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Summary
The project oLIVE CLIMA succeeded in its target to introduce farming practices that enhance
carbon sequestration and permanent storage, as part of CO2 is removed for more than 100
years from the atmosphere. This leads to olive products being the only food deserving a
carbon credit, a benefit that may be commercially useful to producers for promotion of olive
oil.
The practices introduced by oLIVE CLIMA proved to be economically more sustainable than
their traditional counterparts, allowing for some hope for yields increase and reduction of
production cost. In parallel, yield increase without additional inputs, lowers the footprint of
the product with regard to several environmental impacts.
Some of the practices introduced, like wood shredding and composting, enhance the need
for farmers to form coalitions on productive basis1, taking up (part of) decision making, and
to share the equipment cost. Especially as the cost to subcontract was found much higher
than the cost for the same work carried out by farmer himself, i.e. without subcontracting.
Among the practices introduced, the most important, as well as accepted is pruning. It has
become obvious to olive growers that oLIVE CLIMA pruning can smoothen the alternate
bearing of olive trees, a situation that exhausts the trees in the “on” years, rendering them
susceptible to adverse conditions in the “off” years, with detrimental effect on yields and
cost.
Finally, it is documented from the results of the project, that sustainability of olive growing is
possible, and the threat of abandoning can be deterred. A number of recommendations for
further work, at the end of the present document, aims to the same objective.

1

In Greece almost no cooperative is based on production processes, but mostly on common trading
of the production.
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Action C7: Socio – economic analysis for oLIVE CLIMA

1. Introduction
The objective of this analysis is to reveal the impact of the project on the prospective of
sustainable olive growing, so that olive groves will continue protecting inclined land from
soil erosion, whilst at the same time provide olive oil for the nutrition of farmers families,
as well as for some addition to their income.
So far, the combination of several external factors like market price of olive oil, economic
crisis and weather instability due to climate change, drive the olive growers to less and
less investment in olive growing. This in turn leads to lower yields and increased cost of
production, and at the end to semi-abandonment of the crop. Our data during the last
decade show that to a large extent in Crete almost 50% of olive groves are not harvested
each year, as trees are left to return to the natural biennial bearing 2. This however has a
detrimental effect on the sustainability of the crop, as it causes instability of income and
even lower investments. In parallel, the few fruits that remain unharvested on trees, in
the low-bearing-year, become a nursery for insect-pests like olive fly, which flourish,
increasing their population stock, year after year. The project oLIVE-CLIMA introduced
farming practices selected so as to have two-fold objective, i.e. A) to ensure enhanced
carbon dioxide (CO2) uptake from the atmosphere and its storage in soil as Soil Organic
Matter (SOM) increasing thus soil fertility. At the same time, B) to train olive growers to
minimize biennial bearing, increase yields and decrease costs, mainly by improved waste
management (e.g. instead of burning the pruned wood), by a smart approach for pruning
and by minimizing tillage, up to zero tillage. The overall objective has been to use CO2 as
a tool for more economically viable olive crop.
One more potential benefit for the olive growers is that by implementing oLIVE-CLIMA
practices they can reliably demonstrate in a quantitative way the improvements of the
environmental performance by using Product Environmental Footprint (PEF) to promote
their olive oil in the market.

2. Materials and Methods.
2.1 Sources of Information
The records which have been used for the socio-economic study are the following (see
document ‘C1-Primary data collection and recording & Quality control’ for details).
1.1 EMS CLIMA
1.2 CLIMA RECORDS
1.3 CALCLIMA

2

Alternate bearing of high and low yields, in “On” and “Off” years respectively.
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2.2 Scope of the socio-economic analysis
The project LIFE 11 ENV/GR/942 oLIVE CLIMA was developed on 120 olive groves,
distributed in three areas of south Greece as follows:
• Farmers Organization ‘Nileas’
• Union of cooperatives of Peza
• Union of cooperatives of Merabello
So, 40 olive groves were in SW Peloponnese (NILEAS group of farmers), 40 in NE Crete
(Merabello group) and the last 40 in central north Crete (Peza group). Olive groves differ
significantly in size (Has/olive grove) between Crete and NILEAS, as shown in the figure 1
below.
Note: This figure should not mislead with regard to farmer’s property size. One family
may be the owner of as many as c. 20 small sized olive groves, especially in Crete.
Figure 1 Size of olive groves in the 3 areas
oLIVE CLIMA-Distribution of olive grove sizes (Ha)
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The project provided for the following interventions, designed to increase the capture of
CO2 from the atmosphere and the storage of carbon in soil, deterring CO2 from scaping,
as much as possible. The interventions, as respective actions, were as follows:
Action B1: Soil enrichment with carbon, by returning to it organic matter, i.e. shredding
wood and spreading on soil, composting, and spreading Olive Oil Mill Waste Water.
Action B2: Enhancement of photosynthesis by special pruning and by enrichment of soil
cover by winter cover crops / green manure. Also, by introduction of zero tillage so as
to prevent carbon losses from soil, as much as possible.
Of the 40 olive groves per area, the 20 were irrigated and the other 20 rainfed. The 40
olive groves were then split in two groups, one that received the projects interventions
(20 olive groves) and one that served as untreated control. It should be mentioned that
the split to ‘treated‘ vs ‘control’, served only the demonstration element of the project,
i.e. for the farmers to witness that the interventions did not have a negative effect.
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2.3 Limitations of the socio-economic analysis
a. Comparisons between control and treated olive groves
The split to control and treated plots did not have the usual function of an experimental
design, i.e. to be suitable for quantified comparison of results between treatments and
controls. Such comparisons cannot be made, due to the following reasons:
• Soil texture, age of olive trees, planting density and several other critical parameters
were not common between control and treated olive groves,
• Apart from the interventions, routine treatments like fertilization, plant protection,
irrigation etc. were chosen freely by the farmers, resulting in quite variable pattern as
it can be seen in the Parcel Performance Sheets (PPS) in Annex 2.
• Some interventions dictated by oLIVE CLIMA, were not identical for all of the ‘treated’
olive groves (see document C1.1 Data collected and recorded). For example, a farmer
was free to select the type of organic matter to be added between shredded wood, or
compost or oil-mill waste water. In addition, participating farmers were not prevented
from implementing on their “control” olive groves some of the interventions they had
liked seeing on their “treated” olive groves.
The above, not surprisingly, led to very high variability of inputs and results. The intrinsic
spatial variability in crop agriculture in known to be very large, and temporal variation is
added for perennial crops. Especially for olive trees, two more sources of variability are
added, i.e. a) long term tradition of olive growing, a condition that has differentiated
local farming practices established over thousands of years. For example, in NILEAS the
practice for pruning in two times, winter and summer, while in Crete pruning takes place
only in spring, and b) the inherent tendency of biennial bearing of olive trees.
Having carried out LIFE09 ENV/GR/000302 SAGE10 using 600 olive groves in the same
areas, we had the rare opportunity to have abundant data on the statistics of variability.
We could thus calculate that if we wanted to be able to carry out credible comparisons,
we would need several hundred replications of “control” and “treated” olive groves, and
a consequently enormous budget (see Annex 1). Stratification was tested, but found not
to help. It would be also meaningless, as it would require more complex management of
olive groves.
b. Limitation with regard to the data sources for the economic analysis
Although interventions were partially funded the project, so it is clearly documented how
much each costed, for each year and each of the three areas, it was decided not to use
this information as a basis for the following reasons:
• A multiplicity of implementers was employed at different occasions (year, area).
Sometimes employees of the organization (Merabello and Peza), along with subcontractors (Peza and Nileas). So, the basis for the calculation is not stable. It should
be noted that there is no professional subcontracting formally registered in the area
of Nileas, so a new situation had to be established.
• Especially in the case of subcontracting, the cost is misleading because of the formal
way of doing business, i.e. tenders, decision by the board, year-long contracts with
VAT, tax, and insurance etc., i.e. procedures with which neither the subcontractors
nor the Farmers’ Organization had any prior experience. I addition, the established
subcontractors’ (formally registered or not) cost was found to be significantly higher
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than the cost for the same work carried out by farmers. This was a surprising finding
of the project, explained in chapter 2.5, later on.
To overcome this limitation, cost analysis disregarded subcontracting, and was based on
farmer doing his own work with owned equipment, or in its absence sharing it with
other farmers, supposing farmer grouping. This approach was chosen as a firm, healthy
basis for the analysis.

2.4 Socio-economic criteria related to the objectives of oLIVE CLIMA
The criteria used for the present analysis are principally economic and social, sometimes
both. They are selected to answer the issue of sustainability of olive crop, comparing the
effect of the interventions vs the Business As Usual (BaU) background, taking in account
the criteria below:

2.4.1 Economic criteria
• Production cost and cost allocation to its constituents.
• Gross and net profit per hectare
• Olive grower’s ‘salary’ per working day and number of working days per year.
• Yield per hectare per year, in Kg olive fruit and Kg olive oil,
• Bienniality index.

2.4.2 Social criteria
• Ratio of ‘internal’ to ‘external’ spending, per hectare.
• Opportunities for coalition of olive oil growers in grouped activities.
• Degree of ‘steering’ of production process for ‘quality in quantity’ targets.
• Potential for product’s quality differentiation and recognition by the market.
• Degree of introduction of technological innovations in olive growing.

2.4.3 Environmental criteria
• Life Cycle Inventory (LCI) as a base for LCA and PEF.
• Fertilizers use per Ha, and opportunity of their partial substitution.
• Energy production per Ha, and opportunity to substitute fossil fuels.
• Water use per hectare and per kilo of product.
• Long term carbon storage in wood and soil.
Not all of the above criteria are feasible to be examined in a quantitative way in the
present analysis, due to their nature, data collection issues, etc.

2.5 Cost analysis approach taken
In order to examine the production cost from a social perspective the following approach
was introduced for the production cost of the olive fruit element of olive oil cost (no oil mill
data are examined in the first place).
Cost distribution to the following three cost compartments:
✓ Farmer’s own-time cost (FC), to carry out his crop management. Due to the small
size of the olive groves, this cost element is the most important for most of olive
growing in Greece. On the other hand, it is also very important for the continuation
of olive growing, since it is not considered as true cost by the Greek growers, but as
part of their overall family income. The indicator used for FC is € / workday of 8
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Figure 2 Farmer in weed control with hand-held mower
hours. The baseline daily salary is
today 60 €/day (used to be 45 in the
early years of the project, but was
upgraded due to new taxes). The
“resulting daily salary” in this study is
calculated by dividing the gross profit
per hectare by the farmer’s working
days per year. A well-organized farmer
could improve his daily salary
considerably, in which case he can start
considering replacement of some of his
time by external labor (LC, see below) a
socially desired process as it involves
profit sharing and the effective training
of the workers i.e. spreading of successful practices in the local community.

✓ Labor cost (LC), i.e. for workers to assist the farmer in is operations. This is a cost
that in a ‘bad’ year could be trimmed if the farmer is forced to carry out all the work
by himself. It could also be increased in ‘good’ years. The policy of oLIVE CLIMA is to
encourage the shift to LC, through the increase of farmer’s daily salary. The baseline
LC cost is considered now to be 45 €/day (8 hours). Before the new taxation regime,
it used to be 35 €/day.
FC and LC refer to the implementation of the following practices in an olive grove of smallmoderate size as the ones prevailing in Greek olive culture (Figure 1).
1)
2)
3)
4)
5)

Application of fertilizers in winter. It is done almost exclusively by hand,
Pruning, either traditional or according to the oLIVE CLIMA pattern.
Weeding by rotary hand-held hoeing equipment, as shown in Fig. 1,
Irrigation (operation of irrigation equipment)
Harvesting, mostly by the farmers and the members of the family plus some
labor (harvest crew). Also, transportation of olive fruit by farmer’s car is quite
common.
On the interventions side, broadcasting seeds of green manure can be added here.
✓ Payed cost (PC) is to purchase inputs like energy, Plant Protection Products (PPPs),
and fertilizers, i.e. almost inevitably payed cost. It also includes elements of the capital
cost (rent, depreciation etc.), To some extent, this cost element could be reduced, at
least to some extent, by replacement of external inputs with alternative practices, i.e.
by farmers’ own labor (insect monitoring using traps), so that family income is not
reduced. Such a replacement has been a target of the project, e.g. to replace part of
the purchased fertilizers by spreading pruned wood on soil, by in-house made
compost, or by drilling leguminous plants seeds for nitrogen, instead of N fertilizing.
The same with Plant Protection Products replaced by techniques (e.g. mass trapping)
that are used in organic agriculture. Above all, the introduction of zero tillage replaces
the use of machinery (usually subcontracted) with FC or LC to operate the hand-held
mower. Hand held mower can also replace the use of herbicides. It should be
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mentioned here that some external inputs like agrochemicals have in principle a
negative environmental connotation, hence their replacement is desired for the
environmental image of production, apart from the economic benefit.
A special segment of payed cost is not for inputs, but for services, such as for subcontractors to carry out work in the olive groves, by using equipment unavailable to a
small olive grower, such as soil cultivation, spraying, wood shredding etc. It has been
an interesting finding of the project that the subcontracted cost for a given work, is
considerably higher than if the farmer carries it out himself would he have the suitable
equipment. The cost difference is due to factors mentioned in #2.3 on the topic of
limitations, as external costs imposed to the subcontractor (VAT, taxes and social
insurance, which is now proportional to his income), but also to three more factors
not related to the present project: 1) Fixed compensation per type of work, e.g.
400€/Ha for ploughing, which is usually set to cover the worst case, with respect to
the time needed to plow a hectare, 2) Offer and demand. Equipment owners are not
so common in Greece. Depending of the time period in the year, they may be under
high demand e.g. during olive harvest period, and lastly 3) They are justified to add on
a business profit, over the actual cost.
Subcontracted cost is a target for reduction by social interventions, i.e. by farmers’
grouping to share the cost of equipment as well as new technology. Farmers’ grouping
is a collateral objective of the project, for several reasons to be discussed in the social
issues.
For the calculation of the actual (not sub-contracted) the default cost of a tractor was
considered to be 50.000€, including repair, maintenance and spare parts for a lifetime
of 15.000 hours working hours. For major machinery, like shredder, it was considered
as 10.000€ for a lifetime of 10.000 working hours. Fuel consumption and duration of
operations was obtained by taking in account numerous recordings.
The objective of oLIVE CLIMA is to reduce ‘PC, in favor mainly to FC, and secondarily to
Figure 3 Production cost allocation to categories

PC dependent olive oil
production

FC based olive oil
production

LC based olive oil
production

PC

LC

PC

PC
FC

LC

PC

FC
PC
FC

LC
FC

LC
PC
FC
FC
LC. The better economic results, the more labor employment can be secured. Olive
growing cannot be mechanized to a large extent, so increased income from olive culture
means more employment for local labor. However, as this is quite a complex issue, the
social elements for the shift depicted in Figure 3 are discussed for each intervention, in
chapter 3 (Results).
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3. Results
Results are presented by appraisal of each type of interventions as compared to BAU,
taking into account the criteria set (see #2.4). Comparison between the three areas is not
a primary target of the analysis, but whenever results reveal a situation related to serious
differences, it is highlighted.
All the economic criteria of #2.4.1 appear in PPSs for each olive grove, and each year, i.e.
480 PPSs have been compiled during 2013 and 2016. A sample of that is shown in
Appendix 1. It should be noted that a PPS shows two pieces of information at the same
time, i.e. the performance of the specific olive grove, in uncolored cells to the left, and
the average performance of the group of which the olive grove is part, which is shown in
the yellow font cells to the right. So, a farmer can see easily and correct or justify an olive
grove’s poor performance against the average. An olive grower may choose to see the
average of all his olive groves performance (provided he has furnished the required
recordings) just by choosing to type his code number in cell E4 of the PPS. In the first
sheet in Appendix1 the olive growers code number is 206, while the PPS named in cell E4
is 206.09. Since the PPS as a dashboard has limited selection of economic indicators, in
Appendix 2, a larger list is available, so an olive grower may choose (on demand) those
indicators that make more sense.
The information in Appendices 1 and 2 refer to the BAU and was used as a baseline to
compare the effect of the interventions.

3.1 Action B1-Returning organic material to the soil of olive groves.
3.1.1 Handling of pruned wood - Wood shredding3 and wood smashing.
This has been the more complex among the interventions, because it was totally new for
most farmers, it involved equipment not available to them (except for the group Nileas)
and all three forms of cost. So, special attention is given to it.
• Economic criteria: wood shredding seems to offer a small economic benefit to the
olive-grower, after deducting the cost of the operation. As the mass of pruned wood is
quite variable, it is not possible to present an average value. So, a “calculator” was
created (Fig. 5) that can show to
Figure 4 Allocation of cost for shredding wood
the olive grower the operation
Shredding cost (€/Ha & allocation)
cost, the savings in cost and
quantities of fuel and nutrients.
10
Overall, it seems that it is more
PC-Equipment
economically attractive than
25
PC-Fuel
bonfire, unless the farmer does
not use any labor for the latter. As
FC
18
shown in Fig.4 corresponding to a
LC
typical case of pruned wood mass
17

3

Care has to be taken by olive growers to avoid shredding/smashing in Verticillium infested olive groves. To
prevent spreading the disease, when in doubt for its presence samples have to be taken and examined by a
qualified plant protection laboratory.
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of 2,2 T/Ha (shredded wood) the PC cost, for equipment (10€/Ha) and fuel (18€/Ha)
prevail, in a total cost of 70€/Ha.
• Social criteria: In order to avoid the burden of subcontracting, olive-growers should be
encouraged to group together to share the cost of the shredder. This cost will be
higher for equipment based on auto-feeding -independent from manual feeding- i.e.
workers to feed the wood conduct of the shredder. Although this may mean less cost
for labor in favor of PC, it has the advantage of less exposure to accidents. Also, part
of labor cost will be needed for workers to line-up the pruned wood, ready for the
shredder to run over it.
Figure 5 Chemical composition of 'bonfire' air
• Environmental criteria: Compared to
wood burning, wood shredding
exposes the workers less to nasty
gases created by the bonfires
(mainly due to incomplete burning)
as shown in Figure 5 (extracted from
a larger table). When shredded
wood is spread on the ground or
composted, it can reduce fertilizers
use by the olive grower, as 1000Kg
of dry wood can replace 6.5, 9.0 and
3.0 Kg/Ha of N, P and K respectively,
according to the analyses performed
on shredded wood by IOTSP. At the
same time, it adds 0.55T of C/Ha to
enrich soil organic matter (SOM), but
the environmental benefit of avoiding the extraction of 300-400 kg of heating fuel
(per 1000 Kg of dry wood) is still debatable in the context of the PEFCR development,
for the fear of possible double counting, as it happens sometimes with biofuels 4.
Note: The introduction of wood shredding by oLIVE CLIMA has been noticed by the
authorities of the Ministry of Agriculture, who consider in their plans measures to
encourage it, i.e. a per hectare subsidy to the farmers and also subsidy to grouped
farmers to purchase shredders.
In conclusion, there is a relatively good potential in developing this practice further, the
major benefits being to increase SOM and decrease the need for fertilizers, or to replace fuel
if removed from the olive grove. So, economically is positive. Socially, it is neutral, or slightly
negative, as it happens when new technology replaces labor. Lastly, environmentally it is
more benign than burning wood in bonfires. Expansion of wood shredding in an olive
dominated area, e.g. in the range of 200 Ha and more, could possibly sustain the

4

Shredded wood is a biofuel. It can be sold for heating, combusted in fireplaces, furnaces and -nowadaysin specially designed home burners. Although, it has the disadvantage of high proportion of ash left
behind, and contamination of urban atmosphere with particulates, the advantage of independence from
purchasing fuel gives some relief to olive growers. It should be mentioned that at the beginning of the
economic crisis, uprooting of the most old-bulky olive trees for use as fuel was observed.
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Orange cells represent variables that the olive grower can change, while light blue cells
represent answers (results)
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operation of a local peletting unit, offering the opportunity of new employment.
Wood smashing almost equals wood shredding when the shredded wood is spread on
soil, but the wood chips produced are more coarse - slower to decompose and cause
trouble sometimes during harvest. Also, it requires more tractor traffic in the olive
grove, thus an increased risk for soil compaction. Lastly, its cost is split between PC for
the tractor, the smasher and fuel, and FC for the farmer – operator. On the other
hand, it’s benefit is that if properly timed, quite early in spring, it is a multifunctional
operation, as it will destroy also the weeds that are present, saving from an additional
weed control cost. The operation cost per Ha is calculated to be 125€/Ha, irrespective
of the amount of pruned wood present, as the smasher will have to cover the whole
land surface i.e. much higher than the shredder.

3.1.2 Olive oil mill waste water distribution on olive grove soil as fertilizer.
BAU for dealing with OMWW is evaporation ponds, where OMWW is transported by
either tank vehicles or by a pipe system. The proposal of the oLIVE CLIMA project for
‘solution by dilution’, theoretically solves the problem, however it is not easy to apply.
The bulky stuff has to be transported by several trips (sometimes >50/Ha) of a suitable
container which has capacity of c. 0.5 to 1.0 m3, e.g. usually the spraying tank. A better
solution for transportation was not found during the course of the project.
An alternative method is for OMWW to participate in the composting process.

3.1.3 Composting at farm level and compost distribution.
This has been a new practice for all three areas, although not totally unknown, as some
organic growers practice it. However, conventional farmers considered it as specific only
for organic agriculture. Olive growers usually lose conrol of the composting materials
(leaves, stone and oil mill water) as these are waste of the olive oil mill. The proposal of
oLIVE CLIMA was to test composting in each -if possible- olive grove, so that olive
growers become acquainted with the process and the material obtained and make it a
habit of their own. Soon, it was realized that olive growers do not always have the
equipment for transporting this organic material in their olive groves, nor the way to stir
it from time to time. In rainfed olive groves there is not even water available to irrigate
the compost pile. The resulting material was a blend of adequately fermented material
(as judged by temperature rise) and material that just dissipated, without the benefit of
raising the temperature. So, alternative Figure 6 Leaves transported to the composting ground
approaches were used, allowing local
subcontractors (Nileas) and olive oil
millers to deal with it. At the end, two
options were tested. First, to use as
composting ground a sparsely planted
olive grove and transport to it the
organic material (Nileas), and second to
use the back yard of the olive oil mills
that were property of the farmers’
organization (Peza and Merabello). This
latter option, proved to have several benefits, over the first.
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✓ Economic criteria. For 120m3 of organic material, which typically consists of 80m3
leaves (c. 40T) 40 m3 dry shredded wood (c. 18,5T), transportation of wood to the
olive oil mill backyard is half as costly (c. 100€) than transporting the leaves. On top of
it, stirring and mixing, as well as irrigation would be another 720€ for the operator and
machinery. This latter cost can easily be significantly reduced by mechanization, if
more PC is afforded. Finally, given that the composted material should be transported
and broadcasted in each olive grove, another 130€ are needed, as the composted
material is about 30% of the initial mass, i.e. 40m3. The overall sum is in the range of
950€ for 40m3 or 20T of compost, equal to 4.8 € per 100 Kg. Taking in account the
compost’s nutrient content as IOTSP measured it (1.99% N, 0.20% P and 1.82 K), and
the unit cost of each nutrient (2€/Kg for N, 2.67€/Kg for P and 2.74€ for K) it is
concluded that at a cost of 4.8€, nutrient supply of 9.5€ is obtained, with the added
benefit of adding also to soil 47 Kg of carbon for SOM increase.
✓ Social criteria: Compared to fertilizers and commercial manure, composting has the
advantage that 48% of the cost remains in the area, in the form of farmer’s and labor
cost.
The potential amount of leaves
Allocation of cost of compost
and pruned wood available
(474€/Ha/Y)
every year in an area of 1000 Ha
3%
of olive groves, stocked by the
oil mills is about 100T of leaves
LC
and about 2000T of shredded
45%
52%
FC pruned wood.
PC If no other organic material is
available, the sum of leaves and
a proportion of the pruned
wood could suffice to make
enough compost c. 40T, to be applied to only 4Ha for one year, i.e. only 04% of the
area. In other words, composting under these circumstances is not a replacement of
fertilizers and manure. However, it would be very useful if olive millers could get to be
interested to develop the know-how of how to compost efficiently, as they could add
more ‘bulky’ organic material of low commercial value, e.g. OMWW, and sludge of the
2 phase olive oil mills. Also, if the local municipalities could organize the collection of
organic matter, as long as the leaves and the shredded wood have opened this avenue
of waste management via composting.
✓ Environmental criteria: From the above, it is obvious that composting solves a waste
management issue for oil mills, but much less an issue of fertilizers’ replacement. In
addition, it can help, maybe equally well as burning, to address plant disease issues in
areas where the wood in infested. And of course, it may become a precedence to deal
with urban (village) municipal organic waste.
No adequate information has been found in literature for this type of in-field compost
making, to calculate emissions and flows for LCA calculations. It is one of the issues to
be further discussed in the PEFCR context, before this is finalized.
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3.2 Introduction of new practices to increase carbon sequestration
3.2.1 Enrichment of winter vegetation by broadcasting a prescribed seed-mix.
This intervention created an interest to olive growers, some of which especially in Nileas
and Merabello, employed it on other olive groves of their
Figure 7 Seedling emerge in
property not included in the scope of the project. As a
compressed soil
priority, the intervention aimed to fill-in the gaps of natural
vegetation, so, it was performed primarily on olive groves
that showed soil cover by winter vegetation less than 60%.
Poor cover is more common in Crete than in Nileas. In Peza,
this is because of a long history of mechanical soil
cultivation (rotavator) and glyphosate spraying. In
Merabello, partly because of poorer rainfall and partly
because of sheep grazing.
The intervention consisted in broadcasting the seed mix
on bare soil, ideally right after harvesting the olive grove.
This was necessary, especially in stone covered types of
soil, and was proven successful, especially for legumes as
shown in
Figure 9 Seedling emerges in stony uncultivated land
Figure 9.
In one occasion, it was attempted to drill
the seeds after a light strip-cultivation
(Peza, first year) which proved more
successful, but zero tillage would then be
compromised and the technique would
be too complicated in stone covered
soils. A problem faced by the zero tillage
was that small seeds (barley) were taken
up by ants, before they had a chance to
sprout. Legume seeds were less exposed
to that risk because of their size.
Figure 8 Seedlings out-compete persistent weeds

It was observed that germination and
establishment of the introduced seeds was
much better if the soil was covered by stalks of
previous vegetation, e.g. prior mowing. So, a
method tested successfully was to broadcast
the seed mix before a forecasted rainy period,
and right after broadcasting to mow or smash
the existing vegetation, so as to cover the new
seeds with debris.
It was noticed that sporadically, olive growers
delayed (after March) to destroy the spring vegetation (endogenous and introduced) not
realizing that competition with olive trees started. This has been taken into account for
further training.
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An economic -qualitative- so far benefit was that in some olive groves after successful
establishment of the introduced flora, some of the most persistent perennial weeds, like
Conyza sp. subsided (Nileas). Subject to further observations, this may prove an
important benefit.
Assessment of the natural weed and introduced flora was not differential, i.e. all plants
within a square meter (3 replicates) were assessed for weight and sampled for analysis.
The results on weight appear in table 1 below.
Table 1 Winter vegetation enriched / green manure
Weight of overall vegetation in olive groves

Kg f.w./Ha

Peza control (Average of 4 years A,B,C & D)

7528

Peza – seed mix added in years A and C

4807

Merabello control (Average of all 5 years)

9265

Merabello seed mix added all 5 years

9577

Nileas control (Average of years A & B)
Nileas seed mix added in years A, B and C

11203
9684

As detailed in #2.3a, the comparison between control and ‘intervention’ olive groves is
not meaningful. The only point that can be raised is the poorer plant mass in Peza, as
compared with the two other areas.
As a general overview, the following distribution of the olive groves appears for all three
areas (120 olive groves) as regards the tons of carbon added to the soil.
Frequency distribution of olive groves according to carbon added
to soil annualy
Number of olive groves

25
20
15
10
5
0
0

250

500

750 1000 1250 1500 1750 2000 2250 2500 2750 3000

Kg C/Ha/y

The qualitative result has been the appreciation of this practice by the olive growers.
Though known practice from organic farming, it had not extended to conventional olive
growing. Now, olive growers accepted it as a novelty and start their own ‘experiments’.
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The overall appraisal of this intervention is summarized as follows:
Table 2
Cost per hectare
Cost to broadcast seed
mix = 139 €/Ha

Gain per hectare in Kg
C

N

P

K

€-eq

924

34

6,4

43

N/A5

FC
PC

Environmental criteria: Based on the lessons learned from the implementation of this
intervention for the five years of the project, the prospective expansion of this practice
could establish benefits for a) erosion control, b) carbon sequestration (biomass could be
made to double, i.e. to exceed 2T of C/Ha/y) and c) enhancement of biodiversity. All that,
on the condition of no adverse effect on water and nutrient economy of the crop.
To achieve that, further work is needed, to address the following issues, related to the
optimization of the seed-mix composition:
• Monitoring soil moisture, to ensure adequate safety margin before competition
with olive trees begins in late winter – spring.
• To “customize” the C/N ration in the remnants of this cover-flora / green manure
in March.
• Best adaptation to existing biodiversity mix, and steer it to desired biodiversity,
taking account of in-soil biodiversity, and especially earthworm populations, with
the objective to enhance the rate of carbon secondary sequestration i.e. in more
stable, longer-living forms, exceeding 100 years storage time, in order to get
eventually the carbon credit for the product.
• Attempt to manipulate the quantity and timing of nitrogen release from the
decaying green manure, so as to coincide with the needs of the olive tree, while
avoiding release during the rainy period that could enhance nitrogen leaching.
• Coordination of flowering to achieve designed aesthetic results, and the same time
to provide niches for pollinating insects.

5

The nutrients P and K are not ‘additional’; they are not imported in the olive grove, but it is just
recycling of the amounts found in soil. As for N, although the intervention adds up this nutrient
because of the legumes present in the seed mix, it was not possible to quantify this bonus over
control or over naturally present legumes in the olive grove seedbed.
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3.2.2 Adaptation of pruning
This has been by far the most important contribution of the project towards sustainable
management of olive trees. It has to result in a well-balanced ratio between vegetation
and fruit (balanced, every year, in order to eradicate biennial bearing 6). This means that
the efficacy of olive groves can be greatly improved by pruning (combined with equally
efficacious plant protection), irrespectively to some extent from factors like soil quality
affecting water and nutrient availability. Good quality pruning has to adjust for these
factors, which means that an operator needs adequate understanding of environmental
(soil, meteorological) conditions as well as olive tree physiology.
The pruning method proposed by the project focuses on two results, a) to increase as
much as possible the soil cover with
Figure 10 Leaves intercept most of the sunlight
olive tree foliage (Figure 10), so as
to increase photosynthesis and
carbon dioxide assimilation, and
b) to increase yield in Kg of fruit/Ha
and olive oil content % of fruit
(mostly affected by exposure to
sun), i.e. finally the yield in Kg olive
oil per hectare. Both results are
products of the same process, good
quality pruning.
During the initial phase of the project, serious differences were recorded between the
approach that the three farmers’ groups had against pruning, as follows.
Merabello: Occasional / empirical pruning, rarely every year, often every 3-5 years.
Peza: Early spring pruning, mostly every year, professionally trained operators.
Nileas: Winter pruning every year by professionally trained operators. Almost 3 out of
the four olive groves in this area are additionally subject to detailed summer pruning.
The adjustment of pruning was appreciated by Merabello olive growers, whilst slower
penetration was achieved in Peza and Nileas. This was expected, as almost every
experienced olive-grower regards his own technique as unquestionable.
• Economic criteria: In Peza and NILEAS the implementation cost for adjusted pruning
was not much higher than BAU, as it differed only with regard to the choices to be
made for the selection of vegetation to be removed. In Merabello though, adjusted
pruning was of higher cost / Ha, as its frequency was increased. There is no average
value for oLIVE CLIMA pruning. In winter time (baseline pruning) it ranges between 50
and 100€/Ha, while the detailed summer pruning is much more labor intensive, and
can reach 250€/Ha. Generally speaking, pruning is almost exclusively split between FC
and LC, with only a minor part, less than 5% being PC, for chain saw, lubricants and
petrol.
The importance of summer pruning in mitigation of biennial pruning and on the yield
of olive trees is paramount. As this practice is most developed in Messinia area where
Nileas is located, but not -almost at all- in the two locations of Crete, the effect on

6

This is an inherent attribute of olive trees, in nature, manageable to be overcome though.
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bienniality, and to some extent on yield, is visible, in Figure 11. The fluctuation
between yearly yields is more pronounced in the two areas in Crete. In addition, also
pronounced is the difference in yields between years, which is also observable in
Table 3, below.
Figure 11 Yield differences between locations and years
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Table 3 Economic performance of olive groves groups
Production cost (€/Ha)

2013

2014

2015

2016

Peza

833

1320

2078

2257

Merabello

551

2054

1426

1510

Nileas

1205

1105

1226

1303

Peza

4,39

2,51

2,59

3,68

Merabello

N/A

2,81

2,67

3,47

Nileas

1,22

0,95

1,00

1,18

Production cost (€/Kg oil)

The differences noted in Table 3 for the production cost between the Cretan olive
groves and the ones of Nileas most likely are due to environmental factors, such as
yearly precipitation. As shown in Figure 12, there is close to 300 mm of more rain in
Nileas area (780.3mm), then in central Crete (483.2), in the period up to 2010. Water
availability is expected to deteriorate even further in all three areas, due to climate
change. Pruning according to oLIVE CLIMA, is a possible adaptation measure for the
olive groves. Also, where possible, late winter to early spring irrigation can further
close the yield gap. The LIFE14 CCA/GR/000389 - AGROCLIMAWATER project deals
exactly with these issues.
• Social criteria: Bienniality is possibly partly related to the occupation of olive growers
with work that relates to tourism, which is more intensive in Merabello. Also, with the
relatively low importance that small-size, remote olive groves have for the Cretan
farmers, especially in Peza, where other farming activities (vines) occupy their time
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Figure 12 Yearly rainfall from EMY in Herakleion and Kalamata
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too. So, in Crete, it is somehow convenient for the olive grower to prefer bienniality,
as they have to divide their available time between a large number of olive groves.
Although this sounds reasonable in a sense, it seems to cause several problems one of
which is olive fruit fly. This insect exploits the un-harvested olive fruits to build up its
population in the mild winters and in the coastal olive groves. In recent years, the
consequence is higher pesticide use and cost, and lower efficacy, leaving room for
attacks that deteriorate quality.
During the “off” year, olive growers tend to under-invest in the crop, as they do not
expect a good yield. There is a strong suspicion that this under-investment after a year
of high production which exhaust the trees and puts their reserves out of balance,
may be the cause of over-sensitivity of the trees to adverse weather conditions, such
as was noted in 2013 in most of the Greek territory. Judging only from the 120 olive
groves in the three areas of oLIVE CLIMA, it is not possible to deduct a serious answer
for all the country, but if this suspicion is investigated and confirmed, it could give a
potentially good answer to prevent the repetition of the 2013 catastrophe 7.
The low yields of Cretan olive groves, with the reservation that our data bank is only
80 olive groves, create great concern for the sustainability of the olive groves, taking
in account the ageing of the traditional olive growers, only small part of which have
continuity within the family. This is part of the reasons for semi-abandonment.
Low yields increase the production cost per Kg olive oil to negative net income for the
group, in 3 out of the 4 years in Merabello, and 2 of 4 in Peza, as shown in the PPSs in
Appendix 1. Usually, adverse weather conditions are blamed. On the contrary,
similarly adverse conditions in Nileas (serious / widespread attack of Gloesposporium
as a result of excessive rainfall in early winter) did not result in serious deterioration of
yield, most likely because the trees are better balanced in absence of bienniality.
• Environmental criteria: A collateral problem to increase production cost is the adverse
effect of low yields on the environmental footprint of olive oil, since yield in Kg /Ha is
the denominator of all the environmental burden due to the olive grove management.
For example, the
emissions and flows of
the increased inputs in a
“on” year, as seen8 in
the table on the left for
Merabello and Peza for
the “off” 2013/14 vs the
following years 2014/ 15
and 2015/16, the results
for Crete would be much better if the yield was closer to 1000 Kg olive oil /Ha. The
PEFCR (Product Environmental Footprint -PEF- Category Rules) for olive oil, expected
to be finished in early 2018, will give the opportunity to olive oil producers to promote
7

Other serious events that deteriorated yields were in 2016-17 when severe snow fall damaged the
olive trees in Peza, leading to extremely high pruning cost, and Gloeosporium disease in Nileas in the
same year, with effect on olive oil yield and quality.
8
Results on GWP refer only to the field part of the production, not milling, packing etc.
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and compare their olive oil in environmental grounds. Low yields threaten to become
a handicap to the lower yielding olive groves.
In addition to yield in olive fruit and olive oil, pruning produces also vegetative growth
(wood, stem, leaves) ideally in balance with the reproductive part. So, the higher the
yield in fruit / olive oil, the higher the produced wood, or else, the higher the amount
of CO2 removed from the atmosphere. Wood, in its turn can be separated in the part
that will be annually removed by pruning and the wood that will become part of the
permanent structure of the trees, i.e. roots and trunk. As it is well established that the
trunk of olive trees expands in diameter by age, it is certain that in spite of any carbon
losses due to autotrophic respiration, the bottom-line is that a large part of carbon
trapped in the wood will be permanently stored in it, justifying for carbon credits for
olive oil. This has been agreed in the PEFCR context, but calculation details remain to
be agreed too.
The pruned wood also offers two options if shredded (see also #3.1.1) . To replace
part of the fertilizer used and furnish carbon for SOM increase, if spread on the
ground, or to replace heating fuel, if collected and sold in the market. The possible
gains in carbon credits are discussed by RodaxAgro, as participant in the PEF Technical
Advisory Board.
Finally, long term carbon storage in soil was not documented in any way to be bound
to soil permanently, i.e. more than 100 years, so the discussion on carbon credits for
that, is postponed.

3.2.3 Zero tillage
RodaxAgro has pioneered during the last 15 years for zero tillage in olive groves and
other tree crops, with some degree of success. Especially in Nileas, the penetration of
the proposal was greater, followed by Merabello, and with very limited success in Peza.
The penetration was related to pressure by the weeds (higher in the more-rainy area of
Nileas) and cost. The ‘traditional’ practice, all over Greece, still is the use of rotavator,
seconded by tine cultivator and rarely by disc harrow. The traditional ambition of any
farmer has been to keep his soil clean from vegetation. Economic crisis did help get
away with cultivation, even in Peza, as farmers wanted to avoid the rotavator’s cost .
The project oLIVE CLIMA offered a significant opportunity to give this practice a leap
forward.
• Economic criteria: Abandonment of tillage leaves open the question of competition by
weeds. The winter weeds tend to have high water needs for fruit setting after March,
i.e. at a time that olive trees start their yearly cycle. Also, after March rains gradually
cease (see Figure 12) so the reserves are to be safeguarded for the dry summer.
The cost for mechanical cultivation by rotavator is close to 200€/Ha and about that is
also the tine cultivator. The preferred alternative is chemical weed control by mainly
products containing Glyphosate. The cost is much lower, almost 50€/Ha. A third
alternative is the labor-intensive mowing with hand held ripper (see Figure 2) at a
much higher cost, i.e. 160€/Ha in late winter-early spring, i.e. at the ideal time for
weed eradication. However, this practice may be necessary to be repeated once more
in the summer, especially in irrigated olive groves. If persistent perennial weeds are
present in the summer the cost can exceed 200€/Ha. Lastly, in olive-groves where the
weeds are still young, in early spring they are destroyed by the pruned-wood smasher.
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In Merabello and much less in Peza, sheep grazing helps the control of weeds at no
cost, while at the same time ‘fertilizing’ the soil with their droppings.
• Social criteria: Mechanical cultivation (rotavator, tine cultivator and disc need tractor
mounted equipment, i.e. the services of a subcontractor). In spring, there is a lot of
pressure to deal with the weeds as they may outgrow the sensitive stage (soft stems)
and a) become more-costly to control and b) exert already competition to olive trees.
This is the reason why an expensive solution like the hand-held ripper is used. The
olive grower can act when necessary and weather allows, independent from the time
availability of contractors. Also, if the farmer carries out the work himself, he does not
count it as true cost. The allocation of time between the three main methods is as
shown in Figure 13.
Figure 13 Allocation of weed control cost

Chemical weed control
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• Environmental criteria: The need to completely stop cultivation of soil is quite urgent
in Greece, mainly because most of the olive groves are planted on slopes with high
inclination. As it can be seen in Figures 14 and 15 the proportion of soil exposed to
erosion by sun, wind and rain is considerably high, especially as compared to a nearby
forest in Figure 15. This exposure, has detrimental effects on susceptibility to erosion,
as seen in Figures 16 and 17. The olive grove in Figure 17 is an oLIVE CLIMA one, in the
group of “interventions”, whilst the olive grove in Figure 16, has been rotavated.
Figure 14 Bare land even on high inclination

Figure 15 Lifting the protection of vegetation to soil

Page 24 of 61

Lifting the protection that is offered by vegetation (active or dead debris) exposes the
soil to erosion, in two different ways. Rain and wind move the loosened-by-cultivationsoil downhill, depleting the fertile topsoil from SOM and nutrients. This makes the olive
grove more dependent on chemical fertilizers. Secondly, a more direct effect of sun on
the loosened soil reduces its SOM content, through enhanced oxidation, depleting a
valuable carbon pool, and sending it back to the atmosphere. One more damage is the
one on biodiversity, for members of the chain that inhabit the topsoil. Unfortunately,
although there is more than adequate literature to highlight the damage exerted by soil
cultivation in tree crops (for annual crops it may be inevitable), no action is taken in
European level. Even in organic agriculture, there is only a weak suggestion to avoid
practices that encourage erosion. Having in mind the exclusion of herbicides, and the
cost of hand-held ripper, the organic farmer is left with no choices than mechanical
cultivation.
In this respect, oLIVE CLIMA offered a significant tool to show to farmers the difference
between cultivation and zero tillage, especially highlighted by a rainstorm in September
2016 in Nileas area, giving the opportunity to demonstrate this difference in a dramatic
as much as unquestionable way, as shown in Figures 16 and 17.
Figure 16 Cultivated 4 months ago

The two olive groves are adjacent,
separated by a mud-road 2m wide.

Figure 17 Uncultivated for 15 years

4. Conclusions
The project succeeded to demonstrate to farmers and their consultants working practices
alternative to the traditional ones, which enhance CO2 absorption from the atmosphere,
increase carbon sequestration in biomass and carbon storage in soil and wood. The latter is
mostly important, as by exceeding 100 years of storage in the permanent structure of the
trees, it counts for carbon credits, rendering olive oil as unique among food products to
justify for an inherently reduced carbon footprint. Olive oil can capitalize the effort invested
by EC in developing the PEFCR for olive oil, and offer to producers Product Environmental
Footprint (PEF) to aim to a better position in the market.
The practices introduced by the project are economically sustainable and can assist local
olive grower communities to reduce the olive production cost, favoring labor of both the
farmers themselves as well as of the local work force, while reducing in parallel dependence
and spending for material inputs at times of economic constrain.
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Some of the practices, like wood shredding and composting, enhance the necessity for
farmers to form coalitions on productive basis to share the equipment cost. Especially as the
cost to subcontract is much higher for the same work carried out without subcontracting.
A much more important function of farmers’ coalitions is the opportunity to take up part of
(at least) of the production decision making. This is more important in face of the climate
change threat, which needs mitigation measures like adaptation of pruning which is mostly
demanding in technical terms. Also, for nutrition, plant protection and irrigation the olive
tree needs have to be met with a lot of more knowledge than traditional practices. Overall, a
centrally managed vast olive grove, overcoming the problems associated with tiny scattered
olive groves of which it is formed, could make olive oil production profitable, so that olive
grove owners do not abandon it. The risk of replacement with other crops is minor for the
majority of olive groves in Greece, where traditionally, olive groves occupy inclined land,
almost to the same extent as forests.
An example where tradition fails, is the established alternate bearing (bienniality), although
according to our findings so far, this destabilization of the olive trees makes them vulnerable
to adverse weather. As a preventive measure, technical solution like adapted pruning have
to be ‘imposed’ to farmers, in order to minimize alternate bearing. As adverse-weather
frequency is maybe higher under climate change, a more robust technical background has to
support decision making in agriculture. In fact, a shift has to be made from production of
olive oil, to olive grove governance, given the specific environmental importance of this
crop.

5. Recommendations for further work
According to the proverb “the answer to one question is usually two questions” the project
opened some new avenues of work needed to further support sustainability of olive crop.
They are presented below, by reference to the performed interventions, and according to
their importance
Pruning
• Having scrutinized through the data of the oLIVE CLIMA project, as well as older data
from the project LIFE09 ENV/GR/000302 SAGE10 for the same (albeit much wider)
scope, it is deducted that the very serious disaster in Greek olive oil production of the
year 2013/2014 (almost 60% lower than average) may have been much milder if care
had been given to proper pruning, targeted to minimize the alternate bearing. Hence, it
is proposed to the authorities to incorporate into the CAP measures, specific training of
olive growers for pruning, with the objective to ensure the sustainability of the crop,
deterring its abandonment, for socio-environmental reasons.
• Pruned wood as lingo-fuel. There are two questions related to that. First, an economic
study would help olive growers in an area to decide if building a peletting facility would
be a viable enterprise. Especially, taking in account the prospective of pruning under
the regime of climate change (more, or reduced pruned wood expected?). Second, on
how is pruned wood modeled in LCA terms. Could it be also used for carbon credits, i.e.
as heating fuel replacement? This question is to be dealt with hopefully in the next
months, in the context of the PEFCR.
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• Pruned wood as fertilizer. Under zero tillage, there is a question mark on the rate of
wood dissipation, as compared to its incorporation within the soil by top soil fauna,
especially by earthworms. A proper carbon balance has to be investigated in LCA terms,
in order to compare this option for treating the shredded wood vs using it as lignofuel.
• Carbon storage in the permanent structure of the olive trees. This parameter is utterly
important for the carbon credits of olive oil, but very uncertain as well. Research would
be needed for a method to provide an estimate of permanent wood mass, with limited
uncertainty, in order to be suitable for robust PEF calculations.
• Risks for disease spreading by pruned wood shredding. Care should be given to avoid
anything but burning, in cases that trees are under attack by Verticillium dahliae. It is
important to carry out monitoring, if in doubt. This affects also the established pruned
wood smashing which is established without precautions, in some areas.
Zero tillage
• Strong effort is needed for the expansion of this practice, as it is likely that it has the
capacity to increase soil carbon content (SOM) even more than the addition of organic
material (IEA communication). Much more than that, research and/or monitoring work
is needed to establish a robust method to estimate or calculate the part of carbon that
is permanently stored in soil, even deeper than topsoil (up to 150cm).
The basic objective of the project was to show that the CO2 that is removed from the
atmosphere becomes useful SOM in the ground, and at the same time offer carbon
credits to the producers for promoting their products in the market. In absence of the
required method, it was not possible to support these credits so far.

Winter drilling of seed mix
• The possible role to compete perennial weeds to eradication, needs investigation.
• Also, the questions posed in chapter #3.2.1 need to be answered.

Composting
• The results of composting can possibly be further improved by research in the addition
of oil mill waste water in it. Taking account of transportation burden and also of the
dubious quality of fermentation achieved at farm level, it seems finally that composting
could be better placed in the backyard of olive oil mills, offering thus a solution in waste
management for an environmentally problematic area, i.e. the evaporation ponds as it
is today. This is to be also proposed to the authorities for inclusion in the CAP measures.
• A proper dataset for this type of non-industrial (even at the olive oil mill level) compost
as a waste management process, in order to be used in LCA for the production of olive
oil.

Social issues
• Our (RodaxAgro) proposal for taking up technical responsibility and decision making by
farmers’ coalitions on production grounds, is novel. It tends to cover several problems
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at the same time, i.e. the ageing of the traditional olive growers, the lack of adequate
knowledge of new farmers on e.g. plant physiology (for pruning), on soil properties and
plant nutrition (for fertilization), disease and insect biodynamics as well as PPPs’
properties (for plant protection) etc. Of course, the trivial answer is ‘more training’, but
the number and scatter of olive growers is such, that it would not be a cost-effective
exercise. However, a proper sociological research would be needed to examine the
acceptability of such a proposal, the constraints and opportunities etc.

Product Environmental Footprint (PEF)
RodaxAgro Ltd participates in the development of PEFCR (PEF Category Rules) for olive oil by
EC. A method for safeguarding the accuracy, verifiability and traceability of the information
used for the determination of the environmental performance of a given “olive oil X” has to
be developed and incorporated in the PEFCR. The fact that PEF is designed to allow product
comparisons and comparative assertions, makes such a method an imperative need for
safeguarding the integrity of the PEF scheme. See also Appendix 1, on this issue.
Primary data recordings by farmers -as long as they are the decision makers- are the most
critical pre-requisite for proper interpretation of the production and performance indicators.
However, they also prove to be quite low in priority by the farmers, so alternative methods
have to improvised to capture the detailed inputs.
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APPENDIX 1
SAMPLE SIZE FOR PEFCR OLIVE OIL
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SAMPLE SIZE FOR PEFCR OLIVE OIL (proposal for the PEFCR)
•

•

•

•

•

1. Introduction
In situations where primary data are mandatory for the field phase, there is a need for
high accuracy of inventory data, especially for those inputs that influence mostly the
results, like agrochemical (nitrogen fertilizers and pesticides), water, energy (fuel and
electricity) use, as well as for yield per unit area. The latter has a dual role, i.e. affects
the land use indicator but also affects the sensitivity of the results, being the single
denominator of the emissions.
Olive oil price variation, biennial bearing and the variable influence of the inputs
suppliers (agrochemicals) are drivers affecting inventories, in addition to the natural
ones like climate change etc. Variation of inputs and of yield for olive growing has been
found to be even higher than for other tree crops.
Accuracy of the inventory is also important for the identification of weak practices that
lead to poor results, mainly economically but also environmentally. As for all crops, data
may reveal correlation of parameters that influence the appearance of problems such
as pest & disease outbreaks, malnutrition and poor fruit setting, but opportunities too
for improvement of product quality. So, investment in accurate data collection has been
considered as a primary goal, anyhow, even before assessing PEF.
Farmers are known to be very poor recorders of their activities, but at the same time
their cooperation is indispensable if accurate data are needed. The problem is amplified
when large number of small holders contribute to build a considerable volume of a
homogenous product. A 50 T tank of olive oil from Greece usually contains a blend of
olive oil lots from about 200-300 parcels of olive groves, belonging to about 40 or even
120 farmers. The unit of reference is the olive oil parcel and not the farmer, especially
in situations where biennial bearing is dominant for olive growing.
The balance between the benefit of credible data and the cost for their collection has
not yet been achieved in a satisfactory way, not even for organic agriculture (where
activity recordings is mandatory) and for other certification schemes. PEF now offers a
new challenge. An effective approach would benefit PEF’s credibility too.
2. Methods implemented
2.1 Questionnaires, distributed to farmers, once or twice per year. They have been used
in the first LCA for olive oil (LIFE04 ENV/GR/110 project ECOIL). They are not suitable
for product comparison.
2.2 Data logs kept by farmers and checked by a certification body 1-2 times per year.
Used mostly in organic farming and private certification schemes. The success rate
for timely, accurate and complete records has been found to be less than 5% of the
farmers in the last 20 years in Greece, Cyprus and (a small sample) in south Italy. The
remaining 95% of recordings are usually completed by consultants by interviewing
farmers (often by phone) close to the time of the audit. This approach has never
been used for product comparisons. It could be used by PEF, but its reputation may
drag down PEF’s credibility.
2.3 Strict recording system under continuous control. Farmers are requested to record
their activity in pre-designed forms (completeness of information) immediately after
doing it (timeliness) and hand it to the controller, usually an agronomist, within time
defined by the possibility to verify it by sampling, visual observation etc. Recorded
data are then being processed to reveal consistency, quality of practices, cost etc.
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Also, to some extent it can reveal frauds, misleading information etc. due to a risk
assessment process built- in the system. The system is usually subject to a second
level control and to a yearly internal audit. The success rate of such as system, after
adequate training of farmers and controllers has been found after its establishment
in 2003-2008 to exceed 80%-90%. As all the control system is very well documented
it would be suitable for a credible PEF and it could be used for improvement of PEF
based environmental (and economic) performance.
The disadvantages of the above system are the economic cost for services (controls,
on and off site, internal and sometimes external audits) and time cost for farmers.
Depending on the quality of the feedback provided by the system 9, sometimes they
maintain it in an elaborate way (by e-mails etc.) or slip to the option 2.2 above, i.e.
consultant-based system, or even abandon it completely.
In conclusion, the strict recording system is appropriate for implementation for PEF,
provided that data collection process will last for a definite length of time. Thus, it
could be incorporated in a sampling system, if representativeness is guaranteed.
3. Sampling
Sample size has to be large enough to deal with the uncertainty (of measurement) of the
inventory data. Uncertainty, as expressed by the standard deviation of data is known to be
quite high in agriculture. In olive growing it is among the highest. Literature search on this
question is continuous.
A statistical approach 10 (not yet fully explored, currently in development) based on
Standard Deviation (SD) has been used to determine the sample size, as follows:

SAGE10 DATA
n
n (>0)
mean
stdev
CV
Skew
N5%- 90%
N10%-90%

Kg N/Ha
P2011 P2012 P2013
200 200 174
97 117 120
57,10 63,8 76,5
70,75 69,0 86,3
1,24 1,08 1,13
1,16 1,17 1,21
590 450 488
415 317 344

Data in the table above are from
one of the three areas in Greece
(Peza) and refer to Kg of N input in 3
years and 200 parcels. Data from
other areas, inputs and years follow
a similar pattern, i.e. the sample size

9

Feedback may be information to the farmer on the economic performance of their crop, or
recognition by the market of the guarantees offered by the group as a supplier. In more advanced
situations the system has been used for (parcel-)product segregation in quality classes.
10
Based on Statistical Methods by Snedecor & Cochran, Iowa, and on Excel formula for Confidence.
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exceeds the size of the population from which data originate.
There are several questions to be answered yet, such as:
a. Should the occasional zero inputs population contribute to the SD? The answer
so far is yes, but further elaboration is considered.
b. Should the SD be based on unprocessed data, or after they are summarized or
even averaged? So far, we use the conservative approach for unprocessed data.
c. Should the same approach be used for temporal (closer to normal distribution)
and spatial (usually skewed) SD? We tend to abandon the analysis for temporal
SD, as the LEAP approach is more consistent way to follow.
d. Should we use lognormal distribution or other correction for skewness,
especially for the spatial SD? Under investigation.
e. Would bootstrap method help us to considerably reduce sample size, without
losing accuracy of the results? Planned to be investigated.
4. Proposed approach outline (subject to be tested)
Due to the cost of data collection and the inconsistencies that may proliferate by
sampling, we have considered proposing the following approach:
4.1 Objectives:
• To minimize the effort and cost of data collection, without jeopardizing the quality
and integrity of PEF values.
• To fulfill the PEF needs of a large olive oil manufacturer who collects raw material
(olive oil of any type, e.g. from extra virgin to pomace) from different levels of
organizations, i.e. from large olive plantations, olive oil mills, cooperatives,
merchants etc.
• To secure unquestionable PEF performance of the blends manufactured, linked to
traceability of each batch to the olive groves where olive oil comes from.
4.2 Proposed procedure (subject to further investigation and consultation)
Local PEFs are produced, either as performance values (preferred) or as PEF compliant
datasets (optional - complicated). They can be considered for example as ‘Local PEF
Modules’ {LPM).
It is advisable that LPMs PEF performance is not only verified in a robust manner but also
‘authorized’ by all potential stakeholders, i.e. authorities, trade associations, LCA experts,
NGOs etc.
The size of a LPM is such as to be manageable for representativeness according to the
strict data collection system described above. The size could be a whole island or a part
of it, a whole region or part of it etc. The requirement to be fulfilled is the homogeneity
of olive crop across the area of the LPM (some similarity to PDOs).
Each LPM shall have definite geographical scope, supported by GIS data, especially when
carbon footprint credits are to be claimed. All olive oil produced within this broad LPM
scope may use the generic PEF performance for marketing and promotion.
Also (very important for competition and continuous improvement) any producer’s group
or individual olive oil producer may design a new locally-owned PEF within the broad
LPM, by selecting e.g. organic, high performing or specific olive groves (e.g. aged >200
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years) provided that the 3-year strict data collection process will be followed. To further
facilitate things, the exceptional PEF performing LPM can use the PEF compliant data sets
-if publicly available, or at a cost for intellectual rights payed to the developer of the data
sets (incentive for farmers to create datasets).
Even though reasonable stratification is expected, it should be avoided, because it would
complicate traceability.
The PEF of an LPM shall have a definite or indefinite time validity, to be reviewed at a
given interval.
A manufacturer, procuring from two different locations has just to calculate the
performance of the final blend proportionally to the volumes used.
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APPENDIX 2
Sample of PPS and of data supporting it
The following workbooks have been used to support the production of the PPPs/Olive grove.
Contents: A. PPS for sample olive groves, and B. Processed data used to create the PPSs
(for details please refer to the report C1.1: Data collected and recorded

Page 35 of 61

Part A. PPS for sample olive groves
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Part B. Processed data used to create the PPSs
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