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Although fertilisers are used in agriculture to replenishsoil nutrients the excessiveuse of inorganic

industrial fertilizers in industrial agricultureresultsin biological, chemicaland physicalsoil degradation

suchas lossof soil-biodiversity,nitrogenleaching,soil compaction,reductionin soil organicmatter,and

loss of soil carbon. Similarly, the use of pesticidesdue their xenobioticscharacteristicsmay adversely

affect beneficial, particularly nitrogenȤfixing and phosphorusȤsolubilizing soil microorganismsand

essentialsymbionts. Supportersof industrialagriculturebasedon heavyuseof agrochemicalsferociously

opposethe introductionof organicagricultureaseconomicallynon-viableproductionstructurescreatedby

greenidealists. However,the only way forward for healthyagro-ecosystemswith healthysoils is a multi

scaleprecisionorganicagriculturebasedon reuseof naturalresourcesandtheintroductionof circularagro-

economies,a compromisebetweenpermacultureand large-scaleagriculturalproduction. In a long term,

thereis no contradictionbetweenprofitability andsustainableuseof ecosystemservicesin multifunctional

agriculture,wheresoil nutrition, pestmanagement,agroforestry,irrigation, coreproducts,augmentedand

ancillary productsandservices,wastewaterandsolid wastemanagement,renewableenergysystemsand

regional/ruralplanningaretreatedin oneintegratedsystem.

Summary



Structure of the lecture

I. Basic concepts ïthe cornerstones of the 
sustainable system

ÅSoil health and soil degradation

ÅNutrients and nutrient cycling ïsoil 
biogeochemistry and biodiversity

ÅCation Exchange Capacity (CEC)

ÅSoil pH and nutrient bio-availability

ÅFertilizers, pesticides, POPs

ÅAgriculture definitions 
ÅIndustrial agriculture
ÅPrecision agriculture
ÅUrban agriculture
ÅOrganic agriculture
ÅPermaculture
ÅMultifunctional agriculture

II. Impact of artificial inorganic fertilizers & 
pesticides; ecological solutions 

ÅIndustrial mineral fertilizers

ÅExcess nitrate and acidification

ÅExcess nutrient toxicity

ÅImpact of pesticides on soils

ÅEcological solutions
ÅNatural mineral soil improvers
ÅMultifunctional agriculture and ecocycles
ÅSystem solutions for organic nutrient 

replenishment
ÅIrrigation, wastewater reuse

ÅViable circular rural economy: the universal

AziendaAgricola Model 



SOIL HEALTH



Ecosystems & Ecosystem Services ïSoils Are Ecosystems Providing Services 

Non living 
parts of soils

Source: modified after Mrinal Gour, 2015. http://mjcetenvsci.blogspot.com/2015/02/schematic-representation-of-structure.html

http://mjcetenvsci.blogspot.com/2015/02/schematic-representation-of-structure.html


Soil degradation occurs

where our activities (either

directly or indirectly) cause

it to becomeless vigorous

or lesshealthy.

The ultimate degradationis

the removal or loss of its

physicalcomponents.

SOIL DEGRADATION



1. Physical,chemicalor biological run-down causinga reduction in vigour. This

can result from excessiveproduct removal (depleting soil nutrients), reduction

in plant growth, lowered organic cycling, increasingsoil temperatures,leaching,

compactionand surfacecrusting.

2. Reduction in massand volume through erosion. This reducesthe physical

sizeof the soil ecosystem.

3. Accumulation of specific soil chemicals to levels that detrimentally effect

plant growth. Such materials include soluble salts (causingsalinity); hydrogen

ions (causing acidification); and some chemicals from industrial, mining and

agricultural activities (chemicalcontamination).

A soil can degrade in 3 ways: 



Forms of soil degradation:

Ç Acidification 

Ç Salinity

Ç Organic depletion 

Ç Compaction

Ç Nutrient depletion

Ç Chemical contamination

Ç Erosion

Ç Landslides



HOW TO PREVENT SOIL DEGRADATION? ïBY PROTECTING ECOSYSTEM SERVICES



Nutrients and nutrient cycling ïsoil biogeochemistry& biodiversity



Nutrients: The Elements of Life

Á Of the 50 to 70 elementsthat are found in living things, only about15 accountfor the major
portionof living biomass.

Á Only aroundhalf of these15 havebeenstudiedextensivelyasthey travel throughecosystemsor
circulateonaglobalscale.

Na SODIUM

Mn MANGANESE

Fe IRON

Cl CHLORINE

P PHOSPHORUS

Al ALUMINUM

S SULFUR

Mg MAGNESIUM

Si SILICON

K POTASSIUM

Ca CALCIUM

N NITROGEN

H HYDROGEN

C CARBON

O OXYGEN



A GENERALIZED MODEL OF NUTRIENT CYCLING IN AN ECOSYSTEM

Á The cycling of nutrientsin an ecosystemare interlinked by a numberof processesthat move elements
from andthroughorganismsandto andfrom theatmosphere,soil and/orrocks,andwater.

Á Nutrientscanflow betweenthesecompartmentsalongavarietyof pathways.



Nutrient Reservoirsin a Terrestrial Ecosystem

ÁTheorganicreservoirconsistsof theliving organismsandtheirdetritus.

ÁThe available-nutrient reservoirconsistsof nutrientsheld to surfaceof
soil particlesor in solution.

ÁThe third reservoirconsistsof nutrientsheld in soils or rocks that are
unavailableto living organisms.

ÁThefourth reservoir is theair which canbefoundin theatmosphereor in
theground.





SOIL BIOGEOCHEMICAL CYCLING OF INORGANIC NUTRIENTS AND METALS

Source: Plante, A.F. (2007): https://doi.org/10.1016/B978-0-08-047514-1.50019-6

Soilmicroorganismshavea profound effect on the transformationsinvolvedin a largenumber of biogeochemicalcyclesother
than carbon (C)and nitrogen (N), suchas the macronutrientsphosphorus(P) and sulfur (S),and variousmicronutrientsand
environmentalpollutants.

https://doi.org/10.1016/B978-0-08-047514-1.50019-6


Over1000speciesof invertebratesmaybe found in a singlem2 of a

Europeanbeechforest(SchaeferandSchauermann, 1990)

Many of theworldôsterrestrialinsectspeciesaresoil dwellersfor at

leastsomestageof their life-cycle(Bater,1996)

A singlegramof soil maycontainmillions of individualsandseveral

thousandspeciesof bacteria(Torsviketal., 1994).

A typical, healthy soil might contain severalspeciesof vertebrate

animals,severalspeciesof earthworms,20-30 speciesof mites,50-

100 speciesof insects,tens of speciesof nematodes,hundredsof

speciesof fungi and perhapsthousandsof speciesof bacteriaand

actinomycetes.

The biodiversity of soils







THE LIVING SOIL: BACTERIA

A ton of microscopic bacteria may be active in each acre of soil.1 acre= 0.404686 hectar

Credit: Michael T. Holmes, Oregon State University, Corvallis.



The anatomy of a typical

bacterium



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 (1853ï1938), who

developed the technique in 1884 to discriminate between

pneumococci and Klebsiella pneumoniae bacteria.

Gram-positive bacteria are those that retain a crystal violet 

dye during the Gram stain process. 

Gram-positive bacteria appear blue or violet under a 

microscope, while Gram-negative bacteria appear red or 

pink. 

The Gram classification system is empirical, and largely 

based on differences in cell wall structure.

The purpose of Gram staining is to visually differentiate 

groups of bacteria, primarily for identification.

Gram-positive Bacillus anthracis bacteria (purple 

rods) in cerebrospinal fluid sample. The other 

cells are white blood cells



Bacteria dot the surface of strands of fungal hyphae.
Credit: R. Campbell. In R. Campbell. 1985. Plant Microbiology. Edward Arnold; London. P. 149. 



1. Decomposers: that consumesimple carbon compounds,suchasroot exudatesand

fresh plant litter .

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

b. Decomposersare especially important in immobilizing, or retaining, nutrients in their cells, thus

preventing the lossof nutrients, suchasnitrogen, from the rooting zone.

2. Mutualists: that form partnerships with plants. The most well-known of theseare

the nitrogen-fixing bacteria.

3. Pathogens. Bacterial pathogens include Xymomonasand Erwinia species,and

speciesof Agrobacteriumthat causegall formation in plants.

4. Lithotrophs or chemoautotrophs: obtain their energyfrom compoundsof nitrogen,

sulfur, iron or hydrogen insteadof from carbon compounds. Someof thesespecies

are important to nitrogen cycling and degradationof pollutants.

Four functional groups of bacteria



Bacteria from all four groups perform important services related to:

1. water dynamics

2. nutrient cycling

3. disease suppression

WHAT DO BACTERIA DO?



Some bacteria affect water

movement by producing

substancesthat help bind soil

particles into small aggregates

(thosewith diametersof 1/10,000-

1/100of aninchor 2-200µm).

Stable aggregatesimprove water

infiltration and the soilôswater-

holdingability.

In a diversebacterialcommunity,

manyorganismswill competewith

disease-causingorganismsin roots

and on abovegroundsurfacesof

plants.

WHAT DO BACTERIA DO?

Aggregates



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 thesoil,

eachof which is adifferentsize.

What can bacteria ñuseò 

for aggregate formation?



A FEW IMPORTANT BACTERIA

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



Nitrogen-fixing bacteria form symbiotic

associationswith the roots of legumes like

clover and lupine, and treessuchasalderand

locust.

Visible nodules are created where bacteria

infectagrowingroothair.

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 increases in the

surroundingarea.

Nitrogen ïfixing bacteria

Nodules formed where Rhizobium bacteria 

infected soybean roots.

Credit: Stephen Temple, New Mexico State University



Nitrogen ïfixing bacteria

Azotobacter

Azotobacter vinelandii

Azotobactervinelandii is a nitrogen-fixing bacterium,found in soils world-wide, with many featuresrelevant to energy

consumptionand carbonsequestration. It hasbeenstudiedfor more than 90 yearsby hundredsof scientiststhroughoutthe

world. Amongits uniqueabilitiesarethecapacityto fix, or reduce,atmosphericnitrogengas(N2) to compoundsof ammonium

(NH4 +), by using one of three distinct but relatednitrogenaseenzymeswhich vary in metal content(molybdenum,Mo;

vanadium,V; or iron, Fe)andwhich requirea largeamountof cellularenergyfor biosynthesisandactivity.



Cyanobacteriaconvert atmosphericnitrogen into a form that can be utilized

by plants. In this conversion nitrogen, N2, from the air is fixed into

biologically accessibleforms 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 soil,

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 soil

wheremany 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 cyanobacteria is believed to

havefirst occurred during the Precambrian era.

Cyanobacteria live in the roots of someplants suchas legumesas

well and provide nitrogen directly for plants to use.

They have also formed symbiotic relationships with fungi and

lichens.

Cyanobacteria





Nitrifying bacteria changeammonium(NH4+) to

nitrite (NO2-) then to nitrate (NO3-) ïa preferred

form of nitrogenfor grassesandmostrow crops.

Nitrate is leachedmore easily from the soil, so

somefarmersusenitrification inhibitors to reduce

theactivity of onetypeof nitrifying bacteria.

Nitrifying bacteriaare suppressedin forest soils,

so that most of the nitrogen remains as

ammonium.

Nitrifying bacteria

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.





Denitrifying bacteria convert nitrate to

nitrogen(N2) or nitrousoxide(N2O) gas.

Denitrifiers areanaerobic,meaningthey are

active where oxygen is absent,such as in

saturatedsoilsor insidesoil aggregates.

Denitrifying bacteria

Pseudomonas aeruginosa 



Thiobacillus denitrificans

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

coupletheanaerobicoxidationof Fe(II) to denitrificationaswell.

T. Denitrificans is a facultativeanaerobe(it canrespireaerobically

or via denitrification) rather than an obligate aerobeand lives at

circumneutralratherthanacidicpH.



NO3ľŸNO2¯, N 2O, N2

Paracoccusdenitrificans

Paracoccus denitrificans, a Gram-negative, coccoid,

nitrogen-oxidizing 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 thought to be a plausible ancestorof the

eukaryoticmitochondrion(endosymbiotictheory).

Thegenomeof P. denitrificanswassequencedin 2004.







Simplified Nitrogen Cycle



Actinomycetes are a large group

of bacteria that grow as hyphae

like fungi.

They are responsible for the

characteristicallyñearthyòsmellof

freshlyturned,healthysoil.

Actinomycetesdecomposea wide

array of substrates but are

especiallyimportant in degrading

recalcitrant (hard-to-decompose)

compounds,such as chitin and

cellulose, and are active at high

pH levels.

Fungi are more important in

degradingthesecompoundsat low

pH.

A number of antibiotics are

produced by actinomycetessuch

asStreptomyces.

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



Bacteria That Promote Plant Growth 

Certainstrainsof thesoil bacteriaPseudomonas

fluorescens have anti-fungal activity that

inhibitssomeplantpathogens.

P. fluorescens and other Pseudomonasand

Xanthomonasspeciescanincreaseplant growth

in severalways.

They may producea compoundthat inhibits the

growth of pathogensor reducesinvasionof the

plantby apathogen.

Pseudomonas fluorescens  (Photo Researchers Inc.)



They may also producegrowth factors,

compoundsthat directly increaseplant

growth.

These plant growth-enhancingbacteria

occurnaturallyin soils,but not alwaysin

high enoughnumbersto havea dramatic

effect.

In the future, farmers may be able to

inoculateseedswith anti-fungalbacteria,

suchasP. fluorescens,to ensurethat the

bacteria reduce pathogensaround the

seedandrootof thecrop.

Bacteria That Promote Plant Growth 



Carbonate biomineralization in soils

Carbonate biomineralization mediated by the bacterium Bacillus megaterium, a dominant 

strain separated from a loess profile in China 

Bar: 5 µm

Bar: 1 µm



Microbiologically Mediated Soil Improvement

SEM photomicrographsof samplessubjectedto Myxococcusxanthus-inducedcalciteprecipitation. (a)

Control (i.e., calcium-rich slab stone not submitted to biomineralization) showing spalling and

fissuringof calcitecrystalsalongplanes(seezoneA), (b) Calcifiedbacteriablanketingstonesamples

(seezone B). (After Rodriguez-Navarroet al. 2003). The processaimed to replicateis the natural

processthat occurs when calcium carbonateprecipitatesin granular soil, resulting in a strongly

cementedsoil.



Fungi



Aspergillus fumigatus

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 conidia in the air.



Paecilomycesspeciesare common environmentalmoulds. They are widespreadin soils,

composts,and food products. In an indoor environment,Paecilomycesspecieshave been

isolatedfrom air, dampwalls,wetplasterwork, carpetdustandHVAC fans.

Paecilomyces

Paecilomycescarneus

Paecilomycescarneusis found on a wide rangeof material, and

especiallyin soil. It is sometimesisolated from insects,though

it appearsto be a weak insectpathogen. Someisolatesproduce

severalmetabolitesof the antibiotic group cephalosporins.

Paecilomycesfarinosus

Paecilomycesfarinosus is also commonly isolated from

soil. It is a well-known insect pathogen, and there has

beeninterest in its useasan agentof biological control.



A mycorrhiza is a symbiotic (occasionally weakly pathogenic)association

betweena fungusandtherootsof a plant.

In a mycorrhizalassociationthe fungusmay colonizethe roots of a host plant

eitherintracellularlyor extracellularly.

This mutualistic associationprovides the fungus with relatively constantand

direct accessto mono- or dimeric carbohydrates,such as glucoseand sucrose

producedby theplantin photosynthesis.

Thecarbohydratesaretranslocatedfrom their sourcelocation(usuallyleaves)to

the root tissuesandthento the fungal partners. In return,the plant gainsthe use

of the mycelium'svery largesurfaceareato absorbwaterandmineralnutrients

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

mycorrhizalfunguscanhoweveraccessthesephosphorussourcesandmakethem

availableto theplantstheycolonize.

Mycorrhiza



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

in which the funguspenetratesthe cortical cellsof the rootsof a vascularplant. Arbuscular

mycorrhizalfungi belongto thedivisionGlomeromycota.



Despite inverted relative dimensions of macro- and microsymbiont the interface and nutrient exchange in 

the GeosiphonpyriformisïNostocPunctiformesymbiosis correspond to that in the arbuscular mycorrhiza.





Å Nutrient uptake

Å Chemical exchange

between soil/water

and the grapevine

Ion Exchange

The Chemical Warfare of the Plants Against the Soil

ions are excreted by the plants



Soil pH and nutrient bio-availability

Soil pH is a characteristicthatdescribestherelativeacidity or alkalinity of thesoil. Soil pH is important

becauseit affectstheavailability of nutrientsto plants. Generally,soil pH 6.0-7.5 is acceptablefor most

plantsasmostnutrientsbecomeavailablein thispH range.

Nitrogen (N), Potassium(K), and Sulphur(S) are major plant nutrientsthat appearto be lessaffected

directly by soil pH thanmanyothers,but still are to someextent. Phosphorus(P), however,is directly

affected. At alkalinepH values,greaterthanpH 7.5 for example,phosphateions tend to reactquickly

with calcium(Ca)andmagnesium(Mg) to form lesssolublecompounds.

At acidic pH values,phosphateions reactwith aluminium(Al) andiron (Fe) to againform lesssoluble

compounds. Most of theothernutrients(micronutrientsespecially)tendto belessavailablewhensoil pH

is above7.5, and in fact are optimally availableat a slightly acidic pH, e. g. 6.5 to 6.8. The bio-

availabilityof aluminiumincreasesat low pHïresultsin Al -toxicity.

The exceptionis molybdenum(Mo), which appearsto be less availableunder acidic pH and more

availableatmoderatelyalkalinepH values.





Fertili sers, pesticides, POPs

Generally, fertilisers are defined as natural or artificial substancescontaining the chemicalelementsthat

improve growth and productivenessof plants. Fertilizers enhancethe fertility of the soil or replacethe

chemicalelementstakenfrom thesoil by previouscrops.

Although manufacturedfertilisers containpreciselythe sameplant nutrientsin the chemicalforms that are

provided in nature,it is important that the timing and rate of fertilizer or manureapplicationare correct,

calculatedto optimizecropproductionandminimizeadverseenvironmentalpollution from nutrientlosses.

Thenitrateion is particularlymobile in soil andproblemsoccurif excessiveamountsof nitrogenfertilisersor

animalmanuresareused. This is becauseanyunusednitrateremainsin thesoil andthereis a risk that it will

leachinto thewatercourses.

Phosphateions appliedin fertiliser andmanurebecometightly boundto soil particlesandarenot normally

leached. Somephosphateions howeverare found in rivers and they comefrom soil which hasbeeneroded

into thewatercourse.



Pesticides

A pesticideis any substanceused to kill, repel, or control certain forms of plant or animal life that are

consideredto bepests.

Pesticidesinclude:

Å herbicidesfor destroyingweedsandotherunwantedvegetation,

Å insecticidesfor controllingawidevarietyof insects,

Å fungicidesusedto preventthegrowthof mouldsandmildew,

Å disinfectantsfor preventingthespreadof bacteria,

Å compoundsusedto controlrodents.



58

POPs- Persistent organic pollutants are carbon-

based compounds that:

Åremain intact in the environment for a long time;

Åbecome widely distributed throughout the environment;

Åaccumulate in fatty tissue of living organisms; and

Åare toxic to humans and wildlife.



59

The initial list of 12 POPs

Chemical Pesticides Industrial 
Chemicals 

By-
products 

Aldrin 
Chlordane 
DDT 
Dieldrin 
Endrin 
Heptachlor 
Mirex 
Toxaphene 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 

Hexachlorobenzene 
PCBs 

+ + 
+ 

+ 
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Chlorinated dioxins 
Chlorinated furans 

  

 
+ 
+ 

 

 



Agriculture definitions

ÅIndustrial agriculture

ÅPrecision agriculture

ÅUrban agriculture

ÅOrganic agriculture

ÅPermaculture

ÅMultifunctional agriculture



Industrial agriculture

The conceptof industrial agriculture implies increaseduse of farmlandsto producethe highest

yieldspossibleto gainprofit andsupporthumanfoodneeds.

The maximization is achievedthrough typical intensive farming practiceslike increaseduse of

fertilizers, insecticides,abundantirrigation, heavy machineryland treatment,planting high-yield

species,expansionof newareas,amongothers.

High inputs in industrial agriculturecondition result in higher yields. Intensiveagricultureis the

most typical methodof soil cultivation with strongand often extremeland exploitationand often

extremeinputs.



Precision agriculture

Precisionagriculturecan be definedasñtheapplicationof moderninformation technologiesto provide,

processand analyzemultisourcedata of high spatial and temporalresolutionfor decisionmaking and

operationsin themanagementof cropproductionò. (NationalResearchCouncil, UK).



Urban agriculture

Urbanagriculture,urbanfarming,or urbangardeningis thepracticeof cultivating,processing,anddistributingfood

in or around urban areas. Urban agriculture is also the term used for animal husbandry,aquaculture,urban

beekeeping,andhorticulture. Theseactivitiesoccurin peri-urbanareasaswell.



Organic farming ïcomplex systemsïecological, economic 
and social viability

1. Based on the carrying capacity of ecosystem services:
ÅNew definition of carrying capacity: ecological, socio-economic, cultural (social marketing)

2. Knowledge regarding naturaland anthropogenic cycle processes: biogeochemical 
cycles

3. Nutrient replenishment by recycling ïlinking farming, waste management and 
production and use of renewable energy

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

5. Crop rotation and ecosystem planning instead of long-term monoculture ïcrop 
diversityïusing cover crops when appropriate

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

7. Applying phytoremediation of soils (often combined with mineral based soil 
improvers) when needed



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

PERMACULTURE

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


Multifunctional agriculture



Impact of artificial inorganic fertilisers & pesticides; ecological 
solutions 



Industrial multinutrientmineral fertilizers

Multinutrient fertilizerscontaintwo or moreof thenutrientsN, P andK andin somecasessmallamountsof

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

fertilizers:

1. Blendedfertilizer, is simply a mixture of individual fertilizers. Becausethe individual fertilizers areused

in their commerciallyproducedform, they may be of different sizesand densitiesand after blendingmay

separateout duringtransportandspreading. This resultsin anunevendistributionof thenutrientelementsand

unevencropgrowth.

2. Granularfertilizer whereeachgranulecontainsthenutrientsin theratio required. Theyaremadeby mixing

the individual nutrient salts, like ammoniumnitrate, an ammoniumphosphateand potassiumchloride to

createa slurry in a largevessel,known asa granulator. On drying, the granuleshavea moisturecontentof

approximately0.5% and may then be coatedwith a water-repelling material to prevent further moisture

absorption. This improves storagelife and enhancesflow of the granuleswhen they are being spread

mechanically. Thesefertilizersareknownascompoundor sometimesascomplexfertilizers.



Excess nitrate and soil acidification

Soil acidificationoccursnaturallyvery slowly assoil is weathered,but this processis acceleratedby productive

agriculture. Soil acidificationoccursbecausetheconcentrationof hydrogenionsin thesoil increases.

Ammonium-basedfertilisersarethe major contributorsto soil acidification,especiallyif the nitrogenis leached

ratherthan takenup by plants. Only if the nitrogenis returnedto the soil againwhenthe plant dies is thereno

acidification. Many ammoniumfertiliserscontributeto soil acidificationevenif thenitrogenis takenupby plants.

Ammonium nitrogenfrom fertiliser or soil organicmatteris readily convertedto nitrate and hydrogenions by

bacteriain thesoil. This contributesdifferentamountsof hydrogenionsto thesoil, dependingon thefertiliser.

When nitrate, which is negativelycharged,is takenup by plants,a hydroxide ion, also negativelycharged,is

releasedfrom theplantto maintainelectricalbalance. This hydroxideion combineswith a hydrogenion in thesoil

to form water(thehydrogenion is no longercontributingto soil acidity). Dependingon thefertiliser, all hydrogen

ions releasedby nitrification may be neutralisedor theremay bea net increasein hydrogenions. If nitrateis not

takenup by plants,it canleachawayfrom theroot zone,meaningthatno hydroxideion is releasedfrom theplant

to bindwith a hydrogenion.





Excess nutrient toxicity



Impact of pesticides on soils



Francisco Sánchez-Bayo, 2011



Ecological solutions



Mineral based soil improversïrevival of sustainable practices

1. In the pastfifty years,the nutrientsupplyof soils hasbeenseverelyweakenedin agricultural

areas,mainly dueto large-scalemonocultureandintensivecultivationmethodsbasedon short-

termsyntheticfertilizers.

2. Soil mineralshave many functions, including increasingthe nutrient absorptioncapacityof

plants,adjustingthepH of soils,andprovidingnutrientsto plants.

3. Improving the soil's mineral content is an important part of healthy plant cultivation and

essentialfor modernorganicfarming.

4. Researchon theuseof mineralsoil improversandrock powderfertilizershavebeendeveloped

in connectionwith their abilities andutilization possibilitiesfor domesticagriculturalareasin

Hungary.



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

1. In the soil zone 

(in the depth of the soil profile)

2. Below the soil zone

(deeper situated materials)



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

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

b. Top layersof meadowsoils(containing clay minerals and humus)

c. Loess, calcareous formations in the subsoil of higher lying fields

of thesalinelowland areas



2. Below the soil zone(deeper situated materials)

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 (sedimentary rock composedof algaebiomassand

volcanic tuff)

Magyaralmás

Dörgicse



4-5 million yearsago greenalgaea relatively

rare species(Botryococcusbraunii) proliferated

in the closedring-shapedvolcanic cratercrater-

conewhich arosefrom thePannoniansea.

The seaalgaesettleddown with other floating

particles on the bottom of the interior hollow.

The mineralresourceoriginatedfrom this settled

and fossillised algal-biomass is known as

alginite. It developedin aerobicconditions.

Alginite belongsto thecategoryof oil shalesbut

it hasgot uniqueandindividual attributeswhich

cancausean alterationto the oil shalesnot only

in physico-chemical characteristicsbut in the

potentialusageof theproduct.

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

Alginite is a mineralcontainingin high concentrationcomponentssuchashumus,

limestone,Nitrogen (N), potassium(K), magnesium(Mg) and other macro- and

micro elements,theseamong62 different componentsso far identified in it, all

derivingfrom theregionof Gérce, Hungary.



Alginite quarry in Pula,

Hungary



2. Below the soil zone(deeper situated materials) 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)


