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Summary

Although fertilisers are usedin agriculture to replenishsoil nutrientsthe excessiveuse of inorganic
industrial fertilizers in industrial agricultureresultsin biological, chemicaland physicalsoil degradation
suchaslossof soil-biodiversity, nitrogenleaching,soil compactionfreductionin soil organicmatter,and
loss of soil carbon Similarly, the use of pesticidesdue their xenobioticscharacteristicanay adversely
affect beneficial, particularly nitrogerdixing and phosphorug solubilizing soil microorganismsand
essentiasymbionts Supporterof industrial agriculturebasedon heavyuseof agrochemicalg$erociously
opposehe introductionof organicagricultureaseconomicallynonviable productionstructuresreatedoy
greenidealists However,the only way forward for healthyagroecosystemsvith healthysoils is a multi
scaleprecisionorganicagriculturebasedon reuseof naturalresourcesandtheintroductionof circularagre
economiesa compromisebetweenpermacultureand large scaleagricultural production In a long term,
thereis no contradictionbetweenprofitability andsustainablaiseof ecosystenservicesn multifunctional
agriculture,wheresoil nutrition, pestmanagementagroforestryjrrigation, core products,augmentedand
ancillary productsand services wastewateiand solid wastemanagementienewableenergysystemsand
regional/ruraplanningaretreatedn oneintegratedsystem
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|. Basic concept$ the cornerstones of the

sustainable system
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A Cation Exchange Capacity (CEC)
A Soil pH and nutrienio-availability
A Fertilizers, pesticides, POPs

A Agriculture definitions
A Industrial agriculture
A Precision agriculture
A Urban agriculture
A Organic agriculture
A Permaculture
A Multifunctional agriculture
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Ecosystems & Ecosystem ServicésSoils Are Ecosystems Providing Services
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SOIL DEGRADATION

Soil degradation occurs
where our activities (either
directly or indirectly) cause
It to becomeless vigorous
or lesshealthy

The ultimate degradations
the removal or loss of its
physicalcomponents




A soil can degrade in 3 ways:

1. Physical,chemicalor biological run-down causinga reduction in vigour. This
can result from excessivegproduct removal (depleting soil nutrients), reduction
in plant growth, lowered organic cycling, increasing soil temperatures, leaching,
compactionand surface crusting.

2. Reduction in massand volume through erosion This reducesthe physical
sizeof the soil ecosystem

3. Accumulation of specific soil chemicalsto levelsthat detrimentally effect
plant growth. Such materials include soluble salts (causing salinity); hydrogen
ilons (causing acidification); and some chemicals from industrial, mining and
agricultural activities (chemicalcontamination).



Forms of soil degradation:
C Acidification
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HOW TO PREVENT SOIL DEGRADATION? 1 BY PROTECTING ECOSYSTEM SERVICES
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Nutrients and nutrient cycling I soil biogeochemistry& biodiversity
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Nutrients: The Elements of Life
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A Of the 50 to 70 elementsthat are found in living things, only about15 accountfor the major
portionof living biomass

A Only aroundhalf of thesel5 havebeenstudiedextensivelyasthey travel throughecosystemsr
circulateonaglobalscale



A GENERALIZED MODEL OF NUTRIENT CYCLING IN AN ECOSYSTEM

noRGanic | | PRODUCERS .
MATTER l
CONSUMERS | —»
Y
DECOMPOSERS - HDE;IHG-I.EI::EG
MATTER

A The cycling of nutrientsin an ecosystenare interlinked by a numberof processeshat move elements
from andthroughorganismsandto andfrom theatmospheresoil and/orrocks,andwater

A Nutrientscanflow betweerthesecompartmentgalonga variety of pathways



NutrientReservoirsn a Terrestrial Ecosystem

A Theorganicreservoirconsistf theliving organismsandtheir detritus

A The availablenutrient reservoirconsistsof nutrientsheld to surfaceof
soll particlesor in solution

A The third reservoirconsistsof nutrientsheld in soils or rocks that are
unavailablego living organisms

A Thefourth reservoir is the air which canbefoundin the atmospher®r in
theground
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SOIL BIOGEOCHEMICAL CYCLING OF INORGANIC NUTRIENTS AND METALS
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Soilmicroorganismdave a profound effect on the transformationsinvolvedin a large number of biogeochemicatyclesother

than carbon (C) and nitrogen (N), suchas the macronutrientsphosphorus(P) and sulfur (S),and various micronutrientsand
environmentalpollutants.

Source Plante A.F. (2007 https://doi.org/10.1016/B9780-08-0475141.500196
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The biodiversity of solls

Over 1000speciesf invertebratesnay be foundin a singlem? of a
Europearbeechforest(SchaefeandSchauermanri990

Many of thew o r Itedréssialinsectspeciesare soil dwellersfor at
leastsomestageof their life-cycle (Bater,19969

A singlegramof soil may containmillions of individualsandseveral
thousandspecieof bacteriaTorsviketal., 1994).

A typical, healthy soil might contain severalspeciesof vertebrate
animals,severalspeciesof earthworms20-30 speciesof mites, 50-

100 speciesof insects,tens of speciesof nematodeshundredsof

speciesof fungi and perhapsthousandsof speciesof bacteriaand
actinomycetes
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THE LIVING SOIL: BACTERIA

A ton of microscopic bacteria may be active in each acre oflsadre= 0.40468aectar

Credit: Michael T. Holmes, Oregon State University, Corvallis.
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Gram staining (or Gram's method) is an empirical
method of differentiating bacterial species into two large
groups (Gram-positive and Gram-negative) based on the
chemical and physical properties of their cell walls.

The method is named after its inventor, the Danish
scientist Hans Christian Gram (1853i1938), who
developed the technique in 1884 to discriminate between
pneumococci and Klebsiella pneumoniae bacteria.

Gram-positive Bacillus anthracis bacteria (purple
rods) in cerebrospinal fluid sample. The other
cells are white blood cells

Gram Positive

Plasma Membrane

Gram-positive bacteria are those that retain a crystal violet
dye during the Gram stain process.

Periplasmic space

Peptidoglycan

Gram-positive bacteria appear blue or violet under a
microscope, while Gram-negative bacteria appear red or
pink.

Plasma Membrane

The Gram classification system is empirical, and largely
based on differences in cell wall structure.

Periplasmic space
Peptidoglycan

Outer membrane
(lipopolysaccharide
and protein)

I\ The purpose of Gram staining is to visually differentiate
groups of bacteria, primarily for identification.

Gram Negative




Bacteria dot the surface of strands of fungal hyphae.

Credit: R. Campbell. In R. Campbell. 1985. Plant Microbiology. Edward Arnold; London. P. 149.



Four functional groups of bacteria

Decomposers that consumesimple carbon compounds,suchasroot exudatesand
fresh plant litter.

a. A number of decomposersanbreak down pesticidesand pollutants in soil.

b. Decomposersare especiallyimportant in immobilizing, or retaining, nutrients in their cells, thus
preventing the lossof nutrients, suchasnitrogen, from the rooting zone

Mutualists: that form partnerships with plants. The mostwell-known of theseare
the nitrogen-fixing bacteria.

Pathogens Bacterial pathogens include Xymomonasand Erwinia species,and
speciesof Agrobacteriumthat causegall formation in plants.

Lithotrophs or chemoautotrophs obtain their energyfrom compoundsof nitrogen,
sulfur, iron or hydrogen instead of from carbon compounds Someof thesespecies
are important to nitrogen cycling and degradation of pollutants.



WHAT DO BACTERIA DO?

Bacteria from all four groups perform important services related to:

1. water dynamics
2. nutrient cycling

3. disease suppression
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Some Dbacteria affect water
movement by producing
substancesthat help bind soill
particles into small aggregates
(thosewith diametersof 1/10,000
1/1000f aninch or 2-20Qum).

Stable aggregatesmprove water
infiltration and the s o i Wwates
holding ability.

In a diversebacterialcommunity,
manyorganismawill competewith
diseasecausingorganismsn roots
and on abovegroundsurfacesof
plants



The textureis how the soil feels and
Is determinedby the amountof sand
(2.00-0.05 mm), silt (0.05-0.002mm),
andclay (<0.002 particlesin the saill,
eachof whichis a differentsize
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A FEW IMPORTANT BACTERIA

Scanning electron micrograph of wheat root-colonizing Pseudomonas fluorescens OE 28.3



Nitrogeni fixing bacteria

Nodules formed where Rhizobium bacteria
iInfected soybean roots.

Credit: Stephen Temple, New Mexico State University

Nitrogen-fixing bacteria form symbiotic
associationswith the roots of legumeslike
clover andlupine, andtreessuchasalderand
locust

Visible nodules are created where bacteria
infectagrowingroot hair.

The plant suppliessimple carboncompounds
to the bacteria, and the bacteria convert
nitrogen (N2) from air into a form the plant
hostcanuse

When leaves or roots from the host plant
decompose,soil nitrogen increasesin the
surroundingarea



Nitrogen T fixing bacteria

Azotobacter

Azotobactewinelandii

Azotobactervinelandii is a nitrogenfixing bacterium,found in soils world-wide, with many featuresrelevantto energy
consumptionand carbonsequestrationlt hasbeenstudiedfor more than 90 yearsby hundredsof scientiststhroughoutthe
world. Amongits uniqueabilities arethe capacityto fix, or reduce atmospheriaitrogengas(N2) to compound®f ammonium
(NH4 +), by using one of three distinct but related nitrogenaseenzymeswhich vary in metal content(molybdenum,Mo;

vanadiumyV; oriron, Fe)andwhich requirealargeamountof cellularenergyfor biosynthesisandactivity.



Cyanobacteria

Cyanobacteriaconvert atmospheric nitrogen into a form that can be utilized
by plants. In this conversion nitrogen, N2, from the air is fixed into
biologically accessibldorms such asnitrate or ammonia.

Cyanobacteriaare very important in the formation of biological soil crusts.

They are photosynthetic and live within the first 25 cm of topsoil.
Cyanobacteria help to reduce erosion by binding the particles of soil
together.

When conditions are wet, they becomeactive and move through the sail,
leaving behind sticky filaments which particles of soil cling to.

When the filaments becomewet, they absorb water and swell up to ten times
their original sizewhich helpsto store moisture within the upper layer of soll
where many plants root systemsand other organismslive.



Cyanobacteria

Many cyanobacteria have formed symbiotic relationships with
other plants.

Cyanobacteria enables plants to photosynthesize and are
responsiblefor the plants greencolor.

This relationship betweenplant and cyanobacteriais believedto
havefirst occurred during the Precambrian era.

Cyanobacterialive in the roots of someplants suchaslegumesas
well and provide nitrogen directly for plantsto use

They have also formed symbiotic relationships with fungi and
lichens
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Botanical Society of America
(photo by Vernon Ahmadjian)




Nitrifying bacteria isolated from landfill leakage

Bacterial systematicsanalysis of 16S rRNA has
demonstrated that there are two phylogenetically
distinct groups of autotrophic ammonium-
oxidizing bacteria, both within the class
Proteobacteria

Nitrifying bacteria

Nitrifying bacteria changeammonium(NH*") to
nitrite (NO?%) thento nitrate (NO*) i a preferred
form of nitrogenfor grassesndmaostrow crops

Nitrate is leachedmore easily from the soil, so
somefarmersusenitrification inhibitors to reduce
the activity of onetypeof nitrifying bacteria

Nitrifying bacteriaare suppressedn forest soils,
so that most of the nitrogen remains as
ammonium



Nitrification

Chemoautotrophy




Denitrifying bacteria

Pseudomonas aeruginosa

Denitrifying bacteria convert nitrate to
nitrogen(N2) or nitrousoxide (N20) gas

Denitrifiers are anaerobicmeaningthey are
active where oxygenis absent,such as in
saturatedoilsor insidesoil aggregates



T. denitrificansis bestknown for its ability to couplethe oxidation
of inorganic sulfur compounds(such as hydrogen sulfide and
thiosulfate) to denitrification, although it was recently found to
coupletheanaerobioxidationof Fe(ll) to denitrificationaswell.

T. Denitrificansis a facultativeanaerobdit canrespireaerobically
or via denitrification) rather than an obligate aerobeand lives at
circumneutralatherthanacidicpH.

Thiobacillus denitrificans
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Paracoccusdenitrificans

NO,I ¥ N @, N,O, N,

Paracoccus denitrificans, a Gramnegative, coccoid,
nitrogenoxidizing bacterium, formerly known as
Micrococcus denitrificans was first isolated in 1910 by
MartinusBeijerinck

It was renamedin 1969 to Paracoccusdenitrificans by
Davis

Paracoccusdenitrificansharborsmany featuresalso found
In  mitochondria and because of this, Paracoccus
denitrificans is thoughtto be a plausible ancestorof the
eukaryoticmitochondrion(endosymbioti¢heory)

Thegenomeof P. denitrificanswassequenced 2004



Nitrification
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Actinomycetes

Actinomycetes, such as this Streptomyces, give soil
its "earthy" smell.

Credit: No. 14 from Soil Microbiology and Biochemistry Slide Set. 1976.
J.P. Martin, et al., eds. SSSA, Madison, WI

Actinomycetes are a large group
of bacteriathat grow as hyphae
like fungi.

They are responsible for the
characteristicallyi e a r smbllpfo
freshlyturned,healthysoil.

Actinomycetesdecompose wide
array of substrates but are
especiallyimportantin degrading
recalcitrant (hardto-decompose)
compounds, such as chitin and
cellulose, and are active at high
pH levels

Fungi are more important in
degradinghesecompoundsat low
pH.

A number of antibiotics are
produced by actinomycetessuch
asStreptomyces



Bacteria That Promote Plant Growth

Certainstrainsof the soil bacteriaPseudomonas
fluorescens have anti-fungal activity that
inhibits someplantpathogens

P. fluorescensand other Pseudomonasand
Xanthomonaspeciescanincreaseplant growth
in severalways

They may producea compoundhatinhibits the
growth of pathogensr reducednvasionof the
plantby a pathogen

Pseudomonas fluorescens (Photo Researchers Inc.)



Bacteria That Promote Plant Growth

They may also producegrowth factors,
compoundsthat directly increaseplant
growth

These plant growth-enhancingbacteria
occurnaturallyin soils, but not alwaysin
high enoughnumbergo havea dramatic
effect

In the future, farmers may be able to
inoculateseedswith anti-fungal bacteria,
suchasP. fluorescensto ensurethatthe
bacteria reduce pathogensaround the
seedandroot of thecrop.




Carbonate biomineralization in soils

Carbonate biomineralization mediated by the bacteBawillus megateriumna dominant
strain separated from a loess profile in China



Microbiologically Mediated Soil Improvement

SEM photomicrographsf samplesubjectedo Myxococcusxanthusinducedcalciteprecipitation (a)
Control (i.e., calciumrich slab stone not submittedto biomineralization) showing spalling and
fissuringof calcitecrystalsalongplanes(seezoneA), (b) Calcified bacteriablanketingstonesamples
(seezone B). (After RodriguezNavarroet al. 2003. The processaimedto replicateis the natural
processthat occurs when calcium carbonateprecipitatesin granular soil, resulting in a strongly
cementedsoil.






Aspergillus fumigatus

The moulds such as Aspergillus fumigatus are
filamentous fungi. They are especiallyprevalent
growing on the nonliving organic materials in
the soil. They disperse their non-sexual spores
called conidiain the air.

Aspergillus fumigatus



Paecilomyces

Paecilomycesarneus

Paecilomycegarneusis found on a wide range of material, and
especiallyin soil. It is sometimesisolated from insects,though
it appearsto be a weak insectpathogen Someisolatesproduce
severalmetabolitesof the antibiotic group cephalosporins

Paecilomycesarinosus

Paecilomycesfarinosus is also commonly isolated from
soil. It is a well-known insect pathogen, and there has
beeninterestin its useasan agentof biological control.

Paecilomycesspeciesare common environmentalmoulds They are widespreadin soils,
composts,and food products In an indoor environment,Paecilomycesspecieshave been
isolatedfrom air, dampwalls, wet plasterwork, carpetdustandHVAC fans



Mycorrhiza

A mycorrhiza is a symbiotic (occasionally weakly pathogenic)association
betweera fungusandtherootsof a plant

In a mycorrhizalassociatiorthe fungus may colonizethe roots of a host plant
eitherintracellularlyor extracellularly

This mutualistic associationprovides the fungus with relatively constantand
direct accessto mona or dimeric carbohydratessuch as glucoseand sucrose
producedby the plantin photosynthesis

The carbohydratearetranslocatedrom their sourcelocation(usuallyleaves)to
the root tissuesandthento the fungal partnersin return,the plantgainsthe use
of the mycelium'svery large surfaceareato absorbwaterand mineral nutrients
from the soil, thus improving the mineral absorptioncapabilitiesof the plant
roots

Plant roots alone may be incapable of taking up phosphateions that are
immobilized, for example,in soils with a basic pH. The mycelium of the
mycorrhizalfunguscanhoweveraccesshesephosphorusourcesandmakethem
availableto the plantstheycolonize




An arbuscular mycorrhiza (plural mycorrhizae or mycorrhizas) is a type of mycorrhiza

in which the funguspenetrateshe cortical cells of the rootsof a vascularplant Arbuscular
mycorrhizalfungi belongto thedivision Glomeromycota



Despite inverted relative dimensions of macroand microsymbiont the interface and nutrient exchange in
the Geosiphompyriformis i NostocPunctiforme symbiosis correspond to that in the arbuscular mycorrhiza
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« Cation exchange capacity
(CEC) is the total amount of
cations that a soil can retain

* The higher the soil CEC the
greater ability it has to store
plant nutrients

» Soil CEC increases as
— The amount of clay increases

— The amount of organic
matterincreases

— The soil pH increases
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Soil pH and nutrient bio-availability

Soil pH is a characteristichat describeghe relativeacidity or alkalinity of the soil. Soil pH is important
becausat affectsthe availability of nutrientsto plants Generally,soil pH 6.0-7.5 is acceptabldor most
plantsasmostnutrientsbecomeavailablein this pH range

Nitrogen (N), Potassium(K), and Sulphur(S) are major plant nutrientsthat appearto be lessaffected
directly by soil pH than many others,but still areto someextent PhosphorugP), however,is directly
affected At alkaline pH values,greaterthanpH 7.5 for example,phosphataons tendto reactquickly
with calcium(Ca)andmagnesiunfMg) to form lesssolublecompounds

At acidic pH values,phosphataons reactwith aluminium(Al) andiron (Fe)to againform lesssoluble
compoundsMost of the othernutrients(micronutrientsespeciallytendto belessavailablewhensoil pH
Is above 7.5, and in fact are optimally availableat a slightly acidic pH, e. g. 6.5 to 6.8. The bio-
availability of aluminiumincreasestlow pH 1 resultsin Al-toxicity.

The exceptionis molybdenum(Mo), which appearsto be less available under acidic pH and more
availableat moderatelyalkalinepH values



How soil pH affects availability of plant nutrients.
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Fertili sers, pesticides, POPs

Generally, fertilisers are defined as natural or artificial substancexontainingthe chemical elementsthat
improve growth and productivenesf plants Fertilizers enhancethe fertility of the soil or replacethe
chemicalelementgakenfrom the soil by previouscrops

Although manufacturedertilisers contain preciselythe sameplant nutrientsin the chemicalforms that are
providedin nature,it is importantthat the timing and rate of fertilizer or manureapplicationare correct,
calculatedo optimizecrop productionandminimize adversesnvironmentapollution from nutrientlosses

Thenitrateion is particularlymobilein soil andproblemsoccurif excessiveamountsof nitrogenfertilisersor
animalmanuresareused This is becauseny unusednitrate remainsin the soil andthereis a risk thatit will
leachinto thewatercourses

Phosphateons appliedin fertiliser and manurebecometightly boundto soil particlesand are not normally
leached Somephosphataons howeverare found in rivers and they comefrom soil which hasbeeneroded
into thewatercourse



Pesticides

A pesticideis any substanceusedto kill, repel, or control certain forms of plant or animal life that are
consideredo bepests

Pesticidesnclude

herbicidedor destroyingveedsandotherunwantedvegetation,
insecticidedor controllingawide variety of insects,
fungicidesusedto preventthe growthof mouldsandmildew,

disinfectantdor preventingthe spreadf bacteria,
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compoundsisedto controlrodents




POPs Persistent organic pollutants are carbon
based compounds that:

A remain intact in the environment for a long time;

A become widely distributed throughout the environment;
A accumulate in fatty tissue of living organisms; and

A are toxic to humans and wildlife.



The Initial list of 12 PO

Chemical

Pesticides

Industrial
Chemicals

By-
products

Aldrin
Chlordane
DDT
Dieldrin
Endrin
Heptachlor
Mirex
Toxaphene
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Hexachlorobenzene
PCBs
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Chlorinated dioxins
Chlorinated furans
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Agriculture definitions

A Industrial agriculture

A Precision agriculture

A Urban agriculture

A Organic agriculture

A Permaculture

A Multifunctional agriculture




Industrial agriculture

The conceptof industrial agricultureimplies increaseduse of farmlandsto producethe highest
yieldspossibleto gainprofit andsupporthumanfood needs

The maximizationis achievedthrough typical intensive farming practiceslike increaseduse of
fertilizers, insecticides,abundantirrigation, heavy machineryland treatment,planting high-yield
speciesexpansiorof newareasamongothers

High inputsin industrial agriculture condition resultin higheryields Intensiveagricultureis the

most typical methodof soil cultivation with strongand often extremeland exploitationand often
extremanputs




Precision agriculture

Precisionagriculturecan be definedasfi t hApplicationof moderninformationtechnologiego provide,
processand analyzemultisourcedata of high spatialand temporalresolutionfor decisionmaking and
operationsn themanagemenf cropp r o d u.dNationafRésearctCouncil UK).




Urban agriculture

Urbanagriculture,urbanfarming, or urbangardenings the practiceof cultivating, processinganddistributingfood
in or around urban areas Urban agriculture is also the term used for animal husbandry,aquaculture,urban
beekeepingandhorticulture Theseactivitiesoccurin periturbanareasaswell.




Organic farming complex systesi ecological, economic

and social viabllity

SOOI oS

Based on the carrying capacity of ecosystem services:
A New definition of carrying capacity: ecological, seeiconomic, cultural (social marketing)

Knc?wledge regardingaturaland anthropogenic cycle processes: biogeochen
cycles

Nutrient replenishment by recyclindinking farming, waste management and
production and use of renewable energy

Maintaining soil fertility by protecting solil biodiversity using only natural
fertilizers (such as minerals) in harmony with soil ecosystems

Crop rotation and ecosystem Rlanning Instead of-teng monoculturé crop
diversityi usingcover crops when appropriate

Biological pest control: new definition of Integrated Pest Management syskte
biological methods or, if very much needed: only natural pesticides

Applying phytoremediation of solls (often combined with mineral based soil

nical

ms

Improvers) when needed






https://bcfarmsandfood.com/profitable-ecological-small-scale-farming/

Multifunctional agriculture

\IABLE RURAL ECDNOMJCS

Nature & landscape

management 4 Organic farming
Agritourism ; iz
J ; Production of specific
nature/rural tourism qualities (regional, traditional)
_ Food supply / security
Energy production (communal, local, regional)
(crops, biogas, —
solar, wind
Rural SMEs \
DEEPENING
Provision of ‘new’ Conventional mainstream
services (communal agricultural production

work, care, etc.)

Maintenance of basic Mobilisation and use of resources
services in rural areas I

REGROUNDING

;

Employment & income
in rural areas




Impact of artificial inorganic fertilisers & pesticides; ecological
solutions

A safe operating space for humanity
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Industrialmultinutrientmineral fertilizers

Multinutrient fertilizers containtwo or moreof the nutrientsN, P andK andin somecasesmallamountsof

sulphur, magnesiumand trace elementslike boron may be added There are two types of multinutrient
fertilizers.

1. Blendedfertilizer, is simply a mixture of individual fertilizers Becauséhe individual fertilizers are used
in their commerciallyproducedform, they may be of different sizesand densitiesand after blending may
separat®ut duringtransportandspreadingThis resultsin anunevendistributionof the nutrientelementsand
unevencropgrowth

2. Granularfertilizer whereeachgranulecontainsghe nutrientsin theratio required Theyaremadeby mixing
the individual nutrient salts, like ammoniumnitrate, an ammoniumphosphateand potassiumchloride to
createa slurry in a large vessel known as a granulator On drying, the granuleshavea moisturecontentof
approximately0.5% and may then be coatedwith a waterrepelling materialto preventfurther moisture
absorption This improves storagelife and enhancedlow of the granuleswhen they are being spread
mechanicallyThesefertilizersareknownascompoundor sometimesascomplexfertilizers.



Excess nitrate and soll acidification

Soil acidification occursnaturally very slowly assoil is weatheredbut this processs acceleratedy productive
agriculture Soil acidificationoccursbecausehe concentratiorof hydrogenonsin thesoil increases

Ammoniumbasedfertilisers are the major contributorsto soil acidification, especiallyif the nitrogenis leached
ratherthantakenup by plants Only if the nitrogenis returnedto the soil againwhenthe plantdiesis thereno
acidification Many ammoniumfertiliserscontributeto soil acidificationevenif the nitrogenis takenup by plants

Ammonium nitrogenfrom fertiliser or soil organicmatteris readily convertedto nitrate and hydrogenions by
bacterian thesoil. This contributedifferentamountsf hydrogenonsto the soil, dependingn thefertiliser.

When nitrate, which is negativelycharged,is takenup by plants,a hydroxideion, also negativelycharged,is

releasedrom the plantto maintainelectricalbalance This hydroxideion combineswith a hydrogenion in the soil

to form water(the hydrogenion is no longercontributingto soil acidity). Dependingon thefertiliser, all hydrogen
lons releasedy nitrification may be neutralisedor theremay be a netincreasan hydrogenions If nitrateis not
takenup by plants,it canleachawayfrom the root zone,meaningthatno hydroxideion is releasedrom the plant
to bind with a hydrogenion.



3 f{?\.- 1
nitrate ey atmospheric ammonium

fertiliser N fixed by fertiliser
, legumes

o4 N from plant

residues (NH,) ,HPO,

~soil

organic N

w

+ 3

L] L H 3

' ' o

‘ ' =

H* Ht Ht 5‘:
N
ammonium N

leaching of nitrate



Plant performance

Excess nutrient toxicity

Critical
concentration

N

Sufficient

Excessive or

Deficient toxic

Tissue nutrient concentration



Impact of pesticides on solls

Management

Bio pesticide

Plant based product
Microbial based
product

Transgenic
herbicide resistant
crop

O OO0

Soil enzyme activity
Nitrification

AMF

Spore Germination
Mycorrhizal propogation
Kills non target vegetations




INSECTICIDES

rebound
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Crop yield
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Crop health

HERBICIDES
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Water contamination

FUNGICIDES

FranciscdancheBayq 2011



Ecological solutions

Natural pest control can be less expensive than buying
& applying commercial pesticides that are filled with

toxic chemicals. It's also safer for your garden
your family, and the environment.

9@09

. <
Garlic Mineral Oil Basil Bacillus Thurmgmnsm Orange Insecticidal Soap

Cloves Eucalyptus Oil Chrysanthemum oil BONC Acid
Bay Leaves Neem Qil Papaya Leaf Extract

Nematodes Soursop Cinnamon Tabacco Beauveria Bassiana

Sulfur



Mineral based soil improvefrsrevival of sustainablpractices

1. In the pastfifty years,the nutrientsupply of soils hasbeenseverelyweakenedn agricultural
areasmainly dueto large scalemonocultureandintensivecultivation methodsbasedon short
termsyntheticfertilizers

2. Soil mineralshave many functions, including increasingthe nutrient absorptioncapacity of
plants,adjustingthe pH of soils,andprovidingnutrientsto plants

3. Improving the soil's mineral contentis an important part of healthy plant cultivation and
essentiafor modernorganicfarming

4. Researclontheuseof mineralsoil improversandrock powderfertilizers havebeendevelopec
In connectionwith their abilities and utilization possibilitiesfor domesticagriculturalareasin
Hungary




Mineral based soil improvers can be divided into two main
groups according to their use and recoverability:

1. Inthe soil zone
(in the depth of the soil profile)

O horizon
Loose and partly
decayed organic —|

matter

A horizon
Mineral matter
mixed with

some humus Soil

5 Ef I"norizon
one of eluviation B
and leaching Regolith
B horizon
Accumulation of
clay, iron and
aluminum
from above;
zone of illuviation

C horizon
Partially altered
parent material

Bedrock

R horizon
Unweathered
parent material

€

2. Below the soil zone
(deeper situated material$

O horizon
Loose and partly
decayed organic

matter

A horizon
Mineral matter
mixed with

some humus Soil

E horizon
Zone of eluviation
and leaching

B horizon

Accumulation of

clay, iron and

aluminum

from above; L
zone of illuviation

Regolith

C horizon
Partially altered
parent material

R horizon
Unweathered
parent material




1. In the soil zone (in the depth of the soil profile)

a. Materials of marshland soils(peat, marshes,moss,lime mud)

b. Top layers of meadowsoils (containing clay minerals and humus)

C. Loess, calcareousformations in the subsoil of higher lying fields
of  shalinedowland areas




a. Limestone (monomineral, mostly biogenic, sometimes
chemical sedimentary rock, calcium carbonate content at
least90%, mostly calcite)

b. Dolomite  (calcium-magnesium carbonate trigonal

crystalline mineral)

c. Alginite (sedimentaryrock composedof algaebiomassand

volcanic tuff)

2. Below the soil zonddeeper situated material$




ALGINITE

THICK RIPARIAN (LAKESIDE) FLORA

Exposed waterlevel  Growth of Botryococcus algae

~

Basalt pumice shale-oil deposits

Basalt pumice sand

Pannonian deposits

Alginite is a mineralcontainingin high concentratiorcomponentsuchashumus,
limestone,Nitrogen (N), potassium(K), magnesiumMg) and other macre and
micro elementstheseamong62 different componentsso far identified in it, all
derivingfrom theregionof Gérce Hungary

4-5 million yearsago greenalgaea relatively
rare species(Botryococcusbraunii) proliferated
In the closedring-shapedvolcanic crater crater

conewhich arosefrom the Pannoniarsea

The seaalgae settleddown with other floating
particles on the bottom of the interior hollow.
The mineralresourceoriginatedfrom this settled
and fossillised algalbiomass is known as
alginite It developedn aerobicconditions

Alginite belongsto the categoryof oil shalesbut
it hasgot uniqueandindividual attributeswhich
cancausean alterationto the oil shalesnot only
in physicachemical characteristicsbut in the
potentialusageof the product

So far alginite was discoveredexclusively in
Hungary, or more precisely in the Carpatian
Basin It can be found and mined solely in this
areaof theworld.



Alginite quarry in Pula,
Hungary




2. Below the soil zonddeeper situated material$ cont.

d. Zeolites (sodium calcium aluminosilicates, spacious,
hollow, porous)

e. Rhyolitic tuff (volcanic, high silica, sour, contain
pumiceous glassy fragments and small scoriae with
quartz, alkali feldspar and biotite)

f. Perlite (high-water, felsic, by heating heavily swollen
glassrock)



