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Biogeochemical Cycling, main principles 

• Biogeochemical cycles: The  chemical 
interactions (cycles) that exist between     
the atmosphere, hydrosphere, 
lithosphere, and biosphere. 

• Abiotic (physio-chemical) and biotic 
processes drive these cycles 

• We term this a biogeochemical cycle 
because bio pertains to life, geo pertains 
to Earth (atmosphere, water, rocks, and 
soils), and it is chemicals that are cycled.  

 



What is common amongst them? 

• Each compound (water, carbon, nitrogen, other 
mineral elements) typically exists in all four parts 
of the Earth System 

• There are  

– ‘Pools’ 

– Fluxes in and out of pools 

– Chemical or biochemical transformations 

• Transformations  

– are important 

– can lead to positive & negative consequences (e.g. 
Acidification) 



What is a system? 

• System: a collection of matter, parts, or components 
which are included inside a specified, often arbitrary, 
boundary.  Example: Ecosystem 

• Systems often have inputs and outputs. 

• For dynamic systems, by definition, one or more 
aspects of the system change with time. 

– Example of a simple dynamic system: bathtub or your ‘bank’ account. 

• The boundary of a dynamic system is chosen for 
convenient conceptual separation for the system  

Pool Flux 



Input - ouput system 

Sources (fluxes - inputs) 

• precipitation, throughfall (deposition), stemflow, weathering,   undergound 
water, surface water, litter fall, decomposition of organic matter … 

Losses (fluxes - outputs) 

• soil gravimetrical water (leaching), harvesting, erossion, runoff, 
volatilization, fire (combustion)… 

Storages (pools) 

• Soil, total green biomass, leafs, needles, twigs, dead biomass,wood, roots… 

• Belowground, undergound 

Plant processes 

• Infrasystem cycling 

• Recycling  (organic , anorganic forms) 

Litter processes, soil processes - (specific inner system) 

 

 



 Model of nutrient cycles 
A generalized 

model of nutrient 

cycling in a 

terrestrial 

ecosystem.  The 

three common 

components of 

inputs, internal 

cycling and 

outputs are 

shown in bold.  

The key 

ecosystem 

processes of net 

productivity and 

decomposition 

are italicized. 



Nitrogen Cycle: Key Points 

• Nitrogen is in the atmosphere as N2 (78%) 

• N2 is an inert gas and cannot be used by plants 
or animals 

• N2 can be converted to a usable form via 
– Lightening  

– N-fixing plants and cyanobacteria 

– Industrial process (energy intensive) 

• Nitrogen limits plant growth 

• Nitrogen is easily lost from biological systems 



Nitrogen Cycle 

• Essential to life - important in forming amino 

acids  >> proteins 

• Most abundant in the atmosphere (79%) 

• Flows continuously through the spheres 

• Reservoirs: atmosphere and biosphere (soil) 

• Processes: Nitrogen fixation, protein 

amonification,  nitrification and denitrification 

• Atmosphere => soil => plants => atmosphere (see 

figures) 



Nitrogen Cycle 

• Nitrification/ nitrogen fixation: converts 

N2 to forms usable by plants (NH3, and 

NO3
-) 

• Denitrification: is the conversion of NO3
- 

back to N2
 in the atmosphere or in gases in 

the soil 

• Symbiotic relationship: bacteria supply the 

plant with usable nitrogen and feed off the 

sugars and starches made by the plant 



Nitrogen Cycle 

• Human activities account for >50% of 

nitrogen fixation (fertilizers, cultivation of 

nitrogen fixing plants) 

• Denitrification - done mainly by bacteria 

not by humans.  

• Despite the huge size of the atmospheric 

reservoir of nitrogen, human activites 

profoundly affect the nitrogen cycle 



Nitrogen cycle 

Main part of N-cycles 

• Biomass uptake 

• Litter decomposition 

• Amonnification 

• Nitrification 

• Denitrification 

• Nitrate leaching 

• Volatilization 

• N-fixation 

 

 



Forms of Nitrogen 

1. N2 - inert gas, 78% of the atmosphere 

2. NO, N20, NO2 - other gases of nitrogen, not 
directly biologically important. Part of the 
gases found in smog. 

3. NO3
- (nitrate) and NH4

+ (ammonium) - ionic 
forms of nitrogen that are biologically usable  
(available). 

 



Simplified N- cycle 



The Nitrogen Cycle 

(Brady, Weil  2008) 

Erosion 
and 
runoff 
losses 

Adsorbed, 
fixed by clay 
colloid 



Carbon and Nitrogen Cycle in Forest Ecosystems 



Nitrogen Cycle in Forest Ecosystem 
an example 



Cycling in elements in forest ecosystems (The Czech Republic) 



Biogeochemical Cycle of Ca in Forest Ecosystem 
- see also special PP in DS 



Sulphur Cycle 



Sulfur Cycle 

• Essential for organic material (protein) 

• Found in coal, petroleum, and plants 

– Gas released to atm. when burned 

• Common with metallic ores 

– Gas released to atm when smelted 

• Important component of urban SMOG 

• Important source of aerosols (cloud 

formation, albedo, acidrain) 

 



Sulfur Cycle 

• Reservoirs: Lithosphere (sulfide, sulfate), 

hydrosphere (sulfate 7.8 % in ocean) 

• Processes: Bacteria plays an important role 

in reducing sulfate to sulfide and in early 

photosynthesis- use of H2S instead of H2O 

• Formation of sulfide; burial; weathering 

• Volcanic activity 

• Combustion of fossil fuels 



Biogeochemical Cycle of Sulfur in Forest 
EcosystemEcosystem 



Phosphorus Cycle 

• Reservoirs: Hydrosphere (as phosphate ion), 

lithosphere (phosphate minerals), and 

biosphere (bones, teeth, shells) 

• Short-term cycle: PO4
3- in soil or ocean => 

assimilation by plants => consumption by 

animals => decay or excretion => recycled 

to soil or ocean, residence time 100s of yrs 

 



Phosphorus Cycle 

• Long-term cycle - Residence time ~108 yrs 

• Extraction (mining) short-circuits the long-term cycle 

•   Component of DNA, RNA, ATP, proteins and   
     enzymes  

• Soluble in H2O as phosphate (PO4)- plant availability 

• Atmosphere is not a source 

• As with nitrate, humans are doubling the rate of transport 

of phosphate into the environment through the application 

of fertilizers (eutrophication) 

 



Global Phosphorus Cycle 



Mineral Nutrition  - plants 

24 elements are required for life 

Macronutrients are required in large quantities 

– carbon, hydrogen, nitrogen, oxygen, phosphorus, 
and sulfur 

 

Micronutrients are required in small/medium 
quantities, or not at all in some organisms 

– copper, sodium, iodine, … 





Element concentrations in the foliage of different tree 
species calculated from the ICP Level II data sets 

ICP  Forest - http://www.icp-forests.org/pdf/FINAL_Foliage.pdf 



Limits for mineral nutritions - soil available nutrients 
 

Content 

mg/kg 

in solution  1 % citric acid 

P K Mg 

Very low to 40 to 55 to 45 

Low 40 – 80 55 – 90 45 – 70 

Medium 81 – 110 91 – 130 71 – 100 

Good Up 110 Up 130 Up 100 

Content 

mg/kg 

in solution  1 N ammonium chloride 

P K Mg 

Very low to 30 to 30 to 20 

Low 30 – 70 30 – 50 20 – 40 

Medium 71 – 120 51 – 80 41 – 60 

Good Up 120 Up 80 Up 60 

Content % 

Very poor to 0,03 

Poor 0,03 - 0,06 

Medium 0,06 - 0,2 

Good 0,2 - 0,3 

Rich Up 0,3 

Nitrogen content in 
soil 



Acid deposition and acidification 
Nitrogen deposition 1998-2007  in Europe 

See the lectures 5C, 5D (Document server UIS) 
 

(FutMon 2011) 



Mean annual sulphate deposition 1998-2007 in 
Europe 

(FutMon 2011) 



Acid Deposition and Critical Loads 

Critical loads for nutrient nitrogen in Europe (ÅGREN  2009) 



Areas where the critical loads nitrogen were exceeded in 2000 (Ågren  2009) 

Exceedance of Critical Loads 



 

 

 

 

 

 

Krušné hory Mts.  

Krkonoše – National Park  

Forest diabeck 



Review questions 

1. Main  definition and principles of cycling of 
elements 

2. Identifiy and describe the flow of nutrients in 
each biogeochemical cycle 

4. N-cycle in forest ecosystems, main parts and  
    evaluation 
5. Cycling of other mineral elements, mineral 

nutrition 
6. Acid deposition in forest ecosystems 
7. Explain the impact that humans have on the  
     biogeochemical cycles. 
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Examples 



Actual case studies in Europe 



Book: Carbon and Nitrogen Cycling … (Schulze et al. 2000) - 
http://books.google.cz/books?id=ku6QwSTDsvEC&printsec=frontcover&hl=cs&sourc
e=gbs_ge_summary_r&cad=0#v=onepage&q&f=false 











Book: Causes and Consequences of Forest Growth Trends in Europe (Kahle et al. 2008)  
- 
http://books.google.cz/books?id=gSFKtxtv1kEC&printsec=frontcover&dq=Causes+and+ 
Consequences+of+Forest+Growth&hl=cs&sa=X&ei=avg_Ura7DojesgbnuICoAw&ved=0C 
DEQ6AEwAA#v=onepage&q=Causes%20and%20Consequences%20of%20Forest%20Gro 
wth&f=false 














