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Opening sessiorEducation and Research in the context of the
digital and ecological transformation of agriculture in the Banat
Region andBadenW!rttemberg - towards resource efficiency and
resilience PROGRANMNS June 2021

Chair: ProfDr. Manfred RauppAssoc. ProDr.Cosmin{f Nt NU I y
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Prof. Dr. Andreas Pyka

Greetings from the Rectaf the Banat's University of Agricultural Sciences and
+SOUSNAYIFNE aSRAOAYS GYAy3I aAlOKFSt L
Prof. Dr. Cosmin Alin Popescu

Greetings from the Dean of the Faculty of Agricultural Sciences, University of
HohenheimProf. Dr. Ralf Ve

Greetings from the Romanian Academy of Sciences in Bucharest
I OF R® t NRGhOtinamNI> t Ndzy

Greetings from the Dean of Studies for Agriculture at the University of
Economics and Environment, Nurting&eislingerProf. Dr. Heinrich Schile

Greetings fom the Vice Consul of the Federal Republic of Germany in
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' VAOGSNBEAGE 2F ! ANAOdz GdzNF £ { OASYy OSa
w2YLl YAl €& F NEoY Dr¢DonhCanZeh NJ
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Prof. Dr. loan Brad
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common world" Assoc. Prof. Dr. Ciprian Fora
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Introduction

Thevocational training ourseprogramd ! 3 NJA O dzt § dsihity fér yur w S & LJ?
O2YY2Yy 2rgadkeR within the frame of thBanat Green Deal Project

& DNB Sy 9Bdusdtidn and Research in the context of the digital and
ecological transformation of agriculture in the Banat Region and Baden
Wirttemberg - towards resource efficiency and resiliencaind delivered
between June 202lnd May 2022 targets the knowledge and experience
transfer to the farmer community in the Banat Region, Romania and other parts
of the world. Current and future challenges, such as the ecological conversion
and digital transformation of agricultural prodtion, but also social, economic
and cultural aspectsaven beeraddressed transcending prevailing patterns. The
innovative and relevant knowledge originating from practice, experiments,
research or development projects throughout Eurcgmed other continets is

deployed in a training format to the interestgurticipants.
Background

The starting point is the Voiteg Romani@erman Training Center for
Agriculture, which has an institutional framework being established and
operated by the Banat's Universityf égricultural Sciences and Veterinary
aSRAOAYS aYAYy3 aAOKIFSE L 2F w2Yl VYAl ¢
BadenWdurttemberg gGmbH, Nirtinge@eislingen Universityof Applied
Science Madora GmbH and the University of Hohenheim are involved as an
eduational partners. This cooperation seeks to expand the aretopical
vocational training, promote education and training in the agricultural and
environmental sector, and to improve farmers™ skills in responsible farming
concerning the challenges of imhte change and soil degradation as

consequence of the industrialization of the world econor@yought events in



the Banat region of Romania, Hungary and Serbia underline the need for action
in this farming region with fertile arable soils. For the adtioal sector as an
important socieeconomic and cultural factor, questions of holistic education
and training with respect to the possible benefits and risks of novel technologies,
digitalization and ecological transformation, with a view to the commoadgo
and sustainable human development need to be clarified. Measures for sail,
water and climate protection as well as care for semionomic welfare and
health are of increasing relevance at regional and global levels. Previous
approaches in education arabnsultation, in applied research or in networking
with initiatives in neighbouring countries urgently need to be expanded and

established in a lonrterm framework to meet current and future challenges.
Goal

The overarching goal of the project is tondoine BaderANurttemberg's
previous involvement in the Voiteg Romani@erman Training Center for
Agriculture with a sustainable development strategy for the agricultural sector
in the Romanian Banat amikighboringregions by increasing the volume of
professional and universal knowledge, diversifying skills with an impact on the
career, obtaining perspectives, acquiring a level/status of digital literacy as well
as cultural competence, and opening new horizons endgriculturalffield with

respect to its and soil ecological implications
The Objectivesof the project are to:

1. Reach a higher level of awareness and competence regarding current and
future challenges for agriculture with emphasis on the adaptation to and

mitigation of climate change, ecological conversion, digital transformation,



maintenance of soil fertilitand health water resourcesecosystem servicesd

environmental integrity, as well as so@conomic and cultural aspects.

2. Consolidate and further develop technical, informational and
communicational skills to enable the use of high technology, platoand

applications in farming activities as well as to promote the formation and active
participation in Agricultural Knowledge, Innovation and Information Systems

(AKIS).
3. Practicabn-farm demonstration and dearning supported training

4. Improved néwvorking with national and international research and education
partners to ensure further development stages of the Centre as Professional

Training Hub in Western Romania.
Format

The trainingswvere conducted virtually on an interactive online andearnng
platform ILIAS ("Integrated Learning, Information and Work Cooperation
System") and as practical trainings and field demonstrati@inghe research

stationand agricultural training centen Voiteg Romania.
Participants

Course participants includerfa owners, farm employers, bachelor, master and
Ph.D. students. The number of participahtss beerimited to 50 participants

on faceto-face activities and to 100 participants to the online activities due to
the capacity of the online platform. Ailiterested participants are invited to
express their interest to attend. To do so, they must submit arpggstration

form. The trainings organizers will send the meeting link as well as the guidelines

on engagement to confirmed participants.



Trainers Afiliations

* Banat's University of Agricultural Sciedaice YR +SGSNA Yl NB aSR
aAOKIF St L 2F w2YlIYyAlFL¢ FNRBY ¢CAYA&az2l N

* BASFAgrarzentrum Limburgerhof, Germany

* CREA (Consiglio per la ricerca in agricoltura e I'analisi dell'economia agraria),

*CZ o02Sailt 1T SYSRStait dzyA@SNI AGFZ ¢&aoOK
Republic

* Department of Environmental Science, Policy, & Management, UC Berkeley,
California, USA

* IBLA (Institute for Biological Agriculture Luxembourg), Luxemburg
* Institute for scence application in agriculture, Belgrade, Serbia

* Julius Kuh#dnstitut ¢ Bundesforschungsinstitut flr Kulturpflanzen (JKI) is the
German Federal Research Centre for Cultivated Plants, Germany

* NurtingenGeislingen University (German: Hochschule fir $&hvaft und
Umwelt NirtingenGeislingen), Germany

F maYA o6ml2fts3AFA aST!3IFTREAYIA Ydzi | (s
Forschungsinstitut fur Organische Landwirtschaft), Hungary

* Ostbayerische Techiochschule Regensburg (OTH RegensbGeginany
* Universityof Bdgrade, Serbia

* University of Hohenheim, Germany

* University of Veterinary Medicine Budapest, Hungary

* University Prishtina, Republic Kosovo



Languages

Simultaneoudranslations inEnglish, German and Romaniaas beerprovided

for the trainings sessions.

Programme StructureContent and Timetable

The training sessionwveincludal plenary presentations and breakout groups
thereby allowing interactive knowledge exchanges and discussions among the
participants. The tinmg of the sessiondias been scheduled tallow for

maximum participation of participants in different regions.

Call to Action onAgriculturae Education

The organizersitend to releasea Call to Action on Agriculture Education as an
outcome of the trainingsThis shakerve as a reference point and guide for those
wishing to intensify or expand their efforts in agriculture education. The Call to
Action shall be prepared and shared witkrainings participants and other
stakeholders for comments. Participants at the trainings and subsequently,

organizationsshallbe invited to endorse the Call to Action.

Organizers and Partners

The planning and implementation of this training is a cegive effort of six

members of the Collaborative Partnership on Agriculture, namely the:

* Universityof Hohenheim

* Lylraéa 'YAOGSNBAGE 2F ! ANRK Odz § dzNJ € {
aAOKFSt L 2F w2YlIYyAlLe FTNRBY C¢CAYAaz2l NI

* University of Nurtingn-Geislingen

* Madora GmbH

* RomaniarGerman Training Center for Agriculture Voiteg

With financial support by theState Ministry of BadeANUrttemberg



Program Descriptn

¢CKS [/ 2dzNBES d&! ANROdzZ GdzNE Ay wSalLlR2yaAioAh
within the frame of the BanatGreenDeal Project DNBESYy 9 w59 ¢
(www.greenerde.eu) and delivered between June 2021 and March 2022 targets

the knowledge and experience transfer to the fancommunity in the Banat

Region, Romania and other parts of the world. Current and future challenges,
such as the ecological conversion and digital transformation of agricultural
production, but also social, econmoc and cultural aspects have beaddresgd
transcending prevailing patternsnhovative and relevant knowledge origimag

from practice, experimentstesearch or developmsal projects throughout

Europe has beedeployed in a training format to the interested participants.

The structure of thecourse comprises eight topical modulesrganized as

follows:

Module 1&2, delivered online (3rd tier of June 202has covered topics of
Current and Future Challenges for a Socially, Ecologically and Economically
Sustainable Agriculture This comprisesessions providing an overview on
Agriculture inRomania, Germangnd BadeANUrttemberg as well as the Global
Situation. Attention will be drawn on the role of Agriculture regarding the
Ecological and Cultural Crisis, which requires that solutions a@hpexpected

from technological progress. Resilience and farming under climate change
adapted varieties and crop management, structural issues/evolution and-socio
economic perspectives in Romania, Germany and Europe will be addr8ssled.
Fertility and Water Purity are Precious Goods at Risk this context, the
Taxonomy of Main Soils in Romania, Climate Change Impact on Soil Fertility, The

role of Soil Life for Soil Fertility, Biological Approaches, Responsible Soil and

9



Water Management, Soil and WatRelated Technologies oriented towards Soil
(Structure) Preservation, Humus Management, Low Input Technologies), Crop
Rotation and Soil Fertility, Microbiology, Agricultural Pollutants and Water
Purity/Quality, The Biological Activity of the Soil in Emgura Sustainable
Agriculture, Compost and Soil Organic Matter, Organic Farming and Soil Fertility

hasbeen emphasized.

Module 3, introduces theEcological Conversion of Agriculture: Changes and
Challenges in Plant Nutritioand Protection (2nd tier of lju2021) and includes
sessions in: Integrated and Biological Plant Protection and Weeds Control,
Biological Agents for Crop Protection, Urban Gardening and Plant Protection
without Pesticides, Traditional and Innovative Plant Health Maintenance, Field
Testng of Chemical and Biological Agents, Plant Protection in Horticultural
Production Systems, Plant Protection and Mineral Nutrition in Viticulture, Plant
Protection in Viticulture and Horticulture with less Agrochemicals, Plant
Nutrition and Resistance @rop Plants, A Dynamic Fertilization for Sustainable
Agriculture, Organic Farmind\ctions, Challenges and Perspectives, The Role of
Crop Rotations in the Control of Weeds, Diseases and Pests in Agricultural Crops,
Agrotechnical Methods of Control of WegedDiseases and Pests in Agricultural

Crops, Safe Application of Plant Protection Products.

10



Module 4 on Soil Cultivation: Connecting Biodiversity and Climate Change
Mitigation and Adaptation(2nd tier of September 2021) covers: Soil Cultivation
and Seedig, No Tillage Systems and Technique, Minimum Tillage, Strip
Tillage/Target, Adaptation of Crop Plants to Drought, Cold and Inadequate
Mineral Nutrient Availability in Soils, Genetic and Epigenetic Adaptation of Crop
Plants to Adverse Environmental Condio Climate Change and Land, Impact
of the Climate Change on Biodiversity, Integrating Climate Change Attenuation
and Adaptation in Plant Culture, Specific Crop Technologies with the Role of
Reducing the Impact of the Climate Change, The Climate Chahgmbdf of the
Crops Physiology. Complementary to the lectures, in this moduledaly2 a
practical training at the Voiteg Agricultural School with the demonstration of
agricultural machinery is offered for plant production managers of large farms,
middle sized farm owners, specialiststudents and other interested persans
soil cultivation and seeding, no tillage systems and technique, minimum tillage,

strip tillage.

Module 5 introduces theDigitalization of Agriculture: Rationality and Risks

(2nd tier d November 2021) integrating sessions in: Digitalization and Ethics,
Basics for Digital Farming: Concept of Smart Farming, Guidance Systems and
Farm Management, Fiel@obotics for Soil Sampling and Analyses, Digitalisation

in Land Cadastre, Optimization Agricultural Production Processes through
Smart Farming, Digitization of Farm and-Bdfm Activities, &t Apps Selection

for Farmers.

11



Module 6 concentrates on theGlobal Integration of Agriculture: Social and
Geographic Networking3rd tier of January2022) including sessions dealing
with: Benefits of Forest Belts in Landscapes regarding Soil Conservation and Crop
Protection, Possibilities for Restoration of Degraded Farmland, Information and
Elaboration of Application Maps (Site Specific Plant Prateetnd Fertilisation),
Precision Agriculture: Global Positioning System (GPS), Geospatial Methods for
Collecting Data, (MiAiGIS for Agriculture, Monitoring the Crofy using

Remote Sensing Images.

Module 7covers the topic oSchool of Agriculture andlife: Sharing Knowledge

and Innovations (2nd tier of February 2022) with insights over: Sharing
Knowledge and InnovatiohEducation and Practical Training in the Context of
Digital and Ecological Transformation of Agriculture in the Banat / Digital and
Eological Transformation of Agricultur&xperiences from and for Training and
Knowledge Transfer, The Agricultural Knowledge and Innovation System (AKIS):
Inspirational Ideas to Adequately meet Local and Global needs, Romanian AKIS
and Knowledge Brokeragethe Romanian Rural. Equally it delivers a vocational

training seminar and experience exchange (input and workshops).

Module 8introduces thelntegrated Crop Management and Digitalizatid@nd
tier of March 2022) with machines and equipment for orgdarming, delivering
a wide selection of applications validated by the Wisefarmer (wisefarmer.eu)
and Landsupport (landsupport.eu) projects, and the impact of paired online

learning as blended form of training.

12



The participants will receive Training Cectaite for each Module issued by the
BUAS Timisoara; Voiteg Schoala Agricola, DEULA, University Ndrtingen
Geislingen and University of Hohenheim. The participants acquirefttipe-

state ofart knowledge in all the domains covered by the modules and s&ssio
enabling them to develop and project new perspectives and approaches in their
farming activities and in the interactions with the wider farming community with
accent on current trends and threads proving higher awareness as result of the

received trainng and information.

13



Involved Institutions and Countries of Origin:

T.
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FylFdda | YAGSNARAGE 2F ! INA Odzt ( dzNI f
aAOKFSt L 2F w2YlFyAlé FMRNMan¢AYAazl N
Training Center and Professional Developmemgniculture (Scoala

Agricola Voiteg ), Romania

' VAGSNEAGNGAA RS A AYyO0SNdp@aNIOO2t S o
NurtingenGeislingen University (German: Hochschule fur Wirtschaft und
Umwelt NirtingenrGeislingen), Germany

University of Hohenheim, Gmany

Ostbayerische Technische Hochschule Regensburg (OTH Rege@sburg)

OMKi (Okologi A a ST ! 3+ T RI & tRaskarch kaditutéicf A y G ST S
Organic Agriculture Hungary

IBLA (Institute for Biological Agriculture Luxembourg), Luxemburg

CREA (Consiglio darricerca in agricoltura e l'analisi dell'economia

agraria), ltaly

| %' 062Sait 1T SYSRStalt dzyAGSNIAGIOZ
University Prishtina, Republic Kosovo

University Belgrad, Serbia

Institute for Science Application in Agriculture, Belgrade, Serbia

Univessity of Veterinary Medicine Budapest, Hungary

Julius Kuh#nstitut ¢ Bundesforschungsinstitut fir Kulturpflanzen (JKI) is

the German Federal Research Centre for Cultivated Plants, Germany
BASFAgrarzentrum Limburgerhof, Germany
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Agriculture in Responsibility for our common World:

Introductory note

Dr. Markus Weinmann: Agriculture in Responsibility for our common World

Science, technical progress, usdrial development, digitization and
globalization of the economy are accelerating each other like never before and
are changing living conditions on earth to a very complex and hitherto unknown
extent. This offers humans a wide range of opportunitieshiape the world in
which we live for the better. However, concerns are growing as these processes
are increasingly accompanied by negative side effects that affect both social
interaction and the stability of ecological systems in regional and globalxtsnte
These include distribution injustices, poverty and human rights violations as well
as the loss of biological diversity, soil and water degeneration and climate
change. With regard tovercoming these global challengegricultural science

is consideed to play a key role in the development of sustainable production
systems and the care for the natural basis of life. Simply looking for technical
solutions to the growing environmental problems, however, seems to hide the
root causes of the ecologicaligis. This is indeed a dramatic consequence of the
ruthless exploitation of nature as a result of an irresponsible superiority of
technical rationality over the order inherent in nature without the reasonable
inclusion of ethical aspects.

A main objectiveof this course program is to better understand the cultural
context of the current ecological crisis and to discover holistic solutions for a
more ecological design of agriculture that goes beyond asded scientific
technical approach.

In the interdigiplinary dialogue, awareness of the importance of environmental
problems should not only be sharpened, but by understanding the situation as a
challenge for rethinking, this should be actively used as an opportunity for
intellectual and spiritual growtiorder to release creative energigsfindinga
proper way out of the ecological crisis.
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|. Current and future challenges for a socially, ecologically and
economically sustainable agriculture

1 334200 t NPFP 5N / 2aYAYy { ApficNitdre yY h @SN
With over 3.4 million farms and little over 12.5 million ha the (statistical)
average farm in Romania places at 3.63 ha/farm. These figures speak about
the fragmented structure of the farms with many small operations,
including the agriculturahouseholds. In this respect, the total registered
economic agricultural operations, as legal entity, only amounts 15328 units
in 2019. However, the employed population across all these structures
include 1.74 million people. In terms of structure and saepled with the
share of production designated for market, respectively for -self
consumption, most small farms (2.95 million units) are basically producing
for selfconsumption in shares larger than 50% of total production out of
which 1.7 million haveraarea inferior to 1 ha and another 1 million have
1-5 ha. Worth adding that over 230000 farms under 5 ha use direct sales
for more than 50% of their productions. In terms of area, the farms under
5 ha seHconsumptionoriented cover 3 million ha, represeng 40% of the
arable land, while the same category of size oriented towards the market
covers less than 0.7 mil ha. The evolution of the agricultural area has
recorded certain changes over the past three decades; in terms of total
agricultural area 138% ha were lost between 1992014 out of which
55092 ha were arable land. The mechanical endowment of the farms
changed consistently, certain regions such as N@vest multiplied the
number of tractors three times while the West region doubled them until
2020. These figures do not highlight the replacement over the 30 years

period yet only the number of active units each year. The agricultural
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labour also decreased, only during the last two decades dropping from 3.46
million down to 1.33 million people. Tlaereage of main crops had evolved
using different patterns or no patterns at all, with significant variations over
time even from a year to the next where an important factor could be
represented by the dependency to the weather factors, notably the water
That also speaks for the relative low endowment and use of irrigations with
direct impact on both winter and spring crops. Still the large oscillations
recorded until the accession to the EU (2007) were reasonably reduced in
amplitude after, linked to tB important investments sustained by the
European Fund for Agriculture and Rural Development and national funds
via National Rural Development Programme for modernisation and
increase of competitiveness in agriculture. If the earlier comment is valid
for the cereals (mainly wheat and maize), for the sunflower the evolution
KFrayQid AYLINROSR @OAaArofeée gAGK fIFNBS O
periods. Surprisingly, the vegetable production, with a considerably higher
added value, still output atthe @St 2F (KS Whnad ! £ FAC
cyclic variation in terms of yield record, yet these figures comprise all farms
involved, and the level and variations are strongly affected by the results
of the many small farms. While still affected by the sttal effect the

crop production reports a positive evolution with particular emphasis for
the medium and large farms well connected to the market. In return the
animal production performs considerably worse. The total bovine herd
reduced from 5.38 mil éads in 1990 to 1.92 mil heads in 2019; this drop
was recorded back in 2010 and remained relatively stable since. Given the
time period when it reached the lowanost level and the financial crisis of
that time it is factor with the largest influence ante recovery seems

uncertain even after a decade. In the case of the swine meat production,
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the evolution and the reduction were even more severe. Starting with a
total of 12 mil heads back in 1990 reaches only 3.83 mil heads in 2019
practically only one tind and further decreasing in most regions on the
country except for the West region. This production although highly
demanded by the local market and yet not salifficient was placed under

a constant pressure over the past two decades and more by gtersyatic

ban for the EU market as result of sanitary veterinary events and incidents.
The sheep herds also lost in volume decreasing by the beginning of the
2000s to almost half from 14 mil heads to 7.2 mil heads in 2001 and then
recovered well returningd 10.35 mil heads in 2019. Positive records are
also seen in beekeeping where the bee families doubled over the same
time-period. The product of the main agricultural products pghabitant

over the observed period (1999019) has doubled for the cerealsth the

most notable result for maize where it practically tripled, for sunflower it
multiplied by factor six while the growth for fruits and vegetables was
rather insignificant and explained by the large areas of disaffected orchards
and the collapse dhe large glasfiouse system. On the side of the animal
production the meat (all types included) decreased by % and increased by
25% for milk and derivates. In terms of economic accounts, the cereals
multiplied by factor eight, from 2.8 billion ROL in 198@2.7 billion ROL

in 2019 where the maize movegp from 1.3 billion ROL to 13.6 billion ROL;
sunflower started at 0.2 billion ROL and reached the level of 4 billion ROL
in 2019; although with important herd decrease the cattle accounts
multiplied by fator three with a similar evolution in the case of swine
meat. The transition period started in the early 90s was followed by a
favourable period where structural adjustments and4aiecession funding

expressed in highly visible results; those last onesewarbsequently
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moderated by the financial crisis at the end of 2010s setting the grounds
for a sustained growth after it and during the second programming period
(for Romania) of the EU budget to get shocked again in 2020 by the
pandemic crisis. The obsations indicate a high resilience for the small

farms and agricultural households paralleled by an important shock

absorption capacity for the medium and large farms.

Prof. Dr.Manfred G. RauppAgriculture in Europe, Germany and Baden
Wouerttemberg

The problem of feeding the world has become dramatically acute over the past
200 years. Famillenniathere were fewer than a billion people in the world who
had to be fed, but since 1804 this figure has quadrupled. In 1970 there were 3.9
billion people tdbe fed from 3700 m2 per person, but by 2018 there were already
7.0 billion, each to be fed from 2200 m2. At the moment there are three more
births than deaths per second, so we must expect that in 2050 there will be 9.8

billion who must make do with 17082 each.

Up to now increasing food requirements could be met by technical advances in
breeding, plant nutrition, plant protection and management of farming, but
traditional agriculture has now been drawn in discussions about the exploitation
of nature. Mximising agricultural yields has in some cases caused a significant
stress for the environment, in particular in soil degradation and impoverishment

of soail life.

Since the industrialisation of Europe the importance of agriculture for national
productivity has been drastically reduced. Within two centuries the proportion
2F | ANAOdzZ GdzNBWwWa O2y iNAoOdziA2y G2 GKS
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There has been a dramatic structural change in the structure of agriculture in
Germany since the end of th®econd Wdd War. While 4.9 million people

worked on the land in 1949, in 2019 this figure was under 600,000, which
represents less than 12%. In the same period the number of agricultural
operations sank from 1.6 million to 266,000. In 1949 a farmer supported 30

others with nourishment, but in 2019 this rose to 134.

Spending on foodstuffs in Germany has sunk from 55% to arowidl%®(of a
household budget) since 1900, with a concurrent rise in the number of

production stages involved.

Increasing prosperity in Germghas led to a considerable change in how money
is spent. In 1950 people spent almost 50% of their budget on food, but today

50% is spent oaccommodationtravel and communication.

The importance of agricultural production in Europe diffgreatlyy between
countries, depending on their size. France produces foodstuffs to the value of 75
billion euro, while in Germany the figure is 57 billion, in Italy 56, in Spain 50 and
in Rumania 19 billion. It should be remembered, however, that on average only
25% ofthe production cost of agricultural goods reaches the farmer. With a
further increase in the degree of processing and production of ready meals this

proportion will further decrease.

The foodstuff industry is bound by the balance between supply and denaauad

has become increasingly important over the past decades. In 2019 agricultural
exports to the value of 74 billion euro and imports of 87 billion were recorded.
The degree of seHufficiency in the case of numerous products is greater than
100%. Thusheese, pork, milk, butter, beef and veal, potatoes, wheat and sugar

are exported, and vegetables and fruit (particularly tropical fruit) are imported.
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The USA and China are the miogportanttrade partners of the EU in the import

and export of foodstus.

Since the start of debates about neaatural agricultureand environmental
protection, and their combination with a reliable food supply, the number of
a 0 Aopedations has increased taeatal of almost 15%. The leading countries in

this area are Spa, France, Italy and Germany.

In Germany it is mostly the southern states that have become noted for
ecological agricultural operations. Bavaria leads the way in thenemgement
with 370, 000 hectares (11.9% of its agricultural land), followgdBadenr
Wouerttemberg with 187,000 ha (13.2%).

The clear goal of the EU to feed the population ever more in harmony with
nature requires a transition to nearatural agriculture. Reliable provision of
food has up to now been achieved through traditional farminghmoes, and the
transition would require technical and financial support. In particular, farmers
would need digital support to achieve an annual balance between ecology and
economics. The new methodologies are based on new scientific knowledge
which must beconverted by computational modelling into recommendations for

action by farmers.

The tentative application developed by a consortium under the leadership of
Hohenheim University, with the goal of making the results & Biofector

Project(Fig.1) usefulfor agriculture in actual practice, has been set up by EU
02RASa dzyRSNJ KS yYIYS a. Se2yR{2Afad
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Fig. 1 Geographical distribution of experimental sites within the International
FieldTesting Network of the BioFector Project (2@&217;
www.biofector.info).

hyS 32+t 2F FYy20KSNJ AYyAGAlFIGAOSET GKS

reliable food supply and quality of nutrition in these times of climate change.

Furthermore, farmers and politicians should be shown ways how climate change

can be faced by aguéure.
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Dipl. EngHervé Vantieghem: Agriculture in the Ecological and Cultural Crisis
Our Contribution, BASF SE

The prime target of agriculture remains to feed the world. To achieve this target
several challenges need to be faced in the coming decuese challenges deal
with the higher demand and constraints in the global production, changing and
more demanding societal demand and last but not least tougher requirements
and hurdles to the agricultural production. Feeding 9 billion people by 2030 with
a higher demand for calories and protein rich diet needs to be realized with less
available arable land and in an environment with high volatility in crop
production and farmer income due to climate changes. The society by 2030 is
characterized by increas urbanization and increasing demand for healthy
sustainable food, produced from local production and imposed more stringent
regulatory requirements. To face this, agricultural production by 2030 requires
a 50% higher productivity and increased farm pssionalism to successfully
produce under increasing sustainability requirements and increasing pest and
disease resistance.

Looking closer to the abowescribed macroeconomic trends, there are multiple
challenges in the ecological, economical and sotietea that become
transparent, bearing conflicts and vicious circles which need to be understood,
addressed and brought into the right perspective.

Such a vicious circle is described hereafter as example.
Producing more food and feed on less arable land with more restrictions
requires increased efficiency, higher professionalism, more kinow and the

use of innovation. Putting this against increasing cultural demands for CO2
neutral, gmo free farming and the high demand for meat neutralizes the ehanc
to benefit from the higher efficiency and professionalism. Moreover, the claim
for local production with a transparent origin removes the benefit to achieve
economy of scale and a better cost position. To assure continued viable farming
within such an svironment, the higher societal needs imply a compensation by
a higher price or more subsidies. However, who will pay for it, the consumer
through a higher price or the state by more subsidies?

Facing the above environment, BASF, a global playerwithda. 0 At t A2y €
turnover in 2020 of which ca. 13% of it in agricultural sets on offering agricultural
solutions. BASF is investing ca. 40% of its total R&D budget in agriculture. These
agricultural solutions comprise a complete portfolio covering keydpction
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input factors such as seeds & traits and crop protection combined with farming
solutions beyond crop protection such as soil management, integrated pest
management, public health and digital farming.

BASF’s strategic focus worldwide comprises foajor crop systems. The crop
GaeaidsSy oKSIOGX 2Af aSSR NILIS yR adz¥f
main crop systems in Europe.

In such a crop system, continuous innovation in crop protection is brought in and

its usage is endorsed by digitaliion tools tofulfil best possible the perspective

of modern sustainable agriculture. BASF's crop systems embrace long year
experience in agricultural production and feedback of profound dialogues with

the farming community.

Some examples are describedreatfter.

BASF’s fungicidal active ingredi®&dvysolis an example of sustainable crop
protection in cereals. Revy$pWwas introduced in European cereals in 2019. The
10-year approval in Europe will allow to sustainably secure the farmer income
from ceaeals following the reliable control of the key winter wheat disease
Septoria triticj including all stems and at all weather conditions. Moreover, the
protective and curative control reduces the need for correction treatment and
gives a cost benefit.

BASFs seed treatmentSystivd& in winter barley is an example of efficient
production with more outcome per hectare and with lower input. SySttands

for improved crop development, less winter kill and yield increase. The
additional control of early foliadiseases allows to skip the first fungicide
treatment in the spring and to reduce the foliar fungicide usage in winter barley.

BASF’s growth regulatétrodax’ in cereals offers in top of the better stand,
additional positive effects on the root developmteand enhanced plantigour.

This results in a better uptake, a higher yield and increased nitrogen efficiency.
This also supports the effort to maintain the yield in areas with imposed reduced
nitrogen rates per hectare.

BASF €learfield production sysem in sunflower widens the scope of growing
sunflower by the efficacy on the parasitic we®dobanche cumanand assures

a viable income to farmers, located in areas infested with this parasitic weed
such as for instance in Romania.
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BASF s digital farming solutiokarvid®allow to tailor the crop protection usage,
product choice, application time and use rate, according to the situation of the
individual field and assure a more sustainable usage.

Side along to the measures upgraditige agricultural production, BASF is
making big efforts to motivate the farming community to stay positive and to
continue farming, despite the more challenging environment. Such an example

Aad .1 {cOa OFYLI ATy aCIFNNXAYy3I (G4KS o6A33S:

However, b motivate BASF to maintain its current effort in agriculture, the
return on investment, challenged by the low success quote in finding a new crop
protection active ingredient, the high development cost associated with a new
active ingredient and the shoremaining patent protection after launching the
new product, needs to be fulfilled.

Bottom line, current agricultural production is trapped in a tough battle to satisfy
increasing ecological, economical and societal requirements. BASF as global
player is committed to agriculture and supports farmers thlfil these
requirements and to remain viable. However, this is not a home run and requires
an ongoing 360° balanced approach from all involved players.

[ SGQa 22AYy F2NOSa A yurcfagrifdRura/dloductlor8 NA I K
® =registeredtrade mark of theBASF
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ll. Soil Fertility and Water purity: precious goods at risk

Dr. Thorsten Ruf: Biological Agriculture in Luxemburg: Crop rotation and Soill
Fertility with Examples from Current Researchtae IBLA

¢CKS oaLyadAddzi FAN o0A2t233a80K [ YRgANI
(IBLA) is the competence centre for research and consulting in the field of
organic agriculture and viticulture in Luxembourg. According to the motto
“research for the practice"IBLA aims to have rapid transfer of their
research results and knowledge into the practice through extension
services, seminars, field visits of trials and various information brochures
and leaflets. The focus areas are inter alia protection of nat@sburces
(water, soil, and climatg¢ and biodiversity, sustainability assessment,
preservation and improvement of soil fertility, variety testing, animal
welfare and optimization of crop rotation. IBLA is also an important contact
point in Luxembourg for & cultivation and utilization of legumes.

We envision a world where we can produce high quality food while
protecting the natural environment through farming in respect with
nature. We believe that we can achieve such a sustainable farming system
through organic agriculture. Improving organic agriculture with research,
advisory, dissemination and support activities, thus making agriculture
more performant and resilient. This will empower farmers to implement

sustainable farming practices in Luxembourg.
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Prof. Dr. Isidora RadulovClimate change impact on soil fertility

Climate change is a major challenge for the agricultsettor and
ensuring water resources and crop stability are major priorities in developing

policies to prevent and mitigate the impaat extreme weather events.

Soils are important for food security, and climate change has the potential
to threaten food security through its effects on soil properties and processes.
Understanding these effects and what we can do to adapt to them regaines
understanding of how climate and soils interact and how climate change will

change soil fertility.

Soil is the main source of nutrition for plants, but alsbthe application
of fertilisers and amendments. A fertile soil is defined by the combination of
physical properties (texture, structure, profile, water retention, etc.) and
physicechemical properties (pH, nutrient content, organic matter content,

cationic and anion exchange capacgym of bases exchangeable).

Maintaining soil fertility requires a permanent exchange of nutrients
between organic matter, mineral colloids and soil solution. Changes in average
temperatures and rainfall will affect soil organic matter. This, in turi,affiect
important soil properties, such as aggregate formation and stability, water
retention capacity, cation exchange capacity and soil nutrient content. Exactly
how soil fertility will be affected by climate change involves extremely complex
and interconnected systems. Identifying a single variable that influences fertility,
such as temperature or precipitation level, is difficult and it is hard to determine

how a change in that single variable affects this essential property of the soil.
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Fig 1. Inceasing CO2oncentration effect upon soil organic matter (Meena and
Jha, 2017)

Various studies show that soil and plants retain about 30% of CO2 released
from various human activities in a year. According to Pareek (2017), increasing
COZ2concentration wil lead to:

- Increase in soil organic matter

- Increase in water use efficiency

- More availability of C to soil microorganisms

- Accelerated nutrient cycling

The effects of climate change on soils leads to increase in soil temperature,
which will determine:

- reduction in moisture content

- reduction in labile pool of Soil organic matter,

28



Increase in mineralization rate
Loss of soil structure
Increase in soil respiration rate

Loss of soil organic matter

The increase in the amount of precipitation due to climatearmge,

determines the following changes in agricultural soils:

Increase in soil moisture or soil wetness
Enhance surface runoff and erosion
Increase in soil organic matter

Nutrient leaching

Increase reduction of Fe and nitrates

Increased volatilizatioloss of nitrogen

On the other hand, the decrease in the amount of precipitation leads to:

Reduction in soil organic matter

Soil salinization

Reduction in nutrient availability

The effect of climate change on soil fertility are complex processes that

require multidisciplinary approaches to better understand and improve soil

productivity. Good agricultural practices are recommended to improve soil

health and to mitigate and adapt to climate change.

References

1. Tesfaye Bayu, Fei Li (Reviewing edi®eyiew on contribution of

integrated soil fertility management for climate change mitigation and
agricultural sustainabilityCogent Environmental Scienée], 2020,
DOI:10.1080/23311843.2020.23631

Eric C. Brevik, The Potential Impact of Climate Change on Soil Properties
and Processes and Corresponding Influence on Food Security, Agriculture
2013, 3, 398117; doi:10.3390/agriculture3030398

29


https://doi.org/10.1080/23311843.2020.1823631

3. Pareek N. Climate change impact on soils: adaptatrahmitigation.
MOJ Eco Environ Sci. 2017;2(3):138.
DOI:10.15406/mojes.2017.02.00026

4. Raj Pal MeenandAnkita JhaConservation agriculture for climate
change resilience: A microbiological perspective, In book: Microbes for
Climate Resilient Agriculture December 2017
DOI:10.1002/9781119276050.ch8

Dr. Anna AbrahaoGlobal importance of soils in Brazil: The Cerrado soils
Text translated from Abrahao et al. (2022)
Characterization of the Cerrado

The Cerrado is a phytogeographic domain in Central Brazil composed of a mosaic
of vegetation types, from open grasslands to forests. The distribution of the
different vegetation types is the result of the interplay between climate, soil, and
fire (Hten 1972) The soils are usually deep, aluminiiich, acidic, and well
weathered, which means they are nutriepbor and have been long considered
wasteland for agricultural purposes. The Cerrado flora is very characteristic, with
short, thickbarkedtrees, with a crooked appearance, interspersed in a very
diverse matrix of grasses and herbs.

Agricultural expansion

{AYyOS GKS mMopcnQas ¢AI0K GKS OKIFy3aS 27F
to Brasilia (in Central Brazil), and the will to depelloe region, the Cerrado has
0SSYy UdaNYySR Ayd2 GKS | ANRKROdzZ GdzNF f T NP
government judged that it was necessary to establish an organization dedicated

to fostering technological innovations and founded the Brazikamicultural
Research Corporation (EMBRAPA) in 1973. The discovery that liming practices
allowed for the regulation of the acidity of the soils, decreasing aluminium
toxicity and increasing nutrient availability, allowed for the establishment of
largescde monoculture (Hosono and Hongo 2016)Other factors that
contributed to the success of the expansion of the agriculture in the Cerrado
region were the rainy season, the flat land, whichswauited to largescale
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mechanized farming and the shrub vegetation, which was easy to clear so that
land could be reclaimed, thereby reducing initial cultivation costs.

The agricultural expansion into the Cerrado is seen by many as one of the
GAINBIIEE8BSYOYyGa 2F 62NI RGARS | ANR Odzf G «
(Lopes and Guimaréaes Guilherme 2018 a result, the soybean production in

2006 increased more than B0% compared to 197@-aleiro and Sousa 2007)

The establishment of arable solils in the Cerrado opened new horizons for corn,
cotton, sunflower, sugarcane, wheat, and beans used in rotation cultures in the
Cerrado soils (Faleiro &ousa, 2007). The soybean production for commodity
exports has brought Brazil to economic superavit in the last two decades, as this
aSOG2N) I O02dzy 1SR F2NJ up: 2F GKS 0O2dz/i
great economic benefits for landownefisapola et al. 2013)

Effects of the agricultural expansion on thater cycle

Water in the atmosphere precipitates from clouds in the form of rain, which
percolates in the soil or flows on the surface. This water can be taken up by
plants that absorb it in the roots, and release it through the leaves in the
atmosphere, ina passive process, following a difference in water potential
(Oliveira et al. 2014)This means that plants do not require any energy to
transport water, and that water flows from wetter to drier areas. Once back in
the atmosphere, the water can move towards other regions, acogrdb
differences in atmospheric pressure and precipitate in other regions. Therefore,
the vegetation cover in one region can strongly influence the precipitation in
other regions, depending on atmospheric circulation patterns. This is the case,
for exampe, in the Amazon region, where one single tree can pump 1,500 litres
of water into the atmosphere per dafOliveira et al. 2014)The dominant
atmospheric circulation in South America comes from the Atlantic Ocean and
blows the clouds westward, where they are impeded by the Andearitins,

and are diverted soutliPearce 2020Q)toward the Cerrado region. As such, the
rain in the Cerrado comes mainly from tAenazon region. After precipitating in
the Cerrado, the water is absorbed by plants, and percolates into the soail, or is
pumped into the atmosphere; only a small portion being lost by runoff. The
balance between runoff, percolation and evapotranspirationnsen by land
cover and determines groundwater recharge and land surface cooling.
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The changes in land cover, from native vegetation to crops or pastures, change
the amount of water that the plants transport from the soil to the atmosphere,
called transpiation. By adding the plarttansported water, and the water that
evaporates directly from the soil, we obtain what we call evapotranspiration. The
evapotranspiration of the native vegetation is higher than the pasture, which
cools down the area. On a regial basis for cleasky daytime conditions,
conversion of natural vegetation to a crop/pasture mosaic warms the Cerrado
by an average of 1.559Coarie et al. 2011)n addition, the water percolation

into deeper soil layers is decreased by land conversion to pastures or crops. This
happens because plants have much deeper roots in the Cerrado. The deep roots
help conduct water to the deeper soil layers in a process cdilatraulic
redistribution (Oliveira et al. 2005a, bPlants not only absorb water from the
deeper soil layersral release it in the atmosphere, but also take it up from the
atmosphere or shallow soil layers and transport it into deeper soil layers. This
process only happens when the deep soils are drier than the atmosphere or
shallow soils, following the gradient water potential. Hence, Cerrado plants

are very good at intercepting water. For example, in a study comparing wooded
Cerrado and pasture, the surface runoff was 30 times higher in the pasture
(Anache et al. 2019As a result, the recharge of groundwater decreases with
land use changes from Cerrado to pastui@8veira et al. 2014 However, if we
compare different Cerdo vegetation types, we observe that more open
systems such as grasslands contribute more to recharging underground water as
forested systemgOliveira et al. 2017)Therefore, the protection of open
grasslands is imperative not only toopect the biodiversity, but to secure the
recharge of groundwater, and consequently, supply water to 8 out of the 12
hydrographic basins in Bradilahsen et al. 2016)

The energetic matrix in Brazil is mainly based on hydroelectric energy, which is
responsible for 565% of the energy productiofONS 2021)of which the
Cerrado accounts for 19¢hatrubesse et al. 2019)n very dry years, such as
2021, Brazil relied on thermoelectric generation for half of the energy
production, which severely incased the generation costs, and was reflected in
the electricity bills of the consume(&etirana et al. 2021)

In addition to the use in producing electricity, half of the water captured in the
Cerrado is used for irrigation, which secures crop productaring the dry
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season, but decreases the water flow and volume in riyeedrubesse et al.
2019) affecting the provision of ecosystem services that support human well
being. Unfortunately, water uptake is poorly regulated in Brazil. Uncounted
pivots of surface water uptake for irrigation continue to be installed, and the
extraction of surface war for irrigation is devastating swamps, creeks, small
lakes, and rivers. The number of irrigation pivots in operation illegally in the
whole Cerrado is unknown but is likely to be a relevant amount. For example,
just in the Goias state, more than 2,600vqis are operating without
environmental licensefl_atrubesse et al. 20197 herefore, althogh Brazil has
adequate legislation and regulations, they are not accompanied by law
enforcement. A recent modelling study found that the present scenario of land
clearing already altered the weather patterns with negative consequences on
maize yields dueotthe higher frequency of hot and dry da\@pera et al. 2020)
This finding undermines one of the main reasons for land clearingfediarop
production.

Alternatives to land conversion

Ample evidence shows that it is possible to increase agricultural production
without any further clearing and establish a zexlearing policy(Lapola et al.
2013 Ly (GKS SINIeé wnnnQa> | RSONBI as
increase in production. Cattle ranchers, espegiafi the south, invested in
managing degraded pastures to increase productivity, or converted pastures to
crops(Spera 2017)However, it is also possible that agricultural intensification
will favour agricultural expansiofLapola et al. 2013)n the MATOPIBA (states

of Maranhéo, Tocantins, Piaui and Bahia) region only, there were 21.5 Mha of
native vegetation in 2017, of which 75% (17.2 Mha) can be legadlseci(Polizel

et al. 2021) Therefore, new policies need to betpao place to prevent further

land clearing in the Cerrado. One of these policies could be for example the
extension of the soy moratorium to the Cerrado, whereby no new lands can be
cleared for soy plantation and soybeans can only be planted in landedlear
before 2008(Nepstad et al. 2019)There could also be economic incentives to
keep a larger portion of the negative vegetation standing;hsas voluntary
sustainability credit¢Ninni 2011; Kreibich and Hermwille 2028pwever, these
solutions reman poorly regulated and will require technological innovations,
new regulations, and appropriate law enforcement if they are to work.
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Additional land valuation includes the use by traditional communities for-agro
extractivism and investments in bioecononiye Cerrado provides an incredible
variety of fruits and nuts that could reach the markets with greater profits for
those who collect and process the products. It is essential to publicize and
consolidate attractive markets for a diverse range of nativedpcts, such as
those with regionally or internationally consolidated markets in the Amazon
region, such as Brazil nutBgrtholletia excelsa acai Euterpe oleracea®r
precatorig, babassuAttalea speciospif the management is not intensified to
the point of creating monoculture@-reitas et al. 2021)n the Cerrado, gabiroba
(Campomanesia pubescgnpassion fruitPassiflorasp.), baru Dipteryx allata,
cagaita Eugenia dysenterigaburiti (Mauritia flexuosa and pequ (Caryiocar
brasiliens¢ all have a potential to conquer the national market and have
medicinal properties that could be further exploit¢dives et al. 2000; Melo e
Silva et al. 2009)

Finally, areas of Cerrado native cover provide sourcesded collection for

much needed restoration projects. Successful seed collection initiatives involve
local communities that organize themselves into associations that sell native
seeds for environmental compensation projedSchmidt et al. 2019)The

G/ SNNI R2 RS tSé¢ |aa20AFGA2YyS Ay VY 2NIKE
R2 - Ay3dz Ay al (2 DNRa&aaz2 I NB Seahnysl) Sa
and the Amazon forests via direct seeding, without any need for investing in
expensive plant nurseries, and less losses due to sapling transplantations into
the field (Sampaio et al. 2019)t is a coseffective technique with a large
potential to restore largescale areas. The species choice must be carefully
evaluated to recover not only aboveground biomass, bsb @ahe belowground
biomass, which provides greater resilience against disturbances such as fire
(Giles et al. 2021)

In conclusion, it is imperativi® create policies and law enforcement strategies
to protect the remaining native vegetation cover in the Cerrado. The native cover
is essential not only for maintaining biodiversity, which has great medicinal and
economic values, but also the water andrlwan balances, which provide
essential ecosystem services for the human population both in urban and in rural
areas.
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Dr. Adina Berbecea: Agricultural pollutants and water quality

Water pollution is a global problem, both for developed and developing
countries, affecting the pace of economic developmamd the health of billions
of people.

Human settlements, industry and agriculture are the 3 major factors that
determine water pollution. Globally, more than 80% of domestic wastewater is
discharged untreated into water bodies, industry dumps millions of tons of
solvents, heavy metals, toxiaste, and agriculture, which consumes more than
70% of global water catchments, discharges large amouQtsantities of
fertilisers, pesticides, organic matter, drug residues, sediments, etc. In countries
with developed economies, pollution of water frongrécultural sources has
exceeded pollution from domestic sources and industrial pollution. Plant
cultivation, animal husbandry and aquaculture put great pressameboth
surface and groundwater.

The most important pollutants from agultural sources arefertilisers,

pesticides, salts, sediments, organic matter, pathogens, metals and drugs.

Fertilisers

In the European Union, for an area ®83.7 million ha of agricultural
fertilized land, wasused per season, amounting thl.2 million tons of N
fertiliser, 2.7 million tons of phosphate and 3.1 million tons of potash. (Fsteca

of food, farming and fertilsrs use in the European Union 202RQ030).
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Water pollution with fertili€rs used inthe cultivation of field plants
results from their irrational application, at a higher rate than can be fixed by soil
colloids or used by plants. Excess nitrogen and phosphorus can be leached into
deep water or runoff into surface water. Phosphates witbwaer solubility than
nitrates and ammonium tend to be adsorbed by soil particles and reach
watercourses by erosion. Large livestock farms produce significant amounts of
nitrogen and phosphorusich waste, which, if improperly handled and stored,
end uppolluting both groundwater and surface water. Manure, often improperly
collected, applied in unfounded doses and at inappropriate times, leads to
diffuse water pollution.

On the other hand, the fodder consumed in intensive feeding in
aquaculture, contribugs significantly to the increase of nutrient content in the
water.

Due to the high content of nutrients in the water, algae proliferate rapidly.
After the end of the vegetation cycle, the algae decompose, consuming in this
process a large part of the didged oxygen. As a result, mass mortality of

aquatic organisms occurs.
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Nitrates, leached into drinking water sources, have serious, sometimes
even fatal, consequencésr human health. In the body, nitrates are reduced to
nitrites, which, withhaemoglobin(responsible for transporting oxygen in the

body) formmethaemoglobinthus blocking the transport of oxygen in organism.
Irrigation

Irrigation of fertilized crops isne of the largest sources of agricultural
pollution of water. On manure fertilized lands, the leaching rate of N is less than
5% of the applied amount, while in the case of P it is28% of the applied
amount. On the other hand, irrigation can moleliand transport salts
accumulated in the soil, through drainage water into water bodies, thus
producing their salinization. Excessive irrigation can lead to increased

groundwater levels in saline aquifers, causing them to infiltrate in watercourses.
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Pesticides

Pesticide abuse has led to their occurrence in water bodies globally,
causing severe environmental pollomi, with serious consequences for the
health of living organisms. Worldwide, 4.6 million tons of chemical pesticides are
sprayed annually into the environment. About 500 types of pesticides, some of
which are extremely poisonous to the environment, areelydused. The use of
pesticides in various areas: recreational land, forests, roadsides, suburban and
urban areas, makes their presence in water bodies more widespread. The ways
in which pesticides reach the water bodies are: spray drift, surface runoff,

leaching, by drainage from drainage waters.
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Source Pesticide Pollution: 5 Steps to Reduce Your Impact (savethewater.org)

Sushil Humagain, Eutrophication: CasjseEffects and Controlling
measures,Eutrophication: Causes, Effects and Controlling measuf@sline
Science Notes

Klimaszyk, Piotr; Rzymski, Pidelenakova, Martina, 2018, Water and
Aquatic Fauna on Drugs: What are the Impacts of Pharmaceutical Pollution,
Water Management and the Environment: Case Studies, pgg 238, Springer
International PublishingThe effect of pesticides on aquatic orgsms and
mammals are dramatic, causing deattumour injury, teratogenic effects,
inhibits reproduction, accumulates in the body. Degradation of water quality

with pesticide content has an impact on human health either through the
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consumption of fish in ptuted waters or through the direct consumption of

water.

Drugs

Drug pollution has become an almost inevitable phenomenon that is a
growing concern. As the number of animals in large livestock complexes
increases, so does the amount of drugs used to céulisease. Thus, increasing
amounts of drugs and which are largely not degraded in common water
treatment processes, end up, along with manure in water sources. Here they
may suffer from biodegradation, adsorption on sediments and in aquatic
organisms. Ths} their bioaccumulation occurs in aquatic organisms (fish, shells,
crustaceans), and through their consumption by humans, they reach the human

body, selling serious toxicological effects.

Bibliography:
Xxx- Forecat of food, farming and fertilexs usen the European Union 2020
2030;

Xxx- Making it too salty Salinization!Making it too salty Salinizationt Follow
Green Living
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Dr. Alexandra BecherescicoProtective Technolgies for Vegetable Crops

Organic products, in general, and organic vegetables, in particular, have
become increasingly in demand on the market, in view of the fact that people
are increasingly attentive to what they eat, knowing that this way they take c
of their own health, wanting in addition to feel the taste food, in addition to

thinking about the health of the planet.

With deep historical roots, organic farming has developed mainly as a practical
occupation, in all the great human civilizationseddpotamian, Arabic, Greek,
Roman, Chinese, etc.), building on a prosperous-puluting agriculture,
without chemical fertilisrs and synthetic pesticides, relying on wisdom and skill

in thought and work.

The production of sufficient, varied and cheapdipas basic food security needs,
has been a relatively easy goal to achieve in developed countries, by promoting
intensive land cultivation and animal husbandry systems. But this mirage of
profit maximization was unfortunately associated with negativeef, where
under financial pressures, production, including agricultural production, proved
to be responsible for the destruction, directly or indirectly, of flora, fauna and

agricultural land.

In order to ensure the organic production of vegetables, vaigie farms using
conventional technology must have a conversion period of at least 2 years. This
period is indicated by the Inspection and Certification Bodies, which may
increase or decrease, depending on factors related to the previous exploitation

andthe degree of contamination with harmful substances of the land.
Some of the basic principles of organic vegetable production are:

- elimination of polluting technologies;
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- realization of production structures and crop rotation in which the maie

belongs to species and varieties with high resistance and adaptability;

-improving the natural fertility of the soil (by using appropriate crops and natural

organic fertilisers);

- the economical use of conventional energy resources and their replaceas
much as possible by the rational use of alternative energy sources (solar energy,

biogas, etc.) and reusable {pyoducts;

Ecoprotective technologies for growing vegetables include the following

aspects:

1. Crop rotation;

2. Soil works;

3. Fertilzation;

4. Seeds and sowing or planting;

5. Control of weeds, diseases and pests;

1. Crop rotation

Crop rotation refers to the division of cultivated land into plots and the rational
distribution of plants to be cultivated sequentially on these soils. While crop
rotation refers mainly to the notion of space, rotation refers to the way
vegetables grow othe same soil over time, so rotation refers to the temporal

aspect.

Rational rotations combined with the rationapplication of organic fertilexs

and associated with optimal soil work, ensure not only increased fertility but also

44



contribute to the defruction or reduction of weeds, diseases or pests, helping

the development of useful microorganisms in the soil.
2. The field preparation

The general objective of soil tillage is to crefdgourableconditions for the
growth and development of crop pi¢s, as well as to maintain, or even improve,

its physical condition and fertility. Tillage system refers to the totality of works
applied to the soil and their succession, on crops and soils, within a process of

crop rotation.

The preparation of the fieldequires a series of works that are performed in
different manners, depending on the cultivation system which is practiced, the

characteristics of the land and the demands of cultivated plants.

3. Fertilization

One of the principles of eeprotective cutivation of vegetables is that plant
nutrition should not be done with easily soluble fertilizing salts, but to facilitate
their availability through living organisms in the soil (fungi, bacteria, insects and
worms). To this end, organic vegetables musnslate the activity of living
organisms. The richer a soil is in living organisms, the more fertile it will be and

also the plants will be the more resistant to parasite attack.

In organic vegetable growing, fertilization is carried out maigly&ing @atural
organic fertili®rs prepared according to a special technique aadHto-dissolve
mineral fertilieers with slow decomposition (phosphorus flour, silicates, natural

potassium salts).

In addition to animal manure from animal husbandry, fertilizationeco

protective technologies is also based on the recycling of organic matter,
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secondary production consisting of plant debris resulting from gardens,

vineyards, orchards, hedges, parks and green spaces.
4. The seed / Seedling

The seeds and planting neatal used in ecgrotective technologies are
produced in households, farms, associations and ecological agricultural societies.
These units must comply with and apply both seed and planting material
legislation, as well as ecological technologies fomaitihg land, harvesting and

storing crops, and preparing seeds and planting materials for sowing / planting.

Seeds and planting materials are an important source of soil infestation with
harmful bacteria and fungi. In order to remove microbes from thes@agating
materials, it is recommended to treat them with solutions obtained from

biological, liquid or solid preparations.
5. Disease and pest control

In vegetable growing, weeds, diseases and pests cause a decrease in production
by about 30%, so weedsduce production by 8.9%, diseases by 10.1% and pests
by 8.7%. In order to minimize crop losses, the plants must be supported by

certain cropspecific protection measures.
The main directions to be followed are:

- identification of pathogens, their biolggandbehaviour
- identification of beneficial organisms;

- monitoring techniques;

- use of resistant cultivars;

- weed management.
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Assoc. ProfDr. Renata Maria Sumalaihe Biological Activity of the Saih
ensuring a Sustainableghiculture

This materialto provide knowledge related to the role and importance of
the biological activity of soil in the practice of sustainable agriculture. Thus, will
answer the following questions:

1. Whatis the soimicrobiotaand what are the constituent elements.

2. How can soil microbiota influence and improve agriculture in a
sustainable way

3. What are the technological measures that ensure a proper
functioning of the soil microbiota?

4. How Applied Microbiogy can help in the management of
rhizosphere of the plant crops.

The soll is the upper part of the lithosphere that has formed over time
under the influence of pedogenetic factors, climate, relief, macro, and specific
microorganisms. Each type of sodsha characteristic biological activity that
allows the circuit of the elements and provides synthesis of specific organic

compounds that confer fertility.

1. Whatis the soimicrobiotaand what are the constituent elements.

From a compositional point ofiew, 4 constituent parts of the soil are
distinguished (Figure 1.) mineral matter, water and air of soil, and the organic
matter. The organic matter comprises two components: organic matter without
lives (SOM) and the living organisms, respectively thié [gota which is
responsible for the biological activity of the soil and implicitly determines

synthesis of SOM.
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Figure 1. Components of the soill

The most significant contribution in the organic matter synthesis belongs
to the microbiota, i.e.,theto £ 2F &Yl tf 2NAFIYyAAYa 0>
with the naked eye. The soil microbiota components are bacteria (with
cyanobacteria and actinomycetes), fungi, microscopic algae, protozoa, and tiny
nematodes.

Microbial activity of the soil involves arges of processes based on
biochemical transformations performed with the help of microbial enzymes at
the top layer (first 50 cm) of the sobifferenttypesof soilare characterizedy
their own unique compositionof microbes,and evenwithin soil types of the
composition differ dependent on factors such as pH, water content and
technologyadoptedandcropstype (Rousk & Baath, 2011)

Bacteria are the dominant group of microorganisms found in the neutral
soil where produce polysaccharides or glycoproteins thus, act as cementing

agents and improve the soil structure. Other bacteria are present in a symbiotic
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relationship with the plantso help in processes like nitrogen fixation and
mineral supply.

Actinomycetes produce different groups of antibiotics and decompose
residues with recalcitrant property to biodegradation helping to increase the
fertility of soil.

Fungiare dominant in welberated, cultivated, or acidic soils. Fungi also
lives in theroot zoneand helps make nutrients autable to plants. For example,
mycorrhizaeare a symbiotic relationship between fungi and roots that facilitate
water and nutrient upt&e for plants.

Viruses= biological entities phytophatogenic, zoopathogenic and phage,
are found in soils and affect the activity of the microbiethey represent the

ultra-micropopulation of the soifRousk & Baath, 2011)

2. How can the soimicrobiota influence and improve agriculture in a
sustainable waySustainable agriculture requires direct activities to preserve,
protect and improve natural resources, herein the soil is the most imporfant
guality soil must have an SOM content betweef%, it has been formed over
time by microbiota activity and this content must be preserved and improved
(BlanceCanqui & Lal, 2009)

Forafarmer,it isimportantthat soilmicrobiotafunctioningbe viewedasawhole

in accordancewith abiotic, biotic, and anthropogenic factors. Thus, the
microbiota performs severalfunctions that are presentedin Figure2. Each
component of the microbiota is responsible for decomposition processes and
synthesis by whiche activity of other microorganisms and plants is conditioned
(metabiosi3. As a result, the biological activity of the soil is characterized by a
continuous dynamism that leads to the accumulation of organic matter
(Termorshuizen, 2014)The size and ricless of the microbiota directly

determine the degree of soil health and implicitly of the entire ecosystem. The
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greater richness and abundance of the microbiota will determfaster

circulation of elements, avoiding thus soil pollutigrermorshuizen, 2C1).

| Accumulation of organic carbon -
cyanobacteria and algae

\.

(Biodegradation and mineralization
— bacteria, fungi, protozoa

pathway- associative, symbiofic and SymheS'S and
free nitrogen fixing bacteria accumulation of

prehumic/humi¢ o
organic form in microbial biomass com pound S

Immobilization of elements in

Figure 2. Soil biological activity and synthesis of humic compounds

3. What are the technological measures that ensure a proper functioning
of the soil microbiota?
V The incorporation of plant residues at the soil surface is the main measure by
which a constant biological activity is ensured.
TheSOMamountin the soilcanbe preservedand enrichedif the activity ofthe
microbiotais ensuredby addition the vegetalresidues(Parikh& James2012)
Herewe must makean important remark It refersto the total carboncontent
(C)in rapportto the total nitrogen(N)of theseresiduesTheidealratio between
C/Nis 25.For1 part of N corresponding5 partsof C(Haney2012) In this case
the soilmicrobialbiomasswill beincrease.
V Avoid of crop maintenance systems with large numbers of mechanized works.
The lack of plants (even weeds) deprives soil microorganisms of access to organic
compounds, even if the photosynthesizing microorganisms is the main solar
energy catcher, because their intake is much lower compared to the plants. It

will be chosen for car crop maintenance or mulching.
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V Avoid deep ploughing of the soil in a repeated way.

This results in intensification of microbial activity of degradation of SOM. The

application of the minimum tillage system will lead to a decrease in

decomposition actiity while synthesis and conservation activity of the organic

matter content will be intensified.

V The application of correct irrigation water norms contributes greatly to the
preservation and protection of the organic matter of the soil.

If the organianatter of the soil is permanently in a continuous state of hydration,

the soil microbiota has easier access to its decomposition and mineralization. At

the same time, condensation processes andipuenus synthesis are carried out

with low intensity in soikept permanently moist.

4. How Applied Microbiology can help in the rhizosphere management of the
plant crops.

Therhizosphereis a dynamic environment where plant roots release a variety
of compounds that support higher microbial populations and activites in
bulk soil, Figure 3De la Fuente Canté et al., 2020)
Bacteria are one of the most abundant groups of microorganisms found in the
rhizosphere region. Bacteria from the rhizosphere, called plant grow promoting
rhizobacteria PGPR, are richness amalve higher proportions of Gramegative
and denitrifying bacteria than those in the bulk soil.
Benefigal fungi for plant are mycorrhizal fungi. They help plant in phosphorus
acquisition and grow the plant tolerance to hydric stress only in symbiotic
as®ciation with the roots of the planfRodriguez et al., 20097 he application
of intensive technologies does névour this association beese of using of
mineral fertilieers and the application of fungicidal treatments that destroy the

mycorrhizalfungi.
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PHYSICAL
* Growth affects soil porosity and soil density gradients.
* Root exudates modify soil water retention and hydraulic conductivity.

CHEMICAL
* Root mucilage and exudates affect nutrient dynamics
* Rhizodeposition and root uptake changes soil pH, mineral composition, and soil carbon.

BIOLOGICAL
* Recruitment of soil microorganisms interdependently linked to root activity.
* Rhizospheric microorganisms can benefit plant fitness and adaptation to biotic and abiotic constraints.

Figure 3. The rhizosphere andiitgpacts on plant fithess ( De la Fuente Canto et
al., 2020)
In organic technologies microbial inoculants are very used. They are isolated,
tested for traits in Applied Microbiology laboratory and benefit provided
plants in comparative fields. They are known asfbitilisers. Themost used
bio-fertilisers contain nitrogeffixing bacteria (Hinsinger et al, 2009),
(Mohammadi & Sohrabi, 2012)
It is well known that agriculture sustains and defines our modern lives, but
it is often disruptive of natural ecosystems. This is especially true for soil systems,
water resources, plant communities, and animal populations. Understanding,

evaluating, andbalancing detrimental and beneficial agricultural disturbances of
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soil and water resources are essential tasks to sustain and improve human well
being Parikh& James(2012) It is necessary to accelerate reseabdsed
knowledge in ensuring sustainability agriculture, the responsibility of the

authorities but also of farmers to ensure a clean ecosystem.
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Prof. Dr. Miguel A. Altieri*Agroecology: promoting natural bie
intensification processes iarop production”

University of California, Berkeley

The science of agroecology, which is defined asafi@ication of ecological
concepts and principles to the design and management of agroecosystems,
provides a framework to develop farming systems with minimal dependence
on agrochemical and energy inputs ( or even purchased organic inputs)
emphasizing copiex cropping systems in which ecological interactions and
synergisms between biodiversity components provide the mechanisms for the
systems to sponsor their own soil fertility, productivity and crop protection.

The design of such systems is based on th#ieation of the following
ecological principles :

1. Enhance recycling of biomass and optimizing nutrient availability and
balancing nutrient flow.

2. Securing favorable soil conditions for plant growth, particularly by managing
organic matter aneénhancing soil biotic activity.

3. Minimizing losses due to flows of solar radiation, air and water by way of
microclimate management, water harvesting and soil management through
increased soil cover.

4. Species and genetic diversification of the agrogstasn in time and space.

5. Enhance beneficial biological interactions and synergisms among
agrobiodiversity components thus resulting in the promotion of key
ecological processes and services.

These principles can be applied by way of various technigneéstrategies

and at small and large farming scales. Each of these will have different effects
on productivity, stability and resiliency within the farm system. The ultimate
goal of agroecological design is to integrate components so that overall
biological efficiency is improved, biodiversity is preserved, and the
agroecosystem productivity , its salfistaining capacity and resilience is
enhanced. The goal is to design a quilt of agroecosystems within a landscape
unit, each mimicking the structure arfidnction of natural ecosystems.
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Agroecology and the Design of Sustainable and Resilient Agroecosystems

Farming system design arises from the application of agroecological principles
that lead to the transformation of the structure and function of agrogsiems
by promoting management guided ansure the following processes

1. Increasing abovand below ground biodiversity.
2. Increasing biomass productiondasoil organic matter content.

3. Efficient use of soil nutrients, water, solar energy, segoi$prganisms,
pollinators and natural enemies.

4. Optimal planning of plaranimal sequences and combinations.

5. Enhancement of functional complementarities and interactions between soil,
crop and biotic components.

System redesign consists in praatisteps to break the monocultural structure
by restoring agricultural biodiversity at the field and landscape level. Biodiversity
enhancement through crop rotations, cover cropping, polycultures, agroforestry
and animal integration is the cornerstone atiegy of system redesign, as
increasing diversity within functional groups promotes key processes (pest
regulation, nutrient cycling, etc.) fundamental for agroecosystem function .
Higher plant diversity within the cropping system determines higher diyeo$i
above and below ground associated biota which in turn leads to more effective
pest control and pollination and to tighter nutrient cycling

Ultimately, redesign consists in the establishment of an ecological infrastructure
involving plot to landscapscale diversification, which encourages ecological
interactions generating soil fertility, nutrient cycling and retention, water
storage, pest/disease regulation, pollination, and other essential ecosystem
services . The associated cost (labor, resoyreceeney) to establish the
ecological infrastructure of the farm (living fences, rotation, insect habitats, etc.)
during the redesign phase tends to be high in the firdf §ears. Once the
rotation and other vegetational designs (cover crops, polycultdrels, borders,

etc.) start lending ecological services to the farm, key ecological processes
(nutrient cycling, pest regulation, etc.) are set in motion, the need for external
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inputs is reduced and thus maintenance costs start decreasing as the functional
biodiversity of the farm sponsors ecological functions.

Plant diversity and pest/disease requlation

Over the last 40 years, many studies have evaluated the effects of crop diversity
on the abundance of insect pests. A metaanalysis analyzing results from 209
studies involving 287 pest species, revealed that compared with monocultures,
the population of st insects was lower in 52% of the studies, and higher in 15%
of the studies. The abundance of predators and parasitoids of pests was higher
in intercrops in 53% of the studies and lower in 9%. Many studies confirm that
farms with speciesich vegetatioml schemes exhibited an increase in
abundance of natural enemies, an increase in pest mortality, and a. reduction in
crop damage when compared to monoculture farms. Unequivocally, most
reviews suggest that crop diversification strategies lead to naturansn
enhancement, reduction of insect pest densities, and reduced crop damage,
from a combination of ecological mechanisms.

Plant pathologists have also observed that mixed crop systems can decrease
pathogen incidence by slowing down the rate of diseaseettgmment and by
modifying environmental conditions so that they are less favorable to the spread
of certain pathogens [38]. For soil borne or splash borne diseases, Hiddink et al.
[39] found that intercropping patterns and variety mixtures significareauced
disease in comparison to monocultures. Host dilution was frequently proposed
as the mechanism for reducing the incidence of pathogens. Other mechanisms,
such as allelopathy and microbial antagonists, can also act to reduce disease
severity in diveried farming systems [40]. Lower disease incidence contributes
to less crop damage and higher yields in mixed crops as compared to
corresponding monocultures.

Healthy soilshealthy plants

In the last 20 years a number of research studies have corrolabréiz the
ability of a crop plant to resist or tolerate insect pests and diseases is tied to
optimal physical, chemical and mainly biological properties of soils. Soils with
high organic matter and active soil biological activity generally exhibit gabd so
fertility as well as complex food webs and beneficial organisms that prevent
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infection. Recent evidence suggests that the lower pest pressure observed in
many organic systems, although associated with a greater use of practices that
preserve beneficiahsects, is also linked to enhanced soil biology and fertility.
Several studies also document that farming practices which cause nutrition
imbalances can lower pest resistance . Evidence is mounting that synthetic
fertilisers can reduce plant resistanceimsect pests, tend to enhance insect pest
populations, and can increase the need for insecticide application. Furthermore,
recent research shows how biotic intexctions in soil can regulate the structure
and fune tioning of aboveground communities sygesting that the below
ground component of an agroecosystem can be managed through a set of
agroecological practices that can exert a substantial influence on pest dynamics.

Organic amendments such as poultry manure, meat and bone meal, and
soymeal, significantly reduce populations of a wide spectrum chsoile plant
pathogens. Pathogen control seems linked to the ammonia and (or) nitrous acid
generated, the concentrationsf which are controlled by pH, organic matter
content, soil buffering capacity, and nitrification ratevidence also shows that
compostamended soils can suppress dmirne phytopathogens and diseases
Soil microbiota which can be enhanced via compogliaation plays a key role

In crop protection improving natural soil suppressiveness

Conclusion

Agroecology provides guidelines to develop diversified agroecosystems that take
advantage of the effects of the integration of plant and animal biodiverBitgnt
diversification and soil organic supplementation are key for the
biointensification of agroecosystems. Enhanced aboveground and belowground
biota enhances complex interactions and synergisms between biological
components, optimizing ecosystem furis and processes, such as biotic
regulation of harmful organisms, nutrient recycling, and biomass production and
accumulation, thus allowing agroecosystems to sponsor their own functioning.

Agroecologically designed farming systems emerge from theicapioin of

agroecological principles such as recycling of nutrients and energy, enhancing
soil organic matter and soil biological activity, diversifying plant species and
genetic resources over time and space at the field and landscape level,
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integrating cops and livestock, and optimizing interactions of farm components.
The application of these principles moves farmers toward the productive
redesign of their farms, emphasizing synergisms within the system and reducing
their dependence from external inputs

Table 1. Key strategies of bi@ensification

A Enhance diversity and abundance of beneficial biota ( microrganisms,
plants, insects, etc)

A Amplification of ecological interactions that lead to processes key to
achieving optimal soil fertility, plant healand productivity

A Replace external inputs for ecological processes

T

T
T

Table 2. Ecological processes to optimize in agroecosystems

Strengthen the immune system (proper functioning of natural pest
control)

Decrease toxicity through elimination afjrochemicals

Optimize metabolic function (organic matter decomposition and
nutrient cycling)

Balance regulatory systems (nutrient cycles, water balance, energy
population regulation, etc.)

Enhance conservation and regeneration of-sater resource and
biodiversity

Increase and sustain losigrm productivity

Table 3. Mechanisms to improve agroecosystem immunity

= =4 =

Increase of plant species and genetic diversity in time and space.
Enhancement of functional biodiversity (natural enemies, antagonist
etc.)

Enhancement of soil organic matter and biological activity

Increase of soil cover and crop competitive ability

Elimination of toxic inputs and residues
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lll. Ecological Conversion of Agriculture: Changes and Challenges in
Plant Nutrition and Protection;

Prof. Dr.Ralf T. Voegeldntegrated and Biological Plant Protection; A Vision
for the Future

Department of Phytopathology, Institute of Phytomedicine, Faculty of
Agricultural Sciences, University of Hohenheim, €émderStr. 5, 70599
Stuttgart, Germany

The search for new approaches to holistically sustainable agriculture requires
the development of new cultivation systems that provide additional ecosystem
services for food, fodder, material and energy use in addition to b&snm
production. The reduction of chemiegynthetic plant protection products
(csPPPs) is a key tool to protect our natural resources such as groundwater and
biodiversity. Along with aroptimal use of mineral fertilexs, agroecological
practices and precision farming technologies, a complete abandonment of
csPPPs in a mineral organic cropping system (meCS) could not only improve the
environmental performance of agroecosystems but also ensure their yield
performance. h order to develop, investigate and evaluate such a meCS, all
relevant research levels and aspects have to be identified aaradysed This
approach is being implemented in the ongoing research project "Agriculture 4.0
Without Chemicaynthetic Plant Prection" (NOcsPS). We want to develop
andanalysea new cultivation system without csPPPs, but with ptimized use

of mineral fertili®rs and with innovative cultivation and utilization measures

from the perspective of all relevant areas of agricultucaésces.

Currently, agricultural production is under enormous pressure, as it is blamed
for the loss in biodiversity, contamination of the environment, contamination of

ground water, etc. Within the NOcsPs project we want to develop novel
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methodologies andstrategies in plant protection, which a) which provide a
similar level of protection as csPPPs, b) offer farmers the same level of security
as csPPPs, and c) are less harmful to the environment. The NOcsPS system
combines the positive aspects of integrdtand organic productions systems,

and combines them with modern technological approaches and adapted cultural
practices. We believe that with this combination we will be able to achieve yields

comparable to integrated production without harming the envinoent.

The research project NOcsPS aims to develop a new cropping system that will
make a substantial contribution to improve ecosystem services of agricultural
landscapes, in particular by enhancing regulating ecosystem services while
safeguarding provishing services. As a major measure the use of csPPPs is
completely abandoned. At the same time, all yiedtevant cultivation measures
have to be optimized to safeguard yields. In the design of this new cropping
system, new and existing technologies arembined with agreecological
practices to promote natural regulatory processes and to optimize mineral
fertilization and norchemical crop protection. The overall aim of this type of
cropping system is to improve the different ecosystem services basetieon t
following basic hypotheses: (i) meCSs can improve the provision of regulating
ecosystem services of agricultural landscapes compar&atégratedcropping
systems and (i) meCSs can improve the supply of provisioning ecosystem

services of agriculturdandscapes compared to organic cropping systems.

An interdisciplinary consortium composed of scientists and stakeholders from

the whole value chain is responsible for the design, analysis, and scientific
monitoring of this new type of cropping system cRlle & Y AS/G2NiF I A O £ €
different scale levels. The technical design of this new cropping system is based

on the current state of research as manifested in expert knowledge and the
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modelling of fundamental natural, technical, and economic processeshén t
NOcsPS project, different variants of a meCS are being tested in field trials at
various locations in Germany. These field experiments will be carried out as exact
trials but also on real farms. Muliear system trials are needed to capture crop
rotation and longterm effects of different cropping systems. Only a holistic
approach will allow an adequate comparison of meCSs with conventional and
organic cropping systems. This includes studies at plant, farm, regional,
processor, and consumer levels withspect to success criteria and possible

adaptations.

Biological control agents (BCAs) can be an effective alternative to csPPPs to
control plant diseases. Selected BCAs with partially elucidated modes of action
will be tested in specific plant/pathogegstems used in the NOcsPS project. An
indirect mode of action of BCAs is the induction of plant defense reactions. In
this context, it seems reasonable to document plant defense reactions after
inoculation with BCAs and subsequent inoculation with a paghodhis will put
plants in a so called priming state. Priming describes a state in which the plant is
prepared more quickly and more resiliently to deal with possible pathogen
infection. Furthermore, the time of application (protective, curative) of défe

BCAs will be optimized in greenhouse trials depending on their modes of action.
This will be supplemented by experiments to improve the performance of BCAs
by means of innovative mixtures of different active ingredients (formulation).
Once the effectieness of BCAs has been validated in the greenhouse, their
efficacy will be tested in the field. The detection and treatment of pathogen
infections at an early stage is crucial for effective pathogen control. This requires
innovative technologies for sensbased pathogen monitoring, for applying
BCAs as well as appropriate formulations and ways of application which aim at

establishing our BCAs in the field. Based on field trials, the extent to which yield
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depression in meCSs can be reduced using BCAatloogen control will be

examined.

For successful control of plant pathogens in meCSs using BCAs, an optimized
application in terms of time and space is necessary. One potential technology for
early detection of plant pathogens is the use of drdresed sesors that
generate georeferenced image data. By combining hymer multispectral
cameras with modern data analytic methods, and comparing pathogen
detection via sensor technology and molecular and conventional methods, it is
possible to generate procedusdor an early detection of plant pathogens, and

to establish them in the field. The capabilities of seAsased pathogen
detection and quantification under controlled conditions have already been
demonstrated in several studies. Multiple detection metsade currently being
developed to establish a monitoring system in order to detect plant pathogens,
which are expected to occur more frequently once csPPPs have been
abandoned. Molecular detection methods are being established for the
pathogens Fusarium gaminearum on wheat/rye/maize and Sclerotinia
sclerotiorumon soybean. These molecular methods enable the detection of
pathogens within the plant, but also on crop residues, or in the soil. They are,
therefore, essential for a holistic assessment of patogressure. An optical
verification procedure of the data sets classified by data analytic methods will
simultaneously be established for the same pathogens in order to determine
infestation in the crop via optical sensors. For the purpose of hyper
multispectral imaging based pathogen detection, a drdi@sed measurement
system will be used in order to achieve a sufficient spatial resolution to detect
plant pathogens and identify their location within the plant canopy for BCA
application. Finally, a necular detection method for the applied BCAs will be

developed to gain insight into their establishment or distribution in the field. This
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is essential for an optimal termination of application. Numerous field trials will
investigate the extent to whichhe use of novel BCAs in connection with

precision farming technologies can counteract crop yield decreases ©Sse

Through continuous further development and optimization of cropping systems,
agriculture must continue to secure future global food sugplwhile, at the
same time, preserving natural livelihoods. In addition to integrated and organic
systems, advanced cropping systems are needed to improve ecosystem services
of agricultural landscapes. Depending on local and global requirements, different
cropping systems may be beneficial. The individual ecosystem services
(provisioning, regulating, habitat, and cultural services) must be balanced in a
local and a global context. If locally there are specific environmental
requirements, then regulating seices per unit area take precedence in the
design of a cropping system. If, on the other hand, global environmental or
nutritional goals have to be met, the focus will be on provisioning services and
the output related maximization of ecological servicEee development of a
meCS is based on the goal of minimizing tratfe between different ecosystem
services and promoting synergies. This applies not only to the agricultural area
under consideration, but also to interactions with areas and structuresidet

the agricultural landscape. They must be protected from pollutant inputs or land
use change and, in return, support natural regulatory processes on agricultural
land. Future analyses of this new cropping system will illustrate the extent to
which it 5 possible to improve ecosystem services of agricultural landscapes by
establishing a meCS with optimized mineral fertilization yet without the use of
csPPPs.
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Herman Thomsen: Watesaving tillage and seeding technology
Beratung & DienstleistungThomsen, Brekendorf, Germany

Among the most important factorgoncerning the influence of tillage and
seeding on soil water conservation are: straw distribution, mulching, stubble
cultivation, soil texture and structure, tire pressure, tillage depth, seeding
technology and fertilization. Mulching is an important pairstubble cultivation,

it promotes straw rotting, it ensures better emergence of volunteer grain and
activates soil life. The finer the mulch material, the better it can be incorporated
into the soil. The cultivator is not the right choice for shallovtication, whereas

the compact disc harrow delivers a better results for this purpose.

Tillage depths of 3.5 to 4.5 cm are possible with the compact disc harrow, every
cm means that approx. 150 t per ha more soil have to be moved, which can then
also dy out.

Deep tire lanes produce compaction in the subsoil, so that the capillary rise of
the water is prevented. Tire slip and tracks are expensive diesel guzzlers! To
optimized the rolling resistance: Adjust air pressure to operating conditions and
observetechnical specifications!
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Regarding diesel fuel consumption, 5 cm track depth corresponds to a constant
uphill ride with a gradient of 5%. Therefore, decreasing the air pressure in tires,
can help to saviactor energy.

Intact soils with a correqtlant distribution are able to produce high yields even
with small amounts of water. The capillary rise for the water in the soil must be
secured and the soil surface should be shaded by the crop plants as soon as
possible. The striill method, where ony a small stripe of soil is tilled for
seeding, requires some points to be considered: very good straw distribution and
chop quality of the combine harvester, dry soil conditions, plane field without
deep lanes/tramlines, not many mice on the area to loétiated, control of
volunteer grain. For tillage systems, in contrast cultivators bring the best mixing
result with the right tractor speed (1012 km/h). There are different tools for

the different machining depth@-ig. 3)
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Left Mulch Mix Share for depths of up to 15 cm, with very good mixing
properties Right Narrow share for depths up to 30 cm to loosen the soil, without
turning and mixing properties

Exact soil reconsolidation, with sowing depths that are appropriate toieecf

the seed grain can help to ensure optimal field emergence. For that purpose,
compact disc harrows combined with seed drill machines can ensure the final
mixing,levellingand comminution of the soil. In order that the tillage tools work
properly, tavel speeds of 12 to 16 km per h should be used. Tire packers produce
an even reconsolidation of the seedbed, depending on the soil, the correct
diameter must be observed here: the heavier the soil, the smaller the tire
diameter.

The seed harrow forms @ain surface on the cultivated area, but if there are
poorly chopped crop residues, straw heaps can be dragged together.

Conclusions: Watesaving tillage and sowing is an extensive tofitequate
implementation already begins in the combine harvested straw chopper.
Mulching is davourableway to encourage active soil lif§tubble cultivatio
should be as flat as possibl@ifferenttillagetools are required for the
cultivator. Adjusting the seed drills plas high demands on the operator. Field
sanitationis more demanding with nplough cultivation
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Prof. Dr. Borbala Biro: Bioeffective solutions, assessing and improving the soil
health parameters and foodjuality/safety aspects.

Szent Istvan University Dept. of Agrienvironmental Studiégnyi ut 2943,
Budapest, Hungary, Mail: biro.borbala@kertk.szie.hu

The biologicakcological solutions are kesnportant aspects nowadays, so as to
protect soitplant health including direct relation with human health (Lehmann
et al. 2020). This fact ihas become a clear evidence. Only healthy soil
healthy environment can able to provide healthy food and healthy people. There
needs a paradigm shift in the way of thinking, to consider soil as a heritage a real
value, with limited ability of renewmp The European Community therefore
created the seOlF f ft SR aYAdaAz2yaéd Ay p RAFFSNBY
should be required:

Mission 1: Societal effect of climate change

Mission 2: Healthy oceans, seas and inland waters

Mission 3: Healthy citiesnd climateneutral living

Mission 4: Human health and the cancer

Mission 5: Soihealth and Food

Considering all the 5 missions it is also evident, that those are having a direct and
indirect interrelation with the soils.

- The soil is a renewable energgurce.

- The largest reservoir of the waters and responsible for the geochemical
cycle not only for the water, but also several meaond micronutrients.

- The 95% of our food is in relation with the soil.

- Regarding the greehouse gases (GONQ, NHX S ij iDis also the soil,
where the reduction of their release is also possible.
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- Some of the medicines are originating from the soil, through soil
microorganisms, for instance the antibiofdtoducing Actinobacteria and
filamentous fungi

- Soll is providing karge biodiversity of several organisms in the Earth that
is important for the soil ecological functioning.

Most of the so#functions are strongly dependent on the soil living organisms,

which are providing a network in the spillant-environment systemscalled Sail

FoodWeb (SFW). Among them it is the plants (with their root system) and some
specific microorganisms with photosynthesis function (i.e. algae and
Cyanobacteria), which are belonging to th&tlophic level. Those organisms
caledasproduddBR = Y26y (U2 0S AGLINRRdIzOAY 3IE 2N
sources. It is the"trophic level in the SFW, which is having the ability of utilize

the organic matters in soil through the enzymatic decomposition,
demineralization activity. Those processas considered as main activities for

any soil functioning and ecosystem services and also main contributors for soll

guality, soil fertility and soihealth. But are the meaning of the same in the soil?

- Soitquality: Complexity of the whole physieztemnical and biological
characteristics of the soil, with a main effect of any -failction, but
generally a strong focus for ttemilphysics.

- Soitfertility: Mainly the presence and provision of soiltrients, and its
availability for the crops in theoilplant systems. The fertility can be
improved artificially throughtte industrial inorganic fertiless, and can be
developed by the own setfapacity of the solil, or by using organic natural

A

I RRAGAGSE O0YlIydaNBE YR O02YLRalaxSioo
In this fertility asgcts a strong focus is given to teeilchemistry.

- Soithealth: the capacity of soils to providing healtftgod and healthy
environment. In this contest mainly the biological parameters are very
important and considering of the foeguality and foodsafety aspects.
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At soil health parameter the strong focus is given togb#biology, among them

for those organisms, which responsible for the suppressive ability of soil (against
the soitborne plant pathogensif a soil is not healthy, we can say thatsit i
receptive soll, i.e. not able to provide safe food sources for human life, due to

the presence for instance some of the human pathogdiable ).

Table 1: Typeagriginand survival of some sédibrne plant pathogens in the soil

Potential Origin Survival
pathogens
Coliforms Soil about 30 days

Sewage sludge/soil up to 30 weeks

Listeria Sewage sludge/soil About 8 weeks
vegetables up to 23 weeks
Salmonella Soil surface 15-500 days

Sewage sludge/soi|l 2-72 weeks

Streptococcus | Sewage sludge/soil About 7 months

In: EuFp 6 fundedHorizontatHYG project

It is a question how we can realise the quality, the fertility and-tsedlth? Or
which other characteristics can be assessed at all, so as to learn the real

ecological value of the soil?

Buffer-ability of soils: Generally it is the soil responses to the various acids, any
of the salts and several sqbllutants. Considering this a sheend longterm

effects can be evaluated and severity of those steféscts are highly
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dependent on tle affecting periods and the toxicity, chemical structure of the

pollutants.

Regeneration ability (resilience) of soils: It is the time, which needed to return of
a2zata Ayidz GKS oFflyOSR 06 ay-efetlydrdngy 2 NR -
disturbance ¢ The 1. International Conference was Budapest, in 1982:

International Conference on Soil Resilience and Sustainable land Use

Soil must be able to recover from stresses (imposed by the sludge applications
for instance, i.e. heavy metaccumulation,2 § KSNJ LJ2f f dziI y i & X
management cannot be said to be sustainable if this is not the case. Up till
nowadays we can show a limited knowledge, how to measure the soil resilience

and what to apply to improve that characteristic.
Case study of usingdsolids for symbiosis and sbibrne potential pathogens

In EUFP 6 funded HorizontddYG projecthitps://horizontal.ecn.n) the effect

of sewage sludge biosotmpplication was studied on several beneficial soil
organisms. Project HORIZONTAL started in December 2002 with the aim to
develop horizontal and harmonised European standards in the field of sludge,
soil, and treated biowaste to facilitate the regulation of these major streams in
the multiple decisions dated to different uses and disposal governed by EU

Directives.

It was the symbiosis, which can provide the largest effect on crops growth and

development.

Using the symbionts as part of the bioeffective solutions thplacement of
inorganic fertiliers can be potentially possible. The symbiosis might provide

either the biologically fixed Nitrogen for plant and able to solubilize the hardly
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available phosphorous from the soil particles. It is suggested therefore to focus

more efficiently orthe functionirg of symbiosis.

M% - mycorrhizal colonisation at different heavy metal
dosage
(average values with LSD)
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Figure 1 & 2: Colonization of beneficial symbiotic mycorrhiza fungi (AMF) at
increasing doses of loigrm sewage sludge addition in pexperiment of
using 4 different soitlypes. Modelexperiment, representing gear of sludge
application. Further information in text.

Increasing amount of sewage sludge was applied, in pots, as 2.5, 5, 10 and 10
g.10kgd, representing 7.5, 15, 30 or 60 t:haear! sludge added to the soil during

a 4yearperiod. In this case an accumulating doses of heavy metals might
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become toxic. In municipal sewage sludge the higleatrtent might have a risk,
while in industrial (leather factory) sludge the increasing dos€x aan become
dangerous. IrFigure 1 the symbiosis of arbuscular mycorrhiza fungi (AMF) was
reduced in parallel with the increasing doses of both sewage sludge amendment.
Considering the differences among soils, it was found, that mainly the acidic type
of soils was very sensitive for heavy metals accumulation, not stipgathe

beneficial symbionts.

Examining of the presence and survival of potential plant pathogens in the soil,
a simultaneous accumulation of Coliform bacteria@@®er of magnitude (abut
1000times more) could be counted at the highest doses of sludge afteyemat
(representing 16years) of application in the modekperiment. Regarding the
soittypes it was the acidic soils, which supported highly the survival of food

safety and fod-quality types of bacteria.

We could conclude, that the abundance of beneficial symbionts (the AM fungi)
is reduced, the potential pathogen Coliform bacteria on the other hand can be

enhanced by the accumulating toxic metals on a l@Tgn basis.

Beyondthe soilfertility, therefore more attention should be necessary for the

soithumanthealth and the fooehuality and safety aspects in the agriculture.

References:

Bir6 B., Beczner J., Németh T. (2004): Problems on sludge. The Hungarian point of view. P. 31
36. In:Problems around sludgdhe accession countries perspectives. Joint DG/JRC,
DG ENV Workshop (Eds. Gawlik BM, Marmo L)EBEUSPRA, Italy;

HORIZONTAHYG project: Horizontal standards on hygienic parameters for implementation
of EU Directives o8ludge, Soil and Treated Bimste). Grant agreement ID: 513660
(https://horizontal.ecn.n).

Keulen G. (2021): Microbiology challenges and opportunities in soil héditnobiology,
167:001001

DOI10.1099/mic.0.001001

74


https://horizontal.ecn.nl/

Lehmann J., Bossio D.A., Kégeabner I.Rillig M.C. (2020): The concept and future prospects
of soil healthNat Rev Earth Enviroh:544c553.

Veerman, C., et al. (202@}aring for soil is caring for life: ensure 75% of soils ar&hyely
2030 for healthy food, people, nature and climate : interim report of the mission board
for soil health and foodPublications Office of the European Union, Luxembourg.

Assoc Prof. Dr. Florian CristaA Dynamic Fertlization for Sustainable
Agriculture; Agriculture occupies a central place in the society , environment
and economy of the European Union.

interreg -1IPA CbC
Romania - Serbia EUROPEAN UNION

) \» SOUTH BANAT

GENERAL DATA ON THE AGRICULTURE OF ROMANIA

At national level, agriculture is one of the important branches of the
Romanian economy. Thentribution of agriculture, forestry and fisheries to the
formation of Gross Domestic Product is around 6% of GDP, and in the EU
Member States it is around 1.7%.

Land Fund of Romania:

According to RGA 2018 data, out of the 23.8 million ha that the R@mani
territory totals, the agricultural area used in agricultural holdings is about 13.3
million ha (55.9%), of which about 8.3 million ha is land arable. Depending on
the mode of use, the arable land occupies approx. 62.5% of the agricultural area.
Cerealsand oil plants occupy about 80% of the aralaled. Theratio between
the arable area of the country and the number of inhabitants shows that each
inhabitant of Romania has about 0.41 ha of arable land, higher than many
countries in the European Union aatinost double the EU 27 average, which is
0.212 ha/inhabitant . Romanian agriculture tends to follow the European model
of agriculture which is based on a competitive, mar&ggented sector, while

also fulfilling other public functions, such as protagtithe environment,
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providing more convenient residential settlements for the rural population, such
as and the integration of agriculture with the environment and forestry.

The Common Agricultural Policy shifts its focus from direct subsidies to
agricuture (PillarPilon | of the PAC) to the integrated development of the rural
economy and to the protection of the environment (PHRifon llof the PAC).
Romania is one of the best endowed European countries in terms of agricultural
land, water and humanesources. Properly exploited, these benefits would
allow for a more productive employment of rural labour and reduce income
disparities between rural and urban areas.

Factors for plant nutrition and soil fertilization to ensure sustainable agriculture:
* Optimizing soil fertilization and its amendment

* Characterization of the agrochemical evolution of the soil under the influence
of different fertilization and agrdéechnical methods;

* Study of fertilization technologies used in sustainable productyatesns;

* Research, formulation and testing of neanaplex solid and liquid fertiles's;

* Obtaining organic products with effects on plant nutrition.

* Establishment of unconventional ways and methods of fertilizing agricultural
crops, to prevent theevaporation of nutrients in the environment;

* Complex testing in the laboratory, vegetation house and experimental lots in
the field of some Romaniaand foreign fertilier products for obtaining the
approval to be used on a large scale;

* Calculation 6the balance of nutrients in agricultural farms;

* Characterization and complex evaluation of the agronomic efficiency of some
secondary residual sources with fertilizing value, having low concentrations in
nutrients;

* Fertilization of crops with low d@&s in conditions of assured economic

efficiency;
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* Computerassisted diagnosis of plant nutritional disorders;

* Chemical testing of soil and phosphate rocks for the efficient use of phosphate
rocks as sources of phosphorus.

It is wrong to consider thgtist the simple use of fertiless in average quantities

is equivalent to sustainable agriculture.

The application of fertilers brings their optimal contribution only insofar as they
are included in a system of wetinked technological measures, and ttheses
that are established are correlated with the plant, soil, climatic factors, crop
technology.

We must provide the plants with the necessary nutrients throughout the
vegetation period through the fertilization system whlave to distribute the
fertilisers according to the requirements of each phase of growth and
development, which requires differentiated application in relation to species,
variety, hybrid, age, duration vegetation period, length of light period, soll
conditions, etc.

Another factor that conditions the fertilization system is the size and quality of
the crop, which is aimed at the crop and depending on it, both the quantity and
the age at which the fertilsrs are applied change.

Farmers can benefit from financial sugpfrom European funds and the
national budget if they compl with crosscompliance rules.Any farmer
requesting financial support from European and national funds must comply
with these rules throughout the year, on all agricultural plots on the farm,
regardless of their size (including ineligible and those that are no tarsgs for
production purposes) The crossompliance norms include the Legal
Management Requirements (SMR) and the Standards on Good Agricultural and
Environmental Land Conditions (B@), grouped on the following areas:

M medium,
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9 climatic changes,
1 good agrialtural conditions of the lands,
1 public health,animal health, plant healthanimal welfare.

5N [ dzOAl'Y 5dzYAlGNXz bAGNY ¢KS GFE2y2Yeé

Pedology is thescience that deals with the formation, evolution,
properties, classification, distribution and rational use of soils. The term

"pedology"” comes from the words "pedon" with the meaning of soil and "logos"
with the meaning of science.

Orizontul A
Orizontul E

Orizontul B

Orizontul C

Orizontul R
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The soil in relation to the other components of the environment

Hydrosphere

Soil - Pedosphere

Lithosphere Biosphere

The main functios of the soil

Factors Affecting Soil Formation

The 5 soil forming factors

Climate
Organisms/Vegetation

Parent material
Topography
Time
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Romania - Soll map
(accordng FAQGYUNESCO)
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Ecological functions

1. Contributions to plant biomass production provides food, feed,
renewable energy and raw materials

2. Filtration, buffering and transformation between the atmosphere,
groundwater and the carpet, protecting tlevironment

3. Biological habitat and gene pool (soil fauna and flora are an important part
of biodiversity).

Technical, industrial and soe@onomic functions

4. Spatial basis for technical, soeiconomic and industrial sictures and
their development: industry, housing, transport, sports, recreation, waste

storage.

5. Source of geogenic energy, raw materials (gravel, sand).
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6. Cultural and geogenic heritage, forming an essenésl @f the landscape

and hidingarchaeological and paleontological treasures

Romania
Land Capability (suitability for arable land ue)

, N Legend
X A [_]0-20 marks (very poor)
\ [—_] 20 - 40 marks (poor)
[_] 40 - 60 marks (moderate)
60 - 80 marks {good)
I 80 - 100 marks {very good)
[_] Non arable land

Distribution of agricultural land by suitability classes

Agricultural Pastures and Vineyards and
total Hayfields orchards
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Prof. Dr. Borbala Biro: Bioeffective saioculation for tomato growth andthe
fruit quality, Szent Istvan University.

Dept. of Agrienvironmental Studies, Villanyi ut£® Budapest, Hungary, Malil:
biro.borbala@kertk.szie.hu

The soiinoculums are used worldwide in great quantities at Adtiortt, and
Viti-cultural practices. The inoculums are generally containing:

- living beneficial organisms;

- 0KS LINPRdzOGA 2F 2NHIYyAaYa O6SEGNY OlGacz

- carriers, which are generally providing #&nger survival ability of the

organisms beforeand during the application.

The carrier can serve first of all as a niche for the various organisms, providing
both the place of living/functioning and also the appropriatérments, water

and oxygen. In several cases the environmental conditions, such as the
temperature can be also a k@éyportant aspects, for instance among cad

arid climates. It is known, for instance that corn can germinate only at soils with

not less,than 10°C. Such a temperature at early spring can be achieved by

biocharlayering of soils, so as to improve the solar energy in soils, and assisting

in microbial surviving and functioning activity as carrier for microbial inoculums.

Considering of théiotic and abiotic environmental stregactors in the various
soilplant systems, those are considered to be crucial for any successful
application of microbial inoculums. Beside it, the-soihnagement practices are
efficient in successful plant breedjn The adaptation of crops and their
interrelation with beneficial microorganisms are suggesteaddonsider, as well.
Biofertiliser type of microbes (Nfixers and Fmobilizers) were the first that
were applied for plant growth and nutrition. The planand microbial

parameters and functioning of the system is showfigure 1.
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A successful plargrowth and development can be possible of providing them
by available nutrients from soils, and protect them from potential pathogens.
Both of those aims igotentially possible by using beneficial microbial inoculums
in any sodHplant systems. Regarding the smibculation several types of

industrial products are known and categorized for the registration, as followes:

1) Plant Strengthening Products (PSP),egaly known adbiofertilisersand

almost all of the registered products belong to it

2) Plant Protecting Products (PPP), generally knowiiagesticides but
registration needs more severe requirements, therefore not too many

products are in this category
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Figure 1. Biotic and abiotic seihvironmental factors, impact of plaiphysiology

and soimanagement, affecting plant growth and development (source:
Biro B., BIOFECTOR project).
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Considering of the intensive agricultural practices, a greater focuixes fpr the

so-called:

N{2Af LYLINROGAYI t NPRdAzOU &bicsdil£ t 6 X0 & K& ©
aim of developing improved secondary sstilucture with great aggregate
stability, better aeration and enhanced watbkolding capacity of soils.
The biosatls are under intensive development in industry. The production
is supported by the bacteria and fungi which are able to product
exopolysaccharide (EPS) layers, called also as mucigel. In case of
arbuscular mycorrhizal fungi (AMF) it is the glomalin (tybesugar
proteins) that might be produced. Both the mucigel and also the glomalins
are rather sticky materials with great responsibility in sggregate

stability.

During the current application of such microbial inoculums, it was found, that
the livingbacteria and fungi might change of their behaviour and function, in
harmony and interrelation with plaRphysiological status and answering to
envirormental conditions. A biofertilex for instance might result a better plant
nutrition and might protect the plants against the sbdrn plantpathogens in
one step. The functioning of microbial inoculums are highly dependent on the

biotic, abiotic environmental factors, shownHhigurel.

In the EUFp7 funded BIOFECTOR project, therefore bioeffective soil inoculation
gl & dzaSRX Ay H6KAOK GoA2SFFSOG2NRES
inoculums. The aim of project was to replace or potentially reduce either of the
commergally appliedinorganic fertiliers and/or the pesticides. Bioeffectors
therefore ae not categorized to biofertiles or biopesticide types, however both

functioning is possible with the application.
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Fruit quality of organic tomato with bioeffectors in field:

Regardig the EWunded BIOFECTOR project, tomatdycppersicum
aesculentum var. Mobil) were grown at the University of Szent Istvan,
Experimental Field in Soroksar, Hungary. Several type of bioeffectors, as single
microorganisms and of their combinations was kgxbin slightly humous sandy

soils, among organic conditions.

The following Biofector treatments were used:

BE1Trichoderma harzianurstrain F22 (Trianum P);

BE2:Pseudomonas sfProradix WP);

BE3Bacillus amyloliquefacierfRhizo Vital 42 Fl.);

CHB, CFATrichodermat Zn, Mg product respectively (Combifect),

MTD:Trichoderma sp(Pannon Trade, Hungarian isolate)
AZO:Azospirillunsp. strain (Pannon Trade, Hungary)

Results was shown, that all of microbial inoculums could produce a tastier yield
at year of 2017, in comparison with the namoculated control plotsKigure 2,

left). The Brix value of the tomato fruits at the inoculated plots was found to be

better, by 23 value and also the yield was significantly enhanced at all of the

three bioeffe¢or treatments. Yield of noimoculated control was 25;8vhile at

BE1- 31,3; at BE2 35,8; at BEJX; 32,7. kg/plot was realized.

In 2015 on the other hand the yield was improved by tendentiously and could
not be improved significantly. The annual efi® can be considered during the

application.
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Considering the planprotection potential of bioeffectors, in 2015, the tomato
yield was divided to marketed and nenarketed ratio of the fruits. The
combination of anyTrichodermastrain (either GermanianraHungarian origin)
with other inorganic plannutritive elements (Zn, Mg in GTD product) and or
with living bacteria, able to fix biologically the nitrogen (Rezospirillumsp.
strain involved into MTD product) was able to reduce the-nmarketed ratioof
the tomato fruits in comparison with the single inoculation of BEichoderma

harzianumT-22 strain) Figure 2, right

Tomato (var. Mobil) fruit dry matter content (brix%) in open field Infected tomato piece/plant 2015
experiment, SZIU (2017) .
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Figure 2. Fruit quality of tomato, inoculated by bioeffectors in organic system.
Left: The brix value (taste) of fruits, Rightonmarketed ratio of the
yield/plant. (SZIU, Fielekperiment, Soroksar, Hungary). Further
information in text.

Microbial carriers and/or seimprovers for successful inoculation

The bioeffective solutions require not only beneficial and efficient
microorganisms, but it is also a requirement, that the soil might support of the

survival of living introduced organisms in the guént systems.

The biochar is an industrial product of the circular economy and of using organic
agricultural wastes (i.e riceusk, woodOK A LJA XSG Od0 X Ay 3ISY SN
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suggested not only for sestructure and sothuality improving, but it can be
important also in supporting sarhicrobial survival in soils. This can be
potentially possible, because there are large aoes that absorb nutritive

element and providing a niche for the microorganisiFig(re 3.

Figure 3 Biochar structure and surfaces at 600 magnification (sauBwro B.,
BIOFECTOR project).

The combination of biochar and the bioeffectors can be a potential solution for

soikinoculations. Increasing doses of biochar was used to study the tomato yield

in pot experiment. Among the increasing doses, the application ef 0.6 and

2.5% of biochr application could produce greater plaibmassproduction.

Among the field condition both the 4 t/ha and also 10 t/ha biochar amendment
(i.e. the 0.5 and 2.5 % in pots, respectively) could be the best for the yield of
tomato. If the biochar applicatio was used parallel with bioeffector (BE)
treatment, the yield was tendentiously greater, especially among the arid
summer time condition. At that environmental condition the watering of
biocharamended soil is a prerequisite of the success, as it wasiored by

Kocsis et al. (2022) review article.

Effect of biochar application can be enhanced by the parallel application with

beneficial microbial inoculums. Biochar is known to absorb the available
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nutrients from soil, therefore Nutrient mobilizing bacteriand fungi might

improve the effect prominently at sever environmental conditioRg(re 4.
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Figure 4 Effect of increasing doses of biochar on the bioApasduction of
tomato in potexperiment (left) and among field conditions (right),
inoculatedor not by bioeffector (BE2) bacterium strain. (SZIU, Hungary).
Further information in text.

Conclusion

Bioeffectors are used efficiently in organic agricultural practices. Inoculation of
tomato is a suggested technology for improving not only the yieldnfass

production and fruit quantity) but also to get a better and tasty fruit quality.

The inoculation of tomato can be duplicated, when the seedlings are planted
into the soil. At that case the effectivity of microbial inoculation can be

improved.

Appication of bioeffectors on the other hand is being rather casasitive and

also an annual effect can be found.

Type of microorganisms are crucial at the application. FheoBilizing and the
so-called plant growth promoting (PGPR) microorganisms miglameficial for

yield improvement, while theTrichodermafungi could behave as biocontrol
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agent and therefore might be used more efficiently of replacing the pesticides

among the horticultural practice.

The combination of bioeffectors with missing nuirdi elements from the soil
(i.e the Zn at high-Bhosphor availability and the Mg for better photosynthesis)

might improve the plangrowth and development.

Combined microbial inoculums, including not only the biocontrol fungi, but
perhaps the NfixingAzospirillung are improving the plarprotection ability, so
the ratio of normarketable yield could be reduced. Healthier plant can be more
suppressive against the salled soHborne plant pathogens that is also a great

benefit of using bioeffectors anoioeffective solutions.
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Assoc. Prof. Dr. Martin KulhanekComposts and the importace of soil
organic matter for soil fertility, Czech University of Life Sciences in Prague

Department of Agroenvironmental Chemistry and Plant Nutrition, Kamycka 129, 165 00 Praha
Suchdol. Emaikulhanek@af.czu.cz

Nowadays agriculture balances between the effort to produce the high
yields to feed the increasing population and the keeping the sustainability of
environment for the price of lower yields, but longer time horizon. Especially for
the second way, it isetessary to have information about soil quality. One of the

most important subject connected with soil quality is soil organic matter (SOM).

Two methods for determination of organic matter in soil are widespread
across whole world: i) reduction of totalrganic carbon using potassium
dichromate/sulphuric acid mixture with colorimetric determination and ii)
determination of total soil organic carbon using combustion method and
released C® measurement (CN analyzers). However, both of mentioned
methods are dtermining the soil organic matter quantity parameters, but not
the quality. For instance, both methods are determining even the easily
decomposable organic matter in soil (root residues; incorporated straw and
others) and thus, the values of total orga@rbon can be lower at fertile soil
(chernozems) than at, e.g., sandy soils with high contents of easily decomposable

residues.

SOM represents a wide scale of components: i) microbial biomass, ii) plant
residues, iii) fungal and other proteins, iii) sbcomponents; iv) passive
components and many others. Each of them is playing crucial role in soil quality.
This is the reason why the quality of SOM should be investigated as well.
Methods for determination of SOM quality are existing since a long time.
represents the advantage in the possibility to compare the results with different

publications as well as it makes the results from lggn experiments
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comparable among each other. One of the existing methods is determination of
humic substances, humand fulvic acids according to Kononova released in the
year 1966. On the other hand, this method has a disadvantage mainly in the time
and dangerous chemical consumption. Fractionation of one sample takes at least
2 days with a lot of risks to do a ma&e. Because of that, this method is used
mainly in scientific labs and so it is not widespread to provide data for farmers.
One of the perspective methods to determine SOM quality is the measurement
of the content of glomalin (stable protein produced kol dungi). Glomalin has
positive effect, mainly at the stability of soil aggregates. Especially the method
for easily extractable glomalin is relatively easy and correlates good with passive
SOM components determined with above mentioned fractionatiorlikBet al.
2022). Other perspective method is using near wréd spectrometry (NIRS),
because each SOM organic matter component has a specific reflectance. This
method is still in development, because the data of SOM fractionation are
needed for NIRS dhtation. To this purpose, the bright scale of analyzed soil is
needed. However, NIRS spectrometry is easy to provide, the analysis itself is very

cheap and so this method represents the good potential to the close future.

Application of composts is the gven strategy for soil organic matter
improvement. Composting is a historically known process used in old civilizations
(China, Egypt, Middle and South America) up to now. Nowadays, development
of composting technology can be situated in thetter-quality control and
speeding up the whole process. The role of composts in agriculture and
especially horticulture is often underestimated. The majority of compostable

communal waste ends up in landfills.

Two major types of composts are used: i) with and iihaut reactor.

Compost can be produced in small scale (few kilograms of materials) up to big
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scale thousands ofons). The main factor to produce the quality compost is the
good input material. Here should be controlled especially the pH value and C/N
ratio. If the compost heap is composed form quality input materials, the process

itself runs almost without needs of the quality control during composting.

One of the composting alternatives is vermicomposting means using

the epigeic earthworms, mainlfsenia andrei One kg of earthworms can

process 0.5 kg of waste daily. It can be used for processing especially plant

residues (waste from vegetable processing, grape marc, apple pomaces and

many others). This system is suitable even for offices and nestts) where the
produced vermicompost can be used locally to fertilize the gardens.
Vermicomposts tea and extracts showed the positive role in plant protection,

where foliar application resulted in competition with plant pathogens.

From the presented ld¢are it was possible to conclude that in the close
future should be developed easy method for soil organic matter quality
determination. The best potential shows using near isrfrd spectrometry as a
nondestructive cheap method without chemicals consumptiComposts and
vermicomposts are commonly known as a SOM quality improvers. However,
majority of compostable municipal waste is used in a-nemewable ways. The
aim of the future sustainable strategies should be the redirecting of compostable
municipalwaste from the landfills to the composts and further in agricultural
soils and especially to the horticultural production.

Reference. I f N1 2 W®T YdzZ Kt yS{Z adT 2SNyeée:
The Influence of Organic and Mineral Fertilizers on the Quality of Soil Organic

Matter and Glomalin ContenAgronomy2022 12, 1375.
https://doi.org/10.3390/agronomy12061375
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Assoc. ProfDr. Florin Crista: Organic farmingachievements, challenges and
perspectives!

inlerreg -1IPA CbC
Romania - serbia EUROPEAN UNION

) w SOUTH BANAT

Organic farming is a "modern” process of growing plants, feeding animals and
producing food, especially fdamental to conventional agriculture.
The fundamental goals of this model of organic farming are:
1 longterm maintenance of soil fertility,
1 avoidance of all forms of pollution that may be caused by agricultural
techniques
1 the production in sufficient quantities of food of high nutritional
quality,
1 minimizing the use of fossil energy
1 non-recoverable energy in agricultural practice,
1 raising animals in living conditions in accordance with their
physiological needs.
The roleof the organic farming system is to produce cleaner food, more suitable
for human metabolism, in full correlation with the conservation and
development of the environment. One of the main purposes of organic farming
is the production of fresh and authentagrifood products that respect natural
and environmental factors.
What are the specific practices of organic farming?
Organic farming differs fundamentally from conventional farming, through
drastic restrictionson the use of synthetic fertiless and sticides, growth
stimulants and regulators, hormones, antibiotics and intensive animal

husbandry systems, and also through a strict ban on genetically modified

93



organisms ( GMOs) and their derivatives. Organic farming is also called "organic"

or "organic" terms commonly used and accepted by the European Union.

PRINCIPLES
Organic farming is based on certain principles from which it must not deviate
a) The principle of health
This principle promotes the fact that the health of individuals and communities
cahnot be separated from the health of ecosystembealthy soils produce
healthy crops, which in turn provide health to animals and hum&nrganic
farming is intended, in particular, to produce highality, nutritious food that
helps to prevent disease drprotect human and animal health.
b) The ecological principle
The principle refers to obtaining an ecological production that is based on
ecological and recycling processes. Organic farming, pastoral systems and the
collection of flora and fauna must cespond to the ecological cycles and
balances in nature.
c) The principle of fairness
This principle emphasizes that those involved in organic farming should manage
human relations in a correct way, at all levels and between all participants in the
production process- farmers, workers, processors, distributors, traders and
consumers. Organic farming must produce enough food and other good quality
products. This principle provides that animals must be provided with living
conditions in accordance with thghysiological requirements. Fairness involves
production, distribution and trade systems that are open and fair and require
real environmental and social costs.

d) The principle of administration
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What is the mandatory period for conversion to crops?

Organic farming must be managed responsibly and with caution to protect the
health and welbeing of current and future generations and the environment.
Caution and responsibility are the key
The transition from conventional to organic agriculture cannot be done
overnight, but for a period long enough for the soil to become fertile and the
balance of the ecosystem to be restored, accordingtite legislation The
duration of the conversion peyd in vegetable, animal and beekeeping
production is:

1 2 years for annual field crops;

91 3 years for perennial crops and plantations;

1 2 years for meadows and fodder crops;

1 12 months for beef cattle.

1 6 months for small ruminants and pigs;

1 6 months for dairanimals;

1 10 weeks for poultry for meat production, purchased at the age of 3
days;
1 6 weeks for birds for egg production;
1 1 year for bees, if the family was bought from conventional apiaries.
This is the period that farmers have at their disposal to adagtfarm
management to the rules of organic production.

Organic farming, between intentions and reality

Community rules on organic farming provide:

- acrop rotation so as to protect the soil and naturally interrupt the cycle
of weeds and parasites,

- a use ofnatural enemies of plants and animals to avoid the harmful

effects of chemicals;
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- the choice of plant species and animal breeds perfectly adapted to local
conditions, which are resistant to specific diseases;
- raising animals in the most natural conditigmassible;
- protecting biodiversity by protecting plant species and indigenous
animal breeds, which are threatened with extinction.
Organic farming is a dynamic sector in Romania that has seen an upward trend
in recent years. The organization of product nedikg is an important element
of the organic farming chain.
As part of the campaign to promote organic farming in the European Union, at
the initiative of the Directoratéseneral for Agriculture and Rural Development
of the European Commission, the website
www.ec.europa.eu/agriculture/organic/home_ro has been created with the
main objective informing the general public about the organic farming system as
well as a starting point in carrying out promotional campaigns in different

Member States.

What subsides are available for organic farming?
The subsidies granted to agricultural producers represent 1.731 billion lei and
the payment will be made per hectare, directly by the Payments and
Intervention Agency for Agriculture.
APIA also carries out Europeamdis for the implementation of support
measures financed from the European Agricultural Guarantee Fund
One of the essential conditions for the development of organic farming is the
promotion of the concept of organic farming in order to make consumers aware
of the benefits of consuming organic products, so that they offer a higher price
for clean products whose quality is guaranteed by an inspection and certification

system.
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In order to promote organic products, the European Commission provides
support of ip to 50% to information and promotion programs proposed by
professional and interprofessional organizations in the sector, which patrticipate
with at least 20% of the real cost of actions;fec@mnced by the state budget, in
accordance with the provision$ Regulation (EC) no. Council Regulation (EC) No
3/2008 on information provision and promotion measures for agricultural
products on the internal market and in third countries and with Regulation (EC)
No. Commission Regulation (EC) No 501/2008 laying detaied rules for the
application of Regulation (EC) No 3/2008.

Perspectives on organic agriculture
Organic farming is on the rise, as a direct result of growing consumer interest in
organic products.

To find solutions to the challenges posed by thigid rise and to ensure
an effective legal framework for the sector, the EU has adopted new rules.

Given the complexity and importance of the secondary legislation being
drafted, the Commission has proposed postponing its entry into force by one
year, fom 1 January 2021 to 1 January 2022.

The postponement was initially requested by EU countries, the European
Parliament, third parties and other interested parties. Here are some examples
of changes that will be made under the new organic farming rute=ngthening
the control system, in order to increase consumer confidence in the EU's organic
farming system; new rules for producers, which will facilitate the transition of
smaller farmers to organic production methods; new rules on imported organic
products, to ensure that all organic products sold in the EU meet the same

standard; several types of products that can be marketed as organic products.
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The Romanian potential
According to data released by the Ministry of Agriculture and Rural
Development, iis estimated that about 80% of Romania's organic production is
exported to European markets.
80% of these intr&Community shipments include raw materials such as cereals,
oilseeds, honey, berries, sunflower oil and only a small part of the percentage
relates to processed products such as ekes, wines or dairy productsakery
that are more sought after in the domestic market, along with eggs.
The main Community countries that represent important markets for
unprocessed organic products (organic raw materials) are: Germany, Austria,
Italy, the Netherlands, Switzerland and Denmark, which are also among the main
suppliers of processed organic prams.
It is estimated that in 2021 imports of organic products from Romania amounted

to 175 million euros.

Prof. Dr. Dan Manea: The benefits of crop rotation in farming
Banat's University of Agricultural Sciences and Veterinary Medicine "King Mictael |

W2YlFYAlLb ¢AYAU2F NI @

1. Better nitrogen managementNitrogen is one of the crucial nutrients

for plant developmentt KS&é ySSR | GaFAESRE (e&L)s 27

in the fam of ammonianitrate or nitrite. One way nitrogen is drawn into soils

is through the activity of symbiotic bacteriRi{izobium sppliving on the roots
of legumes, such as soybean, peas, lentils or other previously mentioned
examples. When a farmer plants leguminous crops, legumes together with

thesenitrogenF AEAY 3 o6 OGSNAI SyNROK &az2Afta o6A


https://greentumble.com/10-benefits-of-crop-rotation/
https://www.atsdr.cdc.gov/toxfaqs/tfacts204.pdf

2.Reduced land and water pollutiarSomestudies estimatéhat around

80 percent of the nitrogn used as agricultural fertiéss erd up released freely

in the environment, contaminating water resources. The practice of crop
rotation reduces the neefbr the application of fertilisrs and minimizes the risk

of land and water pollution.

3. Improved soil structure When rotating crops on the same land, soil

structure improves because we alternate between deep and shallow rooted
plants.

4. Water conservationln combination with improved soil structure, crop
rotation enhances water holding capacity of soils. Soils with good structure allow
fast and thorough absorption of water. Some of this water is readily taken by
crops, while the additional water is retained deeper in pores to be drawn by
plants during a drier season

5. Prevention of soil erosionAmongst the reasons why crop rotation

reduces erosion are: reduced soil disturbance, better cover crops, diverse root
systems, different space demandsdithy soils.

6. Pest, weed and disease contrdrop rotation is one of the methods of

Integrated Pest ManagementRM) ¢ an ecologicalhfriendly method of crop
production that aims to reduce the use of chemical pesticides and herbicides in

agriculture.

7. Climate change mitigation By implementingcrop rotation, the use b
nitrogen fertiliser can be reduced by up to 100 kilograms per hectare each year.
This in turn considerablpwers emissions of nitrous oxidad helps prevent
further changes in greenhouse gas concentrations stemming fromaaiivities.

By improving the soil structure, leaving soils undisturbed and practicing cover

cropping,crop rotation farming booststhe ability of soil to store more
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carbon,and therefore, helps to offset carbon emissions associated with
agricultural prodution.

8. Production of green manure cover cropsGreen manure are fast

growing crops sown to cover bare soil, add organic matter and enrich soils with
minerals.When dug into the groundhile still green, they return most nutrients

to the soil and improve soil structur€rop rotation farming benefits from this
method by achieving stabilized loigrm productivity of farmlands.

9. Higher crop yieldsThe list of positive effects of crop rotation would not

be complete without mentioning increased vyields. All the previous benefits
combined together create a perfect environment to grow healthy and abundant
crops. Such poagve results happen most likely due to the weed and pest
suppression, maintenance of healthy soils and smarter use of nutrients in crop
rotation.

10.Creates a healthier environment folife. Crop rotation could help

tackle the widespread chemical contamination of the environment we live in.
The practice is, therefore, beneficial to our health and could be one of the ways
to maintain our food security while minimizing negative effectagriculture on
ecosystems. This only highlights the importance of crop rotation in creating a

sustainable future.

Prof. Dr. Dan Manea: Agrotechnical methods of weed control in agricultural
crops

Banat's University of Agricultural Sciences and Veterinary Medicine "King Michael | of
W2YlYAlLb ¢AYAU2F NI @

Weeds are recognized worldwide as an important type of undesirable
economic pest. A plant growing out of place, that is a plant growing where it is

not wanted, is common, accepted explanation of what a weed is.
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The definition given by EWRS appears to describe weeds more sufficiently,
which states weed as a any plant that is objectionable or interferes with the
activities or welfare of a man.

Weeds ae a concern of everyone and not just agriculturists. Weeds are a
nuisance in crop production, forestry, aquatic ecosystem, public amenity areas,
industrial establishments, grasslands etc.

Integrated Weed Management (IWMis a process of selecting and wsin
a combination of managementechniques that, together, will control a
particular weed species or infestation efficiently and effectivdbdM is
recommended because, over the long run, it should lead to greater success in
meeting our management objectige Using more than one control method
creates additive effects that weaken the noxious weed and prevents the weed

from establishing resistance to one control method continually being used.

Chemical
(herbicides)

Physical
(mechanical)

- nq_ge’?n'e,nt ~ =

i —

Biological J Ecological

(cultural)
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There is never a fix all solution that will always contrgpacific weed.
The control methods used in IWM largely depend on the species at hand and

the site in which it is found.

Assist ProfDr. Alin FlaviusCarabet Biological Agent$or Crop Protection

Banat's University of Agricultural Sciences and VeteriNBgicine "King Michael | of
W2YlFYAlLb ¢AYAU2F NI @

The different nature of Biological Products like biopesticides and
biostimulants has changed the concept of crop planting.

Biopesticides are used mainly for solving biotic stresses, such as dise@ses
pests, in crops, while biostimulants are mainly used for alleviating crop losses
caused by abiotic stresses, such as drought, extreme temperature, high soil
salinity and heavy metal toxicity.

Biopesticides are reduced risk pesticides that are natudadhyed or synthetic
equivalents of natural materials such as animals, plants, bacteria, fungi and
certain minerals, generally posing little risk to humans or the environment.

A plant biostimulant is a substance(s), microorganism(s), or mixtures thereof,
that, when applied to seeds, plants, the rhizosphere, soil or other growth media,
act to support a plant' s natural nutrition processes independently of the
biostimulant' s nutrient content. The plant biostimulant thereby improves
nutrient availability, upake or use efficiency and tolerance to abiotic stress, and
consequent growth, development, quality or yield.

There is a need that the bioproducts to be introduced more and more IPM
solution and the goal for 2030 is to reach a 50% of global market.
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A zero pollution ambition for a toxic free environment

Chemical pesticides : Bioprotection
(global market share)

B.C. (Before COVID-19) ‘ A.C. (After COVID-19)

/BIOAQCONQNI’EIQ e e 5 by ijugw GonLS

Global, national, and local food systems thrive as nature positive prosperity
motors of humanwellbeingand planetary health. Biobased technologies and
nature-based solutions become a fundamental bridge to achieve these goals.
Sustainable and regeneragiagriculture become the main means to counteract
climate change and to restore planet Earth’s ecosystems functions and
OA20F LI OAfAGED C2NRPOKAASHREI KNVRWISY SRI 2
regulatory frameworks (for biobased solutions) areuaged moral imperative

(BIOAG WORLD Congress)

BIOFUNGICIDES BIOINSECTICIDES
BACTERIABASED PRODUCTS FUNGAIBASED PRODUCTS
MINERAIBASED PRODUCTS BACULOVIRUSES (BVS)
FUNGAIBASED PRODUCTS AZADIRACHT-BASED PRODUCTS
MINERAL OIBASED PRODUCTS
SEXPHEROMONES

BIOTIC AGENTS/NATURAL ENEMIES
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Global Market Insights”_~ BIOCONTROL AGENTS MARKET

Microbials substance segment
market share by 2025: >70%

i Fruits & vegetables crop segment
i1 market value (2025): >$3.1 BN

On-field application market share
(2019-25) by 2025: >40%

2025 H R Europe & NA markets wil
: SR G ... ; g witness swift growth over
' the forecast timeframe

According to Biocontrol Agents Market (Global Market Insights) the growth of
the biocontrol industry mainly attributed to replacement of synthetic chemicals
in the farming and rapidly increasing organic farmméurope.

These agents are environment friendly, have no hazardous effects on humans
compared to other synthetic agrochemicals and are effective throughout the
season, thus making them ideal for the pest control.

These attributes shall be responsible fane market growth in coming years.

Biocontrol  Agents Biocontrol
Market, By Active Agents

Substance

|
[ |

|
. : macro- ; .
microbials : bio-chemicals
organisms

msects, mites semio-chemicals, plant
and nematodes
Can be applied directly to a seed or sprayed directly on a plant or used in post-harvest for extracts, plant growth

sshiological control of plant pathogens. Microbials was the largest segment and accounted

regulators and organic
iclose to 60% biocontrol agents market share m 2018, owing to its impressive ability toll

acids

Sleradicate pest from the field and increase the yield of crop production.

Additionally, bacteria dominated the overall microbials segment in 2018 8

bacteria, fungi, virus,
i s protozoa and yeasts.
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Biocontrol agents have always been used by farmers for crop protection and
nourishment. They had substantial impact on society growth and environment.
The industry consists worldwide spread of manufacturers who produces several
types of biocontrol agentdncreasing demand of organic food products along
with government legislationsagainst use of chemical fertdiss will boost
biocontrd agents market growth by 2025.

Prof. Dr. Ovidiu RantaSafe application of plant protection producfaJASCN

In the conext of conserving resources and the environment, farmers are
encouraged and supported in the fight against the reduction of chemical
residues and the aim is to reduce the environmental impact of pesticide
treatments due to the negative effects of cascadorgagroecosystems. At the
same time, they are under pressure to increase the cost of chemicals, while at
the same time ensuring healthy harvests and maximizing production. These
challenges may be addressed by increasing the "accuracy" of the spray, which
could provide maximum effective coverage while applying lower chemical doses.
From an economic and environmental point of view, this can be considered the
most viable approach. For this purpose, air injection nozzles capable of reducing
drift can be usedZ4ande et al. 2008; Nuyttens, D.; 2006) and thus implicitly
pollution, while maintaining a similar coverage to conventional nozzles,

hydraulics (Derksen, R., 2000).

Common definitions of spray drop deposition are deposition rate,
chemical formulation,droplet size distribution, droplet spread density, and

droplet stain area.

The spray quality in the field is normally measured with collectors

represented by watesensitive paper. The collectors are placed in certain
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determined target areas and inspectafter treatment (Sundaram, K.M.S. et al.,
1987, Thériault, R., et al. 2001).

The quality of the coverage of the target area depends on: the degree of
coverage and the number of drops, as well as the size of the drops. For increased
efficiency, it is consired that a higher number of drops per unit area will also
mean an increased likelihood of reaching the critical limit for pest control.
According to the recommendations given by Syngenta Crop Protection AG, for
satisfactory results the thresholds are: immum 5670 drops / cmfor fungicide,
minimum 2030 drops / cm for insecticides or premergent herbicides and
minimum 30640 drops / cm for postemergent contact herbicides (Water

Sensitive Paper, 2021, Zhu, H., et al. 2011, Wang, G., et al. 2019).

Accoding to the definition given in ISO 22866 "the drift is the amount of
plant protection product that is transported from the immediate vicinity of the
treated area to another area, under the action of air currents, during the
application process". The cortagence of the drift is that part of the volume of
solution applied is carried by drafts and can lead to contamination of
watercourses, sensitive area®.q. natural parks, children's playgrounds,
wetlands, etc.), urban environment or unintentional depasitiof solution on
neighbouringcrops. This last fact can lead to the appearance of residues of active
substance, which are not allowed or the production of direct damages
(phytotoxicity) on theneighbouringcrops.

When spraying phytosanitary treatments,ethaim is to reduce pesticide
consumption, treatment costs and environmental impact by:

U punctual application of pesticides, only on the target objagspectively
on the vegetal mass of the treated crop or on weeds;

U application of variable doses of herldes depending on the degree of
weed infestation and the spectrum of weeds;
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U minimizing treatment overlaps at the ends of the plot or bypassing
obstacles in the field;

U localized application (punctual) is practiced for treatments in large crops
(cereals, padtoes, beets, etc.) and for vineyards and fruit trees;

There are two types of localized application processes:

0 a2yt AySé -LIAKRIOB RheziBantaneous recognition of the
target (target) together with the application of the combat treatment;

0 Ggadi®LIadsSLk adlk 3SR LINRPOSRdAz2NBa Ay gKA
phytosanitary treatment is performed.

Prof. DNX» hf A YLJA I ! PosgblitiefooltRriiny '8l&a0 Waits" in
the context of sustainableagriculture

Faculty of Horticulturand Forestry, Fruit growing Department

The normal development of metabolic processes in the human body requires
a constant consumption of energy substances, vitamins, mineral substances etc.
Due to their rich content in vitamins and minerals, as well abataydrate
intake, proteins and lipids, fruits are amongst the foods of important

physiological value

Trends in the development of fruit growingre: cultivation of varieties
resistant to diseases and pests, thus reducing the number of treatments,
resistant to unfavourableclimatic factors (drought, frost), thus reducing the
damage caused by them; cultivation of varieties grafted on rootstocks of very
low vigouror dwarf ones, which keep the trees at a low heifgivourableto the
execution of their care gerations; cultivation of as few varieties as possible of a
given species, productive varieties and high demand on the market; cultivating
a diversity of species / varieties that can be found in different areas of cultivation,

veryfavourablepedoclimaticconditions for growth and fruiting.
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The purpose of the researatoncerning biodiversity conservation consist in
identification, studying, sampling and characterization of biological material

represented by old varieties and local apple populations in Banat

Research objectives are: Identification of the biological material
representative for the proposed areas; Sampling of biological material;
Description and characterization of the initial biological material; Selection and

multiplication

Regarding thevigour of the tree reported by the height of the trunk and its
diameter, the studied apple varieties are divided into three groups: vigorous:
/| dzNDdzo NG 21 4S3 . NY NG Sy Sa O =higeigarNIdsfe®eU G A =
Cretesc, Jonathan de munte, MustoaB®mmnesc and with low vigor: Botu QOii,
I 2NB 3 5dzf OS I YNNIzA ©

The value of the appisize index of the varieties studied falls within the
following groups: smallBotu Oii ‘Dulcel Y N'NEA U 'Poigic,Ct 2 NNy SUG A
middle:”. Ny N i Sposae€tORietros, Caslere, 7 NB i $ 82810 dzo'NiG 2 I &
and big’t N {, @aire’, Jonathan de munte Ct 2 NNy SUG A
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CS.M. 254 Jonathan
de munte 93,65

HD. O.P.P. Mustoase

CS.V.44 Aore 93,22

CS.V.44 Caslere

137,33

76,33

tad. dOmy
I Y N N3zA

aNNJ Rdz OS

pnXyo

I 50t ¢!

HD.PTA 86 Botu

Oii 52,67

HD. O.P. Poinic 90,33

S$ao hp

G21as

yc tAGFGS

Concerning the weight of the fruithe varieties which have exceeded the value

Theweight of the fruitof apple varieties

of the experience’C t 2 NNvriBtikivery significant positive ari€Casleré
variety ¢ distinct significant positive, followed by: dzNJO dzo” NRiegdsa S
‘Domnestand’t N Gvarieties, which were not statistically assured.

Pests and diseases resistance

Variety Themain diseases The main
pests
Scab Monilia Mildew Apple worm
Venturia | Monilinia | Podosphaerg Cydia
inequalis laxa leucotricha | pomonella
¢tad. d®my -al middle resistant middle sensible
| Y N NHzA resistant resistant
HD.Z.55 Pietros resistant middle middle middle
resistant resistant resistant
HD.P. 57 Domnesc| resistant middle middle middle
resistant resistant resistant
| 5P%Ldpp resistant | resistant resistant middle
resistant
HD.PTA.86 sensible middle middle sensible
/ dzNXO dzo N { 2 resistant | resistant
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HD. O.P. Poinic resistant middle middle middle
resistant resistant resistant

| 5Pt ¢! yc| middle sensible sensible sensible
resistant

HD.PTA 86 Botu Oi| resistant | resistant resistant resistant

| 5dY%Pdpp t| resistant | resistant resistant resistant

HD. O.P.P. sensible | sensible Sensibil sensible

Mustoase

| 5dh dt &Cf| middle middle middle middle
resistant | resistant resistant sensible

CS.M. 254 Jonathal resistant | resistant resistant resistant

de munte

CS.V.44 Caslere middle middle middle middle
resistant | resistant resistant resistant

CS.V.44 Aore middle resistant resistant resistant
resistant

[ { Pz dnn /| resistant | resistant middle resistant

resistant

Regarding the resistance to diseases and pests, three of the studied
varieties have proven good resistance both to the scab attack, mildew and
monilia, and to the worm attack, respectively: N {, @btu Oii, ‘Jonathan de
munte’, the last of which surpasses all expectations, knowing thattbeathan
variety is susceptible both to scab and to mildew.

High values of sugar content were obtained far)NNJ Rdzf G,S I YN
"‘Domnescand’Aor€, all three being very significantly positive, followed by the
variety’/ NJ ©- Signiicantly positive.

A high polyphenol content was recorded for the varieties Domnesc,

Ny NG &yd3Niddzo” NRomit énd Botu Oii all being very significantly

positive.
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The chemical composition (dry matter and polyphenols) of fruits of ancient apple varieties

The calcium content (ppm) in fruits of ancient apple varieties studied
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Thepotassium content (ppm) in fruits of ancient apple varieties studied
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2.66

The phosphorus content (ppm) in fruits of ancient apple varieties studied

The highest calcium content was recorded in the varietibkistoasé
(701.33 ppm);Domnest(544.37 ppm),. Ny N 0" £3%853a apm); the highest
Mg content was recorded in th@otu Oii (697.3 ppm) andPoini¢ (694,489
ppm); the highest value of the K content was recorded in"Mastoasé (1751

ppm), followed byDomnest(1295.8 ppm) andC f 2 NIN(2560pm)

Microelements content in fruits of ancient apple varieties studied

Variety Cu | Cd Ni Pb Zn Fe | Mn
¢ta®. dmy -aNN2130/ 0.19| O | 0.69|0.761| 2.00| 0.0
I Y N NHzA
HD.Z.55 Pietros 49/11 | 0.862| O 0 0 |0.824|3.762|0.335
HD.P. 57 Domnesc 1.907| 1.02| 0 | 0.17]1.007|3.827| 0.75
| 50%dpp . Ny1.146] O |0.492] 0 |1.734|4.274|0.604
49/5

HD.PTA.86 1.168) 0 |0.357] O |1.563|3.090|0.440
/ dzNDdzo NG 2 | &

HD. O.P. Poinic 2.152| 0.17 0 0.28 | 3.29 | 3.790| 0.54
| 5t ¢! yc 41166, O 0 0O |1.208|6.729|0.685
HD.PTA 86 Botu Qii 1.202| 0.05 0 0.27 | 2.629| 2.659| 0.345
| 5d%dpp t N{§1.065 0 |0.114] O |2.996|5.497|2.546
HD. O.P.P. Mustoase |1.695 O 0 0O |1.072|4.988|0.454

49/9
| 5Ph dt &Cf 2 N0.943] O 1.053|4.038| 0.430
CS.M. 254 Jonathan dg 1.065| O 0 0 |[0.720|3.295|0.362
munte 49/2
CS.V.44 Caslere 49/3 | 1.105/ O 0 0 |[2.347|5.415/1.863

o
o




CS.V.44 Aore 49/4 1.166/, O 0 0 ]0.873/4.916|0.527

/| { ®+dnn / N¥1.288 0 0 0 |1.385/4.343|0.327

Maximum limits for arsenic and heavy metals in fresh vegetables and fruits
for tradeand human consumptiofmg/kg fresh product)
(OMAAP nr.293/640/1 din 2001/2002)

Vegetable and fruits As | Cd| Pb | Zn | Cu | Sn| Hg

Fresh vegetables other than Al nd noluplpd T 0.05
leafy vegetables

Leafy vegetables m | nd nd| 1 m | m|0.03

Fresh fruits 0.5 |0.05| 05 | 50| 50| - |0.05

Macroelements content
Maximum allowed limit

Fresh fruits (ppm)
Fe Mn Zn Cu
10.0 5.0 5.0 5.0
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IV. Soil Cultivation: Connecting Biodiversity and Climate Change
Mitigation and Adaptation

Dr. Markus Weinmann, Prof. Dr. Glunter Neumann: Hifectors in Crop
Production: Chances and Challenges

University ofHohenheim, Stuttgart, Germany

Bio-effectors, such as microorganisms and active natural compounds, are of
increasing interest as promising alternatives to precarious agrochemicals.
Improved availability and use efficiency of mineral nutrients, tolerance to abiotic
stresses, yield and @ity traits, as well as biological control of pathogens are
well documented for controlled laboratory and greenhouse systems. Under
variable field conditions, however, the expression of desired effects is often
hampered and the complexity of interactiobgtween plants, microorganisms
and their environment, governing the actions of d{a@ffectors, is poorly

understood (Fig. 1).

BioFector was a recent EU funded project (2Q027) that, by developing
integrated strategies for the use biffectors in crop poduction, aimed to
improve the efficiency of alternative plant nutrition strategies. These included
organic and la-input farming, use of fertilers based on waste recycling
products, and fertilisr placement technologies, thus decreasing the
dependencyof agricultureon conventional mineral fertilexs. Therefore, 38
innovative bieeffector products were tested in more than 150 experiments with
wheat, maize and tomato under diverse geographic and climatic conditions by
an international consortium of 22rpject partners coordinated by the University

of Hohenheim (Weinmann et al. 2022).
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How are Bio-Effectors supposed to work? XFECTOR
Utilization Groups / Intension Active Ingredients / Mode of Action
Bio-stimulants
Bio-fertilisers :\\‘

Bio-logicals

wy

. .. Bio-
Bio-pesticides Effectors

ee
e @
a9

Soil
+ Nutrients
+ Water

°® ®
L X 1
Indigenous microbes

beneficial «<» pathogenic

Bio-control agents

F 3

Functional implementation or activation of biological mechanisms,
especially those interfering with soil-plant-microbial interactions.

No direct input of mineral nutrients or toxins in the sense of fertilisers or pesticides.

Fig. 1: Bieeffectors as active ingredients of various groups of biological products
(bio-preparations) and their integrated action in multifaceted godnt-
microbialrelationships (Weinmann, 2019).

Results showed that benefits from the application of-bitectors, such as plant

growth-promoting rhizobacteria and fungi, are largely influenced by step

and managemenspecific conditions. Especially in tomato oudtion,

reproducible yield increases of up to 100 % were produced by microbial bio

effectors in combination with orgac fertilisers. In agricultural productions
systems, the right set of conditions required to achieve significant improvement
by bioc-effecor treatments was found to be much more restie. Combinations
with fertiliser placement strategies, such as the Controlled Uptake Long Term

Ammonium Nutrition (CULTAN), could induce the formation of dense rooting

zones providindgavourableconditionsfor colonization by microbial inoculants to

support the expression of root growAromoting traits and efficient acquisition
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of mineral nutrients such as nitrogen and phosphorus (Nkebiwe et al. 2016).
Promising results were also obtained with active nakwwampounds, such as
algae extracts, micronutrients and silicates to improve the resistance of early
sown maize to cold stress and the yiefdvheat with decreased fertiles supply.

A main conclusion and perspective for future use of-dffectors is tha the
exploitation of synergistic interactions of microbial agents together with
supportive natural compounds and adapted fertilization strategies could
favourably contribution to the development of sustainable ageoosystems,

especially when applied ironcert with well integrated farming practices.

Funding supplied by the BIOFECTOR project (Resource Preservation by
Application of BIOefFECTORSs in European Crop Production). Grant Agreement
Number 312117 under the Seventh Framework Program (FP7), European

GCommission, Brussels, Belgium.
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Prof. Dr. Forin Imbrea Specific Crop Technologies with the Role of Reducing
the Impact of Climate Change

¢tKS OKIftfSyaSa FIOAy3a FIFINNYSNER G2RI @
O2YLX SGS>T FYyR a2t gAy3d (GKSY NBIljdzANBa o
LISNE LSO ABOKY Rt 2@EADONIE O NAIF yi o

| RIFLIJWGAY 3 OdzZ AGFGA2Y (SOKy2t23ASa A
0KS STFFSOGa 2F OfAYIFGS OKFy3S Ydzaid 0S¢
YSIadz2NBa G2 a02L) GKSYZ 20KSN¥AAS GKS
AWBF &S akKlkNLIE & Ay Fdzi dz2NB @

I fTAYFGS OKIFy3aS 20SN) 0KS flad (G062 R
N} AYTIEf NBIAYSE 6802YAYy3I Y2NB FYR Y2N
GKS 0A2f23A0Ff NBIJdZANBYSyda 2F LI I yda
Y 2wl O 2y (KS LINRRAOGAZ2Y &d8aisSyo 5d
2T RNRdAAKG 2y Ylye |NBlLa>X GKSNB | NB 2
STFSOGa Ay GUKS @e2& LNPRHDVYA2Y GBS (LYK

DAGSY (KS Od2NNByil ( @By AR DS NEB a8 NYK
F20dzaSR 2y LINPOGARAY3 (SOKy2f23A0If &azf

Such a technological solution refers to the technology of cultivating corn
by mulching with plastic wrap. Corn is a very important crop both for ounirg
and worldwide, and at the same time very affected by climate change, especially

the lack of rainfall and very high temperatures during the flowering period.

¢KS | RGIydl ISkl 2FYy axdeoKi §Y GdMBI AlKS T2 ¢

- Fftft2a Iy SHKNISA YRIRRE SARF @A WOKUO | YR
NA&]l 2F €101 2F KdzYARAGE RdzNAYy 3 &dzy N
ff 2LISNFGA2ya NBEFGSR G2 FSNIUIAECATIFQ
2gAy3aAT

KS R¥ASANRPABY | yYRSKBNIzZA SRREBNB 8 NB RHzX 2
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- 0KS NA&]l 2F ONHzald F2NXIOGA2Y YR GKS
mRdzS G2 GKS &adz2NFIF OS M2 OBSNBRI ¥FXIKKE2 A~
SOIFILRNI A2y adzNFlmoSn Ad HNPRHOSRRIRY ME
O2YyRAGAZ2Y A Al AKS NB RIS R 10 &l KK og I ySRN.

- R2Sa y20 NBIdZANBE YSOKIFYAOlIEt 2NJ Y| ydz
LISNR 2 RT

- 0KS 3aANRPSOIK NI 2F GKS LXIFyda Aa A
KdzYARAGE 4 GK GAYS 2F KINBSad 24
GKSELISyasSa gAGK GKS RNEAY3I 2F GKS LIN
20KSNI KIyR (GKS LRABRKSAG ANBOIRFAZ2Y 2Ny
LISNR 2 RT

- 200FAYAY3 O2yvaidlyid LINRPRdIZOGAZ2Y A SOSNE

S
S

¢KS FTRRAGAZ2YIE FTAYIYOAtGAORANAY A ¥ D2
IAQGSYy o0& GKS 0O2al0 2F LK202RSI3INg R Hdz2R L
K KIFZ 0dzi ¢KADKS A&y INGIO2 MSHBRdAFER B F NIF A
dza SR Ay (GKS StAYAYylLiA2Yy 2F GKSSSPBRIAVA S
2F GKS t26S8SN) SELISyasSasr gA0K GKS RNEBAY:
FNRY (GKS LINPRdAzOGA2Y AYONBIF &S | OKASOSRA

Another proposed technology refers to the sunflower, also a very
important crop both in our country and in the world, aguovides for the
cultivation with a permanent vegetable carpet made either with the help of a
torch or with the help of white lupine.

lY2y3 (GKS LRAAGAGS SFFSOOha 2F (KAA
O2yaillyld LINPRAzZOGAZ2Y AKSOKS OIS RNE LANRIRI
Of FaaAoOlrt aedaidsSYsz LRaAGALGS STFTSOUGaA NBf
- LI OAlex NBRAzOAYy3 ¢ GSNI ft2aaSa o6& S@
0SYSTAUA 2F NBRdAzOAY 3 &23RdAzEARSI 3 ISR @RKR & |
TSNIMB AGSALISOALEt& yAGNIGSEA YR wAlNA

9(
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SYSNEBSyYii KONB LI&H XL BSNRdzHH NS TSNS forea G KS 7
GKAOK OGNl yaF2Ny¥a Ayd2 2NBEHFYAO YI GGSN®D
lYy20KSN) I RGFyYy (Gl 3S AadzNBRF b ea 2AtyI1iNININSS
RAzZNA Y3 (#Sziadzxrzy Y& 6AyGSNE &2 GKS 2NBH
SYNAOKYSYy(d 2F (KS &a2Aft Ay LI NFXffSt oAl
f26SNJ 2E@3S8Sy O2yiSyid Ay GKS a28RA & IS
FYR t£2y3 SN AG O2ydNARo6dziSa (G2 YIF Ayl
iKS az2Arft o
Ly O2yOfdzaizys GKS #H NNIIANSG YilKASY ELINQ
LINPOS&da YR Ffaz2z SOSNE RSOA&AZ2Y YIF G0S
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Prof. Dr.Hermann Ketterl, Tobias Heinrich: Field robotics for Soil Sampling
and Analyses

Ostbayerische Technische Hochschule Regensburg

A common method for soil tests on farms is to mix several soil samples from a
field together to make a NPK analysis. The abtlityget position precise
information about the soil, without complex chemical applications is part of the
project Electronical Laboratories for Intelligent Soil Examination (ELISE). Several
mechanical and optical tests on soil samples are covered. Thisothath
preformed spot precise, to get not just the average but the distribution of soil
properties on a field to have the ability to treat different areas based on its
needs. One part of the analysis is based on automatic sample preparation and
image recogition performed with a microscope. The samples are observed by a
camera, which is attached to a transmitted light microscope. The automatic
analysis, done with computer vision algorithms, aims to quantify bacterial and
fungal biomass in the actual samplew. Moreover, the algorithm can classify

organisms according to their caloand shape.

To get a processable picture, sever:“fi;, g Y
images from different focal levels mus ° o '
be taken through the sample thicknes z@ T

using focus stacking.

This produced pictureHgurel) is used

to classify, locate and quantityin first === "
step filamentous organisms e.g. fungrigurel: Microscope picture of different

: . stacked focal levels.
with  a method called sematic

segmentation. The result represents an image sized mask, which indicates the
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class othe fungi with class equivaht values at the pixel positionscovered by

the organism. This information is used to calculate their mass per soil mass.

To quantify the bacterial biomass two approaches are implemented. For low
density of bacterial existence, the individual bactenia aounted for a part of

the field of view by an image detection algorithm to be extrapolate afterwards
to the soil mass. For high density of bacterial occurrence, specified regions of
interest with only bacteria present are chosen. An image classificatioch has

been pretrained by pictures of bacterial density patte¢qeviously determent

by making the sample countable due to preforming sample dilutions, is done.
The second option for high density bacterial count is, to automatic preform

dilutions wntil the image detection is confidently countable.

Values, like crumb stability or soil compaction, are taking additionally into
account. Parallel performed chemical analyses are used to find correlations
between theanalysingmethods. This is especialpmportant to give specialized
advises for farmers in a change from conventional to organic farming methods.
These tests are performed-situ since laboratory applications are mostly not

comparable to outdoor use.
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V. Digitalization of AgricultureRationality and Risks

Assoc. Prof. Dr. Ovidiu Rant®ptimization of agricultural production
processes through Smart FarmingASVM CluNapoca

Digitization and the evolution of technology have had a very strong impact
on agriculture, reaching a very hidavel, so a central goal of agricultural
engineering and technology is the development and supply of machines and
machine systems, which allow security of supply, minimal use of resources and

overall profitability and support for optimal management.

A certral effort is to reduce greenhouse gas emissions, especially in the

following four areas:

AYONBI asS GKS STFAOASyOe 2F GKS Yl
AYLINRPGAY3I GKS YIFyl3ASYSyd 2F G§SOKY
YIEYyF3SYSyid aeaidsSvya F2N YI OKAySa 2

€ € € €

dzaS 2F NBYySélo6ftS SySNH
Agriculture - key to the development, production and application of
renewable energy (consumes and produces large amounts of energy

simultaneously).

Farms are already energy producers or indirectly contribute to the

production of renewable energy becauthey provide land and biomass.

Agricultural production and energy consumption offer huge potential for

creating a short circular energy saving in rural areas.

Automation in agriculture covers the future topics "Precision Agriculture"
and / or "Smart Agaulture". The vision is to provide and feed each plant and
each animal as individually and optimally as possible. Resource utilization is

minimized and vyields are economically optimized. Automation is also a
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forerunner and a cornerstone for extended rangé machines and machine
systems. The vision of an agricultural automation system that combines the
ideas of precision agriculture with autonomy ultimately leads to an integrated

control of the process that can be described as "smart” or "digital agriailtur

There is no precise definition for "Precision Agriculture”. Only a few

precise agricultural concepts have been imposed on the market.

Tractors and harvesters are equipped with G&&§ed steering systems
(GNSS: Global Navigation Satellite Systems)io8ak control systems are

gaining more and more acceptance on larger farms.

After mechanization of agriculture, automation has found its way into
many industries for decades. Efficient and productive crop production is no
longer just bigger, wider and fees. Increasingly, natural premises set limits for
technical growth, on the one hand, and possibilities for optimizing the use of

resources through technical support, on the other.

In addition to entrepreneurial goals, agriculture is increasingly called up

to take steps to combine production and environmental protection in order to
maintain the longterm use of natural resources for food production. It is
undeniable that farmers are already implementing this successfully in many
areas. There are limitatis to conventional methods, and new standards and
technologies require or allow for potential optimization that the farmer has to
deal with. Today, a number of technologies offer the farmer the opportunity to
operate efficiently using control units, sensorand modern application
technology, not only through influence, but also through individual inventory

management from a spatial point of view.
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The measurement principle of all optical sensors on the market is very
similar. All sensors measure the lightleeted by the plant's support as it passes
through it. We usually have two possibilities to take the information in

agriculture:

Passive systemdepend on sunlight and can only be used during the day,
S0 active systems can operate independently of outdmbit conditions and can

therefore be used day and night.

Active systemsthe quality of the measurement depends largely on the
distance between the light source and the crop, because the artificial light
sources are very weak compared to the sun, andahmunt of light suddenly

decreases with the distance between the light sosrce

With the information taken with the help of the sensors, data maps can
be created with the help of which modern technologies such as@&@e€ontrol

can be implemented.
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Dr. Evelyn ReinmuthDigitalization and Ethics in the Agricultural Context
University of Hohenheim

Digital technology can provide a solution for various challenges of our society,
which is to produce enough food for an increasing world population, reduce
envronmental impact of farming, increase food safety, and increase traceability
and transparency in productioivan der Burg et al. 2019Dne of the main goals

of the use of such technology is to reduce the ecological footprint of farming

(Vaudour et al. 2015)

Digital technology is datdriven, which can be a challenge and opportunity at
the same time in the context of ethics for example. Decisions are no longer only
based on location specifics but can also be compared to other contexts and data
sources worldwid (van der Burg et al. 2019%0 better assess possible
consequences. Here, ethics come into play: whathis right, good, and

acceptable actiorfvan der Burg et al. 2019)

In this lecture it was the goal thatuglents gain an understanding of the most
relevant key features of decisianaking in digital tools (in the agricultural
context). They should be able to assess any digital tool using the understanding
of key features of digital tools and be able to undarsl the relevance of ethics

in the context of decisiomaking in a digital environment or application of digital

tools (in the agricultural context).
Ethics

The Data Ethics Commission of Germany believes that the following ethical and
legal principles andorecepts should be viewed as benchmarks for action:
G9Y adzNR Yy 3 -céntrBd aRddaélugfiented design of technology,
fostering digital skills and critical reflection in the digital world, enhancing

protection for individual freedom, selfetermination and integrity, fostering
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responsible data utilization that is compatible with the public good, introducing
risk-adapted regulation and effective oversight of algorithmic systems,
safeguarding and promoting democracy and social cohesion, aligning digital
0N 0S3aAASEa 6AGK adzadlAylFoAfAGe 3I2Ff a¢
p. 13). An ethical decision produces trust and shows that a deamsaker has
respect, acts responsible and fair. Ethical decisi@king requires a decision

maker to considedifferent options and eliminate unethical alternatives before
deciding. To understand ethics in the context of digitalization it helps to separate
ethics from technology and first gain an understanding of how decisiaking

works in general from a techsal point of view.
Decisioamaking in digital technology

The understanding of the technical decisimaking process helps us to reflect
on the areas of ethics in digitalization. Ethics in digitalization in agriculture relate
to data ownership and accessstiibution of power, and impacts on human life

and societyvan der Burg et al. 2019)

The decisiormaking process in any digital tool or digital environment follows a
certain structure which can be reduced to three elements:-#jeh, b) sequence

of actions, and c) loop (do so until). These three elements are the key elements
of every computer model whicis the heart of any technology. The quality of a
technology is determined by how the programmer understands and designs the
representative model of the real world and human action. Every technical
decisionrmaking process is a programmed path that consdmartain aspects of

a decision, which are all accounted for to achieve a certain outcome = decision
(Aurbacher et al. 2013Yhe models of a decision process try to imitate what we
as humans normally do. In technical terms, each decision is broken down into

every single step foa decisioamaking process our brains normally process
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intuitively. Every aspect to be considered is part of the decision tree in the
technical model that represent the decision mechanism.mbeellerof a digital

tool determines how the decisiemaking process is setip (Reinmuth und
Dabbert 2017)

G { A YLI S émakng mdcesdes of digital tools

Example: A sensor measures soil moisture to determine whether a field is to be

irrigated or not.

Logic: If soil ater content, measured by a sensor in X cm depth <= [VALUE], then
the sensor reports to the irrigation system that the soil moisture content is too
low. The irrigation system recognizes the value and is being set to: If soil moisture
value is lower than [XLUEL then the irrigation system is automatically turned

on for a fixed amount of time with a fixed amount of pressure.

Ethics of application: In arid regions, the ethics refer for example to the setting
of how much water is being used for irrigation twt harm the farming
operations of theneighboursor deplete the water reservoir. Ethics also extends
to legal liabilities, if too much water extraction results in a penalty fee for the

farmer.

Ethics of programming: The programming code of the sensor sx@edbe
designed in a way that it can detect even very small variations in soil moisture
content. The irrigation system needs to be able to account for different settings
to control the amount of water to be applied. If such a flexibility is not being
given, the company which produces the technology should inform the customer
about the limitation of their system. It also shows that farmers still have a certain
responsibility when using technology to take care of the appropriate use in each

context.
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Complexechnology

More complex technology can support with more complex decisions because it

can account for more details. An example for complex digital tools is an Artificial
Intelligence (Al). The basiclogie(iK Sy X0 adGAftf I LILIX ASa KSN
onamoreD2 YLI SE F2N&YS 2&F (iKBNEB §{e S MINISEA & NF
aSldzSYydAal e Ay -(irKSRSEO0ANDA25/A LUFNBK o SyAR/ 3 A
decisionmaking process. Tasks Al systemsfadit are for example: detection,
classification, sgmentation, prediction, and recommendations (Johnson, O.

2021). To set up the knowledge of the Al, a training dataset is required. The data
chosen to train the Al determines what kind of idea the Al has of thewedt

context it is applied to. The traimg dataset should be based on statistics to have

a good representation of the realorld. Technically, the goal is to provide
examples of high diversity to the machine which are yet specifically enough to

achieve the desired outcome.

Ethical Challengetis most difficult to train a machine to consider various ethical
aspectsinitsdecisio | { Ay 3 d 2 KEKSYiE KNDA Saa A NBE KA
achieve because ethics often relate to certain contexts or involve high
uncertainties in the decisiemaking process. Example: If a trained Al can detect

a catg any cat in a picture, technically, it will detect with a high probability that

there is a cat in the picture. BUT: nothing more and nothing less! This trained Al

will not know what to do with a dopicture other than knowing it is NOT A CAT.

It does not know that this is an animal, how to manage its health status or how

to ensure animal welfare based on this model and these training data. All the
other aspects mentioned above would require a completsifferent and much

more complex model and training data agb.
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Ethics: A dataset contains a certain image of the real world. Depending on which
data you choose for your training dataset, the Al will for example discriminate
females when being given nhmale examples in the training dataset. Your
RFGFaSid RSUSN¥YAYSAE gKIFIG Aa aNRIKGE 2N
outcome and what is an undesired outcome. Therefore, ethics in technology is

heavily driven by design and data quality.

Conclusion:
A commitment to ethics in technology is determined by how those who write
the programming code/design understand the ethical implications of a

technology. It is also determined by the users of such technology.

@ SOKy2f 23ASa | NBY ,jtechndlogids amn®glsineygared 2 2 R
power. What you do with power determines whether it is something we applaud

or something that we deplore. But it is not the tool that determines the endpoint

-A0 A& GKS dzaSNXIE t NB TSaaitg NWisfolisin / K I 1

Madison (Movie: Human Nature)
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Dr. Dr. h.c.Heinrich Grapel: The impact of agricultural experimentation on a
responsibleplant protection, University of Applied Sciences, Osnabrueck

Summary

The registration of plant protection products is strictly regulassdwvell as the
methodology of the required trials.

All trials concerning the impact of plant protection products on human health

YR 2y SY@ANRYYSY(l KIFI@S G2 06S 02y RdzOG S
(GLP).

All trials dealing with the efficacy aselectivity of plant protection products

KIS G2 6S OFNNASR 2dzi dzy RSNJ WD22R 9EL
Much trial work has to be done beside the registration process in order to

optimize the local application of pesticides.

These trials are performed Iproduct suppliers, official and private plant
protection services and last but not least by farmers themselves. They include
small scale trials as well as field application fith NJYeSuidEnént.

Responsible plant protection practice is impossible withextensive
agricultural experimentation.

2 KEFEG Aa GKS YSEYyAYy3I 2F WNBalLkRkyaiofS LI

Responsible plant protection@waysk y WAY G S3INI SR LI I yi L
that all methods keeping the crop healthy shall be appleedy( resistant

varieties, mechanical weeding and the use of chemicals if appropriate).

Alwayscheck properly if an application is really necessary (respect economic
thresholds if available).

Use only plant protection products registered for the intendenigmse.
DSYSNIXffe aLkR{Syy lwLie 6322R LI Fyd LI
CtKAa O2yOSLJi A& RSTAYSR Ay GKS wwS3dz |
Parliament and of the Council, of 21 October 2009, Article 3, 18:

X®QI22R LI I yi LINE G S GdewBeebyliiddre@men®S Q Y S|
with plant protection products applied to given plants or plant products, in

conformity with the conditions of their authorised uses, are selected, dosed and
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timed to ensure acceptable efficacy with the minimum quantity necgssar
taking due account of local conditions and of the possibilities for cultural and
OA2E23A0Ft O2yUNRE QO

. Registration procedure of plant protection products in the European Union

The registration procedure of plant protection products in the EuropeanrJnio

Ad oF&aSR 2y GKS WwS3dzZ I GA2y 69/ 0 b2 mh
of the Councill,

of 21 October 2009 regulates, amongst others, the registration process of plant
protection products.

15t step: Registration of active ingredients.

Active ingrélients are registered by the EU Commission after consultation of
the EU member states and different EU institutions like the European Food
Safety Authority.

2"d step: Registration of plant protection products.

Products with registered active ingredieratse registered by the member
states.

Therefor a threezone model is used:

Zone A=North
Zone B = Middle

Zone C = South
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Reqistration schema:

The applicant applies for registration in one zone (rapporteur member state).
This country examines the dasad registers the product.

Now the applicant can apply for registration of the product in the other states
in the respective zone.

These states can register the product without further examination (mutual
recognition) or ask for additional tests.

. Legalrequirements for tests in the registration process.

As part of the registration process different types of trials have to be

performed, depending on the purpose of testing.

¢tKS& I NBE RSAZONAOSR AYy GKS W5ANBOGAGS +
andof KS [/ 2dzy OAf X 2F mMm CSONHzZ NBE HAannQo®
Good Laboratory Practice (GLP)

The application of these principles should help to avoid the creation of technical
barriers to trade, and further improve the protection of human health and the
environment.

These principlesf good laboratory practice should be applied to the-non
clinical safety testing of test items contained in pharmaceutical products,
pesticide products, cosmetic products, veterinary drugs as well as food
additives, feed additives, and industrial chenscal

These test items are frequently synthetic chemicals, but may be of natural or
biological origin and, in some circumstances, may be living organisms. The
purpose of testing these test items is to obtain data on their properties and/or
their safety with espect to human health and/or the environment.

Good Experimental Practice (GEP)

EPPO (European and Mediterranean Plant Protection Organization)

Standard PP 1/181

/| 2y RdzOG | YR NB LauADHNANAIR in@dullinggdodkaeringeatal S @
practice
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products.

It provides guidance on how to organize trials, and how to plan, conduct and

assess them, then recoathd interpret them, so as to obtain comparable and
reliable results.

It is also based on the principle that trials should be performed according to
D22R 9ELISNAYSyidlf tNIOGAOS 06D9t 0¢
To perform GLP and/or GEP trials as described in the directive, aaloffici
certification of the test facility is prescribed.

. Examples for different kind of registration trials

Efficacy trial@re performed to find the optimal dosete of a test product and
to check the efficacy spectrum:

The trialshave to be carried ouinder different climatic and environmental
conditions in at least three vegetation periods.

The minimum number of efficacy test is required depending on the test item.
This type of trial is also used to compare the efficacy of the test product with
one ormore already rgistered products as standards.

Selectivity trialsre used to test the selectivity of a product to the cop with the
intended and with the double doseate in comparison with an already
registered standard and to check the effect on yield.

Selectivity trials have to be performed on fields without the intended target
(weedfree or without diseases) to avoid side effects on the yield.

A special type of selectivity trials are variety trials. As some products, e. g.
herbicides, show negativefetts on different varieties of the intended crop a
set of varieties are tested in at least three vegetation periods under different
climatic and soil conditions.

. Trials beside the registration process

Often new products or the appearance of new pestsisedses cause
application problems.
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So application trials, sometimes even with farmers equipment are necessary.

Please find some examples below.

Registration trial againsDiabrotica virgifera(LeConte); in Lenauheim
(Romania), 2010, with farmers equipent. Plot size 400 m2.

Application trial in potato, in Lovrin (Romania), 2018; Test offurrow
application of a biological product.
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VI. Global Integration of Agriculture: Social and Geographic
Networking

5NX Yt NI NochehidalsyfitBe@ttplent protection under field
conditions

University HohenheinBanat Green Deal Proje&griculture in Responsibility
for our common World 25th January 2022

Bio-effectors (BEs) are a diverse group of beneficial soil microorganisms and
adive natural compounds, which by modes of action, such as phytohormonal
activities, mobilization of sparingly available mineral nutrients or interactions
with the soil microflora can have direct and/or indirect effects on plant
performance. Especially undeconditions where plants are exposed to
environmental stresses, shoot and root growth as well as the nutritional status
of the plant can be promoted. The application of BEs could thus contribute to an
optimized management of soil fertility, as it alloves & more efficient utilization

of mineral nutrients contained in soils or conventiorattilisers (Biofector,
2012).

Different biostimulants, algae extracts and micronutrients are currently used in
innovative cropping systems to improve crop Yyields urimt#h biotic and abiotic

stresses.

The use of different biostimulants and micronutrients is based on the findings
TNRY 2dz2NJ LINB@GA2dza adGddzRASa 6. NI Rt 62 0t
NI Rt 620t SiG i d®X HanmdpoX . NI Rt 620t Si

For instance, as observed in the literature, the benefit of plant grewth
promoting microorganisms (PGPMs) as plant inoculants is influenced by a wide
range of environmental factors. Therefore, microbial consortia products (MCPSs)

based on multiple PGPM strs with complementary functions, have been
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proposed as superior, particularly under challenging environmental conditions
and for restoration of beneficial microbial communities in disturbed soil
environments. Interestingly, the MCP inoculant stimulatesbtr@and shoot
growth and improved the acquisition of macronutrients only on a freshly
collected field soil with high organic matter content and high background
microbial activity, exclusively in combination with stabilized ammonium
fertilization. This was ssociated with transiently increased expression of
AuxIAAS in the root tissue, a gene responsive to exogenous auxin supply,
suggesting root growth promotion by microbial auxin production as a major
mode of action of the MCP inoculant. High microbial agtiwias indicated by
intense expression of soil enzyme activities involved in C, N and P cycling in the
rhizosphere (cellulase, leucine peptidase, alkaline and acid phosphatases)
without detectable effects induced by MCP inoculation. Contrastingly, the MCP
inoculation did neither affect maize biomass production, nor nutrient acquisition
on soils with very little ©@rg and low microbial activity, although a moderate
stimulation of rhizosphere enzymes involved in N and P cycling was recorded.
There was also nandication for direct MCihduced solubilisation of Ca
phosphates on a highly buffered calcareous -sab supplied with rock
phosphate. The results demonstrate that the MCP strategy, combining large
numbers of PGPM strains with complementary propertiaef necessarily
translates into plant benefits under challenging environmental conditions. Soil
properties, such as organic matter content, pH buffering and particle size
distribution but also the fertilization regime may crucially influence the plant
mMAINBOAFE AYGSNI OGA2ya 6. NRt 620+ Sia I €

Thus, a better characterization of the conditions determining successful
biostimulants application, algae extracts application and the application of Zn,

Mn and Si is mandatory also in the following followfiedd experiments.
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Another example is more focusing on the adoption of micronutrients and algae
extracts as efficient biostimulants proving its plagmbwth promoting effects

under stress conditions.

Therefore, in the current NOcsPS project, our task ideteelop and establish
innovative, efficient fertilization strategies, with maintaining the optimal yields

under no use of chemicalynthetic plant protection agents.

To reach this purpose and test different fertilization strategies, field experiments
over two years are carried out in the field research station Heidfeldhof,
University of Hohenheim. The main cultures for the field experiments are: winter

wheat, maize and soybean.
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Assoc. Prof. Dr. Mihai Herbeonitoring the Crops by usinfRemote Sensing
Images

Multispectral satellite images were used to assess vegetation and crops
since the 1970s. Each multispectral band contains specific information and their
combiration results in new and more complex information, and it provides a
higher safety in characterizing vegetation and especially crops, and also other
objects of interest.

Remote sensing is used tanalyse different aspects like crop area
assessment, land cover and land use, mapping crop season and crop, aspects of
growth dynamics of the crops, determination of vegetation indicators, current
monitoring in agriculture.

Research has used technology basedsatellite images for assessing
vegetation stages of sunflower crop. The satellite images used in the present
study represent the period Apt8eptember (sunflower vegetation period) from
the sites: http://earthexplorer.usgs.gov/ and www.landsat .gsfc.ngsa. Image
analysis was performed with ArcGIS 10 softwareabalysingsatellite images
and extracting the information contained in spectral bands (R, G, B, NIR),
respectively their combinations used in the calculation of indicators NDMI, NDBR
and NDVI.Following the vegetation stages of sunflower crop was achieved
according to BBCH code through periodic observations on plant growth and
development, in order to correlate the data with information obtained from the
analysis of satellite images. Experimenti&ta were analysedin terms of
statistical safety according to the appropriate mathematsltistical methods
(p, R2 , test F). In order to assess interdependencies between certain spectral
bands and the indexes used to evaluate vegetation stages dfoster crop,
were used regression analysis and the result was the polynomial functions of

second degree, with safety related parameters
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Fig. 1 Study area

Table 1. Index values NDMI, NDBR and NDVI in relation with vegetation stages of sunflower crop

Time of year
for

Stage of vegetation NDMI NDBR NDVI
determining
Growth stage 1: Leaf development . . .
22 Apr 2.4 Leafs (12-14 BBCH) 0.17190=0018° 028672+0.049°  0.050780.043
24 May gg:;:“]_":; stage 3: Stem elongation (3233 117950013 0.20595:0.016  0.22890:0.019
. Growth stage 6: Flowering;
09 _Juni Full flowering (65 BBCH) 0.15322+0045  0.30720£0.057 04074320043
19 July Growth stage 7: Development of fruit (71- 11 435.0008  0.41089£0.042  0.2500120.046
= 73 BBCH)
Growth stage 8: Ripening
12 Aug (80.81 BBCH) 0.09615£0016 0231690019 0248490018
Growth stage 9: Plant dry
28 Aug (92-97 BBCH) 0.00895£0085  0.11917£0.077  0.20813=0.098
13 Sept Adter harvest. 0.18254:0002  0.29009=0.009  0.03519=0.013

land with plant debris and disking field

* +5tandard Dieviation
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Figure 2. Diistribution of specific indexes NDER and NDWVI for sunflower crop in the vegetation period:
G351 — 12-14 BBCH; G533 — 32-33 BBCH; G56 — 65 BBCH; G57 — 71-73 BBCH;
GSE — B0-81 BBCH; G59 - 92-.97 BBCH; AH - After harvest

Table 2. Description functions of the relation between NDVI index
and NIR band for characterizing the vegetation stages of sunflower crop

Vegetation stage Equation Erﬁll;_a'::g? R- F
12-14 BBCH NDIFF =1.003E —10x* =7 188 E - 06x +0.1702 (4} <001 0642 42193
32-33 BBCH NDFI =1.809E — 09x" — 3399 F — 05x +0.2549 (5) <001 0898 20977
65 BECH NDI = —1.644 £ —09x* —9.588 K - 05x —1.107 (6) <001 0966 67034
71-73 BBCH NDVI ==2361E —10x" +1.849 x — 0.00886 (n <001 085 13777
%0-81 BBCH NOFE = -2 141E—09x +9303E—05x—0.88%4  (8) <001 0605  36.058
92-97 BBCH NDIY = -2 453E —09x* + 0,695 E - 05x — 0,560 (9) <001 0993 31482

AH - After harvest NDVE =5 145E —10x% —3.651 £ - 05x +0.6818 (10} = 0.01 0.435 18.083

- BIOMASS PREDICTION MODEL IN MAIZE BASED ON SATELLITE IMAGES
Based on spectral information from the satellite images and specific
indices obtained, it was possible tmalyseand to generally characterize the
vegetation cover and agricultural crops, dynamic analysis of the vegetation
stages, evaluating the efficiepof mineral nutrition for crops, the potential for
combustion and other matters of interest. This study examined the relationship
between NDVI and NDBR indices and biomass production for feed from maize
crops, hybrid Micado, located at 45°47' N and 21HE2Timisoara, Romania.
Satellite images were taken during the growing season in five BBCH stages,
together with determinations on chlorophyll content and quantity of biomass.
In order to characterize the framework and the values of spontaneous

vegetationbiomass and debris from the maize crop, satellite images were taken
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also in two moments outside of the growing season (before crop establishment

and after harvest

45°47'40°N

45°47'30°N

2MUBUE 201200 2AMIZT0E 20712200 20°1220°
(a) (b)

Fig. 3 Study area

TABLE 1. Growing stages and parameters characterizing the corn crop

; Moment and growing Chl : Biomass
Period sfages (SPAD units) NDVI NDBE. t ha'l}
March Before seeding 2102011 0.152416=0.026 0011216=0.037  0.1520.001
. 12-13 BBCH: Stage 1 _ onn e _
April R 2412025  0.035641=0.002 003500520034  2.30-0.005
17-18 BBCH: Stage 1 o _
May et oo 49404038 02453040008 02417900009  15.62-0.004
June 53 BBCH, Stage 3 55302029 032083020002 03230410008 28.9320.016
Stem elongaticn
71-73BBCH. Stage 7 .o .« _ .
Tuly Devclopmentof gt 515043 0204240-0001 0463913:0.001  50.78:0.034
83-85BBCH. Stage 8 50 43,047 030787220.015 049103820018  51.0020.008
August Ripening
After harvest 16.02:021 0.258827-0.026 0.170754:0030  2.70-0.007

Based on identified correlations between spectral data from satellite images
and data that reflect the level of development of the maize crop (Chl) and biomass
production (Bm), the interdependency relations wengalysed between
vegetation parameters (Chbiomass production (Bm), and NDVI and NDBR
indices. Such models are of interestatmalysethe dynamics of the crop, for
estimating the biomass production and optimal timing for harvest. By regression
analysis, it was possible to predict the biomassgetion of the maize crop based
on NDVI and NDBR indices, as well as the content of chlorophyll. NDBR index,
although currently used for characterizing the potential for combustion, it had a
high correlation with the amount of biomass determined by tb# s

measurements.
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y=454.18x" —226.52x" +118.89x — 4.296 4
where: ¥ — biomass yield; x — NDBE
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Fig. 4 The distribution of actual Biomass and predicted values based on NDBR index

1 334200 t NPT P 5SPdgision RgNdultung: Globaldzbsgidnidgy
System (GPSE1S for AGRICULTURE

A GIS is a technical and organizatiosat of people, equipment
(hardware), programs (software), algorithms and procedures (methods) that
ensure the processing, management, manipulation, analysis, modelling and
visualization of spatial data in order to solve complex planning problems and
land nmanagement.

GIS mapping produces visualizations of geospatial information. The 4 main
ideas of Geographic Information Systems (GIS) are: Create geographic data,
Manage it in a database, Analyse and find patterns, Visualize it on a map.

Geographidnformation System is an organized collection of Software,
Hardware, Network, Data, People, Methods / Procedures

Two types of data can be integrated into a GIS system: Vector and Raster
data.

Vector data can represent point, line, and area features moceiately.
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Fig. 1 Vector data

AField Data Model Uses Rasteror GridData Structure.

Re

Resolution [

Grid extent

Columns

Fig. 2 Raster data

GIS systems are characterized by the ability to analyse data from various

points of view. Spatial analysis helps us understand: Where are certain objects,

What are the relationships between objects, What decisions to make at a given

time. To perform a spal analysis we must identify the CATEGORY of analysis.

Each category represents a set of questions related to spatial analysis.

Understanding the questions that fall into each category helps us to better

understand the problem and explain it to others.
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Table 1. Spatial analysis categories

Category DESCRIPTION

WHERE? If we don't know where we are, "we are lost." The fi
guestion in a spatial analysis is WHERE?

MEASURING There are situations when we want to describe

SIZE, SHAP object from a geometric point of view (area, lengl

DISTRIBUTION height or volume), or we want to highlight a certa
distribution of a phenomenon

DETERMINATION ( There are situations when we want to describe &
RELATIONS guantify certainrelationships that exist between 2 ¢
BETWEEN OBJECT more objects (which object is closer or which is insi

SEARCHING FOR 1 There are situations when we want to determine tl
BEST ROUTES A best route to travel between 2 locations or which
LOCATIONS the rightlocation to build a new store.

DETECTION AN There are situations when we want to determit

MEASUREMENT ( certain patterns or patterns from existing data (H¢

PATTERNS SPOT, COLD SPOT) or how these patterns chang
time.

PERFORMANCE ' There are situations when we want to predict
PREDICTIONS phenomenon in the future or how a phenomenon w
spread depending on certain factors.

The workflow in a spatial analysis begins with asking questions and ends
with a decision. Spatial analysis is not a ok model that we can execute. It is
a workflow that provides a way to approach problem solving. It is also important
to understand that some stages of the workflow may need to be reviewed. For
example, as you go through an analysis, you may think @waquestion that
would require reviewing or repeating certain steps. In this case, we will work
through the steps based on the new question until the necessary answer is

obtained to continue the initial flow of analysis.
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Table 2. Workflow in GIS spatialadysis

Question? Determining space questions
DATA Choice of data based on questions.
EXPLORATION Al Examination qualitative and redundancy
PREPARATION Prepare data as needed (crop, update, or edit

attributes)

ANALYSIS AND Break down the problem into smaller, shapable
MODELING components.
Quantification and evaluation of spatial questions.

INTERPRETATIC  Examination of results based on spatial questions

OF RESULTS Identify possible problems based on the results.
REPEAT AND /C Make adjustments based on results.
MODIFY Additional questions.

PRESENTATION Presentation of the results of the decision makers.
FINAL RESULT

DECISIONMAKING Use the results of space analysis to make decisions
PROCESS measures.

A thematic mapis a visual representation of the characteristics of a
geographical location. The characteristics illustrated on the map may consist of
either qualitative properties (g. descriptive information about certain types of
soil that are in a particular region) or quantitative properties of a geographical
area (eg population or demographic information). The attributes used are stored
by categories (name, type) or by quantitativ@lues (groups of symbols:
percentage, range).

- Quality thematic maps

Qualitative thematic maps present a spatial distribution of a single
phenomenon or geographical elemem’tq: pedological map, map of a county,

geological map, etc.).
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Fig. 2 Qalitative Thematic map

- Quantitative thematic maps

Quantitative maps are drawn up to highlight the spatial distribution of

tabular- numerical data. These maps represent the variation of a single variable

(e.g. population, age, income, etc.). Quantitative maps are made by several
methods: The area method (CHOROPLETH MAP) is used to represent the

elements that have a continuous spread; Choropleth maps are the most

commonly used method in thematic mapping of a gephic area; Point

method (DOT MAP) is used to represent elements that do not have a

continuous spread; This method can restore a certain geographical distribution

or the size of a phenomenon. This method is often combined with the

proportional symbolsnethod.
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Dr. Aneta Anca Dragunescu: ROMANIA'S MAIN VITICULTURAL AREAS

Banat's University of Agricultuvral Sciences and Veterinary Medicine "King Michael | of
W2YLFYAlLb ¢AYAU2I NI @

The viticulturally Romania is divided into regions, and within each
viticulturally region, the ecological factors exert different influences, giving rise
to the areas called vineyards awmticulturally centres

A Thewine regionis a habitat that has some peculiarities regarding the
ecological conditions, the cultivated varieties, the applied technologies,
the level of the yield obtained and the qualitative characteristics of the
resulting viticultural products. Within each winegion, therds a different
influence of ecological factors, giving rise to those areas caitexyards
andwine centresbeing characterized as follows:

A Thevineyardrepresents the natural and traditional viticultural unit, with
relatively similar condibns regarding the ecological factors, the
production directions, the cultivated varieties and the applied viticultural
technologies, which together lead to obtaining quantitative and
gualitative productions with similar characteristics.

A Theviticultural centre- comprises a smaller viticultural area, included in a
vineyard or outside it (independent viticulturalentre), concentrated
around a locality of economic and social importance.

In Romania, the specific ecoclimatic and ecopedological conditions
determine great differences of the ripening periods of the grapes from one
region to anotherThus, the same variety will reach maturitb4veeks earlier

in the South of the country, compared to tkentreor North of the country.
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Based on these differences in ecologic conditions, cultivated varieties, applied
technologies or the productive level of grapes, the particularities from one wine
region to another differ greatly.

The wine regions of Romania and their varieties
Wine regons from the hills of Muntenia and Olteniea
Wine regions from the hills &anat
Wine regions from the Transilvanian plateau
2 AyS NB3IA2ya FTNRY GKS / NAROFYLF FyF
Wine regions from the Moldova hills
Wine regions of Dobrogea

Wine regions othe Danube Fig.1.

o o o o Do Do Do Do

Sandy wine regionfsvourableto the southern part of the country
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Zoning was established as early as the 60's to take advantage of the quality
this region gives both in species and varieties.

Due to ecoclimatic and ecopedologic characteristics, our country is divided
in 8 distinct wine producing regions, 37 vineyardd anl winecentres

A wine region is a habitat which contains certain ecological characteristics,
where varieties flourish, and technology is used to take full advantage of the
products being made.

In each wine region, certain ecological factors influetiee final result,
creating wineries and wineentres

Regarding the total area of grape wines, it has oscillated from a peak of
300.400 hain 1972, dropping to the current area of 180.000 ha in 2019.

The wine regions from the hills of Muntenia and Oltenia

This is the second highest area of the country, the average elevation of the
wineries being 242 m. The climate is temperate continental, with East European
continental influences. The heliotherntasources are high, contrasting the low
hydrological ones. The major products of superior quality are the red, white and
aromatic wines, while table wines represent a very small percentage (in
Dragasani). A significant area is used to grow table grapebelmajor wine
producing areas of Breaza and Pietroasa, exceptional conditions for wine
producing exist, which include the local varieties that produce aromatic white
YR NRBaS gAySay ¢NYNA2FAaN NRBYNySIFaONxz

The assdment contains multiple varieties of superior white wines:
CSGiSIFHaON ftoNZ CSGSFAON NB3IIENZT wAaSat A
Ottonel, also varieties of superior red wines: Cabernet Sauvignon, Merlot, Pinot
YV2ANE CS0SI &aON mas. ITNNgasayi Rineryguiddiicks/ vihite
YR NBR GlrofS gAySa FTNRBY GKS / NNYLROAS

Dealu Mare and Dragasani produce the varieties of: Victoria, Cardinal, Augusta,
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Coarna, along with the new grape varieties, are obtained in the other research
stations.

The wine region of the Banat Hills

Located in Southwest Romania, it meets, to a certain extent, the
conditions of a single vineyard. Grapl@ntations have an insular character and
are constituted in several wingrowing centea Y a2f R2 @I b2dz2NX ¢
wSOIFd YR ¢SNBYALF® ¢KS LINBR2YAYIYO &
(calcareous soils), brown soils (on the slopes), bravgilo-clay and regosols. Is
specialized in the production of white and rosé table wines and, to a lesser
SEGSYyidx 2F KAIAK ljdz tAdé 6KAGS FyR NBR
Pyl GT al 2FNON FfoNE {GSAY&aOKAWNRSENE w,
G NASGASAY /I RFNONX . dzZNHdzy R YI NB3X aSNi

The wine region of the Transylvanian Plateau

It includes vineyards ranging from Apold (SB) to Bisit@gaud and Dej.
It is characterized by moderate heliothermal resources, rich water ressurc
and the average duration of the vegetation period is 173 days. All other
temperatures and precipitation average valuasicate the presence of a cool
climate.

Ecoclimatic conditions make it possible to obtain high quality wine
products due to lon@nd sunny autumns. Superior quality white wines, aromatic
wines and sparkling wines are produced.

It includes 5 vineyards (Tarnave, Alba lulia, Séyesdd, Aiud, Lechint,)
with 17 winecentresand 2 independent ones.

Varieties grown: Chardonnay, Fesea alba, Feteasca regala, Riesling
varietal, Sauvignon, Traminer roz, Pinot gris, Neuburger, lordana, Pinot noir,

Cabernetsauvignon, Feteasca neagra, Muscat Ottonel.
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characterized by a climate with high heliothermic valuesmpared to
Transylvania, but with the highest water resources compared to the other 7
regions. The pintations occupy grape varieties for top quality white wines, raw
material for sparkling wine and a few for red wines. The region has 4 vineyards
composed of 11 wineentresand 2 independentcentres Varieties grown:
Feteasca regala, Furmint, Mustoasa Meaderat, Riesling varietal, Sauvignon,
Traminer roz, Pinot gris, Cabernet Sauvignon, Cadarca, Feteasca neagra, Merlot,
Pinot noir, Burgund mare, Muscat Ottonel, Tamaioasa roméaneasca.

In 1880 the Minis Viticulture is formed, followed by the Research and
dewelopment station for viticulture and vinification, in 1957.

The wine region of the Moldova's Hillsicludes the plantations from
| f ALWOSYA oO0.¢0 (2 ¢AYO2ASO0A 0xb0 I YyR
between the ecoclimate in the northern padf this wine region and the
ecoclimate in the South, there are appreciable differences that are often
reflected in the quantity and quality of the wimaaking production obtained, as
well as in the selection of varieties. The region has 12 vineyards withirde
OSYGiSNB YR y AYRSLISYRSYylG 2ySad ¢KS
tFyOAdzE [/ 20YFNAZ DbAO2NBOGGA YR | dzdA®
production of white and red table wines, superior white wines, sweet varieties
(Cotnari) and of rawmaterials for sparkling wines (Panciu and Ivesti). The
production of red wines is insular in nature and comprises the vineyards of
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The wine region of the Dobrogea

It includes the vineyards from Mangalia to Tulcea and Macin. It comprises
3 vineyards: Murfatlar, IstriBabadag Sariceb A O dzf A meSénkes apd 56 A
independent centers. The special quality of the wines obtained here is also due
to the ecological factors. It is said that here are the richest heliothermic
resources (with the highest annual averages), with beneficial effects on the
maturing and making of the grapes, and the presence of the Black Sea makes the
effective duration of sunshine to be the highest in the countilye wine region
of Dobrogea consists of both wine making, but also wide scale cultivation of
grapes for consumptionGrapes for consumption: Cardinal, Regina viilor,
Chasselas doré, Muscat de Hamburg, Muscat d'Adda, Afuz Ali. Small areas are
dedicated for grapes which will be turned into raisins. Wine region dedicated to
the production of superior quality red and whitaemes: Aligoté, Italian Riesling,
CSiSIaON FftoNxX CSGSFAON NB3IFENZE {F dzDdi
Ottonel, Cabernet Sauvignon, Pinot noir, Merlot and Burgund mare.

The wine region of the Danube Terracisslocated mostly on the Danube
Terraces irthe Southeast of the Romanian Plain. Vineyards: Ostrov and Greaca.

Climate is temperate continental, steppe and silvostepical, with
insufficient precipitation and extreme thermal temperatures, temperatures that
endanger the normal development of vegetatiphenophases. The wine region
has the largest heliothermal resources in the conditions of modest water
resources, but improved by the beneficial presence of the Danube. It is
specialised in growing table grapes. Varieties grown: Muscat Perla de Csaba,
Cadinal, Victoria, Chasselas doré, Muscat de Hamburg, Muscat d'Adda, Italia,

Afuz Ali, Tamina, Xenia and Greaca.
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It has a modest production of white table wines. White wine varieties:
CSGiSIFaoF NBIFENZT LAOFEAFY wWASAf pAaficA T { |

red wine varieties: Cabernet sauvignon, Merlot and Burgund mare.

The wine region of the sands and other faw@ble lands in the South of
the country
A The vineyards andentresd SG ¢SSy +NJ} ol o6al o FYyR w
A The ecopedological, ecoclimatad orographic conditions of this region
are less favorable to the vine due to summer and winter temperatures.
A There are: 3 vineyards with 8 wigentresand 11 independent ones.
A Cultivated varieties: Feteasca regala, Riesling varietal, Aligote, Caberne

Sauvignon, Feteasca neagra, Pandur.

Fig.2. Romanian viticulture in pictures
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Assoc. Prof. Dr. Ciprian George Fora: Benefits of the shelterbelts in landscape
and crop protection

Starting with almost a century ago the first effects of the increasinghef
temperatures and limiting of precipitations quantities on spontaneous plants
composition became obvious. The first alarm signals were sounded at that time
as a result of scientific research and observations. Nowadays the phenomenon
is much more pronouted and is estimated that the impact on Earth life will be
major in next decades. In such conditions installing of the protective shelterbelts
in agricultural lands can be a part of the solution to limit the impact of climate

change on the environment conmbns and to ensure better crops protection.

Scientific definition of the protective shelterbelts in Romania: Climate protection
shelterbelts (figure 1), are strips of forest made up of trees or trees and shrubs,
which are arranged on cultivated landrogar certain objectives (roads, railways,
FENXYaAOS Ay 2NRSNI 2 LINRPGSOUOU GKSY FTNRY

Legal definition: Protective shelterbelts are formations with forest vegetation,
located at a certain distance from each other or from afeobve, in order to

protect it against harmful factors and/or for the climatic, economic and
aesthetiesanitary improvement of the lands (Low no. 289/2002, art. 1; Low no.

46/2008, Appendix 1, point 28).
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Fig. 1. Shelter belts and territory organization
(Sourcenhttps://teara.govt.nz/)

Supplementary legal definitions: Shelterbelts are formations with forest
vegetation covering a minimum of 0.1 ha, located at a certain distance from each
other or from a target, in ater to protect it from the effects of harmful factors
and/or for climate, economic and aesthesanitary land. Forest corridors also
fall into the category of protective belts (OMARD no. 198/19.08.2021,
Appendix); The forest corridors are made up of pédioins of forest trees and
shrubs, which connect forests or networks of shelterbelts, located at distances
of up to 10 km from each other (Low no. 289/2002, art. 5, paragraph 2).

Territory organizatiorg scientific definitions: The organization of the téory
represents a complex of econorracganizational, technicagbpographical and
legal measures adopted in order to use rationally the entire land fund of the
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country as a means of production (Timariu, 2004); The organization of the
territory within the agricultural holdings (figure 1), includes the set of measures
that are expected within the agricultural units according to the natural and socio
economic conditions for the organization of the territory of each category of use,
sizing and efficient locain of investments in the territory, of the use with
maximum efficiency of the hydrameliorative arrangements and of the
mechanized means (Bold et al., 2003).

Topical concept of shelterbelts known IV phases in Romania (Vasilescu, 2004;
Catrina 2007): Phade(18601937). The stage of orientation and exposure of
forest crop problems in senrarid areas. Approx. 1000 ha shelterbelts; Phase Il
(1937%1961). The stage of making shelterbelts on a scientific basis. Approx.
18.000 ha shelterbelts (14.000 km lengtRhase Ill (1961989). The stage of
stopping the research and deforestation of the existing shelterbelts. Approx.
3.000 ha shelterbelts; Phase IV (after 1989). The stageaoflysinghe issue.
Design the necessity of 300.000 ha of shelterbelts.

Classitation of shelterbelts by objective to be protected:

1 shelterbelts to protect agricultural land from harmful climatic factors and to
improve climatic conditions in the protected area;

1 anti-erosion shelterbelts to protect soils against erosion;

1 shelterbeltsfor the protection of roads and transport, especially against
snow;

1 shelterbelts for the protection of dams and banks against water currents and
floods;

1 shelterbelts for the protection of localities and various economic and social
objectives.

Classification of shelterbelts by the location in relation to the direction of injury:

1 main shelterbelts placed perpendicular to the direction of action of the
predominant harmful factor or to the resultant of the dominant harmful
factors;

1 secondary sheltelts, located perpendicular to the main ones and
completing the network of belts in a given territory.
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Classification of shelterbelts by consistency or density:

1 impenetrable or compact shelterbelts (communication routes);
1 semipenetrating shelterbeltg¢intended for field protection);

1 penetrable shelterbelts, through which the wind penetrates easily.

Species selected for the establishment of shelterbelts for Romanian climatic and
soil conditions:

1 Trees speciesQuercus robyrQuercus pubescenQuercus pdunculiflora
Quercus cerrisjuglans regiaUlmus pumilaTilia tomentosaTilia cordata
Tilia platyphyllos Robinia pseudoacacgiaGleditsia triacanthos Acer
platanoides Acer pseudoplatanysAcer tataricum Acer campestrePinus
nigra, Prunus mahalelEleagnus angustifoljdMalus sylvestridRhus typhina
Maclura pomifera

1 Shrubs species:Tamarix ramosissima Crataegus monogyna Cornus
sanguineaCotynus coggygrigyringa vulgarisSambucus nigra

Where shelterbelts are needed? Establishmeniteria: Regions with insufficient

or unevenly distributed rainfall; Regions with a dry climate (pedological and
atmospheric drought); Regions subject to periodic drought affecting vegetation
and crops.

Situation of shelterbelts at national level. Emerggiareas for the installation of
shelterbelts (figure 2) are: Emergency | (steppe areas); Emergency |l (forest
steppe areas); Emergency lll (extended foidsppe areas).
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Fig. 2. Romania’s shelterbelts emergency regions

(Source: Lupe, 1952)

Situation of shelterbelts at national level show that at 7.5 million ha of arable
fryR onnodnnn KIF 2F aKStISNbStda | NBE y.
1999).
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The benefits of shelterbelts are listed below:

T

=A = =/ =2 =2 =2 =

there has been an improvement in the abtions of growth and development
of agricultural crops up to a distance of-20 h after the forest belt and-%2
h before it;

the change in solar radiation in the immediate vicinity of the belts over a
distance of 12 h was found,

the diurnal amplitude®f the air temperature were observed to decrease by
1-4°c and by 2°c of the annual temperature;

it was found that the wind speed was reduced by5%P6 in the sheltered
part and by 1015% in the exposed part;

it was found a retention of snow on a distamafe25-30 h and the one carried
by the wind from the open lands at a distance ef®h;

evaporation has been reduced by up to 30%;

it was found that the humidity of the air at the surface of the crops increased
with 3-5%;

there has been a reduction in watrunoff on the slope and erosion caused
by this phenomenon;

a reduction to deflation on sandy or light sandy soils has been found to stop;
weeding was found to be lower;

it has been found that bees afavoured

there has been an improvement in yields;

there has been an increase in wildlife;

it has been found that they can be sources of wood, edible fruit;

there has been a reduction in animal pests, especially harmful insects and an
increase in the number of insectivorous birds nesting in these protective
forest belts.

162



Effectiveness of shelterbelts on agricultural crops: Increase in average
production per hectare of wheat, barley, oats, corn, sunflower between 17.1%
and 19.7% (Vasilescu, 2014); Increase in average production per hectare of
wheat by 23%, bdey by 23%, oats by 6%, rye by 19%, spring wheat by 8%, corn
by 12%, hay by 20% (Kort, 1988); 39.2% increase in average production per
hectare of sunflower (Mozheiko & Semyakin, 1985).

In Romania, the optimum land organisation has been expressed by tiji2a04

as follow: the optimal size of a farm with arable land is between 300 ha and 500
ha in the hill area, respectively between 1500 ha and 2000 ha in the plains (1000
4000 ha); The optimal size of a parcel on the farm is between 75 ha and 100 ha
(1500m x 500 m or 2000 m x 500 m).

National system of shelterbelts is regulated by low 289/2002, especially at
Art.4.(2) According to this law, the construction of the national system of
protective forest belts is declared of public utility; and at Art.7(3 €kecution

of protective forest belts is made on the basis of techreznomic studies that

must include: a) technical elements necessary for the installation of protective
forest belts: orientation, width and distance between protective forest belts,
planting schemes, species indicated for afforestation. In the ministry order
COCKHNNHYE dzyRSNIAYS GKIFIG aAF GKS 3INER dz
loamy soils or up to 5% on sandy scilthe main forest belts are placed
perpendicular to the diredt 2y 2F (KS LINBGFAtAYy3I GAY
strongly undulating the main forest belts are placed with priority on the level
OdzNBS&a¢ @

An important element in the projection of the shelterbelts are the distances
expressed in figure 3.
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Fig. 3.Shelterbelt’s distances matrix calculation in Romania

Few characteristics can be found in the same ministry order 636/2002: in order
to ensure the passage between the cultivation units of the machines, at the
intersection of the forest belts in a networkpenings with a width of 30 m are
arranged in a zigag pattern, and along the main forest belts, openings of 500
to 500 m are left. & m arranged obliquely. The following scheme will be used
for the establishment of the protective forest belts of theldi: 500 m x 1000 m,
respectively 500 m between the main forest belts and 1000 m between the
secondary forest belts, thus creating modules with an area of 50 ha. The width
of the main shelterbelts in areas with strong winds is 10.5 m. The width of the
secadary shelterbelts in areas with strong winds is 7.5 m. The width of the main
shelterbelts in areas with moderate winds is 7.5 m. The width of the secondary
shelterbelts in areas with moderate winds is 4.5 m.

The close link between the design of sheltdtbeand the organization of the
territory is important for the success of shelterbelts installation and take in the
consideration the relief on which the surface of the land to be planted is located,
soil size and shape, existing solil type, the existingork of roads and drainage
channels, the type of irrigation network, electricity and communication network,

164



other obstacles (photovoltaic panel fields, oil wells, wind farms), existing
protective forest belts including prexisting shrub vegetation.

Difficulties in implementing the concept of shelterbelts in Romania came from
below aspects: property structure, acceptance of farmers (allocation58fosbf
arable land for the establishment of protective forest belts), low knowledge of
funding and grant oppaunities, insufficient funds needed to support projects
by farmers, protective forest belts require lotgrm care work by qualified
personnel, the competitive market that imposes a certain yield on vegetable
farms. With all of that in last two decades sefiarmer starts to pay attention to
the benefits of the shelterbelts especially in the areas where the irrigation
system does not exist or the founds for that are limited (figure 4).

Fig. 4. Example of shelterbelt in Constanta area, East Romania

(Source https://agrointel.ro/)

Taking in the consideration the aspects presented before can be formulated few
conclusions and recommendations.
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Conclusions.

== = =2 =2

At least 3% of Romania's arable land requires shelterbelts;

About 1.5% of the country's arable landist be planted immediately;

There is specific legislation;

There are technical rules for setting up and caring for protective forest belts;

There are possibilities to dmance projects from European and national
funds (AFIR, Environmental Fund);

There s a possibility that after the establishment, farmers will be subsidized
for the loss of agricultural land favourof shelterbelts (APIA).

Recommendations.

Promoting the concept and benefits of shelterbelts;

Awareness of the population and owners of aghiural land on the
beneficial effects of shelterbelts;

Guide farmers so that they can access existing funds;

Subsidized interest financial support for investment projects in shelterbelts;

I OOSE SNI S GKS LINBLI NI O afforgstadi plad KS ' |

and its implementation with priority.
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Assoc. Prof. Dr. Daniel Pop&oil Working Technologies in a Conservative
System Applied in the Conditions of Western RomarB&JAS Timisoara

Conservation agriculture (CA) includes a number of complementary agricultural
practices:

w aAyYAYFf ad2Af RAAOGdzZNDIF yOST
w tSNXYIFIYSyld az2At O20SNI 3IST
w / NRPLI NROFGA2Yya YR |aa20AF0A2Yyao
The main factor that determined the emergence and development of the new

system was the degradation and excessive erosion of the soils, as an effect of
conventionaj intensive agriculture.

The development of various options has been accelerated by the oil crisis of the
1970s and high fuel prices, with increasing research proving that in many cases
yields close to those obtained in conventional agriculture can belimdda

The new tillage systems were referred to as "optimal systems", "streamlined

systems"”, "unconventional systems", "alternative systems", "soil conservation
works systems", etc.

IMPLEMENTATION OF CONSERVATION AGRICULTURE (CA)

First phase:
- theinversion of the soil layers is stopped,;

- at least one third of the soil surface must remain covered with crop
residues;

- for tillage, disc harrows, rotary harrows, no furrow overturning plows
(paraplow), chisels or direct seeders are used,;

- at this phaseproductivity may decrease.

The second phase:

- the condition and fertility of the soil improve naturally;

- weeds and pests tend to multiply, and this should be controlled chemically
or by other means.
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The third phase:

diversification of the cultivation methd can be introduced (crop rotation);
the general system gradually stabilizes
The fourth stage

the agricultural system is balanced and productivity can be improved
compared to traditional agriculture;

this process reduces the need to use chemicals tarobweeds and pests
or to increase fertility.

BENEHIS OF CONSERVATIVE AGRICULTURE

Improving organic carbon stock, biological activity, abgrkaind and
underground biodiversity and soil structure;

Soil degradation especially soil erosion and runefis greatly reduced,
often leading to increased productivity.

Water quality improvement

Decreased carbon dioxide (CO2) emissions

DISADVANTAES OF CONSERVATIVE AGRICULTURE

It normally takes a transition period of byears for the conservative
farming system to balance. Productivity may be lower in the early years.

If seasonal factors are not taken into account, improper application of
chemicals can increase the risk ofksalue to faster movement of water
through biopores.

If crop rotation, soil cover and crop selection are not adjusted to optimal
levels, larger amounts of chemicals may be needed to control pests and
weeds.

Nitrogen oxide (N20) emissions increase dutivegtransition period.
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- Farmers must make an initial investment in specialized equipment and must
have access to seeds for cover crops, adapted to local conditions, at
reasonable costs..

- Farmers need extensive training and access to specialized counseling
services. Compared to traditional agriculture, a fundamental change of the
approach is needed

EXAMPLES OF SUCCESS

In Europe, direct sowing of stubble takes place in about one tenth of the
agricultural area in Finland and Greece, and up to five percaheizech
Republic, Slovakia, Spain and the United Kingdom.

Almost a quarter of the utilized agricultural area of Finland and the United
Kingdom and almost a quarter of the utilized agricultural area of Portugal,
Germany and France are using a reduchage system.

DIRECT SOWING TECHNOLOGY APPLIED WITHIN THE PRINCIPLE OF
CONSERVATIVE AGRICULTURE

¢CKS ay2 GAtftlF3AS¢e¢ aeadisSY 2N RANBOG az2gi
previously unprepared soil, in which a narrow gutter or a channel opens, where

a sufficient depth and width are needed in order to achieve a good seed
coverage.

A direct drill machinery should minimally loosen and mix the soil, and place the
seed in the solil, so that it has optimal germination and growth conditions. The
design of the wrking parts of these machines must allow the work to be

carried out under the conditions imposed on both dry and wet soils, in the
presence of a large amount of plant debris.

ADVANTAGES OF NO TILLAGE TECHNOLOGY

- significantly decreasing the erosiask and increasing the water supply in
the soil;
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improving the movement of water and air in the soil,
increasing the water supply in the soil;

increasing the amount of organic matter from the soil surface;
stimulation of biological activity;

reduction d soil temperature, and especially large temperature variations in
the first 10 cm, during the hot periods of the year;

reducing the risk of anthropogenic compaction;

improving the characteristics of workability and trafficability during the
sowing and hevesting period;

long-term increase in soil fertility by at least one class;

reducing fuel consumption (by 40 to 50%);

reduction of working hours and labour requirements by up to 60%;
less complex system of agricultural machines

DISADVANTAGES OF NO TILLAGE TECHNOLOGY

requires fairly large investments

herbicide dependent;

some weeds are very difficult to control;

disease and pest control is difficult;

the quantities of pesticides used are higher compared to the conventional
system;

mineral and organitertilisers are difficult to use;
it is not efficient enough for some rotations;

it is beneficial only if the soil is covered with plant debris during the
vegetation period;

it is suitable for soils with coarse and medium textuo®se and well
drained;

the farmer must have specialized knowledge;
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VIl Integrated Crop Management and DigitalizatipDigitalization
of Agriculture: Rationality and Risks

Johannes Munz, Prof. Dr. Heinrich Schuele: Profitability of smart farming
technologies- Identification of economic success factors in smsdlale
agricultural regions

Digitalization of agriculture shows positive effects on farm profitability but is also
considered to be of great importance when it comes to the efficient use of
limited resources and countering global problems (e.g. climate change, food
security). However, since the introduction of the first precision farming
technologies around 1990, high adoption rates could not be observed, especially
in areas where smaficalefarming is dominant. Until today, farms successfully
applying smart farming technologies are mainly larger operations. Therefore,
this paper is dedicated tanalyseeconomic success factors, whitdvour the

use of digital technologies in smaltale agricultural areas, but also to highlight
the limitations of digitalization in these structures.

For this research, a calculation model has been developed, that enables a holistic
view of the farm. Using empcal farm data and with the help of sensitivity
analysis, the economic effect of implementing 27 different digital farming
technologies is presented. The results show that very small farms (< 20 ha) are
at a disadvantage with capitaitensive technologie. Furthermore, it can be
shown that the success of implementing digital technologies is largely
dependent on external factors (e.g. weather, soil), and is determined by initial
conditions (e.g. technologies available on the farm). In summary, it camateslst

that farmers in smalstructured areas are by no means excluded from
digitalization. For very small farms, the joint use of machines or the development
of low-cost technologies can be seen as a solution.

Keywords: Smart Farming Technologies, Econgn8osalScale Agriculture,
Case Study, Sensitivity Analysis

Introduction

In view of global challenges such as climate change, soil sealing and population
growth, a safe and environmentally compatible food production is becoming
increasingly importanfl]. Adaptation strategies of conventional systems lack a
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holistic perspectivg2,3]. One approach to achieving higher levels of productivity
can therefore be seen in technological innovatiffis Sitespecific management

of fields, for example, can increase productivity and minimize environmental
risks (e.g. nitrate leaching®]. Similarly, autonomous machines can be used to
address dabourshortage and provide targeted weed control without polluting
the environment with herbicidef5].

Due to the high investment castalmost only large farms have been able to use
digital technologies so fg7,8]. Among farmers in smadkructured agricultural
regions, the opinion prevails that digital technologies cannot be used profitably
[9¢11]. However, large parts of Europe and Germany in particular are
characterized by smadicale structure$12]. The state of BadeWuerttemberg

was therefore selected as a modetgion to study the impact of digital
technologies on farm profitability. The average farm size of 36,5 hectares and
the high proportion of partime farmers (65 %) are seen here as a particular
challenge that needs to be addresdd@®,14]

The economic impact of individual technologies in selected crops has been
sufficiently irvestigated in previous studig$45¢17]. However, investments in
digital technologies are decisions that affect the entire farm. The demands
placed on existing mechanization by digital technologies and the impact on
overall farm profit of small farms have not yet been studied.

The aim of this paper is therefore (i) to identify factors that determine the
economic success of a technology at the faraelg(ii) to show the limits of the
profitability of different digital technologies through a sensitivity analysis of the
results of the farms studied, (iii) and to identify opportunities for small farms to
also participate in the digital transformation afjriculture.

Methods
Study area and data collection

For the calculation of the results, farm data were collected from eight farms (B1
B8, farm sizes between 11 ha and 530 ha) within the state of Baden
Wouerttemberg in spring 202F{gure ). For comparison, an average arable farm

in BaderWuerttemberg (BO) was used, which is 65 ha in size. The selection of
farms reflects the conditions in the federal state very well. With this sample, very
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small farms (< 20 ha) can be studied on the onedhdnut also farms that are
large by BadetWuerttemberg standards (> 150 ha).

The farms surveyed vary greatly in the design of their crop rotation. As a rule, a
crop rotation with cereals, corn and another field crop predominates. Farm B1
(11 ha) is run aa sideline. Farms B2, B3 and B6 are mixed farms with livestock.
Here, silage corn is grown instead of grain corn. In general, only the cultivation
of arable land is considered. Other work related to animal husbandry is not
included in the model calculatidie.g. harvesting of straw).

Work that occurs once a year on a small scale (e.g. harvesting) is usually
performed by contractors. When implementing a digital technology on a farm in
the model calculation (e.g. sH&pecific planting), the service is repéa by sel
mechanization.

During the data collection, the status of the existing mechanization on the farms
was surveyed. The retrofittability of the machines depends on their age (e.g.
missing functions, compatibility problems, etc.). Farmd$3Bland B®annot use
retrofit kits in most cases due to their outdated technology. The remaining farms
can partially retrofit. Some farms are already using some digital technologies (B4,
B6-B8).
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Figurel: Investigated farms BB8 with shares of crops and farmesiz
2.2 Database and technology selection

A total of 27 technologies (T) were included in the database. For a clearer
presentation, the variants of a technology were each combined into a
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technology group (TG). Technologies-TBL were combined to form the
technology group TG 1Automatic guidance Technologieséchnologies Td9
form TG2 "Mechanical Weeding Technologiestechnologies THI13 are
combined to form TG3Section Control Technologies'14T17 to TG4 Site
Specific Soil Cultivation TechnologiesT18T19 to TG5 "Site-Specific
Sowing/Planting;’ T20T24 to TG6'SiteSpecific Fertilizing"T25T26 to TG7
"Site-Specific Sprayingind T27 forms an independent group T&#e-Specific
Manure Application”

Requirements for the existing mechanization welefined for each technology
variant (e.g. additionally required GPS steering system, Farm Management
Information Systems).

The impact of technologies on the items of the ebenefit calculation (change
in yields, price, direct costs, and impact on Vialgaand fixed costs) was
evaluated on the basis of manufacturer data and literature values.

A decision algorithm is integrated in the calculation model that takes into
account the requirements of the existing technology on the part of the digital
technologes (e.g. the addition of an application map for offline approaches or
the retrofitting of ISOBUS devices) and differentiates whether a retrofit solution
is sufficient or a replacement investment must be made.

As far as possible, the purchase prices wafiebntiated into three classes. In
this way, the different demand for machine sizes can be adapted to the
respective farm size and an under overestimation of the investment costs can
be avoided (Class 1: < 20 ha; Class-Z®0a; Class 3: > 70 ha@his classification

is based on the farm size structure in Bad&oerttemberg, with Class 1
primarily representing partime farmers, Class 2 containing the farm sizes most
commonly found in BadeWuerttemberg and Class 3 reflecting the larger farms
by BalenrWuerttemberg standards.

2.3 Economimodellingof a farm

The calculation is based on the céignefit calculation (1), where the diregt
variable operatingand fixed operatingosts per crop are subtracted from the
revenue of each crop on the farm tubtain the profit per crop and year. The
profit of each crop is then added to the total profit of the farm. Direct codts)(
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include input materials such as seddrtiliser and crop protection products.
Variable operating costsyQ include the vagable costs of machine use and costs
of services. Fixed operating cosi®d include the fixed costs of machinery use
(depreciation) andabourcosts for familyabour.

pO Y 06 wd "06
On the output side, digital technologies can increase the yield or the product
price (e.g. through improvements of protein conteff)18]. On the direct cost
side, technologically induced reductions in input quantities can lead to saving
[19,20] The price of inputs is not changed by digithnologies. A change in
the variable operating costs per hour can be caused by the changed cost
structure of digital technologies or the salfechanization of work steps that
were previously performed as a service. Digital technologies can also lead to
savings in working time or to additional steps (e.g. calibration of sensors) and
thus to a change in working time over§lll]. Fixed operating costs can be
affected by the purchase of new machines (change in depreciation), when
working time gets affected by the use of digital technologies (chantgbour
costs, family worker) or other fixed st arise (application map, learning
costs/year etc.)8].

2.4 Comparison and evaluation of technologies at the whole farm level

The calculation and selection of techngies is based on the assumption that
the farmer makes the decision to implement a technology as soon as the
additional benefits exceed the additional costs. For this purpose, the profit is first
calculated for the status quo at farm leval () and thencompared to the profit
with the inclusion of the implemented digital technology ( ).

The change in profit)( § shows how profit develops at the overall farm level
when a digital technology is added (2). This comparison can be made with all
techndogies or combinations of technologies.

~ ~ ~
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From an economic point of view, investments should be made if condition (3) is
met.
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2.5 Sensitivity AnalysgsMarginal farm size

To show the limit®f profitability of a technology, the marginal farm size can be
calculated. For the calculation, the condition shown in (3) applies, i.e.
implementation is assumed as soon as the additional annual costs equal the
additional annual benefits.

Results

The efects on the items of the codienefit calculation are shown iFigure 2 and
Figure 3All change$ NB LINB & Sy (i S Ra® any indic&tsSthedthaigd ¢
compared to the status quo (whole farm level). The farmsBBGare sorted
according to their sizper technology group (starting with the smallest farm size
B1). Gaps indicate that the corresponding farm already uses the technology
(TG1_B8) or cannot use it (TGS for arable farms without animal husbandry). All
items on the positive side are summed wpthe additional benefit. Accordingly,

the additional costs that arise with the implementation are on the negative side.

Through the formation of technology groups and the presentation of the overall
farm differences in technologies within a group and bedw crops are no longer
visible. Therefore, it cannot be excluded that individual variants within a
technology group can be used economically on a farm or that the use in some
crops would make sense.
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CHANGE OF STATUS QUO IN EURO PER HECTARE AND YEAR
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Figure 2: Technology groups-4 with their impact on evenue, direct costs,
variable operating costs and fixed costs of farmsBBQeach technology group

is sorted by farm size. Additional costs are added on the negative side, additional
benefits correspondingly on the positive side.

The technology groups shown Figure 2are characterized by a low level of
additional benefits. On the revenue side, TG1, TG2 and TG4 cannot contribute to
GKS FTRRAGAZ2YIE O0SYSTAGD ZakohBHIGANcRINE S
be achieved on the vable cost side, especially flabour-intensiveoperations

(TG4- tillage) and the use of automatic guidance systems. The savings in direct
costs from the use of automated steering systems are insignificant. The
comparatively high savings in direct cost@ NJ ¢ DH 0 tzldn B6Rresuln € K
from the substitution of herbicides by mechanical weed control. The greatest
savings can be achieved here the more intensively a farm uses herbicides. The
low economic impact of the section control technologiesca&ised by the
comparatively low investment costs and the small influence on direct costs. The
average arable farm BO is not characterized by unusually high changes in
additional benefits and costs when comparing to farmsBB1 The desired
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profitability constraint (3) is only met by B3, B7 and B8 in TG3, and by B8 in TG
4.

Figure 3: Technology groups-8 with their impact on revenue, direct costs,
variable operating costs and fixed costs of farmsBB)each technology group
is sorted by farm size. Adohhal costs are added on the negative side, additional
benefits correspondingly on the positive side.

All technology groups shown in Figureaf®e able to positively influence the

revenue side. Technology group "&iteSpecific Fertilizing'stands out in

paNII A Odzf N | SNBXZ 'y AYONKta&(82) day beNBE ISy
achieved. The amount is linked to the previous yield expectation and the
intensity of management. Farms with a high yield expectation and a high
production intensity also tend to achieve higher yield increases or quality
improvements. The di@ cost position is most strongly influenced by
G§SOKy 2t 238 3INEPRdJzZLI 1 PayB5)ake Yaased & potedizally G 2
high reductions in pesticide use (up to 80% of fungicides and 61% of herbicides).
The variable operating costs are most striyngfluenced by technology group

7, since in some cases time consuming aerial inspections of the fields (with
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