eISSN 2544-0659
ISSN 2081-6960 (zawieszony)

Zeszyty Naukowe

Szkoly Glownej Gospodarstwa Wiejskiego w Warszawie

Scientific Journal
Warsaw University of Life Sciences — SGGW

PROBLEMY
ROLNICTWA
SWIATOWEGO

PROBLEMS
OF WORLD
AGRICULTURE

Vol. 23 (XXXVIIT) 2023

No. 1




eISSN 2544-0659
ISSN 2081-6960 (zawieszony)

Zeszyty Naukowe
Szkoly Gléwnej Gospodarstwa Wiejskiego w Warszawie

Scientific Journal
Warsaw University of Life Sciences - SGGW

PROBLEMY ROLNICTWA
SWIATOWEGO

PROBLEMS OF WORLD
AGRICULTURE

Vol. 23 (XXXVIII) No. 1

Warsaw University of Life Sciences Press
Warsaw 2023



RADA PROGRAMOWA / EDITOR ADVISORY BOARD

Martin Banse, Thiinen Institute, Braunschweig (Germany),
Bazyli Czyzewski, Poznan University of Economics and Business (Poland),
Emil Erjavec, University of Ljubljana (Stovenia),
Szczepan Figiel, University of Warmia and Mazury in Olsztyn (Poland),
Masahiko Gemma, WASEDA University (Japan),

José M. Gil, Centre for Agrifood Economics and Development — CREDA-UPC-IRTA (Spain),
Jarostaw Gotebiewski, Warsaw University of Life Sciences - SGGW (Poland),
Zoltan Hajdu, Szent Istvan University (Hungary)

Csaba Jansik, Natural Resources Institute Finland ~-LUKE (Finland),

Roel Jongeneel, Wageningen University & Research — WUR (Netherlands),
Bogdan Klepacki — president, Warsaw University of Life Sciences - SGGW (Poland),
Timothy Leonard Koehnen, Universidade de Tras-os-Montes ¢ Alto Douro (Portugal),
Eleonora Marisova, Slovak University of Agriculture in Nitra (Slovakia),

Maria Parlinska, Helena Chodkowska University of Technology and Economics (Poland),
Irina Pilvere, Latvia University of Agriculture (Latvia),

Walenty Poczta, Poznan University of Life Sciences (Poland),

Norbert Potori, Research Institute of Agricultural Economics — AKI (Hungary),
Baiba Rivza, Latvia University of Agriculture (Latvia),

Evert van der Sluis, South Dakota State University (USA),

Karel Tomsik, Czech University of Applied Sciences (Czechia),

Jerzy Wilkin, Institute of Rural Development, Polish Academy of Sciences (Poland),
Hans Karl Wytrzens, University of Natural Resources and Life Sciences - BOKU (Austria),
Maria Bruna Zolin, Ca' Foscari University of Venice (Italy).

KOMITET REDAKCYJNY / EDITORS
Mariusz Hamulczuk, WULS-SGGW - editor in chief,
Janusz Majewski, WULS-SGGW - deputy editor in chief,

Stanistaw Stanko, WULS-SGGW- subject editor, Jakub Kraciuk, WULS-SGGW - subject editor,
Dorota Komorowska, WULS-SGGW - subject editor, Elzbieta Kacperska, WULS-SGGW - subject editor,
Joanna Kisielinska, WULS-SGGW - subject editor, Anna Gorska, WULS-SGGW - statistical editor,
Grzegorz Medykowski, the publishing house WULS-SGGW, Agata Cienkusz — language editor (Polish
Jacqueline Lescott — language editor (English), Teresa Sawicka, WULS-SGGW — editorial secretary.

Lista recenzentow jest publikowana w ostatnim zeszycie w roku oraz na stronie internetowej czasopisma. / The list
of reviewers is published in the last issue of the year and on the journal's website.
Wersja elektroniczna jest wersja pierwotna. / The primary version of the journal is the on-line version.

Indeksacja w bazach danych / Indexed within:
ERIH PLUS, Index Copernicus, Baza Agro, BazEkon, System Informacji o Gospodarce Zywnosciowej, Arianta
Naukowe i Branzowe Polskie Czasopisma Elektroniczne, AgEcon search, CEJSH, PBN, Biblioteka Narodowa,
Google Scholar, DOAJ, Crossref, EBSCO.

Czasopismo dziata na zasadzie licencji ,,open-access” i oferuje darmowy dostep do petnego tekstu wszystkich
publikacji poprzez swoja strong internetowa. Wszystkie artykuty sa udostgpnianie na zasadach licencji Creative
Commons CC BY-NC, co oznacza, ze do celow niekomercyjnych udostgpnione materiaty moga by¢ kopiowane,

drukowane i rozpowszechniane.

This journal is the open access. All papers are freely available online immediately via the journal website. The
journal applies Creative Commons Attribution-NonCommercial License (Creative Commons CC BY-NC), that
allows for others to remix or otherwise alter the original material (with proper attribution), provided that they are

not using it for any commercial purpose.

prs.wne.sggw.pl
e-ISSN 2544-0659, ISSN 2081-6960 (zawieszony)

Wydawnictwo SGGW / Warsaw University of Life Sciences Press
www.wydawnictwosggw.pl



SPIS TRESCI

- Antoni Faber, Zuzanna Jarosz

Charakterystyka zrownowazenia rozwoju biogospodarki w Polsce - wymiar
ekologiczny

Characteristics of sustainable development of bioeconomy in Poland -
ecological dIMEeNSION .........oiiitii i 4

- Celestine Andrew Lumbonyi, Amurtiya Michael, Ibrahim Andrew
Lumbonyi, Patrick Gregory Boni

Economic Consequence of Human - Hippopotamus (Hippopotamus
amphibious) Conflicts on Farming Livelihood in Rural Adamawa State,

J ) - 19

- Mohamed Paul Ngegba, Alfred Moseray Ngegba, Emmanuel Sahr
Hinckley, Muctar Foday Koroma, Oladimeji Idowu Oladele

Implications of Prevalence and Intensity of Soil-Transmitted

Helminthes (STHs) on Rural Farmers’ Productivity in Selected Districts

of Sterra Leone ... ..o 32

- Wioleta Sobczak-Malitka, Emilia Sobczak
Changes in the Vegetable Oil Market, with Particular Emphasis on Market
Instability in Relation to the War in Ukraine ................c.ocooiinnn 46



Zeszyty Naukowe Szkoly Glownej Gospodarstwa Wiejskiego w Warszawie

Problemy Rolnictwa Swiatowego tom 23(XXXVIII), zeszyt 1, 2023: 4-18
DOI: 10.22630/PRS.2023.23.1.1

Antoni Faber!, Zuzanna Jarosz’
Instytut Uprawy Nawozenia i Gleboznawstwa — Panstwowy Instytut Badawczy

Charakterystyka zrownowazenia rozwoju biogospodarki
w Polsce - wymiar ekologiczny

Characteristics of sustainable development of bioeconomy
in Poland - ecological dimension

Synopsis. Celem opracowania byto okreslenie, czy istnieja w Polsce mozliwosci rozwoju
zrownowazonej biogospodarki bez narazania si¢ na przekroczenie granic ekologicznych. Do oceny
wykorzystano zaproponowane przez Global Footprint Network wskazniki: biopojemnosci i $ladu
gruntowego. Przeprowadzono analizg¢ i oceng ksztattowania si¢ biopojemnosci i §ladu gruntowego oraz
wielkos$ci eksploatacji biopojemnosci w latach 1961-2018. Badane wskazniki przedstawiono na tle
Niemiec i roznych regionow Europy. Na podstawie uzyskanych wynikow okreslono perspektywy
rozwojowe silnie zrownowazonej biogospodarki w Polsce. Przeprowadzone badania wykazaly, ze
eksploatacja biopojemnosci w 2018 r. wynosita 93% i byta bliska gruntowej bariery ekologiczne;j.
Oznacza to, ze ekologiczny potencjat zwigkszenia produkcji biomasy w Polsce jest maly. Wigksze
mozliwosci rozwoju biogospodarki z ekologicznego punktu widzenia istnieja w catym regionie Europy
Wschodniej i Pétnocnej.

Stowa kluczowe: biogospodarka, rozwdj zrbwnowazony, granice ekologiczne, biopojemnos¢, slad
gruntowy

Abstract. The aim of the study was to determine whether there are opportunities for the development
of a sustainable bioeconomy in Poland without the risk of crossing ecological boundaries. The following
indicators, proposed by the Global Footprint Network, were used for the assessment: biocapacity and
land footprint. An analysis and assessment of the development of biocapacity and land footprint as well
as the intensity of biocapacity exploitation in the years 1961-2018 was carried out. The studied
indicators are presented against the background of Germany and various other regions of Europe. On
the basis of the obtained results, development prospects for a highly sustainable bioeconomy in Poland
were determined. The conducted research showed that the exploitation of biocapacity in 2018 amounted
to 93% and was close to the ground ecological barrier. This means that the ecological potential for
increasing biomass production in Poland is minor. Greater opportunities for the development of the
bioeconomy from an ecological point of view exist throughout the region of Eastern and Northern
Europe
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Wprowadzenie

Zréwnowazony rozwdj zostal zdefiniowany w 1987 r. przez Swiatowa Komisje
G. Brundtland do spraw Srodowiska i Rozwoju. W opublikowanym raporcie ,,Nasza wspolna
przyszto$é” zrownowazony rozwoj zostal okreslony jako taki, w ktorym potrzeby obecnego
pokolenia majg by¢ zaspakajane bez uszczerbku dla mozliwosci spelnienia potrzeb
przysztych pokolen (WCED, 1987). Celem koncepcji bylo zapewnienie wzrostu
gospodarczego przy jednoczesnej ochronie rownowagi spotecznej i srodowiskowej (Lozano,
2008). Koncepcja zrownowazonego rozwoju byta definiowana i interpretowana na wiele
réznych sposobow. Mimo, ze przestanie koncepcji byto zrozumiate, to interpretacje i
zdefiniowanie prowadzily do szeregu dyskusji, a tym samym stopniowego rozszerzania
zakresu problematyki dotyczacej tej idei.

W  ostatnich latach dostrzega si¢ zmiang¢ postrzegania rozwoju spoleczno-
gospodarczego. Rosngca populacja ludnosci i konieczno$¢ zapewnienia bezpieczenstwa
zywnosciowego, zrownowazona konsumpcja i produkcja, zachodzace zmiany klimatu oraz
presja na ochron¢ Srodowiska to wyzwania, ktore sklaniaja do wprowadzania nowych
koncepcji i form zrownowazonego rozwoju. Wsrdd tych koncepcji jest idea biogospodarki.

Biogospodarka jest wigzana intencjonalnie z migdzynarodowym programem na rzecz
zroéwnowazonego rozwoju. Zgodnie z deklaracjg z Rio w sprawie Srodowiska i rozwoju,
zroéwnowazony rozwoj powinien zaspakajaé potrzeby obecnego pokolenia bez uszczerbku
dla mozliwosci zaspokajania potrzeb przysztych pokolen (ONZ, 1992). Definicja ta miata
charakter aspiracyjny. Zmienita ten fakt Agenda ONZ 2030 z lista 17 Celow
Zrownowazonego Rozwoju (SDG) (UN SDSN, 2015), ktore stanowia globalne dziatanie
normatywne dazace do osiagania sprawiedliwego, inkluzywnego, prosperujacego wzrostu w
granicach naszej planety (Costanza i in., 2016). Deklaratywnie, biogospodarka powinna
znaczaco przyczyni¢ si¢ zwlaszcza do realizacji SDG 2 (Zero glodu), SDG 12
(Zréwnowazona konsumpcja i produkcja) oraz SDG 13 (Dziatania na rzecz klimatu)
(Giuntoli i in., 2020).

Badania i analizy status quo i perspektyw rozwoju biogospodarki doprowadzity do
wniosku, iz biogospodarka typowo wiaze si¢ ze stabym zrownowazeniem i opowiada si¢ za
wysoka substytucyjnoscig kapitalu naturalnego (naturalnych zasobow) do kapitatu
antropogenicznego (postgpu technologicznego w pozyskiwaniu zasobow) (Loiseau i in.,
2016). Takze z innych prac wynika, ze biogospodarka sama w sobie nie moze by¢ uznana za
zrownowazong (Székacs, 2017). Niekiedy uwaza si¢, ze biogospodarka, gospodarka
cyrkulacyjna oraz rozwo6j zroéwnowazony to trzy rdzne, ale pokrywajace si¢ trendy w
fagodzeniu antropogenicznych wpltywow na $rodowisko (De Oliviera i in., 2018). To w
oczywisty sposéb mogloby si¢ przyczyni¢ do problemoéw w realizacji celow
zréwnowazonego rozwoju, w tym zwlaszcza celéw ekologicznych i wiele strategicznych
zatozen lezacych u podstaw strategii rozwoju biogospodarki musialoby ulec pewnym
rewizjom. Przed ich dokonaniem warto rozwazy¢ jednak rozwdj biogospodarki wedlug
kryteriow silnego zréwnowazenia.

W obliczu powaznych zagrozen i wyzwan (rosnaca liczba ludnosci, zmiana klimatu i
degradacja gleby) opracowanie stanowi istotny wktad w badania dotyczace silnego
zréwnowazenia biogospodarki, ktora odgrywa znaczaca rol¢ w dazeniu do osiagnigcia celow
zroéwnowazonego rozwoju. Celem opracowania bylo okreslenie czy istnieja w Polsce
mozliwosci rozwoju zrownowazonej biogospodarki bez narazania si¢ na przekroczenie
granic ekologicznych. Poniewaz rozwo6j biogospodarki wiaze si¢ z zaspokajaniem popytu
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ipodazy na biosurowce, aby przedstawi¢ jej zrownowazony rozwdj wykorzystano
zaproponowane przez Global Footprint Network wskazniki: biopojemnosci i $ladu
gruntowego. Tak postawione zdanie badawcze znalazlo odzwierciedlenie w konstrukcji
pracy. W przegladzie literatury zaprezentowano istot¢ stabego i silnego zrownowazenia
rozwoju 1 znaczenie biogospodarki oraz charakterystyke metody badawczej wraz ze zrodtem
danych. Nastgpnie przeprowadzono analiz¢ i ocen¢ uzyskanych wynikow co pozwolito
wskaza¢ mozliwosci rozwoju silnie zrownowazonej biogospodarki w Polsce. Badane
wskazniki przedstawiono na tle Niemiec i roznych regionéow Europy.

Przeglad literatury

Na przestrzeni lat debat¢ nad zréwnowazonym rozwojem zdominowaly dwa
konkurujace ze soba podejscia, silnego i slabego zrownowazenia. Wigkszo$¢ uczonych
zgadza si¢ z podzialem kapitatu na naturalny, rzeczowy (wytworzony), ludzki i spoteczny
(Deng, 2007; Ekins i in., 2008). Kazdy z nich pelni swoje funkcje w formowaniu pogladu na
spoteczno-§rodowiskowe otoczenie, a zrozumienie relacji migdzy nimi ma istotny wptyw na
sposéb interpretacji i oceny zrdwnowazonego rozwoju.

Stabe zrownowazenie opiera si¢ na ekonomii dobrobytu i jest interpretowane jako
zasada wzrostu gospodarczego na przestrzeni jednego lub kilku pokolen (Hartwick, 1990;
Solow, 1993). Podstawg tego podejScia bylo zalozenie, ze kapital naturalny i kapitat
wytworzony sa doskonale zastgpowalne, a do ochrony $rodowiska niezbgdny jest wzrost
gospodarczy, przy ktorym innowacje technologiczne rozwiaza wszystkie problemy
srodowiskowe (Loiseau i in., 2016; Liobikiene i in., 2019). Tym samym kapitatl wytworzony
stal si¢ wazniejszy od kapitatu naturalnego (Davies, 2013). Wedlug zasady stabego
zroéwnowazenia konieczne jest aby catkowita ilo$¢ kapitatu byta zachowana bez zwracania
uwagi na jego strukture (Wilson i Wu, 2017). Stwierdza si¢ takze, ze kapitat naturalny nie
jest ograniczony barierami srodowiskowymi, a jego degradacja jest odwracalna (Pelenc i
Ballet, 2015). Taka orientacja jest charakterystyczna dla antropocentrycznego pojmowania
zrWnowazonego rozwoju.

Silne zréwnowazenie to skoncentrowany na $rodowisku poglad, ktory podkresla
znaczenie i niezastgpiona role kapitatu naturalnego w produkcji i konsumpcji. Koncepcja
silnego zréwnowazenia zasadza si¢ na ekocentryzmie, przyjmujac, ze substytucyjnosé
zasobdw naturalnych jest ograniczona (Lorek i Spangenberg, 2014). Oznacza to, ze pewne
dziatania czlowieka moga pocigga¢ za soba nieodwracalne konsekwencje, a ochrona
srodowiska jest niezbedna dla wzrostu gospodarczego (Mancebo, 2013). Zasada silnego
zréwnowazenia wymaga zwigkszenia ogdlnej ilosci kapitalu oraz zachowania racjonalnej
struktury kapitalu i nieprzekraczania progéw ekologicznych (Liobikiene i in., 2019;
Rockstrom i in., 2009).

Wybdr migdzy staba a silng zasada zrownowazonego rozwoju jest trudny. Skrajne
stanowiska rzadko znajduja mozliwos¢ praktycznego zastosowania w czystej postaci.
Racjonalny wybor lezy w przestrzeni migdzy stabym i silnym zréwnowazeniem.

Biogospodarka, zrownowazona i cyrkulacyjna (Brenne, 2022; Holden, 2022), ma
odegra¢ wielkg role w transformacji systemu ekonomicznego, przyczyniajac si¢ do
dekarbonizacji gospodarek oraz zmniejszenia niedoboréw surowcoéw nieodnawialnych. W
UE biogospodarka postrzegana jest jako glowny element w realizacji Europejskiego
Zielonego Ladu oraz réznorodnosci regionalnej. Aby mogta si¢ do tego przyczynic, nalezy



Charakterystyka zréwnowazenia rozwoju biogospodarki w Polsce - wymiar ekologiczny 7

zadbad o jej zrownowazony rozwoj (Brenne, 2022). Zréwnowazenie rozwoju biogospodarki
zostato omowione do$¢ kompleksowo (D’ Amato, 2019; D’ Amato, 2020; Giuntoli i in., 2020;
Koukiosiin., 2018; Liobikiene i in., 2019; Loiseau i in., 2016; Ramcilovic-Suominen 1 Piilzl,
2018).

Zywe zainteresowanie biogospodarkg zaowocowato opracowaniem licznych definicji
tego pojecia. Problemem jest zakres tego pojgcia, ktore jest uzaleznione od przyjetego
podejscia: zasobowego (produkcja bazujaca na zasobach biologicznych), czy procesowego
(wykorzystanie biotechnologii). Poszczeg6lne definicje akcentuja rozne aspekty i priorytety
technologiczno-ekonomiczne czy spoleczne i nawiazuja do roéznych uwarunkowan
i koncepcji rozwojowych (Adamowicz, 2017).

Jedng z istotnych definicji przedstawila Organizacja Wspolpracy Gospodarczej
i Rozwoju (OECD) wedtug ktdrej, biogospodarka to dziatalno$¢ polegajaca na zastosowaniu
biotechnologii, bioprocesow i bioproduktéw w celu wytworzenia okreslonych dobr i ustug
(OECD, 2009). Podejscie zorientowane na biotechnologi¢ znalazlo takze wyraz w przyjetej
przez Komisj¢ Europejska strategii ,,Innowacje na rzecz zréwnowazonego wzrostu:
biogospodarka dla Europy” (EC, 2012). Badania naukowe koncentrowaly si¢ na
technologiczno- produkeyjnych aspektach biogospodarki (Maina i in. 2017; Pellis 1 in. 2018;
Scheiterle i in., 2018). Jednak Golembiewski i in. (2015) zauwazyli, ze podejscie
zorientowane na biotechnologi¢ 1 wspieranie rozwoju dziatalnosci gospodarczej zwiazanej z
biozasobami nie wystarcza do realizacji strategii biogospodarki na rzecz zrownowazonego
rozwoju. W literaturze autorzy (Cristobol i in., 2016; Juerges i Hansjiirgens, 2018; Scarlat i
in., 2015) stwierdzajg, ze podstawowag zasadg zroéwnowazonej biogospodarki jest
zroéwnowazone wykorzystanie biozasobow. Zdaniem Ott (2003) i Liu (2009) w dazeniu do
wzrostu gospodarczego i dobrobytu przy realizacji strategii biogospodarki, koniecznym jest
aby biozasoby (potencjal biomasy) nie zostaly wyczerpane. Ponadto oceniajac potencjat
biomasy, nalezy wzig¢ pod uwage ograniczenia ekologiczne i granice planetarne. Takie
podejscie bedzie zgodne z silnym zréwnowazeniem rozwoju. Badan w tym zakresie w
ostatnim czasie przybywa (Brizga i in., 2019; Bruckner i in., 2019; Egenolf i Bringezu, 2019;
Hubacek, Feng, 2016; Liobikiene i in., 2019; Liobikiene i in., 2020; O’Brien i in., 2015).

Skorelowanie pojecia zrownowazonego rozwoju z biogospodarkg i jej silnym
zréwnowaznieniem sklonilo do wdrazania wskaznikéw, ktére umozliwiaja okre$lenie
dostepnych ilosci zasobow biologicznych, ich rozmieszczenie przestrzenne i dostgpnosé
w czasie w celu zrownowazonego i efektywnego wykorzystania zasobéw bez przekraczania
granic ekologicznych srodowiska.

Wigkszos§¢ badan nad wskaznikami oceny biogospodarki w wymiarze ekologicznym
opierata si¢ na stabym podejsciu do zréwnowazonego rozwoju, w ktorym uwzgledniono
jedynie wptyw wdrazania biogospodarki na srodowisko (Budzinski i in. 2017; Cristobal i in.,
2016) oraz zuzycie i potencjat biomasy (Scarlat i in., 2015; Wozniak i Twardowski, 2018).

Istota twardego zréwnowazenia jest dgzenie, aby nie dopusci¢ do przekroczenia granic
planetarnych Iub progéw ekologicznych, co w nastepstwie przyniostoby dalsza degradacje
biosfery (Rockstrom i in., 2009). Do opisu twardego rozwoju biogospodarki probuje si¢
stosowa¢ pojecia biopojemnos$ci i §ladow, np. gruntowego, azotowego, fosforowego, czy
wodnego (Bruckneriin., 2019; Egenolfi Bringezu, 2019; O’Brieniin., 2015). Biopojemno$¢
definiowana jest jako zdolnos$¢ ekosystemow do: produkcji surowcow biologicznych,
swiadczenia ushug srodowiskowych, ochrony klimatu oraz absorbowania odpadéw, przy
obecnych systemach gospodarowania i aktualnym poziomie technologii przetwarzania
biosurowcoéw (Global Footprint Network, 2023; Wackernagel i in., 2015). Natomiast pod
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pojeciem $ladu gruntowego rozumie si¢ presj¢ cztowieka na srodowisko, mierzong iloscia
ziemi niezbednej do zaspokojenia potrzeb zywnosciowych, surowcowych oraz
zapotrzebowania na energi¢ (Arto i in., 2012; Bruckner i in., 2019; Global Footprint Network,
2023; O'Brien i in., 2015). Poj¢cia biopojemnosci i §ladu sa zdefiniowane globalnie, ale moga
by¢ transponowane do skali regionalnej czy poszczegélnych krajow. W takim przypadku
wskazuja, czy przekroczone zostaly progi ekologiczne. Oba wskazniki wyrazane sa w
hektarach globalnych. Te wazone produktywnoscia biologicznie produktywne hektary
umozliwiajg badaczom przedstawienie zardéwno biopojemnosci Ziemi lub regionu, jak i
zapotrzebowania na biopojemnos¢ ($lad ekologiczny). Hektar globalny to hektar
biologicznie produktywny o $redniej $wiatowej produktywnosci biologicznej dla danego
roku (Global Footprint Network, 2023). Hektary globalne sa przydatne, poniewaz roézne
rodzaje gruntdow majg rézng produktywnosé. Na przyktad globalny hektar pol uprawnych
zajmowalby mniejszy obszar fizyczny niz znacznie mniej produktywne biologicznie
pastwiska, poniewaz do zapewnienia takiej samej zdolno$ci biologicznej jak jeden hektar pol
uprawnych potrzeba wigcej pastwisk. Poniewaz produktywno$¢ $wiata zmienia si¢
nieznacznie z roku na rok, warto$¢ globalnego hektara réwniez moze si¢ nieznacznie
zmienia¢ w poszczegdlnych latach.

Poréwnanie biopojemnosci ze sladem gruntowym pozwala ocenié¢ przestrzeganie przez
ludzko$¢ zasad trwale zrownowazonego rozwoju. Ponadto, takie poréwnanie pomaga
okresli¢ najbardziej odpowiednie interwencje polityczne dla stworzenia biogospodarki, ktora
respektuje wszystkie Srodowiskowe ograniczenia i1 jest zrownowazona pod wzgledem
spotecznym i ekonomicznym. Biopojemno$¢ powinna byé zawsze wigksza od Sladu
gruntowego, jesli ma nie dochodzi¢ do wyczerpywania biozasobow, nadmiernego obcigzenia
srodowiska, a nawet jego degradacji. Im roznica pomigdzy tymi warto§ciami jest wigksza,
tym lepsze jest zrbwnowazenie ekologiczne. Jesli biopojemnos¢ jest zblizona do $ladu, to
rozw6j jest stabo zréwnowazony, co oznacza, ze produkcja nie powinna by¢
intensyfikowana. Najgorsza z mozliwych sytuacji jest, gdy biopojemno$¢ jest mniejsza od
sladu. Oznacza to, ze w skali globalnej przekroczona zostata granica planetarna, co zagraza
integralno$ci biosystemow, ekosystemow i pogarsza generalne i szczegdtowe perspektywy
rozwojowe (Nykvist i in., 2013; O’Brien i in., 2015). Innymi stowy, im wigksza eksploatacja
biopojemnosci  czyli stosunek $ladu gruntowego do biopojemnosci, tym mniej
zrownowazony rozwdj. Eksploatacja biopojemnosci pokazuje, jak wielkie sa mozliwosci
zwigkszenia $ladu gruntowego bez narazenia si¢ na przekroczenie granic ekologicznych.

Koncepcja silnego zréwnowazenia zmierza wige w kierunku zrozumienia planetarnych
granic oraz progéw ekologicznych rozwoju biogospodarki (Costanza i in., 2016; Liobikiene
iin., 2019; Liobikiene i in., 2020; Rockstrom i in., 2009), co zapisane zostato jako jeden z
trzech obszarow dziatan w znowelizowanej unijnej strategii biogospodarki (Brenne, 2022;
EC, 2022; EU, 2018). Zidentyfikowano dziewig¢ "planetarnych systemow podtrzymywania
zycia", ktére reguluja stabilnos¢ i odporno$¢ systemu ziemskiego, a zatem sg uwazane za
kluczowe dla przetrwania cztowieka, okreslane jako "granice planetarne" (Rockstrom i in.,
2009; Rockstrém i in., 2018; Steffen i in., 2015). Dziewig¢ granic planetarnych to: zmiana
klimatu, zmiana integralnosci biosfery (napedzana przez utratg r6znorodnosci biologicznej),
zubozenie ozonu w stratosferze, zakwaszenie oceandéw, przeplywy biogeochemiczne
(zaktécenia w cyklach fosforu i azotu), zmiany systemu ladowego, wykorzystanie wody
stodkiej, obciazenie aerozolem atmosferycznym oraz wprowadzenie nowych zwigzkéw
mogacych zaktoca¢ biofizyczne funkcjonowanie ekosystemow (np. pierwiastki
radioaktywne) (EEA, 2020). Granice planetarne proponuja ostroznosciowe granice
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ilosciowe, okreslane jako limity, w ramach ktérych ludzko$¢ moze nadal si¢ rozwijac i
kwitna¢, okreslane réwniez jako "bezpieczna przestrzen operacyjna". Sugeruja one, ze ich
przekroczenie zwigksza ryzyko wywotania gwalttownych Iub nieodwracalnych zmian
srodowiskowych na duzg skale, ktore moglyby zmieni¢ system ziemski w sposob szkodliwy
lub katastrofalny dla rozwoju ludzkosci.

Dane i metody

W badaniach wykorzystano obliczone dla Polski biopojemnosci i §lady gruntowe za lata
1961-2018, pochodzace z bazy danych Global Footprint Network (Global Footprint
Network, 2023). Slad gruntowy uwzglednial grunty: zurbanizowane, orne, pod lasami,
wodami oraz uzytkami zielonymi (Global Footprint Network, 2023). Oba wskazniki byly
wyrazone w hektarach globalnych i znormalizowane per capita. Dzigki temu dane dla Polski
sa porownywalne z danymi dla innych regionow lub krajow, co umozliwito szersza dyskusje
uzyskanych wynikéw. W §ladzie gruntowym nie uwzgledniono §ladu wegla (emisji gazéw
cieplarnianych), ktory zwigkszatby §lad gruntowy niemal dwukrotnie. W wykorzystanej
bazie danych nie ma danych na temat wielko$ci emisji gazéw cieplarnianych. Dane te mozna
pozyskac z baz Eurostatu i FAO. Uznano jednak, ze wiaczenie danych emisyjnych tamac
bedzie przyjety europejski standard metodyczny, jesli na podstawie wilasnej wiedzy i
inwencji wlagczymy te dane do analiz. Mimo bardzo licznych publikacji na temat emisji
gazoéw cieplarnianych (GHG) nadal trudno wybra¢ dobry i akceptowalny powszechnie
standard liczenia $ladu emisji GHG. Analizy $ladu emisyjnego sa odrgbnym zagadnieniem,
ktoére nie bedzie rozpatrywane w przedstawionej publikacji.

Trendy liniowe badanych zmiennych policzono dla okresu przed transformacja
ustrojowa (1961-89) oraz okresu pozniejszego (1990-2018). Wyjatkiem byt trend
biopojemnosci, ktory nie roznicowat si¢ w badanych okresach.

Eksploatacje biopojemnosci obliczono jako stosunek $ladu gruntowego do
biopojemnosci i wyrazono w %.

Plony czterech podstawowych zboz oraz stosowane dawki N i P,Os na ha UR (uzytkoéw
rolnych) pozyskano z bazy FAOstat® (FAOstat, 2023).

Wyniki badan

Biopojemnos¢ (BP) nie byta wartos$cig statg i malata w catym badanym okresie (rys. 1).
Wyszacowane z trendu wartosci tego wskaznika w 1961 i 1989 r. wynosity odpowiednio
2,17 i 2,06 ha globalnego per capita’. W 2018 r. BP zmalata do 1,94 ha globalnego per
capiata’!. Spadek w stosunku do 1961 r. wynosit 11%. Omawiane wyniki pochodza
z istotnego statystycznie, ale doé¢ stabego trendu liniowego (r=39,6%).

* Baza Danych Statystycznych Organizacji Wyzywienia i Rolnictwa, udostepnia dane statystyczne gromadzone
i utrzymywane przez Organizacje Wyzywienia i Rolnictwa.
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Rys. 1. Trend czasowy biopojemnosci (BP) wyrazonej w ha globalnych per capita (BP=10.2 -0.00412*Rok,
’=39,6%)

Fig. 1. Time trend of biocapacity (BP) expressed in global ha per capita™ (BP=10.2 -0.00412*Year, > =39.6%)

Zrodto: opracowanie wiasne na podstawie Global Footprint Network, 2023.

Trend czasowy s$ladu gruntowego (SG) nie byl monotoniczny. Opisano go wiec jako
trendy liniowe dla dwoch badanych okreséw. Wspdtczynniki obu regresji nie roéznity si¢
istotnie, a linie trendow byly przesuniete o warto$¢ wyrazu wolnego (rys. 2). Slady gruntowe
rosly wolniej o warto$¢ 0,45 ha globalnego per capia™! w okresie 1990-2018 niz w okresie
1961-1989. Z przeprowadzonej analizy wynika, ze w obu okresach badan $lad gruntowy rost
o warto$¢ 0,00918 ha globalnego per capita™ r!.
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Rys. 2. Trendy czasowe $ladu gruntowego (SG) wyrazone w globalnych hektarach per capita™ (1 — lata 1961-1989,
2 — lata 1990-2018), (1 — SG=-16.3+0,00918*Rok; 2 — SG=-16,7+0,00918)

Fig. 2. Time trends of the ground footprint (SG) expressed in global hectares per capita™ (1 — years 1961-1989,
2 - years 1990-2018), (1 — SG=-16.3+0.00918*Year; 2 — SG=-16.7+0.00918)

Zrodto: jak rys. 1.
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Rys. 3. Trendy czasowe eksploatacji biodostgpnosci (EBP) wyrazone w % (1 —lata 1961-1989, 2 —lata 1990-2018),
(1 — EBP=-999+0,550*Rok; 2 — EBP=1018+0,550; r* =57,8%)

Fig. 3. Bioavailability (EBP) exploitation time trends expressed in % (1 — years 1961-1989, 2 — years 1990-2018),
(1 — EBP=-999+0.550*Year; 2 — EBP=1018+0.550; 1> =57.8%)

Zrodto: jak rys. 1.
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Eksploatacj¢ biopojemnosci (EBP) opisywaly dwie regresje liniowe. Dla badanych
okreséw miaty one nieistotnie rézny wspotczynnik regresji, ktory wskazywat, ze EBP rosto
0 0,550 ha globalnego per capita™ r!. Regresje charakteryzowaly si¢ natomiast istotnie
roéznigcymi si¢ wyrazami wolnymi. Sugeruja one, ze EBP rosto wolniej w okresie 1990-2018
o 19,5% w stosunku do lat 1961-2018 (rys. 3). Jednakze w koncowych latach
poréwnywanych okresow, 1989 r. oraz 2018 r., EBP wynosity odpowiednio 95,5 oraz 91,9%.
Lezaly wigc one blisko progu ekologicznego, co wskazuje na wyczerpywanie si¢ mozliwosci
intensyfikacji produkcji w Polsce.

W szacunkach BP, SG i EBP uwzglednione sg produkcyjnosci. Poszukiwanie zwigzkow
pomiedzy tymi warto$ciami a wielko$cia plondéw nie ma wigc sensu ze statystycznego punktu
widzenia. Jednakze moze unaoczni¢ z jakim postgpem mieliSmy do czynienia w
analizowanych okresach. W tym jedynie celu przedstawiono regresje pomigdzy plonem
czterech podstawowych zbéz a $ladem gruntowym. Z przeprowadzonych szacunkow
wynikato, ze plony w okresie 1989-2018 wzrosty 0 0,94 t ha'! w stosunku do okresu 1961-
1989 (rys. 4).
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Rys. 4. Zalezno$¢ pomigdzy plonem czterech podstawowych zb6z (t ha™') a $ladem gruntowym (globalne ha per
capita™), (1 — lata 1961-1989, 2 — lata 1990-2018), (1 — Y=-1,48+2,09*SG; 2 — Y=-0,48+02,09*SG; r’=59,9%)

Fig. 4. The relationship between the yield of the four basic cereals (t ha™') and the land footprint (global ha per
capita), (1 — years 1961-1989, 2 — years 1990-2018), (1 — Y=-1.48+2.09*SG; 2 — Y=-0.48+02.09*SG; 1>=59.9%)

Zrodto: jak rys. 1.

Odnotowany wzrost produkcyjnosci spowodowany byt w czesci wzrostem nawozenia.
W kontekscie tego opracowania interesujacym jest to, jak ksztattowaly si¢ zaleznosci
pomiedzy EBP a nawozeniem azotem (N) i fosforem (P.Os). Te dwa sktadniki budza
zainteresowanie, poniewaz ich slad w Europie przekracza 3-krotnie dla N oraz 2-krotnie dla
P granice ekologiczne.

W analizowanych w tym opracowaniu okresach stwierdzono, ze EBP rosto o t¢ samg
warto$¢, wynoszacg 0,221% kg!' N. Wzrost w okresie 1990-2018 byl o 5% mniejszy
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w stosunku do lat 1961-1989 (rys. 5). Eksploatacja biopojemnosci przy maksymalnych
dawkach N wynoszacych 102 i 104 kg ha! w latach 1989 i 2018 osiggata odpowiednio
wartosci 95,6 1 90,6%, co sugeruje, ze wyczerpuje si¢ mozliwo$¢ intensyfikacji nawozenia
pod rygorem przekroczenia granicy ekologiczne;j.
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Rys. 5. Zalezno$¢ pomiedzy eksploatacja biopojemnosci (ha globalne per capita™) a nawozeniem azotem (kg N ha™)
(1 —lata 1961-1989, 2 — lata 1990-2018), (1 — EBP=73,0+0,221*N; 2 — EBP=67,6+0,22*N; r’=69,7%)

Fig. 5. Relationship between exploitation of biocapacity (global ha per capita™) and nitrogen fertilization (kg N ha™)
(1 — years 1961-1989, 2 — years 1990-2018), (1 — EBP=73.0+0.221*N; 2 — EBP=67.6+0.22*N; 1’=69.7%)

Zrodto: jak rys. 1.

Inng w poréwnaniu z N zalezno$¢ otrzymano dla P,Os (rys. 6). Dawki w pierwszym
okresie badan wahaly si¢ w granicach od 14 do 65 kg ha’!, w drugim za$ mieScity si¢
w przedziale od 10 do 38 kg ha™!. Eksploatacja BP dla dawek maksymalnych w obu okresach
byta jednakowa i wynosita 93,3%. Wynikato to gtownie z faktu, ze wspotczynnik regresji w
drugim okresie byl ponad dwukrotnie wigkszy niz w pierwszym. Trudno t¢ specyfike
wyjasnic.

Na podstawie przeprowadzonych analiz mozna stwierdzi¢, ze biopojemnos¢ w Polsce
malata liniowo w latach 1961-2018, az o 10% (rys. 1). Wynik ten byl w sprzecznosci
z definicja tego wskaznika, zgodnie z ktoérag powinien on by¢ wzglednie stabilny (Global
Footprint Network, 2023). Porownawcza analiza trendu czasowego dla Niemiec wykazata,
ze biopojemnos¢ wzrosta tam o 18% w stosunku do roku 1961 (Global Footprint Network,
2023). Wydaje si¢ wigc, ze nie mozna przyjac, iz wartos¢ tego wskaznika jest stabilna
W czasie.
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Rys. 6. Zalezno$¢ pomiedzy eksploatacja biopojemnosci (ha globalne per capita™) a nawozeniem fosforem (kg P>Os
ha™) (1 —lata 1961-1989, 2 — lata 1990-2018), (1 — EBP=72,3+0,325* P,0s; 2 — EBP=65,0+0,745* P,0s; 1’=73,6%)

Fig. 6. The relationship between the operation of biocapacity (ha global per capita-1) and phosphorus fertilization
(kg P,Os ha-1) (1 — years 1961-1989, 2 — years 1990-2018), (1 — EBP=72.3+0.325* P,Os5; 2 —
EBP=65.0+0.745*P,0s; 1’=73.6%)

Zrodto: jak rys. 1.

W ocenie wielko$ci biopojemnosci w Polsce istotnym jest jej odniesienie do wartosci
tego wskaznika w sasiednich Niemczech i réznych rejonach Europy (tab. 1). Z poréwnania
wynika, ze mamy biopojemnos¢ nieco wigksza, niz w Niemczech i Europie Zachodniej, ale
znacznie mniejszg niz w catym regionie Europy Wschodniej oraz Europy Pétnocnej. W tych
ostatnich regionach istnieja najlepsze warunki rozwoju biogospodarki z ekologicznego
punktu widzenia.

Tabela 1. Biopojemno$¢ i $lad gruntowy (ha globalne per capita) w Polsce, Niemczech oraz rejonach Europy
w2018 r.
Table 1. Biocapacity and ground trail (ha global per capita-1) in Poland, Germany, and European regions in 2018

Kraj/region Biopojemnosé¢ Slad gruntowy b?é(;glggr?gjéii
Polska 1,88 1,74 93
Niemcy 1,49 1,63 109
Europa Wschodnia 5,09 1,76 35
Europa Pétnocna 3,25 2,09 64
Europa Potudniowa 1,27 1,77 139
Europa Zachodnia 1,72 1,81 105
Europa 2,99 1,83 61
Swiat 1,58 1,09 69

Zrodo: opracowanie wiasne na podstawie Global Footprint Network, 2023.
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Slady gruntowe rosty w latach badan w jednakowym tempie (rys. 2). Jednakze w latach
1990-2018 byly mniejsze o 0,45 ha globalnego per capita-1 w poréwnaniu do okresu 1961-
1989. Sugeruje to, ze w ostatnim trzydziestoleciu presja gruntowa w Polsce zmalata i to o
wcale niebagatelng wartos¢. Niemniej jednak, w 2018 r. $§lad gruntowy byt wigkszy niz w
Niemczech i mniejszy niz w regionach Europy (tab. 1).

Eksploatacja biopojemnosci w Polsce rosta w jednakowym tempie w obu badanych
okresach (rys. 3). Jednakze w okresie 1990-2018 byta mniejsza niz w poprzednim o 19,5%.
W 2018 r. wynosita ona w Polsce 93% i zblizata si¢ do progu ekologicznego (100%).
W Niemczech, Europie Potudniowej i Zachodniej prog ekologiczny zostat przekroczony, co
wskazywaloby, iz nalezy tam zmniejszy¢ intensywno$¢ biogospodarki (tab. 1). Dla odmiany,
znaczny potencjal rozwoju biogospodarki, z ekologicznego punktu widzenia, istnieje w
Europie Wschodniej i Pétnocnej (tab. 1).

Zwigkszenie produkcyjnosci w biogospodarce prawie zawsze pocigga za sobg wzrost
sladu gruntowego (Liobikiene i in., 2019; Liobikiene i in., 2020). Nazywane jest to
sprz¢zeniem produkcyjnosci i §ladu. W Polsce plony czterech podstawowych zbdz rosty
w jednakowym tempie w okresach badan. Jednakze w latach 1990-2018 byty wigksze o 0,94
t ha'! (rys. 4). Na podstawie dostepnych dla nas danych nie byto mozliwym poglebienie
analizy pomiedzy warto$cig dodang biogospodarki i sladem gruntowym. Z literatury wynika
jednak, ze rozpr¢zenie wartosci dodanej produkceji i $ladu gruntowego zanotowano w Europie
jedynie w Danii (Liobikiene i in., 2020). W Polsce stwierdzono zerowy przyrost $ladu wraz
ze wzrostem wartosci dodanej produkcji (Liobikiene i in., 2020), co jest dobrym wstepem do
dalszego rozprezania zaleznosci pomigdzy tymi zmiennymi.

Podsumowanie

Jednym z gléwnych wyzwan wspotczesnego Swiata jest zapewnienie bezpieczenstwa
zywnosciowego, ochrona $rodowiska przyrodniczego, przeciwdziatanie zmianom klimatu
i zrbwnowazone wykorzystywanie zasobow naturalnych, co jest szczegélnie istotne
w $wietle prognoz dotyczacych dynamicznego zwigkszania populacji ludnosci 1 zwiazanej z
tym coraz wigkszej skali eksploatacji zasobéw naturalnych. Strategia zrownowazonego
rozwoju wzgledem tych wyzwan jest jedng z najwazniejszych idei UE. W strategiach
i programach politycznych coraz czesciej zwraca si¢ uwage na rosngca role biogospodarki
jako mozliwej drogi do rozwigzania problemu wyczerpywania si¢ zasobéw naturalnych.
Proces rozwoju biogospodarki powinien bazowaé nie tylko na produkcji biozasobow
o niewielkim wptywie na srodowisko, ale rowniez na ich zréwnowazonym uzytkowaniu pod
wzgledem ekologicznym, gospodarczym i spolecznym. W dazeniu spoleczenstw do
podwyzszania wskaznika ludzkiego dobrobytu przy realizacji strategii biogospodarki,
koniecznym jest aby biozasoby (potencjat biomasy) nie zostaty wyczerpane. Dlatego tez
istotne znaczenie ma wskazanie metod ograniczenia presji cztowieka na $rodowisko i nie
przekraczania progoéw ekologicznych.

Przeprowadzone badania wykazaly, ze biopojemnos¢ w Polsce malata w calym
analizowanym okresie co stalo w sprzecznosci z definicja wskaznika mowigcej o jego
statosci. Natomiast slady gruntowe rosty w latach badan. Jednak w ostatnim okresie (1990-
2018) byty 0 0,45 ha globalnego per capita™! mniejsze w poréwnaniu do okresu 1961-1989
co $wiadczy o malejacej presji na srodowisko. Podobng tendencj¢ stwierdzono dla
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eksploatacji biopojemnosci. Jednakze w 2018 r. wynosita ona 93% i byta bliska bariery
ekologicznej. Poréwnanie uzyskanych wynikéw z odpowiednimi wartosciami dla Niemiec
iinnych rejonow Europy pozwolilo stwierdzi¢, ze wigksze mozliwosci rozwoju
biogospodarki z ekologicznego punktu widzenia istnicja w catlym regionie Europy
Wschodniej i Pétnocne;.

Zrozumiatym jest, ze istnieja rosnace zaleznosci pomigdzy wielkoscia $ladu
gruntowego a zuzyciem $rodkow produkcji. W tym opracowaniu przedstawiono je dla azotu
i fosforu, dla ktérych slady globalne przekroczone zostaty odpowiednio 3- i 2-krotnie (EEA,
2020). Uzyskane zaleznosci wskazuja, ze w latach 1990-2018 eksploatacja biopojemnosci
poprawita si¢ dla azotu, a w przypadku fosforu pogorszyla w stosunku do wczesniejszego
okresu. Wynik dla fosforu jest nicoczywisty i wymagatby glebszych analiz.

Reasumujgc mozna stwierdzi¢, ze ekologiczny potencjal zwigkszenia produkcji
biomasy w Polsce jest maty. W tej sytuacji istnieja dwie mozliwosci pokrycia
zapotrzebowania na biomasg: 1) zwigkszenie produkcyjnosci bez zwigkszania zuzycia
srodkow produkcji oraz 2) zwickszenie wykorzystywania biomasy ubocznej i odpadowe;.
Realizacja obu $ciezek wymaga innowacji technologicznych.

Literatura

Adamowicz, M. (2017). Biogospodarka — koncepcja, zastosowanie i perspektywy. Zagadnienia Ekonomiki Rolnej,
1(350), 29-49.

Arto, L., Genty, A., Rueda-Cantuche, J. M., Villanueva, A., Andreoni, V. (2012). Global resources use and pollution:
Vol. I, Production, consumption and trade (1995-2008). European Commission Joint Research Centre:
Luxembourg.

Brenne, R. (2022). European Bioeconomy Strategy: Stocktaking and future developments. Digitisation of biology
for circular bioeconomy applications. 31 May 2022. Bioeconomy and Food System Unit, European
Commission.

Brizga, J., Miceikiené, A., Liobikiené, G. (2019). Environmental aspects of the implementation of bioeconomy in
the Baltic Sea Region: an input-output approach. Journal of Cleaner Production, 240, 118238.

Bruckner, M., Hayhé, T., Giljum, S., Maus, V., Fischer, G., Tramberend, S., Borner, J. (2019). Quantifying the
global cropland footprint of the European Union’s non-food bioeconomy. Environmental Research Letters,
14 (4), 045011.

Budzinski, M., Bezama, A., Thrin, D. (2017). Monitoring the progress towards bioeconomy using multi-regional
input-output analysis: The example of wood use in Germany. Journal of Cleaner Production, 161, 1-11.

Costanza, R., Daly, L., Fioramonti, L. et al. (2016). Modelling and measuring sustainable wellbeing in connection
with the UN Sustainable Development Goals. Ecological Economics, 130, 350-355.

Cristobal, J., Matos, C. T., Aurambout, J.-P., Manfredi, S., Kavalov, B. (2016). Environmental sustainability
assessment of bioeconomy value chains. Biomass and Bioenergy, 89, 159-171.

D’Amato, D., Korhonen, J., Toppine,n A. (2019). Circular, green, and bio economy: how do companies in land-use
intensive sectors align with sustainability concepts? Ecological Economics, 158, 116-133.

D’Amato, D., Veljonaho, S., Toppinen, A. (2020). Towards sustainability? Forest-based circular bioeconomy
business models in Finnish SMEs. Forest Policy and Economics., 110, 101848.

Davies, G.R. (2013). Appraising Weak and Strong Sustainability: Searching for a Middle Ground Consilience. The
Journal of Sustainable Development, 1/10, 111-124.

Deng, B. (2007). Four main differences in sustainable development research. North. Econ., 52-53.

De Oliveira, K.V., Borsato, M, Miranda, V. (2018). New trends for mitigation of environmental impacts: a literature
review. Adv. Trans. Eng., 7, 1194-1203; doi:10.3233/978-1-61499-898-3-1194.

EC. (2012). Innovating for Sustainable Growth: A Bioeconomy for Europe. Communication from the Commission
to the European Parliament, the Council, the European Economic and Social Committee and the Committee
of the Regions. Brussels, COM(2012) 60 final.

EC. (2022). EU Bioeconomy Strategy Progress Report. European Bioeconomy Policy: Stocktaking and future
developments. Luxembourg: Publications Office of the European Union, ISBN 978-92-76-50201-2.



Charakterystyka zréownowazenia rozwoju biogospodarki w Polsce - wymiar ekologiczny 17

EEA. (2020). Is Europe living within the limits of our planet? An assessment of Europe's environmental footprints
in relation to planetary boundaries. Joint EEA/FOEN Report. EEA Report No 01/2020.

Egenolf, V., Bringezu, S. (2019). Conceptualization of an indicator system for assessing the sustainability of the
bioeconomy. Sustainability, 11(2), 443.

Ekins, P., Dresner, S., Dahlstrom, K. (2008). The four-capital method of sustainable development Evaluation.
European Environment,18(2), 63-80.

EU. (2018). Bioeconomy. The European way to use our natural resources: action plan 2018.

FAOstat. Pobrane 9 stycznia 2023 z: https://www.fao.org/faostat/en/#home

Giuntoli J., Robert N., Ronzon T. et al. (2020). Building a monitoring system for the EU bioeconomy. EUR 30064
EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-76-15385-6,
doi:10.2760/717782, JRC119056.

Global Footprint Network. Pobrane 9 stycznia 2023 z: https://data.footprintnetwork.org/#/compareCountries?
type=BCpc&cn=173,2002&yr=1992

Golebiewski, B., Sick, N., Broring, S. (2015). The emerging research landscape on bioeconomy: What has been
done so far and what is essential from a technology and innovation management perspective? Innovative Food
Science and Emerging Technologies, 29, 308-317.

Hartwick, J. (1990). Natural resource accounting and economic depreciation. Journal of Public Economics, 43,
291-304.

Holden, N.M. (2022). A readiness level framework for sustainable circular bioeconomy. EFB Bioeconomy Journal,
2,100031.

Hubacek, K., Feng, K. (2016). Comparing apples and oranges: some confusion about using and interpreting physical
trade matrices versus multi-regional input—output analysis. Land Use Policy, 50, 194-201.

Koukios, E., Monteleone, M., Carrondo, M.J.T., et al. (2018). Targeting sustainable bioeconomy: a new
development strategy for Southern European countries. The Manifesto of the European Mezzogiormo. Journal
of Cleaner Production, 172,3931-3941.

Juerges, N., Hansjiirgens, B. (2018). Soil governance in the transition towards a sustainable bioeconomy—A review.
Journal of Cleaner Production, 170, 1628-1639.

Liobikiene, G., Balezenti, T., Streimikiene, D., Chen, X. (2019). Evaluation of bioeconomy in the context of strong
sustainability. Sustainable Development, 27 (5), 955-964.

Liobikiene, G., Chen, X., Streimikiene, D., Balezentis, T. (2020). The trends in bioeconomy development in the
European Union: exploiting capacity and productivity measures based on the land footprint approach. Land
Use Policy, 91, 104375.

Liu, L. (2009). Sustainability: Living within one's own ecological means. Sustainability, 1(4), 1412-1430.

Loiseau, E., Saikku, L., Antikainen, R., Droste, N., Hansjiirgens, B., Pitkdnen, K., Leskinen, P., Kuikman, P.,
Thomsen, M. (2016). Green economy and related concepts: an overview. Journal of Cleaner Production, 139,
361-371.

Lorek, S., Spangenberg, J.H. (2014). Sustainable consumption within a sustainable economy - beyond green growth
and green economies. Journal of Cleaner Production, 63, 33-44.

Lozano, R. (2008). Envisioning sustainability three-dimensionally. Journal of Cleaner Production, 16, 1838-1846.

Maina, S., Kachrimanidou, V., Koutinas, A. (2017). A roadmap towards a circular and sustainable bioeconomy
through waste valorization. Current Opinion in Green and Sustainable Chemistry, 8, 18-23.

Mancebo, F. (2013). Développement durable (2¢éme édition ed.). Paris: Armand Colin.

Nykvist, B., Persson, A., Moberg, F., Persson, L., Cornell, S., Rockstrom, R. (2013). National environmental
performance on planetary boundaries. Stockholm, Sweden: The Swedish Environmental Protection Agency.

O’Brien, M., Schiitz, H., Bringezu, S. (2015). The land footprint of the EU bioeconomy: monitoring tools, gaps and
needs. Land Use Policy, 47, 235-246.

OECD. (2009). Bioeconomy to 2030; Designing a Policy Agenda.

ONZ. (1992). Deklaracja z Rio w sprawie S$rodowiska i rozwoju. Pobrane 11 stycznia 2023 z:
http://libr.sejm.gov.pl/tek01/txt/inne/1992.html

Ott, K. (2003). The case for strong sustainability. In: K. Ott, & P. Thapa (Eds.), Greifswald's environmental ethics.
Greifswald, Germany: Steinbecker Verlag Ulrich Rose.

Pelenc, J., Ballet, J. (2015). Strong sustainability, critical natural capital and the capability approach. Ecological
Economics, 112, 36-44.

Pellis, P., Cantone, S., Ebert, C., Gardossi, L. (2018). Evolving biocatalysis to meet bioeconomy challenges and
opportunities. New Biotechnology, 40, 154-169.

Ramcilovic-Suominen, S., Piilzl, H. (2018). Sustainable development—a ‘selling point’ of the emerging EU
bioeconomy policy framework? Journal of Cleaner Production, 172, 4170-4180.



18 A. Faber, Z. Jarosz

Rockstrém, J., Steffen, W., Noone, K., Persson, A., Chapin III, F.S., Lambin, E., Lenton, T.M., Scheffer,M., Folke,
C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder,
PK., Costanza, R., Svedin, U., Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J.,
Walker, B., Liverman, D., Richardson, K., Crutzen, P., Foley, J. (2009). Planetary boundaries: exploring the
safe operating space for humanity. Ecology and Society, 14 (2).

Rockstrom, J., Richardson, K., Steffen, W., Mace, G. (2018). Planetary boundaries: separating fact from fiction.
A response to Montoya et al. Trends in Ecology & Evolution, 33(4), 233-234. DOI: https://doi.org/10.1016/
j-tree.2018.01.010

Scarlat, N., Dallemand, J.F., Monforti-Ferrario, F., Nita, V. (2015). The role of biomass and bioenergy in a future
bioeconomy: Policies and facts. Environmental Development, 15, 3-34.

Scheiterle, L., Ulmer, A., Birner, R., Pyka, A. (2018). From commodity-based value chains to biomass-based value
webs: The case of sugarcane in Brazil's bioeconomy. Journal of Cleaner Production, 172, 3851-3863.
Steffen, W. et al. (2015). Planetary boundaries: guiding human development on a changing planet. Science, 347,

(6223), 1259855.

Solow, R. (1993). An almost practical step toward sustainability. Resources Policy, 2, 162-172.

Székacs, A. (2017). Environmental and ecological aspects in the overall assessment of bioeconomy. Journal of
Agricultural and Environmental Ethics, 30(1), 153-170.

United Nations SDSN. (2015). Indicators and a Monitoring Framework for the Sustainable Development Goals.
Launching a data revolution for the SDGs. A report to the Secretary-General of the United Nations by the
Leadership Council of the Sustainable Development Solutions Network. Pobrane 12 stycznia 2023 z:
https://sustainabledevelopment.un.org/content/documents/2013150612-FINAL-SDSN-Indicator-Report1.pdf

Wackernagel, M., Zokai, G., Iha, K., Kelly, P., Ortego, J. (2015). The footprint and biocapacity accounting:
methodology background for state of the states 2015. Technical Background Report.

WCED. (1987). Report of the World Commission on Environment and Development: Our Common Future.

Wilson, M.C., Wu, J. (2017). The problems of weak sustainability and associated indicators. International Journal
of Sustainable Development & World Ecology, 24, 44-51.

Wozniak, E., Twardowski, T. (2018). The bioeconomy in Poland within the context of the European Union. New
Biotechnology, 40, 96-102.

Do cytowania / For citation:

Faber A., Jarosz Z. (2023). Charakterystykq zrownowazenia rozwoju biogospodarki w Polsce -
wymiar ekologiczny. Problemy Rolnictwa Swiatowego, 23(1), 4-18; DOI: 10.22630/PRS.2023.23.1.1

Faber A., Jarosz Z. (2023). Characteristics of sustainable development of bioeconomy in Poland -
ecological dimension (in Polish). Problems of World Agriculture, 23(1), 4-18;
DOI: 10.22630/PRS.2023.23.1.1



Scientific Journal Warsaw University of Life Sciences — SGGW

Problems of World Agriculture volume 23(XXXVIII), number 1, 2023: 19-31
DOI: 10.22630/PRS.2023.23.1.2

Celestine Andrew Lumbonyi', Amurtiya Michael?, Ibrahim Andrew Lumbonyi?,
Patrick Gregory Boni*

2Moddibo Adama University, Nigeria

3 Federal College of Education, Yola, Nigeria

* Adamawa State College of Agriculture, Ganye, Nigeria

Economic Consequence of Human - Hippopotamus
(Hippopotamus amphibious) Conflicts on Farming
Livelihood in Rural Adamawa State, Nigeria

Abstract. Human-animal conflict is posing a severe threat to wildlife conservation as well as the long-
term viability of farming communities. This study assessed the economic consequence of human-
hippopotamus (Hippopotamus amphibious) conflicts on rural livelihoods in Adamawa state, Nigeria.
The study had the following specific goals; describe the direct effects of Human Hippopotamus Conflict
(HHC) on livelihoods in the study area, and estimate the agricultural economic losses incurred in the
area as a result of HHC. A mixed research method was used to collect primary data from 371 crop
farmers. The study relied on descriptive statistics in the analysis of the data collected between February
to May 2019. The study found that Groundnut, Cowpea, and maize were among the most severely
damaged crops at their mid-stage of development based on land size. In terms of the monetary value of
the damages, sweet potato is the most affected. The study concluded that farmers should work as a team
and adopt measures like fencing, scare tactics, or deterrents that will minimize significant crop losses.
Also, there is the need for local awareness on the importance of Hippopotamus conservation in the area.
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Introduction

Human-Hippo conflicts are recurrent issues in wildlife conservation throughout affected
areas worldwide, and have negative impacts on both human and wildlife populations (Dossou
et al., 2019). Human-Hippo conflict denotes any instance in which the resource demands of
humans and Hippos overlap, spurring competition for food, space, and water and thus
creating tension between people and Hippos (Messmer, 2000; Seoraj-Pillai & Pillay, 2017).
Hippopotamus (Hippopotamus amphibious) are among Africa’s most destructive crop raiders
(Lamarque et al., 2009; Baker et al., 2020). In Adamawa state, while the exact population of
Hippopotamus in the riverine communities is not exactly known, (Baker et al.2020) it is
estimated to be about 45 animals around Kiri dam reservoir. The conflicts emerge as a result
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of direct and indirect negative interactions, resulting in agricultural losses due to crop
destruction, human fatalities and injuries, livestock predation, and retaliatory wildlife
murders (Chardonnet et al., 2010). These conflicts hamper the peaceful habitation of humans
and wildlife and constitute major threats to the survival of many wildlife species. According
to Kahler & Gore (2015), these conflicts include how people perceive risks associated with
negative interactions with wildlife. The conflicts have resulted in the destruction of food
crops or harm by hippopotamuses, thereby affecting rural livelihoods or injury/ killing of the
hippopotamuses by affected persons, which then also affects wildlife conservation. Such
conflicts not only endanger the hippopotamus population but also have a severe impact on
the local economy and people's livelihoods owing to crop loss (Dossou et al., 2019).
According to Backer et al. (2022), between 2012-2017, about 6 persons were killed by
hippopotamus in Adamawa state.

This challenge varies with location in terms of its nature and severity, based on human
population growth rates, conservation measures, and scarcity of essential natural resources —
particularly land and water resources available for wildlife (Conover, 2002; Institute of
Policy Analysis and Research, 2005; Akinsorotan et al., 2020). Equally, the issue of climate
change is one of the leading causes of human-Hippopotamus conflicts (Ba et al., 2014).
Generally, hippopotamuses require large areas of savannah grasslands, where they feed on
stems of herbaceous species, and in times of food stress, they will also feed on cultivated
crops (Gonzalez et al., 2017). However, due to these outlined factors, there have been
pressures on land resources that have resulted in a reduction of core habitats for
hippopotamus, curtailed hippopotamus movements, and accessibility to feed resources
(Conflict-sensitive approaches, 2009). This has led to a substantial decrease in the quantity
and quality of hippopotamus feed resources while exacerbating human-hippopotamus
conflicts in terms of crops damage, killing of domestic animals, hippopotamus, and humans
(Thornton et al., 2008; Madden, 2008; Joseline, 2010; Manga et al., 2013; and Ertiban, 2016).

Damage by wildlife could significantly affect the livelihood of the affected households
both directly and indirectly (Akinsorotan et al., 2020). The conflicts have a wide variety of
direct implications on human livelihoods, from nuisance behavior like reduced leisure
opportunities to crop damage, livestock depredation, fatal human attacks, and zoonotic
disease transfer to humans or cattle (Michel and Bengis, 2012). According to the International
Union for Conservation of Nature (IUCN) Redlist, hippopotamus populations have fallen by
7% to 20% in the last decade as a result of habitat degradation and illicit and uncontrolled
meat and ivory poaching (Lewison & Oliver, 2008; Igidi, 2014). Its indirect consequence is
that it has a negative impact on the afflicted individuals' psychological health and social well-
being by instilling fear and restricting movement (Barua et al., 2013; Brashares et al., 2014;
Mukeka et al., 2019). Understanding risk perception is important in tackling Human-Hippo
conflict because it can impact the behavior of key participants in conflicts, including farmers
and conservationists (Kahler & Gore, 2015; Ertiban, 2016). In Adamawa State, human-
hippopotamus conflicts have been found to impact negatively on conservation and jeopardize
human livelihoods and safety. This has been witnessed in the southern and central part of
Adamawa State where human-Hippopotamus conflicts have persisted over the years (Daily
Trust, 2014). Over the years, there has been increasing effort by conservators to effectively
resolve human-hippopotamus conflicts (Linnell et al., 2010). Most of these efforts tend to
concentrate on hippopotamus management without regard to the community’s opinions. The
lopsided nature of these efforts is contributory to the persistence of human-hippopotamus
conflicts in most areas (Masumbuko and Somda, 2014). The riverine communities in
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Adamawa State engage in a variety of livelihood activities such as fishing, farming, and trade.
These activities are essential for their survival and provide a source of income for the people
in the area (Abubakar et al., 2020).

In analyzing the impact of wild animals on human interests, it is important to consider
the species involved and the scale of damage caused (Chomba et al., 2012). Such information
can significantly contribute to the development of a strategy that will comprehensively
address human-wildlife conflict. In the last century, there was a decrease of about 7-20% in
the number of common hippopotamuses. This decline was attributed to human activities,
consequences, mainly habitat loss as wetlands are converted or impacted by agricultural
development (Dossou et al., 2019). It is critical to understand the economic effects of these
conflicts on the livelihoods of those affected in order to properly protect wildlife resources
and minimize crises. As a result, the goal of this study was to address a vacuum in the
literature on human-hippopotamus conflict in rural Adamawa State. The study's specific
objectives were to:

i. describe direct effects of Hippopotamus activities on livelihoods of farmers in the

study area;

ii. estimate the agricultural economic losses incurred in the area as a result of the

conflicts.
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Methodology

The study was conducted in communities affected by hippopotamus activities in
Adamawa State as shown in Figure 1. Geographically, the State is located between 70° and
11" north latitude and 11° and 14' east longitude of the Greenwich Meridian. As a result, the
state is claimed to be in Nigeria's Northeastern region, with Taraba State to the south and
west, Gombe State to the northwest, and Borno to the north. Along its eastern border, it also
shares an international border with the Republic of Cameroon (Adebayo and Zemba, 2020).
The state has a landmass of around 38,741 km? and a population of 4.254 million people
(National Bureau of Statistics, 2021). Hippopotamus activity is abundant in the area's primary
water bodies, Benue, and Gongola. The Gashaka Gumti National Park, in the extreme south
of the state, is home to significant numbers of wild species (Briggs, 2018). In terms of
livelihoods, the state is agro-based, with the entire economy depending mostly on crop and
livestock production. Along the riverbanks, fishing and dry-season farming are common.

Data Collection

The study adopted a mixed research method in collecting the data. Firstly, seven
communities across the three most affected Local Government Areas were purposively
selected. Namely, Babbandaba, Gonlong, Talum, and Gundo in Shelleng LGA; Gurin and
Ribadu in Fufore LGA; and Imburu in Numan LGA. Following Kagiri (2005), the direct
observation method was adopted for this study. This involved the identification of all
protected crop farms of not less than 1 hectare and an equal number of unprotected ones
within each location. A total of 371 crop farmers were purposively selected because of the
effects of hippopotamus activities on their farms. The farms were actively monitored
throughout the growing season and the following were recorded: type of crops damaged, the
stage of growth of the time of damage, and part of crops damaged. Similarly, economic losses
were estimated using the method outlined by Jones et al. (2008) which were as follows:

i. the crops that were damaged were identified,

ii. the yield of each crop per hectare in the absence of damage by hippopotamus was

obtained,

iii. the total yield of each crop as a result of the damage was obtained,

iv. the prevailing market price of the produce from each crop was also obtained from

the nearby market. and

v. the monetary loss on each crop was then obtained based on the difference in the

amount realizable from the produce under optimum yield without damage and that
obtained after damage.

Data Analysis

Data on conflict areas, crop damage, stage of growth of damaged crops, parts of crops
damaged, and monetary losses in Naira and Dollar were analyzed using appropriate
descriptive statistics such as tables, percentages, and charts. The direct observation method
(Kagiri, 2005) was used to assess the conflict areas and determine the economic losses
incurred by the participants in the period under review.
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Results and discussion
Demographic characteristic of the respondents

In Table 1, the respondents' demographic characteristics were described. Based on the
respondents' age breakdown, 15.77% were below 30 years, 31.02% were between 30 and 39,
and 28.51% were between 40 and 49. The proportions of respondents aged 50 to 59 years
and 60 years and older were 15.40% and 9.30%, respectively. According to the results,
18.76% of respondents were female, compared to 81.24% of males. This shows that the
majority of local farmers are men. 20.14% of people were single, compared to 79.86% who
were married. According to the household sizes of the respondents, homes with 1 to 5 people
made up 20.39%, while households with 6 to 10 people, 11 to 15 people, and more than 15
people made up 33.75%, 28.08%, and 17.78%, respectively. This result shows a rather sizable
household that can provide family labor for farming tasks. The distribution of respondents'
educational levels shows that those with no formal education made up 28.22% of the sample,
those with primary education made up 34.82%, and those with secondary and tertiary
education made up 26.14% and 10.82%, respectively. Similarly, the respondents' farm size
revealed that the majority (79.23%) of them cultivate between 1 and 5 ha, while just 20.77%
of them cultivate more than 5 ha. In terms of farming experience, 37.96% had 1-10 years’
experience in farming, while those with 11-20 years and more than 20 years constituted
35.76% and 26.28% respectively.

Table 1. Description of the Respondents Socio-Demographic Characteristics (n=371)

Variable Frequency Percentage Variable Frequency Percentage
Age (years) Educational Attainment
<30 59 15.77 | No formal 105 28.22
education

30-39 115 31.02 Primary 129 34.82

40-49 106 28.51 Secondary 97 26.14

50-59 57 15.40 Tertiary 40 10.82
>60 35 9.30 Farm size (ha)

Gender 1-5 294 79.23

Female 70 18.76 6-10 72 19.46

Male 301 81.24 >10 5 1.31

Household Size (number of people) Farming Experience (years)

1-5 76 20.39 1-10 141 37.96

6-10 125 33.75 11-20 133 35.76

11-15 104 28.08 >20 97 26.28
>15 66 17.78 Marital Status

Married 296 79.86

Unmarried 75 20.14

Source: Field survey 2019.
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Direct effects of human-hippo conflict on livelihoods

The distribution of the effects of Hippopotamus activities on the respondents is
presented in Figure 1. Findings of the study across communities revealed that crop damage
was the most common (averaged 79.1%), followed by livestock predation (9.6% on the
average), and attack on human beings (2.4%).
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Fig. 1. Effects of hippopotamus activities in the study area (n=371)
Source: Field survey 2019.
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The distribution of the major crops damaged by hippopotamus in the study area is shown
in Figure 2. The findings of the study indicated that across the communities, maize was the
most (21.9%) affected crop on average. This was followed by rice (18.6%), onion (7.3%),
and okro (6.6%). Similarly, millet (3.8%), Bambara nut (3.4%), sorghum (3.1%), and
cocoyam (2.4%) were also destroyed by the hippopotamus. Equally, the respondents reported
that cowpea (2.3%), benniseed (1.9%), and groundnut (1.1%) were also destroyed in the area.
This finding lends credence to the submission of Adeola et al. (2022) who also reported that
Maize, Beans, Millet, Guinea corn, Rice and Groundnut are affected by Hippopotamus in
Selected Communities around Kainji Dam in New-Bussa, Niger State, Nigeria.
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Fig. 3. Stages at which crops were damage by hippopotamus in the study area (n=371)
Source: Field survey 2019.

This study also assessed the level at which the crops were damaged by the hippo and the
result is presented in Figure 3. The finding of the study revealed that the majority (85.7%) of
the crops were damaged at their mid-stage of development, while 10.1% and 7.9% of the
crops were damaged at early and mature stages of development respectively. However, it is
worth noting that the extent of crop damage caused by hippos can vary depending on the
specific circumstances, including the availability of other food sources, the proximity of
water bodies, and the effectiveness of deterrent measures implemented by farmers or local
communities (Bayani et al., 2016). The finding of this study is in line with that of Dossou et
al. (2019) who revealed that the main damage caused by common hippopotamus was crops
raiding, which occurs in farmlands during the whole year in central Benin Republic.

Estimate of economic losses due to crop damage as a result of human-hippo
conflict

The result of economic losses due to crop damage by hippopotamus is presented in Table
2. The respondents were grouped into three categories based on their farm sizes, and the
economic losses incurred were computed based on the average size of farm destroyed and
the average market price of the affected commodity. Among small-scale farmers, sweet
potato and coco yam were the most affected crops based on market value of ¥241,115.0 and
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¥105,000.0 respectively. Hippos are primarily herbivorous animals and feed on various types
of vegetation, including aquatic plants, grasses, and even crops in some cases. However,
hippos are not known to specifically target tubers like sweet potatoes or cocoyam as
a significant part of their diet. However, while roaming for feed, when hippos trample on
these tubers, they cause considerable damage to the product physically, thereby reducing the
shelf-life and market value of the commodity. Equally, cereal crops like maize, rice, and
sorghum are also affected by hippos in the study area. The economic losses averaged
N38,025.0, N33,540.5, and N103,873.0 respectively for the crops. Furthermore, among
medium-scale farmers, Maize, Rice, Groundnut, Onion, and Sweet Potato were the affected
crops.

Table 2. Estimate of economic losses due to crop damage in the area (n=371)

Expected output Average size . Average market .
Crop without damage of farm Avderage y:ield price/100kg TOt?l estl;: ated
(kg/ha) destroyed (%) amage &) oss (N)
Small-Scale Farmers (1-5 ha)
Maize 1500-3000 65 1462.5 2600 38,025.0
Rice 2000-5000 37 1295.0 2590 33,540.5
Sorghum 800-1500 44 2090.0 4970 103,873.0
Groundnut 800-1500 69 793.5 1380 10,950.3
Cowpea 500-1500 65 650.0 6000 19,200.0
Bambara nut 500-1500 32 320.0 6500 21,450.0
Benniseed 300-800 60 330.0 5400 17,982.0
Okro 800-2000 30 150.0 1200 1,800.0
Onion 1500-3000 57 1282.5 2850 36,551.3
Sweet Potato 5000-15000 53 8300.0 2905 241,115.0
Cocoyam 8000-20000 50 7000.0 1500 105,000.0
Medium-Scale Farmers (6-10 ha)
Maize 1500-3000 28 630.0 2600 16,380.0
Rice 2000-5000 31 1085.0 2590 28,101.5
Groundnut 800-1500 29 3335 1380 4,602.3
Onion 1500-3000 21 472.5 2850 13,466.3
Sweet Potato 5000-15000 24 2400.0 2905 69,720.0
Large-Scale Farmers (>10 ha)

Maize 1500-3000 17 382.5 2600 9,945.0
Rice 2000-5000 15 525.0 2590 13,597.5
Groundnut 800-1500 21 241.5 1380 3,332.7
Sweet Potato 5000-15000 19 1900.0 2905 55,195.0
Onion 1500-3000 12 270.0 2850 7,695.0

Source: Field survey, 2019.

However, sweet potato and rice were the most prominently affected to the tune of ¥69,720.0
and N28, 101.5 on the average respectively. In terms of the large-scale farmers also, sweet
potato and rice were the most prominently affected. The migration or movement patterns of
hippos in Nigeria may vary depending on factors such as the availability of water and food
resources, as well as human activities in the area (Baker et al., 2022). In Adamawa State, it
is generally known that hippos tend to move around more during the dry season, and early
parts of the rainy season (February-July) when water sources become scarce and competition

At the time of the study, $1 USD was worth 360 Naira, according to the official exchange rate of the Central
Bank of Nigeria.
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for resources increases (Radda, 2015). During this time, hippos may travel long distances in
search of new water sources or better grazing areas. As they move, they may come into
contact with human settlements, which can lead to human-wildlife conflicts and potential
attacks (Baker et al., 2020).

HWC (human-wildlife conflict) is fast becoming a critical threat to the survival of many
globally endangered species (Distefano, 2005; Cromsigt et al., 2013; Manral et al., 2016).
While it is still difficult to reliably estimate the socio-economic and financial implications of
human-wildlife conflicts on affected livelihood (Mhuriro-Mashapa et al., 2018), there is a
need for actors to have a sound understanding of the level of impacts and drivers (White &
Ward, 2010). Knowing this will substantially impact conservation policies and human
wellbeing in affected communities (Barua et al., 2013). This study has established a
multidimensional consequence of Human-Hippo Conflict between crop farmers and
hippopotamus in the study area. This study revealed that crop damage was the major conflict
in the area. This finding lends credence to the submission of Kanga et al. (2011) who reported
similar outcomes in a study carried out in Kenya, which investigated human-hippopotamus
conflict within support zones of the park. The damage done to crops by hippopotamuses in
the study area has a significant effect on household livelihood as they attack most economic
crops cultivated by the residents in the area. As opined by Barua et al. (2013), crop damage
is the most prevalent form of human-wildlife conflict in Africa, and this impoverishes
economically depressed households that rely on farming for sustenance.

Investigation into crop damage by hippopotamus in all the study locations within the
study area revealed that rice and maize suffered the highest raiding. Hippopotamus raided
other crops such as guinea corn, millet, groundnut, and beans. This finding is not unexpected
as it aligns with the feeding habit of the hippopotamus. It also agrees with the report of
Shefferly (2001) that the hippopotamus is a grazer, preferring short grasses. Rice, maize,
guinea corn, and millet are cereals and therefore types of grass. The preference shown for
rice and maize may not be unconnected with their palatability since guinea corn and millet
are equally accessible and available in the study area, and yet not preferred. This result is
similar to the findings of Shalangwa et al. (2014).

Investigation into crop-raiding in relation to stages of development of the crops
indicated that the pattern of crop-raiding varied with the stage of growth of the crops. The
findings showed that the mid-stage of crops was the most raided stage by hippopotamus in
all the locations of the study area. The mid-stage growth consumption was followed by the
consumption at the early-stage growth, while the mature stage growth was the least
consumed. Observations of the crops on the farms showed that the mid-stage growth provided
succulent stems and leaves in addition to relatively higher biomass than the early-stage
growth. Besides, the succulent nature of the crops at the mid-stage growth is higher than at
the mature stage of development. The implication is the availability of more palatable and
higher biomass crops at the mid-stage growth. This situation might have influenced the
preference shown by the hippopotamus towards crops at the mid-stage development. Similar
findings were made by Wilbroad et al. (2011) and Gross et al. (2015).

Further findings from the investigation into the pattern of crop-raiding showed that
hippopotamuses prefer the stems and leaves of the crops to their fruits, bulbs, and seeds. The
findings also showed that they do not damage the roots. The selection of stems and leaves
and the preference for mid and early stages of the crops by the hippopotamus may not be
unconnected with the relatively high protein and low fiber content of the freshly sprouting
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crops. This observation agrees with the report of Martin (2005) on the feeding habit of
hippopotamus in the Caprivi region of Namibia.

The human-hippopotamus conflict investigated in this study involved food crop-raiding,
hence most of the economic losses were on food crops. A total of twelve (12) food crops
were raided by the common hippopotamus. The food crops included maize, rice, millet,
sorghum, cowpea, benniseed, Bambara nut, cocoyam, groundnut, onion, okra, and sweet
potato. Losses incurred as a result of the conflict have a monetary implication on the
household economy. This implied that the hippopotamus could induce both food insecurity
and poverty in the study area. Food and economic losses will continue to plague the rural
population if indeed the issue persists unabated. With the rapid reduction of hippopotamus
grazing land, this is likely to intensify. Mulu (2010) made a similar observation in similar
research in Kenya.

According to Treves et al. (2006), where multiple stakeholders are affected in different
ways by HWC, the conflict situation becomes more complex, since a desirable outcome
requires an understanding of the impacts on the different stakeholder groups and an
appreciation of the different attitudes that these groups may hold regarding both the level of
impacts and the focus and outcome of management to reduce them. As a result, when wildlife
roams freely on crops, harms livestock, or somehow threatens human security,
conservationists must examine the economic and socio-political repercussions. This is
because apart from the visible impacts of this conflict, other associated or hidden costs
include opportunity and transaction costs that occur as a result of conflict, as well as health
impacts that impair people’s physical and mental wellbeing (Barua et al., 2013).

Conclusions and recommendations

In conclusion, the conflict between humans and hippopotamuses has a considerable and
detrimental impact on farming in Adamawa state. The findings revealed that crop raiding is
the major cause of conflict between humans and hippopotamuses in the study area. Crop loss,
livestock raiding, hippo mortality, and habitat disturbance are the main repercussions of the
presence of high conflicts in the study area. Crops raided by hippopotamus included both
food and cash crops (maize, rice, millet, groundnut, guinea corn, and cowpea). Further
investigation showed that the conflict has induced both food insecurity and poverty in the
study area. Effective hippo management techniques and community-based interventions that
give farmers and other stakeholders the capacity to safeguard their livelihoods and lower the
risks associated with living near waterways will be necessary to address these disputes. As a
result, determining feasible methods to decrease Human-Hippo conflict in the research region
is essential for human- Hippo cohabitation. The following points in the study region are
proposed based on the findings of this study:

i.  Farmers should work together to protect their farmlands from crop raiders,
using the most effective means available in their area like fencing, scare tactics
using noise and light, or deterrents like scarecrows, reflective materials or even
employing guards to deter the animals and protect agricultural areas.

ii.  There is the need to educate local communities about the importance of hippo
conservation and the potential risks and benefits. Coexistence can foster
understanding and support for conservation efforts. Encouraging responsible
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land use and promoting sustainable farming practices can also contribute to
reducing conflicts.

iii. Human settlements around water sources where these animals live should be
removed by the authorities.
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Abstract. Soil-transmitted Helminths (STH) are among the most prevalent parasitic diseases that impair
childhood physical and mental growth, hence hindering economic development. The study was a cross-
sectional-designed survey, conducted in three districts in Sierra Leone between December and March
2022 on 625 individual farmers to determine: 1) the prevalence of soil-transmitted helminths; 2) the
intensity of soil-transmitted helminths; 3) the effect of the prevalence and intensity on farm productivity,
and 4) the implication of these effects on agricultural extension service delivery and the rural livelihood
of'the selected districts. Stool samples were collected from male and female farmers in fifteen chiefdoms
in the selected districts and analyzed using the Kato-Katz technique. A total of 625 individuals were
included, among whom 172 (27.0%) were vegetable farmers, 224 (35.8%) were tree-crop farmers and
226 (36.2%) were rice farmers. The result indicates a prevalence of parasitic infection among farmers
shown by 58.4% eggs/ova in stool from the three districts. STH prevalence is higher in Bo (64.0%),
Koinadugu (56.9%), and Kailahun (51,7%). STH infections, in various ways, affected extension
services, delivery and the livelihoods of individual farmers. The recommendation is that farmers and
children be periodically dewormed for STH infection in rural areas.
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rural livelihood
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Introduction

Soil-transmitted helminth (STH) infections refer to groups of parasitic diseases caused
by nematode worms transmitted to humans by fecally contaminated soil, food and water
(Zeleke et al., 2020). Soil-Transmitted Helminth infections of humans fall within the World
Health Organization's (WHO) grouping termed neglected tropical diseases (NTDs), forgotten
diseases or diseases of the poor (Fantal et al., 2020). The soil transmitted helminths of
significant concern to humans includes the roundworm (Ascaris lumbricoides), the
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whipworm (Trichuris trichiura), and the hookworms (Necator americanus and Ancylostoma
duodenale) (Hosea, Kator, and Philomena, 2019). Other species such as Strongyloides
stercoralis, Enterobius vermicularis, and Toxocara cause hookworm infection, and
Strongyloides stercoralis are transmitted by direct skin penetration while the rest gain entry
by oral route. Enterobius spp., by autoinfection, enters children when they scratch their anus,
fidget with their mouths or eat with unwashed hands (Brummaier et al 2021; Hassan and
Oyebamiji, 2018). WHO (2018) linked soil-transmitted helminth infection to rural poverty,
inadequate sanitation, waste disposals, lack of clean water supply, poor hygiene, limited
access to health care and preventive measures such as health education. Polyparasitism
occurs where different parasites co-exist (GBD, 2019), and when there is poor sanitation
Simiyu (2022). Though soil-transmitted helminths rarely cause death, they significantly
impact public health and lead to severe disability in the world's poorest countries (Brummaier
et al 2021). The parasites can impair intellectual and physical development, significantly
diminish economic productivity, and cause disabilities, resulting in stagnation and
perpetuation of the poverty cycle (Cools et al, 2019).

Ascaris lumbricoides, Ancylostoma duodenale, Necator americanus, and Trichuris
trichiura infections are soil-transmitted helminth (STH) infections that affect around
1.5 billion individuals globally (Ercumen et al., 2019). Since disease transmission primarily
occurs through contact with soil contaminated with infected human feces, low- and middle-
income countries (LMICs) that lack sufficient water, sanitation, and hygiene (WASH) are
disproportionately affected by the disease burden (Khan et al., 2019).

In Sierra Leone, transmitted helminths are distributed across the country, with high
prevalence of hookworm infections, particularly in the north and east districts of Koinadugu
(range 21.6-82.1%), and Kailahun (range 43.5-52.6%) respectively and part of Bo District
(Koroma et al., 2010). Soil-transmitted helminth affects not only people with limited
resources but also indigenous groups, women of childbearing age, smallholder farmers in
rural areas, migrant workers, prisoners, and refugee groups (Kabir et al., 2019). Other groups
at high risks of these parasitic infections include preschool-age children (aged 1-4 years),
school-age children (aged 5-14 years), pregnant women in their second and third trimesters
and lactating mothers, vegetable farmers, sand miners, people who fish in stagnant waters,
tree-crop harvesters and processers (Dabasa et al.2017; WHO, 2020). Realistically, farmers
rank second to school-going children in harbouring multiple helminth species, though the
impact of these parasites infections on them is still neglected in the helminthological
literature (Pratinidhi et al., 2020).

Soil-transmitted helminth larvae develop in tropical and sub-tropical climates, with
warm temperatures, high humidity and moist soils that are suitable for farming. Furthermore,
unhygienic sanitation, inadequate water supply and untreated night-soil fertilizer are the
environmental factors that favor soil-transmitted helminth buildups (Shumbeji et al.,2019;
Jourdan et al., 2018).

The other behavioral risk factors include toilet usage, non-shoe wearing, personal
hygiene and other habits such as inappropriate hand washing and eating raw food.
Occupations with high soil contact during farming also increase the risk of soil-transmitted
helminth infection (Center for Disease Control and Prevention, 2022). Both these
environmental and behavioral risk factors commonly occur in poor socio-economic
conditions, making poverty and limited education one of the critical risk factors for soil-
transmitted helminth transmission (Grimes et al., 2018).
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Educating, motivating and introducing rural farmers to use low-cost pit latrines
improves and protects their farm families against parasitic worms (Oswald et al., 2017). But,
where water supplies and sanitation are poor, without preventive measures, farmers and
travelers are exposed to soil-transmitted helminth (Chard et al.2019). Since these worms do
not multiply in hosts, reinfection occurs only due to additional contact with the infective
stages. In fact, according to Hossain et al. (2018) and the WHO (2019) guiding principles,
deciding to treat individuals (mass treatment) or only school children and other high-risk
groups (selective treatment) once or more times a year depends on the prevalence of infection
in a particular region or country.

In Sierra Leone, the rural farmers are poor and live in deprived environments without
proper hygiene and sanitation facilities (Koroma et al., 2010). These farmers and their
children walk barefoot, dress half naked, and live together with animals on the same
premises. At night, their livestock — goats, sheep, poultry — sleep either in the verandas,
kitchens or near the houses, and their dogs often eat the feces of the children. Most rural
communities lack pit latrines, and the inhabitants use nearby bushes for defecating. Their
children sit, play or sleep on dusty grounds, and their primary schools are often found close
to dustbins and most are without toilets. Rural children practice poor hygiene — they do not
wash their hands after attending to nature, use contaminated household items, and eat
contaminated food, exposing both children and adults to soil-transmitted helminth parasite
infections (Yahya and Tukur, 2017). Most rural Sierra Leonean farmers and their children
are unaware of and careless about the consequences of contaminated environments.

The women and children fetch water and firewood, fish in open-mined pits in swamps,
clear debris in farms after ploughing and transplanting rice seedlings and growing vegetables.
They empty the stool of infants and children under five years, which exposes people to
Multiparasitism (Nkouayep et al., 2017), a concurrent infection with two or more parasite
species (Khan et al., 2019). These daily activities highly expose rural vegetable farmers (who
use untreated night soils as fertilizers) to soil-transmitted helminthic infections. Some farm
families care directly for livestock — they take animals out for grazing and return them to
living quarters, but seldom wash their hands after these activities. These farmers seldom
deworm livestock (they are reared on the free-ranges systems) or clean the animal pens with
disinfectant, nor do they provide any drinking water for the animals (exposing the animals to
drinking muddy-dirty-stagnant waters). Hence, rural livestock with high helminth infections
often experience miscarriages in Sierra Leone (Atanasio-Nhacumbe and Sitoe, 2019).
Nevertheless, there is no scientific data on such an unfortunate situation; not even the
Ministry of Agriculture nor the University pay attention to this group of people.

No wonder the Ministry of Health in Sierra Leone has vehemently campaigned for
deworming school children in the urban settlements for the past decade, though such
campaigns did not extend to reach the rural poor communities, or their schools and children
who are more vulnerable than the urban children. In fact, any effective plan for reaching
sustainable intervention and control of human intestinal parasites requires reliable
information on the prevalence and intensity of soil-transmitted helminth infection from rural
and urban settlements. But Sierra Leone lacks scientific data on the prevalence and intensity
of soil-transmitted helminths in rural farming communities that show factual-information for
better planning and strategy for controlling this deadly but neglected infection in the country.
Soil-transmitted helminths cause loss of appetite, reduced nutritional intake, impaired
physical fitness, diarrhea and dysentery (WHO, 2023). Asbjornsdottir (2017) reported that
soil-transmitted helminths (STH) are “endemic in 120 countries and are associated with
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substantial morbidity and loss of economic productivity”; while Masangcay et al. (2021)
stated that malnutrition of micronutrients such as iron, Vitamin A, and zinc, is attributable to
soil-transmitted helminths (STH) that disturbs the digestive functions.

Therefore, it is essential to investigate the intensity of the STH infections in rural farmers
and their children and livestock to draw the attention of relevant stakeholders (including
Ministry of Health and Sanitations and WHO) to explore areas to control the disease within
the rural settlements in Sierra Leone. The study aims to describe and analyze the implications
of the prevalence and intensity of soil-transmitted helminth infections in farmers in rural
Sierra Leone. The study's specific objectives are to: 1) determine the prevalence of soil-
transmitted helminths in farmers in Bo, Kailahun, and Koinadugu Districts of Sierra Leone;
2) determine the intensity of soil-transmitted helminths in farmers in the study area; 3)
identify the effect of the prevalence and intensity on farm productivity in these districts, and
4) examine the implication of these on agricultural extension service provision in the selected
districts.

Methods

The study was conducted in three districts — Koinadugu District in the North, Bo District
in the South, and Kailahun District in the Eastern Regions of Sierra Leone. According to the
STH prevalence maps, the entire population in the country is at risk of STH (Koroma et al.,
2010). Those in five coastal districts, Koinadugu and part of Bo District, about 2.84 million
people, (school age children and adults and pregnant women) are at high risk of STH
infection (Bah et al., 2019). Koinadugu district continues to have moderate STH prevalence
with high baseline prevalence greater than 75%, while a high proportion of households in
Kailahun still practice open defecation. Another 2.6 million people in the remaining areas of
the country are at moderate risk of STH infection, therefore justified for annual treatment to
pre-school children, school age children and at-risk adults.

Map Of Sierra Leone showing study areas
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Fig. 1. Map of Sierra Leone showing study Districts and Chiefdoms

Source: Author’s own elaboration.
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These districts were selected using simple random sampling techniques. The main
reasons for choosing each of these districts include their uniqueness. Koinadugu District is
renowned for vegetable and livestock farming, Bo District is very prominent for diamond
and sand mining, and Kailahun is paramount for tree crop production. Their populations are
typically rural, with farming and livestock production as their main activities. These factors
contribute to harboring and encouraging soil-transmitted helminth build-ups (Figurel).

The study adopted a cross-sectional design, examining stool from male and female
farmers. The sampling technique was the stratified multistage cluster sampling technique.
First, the names of all 14 districts were written on pieces of paper and placed in a black plastic
bag. A simple random sampling was applied by blindly picking one paper from the black
plastic bag. The researchers selected five chiefdoms from each district using simple random
and purposive sampling techniques; each district (Total =15 Chiefdoms) and ten communities
(totaling 150 precincts). A total of 625 individuals aged 18-65 (median: 52 years old) were
registered and enrolled in the study. Among these enrollees, 339 (54.2%) were females, and
286 (45.8%) were males. In each selected district and community, the researchers held
meetings with eligible individual farmers in court Berries, and those who consented to
participate systematically underwent sample collection. All the participants provided stool
samples for further analysis.

Table 1. The districts, chiefdoms, population, and sample size of farmers interviewed.

Districts Chiefdoms Population Sample size

Boama 5,300 61

Tikonko 4,200 43

Bo Valunia 3,500 55
Selenga 1,200 38

Lugbu 1,800 53

Total 16,000 250

Yawei 2.200 33

Jawie 3,100 46

Kailahun Luawa 2,500 38
Mandu 2,800 44

Dia 2,400 42

Total 13,000 203

Diang 3,600 42

Maini 2,300 37

Koinadugu Senbge 2,400 38
Neya 1,700 31

Sulima 1,000 24

Total 11,000 172

Source: Field survey 2022.

Researchers gave a 60 mL plastic screw-cap vial to each participant who brought it back
to the investigators with sample stool to examine whether eligible individuals had intestinal
helminths. The researchers examined the specimen using Kato-Katz technique, a single thick
smear technique using a 41.7 mg template (WHO, 2020). Qualified lab technicians from
Government hospitals in each district examined the prepared samples (Kato-Katz slides).
These technicians did so within one hour after the slide design for identification of hookworm
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eggs and subsequently (later the same day or the following day) for other STH eggs or larval
(Strongyloides stercoralis) detection. Researchers used bright field microscopy
(magnification x 100 or x 400) to identify and count all eggs (or larvae) in the prepared
sample stools and expressed results as eggs or larvae per gram of feces (EPG or LPG) for the
intensity of infection. Data collected were recorded into an SPSS 26 version for statistical
analysis and used the SPSS Statistics "Crosstabs" procedure for calculating the proportion of
individuals infected by a given parasite species (single infection) or by two or more helminth
species (multiple conditions).

In terms of data analysis, SPSS Statistics "Descriptive" procedure was used to compute
the intensity of diseases when the egg or larval counts were available as arithmetic means
and estimated sampling fluctuations using the standard deviation (SD).

The Sierra Leone National Ethics Committee approved this study for Human Health
Research, Ministry of Health in each district. The eligible population, individuals and
livestock farmers willing to participate in the study, signed an informed consent form and
each enrollee was assigned a code. Participants harboring any STH infection later received
a 500 mg single-dose Albendazole in the framework of this study.

Results
Prevalence of STHs among farmers

Five species of soil-transmitted helminths (A. lumbricoides, T. trichiura, N. americanus,
S. stercoralis and Tania spp.) were in the stool samples collected as part of this study. Of the
625 individuals who provided stool samples, Bo accounted for 160 (64.0%) positive samples,
Koinadugu had 98 (56.9%) positive samples and Kailahun presented 105 (51.7%) positive
cases. With varying significance levels of Bo (P=0.005), Koinadugu (P=0.005) and Kailahun
(P=0.001). At district level, Soil-Transmitted Helminths (A. Lumbricoides) prevalence in
Koinadugu District (22.1.0%) is higher than those in Bo District (18.0%) and Kailahun
District (17.2%). For A. duodenale, prevalence was higher in Bo district (19%), followed by
Koinadugu (16.9%) and Kailahun (11.8%). For S. Stercoralis, the margin was close among
the districts of Kailahun (8.4%), Bo (8.0%) and Koinadugu (7.0%). Taenia spp. cases were
4.8%, 3.5% and 2.0% in Bo, Koinadugu and Kailahun districts, respectively.

At chiefdom levels, the prevalence of soil-transmitted helminths for Valunia (16.8%),
Tikonko (14.0%), and Lugbu (13.2%) was higher than the prevalence for Selenga (7.2%). In
Kailahun, most soil-transmitted helminths were 14.3% for Mandu, 11.8%, and 11.3% for
Jawie and Dia Chiefdoms, respectively. Yawei Chiefdom displayed the lowest STH
prevalence. In the northern district of Koinadugu, Diang (16.3%), Maini (12.8%), and Neya
(11.0) chiefdoms exhibited high STHs prevalence. Of the five STHs discovered in the stools
of the farmers who participated in the study in Bo District, Ascaris lumbricoides are highly
prevalent in Valunia (5.6%), Lugbu (5.2%), and Tikonko (5.2%), while T. trichiura (3.2%)
was prevalent in Boama Chiefdom. In Kailahun District, A. lumbricoides is prevalent in
Mandu (6.9%), Dia (5.4%), and Jawie (5.4%). In Koinadugu District, Ascaris lumbricoides
and American duodenale (7.0%, 7.0%) are prevalent in Diang, and Maini (5.8% and 4.1%)
and Senbge (3.5%), and 2.3% respectively. T. trichuira (4.7%) is prevalent in Sulima
Chiefdom, while T.spp. (1.2%) is prevalent in Neya Chiefdom. The distribution of these
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parasites in the selected districts was generally similar. Ascaris lumbricoides are highly
prevalent in almost all the study sections.

Table 2. Prevalence of helminth parasites among farmers in three districts in Sierra Leone

No. No of . .
Districts Chiefdom samPle positive Lurﬁls)cr?::)si des S-Stercoralis T- Trichuira A Duodenale Tasepl;a.
examined samples
Boama 61 32(12.8) 10(4.0) 3(1.2) 8(3.2) 9(3.6) 2(0.8)
Tikonko 43 35(14.0) 13(5.2) 6(2.4) 7(2.8) 8(3.2) 1(0.4)
Valunia 55 42(16.8) 14(5.6) 7(2.8) 7(2.8) 12(4.8) 2(0.8)
Bo Selenga 38 18(7.2) 12(4.8) 2(0.8) 3(1.2) 1(0.4) 0(0.0)
Lugbu 53 33(13.2) 13(5.2) 6(1.6) 4(1.6) 9(3.6) 1(0.4)
Total 250 160(64.0) 62(18.0) 24(8.0) 29(10.8) 39(19.2) 6(4.8)
p value <0.001 0.005 0.018 <0.001 <0.001 <0.001 <0.001
Yawei 33 12(5.9) 5(2.5) 1(0.5) 2(1.0) 4(2.0) 0(0.0)
Jawie 46 24(11.8) 11(5.4) 5(2.5) 4(2.0) 2(1.0) 2(1.0)
Luawa 38 17(8.4) 8(3.9) 3(1.5) 2(1.0) 3(1.5) 1(0.5)
Kailahun Mandu 44 29(14.3) 14(6.9) 4(2.0) 3(1.5) 7(3.4) 1(0.5)
Dia 42 23(11.3) 11(5.4) 4(2.0) 3(1.5) 5(2.5) 0(0.0)
Total 203 105(51.7) 49(17.2) 17(8.4) 14(6.9) 21(11.8) 4(2.0)
p value <0.001 0.001 <0.001 0.005 0.005 0.002 0.009
Diang 42 28(16.3) 12(7.0) 1(0.6) 1(0.6) 12(7.0) 2(1.2)
Maini 37 22(12.8) 10(5.8) 2(1.2) 2(1.2) 7(4.1) 1(0.6)
Senbge 38 14(8.1) 6(3.5) 3(1.7) 1(0.6) 4(2.3) 0(0.0)
Koinadugu Neya 31 19(11.0) 7(4.1) 3(1.7) 1(0.6) 6(3.5) 2(1.2)
Sulima 24 15(8.7) 3(1.7) 3(1.7) 8(4.7) 0(0.0) 1(0.6)
Total 172 98(56.9) 38(22.1) 12(7.0) 13(7.6) 29(16.9) 6(3.5)
p value <0.001 0.005 <0.001 <0.001 0.005 <0.001 0.005

Statistically significant; p < 0.05; Mean (SD)

Source: Field survey 2022.
The intensity of STHs infection in farmers

The intensity of the STH infection ranged between 1412.2 and 5233EPG (mean:
11,234.21; SD: 14,254.51) for Ascaris lumbricoides, 103.11 and 447.12EPG (mean: 321.33;
SD 2312.02). for S. stercoralis, 45.26 and 23.03EPG (mean: 213.07; SD: 102.11) for T
trichiura with 1.1 and 6.1EPG (means: 10.14; SD: 3.32) for Taenia spp and 11.67 and
33.01EPG (mean: 6.13; SD:1.85) for A duodenale. Also 2.32 and 34.22EPG (mean: 24.24;
SD:18.72) for Tania. Spp. 1.35 and 43.11 EPGepg (mean: 3.12; SD:2.43). Table 2 reveals
the arithmetic means (with standard deviation) intensity of infection for each parasite species.
The mean egg or larva count was quite variable between chiefdoms within the districts. In
Bo District, S. stercoralis, T. trichiura, and A. duodenale and Taenia spp. (p<0.001), but
different for A. lumbricoides (<0.018). For Kailahun District, district, S. stercoralis and T.
trichiura (p=0.005) differ from A. lumbricoides (p<0.001) and A. duodenale (p = 0.002). For
Koinadugu District, A. lumbricoides, S. stercoralis and A. duodenale (p<0.001) differ from
T. trichiura and T. spp. (p=0.005).
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Table 3. Intensity of STH infection in farmers in the selected districts of Sierra Leone

No. Mean A- Mean S- Mean T- Mean Mean
Districts Chiefdom sample Lumbricoides Stercoralis Trichiura Duodenale Taenia. Spp
examined EPG(SD) EPG(SD) EPG(SD) Lpg(SD) EPG(SD)

Boama 61 5233.14(14254.51)  447.12(2312.02)  23.12(223,34)  33.01(1.85) 6.09(93.32)

Tikonko 43 3543.24(15345.42)  311.22(2214.03)  26.23(132.12)  23.12(2.11) 5.5(2,54)

Bo Valunia 55 4254.17(23341.53)  414.31(3241.12)  37.02(146.28) 14.35(2.43) 6.1(3.32)
Selenga 38 3182.32(12321.34)  2303.23(123.04)  23.11(321.38) 12.36(1.43) 3.1(0.21)

Lugbu 53 4332.15(32132.42)  413.12(4321.21)  34.24(423.09) 13.53(2.12) 4.1(41.32)

Yawei 33 3671.23(12325.12)  321.14(1421.24)  31.11(187.21) 14.2(3.31) 2.02(18.72)

Jawie 46 424.87(22654.32) 432.18(213.14)  45.26(213.07) 24.5(1.21) 4.14(7.16)

Luawa 38 5431.73(13123.43) 425.25(123.05)  23.03(102.11) 24.1(2.32) 4.2(25.24)

Kailahun Mandu 44 329.15(14234.12) 210.98(234.21)  34.23(192.22) 22.2(3.21) 3.2(45.23)
Dia 42 323.34(12123.23) 121.29(187.23)  32.11(203.26) 22.1(2.12) 2.5(12.32)

Diang 42 2823.12(11214.12) 124.86(213.22)  41.24(112.41) 12.3(4.11) 1.4(22.24)

Maini 37 2213.23(12231.03) 227.56(321.21)  32.22(214.23) 14.12(2.14) 4.2(19.24)

Senbge 38 1412.21(11234.21) 116.4(134.24)  23.36(123.12) 13.11(3.12) 2.1(14.23)

Koinadugu  Neya 31 1923.11(12112.04) 114.22(314.32)  32.22(231.17) 12.03(2.33) 1.2(9.14)
Sulima 24 1526.02(13532.12) 103.11(321.33)  31.23(113.46) 11.67(6,13) 1.1(10.14)

EPG = eggs per gram of stool; LPG = larvae per gram of stool; SD = standard deviation

Source: Field survey, 2022.
Levels of the effect of the prevalence and intensity of STH on farm productivity

The result showed that 97.9% of the farmers indicate that high STH medication expenses
halt most farming activities, and 96.0% say STH resistance in the various species causes
persistent unhealthy conditions in the farmers. Furthermore, 93.9% of the participants say
that STH-resistance causes constant unhealthy conditions in the farmers, while 91.8% say
the STH prevalence and intensity burdened farmers. Moreover, 89.3% of the farmers said
that multiple STH infections bring repeated farm economic losses, and 76.6% say that high
STH-medication expenses halt farming activities in most communities. In some cases, the
STH-anemia conditions reduce the available community-labor force. Only 64.2% of the
farmers pointed out that STH infections impair growth and physical development in farmers.
(Table 4)

When further asked to rate the level of STH infections on farm productivity, 40.6% of
the farmers ordered the prevalence and intensity of STH burden on farmers as very high, and
32.2% rated multiple STH medication expenses as a reason halting most community-farming
activities as very high. STH-anemia conditions reduce the available community-labor force
(32.4%), and STH-induced malnourishment reduces the farm population (32.5%) were rated
moderately. Furthermore, STH resistance causes persistent unhealthy conditions in the
farmers (33.9%), STH infections impair growth, and physical development in farm families
(40.2%) was rated moderate. and 25.4% of the farmers' rated worm-induced malnourishment
reduces the farm population also as moderate. (Table 4)
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Table 4. Levels of the effect of the prevalence and intensity of STH on farm productivity

Effects of prevalence and intensity of STHs No Low Moderate High Very High

STH prevalence and intensity create burden 574(91.8) 123(19.7) 13822.1)  254(40.6) 110(17.6)
on farmers

STH-anemic conditions reduce available
community-labor force

Worm-induced malnourishment reduces
farm population

Multiple STH-infections bring repeated farm
economic losses

High-STH-medication expenses halt most
community-farming activities
STH-resistance causes persistent unhealthy
conditions in the farmers

STH-infections impair growth and physical
development in farm families

479(76.6)  156(254)  199(32.4)  138(22.4)  122(19.8)
587(93.9)  103(16.5)  203(32.5)  113(18.1)  206(33.0)
558(89.3)  116(18.6)  104(16.6)  201(322)  204(32.6)
612(97.9)  103(165.5)  98(15.7)  198(31.7)  226(36.2)
600(96.0)  101(162)  212(33.9)  208(33.3)  104(16.6)

401(64.2) 109(20.8) 211(40.2) 103(19.6) 102(19.4)

Frequency (percentages).

Source: Field survey 2022.

Perceptions of farmers and extension workers on the implication of STHs on agricultural
service provisions and the livelihood of the farmers was also surveyed. The farmers perceived
that the effects from STH infections have significantly impacted the extension delivery
services and the livelihood of the farmers in their communities. Table 5 indicates that 40.0%
of the farmers expressed that STH infection is causing poverty among farmers, reducing food
productivity at community levels (35.2%), restraining youths from adopting agricultural
extension innovations (26.9%), and forcing farmers not to cooperate with extension agents
(26.3%). Furthermore, the infection causes farmers to divert agricultural innovations
(24.8%), while most farmers do not use farm inputs from agricultural extension agents.

Table 5. Distribution of farmers and extension workers on the extent of implications of STHs on service provision
and livelihoods

. N Very great Great Some No Can’t

Perception on implications STHs extent extent extent extent know
Perception of farmers (n=505)
Sick farmers cannot attend extension meetings 111(22.0) 102(20) 113(22.4) 110(22)  69(13.7)
Farmers affected accept but do not adopt innovations 122(24.2) 113(22) 119(23.6) 104(21) 47(9.3)
Farmers do not cooperate with extension agents 133(26.3) 123(24) 111(22) 102(20) 36(7.1)
I::;;r;ers diverse the use of farm innovations like 125(24.8) 115(23) 116(23) 117(23) 32(6.3)
Youths restrain from adopting extension innovations 136(26.9) 112(22)  132(26.1) 102(20) 23(4.6)
STH infections have reduced community-farm
productivity 178(35.2) 121(23) 98(19.4) 85(17) 23(4.6)
STH infections have caused poverty 202(40) 214(42) 64(12.7) 21(4.2) 4(0.8)
Perception of extension workers (n = 120)
Infected farmers consume agricultural seed inputs 78(65) 23(19) 15(12.5) 3(2.5) 1(0.8)
il(;ﬁg:;r of agricultural innovation adoption has 77(64.2) 33028) 10(8.33) 0(0) 0(0)
Infected farmers cannot disseminate innovation 59(49.2) 33(28) 23(19.2) 3(2.5) 2(1.7)
Farmers’ household expenditure has increased 49(40.8) 44(37) 24(20) 82(1.7) 1(0.8)

Frequency (percentages).

Source: Field survey 2022.
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To a great extent, the extension agents also perceive that STH-infected farmers consume
agricultural farm seed inputs (65.0%). The number of agricultural innovation adopters is
drastically reduced (64.2%), while the infected farmers no longer disseminate agricultural
innovations (49.2%) which has increased the farm household expenditure (40.8%), affecting
the extension delivery and the farmer’s livelihoods.

Discussion

The overall prevalence of the different STH species follows very similar trends. The
finding is in line with Means et al. (2018); Oswald et al. (2019). However, the results in this
study were higher than those found by the authors. Furthermore, significant differences in
the STH prevalence existed between the selected chiefdoms (Table 2), which supports the
findings of WHO (2017). The high prevalence recorded in the various chiefdoms is ascribed
to poor nutrition (starvation), management practices of feces (lack of toilets), and frequent
human exposure to contaminated soils during farming activities.

Kailahun District shares a similar culture, but their farming patterns differ significantly,
which might be responsible for the predominant occurrence of the different parasites among
the farmers. The intensity of infections and the values recorded in our study were generally
from light intensity to high, based on the WHO classification (WHO, 2020). The observed
outcome is actual because participants in this study were either adults or young adults.
A close look at some of the behavioral habits of the farmers in these three districts and the
fifteen chiefdoms concerning personal hygiene reveals that a good number of them are highly
predisposed to infection with intestinal helminths. Most of the farmers in Bo District are
upland rice farmers, who primarily farm very close to their communities, without proper
feces disposal. Their farming patterns also involve playing with soil and shrubs; these farmers
seldom wear protective clothing during their farming operations. In addition to farming, most
are sand and illicit miners—the women fish in the stagnant pits and streams, harboring STH
eggs and larvae. In Kailahun District, most of the farmers are tree crop farmers, who use the
local processing techniques, sitting on the ground, peeling, packing, and transporting the
products. During the harvesting period, most farmers walk barefooted, half- nakedly dressed,
with no protective gear, a situation that exposes farmers to STH infections.

Epidemiological surveys show that poor sanitary conditions such as defecation and fecal
contamination of water bodies are the most critical factors leading to intestinal infestation
(Benjamin-Chung et al., 2020). Similarly, in Koinadugu, most farmers are vegetable growers
who cultivate their crops in lowland ecology during the dry seasons and upland during rainy
seasons. These farmers use night soils as fertilizers for the vegetables they produce. Like
those in Kailahun and Bo districts, farmers in Koinadugu do not use protective clothing when
at work. They mix the night and garden soils using their bare hands thereby contacting STH
eggs or larvae.

The effect of STH infections and levels of impacts on farm productivity

Infections with parasitic nematodes restrict the welfare of the farmers and farm
productivity, as these farmers rely heavily on administering anthelmintic drugs, as Taiwo et
al. (2017) discovered in their study. The results showed that 97.9% of the farmers expressed
that high STH medication expenses halt most farming activities, and 96.0% say that STH
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resistance in the various species causes persistent unhealthy conditions in the farmers (Table
4). These findings align with Campbell et al. (2018) that soil-transmitted parasites are
prevalent and cause different disease conditions among poor rural dwellers in developing
countries (Ayele et al.2019). Helminth infections are challenging to cure — the drugs are
costly and scarce. Some commercially available drugs include benzimidazole,
imidazothiazole and macrocyclic lactone groups (Gyang et al., 2019. This high cost is a
burden on farm families. Some farmers take loans from money lenders to pay medical bills,
reducing the area cultivated annually.

Furthermore, 93.9% of the participants say that STH-resistance causes constant
unhealthy conditions in the farmers, while and 91.8% say that the STH prevalence and
intensity burdened farmers. The findings agree with Darlan et al. (2018) that the cost of
medical treatment for STH infections has a tremendous negative impact on farmers in the
rural areas of West Africa. Such high cost affects the economic earning capacity of the
farmers, making them incapable of farming anymore. As the number of farmers affected by
STH infections increases, the farming population reduces. STH illnesses cease farmers'
abilities to innovate, experiment, and implement changes and to acquire technical pieces of
information through extension activities. Also, absenteeism from work due to frequent illness
and/or morbidity (and eventual death); family time diverted to caring for the sick. Healthcare
expenses may consume resources useful for improved seeds, fertilizers, equipment, and other
farm inputs that can improve farm productivity. Sick family members seldom adopt labor-
intensive techniques, negatively affecting farm productivity.

Furthermore, the impact of ill health results in a decline in household income, food
insecurity and severe deteriorated household livelihood (Bah, et al., 2919). Farmers have
accumulated technical and managerial skills that are not easily substitutable through the labor
market or family and other social connections; their inability to perform agricultural activities
because of STH infection significantly negatively impacts overall efficiency (Koroma et al.,
2010). Unhealthy farmers deteriorate physically and mentally, reducing their concentration
on farm activities, while increasing medical expenditure and taking loans, thus becoming
indebted. Most rural farmers do not have accumulated money/income, especially from
agriculture; they use their physical power very heavily for the commencement of the farming
operations during the cropping times.

Conclusions

STH prevalence is relatively high among the farmers in selected chiefdoms in the study
area. Farmers were observed to have moderate and high-risk levels and farmers harboring
the parasites are likely to constitute potential parasite reservoirs and sources of dissemination
and persistence of these infections. Moreover, the most infected farmers are those engaged
in tree crop production —rice and vegetable farming in Kailahun, Koinadugu and Bo Districts.
Most farmers' main form of parasite control is a small number of anthelmintic compounds,
mainly bought from quack drug peddlers. These findings underscore the need for robust
research into the health effects of STH in farm families. Hopefully, the findings presented
here will help encourage future investigations to consider the three surveyed districts, and to
also consider the social and geographical differences across the region and country during
the course of such investigations.
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Abstract. In the 21st century, the global production and consumption of oilseeds and their processing
products are growing dynamically as a result of the globally growing demand for food and renewable
energy. Globally, supply and demand factors have changed the edible vegetable oils industry.
The production of vegetable oils is characterized by one of the highest dynamics among all agricultural
raw materials, which results from the growing demand for vegetable oils for food, industrial purposes
and the growing demand for protein feed. The cultivation of oilseeds plays an important role in Polish
agriculture. On an industrial scale, the production of rapeseed oil dominates in Poland, and is a strategic
product of the Polish agri-food sector. Sunflower and soybean oils are also of market importance.
The scale of crude rapeseed oil production ranks Poland third in the European Union (after Germany
and France) and sixth in the world. The country's share in EU rapeseed oil production is about 13%.
Poland, despite the dynamic development of rapeseed production and processing which took place after
2004, has low self-sufficiency in the field of oilseed products, especially low in the field of oilseed
meals (self-sufficiency at the average level of approx. 43% in 2018-2020) and oils vegetable crops (self-
sufficiency at the average level of approx. 63%); therefore, it remains a permanent, large net importer.

Key words: edible oils, rapeseed oil, sunflower oil, oils market, edible oils market, vegetable oils,
war in Ukraine
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Introduction

Oilseeds play a significant role in the world's agriculture, food economy and processing
industries. They are the raw material for production of consumer and technical fats, they are
a source of food and feed protein, and some of them, such as cotton and linen, also provide
plant fiber (Rosiak, 2014). They are an essential element of the agri-food sector. And the
industry itself, as noted by Drejerska and Fiore (2022), as part of the agri-food sector, plays
a crucial role in the global economy. It is directly related to the livelihoods of almost eight
billion people.

Consequently, the issue of the current situation in the market of edible vegetable oils is
an important topic. In the 21st century, the global production and consumption of oilseeds
and their processing products (vegetable oils and oilseed meals) is dynamically growing, as
a result of the growing demand for food and renewable energy on a global scale. At the same
time, the growth rate varies regionally (Rosiak, 2018, 2019). This increase is due to the
growing interest in using vegetable oils for both food and industrial purposes.

Vegetable oils are fats of vegetable origin that have a liquid consistency at room
temperature (an exception is, for example, coconut oil). In chemical terms, vegetable oils are
triglycerides; an ester bond connects three molecules of fatty acids with a molecule of
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glycerol. Humans have used vegetable fats for years. These fats have found application in
many areas of life, e.g., in nutrition, dietetics, medicine, cosmetology, tribology and as
alternative fuels (Szczypska, 2019, Zielinska and Nowak, 2014). Vegetable oils are noble
natural raw materials that are used in many ways. The first is human nutrition, for whom
rapeseed and sunflower oils have well-established nutritional properties (Pilorgé and Muel
2016). As indicated in the literature, commonly used vegetable oils — sunflower oil, soybean
oil, low erucic rapeseed oil, and olive oil — have the highest nutritional value in everyday use
(Gorynska-Goldmann, 2005). Edible vegetable oils are versatile and can be used in products
such as fried foods, mayonnaises, margarines, shortenings, pharmaceuticals, and biofuels.
Typical cooking oils include soybean, canola, palm, corn, coconut, cottonseed, olive, and
sunflower. The choice of edible vegetable oil for a particular application depends on the price
and the fatty acid profile, which indicates the features and benefits of the oil. (Smith, 2005;
Shahidi, 2005; Parcell et al., 2018).

Globally, supply and demand factors have transformed the edible vegetable oil industry
(Parcell et al., 2018). The production of vegetable oils is characterized by one of the highest
dynamics among all agricultural raw materials, which results from the growing demand for
vegetable oils for food and industrial purposes and the increasing demand for protein feed
(Boczar, 2012). The market for vegetable oils is believed to be saturated regarding household
demand for these oils. The low-income elasticity of demand for vegetable fats also evidences
saturation. According to various authors, this value was at the level of 0.1 and lower. Such
a low level of this ratio indicates that the needs for vegetable fats in households are primarily
satisfied and that no significant increase in the consumption of these products is expected due
to an increase in income. (Rosiak 2006, Gulbicka, Kwasek 2000; 2001; 2006; Laskowski
2014; Boczar, Gorynska-Goldmann, 2005; Boczar, Btazejczyk-Majka, 2018). In recent
years, a substantial proportion of edible oils has been sunflower oil due to its high nutritional
quality and desirable industrial functionality (Dominguez Brando and Sarquis, 2012).
Historically, sunflower oil has been considered a premium oil, with average prices generally
significantly higher than soybean and rapeseed oil until 2016. (Oil World, 2019). Rapeseed
oil is primarily characterized by a favorable composition of fatty acids — the lowest content
of saturated acids and the highest content of unsaturated acids, including n-3 acids (Krygier,
2009).

Sunflower cultivation is currently limited to southern Europe and Central/Eastern
Europe, mainly due to temperature (Debaceke et al. 2017). Sunflower is produced on a large
scale in a limited number of countries, with two-thirds of production concentrated in Europe,
including Ukraine and Russia, and in the Trakia region of Turkey. Other major producing
countries include Argentina, China, the United States and Southeast Africa (South Africa,
Tanzania, Uganda, and Zambia) (Pilorgé, 2020). It should be noted that Russia and Ukraine
have a 50% share of the global sunflower oil market and are at the forefront of rapeseed oil
supplies (Zavorotniy and Bilyk, 2017, Kuts and Makarchuk, 2020, FAO, 2020 ). Currently,
rapeseed ranks second in the world in the cultivation of oilseeds, after soybean. Regarding
the amount of oil produced, it ranks third, after palmitic and soybean oil. The largest world
producer of rapeseed is the European Union. Its crops account for 34% of global production,
which is 19-20 million tons per year. China, Canada, India, Ukraine, and Australia follow it.
Compared to other European Union countries, Poland ranks third, after Germany and France
(Gugata et al. 2014).

In the context of the edible oils market, it should be noted that Ukraine is also one of the
five largest global exporters of rapeseed, sunflower oil, and sunflower meal. It should be
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noted that the supplies of sunflower oil from Ukraine have practically stalled due to logistical
problems related to the armed conflict. And given the significant share of Ukrainian exports
in the global oil market, any supply disruption will have serious consequences for oil
importers. This means that the effects of the conflict will extend beyond the sunflower oil
sector, with a temporary impact on the markets of other vegetable oils. The OECD-FAO
agricultural forecast for 2019-2028 believes that vegetable oil prices should increase (OECD-
FAO, 2019; Zolotnytska, Kowalczyk, 2022).

The cultivation of oilseeds plays a vital role in Polish agriculture. On an industrial scale,
the production of rapeseed oil dominates in Poland, which is a strategic product of the Polish
agri-food sector. Sunflower and soybean oils are also of market importance. The crude
rapeseed oil production scale ranks Poland third in the European Union (after Germany and
France) and sixth in the world. The country's share in EU rapeseed oil production is around
13% (Polish Association of Oil Producers, 2021). Poland, despite the dynamic development
of rapeseed production and processing which took place after entry to the EU in 2004, has
low self-sufficiency in the field of oilseed products, especially low in oilseed meals (self-
sufficiency at the average level of approx. 43% in 2018-2020) and oils crops (self-sufficiency
on average around 63%). Therefore, it remains a permanent, sizeable net importer (Kapusta,
2022).

Material and methods

The purpose of this article was to present the changes that have taken place in the edible
vegetable oils market in recent years, with particular emphasis on trade between the European
Union and Poland with Ukraine. Attention was paid to the transformation of the market as a
result of the war in Ukraine. These changes were assessed based on monthly data for selected
periods. To present the general situation on the vegetable oil market, data from IEGRiGZ
PIB reports from 2015-2022, and Euromonitor International 2022 and Oil World data from
2019-2022 were used. To assess the impact of the war in Ukraine on the situation in the EU
and Polish markets, data from the European Commission's data bank, i.e., Oilseeds and
Protein Crops Trade, Directorate-General for Agriculture and Rural Development, section
Trade, were used. To illustrate these changes, monthly data on the level of imports of selected
oils by Poland and the EU from Ukraine were used, as well as monthly data showing the
export of rapeseed oil by Poland from Ukraine. Bearing in mind the significant importance
of Ukraine in the production of oilseeds and the oil itself, the import of two oils by the EU
with the most significant importance in the trade relationship between Ukraine and the EU
and Poland, i.e., rapeseed oil and sunflower oil, was analyzed.

The data analysis process in this study entails utilizing monthly data for selected periods
to assess the changes in the vegetable oil market. The following steps were undertaken to
conduct the analysis:

1. Data collection: Monthly data pertaining to the import of specific oils from Ukraine

by Poland and the European Union (EU), as well as the export of rapeseed oil from
Poland to Ukraine, were gathered. These data points were sourced from the
aforementioned databases.

2. Data cleaning and preparation: The collected data were meticulously scrutinized for

inconsistencies, missing values, and outliers. Necessary corrections and adjustments
were applied to ensure data integrity and accuracy.
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3.

Data transformation: The collected monthly data was organized and transformed
into a format suitable for analysis. This involved structuring the data as a time series,
with each observation representing a distinct month within the chosen periods.
Descriptive analysis: Descriptive statistics, encompassing measures of central
tendency and variability, were computed to summarize the data. These statistics
provided a comprehensive overview of the distribution and characteristics of the
imported and exported oils.

Interpretation of results and conclusion: The analyzed data and statistical findings
were interpreted to comprehend the implications of the observed changes in the
vegetable oil market. The results were meticulously analyzed within the context of
the war in Ukraine, taking into consideration its potential influence on market
instability.

Results

Changes in the vegetable oils market

According to the Oil World forecast from May 2022 and the IERiGZ, production of
8 main vegetable oils (palm, soybean, rapeseed, sunflower, cotton, peanut, palm kernel and
coconut) will amount to 203.5 million tons and will be 1.4% higher than in the previous
season, which is the highest level in history (IERiGZ, 2022).
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Fig. 1. World production of vegetable oils (in million tons)

Source: Authors’ own study based on IEGRiGZ National Research Institute and Oil World data.
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As indicated by the data analysis, palm oil production has been most important in the
global production of edible oils over the last few years. In the marketing years 2021/22, it
reached the level of 77.64 million tons and was thus 17.54 million tons higher than in the
case of soybean oil, which ranked second in the world ranking of vegetable oil production
(Figure 1). Rapeseed oil production ranked third. It should be noted, however, that despite
the significant importance of this oil in the global production of edible oils, this level is lower
than in the previous two. In the marketing years 2019/20 - 2021/22, this production amounted
to 26.04 million tons on average per year.

Cottonseed oil Arachis oil Coconut oil

2% 20
Sunflower oil 2% K

10%
Palm oil
Rapeseed oil 39%
14%
Soybean oil

31%

Fig. 2. The structure of vegetable oil consumption in the world (%)
Source: IERiIGZ NRI based on Oil World data.

Table 1. Foreign trade in oil products in Poland (in thousands of tons)

2015 2016 2017 2018 2019 2020 20219 2022Y

Export
Vegetable oils 539,0 4734 178,7 136,5 185,5 2324 286,8 290,0
rapeseed oil 526,1 449,7 141,0 82,4 98,3 84,7 109,8 115,0
Import
Vegetable oils 551,8 6354  751,7 804,5 932,1 1078,7  1033,3 870,0
palm oil 2232 240,6  252,7 2659 283,3 2519 247,7 250,0
sunflower oil 55,1 51,2 150,3 1549 209,4 301,7 207,8 180,0
soybean oil 93,5 107,0 116,5 133,6 1933 228,8 226,9 230,0
rapeseed oil 1224 147,2 163,2 181,4 178,4 203,5 243,0 210,0

Turnover balance

Vegetable oils -12,8  -162,0 -573,0 -668,0 -746,6 -846,3 -746,5 -580,0
rapeseed oil 403,7 302,5 -22,2 -99,0 -80,1 -118,8 -133,2 -95,0

Source: Authors’ own study based on European Commission data.
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Similar trends can be seen in the case of vegetable oil consumption. The analysis of their
consumption structure indicated that the most frequently consumed vegetable oil in the world
is palm oil (37%) (Figure 2). The second and third place was taken by soybean oil (30%) and
rapeseed oil (13%). It should be noted that this list includes oils consumed directly by
households and those consumed by purchasing products that contain the above oils.

In 2015-2022, the Polish export of vegetable oils was characterized by significant
variability in individual years. This export mainly concerned rapeseed oil (Table 1). The
situation related to the import of vegetable oils was different, where an upward trend is visible
in the years 2015-2022. In 2021, the import of vegetable oils was almost twice as high. The
most significant increase concerned imports of sunflower oil (almost four times). This
contributed to the negative balance of foreign trade in vegetable oils, which increased over
58 times in 2015-2021. A slightly different situation occurred in 2022, where the import of
oils, mainly sunflower and rapeseed, decreased significantly. In this case, the effects of the
war can be seen, i.e., a decrease in imports from Ukraine and Russia, the main producers of
sunflower and rapeseed oil.

2020

2019

2018

2017

2016

2015

2014

2013

2012
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Margarine and other vegetable fats ~ EOlive oil u Vegetable oils

Fig. 3. Average monthly consumption of fats in households in kg/1 per capita (according to family budget surveys)
in Poland

Source: IERIGZ NRI based on data from the Central Statistical Office.

As suggested by the above data, despite the dynamic development of rapeseed
production and processing, Poland has low self-sufficiency in producing vegetable oils
(approx. 57-64%) and therefore remains a permanent, sizeable net importer of them. This is
due to the limited possibilities of developing the production of oilseeds and the growing
demand for vegetable oils (including technical oils due to the development of biofuel
production). It should be noted that since 2017 Poland has become a net importer of rapeseed
oil, despite the growing production of rapeseed. The analysis of the average monthly
consumption of fats in households in kg/l per capita showed that in the years 2015-2020 the
share of vegetable oils was gradually increasing. A similar situation occurred in the case of
olive oil. However, the share of margarine and other vegetable fats decreased (Figure 3).
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Fig. 4. Forecasts of retail sales of vegetable edible oils in Poland

Source: Euromonitor International 2022.

Forecasts provided by "Euromonitor International” indicate that the volume of retail
sales of edible oils in Poland will gradually increase in the coming years. (Figure 4).

The impact of the war in Ukraine on the market of vegetable oils

Due to the significant importance of Ukraine in the supply of vegetable oils, changes in
the export of three vegetable oils of the greatest importance in the trade relationship between
Ukraine and the EU and Poland were analyzed. It should be noted that significant differences
in individual months characterize imports of rapeseed oil by the EU from Ukraine. The peak
for imports, in this case, falls in August-November. The analysis of data from the 2019/2020-
2022/2023 marketing years showed that 2021/2022 turned out to be a record year in this
period, where the import level of rapeseed oil amounted to 120,831 t and was more than twice
as high as in the previous year (Figure 5). It should be noted, however, that this situation
changed dramatically after the outbreak of the war in Ukraine. With the escalation of the
conflict, the amount of rapeseed oil imported by the EU from Ukraine was successively
decreasing. In June 2022, the amount of imported rapeseed oil was three times lower than in
the previous year. A similar situation occurred in the following months, July 2022 -
November 2023. In these months, the level of imports was, on average, five times lower than
in the corresponding months of the previous year. This situation, among others, should be
considered, in the problems in exports from Ukraine resulting from the conflict and the
decline in production caused by the same factor.

Despite the numerous problems in the export of sunflower oil from Ukraine after
Russia's aggression, this disturbance was short-lived in the case of the European Union. The
decrease in EU sunflower oil imports from Ukraine in the 2021/2022 marketing years fell in
March - May 2022, and then these imports stabilized (Figure 6). It should be noted that
despite the challenging market situation, the level of imports of sunflower oil by the EU from
Ukraine in June 2022 - December 2022 was higher than in the same months in 2021.



Changes in the vegetable oil market, with particular emphasis on market instability in relation... 53

The situation in January 2023 was different. When this import was more than two times lower
than in January 2022 and, on average, by 40% compared to January 2021, this loss may result
from a decrease in the sunflower harvest in 2022 resulting from the decline in crops. It should
be noted that sunflower production in Ukraine is located mainly in the eastern part of the
country, i.e., the area of increased fighting. It can therefore be expected that in the coming
months, the trend observed in January 2023 may continue.
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Fig. 5. Imports rapeseed oil by the EU from Ukraine (in tons)

Source: Authors’ own study based on European Commission data.
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Source: Authors’ own study based on European Commission data.
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The analysis of the level of imports of rapeseed oil by Poland from Ukraine in the last
three marketing years showed that in July - September 2022, the level of imports of this oil
decreased significantly compared to previous years in these months. Compared to the same
period in 2021, there was a decrease of over 50% (Figure 7).
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Fig. 7. Imports rapeseed oil through Poland from Ukraine (in tons)

Source: Authors’ own study based on European Commission data.
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What may seem surprising is the significant increase in sunflower oil imports by Poland
between July 2021 and December 2022. During this period, Poland imported almost four
times more sunflower oil from Ukraine than in the corresponding months of the previous
year and almost twice as much as in the same period in 2019/2020 (Figure 8). The situation
changed dramatically in January 2023, when this import was over 300 times lower than the
average from the previous three marketing years.
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Fig. 8. Rapeseed oil exports via Poland to Ukraine (in tons)

Source: Authors’ own study based on European Commission data.

Although Poland imports rapeseed oil from Ukraine, it also exports rapeseed oil to
Ukraine. The marketing years 2019/2020-2020/2021 fluctuated around 1,600 - 1,700 tons.
Since March 2022, this export has fallen to zero.

Conclusions

As the data analysis indicates, palm oil production has had the most significant
importance in the global production of edible oils in recent years. In the marketing years
2021/22, it reached the level of 77.64 million tons and was thus 17.54 million tons higher
than in the case of soybean oil, which ranked second in the world ranking of vegetable oil
production. Rapeseed oil production ranked third.

The current crude rapeseed oil production scale ranks Poland third in the European
Union and sixth in the world (the country's share in EU rapeseed oil production is about
13%). As suggested by the above data, despite the dynamic development of rapeseed
production and processing, Poland has low self-sufficiency in producing vegetable oils
(approx. 57-64%). It, therefore, remains a permanent, sizeable net importer of them. In 2015-
2022, the Polish export of vegetable oils was characterized by significant variability in
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individual years. This export mainly concerned rapeseed oil. The situation related to the
import of vegetable oils was different, with an upward trend visible in the years 2015-2022.
The analysis showed that from the 2019/2020 marketing year, the import of edible oils to the
EU and Poland from Ukraine had been gradually increasing. This trend was disrupted by the
outbreak of war in Ukraine, which caused a decrease in the production of oilseeds and,
consequently, a decline in exports. Therefore, in recent months, Poland and the EU have seen
a noticeable decline in imports of vegetable oils from Ukraine. It is estimated that in the
coming months, the level of imports of rapeseed oil to Poland and the EU from Ukraine will
continue to decrease. It should be mentioned that the war in Ukraine and the resulting decline
in agricultural production in this area may deepen this phenomenon. Consequently, this may
translate into a decrease in rapeseed and sunflower oil inventories in European countries and,
consequently, an increase in prices. Given the recent shocks in the agricultural products
market (COVID-19, war in Ukraine, drought, embargo on grain exports from Russia, rising
inflation), a problematic situation on the food market can be expected soon (Franc-
Dabrowska and Drejerska 2022) which may be particularly visible in the case of products
where Ukraine is an essential player on the international arena.

It should be noted that the Ukrainian market also plays a vital role in the import of three
main vegetable edible oils through Poland. According to the data of the European
Commission, in the last five years, on average, almost 90% of the three oils imported by
Poland (sunflower oil, rapeseed oil, soybean oil) came from Ukraine. Therefore, it is not
difficult to conclude that the disruption in the production and, thus, the export of Ukrainian
edible oils has a significant impact on the Polish market. It should be noted that this situation
may deepen in the coming months due to the fact that domestic agricultural producers are
struggling with difficulties related to the increase in production costs, which in turn may
translate into an increase in the prices of raw materials for the production of edible vegetable
oils.

References

Boczar, P. (2012). Factors Determining Competitiveness of Selected Vegetable Oils Production in the World,
Scientific Journal Warsaw University of Life Sciences — SGGW, Problems Of World Agriculture, 12(27),
5-13.

Boczar, P., Blazejezyk-Majka, L. (2018). Rapeseed Oil Consumers versus Sunflower Oil Consumers in Poland,
Handel Wewngtrzny 2(373): 90-103.

Boczar, P., Gorynska-Goldmann, E. (2005). Vegetables Oil Consumption in Poland, UE and in the World. Annals
of the Polish Association of Agricultural and Agribusiness Economists, 7 (8), 20-24.

Debaceke, P., Casadebaig, P., Flenet, F., Langlade, N. (2017). Sunflower crop and climate change: vulnerability,
adaptation, and mitigation potential from case-studies in Europe. 24(1).

Dominguez, B. J., Sarquis, A. (2012). Challenges for the sunflower oil market for 2020. In: Proc. 18th Int. Sunflower
Conf. Mar del Plata-Balcarce, ARG, 35-42.

Drejerska, N., Fiore, M. (2022). Digital and green trust in the agri-food business. Trust and Digital Business —
Routledge, 148-157.

FAO (2020). The state of food and agriculture, FAO, Food and Agriculture Organization, Rome,
https://www.fao.org (dostep: 13.01.2023).

Franc-Dabrowska J., Drejerska N. (2022). Resilience in the food sector—environmental, social and economic
perspectives in crisis situations. International Food and Agribusiness Management Review. Wageningen
Academic Publishers, 25(5), 757-770, DOI: 10.22434/IFAMR2022.0010.

Gulbicka, B., Kwasek, M. (2000). Zréznicowanie spozycia zywnosci w Polsce w $wietle wynikéw badan budzetow
gospodarstw domowych, IERiGZ, Warszawa.



Changes in the vegetable oil market, with particular emphasis on market instability in relation... 57

Gulbicka, B., Kwasek, M. (2001), Wplyw dochodéw na spozycie zywnosci w gospodarstwach domowych, IERiGZ,
Warszawa.

Gulbicka, B., Kwasek, M. (2006). Analiza spozycia zywnosci w gospodarstwach domowych. Przestanki dla polityki
zywnosciowej, IERiIGZ-PIB, Warszawa.

IERiGZ-PIB (2022). Rynek Rzepaku. Stan i perspektywy, (61), Warszawa: IERiGZ-PIB.

Kapusta, F. (2022). Rzepak w rolnictwie i gospodarce Polski. Zagadnienia Doradztwa Rolniczego, 1(107), 65-83.

Krygier, K. (2009). Olej rzepakowy - jego warto$¢ zywieniowa i uzytkowa. Przemyst Spozywczy, 63(7), 16-20.

Kuts, T., Makarchuk, O. (2020). Ukrainian Sunflower Market on the Background of EU and US Markets. Scientific
Journal Warsaw University of Life Sciences — SGGW Problems of World Agriculture, 20(3), 4-15,
DOI: 10.22630/PRS.2020.20.3.13.

Laskowski, W. (2014). Income Elasticity of Polish Household Expenditure and its Determinant Factors. Scientific
Journal Warsaw University of Life Sciences — SGGW, Problems Of World Agriculture, 14(1), 63-74.

OECD-FAO (2019). Agricultural outlook 2019-2028, chapter 4, Oilseeds and oilseed products, 142-154.

OilWorld Annual. (2019). Global analysis of all major oilseeds, oils and oilmeals: Supply, demand and price
outlook. ISTA Mielke Gmbh, May 2019.

Parcell, J., Kojima, Y., Roach, A., Cain, W. (2018). Global Edible Vegetable Oil Market Trends. Biomedical Journal
of Scientific & Technical Research, 2(1), 2282-2291, DOIL: 10.26717/BJSTR.2018.02.000680.

Pilorgé, E. (2020). Sunflower in the global vegetable oil system: situation, specificities and perspectives. OCL
27(34), 1-11, DOI:10.1051/0c1/2020028.

Pilorgé, E., Muel, F. (2016). What vegetable oils and proteins for 2030? Would the protein fraction be the future of
oil and protein crops? OCL 2016, 23(4), 402.

Polskie Stowarzyszenie Producentow Oleju. (2021) Olej rzepakowy, Polish Food, Poland.

Rosiak, E. (2006). Sektor olejarski — perspektywy rozwoju do 2013 roku. Biuletyn Informacyjny ARR, Zak
Sp. z 0.0., Warszawa.

Rosiak, E., (2014). The domestic market of rapeseed compared to the global Market. Scientific Journal Warsaw
University of Life Sciences — SGGW, Problems Of World Agriculture, 14(1), 86-96.

Rosiak, E., (2018). The Global Market for Oilseeds and Their Processing Products. Scientific Journal Warsaw
University of Life Sciences — SGGW, Problems Of World Agriculture, 18(1). 214-223

Rosiak, E., (2019). The Market of Oilseeds and Their Processing Products in the European Union. Scientific Journal
Warsaw University of Life Sciences — SGGW, Problems Of World Agriculture, 19(2), 151-161,
DOI: 10.22630/PRS.2019.19.2.31

Shahidi, F. (2005) Bailey’s Industrial Oil and Fat Products. NJ: John Wiley & Sons, Inc, Hoboken, New Jersey.

Smith, J. (2005) Safflower Oil: Bailey’s Industrial Oil and Fat Products. Hoboken, NJ: John Wiley & Sons, Inc,
USA.

Szczypska, M. (2019). Wykorzystanie olejow roslinnych. Zeszyty Naukowe Panstwowej Wyzszej Szkoty Zawodowej
im. Witelona w Legnicy. 30(1), 313-332.

Zavorotniy, R., Bilyk, O. (2017). Transformation of sunflower oil production in Ukraine due to acute economic
crisis. Journal of International Studies, 10(1), 225-236. DOI:10.14254/2071-8330.2017/10-1/16.

Zielinska, A., Nowak, 1. (2014). Kwasy tluszczowe w olejach roélinnych i ich znaczenie w kosmetyce. Chemik,
2(68), 103-106.

Zolotnytska, Y., Kowalczyk, S. (2022). Ukraine on the world agricultural market. Kwartalnik Nauk
o Przedsigbiorstwie. 65 (3), 5-25, DOI: 10.33119/KNoP.2022.65.3.1.

For citation:

Sobczak-Malitka W., Sobczak E. (2023). Changes in the Vegetable Oil Market, with Particular
Emphasis on Market Instability in Relation to the War in Ukraine. Problems of World Agriculture,
23(1), 46-57; DOI: 10.22630/PRS.2023.23.1.4



—_

Informacje dla autorow artykuléw zamieszczanych
w Zeszytach Naukowych Szkoly Gléwnej Gospodarstwa Wiejskiego w Warszawie
Problemy Rolnictwa Swiatowego

. W Zeszytach Naukowych Szkoly Gtéwnej Gospodarstwa Wiejskiego w Warszawie

Problemy Rolnictwa Swiatowego publikowane sa oryginalne prace naukowe, zgodne
z profilem czasopisma, w jezyku polskim i angielskim.

Zaakceptowane przez redaktora tematycznego artykuly zostana przekazane do recenzji
do dwoch niezaleznych recenzentéw z zachowaniem zasad anonimowosci (,,double-
blind review proces”). W przypadku artykuldéw napisanych w jezyku kongresowym, co
najmniej jeden z recenzentdw bedzie afiliowany w instytucji zagranicznej. Lista
recenzentow jest publikowana w zeszytach naukowych i na stronie internetowej
czasopisma.

Recenzja ma forme¢ pisemna konczaca si¢ jednoznacznym wnioskiem co do
dopuszczenia lub nie artykulu do publikacji (formularz recenzji znajduje si¢ na stronie
internetowej czasopisma).

W celu zapobiegania przypadkom ,.ghostwriting” oraz ,,guest authorship” autorzy
wypehiajg o$wiadczenia (druk os$wiadczenia znajduje si¢ na stronie internetowej
czasopisma).

Autor przesyta do redakcji tekst artykulu przygotowany wedlug wymogoéw
redakcyjnych (wymogi redakcyjne znajduja si¢ na stronie internetowej czasopisma).
Autor ponosi odpowiedzialno$¢ za tresci prezentowane w artykutach.

Pierwotng wersja czasopisma naukowego jest wersja elektroniczna, ktdra jest
zamieszczona na stronie internetowej czasopisma.

Publikacja artykutéw jest bezptatna.

Adres do korespondencji
Redakcja Zeszytow Naukowych Szkoty Gtownej Gospodarstwa Wiejskiego w Warszawie

Problemy Rolnictwa Swiatowego

Szkota Gltéwna Gospodarstwa Wiejskiego w Warszawie
Instytut Ekonomii i Finansow

Katedra Ekonomii Miedzynarodowej i Agrobiznesu

ul. Nowoursynowska 166, 02-787 Warszawa

tel.(22) 5934103, 5934102, fax. 5934101

e-mail: problemy rs@sggw.edu.pl

prs.wne.sggw.pl



Information for Authors of papers published
in Scientific Journal Warsaw University of Life Science - SGGW
Problems of World Agriculture

1. The Scientific Journal of Warsaw University of Life Science — SGGW Problems of
World Agriculture, publishes scientific papers based on original research, compliant
with the profile of the journal, in Polish and English.

2. The manuscripts submitted, accepted by the Editor, will be subject to the double-blind
peer review. If the manuscript is written in English at least one of the reviewers is
affiliated with a foreign institution. The list of reviewers is published in the journal.

3. The written review contains a clear reviewer's finding for the conditions of a scientific
manuscript to be published or rejected it (the review form can be found on the website
of the journal).

4. In order to prevent the "ghostwriting" and "guest authorship" the authors are requested
to fill out and sign an Author's Ethical Declarations (the declaration form can be found
on the website of the journal).

5. Authors have to send to the Editor text of the paper prepared according to the editorial
requirements (editorial requirements can be found on the website of the journal).
Author is responsible for the contents presented in the paper.

6. The original version of the scientific journal issued is a on-line version. An electronic
version is posted on line on the journal's website.

7. Submission of papers is free of charge.

Editorial Office:

Scientific Journal Warsaw University of Life Science: Problems of World Agriculture
/ Zeszyty Naukowe Szkoty Glownej Gospodarstwa Wiejskiego w Warszawie Problemy
Rolnictwa Swiatowego

Warsaw University of Life Sciences-SGGW

Institute of Economics and Finance

Department of International Economics and Agribusiness

166 Nowoursynowska St.

02-787 Warsaw, Poland

Phone: +48 22 5934103, +48 22 5934102, fax.: +48 22 5934101

e-mail: problemy rs@sggw.edu.pl

prs.wne.sggw.pl



