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ProjectCFC/IOOC/04on the"Recyclingof vegetable water and olive pomace on agricultural
land" was set upby the Common Fund for Commodities (CFC) and the International Olive
Council (I0OC)for the benefit of fourSouth and East Meditranearolive growing countries:
Algeria, Morocco, Tunisia and Syria.

Thebroadaim of the projectvas to transfer technologyn the application of vegetable water
(VW) and olive pomacen agricultural land and to highlight the advantages of these peactic
in raising crop yields and improving soil fertiligs a feature of sustainable, environmentally

friendly olive growing

The project wasnodelled on the results of research conductettaly and Spain which
generated the field trials, technology dmbw-how that was later transferred to the countries

concerned
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INTRODUCTION

Olives and olive oil argust a tiny part of the biomass produced throogithe "olive
process!' The remainder is made up of vegetable water (\A\) olive pomaceThesetwo
by-products are generated when the olives are crushed to make oliveBoih, VW
particularly, cause serious environmental problems (river and underground water pollution,
etc.) in all the Mediterraneanolive growing countriesand their solutionrepresents an

environmental challenge upstream and downstream of the olive oil production chain.

In most olive growing countries, even iretmost advancednes no definitive answer has
been foundor the disposal and treatment of this biomdsss still a majorenvironmental
issue especially in the South and East Mediterranean counivfee vast planting and
processing modernisation schemes are underway to exgpahggradethe quality ofolive

oil produced

The olive pomacegenerated by the thrg#hase system does not pose problems bedtoae
be treated to extract itesidual oil or it can be used for fuelowever, VW disposal continues

to be a serious problem some olive growing countries.

The olive growing countries in the Mediterraneamgion have taken differing, orudf
approaches to resolving tipeoblem of VW Some opted for storing the VW in evaporation
ponds, but this was neticcessfubecause athe ensuing stenchndinfiltration problemsand
the poor management of the resultainy waste The application of VW as a fertilizer and
organicamendmenbn agricultural landwas then put forward asrationalway of recycling

this liquid effluent which isbrownish red to blackn colour.

VW spreading is regulated under th&tional lavg of certain olive growing countriesuchas

Italy (1996). It must be put into practice with due regard for the environment, particularly to
avoid all risk of river and ecosystenpollution. In such conditionsthe application of
controlledamountsof VW is an olive fertilization practice that is friendly to the environment
and crop
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Extraction systems and olive byproducts

Olive by-product extraction systems

The makeup and characteristics aive by-producs (VW and olive pomace) depehéavily

on wheher the extraction system used is {pltase or threphase

The continwus thregphasesystem usea lot of water,thus generating large quantity of
pollutant liquid waste(VW). By comparisonthe two-phasesystem neeslless water but
generate morewet olive pomacewhich is very difficult to managg@rying isessential)The

two-phasesystemhas not helped to resolve tipsllution problem because dhe heavy
investment andiigher costs involved in treating thet olive pomace.
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Olive by-products:

VW:

VW is theaqueous phasgenerated duringlive oil extractionlt varies in quantity depending
on theextractionsystem used

Tablel: Extraction systems arguantityof VW produed

Extraction system

Quantityof VW (litres)

Preseg

From450 to 650 litret olives

Threephasecentrifugation

From850to 1200litrestk olives
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Olive pomace:

Olive pomaceas the major byproductof both twephase and threghase extractian

Table2: Chemical composition of oliveomace accordingp extraction system

Characteristics Extraction system
Presgng | Threephase Two-phase
centrifugation centrifugation
Water(l/t olives) 450/ 650 | 8501200 80
Quantity (kg/t olives) 350 500 800
Moisture (%) 25128 | 40i55 55i 65
Oil (% wet mattey 6i 8 4i 5 3
Oil (% dry matte) 8i 10 61 8 516
Reducing sugar@o) 2 5
Polyphaols (ppm) 10000 23000

VW and olive pomace contain a large amounbath organic and inorganic matteCoupled
with the ability of the soilto decompose and break down organic matter taedability of

plant to absorbnutrients from the soil for growth, this led to the applicatiorthefse two

byproductdo crop land

This is the background to the inter@s examiningmore closelygood practicefor spreading

olive oil by-productson agricultural land.

What good practicesshould be followed forspreadingVW on agricultural land ?

Practice 1. Determination of VW characteristicsbefore spreading

Determinirg the chemical characteristics of VW prior to spreading is an essential step to
evaluate their composition and compare it vift optimal range of values recommended for

VW application orcropland.
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The most important parametenst have to be detained are reported in the next table

Table3: Optimal characteristics of VW composition for application to olive orchards

VW composition:optimal range of values
P Continuoughreephase : .
arameters : . Discontinuous system
centrifugation

Dry matter (%) 5871 6.1 6.87 9.4
Moisture (%) 93971 94.2 91671 932
pH 4571 5.9 457 5.0
EC (mS/cm) 61 6,7 7.117 1435
Mineral matter (%) 04-1.7 0.67 1.9
Organic matter (%) 7.37 9.2 9-16.5
Polyphenols (%) 0.150.4 0.547 0.77
Total nitrogen (%) 0.1- 0.58 0.351 0.7
Potassium (%) 0.27 0.6 0.631 0.97
Chemicaloxygendemand 30-70.2 50-110
(9/) (COD)

Biological oxygendemand 107 60 207 100
(9/) (BOD)

VW intended for agricultal purposesnust notbetreated in any way befosgpreadingpnly
water should have been added to dilute the olive mash during the extraction.process

Practice 2: Soilanalysisbefore VW spreading

The physioi chemical structuref the soil and its biologicactivity determine soil fertility

and arethereforefundamental elementa ensuring sustainable agricultural yieldsitrogen,
phosphoruspotash and organic matter are the most important soil fertility parameters along
with the inorganic storage capacitf the soi] particularlyits total exclange capacitythe
status of the soadsorbing complex aritie saturatiorrate

From a practical standpoijrthe application of VW does not affatie chemical and biological
guality of thesoil whenit is clayey and calcareous (basic pBjmilarly, VW can be spread
on shallow (20 to 30 cm) finer textutesoils which have better water and fertilizer storage

capacity
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Chemical analysis of the soil is strongly recommenrufdreVW spreading to determine two
parameters: pH (acidity) ardectrical conductivity (sainity). This is intended to identify the
values at which tse parametefsecometoxic for the plants ando determine the biological
activity of the soil when the limits are exceedk®tbreover,this practiceallows the VW to be

spread direity on agricultural land without any previous treatment.
Practice 3: WV collection for spreading

When the olive oil mill is on the farmhé VW can be collectedtraight from the decanteirs

mobile tanks and spread directlgthe fields; otherwiseit can be collected istorage basins.

Photo 1: WV storage basins

Practice4: Timing of VW spreading

The period recommended for spreadw@/ is from November to March. Generally, it is
advisableo use the/W within the first 30 days of producticand storagevhen its quality is

at its best

This period coincides with the vegetative rest of the olive trees andrstmiveity of soil
microbiological life. VW must not be spread on crops when they are at the height of their
vegetative growthnor must it be applied tarop foliage Likewise, to prevent leachingt

must not be applied atays when there is rain or frost
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Practice 5. VW spreading technique and recommendeaipplication rates

VW is appliedusing a 4.55 ton spreaderequipped wit an adjustable flow rat® ensure

even distribution on the soil

For olive tres, the VW must be spread between the orchiavgs at a distance of G to 1 m
from thetree trunks Therecommended application rate fdive trees is 80 Athajearwhen
the VW is from continuousthreephase systemand5i 10 I/nf or 50i 100 m*/hakearwhen it

is fromdiscontinuous systesn

Photo 2:VW spreading in olive orchards

Practice & Practices afterVW spreading

Shallow ploughingwith a vibrating tine cultiator)is strongly recommended after spreading
to make sure the nutrients in the VW are properly incorporated into th@lseoithing mainly
helps tobind the clayhumussoil complex withthe VW, thus preventing it from being
dragged off by runoff or pertation, and also helps to avoid potential visual nuisances and/or

unpleasant smells.
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Photo 3:Ploughing with a vibrating tine cultivator

Recommendationdor VW spreading on agricultural land

The applicatiorof VW to crop land is a simple, cheap and effective method of restoring
soil nutrients and preventing environmental pollutidhlowever, in certain cases, is
prohibitedon:

1. Agricultural land witha neutraland/or acid pHanda verycoarse texturésandyand

stony soil3.

Hydromorphicsoilsatlow pointsin the terrain or linked to the presence of wet areas.
Soils with $iallow watertableswith a depth of less thatD m

Land veryclose(at a distance of less than 20 tn)a water sourcemell, lake, rier,
etc.).

Land witha gradient of more thatb% (risk ofVW runoff).

Landthat is flooded or waterloggdah the case of rain)

Land close to urban areas
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What good practices should be followed for spreading olie pomace compost on

agricultural land?

Practice 1: Determination of the characteristics of tbéve pomacebefore and after

composting

Olive pomaceis made up largely of fruitmatter (olive skins, flesh seeds and stone
fragment$, plus a small amount of vegetatiand processvaterwhich contains thevater
soluble compoundgf the fruits. The quantity of water and soluble compoutegsend on the

extraction system employddable?2).

Compostis stable andorganicrich. It is important to evaluate its compositidefore
spreadingo gauweits quality. Analyses are performed to make sure the pomaca lbasoil

content and complies witthe rules and regulationdt is preferable, thereforép use olive
pomace that has already been depletedthatitherefore has #ow moisture contenaind

minimal oil content

Table4: Olive pomacecomposition after composting

Compost compositio(?o)
Moisture (%) 90i 95
Organic compound@o) 3i 10
Mineral substances (%) 50i 70

Photo 4:0live pomace compost
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Practice 2: Timing of composting
The best period for composting isetweerNovemberandDecember.
Practice3: Composting techniques

Composting is one of the techniques available to recycle Hpedaucts of the olive, notably
olive pomace It is a process ofaerobic biological decompositiomnder controlled
temperature conditionduring which he organic substances arenverted intchumusand

CO,, water and &at are released
Several steps are involved in compostitige pomace:

Preparation of thpomace:

This stepentails piling the composhto moundsli 1.5 m high and 3 mvide on a concrete

platformthat is9 mwide to allow machinery access to turn over the compost

Photo 5:Composting setup

The platform length depends dhe intended amount of compoHtis recommended to
cover the omposting platformwith plastic sheetingo facilitate optimal composting

conditions bumidity and temperature).
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48m
Composting area I 3m
Machiney access ¢ 3m
Composting area I 3m

Schenatic outline of theeomposting platform

Other substances can be added such as olive and vine wood prunings, olive leaves, grape
stalksor cattle manure to give good, well structuimpost Pruned olive wood is used

after being crushed into small 1.5 cm pieces in a shredder.

Photo 6 Olive pruning shredder

Another recommendation is to add nitrogen (urea) at a rate of 2% of the total quantity of

compost to stimulateicrobial activityin the compost

Photo 7:Applicationof urea
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- Composturnover

To make sure the compost is properly aired &me temperature does not build up
excessively (it must be less th&@°C) the compost must bmechanicallyturned over at

regular intervals ofour or fivedays,particulaty during the first 45 days of composting.

Photo8: Turning over the compost

- Composimoistening

The moisture contendf the compost must be keptattout 606 by regularlymoistening
the compost mound# the composis underwateredoowdery mildew appeaisdicating
slowermicrobial activity.All that needs to be dorn®e resumehe decompositioprocess
is to moisten the compost.Adding water should be avoided at thend of the
decomposition process because it isambtisable to increase the moisture contethis
translates into higher transport cogsnverselymoisteningto excessdry mattercontent
of less than 20%gpads to pooanaerobic conditions.

Practice 4: Evaluation of composimaturity

It is absolutely essential to evaluate thaturity of the compost before eshecause the
lack of organic matter stability leado modificationsin the physical, chemical and plant
toxicity characteristics. There arffeur types of method for this purposempirical,

chemical, physical and biological.
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- Empirical methods

Empirical methods are based on visual inspection and t@ahpost isconsidered to be
maturewhen the raw materials are no longer identifiailemells of wet soil as opposed

to ammoniaand it issoftto thetouch.

- Physical methods

U Remoisteningtest a sample of compost is moistenatd 50% while monitoring he
temperaturelf the temperature does not increa$e, compost is stable and therefore
mature In theory, the temperature mustkept atbetween 20 and 3.

U Sieve testapproximately5kg of composis sieved through a 25mmesh sieve and

thefiltrate is weighed If the weight is betweefhand5 kg,the compost isnature

- Chemical methods

U pH test in theory, composthat has undergoneptimal decompositiowill have a
neutral to slightly basipH.

U Ammonium/nitrateatio: maturecompost mustontain nore nitrates than ammonium.
Generally,a nitrate/ammoniunmatio of 2/1 or mores acceptableThis test ishot valid
if the compost has been enriched with a mineral ammonium and/or nitrate based
fertilizer.

U Chromum test a sample of dried compost crusheda size 00.1 mmis mixedwith
10 ml of potassiumdichromate (KCr,O7, 1N) and 20 milof sulphuric acid.lf the
sample turns greermgwing to the presence of th€rs* ion, the compost is not yet
mature If it turns brown, it ismature

U CI/N raio: this rdio decrease during compostingowing to biodegradation of the
organicmatter and the resultant releaseC@. Other rakos can be used tglean other
information about the progress or completion of th@mposting process:
carboriphosphorus; organic nitr@en/mineral nitrogen;nitric nitrogedammona

nitrogen(which are stable when the compostniaturg.
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- Biological methods:

Compostmaturity can be checked by performing pldokicity tests i.e. by conducting
germination tests usingepidium sativunseals which are placed oRetri dishes lined

with filter paper soaked with aagueous extract of the compost.

Two concentrationg50 and 70%)of the extractare obtained byseparating the liquid
phase by pressur&he germination rate at the two concentnagigs calculated from the

formula

Gl (50 a 75%) = (G*L & Gc*L ¢)*100

where

Gs is the meanumber of germinated seeth thesample

Gc is the mean number of germinated seeds in the cpntrol
Ls is the meanradiclelengthin the samplg

Lc is the meamadiclelengthin the control

The germination capacity is obtained bglculating the arithmetimmean of thevalues
obtainedat the two concentratiorfSO and 70%)

GI50% + Gl 75%

Gl% = 2

The results are interpreted as follows
- No plant toxicityat Glvalues > 70%the composis mature

- Risk of dant toxicity at Gl values between 4@nd 70% the compost is moderately
mature

- Plant toxicityat Glvalues < 40%the compost is not yet mature.

14
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Practice 5: Timing of spreading

The best period for spreading fiiom February to Marchi.e. two or threemonths after

composting Rainy days and soikt pH <6should be avoided

Olive pomace and VW can be spread ongime ploprovided the recommended periods for
application are respected, i.e. betw&mvemberand March for VW, andfrom February to

March for olive pomace compost.
Practice 6: Compostapplication rates

The recommendedpplication ratds 5 kg/nt, i.e. 5 t /ha every three years. Thempost is
spread between the rows of trees in the orchard and malyeaigaplied to other crops such as

vine, fruit trees and annual <crops: mai ze

.- X
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Photo 9: @mpostspreading

Practice 7: Practices aftercompost spreading

The soil needs to be lightly ploughed to work in the compost nutriéstsvith VW, this

helps to improvehe soil structure.

Controlled spreading of VW and olive pomace compostis economically and
environmentally beneficial and conducive tcsustainable environmentally friendly olive

growing.

t
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The resultsof project CFC/IOOCD4 showvery conclusivelythat VW is a very valuable
product from both theconomic and environmentpbints of view Reuse of VW leads ta
sharp decrease in pollutant wastewater thigl by-product becomean asset that reduces the
use of chemical fertiizers, provides protection from erosionimproves soilfertility and

bacterial activityand enhances crop yields, ft the benefiof farmers

The application oW and olive pomace compost is the perfect answéimio loss of soil

fertility whenorganic matteccontentfalls below 1%.

This is particularly relevant iagricultural areasvherethe environmental conditions (hand
arid) make it particularly hartb maintain soil fertilitywith the ensuing serious consequences

of desertification.

Olive pomace composting produces stable, fertiliziorgganic matterthat is free from
pathogens (mycelia or bacteriahd weedsowing to its biofumigation effect. This kind of
fertilizer is very worthwhile for base fertilization when plantingnd for maintenarec
fertilization because it heightens the effectiveness of nfieeral fertilizes applied
Consequently, the reuse of olive pomace as a compost has many advantages for soils and
crops it improves the chemical, biological and physical propertéshe soi (water reéntion

cation reention insandy sos, structural stabilityand air circulatior) and, when combined

with soil amendments, it facilitates plant growth by improving plant physiology and nutrition

From now on, theapplication of VW and olive mmacecompost shoulde considereda
routine agricultural practice like pruning, fertilization and irrigatiprgvidedit is distributed
evenly(by choosing equipment with an adjustable flow yatedthe recommended rates are

not exceeded
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