species, functional types,
and nutrient levels. Oecologia 112., 492—499. http://dx.doi.org/10.1007/s004420050337
GITELSON A.A. — MERZLYAK M.N. (2004): Non-destructive Assessment of Chlorophyll
Carotenoid and Anthocyanin Content in Higher Plant Leaves: Principles and Algorithms.
Papers in Natural Resources. 263. http://digitalcommons.unl.edu/natrespapers/263
GRACIA-ROMERO A. — KEFAUVER S.C. — VERGARA-DIAZ O. - ZAMAN-ALLAH
M.A. - PRASANNA B.M. — CAIRNS J.E. — ARAUS J.L. (2017): Comparative Performance
of Ground vs. Aerially Assessed RGB and Multispectral Indices for Early-Growth Evaluation
of Maize Performance under Phosphorus Fertilization. Front. Plant Sci. 8§, 2004.
https://doi.org/10.3389/1pls.2017.02004

HUETE A. — DIDAN K. — MIURA T. (2002): Overview of the radiometric and biophysical
performance of the MODIS vegetation indices. Remote Sensing of Environment. 1-2,
September 2002, 195-213.

HOLLO S. - PETHES J. - AMBRUS A. (2009): A tartds szerves és miitragyazas hatasa a talaj
konnyen oldhat6é foszfortartalmara Kompolton, csernozjom barna erdétalajon/. Effects of
permanent use of organic and mineral fertilizers on easily soluble P content of Chernozem
brown forest soil in Kompolt. (In Hungarian) Tartamkisérletek jelentdsége a novénytermesztés
fejlesztésében. Jubileumi tudomanyos konferencia. Martonvasar, 2009. oktober 15., 227-234.
HUANG J. - WANG X. — LI X. — TIAN H. — PAN Z. (2013): Remotely Sensed Rice Yield
Prediction Using Multi-Temporal NDVI Data Derived from NOAA's-AVHRR. Plos One, 8§(8).
https://doi.org/10.1371/journal.pone.0070816

KANDEL B. P. (2020): Spad value varies with age and leaf of maize plant and its relationship
with grain yiald. BMC Research Notes 13, Article number: 475 (2020).
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-020-05324-7

KAPRINYAK T. - LAPOSI R. — BEKO L. — TOTH S. (2018): Effects of combined nutrient
supply treatments on some physiological parameters of autumn wheat. Acta Agraria
Debreceniensis, (150), 241-251. https://doi.org/10.34101/actaagrar/150/1720

LAPOSIR. - BEKO L. - KAPRINYAK T. - MOLJAK S. - TOTH SZ. ZS. (2020): Evaluation
of soil bacteria treatments on some physiological parameters of crops by spectral vegetation
indices. Ecocycles, 6(1), 134—145. https://doi.org/10.19040/ecocycles.v6il.167

PENUELAS J. — BARET F. — FILELLA 1. (1995): Semi-empirical indices to assess
carotenoids/chlorophyll a ratio from leaf spectral reflectance. Photosynthetica 31(2), 221-230.
https://www.researchgate.net/publication/229084513

PEPO P (2019): Integralt novénytermesztés 2. Alapnovények. Mezégazda Lap- és Konyvkiado.
Pages 151-178.

ROUIJEAN J-L. — BREON, F-M. (1995): Estimating PAR Absorbed by Vegetation from Bi-
Directional Reflectance Measurements. Remote Sensing of Environment, 51, 375-384.
http://dx.doi.org/10.1016/0034-4257(94)00114-3

TOTH N. (2011): Effects of environmental factors on brewing characteristics of malting barley
and malt (In Hungarian). PhD Thesis, Szent Istvan Egyetem. Godollo
https://szie.hu/file/tti/archivum/Toth_Nikolett ertekezes.pdf

42


https://doi.org/10.1016/j.biosystemseng.2017.06.003
http://dx.doi.org/10.1007/s004420050337
http://digitalcommons.unl.edu/natrespapers/263
https://doi.org/10.3389/fpls.2017.02004
https://www.sciencedirect.com/journal/remote-sensing-of-environment/vol/45/issue/3
https://doi.org/10.1371/journal.pone.0070816
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-020-05324-7
https://doi.org/10.34101/actaagrar/150/1720
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;31611474
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;31611474
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;31611474
https://doi.org/10.19040/ecocycles.v6i1.167
https://www.researchgate.net/publication/229084513
http://dx.doi.org/10.1016/0034-4257(94)00114-3
https://szie.hu/file/tti/archivum/Toth_Nikolett_ertekezes.pdf

Study on the Physiological Characteristics of Sunflower Treated With Bacterial Fertilizer

TURY R. — TOTH Sz. — LEHOCZKY E. — LAPOSI R (2023): Investigation of the
Physiological Effects of Plant Conditioners in Field Experiments of Winter Wheat. JOURNAL
OF CENTRAL EUROPEAN GREEN INNOVATION 11(1), 3-14., 12 p.

Vogelmann J. — Mass D. (1993): Spectral reflextance measurments in the genus Sphagnum.
Remote Sensing of Environment. Volume 45, Issue 3, September 1993, Pages 273-279.
ZARCO-TEJADA P.J. — USTIN S.L. — WHITTING M.L. (2005): Temporal and Spatial
Relationships between Within-Field Yield Variability in Cotton and High-Spatial
Hyperspectral Remote Sensing Imagery. Agronomy Journal, 97(3), 641-653.
https://doi.org/10.2134/agronj2003.0257

Website references

http 1: https://www .ksh.hu/docs/hun/xftp/stattukor/fobbnoveny/2019/index.html

Letoltés datuma: 2025. oktober
http2:https://www.ksh.hu/docs/hun/xftp/stattukor/fobbnoveny/2019/index.html#haznkakukori
casnapraforgtermesztsbenjrlenazuniban Letoltés datuma: 2025. oktdber

http 3: https://www.ksh.hu/docs/hun/xstadat/xstadat eves/i_omn018b.html

Letoltés datuma: 2025. oktober

http 4: https://pmc.ncbi.nlm.nih.gov/articles/PMC243341/ Letoltés datuma: 2025. oktober
Website 5: https://www.sciencedirect.com/topics/agricultural-and-biological-
sciences/azospirillum-brasilense Letoltés datuma: 2025. oktober

http 6:

https://www.researchgate.net/publication/320966369 Azospirillum_brasilense a Beneficial
Soil Bacterium_Isolation_and Cultivation Azospirillum_brasilense Isolation_and_Cultivati
on Letdltés datuma: 2025. oktober

http 7: https://mikro-vital.hu/wp-content/uploads/2025/06/Mikro Vital-prospektus-
BS5 fekvo 20oldal HUN oldalankent.pdf Letoltés datuma: 2025. oktober

http 8: https://www.sciencedirect.com/topics/agricultural-and-biological-
sciences/azospirillum-brasilense Letoltés datuma: 2025. oktober

http 9: https://mikro-vital.hu/wp-content/uploads/2025/06/Mikro Vital-prospektus-
B5 fekvo 20oldal HUN oldalankent.pdf Letoltés datuma: 2025. oktober

http 10: https://bactotech.co.uk/azotobacter-vinelandii/ Letoltés datuma: 2025. oktober

http 11: https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-
biology/azotobacter-vinelandii Letoltés datuma: 2025. oktober

http 12: https://api.lidea-seeds.hu/uploads/2024/11/napraforgo_es_emeric_ho clp 2024.pdf
Letoltés datuma: 2025. oktober

http 13: https://agraragazat.hu/hir/lg-clearfield-plus-napraforgo-hibridek-a-genetikai-plusz/
Letoltés datuma: 2025. oktober

http 14: https://www.yara.hu/tapanyagellatas/napraforgo/napraforgo-eghajlatigenye/ Letoltés
datuma: 2025. oktober

http 15: https://www.met.hu/ismeret-tar/erdekessegek tanulmanyok/index.php?id=2727
Letoltés datuma: 2025. oktober

http 16: https://webshop.mikro-vital.hu/termekek/mikro-vital/ Letoltés datuma: 2025. oktober

43


https://m2.mtmt.hu/gui2/?mode=browse&params=publication;34043678
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;34043678
https://doi.org/10.2134/agronj2003.0257
https://www.ksh.hu/docs/hun/xftp/stattukor/fobbnoveny/2019/index.html
https://www.ksh.hu/docs/hun/xftp/stattukor/fobbnoveny/2019/index.html#haznkakukoricasnapraforgtermesztsbenjrlenazuniban
https://www.ksh.hu/docs/hun/xftp/stattukor/fobbnoveny/2019/index.html#haznkakukoricasnapraforgtermesztsbenjrlenazuniban
https://www.ksh.hu/docs/hun/xstadat/xstadat_eves/i_omn018b.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC243341/
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/azospirillum-brasilense
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/azospirillum-brasilense
https://www.researchgate.net/publication/320966369_Azospirillum_brasilense_a_Beneficial_Soil_Bacterium_Isolation_and_Cultivation_Azospirillum_brasilense_Isolation_and_Cultivation
https://www.researchgate.net/publication/320966369_Azospirillum_brasilense_a_Beneficial_Soil_Bacterium_Isolation_and_Cultivation_Azospirillum_brasilense_Isolation_and_Cultivation
https://www.researchgate.net/publication/320966369_Azospirillum_brasilense_a_Beneficial_Soil_Bacterium_Isolation_and_Cultivation_Azospirillum_brasilense_Isolation_and_Cultivation
https://mikro-vital.hu/wp-content/uploads/2025/06/MikroVital-prospektus-B5_fekvo_20oldal_HUN_oldalankent.pdf
https://mikro-vital.hu/wp-content/uploads/2025/06/MikroVital-prospektus-B5_fekvo_20oldal_HUN_oldalankent.pdf
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/azospirillum-brasilense
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/azospirillum-brasilense
https://mikro-vital.hu/wp-content/uploads/2025/06/MikroVital-prospektus-B5_fekvo_20oldal_HUN_oldalankent.pdf
https://mikro-vital.hu/wp-content/uploads/2025/06/MikroVital-prospektus-B5_fekvo_20oldal_HUN_oldalankent.pdf
https://bactotech.co.uk/azotobacter-vinelandii/
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/azotobacter-vinelandii
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/azotobacter-vinelandii
https://api.lidea-seeds.hu/uploads/2024/11/napraforgo_es_emeric_ho_clp_2024.pdf
https://agraragazat.hu/hir/lg-clearfield-plus-napraforgo-hibridek-a-genetikai-plusz/
https://www.yara.hu/tapanyagellatas/napraforgo/napraforgo-eghajlatigenye/
https://www.met.hu/ismeret-tar/erdekessegek_tanulmanyok/index.php?id=2727
https://webshop.mikro-vital.hu/termekek/mikro-vital/

Rita Tury — Szilard Zsolt Téth — Tiinde Kaprinyak — Eva Lehoczky — I1diké Bélteki — Réka Laposi

Authors

Dr. Rita Tury, PhD

assistant professor, corresponding author

Hungarian University of Agriculture and Life Sciences, Department of Soil Science, Institute
of Environmental Sciences, Karoly Robert Campus, ,

H-3200 Gyongyos, Matrai. u. 36.

tury.rita@uni-mate.hu

Dr. Szilard Zsolt Toth, PhD

associate professor

Hungarian University of Agriculture and Life Sciences, Department of Agronomy, Institute of
Agronomy, Szent Istvan Campus,

H-2100 Go6dolls, Pater K. u. 1.

toth.szilard.zsolt@uni-mate.hu

Dr. Tiinde Kaprinyak, PhD

University of Debrecen, Balashazy Janos Practical Technical School, Highschool and
Dormitory

H- 4014 Debrecen, Mezdgazdasz u. 1.

kaprinyak.tunde(@gmail.com

Prof. Dr. Eva Lehoczky, PhD, DSc

professor

Hungarian University of Agriculture and Life Sciences, Department of Environmental
sustainability, Institute of Environmental Sciences, Georgikon Campus,

H-8360 Keszthely, Deak F. u. 16.

lehoczky.eva@uni-mate.hu

Dr. Ildiké Bélteki, PhD

assistant professor

Hungarian University of Agriculture and Life Sciences, Department of Agronomy, Institute of
Agronomy, Karoly Robert Campus,

H-3200 Gyongyos, Matrai. u. 36.

belteki.ildiko@uni-mate.hu

Dr. Réka Laposi, PhD

associate professor

Hungarian University of Agriculture and Life Sciences, Department of Agronomy, Institute of
Agronomy, Karoly Rébert Campus,

H-3200 Gydngyds, Matrai. u. 36.

laposi.reka@uni-mate.hu

A miire a Creative Commons 4.0 standard licenc alabbi tipusa vonatkozik: CC-BY-NC-ND-4.0.



mailto:tury.rita@uni-mate.hu
mailto:toth.szilard.zsolt@uni-mate.hu
mailto:kaprinyak.tunde@gmail.com
mailto:lehoczky.eva@uni-mate.hu
mailto:belteki.ildiko@uni-mate.hu
mailto:laposi.reka@uni-mate.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu

