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Abstract

This paper presents the results of small-plot field experiment conducted in 2022, a year of
severe drought, with soil bacteria-treated wheat cultivars, during which we examined
photosynthetic pigments, average yield, and certain quality parameters using in vivo methods.
The soil microbe preparation used is especially recommended for use in warn, drought period,
and it is also effective for seed treatment. Its use can be expected to result in better nutrient and
water supply, more homogeneous stands, and increased stress tolerance. At the beginning of
flowering, the SPAD, EVI, RDVI indices, which indicate chlorophyll content in leaves were
significantly higher in three varieties (Mv Nemere, Mv Kondas, Mv Pelsodur), while at the same
time, these varieties showed higher photochemical activity (PRI), lower stress sensitivity (SIPI),
and lower carotenoid content (CRI). Water content was higher in treated individuals for all
varieties. For all 8 varieties, the average yield was approximately 10% higher on the treated
plots, Mv Nemere. The nutritional values were only of medium quality, but all quality
parameters on the treated plots showed better results. The quality parameters indicated only
medium quality, but we obtained better results for all quality parameters on the treated plots.
Overall, it can be said that the product can be used effectively even in a drought year, but at
the higher dose recommended by the manufacturer.

Keywords: wheat cultivars, soil bacteria, photosynthetic pigments, vegetation indices, yield,
grain quality
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Osszefoglalas

Jelen munka a 2022-es erdsen aszalyos év talajbaktériummal kezelt buza fajtakkal végzett
kisparcellas kompolti kisérlet eredményeit mutatjia be, mely soran in vivo modszerekkel
vizsgaltunk fotoszintetikus paramétereket, illetve a termésdatlagot és egyes beltartalmi
jellemzoket. A felhasznalt talajmikroba készitmeény kifejezetten a meleg, aszalyos idoszakokban
ajanlott alkalmazni, emellett hatékony a vetomagok csavazasra is. Hasznalataval jobb
tapanyag- és vizellatottsag, homogénebb dllomany és fokozott stressztiiré-képesség varhato. A
viragzas kezdetén, a klorofill-tartalmat jelz6 SPAD, EVI és RDVI indexek 3 fajtandl volt
szignifikansan magasabbak (Mv Nemere, Mv Kondas, Mv Pelsodur), ezzel parhuzamosan ezen
fajoknal magasabb fotokémiai aktivitast, (PRI), alacsonyabb stresszérzékenységet (SIPI) és
kevesebb fényvédo karotinoid-tartalmat (CRI) mértiink. A viztartalom minden fajta esetében
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magasabb volt a kezelt egyedeknél. A kontrol és a kezelt parcellikban mért termésatlag
egyarant meghaladta a megyei szintet abban az évben, és mind a 8 fajta esetében a kezelt
parcelldkon volt magasabb érték, de az eltérés - az Mv Nemere kivételével - nem volt t6bb 10%-
nal. A beltartalmi értékek csak kozepes mindséget jeleztek, bar nem standard mérési modszerrel
hataroztuk meg, viszont a kezelt parcellakon minden mindségi paraméter esetében jobb
eredményt kaptunk. Osszességében elmondhaté, hogy aszdlyos évben is eredményesen
alkalmazhato a készitmény, viszont a gyarto altal javasolt magasabb dozisban.

Kulesszavak: buza fajtik, talajbaktériumok, fotoszintetikus pigmentek, vegetdacios indexek,
termésatlag, minoségi paraméterek

Introduction

The challenge facing agriculture today is not only to increase crop yields and quality, but also
to achieve this while carefully managing the natural resources used for cultivation and, where
possible, using environmentally friendly methods. The most effective way to achieve this is to
select cultivars that are suitable for the given landscape and best adapted to local conditions,
and choosing environmentally friendly, complex nutrient replenishment methods that ensure
the sustainable, long-term use of the soil while allowing the genetic potential of the given
cultivar to be realized (KUMMERER et al. 2010).

One environmentally friendly method of nutrient replenishment is the reintroduction of soil
microbes into the soil, which can also be used in organic farming. Microorganisms living in the
soil have numerous beneficial effects on cultivated plants. They enhance the decomposition of
organic matter in the soil and promote nutrient uptake by plants, as their metabolism makes
these nutrients available in an absorbable form. They bind nitrogen in the air and store it,
thereby increasing the nitrogen base of the soil. Microbes provide protection against pathogens
that attack germinating seeds and seedlings, on the one hand through more effective competition
and on the other hand through the production of antibiotics (MAKADI, 2010). These organisms
also have an impact on the condition of the soil and its physical, chemical, and various
biochemical processes. As a result of these processes, the structure and water management
capacity of the soil, as well as its ability to provide nutrients, vary greatly between different soil
types (KATAY and SANDOR, 2011).

In Hungary, many soil microbe products are available for farmers. In our current work, we
examined the effects of a soil microbe product (Mikor-Vital Supary, Bio-Nat Kft.) - that was
awarded an Innovation Grand Prize (2020) - on the physiological parameters of eight wheat
varieties. We investigated some photosynthetic parameters and protective pigments at the
beginning of flowering, moreover the average yield and crop quality at harvest time, since we
expected differences in these parameters as a result of the treatment. We applied in vivo methods
(e.g., ground-based remote sensing) that allow us to get a lot of data, even on a field scale
without damaging the plants.

Material and methods

Study site and technological parameters

The experimental area is located in Kompolt research site, which has more than 100 years of
experience in plant breeding. Nowadays it is an experimental farm of Hungarian University of
Agriculture and Life Sciences, formerly it was the Rudolf Fleischmann Agricultural Research
Institute. The experimental site is located on the southern side of the Méatra Mountains, between
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Eger and Gyongyds, 125 meters above sea level, in the rain shadow of the North Central
Mountains. Its climate is moderately warm with variable precipitation, moreover with harsh
snow-free winters and dry summers. These attributes provide an excellent background for the
breeding of resistant, drought-tolerant plants (HOLLO et al. 2009).

In Kompolt, most of the area is characterized by non-carbonate chernozem forest soil formed
on loess clay containing sedimentary andesite debris, with a relatively deep humus layer (50-
80 cm) but low humus content (2.6%). The topsoil is acidic (pHkci 4.8), heavily leached without
lime content (CaCO3 0%). The subsoil is compact, less acidic (pHkci 6.6) and even alkaline at
a depth of 130-150 cm. The soil structure is not optimal, relatively difficult to cultivate, and
heavily cracked on the surface, which causes a lot of water to evaporate from it. However, with
the right agricultural techniques, it can store sufficient amounts of water, which is important
because the groundwater is located at a depth of 10-12 m. For this reason, the amount and
distribution of precipitation plays a decisive role in crop production, nutrient uptake, and soil
microbe activity (KADAR and HOLLO 2006; HOLLO et al. 2009; TOTH 2011).

In 2022, there was a very serious drought in the country (Website 1), which caused severe
damage to agricultural production (Website 2). Table 1 clearly shows that precipitation in the
experimental area during the growing season was 50% lower than the average for the past 30
years. The difference was particularly large in May (77%) and June (76%), which is a critical
period for flowering, fertilization, and fruit formation. This is not only an important factor in
terms of crop yield and quality, but it can also influence the activity of soil microbes introduced
into the soil.

Table 1. Climatic parameters during the growing season in 2021 and 2022

Daily total precipitation  Average precipitation

2021/2022 Difference %

[mm] of 30 years [mm]

September 9.8 42.8 +88
October 8.6 36.6 +71
November 62.9 459 +37
December 38.5 39.6 -3

January 1.5 30.6 -95
February 8.9 31.4 =72
March 19.9 28.9 -32
April 48.1 41.9 +14
May 14.5 62.9 =77
June 24.8 71.4 -76
July 14.3 74.4 -81
Total 251.8 506.4 -51

Source: Research Site (Kompolt, MATE)

Since 2015, the area has also been home to numerous nutrient replenishment experiments,
seeking environmentally friendly methods suitable for the characteristics of the region. The
results of these experiments play a key role in our consulting activities. In the course of our
work, we have tested several domestically produced soil microbe preparations and plant
conditioners in large and small-scale experiments on a number of arable crops. In this paper, I
present the results of the 2022 small-plot Mikro-Vital Supary treatment, in which we examined
certain physiological parameters of winter wheat varieties at the beginning of ear emergence
(22" of May 2022) and at harvest (21° of July 2022).

The cultivar comparison experiments were set up every year in the so-called internal breeding
garden (47°44°18.45” N, 20°14°03.95” E), which also played an important role in the annual
cultivar demonstration shows in June. In our experiment, we examined eight popular domestic
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wheat varieties: Mv Nemere, Mv Nador, Mv Ménrét, Mv Krajcar, Mv Kolo, Mv Felleg, Mv
Kondas, and Mv Pelsodur (Figure 1). We divided the 34.5 m? plots into two parts, treating one
half with Mikro-Vital Supary at a dose of 1 L ha™! at sowing (5" of October 2021). Before
sowing (29" of September 2021), all plots received basic fertilizer (NPK 10-20-10, 250 kg ha’
1, both the Mikro-Vital and the control plots. Weed control took place on 22" of April 2022,
and fungicide and insecticide treatments were also carried out on the same day. Harvesting took
place on 21% of July 2022.

-

Figure 1. Small plot variety trial of wheat cultivars treated with Mikro-Vital Supary
(22" of May 2022)

Features of the soil microbe product used in the experiment

The first product of the microbial biofertilizer used in our experiment was developed in 1997
by Bio-Nat Kft. (Website 3). The various products contain a combination of bacterial strains
that essentially make the nutrients in the soil available to plants, enhance rooting and stress
tolerance, and provide protection against a number of pathogenic organisms. The current
members of the product family are recommended not only for arable crops but also for
horticultural crops. The Mikro-Vital Supary we tested was a relatively new product (Innovation
Granx Price in 2020) that is ideal for use in dry and hot conditions and can also be used as a
supplement for seed coating. The species it contains (Bacillus subtilis, Bacillus aryabhattai,
Paenibacillus peoriae) are the most resistant to environmental influences due to their
endospore-forming properties. The product effectively mobilizes minerals, is also suitable for
stem decomposition, and provides protection against a number of pathogenic microorganisms
by displacing soil pathogens from the root zone. The product can also be used in organic
farming. It should be applied before sowing or during sowing, added to the row together with
the seed coating material. It must be worked into the soil in all arable and horticultural crops.
The recommended dose is 1-3 L ha™!, which should be applied with 40-500 L ha™!' of water,
depending on the application equipment. The product was applied directly to the surface of the
seeds at a dose of L ha™! during sowing (21° of September 2021).
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Applied wheat cultivars and their main characteristics

e Mv Nemere: state recognition in 2013, Agricultural Innovation Prize in 2018, autumn sown
variety (5-20 of October), high-yielding potential: 9-10 t ha!, good baking quality, excellent
straw strenght, good winterhardiness (Website 4).

e Mv Nddor: state recognition in 2012, excellent yield-potential: 10-11 t ha™, short height,
good tillering, excellent lodging-resistance, outstanding frost-resistance, autumn sown (5-
20 of October) (Website 5)

o Mv Ménrot: excellent yield potential and disease (rust)-resistance (rust, Fusarium, powdery
mildew), good winter-hardiness and lodging-resistance (Website 6). In 2019 its yield was
9.36 t ha'! Kompolt Research Area.

e Mv Krajcar: excellent yield potential and lodging resistance (7-9 t ha™), drought-tolerant,
fungal disease tolerant (Website 7).

e My Kolo: state recognition in 2006 (also in Romania and Croatia), resistance to Fusarium
is better than average, good yield potential: 6-8 t ha™! (Website 8).

e My Felleg: high yield potential (8.5-9.5 t ha!), excellent winter hardiness and lodging
resistance, outstanding tolerance to stem rust (Website 9).

e Mv Kondds: average yield: 9.0-11.0 t ha'!, lower protein and gluten content than milling
wheat varieties with good baking quality, excellent disease-resistance (Website 10).

e Mv Pelsodur: early durum variety, high yellow pigment content, strong gluten structure
(excellent for dry pasta production), resistant to several pathogens, average yield: 7.0-8.0 t
ha! (Website 11)

Physiological measurements

The aim of the Micro-Vital treatment was to increase the productivity of the varieties, if
possible, the yield quality, but also indirectly the stress tolerance, so that the plants can produce
biomass according to their genetic potential even under adverse weather conditions.

The effect of the treatment is most clearly shown by the average yield at harvest and the
freshly determined quality parameters. However, it is worthwhile to verify the effectiveness of
the treatment at an earlier stage of the growing season, to get an idea of the most important
physiological processes of the plants, photosynthesis, stress sensitivity, so that, if necessary,
intervention can be made to achieve optimal yields (nutrient supplementation, irrigation, plant
protection). Therefore, at the onset of flowering (anthesis), the parameters determining biomass
formation, as photosynthetic pigment content and composition, leaf water content, stress
sensitivity, and the amount of protective pigments accumulated in response to stress were
studied in control and treated plots.

For this purpose, in vivo methods such as SPAD-index determination or reflectance analysis
by ground remote sensing were used to calculate spectral vegetation indices that can be related
to these physiological variables. We selected 10 individuals in each plot, covering the entire
length of the plot, and measured the leaves below the flag leaf on each plant in the upper third
part at the beginning of flowering (22" of May 2022). The SPAD 502 device (Konica, Minolta,
Japan) determines the relative chlorophyll content of leaves and provides a value between 0 and
100 without a unit of measurement. The measurement surface is very small (0.06 cm?), thus it
is important to place the leaves on a similar site for each measurement, as even a leaf vein or a
spot can significantly alter the value. The instrument measures the absorbance of leaves at 650
nm and 940 nm wavelength (in the red and infrared ranges) and calculates the index
(GITELSON and MERZLYAK 2004). Due to the high nitrogen content of chlorophyll, this
index is also used in agriculture to estimate the nitrogen supply of plants, and due to the role of
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chlorophyll in photosynthesis, it is also applied to characterise biomass production capacity
(RAJCAN etal. 1999; ARREGUI et al. 2006). Chlorophyll determination using SPAD is a fast,
non-invasive measurement method and generates large amounts of data from a large area in a
relatively short time.

Similarly, ground-based remote sensing, which measures the reflectance of leaves, provides
a large amount of field data that can be used to generate spectral vegetation indices that provide
information on a number of physiological parameters. These are also frequently used in
agricultural practice worldwide to assess the health status of individual crops. One such device
is the ASD FieldSpec3 portable spectroradiometer, which measures light transmitted through
leaves and reflected from leaves using different detectors (STAMP and BOONE 1989). Each
detector senses different wavelength ranges: VNIR (350-1000 nm); SWIR1 (1000-1830 nm);
SWIR2 (1830-2500 nm). The front optics used provided a viewing angle of 8° (ASD, 2007).
Before the measurement, we calibrated the instrument with a Spectralon panel with known
reflectance. During the measurement, the individual spectra were recorded in relation to this
reference value. Each measurement consisted of recording three spectra, the first of which was
disregarded in order to avoid measurement errors. The measured spectra were converted into
reflectance values using ViewSpecPro software, from which the spectral vegetation indices
were calculated in Microsoft Excel based on the equations given in Table 2. The vegetation
indices obtained provide information on physiological parameters such as the chlorophyll,
carotenoid, anthocyanin, and water content of leaves, as well as photochemical efficiency and
stress sensitivity (ZARCO-TEJADA et al. 2005). The measurements were taken in clear, sunny
weather, as we measured the radiation reflected from the leaves, which is determined by the
internal content of the leaves. Hundreds of spectral vegetation indices have been published
(GARCIA-ROMERO et al. 2017). From these, we selected those that have already been used
in agricultural practice to characterize the physiological characteristics of certain crops
(AGAPIOU et al. 2012; SANKARAN et al. 2015; GABRIEL et al. 2017).

Table 2. Applied vegetation indices and related physiological parameters based on
measurements by ASD FieldSpec 3 instrument

Structural indices — chlorophyll Formulae

References

Normalized Difference Vegetation (Rg00-Re70)/(Rsoo+Re70)
Index (NDVI)
Renormalized Difference Vegetation
Index (RDVI)

Enhanced Vegetation Index (EVI)

(Rs00-Re70)/((Rso0tRe70) )

2.5 ><(Rg40 — R(,70)/(R840 +
(6><R67o) - (7.5XR450) + 1)

Rouse et al. (1974)
Rougean and Breon (1995)

Huete et al. (2002)

Leaf pigments

Carotenoid Reflectance Index (CRI) 1/R550-1/R700
Anthocyanin Reflectance Index (ARI) Rs40%(1/Rss0-1/R700)

Gitelson et al. (2002)
Gitelson et al. (2001)

Stress sensitivity — carotenoid/chlorophyll ratio

Structure Insensitive Pigment Index
(SIPD)

(Rg00-Ruas)/(Rsoo-Reso)

Pefiuelas et al. (1995)

Light use efficiency — xanthophyll index

Photochemical Reflectance Index (PRI) (R550—R570)/(R550+R570)

Gamon et al. (1997)

Water content of leaves

Plant Water Index (PWI)
Simple Ratio Water Index (SRWI)

Ro70/Rooo
Rsss/Ri240

Pefiuelas et al. (1997)
Zarco-Tejada et. al. (2003)

Source: ZARCO-TEJADA et al. (2005)
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At harvest time (21% of July 2022), the yield was recorded for each plot, from which we
calculated the average yield per hectare. Approximately half a kilogram of grain was used for
quality testing, which was performed using a FOSS Infratec 1241 Grain Analyzer. The gluten
and protein content were expressed as a percentage, the W value in J, and the Zeleny index in
ml. The values obtained were compared with the values corresponding to the various standards,
and the wheat varieties were classified on this basis (Table 3).

Table 3. Quality categories and requirements of wheat (The method for determining this
is specified in standard MSZ EN ISO 27971:2015)

Quality requirements

Quality parameters Method Quality Quality Quality Quality
category I  category II  category IIl category IV

Raw protein content min.

(N*5.7)(%) MSz.6367-11:84 14 13 11.5 10.5
Gluten content min. (%) MSz.6367-12:87 30 28 26 -
W-value min. (10 Joule) ISO 5530-4:2003 250 200 150 -
Zeleny-index min. (ml) MSz. ISO 5529:93 50 45 35 -

Source: Website 12

In the case of yield and quality parameters, only average samples were available for each
plot. SPAD values and spectral vegetation indices were measured in 10 replicates, allowing for
statistical evaluation of the effects of treatment using one-way analysis of variance (ANOVA)
and Tukey's b test (SPSS 20.0).

Results

Pigment composition and water content of leaves at the beginning of flowering

The amount and ratio of photosynthetic pigments (chlorophylls and carotenoids) and the water
content of leaves are decisive factors in biomass formation. By examining these factors well
before harvest, the effects of treatments can already be assessed at certain stages of plant
development. Since the intensity of photosynthesis is highest at the beginning of flowering, we
examined the pigment composition of the leaves during this period.

The SPAD value is a relative measure of the chlorophyll content of plants. Chlorophylls play
a role in collecting light energy and converting it into chemical energy. As key pigments in
photosynthesis, they directly determine the biomass production potential of plants (CURRAN
et al. 1990). Due to their high nitrogen content, their quantity is also indirectly suitable for
estimating plant nutrient supply (nitrogen content) (FILELLA et al. 1995, MORAN et al. 2000).
As they are very sensitive to adverse environmental factors (high light intensity, UV-B, drought,
high temperature), they are closely related to stress sensitivity and influence leaf aging, as they
break down in leaves faster than carotenoids, which also have light-collecting and antioxidant
functions (PENUELAS and FILELLA 1998, MERZLYAK et al. 1999).

In our experiment, the standard deviations of SPAD values were relatively high, as we had
observed in our previous large-scale experiments (LAPOSI et al., 2020). The treatment resulted
in significant increase of SPAD-value only in this case in the case of Mv Nemere (14%), Mv
Kondas (15.6%), and Mv Pelsodur (6.5%). In the leaves of Mv Nemere and Mv Kondas, the
SPAD value was above 50, which is higher than what SZILAGYT (2013) measured with
N120+PK treatment in the case of GK Othalom (45) and GK Csillag (49). In SUGAR's (2014)
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3-year nutrient replenishment experiments, the maximum SPAD value in flag leaves measured
was 53 for Mv Verbunkos, 51 for Mv Palotas, and 50 for Mv Toborzo.

In the case of wheat, the normalized vegetation index (NDVI) and SPAD value are widely
used to estimate expected yield and grain quality as indicators of N supply (KIZILGECI et al.,
2024).
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Figure 2. Relative chlorophyll content (SPAD-value) of wheat cultivars at the beginning
of flowering (Mean+SD, n=10; 22/05/2022)
(Note: ANOVA significance: **-p<0.01; *-p<0.05)

Among the vegetation indices calculated from leaf reflectance, RDVI and EVI, in addition
to NDVI, can also be correlated with leaf chlorophyll and nitrogen content. RDVI and EVI are
transforms of classical indices as NDVI and Simple Ratio (SR) in order to linearize the
relationships with vegetation biophysical parameters while minimizing soil and atmosphere
influences (Xing et al. 2019). As can be seen from Table 4, indices including NDVI, RDVI and
EVI exhibited significantly higher value in Mv Nemere leaves. The effect of treatment was
detectable in three varieties (Mv Kondés, Mv Krajcar, Mv Pelsodur) by the RDVI and EVI
indices, while only NDVTI indicated higher chlorophyll content in Mv Kolo leaves. Chlorophyll-
related vegetation indices of Mv Felleg performed no significant difference between treated and
control plants.

In many cases, higher chlorophyll content is associated with higher photochemical efficiency,
as indicated by the PRI index. This was higher in the treated individuals in the case of Mv
Nemere, Mv Nador, Mv Krajcar, Mv Kondas, and Mv Pelsodur (Table 4). The PRI index is
inversely proportional to the amount of photoprotective pigments (xanthophylls) and the
intensity of the membrane protection mechanism (xanthophyll cycle) performed by them
(GAMON et al. 1997). In addition to higher photochemical efficiency (PRI), plants have lower
stress sensitivity in a given environment, as indicated by a lower SIPI index (PENUELAS et al.
1995). This was only significantly lower in treated individuals in the case of Mv Nemere, Mv
Kondés, and Mv Krajcér. Different stress conditions enhance carotenoid and/or anthocyanin
accumulation of plants (PIETRINI et al 2002), as due to their antioxidant properties can protect
various cell structures from damage. The results show that carotenoids had higher significance
in protective processes in Mv Ménrot, Mv Kolo, Mv Felleg, and Mv Pelsodur leaves, while Mv
Krajcar was characterized by higher anthocyanin content in the control plots as Table 4
indicates.
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Adequate water content in leaves is essential for photosynthesis and other metabolic
processes. The PWI and SRWI indices are most commonly used to estimate leaf water content,
although these are strongly influenced by leaf structure, dry matter content and LAI, as well as
the age of the individuals (SERRANO et al. 2000, ZARCO-TEJADA and USTIN, 2001). The
PWI index was higher in treated plants of all cultivars, except Mv Felleg, moreover the SRWI
index showed no significant difference only in Mv Felleg and Mv Kolo as shown in Table 4.

Table 4. Statistics of spectral vegetation indices in wheat leaves before flowering
(Mean+SD, n=10; 22/05/2022)

Vegetation NDVI RDVI EVI PRI SIPI CRI ARI PWI SRWI
indices/

cultivars

MYV Nemere 1 Frky o kg *1 *| ns ns Hokp o
MYV Nador *1 ns ns wEEL ns ns ns ok Hk
MV Ménrot o) ns ns ns ns *| ns ok ok p
MYV Krajcéar ns *1 *1 *9 *| ns *| kY 57
MV Kolo ns ns *1 ns ns k| ns 1 ns
MV Felleg ns ns ns ns ns *| ns ns ns
MYV Kondas ns *1 o) *1 *| ns ns ok p kg
MYV Pelsodur ns *1 1 *4 ns *| ns kg N

(Note: ANOVA significance: *-p<0,05); **-p<0,01; ***-p<0,001, ns-not significant;
Arrow direction: 1 - significantly higher and | - lower value in treated individuals than in the
control group)

Yield and grain quality at harvest

Previous large-plot experiments applied Mikro-Vital preparations in multiple doses and at
different application times (KAPRINYAK et al., 2018). It was found that even a dose of 1 L
ha™! caused a significant increase in average yield, but 2 L ha-1 did not increase the yield
significantly. Therefore, only the 1 L ha™ dose was used in the smallplot experiment. In the
current experiment, the average yield was higher for all varieties on the treated plots, but this
difference did not exceed 10%. The largest difference (7% increase) was measured for Mv
Kondas, followed by Mv Nador with 6.5%, and the smallest difference was for Mv Pelsadur
(0.8%). For the other varieties, the difference ranged between 2 and 4% (Figure 3).
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Figure 3. Average yield of winter wheat in small-plot experiment (21/07/2022)
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According to data from the Hungarian Central Statistical Office the average wheat yield was
particularly low in 2022. There has not been such a low value in the last 10 years: the national
average was 4.4 tha! (26% lower than in the previous year), while in Heves County it was only
3.4 t ha!, which has been unprecedented for 10 years. (Website 12). This may be due to the
amount and distribution of precipitation during the given growing season. During the 2021-
2022 growing season, annual precipitation was 51% lower than the 30-year average. It is worth
noting that precipitation in January was 95%, in February 22%, in May during flowering 77%,
and in June during the harvest period 76% lower than the 30-year average (see Table 1).

In contrast, the agricultural techniques used in the small-plot experiments enabled tested
wheat varieties to produce yields above the county and national averages. Since we only
obtained one data point per plot, we were unable to perform statistical tests, but all wheat
varieties produced higher yields on the treated plots. Mv Nemere, Mv Kondas and Mv Nador
produced the highest average yields (above 7.5 t ha!), and this is where the greatest difference
compared to the control was observed: 13.7, 7.1, 6.5%, respectively.

Table 5 shows that the quality parameters of treated individuals were also better, although
they only the third-class quality in several parameters. Since we obtained average samples from
each plot here as well, we were unable to perform statistical tests.

Table S. Grain quality parameters of wheat cultivars measured by FOSS Infratec Grain

Analyzer (21/07/2022)
Protein content %  Gluten content % W-value (J) Zeleny-index (ml)

control MV control MV control MV control MV
Mv Nemere 9.0 10.8 18.8 23.5 86.7 143.2 29.8 40.8
Mv Nador 8.4 9.9 18.7 21.8 103.5 139.4 20.5 28.7
Mv Ménrét 8.8 10.5 16.1 22.4 72.1 131.2 30.6 38.4
Mv Krajcar 8.2 10.7 19.3 23.8 85.9 156.3 26.0 36.4
Mv Kolo 10.1 12.0 20.7 25.1 111.9 164.6 37.3 45.5
Myv Felleg 9.4 12.1 18.4 25.5 94.1 163.3 33.7 46.4
Mv Kondas 8.5 11.8 13.4 24.2 68.7 163.3 30.9 44.9
Myv Pelsodur 10.6 12.8 24.3 27.8 106.6 169.6 43.0 46.5

Protein content is one of the most important quality characteristics of wheat, which is of
paramount importance in terms of both nutritional value and end use (VERAVERBEKE and
DELCOUR, 2002). The protein content of medium-quality (third-class) wheat is between 11.5
and 13.0% on a dry matter basis (JOLANKAI and SZABO 2005, KAJDI 2011). Only Mv Kolo,
Myv Felleg and Mv Pelsodur achieved this value. The most significant increase was measured
in the case of Mv Kondas (38%), Mv Krajcar (30%) and Mv Felleg (28%), but even the smallest
increase was 17% (Mv Nador).

The amount of gluten is measured in wheat flour after washing out the soluble components;
this is the remaining hydrated protein matrix that is insoluble in water. Its value is usually
between 20 and 40%. (POLLHAMERNE 1981). The gluten content reached 20% in only two
wheat varieties in the control plots (Mv Kolo, Mv Pelsodur), but exceeded this value in all
varieties in the treated plots. The most significant increase was also measured in Mv Kondas
(80%), and the smallest in Mv Nador (17%). Only Mv Pelsodur reached quality category II.

The W value expresses the energy required to deform the dough (in joules) (RASPER et al.
1986). For medium-quality wheat (third-class), the W value ranges from 180 to 250, while for
high-quality wheat it is above 250 (JOLANKAI and SZABO 2005). None of the wheat varieties
tested reached medium quality, not even on the treated plots (except for the treated Mv
Talentum triticale), although a significant improvement was measured compared to the control
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plots: 137% for Mv Kondas, 81% in the case of Mv Ménrot and Mv Krajcar. The smallest
difference was observed in the case of Mv Kolo (47%) and Mv Nador (34%). According to
some literature, wheat varieties with a deformation energy value of 160-250 J already belong
to the first category (Website 13). Based on his, four of the wheat varieties tested (Mv Kolo,
Mv Kondas, Mv Felleg, Mv Pelsodur) reached a value of 160 on the treated plots.

The Zeleny index, or sedimentation value, also provides information about the quality of the
gluten. The method was developed by ZELENY in 1947, and its essence is that gluten proteins
swell in an acidic environment, and the increase in volume expressed in ml is proportional to
the quality of the flour. A higher value indicates better quality. The maximum value can be 100,
above 50, we are talking about quality category I (BELTEKI 2019). None of the varieties
achieved this value, not even on the treated plots. The highest value was produced by Mv
Pelsodur and Mv Felleg (46), while the lowest was achieved by Mv Nador (28). The greatest
differences were observed in Mv Talentum (70%), Mv Kondas (45%), Mv Krajcar (40%) and
Myv Nador (40%) leaves.

These values were probably also influenced by the technique applied (Infratec Grain
Analyser) which differs from the method described in the standard. Nevertheless, we find the
instrument suitable for comparing treated and control plants. Overall, Mikro-Vital Supary
treatment had a positive effect on all four parameters studied, despite the wheat cultivars
achieved only medium quality on the poorly fertile soil of the experimental area in a drought
year.

Conclusion

In 2022, a severe drought caused enormous damage to agricultural crops, which did not spare
autumn-sown cereals either. Autumn wheat yields were at their lowest level in 10 years, falling
nearly 30% below the national average compared to the previous year (Website 2). The
Kompolt experimental area is particularly prone to drought, with low rainfall and unpredictable
distribution. In addition, crop production is further hampered by unfavourable soil conditions.
For this reason, the area is ideal for breeding stress-tolerant varieties and testing various yield-
enhancing substances and plant conditioners.

The yield on each plot was at least twice the county average for that year, which was probably
due to the correct application of careful agricultural techniques and the small size and more
homogeneous soil of the plots. Using the minimum dose recommended by the manufacturer,
we measured higher average yields for all wheat varieties, but the difference exceeded 10%
only in the case of Mv Nemere, while for the other varieties it ranged between 5-6%, which
cannot be considered significant compared to the control.

However, the high average yield was accompanied by poorer quality, with only a few
varieties achieving Class II status (according to MSZ EN ISO 27971:2015), even on the treated
plots. On the other hand, the treated individuals showed higher values for the quality parameters
examined (measured by non-standard methods). The most significant increase was observed in
the case of Mv Kondas, where we measured 40% higher protein content, 80% higher gluten
content, 137% higher W value, and 45% higher Zeleny index.

In 2022, 21% less wheat was harvested than in 2021, with a national average yield of 4.5 t
ha'!, compared to 5.9 t ha'! in the previous year. The purchase price was 83% higher in 2022
(128.000 HUF per tonnes) than in 2021 (72.500 HUF per tonnes). Higher yields achieved with
plant conditioners can significantly increase revenue. In our case, the applied dose of 1 L ha!
did not result in a 20-30% increase in yield, which we observed with other soil bacteria
preparations (LAPOSI et al. 2020), so it is definitely recommended to use a higher dose,
especially in areas prone to drought. In our experiment, we measured a 10% increase in average
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yield for one species on the treated plots compared to the control, which represents an additional
profit of HUF 60.000 in a given year. However, the 5-6% increase measured for the other
species only resulted in an additional profit of approximately HUF 32.000, which, considering
the price of the product used (HUF 26.000 at a dose of 2 L ha'), cannot be considered
significant. However, it may be reasonable due to further improvements in quality parameters.

Farmers have access to a number of vegetation indices for monitoring cultivated crops and
estimating expected yields. The best known and most widely used is the NDVI index, which
provides information on chlorophyll content and, indirectly, on the nitrogen supply of the plant,
in addition to the structure of the vegetation. However, its value is influenced by a number of
environmental factors (atmospheric and soil properties, crop structure) and correlates
differently with these physiological processes in different phenological phases (HUANG et al.
2013; SULTANA et al. 2014).

In our previous soil bacterium experiments (KAPRINYAK et al. 2018., LAPOSI et al. 2020),
we observed that in various arable crops (corn, sunflower, rapeseed, barley), the NDVI index
did not show significant differences between the control and treated fields, but several other
indices did, which provide information about physiological processes other than chlorophyll
content. These include the CRI, ARI, and PRI indices, which refer to the amount and function
of protective pigments, the SIPI index, which indicates stress sensitivity, and the PWI and
SRWI indices, which refer to water content. In our experiment, at the beginning of ear
emergence, we found significant differences between the treated and control plots based on
chlorophyll content in three species: Mv Nemere, Mv Kondas, and Mv Pelsodur. Among the
vegetation indices, 7 out of 9 parameters showed significant differences in Mv Nemere, and 6
out of 9 parameters showed significant differences in Mv Kondas and Mv Pelsodur, which
makes them suitable for early assessment of the effects of treatment. Some of these indices are
available from free satellite databases, but they can also be produced using drone-mounted or
portable multi- or hyperspectral cameras, which provide information at the field level. In many
cases, the differences are not significant due to the high variance of the data, but the crop is
more homogeneous on the treated plots, as indicated by the lower variance of the data, and this
ultimately results in higher average yields (LAPOSI et al. 2020). The use of these indices in the
earlier stages of the growing season, e.g., before flowering, provides information on the health
status of the cultivated crop, allowing appropriate interventions (nutrient replenishment,
irrigation, plant protection) to be carried out, thus enabling effective integration into precision
farming practices.
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