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Critical Zone ObservatoriesCritical Zone ObservatoriesCritical Zone Observatories…Critical Zone Observatories…

Platform forPlatform for
• research,

• education – training and

• technology demonstration and 
outreachoutreach



Research



High frequency sampling – During flood from schists



C lti t d / i i ti  

2400 yr + 400 yr old

Cultivated w/ irrigation, 
10 m, Fluvisol

Terrace w/ olive 
trees, 465 m,
Cambisol

1400 yr + 400 yr old 

Cultivated w/ irrigation, 
9 m Fluvisol

Terrace w/ permanent 
grassland and sparse 

600 yr + 100 yr old

g a a d a d pa
tree/shrub cover, 1065 
Cambisol

• Pedological (profile description), • Textural and physical (water stable 
aggregates  S-index)  

20 years old olive trees, 
550 m, Leptosol

• Geochemical (including Rare Earth 
Elements and other trace elements) 

aggregates, S-index), 

• Mineralogical and chronological analysis 
(optical luminescence dating). 



Koiliaris-CZO
Soil SurveysSoil Surveys

Stamati et al., 2011Ece et al., 2011



Biodiversity Survey - Analyses

• Physico-chemical properties: texture, bulk
d it XRF H EC TOC TN NO N d

Biodiversity Survey Analyses

density, XRF, pH, EC, TOC, TN, NO3-N, and
NH4

+-N
• Biochemical: Potential nitrification rate; net

nitrification rate; net mineralization ratenitrification rate; net mineralization rate
• Molecular: qRT-PCR of Bacteria, Archaea

and Fungi, α-Proteobacteria, β-
Proteobacteria, Actinobacteria, Firmicutes,Proteobacteria, Actinobacteria, Firmicutes,
Bacteroidetes, Acidobacteria

• Molecular analyses of N and C cycling
genes: qRT-PCR of laccase, nirK, nirS, nosZ,g q
archaeal-amoA, and bacterial-amoA genes



Hydrologic and Nutrient 
Modeling with SWATModeling with SWAT



Climate Change Impacts

10% decrease in precipitation, 
4% decrease in ET and
19% decrease in Q-

Climate Change 1976-2010 – Increase of daily minimum temperature by 2-3 οC

9  cr a  n Q
Comparison 2030-2050 with 2010-2020



CAST Model – Simulation Results
C and WSA distributions  GRC and WSA distributions, GR



Education and Training



lT EC N F W k h   R  T  J l  2012SoilTrEC-NSF Workshop on Reactive Transport – July 2012



SoilTrEC-NSF Workshop
T h i l U i it  f C t  d P St t U i itTechnical University of Crete and PennState University

Advanced Education

Experiential Learning

Community Building 



Technology Demonstration Technology Demonstration 
and Outreach



Carbon Amendments Carbon Amendments ––
Soil Fertility and StructureSoil Fertility and StructureSoil Fertility and StructureSoil Fertility and Structure



Carbon Amendments Carbon Amendments ––
Soil Fertility 2012 ExperimentSoil Fertility 2012 ExperimentSoil Fertility 2012 ExperimentSoil Fertility 2012 Experiment

• 200 Kg N 
fertilizer/ha

• 50 t dry 
compost, manure 
or mixture /ha

• 16% higher 
production mixture 
vs fertilizervs fertilizer



Roadblocks to sustainabilityRoadblocks to sustainabilityRoadblocks to sustainability…Roadblocks to sustainability…
Closing the nutrient loop between Urban g p
and Peri-urban areas
• compost ing  of  b ioso l ids ,

• compost ing  of  organ ic  fract ion  of  mun ic ipa l  so l id  
wastes  vs energy  product ion ,

• co l lect ion  of  bu lk ing  agents  (wood tr immings)

• free  range  l i vestock  ra is ing  and  co l lect ion  of  an ima l  
excretaexcreta



Roadblocks to sustainabilityRoadblocks to sustainabilityRoadblocks to sustainability…Roadblocks to sustainability…
Energy Input on InvestmentEnergy Input on Investment
• fragmented farms,

m t  f m s (220 t t l  f m s 2 f l l  t im )• amateur farmers (220 total  farmers – 2 fu l l  t ime) ,

• maintenance of equipment and use of gasol ine

• approximate farming methods – use of fert i l izers,  
coffee shop knowledge



Roadblocks to sustainabilityRoadblocks to sustainabilityRoadblocks to sustainability…Roadblocks to sustainability…
Farming practicesg p
• l o s t  know ledge  and  exper ience  on  agroeco l og i ca l pr i nc i p l es  
of  farm ing ,

l ack  of  i n st i tut i ona l  support  ( i e  Ro le  of  M in i s try  of  • l a ck  of  i n st i tut i ona l  support  ( i e .  Ro le  of  M in i s try  of  
Agr i cu l ture  changed  from gu idance  and  sc ient i f i c  support  to  
t ransferr i ng  subs id ies ) ,

u se  of  compost  l ack  of  know ledge  and  t rust• use  of  compost  – l ack  of  know ledge  and  t rust

• att i tudes :  know- i t -a l l  ( I  have  the  expert i se )  and  no -r i sk  
( the  government  shou ld  te l l  me  what  to  do  and  f i nance  the  
change )  change )  



Roadblocks to sustainabilityRoadblocks to sustainabilityRoadblocks to sustainability…Roadblocks to sustainability…

Implementation Deficit of Policies



Roadblocks to sustainabilityRoadblocks to sustainabilityRoadblocks to sustainability…Roadblocks to sustainability…
Product Branding and MarketsProduct Branding and Markets
• luck of knowledge,

• distrust in col laboration ( ie cooperatives),

• small  farms (economies of scale) • small  farms (economies of scale) 

• bottom-up governance



Thank You


