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The impact of processing on quality drelth related aspects of foods

Hendrickx M.

Katholieke Universiteit Leuven, Department of Microbial and Molecular Systems, Center for Food
and Microbial Technology, Laboratory of Food Technology, Kasteelpark Arenberg 22, B3001
Leuven, Belgiupmarceg.hendrickx@kuleuven.be

Food processing (industrial processing and (home) preparation) is designed to result
in safe, high quality (taste, flavor) and healthy end products. Al together a balance is
strived for between desired and detrimentaffects. This presentation will highlight a
number of recent evolutions showing analytical and modelling approaches to evaluate
the impact of processing and storage (raw materials and end products) on food quality
and health related aspects as influenceg food composition, food structure and
reactivity.

The first part of the presentation will shortly discuss methodological approaches
integrating targeted and untargeted (omics) approaches at the analytical side and single
and multiresponse models to quiify the impact. The second part will illustrate this
approach with fruit, vegetable and legume based foods thereby focusing on the role of
raw materials and their interactions, all one versus split stream processing and
conventional versus novel techiogies. The third part of the presentation will illustrate
this approach with examples on the impact on health related aspects including
micronutrient bicaccessibility and macronutrient digestion.
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Cell wall organization and tissue water contributions to fleshy fruit texture

LahayeM.

INRAE, UR BIA4B316 Nantes, France

Fleshy fruit offer divers texture qualities to consumers and food processors.
Knowledge on the underlying structural determinants of textures is required to help
developing pertinent varieties, production practice, posirvest management and
processing to fit with new environmental and societal constraints and thus, making full
use of productions without waste. Cell wall polysaccharide and water
compartmentalization are known key contributors of fruit texture. In cell wall, pectin has
been highlifpted as a major determinant of fruit firmness in relation with water
compartmentalization and cell wall organization. Cell wall remodeling occurs all along
fruit development, notably of pectic polysaccharides. A focus on the dynamics of water,
pectin, hemeellulose and cellulose during fruit development will be discussed in relation
with the ripe fruit texture.
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Modification of carrots pectic substances associated with cell membrane
damage induced by low temperature blanching

UmeharaA.l, NishizuT 1, DeshmukhO.S?2, ImaizumiT !

1 Gifu University
2|ndian Institution of Technology Guwahati

Low temperature blanching (LTB) can improve texture of fruits agetables by
promoting pectin methylesterase (PME) activity and alternating pectin structure.
JA A EU +%]8 }%SJupu S u% E SuUE }( WD ] E}lupv ii £ U
insufficient effect. We hypothesized that it is necessary to enhance thkatge of
intracellular ions by causing cell membrane disruption at higher temperature to activate
PME properly inside of the tissue structure. Thus, we investigated cell membrane
conditions and pectic substance structure of carrots after treated LTB.

Carrds samples were cut into cylinder (20 mm diameter, 4 mm height). These
* U%O0 * A E %%o0] >d ]Jv Tiiu> J}vl]l ASE 3§ di £ v ¢
Degree of cell membrane damage was evaluated by determination of cell membrane
capacitance@m), extacellular resistanceRe) and intracellular resistancgi] conducted
by electrical impedance spectroscopy (EIS) and equivalent circuit analysis. Furthermore,
water soluble pectin (WSP), chelator soluble pectin (CSP) and diluted alkali soluble pectin
(DA®) were extracted from samples sequentially. The pectin nanostructure was
observed by means of atomic force microscopy (AFM).

Results of EIS showed decreasing cell membrane capacit@oee (§ 601 £ u}® S§Z v

Al £ <]Pv](] vSoCX ] eUluBZresEasdg to MmtEadellular resistance
(Re/R) increased by LTB. These indicated cell membrane disruption and electrolyte flow
AE } UEE M 8§} >d S o0i £ Uu}E SZ v i £ X W S]v } « G&E
highly branched and complexed structurdaoi £ X dZ vU §}§ o & v Z Z v o
each patrticle of CSP was calculated. It showed higher contents of branched chain of LTB

S 01 £ ul}® s$Z v § A1 £ X dZ]s € *posS spPP s Z]PZoC €& v
(JEu }AJvP 8} 8Z >d 3§ oi £ X

27



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Pulsed vacuum as a technique supporting osmotic dehydration of
fermented beetroot slices

Staniszewska.?, NowakK.W?, ZielinskaD 2, Konopkal., ZielinskaM.?

1 Chair of Plant®od Chemistry and Processing, University of Warmia and Mazury in Olsztyn,
Olsztyn, Poland

2 Department of Systems Engineering, University of Warmia and Mazury in Olsztyn, Olsztyn,
Poland

3 Department of Chemistry, University of Warmia and Mazury in Ols@isztyn, Poland

To obtain fermented beet chips, the fermented beets can be osmotically dehydrated
and dried. To ensure the best product quality, it is necessary to determine the optimal
osmotic dehydration parameters. There is a lack of researchulsed vacuum osmotic
dehydration (PVOD) for fermented beet material. Moreover, most research focuses only
on the properties of the dehydrated material. Understanding the influence of
parameters on the physicochemical properties of the material andtiewl will allow for
a comprehensive study. Therefore, the aim of this study was to determine the optimal
parameters of PVOD of fermented beetroots in terms of dehydrated tissue as well as
osmotic solution. The response surface methodology (RSM) was asgditnize PVOD
and improve the efficiency of the process.

The optimal parameters of the PVOD process were valid only in the selected
experimental domain, which was inthe range-20£ }( S uUu% E SEpEY 6fdeU o1
sugar concentration in osmotic soluti@®C), 140 min of vacuum impregnation time
(VT) and 2 mm of slice thickness (ST). PVOD was optimized in terms of properties of
beetroot tissue (hardness,tHrednessa*r, water loss, WL, solid gain, SG) and osmotic
solution (dry mattercontent, DM, redness,a*s). The optimum qualities of beetroot
tissue (H=202.0 Na*t=11.8, WL=55.5 %, SG=7.1 %) and osmotic solutios=GI\8 %,
a*sAi6X6s A E } 3§ ]v § dATI£ U ~ Aol 9U sdAii ulvU ~dAOd uu
%, VT=50 min, ST=2 mm, restively.

Optimal PVOD conditions of fermented beet slices from this work may be beneficial
for producers of fermented products. Future studies should include-thenmal
methods such as ultrasound to investigate their effects on mass transfer and qufality
fermented beet slices.
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Can different morphological parts of tReunus persiche used for future
food applications?

Yusuf X, XU t}iACNdgwickaP.

Wroclaw University of Environmental and Life Sciences

Climate change may cause some issues, such as inadequate food esstmfeed
vast amounts of human mass. Therefore, alternative food materials are explored for
nutritional and healthpromoting features. In this study, three peach cultivars with
different parts (fruit, fruit skin, kernel and leaves) were explored forrtipelyphenolic,
sugar and cyanogenic glycoside (amygdalin and prunasin) contents with antioxidant,
antidiabetic and antiaging activities. According to the study results, the fruit of the
Harbinger cultivar had the highest total sugar content; the Springtioultivar
demonstrated the highest anthocyanin content for both whole fruit and fruit skin.
According to the ORAC antioxidant assay, the kernel of the Harbinger cultivar had the
highest activity different from other parts of the fruit and other peach imalts as well.
The r-amylase and acetylcholinesterase enzyme inhibition activities were the highest in
the kernel of the Kijowska wczesna cultivar. Moreover, cyanogenic glycosides are toxic
in high amounts, but in recommended doses, they are used for cdresments. In the
current study, the kernel of the Kijowska wczesna cultivar exhibited the highest amounts
of amygdalin and prunasin contents. Thus, the study provides information for novel food
applications to increase the health benefits of foods vdifferent parts of plants.
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Optical nanoscopy on theell wall polymers: Unveiling new structures and
concepts in cell wall expansion

Haask.T.

Institut JeanW] E & JMEP]VU /EZ U PE}W &Gdelay, Z8000h VéikailEs,]S W E]-
France

The extracellular matrix (ECM) stands as a pivotal frontier in the realm of biology.
The plant ECM, the cell wall (C\W)chestrates vital processes encompassing growth,
morphogenesis, stress responses, and symhiddisreover, the CW determines the
quality andtransformation efficiencyf plantderived food, feed, materials arigl also an
inspiration for biomimetic engineeringThe assembly of cell wall components into
specific patterns underlies its function€onsequently, a paramount challenge lies in
comprehending the architectural basis of the CW relevant for their function. The
emergent characteristics of the CW arise from the interplay of physical and chemical
properties of the polymers, but most notably from the interaction and organization into
a coherent yet dynamic (composite) mattixOur limited knowledge of the structure
function relationship of CW, and ECM in general, is due to the lack of tools to study the
native nane and mesoscale topology in intact tissues. In my presentation | vatl fir
introduce the concept of single molecule localization microscopy techniques. | will then
show how 3D stoichiometric multicolor nanoimaging empowers our understanding of
plant growth by enabling higensity mapping of cell wall polymers with molecular
specificity?S,

1. HaaK. T, WightmanR, Peaucell@&.U ,, (B.: (2021)Phase separation in Plant cell walls. Cell

Surface X

2. PeaucelleA,, WightmanR., HaasK. T.: (2020YMulticolor 3DdSTORM reveals nathstate
ultrastructure of %0}0Ce Z E] <[ v SA}EIl UE]VP % iBcieice 0o A 00 ++ u 0C
3. HaasK. T, WightmanR, MeyerowitzE. M.,Peaucelle XW ~1PFdctin“homogalacturonan
nanofilament expansion drives morphogenesis in plant epidermal c&lisence
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A microscoje look at the deformation of apple tissue in 4 dimensions

VerbovenP?!, DequekeBz, Van Cautererd.!, Soetel?, NicolaiB?

1 MeBioS Postharvest Group, KU Leuven, Leuven, Belgium
2SCAINT, XCT Core Facility, KU Leuven, Leuven, Belgium
3 Flanders Centre of Postharvest Technology, Leuven, Belgium

The firmness of fruit tissue largely determines its quality. Fresh fruit is crunchy and
juicy. Decayed fruit is often soft amdealy. These differences have to do with how the
fruit tissue deforms during compression when chewing, something that we can also test
mechanically on a universal testing machine. The compression behavior is a result of how
the cells in the tissue move adlve to each other and whether or not they break. We
have developed an in situ setup to visualize cells deformation by compressing tissue
samples in a-Xay micreCT scanner. In this way we see in real time, i.e. in 4D, the-three
dimensional structure ofhe tissue collapse during compression, while measuring the
mechanical properties. We tested the sgd on small pieces of apple (cv. Jonagold)

JES EU (E «Z v (8 E 1T A e }( ]*%0 C & i6E£ X dZ =« ve
E <}ous]}v }( thaRwedldcan}diStinguish the cells and the pores in the tissue.
Compression took 17 minutes at a compression rate of 0.1 mm/min. A total of 27 scans
were taken; it took 35 seconds for one scan. After image processing we can see how the
cells are compressednd the porosity gradually decreases. In the fresh apple sample,
fracture occurs in the midplane. In the soft tissue after shelf life, however, we see major
damage where the tissue is pressed against the compression platform. We also visualize
the deformatbn during the compression process by a digital volume correlation of the
successive scans. The difference in behavior of the cells during compression translates
into different deformation curves, with significantly lower elasticity and peak force for
the oft tissue. We will next link these results to the microstructure properties of the
tissue and benchmark the results against discrete element model simulations.
Acknowledgements
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Simulation of heat and mass transfer in persimmon lrased on Xay O’
mapping
TanakaF?l, ToyotaM.?, AbeR?, TanakaF?!

1Faculty of Agriculture, Kyushu University
2 Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University

Since fruit and vegetablesiaintain their vital activities such as respiration and
transpiration even after harvesting and gradually deteriorate in quality, it is necessary to
establish optimal storage and transportation methods to preserve fruit and vegetables.
To suppress respirian and transpiration, a lowemperature environment is desirable.
Respiration can also be suppressed by controlling the composition of gases such as
oxygen and carbon dioxide to suppress respiration. To establish an optimal environment,
it is important tounderstand the surrounding environment of the fruit and vegetables as
well as changes in the internal environment of the fruit and vegetables.

Therefore, in this study, in order to clarify the internal structure and distribution of
various physical propées in fruit and vegetables, CT images of persimmons were taken
using an Xay CT device, and physical properties related to thermal and mass transfer
were obtained from the CT value. In addition, a cellular tissue model was reconstructed
in three dimengns on a computer using the CT images, and heat and gas transfer
analysis was performed. Furthermore, the rate of O2 consumption by respiration was
measured by covering persimmons with glue to block the inflow of O2 from the outside
and measuring the chaegin O2 concentration in the persimmon fruit. We also
conducted O2 transfer and consumption simulations in the fruit using the model under
the same conditions as those used for these measurements, and verified the gas transfer
model including O2 consumptioby comparing the actual measurements with the
analytical values.
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Aggregation Index as an indicator of a gel point

] “0:XU <} IMyePieczywekP., Cybulska XU ~1C uChardotM.,
ZdunekA.

Institute of Agrophysics, Polish Academy of Sciences, Doswiadczalras RQblin

The ability of polysaccharides to seliganiz their molecules in liquid dispersions
and form regular threedimensional networks makes these biopolymers widely used, e.g.
in the food, pharmaceutical and cosmetic branches of industry. The gelation is affected
by many factors connected with the chemlicaroperties of macromolecules, the
composition of liquid medium and the process conditions (Moslemi, 2021).

Monitoring of the viscosity changes is most often used for determination of a gel
point (McNaught and Wilkinson, 1997). However, the results astigations, that were
performed for diluted alkalgoluble pectin (DASP) sequentially extracted from the plant
cell wall material, revealed the applicability of the Aggregation Index (Al) for this purpose.

It was confirmed by the rheological, AFM and FINRoCe+ « ~ ] ‘o0 § oXU TifieX

Al is based on the analysis of baakd forward dynamic light scattering. It could be
v A ~"8}}o_ Jv 8Z +5p C }( §Z Z AI}E }( 1}%}oCu E+ Jv o
method of Al determination as well as the resultsained so far will be presented.
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The role of cell wall modifying enzymes during strawberry ripening
Paniagua XU >-€¥satldG., » v Z-RayaC., MatasA.J., Mercadd.A.,
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Strawberry Fragariax ananasspis one of the economically most important soft fruits. The main
production area of Spanish strawberry is located in the southwest of Spain, in Huelva province, where
strawberry production exceeds 300,000 tonnes annually, contributing to apedaluction of 360,570 tonnes
in Spain. This accounts for approximately 90% of Spain's strawberry production and 21% of the entire European
production (1). Unfortunately, the strawberry delicate texture imply a limited shelf life and poses a challenge
dueto its rapid softening, which leads to a decline in fruit quality caused by bruising and fungal infections.
Additionally, strawberries are classified as r@imacteric fruits, making podtarvest ripening impossible and
hindering longdistance transportabn and exportation. These factors combined result in substantial economic
losses each year (2,3).

In general, the softening process stands as a primary factor in reducing the fruit's shelf life. As a result,
efforts in fruit breeding programs are focused delaying this process. Previous studies have demonstrated
that textures changes which leads to softening entails changes in cell wall integrity, cell turgenaterit
status, hydrostatic pressure, and the accumulation and distribution of osmotaetilye solutes. During fruit
ripening, textural changes primarily occur due to the breakdown of the middle lamella, reduction of adhesion
between cells, and the weakening of parenchyma cell walls. These changes are facilitated by the activity of cell
wall modifying enzymes (4, 5, 6).

This work entitled "The Role of Cell Wall Modifying Enzymes during Strawberry Ripening" will provide a
summary of the impact of these cell wall modifying enzymes during strawberry fruit ripening and their role on
the softeningprocess. Additionally, as a part of a new project, the role of callose metabolism will be targeted
in order to enhance fruit quality. Previous results showed that differences in callose accumulation, during
specific stages of fruit development, modifiesrplastic transport and, subsequently, could also change the
accumulation and distribution of osmotically active solutes and other substances such as amino acid, proteins,
lipids, RNAs and hormones in the fruit cells. All these changes in symplasmic trasasgocelito-cell
communication could have a crucial impact on fruit ripening and difieland the overall quality of cultivated
strawberries (7).

Acknowledgements

These studies were supported by the projects PID20PRM68RBC21 funded by MinisterioalCiencia e
IVVIA Jev }( "% NTTZTO6i(nv » (E}u $3Z hv]A E-] DoP X
References
1. (2023)'FAOSTAT - Strawberry Production'Helgi

Library,https://www.helgilibrary.com/indicators/strawberrproduction/.

2. W v] Pp XU W}e 2AXUyBREQuesadaXNAL Meijd@do J.(2014)"Fruit softening and
pectin disassembly: An overview of nanostructural pectin modifications assessed by atomic force
microscopy,'Ann. Bot.114(6),doi: 10.1093/aob/mcul149.

3. W}e ~AXU W v] Pyu XGUnningSAP., XioKis) V.J., Quesada M.A., Mercado(2049)"A
nanostructural view of the cell wall disassembly process during fruit ripening and postharvest storage by
atomic force microscopyTrends Food Sciechnol.87: 47t58,doi: 10.1016/j.tifs.2018.02.011.

4. >e% le }U 'XU ~RayZ . RMaras, P. D., Paniagua, C., BlaW¢gd ES o U ZBlahtoDJLy}1
Pose, S., Matas, A. J., Mercado, J2823)"CRISPR/Cas9 editing of the polygalacturonase FaPG1 gene
improves strawberry fruit firmrss", Hortic. Res. 10(3),doi: 10.1093/hr/uhad011.

5. Paniagua C., Ris E « WXU P)YE:X XU-Casado IG., Blanc?/ } ES o « Z>Blandd py,}1
NZO |l o XU <v}E :XWXU D § « X:XU Ypu « (20B0XEXtidatihyetheYld&JofD E } X X
polygalacturonase genes in strawberry fruit softening" Exp. Bot71(22): 7103
7117,doi: 10.1093/jxb/eraa398.

6. Paniagua C., Sinanaj B., Benitdionso Y.(2021)"Plasmodesmata and their role in the regulation of
phloem unloading during fruit developmig, Curr. Opin. Plant Biol§4:
102145,doi: 10.1016/j.pbi.2021.102145.

34



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Molecular & microscopic tools to study fruit cell walls

KutyrievaNowakN., Leszczul., ZdunekA.

Institute of Agrophysics, Poligkcademy of Sciences

The cell wall is a complex structure consisting mainly of cellulose microfibrils bound
by polysaccharides and proteins (i.e. HRGPs, including arabinogalactan pitoA&fis)
[1]. The structure of the cell wall is still undengping studies, and molecular and
microscopic methods make it possible to determine the structure and function of
extracellular matrix constituents. Cell wall components can be analysed by numnierous
situ and ex situ techniques. Immunocytochemistry is ongf the most effective
approaches for studying cell walls in fruit tissues [EBk situmethods, such as
immunoblotting, immunoprinting on the membrane, and glycome profiling (ELISA),
enable molecular characterisation and quantitative detection of differeall wall
epitopes. On the other handn situ methods, like immunofluorescence labelling and
immunogold technique allow visualisation of the localisation and distribution of cell wall
components at the cellular (CLSM) and subcellular (TEM) levels.fditeenantioned
methods are based on particular antibodies that specifically recognise epitope targets
[3]. These methods typically involve three steps: (1) sample preparation, (2) reaction with
primary and secondary antibodies, and (3) signal detection dath analysis.
Immunocytochemical techniques are important for the analysis of AGPs because they
are proteoglycans with unusual structures. Molecular and microscopic tools allow for
precisely determining the molecular and structural cell wall modificatiocsurring in
fruit tissues. As confirmed in our studies, AGPs participate in numerous physiological
processes, including fruit ripening and senescence during postharvest storage.

The development of new antibodies in future research, including those aghias
protein domain of AGPs, will enable a more thorough analysis of changes in the fruit cell
wall and interactions between different cell wall components during the physiological
programme occurring in fruit.
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The influence of storage conditions andICP postharvest treatment on
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Then half of themwere treated with 625 ppb of -inethylcyclopropene (MCP). The
treated and untreated fruits (control) were stored under regular (air) and controlled
atmosphere (2%&+ 2%Ce) 0.8%Q+ 0.8%Ce&and dynamic controlled atmosphere with
chlorophyll fluorescencdDCACF) low oxygen stress detection). At harvest and after
storage fruit firmness was measured among other various quality parameters. Regardless
of those measurements, the reaction of apgteit surface on storage conditions and
postharvest treatments &s examined using a stereoscopic light microscope (LM). On
chosen fragments of apples the histological study was done using LM with polarization
and pictures were taken using a digital camera for further analyses. The structure of the
applefruit epidermisand parenchyma tissue was also analyzed with a scanning electron
microscope (SEM). Anatomical preparations were made using the paraffin method.
Fragments of apple fruits (epidermis with parenchyma of mesocarp) were fixed in CrAF
(chromic acid, acetic acgidormalin), dehydrated in ethanol, and prepared for LM and
SEM analysis. The first part of the prepared fragments was then embedded in paraffin,
cut and stained with safranine and fast green for LM investigation. The next part of the
apple fragments waseasiccated with Critical Point Drying £80hd sputter coated with
gold and next examined with the SEM in the Laboratory of Electron Microscopic in Nencki
Institute of Experimental Biology in Warsaw.

The results of the experiment indicated that tetorage conditions and postharvest
treatments of apples with-MCP affected the firmness of the fruits and the cell structure
}(Z JESO V[ % %o X
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The usefulness of VIS/NIR techniques and skin color measurements for
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The usefulness of nondesittive methods based on VIS/NIR spectroscopy and skin
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pear was evaluated. Within the experiment, measurements were performed using two
devices based on VIS/NIR spectroscepy u § E ~"]vs o] U /S oCe Vv w W
Analyzer PA1101 (Control in Applied Physiology GbR., Germany), and VIS spectroscope
MiniScan XE PLUS, model 45/Hunter Associates Laboratory, USA). The following
indices were gathered: the DA index (DA mmetecalculated using formula DA=A670
A720 (A670 and A720 are absorbances at 670 and 720 nm), and Normalized Difference
Vegetation Index calculated as NDVI=(F@&80)/(1780+1660) and Normalized
Anthocyanin Index NAI=(178670)/(1780+1570) (1570, 1660, @780 are reemittances at
570, 660 and 780 nmCP Pigment Analyzer). Using the MiniScan XE PLUS device, the L*,
a*, b* coordinates of color were obtained and chroma (C*) and hue angle (h) were
calculated.

For the experiment, pears from 10 orchards wessested in 2022. The fruits were
stored under regular air (RA) and controlled atmosphere (2%0.7%Cg) conditions
(CA). Additionally, fruits were postharvest treated witmgthylcyclopropene (312.5 and
625 ppb for RA and 312.5 ppb for CA). After hainead after storage, skin colour, fruit
firmness, and measurements based on VIS/NIR spectroscopy were done.

During storage fruit firmness, DA, NDVI, and NAIl indices steadily decreased, and the
color of the skin changed from green to yellow. The rate @ingfes strongly depended
on postharvest treatment and storage conditions.

The obtained results indicated that the naolestructive techniques based on VIS/NIR
spectroscopy are more useful for the raw estimation of flesh firmness changes than for
accurate fimness measurement.
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New plant growth model: Pectin nanofilament expansion drives cell wall
expansion
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One of the fascinating aspectsgénts is how the remarkable diversity of shapes and
sizes of plant organs is obtained exclusively through the growth and division of
pressurized cells surrounded and glued together by strong cell walls. In this respect, a
central question, which applie® tall walled organisms, is how cells can expand while
maintaining the mechanical integrity of their cell walls. We will present our results
indicating that the cell wall confers an intrinsic growth capacity linked to the
reorganization of homogalacturonamystal following chemical chandedVe will discuss
how general is this growth model and how it integrates with the existing vision on plant
cell growth.
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Spectroscopic studies of the structure and distribution of apple cell wall
polysaccharides at different developmental stages

W'l oW XU Al C-ChargbtM., ZdunekA.
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Apples, especially in Poland, are of great interest to consumers. They avmhlst
fruit and therefore need to maintain high quality over a given storage period. It is known
that the cell wall of plants significantly affects the texture of the fruit and its mechanical
properties. It is thus important to have a complete picture tbé structure of its
components and the interactions between them.

The architecture of the plant cell wall is a remarkable creation of nature. The primary
plant cell wall consists mainly of cellulose, hemicelluloses, and pectins. Thetalosic
polysacharides have a diverse structure and can have many different monosaccharide
branches. In addition, they have a number of substituents, including an acetyl group (of
our research interest) and a methyl group. Notably, the degree of acetylation of non
celluosic polysaccharides influences their conformation, which in turn affects their
adsorption onto cellulose microfibrils and, consequently, the integrity and mechanical
properties of the cell wall. The structure and composition of cell wall polysaccharides
undergo some changes during fruit ripening and development. Mainly, there is softening
on a macro scale and a decrease in firmness due to the loosening of the polymer network.

Investigations into the structure of the cell wall polysaccharides of two apleties
at different stages of physiological development were carried out. The development
stages were chosen as follows: apples ripening on the tree, from the optimum harvest
date and in a threamonth cold storage facility. Raman microscopy, infrared Raman
spectroscopy were used. A PCA statistical analysis was also carried out. The spectral data
showed the presence of acetyl groups in the hemicelluloses and differences in the
intensity of the band originating from the vibration of the glucose ringgirst different
apple maturity dates.
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Mechanical properties of bacterial celluldsemicellulose plant cell wall
analoguest a numericakimulation study
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The primary plant cell wall (PCW) is highly ordered and specialized network, evolved
to control plant mechanical responses. Despite the undeniable role of cellulose and
hemicellulose polysaccharides in the formation of the PCW scaff@dpte of individual
polysaccharides and their interactions should be reconsidered according to the current
view of PCW structure.

Here, the structural and mechanical properties of PCW analogues were investigated
at the nanoe and macrescale using model ystems of bacterial cellulose and
hemicellulose polysaccharides. At the nasuale, the structure of PCW analogues was
investigated by atomic force microscopy (AFM), while the mechanical properties of
individual fibres were determined by AFM namalentation tests. At the macracale,
uniaxial tensile tests were performed.

The results showed that both glucomannan and xyloglucan increased the fibre
diameter by adsorption/entrapment, thus weakening intidsre interactions and
decreasing the macrecale mechaical properties of PCW analogues. Xylan and
arabinoxylan additives increased maaoale mechanical properties of PCW analogues
due to the nanereinforcing effect, enhancing intdibre interactions.

The experimental results were supported by the numdrisinulation, using the
discrete element method in conjunction with coargeained molecular dynamics. The
results showed that fibre length and the force of the infdare interaction had the
highest influence on the mechanical properties of the modek&€V analogues. Longer
fibres interacted with a greater number of adjacent fibres, resulting in an increase in
elastic modulus, strain hardening modulus, and stress at the elastic limit of the modelled
PCW analogues. Longer fibres resulted in extended esdrgtion and straightening
phases, leading to an increase in strain at elastic limit. {fibee slippage generated
higher maximum stress for longer fibres. The force of Hiitene interaction had the
greatest effect on the mechanical properties of tidelled PCW analogues, resulting
in a statistically significant increase.

Acknowledgements
This study was supported by the National Science Centre, Poland (Project No.
2019/35/D/NZ9/00555).

40



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Advanced atomic force microscopy technique for measurementgyiol
samples
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Atomic force microscopy is a strong and powerful technique for measurement:
topography, mechanical, electrical and chemical properties of the samples. Presentation
is focuses on short explanatitrow AFM work and how different mode can be used for
characterization biology samples. There will also presentation of new models of
AFM/AFM IR designed for biology environment.
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Process structure function relations of eedlll materials in food systems
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Cell wall materials play a crucial role in the transformation of plant resources into
plant based foods and ingredients. In our research we focus on the transformation of
fruit, vegetable and legume raw matet$ into food systems and/or ingredients.

The first part of the presentation will focus on thesitu management of cell wall
materials steering functional properties through processing in fruit, vegetable and
legume based foods. The principles will ibestrated with examples on the effect of
traditional (e.g. thermal processing) and novel technologies (high pressure processing
and pulsed electric field processing) on texture properties and digestion of foods.

The second part of the presentation witidus on cell wall based food ingredients
through the use of side streams from food processing (e.g. side streams of cell wall rich
residues from the juice industry). The principles will be illustrated with examples on
traditional pectin extraction and itgunctional properties in food systems and the
functionalization of the pectin depleted residue by high pressure homogenization to
create novel ingredients for use in food and Amod applications.
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The physical and structural changes in apples obtained in the laboratory
scale drying and compared to the industrial scale

NowackaM., MatysA., RybalK., GondelE., WitrowaRajchertD.
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Scaling ugood drying processes can present certain challenges and considerations.
Thus, the aim of the study was to compare the chosen physical properties and structural
changes in apples obtained on the laboratory scale and industrial scale.

The samples were subj& 8§} }vA §]A EC]vP ~ U-cdbhivkclivev |v(E E

EC]VvP ~/Z U 0if X 181}v coCU §Z %opo-e o SE] (] o
according to optimization studies with the energy equal to 5.8 and 6 kJ/kg for CD and
IRCD, respectivelfhe drying process was carried out using laboratmgle drying and
using a small industriscale mobile unit design by CEDRUS company. The quality
assessment was based on rehydration rate, hygroscopic properties, texture, and acoustic
properties, as weél as structural changes with the use of scanning electron
u] €}SIUlPE %ZC ~~ De v u] E}SIUIPE %ZC ~R deX

The method of drying, as well as applied PEF treatment, has an effect on specific
properties of the apple tissue. The CD apple tissue was more shrartmparison to

~\
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Additionally, the PEF treatment also impacts structural alteration. Additionally, lower
rehydration properties were observed for samples obtained with the s PEF
technology as well as those obtained on the industrial scale. Furthermore, the drying
method had an effect on the texture properties, while the PEF treatment did not
significantly change this parameter. However, acoustic properties showed that PEF
treated samples were a bit softer than those without PEF.

In conclusion, the use of process optimization help with planning the process,
however still some variations in the quality of the dried material can still arise between
laboratory-scale and industal-scale operations.
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The potential use of Pulsed Electric Fi@REsF) at low and medium electric
field strength to modify tomato pectin nanostructure.
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PH- technology is a nethermal food processing technique that is gaining popularity
for treating fruits and vegetables. However, there has been little investigation into the
impact of PEF on the biomolecular components of plant tissues. This study aissess a
the influence of PEF at low and medium intensities on the physicochemical parameters
of pectin fractions isolated from tomatoes at two stages of maturity. The ultimate
objective is to collect data on P{Ectin interactions to construct sustainablenc
customized food processes that rely on the functional properties of pectin (e.g., the
peeling process). Monopolar exponential decay pulses of 1.0 and 10.0 kV/cm (specific
energy input = 1.5 and 151 kJ/kg, respectively) were applied to alcohol insobsidele
(AIR) recovered from tomatoes at two distinct maturity stages (green and red pericarp).
Topography and recognition imaging of three pectin fractions was performed using
atomic force microscopy (AFM): watsoluble pectin (WSP), chelatsoluble petin
(CSP), and diluted alkalbluble pectin (DASP). AFM images were used to characterize
the geometrical properties of pectin fibers and aggregates. An HRAI/EZIS system was
used to determine the monosaccharide content of the three pectin fractions. PEF
treatments generated considerable structural alterations in all three pectin fractions;
however, the effect varied depending on the stage of tomato ripening. WSP fibers in red
tomatoes significantly reduced in length as the strength of the electric fade (up to
50% shorter). The reverse result was seen in green tomatoes, where the length of the
WSP fibers tends to increase as the applied electric field increases. The monosaccharide
composition analysis showed that applying PEF reduced pectin lineagardless of
the fruit ripeness stage. The research proved that PEF might modify nanostructures to
improve particular food processes. PEF can reduce pectin length depending on the stage
of fruit development, mimicking the natural ripening process.
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The impact of pulsed electric field and ultrasoundtpeatment on cold
formulation process withloe vera juice and selected properties of porous
apple tissue
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Aloe vera juice corins a lot of biologically active compounds and stands as a
valuable functional component. This allows using it in the cold formulation process,
which involves the application of a vacuum to enhance the absorption of liquid into the
pores of food products.

The aim of the study was to investigate the impact of ultrasound (US) and pulsed
electric field (PEF) treatments on structural and textural changes as well as chosen
physical and chemical properties of vacuimpregnated apples in aloe vera juice.

Appleswere used as an example of porous plant tissue. Pretreatment with the use of
a pulsed electric field (PEF) and ultrasound (US). Different parameters were used for PEF
(intensities of 125, 212.5, or 300 V/cm) and US (25 or 45 kHz for 10, 20, or 30 minutes).
Then, the apples were subjected to a process conducted under a vacuum pressure of 200
u & A]JE8Z 8Z pe }( o} A E ip] ~ iped 38} %o%o0 o] E]LE A]:
and structural changes with the use of scanning electron microtomography,
microtomography as well as fluorescence microscopy to evaluate the cell viability after
processing.

The results showed that netiermal technics (PEF and US) as well as the vacuum
formulation process caused structural alterations in the material. These elsangd a
direct impact on the texture of the product. PEF and US applied before the main process
resulted in softening or hardening of the plant tissue, respectively. Also, there was an
observed loss of cell viability due to the application of differeeatment conditions.
Acknowledgements
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The impact of pulsed electric field pretreatment on texture and structure
of vacuurdried apples and strawberries

Matys A., Witrowa-RajchertD., WiktorA.
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Introduction

Electroporation induced by the action of a pulsed electric field (PEF) leatth® to
changes in various properties of treated material. The changes caused at the structural
level may affect, for example, the texture of the analyzed food products.

Materials and methods

After the PEF pretreatment (PEF energy input of 1 and 6 kJ/kgdrotapples, 1 and
4 kJ/kg in case of strawberries), materials were dried in vacuum dryer (temperature:
AAE U %@E sepE W & IW +X D}E }A EU E ( E v %o E }
pretreatment, was performed for comparison purpose. Mechanical propertiés o
obtained dried materials were evaluated on the basis of penetration test. Structure was
recorded with the usage of Scanning Electron Microscopy (SEM)-aay Gomputed
Tomography (XRCT).

Results

The results of the penetration test showed that the maximéorce decreased from
10.1to 7.98.7 N for apples and from 20.4 to 7829 N for strawberries due to the applied
PEF pretreatment. It could be stated that PEF decreased the hardness of vddedm
apples and strawberries by 13211.1% and 56:464.7%, repectively, when compared to
the untreated samples. The softer structure of the PEé#ireated samples can be
explained by the increased pore formation due to PEF (images obtained via SEM and
XRCT), which could lead to reduced shrinkage and higher poobsitg samples.

Conclusion

PEF applied as a pretreatment, by increasing the porosity of the treated tissues, led
to a significant reduction in hardness of dried apples and strawberries (in relation to
untreated samples).
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Sail sciences: a history of conquests from the Neolithic to the present day,
to understand how closely man and the soil are
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Soil has strong ties with the mankind but, it has been curiously neglected in the
history of agriculture. Inf SU }v }( §Z (]J]E+S SE& S]* }v “*}]o 1}v 18]}
"EIAZZ_ A e (JE*3 %op 0]Z C X :X Zpes 00 }voC ]Jv idiTX
importance of soil for the welbeing of human communities has been rediscovered and
it is essential to provide historical perspective of soil science, especially for young
people who are preparing to undertake research on this topic; to let them know that a
soil evolves over thousands of years, it can erode rapidly, thus, studying the soil also
means learning ahd its past and present evolution, in order to determine its future. It
is equally important to extend the knowledge that we researchers have, also to citizens
in general, maybe using a more popular language, but still based on scientific evidences.
Apologes for the many reviews | could not cite but, readers can imagine how vast the
topic is.
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Biodiversity indicators iagriculture and horticulture
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Protection of biodiversity has become a top priority wewdle and particularly
within EuropeariJnion agricultural policies as a result of the increased awareness of the
benefits that a wide diversity can provide to agricultural production and of the risks
deriving from biodiversity losses. However, to protect biodiversity and to efficiently take
advantage of it require the establishment of benchmarks to which comparing monitoring
data. Moreover, biodiversity in horticultural crops can be assessed at different trophic
levels, considering the soil and above ground organisms. The interactions among
organisms present in the life web can help identifying indicators that could represent an
overall level of biodiversity, but frequently the evaluation of each trophic level provides
additional information useful also for the professionals (farmers and adyisimdeed,
crop management systems (e.g., integrated or organic), as well as individual agronomical
practices (e.g. cover crops or application of biological inputs) can strongly affect the
overall biodiversity of an orchard or plantation. Nevertheless gheounding landscape
can also impact and interact with the cropping system shaping a specific biodiversity
framework at farm level. The presentation will provide an overview of the possible
biodiversity indicators that can support the improvement of mgement practices of
horticultural crops, along with examples of the impact that different practices can exert
on both below and aboveground biodiversity. These will be discussed considering the
recently proposed EU Directive on Soil Monitoring and Resi# and the concept of
]Jvs PE S]vP ™ 1}8] ¢ %% &} Z « 8} (LOOC A %0}]S §Z %}S v§
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Investigating Arctic and Antarctic microbiomes forepmemiological and
bioprospecting purposesnovel tools andipproaches
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Investigations of microbiomes (arabpecially these of extreme environments, like
Arctic and Antarctica) enable understanding of ecological interplays, metabolic and
biotechnological potential and mechanisms of bacterial adaptation. In our studies we
focus on: (i) antibiotic and metal resance in Arctic and Antarctic regions for the eco
epidemiological assessments and (ii) bioprospecting. Performed analyses revealed that:
() antibiotic and metal resistance genes are common not only in anthropogenically
shaped environments but also in stine ones; (ii) bacterial plasmids are important
vectors enabling the transfer of antibiotic and metal resistance genes in Arctic and
Antarctica; (iii) antibiotic resistance genes from Arctic bacteria are active in various hosts.
Our works have also metlological impact, that will be emphasized during the
presentation. Several new tools for environmental microbiology have been developed,
including: (i) databases of PCR primers for the detection of antibiotic and metal
resistance genes (LCRBRG and LCPBMBET); (ii) novel pipeline for the genorbased
bioprospection; (iii) novel set of PCR primers for the detection of genes conferring
resistances to antibiotics of the last resort.
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Towards an efficient evaluation, verification and curation of genetic mobile
elements in (meta)genomic datasets
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DNA sequencing has taken hold in laboratories around the world for good. The
development of this biotechnological division, increasingotighput, and thus
decreasing the price of the service, has resulted in years of an exponential increase in the
amount of publicly available (meta)genomic datasets. While demands for data
generation grow with more projects funded so does its analysis. @néhe major
challenges is deciphering the composition of whole microbial communities, including not
only specific microorganisms and their metabolic properties but also their mobile genetic
elements like plasmids or bacteriophages that highly influentations between them
and drive their evolution. To understand that, one must be able to differentiate them
and annotate their genomes accurately.

While there are welkstablished automatic annotation systems and tools for
identifying various mobile genetedements, they are limited to the reference databases
they depend on. Although machidearningbased tools have already established their
usefulness in overcoming limitations of exclusively refereoased approaches they will
be as good as the referendatasets they were trained on and these require researchers
to carefully, often manually, validate their data.

To correctly annotate a given sequence, each scientist must employ a variety of
different programs and databases which makes manual annotati@udliaus and time
consuming task. In our work, we aimed to tackle this problem by combining the
advantages of both automatic and manual annotation systems. We developed MAISEN
a webbased annotation curation system that aims to combine output from migtip
programs in one place to boost the efficiency of manudd, novo (meta)genome
annotation. It was designed to allow users to verify their data and create curated
collections. For instance, we employed SigMa for identifying prophages in bacterial
genomesthat can instantly use identified prophages for better annotations in the
following analyses.
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Soil and Plant Microbiomes under Changing Environment
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Soil and plant microbiomes play very relevant role in sustainable agriculture and
healthy plant production, especially under changing climate. Healthy soils with high
biodiversity of beneficial microbiomes are key to production of healthy food and are
crucial to protection of crops against plant diseases and pests. Research on soil and plant
microbiomes has increased steadily over the last 10 years, but information on thei
diversity, structure, mechanisms of interactions, and especially functions influenced by
changing environmental conditions remain limited.

As soil microbial biodiversity is critical for all soil processes as a part of integral,
multifunctional componenbf all terrestial ecosystems, the study os bacterial and fungal
communities give us more insight into understanding their role for sustainable
agriculture. The importance of climate chanlgerne plant pathogens and the ways of
plant protection without cheritals are also crucial for climatesilient future. Very
important part of research in the context of 4.0 Agriculture is also atrificial inteligence
methods for prediction of plant health and pathogens monitiring in agriculture and
horticulture.

Moreover, the strategies of plant breeding and cultivation with connection of soil
microbiomes and plant holobiont can give us new solutions and opportunities for more
healthy food production. Beneficial microbiomes can support plant growth and
protection by nutriets provision, production of plant stimulators, increasing plant
resistance to pathogens and pests and improve rooting and plant germination.

Therefore, under different projects implemented in our Institute we focus on
research problems concerning incraagi knowledge of the seplant microbe
interactions under various climate conditions and under different agricultural
management practices.
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The microbiota of Polish red grape wines of spontaneous fermentation in
the lght of metagenetic and culturomic studies
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Spontaneous fermentation of grape must takes place with the participation of many
microorganisms constituting the fruit microbiota. Yeasts that carry out ethanol
fermentation, such asaccharomyceserevisiag and others that affect the aroma and
taste of wines, such adetschnikowiasp.orPichiasp. play a significant role here. Some
bacteria such as genef@enococcus, Lactobacillus, Lactococand Leuconosto@lso
have a positive effect on the ag process of the wine by carrying out malolactic
fermentation and contribute to improving the taste of wines. On the other hand, some
microorganisms cause undesirable sensory changes (wine diseases). There are two ways
to acquire knowledge about microbiat isolation of microorganisms on culture media
and their identification by various methods (currently called culturomics) and
metagenomic analysis based solely on DNA isolation, amplification and bioinformatics
analyses. Both methods were used in the stud wines obtained from grapes grown in
Lublin province. The culture method involved inoculation of diluted wine samples on
microbiological media dedicated to lactic acid bacteria and yeast. DNA was isolated from
obtained colonies, followed by sequencirapd identification. In the metagenetic
method, DNA isolation from wine samples was carried out, and the obtained amplificons
were sequenced and in silico identification was performed. The following yeasts were
obtained in the culture methodSaccharomyceserevisiae, Hanseniaspora uvarum,
Metchnikowia pulcherrima, Pichia kluyveri, Starmerella bacillaristhe metagenetic
method, i.a. the following specieS. cerevisiae, Saccharomyces cariocanus, H. uvarum,
Torulaspora delbrueckii, Metschnikowia sinenisizachstania servazziere identified.
Among the lactic acid bacteria that were tested by both methods, the metagenetic
analysis showed the presenceldctiplantibacillus plantarum, Apilactobacillus kunkeei,
Leuconostoc pseudomesenteroides, Lactocoeatis,| Fructobacillus tropaeplivhereas
culture methods showed_euconostoc pseudomesenteroides, Lactococcus lactis and
Fructobacillus tropaeoliDifferences may be due to the difficulty of culturing some
microorganisms and the limited culture methods usedesearch.
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The impact of plant extracts in the form of spraying on the biodiversity of
fungi colonizing seedlings of winter whedtifjcum aestivunlL.) and
selected quality parameters séedlings in phytotron conditions
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The search for alternative preparations for plant protection requires the assessment
of their effectiveness and impact on microorganisms and plant quality parameters. The
research aimed to determine the use of plant extracts in the form of sprayintdh@n
biodiversity of fungi colonizing seedlings of winter whegiticum aestivuni.) and the
effect of this extract on the dry and fresh weight of plants, as well as the content of plant
pigments in the leaves. A mixture of plant extracts from sage, hantptansy (M10,
M20) and hemp extract (H10, H20) were used at concentrations of 10% and 20% to spray
wheat seedlings in laboratory conditions. M10, M20 extracts did not affect the number
of rhizosphere fungi, while after the application of the H10 extract increase in the
number of beneficial fungi, such asichodermaspp., was observed, especially after the
application of the H20 extract. The analysis of the akgreeind parts of the plants
showed a greater biodiversity of fungi and a lower numbepathogenic fungi in the
experimental combinations compared to the control. The dominant species were:
Giocladium catenulatunand Trichoderma hamatumPlant extracts had a significant
effect on the growth of frestweight of seedlings. The highest fresh weigf seedling
roots was in combination with H20, and the lowest fresh weight of leaves was in
combination with H10 and differed significantly only from the control. There were no
significant differences in seedling dry matter for the experimental comimnat The
highest concentration of plant pigments in leaves was found in seedlings sprayed with
M10 (chlorophyll A), M20 (chlorophyll B and A+B), and H20 (carotenoids). The results are
preliminary research to further field experiments to determine the fistatic effect of
the extracts in field conditions and the possibility of their use in plant protection.
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Reproducible metagenomic data analysis in a browsehort tour

KoczykG.

Institute of Plant Genetics, Polish Academy of Sciences

The goal of the lecture is to provide a brief and straightforward primer to using-open
source tools in the field of reproducible metagenomic data analysis. In order to do this,
it offers a stepby-step example of amplicon metagenomigsalysis using opesource
tools and databases. It highlights the handling of rDNA datasets, a common method for
studying microbial community structures.

Participants will be guided through the use of QIIME2 ecosystem of tools for
metagenomic analysis. Rress will be conducted within a browseased notebook
environment, a platform allowing for open collaboration, interactive and reproducible
data analysis. Lecture also involves brief discussion of principles and reasoning behind
the successive steps ofdhanalysis as well as the individual tools and data sources.
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Potato as a model crop for studying plant responses to stress factors
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Plants cope with a plethora of biotic and abiotic stresses. Our team focused on
understanding plant responses to drought, high temperatures, and viral infection with
potatoes as a model aht and potato virus Y (PVY) as a model viral pathogen.

Potato is a species with high water demand but has a broad genetic diversity. We
selected two potato cultivars, sharing one among their ancestors but strongly differing
in response to the drought (c\Gwiazda- tolerant, cv. Oberon susceptible). The
expression level of the housekeeping genes varied, withr BEihg the most stable and
cullin 3A induced to a level similar to stragsponsive RAB18. Here, we have found that
drought has induced the exgssion of the RAB18 gene to a greater extent than high
temperature. Moreover, the expression level of this gene was generally higher in cv.
Oberon, but its peak occurred significantly later than in cv. Gwiazda. This fits the model
where the tolerant cultiar responds faster to stress than the susceptible one.

PVY is a typical Potyviridae member, the most prominent plant virus family. PVY
genome is a +ssRNA molecule (9800 nt) with a covalently attached protein called VPg at
the 5-end and a poBA tail atthe 3-end. The virus is the most critical potato pathogen.
Additionally, PVY infects tomatoes, peppers, and tobacco. As a typical-sperses," it
is characterized by a high frequency of point mutations and frequent recombination
events resulting in f&t virus evolution. In our work, we explore the hypothesis that new
genetic variants of the virus can be induced by cultivating resistant potato cultivars. Our
preliminary data indicate that in resistant cultivars, the virus mutates explicitly in the P1
and HCPro proteins coding region, which can impact the rate of virus spread.
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Using next generation sequencing to study microbial communities in
environmental science: the importance of bioinformatics

Vink S.N.

GreenFinch Research

The advent of next generation sequencing (NGS) has revolwdbrifee study of
microorganisms and has greatly improved our understanding of the ecology of microbial
communities. However, the large increase in data that is generated using NGS has also
led to greater challenges (and opportunities) when using these mtdeapproaches.

In this presentation | will focus on the bioinformatic pipelines used to process
sequencing data and discuss various approaches to NGS, the underlying requirements
and choices that are necessary, the downsides as well as the potentiakhtbsé
pipelines offer.
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Using next generation sequencing to study microbial communities in
environmental science: a pipeline stepstep

Vink S.N.
GreenFinch Research

One of the most crucial steps in assessmigrobial communities using amplicon
sequencing is the processing of raw data to a format that can be used for data and
statistical analysis. Although the process of sequencing analysis has become much more
accessible and streamlined in recent years, thést can still be quite opaque and
daunting for many researchers.

In this workshop | will give a general overview of the steps necessary to process
sequencing data. For this | will use a popular and rusgd pipeline in the bioinformatic
analysis of microial communities, QIIME2, and go through the different available steps
and options. We will start by discussing the prerequisites for using this platform and end
with how to produce data for statistical analysis and cover (almost) everything in
between. T goal is not only to give a general overview but also to improve your
understanding of each step involved in the process.
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Development a guide of good practices on soil metabarcoding data
generation

Ossandon F., Medina R., Acedo A.

Biome Makers Inc. (Davis CA, UsAg¢do@biomemakers.com

Soilresearch is a powerful tool that can help us to improve soil health. It provides
valuable insights into soil biodiversity and its dynamics, enabling the development of soil
management practices that are more respectful to belowground organisms, ultimately
benefiting humanity and the planet.

In recent years, numerous collaborative projects have emerged with the aim of
exploring soil microbiomgfor example: Fields4Ever initiatiearth Microbiome Project,
Indian Soil Microbiome Project, LUCAS or AGROECQ@sejgctas examples.

To progress towards this ambitious goal, it is of utmost importance that the data
generated in each of many large projects involved soil microbiome research be optimally
comparable.

Nextgeneration sequencing (NGS) technologies are providing a powerful approach
to achieve a more complete understanding of the complexities of microbial communities
and their impact on plant growth, disease resistance/susceptibility, climate adaptation
and environmental remediation.

There is not a consensus on what is the optimal NGS approach used to examine the
soil biodiversity.Metabarcoding or amplicon sequencing of marker genes is the most
popular method on soil microbiome research. Differencesadected gene primers, DNA
isolation protocol, sequencer, polymerase produce bias to aggregate sequencing data
from different studies and to generate more robust conclusions.

To facilitate data comparison, quality and reproducibility we aim to proEogede
of good practices and classification of the Metabarcoding variants using a statistical
method named Coefficient of Sequencing Variation. It measures the dispersion of
repeated results generated under specific rules, showing the precision and
reprodudbility of a process, where a lower coefficient means better reproducibility.

To test it, we selected different NGS data from the same samples, that was produced
under the same metabarcoding protocol and also we changed some steps of the
protocol, like DNAsolation process or sequencer machine.

60



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Interactive workshop concerning NGS steps in laboratory, data generation
and submission results to databases
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Soil biology is directly involved in ecosystem services (organic matter
transformations, nutrient cycling, biocontrol agents) and have effects on plant and crop
physiology through microbigllant interacions (i.e., they generate bioactive
phytochemicals, and they regulate pathogen occurrendefletailed understanding of
soil microbe interactions in agriculture requires a precise characterization of
environmental cropassociated microorganisms.

Nextgenegation sequencing technologies are providing a powerful approach to
achieve a more complete understanding of the complexities of soil microbial
communities and their impact on plant growth, disease resistance/susceptibility, climate
adaptation and environmntal remediation. This technology is enabling to
simultaneously obtain information on thousands of taxa as opposed to targeted
approaches that detect only a taxonomically predefined group.

Metabarcoding or amplicon sequencing of marker genes isrtbst popular method
on soil microbiome research. Any soil metabarcoding project involves soil data collection,
raw sequencing generation and analysis. This process needs to be described with
precision in other to guaranty the true and reproducibility ofyastudy published.

In this workshop we aim to explain good laboratory practices, common steps on data
generation ando submit a soil metabarcoding project to NCBI, including information for
submitting sequences to the Sequence Read Archive (SRA) andnkealB@registering
BioProjects and BioSamples. Also, We will open the discussion about the minimum extra
metadata linked with Bio Samples, that should be added to BioSamples and Bioprojects.
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Microbial Transcriptomics. Stad-Finish RNAeq analysis using R and
Bioconductor

KoperP.
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Recent advancements in highroughput sequencing technologies have
revolutionized our understanding of bacterial gene expression dynamics through RNA
Seq analysis. This workshop presents a comprehensive overview of bacteri&legNA
highlighting its pivotal role in deciphering transcriptional landscapes.

RNASeq enablegjuantitative assessment of RNA molecules in a sample, providing
insights into gene expression, alternative splicing, and novel transcript discovery. In this
workshop, we present a standard data analytics pipeline using the R programming
language and the Btonductor suite of tools for robust RNgeq analysis [1].

Typical pipeline encompasses essential steps, including quality control, read
alignment, quantification of gene expression levels, differential expression analysis, and
functional enrichment. Levaging Bioconductor packages such as 'DESeq2', statistical
methods are applied to identify differentially expressed genes, unveiling molecular
responses to diverse conditions [2].

Furthermore, we demonstrate the utilization of ‘clusterProfiler' package for
functional enrichment analysis, elucidating biological processes, pathways, and Gene
Ontology terms associated with differentially expressed genes. The integration of R and
Bioconductor streamlines analysis, enabling researchers to extract meaningfigibablo
insights from complex transcriptomic datasets [3].

In conclusion, bacterial RN#eq stands as a pivotal tool in understanding gene
expression dynamics in response to environmental changes or therapeutic interventions.
This workshop underscores thegsificance of RN&eq and provides an accessible
framework for data analysis, facilitating researchers in unraveling the intricate
mechanisms governing bacterial transcriptional responses using the power of R and
Bioconductor.
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How to approach biodiversity analysisriatagenomic studies
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In recent years, metagenomic studies have become increasingly popuiar.isTh
mainly due to innovations in molecular biology techniques and scientific equipment. In
addition, a significant increase in the volume of data generated in recent years, coupled
with a reduction in the cost of analysis, has made these studies evea atoessible.

Metagenomics the term was first used in 1998 (1) and can be defined as the study
of the entire genetic material of an environmental sample, be it a plant, animal, water or
soil sample. Such methods, in contrast to traditional microbiologyraolecular biology
techniques, allow researchers to determine the composition of almost all the organisms
sought in the sample, even those that cannot be cultivated in the laboratory (2).
Nowadays, there emerged two trends in metagenomices-* Z } § P puencingwith its
derivative metagenomeassembled genomes (3) and targeted amplicon sequencing,
called metataxonomics.

Biodiversity is inherently related to metagenomics and is defined as the variety of all
organisms, species and populations. Tools, methodkulations and indices have been
developed and used to study and measure biodiversity. However, each approach to
biodiversity analysis contains more or less implicit biases, errors, misinterpretations or
assumptions. Therefore, in order to standardiediversity approaches, the aim of this
work is to scrutinize commonly used ways of treating and analysing biodiversity in
metagenomic studies.
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Irrigating for Sustainable Intensive Agriculture: Technological Approaches
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Proper irrigation schduling requires and accurate determination of when and how
much to irrigate. This is crucial in a context of sustainable intensive agriculture, where
management decisions have a great impact on crop development and production. The
issue becomes speciallpalenging when the water available for irrigation is below the
crop water requirements and a deficit irrigation strategy must be applied. Under these
conditions, the choice of both the irrigation strategy and the scheduling irrigation
method highly deterrnmes the success of irrigation. Here we focus on high performance
methods to assess the crop water stress and to schedule irrigation, based on
measurements in the soil, in the plant or in the atmosphere. We review both the
fundamentals and characteristiosf new sensors and related equipment, including
installation, maintenance and data processing requirements. We pay especial attention
to plantbased sensors related to sap flow, trunk diameter variations or leaf turgor
pressure, due to the potential of ugj the plant as a biosensor for assessing water stress.
Then we address how these methods should be combined with remote imagery, since
identifying the spatietemporal variability within the orchard, of soil and plant variables
related to water stress, isrucial for precision irrigation. Finally, we address socio
economic aspects related to the level of acceptance of these new methods by growers.
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A multtmodel ensemble tproject the future for soybean in Europe
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The EU striveto increase the production of protein crops to (i) to further diversify
cropping systems to enhance ecosystem services and (ii) reduce the dependency on
imports from foreign countries. Soybean exhibits great economic potential for its large
content of prdeins, which is currently underutilised in Europe. Under expected climate
warming, agronomists assume that the potential to successfully grow soybean in Europe
to achieve competitive yield levels will increase significantly. Here we explore the
potential productivity under future climate based on muitiodel simulations.

We used experimental soybean growth data from Germany, France, Poland and
Serbia to calibrate four crop models for early to very early maturity groups. Soybean data
represented maturity graps ranging from 0000 to Il. The data was split to calibrate and
test the models. We simulated a 30 year time period and analysed the phenology and
the response to average temperature, cold spells, rainfall at harvest and drought. Based
on this distributiom we produced a yield map across Europe that exerts the vyield
produced by the most likely maturity group per grid cell.

Results demonstrate the northward shift of soybean production across the European
continent and how the overall yield potential increassith the higher potential to grow
high-yielding maturity groups in central Europe, where water scarcity is still not limiting
the production. We also demonstrate that the potential area for rainfed production of
soybean is expected to decrease in SouthBurope, with less water being potentially
available in the soils.

We conclude that the overall potential to grow soybean across Europe will increase
significantly under climate change, based on the new areas becoming available in central
Europe outweighig the areas that will be lost to drought in the South. This will increase
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The AGRICORE suite: a novel policy assessment tool combining agent
based and biophysical modelling
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The Common Agricultural Policy has prioritized enhancing support for rural
development across the European Union, integrating environmental requirements, and
promoting marketoriented agriculture. As policymakers and researchers increasingly
recognize the neetbr more targeted and specific agricultural policies, there is a growing
demand for a comprehensive understanding of their economic and environmental
impacts at both detailed and geographical levels. To address this, the AGRICORE project
aims to develop @& innovative tool that leverages advancements in modelling
approaches to improve the capacity for policy modelling in agriculture. Specifically, the
AGRICORE tool will employ an ageased approach, wherein each farm is treated as an
autonomous decisiommaking entity. Farms will individually assess their own
circumstances and make decisions based on their current situation and expectations.
One of the distinctive aspects of the AGRICORE framework lies in its utilization of
biophysical models to evaluatedldynamic agreenvironmental status and productivity
of individual farms. By integrating biophysical modelling into the ABM, the AGRICORE
tool will enable a more comprehensive assessment of the impacts of agricultural policies
on both economic and environemtal factors. The development of the AGRICORE agent
based model (ABM) involves establishing connections between the biophysical and
sociceconomic modules. Additionally, meteorological scenarios will be carefully
considered to account for the diverse wéar conditions that impact farming
operations. By defining various technological alternatives for crop activities, the ABM will
generate production scenarios, optimizing the agimnomic performance of individual
farms within the AGRICORE framework.

In this presentation, we will discuss the fundamental assumptions of the AGRICORE
suite and outline how the integration of biophysical modelling with the ABM will occur.
We will also demonstrate the practical application of the planned modelling approach
that assumes the creation of yield tables by exploring simulated yield patterns under
climate change using response surfaces.
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Developing fractal dimensidrased esthates on the HunSSD database
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For characterization of the most important soil types in Hungary, representative soil
profiles were excavated and survayed at 73 sites, from which disturbed and undisturbed
soil sampts of 326 soil horizons were collected. In addition to basic soil properties, the
hydrophysical properties (water retention and hydraulic conductivity) of samples were
determined and structure of the soil samples were investigated with different methods.
On these analyses, the first nationally representative database of soil physics and
hydrology were compiled with the soil structural and morphological properties. Using
collected soil data of Hungarian Soil Structural Database (HunSSD), a novel domestic
experiment was started to estimate water retention properties of soil from particle size
distribution (PSD) data and other easily measurable soil characteristics, such as bulk
density. In the case of the novel pedotransfer functions, we first calculated thesm
fractal dimension (Dm) of PSD data determined by traditional pipette method. Dm was
calculated according to Tyler and Wheatcraft (1992). To calculate DM fractal dimension
of the measured water retention and Dm of pore size distribution data, we used
measured relevant data of the HunSSD. DM was calculated according to Tyler and
Wheatcraft (1989). Since the correlation of the fractal dimensions DM and Dm is highly
significant (R2=0.84), we expect a good estimation of the water retention data or
function wing pedotransfer function that will be determined by fractal dimensions of the
soils.

Acknowledgements
This research is supported by the Hungarian National Research, Development and
Innovation Office Foundation (Grant No. OTKA K134563).

70



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Ecosysgms modeling & monitoring with the isotopic measurements
capabilities.
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PICARRO

Innovative, protected by over 30 patents, new class of CRDS spectrometers are
adapted for work in the field. CRDS (Cavity Riog/n Spectrometry), in many cases, can
be an alternative to the expensive and complicated IRMS technique in éeosys
monitoring.

The CRDS guarantees high precision and sensitivity with the measuring range from
ppt to %. Result can be transmitted in real time to through GPRS network.

PICARRO spectrometers measure isotopes: carbdhabd €13, nitrogen N14 &N-

15, hydrogen, deuterium and oxygen-18, G17 and O18 in the air and water.
Concentration measurement of NHCQ, GHs, HCO, HF, 5.

Remote, maintenancéree operation, durability and resistance to temperature,
pressure and vibration changeallow operation in the harshest environmental
conditions. “An optional incineration module allows solid sample analysis.

UGT

EcoLab flext modern chambers for observing the entire ecosystem to simulate
climate and ecological scenarios.

UGT's Readyo-Go lysimeter sampling technplogy, transfers the intact soil monolith
taken from the field to EcoLabf.

Monitor and change scenarios quickly from anywhere thanks to the innovative PLC
control system for all modules (e.qg. lighting, irrigation, air conditioning).

Water isotope probes (WIP) are used for direct, rwstructive in situ
measurements of stable water isotopes d180 and d2H with PICARRO spectrometers.
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Optimizing root zone water management using strategic sensor placement
and machine learning algtinins
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Efficient water management plays a vital role in sustainable agriculture, especially in
regions f&ing water scarcity. Conventional irrigation scheduling approaches typically rely
on fixed scheduling, which can result in inefficient water usage and suboptimal crop
yields. We are developing an approach for optimizing root zone water management
through the integration of targeted sensor placement, historical sensor data, and
machine learning algorithms. We employ crop root density profiles to inform strategic
single soil moisture sensor depth placement within the root zone. Additionally, historical
water content data provides a pathway to estimation of the soil profile hydrodynamics.
Machine learning algorithms are used to analyze these complex data patterns and learn
relationships between our historical sensor data and local soil hydraulic properties. By
leveraging historical sensor data, we derive-spicific hydraulic properties leading to
estimation of root zone soil profile water content. The integration of targeted sensor
depth, historical sensor data, and machine learning algorithms holds greanibaitfor
precision irrigation and sustainable water management. By accurately estimating soil
hydraulic properties and predicting soil profile water content, this approach can
revolutionize water management practices, conserving water resources ancsgiage
food production in wateflimited regions.

References
1. Ghorbani A., Sadeghi M., Jones §A21)"Towards new soil water flow equations using
%oZ Ce] or }veSE ]v u Z]lv ,Vadose Ev]ZoRe— 20(4):

€20136,doi: 10.1002/vzj2.20136.

72



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Forecasting the production effects of plant irrigation based on
meteorological measurements and letegm results of field experiments
for maintaining ecosystem services
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Irrigated agriculture contributes significantly to the provisioning ecosystem services
of food, feed, and fiber production.Therefore in light of climate change it is important to
investigate the effects of irrigation on agricultural production in the fetufhe aim of
the research was to indicate the period in which precipitation conditions and
precipitationthermal conditions had the greatest significant impact on the increases in
yields of selected field crops under the influence of irrigation. It wasiragd that if
significant weathetyield dependencies were found, they would be helpful in forecasting
the effects, and thus in programming the development of plant irrigation in regions of
conditions comparable to central Poland regarding soil and climate.

The effects of plant irrigation were modeled on the basis of the results of field
experiments carried out in 2008020 carried out in the Research Center of the
Bydgoszcz University of Technology located nearby the city BydgoSZAi(Eii—U
JATGERT— b @AD)0In terms of the climatic criterion it is the area with the lowest
precipitation, and therefore with the greatest average precipitation deficits and needs
for supplementary irrigation in Poland. The experiments were carried out on light soil on
compact subsoil. Taking into account the soil conditions the applied irrigation had an
interventional character, typical for the climatic conditions of central Poland. It
supplements eventual periodic shortages of precipitation during the period of higbrwat
needs of plants

Data from agrimeteorological monitoring was used in the analysis. Measurements
were carried out in accordance with WMO procedures, at the measuring point, located
near the experimental field. Data are free from the influenceudfan anthropogenic
factors. The research covered the following crops: malting spring barley, grain maize,
mid-early potato, faba bean, winter rapeseed, sugar beet and soybean.

The findings presented above can contribute to the development of the prowgjon
ecosystem services.
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Development of the system for complex permittivity spectrum
measurements in the radio and microwave frequency range

KafarskiM.1 U HIMWU AT C % SBA «WilczekAl, Lewandowski 2,
MajcherJ3, Skieruchaw.!

1institute of Agrophysics, Polish Academy of Sciences, Lublin, Poland

2|nstitute of Electronic Systems, Warsaw University of Technology, Poland

3 Department of Electrical Engineering and Electrotechnologies, Lublin University of Technology,
Poland

There are many different dielectric sensors and methods using for complex dielectri
permittivity spectrum measurement. They differ in accuracy, type (measurements in
time or frequency domain) and in useful frequency range. The use of particular type of
sensor is mostly dependent on measured material type. For liquids the most common is
an open ended probe, for granular materialike soil t the best are probes with rods
because of their quite big sensitivity zone. However, probes with large sensitivity zone
usually have smaller useful frequency range than an open ended probe. The most
optimal solution is using a largiameter coaxial cell. This type of sensor consist of two
coaxial tubes with measured material placed between of them. Such cell is connected to
a vector network analyser (VNA), which measures scattering matrix parameéers (
parameters). Based on-fframeters, complex dielectric permittivity spectra can be
obtained. This type of sensor can be used for measurements of different material types,
like fluids, powders or solids. Moreover, coaxial cell can work in a wide frequangg
from a single MHz up to several GHz.

We have developed a system of six coaxial cells which enables measuring six samples
simultaneously. In the prototype of the system, each of cell was connected to the VNA
by a multiplexer using semi rigid cablesthe newer version of the system, each cell will
be operated by a separate reflectometer and an electronic calibration unit. That solution
will ensure better accuracy and reliability because of lack redundant elements like
multiplexer or cables. Moreovesuch construction is more compact and convenient to
use.
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Segmented linear calibration function for soil moisture estimation using
microwave dielectric measurements
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Dielectric measurement methods allow for almost Aomasive soil moisture
estimation. A variety of probes operating at various frequencies and employing various
specific measurement techniques are utilized. These devices are generally easy to use
and many of them can be utilized in monitoring stations.

Dielectric soil moisture probes differ in measurement accuracy. Typically, the best
devices operate in the timeamnain and provide accuracy of about 0.02/m® with
factory calibration functions. This could translate to high relative error in the case of dry
soils. Moreover, there are many ssjpecific and environmental factors, such as
temperature, soil salinity, ehsity and texture, which may interfere with the sensor
readouts. Adaptation of dielectric permittivityolumetric water content function to
given specific conditions, especially by performing-spécific calibration, increases the
measurement accuracy.

Most of the popular calibration functions utilized in dielectric sensors are either
polynomial functions of the real part or apparent dielectric permittivity, such as the Topp
equation, or linear functions with respect to the square root of the real pagpparent
dielectric permittivity. The presented research investigated the benefits of a calibration
function consisting of two linear segments. This function was parameterized with the use
of the real part of complex dielectric permittivity obtained a¢duencies from 20 MHz
to 3 GHz. Dielectric measurements were performed using ceaimissiodine cells
connected to a singlport vectornetwork-analyzer. The samples of three soils of various
moisture content and salinity were measured at contrdliemperatures in the range

(E}u iXA 8} 8if£ X dZ ]vA «3]P & o] & 31}v (uv 3]}ve % E}A
standard linear calibration, especially at high frequencies.
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Wireless 10T probdor soil moisture and salinity estimation based on
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We present a novel wireles®il moisture and salinity sensor. This sensor determines
the soil parameters based on 025GHz dielectric spectrum measurements. The sensing
part of the device is constructed as a multiconductor oerled transmission lines
section filled with the sottlielectric. The sensor is battery power and sends its read outs
through Bluetooth and/or the LORA loT transmission protocol. In this paper we present
some details on the sensor design and preliminary measurement results.
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Climate change microbiology: novel insights into methayuling
microorganisms

Welte C.

Radboud University, Netherlands

Methane is a potent greenhouse gas that is produced by microorganisms living in the
absence of oxygen, thenethanogenic archaea. The amount of emitted methane is
controlled by a powerful biological filter where aerobic and anaerobic methane oxidizing
microorganisms thrive. In our work, we aim to understand the biochemistry, physiology
and ecology of methanogeras well as anaerobic methanotrophic (ANME) archaea that
are both key to understanding and eventually mitigating methane emissions into the
atmosphere.
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Historically, land use/o@r changes have had a large negative impact on global
greenhouse gas emissions (GHG) and ecosystem carbon sequestration. Land use changes
associated with agricultural expansion alone may have increased GHG emissions by
around 25% over the last two decadéevertheless, the judicious use of changes in land
use/cover within the landscape could make a significant contribution to climate change
mitigation strategies. Although afforestation is widely touted as the major way in which
we could reduce GHG emissf and enhance soil C sequestration it is evident that
grasslands could, in many cases, also act as an effective way of storing carbon that may
be less vulnerable to extreme climatic events. Also, afforestation could decrease soil and
ecosystems stores afarbon in soils with a high organic carbon content. Less attention
has also been paid to the effects of land use/cover changes on the fluxes of the other
two major GHGs, nitrous oxideAD)) and methane (GH or their microbiological drivers,
both of whichcan make a significant contribution to the total GHG budget. The ability of
some forest and grassland soils to act as a sink farcGtld be significant as many
agroecosystems are dominated by £#nissions from livestock. Whilst most climate
mitigation strategies have focussed on managed lands unmanaged/low impacted lands
may contribute over 50% of the terrestrial ice and snow free terrestrial surface area so
that any changes in land cover in these areas could have a major impact on global GHG
emissionsOf the well documented changes in land cover on low impacted land are the
increasing global spread of introduced plant species, which can have dramatic effects on
ecosystem GHG emissions but remain largely unquantified. Whilst most of the focus of
climate-mitigating landbased strategies has been directed at changes in GHG emissions
and carbon stocks, any change in land use/cover will also result in biophysically related
changes. Changes in albedo, for instance, are an almost inevitable consequence of land
use/cover changes and have the potential to reduce or even negate any benefits
associated with an enhanced C sequestration or a reduction in GHG emissions. Overall,
the appropriateness of any land use/cover changes will require a holistic approach if
these are to provide an effective climate change mitigation strategy.
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Kitchen waste as feed for anaerobic digestion
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Kitchen waste (KW) is a favorable substrate for anaerobic digestion since provides
biogas with high yield and calorific value as well as nutreous digestate having desired
fertilizing potential. Selectivglcollected KW still requires cleaning besides size reduction
of the biomass. Both unit operations can lead to microplastics which are being
considered emerging pollutants. The research was carried out as part of the project
entitled Methane fermentation bbiomass containing biodegradable polymeric material
(DIGESPLAST).

Prior to mashing in a cutting mill with a capacity of 300 kg/h, the KW was cleaned
from paper, plastic, aluminum foil, glass and mineral matter. Simultaneously, the
microbial contaminatn of the KW was evaluated. The share of the bio fraction was in
the range of 77%99% by mass, plastic wastaainly plastic and scarcely bioplastic bags
- accounted for 1% to 23% by mass, papfiom 1% to 15% by mass. The remaining
impurities of thekitchen waste were less than 1% by mass. The components of the
biomass feed were usually residues or peelings of vegetables and fruits, bread, fats, dairy
products and meat products. The dry matter content ranged from 20% to 28%, and the
volatile compoundsvere from 85% to 91% of the dry matter.

FTIR and thermogravimetric analyses of representative KW samaftss removal
of macropollutants, mashing and dryinglid not show the presence of bioplastics in an
amount exceeding the accuracy of the deteration. In this regard, studies on the
impact of bioplastics on methane fermentation were carried out with selected polymeric
substances intentionally introduced into the reaction medium.

The biomass research demonstrates that the preparation of a reprasest
bioreactor feed from selectively collected kitchen waste has been appropriate for
anaerobic digestion for the entire project continuation.
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Changes in soil greenhouse gas emissions, organic matter and soil
microbiota under the influence of erosion control and conventional tillage
systems
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Water erosion is the most significant degradation process of Epicalcic Chernozems.
To prevent and reduce theegative consequences of water erosion in agricultural lands,
a number of practices and technologies are applied. An experiment with wheat and
maize in rotation with the application of wvand-down slope culture (TO), traditional
contour tillage (T1) and op specific erosion control contour tillage (T2) has been
performed for two years. The T2 variant includes minimum tillage, direct sowing and pre
crop after wheat harvest and before maize sowing. The content of total organic carbon,
labile organic matterthe number of main groups of soil microorganisms, as well as CO
and NO soil emissions were monitored.

A higher amount of ammonifying, speferming, cellulosedegrading
microorganisms, actinomycetes and nitrogixing bacteria, were reported in T2 vamta
under maize, compared to TO and T1 variants. Minimum tillage (T2) under wheat resulted
in higher numbers of actinomycetes, mineral nitrogailizing bacteria, and cellulose
degrading microorganisms during the spring and summer months. SpitI@GiSsiors
under wheat were the lowest (29.2 kg-hday?) in the minimum tilled variant, followed
by T0 (33.2 kg htday?) and T1 (32.3 kg Halay?) variants. The average emissions under
maize at TO variant, compared to the variants T1 and T2, wexrer, due to the
compaction of the surface soil layer, which in turn provoked more intensive erosion
processes. Thedd emissions among the different variants were insignificant, but overall
they were the lowest in the T2 variants. Total organic carbonawerage of all
measurements at two depths {00, 1320 cm), in T2 maize variant was the highest.

The conclusion of the obtained results is that the minimum tillage for maize and
wheat growing on slope lands with the inclusion of qrep in the rotation,had a
positive effect on soil organic matter, microflora and GHG emissions.
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Isolation of methane oxidizing bacteria from diverse environments
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Research problem

It has proven challenging to isolate methaoeidizing bacteria due to their
cohabitation with nomAmethanotrophic cocultures. As a result, existing isolation
procedures are ineffective for isolating monocultures of methaxeizing bacteria
(MOBSs). Our study intended to improve isolation method@sghat would aid in the
elucidation of methanotrophic diversity as well as the identification of new MOBs with
bioprocess application potential.

Methods

Pre-enriched methanotrophic communities from three different samples (landfill
biocover, peatbog sqgiband activated sludge) were used. Initial isolation was performed
using regular basal NMS medium that contains essential minerals and vitamins along with
methane as the sole source of carbon. Subsequently, recovery of a pure monoculture of
Methylocystiswas tested through modifications in several factors, including medium
composition, pH, CH4%, temperature, and the addition of essential nutrients. Nanopore
sequencing was used for both identification of microbial diversity using 16S rRNA
amplicon sequencingnd draft genome assembly of novel methanotrophic species.

Results and conclusions

Initially, a single mixed culture dflethylocystiswas recovered from the Landfill
biocover sample. Moreover, 95 nanethanotrophic bacteria were obtained, cultivated
as pat of microbial consortia feeding solely on methane as a carbon source. Modified
vitaminrdeficient media resulted in the acquisition of two additional pMOA positive
colonies. 16S rRNA gene amplicon sequencing revealed that both were mixed
methanotrophic cltures. Futher isolation step included cultivation of these three
Methylocystiscocultures using dNMS media with trace level of yeast extract. 26 pMOA
positive clones were recovered from solid media and amplicons of 16S rRNA gene
sequenced- various degreeof Methylocystisgenera was identified. The five cultures
exhibiting highest purity were subjected to shotgun sequencing and 3 turned out to be
monocultures ofMethylocystis Surprisingly, one among three monocultures, found to
be novel species oMethylocystis and the remaining 2 had a high similarity to
Methylocystis hirsuta.
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Formation of advanced glycation eprbducts in foods
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The spontaneous podtanslationd modification of proteins or amino acids through
reducing sugars is called the Maillard reaction (in food sciences) or protein glycation (in
health and medicinal sciences), and the products resulting from exposure to reducing
sugars are called advancegagtion end products (AGES).

Apart from sensory maodifications, the Maillard reaction impacts the nutritional and
toxicological properties of food. One of the better known nonfluorescent AGEstis N
(carboxymethyl)lysine (CML), which is present in biologigatems, such as plasma,
urine, tissues, skin collagen, and in many Re@tcessed foods. Recently, CML has been
associated with major pathogenic processes in diabetic complications, atherosclerosis,

0lZ Ju E[* ]* U v V}IEuUu o P]JvPX

Therefore, varias strategies for controlling Maillard reaction have been investigated
over the years. However, the development of efficient strategies for the control of
Maillard reaction in foods requires an understanding of reaction mechanisms and how
reaction conditims affect Maillard reaction. Obviously, the concentration of AGEs in food
is affected by many factors, including temperature, length of the period of heating, pH,
concentrations and reactivity of the components present, water content, and the
presence ofrihibitory compounds. Phenolic compounds have been proposed as effective
inhibitors of AGEs formation in both model and thermally treated systems. Most studies
suggest that the inhibitory effect of polyphenols on Maillard reaction is caused by the
dicarbony trapping, antioxidant capacity towards Mailladeérived radicals, blocking of
amine groups by quinones, and trapping of specific Maillard reaction products, such as
Strecker aldehydes and furfural compounds. However, among the parameters affecting
the level of AGEs in foods, the effects of antioxidants have not yet been satisfactorily
elucidated. Thus, the mechanism of action still remains unclear.

Since the diet is a major source of exogenously formed AGEs, reduction of those
components in foods is a nmatarget of both industries and researchers.
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The influence of flavonoids and their glycosides on the structure of gliadins
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Flavonoids are secondary plant metabolites. In nature, they are often found in the
form of glycosides. Due to their antioxidant properties, these compounds can have a
positive effect on the human body. One waf delivering polyphenols to the body can
be food fortification. Bread, which is one of the main components of the diet, may be a
suitable carrier of these compounds. However, supplementation of wheat dough with
various substances may disturb the prom¢ructure of the gluten network (gliadin and
glutenin), and thus deteriorate the quality of bread.

The aim of the research was to investigate the effect of selected flavonoids
(quercetin, naringenin, hesperetin) and their glycosides (rutin, naringin, higspeon
the secondary and tertiary structure of gliadins. Polyphenols were added in three
concentrations 0.05%, 0.1% and 0.2%. The dough samples were prepared in the
farinograph. Then, the gluten was washed out from the model dough. Next, gluten was
frozen, lyophilized and pulverized. Then, gliadins were extracted from the gluten samples
according to the Both and Ewart method. The samples of gliadins in the form of powder
were tested using FIRaman spectroscopy.

The analysis of Raman spectra showed tatdnoids and their glycosides cause
changes in the secondary and tertiary structure of gliadins. Naringenin and hesperetin
induced similar changes in the gliadin structure. On the other hand, quercetin caused a
slightly different kind of change. This ipably due to the presence of a double bond
on the C ring and an additional OH group on the B ring in the quercetin structure. In
addition, the type of changes induced by glycosides depended on the location of
attachment of the sugar part in the glycosidéructure. Both flavonoids and their
glycosides caused a significant increase in the content of disulfide bridges irgtge g
conformation.
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Analysis of the effect of the salt addition during the lactic acid fermentation
process on the textural properties of fermented red beets
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Our objective was to investigate the impact of salt addition on the texture and water
distribution in fermented red beetroot tissue during lactic acid fermentation. We varied
the salt concentration from 0 to 6% and assessedrdwilts to determine the optimal
concentration for the ideal texture and the effects of high salt concentrations on the raw
material. We monitored selected physical properties of the fermented beet tissues such
as texture, pH, dry matter and water conditi® on specific days (4, 6, 8, 11) and after
two months of storage.

Our findings reveal that the addition of salt does not significantly affect the pH
measurement, but it does increase the dry matter content. Furthermore, the lactic acid
fermentation proces reduces hardness, elasticity, cohesiveness, and chewiness. The
hardness of the fermented beets decreased even further after storage. ThroudiMD
analysis, we were able to observe the distribution and integrity of water within the red
beet cells. Ouresults indicate that the quantity of bound water, water in the cytoplasm,
and released water are all linked to the salt content of the silage and the duration of the
fermentation process.

Ultimately, we found that 28% concentrations of satesulted in the best textural
properties for fermented beets while maintaining water distribution similar to raw beets.
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Effect of consolidation level on organic volatile compound emissions from
maize during storage
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The aim of this study was to determine the emission of organic volatile compounds
from maize grain as a function of granularity and packing densityut material in
conditions imitating processes occurring in silos. The study was carried out with the use
of a gas chromatograph and an electronic nose, which was designed and constructed at
the Institute of Agrophysics of PAS and has a matrix of eight Mi@etal oxide
semiconductor) sensors. A 20volume of maize grain was consolidated in the INSTRON
testing machine with pressures of 40 and 80 kPa. The control samples were not
compacted, and the maize bed had bulk density. The analyses were carried aut a
moisture content of 14% and 17% (whwet basis). The measurement system facilitated
guantitative and qualitative analyses of volatile organic compounds and the intensity of
their emission during 3day storage. The study determined the profile of vikda
compounds as a function of storage time and the grain bed consolidation level. The
research results indicated the degree of grain degradation induced by the storage time.
The highest emission of volatile compounds was recorded on the first four dajch
indicated a dynamic nature of maize quality degradation. This was confirmed by the
measurements performed with electrochemical sensors. In turn, the intensity of the
volatile compound emission decreased in the next stage of the experiments, which
showed a decline in the quality degradation dynamics. The sensor responses to the
emission intensity decreased significantly at this stage. The electronic nose data on the
emission of VOCs (volatile organic compounds) as well as grain moisture and bulk volume
can be helpful for the determination of the quality of stored material and its suitability
for consumption.
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Physicochemical properties of plant tissues and their changes under abiotic
stresses.

JozefaciulG.
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Physicochemical properties (surface area, charge, acidity, charge density, fractal
dimension, nanopore characteristics) of plant materials will be discussed and methods
of their estimation will be outlined. Changes of the above properties mainiyer
drought and aluminum toxicity stresses will be shown.
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Friction phenomena in silos
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Steel silos are widely used to store all kind of granular materials, which have a
different behavior from other material stes, e.g. liquid or solid. In particular, frictional
forces appear because of watl particle contact, and this significantly affects the
structural design of the walls or the flow of material. Besides, steel silos with corrugated
walls are widely used beuae of savings produced in material costs. The friction
phenomena between the bulk material and the corrugated silo wall can differ from those
produced in smooth walls. This can affect wall pressures at rest, the location of the shear
band or the value ofthe effective wall friction coefficient. The authors have designed a
silo model and performed Discrete Element Method (DEM) simulations to analyze the
influence of corrugated walls on the aforementioned variables.

A silo model with corrugated steel wallssquare cross section and different bottom
configurations has been designed. The vertical section of the silo model consisted of two
independent modules, each one having 0.75 m in height and 0.45 m width and length.
Depth and wavelength of corrugations mel3 mm and 75 mm, respectively. A flat
bottom with a centric square outlet with 0.06 m was used, and 3 oblique hoppers with
different outlet eccentricities were also designed. Three different materials have been
used for tests: wood pine pellets, maizedaplastic pellets.

Only one of the vertical sections was considered for DEM simulations because of the
large computing resources required. Different depths and wavelength of corrugations
have been considered, while flat bottom configuration veopted in all simulations.
Wood pine pellets has been used as the granular material. The influence of corrugation
dimension has been checked with regards to several variables, e.g. pressures at test
panels, or particle velocity profiles.
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Designing agricultural machinery with EDEM

Woijtal M.

Endego Sp. z 0. o.

This presentation is about EDEM software and how it can be used for the design,
performance testing, and optimization of agricultural machinery. Tractors, combines and
forage harvesters are all designed to work with a range of granular materials such as
crops, seeds and soils. These materials can impact the performance of the machine and
its durability. EDEM software, powered by the Discrete Element Method (DEM),
accurately simulates the behavior of grains, seeds, crops and soils and provides engineers
with crucial insight into how materials will interact with a piece of equipment during a
range of operation and process conditions.

The agricultural machinery market is a highly competitive one. Manufacturers of
agricultural equipment need to continuouskycrease the quality and reliability of their
machines but also innovate and deliver solutions that are tailored to the demands of the
agricultural sector.

One challenging aspect relates to the range of operations and conditions that
machines have to perfon in. All machines are designed to work with a range of bulk
materials which may vary in properties depending on the location and seasonal
conditions. The variability of these materials can have a strong effect on the
performance. Predicting the bulk beliav of materials and their impact on the machine
is critical to achieve efficiency and performance.

Using physical testing of new equipment designs is expensive and limiting, especially
when considering testing against crops in the field where missingasosal testing
window due to adverse weather conditions can significantly delay the time to market for
new designs.

Powered by the Discrete Element Method (DEM), EDEM software enables engineers
to simulate and analyze the behavior of granular materialEMBimulation provides
crucial insight into how those materials will interact with equipment during a range of
operation and process conditions.
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The role of association colloids in autoxidation of vegetable oils
Dwiecki< XU |} /&sISiger XU Zp IMwyel
Poznan University of Life Sciences

Lipid autoxidation is one of the main factors involved in the deterioration of vegetable
oils. Among other effects, this process leads to themation of unpleasant taste and
odor as well as loss of nutritional value, and possibly formation of potentially toxic
products. Autoxidation is a free radical process and its chemical mechanism is well
understood. However, still not much is known abaime physical aspects of the
phenomenon. One of these is the presence of association colloids. Association colloids
are structures formed from amphiphilic compounds (phospholipids, free fatty acids,
diacylglycerols, monoacylglycerols etc.) which-agtjregate in a nonpolar environment
of bulk oil with a low water content. These structures in vegetable oils may affect the
process of lipid autoxidation and the effectiveness of antioxidants action.

This presentation will provide an overview of the currenttstaf knowledge
concerning the formation of association colloids, the types of structures formed, their
effects on the oil autoxidation process, interactions with antioxidants (phenolic
compounds, tocopherols) and the influence on their activity. Analytiegthods applied
to study association colloids will be also discussed, as well as research perspectives and
possible practical implications.
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Controlled discharge of granular material from a flat floor silo with
converging orifice
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Granular materials are of significant importance in various industries such as
agriculture, food opharmaceutical sectorsilo structures, in which these materials are
typically stored, often experience significant issues related to their structural integrity
and material flow problems. Therefore, over the last few decades many investigations
have beenconducted to study a mass discharge rakDR), the flow patterns and
pressure distributions in silos. TMDRIs one of the crucial parameters for the design
and control of processes involving flow of granular materials. The flow rate through the
orifice was found to be determined by the shape of the volume contained within the
orifice and its vicinity. The need of deeper understanding of the kinematic transition
region near the outlet in the silo is important for a precisely controlled discharge rate.

The objective of the reported project was to carry out a study of the flow through a
conical converging orifice with various values of thickness and half cone angle.
Agricultural granular materials and plastic PLA beads were tested. A series of DEM
simulatins corresponding to the performed experiments was conducted with a largely
extended set of experimental discharge conditions. A possibility of replacing the hopper
bottom by the flat bottom equipped with converging discharge orifices in silo has been
invedigated.

In the case of the constant thickness of the insert, the discharge rate initially
increased with an increase in the half cone angle of the converging orifice and then the
tendency reversed. The application of proper orifice geometry may allowgaeontrol
of the flow rate of granular material discharged from the silo. The fairly close compliance
between the results of the experimental measurements and the simulations shows that
DEM can be used to design equipment in systems involving graravar fl
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Discharge rate influenced by shape and friction of particles in a shape of
spheres and dimers

t] [ J., Horabikl., MolendaD XU <} ZXU M, StasiakM.
Institute of P@E}% ZCe+] « W AU }*A-P90 Lublin, Rbldndi

We use distinct element method to study mass discharge M@R) of dimer shaped
particles outflowing from flat floor cylindrical container. The volume of the dimers is kept
constant. The influence of particle aspect ratir)(and friction (R on the MDRIis
analyzed. Coefficients of friction in a range from 0 to 1 Anftom 1 to 1.6 are tested.

One of the most widely accepted relationships between EBRand the diameter 6

the discharge orificel* A Eo}}[* <p §]}v A o pe Jv eJupo 8]}veX /8 3§
of MDR=C@&g0.5( tkd)2.5, wheredis particle diameterd&is bulk densityg is gravity,

Candk are fitting parameters. Our simulations have shown that in ¢hse of spheres

Ar= 1.0 and coefficient of friction varying in a range from O tocdeécreased from 0.69

to 0.48, whilek increased in a range from 1.05 to 1.43. In the case of dimers R4it0.3

for Arvarying from 1.0 to 1.€was found decreasing from 0.53 to 0.47, wikilacreased

from 1.43 to 1.58. Thus it was shown that an increase in friction, as well as increase in
aspect ratio results in a decrease @ while produces an increase in parameter
hamperingMDR
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Susceptibility of gluten network to mechanical destruction during dough
mixing depending on its chemical dehydration by dietary fibre additives

D] A., NawrockaA.
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determination of the course of physical and chemical redistribution of water in the bread
dough supplemented with dietary fibres, but also essment of the mechanical
destruction of gluten network during the dough mixing. The aim of the present study was
to determine the effect of fibre additives on the course of mechanical destruction of the
model starchglutenfibre dough during mixing andnfil its dependence on the process
of chemical dehydration of gluten proteins.

Six commercial dietary fibres were applied astied and prehydrated preparations
in the amounts of 3, 6, and 9 %. Most of the analysed fibres had a destructive effect on
the consistency of the dough. With the increase in the dose of fibre and mixing time, the
level of destruction of the dough's gluten network increased. At the 9% fibre dose and at
the end of the 4éminute mixing, the dough consistency change indicatbRCanged
from 0.49 to 0.79 for oat and cacao fibre, respectively. Only carrot fibre exhibited a
strengthening effect on the consistency of the dough.

The analysis of correlations showed that the fibres with the highest chemical
reactivity, measured both byhe level and rate of dehydration, also induced very
intensive destruction of the gluten network. Additionally, it was found that in cases when
the fibre moisturizing was applied, maximum rates for destruction occurred at the same
times or slightly later tan those for dehydration. In cases when-@ired fibres were
used, the appearance of the maxima for dehydration was delayed by about 2 minutes,
while those for destruction were significantly accelerated, even by 12 minutes. It may
indicate that nonhydrated fibre particles considerably accelerate the onset and increase
intensity of the mechanical destruction process.
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Role of plant materials for improving of soil water retention properties

KerchevaM., Kuncheves., Kolchakow., Paparkovar ., DimitrovE.

Institute of Soil Science, Agrotechnologies and Plant Protection "N. Poushkarov"

Plant materials can be purposely incorporated in soil as green manure and different
kinds of amendments (biochar, compost, etc.) for impngvithe soil fertility. The
naturally remained in soil roots and residues, and the amended plant materials are the
main source of food for soil microorganisms. They have different recalcitrance to the
microbial degradation and hence different contribution soil the organic matter
accumulation and effects on the other soil properties. The aim of this study is to estimate
the role of green manure, biochar, compost and peat on water retention characteristics
of two soils with different physicohemical propeiies. Both soils are with poor soil
structure and low water holding capacity. The moderately eroded Silty Loam Epicalcic
Chernozem, alkaline, was subjected to the experiments with plant materials leading to a
lowering of soil pH: a pot experiment with anging of compost, peat, peat culture of
Azotobacter vinelandiiand peat culture ofrichoderma viridg3-years field experiment
under wheat and maize rotation with incorporation of preop as green manure before
maize sowing. The soil sampling under thadf experiment was done in April and
October each year which allowed to trace the persistence of the green manure on water
retention properties. The Sandy Loam Fluvisols, moderately acidic, was amended with
biochar produced by different feedstock and &daatory and 5years field experiments
were carried out. The changes of soil water retention were compared with changes of
the soil organic matter content, and some soil physibemical and microbiological
parameters. The applied plant materials lead toiacrease in adsorption properties and
quantity of fine capillary pores that create conditions for soil water retention and
microbial growth. The data from the field experiment confirmed the positive role of the
plant materials to prevent high rates of gporation and preserve the soil water.
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Discrete Element Method modeling of structure and strength of soil
aggregates

HorabikJ.
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The Discrete Element Method (DEM) has been successfully employed to model
numerous natural and technological processes across vaffields of science and
technology. Specifically, DEM has found application in modeling a wide array of
biosystems engineering operations: from soil tillage and crop harvesting tehaogést
processing of seeds, straw, and other agricultural materialsmoducts. Interactions
within the soil, modeled at different scales (ranging from mitoanesa), have revealed
the influence of internal structure, soil composition, particle size, and cohesive
interactions between soil particles on the behavior of smjjregates and the overall
response of soil during complex interactions with tools employed in plowing, fertilization,
seeding, and more. Soil strength affects seedling emergence, root growth, the
stabilization of crops against biomechanical failure, sodmpaction, friability,
susceptibility to erosion, and soil interactions with tools and machinery.

The application of the Bonded Particle Model (BPM) to simulate interactions between
particles has allowed for a more accurate approximation of real prosesdee BPM
model has proven to be highly valuable in simulating interactions within the bodies of
modeled objects subjected to external loads. This includes testing the strength of soil
aggregates, compacted biomaterials, grinding and milling of matefiglsh as
aggregates and grains), fruit damage, and other scenarios. This approach has provided
novel and deeper insights into the connections between the miaod macre
properties of materials when subjected to external loads.

In this study, the strengttof soil aggregates containing varying proportions of
kaolinite and feldspar was determined through experimental uniaxial compression tests.
These aggregates were also modeled using DEM equipped with BPM. The micro
parameters governing interactions withithe aggregates (mean normal and tangent
bond forces, as well as critical bond force) established connections between the modeled
behavior and the actual response of the aggregates under external loading.
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Sulphur compounds as a mean to decrease guinolosses from urea
fertiliser

SkorupkaM.'?, NosalewiczA.
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The necessityo increase crop productivity due to growing food demand could be, at
least partially, realised through the reduction of ammonia emissions and the associated
nitrogen losses from soil after fertilisation with urea based fertilised. National Emission
Ceilngs (NEC) established regulations according to use of nitrogen fertilisers with
introduction of progressive steps in reduction of N losses due to ammonia emission [1].

The constant progress in research of substances reducing urease activity, allowed to
point out a range of chemicals with potential in reduction of ammonia emissions e.g.
phosphoramidates, hydroquinone, quinones, (di)substituted thioureas, benzothiazoles,
coumarin and phenolic aldehyde derivatives, and vanadium hydrazine complexes,
together wth boron, copper, sulphur, zinc, ammonium thiosulfate, silver nanoparticles,
oxidized charcoal, and others-§]. Despite efficiency, agricultural use of many of these
substances is limited due to their harmful impact on soil health [6].

The aim of our resarch was to evaluate efficiency of sulphur based compounds, their
concentration on emission of ammonium from soils of various acidity fertilised with urea.

The survey of the recent findings in the field of efficiency of various urease inhibitor
like subsénces, as well as our laboratory experiments on efficiency of urea inhibitors
allowed us to point out a sulphur based compounds as the chemical reducing N losses
from soils of various acidity.
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Adsorption capacity of wastterived soil conditioners towards cadmmu
ions
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Heavy metal presence in soils limits significantly tlagjricultural potential. This is
why, scientists are trying to develop environmentally friendly and sustainable soil
additives limiting ions mobility. In this study, the materials produced from different
waste were investigated. There were synthetic zediitan fly ash (NaX UP) and two
activated carbons from chokeberry seeds prepared in conventional (ACK) or microwave
(ACM) furnace. Fly ash is generated in power plants as a result of hard coal combustion,
whereas chokeberry seeds are waste from the fruitdavegetable industry. The
experiments included solid characterization using nitrogen adsorption/desorption,
Fourier transform infrared spectroscopy, potentiometric titration, etc. as well as
measurements of adsorption capacity of selected materials towaadnium ions (Cd).

The results obtained for final products were compared with their precursors.

Adsorption capacity of the selected materials varied significantly. Fly ash adsorbed
the lowest amount of Cd, i.e., 15.5 mg/g. Chokeberry seeds bound shgttlgr amount
of trace metal equal to 19.7 mg/g. Biomass pyrolysis and activation contributed to clear
increase in adsorption capacity of the final material. ACK had adsorption capacity of 29.3
mg/g, while ACM showed 30.8 mg/g. This was definitely dictétgdnore developed
texture of activated carbons compared to the biomass. Among all tested materials, NaX
UP was characterized the highest ability to bind Cd. Its adsorption capacity was even
188.7 mg/g due to high content of micropores in the structure$.7
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Digestate as an organic additive modifying the structure of model soil
aggregates
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The constantly increasing area of soils with various forms of degradatiatesrthe
need to develop methods of soil properties enhancement. For this reason, various soil
enrichment techniques are being tested, which include the application of waste and the
products of their processing. One such additive may be digestta®sproduct formed
in agricultural biogas plants during anaerobic methane fermentation of biomass (Skic et
al. 2020). Digestate can be a valuable fertilizer due to the presence of organic matter
necessary for soil structure formation and the proper functioninf the soil
microorganisms, and macro and microelements that are directly available to plants
(Cooke et al. 2023). While the spatial arrangement and pore size distribution play crucial
roles in the accumulation and protection of organic matter in the slod,way in which
digestate modifies the pore structure is poorly understood.

Our research aims to determine the effect of péstmentation sludge on model soll
aggregate structure and porosity. The organic sludge was taken from the agricultural
biogas phnt and mixed with soils at different rates. From that mixtures, model soil
aggregates were prepared in special plexiglass forms. The changes in soil structure were
investigated by mercury porosimetry and scanning electron microscopy observations.

The resits revealed that organic sludge affected the pore size distribution of model
aggregates. In general, the addition of digestate caused an increase in the porosity, total
pore volume, total pore area, and average pore diameter and diminished aggregate bulk
density. Gradually increasing doses of pfestnentation sludge caused a shift of the
pore size distribution towards the pores of a larger diameter. In some cases, bimodal
pore size distribution was created. The intensity of observed changes depended on
organic sludge concentration and soil type.
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To DoE or not to DoE? Roadmap for Improvement & Optimisation of
Experimental Campaigns

GorbounovM.

Brunel University London

Design of experiment (DoE) techniques are invaluable tools which allow for efficient
optimisation of processewia simultaneous evaluation of a combination of input
parameters. Such approaches can yield positive results whilst minimising the number of
resaurces and amount of time spent. Further, when designing the experiments
intelligently, information about interactions between the variables could be gathered,
therefore, allowing for a more idepth understanding of the process and identification
}( 8Z Cl%o C E«_X ,}JA A U 8Z « u 3Z} « }( }v u S]JVvVP AE% (
are, unfortunately, underused or often misused. Herein, a brief description of the most
popular experimental design techniques with an explanation and a simple visualisation
is proviced in order to facilitate a greater understanding and appreciation of these
powerful optimisation tools, and to depict the best practices upon their employment.
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Assessment of agricultural waste biochars for remediation of degraded soil
environment
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Biochar production can bring mamenefits to natural ecosystems and society as a
whole. Firstly, it allows the management of large amounts of different wastes, aiding the
circular economy. Secondly, the synthesized product may prove to be an effective soil
conditioner improving physicocheical properties of the soil as well as supporting
remediation of polluted watessoil environment. In this study, two biochars from potato
(P-BC) and raspberry {BC) stems were obtained. Also, their potential as remediation
agents for degraded soils or jted surface and groundwater was investigated in detail.
The performed experiments included analyses of biochar physicochemistry and dissolved
organic carbon (DOC) release. Adsorption capacityBERNnd BC was measured in
two-adsorbate solutions of apper (Cu), teracycline (TC) or carboxin (CB), which
represented an innovation.

It was observed thatBC exhibited better textural parameters and surface chemistry
than RBC and, as a result, characterized by higher adsorption capacity towards
impurities. The extractable DOC released from BCs was predominantly constituted of
substances of large molecular weight and high aromaticity. These compounds are
considered as very helpful in sorption processes occurring in soils. The adsorbed amounts
of Cu, TC andBECin the twoeadsorbate systems were different from those measured in
the one-adsorbate solutions. In most cases, the examined BCs adsorbed higher amounts
of ions and molecules in the complex solutions containing pollutants of different
properties.
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Hybrid polysaccharideiochar hydrogels for agriculture: the impact on soil
water retention and plant growth
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Hydrogelsare widely used in modern agricultural technologies. Their application
improves water retention of soil and allows for the prolonged release of inorganic
fertilizers and pesticides. Hydrogels based on natural materials, namely polysaccharides,
have high hsorption capacity, are safe and biodegradable, but also characterized by low
mechanical strength. This problem can be solved by adding fillers, e.g., biochar, which
can increase the adsorption capacity of hydrogels additionally. This study was aimed at
the synthesis and characterization of hybrid hydrogel composites based on natural
polysaccharides (alginate and guar gum) with biochar obtained from agricultural wastes
(straw) as well as the investigation of their impact on soil properties and plant growth.
For the investigation, the most common Polish géilaplic Luvisol, was chosen. The plant
experiment was carried out using spring wheat.

A series of sodium alginate/straw biochar (Alg/BC) and guar gum/straw biochar
(GG/BC) hydrogels with different craasking degrees and biochar content were
synthesized successfully. The swelling degree of both hydrogels decreased with
increasing biochar content and crefasking agent concentration. The BC addition to Alg
decreased the swelling degree and sorption aafyeof Alg, while the BC presence in the
GG structure contributed to its better adsorptive abilities towards Cd(ll). The addition of
1 % of hydrogels improved watbolding properties of Haplic Luvisol. Both hydrogels
increased root biomass allocation the deeper soil, which is a good indicator of plant
performance during drought. What is more, Guar/BC was found to have a positive impact
on root growth rate.
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Sail surface properties and their changes in degradation processes

o1 (]I, Adamczuld., BogutaP., SkikK.

Institute of Agrophysics Polish Academy of Sciences

Methods of estimation of soil surface properties including surface area, adsorption
energy, fractal dimension, variable and actual charge, nanopore volume, and size
distribution will be outlined briefly.

Effect of selected degradation processes on soil surface properties will be shown and
linked to changes in mineral and organic matter content and composition. The main
attention will be placed on soil acidification.

109



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

110



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

POSTER PRESENTATIONS

111



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

112



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

How does the start and the end of the vegetation season affect the
chemistry and the mycobiome structure of soils under monoculture maize
cultivation?
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The goal of this study was to determine changeability of chemical factors (pH, TOC,
forms of N, P, selected element¥, Mg, Ca) and soil mycobiome structure as influenced
by time of the vegetation season on the example of maize moltweu The study site
A e 0} § v :v]v ~AT£i1;1i<E [{6£80;8i< « }v 8Z PE] posSuE
Potulicka Foundation Economic Center. Representative soil material were taken form 10
ha field two times a year: in spring (March 2022defore maize swing t start of
vegetation season), and autumn (November 20R2after maize harvestingt end of
vegetation season). Potulicka Foundation Group has implemented advanced precision
farming systems thanks to which soil samples taken in each terms origiratedtiie
same locations (sampling points marked with GPS tracker). S& ¢t layer) were
taken using an automatic sampler Wintex 1000 equipped with an Egner stick. DNA
extraction was performed within 24 h after sample collection using DNeasy PowerLyzer
PowerSoilKit (Qiagen, Germany). The fungal ITS region was amplified using primers: 5.8S
and ITS1FI2. The diversity of soil mycobiome was analyzed through amplicon sequencing
on an lllumina MiSeq (Genomed S.A., Warsaw, Poland) using the PE technologyvith
iii v8 A]18Z Ai Z u]3ECU JE JvP 8} u vu( SUE E[s *pPP «3§]
was performed using Spearman's correlation test and RDA analysis. Differences between
results from different sampling time were presented as ANOVA test. All #tatist
analyses were prepared in R v4.1 using the microeco package.

It was found that at the end of vegetation season, soil pH, T@GHNP, Ca, Mg, and
K contents increase whilst-NG; decreases. RDA reveals thaPB, content was the
factor differentiated the soils taken before sowin@aitozymawere present in higher
abundance before sowing. In contrast, pésirvest soil contained higher levels of
Humicola, Vishniacozyma, MycosphaerediadEpicoccum
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Cell wallpolysaccharides effect on structural, mechanical, thermal and
water sorption properties of bacterial cellulose hydrogels
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The production of cellulose by biosynthesis using the bactknaagateibacter
xylinusprovides a coseffective and environmentally friendly alternative to standard
methods of extracting cellulose from plant materials. Bacterial cellulose (BC) additionall
possesses high purity, high degree of crystallinity and large vimteling ability, which
increases its attractiveness for many applications. This biomaterial can replace many
polymers based on fossil fuels due to its high mechanical strength. Whaires BC is
fully biodegradable and can be synthetized using rich in glucose agricultural waste
materials. BC may undergo a variety of modifications to adjust its properties to very
specific requirements. In the present experiment, BC was produced inlaeutedium
containing cell wall polysaccharides, namely pectic compounds and hemicelluloses.
Watersoluble pectin, arabinan and rhamnogalacturonan were used as pectin
compounds. The model hemicelluloses were arabinoxylan, glucomannan and xyloglucan.
HPLCAFM, FAIIR, DSC, water and water vapor sorption tests and mechanical tests were
used to characterize the resulting composites.

Determination of the monosaccharide profile of BC composites with cell wall
polysaccharides showed that the polysaccharide conembs were effectively bound to
BC microfibrils. Glucose was the dominant sugar, but significant amounts of galacturonic
acid, arabinose, rhamnose, galactose, mannose and xylose derived from pectin and
hemicelluloses were also observed. The addition ofstedlar polysaccharides affected
the thermal properties of BC, causing a decrease in heat resistance, with the effect of
hemicelluloses being more significant. Analysis of AF M images showed that BC
nanofibrils were altered by pectin and hemicelluloses,alhiesulted in a reduction in
geometric dimensions such as skeletal length and fibril height. Changes at the
macromolecular level of the BC structure clearly affected its sorption properties, as well
as its crystallinity and mechanical properties in a tlentest. Hemicellulosic compounds
showed greater ability to modify the physical properties of BC than pectic compounds.
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Detection of hpoxic stress of apples based on laser speckle imaging
technique

PieczywelP., NosalewicA., ZdunekA.
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Apples Malus x domestic8orkh.) are usually stored in cold rooms under a controlled

Su}e%Z & ~ <+ ]Jv AZ] Z K oAoe E E u §} u Jvs Jv (Epu]:
that storage in oxygemeduced atmosphere conditions is beneficial in maintaining
adequate leves of product firmness, vitamin, organic acid and sugar content and
preventing or reducing the risk of storage damage, especially surface scald. Fruit storage
methods such as dynamic controlled atmosphere (DCA) technology enable adjusting the
level of oxygn in the storage room, according to the physiological state of the product
to slow down the ripening process. However, the successful application of DCA requires
precise and reliable sensors of the oxidative stress of the fruit. In this study, respiration
rate and chlorophyll fluorescence signals were evaluated after introducing a novel sensor
of apples' hypoxic stress based on laser speckle imaging technique (LSI). The study
showed that the processed signal from the scattered laser light phenomena wettea b
predictor of the oxidative stress of the apples. Descriptive and modelling analyses
showed better prediction capabilities of oxidative stress for Aefnared laser than laser
with red light. Moreover, LSI processing methods based on the dynamatgnges in
speckle pattern content were better indicators of stress than conventional methods
based on measurements of changes in the brightness of individual pixels. This study
showed that the proposed method has great potential as an alternative sasfdouit
oxidative stress, which can be applied in modern storage systems with a dynamically
controlled atmosphere.
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Low oxygen stress affects structure and mechanical properties of apple
fruit cell walls
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Longterm storage inevitably raises the risk of the fruit developing physiological
disorders leading to significant drops in quality and the loss of large batches of apples.
New techniques such as ulttaw oxygen (ULO) and dynamically controlled atniesp
(DCA) storage have been developed to address this problem. The common feature of
DCA and ULO is that the oxygen level in the storage atmosphere is kept above the
anaerobic compensation point (ACP). Below the ACP the risk of severe quality loss
increags due to anaerobic metabolism. However,several studies have shown beneficial
effects of short exposure of oxidative stress for stored fruit, such as better preservation,
increased firmness, preservation of polyphenolic compounds, and reduced risk of
postharvest disorders such as bitter pit and superficial scald in apple.

The effect of various levels of oxidative stress on cell wall structure and mechanical
properties of apple fruit was investigated. Apple fruit of three cultivars were exposed to
hypoxic sbrage conditions of various lengths to induce anaerobiosis. The response of
apple fruit to shoriterm oxidative stress was evaluated by means of cell wall
immunolabeling and atomic force microscopy (AFM). In addition, the antioxidant
capacity and antioxidéave activity of apple peels was assessed. Oxidative stress levels
showed no effect on the antioxidant capacity and antioxidative activity of apples.
Exposure to shosterm stress resulted in the remodeling of cell wall pectic
polysaccharides. This was ebged as an increase in the size and complexity of extracted
oxalate pectin corresponding to the length of exposure to oxidative stress. Structural
changes in the cell wall resulted in an increase in Young's modulus of the cell wall
material. Triggering & plant defense mechanism by Damage Associated Molecular
Patterns (DAMP) molecules is proposed as explanation of the beneficial effect of short
term anaerobiosis prior to the cold storage of apples.
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Synthetic microorganism community (SynCom) as a component of a
biopreparation to support the functioning of the wheat holobiont
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There are fossil records of endophytes dating back more than 400 million years,
indicating that these microorganisms are involved in host plant adaptation to habitat
changes (&rd et al. 2016). New molecular tools provide new insights into microbial
interactions. The plant microbiome assists the host under stressful conditions, enabling
it to adapt to new environmental conditions, thereby balancing the functioning of the
holobiont.

The main goal of the study was to present genetic analysis of selected strains for
maintenance as a synthetic community of microorganisms for direct use as a component
of biopreparation.

Bioinformatics analysis was based both on amplicon sequenciint@(ASVs) and
on operational taxonomic units (OTUs) for microbial communities analyses.

On the basis of a preliminary analysis, the obtained reads were grouped into OTUs on
the basis of sequence divergence at the 3% level. In this way, clusters werengedd,
which were labelled CL. In the bioreactor culturing six clusters were separated, one of
which included the genuBseudoclavibacterhilst five different clusters were classified
asBacillus

ASV metabarcoding analysis allowed on the classificatibr® different ASVs
belonging toBacillusspecies in genetic material isolated from bioreactor cultures.
Furthermore, an ASV specific to species in the g&auatiawas also identified. We point
out that in the OTU metabarcoding mentioned species wereidentified.

The ASV method reflects slightly richer of the sequence diversity of a given gene in
the cultures.
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Nextgeneration sequencinin the study of the biological weathering
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Soil microorganisms are essential components of the environment and perform a
number of positive functions in.iBoth bacteria and fungi can affect plant growth and
development, soil structure, and productivity.

The study's main objective was to evaluate the impact of bacteria and fungi in the
environment on the process of biological weathering. The samplingwasadocated in
the watershed of the Poprad River in the southern part of the Beskid Mountains. Soil
samples were taken in 2021.

The structural diversity of microorganisms was determined using-geméeration
sequencing methods. DNA was isolated using cororally available kits. tdepth
bioinformatics analysis made it possible to determine differences in the microbial
composition of samples taken from areas showing features of biological weathering
compared to control areas.
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The use of essential oils and fruit hydrosols in the manufacture of
cosmetics
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Essential oils and hydrosols are one of the most valuable ingredients obtained from
fruit in the cosmetics industry. These products can beamed by steam distillation.

In the presented research, essential oils and hydrosols from blackcurrant, strawberry
and cherry were obtained. From the obtained raw materials, moisturizing hand gels were
made. This product was prepared by extinguishingttherosol with guar gum, glycerin
was also added to the product, which was responsible for moisturizing properties. The
properties of the hydrosol were investigated by pH measurement while the stability of
the finished product was tested using turbidimetriechniques. The stability of the
product was tested for 24 hours, immediately after preparation, subsequent tests were
performed 3 months after receipt. The measure of stability was TSI (Turbiscan stabilty
index), in each case it had a low value, whinflidated high stability of the obtained
product. For each product series, sensory tests were performed on a group of testers.
The testers gave positive feedback on the properties of the samples evaluated.
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Dried under different conditions and poweer red cabbage pomace:
granulometric distribution and color changes
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The particle size and granulometric distribution of food powders hasegmaificant

impact on the physicochemical and sensory properties of the products in which these
powders are incorporated. The aim of this study was to evaluate the particle size
distribution (PSD) and color of powders obtained from dried and powderedaieblage
pomace (RCP). RCP, which is derived from juice pressing, was subjected to contact drying

§ 3 UuU% E SUE « }(dI£ ~A]S8Z Ai tu] E}A A «eU é&drging v O6if U

§ %0 3 S U% E SUE « }(TI£ U dI£ U v 0 efpdideiowerd C PE]
analyzed for PSD using laser diffraction (Malvern Mastersizer 3000), and PSD parameters
such as d10, d50 (median), and d90 were determined. Color analysis of fresh and dried
pomace was also conducted using an NR20SE colorimeter, and afigas* parameters
were determined.

Both the drying method and drying temperature influenced the PSD of RCP powder.
Freezedried powders had smaller particle sizes compared to cordaieid powders. The
finest particles were observed in the freedéedpow @& § 11£ U AZ & 119 }( % ES3]
Z ]l e 0ee 8Z v id RuU v 619 }( % ES] o » AE +u oo E §Z
thecontact E] % }A E & 061£ Z 3Z o0 EP 5 % ES] o U AJSZ ii¢
66 Ru v 819 }( % ES3] o * heojedian pértiflausizedgenerally increased
with an increase in drying temperature. Contalrted powders were characterized by a
higher median particle size than freededed RCP powders. The method and
temperature of drying had a relatively small impamt the color of the powders.
However, freezedried powders were brighter, less red, and slightly more blue compared
to contactdried RCP powders. Importantly, in most cases, the drying temperature had
no significant influence on the color coordinates oPR®©wder.
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Parameters of flavonoid + nonionic surfactant mixtures adsorption and
micellization
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Flavonoids which can be found mainly in blue and red fruits as well as vegetables have
many very important properties for the functioning of the human ptgtion. Among the
flavonoids, quercetin (Q) and rutin (Ru) play the important role in their practical
applications. However, these applications are limited due, among others, to the poor
flavonoids solubility in water. As follows from the literature dfitavonoids stability can
be improved by the addition of nonionic surfactants. Of these surfactants polysorbates
(Tweens) and Tritons seem to be the most proper for this purpose. These nonionic
surfactants are biodegradable and characterized by great pbgisanical stability and
large water solubility. For this reason, they are widely used in the pharmaceutical,
cosmetic and even food industries. These applications are related, among others, to their
adsorption and aggregation properties.

The adsorption oburfactants and other compounds at the watair interface and
micelle formation in the bulk phase depend on the surface tension of the surfactants,
additives and water. It is impossible to find the components and parameters of the Q and
Ru surface tensiom the literature. On the other hand, to explain the tendency of the
flavonoid + nonionic surfactant mixtures to adsorb at the wad#rinterface and to form
micelles in the bulk phase, the knowledge of the thermodynamic parameters is useful.
For determination of these parameters the measurements of the surface tension of the
aqueous solution of the flavonoid + nonionic surfactant mixtures at minimum three
different temperatures is needed. Therefore, the aim of the presented studies was to
determine the sirface tension isotherms of the aqueous solution of Triteh1X (TX114)
and Tween 80 (T80) with the addition of quercetin and rutin at temperatures equals to
293, 303 and 313 K.
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Plants are virtually, inexhaustible sourcedbimfiogically active compounds, which are
their defense mechanisms against microorganisms, insects and herbivores. Flavonoids
are a large group of polyphenols which occur ubiquitously in gased foods and
mostly of herbal remedies. Flavonoids exhibitviale spectrum of biological activities,
either as antioxidants or modulators of cell signalying, and the influence of their
metabolism on these properties is key to the evaluation of these potent biomolecules as
antioxidants and antinflammatory agents, ardioprotectants, and inhibitors of
neurodegeneration [1]. One of the main problems of solvent extraction of antioxidants
from natural sources is the purity of the final extracts. The low purity is generally due to
the fact that most of the used solventseaalcohols and their mixture with water in
different proportions yields a significant -@xtraction of concomitant substances such
as proteins [2,3].

The recent growing interest in the application of surfactants for separation processes
is due to the facthat they generally have low energy requirements, can be recycled and
are capable of treating easily degraded materials, representing an interesting solution
for the recovery and/or purification of polyphenols from wastewaters and plant extracts.
Thus, tle purpose of the presented studies was to determine the interactions between
the nonionic surfactant, Tween 80, with quercetin and rutin in aqueous solutions by the
spectroscopic methods.
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Xyloglucarcellulose interaction: impact of molecular weight,
hemicellulose/cellulose ratio and fine stture
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Fleshy fruit cell wall biomechanics underly the diversity of texture felt by consumers
and impacting processes. The structure of cell wall palgisarides, their interaction and
organization as well as the tissue water compartmentalization are determining textures.
If the major role of pectin has been clearly highlighted in fruit texture, that of
hemicellulose remains to be elucidated in regard ite fine structural remodeling
occurring during fruit development.

Using xyloglucab(XyG) isolated from apple pomace and model cellulose fibers (CNF),
interaction of the hemicellulose on cellulose was shown by adsorption isotherm, HPSEC
and HPAEC analyseto rely on MW, concentration and fine structure of the
polysaccharide building blocks. The extent of XyG adsorption on CNF was found to be
driven by MW and XyG/CNF ratio. Regardless of XyG/CNF ratio, adsorption increased
with increasing XyG MW. At Xy@QJE> 0.05, the CNF surface area available for high XyG
MW populations adsorption gradually saturated, while adsorption of low MW XyG
populations kept increasing likely due to their penetration and adsorption in pores of
CNF aggregates. Although cellobidseger unbranched glucan (DP > 3) and XLLG
represented minor structures in apple XyG, they showed the highest binding affinity to
CNF. Following xyloglucanase degradation of the-GM& complex, most of the XLLG
u}sl( A« (Juv Jv "0}}% -+ Vv s Bopb of the XyG @nbranched glucan
segments interacted directly with CNF and were recovered after alkali extraction of the
enzyme degraded complex.

These results question the role of enzymes and notably the different families of
galactosidases in apple on the structural remodeling of XyG during fruit development and
on the consequences of XyG interaction with cellulose. They also question the origin and
distribution of the short cellulose segments in XyG and their possible rokgirating
cell wall mechanical properties.
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Comparison of the effects of simulated flood conditions on the biological
activity ofdifferently cultivated Fluvisols
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Fluvisols are soils developed from fluvial sediments characterized by a great diversity
of morphology and properties. Thegre commonly regarded as fertile soils and are
therefore largely used for agriculture.

The aim of this study was to identify the biological activity in fluvisols from the Vistula
River valley (Lubelskie Voivodeship) subjected to the stress of a simfi@teihg. The
study material consisted of two different fluvisols (lighfl; medium- F2) sampled in
two variants: agriculturally used (blackcurrant cultivatio®), and not cultivated
(meadow;-M). Soils taken in the form of soil blocks, which werecethin transparent
containers and then simulated flood conditions by flooding them with river water to the
height of 5 cm above the soil surface, were used for the model experiment. The water
stagnation was maintained for 14 days. For analyses, samplestalen after 2, 4, 7, 9,

12 and 14 days from flooding as well as fresh soils.

In fresh samples and from the simulated flood experiment, dehydrogenase activity
(DHa), acid (AcP) and alkaline (AIP) phosphatases, and also pH and soil moisture were
determined

Enzyme activity varied over the course of the experiment. DHa increased statistically
significantly in both fodders in both cultivation variants, although isARInd FAM there
was a decrease in DHa on day 7 of flooding; and-f 62 day 12 of floodip, and in F2
M on day 14 of flooding. AcP activity varied both over time and between variants.
However, a decrease in AcP on day 7 of inundation and an increase in AcP after 14 days
were recorded in all soils tested. AIP activity in both F1 variants fetoa similar
pattern, with an increase recorded after 2 and 9 days of inundation, while the other dates
were associated with a decrease in its activity. In F2, the common denominator was an
increase in AIP activity after 2 days of inundation and a decrafise 14, with other
values differing between use variants.

The results show that simulated flooding affects the enzymatic activity of Fluvisols,
and that the mode of cultivation has a role in the process of these changes.
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The impact of the addition of selected osmoprotectants on the enzymatic
activity in soil environment during different moisture conditions
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Osmoprotectants are molecules that balance the osmotic difference between the
extracellular and intracellular organism without interfering with the enzymatic function
of proteins or other biomolecules.

The aim ofthe presented research was to determine the effect of selected
osmoprotectants on the biological activity of soils with different moisture levels.

A model pilot experiment was performed under partially controlled conditions on a
vegetation hall using threesmoprotectants: ectoine, mymositol and betaine. In soil
samples dehydrogenase activity (DHa), acid (AcP) and alkaline (AIP) phosphatases.

The results show that the addition of mywositol and betaine caused an increase in
DHa and AcP in the soil 7chR1 days after the introduction of stress conditions (drought
and flooding) and under optimal conditions (60% FC) compared to the control without
any additives. Of which inositol caused more significant changes. In the case of AlP, the
addition of betaineand ectoine increased the value of AlP after 7 and 21 days of drought
stress (40% FC) compared to the control; and in the case of flooding (100% FC), the
stimulating effect was noted for betaine.

The results suggest that commercially available osmopratest affect the
enzymatic activity of the soil environment under hydrological stress and that their effect
may be stimulatory.
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Molecular & microscopic studies on fruit microstructure during the
ripening program and postharvest senescence
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Structural changes in cell walls during fruit development, ripening, and senescence
are caused by a variation in the content of polysaccharides and proteins. The major
impact on the physical properties of the cell wall is ascribed to the strictly arrange
framework that plays roles in the formation of an overall structure as well as the
maintenance of interactions between cell wall components (Tan et al., 2013). The goal
of this research was to create a pattern of the cell wall assembly of apple fruit aratdo
fruit. In Malus x domesticaas a model for studies on physiological alternations in
postharvest senescence and 8volanum lycopersicuras a model for studies on the
ripening process. The arrangement of the examined epitopes was analyzed using
immunochemistry approaches with specific monoclonal antibodies. iRaitu studies,
observations were carried out after the immunofluorescence technique with a confocal
laser scanning microscopy imaging and fex situ studies, enzymdinked
immunosorbentassay s performed. Results obtained allow to prepare patterns of
spatiotemporal changes in the arrangement of particular cell wall constituentstand
determine their concentration and molecular characteristics. Observed modifications of
cell walls are assodid with significant changes in homogalacturonan content and
distribution in particular cellular compartments. Mentioned alternations concern mainly
low methylesterified homogalacturonan, suggesting that calcium ion migration is an
essential factor in theell wall network during fruit modification.
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Metabolic changes dleosartoryaspp. (anamorphAspergillusspp.) in
response to incubation with sodium metabisulfite
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Fungal contamination poses a significant threat to various industries, incluatlg f
production and agricultural practices. Among the diverse group of fudensartorya
spp. (anamorphAspergilluspp.) is known for its ability to cause spoilage and produce
harmful mycotoxins. Sodium metabisulfite, a widely used preservative, has
demanstrated antifungal activity against various fungal specieseigarium oxysporum,
Macrophomina phaseolina, Rhizoctonia solani, Sclerotinia sclerotierddE 1l v = &% & U
2014; Arslan 2015). However, the metabolic respons&l@bsartoryaspp. to sodium
metabisulfite remains unknown. Therefore, this study aims to investigate the metabolic
changes oNeosartoryaspp. in response to sodium metabisulfite.

Five isolates oNeosartoryaspp. were incubated for 10 days in the presence of
sodium metabisulfite inlte media (test group) and on media without this preservative
(control). The metabolic activity of the fungal isolates was assessed using a fluorescence
based method with FDA. Fluorescein diacetate (FDA) is a substrate fpeicatant
esterases that carufiction as a viability indicator capable of assessing both enzymatic
activity and cell membrane integrity. FDA component degradation and therefore
(ou}E « v A e u epE pe]vP /v(]v]d 111 WE} E E X

Our findings revealed alterations in the metabdictivity of Neosartoryaspp. upon
exposure to sodium metabisulfite. Fluorescence analysis demonstrated a substantial
reduction in FDA conversion to fluorescence, indicating a decline in metabolic activity
compared to the control group. These results suggist sodium metabisulfite
adversely affects the metabolic processes of tested fungal strains Keosartorya
genus.

Understanding the metabolic responsesNdosartoryaspp. to sodium metabisulfite
is essential for developing effective antifungal strategies and preserving the quality and
safety of various products susceptible to fungal contamination. Further investigations
into the molecular mechanisms underlying the ebsd metabolic alterations will
provide valuable insights into the adaptive strategies employedlégsartoryaspp. in
response to environmental stressors, aiding in the development of targeted antifungal
interventions.
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The importance of plant extracts in shaping of bactesahmunities in
two types of soils
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Chemical compounds present in plant extracts can affects soil microorganisms. The
aim of the studies was to determine the effects of blueberry and black mulberity fru
extracts on the diversity of bacteria found in luvisols and podzols.

Fruit extracts were obtained by alcohol extraction and characterized by a high
content of polyphenolic compounds. They were applied in 2 dosessgnreng and in
the phase of wheat sta elongation) to the pots filled with luvisols and podzols, where
wheat was sown. Soil samples were collected after 11 weeks of wheat growth, DNA was
extracted, and the region V84 16S rRNA was sequenced after amplification on Illumina
MiSeq platform.

Inthe luvisols there was observed significant impact of blackberry extract on increase
of species richness. The use of both tested extracts in luvisols resulted in an increase in
the remaining biodiversity indicators (Pielou index, ShanwWaner, taxonomic
diversity) compared to the control. Moreover, the type of soil had a significant impact on
the abundance of bacterial communities. In luvisols, abundanddyosfococcotawere
significantly higher after the addition of blueberry extract than in control 3tié use of
blueberry extract significantly reduced the numberRHdtescibacterimompared to the
control. In the podzolic soil, a significantly higher numberBalellovibrionotaand
Patescibacteriavas observed in the objects with blueberry extract tharthe control
samples. Soil samples were grouped primarily by soil type (54% similarity). In the case of
podzols, the control soil and the soil with mulberry extract formed one cluster, and the
soil with blueberry extract grouped separately. In the casdéueisols, the control soil
formed one cluster and the samples with extracts another cluster. The PERMANOVA
analysis showed a significant effect of both soil type and extracts on the bacterial
community.
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Life in the soil: effects of crop residues incorporation, soil compartment
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Crop rotation and incorporation of crop residues into the soil are one of the most
important factorsthat enable to maximize the quantity and quality of plant production
while maintaining or increasing soil fertility. In this study we evaluated the effects of
residues of faba beanV(cia faba L.) and wheat Triticum aestivumL.) under
conventionally tikd fields on the fungal community (Next Generation Sequencing). Bulk
and rhizosphere soils were taken two times during second subsequent crop cultivation.
Soil analyzes (P, K, Mg, Ca, S, N, Corg, SOM, pH) and enzyme activities (dehydrogenase,
“glucosidasecellulase, urease, protease and acid phosphomonoesterase) were done.
Diversity indices of fungi species were mainly affected by residue type and growth phase.
Growth phase has also the greatest impact on phyla abundance. A nMDS plot showed
distinct sepaation of fungal species by residue, growth phase and soil compartment, and
significant effects (PERMANOVA p=0.0001) of all factors was noted. Cluster analysis
revealed, that the main grouping factor separating samples was growth phase. At stem
elongation amples with faba bean and wheat residues grouped at two separate clusters,
while at maturity bulk soil was separated from the rhizosphere soil. Samples from each
treatment clustered mostly in one group (p<0.05). BEST analysis confirmed the
importance of skected variables for microbial structure. The correlation coefficients
from a combination of subsets of biochemical parameters to the fungi species abundance
was high (form 0.728 to 0.852, depending on factor). The combination of variables
connected with Ptransformation best explains the pattern of fungi community
composition under residue type. Quite different variable sets best correlated with fungi
under soil and term factors. The results improve our understanding of the fungi reactions
on plant residus under subsequent crop vegetation indicating that each study factor
modify fungal community in different degree, depending on parameters analyzed.
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Genotype effect on molecular interactions in Langmuir monolayers of
camelina oil
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Camelina sativa is an oil plant wdeseed oil is rich in vitamins, unsaturated fatty
acids (EFA), phytosterols and polyphenols. In this study the camelina oils obtained from
the seeds of winter and spring camelina were analysed. The starting method during the
research was the Langmuir taglque by means of which thin monolayers of the camelina
oil were produced at the wateair interface. For each type of the camelina oil surface
pressure versus mean molecular areat4) isotherms and their hysteresis were
recorded. The analysis and chamxization of the interactions between the components
of the thin surface layers produced by this method required the use of several
complementary research techniques. For this purpose MUY spectroscopy and
Brewster microscopy were used to characteribintfilms made of the camelina oil.
These techniques allow to assess the structure of the monolayer, physicochemical
properties and determine the relationship between the chemical structure of the
deposited coatings. In addition, by means of oscillatingiees method the viscoelastic
properties of the camelina oil monolayers occurring at the waterinterface were
measured.
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The role of rhamnose and arabinose for the structure and rheology of
pectin, and cell wall mechanics
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Structure of pectin is one of main factors influencing mechanical propertiptanf
cell walls. It is also crucial for understanding of pectin gelling properties. In this study we
evaluated the impact of rhamnose and arabinose on (1) the structure of molecules of
diluted alkali soluble pectin fraction (DASP, rhamnogalacturonah fraction extracted
from carrot and apple), (2) rheology of pectin in solutions and (3) mechanics of the cell
wall (CWM). DASP was treated with arabinofuranosidasel, &@tyl esterase and RG
endolyase to induce rhamnose and arabinose related structetenges in RG
backbone and side chains. AFM was used to determine nanostructure of pectin and CWM
stiffness. Oscillatory test was applied to describe the rheology of pectin gels.

Results showed complex, enzysredated effects on the nanostructure and rblegy
of pectin solutions. An increase in cell wall stiffness was observed for the control samples
during the incubation time. However, action of the enzymes resulted in an average two
fold decrease in CWM stiffness compared to control after total 120ahincubation. A
possible role of rhamnose and arabinose for nanostructural features of molecules,
rheology and stiffness of CWM will be discussed based on obtained results.
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The adsorption of different polysaccharide fractions on apple microfibrillar
cellulose
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Binding assays of commercially available hemicelluloses and pectins, and
microfibrillar cellulose isolated from apple parenchyma were prepared. Initial studies
showed that among all of the netellulosic polysaccharides amined, only the
Z u]l] oopo}e ¢« ~AECo}Pou vU ADguedd) showed uhe \ability td
adsorb on microfibrillar cellulose. Among several adsorption models tested, the best fit
was obtained for the RedlieReterson isotherm. Moreover, the lineas. the branched
structure and the size of the hemicelluloses have an influence on the extent of the
adsorption on cellulose. The FTIR and Raman spectra showed that a rather weak
interaction took place between the hemicelluloses and cellulose. Also, ifferahtial
scanning calorimetry and the light scattering method results showed that after
adsorption, cellulose has less mobility.

The next stage of the study involved the modification of the adsorption system. The
ternary system consisted of cellulose damemicellulose with high affinity for the
adsorbent and second polysaccharide, which previously did not interact with cellulose. It
has been shown that hemicelluloses such as xyloglucan, Xyuglucan that adsorb on
cellulose are promoters that allowhis adsorption complex to interact with selected
pectin and other hemicelluloses. This depends on the concentration ratio of these
polysaccharides. Finally, the adsorption of polysaccharide fractions directly isolated from
the apple cell wall on microfibitar cellulose was conducted. The polysaccharide fractions
were characterized by vibrational spectroscopy and chromatography. The positive
adsorption was obtained only for fractions rich in hemicellulosic polysaccharides.
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The content of bioactive compounds in cpleéssed oil from rapeseed
sprouts
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The germination process of rapesead influenced by external factors like
temperature, oxygen, moisture content, and light. This study aimed to assess the impact
of germination with and without light access on the quality and bioactive compound
content of coldpressed rapeseed oil. Rapesee A E P Eu]v § S 1TE (J&E i
Variant | involved germination without light access, while Variant Il had alternating 12
ZIPWE % E]} ¢ }( o]PZS v Elv e X "% E}uss A E E] S
using coldpressing. The peroxide valugid value, panisidine value, TOTOX, fatty acid
composition, phytosterol content, tocochromanols, phenolic compounds, canolol, and
thermo-oxidative oil's stability were analyzed.

Germinating rapeseeds significantly increased the content of free fatty acitie
coldpressed oil, particularly in Variant Il with light access, reaching 3.28 mg KOH/g.
However, it remained below the maximum limit of 4 mg KOH/g according to Codex
Alimentarius. The germination process did not significantly affect the fatty acid
composition and phytosterol content of the oils. Oil from rapeseeds germinated with
light access showed a statistically significant increase of 32#4doopherol content.
Additionally, oil from sprouts without light access exhibited af2lé increasen PCG8
content. The content of phenolic compounds in the control oil (from ungerminated
seeds) was 92¢/100g, while sprout oils showed a6dtimes increase (343g/100g in
Variant | and 524.g/100g in Variant Il). Oils from sprouts also contained caramidlits
dimer. The oil obtained from seeds germinated with light access hadfal@ncrease
in canolol, while the variant without light access had afdld increase. Oils from
germinated seeds exhibiteda@o Z]PZ & }&A&] 3]A <35 niiofé&rConolidif ~11
oil and 60 min for sprout oils). Undoubtedly, the increased bioactive compound content
led to enhanced antioxidant activity and oxidative stability in the analyzed oils.
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Review of data fusion methods for soil moisture obtainednfaltiple
temporal and spatial scales
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Soil moisture (SM) is one of the Essential Climatealkri(ECV) pointed in Global
Climate Observing System by World Meteorological Organization. Current state of the
environmental science give us ability to assess SM values for wide range of temporal and
spatial scale. Using -gitu instrumentation and sathle-based remote sensing
techniques, we are able to measure SM from point to global scale, with time stamp
ranging from second to days. Furthermore, a new methods to provide SM data in
'medium’ scale are still developed and validated. One of the methogiging ‘medium’
scale SM data is isitu remote sensing including Cosritay Neutron Sensing (CRNS)
stations. Taking into account the wide range of methods, theirs different working
principles and variety in spatial and temporal characteristics of reshiése is a strong
need for developing methods of SM fusion. In the framework of SoMBet oisture
Metrology - Metrology for multiscale monitoring of soil moisture) project we provided
a complex review of various methods that could be used irptioeess of data fusion for
multi-temporal and multspatial SM data. Basing on our investigation, the most
adequate data fusion approach for combining point, "medium" and global scale SM
retrievals was proposed. Our interest covered a wide range of methools the most
basic to the most complex, including those involving Neural Network. In the results of
our review we provide a advantages and disadvantages of various data fusion methods
considered for application for SM data. Reviewed methods are predeeigarding the
abilities for SM data improvements comparing to the resources needed for the particular
method evaluation. In presented work we summarized the results of performed review
giving indication for the best data fusion practice taking into aot@ost to capabilities
ratio. The advantages and disadvantages of the most effective methods were
highlighted.

Acknowledgements

The project 21GRD08 SoMMet has received funding from the European Partnership
on Metrology, cefinanced by the Europearhv]}v[e ,}E]I}v HuE}% Z + E Z
Innovation Programme and by the Participating States.

134



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

New biotechnological solutions in biocontrol and molecular diagnostics of
Neofabraeaspp. in appled a review
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The most important requirement for apple producers is to ensure the best possible
apple quality after storage. Growers must comply with several regulations in the field of
food and environmentasafety. In the production of apples, it has been observed that
financial losses are related to the occurrence of latent storage diseases caused by
phytopathogenic fungi of the genudeofabraeca~ poo[s C E}5eX dZ E (}JE U ]Jv4
this sector requirenew solutions supporting rational apple management, with a
particular focus on precological methods of controllinfleofabraeasp. pathogenic
representatives and methods for the early detection of these pathogens, especially when
there are no symptoms afisease in the apple. This review summarizes the activities
being undertaken to increase sustainable production in horticulture. What is more, the
upto- & <JPV](] VvV }( % %0 % E} p 3]}v v SZ A E]lue A C- }(
eye rot were also decribed. Next, biopreparations based on microorganisms in
horticulture applications are characterized, with special attention being paid to the
preparations preventing the development NEofabraeaspp. The various methods used
to detect fungal phytopathogns are explored towardsdeofabraeaspp. detection using
genetic markers. Finally, expectations and future directions in the quest for new
biotechnological solutions in the area of the biocontrol and molecular diagnostics of
Neofabraeaspp. in apples werpresented. In particular, the need for targeted biocontrol
biopreparations and an early detection methodNéofabraeaspp. in apples to evaluate
§8Z EJel }(8Z } PWEE Vv }( % %0 upoo[s C E}S A« Z]PZo]P:
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Soil enrichment with biochar changes the methanotrophic bacterial
community
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The addition of biochar to soils may contribute to improved soil properties and the
mitigating of greenhouse gas emissions. How thisaiotp on the biological oxidation of
methane (CH) in arable soils is particularly important given the high warming potential
of CH, and the potential inhibition of methanotrophy due to nitrogen fertilizer
applications. To assess this under laboratory cpifi}veU *]o3C <}]Joe A E Jv u 3

v TAE U A]S8Z +}]o u}]*3uE }vd vE }EE *%}v JvP 8} 0i9 A §
included treatments with and without the addition of biochar. To examine the effect of
fertilization soil samples were takerofn adjacent sites that were either unfertilized, or
subjected to mineral and organic manure. A chromatographic method was used to
measure changes in @ebncentrations in the headspace over time. Methanotrophy was
found to be inhibited in the control sailwhich was stimulated by enrichment unfertilized
soil with biochar. Analysis of the microbial community structure revealed that the
unfertilized soil with biochar was a habitat for the geneidethylobacter,
Methylomonadacea (recently confirmed to harboumethanotrophic species) and
Methylocaldum Biochar application increased the proportion of methanotrophs in the
soil microbial community, although this reduced their diversity in fertilized soil. Biechar
amended soil was particuarily favourable tdethylobacterwhich were the dominant
methaneoxidizers with an abundan@most doubled that compared to the contrdlhis
study shows that the addition of biochar to silty soils has the potential to stimulate
methanotrophy and change the methanotrophic bact&ricommunity. Given the
complexity of the soil environment, it would be worth conducting these analyses on
different soil types, taking account of both the environmental effects and the altered
microbiological populations.
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Changes in the structure and antioxidant capacity of the gluten network
modified by hydroxycinnamic acids
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The gluten network is a complex system composed of multiple components that
possesse unique aggregation properties. The thrdenensional structure of gluten is
essential for conferring desirable characteristics to wHeased products. Given the
widespread consumption of wheat products, they provide an excellent medium for
incorporatingbeneficial nutritional compounds such as phenolic compounds, which can
have positive effects on human health. Among plant phenolic compounds, phenolic acids
are the most commonly studied and have gained considerable attention due to their
relatively high antioxidant activity and easy absorption in the intestines. These
compounds can be added to food as ingredients in dietary fibre preparations or
polyphenol extracts.

The aim of the research was to examine the effect of hydroxycinnamic acid
supplementation on the structure and antioxidant properties of the gluten network. The
phenolic acids were added to the model flour at concentrations of 0.05%, 0.1%, and 0.2%
(w/w). The model flour consists of commercially available wheat starch and \ghean
in proportions of 80:15. For the preparation of the model dough samples, a farinograph
was utilized. To obtain gluten samples, the gluten was extracted from the model dough
through washing and subsequently lyophilized. The secondary structure afldien
was determined using FTIR spectroscopy. The antioxidant properties of the samples were
evaluated using the ABTS and FRAP assays.

The present studies have shown that the addition of hydroxycinnamic acids to the
model dough alters the structure anddehemical properties of the gluten network. The
impact of phenolic acids on the gluten network depends on the type of functional groups
attached to the aromatic ring of the phenolic acid. The findings suggest that the presence
of an additional double bonah the structure of hydroxycinnamic acids, along with the
additional-OH group in PCAT and CAF, significantly affects the antioxidant properties of
gluten proteins.
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Breakage strength of wheat straw pellets determined experimentally and
by means of DEM simulations
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Waste biomaterial pellets are an irafant source of renewable energy. Their
mechanical strength is a crucial property. In this study, the breakage strength of wheat
straw pellets was determined experimentally and via DEM simulations. Relaxed pellets
with a diameterDe }( 0 X1iFiXifi beighvfiis }( iiXOFIXT uu A E Ju% E s-
uv] £] ooC v ] u SE ooC 3§ }Jved v Je%o0 bW A o} ]3C

A EP ve]3C }( 8Z % o0 3% Thescdmpréssivel frength determined

in the uniaxial compression test wasz = 6 XAiFTIX67T DW X dZ § ve]o SE
determined in the diametral compression test wage A TXTiFiX6i DW X /v §Z puv]
compression test, the failure strain wad/hi A IXTiTFiXiéiU v ]Jv §Z ] u SC
compression test, the failure strain wa®/D=0.16 0 Fi XiTTX dZ -P&ger faillie
locus of wheat straw pelletg} =p tan(”) +c, was determined from both the diametral
and uniaxial compression tests, wheyés the stress deviatop is the hydrostatic stress,
" is the angle of internal friction”( A id X TFiiX 62 the cohesiond A 6 X0 FTX T
MPa). The cohesion and angle of friction are two material parameters independent of
the type of breakage test performed. They represent the overall effect of birfdings
between the ingredients of the pellet on its breakage strength. The pellet breakage
process was successfully simulated using DEM equipped with the parallel bonded particle
model. The simulations accurately reproduced the results of laboratory tpstimd
provided a deeper insight into particfmarticle bonding mechanisms.
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Dielectric measurements of moisture and temperature of the surface layer
of the soil profile

WilczekA!, KafarskiM.!, MajcherJ2U  A1C% SAAP 1  p IMw,
LewandowskiA.3, Skieruchan.t

1institute of Agrophysics, Polish Academy of Sciences, Lublin, Poland

2 Department of Electrical Engineering and Electrotechnologies, Lublin University of Technology,
Pdand

3 Institute of Electronic Systems, Warsaw University of Technology, Poland

Soil dielectric permittivity is temperature dependent mainly because of the unique
properties of water. Measurement of the moisture content of the surface soil lagieigu
dielectric sensors enables to observe the temperature impact on soil dielectric
permittivity and consequently on the output of the sensor. The upper 5 cm of surface
soil layer is the most susceptible to large temperature variations. This layer trdaspo
water to the deeper layers of the soil profile. It absorbs rainfall and dew deposits. There
is also evaporation that varies with insolation and air movement. Thus, it is the layer with
the highest rate and amplitude of changes in moisture and tempeeatielectric
measurement of moisture in this layer is therefore inherently subject to some lack of
selectivity with respect to temperature. It is also extremely important in satellite
measurements of soil moisture.

The purpose of this study was to detdma the magnitude of the error caused by the
temperature influence just after rainfall over several days when moisture changes are
the greatest. It occurred that there was an error of about 1% in volumetric water content,
which decreased as water contengcteased. This small value of error effectively makes
it difficult to study subtle phenomena occurring on the soil surface, such as dew deposits.
Moreover, soil temperature coefficients for a specific monitoring location were
determined. Practical applicain of this type of research allows for preliminary
characterization of soil under field conditions, which would be further examined with the
use of the coaxial cell laboratory system.
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An alarming abundance @filidiumsp., an emerging phytopathogen, in
organic strawberry farms in Poland
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The rise in global ambienemperature due to ongoing global warming has been
linked to the proliferation of fungal pathogens to the new areas and increased incidence
}( (LvP o ] ¢ Jv E VvsS C E- -~ E S§ oXU T1iiiV s o ¢
Consequently, the challenge of sgfmarding crops against the spread of phytopathogens
has intensified. Previously unaffected regions are now grappling with new plant
pathogens, leading to severe agricultural losses. To address this issue, metataxonomic
sequencing has emerged as a valuatdel for monitoring the presence of various
microorganisms, including phytopathogens, in the environment. This technique
circumvents the limitations associated with identifying Haboratory-culturable
microorganisms that exist in large numbers in theiemvment.

In this study, we investigated the mycobiome structure in 13 organic strawberry
farms, analyzing soil (bulk soil and rhizosphere) as well as plant (roots and phyllosphere)
niches using lllumina MiSeq platfofbased sequencing of ITS1 amplicons3(D). Our
findings highlight the prevalence of thHeilidiumgenus as one of the most abundant
fungal microorganisms observed in the analyzed samples. This observation raises
concerns, as these fungi have been documented so far as plant pathogens in warmer
climate zones such as China (Geng et al., 2012), Iran (Ayoubi et al., 2016), and Brazil
(Lopes et al., 2010).

These results underscore the urgent need to address the implications of global
warming on the geographic distribution and prevalence of fungah@gens. By
employing metataxonomic sequencing, we gain valuable insights into the composition of
the mycobiome, facilitating early detection and proactive management of emerging
threats to crop health. Such knowledge is crucial for the development ottefée
strategies aimed at protecting agricultural systems in the face of changing climatic
conditions.
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Maximizing agricultural sustainability: exploring the multifaceted benefits
of intercropping in contemporary farming systems
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In modern agriculture, the pursuit of sustaibility has never been more critical.
Intercropping, a dynamic farming strategy, emerges as a versatile tool with profound
implications for enhancing agricultural sustainability. This poster investigates the
multifaceted benefits of intercropping, partiarly focusing on legumes and wheat,
within the context of contemporary farming systems.

One of the primary advantages of intercropping, especially with legumes and wheat,
is the potential for significantly increased yields. By carefully selecting contgatitp
combinations, such as wheat and nitrogfeing legumes like peas or lentils, farmers can
harness synergies that lead to improved overall productivity. The legumes enrich the soill
with nitrogen, benefiting the subsequent growth of wheat and redgcthe need for
synthetic fertilizers [1].

Furthermore, intercropping legumes with wheat fosters resource efficiency by
optimizing land use and reducing nutrient and water wastage. The deep root systems of
legumes help in preventing soil erosion and enhagcsoil structure, creating a more
resilient farming environment [2].

Additionally, the intercropping of legumes and wheat promotes biodiversity, creating
a balanced ecosystem that supports beneficial insects, enhances soil health, and
contributes to longterm environmental resilience [3].

Our research highlights the holistic benefits of intercropping, particularly the
synergies between legumes and wheat, showcasing its role in shaping a sustainable and
resilient agricultural future.
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Legumecereal intercropping as a tool for improving soil quality and plant
health
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The challenges of modern agriculture, such as biodiversity lossnanehsing food
demand, require innovative solutions that will enable the preservation of -hjiggdity
arable soils. Legumeereal intercropping, which represents a sustainable approach to
cultivation, is gaining popularity due to its benefits for both thal and plants. The
literature data indicate that such cultivation strategy has a beneficial impact on the soil
microbiome, increasing the diversity and activity of soil microorganisms that play crucial
roles in maintaining microbial balance in the sddurthermore, legumeereal
intercropping offers the potential for reducing sbibrne pathogens, which leads to a
decreased risk of plant diseases. Taking into account the development of sustainable
agriculture, it is also worth mentioning the potentiad@ogical benefits that come with
the legumecereal intercropping such as the reduction of mineral fertilizers usage and
improved nitrogen utilization efficiency.

Intercropping in practice include various species of cereals and leguminous plant e.g.
maizewas cultivated together with soybean, faba bean or peanut, oat with soybean or
mung bean, wheat with faba bean, pea, clover or lentil, sugarcane with soybean or
peanut, barley with clover or barrelclover, sorghum with dry bean or cowpea and rice
with mungbean. Such a cropping strategy was also used for vegetable crops including
cucumber (cultivated with alfalfa, trifolium or pole bean), cherry tomato (cultivated with
jack bean, sun hemp, dwarf velvet bean or mung bean), cabbage (cultivated with faba
bean),spinach (intercropped with lentil) and carrot (intercropped with pea). However,
successful adoption of cerebdgume intercropping necessitates careful crop selection,
appropriate planting configurations, and effective management practices. The further
research is necessary to enhance the kagn sustainability of agricultural systems
based on the intercropping.
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Restriction fragments create a genetic fingerprints of soil microbioooé
to assess the basic genetic diversity of the soil microorganisms
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Communities of soil microorganisms perform key functions in biochemical processes
that enable he circulation of elements and plant growth. The proper functioning of the
soil ecosystem is closely related to the metabolism of microorganisms and the ability to
adapt to changing environmental conditions. The metabolic activity of bacteria, fungi and
archaea is responsible for the biochemical state of the soil. Knowledge about the soil
microbiome is important in assessing changes in the environment and actions aimed at
improving soil quality. The use of molecular methods, based on DNA isolated from the
soil, allows to assess the condition of microbial communities without the stage of
cultivation in laboratory conditions. The soil microbiome includes bacteria, fungi and
archaea, and the interactions between these components are extremely important and
affect biochemical processes. For this reason, the multitaxonomic assessment of
microbial communities can help us to understand the structure and biodiversity of
microbes and to go insight into their interactions.

The terminal restriction fragment length polymphism technique (RFLP) is widely
used for the assessment of soil microbial diversity as it provides a quick insight of the
microbiome. The -RFLP analysis could be a source of information of changes in soil
microbial communities in response to differtefertilization strategies. What is more; t
RFLP is fast and offers highly reproducible results. This technique was designed to assess
the basic genetic diversity of the soil microorganisms.

The aim of the research in the Sompacs project is to evaluatérpact of various

soil management methods in diverse soil and climatic conditions in Europe on the
microbial activity as well as the structure and functions of soil microorganisms.
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properties of Be&ectin films
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Bacterial cellulose (BC) syntiwesd by many species of aerobic bacteria is a promising
biomaterial what is related to its specific characteristics such as high purity or good
mechanical properties.

In this experiment, the impact of three different pectins fractions (wegeluble
pectins WSP, diluted alkadioluble pectins DASP, oxalaeluble pectins OSP) and
divalent ions (C4, F&*, Mg?*, Zrt*) on mechanical, thermal, and structural properties
was evaluated.

Obtained FAIR spectra provided information about 8@mposites functionagroups
and the state of bonds in their structure. Characteristic peaks for polysaccharides are
present, but all spectra had a similar pattern with no clear differencediliB€ enriched
with all pectins fractions was was characterized by an increasedgYimadulus and
tangent modulus compared to pure BC. A similar effect was observed for mgetdiC
conjugates with divalent metal ions except for DASP combined with iron. In the
BC_WSP_Mg variant, the highest increase in elastic limit was noticed iomdlajpure
BC. In the remaining variants, a similar but lower pronounced effect was observed.
During the tensile test, the BC_DASP_Fe variant broke at the lowest stresses, while most
additives increase the stress at the break of-d@posites. Differentiascanning
calorimetry was used to investigate the thermal behavior of produced composites. A
slight decrease in thermal degradation temperature was observed in variants with
addition of pure pectin fractions. However, the lowest value was noted for BC_M(BP
and BC_DASP_Ca, while the highest for BC_OSP_Fe, BC_OSP_Mg, and BC_OSP_Zn.

Based on the obtained results, it can be concluded that divalent metal ions increased
the mechanical strength of most Bfectin conjugates. Pectin fractions reduced the
temperature of thermal degradation, however, zinc and iron ions prevent this effect for
WSP and OSP. The experiment showed various possibilities for tailoring BC thermal and
mechanical properties using specific pectin fractions and divalent metal ions.

Acknowledgenents
This study was supported by the National Science Centre, Poland (Project No.
2020/37/B/NZ9/03159).

144



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Sewage sludge from an IRMS perspective

Jaromin'o ., PolakowskC.,BieganowskiA.

Ive§CE&PE PE}(]ICI] JuX }Z v} &I wel] P} W}oel]li | u]] E plU « Is
_@E} }A]lel WEICE} v] 1 P}U P9alublhov 38U fi

Isotope Ratio Mass Spectrometry (IRMS) is a method that enable high precision
measuement of stable isotopes abundance in a given material. It is widely used in
various fields: palaeontology, archaeology, forensics, hydrobiology, climate change, soil
science etc.

IRMS enables accurate determination of both gaseous, liquid and solid sanfple
analytical technique provides an eveéeepening understanding of a wide range of
environmental processes since biological, enzymatic activities leave a "footprint” in the
form of nonrequilibrium isotope distribution of substrates and metabolitd8MS results
can be a tool for evaluating biological processes and conditions occurring in wastewater
treatment plant sludge.

The presentation, summarizes current knowledge on the implementation of IRMS in
the field of wastewater treatment, with particulamphasis on the potential of using
measurements of 13C/12C stable carbon isotope ratios in the monitoring of wastewater
treatment plant technology. The literature data provide the background for the
subsequent presentation of results of stable isotope fati * S ] § §Z i *A
municipal WWTP plant in Lublin.

The material for the study was collected in different seasons of the year. Six points of
the sludge treatment line were chosen, representing consecutive stages of sludge
processing. Results of thet3C allow to conclude that the sediments taken from
different points in the sludge process line are characterized by different stable C isotope
ratios.

Further studies are necessary to establish an isotopic composition inventory of sludge
from various technlogies and to investigate the biological processes taking place in the
sludge.

The prospects for using the IRMS method to analyze wastewater treatment and the
environmental impact of the process are discussed.
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Infrared spectroscopy analysis of pivally modified potato starch with
the addition of lysozyme
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Starch is one of the most common biopolymers in the world. It is one of the main
sources of energy used in the human diet, and due to its biodegradability, it is a good
product for the productio of plastics. This work presents the results of novel research
focusing on the influence of the power of the electromagnetic wave on changes in-starch
water-protein interactions in 5 % stardiisozyme gels. Lysozyme is applied as an additive
in various poducts thanks to its bacteriostatic and antibacterial properties. The presence
of r-(1,4) glycosidic bonds, important for starch grain, was shown, which, depending on
the modification, gradually disappear. For starch subjected to microwave power of 125
WI/g, they show the highest absorption intensity in relation to the remaining samples and
native starch. Infrared analysis allowed to observe a significant change in CH stretching
vibrations at wave number 2930 [ef], which may result from protein binding it
starch.

The modification of native potato starch with the use of microwave radiation leads
to changes in the hydrophobltydrophilic properties of the biopolymer, what is related
to the reorganization of water molecules in crystallographic structures. ciimducted
research indicates the possibility of using lysozyme dimer as a component that improves
structural properties of the biopolymer lattice.
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Effect of compost and mineral materials on content of trace elements in
soil contaminated witlpetrol
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The global use of petroleum hydrocarbons as raw materials and an energy simurces
industry is causing serious environmental, health, and ecological problems.
Consequently, there is a growing interest in the development of technologies for the
remediation of contaminated areas. This study was undertaken in order to determine
the effect of different phytostabilising materials (compost, bentonite, and CaO) on the
trace element content in soil contaminated with petrol (0, 2.5, 5, and 1®men kg of
soil). The doses of petroleum applied to the soil were based on the previously conducted
preliminary experiment. Soil samples for analysis were collected during harvesting of
maize at the tasseling stage. The content of the trace elements was analysed by the flame
atomic absorption spectrophotometry (FAAS).

The contamination of soil with patt significantly modified the trace element content
in the soil. The highest petroleum dose (10 cm3 per kg of soil) significantly reduced the
chromium, zinc, and cobalt content in the soil. Petroleum increased the cadmium, lead,
nickel, and copper contentin the soil. The materials used for phytostabilisation
(compost, bentonite, calcium oxide) had a significant effect on the trace element content
in the soil. The application of mineral materials (bentonite and calcium oxide) was more
effective than the aplication of compost, compared to the control series (without soil
amendments) as they reduced the contents of cadmium, chromium, nickel, and cobalt in
the soil to the greatest extent. The reducing effect of bentonite and calcium oxide on the
content of these trace elements in the soil was stronger than that of compost.
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Influence of soil density on complex dielectric permittivity spectrum
measurements
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Complex dielectric permittivity spectra can be measured using several type of
dielectric sensors connected to a vector netwaanalyser (VNA). The most popular
sensors are muHiods probes, coaxial cells and opended probes. Complex dielectric
permittivity spectrum of soil enables to obtain some soil parameters like moisture or
salinity. Soil moisture is usually expressed \adumetric water content, which
determines the value of complex dielectric permittivity. For a sample of given mass water
content different dielectric permittivity spectra are obtained under different
compression levels because of the change in volumetater content and the change
in soil porosity.

The issue of soil compaction was investigated in the present work using a specially
designed and constructed plastic cylinder, which was filled with soil samples of given
moisture contents. At the bottom ohte cylinder an operended probe with antenna was
mounted and connected to a oAgort VNA. The cylinder closed from the top with a
piston was placed on a hydraulic press and measurements were taken at various piston
positions. The piston position was presiscontrolled and sample density was calculated
for several compression levels. For every single soil density, reflection parameters were
recorded and complex dielectric permittivity spectra were calculated. Significant
differences for obtained spectra boin real and in imaginary part were observed with
the change in the sample compression levels.
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Modelling of water transport in materials for food applications.
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Water is a major component of food products, and it plays a key role in the processes
occurring in both the finished food and its components. The transport of water in food
systems is studied using Nuclddagnetic Resonance (Low FieNMR and PGSEIMR)
techniques. From these techniques, we obtain information on the state of rotational and
translational water in the system. Another important parameter is water activity, the
results presented showed thittis related to water transport in food.

In this study, parameters showing water transport were determined based on a
developed model[1]. The development of the model was based on the analysis of
changes in water activity during measurement for modelypwr systems. The validity
of the model was checked by comparing water transport rates and watedgklsion
coefficients measured by PHRBVIR. The results obtained confirmed the possibility of
direct modelling of parameters describing water transport.

In the subsequent stages of the study, parameters describing water transport in
selected foodstuffs were determined. Water activity curves were compared for products
of different compositions.
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Determination of dielectripermittivity spectrum in 1600 MHz range as
a function of moisture content for selected seed species
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Moisture content is one of the basic parameters of seeds. It determines when a crop
is harvested anémpacts the final price of a given batch of the produce. Moisture content
is also a key parameter in the process of seed storage. Too high value leads to a significant
shortening of the storage time of a given batch of material. It also leads tdasating
of the material and develops decay processes. Therefore, it is important to control this
parameter on ongoing basis.

There are many methods and techniques for measuring seed moisture content
available on the market. The gravimetric method is consideredhe reference. This
method, although highly accurate, is unfortunately thioensuming. Methods in which
moisture content is determined almost immediately are rapidly being developed. These
are indirect methods, most of which involve measurement of eleat parameters such
as resistance or dielectric permittivity. Due to increasing availability ofclwst vector
network analyzers, they are also finding their way into fast and portable seed moisture
measurement.

In the presented research a vector netwanalyzer with an antenna probe was used
to determine seed moisture. The dielectric permittivity spectrum in the range from 10
MHz to 500 MHz as a function of moisture content was determined for several selected
seed species such as rapeseed, phaceliafiaxd Based on the obtained measurement
results, it can be concluded that the use of VNA allows the determination of seed
moisture content. In addition, it can be noted that this method is characterized by high
sensitivity.
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Spectroscopic investigation of Camelina sativa oils of different genotypes
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Camelina is an annual oil plant from tiBzassicaceadamily. It is widely spread,
especially ireastern Europe and Western Asia, due to its high resistance to poor weather
v *}Jo }v ]§]}veX u o]v [e A]Jvd§ E Vv *% E]VP (}EuUs E IVv}Av
maintain, but the spring forms are the most common. Moreover, the seeds and oils
obtained fran Camelinaare rich in healtlpromoting and bioactive compounds,
especially unsaturated fatty acids, and phenolics, whose composition depends not only
on the specific form (spring or winter) but differs between the different cultivars due to
different gendypes of the plant.

This study is devoted to the spectroscopic investigation of-poédsedcamelinaoils
of both winter and spring forms obtained from different genotype plants. Stesdie
UMWVIS, fluorescence, and FTIR spectroscopy was applied, with special emphasis on total
fluorescence assays of bulk samples were performed, in order to revealedifes in
spectra originating from different genotypes of the plant. The total amount of 61
different oils was investigated in that manner and slight differences in the spectra,
especially between spring and winter forms were found. The results obtaires al
revealed the differences in the quantitative composition of different compounds,
dependent on the plant genotype.
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Mycorrhizal fungi and interactions of soil microbes in the cultivation of
solanaceous plants
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The purpose of this study was to evaluate the influeatmycorrhizal inoculation on
biological properties of tomato and sweet pepper rhizosphere soil in organic field
cultivation. A field experiment with tomato plants (in 202817) and sweet pepper (in
2016-7ii6e A« @EE&] }us }v v }EP wi ceitrdaasttvn R@and |
Tomato seedlings were inoculated with the mycorrhizal fundlisroideoglomus
etunicatum Mycological analysis of the tomato rhizosphere was conducted using only
SE J8]}vo t E p% s u 3Z} X ~A 3§ % %% E <ithavPe A E
commercial mycorrhizal inoculum Mycoflor. An analysis of the microbial community in
the rhizosphere was carried out using traditional and modern analysis methods such as
extraction of total DNA, PCR Reaction, and M&emeration Sequencing.

Saprotrophic fungi such a3richodermassp.,Mucor spp. andPenicilliumspp. were
often more isolated from the rhizosphere of tomato plants inoculated Vilitletunicatum
than controls. TheC. etunicatumstrain had a direct impact on the increase in fungal
biodiversty in the tomato rhizosphere. The microbiological analysis of the sweet pepper
rhizosphere showed that the average bacterial population in the years ranged from
i6X060|ii0 &h]® t ~A]S8Z uC }EEZ]I -+ $}*B0KBW (¢dabtrolg h|P
which indcates that the mycorrhizal inoculum inhibited bacterial growth in the pepper
rhizosphere. A smaller number of fungal colonies was observed in the mycorrhizal soil
e U%o0 ¢ ~0XGaT7|fid SZhYyPlv }vSE}o -~ 0 XY fMpwever, &hrcBpa
method shoved that more fungal species colonies were isolated from the rhizosphere of
mycorrhizal plants than in control. Biodiversity indices calculated from-gemeration
sequencing (NGS) of the internal fragment of the transcribed spacer (ITS) showed the
highestvalue of Shannon (H') and Fischer indices in combinations with the mycorrhiza
than in the control. Promising results were obtained in the metagenomic studies, which
showed an increase in the biodiversity of rhizosphere fungi after mycorrhiza application
(especiallyTrichodermaspp.,Mucor spp.,Acremoniunmspp., ndMortierellaspp.).
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Soil thermal properties of Luvic Chernozems under long term field
experiment with mineral fertilization and crop rotation
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The aim ofthe current study was to estimate the soil thermal properties of Luvic
Chernozems under long term field experiment with mineral fertilization and crop
rotation in the experimental field of the Institute of agriculture and seed science
AK E 18+}A Rudep Nortb Bulgaria. The soil thermal properties were measured
using KD2Pro device at surfacé Gnd 1520 cm soil layers and estimated by two indirect
methods in variants with N and NPK fertilizations, non fertilized (Control) variant and
under adjacentgrassed land (Grass) of the standard meteorological observatory. The
experimental data for soil water content, soil bulk and particle densities, particle size
distribution, soil organic matter were used for estimation of soil thermal conductiyjty (
by de Vries model (de Vries, 1963). The mean effective thermal diffusiyifgr(the soil
layer 0.020.20 m under grassed land was calculated by the annual soil temperature wave
method (Marinova et al., 1990) using 10 years daily records of soil temperatures
measured at 0.02 and 0.20 m at the meteorological observatory.

The highest, values for Control (1.58 W/m/K), Grass (1.44 W/m/K) and NPK (1.41
W/m/K) variants were measured at depth-PB cm at water content retained at matric
potential pF=1. The highest values were measured at water held at pF=0.4 for all
variants: NPKaE0.54 mnd/s) at depth 65 cm, followed by Controh€0.53 mnd/s), Grass
(@=0.47 mn¥/s) and N =0.45 mnd/s) variants at depth 120 cm. The highest volumetric
heat capacity ¢V valuesvaried from 3.33 MJ/fIK in the Control to 3.60 MJ/#K in
NPK.

For all studied variants, the lowest values of thermal properties were recorded-at air
dry conditions and varied fogfrom 0.39 (Control) to 0.71 W/m/K (NPK); @vfrom 1.64
(Grass) to 2.4813/m¥/K (N); forafrom 0.19 (Control) to 0.36 mffs (Grass).
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Changes in physicochemical properties Dyfstric Cambisobfter its
complex modification

SzewczukarpiszK !, KukowskaS?1, TomczykAl, FeldeV.J.M.N.L2 PethS?

1/ye3]3pus }( PE}%ZCe+] U W}o]+Z uC }( 290 kubkiyPgjard] 1 ov dU 1
2|nstitute of Soil Science, Chair of Soil Biophysics, Leibniz University Hannd¥#efE vZ pe E *"SEX
2, 30419 Hannover, Germany

Nowadays, soil degradation is more and more common due to agricultural abuses
and urbanization. As a result of this undesirable process, soils lose their physical,
chemical or biological properties atcome infertile. Many different practices can be
applied to prevent and reverse soil degradation, including the addition of organic
modifiers.

The main aim of the study was to determine the influence of complex modification,
performed using biochar and mmeomolecular compounds, on physicochemical
properties ofDystric CambisdDQ. The measurements of contact angle, pH, variable
surface charge and porosity of nomodified and modified soils were carried out. The
biochars were prepared from wood waste (B©L sunflower husks (BC2) by pyrolysis at
ORIE X § E] 0 AE}%}oCe Z E] ~ W~re « Aoo =+ 3]}v] ~d
PAM) polyacrylamides were used as polymeric modifiers.

The obtained results showed that all performed modifications affected
physicochemistry oDC The addition of 5% of BC and 50 ppm/L of macromolecular
compound increased the contact angle B which meant that the soil was more
hydrophobic after the selected treatment. All modifiers made the reactiobGhigher
as well asentributed to slight changes in the soil porosity and specific surface area. The
application of both 5% of BC1 and 50 mg/L of AN PAM increased variable surface charge
of the soil to the greatest extent.
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Impedance phase angle measurement reveals root stress resipositie
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Methodological constraints strongly limit access to the plant ra@ystem in

undisturbed soil, so development of natestructive investigation techniques, including
] o SE] u SZ} U Z » viZ epi $}I(EVA Jvs E 5 ]v E

et al. 2013). The present study aimed to demonstrate that the sifigiuency (1 kHz
AC) measurement of impedance phase andlif intact roottsoil systems is suitable
for monitoring plant responses to environmental stresgesitu Potted spring wheat
and soybean plants were exposed to cadmium contamination, soil alkalinity and drought
stress. L was detected at regular time intervals between a ground and a plant electrode
during the plant development, at the end of which root ankost biomass were
measured destructively. Each type of stress significantly reduced hathd the root
and shoot dry mass, to an extent proportional to the stress level. The decredseas
attributed to various physical and chemical changesg ( permeaability, lipid
peroxidation) in root cell membranes, the accelerated maturation of the- el
endodermis and altered root morphology. These stress modified the dielectric properties
(i.e. complex relative permittivity) of the root tissues, influencing tiatio of apoplastic
to symplastic pathways of the alternating electrical current inside the roots, and the
impedance response accordingly (Grimnes and Martinsen 2015). The-isttesed
increase in the amount of electrically insulating lignin and subgriroot tissues was
considered to be an influential factor in decreasiig The present results clearly
demonstrated that in pot experiments the measurement of the impedance phase angle
in intact root systems is a useful in situ approach for detectingadyically the plant
responses to stresses targeted the roots. The simple method is potentially applicable
under field conditions, and deserves further attention in future research.

Acknowledgements
This study was supported by the National Research, Deredap and Innovation
Fund of Hungary (NKFIH), project No. 137617, financed under tB2 feidding scheme.

References

1. e« E +vC « /XU Z il ] @XO)'RJ¢E ¢F ghas sigle measurement in electrical
impedance spectroscopyhit. Agrophys.27: 377383,doi: 10.2478/intag20130007.

2. 'EJuv ¢ "XU D ES3(Ppois5)yBidipgedsvice and bioelectricity basicAtademic
Press, Oxford3rd ed.,doi: 10.1016/C201D-069517.

155



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Investigation of the cation exchange capacity and specific surface area in
representative Hungarian soil types and their correlation with other soil
properties
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In 2016, we started to develop a nationally representative database of typical
Hungarian soils, focusing mainly tre soil physical and physi@athemical properties. In
this publication, we investigated the cation exchange capacity (CEC) and specific surface
area (N-BET) and their relationship with other soil properties.

We explored 60 soil profiles, and from eachl $mirizon we collected disturbed and
undisturbed soil samples. The basic properties were determined according to the
Hungarian standard.

The correlation analysis for the whole database revealed that the soil properties most
closely related to CEC were @iecreasing order of importance): clay content, soil organic
matter content, specific surface area. When the effect of soil properties was examined
for each main soil type, different orders of importance were observed. For example, in
the case of Skeletalols, calcium carbonate content was the property that had the
greatest (positive) influence on the CE&ue, whereas in the case of Lithomorphous
soils, soil organic material content was the property that had the greatest (positive)
influence on cation exhange capacity. With increasing clay content, the role of soll
organic matter in the cation exchange capacity generally decreases, while in soils with
high organic matter content the role of clay content is subordinate and may have
negative effect on CB@lue.

In the case of specific surface area, clay content, silt content, CEC value and soil
organic matter quality were the most closely correlated properties.
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from the cell wall of various parts of onion
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Onion is a vegetable known for several thousand years. It enjoys unflagging popularity
due to its taste, nutritional and medicinal properties (Kianian et al., 2021). The cell wall
of onion consists mainly of cellulose, hemicelluloses (xyloglucan) ansijpe ~K[E ]Joo v
York, 2003). However, the cell wall composition is variable. It depends on the plant
variety, organ, the stage of growth and development, and environmental conditions
(Houston et al., 2016).

The aim of research was to compare the physienaical properties of watesoluble
polysaccharides extracted from the cell wall of storage organ and assimilation leaves of
Allium cepd..

The cell wall material and wateaoluble polysaccharides were isolated from two parts
of onion (plants obtained from 0} 0 % &} pu E- }E JvP S} ZColwel
Aqueous dispersions of polysaccharides were prepared and characterized in terms of
electrolytic conductivity and pH, molecular weight of polysaccharides, and hydrodynamic
diameter and electrophoretienobility of the dispersed particles, according to previous
% E} HE « ~]'0 § oXU iifieX

The results allowed to extend the knowledge about the properties of wabduble
polysaccharides present in the cell wall of various organs of the onion.
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Application of machine learning to assess the quality of food prodiads.
study: Coffee Bean.
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The quality of coffee beans plays a key role in the selection of appropriate
characteristics such as color, shape, taste and aroma. Currently, the ¢eféan drink is
one of the most popular beverages consumed by the consumer at the world. Modern
machine learning methods were used to automate and improve the determination of an
effective quality index for coffee beans. Machine learning algorithms cattefély
recognize various anomalies occurring, among others, in a food product. The procedure
for preparing the machine learning algorithm depends on the correct preparation and
preprocessing of the learning set. The set contained coded informationsélected
quality coefficients) based on digital photos (input data) and a specific class of coffee
bean (output data). Because of training and data tuning, an adequate artificial neural
network obtained, which characterized by a high recognition rate e$¢hcoffee beans
at the level of 0.90.
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Effect of exogenus indofgtacetic acid on changes in the biochemical
composition of unicellular algal biomass under nitrogen limitation.
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The aim of the study was to investigate the response of the unicellular algae
Eustigmatos calaminaris to different levels of nitrogen limitation and Rmpntation
with indole-3-acetic acid (IAA) in the culture medium. The concentration of IAA in the BG
iiu ] Aeii>d DX dZ 'iiu Juu *u%%o0 u vs A]S8Z / A + u} ]
of the content of the nitrogen source (NaNO3): 100% N, 50 %N, 25%MxJdrénents
were performed in Erlenmeyer flasks in the following conditions:. 83 0 % Z}3}ve u>1
+>iU 0o]PZ3l &I C o i6l6 ZUd 1T Fi £U €& §]}v A]§Z «§ E]Jo
phytotron chamber. The microalgal cells were grown for 17 dagsa&s accumulation
was determined by measuring changes in optical density with UVl/vis
spectrophotometry. The content of simple sugars was determined colorimetrically with
the anthrone. The lipid content was determined with a modified version of the Btigh
Dyer method. After lipid separation by solid phase extraction the fatty acid methyl ester
content was determined by Ultra (Thermo Scientific) chromatograph coupled with a ITQ
1100 mass spectrometer (Thermo Scientific). The results show that the higtosgh
rate, the highest lipid content were noted at the nitrogen limitation up to 25% with 1AA.
The main fatty acids it calaminarislipids were C16:0, C16:1, and C18:1. The IAA
addition in the nitrogen limitation variants enhanced the content of $AGC18:1 and
monounsaturated fatty acids
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Determining the hydrphobic character of a ldegn field experiment
Chernozem soil
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strongly influenced by the wettability (hydrophobic/hydrophilic character) of soils. In our
methodological experimes, we tested the wettability of a Chernozem soil from
Hungary (20C @&+ o}vP § (Bu A% E]Ju vSeU pe]vP <EPCee N i1 C
We measured the contact angle (cA) and water droplet penetration time (WD#E)
excellent indicators of solid phaswettability. We also investigated the possible
correlation of different agrotechniques (direct seeding, deep tillage, ploughing) with
hydrophobicity, macreaggregate stability and glomalin content. Two sample
preparation methods found in the literatureere tested in the preliminary experiments.

In the pastille method (PM), distilled water was dropped onto soil disc samples, and the
cA and WDPT were measured, in adhesive stripe method (ASM) only the cA was
measured. The appropriate settings at PM methoeravalso tested in the preliminary
experiments. We measured the maeaggregate stability with wesieving method,

while micreaggregate stability values were determined with laserdiffraction megthod.

At the end of the experiment series, the measured hyatrabicity, aggregate stability,
Po}u o]Jv }vE vE 8§ VvV %}e*] 0o }JEE o 5]}ve AE Ju% E X <
a simple method for characterising the wetting properties of the solid phase and it is
expected that the indicators of soil wetting propies will be useful in soil physics,
chemistry,-biology and over time in agricultural practice.
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Organophosphonates and their influence on Gjdle
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Organophosphonate€Ps) are a group of chemical compounds characterised by the
presence of a bond between carbon and phosphoruB)@toms. Compounds from this
group occumaturally in nature, e.g. as an integral part of cell membranes of prokaryotic
organisms. The most common natural OPs is methylphosphonate (MPn). OPs are also
produced as a result of human activity. Compounds from this group exhibit chelating and
bioactiveproperties, and therefore have found many applications in industry, medicine
and agriculture. The most important of the anthropogenic OPs, due to their prevalence
and volume of consumption, is the herbicide glyphosate.

The importance of OPs in the econoiByconstantly increasing, so it is essential to
understand how they may affect the micoyganisms involved in the methane cycle, i.e.
methanogens and methanotrophs. Firstly, all OPs, due to the presence of a phosphonate
group, may stimulate the activitgf these micreorganisms, especially in environments
where phosphorus availability is a limiting factor. In addition, recent studies have shown
that natural OPs are an important precursor in the new, until recently unknown process
of biological methane fanation. On the other hand, however, OPs, as chelators, may
interfere with the availability of other elements (e.g. Cu, Fe, Ca) and thus inhibit the
activity of important enzymes involved in the transformation of methane in the
environment.

Methane accountgor approximately 20% of the observed global warming. Despite
the importance of the issue, little is known about the impact of OPs on the biological
transformation of CHin the environment. Demonstrating knowledge gaps in this area is
the aim of this preentation.
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Comparison of the functional diversity in fungal endophytes communities
from the roots of the selected spring edt cultivars
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Wheat is the most important cereal cultivated in Europe. Plant tissues of all wheat
organs are inhabited by numerous endophytic fungi that live inside healthy tissues
without causing visible disease symptoms and their interaction with the plant is mostly
based on symbiosis. Fungal endophytes are known for their ability to:

xpromote the plant growth,
xincrease tolerance to high temperatures and drought

xinduce resistance to various types of biotic and abiotic stress factors including
plant pathogens angests.

The aim of the presented research was to compare the metabolic activity of fungal
endophytes inhabiting the roots of six varieties of spring wheat grown in the ecological
system, using BIOLOG FF plates.
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Ascomycota and Mortierellomycota abundance in response to different
cropping systems and reduced rates of N fertilization in maize monoculture
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Ascomycota and Mortierellomycota are widely recognized as the dominant fungal
phyla in the soil environment, while nitrogen (N) is an essential element fart pla
productivity; hence, it is abundantly applied to the soil in the form of organic or chemical
fertilizers.

The main objective of our study was to investigate the structure and richness of the
soil mycobiome at the taxonomic phylum level in the face efdlpplication of different
rates of N fertilization under two cropping systems: plowing (P) artlingNT).

In our study, we undertook sampling twice during a single growing season: before
maize sowing (without fertilization) and after harvesting the gr@four different
fertilization rates). The mycobiome structure was identified based on the Next
Generation Sequencing (NGS) technique.

There is evidence that the relative abundance of Ascomycota and Mortierellomycota
increases significantly in responseféatilization treatments (Liu et al., 2020). However,
our study showed that in a maize monoculture crop, this may depend on the tillage
system applied and N fertilization rates. We proved that after one growing season, the
relative abundance of Ascomycota the P system responded positively to increasing
fertilization rates, and that the abundance of these fungi remained relatively comparable
in the NT system (only a 20% reduction in N fertilization resulted in an increase in the
relative abundance of Aemycota). In contrast, the relative abundance of
Mortierellomycota in the P system decreased significantly and declined with increasing
N application rates, where, by comparison, in the NT system the richness of these fungi
was highest at the maximal N dpgation rate.
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Effect of tillge system on humic substance content and structure of
humusforming microorganisms in soil
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Humic Subtances (HSs) are produciedsitudue to chemical, physical, and microbial
degradation, as well as (re)polymerization of phenolic and aromatic components such as
lignin, tannins, and secondary metabolites. These organic molecules play essential roles
in improving soil properties, plant growth, and agronomic parameters. The
microorganisms involved in humification process are therefore highly important, having
a significant impact on the dynamic and speed of the decomposition of carbon in the soil.

The aim & the study was to evaluate the relationship between the type of tillage
(deep and strip tillage) and the content of HSs and the structure of hdorasng
microorganisms in the soil under the rapeseed crop and the yield of rapeseed.

Isolation of HSs wasepformed by the Schnitzer method and their content was
determined by spectrophotometry (af=465 and,=665 nm). The measured absorbance
values and indices were used as proxies for estimating the degree of humification
(E4/EB6). The analyzes were performexddse sowing and after rapeseed harvesting.

It was shown that the content of HSs in the soil from deep tillage was on average
iXO0TiFiX106 P,M}@P +}AJvP v 0&Xioo6Fibafdr hamestingl Fhe
content of HS substance in the soil from strip cultivation was higher and averaged
AXITIFiXidl P,A"¢}@ +}AJvP v 08X06i0F1XieibametsStaistical
analysis indicated a positive correlation between yield ahd E4/6 ratio (r=0.515,
p<0.01). The values of the E4/6 ratio show the ratio of substances in the early stages of
decomposition to those in advanced humification. Among the potential hufotsing
microorganisms in the soil, bacteria of the following gerfeseudomonadNocardioides
Pseudarthrobacter Promicromonospora,and fungi of the generaTetracladium
Cladosporiumand Xylariawere identified.
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Biadiversity of fungi as an indicator of potential biological andaailing
weathering
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Rock weathering drives both landscape/landform formation and soil
production/evolution [1]. Less studied biological component of weathering caused by
tree root systems andoil production under trees is the main focus of the present study.
Weathering by trees, which likely has been important in soil formation since the first
trees emerged in the middle and late Devonian, is accomplished through both physical
and biological raans, like acids excreted by plants and exudates from associated
bacterial communities [2, 3]. However, these processes are relatively poorly known. Our
goal was to assess the impact of tree roots and associated microbiota on the potential
level of biologtal weathering. As part of this study, we pose the question of the level of
activity and biodiversity of fungi in root systems of trees and rock crack, and how it can
affect biological weathering. The area of interest is the Poprad gorge in the southgrn pa
}( 8z ol] A MU Kus E t 8§ EvV E % SZ] veX dZ Z]PZ +§
classified genera were fungi performing simultaneously pathotrophic, saprotrophic and
symbiotrophic functions. Agaricales, Cantharellales and Archaeorhizomycetales were the
most numerous orders, but we also found a particularly high percentage of the order
Mortierellales in one sample. The order Boletaceae and its family Boletaceae were
significantly enriched in rock fracture samples, while the highest taxa abundance was
found in the reference samples. Our study confirmed that the fungal community in the
root zone is geochemically active, and organic acids secreted by plant roots in
oligotrophic conditions and nutrient limitations significantly affect soil weathering.
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Biodiversity of soil microorganisms in forest and agricultural ecosystems
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Forest are natural ecosystems with muléiyered plant communities, dominated by
trees. Because forests have many functiemscluding production, ecological, and
socialvit is important to preserve their species diversity and good health of stands for
future gererations [1, 2] . Soil is one of the basic elements of forest habitats that
guarantees the proper growth and development of an ecosystem. The use of forest soll
properties is the basis for sustainable and proper forest management [3].The aim of the
researt was the functional and structural characterization of microorganisms in forest
and agricultural soil, and the comparison of these environments in terms of
microbiological composition. It was shown that the species composition of soil
microorganisms waslasely related to the physical and biochemical properties of the
tested soils, and also depended on the sampling site (a given ecosystem). The core
microbiome of bacteria and fungi was ecosystspecific. The increased biodiversity of
the soil environmentvas closely related to the increased number of potential functions
performed by soil microorganisms. Understanding the diversity of microorganisms living
in the periroot zone of trees and the interactions between the microbiome and trees will
facilitate the development of future forest protection strategies and finding appropriate
indicators for assessing forest soils. The obtained test results are an additional source of
information on the microbiological composition, enzymatic activity and some chemical
properties of the soil of the mixed forest and the surrounding farmland.
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Detection of nutritional deficiency of sugar beet leaves byt MIRt SWIR
spectroscopy
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The quality of sugar beet plants depends on their nutritional status during the growth
of plants. Macronutrient such as nitrogen, potassium and phosphours plays an important
role in many physiological and biochemical processes, such as photosynthesis,
osmoregulation, transport of metabolites, synthesis of enzymes, proteins, starches and
OOHO}* V %0 V3 ¢SE ++ 00 A] 3]}vX /8[* u}Vv]S}E]VP ]V %0 V:
applicaton of mineral nutrients are crucial for ensuring crop yield and for minimizing the
negative environmental impact of fertilization.

The main objective of this study was to investigate the potential of hyperspectral
imaging method for discriminating nutrithal deficiency of sugar beet plant. The leaf
spectral reflectance were taken from an experiment that included a combination of four
nitrogen, phosphorus and potassium contents of nutrieeficient applied to sugar beet
plants. The hyperspectral imagestbé plant leaves were captured using hyperspectral
camera in the range of 460500 nm. Obvious differences in spectral reflectance existed
between treatments within certain wavelength regions (42000 nm). In addition, the
techniques of derivative analigsincreased the separation of grasses with different
fertility levels, providing the possibility of monitoring nutritional status. Combined with
different pretreatment and feature extraction methods, four classification models were
established by ‘earest neighbours, support vector regression, random forest and linear
regression. Finally, the best accuracy (higher than 80%) of the random forest method
with the testing dataset pretreated using SavitZBplay second derivative method and
correlation future selection algorithm were obtained. This results suggest that
hyperspectral image combined with machine learning methods have a remarkable ability
to accurately predict the leaf nutrient content.
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The effect of soil microorganisms on polycyclmaatic hydrocarbons
derivatives content in biochar
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Biochar (BC) is frequently used as a soil addition, conditioner, and fertilizer [1].
However, during highemperature processes of BC production, saimens are formed,
e.g. polycyclic aromatic hydrocarbons (PAHs) and their derivatives [2, 3]. The knowledge
of the fate of hazardous substances in the environment is essential to assess the safety
of the agricultural application of biochar. Thus the stadlyed to evaluate the changes
in the content of PAHs derivatives before and after the biological and enzymatic aging of
biochar.

The activity of soil microorganisms and the enzymes (horseradish peroxidase) affects
the physicochemical properties of biochas well as its structure and chemical
composition. Moreover, the content of the oxygen functional groups on the surface of
BC increased, whereas the aromaticity decreased, which indicated that the ability to
chemically interact with the compounds presentsoil increased. The aging affects also
the ash content in biochar. Enzymatic aging affects the studied parameters more than
biological aging.

Biological aging increased the content of the total fraction of PAHs and their
derivatives in BC as well as degsed the concentration of the bioavailable fraction of
analytes, which is more essential from the point of view of the practical use of biochars.
On the other hand, enzymatic aging decreased both fractions of the studied compounds.
The results indicatedhat soil microorganisms play a significant role in biochar
transformation, modification, and degradation processes in the soil environment.
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Nitazoxanide (nitrothiazolydalicylamidg is a smalmolecule antiprotozoal drug
available in markets as tablets and suspensions [1]. It has demonstrateespaédérum
antiviral efficacy against various viruses e.g. the respiratory syncytial virus, parainfluenza
virus, rotavirus, norovirus, hepiéis B virus (HBV), hepatitis C virus (HCV), dengue virus,
yellow fever virus, and human immunodeficiency virus (HIV) as well as coronavirus [2]
including SARGS0V,2. Thus, the drug was tested to fight COXtEDpathogenesis [2]. It is
worth noting that ntazoxanide is able to promote a balance between-prtammatory
and antiinflammatory responses in humans, which is essential in CO¥idue to the
curb of the hyperinflammatory cytokine storm [2].

Due to the greater usage of nitazoxanide due to the panit, its content in the
environment also increased. Thus, the issue of drug disposal is actual and very essential.

The study aimed to verify the effectiveness of thermally modified various organic
wastes (wheat straw, sunflower, and the residues from B®groduction) towards
v]s 1} E v] }JE%S]}vX dZ 1} Z E+ A E } §]v A] %CE}oCe
reach the equilibrium as well as the adsorption isotherms were investigated. Moreover,
the effect of interfering ions (chloride, nitrate, phosphatarbonate ions) and dissolved
organic matter on the amount of adsorbed drug was studied. The experiments were
carried out in aqueous solutions, but the effect of tap water and effluent from the
municipal wastewater treatment plant was also establishduk processes of sorption
on three different biochars (wheat straw, sunflower, and residues from biogas
production) were matched to the three different sorption models (Temkin, Dubinin
Radushkevich, and Langmuir, respectively). The amount of adsorbedxzitade (the
concentration of the initial aqueous solution of analyte: 20 mg/L) on studied materials
was 8.15, 9.89, and 13.44 mg/L, respectively.
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Isolation and characterization dfichodermasp. from apple tree soil with
potential for biocontrol oNeofabraeasp.
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Trichodermaspecies have gained significant attention as biocontrol agents due to
their antagonistic properties against various plant pathogenghis study, strains of
Trichodermasp. were isolated from soil samples collected from apple orchards under six
different ways of land cultivation. The aim was to investigate the antagonistic potential
of Trichodermasolates againsgieofabraeasp., a comran fungal pathogen that causes

poo[e C &E}S ~ Z<X

Isolation ofTrichodermaspp. was carried out by sowing soil samplesaohoderma
Selective Medium (TSM) and utilizing necromass fidaofabraeasp. as a source of
attraction for the antagonistic isolas. The isolatedlrichodermastrains were then
screened for their antagonistic activity agaimNgofabraeaspp.

Results underscored the presence of multipléchodermaspp. strains with varying
degrees of antagonistic potential againééofabraeaspp. Tle study sheds light on the
influence of different way of land cultivation on the diversity and effectiveness of
Trichodermaisolates. Furthermore, the utilization of TSM medium withiaofabraea
necromass as isolation strategies emphasizes innovative appes for cultivating the
most potent antagonistic strains.

In conclusion, this research contributes to our understandingrashodermaspp. as
a promising biocontrol agent againstofabraeaspp. infections in apple orchards. The
diverse isolation techagues and subsequent characterization offer insights into
harnessingrrichodermaspp. as beneficial fungi for sustainable and-f&tendly disease
management strategies in orchard ecosystems.
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Influence of yield size on labor inputs and their effectiveness in manual
raspberry harvesting
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Poland is one of the leading producers of raspberry fruit. Most raspberry plantations
in Poland are prepared for manual harvesting, which accounts for as much as 2/3 of the
annual labor input. Therefore, labor costs are particularly importaggpecially
harvesting, because this activity usually cannot be replaced effectively by another factor
of production.

The aim of the work was to develop model solutions for the organization of manual
raspberry fruit harvesting in the aspect of minimizindpda input, thus increasing
efficiency and productivity as well as minimizing harvesting costs. The research was
carried out on a plantation located in the province of Pomeranian, for 4 varieties, for 2
time periods, i.e. July and August. The selectioridh was its type, the area occupied
in the tunnel, the type of substrate used as the production substrate and the number of
seedlings in the production section.

The calculated performance indicators were used to conduct a computer analysis
using metahedstic algorithms, aimed at optimizing the manual collection.

As a research method, a simulation experiment was used with changing input
parameters of the model distributed by means of statistical distributions, estimated on
the basis of empirical researcim the plantation. As a result of the research, it was found
that the bottleneck of the work organization system is the weighing point. The proposed
model allows to achieve the efficiency of the brigade at the level of about 90%. With a
high yield of abouft ha' the efficiency increases to 94%. It is worth considering setting
up two weighing points when yielding more than 1 ton per hectare. Then the waiting
time for weighing will be significantly reduced, and the fruit will reach the cold store
faster.
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The effect of the use of unconventional solutions for osmotic dehydration
on selected properties of oranges
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The main reason for fruit and vegetable spoilage is high water content. To increase
their durability, the osmotic dehydration process is used due to the properties of
retaining vitamins, rmerals, color, and taste. The most commonly used osmotic solution
is the sucrose solution. However, the use of fruit concentrates for dehydration also has
positive effects on food production, especially in terms of reducing the sugar content in
products.

The aim of the work was to investigate the influence of unconventional solutions in
the process of osmotic dehydration of oranges. There were used solutions of xylitol, fruit
concentrates of strawberries, cherries, oranges, rosehip juice, and sucroseoline
difference, microstructure, vitamin C, polyphenols, antioxidant activity, and total
variable count were examined.

It was found that the osmotic solutions used significantly impacted the change in the
physical, chemical, and microbial properties ddirnges. The most significant differences
in color were observed for the cherry and strawberry concentrate solution, which may
affect the attractive appearance of the final product after drying. The highest
polyphenols content was obtained for oranges delatdd in a solution of strawberry
concentrate. The highest value of vitamin C was observed for the sample dehydrated in
the rosehip solution, followed by strawberries and oranges concentrate. The osmotic
dehydration used in fruit concentrate solutions reted in a decrease in the total count
of microorganisms by two log cycles, which may extend the storage period of the
material. These parameters testify to the positive values of the final product dehydrated
in fruit juices. The used osmotic solutions hadrmfavorable values when comparing
the results with fresh raw material because the osmotic dehydration process caused an
increase of bioactive compounds in the sample tissue.
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Soil tillage practices have profound and enduring effects on agrostarag, making
it imperative to understand the nature and functions of the soil ecosystem under
different tillage systems for sustainable farming. Although the skenm effects of soil
tillage have received considerable attention, a critical knowledgeegigts regarding the
longterm consequences on the soil ecosystem, encompassing both subsurface and
surface dynamics.

The aim of research on soil tillage in Lithuania's distinct soil and climate conditions
has yielded limited insights, leaving significgaps in our understanding. This study aims
to bridge these gaps by conducting a systematic assessment otdamgchanges in
agroecosystem sustainability using soil type Epieutric Endocalcaric Endogleyic Planosol
(Endoclayic, Aric, Drainic, Humipisiltig as classified by the World Reference Base for
Soil Resources (WRB) 2014.

The study investigates the effects of leteym complex measures, straw
incorporation, direct drilling with or without green manure, and direct drilling, on soil
properties and the overall sustainability of the ecosystem. The findings reveal that these
practices lead to a substantial increase in organic carbon stocks within the sail, thereby
facilitating soil fertility restoration and mitigating the adverse impaatsgriculture on
climate change.

Through a comprehensive assessment of soil tillage impacts on agroecosystems, this
study underscores the significance of letegm evaluations and the adoption of
sustainable soil management practices. It provides vakiabsights for promoting
farming approaches that enhance soil health, bolster ecosystem resilience, and
contribute to climate change mitigation.
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A seasodong snapshot of an organic apple orchard belowground
biodiversity and soil nutrient status as affected byoiw living mulches
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Organic management is based on practices that are intended to boost biodiversity.
However, specialization of intensive organic orchards has resultedanwentionallike
approach and increased use of external inputs, which are less conducive to overall
biodiversity. Enhancing the functional biodiversity of both above and below ground
communities can be achieved through an agroecological soil managemertzgh e.g.
by using living mulches.

The impact of living mulch grown on the tree row on aboveground and belowground
communities, as well as on the apple trees and soil nutritional status and fruit yield, was
assessed in an organic-$2ar old apple cv. G&M9 orchard in 2022. Three species
(Alchemilla vulgarigMentha x piperiteandFragaria vescawere introduced into the tree
understory area in 2019 and 2021 to evaluate kbegn or shortterm effects and
compared to natural cover as a control. The @chwas drip irrigated, and localized
fertilization was provided with organic fertilizers (dry bovine manure and stillage),
applying a total of 12 g N/tree. Living mulches affected soil nutrient availability, bacterial
activity and diversity and nematoddsophic communities. In the short term, they
stimulated microbial activity and increased nutrient levels in soil. However, they started
to compete with trees for soil nutrient resources after the fourth season. Most significant
changes were observed durirsgmmer. Beside direct changes in microorganisms and
nematodes abundance, the living mulches affected the functions of these communities
as inferred through associations between amplidzased biodiversity and microbial
metabolic potential or nematodes tax abundance. The findings are discussed
considering the potential exploitation of the interactions between belowground life and
soil management practices to improve organic horticultural cropping systems
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Preparation of clay, silt and sand content siayf a study area using
pedotransfer functions and digital soil mapping techniques
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In our work, we used legacy soil data available from the geocoded Peféé
Database of Hungarian Lar@eale Soil Mapping (Hungarian acronym: NATASA) to map
primary soil properties. For the characterization of soil tegfuhe legacy data provided
information on the upper limit of soil plasticity, but no data on particle size distribution.
Therefore, we derived pedotransfer functions (PTFs) to estimate clay, silt and sand
content and applied them at profile level datehefPTFs were trained and tested on the
Hungarian Detailed Soil Hydrophysical Database (Hungarian acronym: MARTHA). For the
prediction i) additive LogRatio transformed clay, silt and sand content were used as the
dependent variables and ii) soil type anabsype, upper limit of soil plasticity, calcium
carbonate, organic matter content and pH in water were included as independent
variables. We used recursive feature elimination computed on 10 fold-eagfation to
select the most important independent siables. The PTFs were derived with random
forest algorithm with parameter tuning. The derived PTFs were applied on the study area
to add computed clay, silt and sand content.

The soil layer data of NATASA originated from different sampling depths, therefo
the parameters to be mapped were converted to 6 standard layets @15; 1530; 30
60; 60-100; 100200 cm) of GlobalSoilMap using mass preserving splines.

The spatial modelling was performed by random forest kriging:DEM Digital
Elevation Model ad its morphological derivatives were used as numerical
environmental auxiliary variables. Categorical variables were also involved: geological
map, physical and chemical soil properties provided by the Digital Kreybig Map
Information System (DKMIS), andethecently elaborated National Ecosystem Basemap,
which provides land cover and land use information.

The performance of the clay, silt and sand content was characterized with root mean
square error (RMSE) and coefficient of determination (R2) computéldeotest dataset.

175



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

The evaluation of factors influencing outflow of mineral nitrogen from
agricultural soils of Lublin Region
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Nitrogen is arimportant micronutrients, and one of the most important yield factors.

Its content in Polish mineral soils ranges from 0,02 to 0,35%, while in organic soils from
1 to 4%, majority of which (over 90%) are organic compounds comprising the organic
material, and only 1t5% nitrogen in the form of the mineral that is directly available to
plants. These are ions or nitrogen ammonium compoundblk® and nitrate nitrogen
(N-NGs).

The main purpose of the dissertation is to determine the relationship between certain
factors, including the basic properties of the soil, and the outflow of nitrogen from the
soil, which may not only result in water contamination but also in loss of an important,
from manufacturing point of view, plant nutrition. The research has beerniezhout on
the basis of the results obtained from mineral nitrogen monitoring conducted by the
chemical and agricultural stations in the area of Lublin. The evaluation assessed the data
from 320 points located on mineral soils based on the results ofttadyzes in the 2021.

The study found that the content of mineral nitrogen in soils included in research in
the layer 0t60 cm and @90 cm on average exceed 100 kg per hectare and was higher in
autumn than in spring. The amount of outflow of mineral nitradeeyond the main plant
root mass can be used to assess the loss of this component from the crop production not
only within the farm but also in larger scale spatial changes.
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parts of apples and quinces
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Fruits and vegetables, according to the current recommendations, should be the basis
of our diet. They contain valuable ingredients thave a beneficial effect on our health.
They include, among others, antioxidant compounds such as polyphenols, carotenoids,
vitamins C and E, tocopherols, and selenium that neutralize the activity of free radicals,
which can cause damage to cell and ussstructures and lead to the formation of
cancerous changes. At the same time, scientific research reports that other
morphological parts of plants, such as leaves, seeds, or stones, can also be rich in
bioactive compounds. Apples and quinces seem tonberesting research materials in
this context.

Apples are popular in Poland. Here, their average monthly consumption per person
in 2021 was 0.93 kg. They are known for their high content of dietary fiber and
polyphenolic compounds. Meanwhile, one study @kl that quince juice contains
almost 2.5 times more polyphenols than apple juice, and its antioxidant activity is almost
1.6 times higher. Other authors report that extracts from quince leaves are characterized
by a higher antioxidant effect than extradtem quince fruits.

For this reason, the aim of the research was to compare the bioactive compounds
content of the leaves, fruits, and seeds of apples and quinces (polyphenols, carotenoids,
selected minerals and vitamins) and their heghfomoting properties in-vitro
(antioxidant activity as well as their ability to inhibitamylase, r-glucosidase, AChE and
BuChE).

The research shows, among others, that in most cases, both the leaves and seeds of
apples and quinces contain higher amounts of individual minerals than théis.fia
addition, their leaves possess the significantly highest antioxidant activity. The obtained
results suggest that various morphological parts of apples and quinces can be potentially
used as raw materials in the food industry and pharmacy.
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Impact of agricultural land use on glomalin content and phydiemical
soil properties
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The optimization of agricultural land @snanagement contributes to both yield and
soil security. Soil organic matter stock fundamentally determines soil fertility, it affects
aggregates, water storage, chemical properties, protective functions of soil and it has an
important role in the regulabn of many atmospheric constituents. Glomalin produced
by arbuscular mycorrhizal (AM) fungi forms a significant part of soil organic carbon.
Glomalin has an essential role in building the soil structure and protecting soil carbon in
aggregatesHowever ntensive fertilization and tillage harm AMF diversity and functions
just like glomalin production.

The effect of soil management on glomalin (Easily Extracted GlofRalated Soil
Protein; EESRSP) has been examined at sites of three-teng field expgiments: (1)
NPK fertilization experiment with and without farmyard manure treatments; (2)
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tested.

The soil disturbance had the most significant effect on soHGREP. Close
correlations were detected between the soil humus and nitrogen content, the pH and
the dissolved organic carbon, the macroaggregate stability and th@ FEEP. The soill
glomdin ranged from 0.2 mg/g soil to 0.77 mg/g soil in different kb@gn experiments.

The highest soil glomalin contents were found in thetilage system and #ertilized
plots.

The synthesis of our data could result in a land use effect assessmenterimgithe
guantity of soil glomalin. Glomalin is not just a C storage, but it is also a very important
soil health indicator.
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Synergistic antifungal effects of hinokitiol anepolylysine and its
application as gelatin/konjac glucomandzased edible coating in
inhibition ofpostharvest decay in satsuma mandarin
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Satsuma mandarinCtrus unshi is the most major citrus crop in Japan. However,
postharvest decay caused by pathogenic fungi during transport and storage is a serious
problem. Hinokitiol ¢-thujaplicin; HT) is a terpenoid found in woody tissues of the
Japanese hiba tre@fijopsis dolabratq HT, has a strong chelating ability in inhibiting
microbial enzymes, is approved and used as a food additive in Japaylysine &PL)
is a positively charged cationic polymer in aqueous solution and has antimicrobial
properties due ¢ its electrostatic action. It is a food additive in Japan and is approved by
the FDA as a GRAS. This study aimed to investigate the antifungal efficacy of the
combination of HT andkPL against postharvest pathogenic fungi and to evaluate its
applicabiliyy in edible coating for control the postharvest decay of satsuma mandarin.
Satsuma orange fruits were coated with HT or/ak€L incorporated gelatin/konjac
glucomannan based solutions after inoculating pathogenic mold and stored at 250C for
8 days.

The mhimum inhibitory concentrations (MICs) of HT a#L against grey mold
Botrytis cinereavere 7.82 .g/mL and 15.63.g/mL, respectively. The MICs against citrus
green moldPenicillium digitatunwere 62.5 .g/mL (HT) and 500g/mL (2PL). Also, the
MICs of these two bifungicides were 3.91g/mL (HT) and 15.63g/mL (PL) against
sooty moldCladosporium cladosporioide81.25 .g¢/mL (HT,xPL) against citrus blue
mold P. italicum Checkerboard assays showed that the combimatid HT and1PL
exerted synergistic effects again®. digitatum with average fraction inhibitory
concentration index (FICI) of triplicate of 0.29. On the other hand, they had no interaction
effect againsB. cineredFICI 0.83).

HT and 1PLadded coating inhibited the spread of. digitatuminoculated on
satsuma mandarins during storage, which indicated its applicability for control of
postharvest decay in citrus fruits.
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Huminpol, the natural fenentation extract from mud deposits stimulates
seed germination and development of vegetable plants
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As part of the search for preparations used in organic plant production, research was
undertaken on the possibility of using the innovative Huminpol preparation, whiah is
fermentation extract from mud deposits used for medicinal purposes. The aim of the
conducted experiments was to examine the effect of the Huminpol preparation
~ I}E}AiU W}o v ¢ %% 0] (JE <}AJvP &} ¢+ ¢ v 8Z v 3} %
dynamicsand germination capacity as well as the kinetics of emergence and growth of
cucumber, bean, onion, carrot, parsley, kale and tomato, taking into account a key
processes of their physiological activity. The research was carried out in controlled
laboratoryand greenhouse conditions and then verified in field.

The results of research carried out in laboratory, greenhouse and field conditions
have shown that seed soaking for 20 minutes in Huminpol preparation (1:1; v:v) is highly
effective in increasing dynags and germination capacity as well as the emergence and
growth kinetics of plants of the tested species. Plants obtained from such treated seeds
and additionally watered, twice, after 30 and 60 days from seed sowing with Huminpol
at a dose of 8 L/ha devagdb much faster, are much taller throughout the growing season,
and show greater physiological activity (net photosynthesis, transpiration, stomatal
conductivity, intercellular C£Qcontent, index of chlorophyll content), and yield than in
control variant. fiese treatments also proved to be highly effective in eliminating
pathogenic microflora contaminating seeds and plants, which resulted in their high
health. This indicates the high usefulness of Huminpol preparation in improving the
sowing value of seedd the tested vegetable species and their cultivation in ecological
systems.
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Innovative methods of refining vegetable seeds and their impact on
germination and emernce, growth and physiological activity of plants in
organic farming
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Studies covered various methods of vegetable seed improvement: ozonation,
treatment with radio waves, hydrothermotherapy as seed soaking in water at
temperature of 4550°C and conditioning combined with biological treatment. The
treated seeds were assessed in germination tests, Phytothoxkit and in greenhouse and
field conditions where the dynamics of plant emergence, growth and physiological
activity were assessed.

The results of laboratory tests on carrot seed refining indicate higheptivie
effectiveness of the developed psowing methods of seed processing and their sowing
value improvement. Spectacular effects in reducing the infection of seeds were obtained
after the use of ozonation and treating with radio waves.-Bowing treatnent of seeds
with hot water (hydrethermotherapy) and decontamination with 2% HuwaSan
preparation turned out to be very effective in eliminating pathogenic fungi
contaminating the seed coat. As a result, a significant increase in seed quality (energy
and grmination capacity) and their healthiness was noted, as well as faster plant
emergence in greenhouse and field conditions. The research results were confirmed also
in the laboratory Phythotoxkit tests, where significantly greater differences were noted
in the growth of seedlings and roots and their proper development (no abnormal and
damaged seedlings) were observed. The protective effectiveness of ozonation, as well as
other seed decontamination treatments, was confirmed in greenhouse and field
experimens were the plant obtained from treated seeds developed faster than in
control. The effects of seed refining treatments were visible not only in the early stages
of plant growth and development, but were maintained throughout the growing season.
This resuked in an improvement in the health of seedlings and plants compared to
control objects (untreated) and in elimination of pathogens responsible for seedling
blight and many pathogenic fungi transmitted from seeds to plants.
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Assessing vegetation changes and land use dynamics in the Middle East:
implications for sustainable development
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The Middle East region has witnessed notable changes in vegetation coverage and
land use patterngver the past few decades. Understanding these changes is crucial for
sustainable city development planning and environmental policymaking. In this
presentation two key aspects are analyzed: the impact of anthropogenic factors on
vegetation dynamics, andrbanisation effect on heat island occurrence.

The Normalized Difference Vegetation Index (NDVI) derived from Moderate
Resolution Imaging Spectroradiometer (MODIS) data was used to assess vegetation
changes. The results indicate a significant increase getadon coverage across the
Middle East during the 2002019, particularly in Egypt and Turkey. This increase can be
attributed to factors such as dam construction and agricultural practices utilizing
groundwater and desalinated seawater.

Additionally, the study examines the dynamics of land use/land cover (LU/LC) and
land surface temperature (LST) in the metropolitan city of Mashhad, Iran, from 1990 to
2019, using Landsat satellite imagery. The study employs the Markov chain model to
predict future LU/L@nd LST for 2030, providing insights into the kergn dynamics of
these parameters. The analysis reveals varying patterns of LU/LC, includingpbaitd,
vegetated land, and bare land, which influence the distribution of LST in the city.
Specificallythe presence of buitip and bare land areas positively correlates with higher
LST, while vegetated land areas show a negative correlation.

These findings have significant implications for sustainable city development planning
and environmental policymaking. They emphasize the importance of considering
governmental policies, such as dam construction and urban expansion management, to
promote vegetation growth and mitigate UHI effects in the Middle East. By
understanding and address] these factors, countries like Egypt, Saudi Arabia, Qatar,
Kuwait, Iran, and Turkey can work towards fostering environmental sustainability in their
respective regions.
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The impact of crop rotation, morAropping and farming intensity on
phenolic componds and antiradical activity of winter ry®@eCale cereale
L.)
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Plant and soil health depend on crop rotation. However, less is known about the
impact of crop rotation systems on plant metabolic response. The aim of the study was
to evaluate the contents of phenolic compounds and their interactioth wintiradical
activity in winter rye $ecale cerealk.) in four crop rotations, arranged since 1967: 1)
Intensive (winter rye with winter rapeseed as a catch crop and NPK fertilizers (CRint); 2)
Winter rye monoculture without fertilizers and herbiciddgdldnoFOHO0); 3) Winter rye
monoculture with fertilizers and herbicides (MonoF1H1); 4) Tiyear crop rotation
with winter rye, fertilizers and herbicides (CR3y). The total phenolic content (TPC) and
DPPH (22liphenytl-picrylhydrazyl) free radical scavengiactivity in leaves and roots
of rye at the head emergency stage (BBCFbB)were determined. There were strong
positive correlations between TPC and antiradical activity in leaves (r=0.909) and roots
(r=0.837). In leaves, a significantli<Q.05) highe TPC was found in MonoFOHO
compared to MonoF1H1, CRint and CR3y (about 11%,18%, and 30%, respectively). A
similar trend was found in DPPH radical scavenging activity; however, there were no
significant differences in MonoFOHO and MonoF1H1. Contrary ots rthe highest TPC
and DPPH scavenging activity was found in the CR3y crop rotation system, while the
significantly lower contents (about :6ld and 1.8fold, respectively) were measured in
the CRint system. In addition, the TPC of rye roots in CR3ousignificantly differ from
the MonoF1H1 system. Further, the rye roots in MonoF1H1 and MonoFOHO systems
demonstrated a similar ability to scavenge DPPH free radicals. The data showed that the
accumulation of phenolic compounds and antiradical activdyies among winter rye
leaves and roots and depends on the crop rotation. More detailed studies are needed to
understand the metabolic responses of individual plant parts in response to different
crop rotations.
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Influence of thermal and hydreérmal treatment on selected rheological
properties of wheat bread flour fortified with baking enzymes
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With the growing market demand for clean label products, heat treatment appears
to be the most effective approach to whehtsed food procesng. Dry and
hydrothermal heat treatment is effective in modifying the physical, rheological,
technological and functional properties or storage stability of wheat flour and other
milled products. In addition to the reduction of microorganisms, the beedffunctions
of heat treatment include improving the taste, texture and color of the product. Another
method of modifying the properties of flour are enzymes commonly used in baking
industry. In the literature, there are test results confirming a positffect of cellulase
and xylanase on nestarch polysaccharides present mainly in the outer layers of cereal
grains. In this study, type 750 bread flour, characterized by a high content eftacch
polysaccharides, was fortified with cellulase and xgenzymes and then subjected
to dry and hydrothermal heat treatment. Treatmeimntduced rheological differences
were tested in the diluted flour suspension and in the dough matrix by rheological
analyses.

Dry heat treatment caused a less significant dffec the protein complex of the
tested flour. The addition of enzymes allowed to improve the rheological properties,
extending the dough development time, maintaining baking strength, and thus
improving the quality of gluten proteins. The hydrothermal treant increased the
viscosity of both the flour suspension and the dough matrix, also improving the stability
of the flour, however, the use of steam in the process negatively affected the protein
structure, which was manifested by the difficulty in prothga sufficiently stretchy and
elastic dough in the rheological analysis.

These results can be helpful in the production of flour products with specific
technological and functional properties.
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The influence of vegetable processing waste from bell pepper and tomato
onthe baking characteristics of wheat flour and the quality of wheat bread
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One of the key challenges in the afpod industry today is the management of
substantial quantities of bproducts generated during various stages of food production.
Utilizing byproducts from fruit and vegetable processing by incorporating them into
food production is one strategy. Byoducts ca offer valuable sources of diverse
nutrients, contributing significantly to both the enhancement of bakery product appeal
and the reduction of food waste.

The aim of this study was to investigate the impact of incorporating vegetable
processing waste frortomatoes (TP) and bell peppers (PB) at concentrations of up to
12% on dough characteristics and bread quality. The research involved analyzing the
chemical composition of raw materials and the farinographic properties of wheat flour,
both independently ad in blends with TP and PB. Bread quality assessment included
parameters such as bread yield, volume, baking loss, porosity, crumb moisture, and the
chemical composition of the bread. Furthermore, evaluations were conducted on crumb
color, texture (TPA),ral sensory attributes through organoleptic assessment.

The addition of TP and PB increased water absorption, dough development, and
softening, while reducing stability time. However, it did not significantly affect bread
quality parameters (baking yieldyds, volume, and crumb porosity). Crumb hardness,
chewiness, and cohesiveness remained unchanged within supplemented levels up to 9%.
TP and PB also notably impacted the bread crumb color, intensifying redness and
yellowness. Fortifying with TP and PB 0p9%% yielded baking results comparable to
100% wheat bread. TP and PB supplementation led to changes in nutrient content,
particularly dietary fiber, without significantly altering the bread's caloric value. Sensory
evaluation indicated a decrease in aroeuad taste when PB exceeded 9%, and a similar
effect on taste when TP exceeded 9%. In conclusion, incorporating TP and PB up to 9%
can enhance the nutritional profile while maintaining bread quality.
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Effect of the addition of sea buckthoidifpophae rhamnoidgseaves on
the physicochemical properties and quality of pasta
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Pasta is one of the most popular cereal product and can be an ideal food matrix for
introducing substances with high healtitomoting potential. A valuable source of
dietary fiber, minerals, protein, fat and antioxidants are sea buckthoktippophae
rhamnoide$ leaves.

The purpose of this study was to evaluate the effect of the addition of dried and
powdered sea buckthorn leaves on the dough consistency and physicochemical
properties of pasta. As part of the study, samples were prepared in which durum
semolina was replaced by the addition of sea buckthorn leaves at 0 (control sample), 4,
8, 12 and 16%. Farinographic parameters of the mixtures of semolina with sea buckthorn
leaves werestudied, including determination of water absorption, dough development
time, dough stability, softening degree. Under seagthnical laboratory conditions,
pasta was produced from the prepared mixtures and evaluated for physicochemical
properties.

The sudy showed that the addition of sea buckthorn leaves to semolina had a
positive effect on dough consistency. The sample enriched with 8% addition of sea
buckthorn leaves was characterized by more than twice as long dough development time
(25.12 vs. 10.4)more than twice as long dough stability time (28.57 vs. 12.49) and
significantly (p<0.05) lower degree of softening in comparison with the control sample.
Pasta enriched with sea buckthorn leaves were at the same time characterized by a
higher content of éetary fiber, fat, ash and a slightly higher (p<0.05) protein content. At
the same time, it was observed that the addition of sea buckthorn leaves determined
lower weight gain and higher dry matter loss during pasta cooking.

In summary, substitution of semlina with sea buckthorn leaves at a level of up to 8%
makes it possible to increase the nutritional value of pasta while maintaining its
acceptable cooking quality.
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How can the application of green manure in maize cultivation influence the
aburdance of functional genes involved in the N and C cycle?
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In the last decade the European Community has been trying to guide and encourage
the use of natural agricultural treatments teduce the production of greenhouse gases
by agriculture. In recent years there has been talk of the use of organic amendments,
especially green manure. Green manure is an agricultural practice in which crops are
buried. The positive aspects of this praetare the increase of nitrogen and phosphorus,
organic matter, and slowdown of soil erosion leading to soil conservation (Astier M. et al
2006). Carbon and nitrogen input from crops used in green manure can influence soil
microbiological activity, nutrientvailability and SOM turnover (Li T. et al 2019). To
observe whether the application of the green manure can influence the availability and
important biogeochemical cycles (i.e. C and N), we quantified the presence in soil
samples of several functional ges belonging to the C and N cycle. The purpose of this
work is to be able to understand whether the supply of nutrients by the plants used in
the green manure practice can positively influence the microbial activity and lead to an
enrichment of nitrogen ad carbon, increasing fertility of the soil.
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Microgreensmicrobiomes interactionst beneficial bacterial strains
isolation and identification using molecular maskewith Sanger
sequencing method
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Distributed agriculture, including urban farming representagyicultural activities
within an urban setting, may increase the accessibility to safer and more nutritious foods,
as well as may contribute to build community resilience, which is the adaptability, as an
alternative solution to urban food insecurity senfood is one of the basic human needs.
Therefore, in order to strengthen food security in Europe and over the world it is
necessary to looking for alternative solutions, including the grebrehking nature
based on innovative research.

In order to undertand microgreensmicrobiomes interactions important for shdife
and quality and to achieve sustainable microgreens farming, it is necessary to treat
microgreens as metaorganism: holobionts with its associated microbiome. The first and
crucial steps towals enhanced sustainability lie in the recognition if microgreens
interact with, and foster, a healthy microbiome, as well as with microbial inoculants. As
beneficial bacteria can be used as inoculum in healthy plant production, the task
concerning charaetrization of microorganisms started from the isolation and
identification of beneficial microbes. We used pickled cucumbers and powder milk as a
source of beneficial bacterial strains and we identified them with the molecular markers
using Sanger sequengnWe isolated in total 19 bacterial strains, which were cultivated
on the agar medium and then DNA from pure strains were isolated and two type of
molecular markers were used for identification. The bacterial strains were belonged to
Bacillusgenus and sme of them were identified aB. subtilis Selected strains will be
characterised with metabolic and molecular tools and will be used as inoculum for
microgreens cultivation.

The overall approach of the project is based on transdisciplinary, integratige an
innovative research methodology. In order to achieve the aim of the project including
increasing microgreens quality by new approaches and assays, that requires basic
research concerning explanations of microbiemérogreens interactions.
Acknowledgemerts

Research funded by National Science Center in the frame of OPUS23, contract
number UMG2022/45/B/NZ9/04254

188



14th International Conference on Agrophysics
11-13 September 2023, Lublin, Poland

Application of nordestructive sorting techniques for pepper (Capsicum
annuum L.) using VOCs parameter
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Peppers come in many varieties and depending on their capsaicin content, peppers
are classified as hot or sweet in terms 0bking and food properties. The quality of fresh
pepper primarily depends on consumer acceptance, which is determined by spiciness,
aroma and color. To classify sweet peppers from hot, sorting must be unique and
accurate. To minimize errors during sortirag electronic nose equipped with 9 metal
oxide sensors was used. In this study, Padron pepper was evaluated. To perform the
tests, they were first evaluated by the electronic nose because it is adastiuctive
method and does not harm the samples, thifxe samples were prepared to obtain the
amount of capsaicin. The output data from the mose was analyzed by SVM and ANN
methods. Then the samples were evaluated for the determination of capsaicin by HPLC
ES/MS method. According to the obtained resuttee amount of capsaicin in sweet
% %% Ee A e 0 oo §Z v iXA ...PIP &ti v ]V Z}é %0 %o %o (E ]§A‘
in classification ANN and SVM methods, the accuracy of both classification methods was
determined to be 100%. According to the obtaineesults, the use of @ose in
combination with machine learning modeling can be a @ffctive and fast approach
for sorting peppers. This method can be considered and investigated as a reliable way to
separate sweet peppers from hot ones with the hefphe odor parameter.
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How to identify roast defects in coffee beans based on the volatile
compound profile?
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The aim of the study was to detect aintify volatile compounds in coffee obtained
in defect roast processes versus standard roasting and to determine the type and
strength of correlations between roast defects and the volatile compound profile in
roasted coffee beans. To achieve this gtiad, process of coffee bean roasting was set
to produce an underdeveloped coffee defect, an overdeveloped coffee defect, and
( 80 +¢ }(( XdZ "dC%] _ A E]SC}( & 1 }(( ve A ey
study material originated from a plantath located at an altitude of 1468000 m a.s.l.
in Huehuetenango Department, Guatemala. The analyses were carried out with the use
of gas chromatography/mass spectrometry (BS) and an electronic nose. The study
revealed a correlation between the idengfi groups of volatile compounds and the
coffee roasting parameters: time to the first crack, drying time, and the mean
temperatures of coffee beans and heating air. The electronic nose helped to identify
roast defects.
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PICARRO PORTFOLIO

Innovative spectrometers (protected by over 30 patents) designed by
PICARRO INC from the US£feate a new class of portable CRDS spectrometers adapted
for work in the field. The CRDS (Cavity Riogvn Spectrometry) in many cases, can be
an alternative tathe expensive and complicated IRMS technique.

This opens up new possibilities for applications such as ecosystem monitoring, natural
gas leak emission monitoring, shale gas exploration, clean room technologies, as well as
bio-pharmaceutical process monitog and product originality testing.

The analyzer provides retiine results that can be transmitted over the GPRS network,
guarantees high precision and sensitivity, measuring range from ppt to %.

PICARRO spectrometers enable the measurement of carbotofes G12 and C13,
nitrogen N-14 andN15, hydrogen and deuterium and oxygen-05, G17 and G18 in
air

and water and the measurement of NH3, CO2, C2H4, H2CO, HF, H2S.

Remote, maintenancéree operation, durability and resistance to temperature, gsare
and vibration changes allow operation in the harshest environmental conditions An
optional incineration module allows solid sample analysis.

UGT PROTFOLIO

EcolLab flex modern chambers for observing the entire ecosystem to simulate climate
and ecolgical scenarios.

UGT's Readyo-Go lysimeter sampling technology transfers the intact soil monolith
taken from the field to the EcolLab.

Monitor and change scenarios quickly from anywhere thanks to the innovative PLC
control system for all modules (e.ighting, irrigation, air conditioning).

Water isotope probes (WIP) are used for direct, su@structive in situ measurements of
stable water isotopes d180 and d2H with PICARRO spectrometers.
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