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Environmental and economic risks Feeding growing population

Dependence on mineral
fertilizers
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120-140 mill tons/yr bio-organic residues EU
40-50 % agriculture, cattle and forestry

Waste generation




Mostly used as energy sources in inefficient
processes or disposed of in landfills

Waste generation
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Local residual biomass

Legal framework: [ UE: 2019/1009 27/08/24-RD.

Harvest and pruning
residues

Separate collection
(organic waste)

Food discards Biomass ash
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XXXX Valorization of organic residues
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CASE STUDIES
(Mediterranean climate)
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Case studies




-, 1. Post-activity rehabilitation (sand and gravel pit)

sy <TC ol

Soil: Nonexistent; bedrock (TOC: 0.3%; TN: 0.05%, pH: 8.4)
Location: Gador (Almeria); 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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Sewage sludge Biochar (500°C; sludge +
(stabilized) greenhouse residues)

cc ¥
Compost:
Greenhouse

Compost 100% green

(harvest and prune residues)
residues
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1. Post-activity rehabilitation (sand and gravel pit)




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

Py-GC/MS 400 °C 18 months after restoration
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1. Post-activity rehabilitation (sand and gravel pit)

Natural soils (NAT) :
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The application of organic amendments
enabled the recovery of soil functionality
within 18 months

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



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

Contents lists available at ScienceDirect

TolalEnvitonment

Science of the Total Environment

Amended plots (m 18)

journal homepage: www.elsevier.com/locate/scitotenv

Effects of technosols based on organic amendments addition for the 1))
recovery of the functionality of degraded quarry soils under semiarid -
Mediterranean climate: A field study

Rocio Soria®, José A. Gonzalez-Pérez °, José M?. de la Rosa ®, Layla M. San Emeterio <, Miguel A. Domene ¢,
Raul Ortega?, Isabel Miralles **

* Department of Agronomy & Center for Intensive Mediterranean Agrosystems and Agri-food Biotechnology (CTAIMBITAL), University of Akmeria, E-04120 Abnerfa, Spain

" Instituto de Recursos Neturales y Agrobiologfa de Sevilla, Consejo Superior de Investigaciones Cientfficas (IRNAS-CSIC), MOSS Croup, Av. Reina Mercedes 10, 41012 Seville, Spain
© Med_Soil Research Croup, University of Seville, C/ Profesor Carda Gonadlez, 1, 41012 Seville, Spain

¢ Experimental Station Cajamar, Department of Food and Health, E-04710 El Ejido, Almeria, Spain

HIGHLIGHTS GCGRAPHICAL ABSTRACT

* Technosols are made from quarry de- 2imerians quamy Ovponic wemy
graded soils and organic amendments.

* Soil organic matter (SOM) is character-
ized by multiple analytical techniques.

* SOM structure resembled that from the
natural soil of the area.

« The general SOM chemical structure is
preserved in the timeframe of this
study.

Soria et al. (2022), STOTEN



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

 Soil: Calcic Cambisol (WRB); Typic Calcixerept (USDA) (TOC: 0.8%;
TN: 0.09%, pH: 7.9)

* Location: Coria del Rio (Seville); SW Spain; Mediterranean climate;
540 mm/year

* Cultivation: Barley and Sunflower

* Treatment: 4 contrasting biochars from organic residues

Sunflower: Dose 15 t ha!
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De la Rosa et al. (2014), STOTEN
* Biochars improved soil physical properties

* Productivity increased



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

journal homepage: www.elsevier.com/locate/catena

Contents lists available at ScienceDirect

Catena

Effect of biochar amendment on morphology, productivity and water
relations of sunflower plants under non-irrigation conditions

@ CrossMarlk

Marina Paneque, José M. De la Rosa *, Juan D. Franco-Navarro, José M. Colmenero-Flores, Heike Knicker

Insrituto de Recursos Naturales v Agrobiolopia de Sevilla, Consejo Superior de Investigaciones Crentificas [IRNAS-CSIC), Reina Mercedes Av. 10, 4101 2-5eville, Spain
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Keyvwaords:

Organic amendment
Mediterranean climate
Water availability
Physiological parameters
Sail propertics

Biochar

Paneque et al

ABSTRACT

Three biochars (B1: pine wood, B2: papersludge, B3: sewage=sludee) produced under controlled pyrolysis con-
ditions and ane produced in kilns (B4: grapevine wood) were used as organic ameliorants in a Calcic Cambisol,
which represents a typical agricultural soil of the Mediterranean region. This field study was performed with
plants of sunflower (Helianthus annuus L.) at the experimental station “La Hampa”, located in the Guadalquivir
river valley (SW Spain). The soil was amended with doses equivalent to 1.5 and 15 t ha™ " of the four biochars
in two independent plantations. In addition, un-amended plots were prepared in both experiments for compar-
ison purposes. The major foal of this study was the assessment of the effect of biochar amendment on the
physiology and development of sunflower plants at field conditions. During most of the growing period plants
of un-amended and amended plots showed no stress symptoms either by their appearance or by stress-sensitive
biochemical parameters such as the stability of the photosystem 11 {QY). Biochar addition had no effect on seed
germination. Addition of 1.5 ¢ ha—" biochar did not significantly chanze the pH of the soil, its electrical conduc-
tivity (EC) or its water holding capacity (WHC). Concomitantly the plant development and plant biomass produc-
tion remained unaltered, Amendments with 15 t ha=—" slightly increased the WHC of the soil but showed no

. (2016), CATENA
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The application of biochar:
* |Increased water retention capacity

« Reduced soil compaction and Dbulk
density

* Facilitated root development

« Reduced plant water stress (pre-harvest)

Served as a niche for microorganisms



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: Coria del Rio (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

4 TREATMENTS:

» Control: No amendment; (C-control)
« Olive pomace biochar: 40t ha™' ()
« Green compost: 40 t ha™! (GC)

* Mix of B+GC:20+20 t ha™! (B+GC)

Real dose: 6.7 t ha'!

24 trees per treatment




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: Coria del Rio (Seville); SW Spain; Mediterranean climate; 540 mm/year
 Cultivation: Olea europaea L. (arbequina), 1660 cer <Je ’grees per ha. Irrigation: 30% RDI
* Treatments: 4 (biochar, green compost, mix and ;y, \
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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: Coria del Rio (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)

=-0.1634x + 4.7765
R? = 0.7581

o

5 10 15 20 25
Soil moisture, %

 Facilitated soil management (reduced penetration resistance).
 Increased soil moisture.
- Reduced pre-harvest water stress



N 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: Coria del Rio (Seville); SW Spain; Mediterranean climate; 540 mm/year

e Cultivation: Olea europaea L. (arbequma) 1660 certified trees per ha. Irrigation: 30% RDI

6 . Control Biochar+compost  Green compost Biochar
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Leaf water potential (W11) and water Use Efficiency (WUEi)
in amended soils at pre-harvesting period
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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: Coria del Rio (Seville); SW Spain; Mediterranean climate; 540 mm/year
 Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI

=-0.1634x + 4.7765
R? = 0.7581
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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: Coria del Rio (Seville); SW Spain; Mediterranean climate; 540 mm/year

e Cultivation: Olea europaea L. (arbequina), 1660 certified trees per ha. Irrigation: 30% RDI

. agronomy ‘MDPI)

Article

Soil Biochar Application: Assessment of the Effects on Soil
Water Properties, Plant Physiological Status, and Yield of
Super-Intensive Olive Groves under Controlled

Irrigation Conditions

’ . . o~ 2 . . .
José Maria De la Rosa *, Paloma Campos (7 and Antonio Diaz-Espejo !

! Instituto de Recursos Naturales y Agrobiologia de Sevilla (IRNAS-CSIC), Reina Mercedes Av,,
10, 41012 Seville, Spain

> Departamento de Cristalografia, Mineralogia y Quimica Agricola, Universidad de Sevilla, Profesor Garcia
Gonzilez, 1, 41012 Seville, Spain

*  Correspondence: imrosa@imase, csic.es

Abstract: The effects of olive waste biochar and green compost as soil amendments on soil physical
properties, as well as on physiological parameters and yield of a super-intensive olive crop cultivated

under deficit irrigation conditions, were investigated in south-west Spain during the 2021 growing

season, Thus, soils were amended with 40 t ha™! of olive pomace waste biochar, green-compost, or a

biochar-compost mixture (50% w/w), and no amended plots were used as control. On a bi-monthly

basis, soil pH, water holding capacity, humidity, and resistance to penetrability were determined.

chack for In addition, various indicators of the physiological status and water stress of the plant were also
updates monitored. Finally, the olive yield per tree was measured. Results showed that biochar application
Citation: De la Rosa, | M.; Campos was the most effective amendment for increasing soil moisture and reducing soil compaction. The
P; Diaz-Espejo, A. Soil Biochar latter was evidenced by the significant reduction of the resistance to the penetrability of the amended

De la Rosa et al. (2022), Agronomy
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3. Super-intensive Olive crop (arbequina; deficit irrigation)

Effects of the organic amendments on CO, emmisions
To+s CO, ha'year™
O c 83.9° . . L
o b v Green compost increased solil respiration
| 918 rates (summer)
(e I 113.0°
®: I 83 12 v/ But... no increase was observed for the
| mixture B+GC
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T eq. CO, per ha and year

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

Effects of the organic amendments on soil organic carbon stocks

O o ©
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Amount of stable OC (T eq. CO, in soil per ha and year 0-30 cm depth)
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per year and ha




Anaerobic

4. Impact of organic amendments on Carbon stability and Carbon

use efficiency in acidic and alkaline soils (Respicond experiment)

8 organicamendments -
from agro/cattle waste Respiration experiment 24 A\ G, (%) =Cret ']&i !
. . . . i T = i ) ! Fast pool
2« Olive Pomace Biochar (OB) Determination of biochemical degradability 2 ‘”‘H
= + Poplar Woodbiochar (WB) _ _ ? . S -
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W . 10 g soil + amendment—— |
5 Green compost (GC) (60% WHC, inoculated) \
g * Olive Pomace Biochar+Greencompost (OB+GC) Respicond (Nordgren Innovations, Sweden) ""'x_.z

2 contrasting soils

-Grassland acid soil (GS): Loamy-silty
Cambisol; pH 5.2; TOC 9 g kg™

-Alkaline soil (AS): Sandy loam
Xerochrept;, pH 8.1; TOC 24 g kg™’



4. Impact of organic amendments on Carbon stability and Carbon

use efficiency in acidic and alkaline soils (Respicond experiment)

Grassland soil ; Alkaline soil
a) )
g — - v" Soil Respiration (respired CO,):
5 Digestates > Green compost > biochar ~ Control
:
: SR £
¢8J- 65,0 350
& — o T = L L T
a) Grassland b) Alkaline
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De la Rosa et al. (2025), Geoderma. Under review
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Soil productivity is closely Iiﬁked to the improvement of
— its physical properties and the ability to meet crop
needs during critical growth periods.
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Blochar has a great potentlal to increase
*/? recalcitrant carbon in soil; it also helps to reduce
- emissions associated with other amendments.

conclusions
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