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Conventional Agriculture

Sustainable Agriculture

It is based on chemical
fertilizers.

It aims to prevent soil erosion
and uses organic fertilizers.

It makes use of synthetic
chemical pesticides.

It adopts crop rotation and
biological pest control.

It uses conventional and
genetically modified seeds.

It does not use genetically
modified seeds.
It makes greater use of
renewable energy resources and
of native resources..

It depends on non-renewable
fossil fuels.
It generates significant
pollution of air and water, and
of GHGs.
It normally use antibiotics and
growth hormones.

It is oriented to the global
market.

It generates less pollution
of air and water and less
GHGs.
It does not use antibiotics
and hormones.
It is oriented to the local
market.

Share of global GHG emissions by sector, year 2000
Climate change and farming activity are interconnected with each other sector and
take place both on a global scale. Agriculture and food systems contribute
significantly to climate change, with about a third of the emissions of greenhouse
gases from agriculture directly (13%),
land-use change and forestry (18%)
Many scientific studies have
found that sustainable agriculture
(organic and integrated farming)
has many objectives aimed at
reducing and/or avoiding
environmental damage that can
contribute to reducing greenhouse
gases in the atmosphere and
increase the soil C stock through
various factors, including:
reduced energy input, use of
organic fertilizers, lower density
of livestock, efficient absorption
of nutrients, use of cover crops,
increase of biodiversity, etc.

The CARBON
Carbon (C): the building block of life. All living things are made of elements,
the most abundant of which are, oxygen (O), carbon (C), hydrogen (H), nitrogen
(N), calcium (Ca), and phosphorous (P). Of these, carbon is the best at joining
with other elements to form compounds necessary for life, such as sugars (and
other carbohydrates [Cx(H2O)x]), fats [CH3(CH2)xCOOH ], and proteins
[RCH(NH2)COOH]. Together, all these forms of carbon account for
approximately half of the total dry mass of living things.
Carbon (C): is also present in the Earth's atmosphere, soils, oceans, and crust.
When viewing the Earth as a system, these components can be referred to as
carbon pools (sometimes also called stocks or reservoirs) because they act as
storage houses for large amounts of carbon.
Carbon Pool can be then defined as "A reservoir with the capacity to store and
release carbon, such as soil, terrestrial vegetation, the ocean, and the atmosphere“
Any movement of carbon between these stocks is called flux.
In any integrated system, fluxes connect stocks together to create cycles and
feedbacks.

CARBON: pools and fluxes

1 petagram (Pg) = 1.000.000.000 t

Carbon Pools
Atmosphere
Plants
Soil organic matter
Oceans
Fossil deposits
Marine sediments and sedimentary rocks

Amount (Pg = 1015 gC)
578 (in 1700) - 766 (in 1999)
540 - 610
1500 - 1600
38.000 – 40.000
4000
66.000.000 – 100.000.000

CARBON: pools (soil, plants and atmosphere) and fluxes
An example of such a cycle is seen in figure where, carbon in the atmosphere is
used in photosynthesis to create new plant material.
On a global basis, this processes transfers large amounts of carbon from one pool
(the atmosphere) to another (plants). Over time, these plants die and decay,
are harvested by humans,
or are burned either for energy
or in wildfires.

A sub-cycle within the
global carbon cycle.
Carbon continuously moves
between the atmosphere, plants
and soils through photosynthesis,
plant respiration, harvesting, fire
and decomposition
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Agriculture contribution on greenhouse gas emissions
"NATURE International Weekly Journal of Science" published an article on
October 31st, 2012, referring at two reports (Vermeulen et al., 2012;Thomton, 2012)
in which it is showed that the global food system, from fertilizer manufacture
to food storage and packaging, is responsible for up to one-third of all
human-caused greenhouse-gas emissions, according to the latest figures from
the Consultative Group on International Agricultural Research (CGIAR).
Substantially, it means that the contribution from agriculture in greenhouse
gas emissions is one-third of total anthropic activities.
From another side, it means also that the Agriculture sector plays a very
important role for what concern the mitigation of greenhouse gas emissions
by the anthropic activities.
Therefore, according to CGIAR, the reducing of agriculture’s carbon
footprint is central to limiting climate change. So, to help to ensure food
security, farmers will probably have to switch the applied farming practices.
Vermeulen S. J., Campbell B. M., Ingram J.S.I., 2012. Annu. Rev. Environ. Resour. 37, 195–222.
Thornton P., 2012. Recalibrating Food Production in the Developing World: Global Warming Will Change More Than Just the Climate.
CCAFS Policy Brief no. 6. (CGIAR Research Program on Climate Change, Agriculture and Food Security.

Organic Agriculture in mitigating the greenhouse gas emissions [a]
The International Federation of Organic Agriculture Movements (IFOAM) since
2004 has evidenced the importance of organic agriculture in the panorama of
climate change with the publication “Kotschi J, Müller-Sämann K , 2004. The Role of
Organic Agriculture in Mitigating Climate Change - a Scoping Study. IFOAM, Bonn.”
IFOAM evidenced that agriculture is a major contributor to emissions of methane
(CH4), nitrous oxide (N2O), and carbon dioxide (CO2).
One-third of all carbon dioxide emissions come from changes in land use (forest
clearing, shifting cultivation and intensification of agriculture). Approximately
two-thirds of methane and most of nitrous oxide emissions originate from
agriculture

In this study commissioned by IFOAM it have been discussed the potentiality of
Organic Agriculture both to avoid and to sequester Greenhouse Gases (GHGs),
and made comparisons with conventional agriculture.
In the second part of the study it has been described how Organic Agriculture can
be considered within the implementation mechanisms of the Kyoto Protocol and it
has been showed that organic agriculture can play a role both for reducing GHG
emissions and to sequester carbon.

Organic Agriculture in mitigating the greenhouse gas emissions [b]
Generally, the Agriculture offers two options to reduce GHG significantly:
- The first is to reduce emissions and, thereby, to minimize the production of
atmospheric CO2, CH4 and N2O. Because the agriculture shares this emission
potential reduction with industry and other sectors.
- The second option consists in systematically sequestering carbon dioxide in soils
and in plant biomass.
Organic Agriculture can significantly reduce carbon dioxide emissions, and as a
viable alternative to shifting cultivation, it offers permanent cropping systems
with sustained productivity. Also in the intensive agricultural systems, it uses
significantly less fossil fuel in comparison to conventional agriculture.
This is mainly due to the following factors:
- Soil fertility is maintained mainly through farm internal inputs (organic manures,
legume production, wide crop rotations, intercropping, reduced tillage, etc.);
- Energy-demanding synthetic fertilizers and plant protection agents are rejected;
- External animal feeds, often with thousands of transportation miles, are limited
to a low level.

Organic Agriculture in mitigating the greenhouse gas emissions [c]
The variants agronomic techniques applied in Organic Agriculture have in most
cases a more favorable energy balance and there are many reasons for organic
farmers to do more to further reduce their dependency on fossil fuel and pay
attention to the energy use on the food distribution system.
In avoiding methane, Organic Agriculture has generally a superior impact on
reduction. Firstly, through the promotion of aerobic microorganisms and high
biological activity in soils, the oxidation of methane can be increased. Secondly,
changes in ruminant diet can reduce methane production considerably.

Nitrous oxides are mainly due to overdoses and losses on nitrogen which are
effectively minimized in Organic Agriculture because:
- no synthetic nitrogen fertilizer is used, which clearly limits the total nitrogen
amount and reduces emissions caused during the energy demanding process of
fertilizer synthesis;
- agricultural system production with more functional nutrient cycles minimizes
losses;
- animal stocking rates are limited;
- dairy diets lower protein and higher fiber determine lower emission values.

Organic Agriculture in mitigating the greenhouse gas emissions [d]
The particular C sequestration potential determined by more functional nutrient
and energy cycles in Organic Agriculture is achieved through improved
agronomic practices in cropland management and in agroforestry.
Various long term trials showed that the regular addition of organic materials to
the soil is the only way to maintain or even increase soil organic carbon (SOC).
The systematic development and application of agronomic techniques concerning
the organic fertilization and the crop residues management constitute the focus
point of Organic Agriculture. The key issues are:
- to optimize the quantity, quality, modality, moments of application of organic
fertilizers (a close integration of crop production and animal husbandry and the
systematic recycling of organic waste are the basic elements);
- to improve organic waste processing methods to obtain high quality of organic
fertilizers (the losses are minimized and a higher proportion of the solid humus
fraction is achieved with the composting of animal and plant residues in the
humification process);
- long and diversified crop rotations, intercropping, legume crop, adoption of
cover crops are further characteristics of Organic Agriculture which contribute
in increasing of SOC.

Organic Agriculture in mitigating the greenhouse gas emissions [e]
Some agronomic techniques previously mentioned are often referred to as
recommended management practices to any type of agriculture, but Organic
Agriculture is unique in the sense that it offers a strategy that systematically
integrates most of them in a farming system. This strategy comprises:
- superior standard rules in their impact on climate protection;
- well functioning mechanism of inspection and certification which guarantees
conformity of the organic principles and standards.
This characteristic of the system has made the Organic Agriculture accountable
and a generator for innovation.

Substantially, Organic Agriculture has all the characteristics for contribute
significantly in reducing the GHGs released and in sequestering the carbon in
soils and biomasses, which make the Organic Agriculture superior to the
conventional.
This is very important aspect as the capacity of Organic Agriculture to contribute
in the mitigation of climate change can be considered as an significant ancillary
benefit to its primary goal of sustainable land use achieved by increasing in soil
productivity which consequently determines high production of food quality and
security , biodiversity conservation and many other benefits.

Fossil energy consumption (inputs) in organic and conventional agricultural systems

Country

farm/crop level

Germany
Italy
Germany
UK
Italy
Italy
Denmark
Denmark
Denmark
Italy
USA

Farm
Farm
Farm
Farm
Farm
Crop (herbaceous)
Crop (Grain)
Crop (Fodder beets)
Crop (Clover-Grass/alfalfa)
Experimental field (wheat)
Experimental field (apples)

Organic
Conventional Reference
(GJ ha-1 y-1) (GJ ha-1 y-1)
[1]
6.8
18.9
[2]
13.0
17.6
[3]
12.9
19.4
[4]
3.3
9.3
[5]
16.4
18.9
[5]
8.2
17.3
[6]
8.5
12.1
[6]
15.9
20.1
[6]
9.9
20.3
[7]
8.0
21.3
[8]
37.4
49.5

1. Haas, G., and Köpke, U. 1994, Vergleich der Klimarelevanz Ökologischer und Konventioneller Landbewirtschaftung, Studie
(Studie H) im Auftrag der Enquetekommission des Deutschen Bundestages ”Schutz der Erdatmosphäre”, Economia Verlag.
2. Campiglia, E., Caporali, F., Tellarini, V., and Del Chicca, M. 1995, Riv. di Agron., 29 (3 Suppl.), 358-365.
3. Kalk, W.D., Heldt, S., and Hülsenbergen, K.J. 1996, Energiebilanzen im Ökohof Seeben und Vergleich mit anderen Standorten. In:
Diepenbrock, W., and Hülsenberger, K.J. (eds). Langzeiteffekte des ökologischen Landbaus auf Fauna, Flora und Boden, 59-69.
4. Lampkin, N. 1997, Organic Livestock Production and Agricultural Sustainability. In: Resource use in Organic Farming
Proceedings of the Third ENOF Workshop: Ancona 5-6 June 1997, 321-330.
5. Mancinelli, R., 2000, Indicatori di sostenibilità per i sistemi agricoli aziendali e colturali. Ph.D. Thesis in Environmental Science,
University of Tuscia, Viterbo.
6. Refsgaard, K., Halberg, N., and Kristensen, E. S. 1998, Agricultural Systems 57(4), 599-630.
7. Campiglia, E., Caporali, F., and Mancinelli, R. 1999, Agricoltura Ricerca, 183, 97-104
8. Reganold, J.P., Glover, J.D., Andrews, P.K., and Hinman, H.R. 2001, Nature, 410, 926-30.

Carbon sequestration in organic and conventional farming systems
as results of different crop rotation

Processes and factors affecting soil carbon
in the agroecosystems
In the agroecosystems,
agronomic management and
land use act to modify the
soil organic matter content
(by residues production,
residues management,
fertilizer application, crop
selection, yield harvest)
and its decomposition rate
(by soil microclimate
conditions modification
through soil tillage,
fertilizer application,
irrigation, crop selection,
and mulching). Agricultural
practices management
choices can affect the fate
of soil organic carbon with
the consequence of increase
in soil organic matter or soil
respiration.

Factors affecting soil carbon in the agroecosystems: Soil Tillage [a]
Soil tillage means all of those operations involving mechanical soil disturbance (as plowing,
tilling, disking, and similar), which affects directly (fuel use) and indirectly (alteration of
chemical and physical soil characteristics, and of living conditions for biota) CO2 emission.
Many studies during the last years confirm that soil tillage produces a soil microenvironment
favorable for accelerated microbial decomposition of plant and animal residues with
consequences of more CO2 emission.

Factors affecting soil carbon in the agroecosystems: Soil Tillage [b]
CO2 emission in tilled and no-tilled so
Site (crops)
Soil management
Argentina (wheat/soya)
no-tillage
-1
-1
[t C ha yr ]
tillage
Minnesota (spring wheat), immediately after tillage
no-tillage
-2 -1
[g CO2 m h ]
tillage
Minnesota (spring wheat), 55 hours after tillage
no-tillage
-2 -1
[g CO2 m h ]
tillage
Sidney (winter wheat and native grass), annual average
no-tillage
-1 -1
[kg CO2 ha d ]
tillage
Canada (Continuous Wheat)
no-tillage
-1
[t C ha ]
tillage
Canada (Fallow-Wheat)
no-tillage
-1
[t C ha ]
tillage
Spain (barley)
no-tillage
-1
-1
[t C ha yr ]
tillage
Florida (sugarcane), 42 days after tillage
no-tillage
-2 -1
[µmol CO2 m s ]
tillage
Brazil (sugarcane), 27 days after tillage
no-tillage
-2 -1
[g CO2 m h ]
tillage
USA (Barley)
no-tillage
-2 -1
[kg CO2-C ha d ]
tillage

CO2 emission
11.5
11.6
0.7
29.1
0.2
2.0
6.9
20.1
2.87
3.66
2.57
2.86
6.2
7.9
8.9
26.99
0.77
2.83
160
246

Reference
[1]
[2]
[2]
[3]
[4]
[4]
[5]
[6]
[7]
[8]

[1] Alvarez, R., Santanatoglia, O.J., and Garcia, R. 1995, Soil Use Manage., 11(2), 45.
[2] Reicosky, D.C. 1997, Nutr. Cycl. Agroecosyst., 49, 273-285.
[3] Kessavalou, A., Mosier, A.R., Doran, J.W., Drijber R.A., Lyon D.J., and Heinemeyer, O. 1998, J. Environ. Qual., 27, 1094-1104.
[4] Curtin, D., Wang, H., Selles, F., McConkey B.G., and Campbell, C.A. 2000, Soil Sci. Soc. Am. J., 64, 2080-2086.
[5] Sanchez, M.L., Ozores, M.I., Colle, R., Lopez, M.J., De Torre, B., Garcıa, M.A., and Perez, I. 2002, Chemosphere, 47, 837.
[6] Morris, D.R., Gilbert, R.A., Reicosky, D.C., and Gesch, R.W. 2004, Soil Sci. Soc. Am. J., 68, 817-826.
[7] La Scala, N.Jr., Bolonhezi, D., and Pereira, G.T. 2006, Soil Till. Res. 91, 244-248.
[8] Sainju, U.M., Jabro, J.D., and Stevens, W.B. 2006, Proceedings Workshop on Agricultural Air Quality - State of the Science, June 5-8, Potomac, Maryland, USA, 1086-1098.

Factors affecting soil carbon in the agroecosystems: Soil Fertilization [a]
Particularly in the conventionally managed agroecosystems, chemical fertilizer are very
commonly used to maintain high crop yields, nevertheless, the impact of their use on C budget
can be strongly negative to the environment due to direct or indirect CO2 emissions.
It has been estimated that carbon emission for production, transportation, storage and transfer
of chemicals fertilizers varies between 0.9 and 1.8 kg C per kg nitrogen, between 0.1 and 0.3
kg C per kg of phosphorus and between 0.1 and 0.2 kg C per kg of potassium.

Factors affecting soil carbon in the agroecosystems: Soil Fertilization [b]

CO2 emission in fertilized and unfertilized soils
Site (crop)
California (ponderosa pine)
[kg C-CO2 m-2 yr-1]
Scotland (Barley) 86 days period
[kg C ha-1]

Massachussetts (pine stand)
[g C-CO2 m-2 h-1]
Massachussetts (hardwood stand)
[g C-CO2 m-2 h-1]
UK (grass)
[t C ha-1 yr-1]

Fertilization
CO2 emission References
unfertilized
3.0
-1
-1
(NH4)2SO4 (100 kg N ha yr )
3.0
[1]
-1
-1
(NH4)2SO4 (200 kg N ha yr )
4.6
no-tillage - unfertilized
2200
-1
no-tillage fertilized (120 kg N ha )
2520
[2]
ploughing - unfertilized
2510
ploughing fertilized (120 kg N ha-1)
3280
unfertilized
89.4
[3]
NH4NO3, (25 kg N ha-2 mo.-1)
76.5
unfertilized
116.3
[3]
-2
-1
NH4NO3, (25 kg N ha mo. )
101.5
unfertilized
11.13
-1
NH4NO3 (300 kg N ha )
11.11
[4]
-1
cattle clurry (500 kg N ha )
14.96

[1] Johnson, D.W., Cheng, W., and Ball, J.T. 2000, Plant and Soil, 224, 99.
[2] Vinten, A.J.A., Ball, B.C., O’sullivan, M.F., and Henshall, J.K., 2002, Journal of Agricultural Science, 139, 231–243.
[3] Micks, P., Aber, J.D., Boone, R.D., and Davidson, E.A. 2004, Forest Ecol. Manage., 196, 57.
[4] Jones, S.K., Rees, R.M., Skiba, U.M., and Ball, B.C. 2005, Global Planet. Change, 47, 201-211.

Factors affecting soil carbon in the agroecosystems: Crop residues
In agricultural lands, soil organic matter can increase if either the additions are enhanced
and/or the decomposition rates are reduced.
Since the removal of crop residues is one of the reasons for C losses from soils, the
management and the incorporation of crop residue and addition of other biomasses are an
important agricultural practice to introduce organic material and increase soil fertility in the
farmed soils.
The green manuring practice, especially if combined with manure and with crop residue
management, increases significantly the organic carbon content.
Generally, the leguminous cover cropping and repeated in situ incorporation enhance soil
organic carbon and total N, and therefore the biochemical variables related to microbial
activity, thereby reflecting the response of greater organic matter inputs to the soil.
In the management of crop residues, it is indispensable above all take into account the
quantity and quality of the biomass incorporated and the induced soil C/N rate. Infact, a
surplus of soil integrated biomass and/or a low C/N rate can significantly increase soil CO2
emission, abrading also the C of the present soil organic (priming effect due to considerable
portions of labile carbon species in manure).

Our research experiences
In the last fifteen years, we studied soil CO2 fluxes and soil C storage as affected by the
different management of cropping systems and by the singles agronomic practices of which a
list of significant international publications is reported below.
Mitchell J.P., Mancinelli R., Hartz T. K., Pettygrove G.S., Horwath W.R., Scow K. M. e Daniel Munk S., 2000. Evaluations of impacts of different management systems on soil
quality in California’s Central Valley (Preliminary results). Accademia Nazionale delle Scienze detta dei XL -Memorie di Scienze Fisiche e Naturali, Vol. XXIV: 351-361.
Andrews S.S., Mitchell J.P., Mancinelli R., Karlen D.L., Hartz T.K., Horwath W.R., Stuart Pettygrove G., Scow K.M. e Munk D.S., 2002. On-Farm Assessment of Soil Quality in
California's Central Valley. Agron J. 94: 12-22.
Marinari S., Grego S. e Mancinelli R., 2003. Biological activity as indicator of soil quality in organic and conventional italian farms. The International Conference "Enzymes in the
Environment: Activity, Ecology and Applications", 14-17 July, 2003, Prague, The Czech Republic.
Marinari S., Mancinelli R., Campiglia E., Liburdi K., Grego S., 2004. Chemical and physical properties of soil under organic management in Central Italy. Atti “European
Geosciences Union - 1st General Assembly - Nice, France, 25 - 30 April 2004”. Geophysical Research Abstract, Vol. 6, 03759.
Marinari S., Mancinelli R., Campiglia E., Grego S., 2006. Chemical and biological indicators of soil quality in organic and conventional farming systems in Central Italy. Ecological
Indicators 6: 701–711.
Mancinelli R., Marinari S., Di Tizio A, Campiglia E., Grego S., 2006. CO2 emission from agricultural soil after green manuring. 18th World Congress of Soil Science "Frontiers of
Soil Science", July 9-15, 2006 - Philadelphia, Pennsylvania, USA. (163-13), 620.
Lagomarsino A., Moscatelli M.C., Marinari S., Pignataro A., Mancinelli R. e Grego S., 2007. Enzymatic activities as a tool to assess soil quality under organic management in the
Mediterranean environment. The Third International Conference “Enzymes in the Environment: Activity, Ecology & Applications” 15 -19 July 2007, Viterbo, Italy, 114.
Xie Y.,Mancinelli R., Li J., Campiglia E. 2007. Greenhouse soil fertility in organic, low-input and conventional management: a case study in Hebei Province of China. In: Farming
Systems Design 2007, Int. Symposium on Methodologies on Integrated Analysis on Farm Production Systems, M. Donatelli, J. Hatfield, A. Rizzoli Eds., Catania (ltaly), 10-12
September 2007, book 2 - Field-farm scale design and improvement, 127-128.
Campiglia E., Colla G., Marucci A., Mancinelli R., Rouphael Y., 2007. Energy Balance of Intensive Vegetable Cropping Systems in Central Italy. ISHS Symposium 2006, "Advances
in Soil & Soilless Cultivation Under Protected Environment", 19-24 Aprile 2006 Agadir, Marocco, ACTA Horticulturae, 747, 185-191.
Mancinelli R., Campiglia E., Di Tizio A., Lagomarsino A., Grego S., 2007. The effect of organic and conventional cropping systems on CO2 emission from agricultural soils:
preliminary results. Italian Journal of Agronomy, 2, 151-155.
Mancinelli R., Di Felice V., Di Tizio A., Lagomarsino A., 2008. Carbon dioxide emission in agricultural soils. In: Marinari S., Caporali F. (Ed) Soil Carbon Sequestration Under
Organic Farming in Mediterranean Environment. Research Signpost, 113-144.
Lagomarsino A., Di Tizio A., Marinari S., Moscatelli M. C., Mancinelli R., Grego S., 2008. Soil organic matter pools under different system management and tillage level in a threeyear crop rotation. Agrochimica 52 (6): 395-406.
Lagomarsino A., Moscatelli M.C., Di Tizio A., Mancinelli R., Grego S., Marinari S., 2009. Soil biochemical indicators as a tool to assess the short-term impact of agricultural
management on changes in organic C in a Mediterranean environment. Ecological Indicators, 9: 518-527.
Mancinelli R., Campiglia E., Di Tizio A., Marinari S., 2010. Soil carbon dioxide emission and carbon content as affected by conventional and organic cropping systems in
Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.
Mancinelli R., Marinari S., Di Felice V., Savin M.C., Campiglia E., 2013. Soil property, CO2 emission and Aridity Index as agroecological indicators to assess the mineralization of
cover crop green manure in a Mediterranean environment. Ecological Indicators, 34: 31-40.
Marinari S., Mancinelli R., Brunetti P., Campiglia E., 2014. Soil quality, microbial functions and tomato yield under cover crop mulching in the Mediterranean environment Soil &
Tillage Research, 145: 20-28.
Mancinelli R., Marinari S., Brunetti P., Radicetti E., Campiglia E., 2015 Organic mulching, irrigation and fertilization affect soil CO2 emission and C storage in tomato crop in the
Mediterranean environment. Soil & Tillage Research, 152: 39-51.

Evaluations of impacts of different management systems on soil quality in California’s
Central Valley (Preliminary results). Accademia Nazionale delle Scienze detta dei XL -Memorie di Scienze Fisiche e Naturali, 118° (2000), Vol. XXIV: 351-361.
On-farm soil sampling was conducted in Western Fresno County from fall 1995 through fall
1998. Twelve farms, collectively representing about 36,000 ha, participated to the project with
over 650 ha allocated to the project. In a farm of the twelve participating were compared five
treatments:
application of compost,
application of manure,
long-term organic,
transitional organic, and
conventional management.
Soil samples were collected each spring and fall during the project and analyzed with
standard protocols for the subsequent parameters: pH, electrical conductivity (EC), cation
exchange capacity (CEC), SAR, Na, soil organic matter (SOM), total Kjeldahl nitrogen
(TKN), exchangeable K (X-K), Zn, Mn, P-Olsen, and Ca. In addition , soil aggregate
stability (measured using a modification of the water stable aggregate method of Kemper and
Rosenau) and microbial biomass carbon and nitrogen (determined using the protocol of
Horwath and Paul)

Evaluations of impacts of different management systems on soil quality in California’s
Central Valley (Preliminary results). Accademia Nazionale delle Scienze detta dei XL -Memorie di Scienze Fisiche e Naturali, 118° (2000), Vol. XXIV: 351-361.
Results obtained from on-farm soil property monitoring within the West Side On-Farm
Demonstration Project have given very interesting preliminary information about prospects
for improving soil quality and therefore environmental quality.
These preliminary results indicate that changes in several soil properties result from organic
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On-Farm Assessment of Soil Quality in California's Central Valley. Agron J. 94: 12-22.
Side-by-side comparisons of conventional and organic-based production systems were studied
starting from autumn 1995 through fall 1998. The participants were 12 farms located in the
western SJV between Mendota and Huron, CA. At the beginning of the project, we randomly
designated adjacent fields at each farm to receive either conventional or alternative treatments.
The fields varied in size but generally were from 30 to 60 ha each for a total of approximately
36,000 ha allocated to the project by the cooperating farmers.
In one of twelve farm participating five treatments were compared: application of compost,
application of manure, long-term organic, transitional organic, and conventional management.
To select a representative minimum data set (MDS) for the alternative systems, it has been first
performed standardized principal components analysis (PCA) of all (untransformed) data that showed
statistically significant differences between management systems using ANOVAUnder a particular Principal Component (PC), every variable is given a weight or factor loading, which
represents the contribution of that variable to the composition of the particular PC. Then, It has been
retained only highly weighted factors from each PC for the Minimum Data Set (MDS).
After determining the variables for the MDS, it has been transformed each of the MDS variables for
inclusion in a simple soil quality index . In the index, every observation of each MDS variable was
transformed using non-linear scoring functions with y axis ranging from 0 to 1 and the x axis
representing a range of site dependent scores for that variable.
The percentage, standardized to unity, provided the weight for variables chosen under a given PC.
Then, it has been summed the weighted MDS variable scores for each observation and calculated the
treatment means. At the end, it has been compared Soil Quality Index scores for the management
treatments using ANOVA and Student’s t.
We assumed that higher scores index meant greater soil quality.

On-Farm Assessment of Soil Quality in California's Central Valley. Agron J. 94: 12-22.
Soil quality index results for management comparisons

The organic system received the highest SQI value. The manure and compost systems
SQI outcomes were significantly lower than the organic but significantly higher than
the conventional treatment. The transitional system SQI value was not significantly
different from the manure, compost or conventional systems.

Chemical and biological indicators of soil quality in organic and conventional
farming systems in Central Italy. Ecological Indicators 6: 701–711.
Side-by-side comparisons of conventional and organic based production systems were
established on “Colle Valle Agrinatura” farm, located in Viterbo, Central Italy.
In 1993 the conventional farm was split in two areas, one managed in organic and the second
in conventional.
The selected area for soil analysis were two adjacent fields, organically (3.5 ha) and
conventionally (3.0 ha) managed. In both fields were managed for herbaceous production
crop.
Three soil samples were taken over a period of 14 months (September 2000, April 2001 and
November 2001).
Different chemical, microbiological and biochemical parameters were analyzed.

Chemical and biological indicators of soil quality in organic and conventional
farming systems in Central Italy. Ecological Indicators 6: 701–711.
Chemical and biological properties of organic (ORG) and conventional (CONV) cropped soils
in three season combinations (Depth 5-20 cm). Significant differences : * (p0.05) and ** (p0.01).

Biological
properties

Season of sampling
System
-1)
PNP
Enzymatic
-1)
DH
activities
-1)
TYR
-1)
MBC
Microbial
-1)
MBN
biomass
MBC/MBN

-MBC g-1

N-MBN g-1)

-CO2 g--1 h-1
-MBC g--1 10-3)
-TOC x 100)

Quotients

qCO2
QMIC

Organic
matter

TON %)
TOC %)
C/N ratio % TOC / % TON)

Chemical
properties

September 2000
ORG CONV
386
337 *
5.5
3.4 **
195
76 **

NO3-N
-NO3 g-1)
Available NH4-N
-NH4 g-1)
-1)
nutrients P
EC S cm-1)

April 2001
ORG CONV
640
568
*
7.1
3.9 **
371
244 **

November 2001
ORG CONV
606
405 **
9.8
2.5 **
258
128 **

373
56
6.7

221
14
18.6

*
**
*

461
36
13.1

304
26
12.6

**
*

310
47
6.6

182
34
5.6

**
**

4.7
4.2

8.4
2.9

*

2.6
5.0

4.7
3.2

*
**

6.5
3.2

11.3
2.0

**
**

0.20
0.90
4.7

0.07
0.77
12.5

**
*
**

0.21
0.93
4.6

0.13
0.95
4.3

**

0.12
0.99
8.3

0.08
0.93
8.1

*

15.3
3.0
13.0
193

6.0
2.8
7.8
185

**

8.1
1.0
8.3
160

2.7
1.6
5.4
143

**
**
**
**

4.1
0.5
8.6
148

1.3
0.3
5.1
142

**
**
**
**

**
**

Chemical and biological indicators of soil quality in organic and conventional
farming systems in Central Italy. Ecological Indicators 6: 701–711.
Biplot of chemical and biological soil properties under organic and conventional management.
PRIN 1, PRIN 2 and PRIN 3 = principal component 1, 2 and 3, 73% of the total variance.
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had a strong effect on soil properties.
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Chemical and biological indicators of soil quality in organic and conventional
farming systems in Central Italy. Ecological Indicators 6: 701–711.

Organic management affected soil microbiological and chemical properties by
increasing soil nutrient availability, microbial biomass and microbial activity.
The higher concentrations of nitrate and phosphorus in the organic soil, compared to
the conventional, could be due to a higher turnover of organic matter.
The increased enzymatic activities in the organically managed soil may lead to
higher mineralization and hence to a higher soil available nutrient content, which
would represent a potential negative off-site impact.

In the two management systems studied, the parameters linked to available soil
nitrogen (MBN, MBC/MBN ratio and nitrate) were variously influenced by season
and crop species.
This could be due to main factors: (i) the presence of legume cover crops in the
organic rotation, and/or (ii) the leaching of nitrate caused by seasonal rainfall.

Soil carbon dioxide emission and carbon content as affected by conventional
and organic cropping systems in Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.

The research was carried out over a three-year period (2006-2007-2008) in a longterm field study established in October 2001 at University of Tuscia (Viterbo).
A three-year crop rotation was carried out for both cropping systems (CONV and
ORG), including durum wheat, processing tomato, and pea. In the organically
managed cropping system, the crop rotation was implemented with common vetch
and sorghum cover crops, which were green manured about 10 days before tomato
transplanting and pea planting.
During the three-year period the spoil temperature and CO2 emission from the soil
were measured every 10 days, using EGM4. A soil sample was taken in order to
measure the soil water content every 10 days in the three randomized areas of plots.
In each of the three years, soil sampling was performed in wintertime (January) and
summertime (August) at the end of the vegetative cycle of all the crops.
The yield and aboveground biomass of all three main crops were sampled at crop
physiological maturity, while, the samples of cover crop biomass were collected just
before green manuring.

Soil carbon dioxide emission and carbon content as affected by conventional
and organic cropping systems in Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.
In a three-year crop rotation, the soil CO2 emission rate was higher in the organic
system at peak time during spring and autumn, when the soil temperatures and soil
water content were in the optimal range for soil respiration.
The highest CO2 emission in the organic system was probably caused by
incorporating the green material of the cover crops into the soil.
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Soil carbon dioxide emission and carbon content as affected by conventional
and organic cropping systems in Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.
The temperature dependency of the soil CO2 flux has been best described through a
polynomial regression analysis.
For the range of values measured over the three-year period, the polynomial
regression curve shows the highest level of soil CO2 emission at 17.8 °C in the ORG
system and at 17.7 °C in the CONV system. These levels of soil CO2 flux were
reached during the spring and the period from late summer to early autumn.
ORG : y = -0.0018x2 + 0.0024 x + 0.4160 # R2 = 0.25 [P <0.0001]
2
2
CONV : y = -0.0015x + 0.0038 x + 0.3439 # R = 0.22 [P <0.0001]

1.0
0.9

Soil CO2 flux plotted
against soil
temperature in ORG
system and in CONV
system.
The data fit with
second-order
polynomial regression
models.
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Soil carbon dioxide emission and carbon content as affected by conventional
and organic cropping systems in Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.
Soil C and N contents at were highest in 2006 and they decreased over time in both
management systems. In three years, the soil C content decreased 10% in the CONV
and 6% in the ORG, while the soil N content decreased by 15% in the CONV and
13% in the ORG. However, TOC and TN calculated as the average of the three-year
period were significantly lower in the CONV compared to the ORG system .
The concentration of TOC was 13% and TN was 18% greater in the ORG system
compared to the CONV system.
Carbon and nitrogen contents of the soil in the conventional (CONV) and organic (ORG)
cropping systems. Values belonging to the same parameter without common letters are statistically different according to LSD
(P<0.05), in rows between the two systems (upper case letter) and in columns among the three years (lower case letter).

2006
2007
2008
Average

Total organic carbon Total organic nitrogen
CONV
ORG
CONV
ORG
 % 
1.18 aB
1.27 aA
0.13 aB
0.15 aA
1.06 bB
1.27 aA
0.10 bB
0.12 bA
1.06 bB
1.19 bA
0.11 bB
0.13 bA
1.10 B

1.24 A

0.11 B

0.13 A

C/N ratio
CONV
ORG
9.28 bA
10.87 aA
9.80 abA

9.10 bA
10.94 aA
10.05 aA

9.98 B

10.03 A

Soil carbon dioxide emission and carbon content as affected by conventional
and organic cropping systems in Mediterranean environment. Applied Soil Ecology, 46 (1): 64-72.
- The higher carbon stock observed in ORG than CONV system as average values of
three-year period is likely the result of changes in C inputs in the two systems.
- C output was significantly higher in the ORG than CONV system only at the first
year of the studied period. While no significant were observed in 2007 and 2008.
- On the three-year period, the average of C output derived from CO2 emission was
not significantly different between the two cropping systems.
- The three years average of C balance indicated a net depletion of SOC content in
the CONV system (input/output ratio <1) and an increase of SOC in the ORG
system (input/output ratio >1).
Carbon stock, soil total C inputs and outputs in conventional (CONV) and organic (ORG) cropping systems
observed throughout the three-year study period. Values belonging to the same parameter without common letters are statistically different
according to LSD (P<0.05), in rows between the two systems (upper case letter) and in columns between the three years (lower case letter).

2006
2007
2008

CONV
ORG
 Mg C ha-1 
25.59 aB 28.00 aA
22.99 bB 27.95 aA
23.02 bB 26.24 bA

input
crop residues*
Fertilizer#
(shoot + roots)
CONV
ORG
CONV ORG
 Mg C ha-1 
5.19 aB 10.13 aA
0
0.19
6.38 aB 10.03 aA
0
0.19
5.15 aB 8.22 bA
0
0.19

Average

23.87 B

5.57 B

Carbon stock

27.39 A

9.46 A

0

0.19

output
soil CO2 flux
CONV
ORG
-1
Mg CO2-C ha 
7.33 bB 9.15 aA
6.99 bA 7.96 bA
9.86 aA 9.82 aA
8.06 A

8.98 A

input/output

CONV

ORG

0.72 abA 1.15 aA
0.92 aA 1.28 aA
0.53 bA 0.86 bA
0.72 B

1.10 A

Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.

The experiment was carried out at University of Tuscia (Viterbo).
Three soil managements with common vetch (CV) and ryegrass (RG) as green
manure, and a fallow soil as the control (Control) were compared.
A cover crop (green manured) / sweet pepper sequence was adopted.
During the pepper cropping period in each of the two years, the soil temperature and
CO2 emission from the soil was measured weekly in each plot, using EGM4.
In both years of experimentation, soil sampling was performed just before green
manuring and in the middle of each month during the pepper-cropping period.

Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.

The cover crops aboveground biomass was not significantly different between rye
grass (RG) and common vetch (CV), although CV showed higher values.
However, due to the higher C/N ratio of crop aboveground biomass, a lower amount
of total nitrogen was added to the soil after RG green manuring with respect to CV.

Cover crop aboveground biomass and C/N ratio, nitrogen and carbon input
at cover crop green manuring. Values belonging to the same parameter without common letters
are statistically different according to LSD (P<0.05).

Aboveground biomass C/N ratio N input C input
Mg ha-1 of Dry Matter
kg N ha-1 Mg C ha-1
2004
Rye grass
Common vetch
2005
Rye grass
Common vetch

5.77 a
6.40 a

70.7 a
25.0 b

34.9 b
120.0 a

2.35 a
3.00 a

6.74 a
7.75 a

63.1 a
23.2 b

43.2 b
158.0 a

2.74 a
3.63 a

Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.

At pepper harvesting of both years of experiment, the total nitrogen content of soil in
CV was higher than in the RG and control soils. In 2004 the organic carbon content
as well as the C/N ratio were lower in soil manured with CV than the control and RG
manured soils.

Soil total nitrogen, organic carbon and C/N ratio at pepper harvesting in the year
2004 and 2005. Values belonging to the same parameter without common letters are statistically different according to LSD
(P<0.05), in rows between the two years (upper case letter) and in columns among the treatments (lower case letter).

Total nitrogen
Organic carbon
2004
2005
2004
2005
——————— (%) ———————
Control
0.12 cA 0.09 bB 0.97 aA 1.02 aA
Rye grass
0.13 bA 0.09 bB 0.95 aA 0.99 aA
Common vetch 0.14 aA 0.12 aB 0.80 bB 1.03 aA

C/N
2004

2005

8.3 aB
7.2 aB
5.7 bB

12.1 aA
11.7 aA
8.5 bA

Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.
CO2 flux (a and A) and soil temperature (b and B) in 2004 (a and b) and 2005 (A and B).
Bars are standard errors (n = 3).
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Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.
The significant polynomial regression showed that the CO2 emission increased from
soil with cover crop green manure as the soil temperature increased.

Common vetch
Rye grass
Test
Control

Soil CO2 flux
plotted against
soil temperature
in common vetch
and rye grass
green manuring,
and in the control.
The data fit with
second-order
polynomial regression
models.
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Soil property, CO2 emission and Aridity Index as agroecological indicators to assess
the mineralization of cover crop green manure in a Mediterranean environment.
Ecological Indicators, 34: 31-40.

The green manuring of cover crops causes general positive effects on
cropping systems, but the outcomes are strongly affected by cover crop
species.
In this study, the common vetch green manuring was effective in decreasing
the soil C/N promoting CO2 emission, enzyme activity and nitrogen release.
Conversely, the green manuring of RG showed a slight effect on CO2
emission, and an early soil nitrogen immobilization.
Respiration was mainly affected by cover crop biomass and soil C/N ratio.

Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
The study was carried out in 2011/2012 and 2012/2013 in two adjacent experimental
fields established in September of each year at University of Tuscia (Viterbo).
The study focuses on the period of the tomato crop growth, following cover crops.
The experimental field was structured in five main treatments. Three cover crops
[hairy vetch (HV), lacy phacelia (LP) and white mustard (WM)] were sown in
autumn and cut in spring to be used as mulches, barley straw mulch [BS]. and
conventional (bare soil) [C].
The main plots were split into two nitrogen fertilization treatments: 0 kg N ha-1 (N0)
and 100 kg N ha-1 (N100).
The sub-plots were then split again into three levels of irrigation: amount of
irrigation water ranging from 50% (irr050), 75% (irr075) and 100% (irr100) of the
total evapotranspiration in the tomato crop.
CO2 emission from soil was measured weekly in each plot in the tomato-growth
period until the harvesting.
In each year of the experiment the sampling of soil, cover crops and tomato was
performed

Soil CO2 flux [g m-2 h-1]

Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
Soil CO2 emission, during 2012 and 2013 tomato cycle in the mulching treatments.
Bars are standard errors (n = 18). BS: barley straw; C: conventional; HV: hairy vetch; LP: lacy
phacelia; WM: white mustard
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Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
Soil CO2 emission, during 2012 and 2013 tomato cycle in the irrigation levels.
Bars are standard errors (n = 18). BS: barley straw; C: conventional; HV: hairy vetch; LP: lacy
phacelia; WM: white mustard
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Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
Soil CO2 emission, during 2012 and 2013 tomato cycle in the fertilization levels.
Bars are standard errors (n = 18). BS: barley straw; C: conventional; HV: hairy vetch; LP: lacy
phacelia; WM: white mustard
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Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
The effect of the mulching, irrigation, and fertilization on the C balance in the two experimental years.

2013

2012

Values belonging to the same parameter and treatment with different letters are statistically different according to LSD (0.05).
C input by
C output by CO2
C input / C output
CO2 emission / yield
biomasses
emission
ratio
ratio
-1
 Mg C ha 
conventional
2.15 e
3.15 a
0.73 d
0,068 a
lacy phacelia
4.37 bd
3.43 a
1.35 bd
0,090 a
barley straw
3.69 d
3.19 a
1.21 cd
0,097 a
white mustard
4.13 cd
3.34 a
1.46 ad
0,102 a
hairy vetch
7.80 a
3.88 a
2.10 a
0,070 a
irr50
irr75
irr100

4.13 b
4.58 a
4.59 a

3.09 b
3.66 a
3.45 ab

1.43 a
1.32 a
1.36 a

0,116 a
0,078 b
0,062 b

N-0
N-100

4.11 b
4.75 a

3.41 a
3.39 a

1.28 b
1.46 a

0,103 a
0,068 b

conventional
lacy phacelia
barley straw
white mustard
hairy vetch

1.76
4.38
3.47
3.96
6.73

4.17
4.18
4.35
3.81
3.73

0.43
1.09
0.83
1.05
1.87

0,150
0,176
0,239
0,183
0,076

irr50
irr75
irr100

3.78 b
4.11 ab
4.3 a

3.99 a
4.08 a
4.08 a

0.99 b
1.05 ab
1.12 a

0,266 a
0,121 b
0,107 b

N-0
N-100

3.85 b
4.27 a

4.14 a
3.95 a

0.98 b
1.13 a

0,228 a
0,101 b

e
bc
d
cd
a

a
a
a
a
a

e
bd
de
cd
a

ab
ab
a
ab
b

Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
There was a strong effect on soil TOC balance in tomato grown on organic mulching
derived from the previous cover crops compared to the conventional, and the highest
influence was observed with the HV mulch, which determined higher positive values
in carbon balance in terms of input/output ratio

The 50% reduction of irrigation water caused both a reduction in the soil CO2
emissions and in soil carbon inputs, therefore the 25% water reduction appeared to
determine a positive soil carbon balance.
The nitrogen fertilization seems to slightly reduce the CO2 emissions from soil but
strongly increases the soil carbon inputs, therefore a rational use of N fertilization in
accordance with climatic conditions is required in order to improve C balance in the
agricultural systems.

Organic mulching, irrigation and fertilization affect soil CO2 emission and C
storage in tomato crop in the Mediterranean environment. Soil & Tillage Research, 152: 39-51.
This is one of the few experimental studies carried out in field conditions where the
impact of organic mulching, N fertilization and irrigation levels are evaluated on soil
CO2 emissions, soil C content and tomato production in the Mediterranean environ.
According to our results, the biomass quantity and qualitative characteristics of the
cover crop appear to be the main factors influencing the net soil TOC balance and
yield in the processing tomato grown on organic mulches in no-tilled soil.
Although the cumulated CO2 emission did not differ between the various treatments
applied, it is possible to achieve environmental benefits in terms of net TOC balance
and agronomical benefits in terms of tomato yield.
In the Mediterranean environment, environmental and agronomical benefits in
agroecosystems could be obtained by increasing carbon inputs by choosing the most
suitable agronomical practice such as the use of hairy vetch mulch on no-tilled soil,
and a rationalized use of N fertilizer which could potentially shift the C balance in
favor of soil C accumulation.
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