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We have all been told that we need to change our ways. òDo this, donõt do tható, òEat this, 

not tható. This paper is not about practices. It is an invitation to change our minds, 

provoke  a new perspective  which  can help  lead us to  recognize  the  opportunities  of  

systemic  change and assume the  opportunity  costs of  current  food  production  

processes. 
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INTRODUCTION 
The advent of agriculture allowed humans  

to create the settled societies we live in  

today.  11,000  years  later,  the  agricultu ral 

systems which supply the industrialized  

world are now undermining it. Already, 75%  

of eart hõs lands are substantial ly degraded 

in large part due to conventional farming  

and land use patterns [1]. The resources  

required  for  farming range from limited  

(water,  fossil fuels) to highly polluting  

(phytosanitary  products),  many of which 

end up as waste, creating  negative 

downstream eʙects. 

 
Modern, intensive agriculture  is further - 

more susceptible to growing demographic  

and climate  crises. The human population  

is expected to rise to over 9 billion by 2050  

and global leaders are demanding up to a 

70 percent increase in food production [2].  

Food systems already account  for 19-29% 

of global greenhouse gas emissions (GHG) 

[3]. If we are to attain the goal of carbon  

neutrality by 2050, the demand to produce  

more food cannot be met with an equal  

increase  in  intensive  conventional  

agricultural  production.  

 
 
 
 

Regenerative Agriculture  (RA) is an 

alternative to conventional production that  

has the capacity to produce high quality  

food,  improve proþt margins, sustain 

biodiversity, restore degraded la nd and 

soils, and store carbon, with  minimum 

dependency on external  inputs.  

Regenerative Agricultural  practices are 

numerous and varied,  but  here in this 

position paper RA refers to a closed -loop 

system that contains one or more of the  

following  elements:  holistic  grazing ,  

agroforestry , and crop rotation . 

 
The objective  of this paper is to make the 

case for Regenerative Agriculture as a  

proþtable   production   system .  It  includes 

case studies from interviews  with  

regenerative farmers and builds on the  

knowledge gained and practices 

implemented as part of the project LIFE  

Regenerate, which is co-funded by the 

European Commission. An updated version 

of this paper will be published in 2021  

including results from the LIFE project  and 

participating  farmers.  

 
 

 

ABOUT VOLTERRA 
Volterra Ecosystems is dedicated to land restoration on the Iberian Peninsula. Since its  

founding in 2015, Volterra  has been involved in projects  that  restore and 

regenerate all  types of ecosystems man-made or human managed in the realms of 

agricultu re, forestry, and agroforestry. Innovation  and experience dri ve Volterraõs practi ces, 

combining state of the art  technologies with  tried  and true  methods. 

 
Volterra  þrmly  believes that  given the correct  management, small and large landscapes 

can put  behind  the  alleged  trade -oʙ  between  ecosystem  protection  and 

economic cash ÿow by creating synergies between restoration, sustainable production 

models, and socio-economic development .  

 
The Volterra  team works towards and envisions a þnancial ecosystem which 

simultaneously preserves ecosystem health, reverses the adverse eʙects of human 

impact  on climate  change, and creates new market  opportunities.  
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Ecosystem services are the direct and  

indirect  contributions  of  ecosystems to  human 

wellbeing,  survival,  and quality of  life  [6].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The ICRAF estimates that land degradation globally generates annual costs of $231 billion  

as measured in terms of loss of productivity  and of ecosystems services [4].  For Europe, 

the economic cost of soil degradation amounts to û38 billion  annually [5].  
 

 

BUSINESS AS USUAL 
Agriculture is by nature an exploitative sector, wherein ecosystem services - such as food 

production - are capitalized on. In its conventional approach, i.e. linear monoculture  

systems, farmland  is akin to a food factory,  where inputs are brought in (nutrients,  seeds), 

and edible products come out. In this process resources, such as soil carbon and organic 

matter are extracted; forsaken for a short -term increase in provisioning services, or yield.  

However, in the long term,  conventional  agriculture  provides a disservice to the 

ecosystems which support it.  
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Figure 2 - A non-extensive list of ecosystem services that are provided by farmland for crops), pasture 

(for livestock), and forests (for timber). In brown , the services impaired by conventional practices. 
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LESS 

Soil organic matter and soil carbon 
Soil is the traditional basis for agricultural production. Key elements of a healthy and  

productive soil include the right amount of organic matter, soil organic carbon (SOC), an  

assorted microbiota and an adequate pH. It has long been recognized that land -cover 

change and management can place pressure on soil health and the ecosystem services it  

provides [7].  

 
Tillage disrupts the structure of  topsoil where SOC and organic matter are mainly stored.  

This practice combined with the use of chemical fertilizers and pesticides impacts soil  

structure  and content,  causing the loss of organic carbon [8]  [9].  

 
The practice of leaving land fallow after h arvest further degrades soil, depleting water  

(desertiþcation) and exacerbating erosion. The average soil loss from agricultural plots is 

about 21 t/ha / yr. When eroded, soil loses nutrie nts as well  as 75 to 80% of its carbon 

content,  releasing that  carbon to the atmosphere [10].  Climate change, mainly through the 

intensiþcation of rainfall,  will  further  increase these rates [11].  

 
Mono-cropping,  a critical component of conventional systems, decreases soil  quality by 

reducing the diversity of organic material on the þeld, thereby diminishing the variety of 

nutrients available for the next growing season. A lack of existing soil nutrients  

necessitates the use of chemical plant nutrition additives, such as fertilizers. Conventional  

fertilization  practices which rely  on synthetic  mineral  nitrogen  sources negatively  aʙect 

nutrient balances and other ecosystem services (carbon þxation, pH regulation [12], 

disease suppression [13]). Increasingly, more and more inputs are required to main tain  

yields;  between 2007 and 2017 use of nitrogen  fertilizers  has increased by 9% [14].  This use 

is expected to rise as a result of increasing food demand, which will ultimately lead to  

more land being exploited  unless changes are made to the way land is managed. 

 
 

Habitats and biodiversity 
Agriculture  and livestock  production  are principal  drivers of deforestation  [15].  The further  

expansion and intensiþcation of these sectors, foreseen in the coming years, will accelera- 

te the loss of forests and ecosystems. The range of the problem is evident considering that  

around 80% of the world's land-based species live in forests. Expansion of conventional  

farming/livestock  production  appropriates habitats  and curtails  the biodiversity  of 

inhabitants through the use of toxic pesticides and herbicides, a reliance on monocultures  

and a restricted  pool of livestock  species [16]  [17]. These methods ultimately make  

conventional  farms extremely  vulnerable  to new pests and diseases that  may emerge as 

a consequence of global warming. All it would take is one strong threat to wipe out an  

entire  crop if  no other  species or system is present to curb the damage [18].  In 2020 this has 

been witnessed by   the   pandemic   of  African   Swine   Fever which   is   decimating  

pig populations globally. 

 
Conventional techniques referred  to here can hence be listed  as threats  to productivity  

and biodiversity,  with  far  reaching impacts on ecosystem health.  
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MORE 

Pollution 
Between 1990 and 2015 pesticide  use 

increased by 73%. The polluting potential of  

these products increases exponentially  

under the mono-cropping system which i s 

heavily dependent on genetically  modiþed 

seeds to apply herbicidal products to a  

whole þeld rather  than individually  

targeting  weeds. The Environmental 

Justice Atlas has identiþed numerous cases 

around the globe where pesticide use has  

negatively  impacted  human health.  

Situations include:  causing cancer in 

California  children  who live  in proximity  to 

farmland, kidney related diseases in Sri  

Lankan farmers that apply agrochemicals,  

as well as various downstream eʙects of 

waterways polluted by chemicals dumped  

from production  sites [19]  [20].  

 
Manure is also improperly  managed, 

applied on the land beyond the groundõs 

natural absorption rate and left to sit in  

lagoons prone to overÿow and leaks [21]. 

The runoʙ and leaching of nutrient -rich 

material  like  manure or fertilizer  

accumulates in rivers,  oceans and lakes 

causing eutrophication and the overgrowth  

of algae harmful to aquatic life. The runoʙ 

and leaching of nutrient -rich material like  

manure or fertilizer accu mulates in rivers,  

oceans and lakes causing eutrophication  

and the overgrowth  of algae harmful  to 

aquatic  life.  

 
 

GHG emissions 
GHG emissions from the agricultural sector  

represent  19-29 percent  [3]  of total  

anthropogenic emissions and are mainly 

caused by land use, livestock production,  

and soil and nutrient  management [22].  Of 

this total,  livestock-related  emissions from 

enteric fermentation (digestive process of  

ruminants which releases methane as a 

by-product),  and poor manure manage- 

ment contributed  to nearly two-thirds.  

These emissions have been on the rise, 

increasing by 8% every year since 2005 [23].  

 
 

 
Additionally, the agricultural sector is the  

single largest contributor  of non-CO2 

greenhouse gases, such as methane (CH4) 

and nitrous oxide (N2O) which have global  

warming potentials  28 and 265 times 

(respectively)  that  of carbon dioxide (CO2) 

[3]  [24]. Agriculture, as a key contributor to  

climate  change is also vulnerable  to its 

impacts.  

 
 

RESILIENCE 
 

Economic 
A recent report by the European Commissi - 

on highlights that  European farmers face 

numerous þnancial challenges. A global 

market  dominated by large volumes of low-

cost goods challenges the competiti - veness 

of EU agricultural  enterprises,  especially 

SMEs. In general,  production  costs in the 

EU are high and farmers are saddled with  

heavy regulatory  require - ments. Animal 

farms face the highest rela - ted costs, 

where pig and poultry  farms pay 5 to 10% of 

production costs for compliance  with 

legislation [25]. Market volatility greatly  

aʙects input  costs, the most volatile  of 

which   is   fossil   fuel    energy.   Energy   is 

needed directly for on -þeld practices (fuel- 

ling tractors)  as well  as indirectly  (to  produ- 

ce and transport  inputs).  Nitrogen fertilzers,  

for  example,  are produced from natural  

gas, the price of which is strongly linked to  

oil  prices [14].  

 
In the coming years, severe market  disrup- 

tions are expected to occur given the incre - 

ased pressure on natural resources, more  

extreme climatic events, potential out - 

breaks of animal and plant diseases and 

geo-political  instability  [25].  

 
Farmerõs income is also volatile, and typi- 

cally  low.  Agricultu ral  sectors  facing  the 

highest income volatility  year after  year are 

horticulture  (32%), granivores (32%), cereals 

(34%) and permanent  crops (34%). 
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Ecological 
Impacts on agriculture  due to climate  

change are predicted to cause economic  

losses which vary between 8-30% reduced 

proþt (depending on method of 

measurement and location), 3 -46% yield 

losses (depending on crop),  and a 

reduction  in global GDP [27].  

 
The instability expected in climate and  

weather patterns is poised to exacerbate  

the yield  and income insecurity  that  

farmers are already facing.  Changes in 

temperatures and precipitation aʙect a 

cropõs li fe cycle (vegetati ve period, 

blooming and fruiting periods) which can  

have a direct eʙect on the health and 

survival of pollinators  as well  as crop yield  

[28]. Increases in temperatures directly  

aʙect livestockõs feed intake,  growth,  

weight gain, and dairy production as well as  

alter  the growth rate  of pastures, creating  

an indirect  eʙect on productivity.   

 

Furthermore,  diseases, parasites and 

invasive species populations are expected 

to increase [29]. Finally, extreme weather  

events such as drought and ÿooding, which 

can destroy entire harvests are expected to  

increase in frequency. There is a near 

global consensus that  GHG emissions 

need to be reduced and captured on a 

large scale to decelerate the climate 

crisis. Yet, reduced emissions will  not 

insulate the sector from the eʙects of 

climate change which are already being  

experienced including record ÿooding and 

drought,  invasive species, and wildþres. 

 
Fundamental changes to the management 

of agricultural ecosystems must be made 

to build resilience. A farm that has the 

ability  to absorb disturbances and self-

regulate  responses, can maintain  critical 

services such as food production and the 

markets built  around them.  
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In 2009 specialised dairy farmers experienced the highest losses with 50% of farmers  

having an income drop above 30% [25].  

 
Low income, volatility in both input and output prices, topped with low liquidity, makes  

agriculture  in the EU a high-risk sector for  investors. Consequentially,  farmers þnd it  diʚcult 

to access þnancing, limiting  their  ability  to grow and innovate [26].  In this way, agricultu reõs 

ability  to act as a key sector in the transition  to a climate  resilient  economy is restricted.  



 

 

REGENERATIVE AGRICULTURE 
Regenerative Agriculture  (RA) is a system that  reclaims the reciprocity  between 

productivity  and resilience.  Regeneration is the process by which degraded, vulnerable  

lands, are subjected  to a variety  of techniques and practices,  which recondition  them to a 

higher functional  state.  This new, functional  state has the potential  to regenerate itself  year 

after  year (closed loop),  providing and self-regulating  nutrients,  seeds, feed,  and water  

without  the need of external  inputs in the long-term.  RA lies in the nexus between crop 

production  and livestock  production,  where animals play an indispensable role and 

healthy  soils are the cornerstone.  

 
Volterraõs  vision  of  Regenerati ve  Agricultu re is an ecosystem-based approach which 

includes the following  practices:  Crop Diversiþcation, Agroforestry and Holistic  Grazing. 

Each of these practices are beneþcial independently,  but  together  they contribute  to an 

even stronger,  integral,  and resilient  ecosystem. 
 
 
 

Figure 4 - Regenerative Agriculture: Integral system 

for balanced, organic, and sustainable production. 
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CROP DIVERSIFICATION 

Monoculture implies the repetitive planting of the same crop, which consumes the same  

nutrients from the soil, ultimately ensuring a consistent food source for the pests and  

diseases that  feed on those crops. This leads to an increase in:  

Fertilizer  use to ensure that  the nutrients  the plants need to grow are in the 

soil,  and maintain  a high yield;  

Pesticide/herbicide  use to get rid  of òundesirableó species. 

 
Crop rotation is the establishment of diʙerent crops at diʙerent times in the same plot. It 

fulþls three  important  objectives:  

improve soil health,  

optimize  nutrient  availability  in the soil,  

control  pests and weeds. 

 
Crops are chosen for rotation considering the environmental characteristics of the area,  

the soil type,  as well  as the main cash crop.  For example:  maize and tomatoes take up 

a lot  of nitrogen  during their  growth,  so after  harvesting it  is beneþcial to plant  

legumes such as beans as they return  nitrogen  to the soil.  Rotation also interrupts  

the cycles of pests and diseases which only thrive  on and among certain  crops. 

Introducing  non-host crops as cover crops helps control  weeds and pests without  

competing with cash crops for available nutrients in the soil [30], providing the farmer  

with  a natural  tool  for  biological  control.  

 
The use of cover crops inside crop rotation maintains soil and water quality without  

reducing yield.  Cover crops are also used for  erosion control,  nutrient  supply, and 

mitigation of nitrate leaching; they are a powerful tool to recover degraded soils [31] .  

Typically, they are planted in early autumn and are mowed after they ÿourish in the 

spring, leaving a mulch for the  summer vegetables. The use of two  species for cover  

crops is highly recommended to diversify  soil microbes and nutrient  availability  [32].  

A common combination with cash crops is the use of grasses and legumes. These plants 

help establish a balanced carbon /  nitrogen  ratio  in   the   soil   and   enhance  

biomass production  (mulch).  This extra  biomass can also be utilized  through the 

integration  of   livestock,   enhancing   forage   opportunities   [33].   Overall,   cover  

crops generate greater  soil stability,  fewer  pest and diseases, higher biodiversity  

and overall,  more opportunities  for  farm innovation  [34].  

 
The implementation  of cover crops and crop rotation  as part  of a regenerative  approach 

will  support diʙerent ecosystem services such as: 

 
Increases in biodiversity  on the farm:  fostering  healthy  populations 

of soil microorganisms, livestock,  insects, and pollinators  [32];  

 
Contribution  to soil carbon sequestration [32];  

 
Decreases in the GHG emissions of the system as fertilizers,  

pesticides and mechanical operations become redundant  [33];  
 

Accordingly,  incorporating  crop diversiþcation strategies will  contribute  to increased 

agroecosystem resilience  [35].  
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AGROFORESTRY 

Agroforestry is the name for  land-use systems where trees and shrubs are deliberately  

used with  agricultural  crops and/or  animals [36].  These interactions  sustain production  

and increase social, economic, and environmental beneþts for land users at all scales and 

levels [37].  

 
The incorporation of trees in conventional farming systems has proven to have a positive  

impact on soil health and water  availability, as trees and bushes are prime regulators  

within the water, energy and carbon cycles [38] [37]. The roots of trees and bushes grow  

into much deeper soil layers than the annual or perennial crops that grow in the lanes or  

spaces in between [39]. This deeper root mass results in bigger and stronger trees that  

absorb the moisture and nutrients leaking through the root layer of crops above them [40].  

Studies show that soils developing under tree canopies have higher nutrient and organic  

matter con tent, and are more capable of storing and distributing water, decreasing soil  

erosion and evapotranspiration [41, 37]. The additional fertilisation by leaves and other  

biomass leads to a higher percentage of soil organic carbon and better  soil health  [42].  

 
 

Figure 5 -The 7 layers of agroforestry systems. 
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There are 3 main types of agroforestry:  

 
1.  Agrosilvicultural  systems: combining  trees,  shrubs,  and crops 

 
Agrosilvicultural  systems are usually implemented  as Alley Cropping systems, where rows 

of trees are planted in wide intervals with a companion crop grown in the alleyways  

between the rows. Alley cropping facilitates the use of machinery to continue permitting  

activities  such as weeding and mechanical harvests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Image 1 - An alley cropping system has been integrated in an Olive field in Freixo do Meio, Portugal. 

Photo by: Volterra Ecosystems 

 
The seven layers of agroforestry implemented in the lines shown in Image 1: 

1. Walnut trees, 

2. Orange trees, 

3. Lavender, 

4. Tomatoes, 

5. Strawberries, 

6. Grape vines, and 

7. Radishes 
 

The stratification of the vegetation is indispensable to create a system that can regulate itself and 

be resilient against different environmental changes. 
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2.  Silvopastoral  systems: combining  animals and forestry  systems 

 
Prime examples of silvopastoral systems are the Spanish òDehesaó, Portuguese òMontadoó 

and Sardinian òMeriagosó where oak based forest  systems (Quercus ilex, Q. suber) and 

animals are combined. Dehesas typically have a low tree density, around 60 trees/ha;  

animals live oʙ the pasture that grows beneath the trees, and the acorns that the trees 

produce. Animals such as cows, pigs, sheep, and turkeys are being managed under this 

system. For the livestock, trees can provide shade and protection from the sun and wind.  

Heat stress in animals can lead to reduction of water intake, reduction in growth, loss in  

body weight and even death [43]. Trees provide shade which beneþts the pasture and the 

animals while they go about their activities, and also creates a cooling eʙect generated by 

evapotranspiration [44]. Most famously, Jamón Ibérico de Bellota (ham from free -range, 

acorn-fed Iberian pigs) which can be sold at prices above û100/kilo, comes from 

silvopastoral  Dehesa systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image 2 - Cattle taking refuge in the shade. Dehesa ecosystem in Elvas, Portugal. 

Photo by: Volterra Ecosystems 
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3.  Agrosilvopastoral  systems: combining  all  three elements  (trees, crops,  animals)  

 
Agrosilvopastoral systems are understood as follows:  

 
ò[é] grains, þbres, beef, wool and others production systems performed in the same area, 

simultaneously,  sequentially  or in crop-rotation  planting. Where  the objective  is: to 

maximize the use of biological cycles of plants, animals and their waste; use residual  

eʙects of fertilizers  and correctives;  minimize  and optimize  the use of agricultural  

chemicals; increase eʚciency in the use of machinery,  equipment  and hand labour;  

generate employment  and income;  improve social conditions in rural  areas; reduce 

environmental  impacts,  aiming at sustainability.ó [45]  

 
The added complexity and diversiþcation results in a greater eʚciency to capture and use 

resources compared to conventional  land use systems [46].  The integration  of livestock  

and dynamic cropping may increase the management eʙorts required,  but  overall,  

synergies will be  created  between the various components of the  system, increasing 

resilience and ecosystem functionality. The diversiþcation of agricultural systems sustains 

production (animal and crop) and provides other important ecosystem services such as  

carbon storage, eʚcient nutrient  cycling and biodiversity  [47].  

 
 

 
Figure 6 - Integrating complexity requires greater organization, providing opportunities to switch 

from input intensive farming to knowledge intensive farming. 
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HOLISTIC GRAZING 

Animals are an indispensable part of regenerative agriculture. In a well -managed and 

mature RA system, all livestock are ògrass-fedó on a diverse þeld of perennials with high 

nutrient content. The livestock subsist oʙ the grasses that grow and self-seed year after  

year, reducing the need for external seed or forage. By urinating and defecating, animals  

supplement nutrient concentrations, enhancing mineral availability for plant roots and soil  

microbes, ultimately  leading to improved plant  production  [48].  

 
The Holistic Grazing approach was developed by Allan Savory and has been implemented 

across the globe. According to the Savory Institute: òHolistic Planned Grazing is a planning 

process for dealing simply with the great complexity livestock managers face daily in  

integrating livestock production with crop, wildlife and forest production while working  to 

ensure continued  land regeneration,  animal health  and welfare, and proþtabilit y. Holistic 

Planned Grazing helps ensure that livestock are in the right place, at the right time, and  

with  the right  behaviour.ó [49]  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image 3 - Allan Savory visits Elvas, Portugal as part of his tour of the Iberian Peninsula in June 2019, 

supported by LIFE Regenerate and Volterra Ecosystems. Photo by: Volterra Ecosystems 
 

 

Herd movement is managed through a multi -paddock system. Livestock are rotated  

through paddocks for short, intensive, grazing periods, after which the paddock is left to  

rest. The stress placed on grasslands by livestock, if well managed, can function as  

òecological trainingó where grazing can be likened to pruning,  kick-starting  healthy  growth.  

For optimal  production,  farm management must consider 

 

the growth rate of grass, 

the stocking rate for livestock, and 

a diverse array of animal species/breeds. 
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Figure 7 - Rotational herd movement gives pasture long rest periods while high stocking 

densities enable weed control. 
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Grass Growth Rate 
Figure 7 shows a simple circular rotation scheme; however, rotation patterns and the right  

paddock choice should vary depending on grass maturit y. When grazing is spaced with 

adequate recovery periods, farmers can allocate  livestock  to the best quality  grasslands 

and prevent both under - and over-grazing, both of which can be detrimental to plant  

productivity  and soil health  [50] [51].  The balance, found  by rotational  holistic grazing  

increases biomass growth and reduces erosion to maintain high production rates and a  

rich diet  for  livestock [52].  
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Figure 8 - Grass growth rate. At first stage the plant will build root reserves to support a larger plant. 

As the plant reaches maturity it will invest in seed formation, before slowing down. 
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Stocking Rate 
Stocking rate  is the number of animals grazing on a piece of land for  a given amount of 

time. Rotational grazing has proven able to feed higher stocking rates (60% higher in some  

studies) [53],  encouraging a diversiþed diet  and greater  animal production  rates (kg/ha)  

[54].  Under conventional  cattle  grazing systems which can be continuous and extensive,  

cattle consume only the plants they þnd most palatable. Higher stocking rates in Holistic 

Grazing encourage the livestock to graze on anything available, including weeds. If cattle  

ate just 70% of the weeds available, that producer would have about 43% more forage as  

well as eʙective weed control without the need for chemical phytosanitary products [55].  

Intentional  diversiþcation of forage by sowing cover crops such as legumes also increases 

soil fertility and provides the animals a natural protein source, which is the base for meat  

and dairy production.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image 4 - Aerial image where the clear demarcation of paddocks can be seen at Mundos Nuevos 

in Extremadura, Spain. Photo by: Volterra Ecosystems. 
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Animal Diversity 
Just as in Crop Rotation and Agroforestry,  the more diverse number of species present,  the 

more resilient  and productive  the ecosystem. Each species plays a diʙerent role:  

 

Cows predominately graze tall grass. Having other animals follow the cattle  

will  capture the full  productivity  of the pasture and its nutritional  capacity. 

 

Sheep are ideal for the low part of the grass, as they graze very close to the  

soil.  Seed mixes (with  clover for  example) can be sowed no-till  by 

introducing the sheep, strategically weakening the sod and giving new seed  

mixes a head start.  

 

Pigs root the soil and graze the grasses. They clean any natural leftovers  

such as fallen fruits or nuts, preventing the occurrence of plagues in a  

following  season. 

 

Mammals should be followed by birds, which feed on weed seeds, insects,  

and other litter left behind. They also serve to break apart and scratch  

manure into  the soil,  speeding up decomposition and the nutrient  cycle.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Image 5 - Pavo de la Dehesa, a turkey autochthonous to the Dehesa implemented in Finca 

Muñovela as part of the project LIFE Regenerate. Salamanca, Spain. Photo by: CSIC-IRNASA 
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REGENERATIVE TOOLKIT 

RA is a continual process of improvement. The þrst stage, which will bring the land out of 

its degraded state, requires a period of transition that can last several years - depending 

on the level of degradation. Farmers use numerous techniques and tools to support this  

transition in the short and long terms. Monitoring technologies can be useful during this  

time to provide the data for a transitioning farmer to know when and where to apply  

additional  measures to accelerate  regeneration.  
 
 

Tools for improved management 
The agricultural  sector consumes 69% of 

the world´s freshwater [56]. As demand for 

water resources is expected to increase, 

smart water management will be key to the  

success of any operation.  A healthy  soil 

microbiome which is directly linked to plant  

nutrition, productivity, and pathogen and  

disease resistance also plays an important  

role in resource management. Below are 

some practices for  improved soil health,  

water  availability  and retention,  and animal 

wellbeing.  
 

1.  Inoculations  

As a keystone species and a fundamental 

biodiversity  pillar  [6],  fungi below the 

ground (mycelia)  and above the ground 

(mushrooms) support numerous ecoystem 

services. Mycelia form symbiotic  

relatonships (mycorrhizae) with the roots of  

around 90% of terrestrial plants and play a  

fundamental  role in ecosystems. 

Mycorrhizal fungi (MF) scavenge soil 

nutrients  and water  from the soil in 

exchange for photosynthate from the plant.  

Without  MF, most plants cannot acquire 

enough soil resources to grow or 

reproduce; without  the plants,  the fungi 

have insuʚcient energy to carry out their 

life cycle. Fungi are eʚcient decomposers 

of organic matter, converting dead organic  

material into nutrients, forming the core of  

the nutrient  cycle.  A direct  result  of 

decomposition is humus which contributes  

to soil aggregation and stability  [57].  

Scientiþc papers also point to the positive 

correlation between MF & biodiversity [58];  

soil biodiversity & productivity [59]; MF &  

pathogen/disease resistance [60]  [61];  MF 

& drought tolerance  [62]  [60]  [63]  [58].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Image 6 - LIFE Regenerate partner IDForest 

carries out fungal inoculations in the trial area 

of Sassari, Sardinia, Italy. Photo by: IDForest 
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RA practices inherently support the survival of beneþcial fungal communities. But for land  

that is just beginning to transition, where fungal communities may be weak, or scarce,  

farmers can proactively  introduce  mycorrhizal  fungi through a process called òinoculationó. 

Some mycorrhizal fungi also produce an edible component. For example, the high -priced 

gourmet delicacy  ð truʛes ð are a fungus which form  a symbiotic,  mycorrhizal  relationship  

with oak (Quercus spp.) trees. When choosing which fungi to use for inoculation a farmer  

should consider local  conditions.  

 
2.  Biochar  

Biochar is a stable form of carbon which is  

obtained through the transformation  of 

wood materials  using pyrolysis or open-air 
combustion at a high temperature,  that  

does not  release carbon. Biochar can be     
a.

 

applied as a soil amendment and in 

livestock  production.  

 
When used as soil amendment,  the biochar 

is þrst òchargedó and òactivatedó with 

nutrients,  water  and microorganisms using 

compost,   manure,   or  whey.  Then,   this 

mixture  of active  biochar is added into  the 

soil increasing its carbon content.  The water  

and nutrients  contained in the biocharõs 

porous structure  will  be released back into  b. 

the soil  during  the  driest  months. As  a  

result,  the overall  health  of the soil 

improves, providing plants with  a  higher 

chance of survival in rough environments 

[64].  Biochar can also improve soil structure  

and increase fertili zer eʚciency. 

 
In livestock  production,  the use of òrawó 

biochar also provides numerous beneþts. 
As part  of animal bedding it  absorbs odours 

and  humidity  which  helps  avoid  animal c. 

diseases such as hoof infections. It can also 

be added in small doses to the animalõs diet 

which  increases  the   energy  eʚciency 

of digestion,  neutralizes  agrochemicals, 

and reduces risk of diarrhoea and 

infections contributing to overall animal  

wellbeing  [64].  

 
 
 

d. 

 
Images 7 a., b., c., and d.- Biochar production 

process in an open air kiln (Kon-Tiki design). 

Photos by: Volterra Ecosystems 
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3.  Keyline  

The Keyline Design is a technique  to 

manage water resources and increase soil 

fertility. It proposes a farm layout based on  

the natural  topography of the land that  

allows farmers to eʚciently manage 

water ÿow, encouraging water mobility to 

where it  is needed and favouring water  

retention  by crops. 

 
The planning consists of designing a 

pattern of lines (Keylines) in the soil along  

contour lines (across the slope) as well as  

allocating  swales and dams to channel 

rainfall and ensure an eʚcient distribution 

of water. These Keylines are made using a 

special ploughing system called the 

Yeomanõs Plough or variations thereof. The 

plough uses thin blades to penetrate deep  

subsoil layers and avoids the mixing of 

shallow topsoil (usually richer in  nutrient  

content)  with  the infertile  subsoil 

underlying it.  

 
This ploughing system, which is 

compatible  with  no-till  agriculture,  allows 

the soil to absorb larger quantities of runoʙ 

water with minimum soil layer disturbance,  

accelerating  soil biological  activity  and 

increasing soil organic matter content [64].  

No-till  practices have proven to match 

conventional  tillage  yields [65]  in arid 

regions under rainfed  conditions and sandy 

soils where water scarcity represents  a 

limitation to crop growth. Some studies  

even show the potential of low -till and zero  

tillage systems to contribute to climate  

change mitigation  by enhancing carbon 

sequestration within  the soil [66],  especially 

within  the topsoil  layer [67],  and in well -

aerated soils [68].  

 
 

 

Images 8 - Installing Keyline ridges at Finca 

Muñovela for LIFE Regenerate. Keyline reduces 

run-off, increases water infiltration, and 

maximises water resources. Salamanca, Spain. 

Photos by: CSIC-IRNASA 
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Today the Keyline Design is considered one 

of the most innovative  techniques for  on-

farm water  management since it  

combines water capture and conservation  

strategies with soil regeneration techni - 

ques. The application of this technique  

improves water  harvest,  storage and 

availability for crops while encouraging soil  

formation.  This system, therefore,  serves as 

a tool against ÿooding, drought, and soil 

erosion, optimising on -farm water cycle  

ÿows and increasing carbon storage within  

the soil [64] [65]. Implementing Keyline for  

optimized  rainwater  capture  and 

distribution can therefore make a farm  

more resilient to the changing weather  

patterns and precipitation levels brought  

about by climate  change. The Keyline 

equipment,  moreover,  can be used in 

combination with livestock management  

and rotational  grazing in agroforestry  

systems to enhance soil fertility [65] [66]  

with  very little  alteration  to the land surface.  

Its application  requires a geographical 

study of the land and an understanding of  

its topographic  features  to detect  

precipitation  and water  ÿow patterns.  

 
4.  Animal  guidance  

Stress caused by heat results in less forage 

uptake by the animal i.e.  reduced 

productivity.  Shade reduces stress and 

increases livestock performance. Research 

has shown an improved weight  gain of up 

to 1.25 pounds (0.57 kg) per day for cows  

grazing under shaded paddocks compared 

to stressful,  sun-exposed environments 

[69].  During the transition  period,  while  

newly planted  trees are still  growing, 

mobile  shading solutions can be 

implemented.  These are also useful for  

guiding herd movement.  When coupled 

with mobile water tanks farmers can react  

to òunfavouredó spots, shifting  livestock 

strategically to improve soil in certain areas 

of the farm.  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Image 9 - Mobile water tanks in Elvas, Portugal. Photo by: Volterra Ecosystems 
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ADDED VALUE 
OUTPUTS 

Diversified products 
A Regenerative Agriculture system that include Crop Diversiþcation, Agroforestry, and 

Holistic Grazing will beneþt from a wide diversity of products making the farm more 

economically resilient,  in the same way a diverse investment  portfolio  mitigates  risk.  

Both plant  and animal diversity  should be considered to maximize the proþtability 

of the system. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carbon 
Carbon Farming, which involves implementing practices that are known to improve the  

rate  at which CO2 is removed from the atmosphere and converted  to plant  material  

and/or soil organic matter [78], is complementary to Regenerative Agriculture. Using soil  

analyses and tree models, it is possible to detect and calculate the amount of carbon  

dioxide sequestered by farmland and forests. With these tools, farmers can also become  

traders in the carbon credit  market  or òcap-and-tradeó thereby  beneþtting þnancially  from 

the GHG emission reductions achieved from the transition to RA, as well as the oʙset 

capacity that forest and agricultural sinks provide [79]. This extends the farm´s range of  

products from solely agricultural to þnancial products providing greater þnancial stability, 

especially during the transition  period.  

 
The Emission Trading System (EU ETS) is the biggest CO2 market  worldwide.  The current  

price (June 2020) of European Emission Allowances (EUA) (the  right  to emit  more or less 

CO2) is approximately  24 û/t CO2 eq. and the Certiþcation of Emission Reduction (CER) 

(a ton of CO2 that  has not been released to the atmosphere) û0.30 [80].  
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Holistic  Grazing Agroforestry  Crop Diversiþcation 

Figure 9 - Range of diverse products from a regenerative system that can generate income. 
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Waste 
A self-suʚcient system produces higher-quality goods increasing the value of on -farm 

waste. All by -products in a RA system can be turned into proþt. Table 1 presents a variety  

of products that  can be obtained  from diʙerent farm waste and their  applications  both 

on- and oʙ- the farm.  

 
 
 
 

 
Image 10 - This beetle (Cetonia 

aurata), found in the Dehesa, 

can be bred on compost and 

pruning waste. The larvae are 

an encient protein source for 

farm animals, reducing the 

need for supplemental feed. 

Salamanca, Spain. Photo by: 

CSIC-IRNASA. 

 

 
Table 1 - Circular potential of On-farm waste. Elaborated by Volterra Ecosystems 

 

Activity  

 
Pruning trees 

 
 
 
 
 
 
 
 
 
 

 
Animal breeding 

 
 
 
 

 
Harvest & 

vegetable 

materials  

Waste 

 
Woody 

material  

 
 
 
 
 
 
 
 
 

 
Manure 

 
 
 
 

 
Inedible  

vegetable 

biomass 

Processing 

 

None 

 

 
Chip [71]  

 
Sawdust inoculated  

with  fungal spores 

 
Pyrolysis /  

Open air kiln  

 

 
Composting 

 

 
Biodegradation 

None 

Product  
 

Unburnt pruning 

residues [70]  

Firewood 

Biomass 

High value edible  

mushrooms 

 

Biochar [74]  [75]  

 

 
Compost [76]  

 

 
Fly larvae [77]  

Biomass 

Applications  

 
Mulch 

Household heating 

 
Mulch 

Energy production  
 

Sale 

Self-consumption 

 
Livestock farming 

Soil amendment 

 
Crop cultivation  

/ fertilizer  

Biofuel 

 
Animal feed 

 
Energy production  
Mulch  Mushrooms 
Construction 
material  

26 



- 
Figure 10 - Regenerative agricultu

+
re has far reaching environmental benefits. 
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A regenerative  approach  can contribute  to  both  climate  change mitigation  and 

adaptation  strategies.  

 

Mitigation 
The IPCC has identiþed cropland management, restoration  of organic soils, grazing land 

management and livestock,  as legitimate  options for  GHG mitigation  in agriculture.  In total,  

they have a mitigation  potential  of 1.6ð4.6 GtCO2-eq per year [28] (1).  

 
Agriculture  is well  equipped to mitigate  climate  change due to its untapped capacity to 

store carbon in soils. Improved soil management alone can oʙset 5ð20% of current  global 

anthropogenic GHG emissions [81]. However, the very existence of soil on the þeld needs 

to þrst be secured. The rate  of soil erosion in agricultural  þelds from conventional  practices 

(tilling)  is 380 times the natural  rate  of soil formation.  Switching to no-till  practices can 

decrease soil erosion by 96% in comparison to conventional.  Vegetation cover,  achieved 

through cover crops, acts as the most eʙective natural protection against soil erosion, and 

related  soil carbon losses [11].  

 
Studies suggest that converting crop þelds to rotational grazing pasture can increase 

carbon accumulation  and water  retention  capacity  in the soil,  leading to overall  soil health  

improvement  [82].  Rotational  grazing practices have also shown to reduce the methane 

emitted per kilo of beef gain [83]. These practices improve grass quality and digestibility  

which in  some cases leads to a 30% reduction  of GHG emissions for  beef cattle  [84].  

 

Adaptation 
Sustainable land management practices, such as those practiced in regenerative agricul - 

ture  have shown to enhance resilience  to climate  change [85]  [86].  

 
Climate change will  aʙect diʙerent regions in diʙerent ways. The Mediterranean basin, 

whose climatic proþle is also present in the SW United States, central Chile, the western 

cape of South Africa and S/SW Australia,  is projected  to experience increasing drought 

and high temperatures. Thus, resilience to drought must be a primary focus of adaptation  

measures. 
 

(1) 2010 emissions from the Agriculture, Forestry and Land Use sector were an estimated 10.6 GtCO2-eq, and 

were mainly caused by land use, livestock production, and soil and nutrient management [22]. Mitigation 

options presented can decrease agricultural GHG emissions by 15-43% (compared to 2010 values). 
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After thirty years of a rigorous side -by-side comparison, a study by the Rodale Institute  

showed that crops grown in an organic system outperformed conventional production in  

years of drought by as much as 31% [87]. RA systems, which qualify for and exceed organic 

standards is even better equipped for drought resistance. Agroforestry layers and rotatio - 

nal grazing enhance soil organic matter and wate r retention [88] [48]. Keyline design can  

appropriately distribute rainwater during extreme precipitation events, avoiding ÿooding 

and water logging. Compost and biochar increase soil water holding capacity thereby  

increasing resilience to drought [11]. So ils with healthy communities of microbes and my - 

corrhizal fungi can confer drought tolerance to plants [62] [60] [63] [58].Fungi can also  

improve resistance to pests and diseases which are projected to thrive under climate  

change. 

 
An RA system with higher levels of biodiversity not only contains natural defences against  

pests (i.e. biological control) but is limited by how much one pest/disease can radically  

aʙect it. Crop rotation and rotational grazing can break the cycle and spread of pests/pa- 

thogens. Through these practices, Regenerative systems are equipped to defend them - 

selves against a climate change scenario with water scarcity, high temperatures, extreme  

events, and frequent  pest/disease outbreaks.  
 
 
 
 

Image 11 - Acorns from Quercus trees feed Iberian Pigs in the 

Dehesa. Salamanca, Spain. Photo by: Volterra Ecosystems 
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