
L8. Terrestrial introduction and N/P cycle 

Å Terrestrial biogeochemistry usually focuses on the role of plants 
and soil microbes 
 

Å Organisms such as mycorrhizal fungi and nitrogen-fixing 
bacteria often help plants to acquire mineral nutrients from soil 



Twenty-ŦƛǾŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ ŎƻǾŜǊŜŘ ǿƛǘƘ Ǉƭŀƴǘǎ 

The green parts of the blue planet. Image courtesy of NASA/NOAA. 



Biogeochemical cycling in the terrestrial environment 

Å Terrestrial biogeochemistry usually focuses on the role of plants 
and soil microbes 
 

Å Organisms such as mycorrhizal fungi and nitrogen-fixing 
bacteria often help plants to acquire nutrients from soil 

Clover roots with nodules containing N-fixing bacteria. 



The terrestrial and aquatic biogeochemical cycles are linked 

пл҈ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƭŀƴŘ ƛǎ ƴƻǿ ǳǎŜŘ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜΦ  
Image of Bac Son Valley, Vietnam. 
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Essential nutrient elements 

 
 

 

1. In its absence a plant cannot complete the normal life 
cycle 
 

2. The element is part of an essential plant constituent or 
metabolite 

 



The essential nutrient elements of higher plants and 
their concentrations considered adequate for growth 

Taiz & Zeiger (2010) Plant Physiology, Fifth Edition. Sinauer Associates, Inc. 

Macronutrients are 
required in large 

quantities and usually 
involved in structure 

of materials 
 

 
Micronutrients have 

catalytic and 
regulatory roles such 
as enzyme activators 

 



Nutrient classification according to biochemical function 

Amino acids Phospholipid bilayer 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJHM_p7tjMYCFUZipgod_I0AQQ&url=https://astrobiology.nasa.gov/articles/2014/3/5/charting-the-chemical-universe-of-amino-acid-structure/&ei=gzp8VdH-OMbEmQX8m4KIBA&bvm=bv.95515949,d.dGY&psig=AFQjCNFGoSmAlpZROLqGQzNFqK-3KC4iFQ&ust=1434291167601283


Nutrient classification according to biochemical function 

Enzyme cofactors Chlorophyll 



Nutrient classification according to biochemical function 

Photosynthesis 
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Mineral ions cross the root apoplast and symplast 

ÅMineral ions enter through the root and may immediately enter the 
symplast of an epidermal cell, or diffuse through the apoplast of the 
epidermis and cortex. All ions enter the symplast at the Casparian 
band via membrane transport proteins. 

 
Taiz & Zeiger (2010) Plant Physiology, Fifth Edition. Sinauer Associates, Inc. 

 
 



Three classes of membrane transport proteins 

ÅChannels are transmembrane proteins that function as selective 
pores. Carrier proteins do not have pores that extend across the 
membrane, rather, they bind ions on one side of the membrane and 
release them on the other side (passive transport) 

ÅPrimary active transport is carried out by pumps and uses energy 
directly. In plant plasma membranes the most prominent pumps are 
those that pump H+ or Ca2+ ions  

 
Taiz & Zeiger (2010) Plant Physiology, Fifth Edition. Sinauer Associates, Inc. 

 
 



Secondary active transport 

ÅCoupling the energetically uphill transport of one solute with the 
energetically downhill transport of another 

 

 
Taiz & Zeiger (2010) Plant Physiology, Fifth Edition. Sinauer Associates, Inc. 

 
 



Parent material affects nutrient availability 

Å Rocks or sediments that give rise to soil determine many 
aspects of soil fertility.  Granite gives rise to lower P and 
other cations compared to limestone; serpentine rocks have 
high concentrations of heavy metals. 
 

Å In relatively young landscapes (following recent volcanic 
activity or glaciation), P availability is relatively high and N 
tends to be the key nutrient limiting plant productivity 
 

Å In ancient, highly weathered soils (like Australia) P is the key-
limiting nutrient 



Soil pH affects the solubility and availability of 
nutrient elements in organic soils 

Mo deficiency in peanut by low pH Fe deficiency in palms by high pH 



Some plants can change the rhizosphere pH 

Å The solubility of Fe decreases 1000-fold for each unit 
increase in soil pH in the range 4-9; that of Mn, Cu, and Zn 
decreases 100-fold 
 

Å Plants can strongly reduce rhizosphere pH by excreting 
organic acids or protons 
 

Å When Fe supply is insufficient, Helianthus annuus 
(sunflower) plants lower the pH of the root solution from 
approximately 7 to 4. Similar seen for corn and soybean.  
 

Å Mediated by a proton-pumping ATPase at the plasma 
membrane of roots, with cations being exchanged for H+ 



Cation exchange and soil fertility 

ÅSoil particles, both organic and inorganic, have predominately negative 
charges on their surfaces 

ÅMineral cations (NH4
+
 , K

+, etc.) adsorb to the negative surface and are 
not easily leached out by water, providing a nutrient reserve. The degree 
to which a soil can adsorb and exchange ions is termed its cation 
exchange capacity (CEC) 

ÅMineral anions (NO3
-, Cl-), on the other hand, tend to be repelled by the 

negative surface and remain dissolved in soil solution. Anion exchange 
therefore small compared to cation exchange 
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Nitrogen  (N) 

Å N is a key constituent of many important molecules including proteins, 
nucleic acids, chlorophyll and certain hormones 
 

Å !ƭǘƘƻǳƎƘ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ is 80% N, only certain prokaryote 
organisms ς bacteria and cyanobacteria ς can utilize gaseous N directly 
 

Å Natural processes fix about 190 ³ 1012 g y-1 of N: 
 
Å Lightning ς accounts for 8% of N fixation; occurs when lightning 

converts water vapor and oxygen into highly reactive free radicals, 
free hydrogen atoms, and free oxygen atoms that attack molecular 
nitrogen (N2) to form nitric acid (HNO3) which falls to Earth with rain 
 

Å Photochemical reactions ς accounts for 2% of N fixation; reactions 
between nitric oxide (NO) and ozone (O3) that produce HNO3 

 
Å Biological N fixation ς accounts for 90% of N fixation; occurs when 

bacteria fix N2 into ammonia (NH3) 
 



Biological N fixation 

Å Accounts for most of the conversion of atmospheric N2 into 
ammonium 
 

Å Most bacteria that fix N are free-living in the soil while a few form 
symbiotic associations with higher plants such as beans and legumes 

 



The cereal-legume intercrop systems are one of the most 
important intercropping systems 


