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Climate change is defined as statistically significant variation in either state of the 
climate or in its variability, persisting for an extended period (typically decades or 
longer). Climate change may be due to natural internal processes or external 
forcing or to persistent anthropogenic changes in the composition of the 
atmosphere or in land use (IPCC, 2001). 
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Soil	Components



Biomolecules occurring in organisms and their 
preservation potential in terrestrial environments

Biomacromolecules  Occurrence   Preservation 
        potential 

Polysaccharides  All organisms   -/+ 
Proteins   All organisms     -/+  
Nucleic acids   All organisms    -/+ 
Waxes    Vascular plants  +/++ 
Resins, ambers  Vascular plants  ++/+++ 
Tannins/ph. Polymers Vascular plants  ++/+++ 
Melanins   All organisms    +++/++++ 
Lignins   Vascular plants  +++/++++ 
Sporopollenin   Vascular plants  ++++ 
Algaenan   Algae    ++++ 
Cutan    Vascular plants   ++++ 
Suberan   Vascular plants  ++++
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WHATEVER	YOU	THINK	THEY	ARE...

RANDOM	COILS...

FRACTALS...

MICELLES...

SUPERMIXTURES...

OR	JUST...

NOM...



I work with this 
molecule for my 
grad work and I 
figured I might as 
well get it etched 
into my skin so I 
can look at it and 
say, ‘Well, at least 
it hurt less than 
grad school at 
Cornell”. 

Corey writes, “I got this tattoo as an homage to the pain of my graduate work.  It’s a 
model of fulvic acid which is a representation of natural organic matter in the soil.

http://ccd.chemnetbase.com/AAA00.entry?parentCHNumber=BFG52&exno=BFG52#BFG52
http://ccd.chemnetbase.com/AAA00.entry?parentCHNumber=BFG52&exno=BFG52#BFG52
http://en.wikipedia.org/wiki/Humic_acid


Actinomyces coating tabular crystal

Bacteria 3.000.000 - 500.000.000 

Actinomycetes 1.000.000 - 20.000.000 

Fungi 5.000 - 900.000 

Yeasts 1.000 - 100.000 

Algae 1.000 - 500.000 

Protozoi 1.000 - 500.000 

Organisma Estimated number / g 

Nematodes 50 - 200 

a Other organisms of soil include viruses, artropodes and earthworms.



Total organic 

carbon in soil is 

estimated around 

2-3 ● 1012 t, that 

is 3 to 4 times 

the atmospheric C 

and 5 to 6 times 

the C of 

terrestrial 

biomass.
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General properties of SOM in the Soil 

Property    Remarks     

Colour    Dark colour of soils,  
    warming 
Water retention   Up to 20 times in  
    weight, drying and   
   shrinking 
Mineral associations  Cements, aggregates,  
    structure. Gas    
   exchanges 
Water solubility   Very limited. Little  
    OM is lost by leaching



Property    Remarks     

Mineralization    Source of macro- and 
     micro-nutrients for 
     plants 
Cation exchange    20 to 70% of soil CEC 
Chelation    Stable complexes with 
     polyvalent cations 
Buffer action   Uniform pH in soil 
Xenobiotic assoc.   Bioactivity,   
     persistence and  
     biodegradability

General properties of SOM in the Soil 
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(Scharlemann et al., 2011 - UNEP WCMC Updated Global Carbon Map. United Nations 
Environment Programme - World Conservation Monitoring Centre)



Carbonio organico (%) 
nell’orizzonte superficiale 
(0-30 cm) dei suoli europei

Relazione tra il contenuto in 
SO nei suoli ed il clima





Assessing Soil Organic Carbon sequestration and its climate change (CC) 
mitigation potential at global scale. 

Adopting SOC sequestration measures at global scale takes time.  
Given a Global adoption of soils as C sink, SOC will increase only till a 
new equilibrium is reached. 

The combination of the 2 processes into a model predicts that C stored in 
soils at global level from 2014 to 2100 ranges ONLY between 1.9-3.9 
% of the total anthropogenic emissions in the remaining 86 years. Really 
limited mitigation potential. 



(from Scharlemann et al., 
2011 - UNEP WCMC Updated 

Global Carbon Map)

Jones et al., 2004 - The 
map of organic carbon in 

topsoils in Europe, Version 
September 2003. 

European Soil Bureau 
Research Report No.17, 

EUR 21209 EN.

(Source: http://newswatch.nationalgeographic.com/2009/11/12/boreal_forest_protection/)

OM = f (climate)time, vegetation, topography, parental material, … human activity



soil quality = f (OM content)



human, animal and 
plant health

SOIL 
QUALITY ?



(Source: http://www.eea.europa.eu/publications/ghg-trends-and-projections-2012)

 Share of  GHG emissions by main source and by gas in 2010  

C sink C source

Soil (OM) conservation vs. agriculture …



Soil Organic Matter

Sustainable agriculture

=

What we do  
(… or could do!!!)



REDUCE 
PLOWINGS



Tillage effects on soil organic C with depth: 14 yrs continuous 
corn, Mg C/ha/cm (from Huggins et al., 2007)

Depth No-till Plow

0-7.5 4.49 3.89 **

7.5-15 4.94 4.66

15-30 3.51 3.17

30-45 2.45 1.48 **

0-45 (Mg/ha) 160 133 **

Soil C sequestration rates for 15 years (Mg C/ha/y) (from Nicoloso et al., 2008)

Depth 
(cm)

Fertilizer N 
Tilled

Fertilizer N 
No-till

Manure N 
Tilled

Manure N 
No-till

0-5 0.161 0.351 0.393 1.182

0-15 0.254 0.497 0.792 1.402

0-30 0.336 0.717 0.839 1.387

0-60 0.146 1.325 0.733 1.141



C Sequestration

Biomass C in forest 
- species selection 
- site preparation 

-  nutrient and stand  
management

Wetland Management 
- water table management 

- sediment control 
- plant biodiversity

Soil C farming 
- erosion control 

- conservation tillage 
- cover cropping 

- manuring 
- agro-forestry 

- controlled grazing 
- biochar

Biofuel plantations 
- species selection 

- soil type 
- composting by-products

Technological options 
for C sequestration in 
terrestrial ecosystems

INCREASE OM IN SOILS



Cover crops

Bio-fuel plantations 

(nofood species; e.g., 
Arundo donax, Miscanthus)

Utilization of farm residues 
(high C/N ratio)

//upload.wikimedia.org/wikipedia/commons/b/b0/Arundo.donax2web.jpg
//upload.wikimedia.org/wikipedia/commons/6/69/Miscanthus_sinensis_ja01.jpg


amendment

Improvement of  soil quality: 
 - OM content; 
 - porosity; 
 - water holding; 
 - nutrient retention; 
 - etc

Waste

resourceproblem!!!

… Correct and “safe” use of  organic wastes: composting



• Lignin 
• Cellulose

ORGANIC 
WASTES

• H2O 
• CO2 

• Heat

Humic-like substances 
•  HA-like 
•  FA-like

Nutrients 
•  N-NO3 

•  N-NH4 
•  P

COMPOST

• Sugars 
• Proteins 
• etc

MICROORGANISMS

O2

Microbial activity 
(heat + H2O + CO2) Compost Mix

 O2

 (H2O)v, CO2 , NH3 , … Stable OM“Fresh” OM



Organic waste treated in Italy in 2006: ca. 3,200,000 t  
(source: Rapporto Rifiuti APAT-ONR 2007)

(Source: ISPRA – Waste report 2009)



Compost vs. peat

Peat moss
Optimal 
growing 
media

Green 
compost

Biowaste 
compost

Bulk density (g cm-3) 0.06-0.1 0.15-0.50 0.35 0.40

Total porosity (% vol:vol) >96 >85 82.3 81.3

Air capacity (% vol:vol) 45-50 20-30 28.9 29.9

Available water (% vol:vol) 24-40 24-40 13.8 15.7

pH 2.5-3.5 4.5-6 7.8 8.1

EC (mS m-1) 200-1600 <2100 980 3730

CEC (meq l-1) 148.1 100-1000 236.7 173.5

35 47 51 47
67 85

135
177

209
262

287
313

344
399384

444421 408
458

550
508

0

100

200

300

400

500

600

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

 .000 t IMPORT OF PEAT MOSS 
AND GROWING MEDIA 

(1979-1999)



In agricultural soil and clean fill, biosolids composts with 15% 

coarse and 18% ground drywall improved native grass response, 

particularly biomass, relative to biosolids compost without drywall. 

Drywall manure composts reduced native grass response relative 

to manure compost without drywall. 



Greenhouse research shows that drywall composts have potential as 
soil amendments for reclamation, especially to low quality soils. 
Drywall waste added to biosolids or manure during composting had no 
detrimental effects on H. vulgare, A. trachycaulum and F. saximontana.  

Drywall biosolids compost enhanced native grass response, 
particularly biomass. Response of native grasses to drywall manure 
composts were less favourable than to manure compost without drywall. 
High electrical conductivity in drywall manure compost may prevent its 
use in reclamation.  

Compost rate significantly affected plant biomass in agricultural 
soil and reduced performance of native species at highest 
application rates suggesting a threshold beyond which conditions are 
compromised for revegetation. Grinding drywall does not significantly 
improve plant performance and use of coarse drywall would eliminate the 
need for specialized equipment and resources. 

Drywall composts are appropriate soil amendments for 
establishment of native and non native plant species on 
reclamation sites but substrate properties and plant species tolerances 
will need to be considered in developing the drywall composts.



Evaluate soil quality under different practices of bio-physical 
amelioration which involve the soil-plant system (almond 
trees) and microorganism-manure (Pantanello farm). 

Two types of fertilization (mineral and organic) and three slope 
gradients (0, 2 and 6%), in order to evaluate the effects of 
management practices in resisting soil erosion.



The organic treatment affected soil microbiological and physicochemical 
properties by increasing soil nutrient availability, microbial activity, and 
improving soil structure.  

The consistently higher values of hydrolytic enzyme activities often 
observed in the presence of plants and on the 0 and 2% slopes, 
suggested the stimulation of nutrient cycles by tree roots, which improve 
the conditions for soil microorganisms in carrying out their metabolic 
activity. In the 6% slope and, in particular, in the mineral fertilizer  
treatment, soil metabolism was lower as suggested by the 
dehydrogenase activity which was 50% lower than that found in the 0 
and 2% slopes (related to a slowdown in the nutrient cycling and organic 
carbon metabolism). However, on this slope, in both mineral and organic 
treatments, a significant stimulation of hydrolytic enzyme activities 
and an improvement of soil structure were observed with plants 
compared to the control soil.  

The combination of organic fertilization and almond trees resulted 
effective, also in the highest slope, in mitigating the degradation 
processes through the improvement of  chemico-nutritional, biochemical 
and physical soil properties



… Correct and “safe” use of organic wastes: olive mill wastewaters

❖ Dark-brown color 
❖ pH between 4.8 and 5.5 
❖ Residual dry matter content, 10-17%: 

➢ 85-88% of the residual dry matter is composed of OM 
➢ 12-15% of the residual dry matter is inorganic 

materials (very rich in P and K)

Traditional Mills



… Correct and “safe” use of organic wastes: biochar(s)



Biochar system components (Lehmann 
and Joseph, 2009).

by-product / waste



(from Xu et al., 2012)

Biochar features 
are extremely 
variable, 
depending on …



Can biochar 
substitute 
natural OM? 

How stable 
is biochar?



Stability ?

Toxicology (PAH) ?

Structure ?
Definition ?

…

Nutrients (N cycle) ?

C storage?
Soil fertility ?

Plant yield ?

Erosion ?

Soil water ?
Temperature ?…

Surface ?
Porosity ?

Mineral  interaction ?

Hydrophobicity ?

…

GHG-emission ?

Soil flora and 
fauna ?

Pathogens ?

Biodiversity ?
…

… still several open questions !!!

Can biochar replace soil organic matter always and everywhere?



Soils of the world’s agroecosystems are depleted of their soil organic 
carbon (SOC) pool by 25–75% depending on climate, soil type, and 
historic management.  

Soils with severe depletion of their SOC pool have low agronomic 
yield and low use efficiency of added input. Conversion to a restorative 
land use and adoption of recommended management practices 
(RMP), can enhance the SOC pool, improve soil quality, increase 
agronomic productivity, advance global food security, enhance soil 
resilience to adapt to extreme climatic events, and mitigate climate 
change by off-setting fossil fuel emissions. 



The strategy is to create positive soil C and nutrient 
budgets through adoption of no-till farming with 
mulch, use of cover crops, integrated nutrient 
management including biofertilizers, water 
conservation, and harvesting, and improving soil 
structure and tilth. 

Thus, the objective of this article is to describe 
potential and challenges of C sequestration in soils 
of the world’s agroecosystems. 

The strategy is to increase soil resilience, 
enhance adaptation to extreme events, and 
mitigate climate change by off-setting emissions 
through soil C sequestration.





The technical potential of carbon (C) sequestration in soils of the 
agroecosystems is 1.2–3.1 billion tons C/yr.  
Improvement in soil quality, by increase in the SOC pool of 1 ton C/
ha/yr in the root zone, can increase annual food production in 
developing countries by 24–32 million t of food grains and 6–10 
million t of roots and tubers.



Descriptions of agricultural recommended 
management practices (RMPs) for mitigation of 
climate change.



Soils are an important sink of CO2 and CH4 through conversion to a 
restorative land use and adoption of RMPs which create positive C and 
elemental (N, P, S, K) budgets.  

Recarbonizing the pedosphere with a C sink capacity of > 2 billion 
tons C/yr for 25–50 years can have a strong impact on the global 
carbon cycle. Increasing the C pool of the pedosphere by 10% over the 
21st century (+250 billion tons) can create a drawdown of 110 ppm of 
atmospheric CO2 abundance.  

Being the foundation of agrarian societies, soil restoration through 
sustainable management is the engine of economic development, 
eliminating poverty, enhancing political stability and transforming rural 
communities in developing countries. Trading C credits would create 
another income stream for farmers.  

If soils are not restored, crops will fail even if rains do not; hunger will 
perpetuate even with emphasis on biotechnology and genetically 
modified crops; civil strife and political instability will plague the 
developing world even with sermons on human rights and democratic 
ideals; and humanity will suffer even with great scientific strides. 



Humans have been recycling organic matter (livestock manure, human waste) 
through soils for centuries, with beneficial effects on soil fertility and crop yield 
(enhancing chemical, physical and biological properties of degraded soils), so the 
idea is not new.  

However, organic amendments are often negatively viewed as waste products 
with undesirable features (odour, excessive N and P, HMs, pathogens, toxins, 
etc.), potentially transportable to surface or ground waters by runoff or leaching. 
Many view such amendment practices as merely using soil as a dumping 
ground for agricultural or industrial waste products.  

Soils are resilient and can benefit from diverting these products from increasingly 
burdened landfill sites.









More decomposable organic amendments may have more intense but 
shorter-term effects, while recalcitrant materials may be less intense 
but longer lasting. However, in reclamation, no one solution fits 
all, and research should be carried out to test various organic 
amendments in as many soils, climates and end land uses as possible. 

Future research on the role of organic amendments in land reclamation 
could focus on:  
• Single high rates of organic amendments vs. repeated low rates over 

several years.  
• Soil overloading with nutrients or contaminants especially as it relates 

to water quality. 
• Nutrient dynamics, such as P release and immobilization. 
• Soil genesis mechanism following organic amendment incorporation, 

such as creation of new organomineral complexes. 
• Economic analyses on long distance transport of organic amendments 

for reclamation purposes. 
• Life cycle analyses, carbon footprints and overall impacts on 

greenhouse gas emissions from utilization of organic amendments in 
reclamation. 



The use of forest floor material (FFM) as an organic amendment resulted 

in a greater percent cover of upland vegetation and placed the soil 

microbial community on a faster trajectory towards ecosystem recovery 

than did the use of a peat amendment. The soil microbial composition 

within the reclaimed sites exhibited a greater response to changes in 

moisture than did the soil microbial communities from natural sites. 



Importance of native organic matter and vegetation for reconstructing 
soils. 

The use of Forest Floor Material as a soil organic amendment has 
been shown to be advantageous in terms of native upland forest 
vegetation establishment and survival when reclaiming sites in 
northeastern Alberta.  

The use of FFM also promoted the development of soil microbial 
communities more similar to those found on natural forest stands than 
did the use of organic materials salvaged from surrounding peatlands.  

Thus, the accelerated  development of the “natural” soil microbial 
communities may be linked to the similarities in plant communities 
found between these plots and the natural forest reference stand. 

BUT the time needed to reach ecosystem recovery at these sites will 
extend well beyond a decade, or alternatively, suggests that soil 
microbial composition may never return to pre-disturbance composition.



Political stability and global 

peace are threatened because 

of soil degradation, food 

insecurity, and desperateness. 

The time to act is now.  

(Lal, 2008) 
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