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EXTENDED SUMMARY

Provided that benefit to agriculture (or ecological improvement) can be demonstrated,
landspreading of wastes is considered preferable to thermal destruction or landfilling in the ranking
of options proposed in the Waste Framework Directive issued by the EU.

So far little is known regarding the fate of pistachio’s waste in Greece and in other Mediterranean
countries. It is known, however, that, on average, 2m’/h of water are required for dehulling 1 tn
fresh nuts, while the processing of 1 tn of pistachios produces almost 2,5 tn of sludge which
consists of hulls, nuts and water.

According to farmers’ description and to visits at wastes disposal areas, pistachio waste is either
disposed on soil, mainly where pistachio trees or vegetables are cultivated, or is disposed in wells
and streams. In some cases, disposal lagoons are used for the disposal, however these are poorly
constructed (i.e. simple soil excavation without using protective materials to prevent leaching) and
of high depth (up to 5 m) that, apart from adverse impacts on soil quality, inhibit the evaporation
process.

Agrostrat studied the suitability of pistachio wastes for reuse on soil for fertilization or irrigation
and for this reason a series of soil, water and waste samples were collected and analyzed from areas
where pistachios waste are produced and disposed. Greenhouses experiments were also conducted
in order to define the impact of solid waste and wastewater on soil properties and on plant
production. Compost produced using the methodology developed by the project using pistachios
waste, manure, straw and the natural zeolite clinoptilolite was studied, as well.

Therefore, AgroStrat, after evaluation of the properties and characteristics of pistachio wastewater
and solid waste and also of the effect of waste on soil properties, proposed specific measures for the
sustainable reuse and management of this waste type.

As regards the potential use of pistachios wastewater for irrigation, Agrostrat through a
comprehensive study and pot experiments using ten different soil types under greenhouse
conditions, concluded that among the soil parameters that were mainly affected were electrical
conductivity, NOs’, NH,, exchangeable K and Na, B, and SO,%. On the other hand, it was revealed
that both municipal and drillings water at the pilot area of Aegina island were unacceptable for
irrigation, although systematically used, and may cause detrimental effects on soil quality mainly
due to the high content in Cl and in Ca*?. Therefore, two options for wastewater management are
proposed:

* disposal of the effluents, after a preliminary precipitation, into shallow evaporation lagoons of
max 1,5 m depth. In this case and for disposing almost 80m’ wastewater, a pond for almost 160m’
should be constructed (e.g. of 10m x 10m x 1.5m). Specific care should be taken to protect the
walls and the bottom part of the pond using cement or geotextiles.

* use of wastewater for irrigation after dilution with fresh water, potentially rain water. A dilution of
1 to 4 or 1 to 5 seems appropriate to increase pH at acceptable values and also decrease
polyphenols significantly. However, specific care should be taken when reusing the diluted
effluent and therefore it is recommended to apply the methodology as developed and included in
the Cultivation Management Software of the project on how to estimate the dose of wastewater
according to soil parameters’ values.



Similarly, when pistachio composts were applied on soil, parameters that are mainly affected were
electrical conductivity, nitrogen, NO3", NH,, exchangeable K and Na, available Zn, B, and SO~

In order to assess the effect of pistachio wastes on plant production, greenhouse experiments were
conducted during which, lettuce and anise were cultivated on ten different soil types and by using
mineral fertilizers and pistachio compost. The goal was to evaluate the effect of two types of
fertilizations (chemical and organic-compost), on soil fertility and on the nutrition of two
cultivations (lettuce and anise). For this purpose, the soils were mixed with certain portion of either
chemical fertilizers (NH4SOj4, 0-20-0, K»,SO4) or a mixture of pistachio compost (with zeolite) and
chemical fertilizers. Compost addition was based on nutrient status of each soil and nutrient
demands of cultivated plants. This was accomplished by the use of the Cultivation Management
Software.

The results showed that light textured soils enhanced lettuce growing while the addition of compost
+ chemical fertilizer gave higher values for lettuce, in terms of yield and dry biomass, compared to
the control (i.e. no treatment). With regards to anise biomass, light textured soils are more suitable
for anise growing while yield ranged at higher levels for sandy clay loam and sandy soils, than for
clay or loam soils. Comparing mean values for yield and dry biomass between treatments, it is clear
that the addition of compost + chemical fertilizer gave higher values for anise yield and dry
biomass. In addition, when data were averaged over soil texture categories, significant and positive
correlations were obtained between yields and fertilization treatments for most of the soil properties
indicating that the enhancement of yield due to fertilization, and in particular due to compost
application, could be ascribed to improved soil fertility.

Therefore, it can be concluded that the use of compost derived from pistachio wastes can be
partially substitute the mineral fertilization. Soils were in most cases sufficient in terms of all soil
parameters examined. Addition of the mixture of compost and fertilizer treatment to the soils under
study resulted in enhanced lettuce and anise yield and dry biomass, as well as in improved soil
fertility.

Finally, for the safe reuse or disposal of pistachio wastes, LIFE AgroStrat developed a methodology
based on FAO principles for land evaluation, which can be also used for other types of wastes after
easy conformation. To adopt and implement the Land Suitability Evaluation System as proposed by
AgroStrat, a systematic procedure is required to be applied in order to present evaluation results as
GIS maps that can be further used for monitoring areas of disposal/reuse as well as, for estimating
the appropriate waste doses to be added on soil at map unit or at field level.

In conclusion and despite the measures and guidelines developed by the project that ensure safe
management, it should be kept in mind that organic waste management at local or regional scale is a
site-specific issue, and as such all local/regional characteristic, needs, priorities and peculiarities
must be considered prior reuse or disposal. It is also of great importance to apply waste on land
after estimation of the appropriate doses that will not affect soil quality negatively. Therefore, the
optimum doses of wastewater or solid waste) to be distributed on land, regardless the purpose, must
be calculated considering waste composition and soil parameters.



INEPIAHYH

H du46gom Kot emavoypnoLoToinoTn TV 0pyoVIKOV AmoPANT®V 6To £30(00C Y10 YEOPYIKO GKOTO,
VO TNV TPoTHOeoT OTL pmopel va amodel el emwPEANg Kot acPAANG Yo T Yempyia, lval capdg
TPOTILOTEPN HEDOOOG GE GVYKPLOT| LE TNV KOOGOT 1 TNV DYELOVOLIKT TOQN, OTIMG TPOTEIVETOL KOl GTO
oyetkd vopobetikd mhaicto g Evponaikng Evoong (odnyia miaicto yio o amdPANTa).

IIpwv v évapén tov €pyov AgroStrat, Aiya ototyeio fTaV YVOOTE GTNV EMIGTNUOVIKY KOWOTNTO
OYETIKA e TNV TOYN TOV ATOPANTOV KATEPYASING TOV KEAVPOTOV QLOTIK®V otV EAALSM Kot 6TIg
GAkeC pecoyelakés ydpec. Eivat yvootd wotdc0, 6Tt Kotd péco 6po, amartodvror 2m’/h vepod yia
v ano@roiwon 1 TOVou @péckmV KEALPOTOV QUOTIKIOV, eV Katd v enefepyosio 1 tOvov
QLOTIKIOV, Topdyovial oxeddv 2,5 tévol AAoTnG, 1 onoio amoteleitol amd mePKdpmia, KEAOON,
KapITOLG Ko vepo.

[TAinpogpopieg o1 omoieg cLAAEYOMKAY OO TOPAY®YOVG OTN OLAPKEWD EMICKEYEWV GE TEPLOYES
TAPOYWYNG KEAVQOTOV QUOTIKIOV KOl KVpimg TG Atyvog, KoTadeikviouy Yevikd oveEEAeykn
owbeon tov omoPANTOV 6T0 £30(00C, 08 KOAMEPYELES (KLPIOG QULOTIKIOV KOl AQYOVIK®V), GE
TNYAdl0 Kol EMPAVEINKE VOOTIKG GULOTHUOTO. XE OPICUEVEC TEPIMTMOGCELS YPNOUYLOTOL0VVTOL
deapevéc eEdTionG Yoo T GLAAOYY TV OmoPANTOV, Ol omoieg OU®G eivor TANUUEAOVG
KATOOKEVNG (QmA] €KOKOQPY] TOL €JAQOVG YWPIG YPNOYN TPOCTATEVTIKMY VAIKMV Y10 OTOPLYN
otpayyicemv) kot peydlov Pdbovg (€oc kol 5 |), aKATIAANAOL Yo amOTEAECUATIKY EEATIION, LE
OTOTEAEGLOL VO, TPOKOAOVVTOL SUCUEVEIC EMMTMOGELS GTNV TOLOTNTO TOV €0APOVE KOl TOV TOTLKOV
nepPaALovTog.

210 mhoicto tov €pyov AgroStrat peAetnOnke 1 KOTOAANAOTNTO TOV ATOPANTOV KATEPYUGIOG
KEALQPOTOV QUOTIKIOV Y10l EXOVOYPTCILOTOINGCT GTO £50(POG YLoL AMTAVTIKOVS 1 KOl opOEVTIKOVG
okomovg. I'io 10 A0Yo awtd, cLAAEXONKE Kot avoAvOnKe PeYEAOG apBOG E3APIKAOV Kol VOATIKOV
delypdtov oAAd kol detypdtov amoPAnteov ond mepoyés g Alywvag, kvpimg, 6mov o
OLYKEKPIUEVOS  TOMOG  omoPANTOVL  mopdyetol Kot  OwoTifetar o€ SPOPOvS  OTTOOEKTEC.
ZOUTANPOUATIKE, Kol TPOKEWEVOL Vo pedetnBel oe Paboc m emidpoon TV amofAitevV otV
TOLOTNTO TOL £XAPOVG KOl GTNV KOAMEPYELD, EKTEAEGTNKAY TtEpdpata og mepPdiiov Beproknmiov
YPTCILOTOIDVTOAG OEKO SLLPOPETIKOVS TOTOVG £6APOVG, VYPA ATOPANTO KOl KOUTOOT TO ONoio &iye
TOPOCKEVAOTEL LE EQUPUOYN TNG MEBOOOV KOUTOGTOTOINONG 1 ool avanmthyOnke otn ddpkela
tov €pyov. H peBodog mepthapPdver v avduén Kot KOUTOGTONOiNon OmTOPANTOV QUGTIKIMV,
KOTPLAG, Gyvpov Kot ToL PLGIKoD (edMbov KAvorTiAdAB0v oe avaroyia 5%. Me v olokAnpmon
TOV YNUKOV 0VOADCEDV TV OEIYUAT®V TOL CLAAEXON KOV KaBhS Kol TV Tepapdtov Beproknmiov
aKoAovON e a&lOAOYNON TOV OMOTEAEGUATOV KOl TPOTUGT LETPOV KO TPAKTIKMV Y10, TV 0CQOAN
Kol oEupOpO  EMAVOYPNCIUOTOINGT Kot Olayeipion avtod Tov TOMOV OmoPANTOL, TA Omoin
TaPoLGLALOVTOL GE VTNV TN HEAETT).

Ocov agopd oty ypion TV vypoOV amoPANTOV Yo dpdevon, SomioT®dnKe OTL Ot £J0PIKEG
O10TNTEG O OTTOIEC AVOUEVETOL VO EXNPEAGTOVV oTd [0 TETON TPOKTIKY Eivat Kupimg 1 NAEKTPIKN
AYOYHOTTA, 1) OLYKEVIpOON Tov vitpikdv 10viov (NO3), tov appoviakdv (NHg), tov
avtoAhoéipov kariov (K) kot vatpiov (Na), Tov fopiov (B), kat tov Osukdv 0viov (SO47). ‘Exet,
OU®G, aitepn onuacio vo avaeepOel OTL 01 AVOADGELG TOL VEPOL TTOV YPNGULOTOLEITAL OO TOVG
TOTIKOVG TTApOy®yolS Yo APOEVOT) Kol TPOEPYETAL KVUPIOG OO YEMTPNOELS, TN YAdL 1 KOt oo TNV



POy TOV VNowoL, NMTav emiong aKOTAAANAO Yo dpdevorn pe kivovvo yioo Tn SaThnpnon g
TOLOTNTOG TOV €3APOVS KLPIOS AOY® NG TOAD LYNANG TeplekTikOTTOS 08 YAwprovta (Cl) ko g
TOAD VYNANG GKANPOTNTAS TOV.

Aoppdvovtag vmoyn OAo To TOPATAVD, TO £pY0, OGOV 0@Oopd oTn Slyeipon TV VYpOV
amoPANTOV KATEPYUGING KEALVPOTAOV PUOTIKIDV, TPOTEIVEL:

* d1dBeon TV LYPOV amOPANTOV, WBAVIKA HETG amd mpokatepyacio kabilnong, oe pnyég
de€apevég egatuong péyiotov Pabovg 1,5 p. Xty mepintwon avtn, Oa mpémer va Anedet
VoYM OTL Yo TN 01dBeon mepimov 80 k.|, VYPOV amoPAnTeV, Ba TPEMEL VO, KOTOOKEVAGTEL
de€apevn yopntikodtntog mepimov 160 k.pu. (m.y. ddotaong 10 p x 10 p x 1,5 p). Enuovto
etvan emiong va AneBovv O6Aa To amapoitnTa LETPA Yo T oTEYOVOToinon g de&apevng, oty
TEPIMTOON TOL QVTH OEV gival amd TOLUEVTO, LE YPNOT| YEOUEUPPEVIG.

* YPNOM TOV VYP®OV OTOPANTOV Y10 APOELON UETE amd apaimorn pe vepo, mhavmg Kot Bpoyvo.
Apainon tov amofiitev oe avaroyio 1 mpog 4 1 1 mpog S eivon tkavomomtikny Kot Oo empépet
peimon g 0&VLTNTOG TV AMOPATOV GE OMOOEKTEG TIES, VM B0 LEIDCEL OTUOVTIKA KoL TN
OLYKEVTIPMOOT] TOV TOAVQAIVOA®V. Q6TdG0, 1 XpNon otV Apdevon Ba mpémetl va yivetatl ToAD
TPOCEKTIKA KOl GTY] GMGTH d0GOA0Yi0. ZVGTHVETAL Y10 TO GKOTO 0UTO 1 YPNoN TOV AOYIGUIKOD
Awyeiprong KoAlépyelag, 10 omoio avamtdybnke emiong otn Oudpkelr TOL €pyov, Kot
vroAoyilel TNV evoedetypévn 06on amoPANTov AapuPdvovtag voyn TG E0PIKES TAPAUETPOVG.

Opoilmg, Katd TV €QOPUOYN TOV KOUTOOT GTO £500(O0C, OUMOTOONKE KATA Tr OPKEW TV
TEWPAUATOV, OTL Ol TAPAUETPOL TOV £3APOVG, Ol OToieg Kupimg emnpedlovtar givol 1 NAEKTPIKN
ayoypomta, 1o dloto (N), ta vitpikd wvta (NO3), ta appmviakd ovto (NH,), o aviodlaéa
kédAo (K) kot vatpio (Na), o dwbéoipog yevddpyvpog (Zn), 1o Bopo (B) kot to Besukd dvia
(SO4).

[Mpokeévovr vo ektyunBei 1 enidpacn TV OmMOPANTOV QUOTIKIOV GTN QUTIKN TOPAYOYT,
deEnydnoav mepdpoata oto Beppoknmo Kot KoAMepyNONKav o€ €k SoPOPETIKOVS TOHTOVG
€04POVG dVO PLTIKA €101, popoOAL Kot avnboc. T T Aimavor| Tovg ¥pnoloTomOnKay  yNUIKA
MITOoHATO Kol KOUTOGT 0o KEALQMOTA @uotikia. O atdyoc Ntav va a&toroynbel n enidpaon twv
00 TOUTEV AMIAveE®mV 0T YOVILOTNTO TOV €3GQOVS OAAG Kot otn Bpéyn tov eutov. T v
EKTEAEGT TOL TEPOUOTICHOD TO £3AQN avOUiyONKoV GE GULYKEKPUYEVEG OVOAOYIEG HE YNUIKA
Mmaopato (NH4SO4, tomog 0-20-0, K2SO4) Kabdg kot pe piypo ynputkod Mmdcpotog Kot KOUTOoT.
Ot T0GOTNTEG TOV MTACHATOV (YNUKoD Kol opyovikoV) vrmoAoyiotnkov pe Paon Tig Opemtikég
OVAYKEG TV KOAMEPYOLUEVODV €DV, TIC OpemTikég 1010TNTEG TOL €0APOVE HE YPNON TOL
Aoyiopikod Awyeiptong KoAdiiépyetag.

Ta amoteréopata £deiEav OTL oTOL EAAPPA €XAPN 1 ATOOOCN TNG KOAAEPYELNS LOPOVALOD NTOV
avENUEVT LE XPNOT GLVOLOGHOD YNUKOV MTAGUATOV Kol KOUTOOT, eved Kot 1 Enpn Propdla nToav
HEYOADTEPY] GE CLYKPION HE avtioToryn KoAAEpyela yopic kopio epappoyr. Ocov agopd otnv
KaAMEPYELD AVIBOL, Ta EAAPPA EOGPN amOdelYONKOV O KOTAAANAO e TNV OTOO00T) VAL KUULOAVETOL
o€ VYNAOTEP EMIMESD GE OUUOAPYIAOTNADON Kot OUU®ON 04PN amd OTL GE apYIA®ON 1| TNADIN
€04.pn. Xvykpivovtog Tig péoeg TWES amodoons kot Enpng Propdloc peta&h TV SQOPETIKMV
TEWPOUATIOUDV, €lval ca@ég OTL M TPOCGONKY GLVOVAGHOD YNUKOV ATOCUATOV Kol KOUTOOT
vreptepel oe amddoon kor Enpv Propdlo. EmmAéov, Otav TO TEWPAPOTIKA OTOTEAEGUOTO
OLGYETIOTOVV KOTA WHEGO Opo HE TIC WIOTNTEG TOV OLPOPETIKAOV KATNYOPLDOV EJGAPOVS OV
peAetnONKav, TPOKLATOLV ONUAVTIKEG Kol Oetikéc ovoyetioelg peta&hd g amddoong 1ng



KOAMEPYEWG KOL TOV MITOVIIKOV EPOUPUOYDV HE TIS TEPICCOTEPES AMO TIG €00PIKES 1OOTNTEG,
YEYOVOS mov 0dnyel 010 CLUTEPACSHO AOENONS TNG YOVILOTNTOS TOV €J0(QOVG KLPIS AOY® NG
EQUPUOYNG KOUTOOT.

Q¢ ex tovTOL, Umopel va cvvoyBel to cvumépacua OTL 1 ¥PNOYT KOUTOGTOMOMUEVAOV GTEPEDV
amoPANTeV enefepyaciog KEALVQOTMOV QULOTIKIOV UTOPEL VO OVTIKOTOOTAGEL UEPOG TNG YNLUKNG
Mmovong kaBmg To €3GpN, Katd T StipKeLd TNG KAAMEPYELNS ElYOV OTIG TEPIOCOTEPEG TEPIMTMOGELG
EMAPKELN TOV OTOPAITNTOV Y10 TNV KAAMEPYELOG OTOLYEIOV.

Mo v aceolq Kot etoeeln eravaypnoionoinon 1 61dbeon Twv anoPfAntov, to £pyo AgroStrat
avéntuée emiong pio pebBodoroyio pe Paon tic apyés tov FAO vy v a&oddynon g
KATOAANAOTNTOG TOV €0dpovg va dexBel amofAinta, n onoio uropei eniong va ypnoiponombei Ko
Y. GAAOVG TOMOVLS OMOPANTOV, HUETO OMO GYETIKN Kot €OKOAN Stopopewor). Tlpoxeévou va
vioBetnBel ko va gpappootel 10 Xvotnua A&oddynong Katadinidtrog tov Eddgove, dmwg
npoteivetol amd to AgroStrat, amotteitanl KaTopy Vv po cuotnuatiky dadkacio aloldynong g
TOLOTNTOG TOV €JAPOVE Kol Tapovsioong Twv amotelecudtov pe popen GIS yaptaov. O xapteg
avtol, 6€ cLVOVACUO LLE TO AOYIGUIKO TOL £PYOV, EMTPETOVY TOV TPOGOIOPICUO TOV KATAAANA®V
TEPLOYDOV YPNONG TOV ATOPANTOV KOL TOV VTOAOYIGUO TOV 0OGEWV EPAPLOYNG, TOCO GE EMIMEDO
YOPUPLOV, OGO Kol GE TEPLPEPELNKO.

Ev xatax)eidl, kot mapd 1o yeyovog 0Tt ta ETpa, Ol TPOTAGELS Kot ot 0dnyieg mov divovtal omd To
AgroStrat dtac@aAilovv acpaAn dayeipion, Oa Tpémetl va yivel TANpo¢ kaTovontd Ot 1 dtayeipion
TOV 0PYOVIKOV ATOPANT®V GE TOMKO 1| TEPLPEPELNKS EMIMEDO ivar Eva (TN OV eV €XEL YEVIKT
AOom, KaBdG ot Omoleg ADGEIS KOl TPOTAGELS £E0PTOVTAL amd TO EWOIKA YOPUKTNPIOTIKE, TIG
wWonTepdTNTOG OAAG Kot TIG TPOTEPALOTNTES TWV TEPLOYMV OV AVTES Ot EPOPUOGTOVV.



