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WORLD POPULATION GROWTH
in more and less developed countries



230 mill. ton/yr

85 mill. ton (P2O5)/yr





Wildfires



120-140 mill tons/yr bio-organic residues EU 

40-50 % agriculture, cattle and forestry



Mostly used as energy sources in inefficient 

processes or disposed of in landfills
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CASE STUDIES

(Mediterranean climate)
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1. Post-activity rehabilitation (sand and gravel pit)
3

Compost 100% green

(harvest and prune residues)

Compost: 

Greenhouse 

residues

Sewage sludge

(stabilized)

Biochar (500ºC; sludge + 

greenhouse residues)

• Soil: Nonexistent; bedrock  (TOC: 0.3%; TN: 0.05%, pH: 8.4)
• Location: Gádor (Almería); arid climate; 240 mm/year
• Cultivation: Wild olive, dwarf fan palm, rosemary, thyme
• Procedure: Technosols (artificial soil) based on local organic waste
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1. Recuperación post-actividad (Cantera de áridos)
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1. Post-activity rehabilitation (sand and gravel pit)
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1. Post-activity rehabilitation (sand and gravel pit)
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1. Post-activity rehabilitation (sand and gravel pit)

June 2018

February 2021

Natural soils (NAT)

• Soil physical properties improved significantly (soil moisture; soil density, WHC,..)
• Enzymatic activities, DNA-seq (microbial diversity), SMB (abundance) 



1. Recuperación post-actividad (Cantera de áridos)
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1. Post-activity rehabilitation (sand and gravel pit)

Amended plots (m 18) Control plots (m 18)



2. Calcic cambisol (alkaline, poor OC;  dryland)
3

• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; 
TN: 0.09%, pH: 7.9)
• Location: Coría del Río (Seville); SW Spain; Mediterranean climate; 
540 mm/year
• Cultivation: Barley and Sunflower
• Treatment: 4 contrasting biochars from organic residues

Barley: Dose 10 t ha-1
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• Biochars improved soil physical properties

• Productivity increased

Sunflower: Dose 15 t ha-1
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2. Cambisol cálcico (suelo calcareo con tendencia a compactación; secano)
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2. Calcic cambisol (alkaline, poor OC;  dryland)

Water stress
(control)



4 TREATMENTS:

• Control: No amendment; (C-control)

• Olive pomace biochar: 40 t ha−1 (B) 

• Green compost: 40 t ha−1 (GC) 

• Mix of B+GC:20+20 t ha−1 (B+GC)

Real dose: 6.7 t ha-1

24 trees per treatment

3. Super-intensive Olive crop (arbequina; deficit irrigation)
3

• Experimental Field Station “La Hampa”
• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; TN: 0.09%, pH: 7.9); Sandy 

loam
• Location: Coría del Río (Seville); SW Spain; Mediterranean climate;  540 mm/year
• Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI
• Treatments: 4 Biochar, Green Compost, mix B+GC and Control
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3. Super-intensive Olive crop (arbequina; deficit irrigation)

• Experimental Field Station “La Hampa”
• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; TN: 0.09%, pH: 7.9); Sandy 

loam
• Location: Coría del Río (Seville); SW Spain; Mediterranean climate;  540 mm/year
• Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI
• Treatments: 4 (biochar, green compost, mix and control)
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• Facilitated soil management (reduced penetration resistance).

• Increased soil moisture.

• Reduced pre-harvest water stress

The application of 
biochar/compost:

3. Super-intensive Olive crop (arbequina; deficit irrigation)

• Experimental Field Station “La Hampa”
• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; TN: 0.09%, pH: 7.9); Sandy 

loam
• Location: Coría del Río (Seville); SW Spain; Mediterranean climate;  540 mm/year
• Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI
• Treatments: 4 (biochar, green compost, mix and control)
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Leaf water potential (Ψπ) and water Use Efficiency (WUEi)

in amended soils at pre-harvesting period

Improved: 

3. Super-intensive Olive crop (arbequina; deficit irrigation)

• Experimental Field Station “La Hampa”
• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; TN: 0.09%, pH: 7.9); Sandy 
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15 % increase in productivity

3. Super-intensive Olive crop (arbequina; deficit irrigation)
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3. Super-intensive Olive crop (arbequina; deficit irrigation)

• Experimental Field Station “La Hampa”
• Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%; TN: 0.09%, pH: 7.9); Sandy 

loam
• Location: Coría del Río (Seville); SW Spain; Mediterranean climate;  540 mm/year
• Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI

15 % increase in productivity
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3. Super-intensive Olive crop (arbequina; deficit irrigation)

Effects of the organic amendments on CO2 emmisions

 Green compost increased soil respiration

rates (summer)

 But… no increase was observed for the

mixture B+GC

Open gas exchange system 

(LI-6400, Li-Cor)

Tons CO2 ha-1 year-1

83.9a

91.8ab

113.0b

83.1a
B+GC

B                       

GC                       

C                      
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3. Super-intensive Olive crop (arbequina; deficit irrigation)

Effects of the organic amendments on soil organic carbon stocks
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4. Impact of organic amendments on Carbon stability and Carbon 
use efficiency in acidic and alkaline soils (Respicond experiment)  
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4. Impact of organic amendments on Carbon stability and Carbon 
use efficiency in acidic and alkaline soils (Respicond experiment)  

Grassland soil Alkaline soil



Conclusions

The application of organic amendments to soils poor

in OM improves their physical properties, facilitates

management, and enhances WR capacity.

Soil productivity is closely linked to the improvement of

its physical properties and the ability to meet crop

needs during critical growth periods.

Biochar has a great potential to increase

recalcitrant carbon in soil; it also helps to reduce

emissions associated with other amendments.

There is no universal solution; it is essential to

assess the available residues, possibilities for their

valorization, and the specific soil needed.
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