SOIL CHEMISTRY���Agriculture

the production of food by growing crops & livestock





Environmental aspects of agriculture:



displacement of native plants

destruction of wildlife habitat

erosion

pesticide pollution



remove CO2

sources of renewable resources of energy







��					agriculture





stock farming						crop farming

								(plant photosynthesis)





goal ===> to increase yield (bioengineering, genetic engineering, pesticides)





hybrids:

off spring of crosses between two different true-breeding strains.



Effects of the stock farming:



deforestation

CH4 emission







SOIL:

site for food production

receptor of pollutants



SOIL SOLUTION:

the aqueous portion of soil that contains dissolved matter from soil chemical & biochemical processes & from exchange with the atmosphere & biosphere





transport chemical species

provide contact between the solutes & the soil particles

essential pathway for the exchange of plant nutrients between roots & solid soil



soil solution is bound in capillaries as surface film



Components:

H+, Ca+2, Mg+2, K+, Na+, Mn+2, Al+3, Fe(OH) +, HCO3-, CO32-, HSO4-, SO42-, Cl-, F-





ACID-BASE REACTIONS IN SOILS



Soil}Ca2+ + 2 CO2 + 2H2O ---> Soil}(H+}2 + Ca2+ (root) + 2HCO3-



production of mineral acid



	FeS2 + 7/2O2 + H2O ---> Fe2+ + 2H+ + 2SO42-

						-----------------------------

					acid sulfate soil Òcat claysÓ



adjustment of soil acidity

 

(restoring too acidic soils)



Soil}(H+)2 + CaCO3 ---> Soil}Ca2+ + CO2 + H2O







restoring too basic soils



2Fe+3 + 3 SO42- + 6 H2O ---> 2 Fe(OH) 3(s) + 6 H+ + 3 SO42-



S + 3/2O2 + H2O ---> 2H+ + SO42-





ION EXCHANGE REACTIONS

�

�CEC:    10- 30 meq/100g



depends on pE and pH



				make  elements available to plants!



Soil}Na+ + K+ === Soil}K+ + Na+







exchange constants, Kc













NK, N Na - equivalent ionic fractions of K and Na bound to soil



[Na+], [K+] - concentrations of ions in the surrounding soil water





ANION EXCHANGE





low pH











high pH































MACRONUTRIENTS IN SOIL





��					nutrients





macro-									micro-

occur in substantial					essential at very low levels

levels in plants

��



C, H, O, N, P, K, Ca, Mg, S





��Ca deficiency ---> leaching by carbonic acid



				acidic soil ( H+ vs. Ca2+ )



alkaline soils

(Na+, Mg2+, K+ vs Ca2+ )









�Mg deficiency ---> Ca/Mg too high





			K+/Mg too high







S (SO42- ) (component of amino acids)

�



		from atmosphere - SO2



H2S -toxic to plants





NITROGEN



source -soil



�organic N (90%)



		hydrolysis

�NH4+



		oxidation

NO3 -



Soil humus -reservoir of N for plants





excess nitrogen <=== heavily fertilized soil

��				drought



dangerous to animals and people



NITROGEN FIXATION

process by which atmospheric nitrogen is converted to nitrogen compounds available to plants





human activities:

fertilizer manufacture

fuel combustion

cultivation of nitrogen containing plants -legumes



LEGUMES

�contain on their root (nodules) bacteria capable of fixing atmospheric nitrogen



soybeans, alfalfa, clover

					symbiotic combination with plant





nitrate pollution:

fertilizers

feedlots



danger to ruminant animals

stomach reaction:



low pE : NO3 - + 2 H+ + 2 e ---> NO2- + H2O

					       toxic





feedlot waste ===> aminonitrogen, NH2CONH2 (urea)





RNH2 + H2O ---> R-OH + NH3 (NH4+)



NH3 + 2O2 ---> H+ + NO3- + H2O







PHOSPHORUS



H2PO4-, HPO42-





acidic soils: 

ortophosphate ions precipitated or sorbed by Al(III) and Fe(III)

alkaline soils:



3HPO42- + 5CaCO3(s) + 2 H2O ---> Ca5(PO4) 3(OH)(s) + 5HCO3- + OH-







K -potassium



activates enzymes in plants

balance water

essential for carbohydrate transformation







MICRONUTRIENTS IN SOIL





Boron, chlorine, copper, iron, manganese, molybdenum, zinc (toxic at higher levels)



Boron - substituted in some micas

copper - substituted in olivenes pyroxenes

molybdenum - MoS2

Zinc - substituted in oxides





FERTILIZERS





major components: N, P, K (Mg, SO42- , micro-)





Designation of fertilizers:



���6 - 12 - 8





			N %			P2O5 		K2O





�Farm manure: ===> 0.5 - 0.24 - 0.5





must undergo biodegradation to release NO3-, HxPO4x-3, K+





PRODUCTION OF FERTILIZERS:



Haber process:



N2 + H2 	(Cat., 500oC,  1000 atm) ------> NH3





Liquid fertilizer:



NH3(g) +water ---> NH2(aq)



NH3(aq) + H2O ---> NH4 +  + OH-





NH4NO3 - ammonium nitrate



NH3 -----> N2O5 ---> HNO3  + NH3 -----> NH4NO3

								(explosive)



UREA













CO2 + 2NH3 ---> CO(NH2) 2 + H2O





sodium nitrate

calcium nitrate

potassium nitrate

ammonium phosphates

ammonium sulfate

WASTES & POLLUTANTS IN SOIL



SO2 ---> SO42-



NO, NO2 ---> NO3-



CO ---> CO2



particulate Pb

hazardous wastes

organic waste

sewage

VOCs-benzene, toluene, xylenes, dichloromethane

PCBs (Polychlorinated Biphenyls)



POLLUTANT BOND TO HUMUS:



















2,4 - dichlorophenol				4-chloroaniline

��

					+ humus ===> bound residues resistant

						to biological and chemical attack





PESTICIDES:



degradation (adsorption by soils) depends on:

solubility

volatility

charge

polarity

molecular structure

size

��				Adsorption

�





physical			hydrogen bonding		ion exchange

(van der Waals)







���				Degradation





chemical		photochemical reactions		biodegradation





















Photochemical reactions



pesticides + hu ----> isomers of pesticides





Biodergadation:



rhizosphere

is the layer of soil in which plant roots are particularly active







				synergy

plants	<-------------------------------> microorganisms







SOIL LOSS & DEGRADATION





desertification:

process associated with drought & loss of fertility by which soil becomes unable to grow significant amounts of plant life



Influenced by:

erosion

climate variations

water availability

loss of fertility

loss of soil humus

detoriation of soil chemical properties







Deforestation ===> extinction of species, erosion, loss of nutrients





��				Soil erosion



	water								winds





Soil conservation:

terracing

contour plowing

periodical planting

no-till agriculture

cultivation of parennial plants





SOIL & WATER RESOURCES:



conditions of the soil determines the fate of the water & how much is retained







watershed:

land area upon which rainwater falls:

collects water

determines the direction & fate of flow

determines the degree of water infiltration into groundwater aquifers



GENETIC ENGINEERING & AGRICULTURE



DTA modifications

selective breeding

hybridization

cross-pollination



Possible ÒtechnologiesÓ



development of plants fixing their own nitrogen

increase in efficiency of photosynthesis

resistance to viruses





Agriculture and Health:



microelements

ÒcarcenogenicÓ soils & plants

chemical contamination
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