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Preface 

Dear colleagues, ladies and gentlemen, 

On behalf of the Working Group – Conserva�on Soil Tillage (WG-CST) of Interna�onal Soil Tillage 
Research Organiza�on (ISTRO), suppor�ve ins�tu�ons as well as sponsors, we are pleased to invite you 
to the WG-CST 1st Workshop which will take the place in Osijek, Republic of Croa�a, 8th-9th 
September, 2020. 

WG-CST for the first �me organize workshop rela�ng to and dealing mainly with ISTRO interest areas 
(e.g. Soil and Water Management, Climate Change, Plant Nutri�on, Tillage tools and Implements, Crop 
Protec�on, etc.). WG-CST 1st Workshop has main inten�on to discuss and gathering basic knowledge 
about current situa�on in science and professional work in domain of conserva�on soil �llage. 

WG-CST mission is based on the principles of connec�on, encouragement, promo�on, transfer and 
applica�on of knowledge about conserva�on soil �llage, and is realized through: 

○ connec�on of scien�sts and experts engaged in the research of conserva�on soil �llage 
and related scien�fic and research disciplines with the objec�ve of achieving 
interdisciplinary, 

○ encouragement and promo�on of the scien�fic research in the field of conserva�on soil 
�llage and interac�on with similar disciplines, 

○ transfer of knowledge and scien�fic research results to the general scien�fic and 
professional community in order to improve the prac�cal applica�on of produc�on. 

Primary objec�ve of that ini�a�ve is promo�on, development and grow of interest and knowledge 
about conserva�on soil �llage science, exchange ideas and experiences and spreading modern 
approach of technology applica�on in agroecosystems. 

General Workshop topics will be discussed in the next sec�ons: 

○ CST worldwide experiences 
○ Different aspects and acceptance of CST 
○ Research results 
○ Recogni�on and perspec�ves views of CST 
○ CST and Climate Change rela�on 

This Workshop will cope with main goals of ISTRO respec�ve research in soil �llage and field traffic and 
their rela�onship with the soil environment, land use and crop produc�on. WG-CST Secretary 
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Is conserva�on agriculture climate smart? 

Irena Jug, Boris Đurđević, Bojana Brozović, Danijel Jug 

Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek, 
Vladimira Preloga 1, HR-31000 Osijek, Croa�a, e-mail: ijug@fazos.hr 

One of the major challenges of the twenty-first century, in the age of global environmental problems, is 
sustainable food produc�on. In order to feed the growing world popula�on, it is necessary to change 
many aspects of agricultural produc�on. Resolving these challenges will increase global pressure on 
natural resources, especially soil and water. To achieve food security and agricultural development 
goals, adapta�on to climate change as one of the global environmental problem, will be necessary. 
Climate smart agriculture (CSA) systema�cally integrates climate change into the planning and 
development of sustainable agricultural systems. The CSA approach aims to sustainably increase 
agricultural produc�vity, increase adap�ve capacity and resilience, reduce greenhouse gas emissions 
and increase carbon sequestra�on where possible. Conserva�on Agriculture (CA) simultaneously 
promotes agricultural produc�vity, climate resilience and other environmental goals related to 
sustainability. CA can be�er contribute to CSA goals if a comprehensive CA package is applied that 
includes minimal soil disturbance, crop rota�on, and reten�on of crop residues thus improving 
infiltra�on and soil moisture reten�on, and reducing daily soil temperature fluctua�ons. The climate-
smartness of CA can be enhanced of ways to reframing and adap�ng CA to loca�on-specific economic 
and agroecological condi�ons, integra�ng CA with other CSA prac�ces (such as agroforestry, 
sustainable soil management, crop management, water and energy management). The adop�on of CA 
in different socioeconomic and agroecological condi�ons should contribute to the goals of CSA. CA is 
contribu�ng posi�vely to CSA produc�vity and adapta�on/resilience objec�ves, although the degree 
of success varies considerably by agroecological characteris�cs of producing area. 

Key words: conserva�on agriculture, climate smart agriculture, sustainability produc�on, climate 
change 
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Harnessing Be�er Produc�vity and Soil Health Through Climate Resilient 
Farming Prac�ces

1 1 2Sheetal Sharma *, Ajay Kumar Mishra , Sabyasachi Biswal

1Interna�onal Rice Research Ins�tute (IRRI), India, email: sheetal.sharma@irri.org

2Department of Agronomy, Orrisa University of Agriculture and Technology, Bhubaneswar, Odisha

Increased frequency and intensity of mul�ple disasters triggered by climate variability possess serious 
threat in achieving sustainable agriculture especially in coastal regions of Odisha. Low produc�vity, 
increased cost of cul�va�on, lack of irriga�on, grazing menace, less availability of stress-tolerant 
varie�es compelling farmers to go for Rice-Fellow system that worsens the livelihood of small and 
marginal farmers. This study was an a�empt to quan�fy the effect on produc�vity and greenhouse gas 
(GHG) reduc�on with conserva�on �llage (minimum �llage with different crop diversifica�on op�ons) 
in Eastern India. Four different cropping systems with stress-tolerant rice varie�es (Rice (transplanted 
rice-TPR)-Fallow; rice (no-�ll direct seeded rice DSR)- rice (TPR)-mungbean; rice (no-�ll DSR)-
groundnut and rice (no-�ll DSR)-vegetables) coupled with site-specific nutrient management were 
evaluated for iden�fying best bet management systems. Our results suggested rice (no-�ll DSR)- 
vegetables followed by rice (no-�ll DSR)-groundnut are not only remunera�ve to the farmers but also 
help in mi�ga�on of GHG emissions. Rice (no-�ll DSR)- rice (TPR)-mungbean (incorpora�on a�er pod 
picking) was found to be a be�er op�on in improving soil health through organic inputs. Further 
observa�ons need to be recorded to confirm long term sustainability of such systems, especially in 
temporal and spa�al stress condi�ons. This study evidenced the introduc�on of climate-smart 
conserva�on prac�ces offer resilience in achieving sustainable yield, improved soil health with 
reduced environmental footprints. 

Key words: crop diversifica�on, rice crop manager, minimum �llage, ecological engineering. 
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Cover crops – The integrated part of conserva�on agriculture

Bojana Brozović, Danijel Jug, Irena Jug, Boris Đurđević

Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek, 
Vladimira Preloga 1, HR-31000 Osijek, Croa�a, email: bojana.brozovic@fazos.hr

Cover crops have been successfully involved into the conserva�on agriculture (CA) systems because 
they fit perfectly with their proper�es in all three main principles of CA with emphasis on soil covering. 
The primary func�on of cover crops is soil covering which is the basic principle of CA. Beside the crop 
residues which are le� on soil surface in a minimum amount of 30%, cover crops as living mulches are 
o�en needed to replace fallow period in which they effec�vely protect the soil and contribute to the 
yield stability. This role of cover crops is par�cularly pronounced if the period from the harvest of one 
crop to the establishment of another is quite long. Cover crops will protect the soil from water and wind 
erosion which o�en occurs on bare soil. They also contribute to the conserva�on of nutrients and 
water in the soil, and have a posi�ve effect on reducing weeds occurrence. The rapid establishment of 
cover crops is important for the quick achievement of effec�ve soil cover and producing the sufficient 
amount of aboveground biomass which implies a be�er accumula�on of organic ma�er and nutrients 
that will be returned to the soil by cover crops incorpora�on. Establishment of cover crops usually 
involves reduced �llage thus fi�ng them into the CA principle of minimal soil disturbance. Different 
plant species are used as cover crops, and they should be resistant to low temperatures, have a rapid 
and uniform emergence and ability to fix atmospheric nitrogen, which is why legumes are used as pure 
stands or in mixtures with grasses. The use of different cover crops species complements the crop 
rota�on which is the third principle of CA. Cover crops are considered to be a key tool for maintaining 
and increasing biodiversity and thus directly improving stability and sustainability of CA system. 

Key words: cover cropping, conserva�on agriculture, soil protec�on, crop rota�on. 
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Facts and issues of soil conserva�on �llage in Hungary

Márta Birkás, Igor Ðekema�, Zoltán Dezsény, Zoltán Kende, Zoltán Radics

Faculty of Agricultural and Environmental Sciences, Szent István University Gödöllö, Páter K. 1, 
Gödöllö, Hungary, email: Birkas.Marta@mkk.szie.hu

Five of the soil conserva�on �llage systems are par�cularly well known in Hungary, that are no-�ll (NT), 
ridge-�ll (RT), strip-�ll (ST), mulch-�ll-�ne (mulch-�ll-T) and mulch-�ll-subsoiling (mulch-�ll-S). The 
minimum �llage principles also appeared in Hungary, but in prac�ce only the reduc�on of expenditures 
received higher a�en�on. Soil conserva�on recommenda�ons are important because soil protec�on 
and water reten�on received a priority here, and other tasks may fulfill a�er realiza�on of these 
factors. The defini�on of a soil protec�on system is known in worldwide rela�on that is conserva�on is 
any �llage and plan�ng system in which at least 30% of the soil surface is covered by plant residue a�er 
plan�ng to reduce soil erosion by water. We may complete this statement; soil conserva�on is realized 
if soil physical and biological state is improved and the soil is not damaged during the fulfilment of crop 
demands. Referring to the need of the plants was deficient effort in the past. We outline that 
assessment of soil conserva�on systems are indispensable and findings may help to deepen the 
knowledge in the prac�cal rela�on. 
We suggest new approaches in soil conserva�on and list is as follows: (1) The importance of no-�ll is 
appreciated by weather extremes in the future in regional rela�on). (2) Ridge-�ll can be significant on 
small farms that are farming in sloped sites and involving manual labor. (3) The significance of strip-�ll is 
expected to increase in regional rela�on, but the uncovered strips may be cri�cal in some farming 
condi�ons. (4) The importance of mulch-�ll-T will increase, considering the importance of soil and 
water protec�on. (5) The importance of mulch-�ll-S will increase, due to the need of soil condi�on 
improvement in regional rela�on. 
The aim of the paper was to assess soil conserva�on �llage systems that are tested and applied in the 
regional rela�on. 

Key words: conserva�on �llage systems, soil protec�on system, new soil conserva�on approaches. 
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Importance of �llage implmeents to promote conserva�on �llage

Parish P. Nalavade

Zonal Agriculture Research Sta�on, Sindewahi, Dist. – Chandrapur, Dr. Punjabrao Deshmukh Krushi 
Vidhyapeeth, Akola (MH), India, email: parish.nalavade@yahoo.com

Soil is an important and central aspect of agriculture. However, because of the extreme �llage 
opera�ons and excessive fer�lizer applica�ons especially in developing countries soil is losing structure 
and fer�lity. Consequently, soil management is becoming very important for maintaining appropriate 
soil structure while racing behind the higher yields. Tillage prac�ces is one of the important factors, 
which has significant impact on maintaining soil management. Excess �llage generally results into soil 
erosion, compac�on and deteriora�on of soil structure, consequently reduces produc�vity. Farmers 
are realizing importance of �llage and soil management and shi�ing from intensive to the reduced or 
conserva�onal �llage prac�ces. 
On the other hand, farmers in some Asian countries are following the open field burning prac�ce for 
managing crop residues as handling of these crop residues is laborious and �me consuming. Only from 
North Indian states in 2012, more than 20 million tons of straw found to be set afire within a fortnight to 
prepare fields for the wheat crop, whose es�mated emissions include about 12 megatons of CO2, toxic 
soot and smoke. This on-field crop residue burning causes loss of nitrogen content and micronutrients, 
in-turn soil fer�lity, destroys farmer-friendly insects as well as results environment pollu�on. However, 
these crop residues can be u�lized for increasing soil fer�lity. In short, specified machinery for crop 
residue management and direct seeding especially in heavy crop residues can play a significant role for 
adop�on of conserva�on �llage prac�ces. 
The results of preliminary studies of powered disc for understanding its various benefits for direct 
seeding system revealed importance and versa�lity of powered disc opera�on in terms of its ability to 
handle crop residues in direct seeding system and total power requirement. Hence, versa�le 
implements such as powered disc implements can support for conserva�onal �llage systems. 

Key words: powered �llage disc, crop residue burning, conserva�on �llage implement. 

ISTRO Working Group - Conserva�on Soil Tillage



Varia�ons of some an�oxidants in maize grain induced by soil �llage and 
nitrogen rate

Vesna Dragičević, Milena Simić, Jelena Vukadinović, Snežana Mladenović Drinić, Milan Brankov, 
Branka Kresović, Zoran Dumanović

Maize Research Ins�tute Zemun Polje, Slobodana Bajića 1, 11080 Zemun-Belgrade, Serbia,        
email: vdragicevic@mrizp.rs

Soil �llage is one of the most important parts of cropping technology that affect maize growth and 
development. Without proper �llage, it is impossible to expect high yields. Adequate fer�liza�on, 
par�cularly with nitrogen is also important in high yields realiza�on. Nevertheless, the scarcity in 
informa�on about the influence of �llage and nitrogen supply on kernel quality, par�cularly 
concentra�on of an�oxidants is present. The aim of the experiment was to test the influence of 
different �llage prac�ces: T1 – no-�ll, T2 – reduced, and T3 – conven�onal �llage, as well as N 

-1 -1 -1 -1fer�liza�on rate: N1 – without fer�liza�on; N2 – 180 kg N ha , 50 kg P ha , 50 kg K ha ; N3–240 kg N ha , 
-1 -150 kg P ha , 50 kg K ha , on maize grain yield and concentra�on of some an�oxidants: phy�c acid (Phy), 

total glutathione (GSH), phenols, tocopherols and total carotenoids. Experiment was realized during 
2016-2018 period. T3 induced increase in grain yield, in comparison to T1 (averagely for 32.7%). N3 
also expressed posi�ve impact on grain yield increase, when compared to N1, in T1, T2 and T3 
treatments, averagely, up to 35.3%, 45.7% and 9.4%, respec�vely. The highest average concentra�on 
of Phy and carotenoids was realized by T3, while the highest concentra�on of GSH and phenols was 
achieved by T1 and the highest tocopherols concentra�on was reached by T2 treatment. Besides, the 
highest average level of Phy, carotenoids and GSH was observed in N3 and the highest average 
concentra�ons of tocopherols and phenols were in N1 treatment. The significant and posi�ve 
correla�on between grain yield and carotenoids, GSH and phenols in all three �llage prac�ces, as well 
as nega�ve correla�on between yield and Phy in T1 and T2 treatments indicated that proper �llage 
could increase, not just grain yield, but also nutri�onal quality, by increase of some an�oxidants in 
maize kernels.

Key words: soil �llage prac�ces, nitrogen rate, an�oxidants in maize grain.
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Effec�veness of soil �llage systems in maize weeds control

Milena Simić, Vesna Dragičević, Milan Brankov, Branka Kresović, Zoran Dumanović

Maize Research Ins�tute Zemun Polje, Slobodana Bajića 1, 11080 Zemun-Belgrade, Serbia,        
email: smilena@mrizp.rs

Reduced soil �llage is widely adopted since the awareness of agro-ecosystem and soil preserva�on and 
protec�on has become more important. Besides many advantages, this system of soil cul�va�on 
usually increases amounts of herbicides and mul�plies its �me of applica�on. The aim of the 
experiment was to evaluate the influence of different �llage prac�ces: T1 – no-�ll, T2 – reduced, and T3 

-1- conven�onal �llage, as well as N fer�liza�on rate: N1 – without fer�liza�on; N2 – 180 kg N ha , 50 kg P 
-1 -1 -1 -1 -1ha , 50 kg K ha ; N3–240 kg N ha , 50 kg P ha , 50 kg K ha , on maize weed infesta�on and grain yield.

Experiment was se�led down 1978 while three years overview was done during 2017-2019. Maize 
-1hybrid (FAO 600) was sown in the density of 64.935 plants ha . The broad-spectrum systemic herbicide 

-1glyphosate (2400 g ha  a.i.) was applied as necessary to control weed vegeta�on, prior to plan�ng in 
the no-�llage treatment. A�er plan�ng, the mixture of pre-emergence herbicides S-metolachlor + 

-1terbuthylazine at recommended rates (S-metolachlor 960 g ha-1 + terbuthylazine 120 g ha  a.i.), was 
applied in all treatments. Six weeks a�er herbicide applica�on, weed biomass was evaluated. Maize 
grain yield was measured at the end of growing cycle and calculated at 14% of moisture. All data were 
process by ANOVA and differences were analyzed by LSD-test. 

Results showed that weed infesta�on was significantly higher in T1 than in T3. Soil �llage and level of 
fer�lizers influenced weed fresh biomass which was significantly higher under no-�llage even with no 

-2 -1fer�lizer's applica�on, 115.9 g m . Maize grain yield in conven�onal �llage (8.27 t ha ) was no�ceable 
-1 -1higher than in reduced (5.84 t ha ) and no-�llage (3.14 t ha ) indica�ng that, in agroecological 

condi�ons of Zemun Polje and slightly calcareous chernozem, conven�onal �llage is more convenient 
regarding weed control and maize produc�vity.

Key words: soil �llage effec�veness, nitrogen fer�liza�on rate, weeds control.
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The changes of labile SOC in the long-term sta�onary trial on Chernozem

Srdjan Šeremešić

Faculty of Agriculture Novi Sad, University of Novi Sad, 21000 Novi Sad, Serbia,                             
email: srdjan.seremesic@polj.uns.ac.rs

Changes in cropping systems and �llage prac�ces over �me can induce problems in quan�fica�on of 
SOC pool due to the accumulated backgrounds and spa�al varia�ons. Therefore, the interpre�ng SOC 
based on a total carbon pool lack clarity and accuracy in explaining the dynamics and rela�onship 
between SOC content and other soil proper�es. This rela�onship was accessed on the long-term 
experiment “Plodoredi” at Rimski Šančevi experimental sta�on in Novi Sad. In the soils, the input of 
organic ma�er comes in the form of crop residues or li�er that is returned to the soil surface, from root 
turnover during crop growth and from root material le� in the soil. Therefore, a �llage prac�ce plays a 
crucial role in SOC accrual. The turnover of the labile SOC frac�on is rela�vely fast, and since this frac�on 
quickly responds to changes in land use and soil management, it can be expected as an early and 
sensi�ve indicator of the changes in total SOC. Par�culate organic carbon is a readily available for 
microorganisms and a short-term reservoir of nutrients for plants while the hot water extricable organic 
carbon is sensi�ve indicator of soil management prac�ces. In our study manure applica�on within the 
mul�-year crop rota�on showed beneficial effects on SOC while control variant with omission of 
fer�lizers resulted with nega�ve balance of SOC. The presence of legumes in the rota�on has been also 
associated with increased concentra�on of labile SOC pools. Consequently, balanced rota�on, �llage 
and fer�liza�on under the specific pedo-clima�c condi�on can ensure the maintenance of soil organic 
carbon and affect crops produc�vity.

Key words: cropping systems, �llage prac�ces, SOC, chernozem.
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Biochar applica�on or fire management – How does the input of pyrogenic 
residues affect C, N and P recalcitrance in soil?

Heike Knicker, Marina Paneque, Maria Lopez-Mar�n, Marta Velasco-Molina, Jose-Maria de la Rosa

IRNAS-CSIC, Adva. Reina Mercedes 10, 41012 Sevilla, Spain, email: knicker@irnase.csic.es

Burning of cropland has been a common agricultural prac�ce to control pests, remove old crop 
residues and to fer�lize the soil with nutrient-rich ash as well as to increase the pH (liming effect) and 
the concentra�on of inorganic ions. This fer�lizing effect is supported by biological and non-biological 
processes a�er and during low intensity burning that transform organic N forms into more plant-
available N forms and increase the amount of dissolved organic ma�er. However, within the last 
decades, burning of crop residues was heavily cri�cized for accelera�ng soil degrada�on, losses of SOM 
and nutrients, increasing C emission, causing intense air pollu�on, and reducing soil microbial ac�vity. 
Alterna�vely, biochar (BC) produced by the controlled pyrolysis of organic residues has been proposed 
as soil ameliorants. It is suggested that BC can enhance plant growth by supplying and, more 
importantly, retaining nutrients and by providing other services such as improving soil physical and 
biological proper�es. In addi�on, the applica�on of BC to soil has been proposed as a novel strategy to 
mi�gate the emissions of carbon dioxide to the atmosphere. With the increasing research focus on BC, 
it became evident that this material can greatly vary in its chemical composi�ons and physical 
proper�es and that its impact on soil proper�es also depends on the soil itself. Thus, BC applica�on is 
not a “one-size-fits-all paradigm” but instead requires careful considera�on of the proper�es 
associated with each par�cular biochar and how those proper�es might remedy a specific 
soil/substrate deficiency or alter soil organic ma�er (SOM) characteris�cs. Therefore, the aim of my 
presenta�on lies in summarizing insights derived from our recent experiments, studying the 
rela�onship between the chemical and physical proper�es of pyrogenic organic ma�er – derived 
either form vegeta�on burning or from pyrolysis effects-  and the C, N and P cycling in soils.

Key words: cropland burning, biochar, C, N and P cycling in soils.
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Management and seasonal impacts on vineyards soil proper�es and 
hydrological response in con�nental Croa�a

1 2 2Paulo Pereira , Leon Josip Telak , Igor Bogunovic

1Environmental Management Laboratory, Mykolas Romeris University, LT-08303 Vilnius, Lithuania, 
email: pereiraub@gmail.com

2Faculty of Agriculture, Univeristy of Zagreb, Zagreb, Croa�a

Vineyards soil degrada�on is a global problem, especially due to the intensive prac�ces such as 
frequent �llage. Several studies about the impact of vineyard management and season on soil 
proper�es and hydrological responses have been carried out in the Mediterranean region. A few 
studies have been carried out in other climate types. The objec�ve of this work is to study the impacts 
of �lled and grass cover management on soil proper�es and hydrological response. The results show 
that Bulk density (BD), soil organic ma�er (SOM) and available phosphorous (P2O5) were significantly 
affected by treatment and �me x treatment, while water holding capacity (WHC), soil water content 
(SWC), mean weight diameter (MWD), and water-stable aggregates (WSA) were significantly different 
between �me, treatment, and �me x treatment. BD, SOM, and P2O5 were significantly higher in grass 
covered plots than in the �lled ones. WHC was significantly higher in �lled plots compared to grass 
covered. The opposite was observed in SWC, MWD, and WSA. WHC and WSA were significantly lower 
in the wet period, while the contrary was iden�fied in SWC and MWD. Time to ponding (PT), �me to 
runoff (RT), sediment concentra�on (SC), sediment loss (SL), carbon loss (C loss), and P2O5 loss had 
significant differences in �me, season, and �me x season.  PT and RT were higher in the �lled plot in the 
dry season, occurring the opposite in the wet one. SC, SL, C loss, and P2O5 loss were significantly higher 
in the �lled plot than in the grass covered one. Run, SC, SL, C loss, and P2O5 loss were significantly lower 
in the dry period. BD, MWD, WSA, SOM, and P2O5, (high in grass covered plots) were nega�vely 
associated with SC, SL, C loss, and P2O5 loss (high in �lled plots). The large amounts of sediment and 
nutrient transport occurred in the �lled area in the wet season. More sustainable prac�ces are needed 
to decrease soil degrada�on and reverse this process.

Key words: Vineyards, season, soil degrada�on, nutrient transport, Croa�a.
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Introducing Biochar to Conserva�on agriculture
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Climate change and soil degrada�on represent major threat to food produc�on. To cope with that 
threat modern agricultural produc�on must be knowledge-based and help agricultural producer to 
quickly adapt to this newly arisen situa�on. One of the latest good agricultural prac�ce systems is 
Conserva�on agriculture (CA). The CA system follows three main principles: minimal soil disturbance, 
permanent soil cover and crop rota�on. It is promoted as prac�ce that is good alterna�ve to 
conven�onal agriculture. The latest reports show that CA can cope with soil degrada�on, enhance soil 
produc�vity, increase yield and farmers income. But, in the view of current situa�on in agricultural 
produc�on, especially on soils with low produc�vity, it is important to combine topics and to build 
strategy/pla�orm through which farmers can benefit in economical way and in the same �me adapt to 
climate change and protect the soils. The frequently men�oned measure of mi�ga�ng climate change 
and posi�vely influencing soil health is the applica�on of biochar. Biochar is the product obtained 
through the treatment of hea�ng up biomass with li�le or no oxygen. Biochar as soil condi�oner can 
posi�vely affects a number of physical, chemical and biological soil proper�es. It is highly resistant to 
microbiological decomposi�on and mineraliza�on, and it can be stable in the soil for few hundred 
years. Because of these characteris�cs it can sequestrate carbon in soil which directly influences the 
greenhouse gas emissions. To combine these two topics, we will need to overcome many gaps, 
especially to align biochar with the principles of CA. When we accomplish that, a base for be�er policy 
decision can be made and it can be used for crea�ng profitable and sustainable agricultural produc�on.

Key words: conserva�on agriculture, biochar, sustainable agricultural produc�on, climate change, soil 
degrada�on.
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MIP technology, a tool for sustainable management of soils
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Because soils provide 95% of food for people, it is essen�al to preserve and develop its ability to 
produce quan�ty and quality in a sustainable way. Soil func�ons are: organic ma�er decomposi�on, 
nutrients circula�on, water retain and release and biological processes regula�on. Compacted soil and 
lack of organic ma�er disturb this system. Olmix develops technology based on trace elements 
mixtures (Mineral Inducer Process - MIP) applied to the soil by a new genera�on of inputs (Geo2 and 
Neosol) dedicated to improve biological processes. As shown by the study led by Bioemco in France, 
MIP technology modifies predominant popula�ons of microorganisms in the soil and balances soil's 
enzyme profile by amplifying diversity without causing a drop-in ac�vity. The MIP ingredients act as a 
catalyst on plant/microflora/earthworm interac�on. When MIP technology is applied to the field in a 
classical system with crops rota�on (field crops measurements), the Agricultural Research Ltd. of 
Troubsko (CZ) shows that the applica�on of this bios�mulant has a posi�ve effect on the physical and 
chemical proper�es of the soil. Improvement of soil proper�es is heading to be�er u�liza�on of water 
and nutrients uptake. Yields increased by this product in comparison to control. In vineyard, the 
Technology Transfer Centre of San Michele all'Adige in Trento (Italy) shows that the soil receiving MIP 
technology exhibits a larger number of fine roots in the deeper layers in comparison to control. The 
effect of the treatment posi�vely influences plant development, and significantly reflects in higher 
yield and be�er physiological and ecophysiological condi�ons, without modifica�on of nutri�onal 
status, enhancing the accumula�on in the plant too. The wines obtained from the treated vines appear 
frui�er and more floral. The results obtained using this MIP technology indicates that it seems to be 
interes�ng in root ac�vity and soil structure, enhancing agricultural sustainability.

Key words: soil micro-organisms, rhizosphere, bio-s�mulant, enzymes produc�on, nutrient uptake.
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Seaweed Extracts and Traces Elements to improve plant nutri�on
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Terrestrial plant and soil micro-organisms build a strong exchange rela�onship in the rhizosphere.  
Plants give to the soil between 4 to 20 % of the carbon collected in the atmosphere. In exchange, 
microorganisms provide a be�er mineral and hydric nutri�on to the plant. Moreover, they improve soil 
stabiliza�on, bio-protec�on and improve plant yield and quality. These exchanges are essen�al for 
plant regular growth and health. One of the main actors of these exchanges are the Mycorrhiza, a 
symbio�c associa�on between a fungus and a plant root. Olmix Group has developed a patented 
technology mixing specific trace elements (MIP Rhizo) and seaweed extract to improve the rela�onship 
between plant and soil microorganism. A study with AGRENE laboratory in France showed that MIP 
Rhizo increased soil organic ma�er mineraliza�on and the nitrifica�on process. BIOEMCO laboratory 
from Pierre and Marie Curie University (France) showed a mul�plica�on between 3 and 10 of the 
Alkaline phosphatase ac�vi�es (enzyme involved in phosphorus mineraliza�on) a�er MIP Rhizo 
applica�on. On the other side, a study set up with SAYENS AGRO-ENVIRONNEMENT showed that the 
use of specific seaweed extract in corn sowing line, s�mulate the rela�ve abundances of arbuscular 
mycorrhizal fungi Glomeromycota. The results showed a be�er photosynthe�c ac�vity, shoot 
diameter, roots growth of the corn a�er the seaweed applica�on. MIP RHIZO ingredients and seaweed 
extract mixed together showed in a rhizotron trial a development of maize roots. It is observed as well a 
significant increase of mycorrhiza�on frequency and intensity. These results on mycorrhiza�on 
improvement were found again in 4 mul�loca�on field trials on corn. The combina�on between MIP 
Rhizo and seaweed extract applied on the soil promotes interac�on with plant and microorganism. 
That leads to a be�er plant nutri�on and an improvement of crop yield and quality.

Key words: soil micro-organisms, rhizosphere, mycorrhiza, roots development, plant nutri�on.
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Development and effec�veness of strip-�ll technology in Poland
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Strip �llage (strip-�ll), enabling deep loosening (30-35cm) of narrow soil strips, was introduced in the 
USA in the 1980s. Ini�ally, it was used only in the cul�va�on of maize, but over �me it was adapted to 
plants grown in a row spacing of 45 cm. This mainly concerned sugar beet, and later also rapeseed. 
Finally, aggregates were introduced enabling cul�va�on and sowing in a row spacing of 30-35 cm. This 
enabled the use of this technology in the cul�va�on of most agricultural crops. In Poland, the first 
research works concerning strip-�ll were undertaken in 2006. Ini�ally, interest in implemen�ng of this 
technology was low. The growing interest has been observed since around 2010, and in the years 2015-
2020 there was a dynamic development of this technology due to the appearance of aggregates from 
the Mzuri and Czajkowski companies. A certain obstacle in popularizing this technology was the high 
aggregate cost and the high demand for power of the tractor coopera�ng with it. However, there 
appeared companies providing services for farmers in this area. Currently, the share of conserva�on 
�llage in Poland is less than 10% of the cul�vated area. There are no accurate data on the share of strip-
�ll in the total area of agricultural crops. However, among conserva�on �llage technologies, strip-�ll 
using the mulching biomass of stubble catch crops is becoming increasingly popular. Strip-�ll one-pass 
technology is par�cularly interes�ng for farmers. It allows �llage, sowing and fer�lizing, and some�mes 
also chemical treatment during one pass. This technology brings many economic, organiza�onal and 
environmental benefits. Financial inputs and labor consump�on for �llage and sowing in strip-�ll 
technology can be lower by over 50% compared to conven�onal technology. Moreover, it does not 
cause a significant reduc�on in yield, and some studies have even shown a posi�ve impact of this 
technology on sugar beet and rapeseed yield. Research results show the numerous benefits of strip-�ll 
technology. They mainly include improving soil moisture in the vicinity of seeds sown, reducing organic 
ma�er loss and improving soil biological proper�es. The evalua�on of the effects of strip-�ll is the basis 
for predic�ng its further populariza�on.

Key words: benefits, conserva�on �llage, Poland, soil proper�es, strip �llage.
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Cover crop use for enhanced bio-energy strategy
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Cover crops, being grown on fields between main cash crops as addi�onal bio-mass, can be u�lized on 
several ways, such as green manure, feed or food. The upmost importance of establishing cover crop 
fast is more rule than excep�on, mostly due to local climate constrains, which provides opportunity to 
numerous soil �llage concepts, from no-�ll seeding to conserva�on �llage methods. At the same �me, 
being cul�vated between cash crops growth, from the standpoint of human food produc�on, they can 
be assumed as non-compe��ve soil usage, which makes them interes�ng for bio-energy produc�on. 
One of these op�ons is bio-gas produc�on, where cover crop use can be favorable for addi�onal, food-
non-compe��ve, bio-mass resource. Furthermore, a�er bio-gas produc�on process, waste biomass, 
i.e. bio-digestate, can be applied directly on the field as valuable organic fer�lizer, thus adding to soil 
fer�lity for following main crops. Next step is broadening of bio-digestate usage through possibility of 
algae produc�on (both unicellular and mul�cellular) which can quickly create addi�onal biomass, and 
which has the poten�al to convert into liquid biofuels, especially into biodiesel. Also, algae can be 
coupled with different bacteria, both symbio�c and non-symbio�c, which can be basis for even more 
produc�ve biofuel produc�on. Remaining material, double-used bio-digestate, cab be finally 
processed into convenient organic fer�lizer, seedling produc�on substrate and/or indoors plant 
cul�va�on (greenhouse produc�on) substrate. On this way, cover crop produc�on can enhance farm 
produc�on, at the same �me diversifying farm produc�on, cu�ng down input costs and influencing 
farm sustainability and environmental func�ons, thus contribu�ng toward circular economy of rural 
areas.

Key words: cover crops, biofuels, bio-energy strategy, algae, bio-green economy.
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Conserva�on soil �llage as key approach and impera�ve of deser�fica�on, 
drought, soil degrada�on and climate change
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As an integrated and inevitable part of Conserva�on agriculture or Climate smart agriculture or 
Sustainable agriculture concepts, Conserva�on Soil Tillage (CST) has great poten�al for preven�on and 
in some level's restora�on of degraded agricultural land and soils. In the light of more frequent and 
severe effects and consequence of climate change, CST with different applicable techniques 
par�cipate very ac�ve in mi�ga�on and adapta�on ac�vi�es through crop produc�on process. 
Degrading factors as deser�fica�on, drought, climate change, on global, regional or local level is 
recognized as one of the most important threats to land/soil/agriculture. All of these factors influenced 
every human and natural aspect as well as economy sectors. As results, nega�ve effect arises and affect 
soil and agriculture on the most important ways. Some of most important is: soil erosion, loss of 
(agro)biodiversity, decreasing crop produc�on, insufficient feed produc�on, reduce water availability 
and quality, loss of soil fer�lity, soil saliniza�on, loss of soil organic carbon, etc. All these phenomena 
lead to the degrada�on of the physical–chemical–biological complex of soil. All of this aforemen�oned 
factor is interconnected and they can be trigger and/or consequence of each other, but more 
important ques�on is, how we can manage with it in agricultural produc�on on sustainable way. 
Possible solu�ons can be divided to proac�ve and reac�ve approaches with different measures for 
preven�on and restora�on. Scheme for ac�on can be simplified in pa�ern causes – consequences – 
solu�ons – ac�ons. CSL, as ac�on for solu�on, affects many (agro)environment aspects and as soil 
�llage is closer to basic conserva�on agriculture principles, it can be expected less soil damages and 
poten�al problems and risks to achievement of agricultural goods on sustainable way.

Key words: conserva�on soil �llage deser�fica�on, drought, soil degrada�on, climate change.
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Green plan�ng of soybean as a strategy to avoid �lled winter-bare fallows in 
irrigated cropping systems
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Water shortage is an important constrain for crop produc�on in semiarid rainfed cropping systems. 
Water conserva�on through conserva�on soil �llage is a well-accepted strategy in areas such as the 
Mediterranean basin. Also, soil disturbance reduc�on contributes posi�vely to soil fer�lity. Differently, 
irrigated systems in these areas are rather intensively �lled and based on maize monocropping 
systems, which are highly dependent on synthe�c N fer�liza�on and herbicides. Also, �lled bare fallow 
is the typical winter soil management. Such systems have led to soil degrada�on problems due to 
intensive winter �llage and pes�cides and N dependence. In the framework of the LegumeGap EU 
Project (www.legumegap.eu), an on-farm irrigated cropping systems experiment was established 
covering 7 ha to evaluate soybean performance, among other novel aspects. Soybean establishment 
under a tradi�onal winter-bare fallow was compared to green planted soybean on a living rye mulch 
(1000 g d.m. m-2 of biomass approximately at the termina�on date) using a combined equipment 
consis�ng of individual roller crimpers a�ached to each unit of a no-�ll plan�ng machine (John Deere 
1705 MaxEmerge® coupled with a ZRX Plus – With Integral row cleaner from Dawn®). Soybean 
emergence, biomass produc�on, yield components, grain yield, biomass and grain nitrogen content, % 
of Ndfa, soil water and mineral N content and weed pressure were measured. First year's preliminary 
results showed that green plan�ng does not pose a threat for soybean emergence. The percentage of 
emerged soybean increased slightly with the green plan�ng system compared to the tradi�onal 
management (74 and 66 %, respec�vely p< 0.05). The implementa�on of this system eliminates the 
winter-bare fallow and, therefore, the need for �llage to control weeds and prepare the soil previously 
to the summer crop plan�ng. Also, it may help reduce weed pressure during soybean's development.

Key words: irrigated cropping systems; plan�ng; roller-crimper; soybean.
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Host of experiment loca�on and field demonstra�on site

Family farm “PG Knežević” – Tradi�onal Croa�an breakfast

 
- Estate: cca 300 ha agricultural land

- Main crops: soybean, wheat, maize and silage maize

- Service / rent for cca 1500 ha

- Service for Biogas plants

- Employees: 3 family member and 2 workers

ISTRO Working Group - Conserva�on Soil Tillage



Experimental site – descrip�on and basic informa�on

Site descrip�on

Sta�onary long-term field experiment was established in autumn 2017, on experimental sta�on in 
Čačinci in eastern Croa�a at Stagnosol soil type. Experimental site was se�led in lowlands area with 
1% slope (Long. 17.86336 E, Lat. 45.61316 N, Alt. 111 m) and belongs to the most crop produc�ve 
region of Croa�a (Appendix A.1. Experiment site loca�on). The mean annual precipita�on and 
temperature in 35-yr average (650 mm and 11.0 °C) is characterized by wide varia�on from 320 to 
1240 mm and 9.4-12.9 °C. Temporal and spa�al changes of main clima�c element follow, in most 
cases, next schemes; the temperatures increase from west towards the east, and from northwest to 
northeast, while precipita�on follow inversely sequences (source Meteorological and Hydrological 
Service of Croa�a-  DHMZ). Experimental site belongs to region which are strongly influenced by 
climate and weather condi�ons in Pannonian basin and the peri-Pannonian region.

Treatments descrip�on

(Appendix A.2. Experiment scheme)

Experimental factor A - soil �llage - as the main experimental factor:

o ST-  Conven�onal/standard �llage – based on ploughing up to 30 cm depth,
o RT - Reduced �llage – based on chiselling up to 25 cm depth,
o CT-  Conserva�on �llage – shallow soil surface prepara�on by chisel plough up 

to 10 cm depth.

Experimental factor B - Liming

o Wlim - With liming
o Lim - Without liming

Experimental factor C - fer�liza�on/condi�oners, as follows:

o I - Control (fer�liza�on according to recommenda�on),
o II - 300 kg/ha Geo2 + fer�liza�on (according to recommenda�on),
o III - 300 kg/ha Geo2 + N (according to recommenda�on),
o IV - 300 kg/ha Geo2 + fer�liza�on (<50% lower dosage related to 

recommenda�on),
o V - biochar (40 t/ha), (without any addi�onal fer�liza�on),
o VI - biochar (40 t/ha) + N (according to recommenda�on).

Experimental factor D - cover crop

o a - with cover crop

o b - without cover crop
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Fer�liza�on recommenda�ons are provided by the computer ALR expert calculator model. The 
experiment was set up on RCBD design with three repe��ons (Appendix A.2. Experiment scheme). 
The size of basic experimental plot for each individual �llage treatment was 320 m2 and 80 m2 for 
each individual fer�liza�on treatment. Except for the soil �llage and fer�liza�on treatments, all the 
other technology sequences: sowing, P and K fer�lizing, pests’ control, machinery and equipment 
used were iden�cal in all the treatments. Harvest was made by hand (in two days: 29-9 and 01-10) 
by combine harvester a�er sampling all plant material (grain + stalk + leaves). Combine harvester 
had integrated chopper/spreader system for be�er cu�ng and evenly distribu�on of crop residues.

Soil sampling and analysis

Soil samples for basic chemical analysis (Table 1) were collected before se�ng up of experiment 
with soil auger from 0 to 30 cm depth. Experimental site is treated as homogenous area and each 
composite sample were consisted of 20-25 individual soil cores.

Table 1. Soil chemical analysis (preliminary average soil sample from experimental site)

Sample Depth

(cm)

pH

(KCl)

pH

(H 0)
2

AL-P O
2 5

-1(mg 100 g  soil)

AL-K O
2

-1(mg 100 g  soil)

SOM

(%)

Hy

(+) -1(cmol  kg )

Average 0-30 4.09 5.65 10.37 15.63 2.80 7.90

Soil samples for chemical proper�es used for soil type determina�on were taken from soil pit/profile 
(Table 2).

Table 2. Soil chemical proper�es of Stagnosol on experimental site

Soil depth

cm

Soil reac�on -1mg 100 g  soil SOM

(%)

Hy

(+) -1(cmol  kg )pH (KCl) pH (H O)
2

AL-P O AL-K O
2 5 2

0  - 32 3.92 5.12 4.8 11.15 2.83 7.48

32   - 65 4.23 6.16 2.0 10.69 0.83 4.07

65   - 200 4.39 5.92 1.8 11.37 0.48 3.15

200   - 240 4.72 6.11 6.1 6.50 0.31 2.67

240  - 280 4.65 6.07 8.8 7.47 0.28 2.19

280  - 305 4.73 6.17 9.1 8.89 0.34 1.79

305   - 330 5.12 6.21 11.8 9.75 0.59 1.40

Soil type was determined from soil pit (soil pit/profile (Appendix A.3.) according WRB soil determina�on 
and classifica�on. Soil samples with undisturbed structure for analyses and determina�on of selected 
physical proper�es (Table 3) were taken from two different soil layer (0-32 and 32-65 cm depth) and 

3in each layer five sample rings (metal cylinders with volume 100 cm ).

ISTRO Working Group - Conserva�on Soil Tillage



Table 3. Soil physical proper�es in soil profile

Soil depth, cm

10  - 15

40  - 45

FC, %vol.

43.04

42.58

ρb g cm-3

1.50

1.56

ρs
 

, g cm-3

2.65

2.74

PD, g -3cm

1.76

1,87

φ, %vol.

43.50

42.97

ϕ a %vol.

9.07

9.36

FC = field capacity, %vol.; ρb   = bulk density, -3 g cm  ; ρs = par�cle density, -3g cm ; PD = packing density, 
-3  g cm ; ϕ = total porosity, %vol.; φ  

a = aera�on porosity, %vol.

Distribu�on of soil par�cle size (Table 4) was determined by pipe�e-method with wet sieving 
and sedimenta�on a�er dispersion with sodium pyrophosphate (ISO 11277, 2009). Soil texture 
determina�on was performed according USDA-NRCS (2016).

Determina�on of soil physical proper�es for long-term soil monitoring (Table 5), was performed 
according same methods.

Table 4. Soil texture and microaggregate stability

Soil depth, Par�cle size mm, % frac�on
Texture

Microaggregate stability

cm 2.0-0.05 0.05-0.002 < 0.002 Ss, %

0   - 32 9.81 60.84 29.35 silty clay loam 82.18 stability

32   - 65 8.31 57.61 34.08 silty clay loam 88.07 stability

65   - 200 10.79 58.92 30.29 silty clay loam 86.22 stability

200   - 240 30.79 55.66 13.55 silt loam 78.26 stability

240   - 280 30.46 57.14 12.40 silt loam 74.60 stability

280   - 305 26.15 59.46 14.38 silt loam 73.29 stability

305   - 330 29.24 56.14 14.61 silt loam 74.32 stability

 
,

 
,
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Table 5. Soil physical proper�es for long-term soil monitoring

Treatment Soil depth, cm FC, %vol. ρb g cm-3 ρs
 

, g cm-3 PD, g -3cm ϕ  , %vol. φa %vol.

ST 5 37.22 1.45 2.60 1.72 44.17 11.95

20 35.59 1.47 2.60 1.73 43.49 13.40

45 33.86 1.59 2.67 1.90 40.30 11.09

RT 5 38.75 1.52 2.60 1.78 41.69 5.71

20 39.55 1.38 2.62 1.65 47.16 14.74

45 34.35 1.59 2.60 1.89 39.05 7.57

CT 5 38.24 1.48 2.57 1.75 42.31 9.46

20 37.30 1.49 2.60 1.75 42.86 13.87

45 37.03 1.53 2.67 1.84 42.59 13.74

ST -

addi�onal 
plots

5 37.85 1.41 2.63 1.68 46.27 13.99

20 40.24 1.40 2.62 1.66 46.71 15.58

45 35.07 1.55 2.63 1.86 40.86 11.69

RT -

addi�onal 
plots

5 36.98 1.47 2.61 1.73 43.65 14.47

20 36.80 1.50 2.62 1.76 42.88 15.48

45 32.42 1.56 2.63 1.86 40.77 14.58

CT -

addi�onal 
plots

37.51 1.43 2.62 1.71 45.11 14.37

38.12 1.44 2.62 1.77 43.71 15.50

33.97 1.55 2.64 1.87 41.01 13.68

FC = field capacity, %vol.; ρb   = bulk density, -3 g cm  ; ρs= par�cle density, -3g cm ; PD = packing density, 
-3  g cm ; ϕ = total porosity, %vol.; φ  

a = aera�on porosity, %vol.

 
,

 
,
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Visi�ng to Nature Park Papuk

Locality “Jankovac”

Proclama�on of the Nature Park Papuk, on 
Apr i l  the  23rd 1999,  because of  i ts 
extraordinary geological and biological variety 
and va luable  cu l tura l  and h istor ica l 
inheritance.

Inside the Park are numerous areas with a 
higher protec�on level then other parts of the 
Park. These areas have been given the status 
of specially protected areas because of their 
unusual features, manifes�ng them as unique 
on the area, region, State or even beyond. 
Specially protected areas are: the geological 
nature monument Rupnica, the Forest Park 
Jankovac, the special reserve of forest 
vegeta�on Sekulinačke planine (Sekulinačke 
Mountains), the nature monument Dva hrasta 
(Two Oaks), the nature monument Stanište 
�se (Yew Habitat), and the special floris�c 
reserve Pliš-Mališćak-Turjak-Lapjak.

Locality "Rupnica" (Basalt columns)

As basal�c lava cools over an extended period of �me, beau�ful geometric forms emerge; incredible 
columns of hexagonal basalt rock.

The area of the Nature Park represents geological the most various area on this part of the Republic 
Croa�a. Following the European and World ini�a�ves about the protec�on of valuable geological 
inheritance, associa�ons like the European Geoparks Network (EGN) and the Global Geoparks 
Network (GGN) were founded. The Nature Park Papuk became member of these men�oned 
associa�ons in 2007, as first geological Park from Croa�a.
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Innova�ve equipment – addi�onal material connected with Abstract "Green plan�ng of soybean as a 
strategy to avoid �lled winter-bare fallows in irrigated cropping systems" (Genís Simon-Miquel, Ramon 
Pujol, Daniel Plaza-Bonilla

Figure 1. Soybean and maize plan�ng green on rye cover crop in an on-farm sprinkler-irrigated 
cropping systems experiment located in Sucs (Lleida, Spain) in the framework of the ERA-NET project 
LegumeGap (www.legumegap.eu). Above: individual hydraulic roller-crimpers (ZRX Plus – With 
Integral row cleaner from Underground Ag Co, Dawn®, Sycamore, IL, USA) are a�ached to the different 
no-�ll row units. Addi�onal weight was added by Jolbertal SL (collabora�ng farmers) to assure enough 
soil penetra�on under harsh condi�ons. Below: a proper plan�ng depth and rye mulch management 
requires careful check. 
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