University of Montenegro
.' Biotechnical faculty
UCG Univerzitet Crne Gore BTF

Biotehnicki fakultet Biotehnicki fakultet

Univerzitet Crne Gore

Agriculture and Forestry
Poljoprivreda i Sumarstvo

2

Agriculture and Forestry, Vol.68. Issue 2: 1-248, Podgorica, 2022

ISSN 0554-5579; E-ISSN 1800-9492; DOI: 10.17707/AgricultForest
COBIS.CG-ID: 3758082 www.agricultforest.ac.me



Agriculture and Forestry, Volume 68. Issue 2: 1-248, Podgorica, 2022

Agriculture and Forestry - Poljoprivreda i Sumarstvo
PUBLISHER - IZDAVAC
University of Montenegro — Univerzitet Crne Gore
Biotechnical faculty (BTF), Podgorica - Biotehnicki fakultet, Podgorica
Bul. M. Lali¢a 1, 81000 Podgorica, Crna Gora (Montenegro), P.Box 97,
Tel.: +382 20 268434; +382 20 268437; Fax: +382 20 268432
Web: www.agricultforest.ac.me; E-mail: agricultforest@ac.me

EDITORIAL BOARD - REDAKCIJA

Mili¢ CUROVIC, Editor in chief - glavni i odgovorni urednik (BTF),

Miomir JOVANOV}C', Co-Editor, Secretary General - sekretar redakcije (BTF),
Igor PAJOVIC, Co-Editor, Technical editor - tehic¢ki urednik (BTF),

Joachim Miiller (GER), Sezai ERCISLI (TUR), Elazar FALLIK (ISR)

Hubert Hasenauer (AUT), Juan Antonio Ballesteros Canovas (CH),

Maja MIKULIC PETKOVSEK (SLO), Che Fauziah ISHAK (MYYS),
Renzo MOTTA (ITA), Sead Sabanadzovié¢ (USA), Guangyu Sun (CHN),
Dusan Petri¢ (SRB), Gordan Karaman (MNE), Paraskevi Londra (GRE),

Peter Dov¢ (SLO), Reinhard Eder (AUT), Jelena Latinovi¢ (BTF), Emil Erjavec (SLO),
Bozidarka Markovi¢ (BTF), Aleksandra Despotovi¢ (BTF), Franc Bavec (SLO),
Svetislav Popovi¢ (MNE), Vojislav Trkulja (BIH), Milan Medarevi¢ (SRB),
Shkelgim Karaj (GER), Ana Topalovi¢ (BTF), Radmila Pajovi¢ (BTF),

Natasa Mirecki (BTF), Vjekoslav Tanaskovik (MKD), Goran Barovi¢ (MNE),
Paolo Billi (ITA), Drago Cvijanovi¢ (SRB), Sinisa Berjan (BIH),

Naser Sabaghnia (IRI), Paul Sestras (ROU)

Luka FILIPOVIC, Technical editor - tehi¢ki urednik
Technical design: Ana S¢ekié

CIP — Karanoru3zanuja y nyOnukamuju

IenTpanna Hapoana 6ubmnoreka Lpue [Nope, [letnme
ISSN 0554-5579

COBIS.CG-ID 3758082



Agriculture and Forestry, Volume 68. Issue 2: 1-248, Podgorica, 2022 3
CONTENT
Manoel Ribeiro RODRIGUES NETO, Denis Giovanni MUSSELLLI,
Guilherme Henrique Expedito LENSE, Lucas Emanuel SERVIDONI,
Stefanos Stefanidis, Velibor SPALEVIC and Ronaldo Luiz MINCATO
SOIL LOSS MODELLING BY THE IntErO MODEL — EROSION
POTENTIAL METHOD IN THE MACHADO RIVER BASIN,
MINAS GERAIUS, BRAZIL ...ttt ettt 007-021
Mihai Valentin HERBEI, Radu BERTICI , Florin SALA
THE USE OF REMOTE SENSING IMAGES IN ORDER TO
CHARACTERIZE THE SOIL AGROCHEMICAL INDEXES
IN RELATION TO THE AGRICULTURAL CROPS.......oooovviiiieeeeiiiiienn, 023-033
Khadijeh HAJI, Abdulvahed KHALEDI DARVISHAN,
Raoof MOSTAFAZADEH
IDENTIFICATION OF EROSION CRITICAL AREAS BASED ON
SOIL ERODIBILITY AND TERRAIN INFLUENCE FACTORS IN
THE IRANIAN PART OF THE CASPIAN SEA BASIN ........cocoiiiiiieee e 035-047
Stefanos STEFANIDIS, Vasileios ALEXANDRIDIS,
Velibor SPALEVIC and Ronaldo Luiz MINCATO
CRITICAL SUCCESS FACTORS OF SMALL AND MEDIUM
WILDFIRE EFFECTS ON SOIL EROSION DYNAMICS:
THE CASE OF 2021 MEGAFIRES IN GREECE .......c..cocoiiiieecee e 049-063
Draien BOZOVIC, Mirko KNEZEVIC,
Marinko ALEKSIC, Oto IKER, Ladin GOSTIMIROVIC
FOREST FIRE RISK MANAGEMENT INFORMATION
SYSTEMS IN MONTENEGRO ..... .ottt a e 065-81



4 Agriculture and Forestry, Volume 68. Issue 2: 1-248, Podgorica, 2022

Alper Ahmet OZBEY, Nebi BILIR

VARIATION IN GROWTH AMONG PROVENANCES OF

PINUS BRUTIA IN A 32-YEAR-OLD EXPERIMENT

FROM SOUTHERN TURKEY .....ociiiiiiiiiiinieise et 83-91

Sabrija CADRO, Emir BECIROVIC, Merima MAKAS,

Zuhdija OMEROVIC, Cerima ZAHIROVIC,

Benjamin CRLJENKOVIC

GEOTHERMAL ENERGY FOR SUSTAINABLE AGRICULTURE:

A CASE STUDY SARAJEVO, BOSNIA AND HERZEGOVINA........c.ccccvriienen. 93-108
Vasil KOLEV

GROWTH RATE OF SQUALIUS ORPHEUS (KOTTELAT AND ECONOMIDIS 2007)
IN THE RIVERS CHEPINSKA AND VACHA ..., 109-120

Asrianti ARIF, HUSNA, Faisal Danu TUHETERU, ROSNAWATI

SHOOTS CUTTINGS PROPAGATION OF ENDANGERED

AND ENDEMIC TREE SPECIES Kalappia celebica Kosterm

USING THE APPLICATION OF ROOTONE-F......cccccoieiiiiieiiseneee e 121-131

Levan CUONG, Buivan THANG, Oluwasanmi Tope BOLANLE-0JO,

Tranquang BAO, Nguyenthanh TUAN, Tranvan SANG,

Xiaoniu XU, Nguyenminh THANH

ENHANCEMENT OF SOIL ORGANIC CARBON

BY ACACIA MANGIUM AFFORESTATION

IN SOUTHEASTERN REGION, VIETNAM......ooiit it 133-155

Sladana KRIVOKAPIC, Milena OTOVIC,

Svetlana PEROVIC, Biljana DAMJANOVIC VRATNICA

TOTAL PHENOLS, FLAVONOIDS, ANTHOCYANINS AND ANTIOXIDANT
ACTIVITY OF WILD POMEGRANATE

(Punica granatum L.) BIOWASTE FROM MONTENEGRO........cc.cccovvvverererennn. 157-165



Agriculture and Forestry, Volume 68. Issue 2: 1-248, Podgorica, 2022 5

Olena VASYLYSHYNA, Andrii CHERNEGA

THE EFFECT OF FOOD COATING TREATMENT

ON THE CHANGE OF CHLOROGENIC AND CAFFEIC ACID

CONTENT IN CHERRY FRUITS IN PERIOD OF STORAGE .........c.ccoeiiinn, 167-174

Drago MARIC, Katarina BURZANOVIC, Stevan MARIC

VARIABILITY OF LENGTH WEIGHT RELATIONSHIP AND

CONDITION FACTOR OF THE EUROPEAN EEL (Anguilla anguilla L.)

— CASE STUDY FROM THE LAKE SKADAR (MONTENEGRO) .............c....... 175-191

Jonilda LLUPA, Uro§ GASIC, Ilija BRCESKI,

Panagiotis DEMERTZIS, Vele TESEVIC, Dritan TOPI

LC-MS/MS CHARACTERIZATION OF PHENOLIC COMPOUNDS

IN THE QUINCE (CYDONIA OBLONGA MILL.)

AND SWEET CHERRY (PRUNUS AVIUM L.) FRUIT JUICES........cccvvvve... 193-205

Elmouatassime SABRI, Velibor SPALEVIC, Ahmed BOUKDIR,

Ismail KARAOUI, Abdessalam OUALLALI, Ronaldo Luiz MINCATO,

Paul SESTRAS

ESTIMATION OF SOIL LOSSES AND RESERVOIR SEDIMENTATION:

A CASE STUDY IN TILLOUGUITE SUB-BASIN

(HIGH ATLAS - MOROCCO) ....c.iiiiiiiieitectieiesiese ettt 207-220

Ahmed BARAKAT, Oumaima EL HARTI, Widad ENNAJI

ENVIRONMENTAL POLLUTION FROM HEAVY METALS

IN SOILS SURROUNDING THE ABANDONED MINE

OF TANSRIFT (CENTRAL HIGH-ATLAS, MOROCCO).......cccocereirienieeniennans 221-245

INSTRUCTIONS TO AUTHORS ...t 247-248






Agriculture & Forestry, Vol. 68 Issue 2: 7-21, 2022, Podgorica 7

Rodrigues Neto, M.R.; Musselli, D.G.; Lense, G.H.E.; Servidoni, L.E.; Stefanidis, S.; Spalevic, V.; Mincato, R.L.
(2022). Soil loss modelling by the IntErO model - Erosion Potential Method in the Machado River Watershed,
Minas Gerais, Brazil. Agriculture and Forestry, 68 (2): 7-21. doi:10.17707/AgricultForest.68.2.01

DOI: 10.17707/AgricultForest.68.2.01

Manoel Ribeiro RODRIGUES NETO?, Denis Giovanni MUSSELLI",
Guilherme Henrique Expedito LENSE?, Lucas Emanuel SERVIDONI?,
Stefanos STEFANIDIS?, Velibor SPALEVIC® and

Ronaldo Luiz MINCATO*

SOIL LOSS MODELLING BY THE IntErO MODEL - EROSION
POTENTIAL METHOD IN THE MACHADO RIVER BASIN,
MINAS GERAIS, BRAZIL

SUMMARY

Water erosion has radically affected the productive capacity of soils,
especially in regions with a tropical climate, causing environmental and social
damage, such as reduced agricultural productivity and siltation of water bodies.
The objective of this research was to estimate soil losses with using the IntErO
model - Erosion Potential Method in the River Machado Watershed (MRW),
South Minas Gerais State (Brazil), with the idea to identify areas of increased soil
losses due to water erosion, contributing with the research activities to the
environmental planning in order to prevent land degradation. The Machado River
basin was selected as study area because it is an important Sustainable Use
Conservation Unit in Minas Gerais, which has abundant water resources, rich
biodiversity, and intensive agricultural production. The estimated soil losses for
the year 2020 were calculated, using the IntErO model - Erosion Potential
Method, in a Geographic Information System (GIS) environment. The MRW
presented an average soil loss of 18.2 Mg ha™ yr*, and a total of about 2 million
tons per year. In about 85% of the watershed, soil losses were greater than the
tolerable limits, what leads to the conclusion that there is a need to adopt a
comprehensive soil conservation management plan to reduce water erosion. The
highest average soil losses occurred in areas of exposed soil as well as sporadic
agricultural and pasture, and are concentrated in the southern sector of the studied
area. The results obtained can support the environmental planning aimed at the
conservationist use of the soil in the MRW.

Key words: Soil Conservation; Soil Erosion; IntErO model; EPM,;
Environmental Planning; GIS; Nature Conservation; Brazil.
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INTRODUCTION

Soil erosion is one of the most widespread and a major environmental
threat which decreases agricultural productivity and affects water quality
(Artemyeva et al., 2021; Kavian et al., 2018; Kavian et al., 2017; Spalevic et al.,
2017; Khaledi Darvishan et al., 2016; Mohammadi and Kavian, 2015; Spalevic et
al., 2013; Nearing et al., 2005). Water erosion has drastically affected the
productive capacity of soils, especially in tropical regions, due to the large
volume of rainfall (Panachuki et al., 2006; Santos et al., 2010). The four basic
factors that regulate water erosion rates are topography, climate, soil types and
characteristics, and land cover (Panagos et al., 2015). The erosion rates are
generally higher on terrains with longer and steeper slopes due to increased
runoff volume and velocity (Tavares et al., 2021).

Erosive processes accelerated or intensified by human activities (Bigarella,
2007) cause damage to the environment and society, both in places where they
occur (in loco) and in nearby or distant areas, such as reduction or even closure of
agricultural production, the loss of soil fertility and siltation of water bodies
(Guerra and Mendonga, 2020).

Over the past 50 years, several water erosion estimation models have been

developed and improved (Lovric and Tosic, 2018, Santana et al., 2021). These
models are based on mathematical equations that express the relationship
between environmental parameters and allow the estimation of soil losses with an
acceptable level of accuracy (Stefanidis and Stathis, 2018). In addition, the
association of modelling with Geographic Information Systems allows the
spatialization of results, facilitating the implementation of actions in the field of
soil conservation management (Imamoglu and Dengiz, 2017).
The Erosion Potential Method (EPM) is a model for estimating water erosion,
based on simple and low-cost obtaining parameters (Gavrilovic, 1962). EPM has
been widely used in the South East European regions, Italy, the Middle East, and
North Africa (EI Mouatassime et al., 2019; Stefanidis and Stathis, 2018; Nikolic
et al., 2018; Darvishan et al., 2017; Spalevic et al., 2017; Dragicevic et al., 2017;
2016;). It has also been recognized as the most quantitative of all the semi-
quantitative models (De Vente et al., 2005). Noteworthy studies comparing EPM
erosion model output with field measurements shows that give satisfactory results
(Tazioli, 2009; Efthimiou et al., 2016). More recently, the IntErO model
(www.geasci.org/IntErO) — EPM method have been applied to tropical conditions
in Brazil, giving accurate results (Sakuno et al., 2020; Tavares et al., 2019; Lense
etal., 2019; Silva et al., 2014).

In this scenario, the objective of the work was to estimate the soil loss rates
by using the IntErO model - Erosion Potential Method in the Environmental
Protection Area (APA) of the Rio Machado Watershed, southern of Minas Gerais
State, to identify the areas with environmentally unsustainable soil loss due to
water erosion and contribute to environmental planning and soil and water
conservation policies. The Machado River Watershed was selected as the study
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area because it is an important Conservation Unit in the State of Minas Gerais,
with abundant water resources and rich biodiversity, and, on the other hand,
widely used by the agricultural sector.

MATERIAL AND METHODS

Study area. The Machado River Watershed (MRW) is a Conservation Unit
(protected area) in the State of Minas Gerais, south-eastern Brazil. It has an area
of 101,600 ha and covers eleven municipalities of southern of Minas Gerais State
(Figure 1). The area is under the anthropogenic influence in certain degree, being
endowed with abiotic, biotic, aesthetic, or cultural attributes. Its basic objectives
are the protection of biodiversity and maintaining the sustainable use of natural
resources (IEF, 2021).

The Machado River is the main watercourse of the watershed, having
112.2 km of extension and an expressive altimetric gradient between its high and
medium course. Its main tributaries are the Machadinho do Campo and
Machadinho streams, on the right bank, and, on the left bank, the Jacutinga and
Conceig¢do streams (Latuf et al., 2019). The Machado River watershed is part of
the Rio Grande Watershed and has the Furnas Reservoir as its base level (Justino
etal., 2019).
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Figure 1. Study area of the Machado River Watershed, Minas Gerais, Brazil.

Climate. The Intergovernmental Panel on Climate Change (IPCC) special
report on climate change and land underlines that the increase of the global mean
surface temperature, relative to pre-industrial levels, may substantially affect
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processes involved in desertification (water scarcity), land degradation (soil
erosion, vegetation loss, wildfire, permafrost thaw) and food security (Panagos et
al., 2021). Climate change and land use change are recognized as the main
drivers of future soil erosion dynamics (Poesen, 2018).

The climate in the studied area is Tropical (Cwa), with a dry season
between April and September, and a rainy season, between October and March,
according to the Képpen-Geiger classification (Reboita et al., 2015). The average
annual precipitation and the average annual compensated temperature considering
a historical series of 30 years, from 1981 to 2010, are 1,597 mm and 19.8° C,
respectively (INMET, 2021).

Geology. The geological framework of the area consists of the following
lithotypes: paragneisses, orthogneisses, quartzites, migmatites, biotite schist and
associated granitoids (CPRM, 2014). The geological substrate has low
permeability and high resistance to erosion, presenting rocky outcrops in the
upper course of the Machado River and in steep areas (Servidoni et al., 2019).

Soils. The pedological units, according to the Brazilian Soil Classification
System (SiBCS) of EMBRAPA (2018) (Figure 2A), are the Haplic Cambisol,
which predominates in the southern sector of the conservation unit, and the Red-
yellow Latosol in the other sectors, with soils of the Red-yellow Argisol and
Haplic Nitosol types in the northern sector (UFV et al., 2010). The soil map of
the area was adapted from the “Soil Map of the State of Minas Gerais” in a scale
of 1:650,000 (UFV et al., 2010). The relief of the area is predominantly smooth
undulating, with an average slope between 3 and 8% (TOPODATA, 2008,
EMBRAPA, 2013). The altitudes vary from 760 m, on the Machado River plain,
to 1,470, mainly on the hills of the southern sector (Figure 1). The slope map
(Figure 2B) was prepared with percentage values, from the Digital Elevation
Model (DEM) covering the area, with a spatial resolution of 30 m (TOPODATA,
2008), using the ArcGis 10.5 Slope tool (ESRI, 2016).
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Figure 2. Soil classes (A) and slope (B) maps of the Machado River watershed,
Minas Gerais, Brazil.
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Land use. The study area has a predominance of the Atlantic Forest
Biome, with transition to Cerrado (Savanna) to the north. In land use, temporary
and permanent crops are highlighted, such as corn and coffee, respectively, in
addition to forestry and pasture for cattle raising (Santos, 2019, MAPBIOMAS,
2020). The land use map considering the year 2020 (Figure 3) was obtained from
the digital platform MapBiomas Project (2020), with a spatial resolution of 30 m.
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Figure 3. Land use map of the Machado River Watershed, Minas Gerais, Brazil.

Adapted from the MapBiomas (2020).

The Erosion Potential Method (EPM). Soil erosion can present a major
threat to agriculture due to loss of soil, nutrients, and organic carbon. Therefore,
soil erosion modelling is one of the steps used to plan suitable soil protection
measures and detect erosion hotspots (Bezak et al, 2021). For the modelling and
analysis of soil erosion intensity in the Machado River Basin of the Minas Gerais,
(Brazil), we used the IntErO model with the Erosion Potential Method in its
algorithm background.

The EPM (Gavrilovic, 1972) considers factors dependent on climate, soil
properties, topographic characteristics, land use and the degree of erosion of the
watershed. Initially, the EPM estimates the susceptibility to the erosion process
by calculating the erosion intensity coefficient (Z). Areas with a value of Z > 1.00
have high susceptibility to erosion, while areas with Z < 0.19 have a low
tendency to the occurrence of the phenomenon (Gavrilovic, 1962). The Z
parameter is calculated according to Equation 1:
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Z=Y Xg (¢ +3ls) Equation 1

where: Y = soil resistance to water erosion, dimensionless; X, = coefficient of
land use and management, dimensionless; ¢ = coefficient of degree of erosive
features, dimensionless and I, = mean slope of the area in %.

The Y parameter represents the soil resistance to water erosion and varies
depending on the type of soil and its source material, having values between 0.20
and 2.00. The most resistant soils have values close to 0.20, while those more
susceptible to erosion have values close to 2.00. The Y factor was determined for
each soil class according to Sakuno et al. (2020), and its average value,
considering the entire studied area, was 0.7.

Parameter X, expresses the protection of the watershed against the erosive
action of rain, considering the existing vegetation cover, and its values range
from 0.05 (areas covered by dense vegetation) to 1.0 (areas with the presence of
soil exposed). In the study area, the X, parameter was determined for each land
use class according to Sakuno et al. (2020), and its mean value for the entire
study area was 0.54.

Factor ¢ represents the characteristics of erosive features observed in the
field, ranging from 0.10, for areas without evidence of erosive processes, to 1.00,
for areas affected by severe erosive processes, such as gullies. Through field
surveys, it was verified that the occurrence of laminar erosion predominates in the
watershed, thus the value of 0.5 was adopted for the parameter ¢ throughout of
the MRW.

The I factor (%) indicates the influence of relief on the erosive dynamics,
and was obtained from the slope map, showing that the area has an average slope
of 4.5%.

Using the Z coefficient, the EPM estimates the total soil loss (Wy,) in Mg
ha™ ano™, according to Equation 2:

Wyr — <2 ’I_‘z) + 01) . Hyr ST - W - Ds Equation 2

where: t, = average air temperature, in °C; Hy, = total annual precipitation, in
mm:; Ds = average soil density in kg dm™.

The parameters H,, (mm) and t, (°C) represent the influence of climatic
factors on erosive dynamics and were obtained for the year 2020 based on a
rainfall station located inside the watershed, at coordinates 45°53'35” W,
21°39'55” S, regulated by the National Institute of Meteorology (INMET, 2021).
In the watershed, in the year 2020, the total annual precipitation was 1,534 mm
and the average annual temperature was 20.5° C.

Finally, the Ds coefficient (kg dm™) demonstrates the average soil density,
and its value was adopted for the study area according to Lense et al. (2019),
being 1.21 kg dm™
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Obtaining the parameters as well as all the processing and modelling steps
were developed with the aid of a Geographic Information System, using the
ArcGis 10.5 software (ESRI, 2016).

The results estimated by using the IntErO model - EPM were compared
with the soil loss tolerance limits (T). T can be defined as the maximum erosive
intensity that still allows for sustainable agricultural production (Wischmeier and
Smith, 1978). T values were obtained for each soil class based on the results of
Lense et al. (2019), who calculated the T using the methodology of Bertol and
Almeida (2000), which is the most recent and most used in Brazilian soils. The T
values adopted were 7.40 Mg ha™ yr' for Latosols, 4.75 Mg ha™ yr* for
Cambisols and 7.20 Mg ha™ yr™ for Argisols/Nitosols.

The IntErO model. The IntErO model uses the Erosion Potential Method
in its algorithm background (Spalevic, 2011; Quallali et al, 2020). The IntErO
model is an upgrading of the River Basins (Spalevic, 1999; Spalevic et al., 2000)
and the Surface and Distance Measuring (Spalevic, 1999) programs.

The model calculate a large number of data with the processing of 22 input
parameters, returning, after the processing, 26 result parameters (Coefficient of
the river basin form, A; Coefficient of the watershed development, m; Average
river basin width, B; (A)symmetry of the river basin, a; Density of the river
network of the basin, G; Coefficient of the river basin tortuousness, K; Average
river basin altitude, Hsr; Average elevation difference of the river basin, D;
Average river basin decline, Isr; The height of the local erosion base of the river
basin, Hleb; Coefficient of the erosion energy of the river basin's relief, Er;
Coefficient of the region's permeability, S1; Coefficient of the vegetation cover,
S2; Analytical presentation of the water retention in inflow, W; Energetic
potential of water flow during torrent rains, 2gDF'%; Maximal outflow from the
river basin, Qmax; Temperature coefficient of the region, T; Coefficient of the
river basin erosion, Z; Production of erosion material in the river basin, Wyear;
Coefficient of the deposit retention, Ru; Real soil losses, Gsp; Real soil losses per
km? The model considers six factors related to lithology (rocks permeability in
percent: fp, permeable; fpp semipermeable, fo, low permeability) and soil type
(erodibility coefficient Y), topographic and relief data (I coefficient), monthly
mean and annual precipitation (P coefficient), temperatures annual averages (t
coefficient), land cover data (X coefficient) and the state of erosion patterns and
development of the watercourse network (& coefficient).

The IntErO model can be characterized as semi-quantitative because it is
based on a combination of descriptive and quantitative procedures. However,
compared to other semi-quantitative methods, this is the most quantitative
because it uses descriptive evaluation for three parameters only: soil erodibility,
soil protection and extent of erosion in the catchment. All other parameters are
guantitative catchment descriptors (Spalevic et al., 2020).

IntErO flowchart is presented in the Figure 4.
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Figure 4. IntErO model Flow chart (based on Spalevic et al., 2020)

RESULTS AND DISCUSSION

The Machado River Watershed showed a total soil loss of about 2 million
tons per year, and an average soil loss of 18.2 Mg ha™ yr™ (Figure 5).

The greatest soil losses per hectare (between 25 and 50 and > 50 Mg ha™
yr') are concentrated in the southern sector of the watershed, which is partly
related to the fact that this sector presents the Haplic Cambisol (CXhbd), as
predominant soil class.

The haplic Cambisol has the lowest resistance to water erosion among the
other classes of soil in the study area, with a value of 0.9 for the Y coefficient
(Table 1). In this context, Silva et al. (2005), in their study on soil degradation by
water erosion, found an average annual loss of soil about 14 times greater for the
Haplic Cambisol compared to the Red Latosol.
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Figure 5. Map of spatial distribution of soil losses in the Machado River
Watershed, Minas Gerais, Brazil.

It is noteworthy that the Haplic Cambisol is the second most abundant soil
type in the watershed, occupying around 33% of its territory. Due to the low
resistance to water erosion of Cambisols, it is necessary that the uses of this soil
are subject to conservation measures, such as the implementation of agricultural
management techniques and the mitigation of runoff and water erosion.

Table 1. Resistance to water erosion (Y) of soils in the Machado River
Watershed, Minas Gerais, Brazil

Soil classes Area (%) Y values
Haplic Cambisol 33.48 0.9
Red-yellow Latosol 60.75 0.6
Haplic Nitosol 1.27 0.7
Red-yellow Argisol 3.00 0.8

Source: Adapted from Sakuno et al. (2020)

In addition, the southern sector of the area has a high Y coefficient, and the
relief is soft, with a declivity of less than 8%, which favors the agro pastoral use
of this area, which defines the predominant land cover and uses ("other temporary
crops”, with an X, of 0.7; "pasture” with an X, of 0.5; and "agricultural and



16 Rodrigues Neto et al.

grazing mosaic" with an X, of 0.7) (Table 2). These uses offer low soil protection
against water erosion. Furthermore, temporary crops and pastures are more
susceptible to soil degradation due to the removal of the topsoil in agricultural
areas (Mafra, 2020) and the soil compaction and runoff in preferential paths in
pastures (Botelho and Silva, 2004).

It is noteworthy that despite the class "other non-vegetated areas" being the
one with the highest average soil loss per hectare (31.4 Mg ha™t yr?), its
contribution to the total soil loss in the watershed it is very low (1,434.9 Mg yr?),
due to its small area (0.04% of total area) (Table 2). On the other hand, the
classes "other temporary crops™, "pastures” and "agriculture and pasture mosaic"
had the highest total soil losses in the watershed, losing together 1,723,350.9 Mg
yr'!, which is due to the large area occupied by them (67.2% of the MRW).

Table 2. Values of the X, coefficient and soil losses in the land use classes of the
Machado River Watershed, Minas Gerais, Brazil.

. Soil loss Soil loss
Land use classes Area (%) Xa (Mg hal yr'l) (Mg yr'l)
Forest Formation 18.10 0.3 7.6 161,328.20
Forest Plantation 0.90 0.4 11.9 12,090.90
Pasture 26.90 0.5 16.7 528,541.60
Sugar cane 0.54 0.6 14.3 9,183.40
Mosaic Agriculture and 27.05 07 25.5 809,121.30
Pasture
Urban Area* 0.78 - - -
Other non-Vegetated Areas 0.04 1.0 31.4 1,434.90
Water bodies* 1.50 - - -
Soybean 0.49 0.7 17.7 10,193.20
Other temporary Crops 13.30 0.7 24.7 385,688.03
Coffee 10.40 0.6 18.0 21,9263.40

Source: Adapted from Sakuno et al. (2020).
Notes: *Areas not considered in the calculation of soil loss.

On the other hand, the smallest soil losses (between 0 and 5 Mg ha™ yr')
occurred mainly in the northeast and north sectors of the watershed. These areas
have a gently undulating relief, with a slope ranging from 0 to 8%), covered by
coffee plantations, pasture, temporary crops and forest fragments, with an X,
coefficient of 0.6; 0.5; 0.7 and 0.3, respectively (Table 2). Although clustered
crops and pastures have potentially high susceptibility to water erosion, growing
coffee and forest fragments are good protections for the soil against erosion, as
vegetation with higher biomass control runoff more effectively (Bigarella, 2007).
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In addition to the above factors, the areas that suffered the least loss of soil
in the north and northeast sectors are Red-yellow Latosols, which have the
highest erosion resistance among the watershed soils, with a Y of 0.6 (Table 1).

In general, the MRW is classified in category IV of erosion intensity, that
is, in the watershed there is a predominance of low intensity erosion processes,
with a Z coefficient of 0.34.

On the other hand, considering the values of T calculated by Lense et al.
(2019) in about 85% of watershed, soil losses are above the limits of T. The high
percentage of areas with losses above T is since the watershed has many
mountainous areas with large slopes, which intensify soil losses. The results show
the need to adopt soil conservation management plans to reduce water erosion. In
addition, this result can help in the planning of land use and occupation policies
in the watershed, respecting the agricultural suitability of each soil. It is
noteworthy that the T is an index to assess soil losses in the short term, since in
the long term the ideal is that water erosion rates are reduced to a minimum to
promote the sustainability of agricultural systems.

MRW is part of southern Minas Gerais, an important Brazilian region for
coffee production. The adoption of soil conservation practices in the region has
the potential to reduce the loss of nutrients and organic matter in the soil due to
water erosion and, thus, favour an increase in coffee production.

CONCLUSIONS

In 2020, the MRW presented an average soil loss of 18.2 Mg ha™ yr™. The
greatest soil losses per hectare occurred in non-vegetated areas and in agricultural
and pasture mosaics, being 31.4 and 25.5 Mg ha™ yr™, respectively. In about 85%
of the MRW region, soil losses were greater than tolerable limits, which highlight
the need to adopt a comprehensive soil conservation management plan to reduce
soil losses from water erosion.

The results of estimating the intensity of erosion processes and potential
soil losses by the IntErO — EPM method can serve as a support to the
environmental planning and sustainable use of soils in the MRW, having the
advantage of being an effective, simple, and low-cost method in application.
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SUMMARY

The present study evaluated the interdependence relationship between
agrochemical soil indexes, agricultural crops, NDVI and SAVI indices,
respectively Red Edge band, based on RapidEye remote sensing images. The
NDVI, SAVI, and Red Edge were used to characterize the crops. Agrochemical
indices of pH, humus (H), saturation in bases (V), nitrogen index (NI),
phosphorus (P) and potassium (K) content, were used for the soil
characterization. Kendall's correlation analysis revealed a very strong correlation
between P and Red Edge (r = -0.905), moderate correlations between P and
NDVI respectively SAVI (r = 0.619), and weak correlations between K and Red
Edge (r = -0.524). The regression analysis facilitated the achievement of 2nd
degree polynomial equations for the P prediction based on NDVI under the
conditions of R?= 0.724, p <0.01, the P prediction based on SAVI under
conditions of R’= 0.718, p <0.01, respectively P prediction based on Red Edge,
under conditions of R?= 0.985, p <<0.001. Prediction of K was possible based on
NDVI, under the conditions of R?>= 0.774, based on SAVI under the conditions of
R?= 0.768, and respectively based on Red Edge under condition of R?= 0.889. For
the other agrochemical indices, the predictive relations in condition of low
statistical safety were obtained (e.g. for pH based on Red Edge, R*= 0.696; for H
based on Red Edge, R*= 0.538). For all agrochemicals, the safety predictions
achieved through regression analysis were higher based on the Red Edge band
compared to NDVI or SAVI indices.
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INTRODUCTION

Precision agriculture is growing ground due to the immense advantages it
has in terms of practical, technically and economically, profitability at farm level,
but also in terms of environmental protection and agricultural products
(Wojtowicz et al., 2016). The satellite techniques have already been used in the
evaluation and characterization of the vegetal cover, the classification of the
territory and the crops (Ustuner et al., 2014; Gomez et al., 2016; Dalmau et al.,
2017) on vegetative stages studies (Firoozi et al., 2020), LAI and chlorophyll
content evaluation (Delegido et al., 2011; Frampton et al., 2013), crop evapo-
transpiration (Reyes-Gonzalez et al., 2018), discrimination of subtle differences
between C3 and C4 grasses (Shoko and Mutanga, 2017), estimation of grain and
biomass production (Panda et al., 2010; Prabhakara et al., 2015; Kosti¢ et al.,
2020).

The assessment of soil fertility by classical methods is no longer
considered adequate due to the high workload, time consumed and lack of spatial
exhaustiveness (Ge et al., 2011). A very useful tool for precision farming is
already remote sensing, which allows real-time, rapid, cost-effective information
gathering and large spatial resolution to study and assess soil fertility (Kilic,
2021; Khaki et al., 2017; Lense et al., 2020). But this instrument, through the
facilities they provide, can also be useful for farms that do not practice precision
agriculture, for the more efficient management of soil and agricultural crops,
sustainable agriculture (Popovici et al., 2018). A wide range of soil-specific
fertility properties and high agricultural importance such as moisture content,
different textures, organic substances, carbon content, macro- and oligoelements,
cation exchange capacity, pH, electrical conductivity and iron, can be
successfully quantified with remote sensing (Kozar et al., 2002; Wan et al., 2004;
Calina et al., 2020). This already facilitates mapping of the soil in the field, with
techniques based on satellite imagery and specific indices.

Techniques based on satellite imagery have been used to evaluate land with
agricultural potential and to delimit land units and areas affected by certain
limiting factors (Eldeiry and Garcia, 2010; Saleh et al., 2015). Nutrient
management also benefits from remote sensing and GIS facilities (Markoski et
al., 2015). Kim et al. (2014) conducted a survey of P and N soil based on remote
sensing to characterize some water systems. Sharf et al. (2002) used remote
sensing in nitrogen management studies, which have a very high impact on the
increase in agricultural output but with high variability in the field. Similar
studies have been conducted by Mufioz-Huerta et al. (2013).

The purpose of this study was to evaluate how certain agrochemical soil
indices are reflected in the values of specific indices calculated on the basis of
spectral information of agricultural crops based on satellite imagery.

MATERIAL AND METHODS
The purpose of the study was to evaluate the interdependence of the NDVI,
SAVI and Red Edge indices based on spectral information from the satellite
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images and soil agrochemical indices, and to formulate remote sensing working
models on the sustainable use of farmland.

The used satellite system. RapidEye is a satellite remote sensing system
that allows you to have at any point on Terra, at least daily, a multispectral
imaging capability. The Rapid Eye system consists of 5 spectral bands: Blue,
Green, Red, Red Edge and NIR, with a 5-meter spatial resolution. The transition
between Red Absorption and NIR (Near Infrared) reflecting the Red Edge band is
able to provide additional information about the vegetation and its feature.

The studied area. The studied agricultural area is located within the
Didactic and Experimental Resort of BUASVM Timisoara, Timis County,
Romania. The study was conducted place during the agricultural year 2016 -
2017. In this study, a Rapid Eye satellite image was taken at the 5M resolution of
15.05.2017 from Planet portal (Planet Team, 2017) with the 3460215 2017-05-
15_RE4 3A flag. The coordinate system of the Rapid Eye scene is the 34N UTM
System, WGS 84. To view the studied area, two combinations of spectral bands
were made, namely the RGB image combination 321 and the False Color image
combination 532, Figure 1. The retrieved satellite data was processed with the
ERDAS Image v. 11 and ArcGIS v. 10.5 software. Based on the satellite image,
the Red Edge band numerical values were extracted and two vegetation indices,
namely the NDVI (Normalized Difference Vegetation Index) introduced by
Rouse et al. (1974), relationship (1) and SAVI (Soil Adjusted Vegetation Index),
introduced by Huete (1988), relationship (2).
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NDVI = Reo=Rero _ NIR-RED _B5-B3 (5
Ryo+ Reo  NIR+RED  B5+ B3

(Rago = Rzo) x (1+L) _ (NIR-RED)x(L+L) _(B5-B3)x(1+L) (5
(Rego+Reio+L)  (NIR+RED+L)  (B5+B3+L)

NSAVI =

where: R; is reflectance at the band centered at a given wavelength i (in
nm); L= 0.5 — Vegetation cover correction factor.

Soil and agricultural crops. The soil in the studied area is cambic
chernozem, the land being divided into 7 parcels with the area between 52.22 and
54.49 ha. There were wheat, oats and barley in culture. The agrochemical indices
studied were the humus content (H), soil pH, phosphorus (P), potassium (K), the
degree of saturation in bases (V) and Nitrogen Index (NI) (OSPA).

Processing of experimental data. The experimental data obtained were
analyzed by the Kendall correlation analysis, descriptive statistics and regression
analysis, using the EXCEL statistical calculation module, the OFFICE 2007 suite,
the PAST 3 software (Rujescu et al., 2014; Hammer et al. 2017).

RESULTS AND DISCUSSION

The values of the agrochemical indices on the land plots studied had
variable values in relation to the specificity of the agrochemical index and the real
situation in the field. The pH was between 6.27 and 7.35, the soil reaction being
slightly acidic on 71.44% of the studied area (373.6 ha) and neutral on 28.56% of
the area. Phosphorus supply is poor on 28.56% of the surface, average supply is
28.73% and very good supply is 42.71% of the area. Supply with K was good at
14.56% and very good on 85.44% of the surface. The supply of humus (H) was of
medium level on the whole surface, the degree of saturation in bases (V) ranged
from 84.0-94.5%, and the Nitrogen Index (NI) was the average level on the whole
surface according to the standards in force (Sala, 2011), the values being
presented in Table 1.

Cultures have expressed phenotypical the state of supply of land with
nutrients. As a result, the agricultural images were compared with their real state
at the time of the study, and the values of the NDVI, SAVI and Red Edge indices
reflected crop information in close connection with the soil fertility status,
agrochemical index values and of those calculated are shown in Table 1. Testing
the level of correlation between the data series corresponding to the above
indicators using the Kendall correlation coefficient, the data in Table 2 was
obtained. A strong and statistically correlation was observed between P and Red
Edge, correlated inversely (r = -0.905, p = 0.004). Direct intensity correlations
between P and SAVI respectively between P and NDVI (r = 0.619 with p values
close to 0.05) were observed. And the values of K correlate, but only slightly, r =
0.429 with NDVI and SAVI, respectively with Red Edge, r = - 0.524.
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It is to be noticed that the NI and V values do not differ greatly from one
plot to the other, with the differences between the minimum and maximum being
low. Also, their series are homogeneous, with a low coefficient of variation,
Table 3.

Table 1. Agrochemical index values and calculated indices for crop
characterization

Area Red P K H V NI
(ha) NDVI  SAVI  _ dge pH (opm) %)
1/A84 52.22 0.677674 1.016389 6085.572 6.62 78.66 241.17 4.42 87 3.85
2/A80 54.49 0.627742 0.941212 6111.502 6.74 69.59 2344 4.05 88 3.56
3/A75 52.32 0.661968 0.993197 6126.947 7.12 55.64 238.59 4.12 92 3.79
4/ A68 54.38 0.613137 0.920047 6242.421 7.35 19.94 17841 3.71 945 351
5/A77 52.85 0.62897 0.943328 6177.625 6.27 48.64 210.54 458 84 3.85
6/A82 53.96 0.677191 1.015643 6034.912 6.30 97.53 298.7 3.66 845 3.09
7/A86 53.38 0.681264 1.021864 5999.694 6.65 95.01 21795 4.05 87 3.52

Parcel

Table 2. Matrix correlation table (Kendall) between calculated indices and
agrochemical indices
NDVI SAVI Red Edge pH P K H V NI

NDVI 0.002 0.024 0453 0.051 0.176 0.758 0.356 0.758
SAVI 1.000 0.024 0453 0.051 0.176 0.758 0.356 0.758
Red Edge -0.714 -0.714 0.293 0.004 0.099 0.538 0.218 0.538
pH -0.238 -0.238  0.333 0.176 0.453 0.356 0.002 0.538
P 0.619 0.619 -0.905 -0.429 0.051 0.356 0.124 0.356
K 0.429 0429 -0524 -0.238 0.619 1.000 0.538 0.758
H 0.098 0.098 0.195 -0.293 -0.293 0.000 0.430 0.003
\% -0.293 -0.293 0.390 0.976 -0.488 -0.195 -0.250 0.636
NI 0.098 0.098 0.195 -0.195 -0.293 0.098 0.950 -0.150

Table 3. Statistical parameters describing the values of agrochemical indices

pH P K H \Y NI
Min 6.271 19.940 178.410 3.660 84.000 3.090
Max 7.348 97.530 298.700  4.580 94.500 3.850
Sum 47.055 465.010 1619.760 28590 617.000 25.170
Mean 6.722 66.430 231.394  4.084 88.143 3.596
Stand. Dev 0.398 27.501 36.764 0.337 3.837 0.270
Median 6.651 69.590 234400  4.050 87.000 3.560
Coeff. Var 5.919 41.398 15.888 8.256 4.354 7.507

It is possible, therefore, that this aspect does not reveal a possible
correlation between them and the calculated indices. Furthermore, low NI values
of less than 4 for these parcels can make potassium inefficient, as only the
presence of potassium under low nitrogen levels cannot effectively support plant
growth.
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The phenomenon identified and highlighted in this case, demonstrates the
functionality of the minimum, maximum and optimum law.

Considering the complexity of the agrochemical mapping work in terms of
the time of realization, the workload on the field and in the laboratory, the human
resource involved and the costs, and starting from the correlation between the
indices calculated on the basis of the spectral information in the satellite images
and certain agrochemical indices, a regression analysis was performed to assess
the possibility of soil situation prediction based on remote sensing.

In the case of phosphorus, the best correlated element in the studied
conditions with NDVI, SAVI and Red Edge, regression analysis facilitated the
obtaining of some 2nd degree polynomial equations for the prediction of P in
relation to NDVI, the relation (3) under conditions of R%= 0.724, p <0.01, for P
prediction in relation to SAVI, relation (4) under conditions of R*= 0.718, p <0.01
respectively P prediction in relation to Red Edge, relation (5) under conditions of
R?= 0.985, p<<0.001. The graphical distribution of real and predicted P values in
relation to NDVI and Red Edge are shown in Figure 2, respectively Figure 3.

Povy = —5307.2x° +7702.3x — 2696.1 (3)
P = —2257.6x% +4936.6x —2599.1 4)
Preoeoce = —0.0005x* +6.0476x —17439 (5)

where: x — NDVI in relation (3); x — SAVI in relation (4); x — Red Edge in
relation (5)

In the case of potassium, from correlation analysis resulted lower
correlation coefficients with both NDVI and SAVI (r = 0.429), and as well as
with Red Edge (r = 0.524). Regression analysis facilitated prediction K based on
NDVI, under conditions of R?= 0.774, relation (6), based on SAVI, under
conditions of R?= 0.768, relation (7) and based on Red Edge under condition of
R?= 0.889, the relation (8). The graphical distribution of real and predicted K
values in relation to NDVI and Red Edge are presented in Figure 4, respectively
Figure 5.

Different studies have approached fertilization models with mineral or
foliar fertilizers to restore soil fertility, especially with P and K, and direct
sustaining agricultural production (Rawashdeh and Sala, 2016).

Koy =—12818x? + 7478x —5706.6 (6)

Koy =-5735.7%% +11726x-5742 (7
K pepepee = —0.0014x2 +17.178x~51419  (8)

where: x — NDVI in relation (6); x — SAVI in relation (7); x — Red Edge in
relation (8)
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For the other agrochemical soil characterization indices, the correlation level
was lower, according to the Kendall correlation analysis. As a result, regression
analysis also facilitated the prediction of these indices with lower statistical
safety. Thus, the soil pH was predicted by NDVI under condition of R?*= 0.324,
depending on SAVI under conditions of R*= 0.316, and depending on Red Edge
under conditions of R’= 0.696. The humus content (H) was predicted based on
NDVI under conditions of R’= 0.152, based on SAVI under conditions of R*=
0.154, respectively based on Red Edge under conditions of R*= 0.538. The degree
of saturation in bases (V) was predicted based on NDVI under conditions of R?=
0.325, under conditions of R?= 0.317 based on SAVI, respectively under
conditions of R?= 0.703 based on Red Edge. The nitrogen index (NI) was
predicted under conditions of R%= 0.144 based on NDVI, under conditions of R?=
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0.147 based on SAVI, respectively under conditions of R*= 0.623 based on Red
Edge.

Red Edge band has proven to be particularly useful when studying crops
health, nutrition and vegetation stress (Filella and Pefiuelas, 1994; Li et al., 2014),
but it is also a tool for studies of astrobiology (Seager et al., 2005). The Red Edge
band is a unique feature that brings extra spectral information of RapidEye
satellites to most multispectral satellites. The Red Edge band is located between
the red band and the NIR band, without overlapping. The Red Edge band's
sensitivity to the differences in leaf structure and chlorophyll content in relation
to soil and nutrition factors, especially N, already has useful applications in the
field of precision farming and resource monitoring and management (Clevers and
Gitelson, 2013).

Vegetation indices are numerical indicators that reduce multispectral data
(2 or more spectral bands) to a single variable for the prediction and evaluation of
vegetation and vegetal carpet information.

The most widely used indicator of vegetation is the NDVI index,
introduced in 1974 by Rouse and used to highlight vegetation health status, but
also as an indicator of green biomass on the land surface or at the level farms,
plots, agricultural crops. A series of scientific articles have been studied on the
basis of remote sensing by means of dedicated indices of the state of the crops,
the state of nutrition especially with nitrogen (Fitzgerald et al., 2010). NDVI
index values ranged from -1 to 1. In the case of normal and healthy vegetation,
NDVI values are typically in the range of 0.1-0.75 and rarely reach 1, depending
on its density, being one of the most use indices to characterize vegetation in
relation to soil and growth conditions (Wu, 2014; Yang and Guo, 2014).

The SAVI index, introduced in 1988 by Huete, is a "hybrid" between the
indices based on the ratio of spectral bands and perpendicular indices. The use of
the SAVI index allows observation and monitoring of seasonal, annual and multi-
annual vegetal cover, being used in various studies and underlying other
vegetation indices, MSAVI, OSAVI (Hartfield and Prueger, 2010).

In the present study, for all soil agrochemical indices, the correlation
coefficient with calculated indices (NDVI, SAVI and by Red Edge) and
implicitly safety predictions made by regression analysis was higher based on the
by Red Edge band compared to NDVI or SAVI indices.

CONCLUSIONS

Kendall's correlation analysis highlighted the high correlation between P
and by Red Edge and weak average correlations between calculated indices and
other agrochemical indices.

Regression analysis facilitated the acquisition of 2nd degree polynomial
equations as predictive models of agrochemical indices based on NDVI, SAVI
and by Red Edge, with high statistical safety for P and average statistical safety
for K.
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For all soil agrochemical indices considered, in the study agricultural area
conditions (DER, BUASVM Timisoara, Timis County, Romania) the safety level
of predictions made by regression analysis was higher based on the Red Edge
band compared to NDVI or SAVI indices.
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Khadijeh HAJI', Abdulvahed KHALEDI DARVISHAN™,
Raoof MOSTAFAZADEH?

IDENTIFICATION OF EROSION CRITICAL AREAS BASED ON SOIL
ERODIBILITY AND TERRAIN INFLUENCE FACTORS IN THE
IRANIAN PART OF THE CASPIAN SEA BASIN

SUMMARY

Understanding the contribution of different land uses in soil erosion leads
to optimal management and conservation practices to reduce the severity of
erosion and consequently, the sustainable management. Changeability of the most
effective factors on soil erosion especially soil erodibility and topography in
different land uses is a first step to have a general view of soil erosion in the
watersheds. Therefore, the present research was carried out to study the soil
erodibility (S) and terrain influence (T) factors in different land uses in the
Iranian part of the Caspian Sea Basin and identification of erosion critical areas
based on topography and soil erodibility factors. In order to prepare land use, S
and T maps for the study area, were prepared by using satellite data of moderate
resolution imaging spectroradiometer (MODIS), shuttle radar topography mission
(SRTM 90m) and harmonized world soil database (HWSD) and the use of
geographic information system (GIS) and remote sensing (RS), respectively. The
results showed that the mean soil erodibility in the Iranian part of the Casplan Sea
Basin varied from zero (soilless areas) to 0.044 (t ha hr ha* MJ™ mm™). While,
among eight studied land use, the highest and lowest mean values of soil
erodibility were obtained in the ranqeland and permanent snow-water body equal
to 0.040 and zero (t ha hr ha™ MJ™ mm™), respectively. Also, the mean terrain
influence (T) factor varied from 0.01 to 35.83 and shows more changeability in
the study basin. As a result, by considering the high soil erodibility and terrain
influence, the maximum erosion potential in the study area are located in the
middle parts of the basin, where the highest slope gradients have high soil
erodibility values. These areas are mainly located in the south slopes of the
Alborz mountains. In this regard, defined critical regions based on topography
and soil erodibility factors along with natural and anthropogenic factors can be
considered in the planning of soil erosion control in watersheds and soil and
water conservation programs.
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INTRODUCTION

Soil erosion is one of the most significant forms of land (soil truncation,
loss of fertility, slope instability) and is greatly influenced by biodiversity, land
use and management (Solaimani et al., 2009; Spalevic et al., 2013; Behzadfar et
al., 2014; Chalise et al., 2018; Lense et al., 2020; Spalevic et al., 2020; Spalevic
et al., 2021; Stefanidis et al., 2022). It is likely to be exacerbated by extensive
human activities and global warming (Rosas and Gutierrez, 2019), and is a
serious problem in developing countries (Chalise et al., 2019; Khaledi Darvishan
et al., 2019). Soil erodibility (S) can be viewed as the integral result of the
processes determining the infiltration of rain into the soil and of the processes
determining the soil’s resistance to the detachment of its particles and their
subsequent transport (Renschler et al., 1999; Karami et al., 2018). It is generally
considered as an inherent soil property with a constant value for a given soil type
and widely adopted as an important factor in soil erosion prediction models
(Kulikov et al., 2017; Dutal and Reis, 2020). It is closely related to the basic
physico-chemical characteristics of soils. Soil erosion is not only different for
various types of soils, but also it is different for the same type of soil under
different climate conditions or land use management. Different land use systems
might alter several soil properties and processes (Karami et al., 2018; Tavares et
al., 2019; Ouallali et al., 2020; Lense et al., 2021; Costea et al., 2022). The most
important driving forces for soil erosion in Iran include soil vulnerability, land
use change, unnecessary and improper development of infrastructures and illegal
exploitation of natural resources (Sadeghi, 2009).

Both topographic factors, such as slope gradient and altitude, and
anthropogenic factors, such as land use change, poor plant coverage, and
inadequate erosion control measures, are primary reasons for soil erosion (Reis et
al., 2017; Billi & Spalevic, 2022). The annual soil loss amounting from arable
lands is 75 billion tons and costs approximately $400 billion each year in
agricultural production worldwide (Wang and Zhang, 2021). To carry out a
suitable plan for the management of degraded slope lands to control erosion rates
and loss of productivity, it would require first a realistic assessment of soil
degradation by assessing the risk of erosion in the target area. This is the main
objective that can be achieved according to many previous studies by direct field
and laboratory measurements of soil erodibility (Aburas et al., 2020). Therefore,
information about soil erodibility is the main necessity for an assessment of the
soil degradation process and conservation techniques in a watershed (Vaezi et al.,
2016) and also preventing reservoir siltation (Stefanidis and Stefanidis, 2012).
Identification of critical area is an important procedure to control runoff and
erosion phenomenon and considered as effective way in management of
watersheds and achieving sustainable development (Mostafazadeh et al., 2017).
Hence, studies on soil erodibility have been conducted by many researchers in the
world. Therefore, the always growing availability of earth observation (EO) data
and technological advancement lead to the development of automated geospatial
workflows in order to fasten soil loss estimation (Stefanidis et al., 2021).
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The effects of land management on soil erodibility in a part of Zayandeh-
Rood watershed showed the average soil erodibility of 0.05 (ton h MJ-1 mm-1) in
good pasture and 0.09 (t h MJ™ mm™) in pasture land use and 0.09 (t h MJ™* mm’
1 in degraded pastures (Karami et al., 2018). They found that the low soil organic
matter content in the degraded pastures land is probably caused by livestock
overgrazing and ultimately grazing. Evaluation of the soil erodibility of unpaved
road slopes at the Bom Jardim city in the mountain region of the state of Rio de
Janeiro showed the highest erodibility of the C horizons in relation to the other
horizons of the Oxisol and Ultisol studied (Lima Soares et al., 2018). This fact
explains the main process of observed instability, erosion at the toe of the slope
and fall of the upper horizons. These results highlighted the anthropogenic effects
and land use changes on soil erosion.

The effects of land use on soil erodibility in the Mediterranean highland
regions of Turkey were determined by Dutal and Reis (2020). The results showed
that the average erodibility (USLE-K) value was 0.09 for forest, while it was 0.12
and 0.22 for pasture and agriculture, respectively. The difference between
agriculture with forest and pasture was statistically significant, while no
statistically significant difference was found between forest and pasture in the
study area. Parmar and Sharma (2020) calculated soil loss and soil erodibility for
different crops, nutrient managements, soil series and four different slope
gradients (0.5, 1< to <3, 1< to <3 and >5 %) and showed that soil loss decreased
with decreasing slope gradient. The soybean cropping found more vulnerable to
the soil loss whereas the orchard system found safest for soil erosion.

Soil legislation is of great importance around the globe to limit the amount
of soil loss. Although there are many studies on the relationships between land
use and soil erodibility, but no study has been reported yet regarding the effects
of land use change on soil erodibility in Caspian Sea Basin. Therefore, the
objective of this study was identification of erosion critical areas based on soil
erodibility and terrain influence factors in the Iranian part of the Caspian Sea
Basin.

MATERIAL AND METHODS

Study area

The Iranian part of the Caspian Sea Basin with an area of 176393.9 km?,
covers about 10% of the total area of the country and lies between 35°-39° 45’ N-
latitude and 44°-59° 05’ E-longitude (Figure 1). Compared to the other parts of the
country, this region has relatively more hydrometric stations and larger recorded
rainfall and runoff data. With a permanent river network as well as productive
farmlands, rangelands and forests, this region is of a major interest. The study
basin has a complex topography with a diversity of slopes and average slope
gradient of 26 %. The altitude ranges between -28 (Caspian coast) to 5671 m
(Mount Damavand) and the average altitude of the study area is 1195 m. A total
of 54 synoptic weather stations are operated in the study area (Chavoshi et al.,
2013). Figure 1 shows the location of the Caspian Sea Basin among all mega-
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basins of Iran. The land use of the study area and also, S and T raster maps were
prepared. Then, the distribution of S and T values for each land use were
calculated.
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Figure 1. The location of the Caspian Sea Basin among all mega-basins of Iran

Land use map

Land use plays a critical role in soil sensitivity analysis. As a result, land
should be properly used in terms of its ability and limitations, otherwise it will
cause severe soil erosion (Mostafazadeh et al., 2017). The availability of land use
information permits decision-makers to develop plans in short to long-term
period for the conservation, sustainable use and development of natural resources
and watersheds (Talebikhiavi et al., 2017; Kurigi and Hysa, 2021). In this study,
image interpretation from moderate resolution imaging spectroradiometer
(MODIS) data was used to prepare land use map of the Iranian part of the
Caspian Sea Basin for the year 2018. The MODIS land cover type product
(MCD12Q1) supplies global maps of land cover at annual time steps and 500m
spatial resolution (Sulla-Menashe and Friedl, 2018). The MCD12Q1 product is
created using supervised classification of MODIS reflectance data (Friedl et al.,
2010). Also, modifications and updates in Google Earth software used and
classified to land use eight studied. Finally, ArcGIS 10.5 software were used for
land use mapping (Figure 2).

Soil erodibility (S) map

Soil erodibility (denoted as the K-factor in the USLE and the S-factor in
the G2 model) is best estimated from direct measurements of natural plots
(Panagos et al., 2014). As this is not financially sustainable at the
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regional/national level, the S-factor Equation (1) relates to soil properties as
proposed for the USLE model by Renard et al. (1997):

. 21 =107 MM =« (12 - OM) + 3.25% (s —2) + 2.5% (p — 3)
- 100 1)

#0.1317
where, K: soil erodibility (t ha hr ha™ MJ™* mm™); M: textural factor defined as
percentage of silt plus very fine sand fraction content (0.002-0.1 mm) multiplied
by the factor: 100 - clay fraction; OM: organic matter content in percent (%); s:
soil structure class (s = 1: very fine granular, s = 2: fine granular, s = 3: medium
or coarse granular, s= 4: blocky, platy or massive); and p permeability class (p =
1: very rapid, ..., p = 6: very slow) (Panagos et al., 2012). In the present study,
the soil data of the study area was extracted from the Harmonized World Soil
Database (HWSD).

Terrain influence (T) map

To estimate the influence of topography on erosion risk (T-factor, or terrain
influence, or LS as denoted by the USLE), the G2 model uses an equation
developed and proposed by Desmet and Govers (1996):

T=( A )0 ( sinb

13 2
22.13 0.0896) @

where, T: terrain influence (dimensionless, >0); As: unit contributing area, or
flow accumulation (the numbers of upstream cells flowing into a specific cell, in
m?/m); and b: slope gradient (rad). Equation (2) is an adaptation of the Moore and
Burch (1986) algorithm for spatially distributed USLE applications to grid
systems. The method estimates T values equivalent to length and steepness (LS)
values resulting from the original USLE formulas. The flow accumulation layers
for every basin were computed from a Shuttle Radar Topography Mission
(SRTM 90m) digital elevation model (DEM).

Two factors (L and T) were extracted from satellite image data and S-
factor was extracted from HWSD using the ArcGIS10.5 software (Table 1).

Table 1. Summary of the input data for final mapping (Karydas & Panagos, 2018)

Fti/(ggr Input data Scale Range Dimensionality* Source
Land use derived Pixel
Dynamic  from MODIS  size 1 [1,+x] 0 http://earthexplorer.usgs.gov
satellite data (L)  km
] Cell [M] http://www.fao._orq/soils-
Soil Parameters size 1 [0, L portal/data-hub/soil-maps-and-
(S) km 0.1] P databases/harmonized-world-
Static soil-database-v12/en/
DEM extracted  Pixel
from SRTM size 2[00 0 http://earthexplorer.usgs.gov

satellite (T) 90 m

*P: Power; L: Length; M: Mass


http://earthexplorer.usgs.gov/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://earthexplorer.usgs.gov/
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Erosion potential map

After preparing and classification of each layer according to the conditions
of the region and the range of numbers obtained, the final map of erosion
potential by overlaying the layers (T and S factors) was prepared and classified
into different classes of erosion potential based on multiplying soil erodibility and
terrain influence factors. The values of K-RUSLE or S-G2 (soil erodibility) and
LS-RUSLE or T-G2 (topography) factors in a given area do not change in the
short term. Therefore, based on the conditions of the study area as well as land
use status, it is necessary to identify the critical areas in order to implement of the
control and protection operations in these areas (Fagbohun et al., 2016).

RESULTS AND DISCUSSION

The present study was performed to assess soil erosion potential based on
soil erodibility (S) and terrain influence (T) factors for each individual land use in
the Iranian part of the Caspian Sea Basin. Figure (2) shows the land use map of
the study area. The lower soil erosion rates in the forests, is because of increasing
the vegetation retention value which prevents of soil loss in this land use. But it is
very important to note that without vegetation cover, the soil erosions rates even
in the forests may be very high potentially specially where the soil erodibility and
slope gradient is high enough to increase soil erosion.
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Figure 2. Land use map in the Iranian part of the Caspian Sea Basin
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The terrain influence factor (T) of the Iranian part of the Caspian Sea Basin
is shown in Figure (3). The mean value of terrain influence factor varies from
0.01 to 35.83 in various land uses. The lowest values of terrain influence factor
are related to the flat regions (Alamdari et al., 2013), while the highest values of
terrain influence factor (T) are related to the steep and long slope regions (Alborz
mountains). In other words, in flat regions the effect of terrain influence on soil
erosion value may less than the effects of rainfall intensity, soil type and
vegetation. The effect of topography factors on soil loss were mentioned by other
researchers (Biswas and Pani, 2015; Chalise & Kumar, 2020; Parmar and
Sharma, 2020).
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Figure 3. Terrain influence factor map (Iranian part of the Caspian Sea Basin)

Figure 4 shows soil erodibility factor (S) map in the Iranian part of the
Caspian Sea Basin. Most of the dominant soils in Iran territory have less than 2%
organic matter. Therefore, these soils have relatively weak soil structure and high
erodibility and are sensitive to erosion. The results of the present study show that
the soil erodibility value in the Iranian part of the Caspian Sea Basin ranged from
zero (no soil regions) to 0.044 (t ha hr ha™ MJ™* mm™).

The mean values of soil erodibility (S) and terrain influence (T) factors in
different land uses in the Iranian part of the Caspian Sea Basin are shown in
Table 2. Among eight studied land uses, the rangeland has the highest area in the
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study basin (about 77 %). Also, the highest and lowest mean values of soil
erodibility factor were obtained in the rangeland (0.040 t ha hr ha™ MJ* mm™)
and permanent snow - water bodies (zero t ha hr ha™ MJ* mm™), respectively.
These results confirmed the findings reported by Taleshian Jeloudar et al. (2018).
While the highest and lowest mean values of terrain influence factor (35.83) were
obtained in the permanent snow areas (peak and steep slopes of the mountains)
and water bodies (0.01), respectively.
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Figure 4. Soil erodibility factor (S) (Iranian part of the Caspian Sea Basin)

Whereas, with increasing terrain influence factor, runoff and soil erosion
are increased too, but due to freezing soil and very low soil erodibility, the areas
with permanent snow in mountain regions are not considered as critical area. The
mean values of soil erodibility (S) and terrain influence (T) factors in different
land uses in the Iranian part of the Caspian Sea Basin are shown in Table 2. The
erosion potential map of the study area based on multiplying the soil erodibility
(S) and terrain influence (T) factors is shown in Figure 5. Erosion critical areas
(%) for TxS > 1.34 in different land uses of the Iranian part of the Caspian Sea
Basin are shown in Figure 6.
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Figure 5. The erosion potential map (based on multiplying soil erodibility and
terrain influence factors) in the Iranian part of the Caspian Sea Basin

Table 2. The mean values of soil erodibility (S) and terrain influence (T) factors
in different land uses in the Iranian part of the Caspian Sea Basin

Land use/Land cover Areg Soil erogjlibilijtly (S)_1 Terrain influence
(Km9) (thahrha” MJ™ mm™) (M)
Forest 10632.1 0.038 19.28
Rangeland 135543.7 0.040 7.72
Wetland 271.8 0.020 0.09
Cropland 25624.1 0.037 3.35
Residential 1353.8 0.028 0.50
Permanent snow 1.81 0.000 35.83
Barren lands 2695.1 0.036 6.74

Water body 271.5 0.000 0.01
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Figure 6. Erosion critical areas (%) for TxS > 1.34 in different land uses of the
Iranian part of the Caspian Sea Basin

According to Figure 6, rangeland has the highest values of terrain influence
multiplied by soil erodibility in the study watershed. In other words, 3.89 % of
the rangelands can be considered as erosion critical areas and therefore, any
vegetation removal and land use change especially to agricultural lands in these
areas can lead to accelerated soil erosion rates.

The results showed that by considering the high soil erodibility and terrain
influence factors, the highest erosion potential value as 7.99 located in the middle
parts of the basin, where the highest slope gradients have relatively high soil
erodibility values too. These areas are mainly located in the south slopes of the
Alborz mountains. These results confirmed the findings reported by Mohammadi
et al. (2021). As a result, the lack of vegetation cover as well as heavy rainfalls
will cause more severe erosion in these areas, compared to the other parts of the
basin. It is highly recommended to study the vegetation cover in the study area
and also to compare soil erosion observations and estimations using other soil
erosion models to increase the accuracy of the results. Confirming the findings
reported by Mostafazadeh et al. (2017) and Belayneh et al. (2019), this
conclusion most be used by natural resources managers and design-makers to
avoid any land use change specially from rangeland to cultivation in the erosion
critical areas.
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CONCLUSION
According to the study results, the mean values of soil erodibility (S) and
terrain influence (T) in the Iranian part of the Caspian Sea Basin were 0.039 (t ha
hr ha’ MJ* mm™) and 7.68, respectively. Soil erodibility was found to be
moderate and high in most parts of the study area, (especially in rangelands,
forests and croplands). Soil erosion potential map based on multiplying two main
factors of soil erodibility and terrain showed the critical areas. It is highly
recommended to study and focus more on these critical areas to locate urgent
crop and grazing management programs and soil conservation measures. In other
word, the critical areas should have more vegetation cover especially during

seasons with erosive and high intensity rainfalls.

ACKNOWLEDGMENTS
This research was conducted as a part of doctoral dissertation of Khadijeh Haji and
with the financial support of Tarbiat Modares University, Iran. Authors would like to
thank Shahin Mohammadi for his great helps in preparing land use map of the study area.

REFERENCES

Aburas, M.M., Habel, AY., Alferjani, A.S., Yous, M.S. (2020). Assessment of soil
erodibility and erosion risk of some semiarid slopes of Libya. Quality Assurance
Center of Eastern Province Quality Assurance Journal for Academic Researches:
1-13.

Alamdari, P., Nematollahi, O., Alemrajabi, A.A. (2013). Solar energy potentials in Iran:
A review. Renewable and Sustainable Energy Reviews 21: 778-788.

Behzadfar, M., Djurovic, N., Simunic, I., Filipovic, M. and Spalevic, V. (2014).
Calculation of soil erosion intensity in the S1-6 Watershed of the Shirindareh
River Basin, Iran; p. 207-213. Conference: Challenges in Modern Agricultural
Production, Dec 2014, Skopje, N.Macedonia. Book of Proceedings, p. 273.

Belayneh, M., Yirgu, T., Tsegaye, D. (2019). Potential soil erosion estimation and area
prioritization for better conservation planning in Gumara watershed using RUSLE
and GIS techniques. Environmental Systems Research 8(20): 1-17.

Billi, P., Spalevic, V. (2022). Suspended sediment yield in Italian rivers. Catena
212(2022):106119. Doi: 10.1016/j.catena.2022.106119

Biswas, S.S., Pani, P. (2015). Estimation of soil erosion using RUSLE and GIS
techniques: a case study of Barakar River basin, Jharkhand, India. Model. Earth
Systems and Environment 1-42,

Chalise, D., Kumar, L., Shriwastav, C.P., Lamichhane, S. (2018). Spatial assessment of
soil erosion in a hilly watershed of Western Nepal. Environmental Earth Sciences
77 (19): 685.

Chalise, D., Kumar, L., Spalevic, V., Skataric, G. (2019). Estimation of Sediment Yield
and Maximum Outflow Using the IntErO model in the Sarada River Basin of
Nepal. Water 11: 952, https://doi.org/10.3390/w11050952.

Chalise, D., Lumar, L. (2020). Land use change affects water erosion in the Nepal
Himalayas. PLoS ONE 15(4).

Chavoshi, S., Sulaiman, W.N.A., Saghafian, B., Sulaiman, M.N.B., Abd Mana, L. (2013).
Flood prediction in southern strip of Caspian Sea Watershed. Water Resources and
The Regime of Water Bodies 40(6): 593-605.

Costea, A., Bilasco, S., Irimus, I.-A., Rosca, S., Vescan, |., Fodorean, 1., Sestras, P.
(2022). Evaluation of the Risk Induced by Soil Erosion on Land Use. Case Study:
Guruslau Depression. Sustainability 2022, 14, 652.

Desmet, P.J.J., Govers, G. (1996). A GIS procedure for automatically calculating the
USLE LS factor on topographically complex landscape units. Journal of Soil and
Water Conservation, 51(5): 427-433.



46 Haji et al.

Dutal, H., Reis, M. (2020). Determining the effects of land use on soil erodibility in the
Mediterranean highland regions of Turkey: a case study of the Korsulu stream
watershed. Environmental Monitoring and Assessment 192 (192): 1-15.

Fagbohun, B.J., Anifowose, A.Y.B., Odeyemi, C., Aladejana, O.O., Aladeboyeje, A.l.
(2016). GIS-based estimation of soil erosion rates and identification of critical
areas in Anambra sub-basin, Nigeria. Modeling Earth Systems and Environment
2(159): 1-10.

Friedl, MA., Sulla-Menashe, D., Tan, B., Schneider, A., Ramankutty, N. et al. (2010).
MODIS Collection 5 global land cover: Algorithm refinements and
characterization of new datasets. Remote Sens Environ, 114(1): 168-182.

Karami, E., Ghorbani Dashtaki, S., Khalilimoghadam, B. (2018). Effects of land
management on soil erodibility-A case study in part of Zayandeh-Rood watershed.
Journal of Agricultural Engineering, 40(2): 105-119.

Karydas, C.G., Panagos, P. (2018). The G2 erosion model: An algorithm for month-time
step assessments. Environmental Research 161: 256-267.

Khaledi Darvishan, A., Mohammadi, M., Skataric, G., Popovic, S., Behzadfar, M.,
Rodolfo Ribeiro Sakuno, N., Luiz Mincato, R., Spalevic, V. (2019). Assessment of
soil erosion, sediment yield and maximum outflow, using INtErO model (Case
study: S8-Inta Shirindarreh watershed, Iran). Agriculture and Forestry, 65 (4), 203-
210

Kulikov, M., Schickhoff, U., Grongroft, A., Borchardt, P. (2017). Modelling soil
erodibility in mountain rangelands of South-Western Kyrgyzstan. Pedosphere,
https://doi. org/10.1016/S1002-0160(17)60402-8.

Kurigi, A., Hysa, A. (2021). Multidimensional Aspects of Floods: Nature-Based
Mitigation Measures from Basin to River Reach Scale. In: The Handbook of
Environmental Chemistry. Springer, Berlin, Heidelberg.
https://doi.org/10.1007/698_2021_773

Lense, G.H.E., Moreira, R.S., Parreiras, T.C., Silva, L.F.P, M., Teodoro, A.E.M.,
Mincato, R.L. (2020). Simulating the effect of permanent preservation areas on
soil erosion rates. Cerne, 26 (2), 193-201.

Lense, G.H.E., Parreiras, T.C., Spalevic, V., Avanzi, J.C., & Mincato, R.L. (2021). Soil
losses in the State of Rondo6nia, Brazil. Ciéncia Rural, 51(5), 1-10. e20200460.
Epub March 08, 2021. https://doi.org/10.1590/0103-8478cr20200460

Lima Soares, D., Polivanov, H., Velloso Barroso, E., Goretti da Motta, L.M., Camacho de
Souza, C. (2018). Soil erodibility on cutting slopes of Unpaved roads. Anuario do
Instituto de Geociencias 41(1): 179-193.

Mohammadi, S., Balouei, F., Haji, Kh., Khaledi Darvishan, A., Karydas, C.G. (2021).
Country-scale spatio-temporal monitoring of soil erosion in lIran using the G2
model. International Journal of Digital Earth, 14(8): 1019-1039.

Moore, 1.D., Burch, G.J. (1986). Physical basis of the length-slope factor in the Universal
Soil Loss Equation. Soil Science Society of America Journal 50: 1294-1298.
Mostafazadeh, R., Haji, Kh., Esmali-Ouri, A., Nazarnejad, H. (2017). Prioritization the
critical sub-watersheds based on soil erosion and sediment using watershed erosion
response model (WERM) and Morphometric Analysis (Case study: Rozechai
Watershed, West Azerbaijan Province). Journal of Watershed Management

Research 8(16): 142-156 (in Persian).

Ouallali, A,, Aassoumi, H., Moukhchane, M., Moumou, A., Houssni, M., Spalevic, V.,
Keesstra, S. (2020). Sediment mobilization study on Cretaceous, Tertiary and
Quaternary lithological formations of an external Rif catchment, Morocco,
Hydrological Sciences Journal, 65(9), 1568-1582.

Panagos, P., Meusburger, K., Alewell, C., Montanarella, L. (2012). Soil erodibility
estimation using LUCAS point survey data of Europe. Environmental Modelling
Software 30: 143-145.

Panagos, P., Meusburger, K., Ballabio, C., Borrelli, P., Alewell, C. (2014). Soil
erodibility in Europe: a high- resolution dataset based on LUCAS. Science of the
Total Environment 479: 189-200.



Identification of erosion critical areas based on soil erodibility and terrain influence factors... 47

Parmar, S., Sharma, S.K. (2020). Estimation of soil loss and soil erodibility for different
crops, nutrient managements and soil series. International Journal of Pure Applied
Bioscience 8(1): 204-212. doi: http://dx.doi.org/10.18782/2582-2845.7984

Reis, M., Aladag, I.A., Bolat, N., Dutal, H. (2017). Using Geoweep model to determine
sediment yield and runoff in the Keklik watershed in Kahramanmaras Turkey.
Sumar. List 141: 563-569.

Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K., Yoder, D.C. (1997). Predicting
soil erosion by water: a guide to conservation planning with the revised universal
soil loss equation (RUSLE). In: Agriculture Handbook, U.S. Department of
Agriculture, 703; 404 p.

Renschler, C.S., Mannaerts, C., Diekkriiger, B. (1999). Evaluating spatial and temporal
variability in soil erosion risk-rainfall erosivity and soil loss ratios in Andalusia,
Spain. Catena 34: 209-225.

Rosas, M.A., Gutierrez, R.R. (2019). Assessing soil erosion risk at national scale in
developing countries: The technical challenges, a proposed methodology, and a
case history. Science of the Total Environment 703: 135474.

Sadeghi, S.H.R. (2009). An overview on sediment problems and management in Iran.
Sediment Problems and Sediment Management in Asian River Basins, In:
Proceedings of the ICCE Workshop, Hyderabad, India, Sep. IAHS Pub 349:14-20.

Solaimani, K., Modallaldoust, S., Lotfi, S. (2009). Investigation of land use changes on
soil erosion process using geographical information system. International Journal
of Environmental Science and Technology, 6(3): 415-424.

Spalevic, V., Barovic, G., Vujacic, D., Curovic, M. Behzadfar, M., Djurovic, N., Dudic,
B., Billi, P. (2020). The Impact of Land Use Changes on Soil Erosion in the River
Basin of Miocki Potok, Montenegro. Water, 2020, 12, 2973.

Spalevic, V., Djurovic, N., Mijovic, S., Vukelic-Sutoska, M., Curovic, M. (2013). Soil
Erosion Intensity and Runoff on the Djuricka River Basin (North of Montenegro).
Malaysian Journal of Soil Science. 17, 49-68.

Spalevic, V., Zejak, D., Curovic, M., Glisic, I., Radovic, A. (2021): Analysis of the
impact of fruit growing development on the intensity of soil erosion and runoff:
Case study of Krusevo, Bijelo Polje, Montenegro. Agriculture and Forestry, 67 (2):
37-51

Stefanidis, P., & Stefanidis, S. (2012). Reservoir sedimentation and mitigation measures.
Lakes & Reservoirs: Research & Management, 17(2): 113-117.

Stefanidis, S., Alexandridis, V., Ghosal, K. (2022). Assessment of Water-Induced Soil
Erosion as a Threat to Natura 2000 Protected Areas in Crete Island, Greece.
Sustainability 14(5): 2738.

Stefanidis, S., Chatzichristaki, C., Stefanidis, P. (2021). An ArcGIS toolbox for
estimation and mapping soil erosion. J. Environ. Prot. Ecol, 22, 689-696.

Sulla-Menashe D, Friedl MA (2018). User guide to collection 6 MODIS land cover
(MCD12Q1 and MCD12C1) Product. 1-18.

Talebikhiavi, H., Zabihi, M., Mostafazadeh, R. (2017). Effects of land-use management
scenarios on soil erosion rate using GIS and USLE model in Yamchi dam
watershed, Ardabil. Journal of Water and Soil Science (Science and Technology of
Agriculture and Natural Resources), 21(2): 221-234 (in Persian).

Taleshian Jeloudar, F., Ghajar Sepanlou, M., Emad, S.M. (2018). Impact of land use
change on soil erodibility. Global Journal of Environmental Science and
Management, 4(1): 59-70.

Tavares, A.S., Spalevic, V., Avanzi, J.C., Nogueira, D.A., Silva, M.L.N., Mincato,R.L.
(2019). Modeling of water erosion by the erosion potential method in a pilot
subbasin in southern Minas Gerais. Semina: Ciencias Agrarias, 40(2), 555-572.

Vaezi, A.R., Hasanzadeh, H., Cerda, A, (2016). Developing an erodibility triangle for soil
textures in semi-arid regions, NW Iran. Catena, 142: 221-232.

Wang, H., Zhang, G. (2021). Temporal variation in soil erodibility indices for five typical
land use types on the Loess Plateau of China. Geoderma 381: 114695.






Agriculture & Forestry, Vol. 68 Issue 2: 49-63, 2022, Podgorica 49

Stefanidis, S., Alexandridis, V., Spalevic, V., Mincato, R.L. (2022). Wildfire Effects on Soil Erosion Dynamics:
The Case of 2021 Megafires in Greece. Agriculture and Forestry, 68 (2): 49-63.
doi:10.17707/AgricultForest.68.2.04

DOI: 10.17707/AgricultForest.68.2.04

Stefanos STEFANIDISY, Vasileios ALEXANDRIDIS?,
Velibor SPALEVIC?® and Ronaldo Luiz MINCATO*

WILDFIRE EFFECTS ON SOIL EROSION DYNAMICS: THE CASE OF
2021 MEGAFIRES IN GREECE

SUMMARY
In recent decades, the frequency and severity of wildfires have increased,
especially in the Mediterranean Basin. Aside from their direct effects, accelerated
soil erosion is observed in fire-affected areas due to the destruction of vegetation.
The 2021 Greece megafires were one of the country's major ecological disasters,
destroying over 125,000 hectares of forest and agricultural land. The present
study aims to quantify the effects of selected wildfire events on erosion dynamics
over the 2021 fire season. To accomplish the goals of the current research the
RUSLE erosion prediction model was implemented using readily available earth
observation (EO) data. The results demonstrated a shift to the erosion hazard
from very low and low (pre-fire) to severe and very severe (post-fire), in all
cases. In particular, the increase in potential erosion, expressed in t ha™' y', was
found to be equal to 98.5, 65.9, 57.0, 56.3, 51.6 and 35.6 for the Gytheio
(Laconia), Schinos (Corinthia — West Attica), Northern Evia, Ancient Olympia —
Gortynia (llia), Vilia (Western Attica) and Varympompi (Attica) regions,
respectively. Moreover, the spatial distribution of post-fire soil erosion rates
provides sufficient information for the identification of the erosion prone-areas
and the corresponding emergency rehabilitation treatments.
Keywords: Megafires, Soil erosion, RUSLE, Earth Observation,
Mediterranean Basin.

INTRODUCTION
The prevention of soil erosion and reduction of its damage requires reliable
knowledge of the whole processes and effective factors (Bilasco et al., 2021;
Dragicevic et al., 2017; Katebikord et al., 2017; Vujacic et al., 2017) including
many natural and human-induced environmental factors. Fire is one of the
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effective factors on soil characteristics such as organic content, structure and
infiltration which can change the runoff and erosion conditions on the soil
surface. Climate change has the potential to influence many aspects of wildfire
behaviour and risk. Wildfires constitute the most severe abiotic disturbance in the
Mediterranean forest ecosystems. Although fire is an integral part of these
ecosystems (Pausas et al., 2006), its frequency, duration and severity have
significantly increased during the last decades (Fernandez-Anez et al., 2021). The
prevailing burning conditions (fuel, weather, topography) under which a wildfire
occurs synthesize the pyric environment that influences fire behaviour and
suppression tactics (Dimitrakopoulos et al., 2011).

In Southern Europe, the Mediterranean-type climate with the prolonged dry
and warm summer period, the flammable vegetation, the complex topography, as
well as human activities, favors both the ignition and the spread of wildfires.
Furthermore, warmer and drier conditions in the Euro-Mediterranean region are
expected over the next decades under future climate projections (Cos et al., 2022;
Hysa et al., 2021; Hysa & Spalevic, 2020; Zittis et al., 2019; Nemeth, 2015).
Hence, there will be increases in fire extent, intensity and duration of the fire
season (Amatulli et al., 2013; Mitsopoulos et al., 2016; Kotroni et al., 2020)
leading to an increased likelihood of large wildfires, known as megafires.

Megafire is called an extraordinary fire that devastates a large area. They
are notable for their physical characteristics including intensity, size, duration,
and uncontrollable dimension, as well as their social characteristics, including
suppression cost, damages and fatalities (Buckland, 2019). Megafires are not
always a single wildfire, but sometimes a grouping or “complex” of inter-acting
multiple fires across a large geographic area (Williams et al., 2011). However,
there is no single, consistent, quantitative definition of a megafire. In Europe,
they are characterized as beginning at 1,000 hectares (ha), in size, while in the
United States beginning at 10,000 ha. Disastrous megafires events have been
reported in the recent history of Greece. The fire of August 2007 in Peloponnese
(South Greece) resulted in a loss of 84 human lives and 177,000 ha of burned
area (Gitas et al., 2008), the biggest number of burned area among European
countries (San-Miguel-Ayanz et al., 2013). Additionally, in July 2018 (Eastern
Attica), Greece experienced the deadliest event ever (102 casualties) which
burned approximately 1250 ha (Lagouvardos et al., 2019). Another ecological
disaster was the megafires that occurred in Greece during the 2021 summer
period, where multiple fire events burned a total area of almost 100.000 hectares,
setting a new tragic record in the country’s history (Papadopoulos et al., 2021).

It is well known fact that the land use change leads to changes in
hydrologic response, soil erosion, and sediment dynamics characteristics
(Spalevic et al., 2021; Kurigi & Hysa, 2021; Spalevic et al., 2020; Spalevic et al.,
2013). Wildfires are taking significant part in this. In the aftermath of wildfires,
significant changes occur on hydrological and erosion regimes (Shakesby 2011;
Efthimiou et al., 2020; Curovic et al., 2021; Lecina-Diaz et al., 2021; Soulis et
al., 2021). This is mainly due to the complete or partial loss of vegetation that
decreases water infiltration rate and water storage capacity while surface runoff
increases. Except for the damages to plant communities, fire affects the texture
and the physico-chemical properties of the surface soil layer, turning it into a
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hydrophobic layer and thereby leading to higher soil erosion rates (Kokaly et al.,
2007; McGuire and Youberg, 2021).

Quantitative soil erosion assessment in fire-affected areas is a crucial tool
for policymakers to evaluate the magnitude of post-fire erosion risk and
implement mitigation measures, such as emergency hillslope rehabilitation
treatments and watershed stabilization measures (Myronidis and Arabatzis, 2009;
Robichaud and Ashmun, 2012). The ever-growing availability of high-resolution
earth observation data and the well-established use of geospatial technologies
facilitate the large-scale quantitative analysis of soil erosion, in a short period.

During the last decade, Greece has experienced large-scale wildfire
phenomena with unprecedented fire behaviour and impacts (Kalabokidis et al.,
2015). The present study aims to quantify the erosion dynamics changes
immediately after the megafires in 2021 over Greece. The analysis was not
limited to a single event, but multiple destructive wildfires were studied. To that
end, pre-fire and post-fire erosion dynamics were assessed, exploiting the
combined use of freely EO data and the RUSLE model.

MATERIAL AND METHODS
The study was conducted in selected fire-affected areas of Greece
territory from the destructive megafires in 2021. The analysis included the areas
that suffered the greatest ecological disaster with burned areas of more than 5.000
ha. The location map of the selected megafires and the associated burned areas
are given in the following figure (Figure 1).

Legend
I Bumed Areas

Figure 1. The location map of the selected megafires over Greece in 2021:
i) Northern Evia, ii) Varympompi (Attica), iii) Vilia (Western Attica),
iv) Schinos (Corinthia — West Attica), v) Ancient Olympia - Gortynia (llia)
and vi) Gytheio (Laconia).
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The spatial extent of the burned areas was retrieved from the Copernicus
Emergency Management Service (EMS)?. This service consists of the on-demand
and fast provision (hours-days) of geospatial information in support of emergency
management activities immediately following a disaster. The service is based on
the acquisition, processing and analysis, in rapid mode, of satellite imagery and
other geospatial raster and vector data sources. Analytical details of the start date
and the burned area (ha) for the selected wildfire events based on the EMS data
are given in the table (Table 1).

Table 1. Characteristics of the wildfire event based on EMS rapid mapping
activations

. Start EMS Burned Area
AIA Location Date (Act. Code) (ha)
i Northern Evia 03/08/2021  EMSR527 51245
ii  Varympompi (Attica) 03/08/2021  EMSR527 8454
i Vilia (Western Attica) 16/08/2021  EMSR540 10175
iv_ Schinos (Corinthia — West Attica) 19/05/2021 EMSR510 7005
v Ancient Olympia - Gortynia (llia) 04/08/2021 EMSR528 18400
vi  Gytheio (Laconia) 03/08/2021 EMSR531 11209
RUSLE Model

According to the various reports of the European Soil Bureau Institute for
Environment and Sustainability and the European Environment Agency, the
Universal Soil Loss Equation model (USLE) is extensively used in the following
European countries: Austria, Bosnia, and Herzegovina (including the Republic of
Srpska), Bulgaria, Greece, Italy, Hungary, Norway, Romania, Slovakia, Finland,
Czech Republic, Spain, and Switzerland. The Revised Universal Soil Loss
Equation (RUSLE) is used in Belgium; the UK, Germany, and France are using
their domestic/national models (Spalevic et al., 2019). In the countries of Balkan
Peninsula, the Erosion Potential Method (EPM) for mapping the intensity of
water erosion is the preferred model (Volk et al., 2009; Spalevic, 2011,
Kostadinov et al., 2018; Gocic et al., 2020; Tosic et al., 2019; Nikolic et al.,
2021), and recently Globally the IntErO model, based on the EPM (Sabri et al.,
2019; Chalise et al., 2019; Sakuno et al., 2020; Ouallali et al., 2020; Mohammadi
et al., 2021).

In this research we used the revised (R) Universal Soil Loss Equations
(USLE), known as RUSLE, is an empirical model that computes mean annual
soil loss by sheet and rill water erosion (Renard et al., 1991). The mathematical
description of the model is expressed as a linear combination of five factors,
related to climate, topography, vegetation cover, pedology and land management
(Lense et al., 2021).

The equation is presented as following:

2 https://femergency.copernicus.eu/mapping/list-of-activations-rapid
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A=RxKxLSxCxPF (1)

where A is the computed annual soil loss (t ha™ y™), R is the rainfall erosivity
factor (MJ mm ha h™' y™), K is the soil erodibility (t hah ha™ MJ™' mm™), LS is
the combined effect of slope length (L) and slope steepness factor (S)
(dimensionless), C is the cover management factor (dimensionless) and P is the
conservation practice factor (dimensionless).

In the current approach, the RUSLE model was implemented in a GIS
framework using open available geospatial data. These datasets include gridded
precipitation, satellite imagery, and digital elevation model (DEM) and soil
properties. The data were organized in GIS thematic layers. Subsequently, the
determination of each factor during the implementation of the soil loss model is
described in the following sub-sections. The conservation practice factor was not
considered in this study and a constant value equal to 1 was assigned to each case
study. This was done for two reasons. Firstly, there were no reliable available
data to define its values. Secondly, the conservation practices (P-factor),
including contour farming, stone walls and grass margins has profound effects on
cropland and rangeland. However, these types of practices are generally limited
in forest ecosystems, as the examined burned areas.

The footprint of megafires on erosion dynamics was achieved by
comparing the RUSLE values before and after the vegetation destruction from the
fire events.

Rainfall Erosivity Factor (R)

The rainfall erosivity factor (R) is the model’s climate component,
accounting for the effect of rainfall amount and intensity on soil loss. It is defined
as the average annual sum of the kinetic energy of storm events having a
maximum rainfall intensity of 30 minutes. However, sub-hourly rainfall rate
records from ground-based meteorological stations are rarely available in Greek
territory. Therefore, in the present study average monthly precipitation data from
the CHELSA (v2.1) dataset (Karger et al., 2017) for the period 1979-2018 were
used. CHELSA (Climatology at high resolution for the earth’s land surface areas)
is a very high resolution (30 arcsec, ~1km) global downscaled climate data set
currently hosted by the Swiss Federal Institute for Forest, Snow and Landscape
Research WSL. It is built to provide free access to high-resolution climate data
for research and application, and is constantly updated and refined.

To calculate the annual R-factor, a simplified mathematical equation
developed by Arnoldus (1980) was applied. The mathematical description of the
formula is given below:

R =322, 1735 x 10\ 7 00E) )
where R is the rainfall erosivity factor (MJ mm ha h™' y™), P; is the monthly
rainfall (mm) and P is the annual rainfall (mm).
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Soil Erodibility Factor (K)

The soil erodibility factor describes the susceptibility of soil types to
detachment and transport as a result of the raindrop and runoff process. It
depends on physical and chemical soil properties such as soil texture (contents of
silt, sand, clay, and organic carbon), permeability, shear strength, organic matter
and chemical composition. The K factor is rated on a scale from 0 to 1, where
lower values indicate soils less prone to erosion.

Herein, the K-factor was estimated according to the Renard et al (1997)
approach based on the soil’s sand, silt and clay contents. The necessary data were
retrieved in raster format from ISRIC-World Soil Information SoilGrids250m
dataset (Hengl et al 2017) with a spatial resolution of 250m. Soil grids is a system
for digital soil mapping based on a global compilation of soil profile data
(WoSIS) and environmental layers using machine learning techniques.
Afterward, the following mathematical equations were used to estimate K-factor
in each grid cell:

OE D +1.6557
K = 7.594 40,0034 + 0.0405 x exp [-0.53 | —— J 3

0.7100
Dg = exp{[l.ﬂlzﬁ_: lnmi:] (4)

where K is the soil erodibility factor (t hah ha™' MJ™" mm™), Dy is the geometric
mean particle diameter (mm), for each size class (clay, silt, sand), f; is the primary
particle size fraction in percent and m; is the arithmetic mean of the diameter
limits for each particle size class (mm) based on the USDA classification.

Topographic factor (LS)

The combination of slope length (L) and slope steepness (S) individual
factors describe the effect of topography on the erosion process. The slope length
is the distance from the origin of overland flow along its flow path to the location
of either concentrated flow or deposition, while slope steepness is the segment or
site gradient slope, expressed as a percentage. The higher values of LS-factor
represent steeper relief, where erosion and sediment yield increase due to an
increase in the runoff.

The LS-factor was calculated in the System for Automated Geoscientific
Analyses (SAGA) GIS software package which incorporates the multiple flow
algorithm (Pilesjo and Hasan, 2014). In this module, a digital elevation model
(DEM) is required as an input parameter for the calculation of the LS-factor. The
FABDEM (Forest and Buildings removed Copernicus DEM) was selected for this
analysis. This is a global DEM at 30 m grid-spacing, with artefacts from forests
and buildings removed (FABDEM). FABDEM has notable benefits compared to
existing global DEMSs, resulting from the use of the new Copernicus GLO-30
DEM and a machine learning correction of forests and buildings. This makes it
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preferable for many purposes where a bare-earth representation of terrain is
needed (Hawker et al., 2022).

The S-factor is calculated, considering the slope gradient, in degrees (9)
based on the mathematical equation provided by McCool et al. (1989)

_ (108 % sind? + 0.03, 8 = 0.09
5_{16.8><5:'m‘3 —0.5,¢ =0.09 ()

Regarding the L-factor, it is calculated using the proposed equation by
Desmet and Govers (1996). This approach takes into account that the slope
steepness is not uniform for the whole area and introduces the concept of the unit-
contributing area. The mathematical formula given below:

. epr T gmi
. (g jmgm+D?) AT (6)
pm ':xxﬂ-x 22.13™M

where A;; i is the contributing area (m?) at the inlet of grid pixel (i,j), D is the
grid pixel size (m), x;;is the summation of the sine and cosine of aspect direction
(o;) of grid pixel (xi; = sin 0;j + cos ;j), and m is a coefficient related to the ratio
p of the rill to inter-rill erosion. The m values range between 0 and 1 and 9 is the
angle of slope in degrees. The equation for the m coefficient is:

g
m=_ @)
Sl
_ 0.0E9E
B= [0.56 +Fsesind U-8] (8)

Cover Management Factor (C)

The C-factor reflects the effect of surface cover and cover management
practices on erosion rates. It is defined as the ratio of soil loss from a certain area
with specific vegetation coverage to a constantly barren region. The C-factor
ranges between 0 and 1, while the lowest values indicate the well-protected land.

There are several methods in the literature for calculating the C-factor
using vegetation indices derived from satellite images (Phinzi and Ngetar, 2019).
The most well-known approaches analyzed the linear correlation between C-
factor and NDVI (Van der Knijff et al., 2000; Durigon et al., 2014). Also, the
NDVI is sufficient for change detection (Polykretis et al., 2020; Tarig et al.,
2021). The NDVI was calculated considering the near-infrared (NIR) and red
(RED) spectrums of a multispectral satellite image using the following
mathematical formula:

NIR —Red

NDVI = ———% 9)
NIR +Red

Subsequently, the following equations were used to calculate the C-factor
based on NDVI vegetation index.
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C = exp [—cx (%)] (10)

where a and b are unitless parameters and equal to 2 and 1, respectively. The C-
factor ranges from 0 to 1, with closeness to 0 indicating well-protected land.

NDVI index derived from Sentinel-2A imageries, which provides optical
data with atmospheric and radiometric corrections. The spatial resolution on the
red (RED) and near-infrared (NIR) spectral bands that are required for the NDVI
calculation has a spatial resolution of 10 m. In the current approach, pre-fire and
post-fire Sentinel-2A images (single-date) were obtained for each fire event. The
images were acquired from the European Space Agency (ESA) Copernicus
Access Hub (https://scihub.copernicus.eu) and a universal cloud coverage
threshold <10% for all the images was used. Dates of the selected images per fire
event can be seen in the next table (Table 2).

Table 2. Dates of the Sentinel 2-2A imageries per fire event.

Fire event _ Sentinel-2_ _ Sentinel—2_
image pre-fire image post-fire

Northern Evia 1/8/2021 18/8/2021
Varympompi (Attica) 3/8/2021 8/8/2021

Vilia (Western Attica) 28/7/2021 26/8/2021
Schinos (Corinthia - West Attica) 13/5/2021 23/5/2021
Ancient Olympia - Gortynia 2/8/2021 17/8/2021
Gytheio (Laconia) 1/8/2021 11/8/2021

RESULTS AND DISCUSSION

The erosion prediction model of RUSLE was implemented in a GIS
environment under pre-fire and post-fire conditions for the selected natural
ecosystems. Unfortunately, no actual measurements are available to validate the
model’s accuracy. However, the performance of RUSLE in quantifying soil loss
rate has been found to be satisfactory in the neighbouring Mediterranean basin
(Efthimiou, 2016; Napoli et al., 2016; Porto et al., 2022). Significant changes in
erosion dynamics were found in the fire-affected areas (Figure 2). It is worth
noting that the soil loss rate in the most pre-fire case was quite low. On the
contrary, the megafires increased potential erosion by nearby 10 times compared
to the pre-fire conditions. Particularly, the magnitude of the erosion dynamic
changes, expressed in t ha™' y', was equal to +98.5, +65.9, +57.0, +56.3, +51.6
and +35.6 for the Gytheio, Schinos, Northern Evia, Ancient Olympia — Gortynia,
Vilia and Varympompi region respectively. Similar increases in the post-fire
erosion potential have been documented in Mediterranean ecosystems (Mallinis
et al., 2009; Myronidis et al., 2010).

Subsequently, the obtained values of soil loss were grouped into six
classes according to the Reneuve and Galevsky (1955) classification scheme.
This classification approach is effective for the identification of areas threaten by
accelerated erosion (Myronidis et al., 2010).
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Figure 2. Soil loss rate in the study areas under each condition

The erosion hazard classes and their corresponding break values (t ha™
y ') are as follow: Very Low (<5), Low (5-12), Moderate (12-50), Severe (50-
100), Very Severe (100-200) and Extreme (>200). In the pre-fire scenario, all the
examined areas had very low and low erosion hazard for more than 70% of their
entire area. On the contrary, severe, very severe and extreme hazard classes are
negligible except in Laconia, where they account for around 6.5% of the total
area. The coverage distribution of the erosion hazard classes is directly affected
by the megafires. In general, there was a transition from very low and low hazard
(pre-fire) to severe and very severe (post-fire). Additionally, a remarkable rise in
the moderate and extreme hazard classes has been noted. Detailed results on the
coverage rates for each erosion hazard class category, between the pre-fire and
post-fire conditions, are presented in the next figure (Figure 3).

The analysis highlighted the footprint of the 2021 megafires on erosion
regulation ecosystem service. Beyond the numerical statistics concerning soil loss
rate, the spatial mapping of erosion dynamics provides critical information to
policymakers. These maps could be a useful tool for selecting the appropriate
erosion mitigation strategy. The emergency hillslope rehabilitation treatments and
watershed stabilization measures could be determined in a cost-effective way
based on the identified erosion prone areas, proximity to the stream network and
settlements, and geomorphological conditions. The spatial distribution of erosion
hazard after the megafires events were given in the following figure (Figure 4).



58

Stefanidis et al.

Percentage coverage of soil erosion hazard classes

100%

90%

u Pre-fire (%) ™ Post-fire (%)
80%
T0%
60%
50%
40%
30%
- ‘ ‘ ‘ ‘ ‘
10%
0V,,|||||.|.IIII |_||||| I-Illll.llll |_|_II|||I._|
v o v o v v u v U v o
§ m§§2“§52“§§3“§§zms§zms
- - -
Northem Evia Varympompi (Attica) =~ Vilia (Western Attica) | Schinos (Connthia - Ancient Olympia - Gytheio (Laconia)
West Attica) Gortynia

Figure 3. Erosion hazard classes coverage rate in the examined areas

Erosion Hazard Classes

I e o [ Low
Figure 4. Post-fire erosion hazard mapping in the fire-affected ecosystems

Moderate [__| Severe [ very severe B exveme



Wildfire effects on soil erosion dynamics: The case of 2021 megafires in Greece 59

CONCLUSION

This paper quantifies the spatiotemporal changes in soil erosion dynamics
driven by Greece’s megafires in 2021. Our approach integrates freely accessible
EO data and the empirical RUSLE model for the estimation of the potential soil
loss. Aside from its practical usefulness, the proposed methodology is simple,
easy to use, has minimal input data requirements and low computational
demands. To that end, quantitative and spatial distribution of erosion hazard was
achieved at high spatial resolution. The developed methodology can easily
transfer to any region and scaled at national or even Pan-European level.

Significant increases in soil loss rates have been reported in fire-affected
regions, based on a comparison of pre-fire and post-fire RUSLE model outputs in
each case. The investigation also highlighted the footprint of multiple destructive
fire occurrences on natural ecosystems’ erosion regulation services. Furthermore,
the produced erosion hazard maps provide helpful information for identifying the
erosion prone areas. It may also be employed by policymakers for targeted
management and planning of post-fire erosion mitigation strategy. Controlling
accelerated erosion following wildfires is a primary concern for stabilizing soils
and enhancing natural regeneration in Mediterranean pinewoods. Future research
could focus on the development of an automated workflow for the spatial
determination of emergency erosion control works based on the previously
described erosion hazard maps.
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SUMMARY

In times of increasingly pronounced climate change, wildfires are among
the key threats to forest ecosystems and pose a global environmental and
economic problem. Montenegro's forests are particularly endangered due to its
geographical position and the increasingly adverse climate effects. Wildfires
occur as a causal link between climatic and meteorological conditions, humidity
of forest cover, and plant vegetation with social activities in the area concerned
(revised Forestry Development Strategy, 2018). Increasing attention is being paid
to improving risk assessment and early warning using modern information
systems to mitigate the wildfire risk preventively. Research on the capability and
capacity of responsible institutions in Montenegro for establishing an information
system is particularly important for wildfire risk management. The research
showed that Montenegro's capabilities and capacities for risk assessment and
early warning of wildfires are limited. The research showed that the system could
be improved by establishing a single national wildfire information system.
Various forms of early warning and wildfire risk management systems applied,
including the Macedonian Forest Fire Information System (MKFFIS), Croatian’s
Integral Forest Fire Monitoring System (in Croatian IPNAS), and others, have
already shown a high level of efficiency. Through a systemic approach, a large
part of the tools used by these systems could be realistically developed and
subsequently upgraded, taking into account their modularity in terms of software
and hardware.
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INTRODUCTION

The forests are among the most important natural ecosystems and
components on which Montenegro's sustainable development is based. In times
of global climate change, wildfires pose one of the key threats to forest
ecosystems (Bowman et al., 2009), causing economic losses (Bowman et al.,
2009; Westerling et al., 2006; Lohman et al., 2007). Only 5% of fires are
attributed to natural causes, while 95% are caused by human activities such as
negligence (Miguel, 2003). However, investigations of frequent wildfires in
unpopulated areas of Canada showed that from 1991 to 2000, there were about 8
000 wildfires per year, of which 48% were started by lightning (Wotton et al.,
2005). Where there are no people, wildfires have to be caused primarily by
natural causes. Furthermore, the role of vegetation is significant, so wildfires link
climate characteristics, human activity, and the type of vegetation (Ichoku et al.,
2003). According to the definition of natural disasters and classification set out in
the Annual Disaster Statistical Review of the Centre for Research on the
Epidemiology of Disasters (CRED) (Debarati et al., 2016:50), wildfires are
classified as a group of climatological natural disasters.

Wildfires that burn 200-500 million hectares of land over the year cause
damage to larger areas and destroy biomass worldwide more than any other factor
(Lavorel et al., 2007; Ichoku et al., 2008). Thus, the awareness of the damaging
effects of wildfire on biodiversity, human health, and the economy is increasing
(Lohman et al., 2007). Particular importance is attached to the rising air
temperature and relative humidity. Flaming (Flamming et al., 2009) claims that
wildfires during 2003 were a transient occurrence of what the future will look like
and that we can expect more intensive wildfire seasons in the future. Continuous
warming will produce greater seasonal contrast, which combined with expected
increases of 44% in lightning strikes, will increase burnt areas by 78% over the
next 50 years".

Due to the geographical position in the Mediterranean and the increasing
adverse climate impacts, Montenegro's forests are particularly wvulnerable
(Disaster Risk Reduction Strategy, 2017). Wildfires occur as a causal link
between climatic and meteorological conditions, relative humidity of forest cover,
and plant vegetation with social activities in the area concerned (revised Forestry
Development Strategy, 2018).

Montenegro supported United Nations Convention to Combat
Desertification (UNCCD) initiative Land Degradation Neutrality Target Setting
Process (LDN TSP) in 2016, as a platform for promotion of sustainable land
management. LDN TSP resulted in national report containing identification of 15
hotspots and 25 measures with an aim to achieve LDN in Montenegro up to 2030.
According to the LDN Report (Land Degradation Neutrality, 2018), main threats
and pressures on soil in Montenegro, are urbanization and wildfires.

Even though fires are a highly stochastic phenomenon, Gonzalez et al.
(2006) have set up a model that can be used in practice. Brown et al. (2004) made
long-term forecast models for periods (2010-2029, 2030-2049, 2050-2069, 2070-
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2089) for the Western United States. International strategies for disaster reduction
(ISDR), the Hyogo Framework for Action (2005-2015), as well as the Sendai
Framework for Disaster Risk Reduction (2015-2030), highlighted the need for a
more comprehensive approach, where efforts would be made to avoid or mitigate
the risk before the disaster begins, and today, this proactive concept is recognised
and established as a risk management process.

A stable and sustainable risk management system is based on widely-
accepted results and proven standards, such as ISO Guide 73:2009 and ISO
31000:2009, which establishes the principles, generic guidelines, and a logical
risk management process. It includes five activities: 1) communication and
consultation, 2) establishing a context, 3) risk assessment, 4) risk treatment, and
5) monitoring and reviewing activities, which was accepted in Montenegro.

Some common objectives and tasks for carrying out risk assessments,
which may be relevant to many, include:

-Develop a risk profile that provides a quantitative analysis of the types of
threats the organisation is facing;

-Develop an accurate inventory of available data sets and data resources;

-Provide a rationale for the cost of security measures to mitigate risks and
vulnerabilities;

-Development of accurate IT support (software, hardware) and networking;

-ldentify, prioritise and document risks, threats, and known vulnerabilities to
a related organisation or sector;

-Determining the budget for reduction or mitigation of the risks, exposures
and vulnerabilities identified;

-Understanding the return on investment, if the funds are invested in
infrastructure or other assets to compensate for potential risks.

Numerous studies describe the risk of wildfire/forest fire as a result of the
interaction between the two components - wildfire hazard and vulnerability.
Among others, the risks of wildfires are addressed by the European Commission
Expert Group on Forest Fires (EC EGFF) in the publication "Basic criteria to
assess wildfire risk at the pan-European level” (JRC Technical Report, 2018).
The basic wildfire risk components can be illustrated in a simplified manner, as
shown in Figure 1. In this context, the wildfire risk components (hazards) concern
the likelihood of ignition and spread of wildfire, while vulnerability concerns the
susceptibility to damage. The wildfire risk assessment should take into account
the most relevant components associated with the wildfire occurrence. To assess
when and where the wildfire will cause undesired effects, it is necessary to model
also (1) the fire ignition and propagation potential and (2) fire vulnerability (E.
Chuvieco et al. 2010). Fire risk varies with environmental conditions and
characteristics of vegetation types (Servodoni et al. 2021). Generally, the factors
(triggers) that cause fires can be characterised as external and internal (forest-
related). External factors are associated with increased temperatures and
droughts, as they predispose fuel to ignition. The internal or forest-related drivers
are linked to the forest and vegetation composition and structure, including the
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topography of the forest location as well as activities affecting the composition of
forest trees. The relationship between internal and external factors, which may be
significant triggers of wildfires, is illustrated in Figure 2.

Figure 1. Basic forest risk assessment components (Source: JRC Technical
Report, 2018)

i Forest-related
drivers

Figure 2. Wildfire risk drivers (Source: JRC Technical Report, 2018)

The development of advanced technologies and programs has enabled the
modern methods for wildfire risk component analysis and wildfire effects
assessment to find their place in wildfire prevention (Birkmann, 2006; Cardon et
al.,2012; Kaplan and Garrick, 1981). Accordingly, wildfire/forest fire information
systems often include dynamic fire risk assessment modules and frequent updates
of fire risk components such as fuel distribution, vegetation structure, and
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moisture content. Furthermore, satellite technology and geographic information
systems allow the integration of spatial data layers for the analysis of spatial
patterns of wildfire occurrence and the wildfire risk at different scales. Dynamic
digital maps have become an important tool to present risks, vulnerability,
exposure, and risks. The maps greatly help all participants involved in the
assessment work, facilitate the presentation of results, assist in understanding the
risks, and visualise risk levels (Servidoni, et al. 2021). The following maps can be
made to assess the risk of wildfires: 1. Hazard maps, 2. Maps of exposure of the
population, critical infrastructure, facilities, etc.; 3. Capacity and capability maps
(resources, equipment, roads, etc.); 4. Other information, such as administrative
borders, roads, settlements, railways, bridges, other critical infrastructure, etc.; 5.
Forest vegetation, protected areas, hydrographic network, basins, topsoil, etc.
According to Watts (2002), decisions concerning wildfire risk not only require
challenging technical steps to assess the risk of wildfire but, at the same time,
require identification of an acceptable risk level, which is more of a task for
society than for an engineer.

The wildfire risk assessment is based on the scenario when the wildfire is
started, where it will occur, and how it will propagate. The assessment system
consists of indices describing the state of the basic hazard components. Since
1947, when the Angstrom Index was established in Sweden, several fire hazard
indices have been developed worldwide. Comparison of characteristics of 11
indices (Hahamed et al., 2017): Angstrom, Nesterov (N), M-Nesterov (M-N),
Keetch-Byram Drought Index (KBDI), modified KBDI, Baumgartner, Canadian
Fire Weather Index (FWI), Simple Fire Danger (F), Czech Fire Danger Index
(FD), Lebanese Fire Danger (L), shows that the most widely used index is FWI,
also used in the Western Balkan region. Furthermore, the modified Angstrom
Index is in use in Serbia (Ratkni¢ Tatjana, 2017). In 2004 and 2008, the Institute
of Hydrometeorology and Seismology of Montenegro (IHSM), in cooperation
with the Sector for Emergency Management and Civil Protection Montenegro,
applied the FWI (Fire Weather Index). This method is based on the assessment of
the forest fuel flammability index depending on past and current weather
conditions. The meteorological elements that affect the hazard are: air
temperature, relative air humidity, wind speed, and precipitation in the previous
24 hours. The forecast results were extremely good; however, further work on the
forecast was suspended due to a lack of funds.

Such monitoring, risk assessment, and early warning from the
meteorological viewpoint are already widely used in practice. At the global level,
it is the World Meteorological Organization (WMO), through the World Weather
Watch Programme - WWWP and the World Weather Research Programme
WWRP, and others. The European Organisation for the Exploitation of
Meteorological Satellites - EUMETSAT is an intergovernmental organisation
providing its users with weather and climate-related satellite data, images, and
products 24 hours a day, 365 days a year. From the aspect of wildfires, the
European Commission's (EC) Joint Research Center (JRC), while working to
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develop and implement advanced methods for assessing wildfire hazards and
mapping the burnt areas at the European level, developed the European Forest
Fire Information System (EFFIS), which is part of the EU Copernicus
programme, under the Emergency Management Service (EMS). EFFIS publishes
two indicators providing information on the FWI local/time variability compared
to the historical series of approximately 30 years. The EFFIS fire hazard forecast
module currently provides access to fire hazard indices using numerical weather
forecasts from two deterministic models, i.e. km spatial resolution. EFFIS
generally serves the needs of the EU Member States, but non-EU countries can
also obtain certain information and services. There is also an initiative to establish
a Global Wildfire Information System (GWIS).

In almost all European countries, there are national wildfire information
systems. With support from the Japan International Cooperation Agency (JICA),
RN Macedonia developed the MKFFIS, which has been functioning successfully
for years. Furthermore, most countries have established fire surveillance systems,
which include different types of fire detection sensors, CCD smoke detection
cameras, infrared (IR) radiometers that detect heat radiating from the fire, IR
spectrometers for identification of the spectral characteristics of smoke gases, as
well as laser detection systems (LIDAR) that determine the three-dimensional
position of the smoke particles with a laser beam, etc.

Numerous analyses and reports (Izvjestaj DRI o reviziji, 2019) on wildfires
in Montenegro show insufficient efficiency of the system and limited capacity in
terms of lack of coordination, lack of knowledge of probability assessment, and
consequences of the potential hazard, with the emphasis on the fact that the
system is not supported by an appropriate information service and database, for
the necessary risk assessments, mapping and hazard mapping, and the absence of
supervision of the execution of tasks. Accordingly, the DRI's assessment is that
Montenegro does not have in place a sufficiently efficient system of protection
against wildfires (Izvjestaj DRI o reviziji, 2019). In this regard, the Government
of Montenegro and JICA launched in 2021 the NFFIS project for Montenegro,
modelled after the MKFFIS.

The aim of this paper is to explore the existing national information
capacities for wildfire risk management, databases, information capacities,
coordination, risk assessment procedures, and early warning for wildfire risks in
Montenegro.

MATERIAL AND METHODS

Since "MKFFIS is intended as a possible prototype or model for the system
whose functions should be achieved by establishing an NFFIS in Montenegro™
for this purpose, the research started with the analysis of the content of the online
materials available for the MKFFIS (http://mkffis.cuk.gov.mk/broshura/ MKFFIS-
en.pdf). Since the MKFFIS is a prevention and early warning system for
wildfires, it integrates 4 (four) basic modules: (1) assessment of forest fire
hazards; (2) assessment of exposure; (3) assessment of vulnerability and losses;
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and, (4) assessment of capacity/inventory. In order to gain an understanding of
the methodological basis of the MKNFFIS basic modules, a detailed analysis of
the material referred to in Chapter 5 was performed, notably item 5.1 "The
Methodological setting of the Integrated System for Prevention and Early
Warning —of Forest Fires - MKFFIS, Table A) Forest fire risk elements and risk
assessment tools and Table C) Data necessary for the creation of tools for the
forest fires risk assessment. The results and features of the MKFFIS are presented
in Chapter 6 of the MKFFIS brochure. As regards the research of the forest fire
surveillance system and early warning system, research and practices in the
application of these systems were considered with a focus on the development
project, analyses (Stipanicev et al., 2010), and reports on the application of the
Integral Forest fire Monitoring System — (in Croatian IPNAS) in the Republic of
Croatia.

In order to look at the possibilities for establishing an NFFIS in
Montenegro, an analysis of the situation related to forest fire was carried out in
three key sectors involved in the NFFIS establishment, which are the Rescue and
Protection Directorate as the leading organisation in the disaster risk reduction,
forestry institutions responsible for forest management and the IHSM in terms of
early warning for potential hazards, as well as an appropriate general analysis of
the situation regarding forest fires in Montenegro, including causes, hot spots,
damage, history, monitoring, and imaging, etc.

The following methods were used in the research: content analysis,
statistical method, and the comparative method. The content analysis method was
applied during the analysis of national (Izvjestaj o realizaciji programa
gazdovanja sumama, 2011,...; Izvjestaj o stanju sistema zastite, 2010,...) and
international reports (JRC Forest Fires, annual reports) on Forest Fires, climate
change, conceptual-normative and other documents (Strategija DRR, 2017). The
statistical method was applied to explore the trends of individual risk elements,
such as climate change (Pavié¢evi¢, 2012). The comparative method was applied
primarily for the comparison of data obtained by content analysis and statistical
method on the forest fire risk elements and the features of the risk assessment and
early warning system.

The data sources were publicly available legal normative documents and
annual reports of the institutions mentioned above; some data were obtained
through a questionnaire - survey in these institutions. In preparing this paper,
analysis was carried out with respect to each wildfire risk element and the
possibilities of developing appropriate risk assessment tools for the purpose of
setting up an NFFIS in Montenegro.

RESULTS AND DISCUSSION
The research showed that the MKFFIS functions as an integrated web
platform for communication and information exchange among all relevant actors
involved in wildfire prevention and early warning of wildfire hazards. Guided by
the risk concept, the methodological setting of the integrated wildfire prevention
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and early warning system — MKFFIS - provides the designed wildfire risk
elements and risk assessment tools, as follows:

1) Wildfires hazard: hot spots map and wildfire history map;

2) Exposure: forest vegetation map and map of forest damage values;

3) Vulnerability: vegetation map and a wildfire weather index map;

4) Capacity: all necessary topographic and other basic maps and data on
the resources for the control.

In view of the tools and risk assessment function of the MKFFIS and the
data necessary for their creation, the following requirements may be listed for the
NFFIS of Montenegro:

1) For the creation of the Hot Spot Map and the Vegetation Dryness Map
data from the publicly available or licensed sources through the providers
mentioned above, such as EUMESAT with additional engagement or NASA's
Fire Information for Rescue Management System (FIRMS) indicating global hot
spots in easy-to-use formats;

2) Establish a Fire Weather Index Map; a precondition is a sufficiently
dense automated weather stations (AWS) network managed by the IHSM, which
will be able to automatically (at certain time intervals) send data on key weather
parameters measured (temperature, humidity, wind speed and direction,
precipitation) to the central NFFIS (RPD) unit;

3) For the Forest Vegetation Map, the key data supplier should be the
forest sector entities, mainly the Forest Administration of Montenegro (FA) and
others, as necessary. A precondition for providing quality data on forest
vegetation (species, age, diameter, wood volume, slope, etc.) is the existence of a
guality National Forest Inventory (NFI), i.e. digitized forestry data, in a specific
format and standards;

4) In order to introduce a Fire History Map in the NFFIS Montenegro,
there is a need for a consistent process and procedures for preparing fire reports
by the Forestry Sector and RPD, and accordingly, this needs to be developed
during the NFFIS development process;

5) The existence of a Topographic Map and other basic maps in the
appropriate format and quality is also a precondition from a technical point of
view, given that NFFIS should be established as an integrated GIS platform. In
terms of providing continuous services to the NFFIS in relation to basic maps and
other digital base layers, the main source of data should be the Cadastre and State
Property Administration (CaSPA) of Montenegro. The CaSPA has recently
worked on the development of a digital topographic map at a 1:25 000 scale in
collaboration with JICA. Based on this project, a digital topographic map at a
1:25 000 scale was prepared for 70% of the territory of Montenegro, after which
the CSPA completed the rest on its own. The following data are maintained on
the CaSPA website: Orthophoto for the entire territory of Montenegro (imaging
date 2007. pixel size 0.5 m), digital map of Montenegro at a 1:25 000 scale for
the entire territory, thematic data including road network, railway network,
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watercourses, settlements, facilities, digital terrain model, relief, administrative
boundaries, cadastral unit  boundaries. The CaSPA  Geoportal
(www.geoportaluzn.me) was implemented with the following services - view,
download, transformation, and invoke;

6) A Map of Forest fire control resources can be a very useful tool to
support Montenegro's national forest fire management system. If providers under
the MKFFIS are taken as a starting point contributing to the establishment of this
tool, it can be concluded that it is a complex function that depends on several
factors, highlighting the need for the establishment of resources databases from
several national institutions. This model should be a challenge for the RPD and a
roadmap for the establishment of a similar system during the NFFIS
implementation project in Montenegro.

7) The implementation of the damaged forests value table depends
mostly on the available data of the Forest Administration of Montenegro. In other
words, the basic precondition for this tool is established procedures and a price
list set for all parameters in accordance with the forestry legislation.

Some key findings of the research, which are essential for the
establishment of basic NFFIS functions and products in Montenegro, are as
follows:

1) Forestry Sector, from a strategic point of view, is governed by the Law
on Forests (Zakon o Sumama, 2010), the National Forest and Forestland
Management Policy (Nacionalna Sumska politika, 2008; Godisnji program
gazdovanja Sumama, 2013), and the Strategy with the Forestry Development Plan
for the period 2014-2023 (Nacionalna Sumska strategija, 2014), on the basis of
which the legal framework and forestry policies were implemented by the
competent institutions in this period. The First National Forest Inventory (NFI)
was completed in 2011 (Prva nacionalna inventura suma Crne Gore, 2013), and as
regards the methodology, the NFI complies with the EU standards (European
glossary for Wildfires, 2012; Council Directive (ECC) no. 2158/92; Risk Assessment
and Mapping Guidelines, 2010,) and is compatible with national inventories
implemented in Europe. It uses the elements of the systematic sample in cluster
form. The distribution of clusters and sample plots is based on a rectangular grid
2 km x 2 km (basic grid), determined by Gauss-Kruger coordinate system, zone
6. For data processing within the FA, an "NFI Analysis Software" was put in
place. The NFI program was developed according to the NFI assessment
methodology; the program can be used as a standalone application to work with
the MS database access platform or to work with the central database and the MS
SQL server database. The program also allows connection to GIS platforms to
link the NFI data to digital maps. A more detailed technical analysis of this
software script should be considered in order to determine the possibility of
connecting to the NFFIS as such (source) or with some adaptation/adjustment;

The research has shown differences in the various data records, such as
the percentage of forest and forestland using different criteria (Figure 3). As
regards the "Forest fire damage and historical records", the FA has so far used a
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classic method of assessing burnt areas - in field visits, using GPS, it followed the
boundaries of the burnt area, and eventually, a model was created where the burnt
area in hectares is automatically calculated and shown on the map. Discrepancies
are evident in the information from the annual reports of the FA and EFFIS
(Table 1).
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Figure 3. Montenegro's forest cover according to the NFI, NFP and FAO sources

Table 1. Comparative overview of forest fires (2010-2020

Surface/ha
Year Source EFFIS Source MFA Difference
2010 No data 695 /
2011 10 798 49 009 38211
2012 23872 11 858 12 287
2013 1043 171 872
2014 No data 62 /
2015 7 388 3124 4264
2016 3238 1099 2139
2017 35969 21215 14 754
2018 2 339 3416 1077
2019 9284 1170 4641
2020 25812 4643 21 169

Source: The authors' own calculations based on the data from the reports
of the organisations mentioned above

Despite the significant steps forward it has made thus far, Montenegro
lacks a single and well-organised system to monitor and prevent the wildfire risk.
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It is necessary to establish a more efficient system of fire protection, monitoring,
as well as efficient remediation (Curovic et al. 2021).

Setting up the NFFIS would be a great opportunity to increase the overall
capacity of relevant stakeholders to effectively manage the wildfire risk, and the
NFI provides an excellent basis for this. Further analysis of the FA capacities is
needed in terms of their readiness to achieve the necessary preconditions for
establishing the process of assessing forest fire damage and losses (clarification
of the price list, forest fire recording procedures, method for assessing damage
and losses from forest fires, burnt areas, wood volume, etc.).

2) The Institute of Hydrometeorology and Seismology of Montenegro
(IHSM), in order to provide the metrological data for the NFFIS functions,
currently disposes of 55 meteorological stations, of which 33 automated (AMSS),
transmitting the measured data automatically from the field to the central server
and 22 classical meteorological stations (CMSs). The automated and classical
meteorological stations, operated by the IHSM, measure the meteorological
parameters, such as: air temperature, relative humidity, wind (direction and
speed), and precipitation, and can be used to create FWI, etc.

Table 2. Overview of the numerical models used by IHMS

Model 1 Model 2 Model 3 Model 4
Oper 1 WRF-NMM NMME-DREAM1
Input data from Oper0, oper2 Input data from
ECMWF ! ! WRFChem v4.1.2
Model Operll WRF- Oper 22, Input data from ECMWPF
NMM drownscale WCMWE NMME-DREAM11
Downscale from from oper 2. ' Downscale from
NMME-DREAM1
oper 1
Reioklr%'on 3km; 1km; 0,5km | 12km; 9km; 3km 6km; 2km 5km; 2km
00 UTC
_ooutc initialization o
initialization 5:44 UTC. 4°57 Initialization 00 NMME-DREAM1
Results 8:00UTC, 13:00 ’ UTC' ’ uTC —10:42 UTC
availability uTC 6:48 UTC. 12 UTC available: 10:40 NMME-
time 12 UTC initialization 17-45 initialization 12 DREAM11- 15:40
initialization 20:00 C 16: IC UTC, 22:40 uTC
utc, 2400 uTC | TS, SOSBUTC,
Max.
Forecasted
Period 5 days 5 days 3 days 3 days
(days)

Source: The authors' own creation based on the data from the reports of the IHMS

The IHSM applies the computer-based forecast and the corresponding
numerical models. The computer-based forecast is a direct result of numerical
modelling, and forecasters have no subjective influence on it. There are two
models of computer-based forecasts in use; input data for Model 1 originate from
the NCEP/USA global model, and for Model 2 from the ECMVF global model,
as follows: modell WRF NMM v3.9.1 and model2 WRF NMM v3.9.1. Whereas
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numerical modelling, or numerical weather forecast, starts from the viewpoint
that, knowing the current weather situation, the development of the process can
be presented through mathematical formulas and the logical laws of physics. For
20 years, the IHSM has been continuously using the latest numerical models for
the weather forecast, the NCEP/USA by Prof. Zavisa Janji¢ and Prof. Slobodan
Nickovi¢, (Eta, NMM-E, VRFNMM, NMMB, EtaDREAM, NMME-DREAM).
The characteristics of these "numerical modelling" models can be seen in the
Table 2.

The IHSM, in accordance with the Law on Hydro meteorological Affairs
in the process of daily (24.7.365) data dissemination from global world
meteorological centres, has taken the following:

-6.5 GB k 2 (00.12) + 1.2 GBk2 (06.18) = 15.2 GB data gribl from
ECMVF Reading

-3.2 GB k (00,06,12,18) = 15.2 GB data grib2 from NCEP / USA
Washington

-7 GB k 4 (00,06,12,18) = 24 GB grib2 data with ICON DVD Offenbach

These data are extracted from global forecasting models on a daily basis
and are used to launch the high-resolution model. High-resolution models WRF
NMM a9km, WRF NMM a3km, WRF NMM e3km, WRF NMM e3km, WRF
NMM elkm, WAM, Eta-DREAM are being launched daily (24/7/365). The
products of these models were available on the IHMS web servers on a daily
basis.

At present, the IHMS does not use satellite data to produce products
similar to those produced by the MKFFIS. Regarding the NFFIS establishment
objectives in Montenegro and the need to access certain products serviced by the
EUMETSAT, it is important to note that Montenegro is not yet a full or
associated EUMETSAT member. Therefore, Montenegro has only limited access
to the EUMESAT products and services based on the DAWBEE project. The
research showed that for some time, the IHMS was calculating FWI, but not
currently, which is why it is necessary to take measures to establish this function.

3) Rescue and Protection Directorate (RPD), as the main pillar of the
national disaster risk mitigation system, should have a central position within the
NFFIS Montenegro, which means that the PRD would be the location of the
NFISS central server unit and the institution that will assume responsibility for
the administration and maintenance of the entire system. The research on the
RPD organisation and capacity showed that in its current organisational structure,
the RPD has a 112 Unit or an Operational Communication Centre (OCC) within
which there are certain capacities in terms of server installations and other IT
equipment, but of course, the NFFIS' needs have to be assessed in a
comprehensive manner, as well as human resources and technical strengthening.

Therefore, as regards the introduction of some functions in the NFFIS,
from a technical point of view, it is recommended that for some products, it
would be best to take the same approach/concept used in the MKFFIS, such as
the technology of publishing the hot spots map and the vegetation dryness map,
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using the channels of the EUMETSAT network and other satellite channels. To
establish a sustainable and operational NFFIS, it is essential that this system is
included in the appropriate regulatory framework of the institutions, which are
the key JICA project partners (RPD, IHSM, and FA).

Over the past few years, the early warning systems for forest fires in the
Mediterranean region, but also further, have been increasingly relying on
technical and electronic surveillance from the ground, which is already showing a
significant improvement in the early warning system. In the forest fire seasons in
1999 and 2000, Germany tested the “Autonomous Early Warning System For
Forest Fires” (AVES). In a test area of about 800 km?, 45 forest and field fires
occurred, all detected and identified by the AVFS within the prescribed deadline,
even earlier than by experienced observation staff, and the software false alarm
rate was below 1%, the operator can deal with easily (Kiihrt E., Knollenberg J.,
Mertens V., 2001). Croatia has developed its own Integral Forest fire Monitoring
System — the IPNAS, which is an integrated and intelligent forest fire monitoring
and observation system based on video cameras in the visible and/or infra-red
part of the spectrum. The IPNAS is a modular system in terms of both hardware
and software. Hardware modularity allows it to easily add new camera
observation locations. Software modularity allows it to easily add completely new
functionalities. The IPNAS is not only a fire detector but an advanced, integrated
and intelligent fire monitoring and observation system that can be used as a fire
detector system but also as an advanced system for remote video presence. It is an
integrated system because it is based on the fusion of different data types (video
signals, weather data, and GIS information), and intelligent because it is designed
on the knowledge of artificial and computer intelligence.

Table 3. Overview of wildfire damage for the period 2016-2020

Burntarea | Number of Ul e e
(ha) wildfires volume burnt Damage (€) extinguishing
burnt (m3) | (plantings) costs (€)
2016 1100 73 24 334 / 66 834 1560
2017 21216 154 142 629 / 1794 553 3440
2018 3417 18 132 6 200 3 660 760
2019 1170 82 26 738 68 260 329 307 8 920
2020 4 644 220 39013 0 1434870 1220
TOTAL | 31547 547 232 846 74 460 3629 224 15900

Source: The authors' calculations based on annual reports from the Forest
Directorate

The financial aspect is also important for the establishment of such
systems. The cost of the entire system of 56 observation stations and 10 operating
centres, which are being implemented in several stages throughout the Split
Dalmatia County, amounts to around €2.1 million, which is only 2.5% of the
officially estimated damage from wildfires in 2003 in this County (about €66
million), so investing in such systems, though they cannot reduce the number of
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fires, but can significantly reduce the fire damage, is justified and useful
(Stipanicev, D. et al., 2010).

The French project PRODALIS (Motorola Case Study, 2008),
implemented in 2008 on the Atlantic coast of France, showed that a system of 14
firefighting video observation units weekly detected more than 90 burn-offs that
were illegal in the fire season, so in this way, the firefighting video surveillance
system provides a direct weekly income of more than €8 000. (Motorola Case
Study, 2008). The official data from the Forest Directorate of Montenegro show
that direct damage from wildfires for the period 2016 to 2020 was €3 629 224
(Table 1), while the damage for 2012 alone on 11 858 hectares of burnt area was
€4 268 099, and in 2011, as many as 49 009 hectares of burnt areas, but financial
indicators were not available. There are also the costs for the engagement of
observers of EUR 18 000 only for August each year (annual management
programme of the FA).

CONCLUSIONS

The practice and numerous analyses after the fire seasons have shown that
Montenegro still lacks an efficient system of protection against wildfires, which
primarily relies on its fire response ability. The research has shown that the
development of information technologies has significantly improved the
capabilities of the early warning system and efficient wildfire risk management.
The efficiency of numerous national and global systems has already been
confirmed, which imposes the need to pay particular attention to this issue in
Montenegro.

The research showed very high possibilities for software solutions for
numerical and mapped MKFFIS products for efficient wildfire risk management.
The analysis of the capabilities and capacities in three key institutions in
Montenegro for the NFFIS establishment showed that certain information
segments for automated risk assessment were developed but were not
systematised or sufficiently supported by IT, and the capabilities and capacities
could be considered underdeveloped. With a systematic approach, most of the
tools could be developed realistically and other MKFFIS tools could be
developed under additional projects, which would significantly improve the
system of protection against wildfires. The cost-effectiveness and efficiency of
the systems for the early detection of wildfires, such as the IPNAS, are
realistically applicable in Montenegro, considering its geographical and climatic
characteristics. As these systems are modular in terms of software and hardware,
they can be combined and complemented. Montenegro's accession to the
European Union and other forms of cooperation also impose the compliance of
this system, so the pilot projects implemented should not be in collision with the
NFFIS but complementary to it. The cost analysis showed that for some years
(2012), direct financial damages were higher than the price of such systems for
the whole of Montenegro.
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With the current issues of unsystematised data, procedures, risk
assessments, and early warning, it is unlikely to expect more effective prevention
of wildfires. On the contrary, they will become increasingly frequent due to
current climate trends and cause more damage, especially in marginalised and
inaccessible areas. Without a decisive policy shift and clearly defined objectives
to improve the risk management system and its use, significant progress in
preventing forest fires can hardly be expected. The establishment of NFFIS,
whose significance is becoming increasingly apparent, could provide a solution to
many problems in mitigating the risk of disasters in the forest sector, i.e. in the
protection against wildfires in Montenegro.
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VARIATION IN GROWTH AMONG PROVENANCES OF
PINUS BRUTIA IN A 32-YEAR-OLD EXPERIMENT
FROM SOUTHERN TURKEY

SUMMARY

The provenance trial established by seedlings of 46 seed sources of Turkish
red pine (Pinus brutia Ten.) was investigated based on 32-year-old tree height
and diameter at breast height in this study.

Averages of tree height, and diameter at breast height were 9.32 m, 17.9
cm, respectively, while there were large differences among provenances and
within provenance for the characters. Tree height varied between 7.04 m and
10.62 m, and diameter at breast height ranged from 14.48 cm to 21.46 cm in the
provenances.

Results of analysis of variance showed significant (p<0.05) differences
among provenances for the characters. Block, and block x provenance interaction
were also significant (p<0.05) for the characters. Provenances were more
homogenous for diameter at breast height than tree height based on results of
Duncan’s multiple range tests. There was positive and significant (r=0.74,
p<0.05) relations between height and diameter at breast height.

The results showed importance of the provenance and local forestry
practices in the species.

Keywords: Adaptation, Afforestation, Origin, Pinus brutia, Variance

INTRODUCTION

Turkish red pine (Pinus brutia Ten.) is classified as one of the most
economically important tree species for Turkish forestry and the “National Tree
Breeding and Seed Production Programme” (Koski and Antola, 1993) because of
its commercial wood product and the largest natural distribution by 5.2 million ha
which of %26 of total forest area of Turkey (Anonymous, 2020). The species has
high adaptation ability to different environmental conditions (Ortel et al., 2010)
such as annual rainfall varies between 400 mm and 2000 mm (Atalay et al.,
1998). It is getting importance of the species and its provenances based on
climate change. Provenance or also called origin can be defined shortly the place

lAIper Ahmet Ozbey, South-Western Anatolia Forest Research Institute, Antalya, TURKEY

%Nebi Bilir, (corresponding author: nebibilir@isparta.edu.tr), Faculty of Forestry, Isparta University
of Applied Sciences, Isparta, TURKEY

Notes: The authors declare that they have no conflicts of interest. Authorship Form signed online.
Recieved:11/04/2022 Accepted:20/06/2022


mailto:nebibilir@isparta.edu.tr

84 Ozbey and Bilir

that vegetative or generative material collected. Provenance trial is one of the
main stages of tree breeding programmes to estimate variations, seed transfer
regions (e.g., White et al., 2007) and adaptation ability, and to establishment and
selection of seed sources for future plantations, and for other purposes such as
resistance to biotic and a-biotic damages (e.g., Hattamer and Konig, 1975;
Falkenhagen, 1991), and also to determine better seed source to afforestation area
to obtain higher quality and quantity forest products. For instance, it was
estimated that, by selecting suitable provenances, 30% to 50% gain could be
realized in the species (Isik et al., 2002). Reflection of provenances of a species
can vary to the ability and damages according to different environmental
conditions.

For the purposes, national provenance trials were established by 50
provenances in Turkish red pine in 1987 (Cengiz et al., 1999). However,
performances of provenances can change because of many biological and
environmental factors such as edaphic, climatic, species, especially provenance
and years (e.g., Cengiz et al., 1999; Ortel et al., 2010; Calikoglu et al., 2011;
Calikoglu et al., 2020), and also their interactions.

Future studies are suggested based on different growth performances
reported in provenances of the species in early studies by Ortel et al. (2010), Isik
et al. (2002), and Calikoglu et al. (2020).

It is suggested that provenance trial should be surveyed by rotation age
which is 60 years in the species (Eler, 1992) or by half of rotation age which is
30" years (Isik et al., 2002) for accurate estimations. Rotation age is also related
to selection age (Ozbey et al., 2020) as known. They emphasize importance of
new studies on future years of provenance trials. While, 10™ and 20" years of the
trial were examined by Isik et al. (2002) and Ortel et al. (2010), 32" year result
has not been investigated in the trial, yet.

The present study is including new results by 32™ year collected data.

In this study, growth performances of provenances, and their variations
were compared in a 32-year-old trial of Turkish red pine to estimate whether
significant differences among provenances for height and diameter or not to
contribute present and future practices in the species.

MATERIAL AND METHODS

The provenance trial was established by one-year containerized seedlings
grown 30 seed trees selected phenotypic from each 46 seed sources (mostly seed
stands, P2-P50) (Table 1).

The seedlings were planted by 3x1.5 m spacing by three replicates also
called block at experiment site from southern part of Turkey (37°02'02" N
latitude, 30°10'49" E longitude, 1045 m altitude) in 1998 (Figure 1). Tree height
(H), and diameter at breast height (D;.3,) were measured at end of growth period
of 2020.
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Table 1. Geographic details of the provenances
No Latitude Longitude Altitude No Latitude Longitude Altitude
(N) (E) (m) (N) (B) (m)
P2 35°17 33°24' 500 P25 39°12' 28°08' 400
P3 35°18' 33°32 320 P26  39°3¢' 26°34' 550
P4 37°05' 34°33' 1000 P28  39°50 25°55' 400
P5 36°11" 32°45' 600 P29  39°24 28°22' 350
P6 36°05' 32°41" 650 P30  39°58 28°40' 450
P7 36°14' 33°15' 650 P31 40°00' 28°55' 600
P8 37°07' 34°31" 800 P32  37°04 30°32' 1100
P9 36°55' 34°26' 750 P33 37°30' 30°51" 650
P10 36°13' 33°43' 100 P34 37°21 30°54' 400
P11 36°45' 34°10' 1150 P35 36°21" 35°57 385
P12 36°57 34°24' 1150 P36 37°46' 36°42' 800
P13 36°17 32°48' 1000 P37 35°54' 36°01" 480
P14  37°24 30°37' 800 P38  37°00 28°19' 60
P15  37°30' 30°41" 800 P39  37°06' 28°32' 750
P16  36°59' 30°33' 275 P40  37°17 28°34 750
P17  36°45 31°58' 650 P41 38°50 28°04' 350
P18  36°42' 32°10' 1000 P42  39°42 28°37' 600
P19  36°24' 29°30 720 P43  40°11 30°49' 600
P20 36°24' 29°32 830 P44 41°39' 35°27 100
P21 37°17 30°58' 750 P45 40°38' 36°43' 250
P22 36°36' 31°57 350 P46 41°05' 32°41" 450
P23 36°26' 30°15' 250 P47 37°29' 42°00' 700
P24 36°35' 30°28' 350 P50 35°18' 33°03' 200
§ / “.%}’:&_l
g

i
e )
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Figure 1. Location of the experiment site

The provenances were compared by following model of multiple analyses
of variance (MANOVA) using SAS (2004). Provenances were grouped by
Duncan’s multiple range test (Duncan, 1955) based on results of analyses of

variance.
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Yij, =+ B +S; +P(S); + ey 1)

Where Yy is the observation from the k™ tree of i" block/replicate of j"
provenance, u is overall mean, P; is the effect of the i" block, S;j is the effect ofjth
provenance (j= 1, 2....46), P(S) is the effect of interaction between block and
provenance, ejy is random error.

Phenotypic Pearson’ correlation (r,) between tree height and diameter at
breast height were estimated by Rohlf and Sokal (1995):

) @
TRy

Where>"xyis the sum of the factors of the characters x and v,
Yy x2and’"y* are phenotypic variances the characters x and y, respectively.

RESULTS AND DISCUSSION

Averages of tree height (H), and diameter at breast height (D 3) were 9.32
m, 17.9 cm, respectively, while there were large differences among provenances
and within provenance for the characters (Table 2).

Average of tree height was 61 cm at 5" year (Cengiz et al., 1999), while
averages of tree height and diameter at breast height were 2.38 m and 2.3 cm at at
provenance trial of the species at 10" year (Isik et al., 2002), respectively. They
were 6.3 mand 11.9 cm at 20" year (Ortel et al., 2010).

The results showed that growth increments were lower in early years. It
emphasized importance of years for accurate estimations in provenance trials.
Tree height and diameter at breast height were ranged from 7.04 m (P47) to 10.62
m (P33) for H, and between 14.48 (P47) cm and 21.46 cm (P6) for Dy 3 (Table
2).

Large differences among provenances were also reported in early studies
in the species (Cengiz et al., 1999; Isik et al., 2002; Ortel et al., 2010; Calikoglu
et al., 2011; Calikoglu et al., 2020).

Marginal provenances (P45, P46 and P47) of the species showed lower
growth performances than other provenances in the site (Table 2). The result was
well accordance with early result in provenance trial of the species (Isik et al.,
2002).

However, many environmental and biological factors together with
provenance could be effective on growth performance such as climatic, edaphic
or site (e.g., Isik et al., 2002; Yazici and Turan, 2016; Calikoglu et al., 2020),
species (e.g., Yazici, 2018). It showed importance of local seed sources.



Variation in growth among provenances of Pinus brutia ...

87

Table 2. Averages and results of Duncan’s multiple range test for height (H) and
diameter at breast height (D, 30) of the provenances

H D130

Provenance Number of Average Provenance no Number of Average
no individuals (m)* individuals (cm)
P33 24 10.62 P6 22 21.46%
P7 24 10.34% P35 23 20.75%
P6 22 10.32% P10 20 20.19%¢
P15 22 10.29% P16 21 20.14%¢
P10 20 10.23%¢ P9 23 20,013
P5 23 10.21%¢ P11 22 20,007
P11 22 10.1130 P39 19 19.9280cd
P9 23 10.028bede P33 24 19,733%cd
P40 23 9.g73bcdef P7 24 19.6712bcde
P39 19 9.952bcdefy P15 22 19 5pabede
P24 22 9,943bcdefg P37 19 18.8730cdef
P3 24 9.8g2bcdefy P8 21 18,7230cdefy
P35 23 .g5abedefy P40 23 18.630cdef
P19 20 9, 738bedefgh P5 23 18.4720cdefgh
P16 21 9.p52bedefan P29 22 18.453°cdefoh
P2 21 9.6530cdefgn P42 23 18.423bedefn
P29 22 9.6430cdefgn P24 22 18.2gabedefun
P18 22 .B020edefgn P23 18 18.2772bedefn
P38 17 9.562bedefan P3 24 18.1(?bedefon
P21 23 9.543bcdefgh P21 23 18.1Q@bedefon
P8 21 9.503bcdefgn P38 17 18.1Q@bedefon
P44 24 9.503bcdefgn P19 20 18.043bcdefghi
P37 19 9.423bcdefgn P36 24 17,77 bedetoni
P13 24 9.343bcdefgh P12 21 17.69bcdefohi
P30 23 9. 29@bedefghi P34 24 17.650cdefohi
P14 21 9. 253bcdefghi P26 18 17,671 bedetohi
P25 22 9.233bcdefghi P22 23 17.54bcdefohi
P17 23 9,1 gbedefghi P4 23 17.5QPcdeton
P23 18 9,1gvedefgni P13 24 17.3g0cdetoni
P42 23 9,1gPedefgni P18 22 17.330cdetoni
P22 23 9,0gPedefani P14 21 17.260cdetoni
P34 24 8.g77Pedefghi P28 21 17.19bedetohi
P20 21 8.83cdefgni P32 24 17.18bcdefghi
P41 20 8.8¢efanii P20 21 17,17 defohi
P50 23 8.78%foni P25 22 17.06C¢efohi
P36 24 8. 730efani P41 21 16.90cdefon
P4 23 8. 70defani P17 23 16, 79cdefon
P12 21 8.66°19N P44 24 16.79cdefon
P32 24 8.63¢19ni P50 23 16.47%fN
P43 21 8.589Mi P31 21 16.39¢efoni
P31 21 8.549Ni P2 21 16.21 6%
P26 18 8.549Ni P30 23 16.1 76N
P28 21 8.38" P43 21 15.91 7
P46 20 7.911k P45 21 15.38%"
P45 21 7.47* P46 20 15.04"
P47 17 7.04 P47 17 14.48'

General 997 9.32 997 385

*; Same letters show similar groups.



88 Ozbey and Bilir

Order of provenances changed for the characters (Table 2). For instance,
provenances 33 (10.62 m), 7 (10.34 m), 6 (10.32 m), 15 (10.29 m),and 10 (10.23
m) showed highest performance for height as the first five provenances, while
they were 6 (21.46 cm), 35 (20.75 cm), 10 (20.19 cm), 16 (20.14 cm) and 9
(20.01 cm) for diameter at breast height (Table 2, Figure 2). They also changed in
provenance trials of the species at different ages (Isik et al., 1987; Gurses, 1993;
Cengiz et al., 1999; Isik et al., 2002; Ortel et al., 2010). Coefficient of variation
of diameter at breast height (23.11%) was higher than that of height (17.45%) in
total provenances. However, provenances were more homogenous for diameter at
breast height than tree height based on number of homogenous groups of results
of Duncan’s multiple range test (Table 2).
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Figure 2. Averages of the provenances for the characters

The differences among provenances (Table 2) were also well accordance
with results of analysis of variance. Results of ANOVA showed significant
(p=0.05) differences among provenances for the characters (Table 3). It was also
reported early results of the provenance trial (Cengiz et al., 1999; Isik et al.,
2002; Ortel et al., 2010; Calikoglu et al., 2020). The results of ANOVA also
showed that block and block x provenance interaction were also significant
(p<0.05) effective on the characters (Table 3). It could be related to numbers of
provenance and planted seedlings from each provenance. The interaction could
change for the years (Cengiz et al., 1999; Isik et al., 2002; Ortel et al., 2010;
Calikoglu et al., 2020). It was also found that the results could vary by type of
statistical models used in estimations in provenance trials (Magnussen, 1993;
Hamann et al., 2002; Joyce et al., 2002; Dutkowski et al., 2006; Funda et al.,
2007; Ye and Jayawickrama, 2008; Calikoglu and Ozbey, 2017; Ozbey, 2022).
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Environmental variance had higher in the variance component for the both
characteristics (66.25% for H and 84.42% for D, 30) (Table 4). The results (Tables
3 and 4) showed that importance of the provenance and local forestry practices.
Similar result was also found by Isik et al. (2002). It was clear that it could be
getting importance by climate change as also emphasized by Calikoglu et al.
(2020). It could be said that mass selection among provenances and individual
selection within provenance would play important roles in forestry practices
based on higher variation.

Table 3. Results of analysis of variance

Characters Sou_rcg of Degrees of Sum of Averages F P value
variation freedom squares of squares  value
H Block (B) 2 2146532 1073266 315  <.0001
Provenance (P) 45 5120382 113786 3.32 <.0001
BxP 90 3095261 34392 1.88  <.0001
Error 859 15737175 18320.34
D130 Block (B) 2 33551 16775 7.47 <.001
Provenance (P) 45 217429 4831.76 2.14 <.001
BxP 90 203577 2261.96 1.54 <.002
Error 859 1260753.07 1465.99
Table 4. Variance components of the characters
Characters o of Thxp o;
H 3137 3927.1 2269.1 18324
(11.34%) (14.19%) (8.20%) (66.25%)
D 39.20 123.43 108.31 1468.5
130 (2.25%) (7.09%) (6.22%) (84.42%)

2 2
O Bisthe varignces among blocks» O p s the is the variances among provenances, G BxP is the variances of interaction between block and
provenances G ¢ is the environmental variances.

Positive and significant (r=0.74, p<0.05) relations were found between the
pairs of height and diameter at breast height. It was also reported by Cengiz et al.
(1999), Isik et al. (2002), Ortel et al. (2010), Calikoglu et al. (2020), and Ozbey
(2022) in early results of provenance trials of the species. The result could be
used for forestry practices of the species such as selection and tending.

CONCLUSIONS

Variation for growth among provenances and with provenance emphasized
importance of local seed sources and individual selection within provenance
instead of mass selection. P6 and P10 provenances had higher growth
performances for both characteristics. They could be used in forest establishment
of the trial site.

Tree height and diameter at breast height were examined in present study.
Quality characters such as stem form should be also added to future studies to
obtain higher quality wood product in the trial.
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SUMMARY

Bosnia and Herzegovina is strategically committed to agriculture.
Although it has adequate natural resources to engage in modern agriculture, it is
also an area that faces a number of problems, such as small landholdings, low
technological level of production, abandonment of rural areas, low vyields, high
exposure and poor adaptability to climate change. Given these conditions, the
main goal of this paper was to determine the possibility for the stallholder farmer
in Bosnia and Herzegovina to increase its sustainability using geothermal heating
system to heat the greenhouse during the winter and achieve safer production
with higher yields. Lettuce (Lactuca sativa) was chosen as the test crop. By
heating, a higher air temperature was achieved in the greenhouse (2.20 - 3.82
°C), a higher growth intensity was also achieved, as well as much shorter lettuce
vegetation, which was only 67 days. However, the economic aspects of
sustainability have not been realized, these higher yields are not enough to cover
costs. Fixed cost value, was covered with gross margin five times (502%) in the
control greenhouse, while achieved gross margin is not sufficient to cover fixed
costs in the heated greenhouse, shown by the calculated value of 60%.

Keywords: geothermal heating system, greenhouse, sustainability, gross
margin, lettuce

INTRODUCTION
Most of the area of Bosnia and Herzegovina (BiH) belongs to humid
climate region (S. Cadro et al., 2017) and same situation is within the area
around capital city of Sarajevo (Dreskovi¢ & Miri¢, 2013). As a result of climate
change, the air temperature in BiH has risen in all regions and for all sessions
(Popov et al., 2018), this is also true for Sarajevo area where this increase is
about 0.37 °C per decade (Cadro, Uzunovic, et al., 2019; Trbic et al., 2017).
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Along with the increase in temperature, the frequency of occurrence of
extremely low and extremely high temperatures has also increased (Cadro,
Uzunovic, et al., 2019; Trbic et al., 2017).

In addition, the area is increasingly exposed to droughts, late spring frosts
and floods (Cadro et al., 2018; Sabrija Cadro et al., 2017; Zurovec et al., 2017;
Zurovec et al., 2011). It is interesting that during 2021, a drought was recorded
at this location in the period from June to September, and abundant rainfall in
November, when the deviation of the monthly rainfall from the climatological
standard normal (1961-1990) was 259.4% (FHMZ, 2021).

Such climate trends make agricultural production very difficult, especially
for smallholder farmers which are most numerous in this location and generally
in Bosnia and Herzegovina (Zurovec et al., 2015). The solution, both for
reducing the contribution to climate change and increasing the security of
agricultural production, can be the application of modern technologies, smart
agriculture and use green energy sources. The application of modern
technologies and smart agriculture certainly has advantages on both large and
small-scale farms in BiH (Cadro, 2019; Cadro, Skalji¢, et al., 2019).

Since the use of on-farm management software’s, digital sensors to
monitor plant growth and conditions, UAVs or green energy solutions is a
relatively new practice in agriculture and it requires both financial resources and
certain skills, further research into the justification of using this technology by
the farmers is needed. For this reason, it is important to analyze the affordability
and acceptance of these approaches among smallholder farmers in BiH, as well
as to undertake focused training aimed at raising the knowledge and awareness
of the benefits by application of this technology (Cadro, Skalji¢, et al., 2019).

BiH is a significant agricultural region, with about one-third of its land
under cultivation or pastures. There are excellent conditions for greenhouse
vegetables production that is performed in all types of greenhouses (temporary
and permanent protected areas). According to research by (Kari¢ et al., 2016)
many small farmer producers in BiH are choosing production in greenhouses,
because this is for them economically most profitable production.

The key to making a profit in greenhouses is to ensure the continuity of
production throughout the year. Lettuce (Lectuca sativa) is one of the most often
cultivated vegetable in BiH, that can successfully be grown in almost all seasons,
especially in the greenhouse with heating system (Civié et al., 2017). Taking into
consideration the fact that lettuce production in the last decade is showing
significant expansion in BiH and that introduction of new varieties is frequent,
improvement of technical production level in greenhouses is very important. The
correct choice of technical equipment often resulted in higher yields or a
shortening of the growth period even at low temperatures and less light intensity
periods such is winter.

Producing vegetables in greenhouses during the winter period is a big
challenge for many farmers. From the energy point of view, greenhouse farming
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requires high energy use, which results in one of the most energy consuming
sectors in industry (Canakci & Akinci, 2006; Hedau et al., 2013).

The heating costs represent almost 30% of the operational cost of a
greenhouse (Aramyan et al., 2007; Heidari & Omid, 2011). Since the energy
costs are high, the use of renewable and affordable heating systems would be of
primary importance to achieve significant energy savings (Aramyan et al.,
2007). According to the new Europe 2020 Strategy and it's main goals, that are
to evenly decrease greenhouse gases emissions by 30% and reach a 20% share of
total energy consumption from renewable energy (European Commission, 2020),
heat pump systems are more acceptable for many farmers for heating
greenhouses. For these reasons, many countries have started to use ground-
source heat pumps to heat greenhouses. Leaders in annual geothermal energy use
for greenhouse heating are Turkey, Russia, Hungary, China and Italy (Lund &
Falls, 2012). Generally, different types of heat pump are used in agriculture, such
as: air source-air supply, water source-air supply and water source-water supply
heat pumps. However, the ground water heat sources have been demonstrated to
have higher performance than air heat sources (Furuno & Sugawara, 2012).
Ground-source heat pump systems are able to extract the low temperature energy
content of a shallow geothermal resource and make it available for practical uses
for greenhouse heating or cooling (Wu, 2009). According to (Harjunowibowo et
al., 2021) using ground-source heat systems in the greenhouse reached from 2 to
7 degrees higher soil temperature then greenhouses without a heat system.
Mentioned differences in soil temperature affect the faster and better plant’s root
system growth. A lot of authors were researching using ground-source heat
pumps for heating greenhouses but most of these works are based on calculations
of energy efficiency coefficients of those systems but there wasn't any mention
of their effect on the yield and growth of cultivated plants.

The aim of this research is to determine the possibility for the stallholder
urban farmer in Sarajevo to increase its sustainability using renewable energy
sources and achieve economic justification in the production of vegetables in a
greenhouse with an installed geothermal heating system.

MATERIAL AND METHODS
In order to conduct research and respond to the set goal, two identical
greenhouses with an area of 100 m? each (6.3 m x 16 m) were set up next to each
other in May 2020 at the experimental site of the Faculty of Agriculture and
Food Science, University of Sarajevo located in Butmir near Sarajevo.
The basic geographical characteristics of this location are given in Table 1.

Table 1. Basic geographical characteristic of research location

Location Longitude Latitude  Altitude (m)  Slope (%0)

Sarajevo, Butmir 18.3216 43.8259 503.32 >0
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Butmir is considered an urban zone and part of the city and Canton
Sarajevo, so the agricultural production in this area can be considered us urban
(El Bilali et al., 2013).

The greenhouse type and construction elements do not deviate from the
greenhouses used by farmers locally. However, one greenhouse was equipped
with geothermal heating system and other one was a control without heating.

The installed heat pump (Ecoterm, Type 263, max power 3.2 kW) has
soil-heat collectors made of plastic pipes, laid down in trenches 120 cm deep and
60 cm wide. For satisfying the heating needs of 100 m? of greenhouse (12kW) an
earth collector at in three trenches, 50 meters long, were installed.

After the soli-heat collector pipes were installed, the top soil layer was
removed. Then, thin 40 cm high metal plates were installed around the edge of
the area of the greenhouse, secured by wooden pegs. Their purpose is to
physically separate the heated soil from the non-heated surrounding. After that, a
layer of PVC foil was laid on the ground, followed by a layer of EPS (50 mm
styrofoam) which is used as a thermal insulation, then PVC foil again. The
heating pipes were installed at least 5 cm above the mentioned thermal
insulation. Soil earlier set aside, was then put back to the area of greenhouse and
flattened.

Heat pumps are installed in metal housing alongside the greenhouses, to
be protected from physical damage. Two pipes, containing glycol solution, are
connecting the heat pumps with the collecting shaft, which is connected directly
to earth-heat collectors. One pipe is feeding pre-heated liquid to the heat pumps
while the other is feeding cooled down liquid to the earth collectors to be pre-
heated again. In addition, heat pumps are connected to the fancoil instilled inside
of the greenhouse for purpose of air heating.

After conducting an analysis of the heating power of installed geothermal
pump, as well as the resulting soil and air temperatures, it was decided to use the
pump as follows:

-Output temperature at the heat pump: 25°C

-Simultaneous operation of the geothermal pump and air fan

-Powering the pump when the air temperature in the greenhouse drops below
10°C

-Switching off the pump when the temperature in the greenhouse rises above
10°C

Therefore, the heating system is manually switched on and off depending
on the air temperature inside the greenhouse. The date and time of the start and
end of the operation of the heating system was recorded, as well as the
consumption of electricity during its operation.

To measure climate conditions inside and outside greenhouses, Spectrum
Technlogies, Inc. WatchDog Micro Stations, equipped with sensors for soil
temperature and humidity (SMEC300), leaf wetness and air temperature and
humidity were used. All the date were recorded in 30-minute time interval.
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Lettuce (NEIL F1) was chosen as the vegetable crop to be tested, as an
important winter crop that is intensively cultivated in BiH. Exactly the same
methodology from the use of the same planting material, soil preparation and
fertilization, the same protective equipment, agricultural techniques and all
actions was carried out in booth greenhouses. The total observation period lasted
116 days, ie from October 12, 2020 to February 5, 2021.

During the vegetation period of lettuce, the initial height of plants
(seedlings) and plant growth were measured every 7 days. At the end of the
vegetation, during the harvest, the number of harvested plants was determined,
as well as the width, height, number of leaves and weight of the plant. Based on
these data, the intensity of growth and development of lettuce was calculated, as
well as the realized yields, depending on the method of production.

Before the beginning of vegetation, the opening of the pedological profile
and the analysis of the basic physical and chemical characteristics of the soil in
the heated and control greenhouse were performed. Soil in each profile was
divided into two separate layers: anthropogenic surface layer depth from 0 - 25
cm and subsurface layer depth from 25 — 40 cm. The following analyzes had
been carried out: Soil physical characteristics through analysis of soil texture
(international pipette B method) and bulk density (gravimetric method in
Kopecky cylinders); Soil water characteristics through soil water retention (Ov)
at a given matric potentials using a pressure-membrane extraction apparatus.
Following negative potentials (¥) were used: -0.33 bar (pF 2.54: field water
capacity), and -15.5 bar (pF 4.2: permanent wilting point). Maximum water
capacity (MWC) was divided from bulk and absolute density while totally
(TAW) available water capacity of soil was calculated from relation TAW =
FWC — WP (Custovié & Tvica, 2003).

Analyzed soil chemical characteristics were active (H,O) and substitution
(KCI) pH reaction (electrometrically in suspension 1:2.5 - pH meter) humus
content, using colorimetric method (spectrophotometry) and content of easily
accessible forms of phosphorus (P,Os) and potassium (K,O) in the soil with AL-
method (Hani¢ et al., 2008).

IBM SPSS Statistics software will be used for statistical data processing.
To examine the influence of the heating system on the morphological and
productive parameters of the lettuce, the parametric independent t-test will be
used. Conclusions will be made with a significance level of 0.05.

To analyze the economic aspects of sustainability, the gross margin (GM)
was calculated as a basis for further analysis and recommendations. It represents
the difference between revenue (R) and variable costs (VC) of all individual
productions realized on the farm. Therefore, it can be shown as GM = R - VC.
Gross margin serves to cover fixed costs, own labor, and invested capital as
opportunity costs (Kay & Edwards, 1999). This paper analyzes how many times
the fixed cost can be covered with realized GM.

Calculations are based on the achieved yields and used inputs at the
experimental site of the Faculty of Agriculture and Food Science in Sarajevo
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(Butmir) during the 2020/2021 winter season. The inputs prices are taken from
the paid invoices. Average prices on the Sarajevo market during the harvesting
period are taken as the assumed sales prices. Only the production of lettuce as a
winter crop in the greenhouse was the subject of this study and other crops
grown during the warmer part of the year were not taken into account. The
reason is that in the area of Sarajevo, only winter production requires heating and
heat pump is not used for the rest of the year.

RESULTS AND DISCUSSION

Research conditions

Based on the time period 1967 — 2016 the average amount of annual
precipitation in Sarajevo is found to be 938 mm, average air temperature 10.01
°C, relative humidity 71%, wind speed 1.63 m/s and insolation 4.96 h (Cadro,
Uzunovic, et al., 2019). The following graph (Graph 1) shows the difference
between air temperatures outside and inside the greenhouse, as well as the
difference between the temperatures in lettuce vegetation period in 2020/21 and
climatological normal for Butmir, Sarajevo.

Average air temperature (°C) in Sarajevo. Butmir
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Graph 1. Average air temperature (°C) in Butmir - Sarajevo for control, heated
and area outside greenhouse

Compared to the climatic normal, the vegetation period of lettuce, i.e. the
period from October 2021 to the end of February 2021, was 2.45 °C warmer. The
biggest difference was recorded in December (4.84 °C), then January (3.36 °C)
and February (3.31 °C), when the temperatures are the lowest.

Also, comparing to outside or control greenhouse, as the result of soil and
air heating higher air temperatures were recorded in the heated greenhouse. The
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difference in temperature ranges from 2.20 to 3.82 °C, with biggest difference in
December. The lowest recorded temperature -9.9 °C was in the control
greenhouse on 19.01.2021 at 7:00h while lowest air temperature in heated
greenhouse was -2.6 °C, and it was recorded on 01.12.2020. This is a big
difference, which can prevent crops from freezing, especially in conditions when
such low temperatures persist. In heated greenhouse, air temperature never
dropped below its biological minimum (Kurtovi¢, 2008; Maksimovi¢, 2011),
which means that lettuce in heated greenhouse had better-growing conditions.

Pedological analysis found that alluvial soil is located at the research site
and based on its physical characteristics we can conclude that is a clay loam with
approximately equal ratio of clay, silt and sand (Table 2).

Table 2. Soil physical characteristics
Depth Clay Silt Send BD WP MWC FC TAW RAW AC
cm % % % glem® % % % % % %
0-25 329 335 336 13 205 450 367 162 81 83

C

25-40 16 235 430 384 149 74 46
H 0-25 331 3.0 319 13 239 450 36.7 128 64 83
25-40 16 286 43.0 384 98 49 46

Note: C - control greenhouse; H — heated greenhouse; BD — Bulk density; WP — Wilting
point; MWC — maximum water capacity; FC — Filed capacity; TAW — Totally available
water; RAW - Readily Available Water; AC — Air capacity

We can also notice a very dense second layer of soil where the bulk
density is 1.6 g/cm®. The surface layer of soil up to 25 cm deep has much better
water-physical characteristics than the subsurface. Low values (4.9 — 8.1 %) of
readily available water (RAW) show the small plant accessible water capacity
and the need for frequent irrigation with smaller amounts of water. It is
interesting that, the soil in heated greenhouse, as a result of the installation of the
heating system and the disturbance of the natural state of the soil in Sarajevo has
a slightly lower water capacity than the soil in control greenhouse.

Soil chemical characteristics were analyzed twice. The results are shown
in Table 3. For the analysis of chemical characteristics, the surface layer of the
soil was observed.

Table 3. Soil chemical characteristics

. . Humus P,Oq K,O
Date p|_||_l |On p'|<-|clln % mg/l_OOg mg/l_OOg

soil soil

Control 5.6.2020 7.45 6.40 3.00 40.00 60.00
Heated e 7.45 6.40 3.15 45.00 64.50
Control 7.50 6.40 2.70 34.00 48.00

Heated 212021 740 650 250 36.00 41.00
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According to the chemical characteristics, the soil in the heated and control
greenhouse at location of Sarajevo do not differ. Soil has a neutral pH reaction
(7.4 — 7.5), while the humus content is at a medium level. The content of easily
accessible forms of phosphorus (P,Os) and potassium (K;0) in the soil is very
high. Soil fertility was improved by adding organic and mineral fertilizer.
Organic manure was added, 100kg/100 m?, as well as mineral fertilizer NPK
7:20:30 given in the amount of 7 kg/100 m? of greenhouse area.

Crop production

Duration of the vegetation period for lettuce was calculated based on the
date of planting and harvesting. The obtained length of vegetation between the
heated and control greenhouses shows certain differences. In the heated
greenhouse vegetation period of lettuce was 67 days. Longer period of time, 49
days more, was needed to achieve a similar yield in the control greenhouse.
Based on the results we can claim that heating had a great influence on
shortening the vegetation period.

During vegetation period irrigation requirements were based on data
from soil moisture sensors placed inside the greenhouse. The drip irrigation
system was used, and the source of water is a well located near the greenhouse.
In the winter period, that is from the beginning of December 2020 until the end
of February 2021, due to very low temperatures, the water was given by manual
watering. The total water used, as well as the used water in liters per square
meter of production area, is shown in Table 4.

Table 4. Applied irrigation water for lettuce production in Sarajevo, Butmir

G Total area Water used (m®) per ~ Total water Total water
reenhouse under curtain 3 2
2 greenhouse used (m®)  used (I/m?)
crop (m9)
Drip Manual
irrigation irrigation
Control 100 8.228 0.400 8.628 86
Heated 100 9.076 0.264 9.340 93

The total water used for irrigation of the lettuce in the heated greenhouse is
9.340 m® and the control slightly less 8.628 m®. As can be seen there were no
substantial differences in water consumption between two methods of
production.

Eclectic energy is used to operate the heat pump. To calculate total
electricity cost in Euro per 100 m* of production of a tested plant species in a
greenhouse average electricity price 0.057 Euro/kWh (FERK, 2020) was used
(Table 5).

In order to grow lettuce in the first round, in the period from 12.10.2020 to
18.12.2020 or during 67 days of vegetation, a total of 950 kWh of electricity was
consumed (54.49 Euro).
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During October (19 days), there was no need for heating because the
temperatures in the greenhouse were always above 10 °C, in November (30 days)
we had reheating, while in December (18 days) the heating system worked every
day. Usually between 3pm and 1lam the next morning, but sometimes
constantly.

During the vegetation period, the heating system worked for 27 days, i.e.
40.3% of the total vegetation time. The November consumption is 32.66 kWh
for each day of heating, or if we consider 30 days of November 13.1 kWh/day
(0.75 Euro/daily). December consumption is much higher and amounts to 37.2
kwh for each day of heating, i.e., for 18 days of vegetation in December 31.0
kwh/day (1.78 Euro/daily).

Table 5. Electricity consumption in KWh

Total area Monthly electricity Tot_a I. Tot_a I.
. o electricity electricity
Greenhouse under curtain  consumption in KWh ; .
consumption costin

2 2
crop (m?) per 100 m*greenhouse KWh/100 m®  Euro/100 m?

November December
Heated 100 392 558 950 54.49

Measurement of growth intensity was based on the percentage of soil
cover with lettuce leaves, since this value depends on a specific heat sum as
stated by Bierhuizen et al. (1973). Observations calculated in percentage values
of soil coverage for control and heated greenhouse are given in Graph 1.
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Graph 1. Average soil coverage by lettuce plants (%) for control and heated
greenhouse

It is noticeable that the plants in heated conditions reached a soil coverage
of over 90% in just under 70 days.
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The average, minimum, maximum values and standard deviations for
general indicators of some morphological and productive parameters of lettuce
depending on the experimental heating are given in Table 6.

Table 6. Diameter, height, mass, number of leaves and yield per m? of lettuce

Parameters Type  Average St dev. Min. Max. t-test
Diameter Control  24.85 1.73 22.00 28.00 P<0.001
(cm) Heated  26.90 1.25 25.00 29.00 '
Height Control ~ 13.00 1.72 10.00 16.00
(cm)  Heated 1565 127 1300 1800 0001
Weight Control  209.00 52.33 125.00 310.00 P=0.723
(g/plant) Heated 204.00  33.82 155.00 285.00 e
. >, Control 3.34 0.84 2.00 4.96 _
Vield (ko/m) Veated 326 0.54 248 456 0722
Number of  Control  40.15 5.76 33.00 56.00 P=0.449
leaves Heated  41.15 4.65 35.00 51.00 e

Independent t-test was performed in order to determine whether there was
a statistically significant difference between production of lettuce in heated and
control greenhouses. Based on the results, it can be concluded that there are
significant differences between the diameter and height of lettuce in heated and
control greenhouses. In the heated greenhouse lettuce diameter and height were
about 2 cm higher than in the control.

On the other side, there are no significant differences in the weight per
plant and yield which means that the weight of lettuce head in control and heated
greenhouses is similar. Lettuce weight (g/plant) in heated greenhouse was in
range from 155 to 285 which coincides with the results achieved in similar
studies (Koudela & Petiikova, 2008; Todorovi¢ et al., 2012, Barbosa et al.,
2015). It can be concluded that the length of vegetation did not affect the yield of
lettuce as much as did the heating, which is a consequence of relatively low air
temperatures in the control greenhouse during the winter months when lettuce
stopped its growth. The factors such as cultivation season and weather conditions
influenced the formation of phytomass of leaf rosette, which affected its total
weight (Kari¢ et al., 2018).

Furthermore, there are also no significant differences between the numbers
of leaves. While lettuce in heated greenhouse have a slightly more leaves
(41.15+4.65) than in the control (40.15£5.67).

As a result of the higher growth intensity, in the heated greenhouse, the
total length of vegetation was 67 days, while in the control it took additional 49
days (116 in total) to achieve similar yields. We can claim that heating had a
great influence on shortening the vegetation period. It can be concluded that the
length of vegetation did not affect the yield of lettuce as much as did the heating,
which is a consequence of relatively low air temperatures in the control
greenhouse during the winter months when lettuce stopped its growth. Therefore,
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in heating conditions, it is possible to achieve two cycles of lettuce production
during the winter months (October — February), while in control conditions, only
one is possible.

Economic justification

A calculation was made to show the economic aspect of greenhouse
lettuce production while using renewable energy sources, implying investments
in greenhouses equipment with and without a geothermal pump.

Expected investments in a greenhouse production without a geothermal
pump in BiH are 1,348.94 Euro. Considering the 15 years of depreciation, the
amount of annual depreciation, in that case, would be 89.96 Euro. However, if
the farmer decides on greenhouses with geothermal pump, depreciation would be
higher by eight times, and the total amount of investment would be 10,845.68
Euro. As a result, the amount of annual amortization would be 723.28 Euro. So,
with a heated greenhouse, it is necessary to have higher GM for 633.32 Euro in
one season to justify additional investment in the pump (Table 7).

Table 7. Total investment in the greenhouses with and without heating (in Euro)

Describe Greenhouse
Control Heated
Greenhouse with standard equipment 1,349 1,349
Installation of geothermal heating systems 9,497
Investments 1,349 10,846
Years of depreciation 15 15
Amount of annual depreciation 90 723

Lettuce was grown on 100 m? of the control greenhouse, opposite to 200
m? in the heated greenhouse (two production cycles in one season). The total
yield of 336.8 kg was achieved in the control greenhouse, while a total of 652.0
kg was produced in heated one. Thus, heating the greenhouse in the experiment
did not increase the average lettuce yield (326 kg/100 m?). Both of these results
are similar to previous research. According to Be¢irovi¢ (2015) expected yield of
lettuce in continental climate type of BiH in the greenhouse is 329 kg/100m?,
while in Canton Sarajevo expected yield is 371 kg/100m? (Stojanovi¢, 2016).
Also, no significant differences in the price of lettuce were found on the market
in the time interval between picking lettuce in the control and the heated
greenhouse. Therefore, this expected competitive advantage was not achieved
either. The average price of lettuce was 2 Euro/kg.

The revenues are also similar (Table 8), amounting to 689 Euro (on 100
m?) for the control, i.e., 1,333 Euro (on 200 m?) for the heated greenhouse.
Thanks to the higher selling price, revenues per 100 m? have a higher value
compared to previous research 289 Euro (Becirovic, 2015) and 367 Euro
(Stojanovic, 2015). There was no significant difference in the cost for seeds,
fertilizers, and pesticides between those greenhouses. The average price per
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production unit (100 m?) is almost identical. There is an expected difference due
to the different production amounts, so the total costs are twice as high in a
heated greenhouse. However, a significant difference occurs in heating costs,
which amount to 436 Euro. These costs represent an additional burden in the cost
section for the heated greenhouse, while outputs are similar (per 100 m?). The
variable costs for the control greenhouse are 237 Euro and 900 Euro for the
heated greenhouse. GM in the control greenhouse is 452 Euro, while in the
heated greenhouse it is 433 Euro. So we can see that Lettuce production in both
greenhouses has similar achieved GM. However, we needed 3.7 times more
working capital in the heated greenhouse for these results. Therefore, we can say
that from the economic aspect, the production in the control greenhouse was
more successful because we engaged fewer funds for a similar result.

Table 8. Gross margin for Lettuce in control (100 m?) and heated greenhouse
(200 m?) (in Euro)

L Greenhouse
Description Control Heated
REVENUES VARIABLE COST 689.04 1,333.09
Seedlings 61.34 112.68
Fertilizer 12.78 25.56
Pesticide 6.65 28.62
Mechanization 10.22 20.45
Labor 111.43 178.39
Geothermal pump 0.00 436.01
Irrigation 10.22 20.45
Supporting material 12.27 24.54
Other costs 12.27 42.94
TOTAL VARIABLE COST 237.18 899.63
GM 451.86 433.46
Depreciation coverage with GM (%0) 502 60

This is especially noticeable if we look at the coverage of annual
depreciation with realized GM. The depreciated value, i.e., fixed cost value, was
covered with GM five times (502%) in the control greenhouse. On the other
hand, the achieved GM is not sufficient to cover fixed costs in the heated
greenhouse, shown by the calculated value of 60%. Thus, observing the relative
indicators, we can say significantly better financial results were achieved in the
control greenhouse. Therefore, preference is given to increasing the volume of
greenhouse production, ie to possible investment in this type of heating.
According to this analysis, in current conditions it is better to expand production
capacity instead of investing in a geothermal pump. These results should be
taken with caution, above all, these are preliminary results done for just one
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vegetation period, also, due to COVID-19 crisis the agricultural products market
was partially disrupted, and when sales and input prices were volatile and
unreliable.

CONCLUSIONS

Since the aim of this research was to analyse the possibility for
smallholder urban farmers to increase their sustainability using renewable energy
sources all relevant environmental and economic aspects of this production were
analysed.

During the winter period in Sarajevo (October — December), by using a
heating pump in the greenhouse, compared to control the air temperature
increased from 2.20 to 3.82 °C depending on the month. By this, it was achieved
that lettuce grown in the heated greenhouse had better-growing conditions and
air temperature never dropped below its biological minimum

As a result, lettuce in the heated greenhouse had a larger diameter and
height and grew faster, which shortened the vegetation, which lasted only 67
days, and ensured the possibility of producing two cycles. This was not possible
in a greenhouse without heating, where 116 days of vegetation were needed to
achieve the same yields.

However, financial results in this study show that there is no economically
justified investment in the heat pump. Based on economic analysis we can
conclude that in Sarajevo instead of investing in a geothermal pump for lettuce
production, it is better to focus on expanding production capacity, i.e., in a larger
number of greenhouses. Namely, for the price of one geothermal pump, it is
possible to equip seven more greenhouses, leaving a surplus of investment funds.
If a particular farm had a sufficient volume of labor, especially its own, the
benefit of additional greenhouse areas would be more significant than the
investment in a single greenhouse with a geothermal pump. However, future
research should consider combining different types of renewable energy sources
(solar, wind, biomass, etc.) in order to try to achieve more efficient production
results.

Also, we believe that crop selection is very important. Lettuce has not
proved to be a good choice, however, such analyzes need to be done on the
production of peppers and cucumbers. The first reason is that both crops are
expected in greenhouse production in BiH. The second reason is related to the
cucumber because it is the only fruitful crop that in spring sowing/planting yields
after only a month.
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GROWTH RATE OF SQUALIUS ORPHEUS (KOTTELAT AND
ECONOMIDIS 2007) IN THE RIVERS CHEPINSKA AND VACHA

SUMMARY

This paper presents a study of Orpheus dace (Squalius orpheus)
populations from the rivers Chepinska and Vacha, right tributaries from the
middle zone of the Bulgarian part of the Maritsa River’s watershed. The research
was conducted in the summer and autumn months of 2006-2011. A total of 470
specimens of Orpheus dace from the Chepinska River were caught. The study
material from the Vacha River is relatively small. It includes 61 individuals. Fish
populations from both rivers are characterized by disturbed age structure and
predominance of young individuals. The average body length by size class was
calculated using a relationship between the average values of L (standard length)
and S (scale radius). The analysis showed that fish grow faster in their first year.
A back calculated standard length of the Chepinska River fish is as follows: year
1: 50 mm, 2: 82mm, 3: 131 mm an 4:; 192 mm. In the Vacha River it is - 1; 42
mm, 2: 78 mm, 3: 118 mm, 4: 149 mm and 5: 175 mm. Two hundred mm long
individuals in the Chepinska River have average weight 80g and in the Vacha
River - 1269. As it concerns these two rivers, the study found that fish growth in
length and weight is relatively low in comparison with many other Bulgarian
water bodies.

Keywords: agritourism, Orpheus dace, size-age composition, growth in
length, growth in weight

INTRODUCTION

Orpheus dace (Squalius orpheus Kottelat & Economidis 2007) is widely
distributed in the Balkan Peninsula. The fish’s range includes the Aegean
catchment area in Bulgaria, Greece and Turkey (Kottelat and Freyhof 2007).
Orpheus dace is widespread in rivers with constant and medium fast water flow;
the species also thrives in some dams (Mikhailova, 1964, Marinov, 1986). This is
one of the most abundant fish in the middle zone of the Maritsa River tributaries
(Dikov et al., 1994; Kolev, 2013). During the warm period of the year the fish
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stays near the water jet in search of food. Orpheus dace is omnivorous, its diet
includes many planktonic and demersal organisms: insects, insect larvae, leeches,
worms. The fish also consumes larger animal organisms such as small frogs and
small fish. Moreover, the species feeds on algae and fruits of coastal plants
(Mikhailova, 1964). In winter, Orpheus dace hides in deep waters, but remains
active for most of the cold period (Mikhailova, 1964). In spring and during the
first half of the summer, the fish enter small and shallow streams for breeding.
Sexual maturation and fertility of this species in the Struma River in Bulgaria
have been studied by Mikhailova (1964). In 2021 Kolev has published research
data about the fecundity of Sq. orpheus populations of the rivers Chepiska and
Stryama. Data about the length growth of Orpheus dace in Bulgarian territory
have also been published by Mikhailova (1964), Dikov and Zhivkov (1985),
Marinov (1986), Dikov et al. (1994), Stefanova et al. (2008), Kolev and Raikova
(2015). However, these studies lack data on species growth in the Chepinska and
Vacha rivers.

In Bulgaria, recent research about Sq. orpheus has focused on the species’
helminth parasites (Kirin et. al, 2019; Chunchukova et. al, 2020), while studies of
species population biology have not been as popular. Nonetheless, in Turkey's
European part, Sag et. al. (2020) have investigated the W-L (mass-length) ratio of
Sq. orpheus of four rivers in the Turkish part of South Thrace and Strandja. The
authors do not establish relevant population parmeters for each individual
population - i.e. the population inhabiting each of these rivers. Instead, the
scholars combine all available data and estimate the a and b coefficients of the
W-L ratio for the combined four populations of the Orpheus dace (one of each
river) altogether. In contrast, the present study takes the opposite approach - it
focuses on a Sg. orpheus population, which inhabits one river, a single water
body, in order to establish the population parameters for this particular habitat.

The aim of this study is to determine some of the most important
population characteristics of Orpheus dace from the rivers Chepinska and Vacha:
species’ growth in length and in weight. The results will then be compared with
relevant data published by other scientists, who have studied other rivers of the
Aegean watershed.

MATERIAL AND METHODS

The research project studies the rivers Chepinska and Vacha; both are parts
of the Maritsa River basin.

The Chepinska River originates in the West Rhodopes Mountains; its
springs are located underneath the peak Mala Siutkia (2078.7 m a.s.l.) (Figure 1).
In its upper reaches, the river flows to the Northwest and is called the Bistritsa
River. Once it reaches the town of Velingrad, the river runs northwards and near
the village of Vetren it enters the Upper Thracian Valley. The studied river flows
into the Maritsa River near the village of Kovachevo (near the town of
Pazardzhik). This Maritsa River tributary is 81.7 km long with a catchment area
of 899.6 km?. It is a medium sized mountain Bulgarian river (Ne H-4 /14.09.2012
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MOSV) with an average altitude of 1228 m. Declination of the river bed is 68%,
and the Chepiska River’s average flow rate is 18 m%s™ (Stoyanov et al., 1981;
Hristova, 2012). In summer, the water temperature reaches 20° C (BD-IBR
2015).

The Vacha River marks the border between the Eastern and the Western
parts of the Western Rhodope Mountains. It is a 111.5 km long river with a
catchment area of 1644.7 km? The beginning of the Vacha River is the
Buynovska River, which springs below Bukovik Peak (1805 m above sea level)
in the Western Rhodope Mountains, near the border with Greece. The second
studied river flows into the Maritsa River near the village of Kadievo. The river’s
waters are used to generate electricity through the Dospat-Vacha cascade. As a
result, water outflow after the cascade is strongly influenced by an operation of a
hydropower plant. This Maritsa River tributary belongs to the category of large
mountain Bulgarian rivers (Ne H-4 /14.09.2012 MOSV). Its average altitude is
1441 m. Declination of the river bed is 14%. The Vacha River’s average flow rate
is 9,3 m¥s? (Stoyanov et al. 1981; Hristova, 2012).). In summer, water
temperature in  this river does not exceed 20° CBD-IBR
2015).
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Fig. 1. Location of the rivers Chepinska and Vacha, Arc Map 10.0 (ESRI —
ArcGIS 2013).
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Specimens were collected in the spring and in the autumn of the period of
2006-2011. Using the method of electrofishing 470 Orpheus dace specimens were
caught in the Chepinska River and 61 respectively in the Vacha River. A SAMUS
725G converter was used, providing up to 640V direct current (DC), with a
frequency of 50 Hz and output power reaching up to 200 W. The catch was
performed according to an EN 14011: 2004 instruction (Water quality — Sampling
of fish with electricity). Four sampling areas, located in different parts of the
studied rivers, were used (Table 1).

Standard length (L) was measured with a 1 mm precision, while weight
(W) was measured with a 1 g precision.

Table 1. Sampling areas along the rivers Chepinska and Vacha.

Geographic coordinates
Ne Location grap Alti-tude (m) Date .Of
sampling
N E
In the vicinity of the - 1,6 5g 7gn 24010154, 69" 523 09.04.2011
village of Kovatchevo
In the vicinity of the o111 " onny . 08.04.2011
2. village of Lozen 42°1109.62 24°0945,65 240 18.11.2011
In the vicinity of the
3. village of Yoakim 42°06'59,28" 24°33'06,89" 182 12.10.2007
Grouevo
g, Inthevicinityofthe )0 05 g0 409800 49 209 12.10.2007

town of Krichim

More than ten scales ware collected from each Orpheus dace specimen.
They were taken from underneath the dorsal fin; an equal number of scales were
taken from the left and right side of the dorsal fin. Next, the scales were dried up
and stored in small papers bags. The scales were then examined with a
microscope Olympus CX 31, at 40x magnification. Each scale was sandwiched
between two microscope slides. Fish age was then determined by counting the
annual rings of a scale. For this purpose, the diagonal caudal radius of the scales
was used.

Fish linear growth was determined via a back-calculation of the length (L)
from the diagonal caudal radius of the scales (S) (Zhivkov, 1993). This relation is
well described by a linear equation:

L=a+ b.5 (1)

where:

L_ Length of fish (mm)

S Diagonal caudal radius of the fish scales (eyepiece micrometer scales
divisions)
a, b — Equation Coefficients
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Net weight (W) values were estimated, using the equation described by
Ricker (1975) and applied by many authors (Zhivkov 1993, 1999, Raikova-
Petrova and Zhivkov 1993, Kukushkin, 1997, Belomacheva et al. 2000).

W =all (2)

where:

L_ Length of the fish (mm)

w_ Weight of the fish with entrails (g)

a, b — Equation Coefficients

A comparison of the length growth of different Orpheus dace’s populations
is made by ranking them according to the average lengths at the same age. The
length of the last age group of the youngest population is used for comparison.
(Zhivkov, 1972).

To compare the weight growth (W) of fish from different populations, a
method proposed by Goldspind (1979), De Silva (1985), Zhivkov (1993, 1999)
and Raikova-Petrova and Zhivkov (1993) is used. The relationship is expressed
by the following equation:

logW = loga+ b.loglL, 3)

where:
L_ Length of fish (mm)

w_ Weight of fish, together with the entrails (g)
a, b — Equation Coefficients
Equation 3 is obtained by taking the logarithm of the

equation: W = a.L”.

In order to obtain comparable values of W in equation 3, pre-selected
rounded values of L (L = 50, L = 100, L =150, L = 200, L = 250, L =300, L =
350, L = 400, mm) are successively substituted on place of L. Using equation 3
with the listed values of L (mm) allows obtaining the corresponding values of the
mass W - W =50, Wy =100, W =150, W\ = 200, Wi = 250, Wi =300, W= 350, W = 400. The
so-obtained mass values (WL =50, W, - 100, W, - 150, W, - 2005 W, - 2505 W, - 3005 W, -
350, W= 400) fOr each of the studied populations were then compared.

Due to the fact that some authors have measured total length (to the end of
the caudal fin) and others have measured standard length (to the end of the scale
cover) it is necessary to use both in the comparison tables.

The association degree between L and S, as well as between W and L
variables, was determined by a correlation coefficient (r). All data were
calculated by using MS-Excel 2010.

RESULTS AND DISCUSSION
The age composition of the Chepinska River’s population is simple. There
are four age groups, but young fish are the most abundant. Ninety six percent of
the fish belongs to the first and second age groups. The presence of
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predominantly young fish is also well illustrated by the size of the catch. Most
fish (87 % of the total sample) are less than 110 mm long (Figure 3, 5).

In the Vacha River five age groups are recorded. The small sample catch,
however, definitely does not represent the whole variety of age and size groups,
characteristic of the population. Therefore, it is not possible to clearly identify
any trends and draw conclusions. (Figure 2, 4).
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Fig. 2. Age structure of Orpheus Fig. 3. Size classes of Orpheus dace
dace from the Chepinska River from the Chepinska River.
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Fig. 4. Age structure of Orpheus dace  Fig. 5. Size classes of Orpheus dace
from the Vacha River from the Vacha River

The biggest specimen registered in the Chepinska River is 270 mm long
(319 mm full length) and weighs 333 g (375g weight with entails). This is four-
year-old fish. The smallest one is 27 mm long (34 mm full length) and weighs
0.2g (0.3 g weight with entails). This is an annual fish.

The biggest Orpheus dace caught in the Vacha River is 178 mm in length
(210 mm full length) and weighs 81 g (91g weight with entails). This is the only
five-year-old specimen caught in the Vacha River. The smallest one is 32 mm
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long (44 mm full length) and weighs 0.5g (0.8 g weight with entails). This is an
annual fish.

The relationship between fish standard body length (L) and scale radius (S)
(measured in divisions of the eyepiece — micrometer) is very well expressed by a
linear function, which has a high degree of reliability (equation 4, the Chepinska
River; equation 5, the Vacha River.

L =15.28+2.0712-S; correlation r = 0.9964, n=470 (4)

L =6.4981+2.5162-S; correlation r = 0.9960, n=61 (5

In both studied rivers, a faster growth of Orpheus dace is observed in the
first year of life.

Generally the species reaches bigger length in the Chepinska River. For all
age groups, average fish length exceeds that of fish from the Vacha River.
Average length of four-year-old specimens from the Chepinska River is greater
than the average length of five-year-old specimens from the Vacha River (Tables
2, 3). In the both rivers, in 2004 and 2006, fish grew slightly faster.

Table 2. Back-calculated standard body length (L) of Orpheus dace from the
Chepinska River.

Years Age group Back-calculated standard body length (mm)  Number
L]_ L2 L3 L4
2007 | 51 5
2006 1 49 94 258
2005 I 35 77 169
2004 1| 59 81 155 22
2003 v 57 76 106 192 16
> 470
Average body-length (L), mm 50 82 131 192
Growth in length (t'), mm 50 32 49 62

Table 3. Back-calculated standard body-length (L) of Orpheus dace from the
Vacha River.

Years Age group Back-calculated standard body length (mm) Number

L, L, Ls L, Ls

2007 I 40 17

2006 I 40 91 30

2005 i 32 44 102 6

2004 v 54 82 126 145 7

2003 \Y% 44 95 125 152 175 1

> 61
Average body-length (L,,), mm 42 78 118 149 175
Growth in length (t'), mm 42 36 40 31 26

The relationship between fish weight and length (L) is very well expressed
by a parabolic function with a high degree of reliability. The general equation for
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the Chepinska River population is equation number 6 and for the Vacha River —
number 7.

W =0.00001-L*>®%; r = 0.9973, n=470 (g)

W = 0.000007-L**%; r = 0.9997, n=61 (7)

A comparison of mass growth rate between the two rivers indicates that
there is a slightly faster mass accumulation for all age groups from the Vacha
River. In 2004, in both rivers, mass rate growth is relatively higher, in
comparison with other years. However, species’ weight growth in both rivers is
relatively slow (Tables 4, 5).

Table 4. Back-calculated body-weight (W) of Orpheus dace from the Chepinska
River

Years Age group Back-calculated body-weight (g) Number
W, W, W, W,
2007 | 1.3 5
2006 1 1.2 8 258
2005 1 0.4 5 169
2004 1 2.1 5 38 22
2003 v 1.8 4 12 71 16
> 470
Average body weight (W,,). g 1.4 6 25 71
Weight growth — (t). g 14 4 19 46

Table 5. Back-calculated body-weight (W) of Orpheus dace from the Vacha River

Years Age group Back-calculated body-weight (g) Number

W, W, W, A W5

2007 I 1.2 17

2006 I 1.1 17 30

2005 i 0.5 2 24 6

2004 v 3.1 12 48 75 7

2003 \ 1.6 19 46 89 139 1

> 61
Average body weight (W,,). ¢ 15 13 39 81 139
Weight growth — (t').g 15 11 27 42 58

DISCUSSION

The age structure of the Orpheus dace’ population in the Chepinska River
is disturbed. The presence of mostly small and young fish is an indicator of a
significant elimination of fish due to angling (mostly of larger sizes) (Pravdin,
1966). This observation is also confirmed by the low survival rates of Orpheus
dace - 25% for in the Chepisnska River. As a result, most of the population in the
river consists of replenishment (annual fish).
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The length-growth of the Orpheus dace is relatively slow in the Chepinska
River. Length-growth is fast in the first year, after which it slows down. A rapid
increase in size in the first year of a fish’s life allows it to escape the press of
predators (Table 2). During the following year, length-growth decreases. This
phenomenon is associated with a sexual maturation of a large number of
individuals at this age (Nikolsky, 1965). The rate of weight growth of the
Orpheus dace in Chepinska River increases with age. Since the populations is
young, a delay in mass accumulation for older age group is not observed (Tables
4).

Similar results about fish’s length-growth and mass accumulation are
estimated to characterize the Vacha River’s population of Orpheus dace (Tables
3, 5). Regrettably, the current study’s small sample size does not allow for
reliable conclusions to be drawn about the entire population.

A comparison of length-growth of Orpheus dace from different water
bodies, using the Zhivkov’s method (1972), shows that the species grows faster in
dams, rather than in rives (Table 6).

Table 6. A comparison of average lengths at equal age of Orpheus dace from
different water bodies of its habitat range.

Author/s and . Back-calculated standard body length (mm)
River Dam
year LL LLb L Ly Ls Le Ly Lg Lo Ly L
Dikov et al., .
1994 Arda River 58 104 137 159 - - - - - - -
Kolev and Stryama
Raikova, 2015 River 58 83 121 162192 - - - - - -
Michailova, 1964 Struma River 83 115 148 175 202 215 - - - - -
Dikov and Dzerman
Zhivkov, 1985 River 52 101 141 183 - - - - - - -
Present data, Chepinska
2021 River 50 82 131 192 - - - - - - -
Marinov, 1086 ChePinska oy 405 sy . L L L L L L
River
Dikov et al., .
1994 Struma River 54 119 164 211 223 241 243 - - - -
Dikov et al., .
1994 Mesta River 64 114 195 214 - - - - - - -
Stefanova et al., Maritsa
2008 River 60 95 130 240
Zhivkov, 1973 Batak Dam 96 163 215 247 272 294 318 352 379 397 406
Boyadgiev, 1966 Pya;ﬂ‘”'k 89 155 218 289 316 - - - - - -

Marinov and Koprinka

Boyadjiev, 1967 Dam 73193 261 - - - - e e
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In all three dams: Batak, Pyasachnik and Koprinka, length-growth is faster
than that in rivers. This finding can be explained by taking into account the
influence of a larger number of predators, especially perch and pikeperch, found
in the dams (Zhivkov, 1973) and consequently - the larger press of predators on
fish populations. Growth conditions also have an impact. Orpheus dace grows
faster in the dams Koprinka and Pyasachnik, which are located at an altitude of
about 300 m in comparison with the Batak Dam, located at 1108 m above sea
level. Thus, the two dams have longer warm period and more favourable
temperatures (Table 6). In the rivers Struma and Mesta Orpheus dace grows faster
in length than in the Maritsa River and its tributaries, the rivers: Arda, Chepinska
and Stryama. A study by Marinov (1986) presents an exception to this trend, as it
concerns the Chepinska River. However, the author studied only ten Orpheus
dace specimens and the study’s accuracy is lower in comparison with the present
study, which includes 470 specimens from this river (Table 6).

In the Table 7 are presents the calculated masses of fish for the same length

from different water courses, by means of the formula: W =a. Lb, according to
above-mentioned method (Zhivkov, 1993, 1999).

Table 7. Comparison of the average mass (W) of Orpheus dace from different
rivers, calculated at pre-selected rounded standard body length values (L).
. Average weight (W,. g) calculated
Author/s and River. Equaxﬁglce)f the with the same rounded lengths (L.
year Dam : mm)
Population
Wso Wige Wiso Wae  Wasp

Chepinka W =0.00001L** 13 10 34 80 156

Present data,
2021

Dikov et al.,
1994

Kolev and
Raikova, Stryama W =0.000009L%*** 18 15 54 133 266
2015

Dikov et al.,
1994

Zhivkov,
1973
Dikov et al.,
1994
Stefanova et
al., 2008
Mikhailova,
1964
Dikov and
Zhivkov, Dzerman W =0.0116L*® 22 19 64 154 305
1985

Legend: W, — weight of the fish with rounded values of body length (50 to 250 mm)

Arda W =0.00005L%7%2 23 16 49 108 199

Struma W =0.00003L%%" 25 19 62 142 271

Batak W =0.000007L%*% 17 15 54 135 274
Mesta W =0.00006L%7™ 32 22 67 149 277
Maritsa W =0.0148L%%% 20 17 50 142 280

Struma W =0.00001L*"" 20 17 61 149 299
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Orpheus dace’s mass increases faster in main watercourses: the rivers
Struma, Mesta and Maritsa, in comparison with their tributaries: the rivers Arda,
Stryama and Chepinska. Species mass growth is also relatively fast in the Batak
Dam. Probably the greater weight of fish, with the same length from the rivers
Maritsa, Struma and Mesta, as well as from the Batak dam, is a result of the
richer food base there. Moreover, in the Maritsa River the speed of water flow is
lower than in its smaller tributaries: Arda, Chepinska and Stryama. Water in the
Batak Dam is stagnant. In such habitats fish use less energy for their movements.

CONCLUSIONS

The populations of Orpheus dace of the rivers Chepinska and Vacha are
characterized by disturbed age structures. Fish stocks are predominated by 1- to
2-year old specimens. In recent years, there has been comparatively relatively less
research focus on the biology of Squalius orpheus. In many Bulgatian rivers the
fish’s population structure has changed and younger fish dominate.

Compared to other Bulgarian water bodies, the linear growth of Orpheus
dace of the rivers Chepinska and Vacha is relatively slow. Mass accumulation is
also slow. Four-year-old specimens of both rivers reach an average weight of 70-
80g.
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SHOOTS CUTTINGS PROPAGATION OF ENDANGERED AND
ENDEMIC TREE SPECIES Kalappia celebica Kosterm USING THE
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ABSTRACT

Kalappia celebica Kosterm is a member of the Fabaceae family and is
included as monotypic species. The tree is one of the most important timber
because has a high quality of wood, with dark brown color, making K. celebica
has great performance thus increasing its economic value. However, its
population has decreased with the increase in logging and wood harvesting,
mining, and housing. Natural regeneration is also limited due to infrequent
flowering periods and fruiting. Therefore, to improve plant material for
replanting, it is crucial to do vegetative propagation, such as cutting and
accelerating their rooting and growth using a growth regulator. This study aimed
to determine the effect of rootone-f as a plant growth regulator on the rooting and
growth of K. celebica cuttings. The study was designed using a randomized block
design which consisted of 4 (four) treatments. The treatments used were untreated
cuttings (control), application of 100 ppm, 200 ppm, and 300 ppm/rootone-f
solution. The data recorded were analyzed using an analysis of variance
(ANOVA). The results showed that the application of rootone-f treatments had a
significant effect. There is a different response between untreated and treated
cuttings. The treatment of rootone f produced better rooting and growth than
untreated ones. There was a significant increase in the total of primary and
secondary roots, length of roots, shoots number, leaf area, shoots dry weight, and
roots dry weight of K. celebica cuttings at eight weeks after planting. The highest
rooting and growth were reached by 200-300 ppm treatment. Rootone f
application with concentrations of 200 ppm is the optimal dose that could be
considered to produce high-quality seedlings of K. celebica from cuttings. The
success of shoots cutting propagation for K. celebica will provide primary
practice of K. celebica cultivation, support juvenile stage bypass, and contribute
to conservation efforts for valuable, endemic, and threatened tree species.

Keywords: Cuttings, endangered species, growth regulator rootone-f, K.
celebica Kosterm, propagation
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INTRODUCTION

Kalappia celebica Kosterm, called kalapi (local name), is the local and
endemic plant that is widely distributed to Sulawesi Island, especially in Malili,
Each Sulawesi and Kolaka, Abuki, Konawe, etc., Southeast Sulawesi, Indonesia
(Arif et al., 2016; Arif and Uslinawaty, 2017). K. celebica belongs to the
Fabaceae family and is categorized as monotypic species (Trethowan et al.,
2019). The tree is one of the most important timber because it has a high quality
of wood, with dark brown color make K. celebica has great performance thus
increasing its economic value. It is commonly used in house constructions such as
door and window frames, house walls, light construction, boat materials, bridges,
etc. (Whitmore et al., 1989). However, K. celebica was listed as vulnerable
species on IUCN red list (Trethowan et al., 2019; IUCN, 2022), with significant
threats being logging and wood harvesting, mining, and housing. In the regulation
of Ministry of Forestry No P57/2008, the Indonesian Government has declared
that K. celebica should be conserved (Mardiastuti et al., 2008). There is no
accurate information about K. celebica cuttings and still limited reports about
replanting activities. Therefore, propagation such as generative and vegetative
and replanting of K. celebica should be done. Approaches to generative and
vegetative propagation can save many endangered or extinct species (Dunsin et
al., 2016; Susilowati et al., 2018; Hendalastuti et al., 2010; Darma and Priyadi,
2019).

In a natural forest, the K. celebica population has limited due to logging
and wood harvesting, and regeneration is merely limited due to infrequent
flowering periods and fruiting. In addition, seed collection posed some problems,
as seeds have a hard coat, thus poor viability and germination. One vegetative
propagation that should be done is cutting. This method is the strategy to produce
many high qualities of seedlings and faster tree growth (Husen and Pal, 2007).
Besides that, this is a valuable method to produce seedlings when seeds are
limited. The propagation techniques depend on characteristics and plant type
itself. Cutting propagation was applied to more plants species which improved
tree yield, quality, and good seedlings in Hopea gregaria Slooten (Tuheteru et
al., 2020), V. paradoxa (Yeboah et al. 2020), guava (Qadriet al., 2018),
Corchoorus sp. (Alamet al., 2017), K. celebica Kosterm (Arifet al.,
2015), Eucalyptus pellita F. Muell (Sulichantini et al., 2014), E. ganitrus
(Rahman and Rohandi, 2012).

In order to accelerate and increase the rooting and growth of cuttings, the
use of hormones is required. Hormones are chemical compounds synthesized into
the plant tissues to support the roots and shoot development (Monteuuis, 2016),
regulate and stimulate plant growth (Dunsin et al., 2016). It can be produced in
the growing organ of the plant and meristematic tissues (endogenous), and some
are synthetic hormones or growth regulator substances (exogenous). Growth
regulator hormone also contains auxin that would improve the division and
elongation of cells. Thus it will accelerate roots formation (Choi et al., 2000;
Truemand and Richardson, 2008; Fadliet al., 2017; Mabizela et al., 2017).



Shoots cuttings propagation of endangered and endemic tree species of Kalappia celebica... 123

Synthetic hormones (exogenous hormones) are also known as growth regulator
substances, for example rootone-f, which contains active compounds such as
NAA, NAD, and IBA as well as thiram (Sudomo et al., 2013). Rootone-f is a
synthetic hormone that plays an essential role in rooting and growth regulation. It
is beneficial to stimulate root growth and promote plant root initiation. Rootone-f,
a growth regulator, is very active in accelerating initial roots formation and
provides a better root length. The growth increased because rootone-f has several
elements that can encourage growth and are more stable than other hormones.
Tuheteru et al. (2020) proved that rootone f increased the number of secondary
roots of H. gregaria. A study on using rootone-f to enhance the rooting and
growth of K. celebica shoots cuttings is not recorded yet. Therefore, this research
aimed to determine the effect of rootone-f on increasing the rooting and growth
of K. celebica cuttings.

MATERIAL AND METHODS

Materials and tools

Two years K. celebica seedling collected from Tanggetada district, Kolaka
Regency was cut its shoots with the height of about 10 cm, rootone f- PT Rhone-
Poulence Agrocard (a commercial product of synthetic hormone for rooting
stimulator), rice husk charcoal, sterilized fine sand, and cow manure as growth
media, a tray for cutting growing, cutting scissors, electrical scale, oven, digital
thermometer and hygrometer, transparent plastic and styrofoam for covering (to
maintain humidity). The cover was created from styrofoam with 80 cm length x
70 cm width, line height in the middle was 25 c¢cm, and both sides of 20 cm in
height.

Preparation and cuttings planting

Shoots were cut from stocks of seedlings using sharp scissors,
approximately 1 cm below its node. Then, it was soaked immediately in water to
keep them fresh. Leaves were removed from the seedling in approximately Y4
parts to reduce transpiration. Rootone f solution was applied on the cutting base
using dipped method for 10 minutes. Next, cuttings were planted into growth
media in a tray (sterilized sand: manure: rice husk charcoal : 2: 1: 1 v/v) (Arif et
al., 2015). In which every tray contained ten cuttings. Trays were put and
arranged on benches randomly according to the randomized block design in the
greenhouse of Indonesia Mycorrhiza Association branched Kendari Indonesia.
Each tray was covered using transparent plastic to maintain humidity and avoid
dryness. Cuttings were grown for two months, and the environmental condition
recorded was about 29.8°C for an average minimum temperature and 33.87°C for
an average maximum temperature. For maintenance, cuttings were poured with
water using the sprayer one time a day or depending on the humidity (humidity
maintained about = 90%), and weeds were removed manually.
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Experimental design

The experimental design used was Randomized Block Design (RBD),
which consisted of untreated cuttings/ control, 100 ppm rootone-f, 200 ppm
rootone-f, and 300 ppm rootone-f solution, and each treatment was repeated three
times. Each treatment consisted of ten cuttings, and thus, the total cuttings were
120. Cuttings were grown in the greenhouse of the Indonesia Mycorrhiza
Association branch Kendari, Southeast Sulawesi, Indonesia.

Data Collection

Parameters measured were the number of primary and secondary roots,
which were manually counted, roots length, leaf area, shoot number, shoots, and
roots dry weight. Shoots and roots dry weight were determined after drying them
using an oven with temperatures of 70 °C for 2 x 24 hours, then balanced with
electrical balance. Measurements of data were conducted at the laboratory of the
Forestry Department, Forestry and Environmental Science Faculty, Halu Oleo
University. Additional data such as temperatures and humidity were also
collected and measured using a digital thermometer and hygrometer.

Measurement of roots length
The roots length was calculated using Grid Intersect Method (Rowell,
1995) with the formula:
R=XLxN,

where:
R: roots length;
A=0.786 (grid 1 cm);
N: number of roots intersection with gridline

Data analysis

Data were analyzed using a one-way analysis of variance (ANOVA).
Comparisons of means were done using Least Significant Differences (LSD) Test
at the 5% probability level when the F values were significant. All statistical
analyses were conducted using SAS 9.1.3 portable statistical software (Mattjik
and Sumertajaya, 2002).

RESULTS AND DISCUSSION

The results showed that rootone f improved the rooting and growth of
shoots cutting of K. celebica aged eight weeks. Rootone f treatments significantly
affected the number of primary and secondary roots, roots length, shoot number,
leaf area, shoots, and roots dry weight. Data showed that maximum rooting was
produced by rootone f treated cuttings. In spite of rooting was also observed on
untreated cuttings, but growth was lowest. Based on the LSD test, 200 and 300
ppm treatments were more and similarly effective than others (Table 1).
Treatments of 200-300 ppm were increased about seven times on primary roots
number, thirteen times on secondary roots number, and nine to fourteen times on
roots length, respectively, than control.
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Table 1. Effect of treatments on rooting growth of K. celebica cuttings after 8
weeks

Rootone-F _ Number of ) roots length Pi
(bpm) Number Oft (';' secondary (';' (cm) (%)
Treatments  Primary roots (%) roots (%)

Untreated 0.60+0.256 ¢ - 207+1.112 b - 1.0+0.577 ¢ -
100 2.07£0.646b 245 10.03:2.723b 385 3.83+1.123hc 284
200 487606492 711 30.0345.636a 1353 10'35;;1'967 939
300 507£0.719a 745 29.73+5.136a 1338  15.0142.999a 1407
Pr>F ** * *

Average values followed by unequal letters in the same column were significant
differences at the 0.05 LSD test level. Percentage of increasing (Pi), significant (*), very
significant (**)

The use of rootone f also improves the growth of cutting shown in table 2.
Treatments of rootone f 200 and 300 ppm increase shoot number and leaf area at
eight weeks. Treatments of rootone f 300 ppm increased shoot number, which
was different from other treatments. In the leaf area, treatments of 200 and 300
ppm rootone f were more and similarly effective in stimulating the leaf area. In
contrast, untreated cuttings (control) were the poorest treatments that differed
from others. Treatment of 300 ppm increased shoots number about six times than
control, while treatment of 200 ppm improved leaf area about four times than
control (Table 2).

Table 2. Effect of Rootone F treatments on shoots growth (number of shoots and
leaf area) of K. celebica cuttings, after 8 weeks

RO(')I:[g;i:eg?Em) Shoots number (;') ) Leaf area (cm?) ((I;! |
Untreated 0.07+0.046 ¢ - 0.81+0.357 b -
100 0.23+£0.078 b 250 2.42+0.234 ba 200
200 0.33+£0.087 b 400 4.95+0.305 a 514
300 0.50+0.114 a 650 4.10£0.390 a 408
Pr>F *% *

Average values followed by unequal letters in the same column were significant
differences at the 0.05 LSD test level. Percentage of increasing (Pi), significant (*), very
significant (**)

Better growth was also presented by treatments of 200 and 300 ppm
rootone f on the dry weight. It is shown that the treatment of 200 ppm is the best
treatment with increasing shoots and roots dry weight, but no significant
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differences with 300 ppm treatment. In contrast, untreated cuttings (control)
produced the lowest value (Table 3).

Table 3. Effect of Rootone f treatments on plant dry weight K. celebica cuttings
after 8 weeks

Rootone-F (ppm Shoots dr . Roots dry Pi (%)
Treatmegwrt)s : weight (ggl PE(®)  weight (g)
untreated 0.116£0.011 b - 0.001£0.0005 ¢ -
100 0.174+0.015 b 49 0.006+0.001 b 408
200 0.258+0.020 a 120 0.014+0.002 a 1106
300 0.257+0.24 a 119 0.013+£0.002 a 1012

Average values followed by unequal letters in the same column were significant
differences at the 0.05 LSD test level. Percentage of increasing (Pi); significant (*); very
significant (**)

There were significant differences in the number of primary and secondary
roots, roots length, shoot number, leaf area, and plant dry weight due to the
different treatments applied in the rooting of K. celebica cuttings. Rootone-f, as a
growth regulator substance, stimulates and accelerates roots growth. The effect
would be better when using the proper hormone concentration and suitable for
plant species. This experiment showed that the addition of 200-300 ppm
treatments produced better rooting and growth. It stimulated elongation and cell
growth, thus increasing roots and shoot growth of K. celebica cuttings.

According to Small and Degenhardt (2018), hormones can enhance cell
division and development of cells, including the structure and functions. Giving
hormone in an optimal concentration will stimulate the growth and development
of the roots (Akhtar et al., 2015; Okao et al. 2016; Maggioni et al., 2020). In
addition, there was a correlation between endogenous auxin content and the
ability of cuttings to form rooting (Henselova et al., 2002). Thankamani et al.
(2020) also noticed that auxin could increase the activity of meristematic tissues
and carbohydrates transport to the base of cuttings, thus improving the rooting.
The presence of roots will give better growth for plants. Roots are crucial parts of
a plant that play essential roles in soil nutrients and water uptake. In which
nutrients and water supply are translocated to the leaves, which are involved in
plant metabolism activities such as photosynthesis to produce carbohydrates
(Lambers et al., 2008). In line with some research, Duabanga mollucana Blume
cuttings (Supriyanto and Prakasa, 2011), Anthocephalus cadamba (Putra et al.,
2014), and H. gregaria (Tuheteru et al. 2020) better rooting and growth was also
achieved when cutting were treated with rootone f. Similarly, Sudomo et al.
(2013) found that using rootone f 100 ppm increased shoots, roots length, and the
number of roots on Manglietia glauca Bl at three months old. Furthermore, cutting
material taken from the juvenile seedling of K. celebica has produced better
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rooting. Danu et al. 2011 found that shoots cutting material obtained from
seedling gave the highest survival than obtained from the young tree or mature
tree.

Figure 1. Cuttings of K. celebica after soaked into rootone-f solution based on
treatments, planted on media and covered with transparent plastic

Figure 2. Appearance of K. celebica cuttings after 8 weeks of growth.
A: 200 ppm and B: 300 ppm of rootone-f

In contrast to untreated cuttings, the rooting and growth were the lowest. It
was assumed that internal hormone is not adequate to promote the development
of roots. According to Rahayu & Riendriasari (2016) that the sea bidara plant did
not affected by rootone-f application (exogenous auxin) due to the adequacy of
endogenous auxins. However, a high dose of the hormone also can bring adverse
effects. This case was proved by Truemand and Richardson (2008) found that the
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highest amount of 8 g IBA/ kg powder caused leaf abscission and reduced leaf
area or shoot dry weight on C. torreliana and C. citriodora. High concentrations
of hormones have a negative impact, like oxidative stress, that effected in death
of cells (Flasinski and Hac-Wydro, 2014).

Cuttings achieved the highest shoots number, leaf area and plant dry
weight when applied 200-300 ppm of rootone-f. Rootone f stimulates cell
division, resulting in growth and increased shoots number and leaf area. It will
impact the rate of photosynthesis. An increase in growth will occur, indicated by
an increase in plant dry weight. Enhancing the leaf area will also improve stomata
for CO, fixation, and then the CO, assimilation rate would be better. Chlorophyll
concentration also would be enhanced as increasing of the leaf area. Lambers et
al. 2008 also noticed that adequate absorbed light was caused by improving leaf
surface and chlorophyll concentration. Therefore, the photosynthetic rate would
be increased, and the production of carbohydrates would be sufficient for the
growth of roots and shoots. Devi et al. 2016 found that there was rising in leaves
number (18.74), leaf area (3.76 cm?), and content of chlorophyll (39.76%) of
Grewia asiatica cuttings when treated with IBA 300 ppm and highest than other
treatments. In addition, the presence of bud and shoots on cuttings, including
meristematic tissues, will stimulate the production of hormones (Small and
Degenhardt, 2018) and then circulate to the bottom or basal to form the roots.

Efforts to conserve K. celebica have been carried out, such as planting on
gold mining land and propagation through root cuttings, seed germination, and
shoot cuttings. The obstacle faced in supporting conservation efforts is the
shortage of seedlings for planting. For this reason, shoot cuttings are a solution to
overcome the problem of limited seeds by providing seedlings from cutting for
planting in the field.

CONCLUSIONS

Application of Rootone-f has improved rooting and growth of K.
celebica cuttings aged eight weeks. Using rootone-f as a growth regulator at
concentrations of 200 ppm has been more efficient and could be considered to
support K. celebica propagation and conservation program. The success of shoots
propagation for K. celebicawill provide the primary practice of K.
celebica cultivation, support bypassing the juvenile stage, and contribute to
conservation efforts for endemic and threatened tree species.
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SUMMARY

The knowledge about dynamics of soil organic carbon (SOC) accumulation
and its controls are critical in understanding of the C cycling in forest ecosystems.
Acacia mangium Willd. is one of the most important fast-growing afforestation
tree species in Vietnam, providing significant ecological, economic,
environmental, and social benefits. The existing studies offered information
limited on the distribution and regulation of SOC in the A. mangium plantations.
The primary purpose of this study was to explore the variation trend of SOC and
its driving factors in an age-sequence of three A. mangium plantation stands in
Changriec Historical - Cultural Forest, Southeastern region, Vietnam. The study
was conducted to estimate SOC content and storage, and soil physicochemical
characteristics of three different-aged (4—, 7—, 11-year—old stands) A. mangium
plantations. The SOC content increased significantly from young to older stand,
and its maximum concentration occurred in the topsoil layer and decreased
continually with increasing soil depth. The SOC stocks increased significantly
with the stand age. The SOC stocks showed obvious surface aggregation, with
more than 60% of SOC distributed in the soil of 0—-30 cm depth. The soil total
nitrogen content and soil texture (i.e., soil silt content) were identified as the
major factors controlling the SOC distribution. The other parameters (i.e., plant
biomass, soil pH, bulk density, available nitrogen, total phosphorus, available
phosphorus, total potassium, and available potassium) also significantly
influenced the distribution of SOC. These findings suggest that afforestation with
A. mangium can facilitate SOC accumulation, improve soil nutrient regimes, and
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provide a new insight in understanding the factors controlling SOC in the
Southeastern region of Vietnam.

Keywords: Acacia mangium plantations, Soil organic carbon,
Environmental variables, Age-sequence, Vietnam

ABBREVIATIONS USED: SOC (soil organic carbon); CS (soil organic carbon
storage); DBH (diameter at breast height); H (height); TAGB (total above-ground
biomass); TBGB (total below-ground biomass); BD (bulk density); TN (total
nitrogen); TP (total phosphorus); TK (total potassium); AN (available nitrogen);
AP (available phosphorus); AK (available potassium).

INTRODUCTION

Soil is the largest terrestrial organic carbon (C) pool, holds three times as
much C as the vegetation C pool and twice as much as the atmosphere (Batjes,
1996; Lal, 2004; Carvalhais et al., 2014). Soil C in the Forest ecosystem is a
crucial part of the global C reservoir, containing 73% of the global SOC pool
(Sombroek et al., 1993; Six et al., 2002b). Thus, minor changes in the C reservoir
of forest soil will dramatically influence the global C balance, which impacts
global climate change (Albaladejo et al., 2013). The SOC is principally
determined by the balance between C inputs through litterfall and root turnover
and loss of C primarily through organic matter decomposition, which processes
are controlled by various environmental variables, including vegetation biomass
(Wang et al., 2013; Zhang et al., 2018) and soil physicochemical properties such
as soil N (Batjes, 1996; Cong et al., 2016), soil texture (Jobbagy and Jackson,
2000; Liu et al., 2016), soil P (Zu et al., 2011; Deng and Shangguan, 2017), soil
K (Zu et al., 2011; Zhang et al., 2016), soil pH (Robson and Foy, 1990; Thomas,
1996; Chen et al., 2004), and soil BD (Hobley et al., 2015; Ngaba et al., 2020).
Hence, understanding the SOC storage dynamics and the factors that control this
process in forest ecosystems is critical for better C budget management and
climate change mitigation options.

To date, studies on SOC content or storage following afforestation and
stand age have been widely carried out worldwide, and showed contradictory
results. Some scholars presented that the SOC decreased in the early stage of
afforestation and then gradually increased with stand age (Pregitzer and
Euskirchen, 2004; Zhaodi et al., 2018). Whereas others showed an increasing
SOC in the early period after afforestation followed by a gradual decrease (Ali et
al., 2019; Zhang et al., 2019), a stable SOC after afforestation (Simon et al.,
2012), or no significant increase with stand development (Matthias and Arain,
2006; Yue et al.,, 2018). Nonetheless, according to most researches, SOC
significantly increased with forest age (Cheng et al., 2015; Deng et al., 2017;
Zhang et al., 2018). One possible interpretation to this discrepancy is that, in
addition to stand age, several other factors impact SOC accumulation, such as tree
species, forest types, climate conditions, soil physicochemical characteristics, and
former land use (Smal and Olszewska, 2008; Noh et al., 2010).
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Acacia mangium Willd. is one of the most principal afforestation tree
species in some of the eight important forestry-ecological regions and
Southeastern region in Vietham (MARD, 2018), where it has been planted on
more than 800,000 ha and comprises approximately 19% of all forested
plantation areas in Vietnam (MARD, 2020). Its wood is suitable for the
production of pulps, timbers, and household furniture (MARD, 2018). Besides
producing woods for industries, A. mangium plantations also have a crucial role
in providing environmental services such as C uptake and storage given by its
high growth rate. Thus, a better knowledge of SOC dynamics of A. mangium
plantations is of great importance in the accurate prediction of soil C storage and
its influence on future climate change and forest management. Although there is
abundant studies in A. mangium forests; growth and vyield prediction (Shah
Newaz and Millat-e-Mustafa, 2004), biomass accumulation and C storage (Hai et
al., 2009; Lee et al., 2015; Cuong et al., 2020), wood properties (Jusoh et al.
2014), soil nutrients (Lee et al. 2015, Matali and Metali, 2015), biological N
fixation (Lydie-Stella et al., 2017), and benefits and threats on biodiversity
(Koutika and Richardson, 2019). Nevertheless, existing knowledge and studies
have offered limited information on the distribution of SOC and its influencing
factors in an age-sequence of A. mangium plantation forests, particularly in the
Southeastern region of Vietnam. Therefore, the present study was designed to
examine the SOC content and storage in an age-sequence of three A. mangium
plantation stands (4-, 7-, and 11-years-old) in Southeastern region, Vietnam. The
specific purposes of the study were to: (i) quantify the SOC content and stocks;
and (ii) identify the controlling parameters of SOC variation in A. mangium
plantations across three different ages in the Southeastern region. Our findings
can strengthen understanding of C sink management in A. mangium forest soils
and provide new insight into the unique relationship between SOC and influential
environmental factors (i.e. plant biomass and soil physicochemical properties).

MATERIAL AND METHODS

Study site description

The study was conducted at the Chang Riec Historical - Cultural Forest
(11°00"30" to 11°35'13"N and 106°00'00” to 106°07'10"E), located in Tay Ninh
Province, Southeastern region, Vietham (Figure 1). The study area has two
distinct seasons: the dry season (December to April) and the rainy season (May to
November). The annual mean temperature is 26.9°C with a yearly range of
25.2°C to 28.8°C. The annual mean precipitation is 1967 mm with average rainy
days of 155 days (IBST, 2009). This study area terrain is relatively flat, with an
altitude of 29-67 m a.s.l. and slopes of 3-5°. Soil type in this region is mainly
grey-brown, developed on ancient alluvium, and soil depth over 100 cm. Soil’s
texture is loam (Cuong et al., 2020). The dominant tree species of the area consist
of A. mangium Willd., Acacia hybrid (Acacia auriculiformis A. Cunn. ex Benth.
x A. mangium Willd.), Dipterocarpus obtusifolius Teijsm. ex Miq., Tectona
grandis L.f., Hopea spp., and Khaya senegalensis (Desv.) A.Juss.. The plantation
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forests are composed of about 40% of the total forest area. A. mangium amounts
to approximately 20% of the total plantations in this region and plays an
important role in pulp and timber production. In this study, we selected three
differently aged (4-, 7-, 11-years) A. mangium plantations, which were all
covered by previous Cassava (Manihot esculenta Crantz) before afforestation.
Additionally, no fertilization was applied after afforestation. The initial density of
the experimental stands were 1000 treesha™ (initial spacing, 4 m x 2.5 m), and
thinning operations were carried out once, twice, and three times for the 4-, 7-,
and 11-year-old stands, respectively. The diversity, healthy, and abundance of
understory vegetation in the A. mangium plantations were found, particularly in
the 7- and 11-year-old stands. The dominant species of understory vegetation in
the A. mangium plantations include Mallotus apelta (Lour.) Miill. Arg., Tetracera
scandens (L.) Merr., Chromolaena odorata (L.) R.M. King & H. Rob.,
Saccharum arundinaceum (Retz.), Mimosa pudica var. tetrandra (Willd.) DC.,
Chrysopogon aciculatus (Retz.) Trin., Maesa perlarius (Lour.) Merr., Lygodium
microphyllum (Cav.) R. Br., Dryopteris parasitica (L.) Kuntze, Helicteres
angustifolia var. obtusa (Wall. ex Kurz) Pierre, and Cynodon dactylon (L.) Pers
(Cuong et al. 2020).
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Enhancement of soil organic carbon by Acacia mangium ... 137

Biomass estimation

Four plots of 40 m x 25 m were established in each A. mangium stands in
February to April 2019 (Figure 1). The detailed descriptions of the study site and
biomass estimation were given by Cuong et al. (2020) and is reproduced in Table
1.

Table 1. Biomass characteristics of Acacia mangium plantations at different
stand ages

Measured variables Stand age (years)
4 7 11
Plants Stand area (ha) 26 2.2 36

Mean DBH (cm) 13.78+0.38°  17.94+0.86" 21.78 +0.85°

Mean H (m) 1472 £017°  17.29+0.56" 18.60 = 0.21°

Stand density (tree'ha™®) 888 +30° 728 +22° 610 + 29°

Canopy density 0.83+0.01° 0.81+0.01° 0.79+0.03°

Elevation (m a.s.l.) 38 40 40

Soil depth (cm) >100 >100 >100
Above- Trees (Mg ha®) 55.08£3.98°  109.18 + 4.44° 17517 £ 5.11°
ground  Understory (Mg ha™) 4.05+0.05°  4.31+0.05 4.80+0.11°
biomass TAGB (Mg ha™) 59.13+3.98° 113.49 + 4.46" 179.96 + 5.07°
Below- Trees (Mg ha™) 17.64+0.68° 34.38+1.43" 3540+ 1.87°
ground  Understory (Mg ha™) 0.82+0.02°  0.92+0.02° 1.19 +0.02°
biomass TBGB (Mg ha™) 18.46+0.67° 3530+ 1.41° 36.59 +1.87°

Litter biomass (Mg ha™®) 11.43+0.91°  11.90+0.55” 1329+ 1.16°

Note. Values are means + standard deviations (SD). DBH, diameter at breast
height (1.3 m); H, tree height; TAGB, total above-ground biomass; TBGB total
below-ground biomass. Means in a row, different lower-case letters are
significantly different at p<0.05

Soil sampling and laboratory analysis

Five soil profiles were dug to a depth of 50 cm from the four corners and
the center of each sample plot, and the samples were taken from four depths (O-
10, 10-20, 20-30 and 30-50 cm) using a soil corer (5 cm inner diameter). Soil
samples from the same layer in the same plot were mixed in equal volume
proportions, air-dried and stored at room temperature. Meanwhile, soil BD
samples were collected from different soil layers using a stainless-steel cutting
ring (volume of 100 cm?). Soil samples were analyzed at the Centre of Forestry
Research and Climate Change laboratory at the Vietnam National University of
Forestry (VNUF). Soil pH was measured with a pH meter at a soil:water ratio of
1:2.5. Soil BD was determined by drying the core samples at 105°C until constant
weight (Blake and Hartge, 1986), while the pipette method was employed to
measure the soil texture and compute the percentage of clay (<0.002 mm), silt
(0.002-0.02 mm), and sand content (0.02-2 mm) (Van Reeuwijk, 2002). SOC
content was analyzed by the potassium dichromate oxidation (external heat
applied) method (Nelson and Sommers, 1982). The contents of soil TN, TP, TK,
AN, AP, and AK were analyzed according to the Vietnam National Standard
methods (TCVN 6498:1999 - ISO 11261:1995; TCVN 8940:2011; TCVN



138 Cuong et al

8660:2011; TCVN 5255:2009; TCVN 5256:2009; TCVN 8662:2011) adopted by
Cuong et al. (2017) and Thanh & Cuong (2017b). The soil TN concentration was
determined by the modified Kjeldahl method after digestion with a mixture of
C;He¢Oz and H,SO,. The soil TP content was determined by the colorimetric
method after digestion with HCIO, and H,SO,. The soil TK concentration was
analyzed using the flame photometer method after digestion with HCIO, and HF.
The concentration of soil AN was measured by the alkaline hydrolysis-diffusion
method. The soil AN content was reduced to NH; after adding a NaOH solution,
then the NH; was diffused and absorbed by H;BO; solution and titrated using
H,SO, to calculate the soil AN content. The concentration of soil AP was
estimated using the Olsen method (the soil AP was extracted using NaHCO;
followed by measurement via the molybdenum antimony colorimetric method).
The content of soil AK was measured using the flame photometer method after
extraction with CH;COONHj.

Calculation of soil carbon storage

The C storage in each soil layer was computed according to SOC content, soil
BD and sampled depth. Coarse fractions (>2 mm) were very rare in the soil
samples. Thus, the following equation was used to calculate CS (Deng et al.
2017; Thanh and Cuong 2017a; Wang et al. 2019):

CS; = SOC; X BD; x d; x 1071 1)

where: CS;, soil carbon storage in the soil layer i (Mg C ha); i represents the 0—
10 cm, 10-20 cm, 20-30 cm, and 30-50 cm soil layers; SOC;, soil organic
carbon concentration of the soil layer i (g kg™); BD;, soil bulk density of the soil
layer i (g cm™); and d, soil thickness of the soil layer i (cm).

Statistical analyses

The effects of plantation age, soil depth and their interactions on SOC
content and stocks, and soil physicochemical properties in A. mangium
plantations were analyzed by two-way analysis of variance (ANOVA).
Comparisons of SOC content and stocks, and soil physicochemical properties
among three plantations, and four soil depths were tested by one-way ANOVA
followed by Fisher’s Least Significant Difference (LSD) test (p < 0.05). Before
ANOVA analyses, we conducted tests for normality and homogeneity of
variance.

Pearson’s correlation was applied to understand the relationships between
SOC contents and environmental factors (e.g., TAGB, TBGB, litter, BD, pH, TN,
TP, TK, AN, AP, and AK). The environmental factors that had high weighted
factor loadings were obtained by reducing the dimension of environmental factors
using Principal Component Analysis (PCA); the effect of a possible linear
correlation between variables was also eliminated (Fan et al., 2018). It should be
noted that only principal components (PCs) having eigenvalues greater than 1 and
factors having highly weighted factor loading (i.e., those with absolute values for
factor loading within 10% of the maximum value) were retained for Stepwise
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Multiple Regression Analysis (SMRA) (Tian et al., 2016; Fan et al., 2018). The
SMRA was conducted using the filtered factors as inputs to determine the major
factors that influence SOC. In the present study, both data processing and
statistical analyses were carried out using SPSS 25.0 (IBM Corp, 2017) and R
3.5.2 (R Core Team, 2018) software packages.

RESULTS

C content in the soil layer

The two-way ANOVA analysis revealed the SOC was significantly affected
by stand age (p<0.001). Besides, soil layer (p<0.001) and the interaction between
stand age and soil layer (p<0.001) resulted in a significant effect on SOC (Figure
2a). Statistically significant differences were observed among different aged
stands of different soil layers for SOC values (p<0.05). The SOC concentration
decreased significantly with an increase in soil depth irrespective of stand age
(p<0.05). In 0-10 cm soil layer, SOC ranged from 12.70 to 21.90 g kg™', which
was much greater than that of the other soil depths (10-20, 20-30, and 30-50
cm). SOC concentration at all soil depths increased significantly with stand age

(p<0.05).
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Figure 2. Variation of SOC (a) and CS (b) with stand age and soil depth. Error
bars indicate standard deviation (SD). Note. SOC, soil organic carbon; CS, soil
organic carbon stocks. Means with different uppercase and lowercase letters
indicate significantly different between soil layers in the same stand ages and
between stand ages in the same soil layers (p<0.05), respectively. Results (p-
values) of two-way ANOVAs show the effect of stand age, soil depth and the
interaction between stand age and soil depth on the SOC and CS
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C storage in the soil layer

Figure 2b represents trends in the soil layer C stocks over an age-sequence of
three A. mangium stands. Stand age (p<0.001) and soil layer (p<0.001) had
significant influences on CS. Similarly, the interaction effect between stand age
and soil depth demonstrated significant differences in CS (p<0.001). The CS of
the 30-50 cm soil layer followed a significant increasing trend with the increase
of stand age (p<0.05). Although the CS of the soil at 0—10 cm, 10-20 cm, and 20—
30 cm increased with increasing forest age, the relationship was not significant.
Summed CS from 0 to 50 cm soil depth was 86.86, 126.88, and 140.94 Mg C ha’
Lin the 4-, 7-, and 11-year-old stands, respectively. The uppermost 30 cm of soil
stocked a large proportion of C, and the CS in the 0-30 cm soil layer occupied
60.37%, 62.53%, and 63.33% of the total soil total C storage in the 0-50 cm soil
layer for the three stands.

Basic soil physicochemical properties

There was a significant interaction between stand age and soil layer on soil
physical properties (BD, clay, silt, and sand) (p<0.001, Figures 3a-3d). As
described in Figure 3a, soil BD increased significantly as soil depth increased
across all stand ages (p<0.05). The soil BD in 4-year-old stand was the highest
among all stand ages at four soil depths (i.e., 0-10, 10-20, 20-30, and 30-50 cm)
(p<0.05). However, there was no significant difference in soil BD between the
11- and 7-year-old stands at the 0-10 and 10-20 cm soil layers (p>0.05).
Statistical analysis revealed significant differences in soil clay, silt, and sand
contents between the three stand ages at the four soil depths (p<0.05, Figures 3b-
3d). The changes of clay, silt, and sand contents showed a trend not obvious
along with soil depth in all three stands. There were no significant differences in
contents of soil clay, silt, and sand among the four soil depths at the same forest
age (p>0.05), except for the clay content at the 11-year-old stand (p<0.05).

Soil chemical properties (pH, TN, TP, TK, AN, AP, and AK) were
significantly influenced by both stand age and soil depth (p<0.001, Figures 4a-4d,
and Figures 5a-5c). Similarly, the interaction among stand age and soil depth also
significantly affected the chemical characteristics of the soil (p<0.001, Fig. 4b-4c,
and Fig. 5a-5b) except for pH, TK, and AK (p=0.735, Figure 4a, p=0.987, Figure
4d, and p=0.956, Figure 5c, respectively). The soil pH value appeared an
increasing trend with soil depth in the same forest age but was not significantly
different among the four soil depths for any given age stand (p>0.05, Figure 4a).
A significant decreasing trend was found as the stand age increased (p<0.05). The
respective highest and lowest pH values were recorded in the 4- and 11-year-old
stands for the four sampled soil depths. The contents of soil TN, TP, TK, AN, AP,
and AK decreased significantly with increasing soil depth across the three stands,
being higher in the superficial soil depth (0—10 cm) than in the other three deeper
soil layers (10-20, 20-30, and 30-50 cm) (p<0.05, Figures 4b-4d, and Figures
5a-5¢). Significant differences in soil TN, TP, TK, AN, AP, and AK concentrations



Enhancement of soil organic carbon by Acacia mangium ... 141

were found among the three stand ages at all soil depths (p<0.05). These
parameter values increased with stand age, being the highest in 11- year-old-stand
and the lowest in 4- year-old-stand, and this trend was consistent at the four soil

depths.
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Figure 3. Variation of soil BD (a), clay (b), silt (c), and sand (d) with stand age
and soil depth. Error bars indicate standard deviation (SD). Note. BD, bulk
density. Means with different uppercase and lowercase letters indicate
significantly different between soil layers in the same stand ages and between
stand ages in the same soil layers (p<0.05), respectively. Results (p values) of
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two-way ANOVAs indicate the effect of stand

interaction on the soil BD and particle composition

age, soil layer, and their
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Figure 4. Variation of soil pH (a), TN (b), TP (c), and TK (d) with stand age and
soil depth. Error bars indicate standard deviation (SD). Note. TN, total nitrogen;
TP, total phosphorus; and TK, total potassium. Means with different uppercase
and lowercase letters indicate significantly different between soil layers in the
same stand ages and between stand ages in the same soil layers (p<0.05),
respectively. Results (p values) of two-way ANOVAs indicate the effect of stand
age, soil layer, and their interaction on the pH, TN, TP, and TK



Enhancement of soil organic carbon by Acacia mangium ...

143

10

20

Soil depth (cm)
(V%)
[=}

AN (mg kg'?)
50 100

150 0 50

AP (mg kg!)
100

150

(a)

ANOVA Results

10 F w o

20 _(321”#"(3135;4 t__."Cc

Soil depth (cm)
=

| | ANOVA Results

40 Age p<0.001 40 | | / Age p<0.001
Depth p<0.001 i Depth p<0.001
Age*Depth p<0.001 [ [ Age*Depth p<0.001
| {
A | /
50 Aa 50 am r-1b»—-—|AC
—a—4-year-old —=— 7-year-old —s— 11-year-old —=— 4-year-old —— 7-year-old —— 11-year-old

AK (mg kg!)

Soil depth (cm)
[¥¥)
(==}

10 |

50

Aa

0 10 20 30 40 50
0 : : : :
Da Db Dc (c)
10 b
Ca
20 |
Ba

ANOVA Results
Age p<0.001

Depth p<0.001
Age*Depth p=0.956

—s—4-year-old —s— 7-year-old —=— 11-year-old
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(p<0.05), respectively. Results (p values) of two-way ANOVAs indicate the
effect of stand age, soil layer, and their interaction on the AN, AP, and AK
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Major factors controlling SOC

The correlation analysis showed that SOC was strongly and positively
correlated with clay, silt, TN, TP, TK, AN, AP, and AK but significantly
negatively correlated with BD, pH, and sand (p<0.01) (Table 2). Plant biomass
factors including TAGB, TBGB, and litter were also significantly positively
correlated with SOC (p<0.01).

Table 2. Pearson Correlation Coefficient Values (r) between soil organic carbon
content and environmental variables at different stand ages of Acacia mangium
forests

Environmental variables SOC (g kg™
TAGB (Mg ha™) 0.86"
TBGB (Mg ha™) 0.90™
Litter (Mg ha™) 0.53™
Clay (%) 0.68™
Silt (%) 0.87"
Sand (%) -0.86"
BD (g cm ™) -0.86"
pH -0.86"
TN (g kg?) 0.92"
TP (g kg™ 0.79™
TK (g kg™) 0.81"
AN (mg kg™ 0.58™
AP (mg kg ™) 0.75"
AK (mg kg™ 0.80™

Note. SOC, soil organic carbon; TAGB, total above-ground biomass; TBGB total
below-ground biomass; BD, bulk density; TN, total nitrogen; TP, total
phosphorus; TK, total potassium; AN, available nitrogen; AP, available
phosphorus; and AK, available potassium. ** indicates significant effects at p <
0.01

The PCA results revealed that the first principal component (PC1) explained
71.21% of the total variance of data obtained in the 12 study plots, whereas the
second principal component (PC2) interpreted 17.19% (Figure 6). These results
illustrated that the first two principal components contributed 88.40% of the
standardized variance. The first principal component was mainly associated with
variation in TN, pH, and silt, and the second was primarily related to AN and clay.

To find the best predictive variables that influence SOC, we conducted SMRA
with PC1 (TN, pH, and silt), and PC2 (AN, and clay) as independent variables and
SOC as the dependent variable. The regression model suggested that the soil TN
and silt were the two most important factors controlling SOC and these factors
exerted a significant positive effect (Table 3).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986058/table/pone-0093584-t004/

Enhancement of soil organic carbon by Acacia mangium ... 145

0.5
Clay
O
0.6
Litter TAGE
®TBCE Silt
| BED
0.4 ° ® 9
0.2
& PH
= o
= o0
3 TN
o]
(=1
024 ®
= AP
Sand TK TP
an
D4 ® AK
0.6 AN
[ ]
NES
I | T I T I I | I ] T
10 03 06 04 02 oo 02 0.4 0s 0.3 10

PC1 (71.21%)
Figure 6. Principle component analysis (PCA) of the environmental variables

Table 3. Results of stepwise multiple linear regression analyses showing the
dependence of soil organic carbon on environmental variables

et Bpey CHIEU e wawe puake R
Constant 1.103 0.804 1.371 0.177

SOC TN 9.077 1.114 8.149 <0.001 0.898
Silt 0.113 0.022 5.122 <0.001

Note. SOC, soil organic carbon; TN, total nitrogen; SE, standard error of the
coefficient estimate

DISCUSSION
Soil organic carbon content and storage in A. mangium plantations
In the three age-sequence A. mangium stands of this study, the SOC
concentration was the highest in the surface 0-10 cm soil layer and revealed a
decreasing trend with increasing depth (Figure 2a). The SOC produced from the
decomposition of root system and litter near the ground surface will get into the
topsoil first, this could be responsible for the significant higher SOC content in
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the upper soil layer (Zhong and Qiguo, 2001; He et al., 2009; Laik et al., 2009;
Thanh and Cuong, 2017a; Zhang et al., 2018). The concentration of C stored in
the top three soil layers (0-10 cm, 10-20 cm, and 20-30 cm) and the deepest layer
(30-50 cm) significantly increased with increased age of A. mangium plantations,
probably due to the increase of litter productivity and slow decomposition in
older stands (Herdiyanti and Sulistyawati, 2009; Ming et al., 2014).

Changes in CS following afforestation and stand age have been widely
carried out in earlier studies. Interestingly, there were varied conclusions
concerning the changes in CS after afforestation among former studies in the
literature. Some researchers found no change in CS after afforestation (Zhang et
al., 2017; Yue et al., 2018). Some researchers observed an increasing trend of CS
in the plantations in the early stages after afforestation followed by a gradual
decrease (Noh et al., 2010; Ali et al., 2019). Some researchers showed that there
was an initial decline in CS after afforestation followed by a gradual increase (Li
et al., 2011; Zhaodi et al., 2018). Some important factors, such as the choice of
plant species used for plantation, forest type, soil cultivation method, soil
properties, earlier land use and climate could explain the contradictory results
reported in various studies. All these factors, independently or in combination
could overshadow the effect of stand age on the accumulation of soil organic C
(Noh et al., 2010; Zhang et al., 2019). In the current study, carbon storage in the
mineral soil layer always increased significantly along with A. mangium stand
development (Figure 2b). Hence, our study results demonstrate that afforestation
with A. mangium resulted in a remarkable increase in soil organic C storage in
Southeastern region. These findings may be attributed, at least in part, to the
larger accumulation of soil organic matter (litter and roots) with the forest stand
development (Thanh and Cuong, 2017a) and the annual soil respiration was far
lower (Yang et al., 2007). Similar results were obtained by Hai et al. (2009), He
et al. (2009), Zhao et al. (2014), Abaker et al. (2016), and Zhang et al. (2018),
who also observed an increase of organic C in soil following afforestation.
Furthermore, in terms of vertical distribution of CS, the results of our study
illustrated that a large quantity of the CS was sequestrated in upper 0-30 cm of the
mineral soil horizon in all stands, showing that greater amounts of CS were
stoked in the topsoil layer. Approximately 60.37% to 63.33% of CS in the 0-50
cm range of soil was found in the 0—30 cm range (Figure 2b), where soils can be
disturbed by human disturbances and natural erosion. Thus, research the vertical
variability of CS, and protection of the topsoil from loss is important to promote
C sequestration.

Factors influencing SOC across stand ages

Our findings revealed that soil TN and AN were strongly correlated with
SOC (Table 2). In many ecosystems, it is well known that soil C and N are two
closely associated biogeochemical processes (Hagedorn et al., 2003; Abaker et
al., 2018). As one of the most essential nutrients for plant healthy growth, the
quality and quantity of available N could impact the biomass productivity and the
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amount of plant litter, which is the dominant source of organic C (Bronson et al.
2004; Sam et al. 2006). A. mangium has a very high biological N-fixation
capacity because of its symbiotic association with nodule-forming bacteria (Yang
et al., 2009; Matali and Metali, 2015), it probably maintains the N inputs at our
sites, and indirectly increase SOC. Partly due to their contribution, the increasing
of the soil N contents likely affects the accumulation of SOC (Zhang et al., 2018),
including SOC variation in the A. mangium forest land (Table 3).

In the present study, soil texture could play a crucial role in determining
SOC accumulation. The variation in SOC in different age stands was positively
correlated with clay and silt contents, while SOC was negatively correlated with
sand content (Table 2). Additionally, silt content was the dominant factor
influencing SOC (Table 3). Therefore, the present results corroborated previous
empirical studies demonstrating that soil clay and silt contents contribute to SOC
formation and preservation (Six et al., 2002a; Zhou et al., 2019). Fine particle
proportions (clay and silt) and microaggregates can protect soil organic matter by
stabilizing them against microbial mineralization (Paul, 1984; Baldock and
Skjemstad, 2000). Moreover, fine soil particles can enhance water retention in
soil and promote biomass production, increase litter input to soils (Burke et al.,
1989; Yang et al., 2008).

Soil pH was the environment factor with high factor loading, which could
interpret SOC variability to certain extents (Figure 6). As depicted in Table 2,
SOC was significantly negatively correlated with soil pH. This result is congruent
with the findings of the previous researches (Zhang et al., 2018; Zhaodi et al.,
2018; Zhou et al., 2019). The soil pH primarily influences microbial respiration
and activity, which directly affects soil organic matter formation and
decomposition (Senechkin et al., 2014), since most microorganisms prefer to
grow and metabolize with pH values ranging from 5.5 to 8.5 (Holguin et al.,
2001; Zhou et al., 2005). In such pH range, more microorganism activities are
available, therefore further contribute to higher SOC decomposition. The current
research found SOC increased with a decrease in soil pH. The relatively low pH
values are often related to low microbial activity that reduces the SOC
decomposition (Lei et al., 2019). Thus, relatively low soil pH may enhance soil C
accumulation in the A. mangium forest land.

The previous studies showed that SOC was significantly positively
correlated with plant biomass (He et al., 2009; Sun and Guan, 2014), which was
confirmed by the current study (Table 2). Other studies reported similar finding
for some plantation forests in Vietnam (e.g., A. mangium, A. auriculiformis, A.
hybrid, and Eucalyptus urophylla) (Hai et al., 2009). It also demonstrated the
increase in biomass accumulated in the above- and below-ground components as
the principal source of soil C inputs in forest ecosystems, which play a crucial
role in SOC dynamics (Kristensen et al., 2008). The quantity and quality of
aboveground litterfall determine SOC accumulation especially for the surface soil
layer (Herdiyanti and Sulistyawati, 2009). Belowground root biomass plays a
pivotal role in the accumulation of SOC across the soil profiles (Bauhus et al.,
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2000; Qu et al., 2011). Soil BD can be viewed as a key parameter of soil physical
health that could affect soil structure, porosity, water-holding capacity,
permeability and soil ventilation, and thus further influence the accumulation of
SOC (Yu et al, 2019). In present study, significantly negative correlation
between SOC and soil BD had been found (Table 2), which is in agreement with
the results of previous studies (Thanh and Cuong, 2017a; Zhang et al., 2018).
Plant growth and root penetration with organic matter returning can significantly
improve soil structure and porosity and increase SOC content and impact soil BD
(Ruehlmann and Krschens, 2009; Thanh and Cuong, 2017a; Wang et al., 2019).
Soil P is a dominant nutrient that controls plant growth and development (Lei et
al., 2019). Our results demonstrated that SOC was significantly positively
correlated with soil TP and AP contents (Table 2). Lei et al. (2012) showed that P
limitation might restrict SOC accumulation. It should be due to the availability of
P regulating microbial growth and activities. Insufficient P supply may influence
symbiotic N fixation (Augusto et al., 2013), and ultimately impact SOC
accumulation. Another study demonstrated that the decomposition of SOC could
promote the release of P, and the increased P availability had a contribution to the
SOC accumulation (Qian et al., 2017). Available K could accelerate plant growth
and simultaneously provide sufficient nutrient for the healthy root system in
plants, increasing the number of plant residuals in the soil and increasing SOC
(Sam et al. 2006). Our research also found a significant positive correlation of
soil K contents (TK and AK contents) with SOC (Table 2), which might be
associated with K released by the soil parent material with an increasing rate of
weathering. Besides, the stand characteristic parameters such as stand density,
canopy closure, mean DBH, and H may also contribute to interpreting the change
of SOC in forests at different ages (Table 1).

CONCLUSIONS

The present study results provided an overall view of SOC distribution in
an age-sequence of A. mangium forests (from 4- to 11-year-old plantations). To
the best of our knowledge, this is the first report on the dynamics of SOC
accumulation and the unique relationships between SOC and influential
environmental variables for A. mangium forests in Southeastern region of
Vietnam. Soil organic C content increased significantly with forest age.
Moreover, SOC concentration primarily occurred in the topsoil and declined
significantly with depth. Carbon storage in the mineral soil layer increased
significantly with stand age. Soil organic C storage indicated obvious surface
aggregation, with more than 60% of CS being in 0-30 cm depth. Soil TN content
and soil texture (i.e., soil silt content) were the principal factors regulating the
SOC. The findings provided by this study revealed that the SOC and nutrient
regimes were substantially improved by afforestation with A. mangium, and
provide valuable information for understanding the factors controlling SOC in the
region.
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TOTAL PHENOLS, FLAVONOIDS, ANTHOCYANINS AND
ANTIOXIDANT ACTIVITY OF WILD POMEGRANATE
(Punica granatum L.) BIOWASTE FROM MONTENEGRO

SUMMARY

In this paper, the content of total phenols, flavonoids, anthocyanins as well
as antioxidant activity of 80% methanolic extracts of fruit peel and seeds of wild
pomegranate (Punica granatum L.) collected from different localities of
Montenegro were analyzed.

The obtained results showed a high level of presence of these bioactive
substances with a high level of antioxidant activity. Among the samples, the
dominant higher level of these bioactive substances was determined in the
samples collected in the coastal region, while the smallest amount was detected in
the samples collected from the locality Carev Laz, in that with higher altitude.

There was a negative correlation between the content of total phenols and
flavonoids in the peel of wild pomegranate (r = -0.57), as well as a strong
positive correlation between the amount of total phenols and antioxidant activity
determined by the FRAP method (r = 0.81). In contrast to peel samples, in seed
samples there was a positive correlation between the content of total phenols and
flavonoids (r = 0.67). A high correlation was observed between antioxidant
activity (FRAP method) and anthocyanin content (r = 0.96) as well as between
antioxidant activity (DPPH method) and total phenols content (r = 0.84).

Keywords: Punica granatum L., phenols, flavonoids, anthocyanins,
antioxidant activity, biowaste

INTRODUCTION
The organic part of municipal solid waste, also known as bio-waste,
includes food scraps from households and garden waste (leaves, branches, grass).
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By developing strategies for its utilization, bio-waste can be an additional source
of fertilizer for plants, but also a valuable source of secondary metabolites that
can contribute to human health. Its recycling would reduce disposal costs and
reduce its impact on air pollution (Vieira and Matheus, 2019; Mahro and Timm,
2007). In addition to the primary metabolites responsible for the growth,
development and reproduction of each plant (Erb and Kliebenstein, 2020), plants
also produce metabolites specific to each plant species. The production of
secondary metabolites provides plants biotic and abiotic factors protection
(Mazid, 2011). Phenols are a group of secondary metabolites that are
distinguished by the level of biological capacity due to pronounced antioxidant,
antimicrobial, antifungal and even anticancer activity (Viuda-Martos et al., 2010,
Braga et al., 2005, Singh et al., 2018, Albrecht et al., 2004). Many studies have
confirmed that the peel and seeds of wild pomegranate, as its biowaste, contains a
large amount of phenols, flavonoids and anthocyanins (Raduni¢ et al., 2017,
Gadze et al., 2012, Jacob et al., 2018, Kam et al., 2013). Tzulker et al. (2007)
suggest that punicalagin is one of the main bioactive substances that contributes
to the total antioxidant capacity of wild pomegranate fruit (Punica granatum L.).
According to Gil et al. (2000), the wild pomegranate juice shows up to eight
times stronger antioxidant activity than the juice of grapes, cranberries and
oranges, and three times stronger than the activity of red wine and green tea.
Derakhshan et al. (2018) in their study presented a positive correlation between
phenolic composition and antioxidant activity. They also proved that temperature
and environmental conditions have an impact on the amount of phenol and
antioxidant activity.

The aim of this study was to determine the content of total phenols,
flavonoids, anthocyanins, as well as antioxidant activity of peel and seeds of wild
pomegranate (Punica granatum L.) collected from different localities of
Montenegro.

MATERIAL AND METHODS
Plant material

For the purposes of this research, the fruits of wild pomegranate (Punica
granatum L.) were collected in the period of October 2020 at six different
localities of Montenegro: Bar (Su$anj), Budva, Cetinje (Carev Laz), Kotor
(Skaljari), Kotor (Dobrota) and Podgorica (Brdo Gorica) (Table 1).

Table 1. Location of the sampling station

Locality Coordinates Altitude
Susanj \ 42.11896N 19.10660E 71m
Budva \ 42.285978N 18.854130E 25m
Carev Laz 42.2220N 19.0610E 142m
Skaljari 42.416544N 18.768540E 11m
Dobrota 42.458932N 18.765057E 5m

Brdo Gorica 42.44832N 19.26640E 76m
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Extraction of bioactive compounds

1g of each comminuted sample was dissolved in 10ml of 80% methanol in
a test tube. Extraction was performed according to Sharayei et al. (2018), with
certain modifications, in an ultrasonic water bath (ViMS Electric Serbia), at a
constant temperature of 50°C with a frequency of 50KHz in a thirty-minute time
interval. The extracts were filtered through Whatman filter paper and stored in
sealed tubes in a refrigerator at 4° C until research.

Total phenolic content (TPC)

Determination of TPC was performed by the Folin-Ciocalteu method
(Singleton and Rossi, 1965), according to Sarkhosh et al. (2009) by adding 10ul
of extract, 100ul of Folin-Ciocalteu reagent and 1ml of distilled water to glass
tubes. After 3 minutes, 0.5 ml of saturated sodium carbonate solution was added.
The reaction mixture was vortexed and incubated in a water bath for 25-30
minutes at 50 ° C. Absorbance is measured spectrophotometrically at a
wavelength of 765nm. The results are presented as milligrams of gallic acid
equivalent per 100 grams of dry matter (mgGAE/100gDW).

Total flavonoids content (TFC)

Determination of TFC was performed by aluminum chloride colorimetric
test according to Shams Ardecani et al. (2011) with certain modifications.
Quantitative determination of total flavonoids were done by adding 1.2 ml of
extract and 1.2 ml of 2% solution of aluminum chloride to glass tubes. The
reaction mixture was incubated for 60 minutes at room temperature. Absorbance
was measured spectrophotometrically at a wavelength of 420nm. An extraction
solvent (80% methanol) was used as a blank. Results were presented as
milligrams of quercetin equivalent per milliliter (mgQE/ml).

Total anthocyanins content (TAC)

Determination of total anthocyanins was performed by pH differential
method according to Turfan et al. (2011). Two test tubes should be prepared for
each test sample. 0.5ml of extract was added to the tubes in, and then 2ml of pH 1
buffer was added to one tube and 2mL of pH 4.5 buffer to the other. The reaction
takes place for 20-30 minutes, at room temperature, in daylight. After that, the
absorbance of each solution was measured at wavelengths of 500nm and 700nm.
The results were presented as cyanidin-3-glucoside equivalents per gram
(mgC3GE/qg).

Antioxidant activity determined by FRAP method

Determination of antioxidant activity by FRAP (ferric reducing antioxidant
power) method was performed according to Benzie and Strain (1996), with
certain modifications (Sadeghi et al., 2009). The working (FRAP) reagent was
incubated for 10 minutes at 37°C. Then 1ml of distilled water was added to one
tube and the tubes were thermostated for 10 minutes at 37° C. 100ul of extract
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and 3 ml of heated working reagent (FRAP) were added to the tubes in
succession. The mixtures were vortexed, thermostated for 10 min at 37° C, and
then their absorbance was measured at 593 nm. The results are presented in
umol/l FRAP.

Antioxidant activity determined by DPPH method

Determination of antioxidant activity by DPPH method was performed
according to Akpinar-Bayizit et al. (2016). 1ml of extract, 1ml of methanol and
0.5ml of DPPH solution were added to the glass tubes. The reaction takes place
for 30 min in the dark, after which the absorbance is measured
spectrophotometrically at a wavelength of 517 nm with a blank which is solvent
for extraction (80% methanol). Due to background turbidity, the absorbance of
the solution was measured first before the addition of DPPH, and then after the
addition and development of a thirty-minute reaction, so the values are subtracted
to make the results as accurate as possible. The results were presented as
milligrams of trolox equivalent per 100 grams of dry matter (mgTE/L00DW).

RESULTS AND DISCUSSION
Table 2 presents the content of total phenols, flavonoids, anthocyanins, as
well as the antioxidant activity of the extract of the peel and seeds (Punica
granatum L.). with a standard deviation of three measurements.

Table 2. Content of total phenols, flavonoids, anthocyanins and antioxidant

activity of wild pomegranate peel samples (Punica granatum L.)
Phenols Flavonoids | Anthocyanins FRAP DPPH
(mgGAE/100gDW) (mgQE/mI) (mgC3GE/g) | (umol/l FRAP) (mgTE/100DW)
Susanj 701.54 £5.76 317.56 £1.53 0.45+0.04 5714.28 +4.14 118.5+3.23
Budva 750.66 + 1.60 291.29 £8.93 0.90+0.10 4859.34 +31.75 225.16 £2.24
Carev Laz 695.28 £0.88 275.11£1.35 1.2+0 4600 = 5.35 205.16 £ 4.67
Skaljari 956.98 £4.80 236.88 £4.78 0.41+0.008 6505.49 +£3.53 2235+ 1.12
Dobrota 808.21 +1.83 304.52 £4.53 1.65+0.27 5978.02 + 8.41 226.83 £9.84
Glgt)z?(?a 905.05 +3.85 295.7+1.35 0.53+0.01 6109.89 +5.90 216.83 £ 1.26

According to the presented results, in methanolic extracts of wild
pomegranate peel (Punica granatum L.), the highest amount of total phenols was
recorded in the peel extract of Skaljari (956.98 + 4.80 mgGAE/100gDW), while
the lowest amount of total phenols was recorded in Carev Laz peel extracts —
(695.23 + 0.88 mgGAE/100gDW). The obtained results differ from the results of
research on the content of total phenols in ethanolic extracts of wild pomegranate
peel (Punica granatum L.) from the area of Iran, where the obtained results of
research by Sarkhosh et al. (2009) and Derakhshan et al. (2018) range from 276
to 413 mgGAE/gDW and from 50.73 to 103.83 mgGAE/100gDW.

The most dominant content of total flavonoids in methanolic peel extracts
was determined in the extract of the Susanj locality, and the lowest in the peel
extract of the Skaljari locality. The results range from 236.88 + 4.78 to 317.77 +
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1.53 mgQE/g. The results obtained in this study differ from the results obtained in
the study of Hajimahmoodi et al. (2013) where the values of determination of
total flavonoids in aqueous extracts of fruit peel were presented and range from
11.46 to 23.06 mgCE/gDW. The obtained results were significantly lower
compared to the results of this research, which is the result of the weak ability of
water to allow the extraction of bioactive materials, as well as the use of
conventional extraction methods. The obtained results of the content of total
anthocyanins are in agreement with the results obtained in the research of Zhao et
al. (2012) where the obtained values are in similar intervals. In their study,
methanol was used as the extraction solvent in the same volume ratios as the test
material as in this study.

The antioxidant activity of the tested extracts of wild pomegranate fruit
peels was determined by two methods: FRAP and DPPH. Both methods have
shown that the antioxidant capacity is at a high level. Determined by the FRAP
method, the antioxidant activity of methanolic peel extracts ranges from 4600 +
5.35 to 6505.49 + 3.53umol/l FRAP. The antioxidant activity of these results is
relative to the study of Sharayei et al. (2018), where results range from 287 to
1950 umol/l FRAP, significantly more dominant. The extraction was performed
in the same way, with the ultrasonic type of extraction, with a ratio of solvent and
test material of 1:10. However, water was used as the solvent. Determined by the
DPPH method, the antioxidant activity of the tested extracts ranges from 118.5 to
226.83 mgTE/100gDW and is in accordance with the research of Kam et al.
(2013) where the results range from 46 to 283 mgTE/100gDW.

Table 3 presents the content of total phenols, flavonoids, anthocyanins, as
well as the antioxidant activity of wild pomegranate seed extract (Punica
granatum L.). with a standard deviation of three measurements.

Table 3. Content of total phenols, flavonoids, anthocyanins and antioxidant

activity of wild pomegranate seed samples (Punica granatum L.)
Phenols Flavonoids Anthocyanins FRAP DPPH
(mgGAE/100gDW) (mgQE/ml) (mgC3GE/g) (umol/l FRAP) | (mgTE/100DW)
Susanj 120.12 + 7.60 23.88+1.18 4.09+0.06 473.92£0.02 | 106.83+2.86
Budva 110.64 £ 1.75 31.18 £0.98 3.54+0.20 326.53 £ 0.40 235+4.10
Carevlaz| 89.07+252 12.11+£0.15 2.73+0.39 260.77 +£3.45 45.16+0.85
Skaljari 189.77 £ 7.81 39.61+1.58 4.34+0.56 476.19+2.86 | 161.83+4.06
Dobrota 120.12 £5.30 15.05+0.43 3.47+0.38 3492+ 8.61 105.16 = 1.02
G%ﬁga 142.05 £3.17 15.240.30 3.99+0.19 45351+1.84 | 101.83+3.40

As in determining the content of total phenols in peel extracts, the largest
and smallest amounts are recorded in samples from the same localities, which
leads to the conclusion that with increasing height, the amount of total phenols
decreases. The obtained results are in accordance with the results of the research
of Gozlekgi et al. (2011) where the obtained values of the research range from
125.3 to 177.4 mgGAE/100gDW, while the amount of total phenols compared to
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the research of Peng et al. (2019) where the obtained values range from 62 to 68
mgGAE/100gDW, more dominantly expressed.

The amount of total flavonoids in seed extracts ranges from 12.11 £ 1.58 to
39.61 + 0.15 mgQE/g, where the highest amount of flavonoids was recorded in
the extract of the locality Skaljari, and the lowest in the extract of the locality
Carev Laz, as well as the content of total phenols. As in the case of total phenols
and flavonoids, the highest amount of total anthocyanins was recorded in the
extract of the locality Skaljari, and the lowest in the extract of the locality Carev
Laz and the results are in the range from 2.73 + 0.56 to 4.34 + 0.39 mgC3GE/g.
In relation to the research of Parseh and Shahablavasani (2019) where the content
of total anthocyanins of wild pomegranate seed extract is 28 mgC3GE / g, the
obtained results of this research deviate and the content of total anthocyanins is
lower.

The antioxidant capacity of the seed extract determined by the DPPH
method shows values ranging from 23.5 + 4.10 to 161.83 + 4.06 mgTE/100gDW.
The strongest antioxidant capacity was recorded in the extract of the locality
Skaljari, and the lowest in the extract of the locality Budva. The antioxidant
capacity of the Carev Laz extract is 45.16 mgTE/100gDW, so it is again
concluded that the antioxidant capacity, as well as the amount of total phenols,
decreases with increasing altitude. Determined by the antioxidant method FRAP,
the strongest antioxidant capacity was recorded in the seed extract of Skaljari, and
the lowest in the extract of Carev Laz and Budva. The results range from 260.77
to 476.19 umol/l FRAP and deviate from the results presented in the study by
Sadeghi et al. (2009). Sadeghi et al. examined the antioxidant capacity of the
seeds of six different varieties of wild pomegranate from Iran. Results range from
2.76 to 3.45 pmol/l FRAP. However, in this study the ratio of solvent to test
sample was 1: 100 and water and ethanol, weaker solvents compared to methanol,
were used as solvent.

Comparing the presented results with the results of Raduni¢ et al. (2017)
paper which talks about the content of phenols, flavonoids and anthocyanins of
wild pomegranate (Punica granatum L.) juice from the territory of the
Mediterranean part of Croatia, which states that the content of total phenols is
679.6 mg/100gDW, total flavonoids 393.6 mg/100g DW and total anthocyanins
81.06 mg/100gDW we conclude that the peel is a part of the fruit that is really
rich in secondary metabolites, specifically phenols and that according to the
above work it can match the juice.

Table 4 presents a correlation analysis of the content of total phenols,

flavonoids, anthocyanins, as well as the antioxidant activity of samples of wild
pomegranate fruit peel (Punica granatum L.).
There was a negative correlation between the content of total phenols and
flavonoids in the fruit peel of wild pomegranate (r = -0.57), as well as a strong
positive correlation between the amount of total phenols and antioxidant activity
determined by FRAP method (r = 0.81).
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Table 5 presents a correlation analysis of the content of total phenols,
flavonoids, anthocyanins, as well as the antioxidant activity capacity of samples
of wild pomegranate seeds (Punica granatum L.).

Table 4. Pearson's correlation coefficient (p <0.05) for total phenols, flavonoids,
anthocyanins and antioxidant capacity of wild pomegranate peel samples

Phenols Flavonoids Anthocyanins FRAP DPPH
Phenols [1
Flavonoids -0.57 1
Anthocyanins -0.35 0.24 1
FRAP \ 0.81* -0.21 -0.37 1
DPPH | 0.52 05 0.39 0.04 1

*Bold values represent strong correlations (p <0.05)

Table 5. Pearson's correlation coefficient (p <0.05) for total phenols, flavonoids,
anthocyanins and antioxidant capacity of wild pomegranate seed samples

Phenols Flavonoids Anthocyanins FRAP DPPH
Phenols [1
Flavonoids | 0.36 1
Anthocyanins | 0.83 0.63 1
FRAP ' 0.77 0.45 0.96* 1
DPPH \ 0.84* 0.35 0.74 0.79 1

*Bold values represent strong correlations (p <0.05) between the content of total phenols
and flavonoids (r = 0.67). A high correlation was observed between antioxidant activity
(FRAP method) and anthocyanin content (r = 0.96) as well as between antioxidant
activity (DPPH method) and total phenol content (r = 0.84).

CONCLUSIONS

Comparing the results of total phenols, flavonoids, anthocyanins and
antioxidant activity of samples of fruit peel and seed of wild pomegranate
(Punica granatum L.) collected from six different localities of Montenegro, it is
noted that a larger amount of these bioactive substances contains samples
collected at lower altitudes, in fact those collected from coastal localities from the
territory of Skaljari and Suganj predominantly, and the smallest amount collected
from higher altitudes, from the locality Carev Laz. According to the results
obtained in this study, along with numerous other studies with similar research
point, it is concluded that wild pomegranate biowaste is a valuable source of
bioactive substances and that further research should focus on testing its effects in
Vivo.
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THE EFFECT OF FOOD COATING TREATMENT ON THE CHANGE
OF CHLOROGENIC AND CAFFEIC ACID CONTENT IN CHERRY
FRUITS IN PERIOD OF STORAGE

SUMMARY

The article detected the effect of pre-treatment of cherry fruits with
solutions of chitosan and salicylic acid on the content of chlorogenic and caffeic
acid. The research have been conducted at the research station of pomology
named after L.P. Symyrenko of the Institute of Horticulture of NAAS with cherry
fruits of varieties 'Alpha’ and 'Pamiat Artemenko'. For studies of 15 trees of each
variety the day before harvest, sprayed with a solution of 1% chitosan; 1%
chitosan with salicylic acid (100 mg L ™). Fruits were removed at the consumer
stage of ripeness from four different places of the crown from each tree of a
certain variety and type of processing, placed in boxes weighing 5 kg for storage
at a temperature of 1£0.5 °C and relative humidity of 95 + 1%. Unprocessed
cherry fruits were taken as a control. It was found that pre-treatment of cherry
fruits with solutions of polysaccharide compositions contributed to the significant
preservation of phenolic substances. Moreover, the most effective was the
treatment of fruits with a solution of chitosan with salicylic acid, in which the loss
of phenolic substances was 5.0—5.5%, including chlorogenic — 10.0—-11.0% and
caffeic acid — 36.8—40.1%.

Keywords: period of storage, coating treatment, phenolic substances,
cherry fruits, chitosan

INTRODUCTION
Tart cherry is widely used in the food industry, and some are excellent for
fresh consumption. The beneficial effects of fresh tart cherry consumption on
health has also been proven. To increase the fresh consumption of cherry tart we
need to provide longer availability of fresh fruit. Tart cherries are non-climatic
fruits, therefore harvested fruit can be stored for a few days without significant
decay. Appropriate storage, preserving nutritional value of fruits and inhibiting
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decay should be developed by using pre- and postharvest technologies. Chitosan
has been found to be an effective preharvest treatment against decaying fungi in
cherry. Different biofungicides effectively reduced the incidence of monilia-rot
and other postharvest diseases. Several authors' research has shown that it is
better to apply MAP with high (10%) CO, content during the storage of tart
cherry than normal atmosphere. The not completely anaerobic conditions with
increased CO, level in combination with cooling can slow the quality of
deterioration of the fruit. There are few observations on pre- and postharvest
technologies in the case of tart cherry, therefore, more research is necessary to
develop successful storage technology methods that have been successfully
applied to similar fruits. By achieving the most suitable storage technology, it
would be possible to increase shelf-life, which would positively influence the
increase in the consumption of fresh tart cherry (Mihaly et al., 2019).

Shows the results of the research into marketability evaluation of sour
cherry (Prunus cerasus L.) fruits, treated with chitosan solution. Fruits were
treated with 0.5 % or 1 % chitosan solution, and stored at 5 °C. After 21 days of
storage of sour cherry fruits the mass loss made up 4.6 % with 85.5 % output of
marketable products (Vasylyshyna, 2018).

Polyphenols are a large group of secondary metabolites of the plant with a
broad spectrum of biological action, exhibiting antioxidant activity. Studies have
shown that the content of polyphenolic compounds and antioxidant activity of
stone fruits depends on the characteristics of the variety (Goncalves et al., 2004;
Dziadek et al., 2019).

The most important component of stone fruits, especially cherries, are
phenolic substances, the content of which, depending on varietal characteristics
and place of cultivation, varies significantly from 321 to 3370 mg / 100 g. -
glucorutinoside, cyanidin-3-rutinoside and cyanidin-3-glucoside. Up to 40% of
the amount of phenols is the content of flavan-3-oils and about 25% - flavonols
and phenolic acids with the advantage of quercetin-3-rutinoside and chlorogenic
acid, respectively (Wojdyto et al., 2014; Yezhov et al., 2019; Vasylyshyna,
2020).

In period of storage, the content of chlorogenic and caffeic acids changes.
Thus, after six months of storage, the concentration of polyphenolic compounds
of carrots of Nantes variety decreased caffeic acid by 64.6%, chlorogenic by
37.9% (Auggpole et al., 2017).

The content of caffeic acid in the fruit due to its fungitoxic properties
accelerates the process of suberinization, as well as helps to preserve them in
period of transportation and storage.In response to damage to the fruit increases
the content of chlorogenic acid. Which stimulates the formation of wound
periderm. In contrast, caffeic acid inhibits these processes. Studies (Demyanets,
et al., 1974; Vasylyshyna, 2016) have shown that on the third day after injury
there is a maximum accumulation of chlorogenic acid, after which its content
decreases. In contrast, the maximum accumulation in the wound zone of caffeic
acid occurs after 14 days.
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Chlorogenic acid is thought to be a chemical barrier to the passage of
microorganisms and provides reliable protection against damage. In addition, the
appearance of darkening of the skin (tan) and pulp of the fruit is explained by the
enzymatic oxidation of chlorogenic acid (Demyanets, et al., 1974; Vasylyshyna,
2016).

There is an inverse correlation between the content of chlorogenic acid and
the degree of browning of the fruit. More resistant to browning fruits are
characterized by a high content of chlorogenic acid and its economical
consumption (Vasylyshyna, 2016).

Protection of fruits from damage and economical consumption of
chlorogenic and caffeic acid is possible only with proper organization of storage
of fruits and vegetables. Polysaccharide-based preparations are now used for
post-harvest ripening: chitosan, salicylic acid, and others (Rassa, et al., 2013;
Giméneza, et al., 2016; Adiletta, et al., 2019).

The purpose of the study was to study the effect of pretreatment with a
solution of chitosan and salicylic acid on the change in the content of chlorogenic
and caffeic acid in period of storage of sour cherry.

MATERIAL AND METHODS

Methods the research was conducted during 2018 year on the basis of the
research station of pomology named after L.P. Symyrenko of the Institute of
Horticulture of NAAS with cherry fruits of varieties Alpha and Pamiat
Artemenko. For studies of 15 trees of each variety the day before harvest, sprayed
with a solution of 1% chitosan; 1% chitosan with salicylic acid (100 mg L ™).
Fruits were removed at the consumer stage of ripeness from four different places
of the crown from each tree of a certain variety and type of processing, placed in
boxes weighing 5 kg for storage control fruits 15 days and experiment — 30 days
at a temperature of 1+0.5 °C and relative humidity of 95+1%. Unprocessed
cherry fruits were taken as a control. The experiment was repeated three times.

Phenolic compounds. The content of phenolic substances was determined
by the Folin-Chocalteu method (Fruits, vegetables and products, 2006). Total
phenolic content was determined spectrophotometrically KFK-2 (Russia),
according to the Folin—Ciocalteu. Briefly, 1.0 mL of the sample was pipetted into
a 10 mL volumetric flask containing 0.5 mL of Folin—Ciocalteu reagent (The
Folin—Ciocalteu reagent be prepared by dissolving 100 g sodium tungstate (V1)
dihydrate and 25 g sodium molybdate (V1) dihydrate with 700 ml distilled water,
100 ml concentrated hydrochloric acid, and 50 ml of 85% phosphoric acid to
which is added 150 g of lithium sulphate hydrate ), 5 mL of distilled water and
1.5 mL of Na,CO; solution (w = 20 %), and the volume was made up with
distilled water. After one hours, the absorbance of blue coloration was measured
at A = 670 nm against a blank sample. The measurements were compared to a
standard curve of prepared rutin solutions (50, 100, 150, 250, 500 mg L™) and
expressed as milligrams of rutin per 100 g = SD. All measurements were
performed in triplicate.
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Chromatography. The content of chlorogenic and caffeic acid was
determined by high performance liquid chromatography with diode matrix
detector (chromatograms with absorption spectra) on a Waters 2998 instrument
(USA) (Guidelines for methods of quality control, 2004). For research, an
analytical column dimensions 250 mm x 4.6 mm filled with sorbent Diaspher-
110-C18 (6 um). Injection volume of a sample was 0.7-1.0 mL/minute. For the
preparation of eluents used the mobile phase consisted of water, acetonitrile
(“Cryochrome™) and formic and orthophosphoric acid solution (1:1:0.1). The
extracts were filtered and diluted with water (1: 5) before analysis. The relative
content of chlorogenic and caffeic acid is defined as the ratio of the area of the
chromatographic peak and the sum of the peak planes of all identified acids
(Guidelines for methods of quality control: P 4.1.1672-03, 2004).

Statistical analysis. Data were expressed as mean + stan-dard deviation; for
mathematical data processing the value of p<0.05 was regarded as statistically
significant. Two-way analysis of variance (ANOVA) was used to deter-mine the
significance of differences. The statistical analyses were performed
STATISTICA 6.

RESULTS AND DISCUSSION
The content of phenolic substances in fresh cherry fruits was significant
and was at the level of 2270—2280 mg/100 g (Fig. 1). During storage, its content
decreased by 5.9-6.1%. In the treated cherry fruits with chitosan solution, the
losses decreased to the level of 5.6-5.7%, and they were the smallest when used
for pre-treatment of a compatible solution of chitosan with salicylic acid - 5.0—
5.5%.
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Figure 1. Change in the phenolic content of cherry fruits in period of storage

Their content chlorogenic acid in fresh cherries of the Pamiat Artemenko
and Alpha varieties was at the level of 301 and 308 mg/100 g, respectively (Fig.
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2). After storage, itscontent in the control version decreased by 1.5 times, and in
pre-treated cherries, losses were lower and at the level of 13.6—14.9% in chitosan
and 10.0—11.0% in chitosan and salicylic acid.

Similar to chlorogenic acid, there were changes in caffeic acid (Fig. 3). In
particular, its content in fresh cherry fruits was at the level of 30.4—35.2 mg /100
g. During storage, it decreased by 1.9-2.0 times, and cherry fruits, pre-treated
with polysaccharide compositions, had losses of caffeic acid at the level of
1.6—1.7 times.
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Figure 2. The content of chlorogenic acid in cherry fruits at the end of storage
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Figure 3. The content of caffeic acid in cherry fruits at the end of storage

As a result of the conducted researches the significant content of phenolic
substances in cherry fruits was established - at the level of 2270-2280 mg /100 g,
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of which 301-308 mg/100g are chlorogenic, and 30.4—35.2 mg/100 g - caffeic
acid.

During fruit storage, the content of phenols decreased by 5.9—6.1%,
including chlorogenic acid by 1.5 and caffeic acid by 1.9-2.0 times.

Strong correlations (r = 0.75-0.97) were found between the content of
phenolic substances, chlorogenic and caffeic acids and the corresponding
regression equations were derived (Fig. 4).
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Figure 4. Correlation between the content of phenolic substances and chlorogenic
acid (A); content caffeic acid and phenolic substances (B); content chlorogenic
acid and caffeic acid (C) in cherry fruits

Were found between the content of phenolic substances, chlorogenic and
caffeic acids strong correlations.

DISCUSSION

New storage technology, it would be possible to increase shelf-life, which
would positively influence the increase in the consumption of fresh tart cherry
(Mihaly et al., 2019). The results of the research Vasylyshyna (2018) into
evaluation of sour cherry (Prunus cerasus L.) fruits, treated with chitosan
solution, and stored at 5 °C after 21 days of storage of sour cherry fruits the mass
loss made up 4.6 % and the quality of the chemical composition of cherry fruits
changed.
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Because sour cherries have unigue anthocyanin content, and they are rich in
phenolic compounds 2270—2280 mg/100 g. Our variability between sour cherry
in total phenolics and anthocyanins confirming the results of Pedisic et al. (2010),
Wojdylo et al. (2014), Stan et al. (2015). A significant part (25%) of the content
of phenolic substances is accounted for by flavonols and phenolic acids with a
predominance of chlorogenic acid (Yezhov et al, 2019). Phenolic acid contents
generally decreased during storage by 5.9-6.1%, including chlorogenic acid by
1.5 and caffeic acid by 1.9-2.0 times. The data obtained by us are similar to the
results of research performed Goncalves et al. (2007), Auggpole et al. (2017) on
the reduction of chlorogenic and caffeic acid in period of storage of fruit.

And cherry fruits, pre-treated with polysaccharide compositions in chitosan
and salicylic acid, had losses of caffeic acid at the level of 1.6—1.7 times of
chlorogenic acid of 10.0-11.0%. According to research more resistant to
browning fruits are characterized by a high content of chlorogenic and caffeic
acid and its economical losses Demyanets, et al. (1974).

The obtained results are a consequence of the fact that the solutions used
for fruit pretreatment form an additional barrier on the fruit surface, slowing
down the intensity of transpiration processes and reducing the degradation of
phenolic compounds (Krasniewska et al., 2017).

CONCLUSIONS

Preservation of phenolic substances pretreatment of cherry fruits with
solutions of polysaccharide compositions contributed. The most effective was the
treatment of fruits with a solution of chitosan with salicylic acid in which the loss
of phenolic substances was 5.0—5.5%, including chlorogenic - 10.0-11.0% and
caffeic acid - 36.8—40.1%.

Therefore, in practice the content of chlorogenic and caffeic acids in the
fruit during storage can determine the quality and suitability for fresh storage. To
preserve the quality of cherry fruits before storage, they must be treated with a
solution of 1% chitosan and 100 mg L™ salicylic acid.
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VARIABILITY OF LENGTH WEIGHT RELATIONSHIP AND
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— CASE STUDY FROM THE LAKE SKADAR (MONTENEGRO)

SUMMARY

The results presented contribute to the knowledge about the length-weight
relationships (LWR) of the European eel (Anguilla anguilla). When using the
results presented in this study, it should borne in mind that the samples were
taken during the year and the number of fish examined was relatively large.
LWRs parameters are calculated for the two different length classis and found
significant. In the present study, bigger specimens (45 cm) of European eel have
value of growth coefficient b = 3.25. This value is significantly higher than the b
= 3 showing that weight of this fish increases more than cube of its length
(positive growth coeffient). The lesser specimens (<45 cm) of European eel have
value of growth coefficient b = 2.54, and this value is significantly smaler than
the b = 3. The relationship between total length (TL) and weight (W) was
described by the equation:

Length <45 cm (n = 320), Y = 0.0098x>***®R? = 0.8362

Length >45.1 cm (n = 346), Y = 0.0007x>%*R? = 0.8971

The values of condition factor (CF) were ranged from 0.13-0.25 (average
17.0-18.5) and smalest were found in the December.

Analysis of the total sample, of any species, cannot show by what rule the
population grows, if infrapopulation variability is present, because the studied
value will depend on the number of individual subgroups. The estimations of
LWRs shall be helpful in future works on by catch of fish species in Skadar Lake
in Montenegro and Albania.
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INTRODUCTION

The European eel (Anguilla anguilla) is found and exploited in most
European water bodies and a number of sites in northern Africa (Dekker, 2000).
It inhabits the basin of Skadar Lake and small tributaries of the Adriatic Sea in
Montenegro (Mari¢, 2019). European eel landings have decreased rapidly
throughout Europe since the 1960s (ICES, 2019). The same applies for the
Skadar Lake of Montenegro, where European eel the permanent decrease (R* =
0.76) over the entire period (70 years), (Mari¢, 2018).

Fishery management of European eel (A. anguilla) has received increasing
attention by both the scientific community and fisheries agencies in the last years
(ICES, 2019). A. anguilla has been recently listed in Annex B of CITES, and the
European Council adopted a regulation (EC 1100/2007) aimed at recovering the
stock through the drawing up of Eel Management Plans (EMPs) at a river basin
scale. Montenegro has no long-term management plans. Basic information about
this species is missing. Some biological characteristics are partial or analyzed on
a small number of specimens, e.g. abundance, length-weight rationship,
conditions, etc.

The length-weight relationship is very important for proper exploitation
and management of the population of fish species (Anene, 2005). These data are
needed to estimate growth rates, length and age structures, and other components
of fish population dynamics (Kolher et al. 1995). Length-weight relationships
allow fisheries scientists to convert growth-in-length equations to growth-in-
weight in stock assessment models, estimate biomass from length frequency
distributions, compare life history and morphological aspects of populations
inhabiting different regions and calculate fish condition (Petrakis & Stergiou
1995; Vaslet et al. 2008; De Giosa et al. 2014; Ozpicak et al. 2018 Froese &
Pauly 2020 and etc). The length-weight relationships of some fishes in
Montenegrin waters have been studied, e.g. Milosevi¢ & Mari¢ (2012); MiloSevi¢
et al. (2012); Mari¢ & Rakocevi¢ (2015); Mari¢ & Burzanovié¢ (2021) studied the
length-weight relationships of some fish species (e.g. Rutilus spp., C. carpio, S.
farioides, A. scoranza) in the Skadar Lake watershad. In fisheries science, the
condition factor is used in order to compare the “condition”, “fatness” or
wellbeing of fish. It is based on the hypothesis that heavier fish of a particular
length are in a better physiological condition (Bagenal, 1978). Condition factor is
also a useful index for monitoring of feeding intensity, age, and growth rates in
fish (Le Cren, 1951; Weatherley 1972; Mari¢ & Burzanovi¢ 2021). It is strongly
influenced by both biotic and abiotic environmental conditions and can be used as
an index to assess the status of the aquatic ecosystem in which fish live (Anene,
2005; Simon, 2007).

Insufficient knowledge of the growth pattern, as well as the condition of the
A. anguilla in this lake is the main reason-goal of studying this species in this
paper. The aim of this study was to evaluate the length-weight relationship and
condition of the native European eel population from the Skadar Lake.
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Consideration of the life-history strategies of the European eel should be of great
significance to fisheries management, restoration and monitoring.

MATERIAL AND METHODS

Area and habitat study

Skadar Lake is a karst lake created by inundation of a karstic field. It is
situated on the border of Montenegro and Albania, % of the lake belongs to
Montenegro (Figure 1). It is situated between 18° 41' and 19° 47' of eastern
geographical longitude and between 42° 58' and 40° 10' of northern geographical
latitude, with the surface area that fluctuates seasonally from approximately 370
to 540 km?® and water level also varies seasonally from 4.7 to 9.8 m above sea
level. The shape of lake is elongated oval with peak width of circa 14 km at
average water level, and it is approximately 44 km long (NW-SE direction), with
the mean depth of 5 m (Beeton, 1981).
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Figure 1. Map of the Skadar Lake and the European eel distribution (marked with
orange lines) in Montenegro.

Waters from the watershed reach the lake by ground or underground water
courses, through a number of sublacustrine springs (so called “oka” — “eye”). The
largest tributary of Skadar Lake is the Moraca River which brings around 62% of
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water, while the waters flow away from the lake into the sea by the Bojana River;
its average flowing through is over 300 m®sec. Average monthly water
temperatures range 5-7 °C in winter, to 25-28 °C in summer. During the summer
the transparency of lake waters is 2-3 meters, but in winter it increases reaching
up to 5 meters (Petrovi¢, 1981; Kastratovi¢, 2018).

The lake represents one of the most important centers of biodiversity for
Western Balkan and SouthEastern Europe (Mari¢ & Rakocevi¢ 2010) with more
than 100 species of water birds (Vizi, 2018) and 41 (34 autohtonusand 7
alohtonus) fish species (Mari¢, 2019). Fish in this watershed have significant
economic potential. A large number of species are important mainly for sports—
recreational fishing, whereas a lesser number are economically useful in terms of
gaining profit. If we observe the lake in its entirety, it should be stated that there
is little precise and reliable data on the catch of fish (Mari¢, 2018).

The average chlorophyll a concentration indicates mesotrophic conditions
in Lake Skadar, but during midsummer, when the highest phytoplankton
abundance and biomass occurs, the trophic level of the lake increases to eutrophy
(Rakocevi¢, 2018).

Data

Data of 666 specimens of European eel (A. anguilla) were collected in the
Skadar Lake. Fishes were collected during autumn (early December), Spring
(March and April) and summer (August) i.e. 5 samples were collected in 2014-
2015. Sampling was carried out from boats by means of 4.0 kW electric stunning
devices; these devices supplied continuous pulsating current (direct current),
along rocky shores and the borders of reed areas. Sampling was conducted from
March 2014 to April 2015. All eels were killed by freezing and then it were
immediately freshly measured. Total length (cm) of each fish was measured from
the tip of the snout (mouth closed) to the extended tip of the caudal fin using a
measuring board (0.1 mm). Body weight (fresh) was recorded to the nearest
gram using electronic balance (+0.1 g).

The relation between the weight and the length is given by the equation
W = aL”, where W is the total weight in grams, L the total length in centimetres, a
the factor and b the exponent (Ricker, 1975). The parameters a and b of the L-W
relationships were estimated by the power functions (regression method). The
deviation of regression coefficient b from 3 was tested by calculating t value, t =
(b-3)/Sb, where Sh was given as: Sh =\ [(SW / SL) — b] / n-2, where SW is the
variance of the body weight, sL, the variance of the total length and n the sample
(Lawson et al. 2013). Because the LWR for the same fish species is often
different between adults and juveniles (Safran, 1992; Mari¢ & Rakocevi¢ 2015;
Mari¢ & Burzanovi¢ 2021), the LWR relationships were calculated separately by
length groups. Four size classes were established units and included: eel less than
40 cm TL, those between 40.1 - 45.0 cm TL, than 45.1 - 50.0 cm TL and those
greater than 50.1 cm TL.
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Condition factor (CF) of the eels was calculated using the formula of
Fulton (1904): CF = W* 100/L3, where, CF - Condition factor; W — total weight
of body (in g); L — total lenght of body (in cm), the factor 100 is used to bring K
close to unity (Froese, 2006). The coefficient of determination (R?) was used as
an indicator of the quality of the regression (Scherrer, 1984).

Statistical methods used for data analysis included the usual calculations of
means and standard deviations. Analysis of variance (ANOVA) and the Tukey
HSD test were used to assess differences between observed variables (mean
length, mean condition factor and b the exponent) in the different periods (five).
A t-test was used for testing significant of the coefficient of determination and the
significant difference of b values from 3, which represent isometric growth. The
statistical analyses, e.g. two-way ANOVA and t-test, were performed with the
statistical program SPSS (Statistical Package for the Social Sciences) version 9.0.
All the statistical analyses were considered at a significance level of 5%; 1% or %
0.1 (P <0.05; P <0.01 or P <0.001).

Ethical Statement
This study does not need any formal consent as the experimental fish
because fishing is carried out commercially in Montenegro.

RESULTS AND DISCUSSION
Table 1. reports the basic statistics of length (TL) and weight (W) data (by
year) for the 2014-2015 European eel samples from the Skadar Lake. The sample
was composed of 666 specimens. The TL and W of the specimens analyzed
varied between 30.0 and 67.0 cm, 51.5 and 740.0 g, respectively.

Table 1. Basic statistics of length, weight, standard deviation (+) and n data (by
year) from eel samples from March 2014 to April 2015

Periods N TL: Min-max | W: Min-max | TL and W: Average
March (total) 118 40.0 - 67.0 120.0-740.0 53.08 (293.06)
March > 45 103 52.58 +6.15 (+SD)
June (total) 209 31.1-60.0 53.8 - 408.4 42.81 (153.87)
June>45 79 50.14 £3.78
August (total) 144 30.0-64.5 51.5 - 500.0 43.68 (164.84)
August >45 52 50.9+5.06
December (total) 116 40.1 - 63.0 105.0 - 580.0 49.73 (229.79)
December >45 76 52.18 +5.84
April (total ) 120 325-61.0 55.8 - 553 48.09 (214.30)
April>45 73 53.58 £5.28

Average length of the investigated eel from five periods ranged from
42.81 to 53.08 mm and body weight from 153.78 to 293.06 g. ANOVA show a
statistically significant difference (P < 0.01) between five periods (f = 3.75., P =
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0.005.,) for total length. Post Hoc Tukey (Tukey's HSD) test show a statistically
significant difference between April and June (Q = 5.01, P = 0.004), than April
and August (Q = 3.9, P = 0.048). No signfcant differences were found between
the average leigth of the investigated European eel biger than 45 cm from five
periods (P > 0.05).

The Fulton’s condition faktor (CF) varied from 0.13 to 0.25 (Table 2). The
condition faktor undergoes minor changes in specimens belonging to different
size classes. ANOVA show a statistically significant difference (P < 0.01)
between five periods (f = 5.54., P = 0.002) for CF.

Table 2. The monthly values of the condition factor for eel from March 2014 to
April 2015

Periods N Min Max Average (SD)
Mart (total) 102 0.15 0.25 0.183 (0.022)
June (total) 209 0.14 0.23 0.184 (0.019)
August (total) 119 0.13 0.23 0.181 (0.02)
December (total) 116 0.14 0.22 0.175 (0.02)
April (total ) 120 0.13 0.22 0.178 (0.019)

The smallest values of condition factor were recorded in the specimens
from period December (Table 2). Post Hoc Tukey (Tukey's HSD) test show a
statistically significant difference between three group/pairs: June vs December
(Q =5.97, P = 0.00027), June vs April: Q = 4.14, P = 0.02914), and August vs
December (Q = 4.09, P = 0.03256). Differences is not significant at p< 0.01
between five periods in specimens large than 45 cm.
The number of individuals sampled (N), the length and weight ranges, parameters
a and b of the length-weight relationships and the determination coefficient (R?)
for the five periods are given in Table 3. According to LWRs determined for
yearly data (2014-2015) the A. anguilla, exhibited pozitive allometric growth for
specimens biger than 45 cm, because b value was always bigger than 3 for each
month of observation (Table 3). The length-weight relationship for the pooled
data (N = 346) is presented in Fig. 3.

The relationship between total length and weight showed a strong pozitive
correlation (R? > 0.90, P < 0.001, Table 3) for all size classes > 45 cm TI. Within
the size range of length lesser then 40 cm and weight lesser then 150g, the
European eel appeared not to follow the cube law (b = 2.56 - 2.85). This value of
b was significantly lesser than 3 (P < 0.001). In size classis of length lesser than
45 c¢cm (and 200 g) value of b varied between 2.8677 - 2.7966. The allometric
exponent b of size classis lesser than 45 cm is greater than that of size classis
lesser than 40cm, buth both exhibited negative gowth parern, which shows that
they increase in weight at a comparatively lower rate than the larger fish. The
relationship between Total length and weight showed pozitive correlation (R? =
0.678 - 0.94, P < 0.01, Table 3) for all size clasis.
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Table 3. Values of a and b parameters and R? in separate

months/periods

size length for

Periods N a b R’
March (45 - 70 cm) 102 0.0006 3.2843 0.9232
June (30 - 40 cm, < 120 g) 58 0.0078 2.5910 0.8125
June (30 - 45 cm) 130 0.0030 2.8677 0.8709
June (40 - 50 cm) 120 0.0018 2.9943 0.7818
June (45 - 60 cm) 79 0.0004 3.3977 0.9053
June (50 - 60 cm) 31 0.0005 3.3578 0.678
August (30 - 40 cm < 120 g) 36 0.0085 2.5621 0.7616
August (30 - 45) 67 0.0037 2.7966 0.8565
August (40 - 50 cm) 50 0.0019 2.9771 0.7688
August (40 - 65 cm) 80 0.0009 3.1815 0.9393
August (45 - 65 cm) 52 0.0007 3.2331 0.9172
December (40 - 50 cm) 65 0.0013 3.0677 0.7406
December (45 - 67) 76 0.0010 3.2188 0.9157
December (50 -70 cm) 51 0.0008 3.1871 0.9329
April (30 - 40 cm) 20 0.0019 2.8484 0.8700
April (45 - 65 cm) 73 0.0008 3.1881 0.9002

The figure 2 and 3 show that in relation to length, fish of the 45 - 67 cm
group increase in weight at a higher rate than fish of the smaller size groups (<
45). The t-tests shoued that the regression coefficients of the length-weight
relationship in both length group differed significantly from 3.
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Figure 2. Length-weight relationship for European eel for four length classes

Data from Table 3 as well as figure 2 showed that the same equation
would not fit the data for the entire length range and that break occurred around
the 45 cm. This break, a change in growth, also shows the coefficient of
determination (R? and it is the smallest (greater variability in weight) in
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individuals from the length groups of 40 - 45 cm. R* values of 0.40 and 0.46 are
at the limit of statistical significance (0.05 < P < 0.01), which shows a large
irregularity in the growth of individuals from this length group.

After analysis in multiple size classis, it proved to be justified to single
out only two groups (Figure 3). The first group is a group of specimens < 45 cm
long and 200 g. weight and the second group are individuals > 45 cm TI. We
concluded that no single regression would adequately describe the length-weight
relationship for the European eel in Skadar Lake and separate estimates were
therefore made for two different length classes (groups), as mentioned below:
Length <45 cm (n = 320), Y = 0.0098x***®R? = 0.8362
Length >45.1 cm (n = 346), Y = 0.0007x3%°?® R? = 0.8971
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Figure 3. Length-weight relationship for European eel for two size classis

DISCUSSION

There are many studies on biology of European eel in fresh waters (for
example: Tesch, 1977; Dekker, 2004; Bevacqua, 2008; Castaldelli et al. 2014;
Silm et al. 2017), but the ecology and biology of European eel in Montenegrin
waters has received comparatively little attention. Unfortunately, there is no even
data about the weigth-length relationship and the condition of European eel in
this area. A common practice in freshwater fisheries biology is to scrutinize fish
condition as an indicator of wellbeing and for comparing populations or stocks.
The weight-length relationship and condition factor of the European eel, A,
anquilla, were studied in specimens from Skadar Lake during the five period. A
lot of work on the ratio of length and weight has been done on European eel
found in the world, but in many works the dependence on length has not been
analyzed (https://www.fishbase.se/ Search.php). There are only two studies
regarding the biology of fishes from the Skadar Lake drainage, in terms of growth
related to differences in the length range (Mari¢ & Rakocevi¢ 2015; Mari¢ &
Burzanovié¢ 2021).
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The condition of fish and their related length-weight relationship are
widely used parameters which enhance the understanding of their general state,
growth, survival, maturity and reproduction (Richter et al. 2000; Frose, 2006;
Kharat et al. 2008; MiloSevi¢ & Mari¢ 2012). These parameters are also broadly
used in the estimation of weight from the length, conversion of growth in length
equations to growth in weight equations in stock assessment models, estimation
of biomass from the length, indication of sex and differences between regions,
and for comparison of the individuals of the same species (Bagenal & Tesch
1978; Gongalves et al. 1997; Rawat et al. 2014).

The current paper presents data on the weigth-length relationship and the
condition of European eel in Skadar Lake, during the annual cycle are analyzed in
detail. Also, variability in relation to size was analyzed in detail. The LWR value
was found to vary exclusively with body size (Table 3, Fig. 2) without varying
beyond the corresponding range of allometry for the analyzed group during the
annual cycle. As detailed research or research in this way has generally not been
done, it represent the first data on this species in Skadar Lake. For the population
from Skadar Lake, Milosevi¢ & Mrdak (2016) report LWR data and state that the
population has negative allometry as a growth model. However, the data from
that work show that both small (11.2 cm and 2.3 g) and larger specimens (79.5
cm and 930.5 g) were analyzed in the sample. For young European eels that are
being prepared or already on their way to freshwater, Hegedis (2007) states the
values for LWR, i.e. coefficient b less than 3 (about 2.6), which corresponds to
negative allometry as a growth model, which was also found in this paper for
European eels less than 40 cm. The results of our research differ significantly
from most of the available data in the literature. In the literature and in the fish
base, data are presented for all specimens together, for the population, and not by
length. Often these results are shown on a small number of specimens, which is
not in line with the recommendations suggested (100 specimens) by Froese
(2006) and as such can give a distorted picture of the growth of this and other
species. Length-weight relationships are not constant over the year and Length-
weight relationships parameter may vary significantly due to biological, food
availability, temporal and sampling factors, health and sex (Bagenal & Tesch
1978; Froese, 2006). Data from this paper were made on a large number of
specimens, over 660, (at least 100 per period) and are in accordance with the
recommendation of Froese (2006). They show that specimens up to 45 cm have
negative allometry, and larger specimens have positive allometry at all times of
the year. Partial analysis by length groups in the range of 10 cm per group, and
even less (5 cm) if represented with a satisfactory number of specimens, showed
that even the number of specimens in the group affects the value of the
coefficient b, or the pattern of allometric-isometric growth. There are a lot of data
in the literature, for several species, which show that many factors affect the
value of b (Castadelli et al. 2014; Boulenger et al. 2015; Rawat et al. 2014). To
study variability among populations and determine causes, intra-population
variability must be analyzed first, i.e. by groups as done in this paper. Such an
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analysis shows a sharp boundary of differences between individual
groups. Young specimens up to 45 cm were found to have negative allometry as a
growth model. Separate length classes from 40 to 50 cm, depending on the
season, have negative allometry to isometry (b = 2.9771 to 3.0677), however, all
groups of 45 — 50 cm or larger than 45 cm have positive allometry. It should be
noted that the youngest age class has not been studied, as well as that
Hegedis (2007) states negative allometry for it. All this suggests that young
individuals up to 45 cm grow according to the principle of negative allometry. It
is interesting to note that the literature (Dekker et al. 1998) states that the limit
value for the minimum allowable measure is usually 45 c¢cm, although in some
countries the minimum length allowed for hunting is 40 cm. This limit value (45)
could be a good indicator for legislation in terms of illegal lengths in economic
hunting.

According to many authors (Penaz & Tesch 1970; Poole & Reynolds
1996; Holmgren et al. 1997; Rawat et al. 2017), the growth of females in fish is
significantly different from that of males. If we analyze the biology of this
species (e.g. Tesch 1977; Dekker et al. 1998; Bevacqua et al. 2006; Melia et al.
2006; Silm et al. 2017), it can be seen that males mature first, i.e. they mature at
shorter lengths, while in some (Dekker et al. 1998; Fernéndez-Delgado et al.
2006) it is stated that all specimens in freshwater larger than 45 cm are females.
In the Asi River in Turkey, males larger than the above mentioned dimensions
have been found, but they are few and this is explained by the good conditions for
this species in the abovementioned river (Yalgin-Ozdilek et al. 2006). According
to van Ginneken et al. (2007) yellow eels grow and feed in continental waters in
this pre-reproductive stage for a variable number of years, until they reach
maturation size (around 400 mm for males and 600 for females). Boulenger et al.
(2015) report mainly negative allometry for males and positive for females for
many European waters (Six countries, 13 basins). Isometry was found in only
some waters and positive allometry for males in one. This means that males grow
more slowly, i.e. that they are smaller in size than females, but also that they
mature earlier and go to spawn (Dekker et al. 1998; Yal¢in-Ozdilek et al. 2006;
van Ginneken et al. 2007). Because of all these differences when comparing,
Kangur (1998), Matthews et al. (2003) analyzed only female growth. According
to these data, our results would indicate that all specimens larger than 45 cm in
Skadar Lake are females.

In terms of age, i.e. specimens of which age remain in lagoons and
freshwaters, there is great disagreement. According to some, males live up to 4 -
5 years in freshwater, and females longer, while according to others, both males
and females live more than ten years; even the age of over 50 is stated (Poole &
Reynolds 1996; Simon, 2015). As sex and age were not studied in this paper, only
on the basis of LWR can it be assumed that specimens with positive growth
allometry are females. In contrast, specimens less than 40 cm would be young
specimens in which the silvering process does not occur or is just beginning, and
in specimens 40 to 45 cm the maturation process is likely to occur, primarily in
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males. This assumption for support also has a very large variability within this
group, so at the same lengths we find specimens over 50% heavier than each
other. This inequality is likely to affect the differences in LWR between periods
in this length class (Table 3). If we keep in mind that mature specimens, primarily
males (Dekker et al. 1998; Yal¢in-Ozdilek et al. 2006), go to spawn during the
autumn period (November-December), it is logical to assume that poorly fed
immature specimens, of the same length, remain in Lake Skadar until the next
spawning season. The lowest value of CF was recorded in December (0.17) and
the differences compared to other periods are statistically significant. According
to Fernéndez-Delgado et al. (2006) European eel growth stagnates during the
winter. The above mentioned could indicate that European eels that are up to 40
cm long are at least one year younger than those that are 40 - 45 cm long. It could
also be assumed that European eels up to 45 cm long are significantly younger
than those whose lengths are greater than 45 and 50 cm, respectively. If we add to
this the already mentioned data that the growing eels are probably females, then it
is understandable that there are these differences in the growth pattern (negative
and positive allometry) between the studied groups in Skadar Lake. All of the
above indicates that the values and form of growth (b) of an eel population may
be good indicators of multiple biological characteristics that are indirectly studied
and concluded. These results are suitable for the estimation of length-weight
relationship since, the values of b are within the range of values of this parameter
usually estimated in fishes, which according to Froese (2006) lies between 2.5
and 3.5.

In studies of population dynamics high condition factor values shows of
favorable environmental conditions (such as: habitat and prey availability) and
low values indicate less favorable environmental conditions (Blackwell et al.
2000). Analysis of the seasonal trend in the condition factor (CF) of the European
eel in Lake Skadar reveals that august is the most favourable season, and that the
population displays its worst condition in winter. In summer, the greater
availability of food and the favourable weather conditions permit rapid growth
and the accumulation of reserves of fat; this justifi as the high value of CF
recorded in this period. Beside the specimens from November that have the
lowest nutrition, the specimens from April also have lower values compared to
other periods. As it is known, and already mentioned above, that European eels
migrate to the sea during late autumn and early winter for spawning (Dekker et
al. 1998; Davidsen et al. 2011; Monteiro et al. 2020), it can be assumed that those
that are better fed in that period already migrated, and those who are less fed
remained, so CF is therefore significantly different from those from the period of
March, June and August. Condition factor compares the wellbeing of a fish and is
based on the hypothesis that heavier fish of a given length are in better condition
(Bagenal & Tesch 1978). Certain differences between March of one year and
April of the other can be attributed to the differences in the external environment
in which these groups grew and fed. According to Castaldelli et al. (2014), due to
reduced competition, after migrations in November and December, European eels
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have more favorable conditions for growth, so the differences found in eels in
Skadar Lake in the periods of March of one year and April of the other may be
due to reduced number in that period, in this case in March 2015. There are no
precise data on the number of European eels in Skadar Lake, and data on general
conditions in the studied period are scarce, so they are not suitable for further
comparison.

In many species, CF has higher values in the autumn (late autumn) period
than in others, although this depends on the species, more often on the spawning
period. Cyprinid species have the highest CF just before spawning (Erk'akan et
al. 2013; MiloSevi¢ & Mari¢ 2012; etc.), which is in spring, while salmonid
species have the highest CF just in the period when the eel has the lowest value
(Rawat et al. 2014; Jan et al. 2018). In this case, specimens with lower CF than
others will probably not spawn, ie. go to spawn that year precisely because of
poor nutrition and they remain for at least another vegetative year. Therefore,
poorly fed specimens remain in fresh water during the winter period, when, as a
rule, there is less food in Skadar Lake (Rakocevi¢, 2018). This has the effect that
CF increases significantly during the spring period, so in spring and summer it
has significantly higher values than during autumn and winter. According to
Fernéndez-Delgado et al. (2006) the growth of eels stagnates during the winter,
although it is generally known that in continental waters during the winter all fish
have a slow growth or the growth is interrupted (Mari¢, 2019). According to
Bagenal & Tesch (1978), the higher nutrition of a group indicates that the
conditions in a given water facility are more favorable for that age group than for
others. For European eels from Skadar Lake, therefore, the conditions are more
favorable for larger specimens. As it is known that large European eels feed on
fish (Rasmussen & Therkildsen 1979; Barak & Mason 1992; Mann & Blackburn
1991; Golani et al. 1988; Yalgin-Ozdilek & Solak 2007), and that there is a
higher number of fish species in Skadar Lake, including those that do not grow
more than 10-15 cm (Mari¢, 2019), it is clear that the conditions for feeding of
large European eels in Skadar Lake are very favorable. Also, as most species in
this lake spawn during the spring (Mari¢, 2019), then the concentration of young
fish is the highest, which represents ideal conditions for feeding of eels, but also
other species. No statistically significant differences were found between the
smaller and larger ones in that period, and all groups had a high CF (0.18).

CONCLUSIONS

The data showed that the same equation LWRs would not fit the data for
the entire length range for the A. anguilla. After analysis in multiple size classis,
it proved to be justified to single out only two groups and that break occurred
around the 45 cm. The first group is a group of specimens < 45 cm long and 200
g. weight (negative allometric growth) and the second group are individuals > 45
cm TL (pozitive allometric growth). This break, a change in growth, also shows
the coefficient of determination (R?) and it is the smallest in individuals from the
length groups of 40-45 cm, which shows a large irregularity (greater variability in
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weight) in the growth of individuals from this length group. The condition faktor
undergoes minor changes in specimens belonging to different size classes.
ANOVA show a statistically significant difference (P < 0.01) between five
periods (f= 5.54, p = 0.002) for CF. The smallest values of condition factor were
recorded in the specimens from period December. Differences is not significant at
P < 0.01 between five periods in specimens large than 45 cm. The results
presented contribute to the knowledge about the weight-length relationships of
the European eel. When using the results presented in this study, it should borne
in mind that the samples were taken during the year and the number of fish
examined was relatively large. The estimations of LWRs shall be helpful in future
works on by catch of fish species in the Skadar Lake in Montenegro and Albania.
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SUMMARY
Quince and sweet cherry are two common edible fruit-producing trees of
temperate regions of Euroasia. The phenolic profiles of juices from quince and
sweet cherry fruit extracted by the cold-pressing were analyzed by Ultra-High-
Performance Liquid Chromatography (UHPLC). Chromatographical results
identified 31 phenolic compounds while quantified thirteen for fruit juices. The
guantitative data indicate that the predominant phenolic was 5-O-caffeoylquinic
acid in quince (8.343 mg L-1) and cherry juice (6.407 mg L-1). Total Flavonoids
(TF), Total Phenolic Content (TPC), and Total Antioxidant Capacity (TAC) were
also investigated. In both fruit juices, the TF values varied between 0.30-0.97 g
L-1 (Catechin Equivalent) and TPC between 0.36 to 0.94 g L-1 (Gallic Acid
Equivalent). It is worth noting that the quince fruit juices possessed a higher TPC
and TFC compared to sweet cherry fruit juices.
Keywords: quince, sweet cherry, fruit juices, phenolic compounds,
antioxidant, cold-pressing

INTRODUCTION
Tree fruits present an essential source of nutrients such as carbohydrates,
lipids, and non-nutrient phytochemicals like polyphenols, associated with health
benefits (Wojdyto, Oszmianski, & Bielicki, 2013). Besides the water and the
common primary metabolites such as carbohydrates as the main ingredients;
fruits comprise a complex composition of several hundred substances,
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characterized by many secondary plant metabolites such as phenolic compounds,
organic acids, amino acids, and minerals (Paredes-Lopez, Cervantes-Ceja, Vigna-
Perez, & Hernandez-Perez, 2010). Recent evidence of an association between a
healthy diet and fruit consumption by identifying edible fruits as an essential
source of polyphenols (Manach, Scalbert, Morand, Remesy & Jimenez, 2004).
Despite the common characteristics, specific fruits own their specific
phytochemical composition pattern. A quantitative and qualitative correlation
among the fruit phenolics with the tree variety, climate, and agriculture practices
has already been proved. The presence of over 224 compounds is analyzed in
orange juice, including flavones, carotenoids, flavanones, anthocyanins, and
flavanols (McKay &Wilson, 2016). Fifty-six phenolic compounds are identified
and quantified in strawberry fruits (Gasperotti, Masuero, Mattivi & Vrhovsek,
2015).

Quinces (Cydonia oblonga Mill.) belong to the Rosaceae family,
specifically the Maloideae subfamily, and originate in Central Asia. Fruits are
preferred for non-directly consumption because of hardness and astringency, but
to prepare liqueur, jam, or marmalade (Wojdyto, Oszmianski, & Bielicki, 2013).
The fruit is highly evaluated due to rich polyphenols content exerting antioxidant
effects (Silva, Andrade, Ferreres, Domingues & Seabra, 2002; Fattouch et al.
2007), and anti-inflammatory activity in the human body (Szajdek & Borowska,
2008; Basu & Penugonda, 2009; McKay & Wilson, 2016). Sweet cherry (Prunus
avium L.) and sour cherry (Prunus cerasus L.), belonging the Rosaceae family,
are widely consumed. (Blando & Oomah, 2019). Their red color is associated
with the presence of anthocyanin compounds (Sokot-Letowska, Kucharska,
Hodun & Gotba, 2020). Their consumption contributes to modulating blood
glucose levels by lowering blood pressure, body protection from oxidative stress
and anti-inflammatory activity ((Kelley, Aldkins, & Laugero, 2018; Blando &
Oomah, 2019; Sokoét-Letowska, Kucharska, Hodun & Gotba, 2020).

Used for a long time as fresh and conserved specific fruits from local
communities, nowadays together with juice fruits and other fruit confections such
as jam, marmalades, jelly, juice, and cakes are widely infused to consumers diet
globally. Fruit juice is a reliable source of bioactive compounds, such as phenolic
compounds. Among them, cherry and quince juices are well-known as excellent
sources. Studies on examining the polyphenol content in cherry juices have
revealed a plethora of phenolic classes: anthocyanins, which include (-)-
epicatechin (flavanol), neo-chlorogenic, chlorogenic, and 3-coumaroylquinic acid
(hydroxycinnamic acids), as well as quercetin and kaempferol glycosides
(flavonols) (Bonerz, Wiirth, Dietrich & Will, 2007).

Quince fruit has gained much attention because of its high antioxidant
capacity resulting from phytochemicals, including phenolic compounds such as
hydroxycinnamic acid and proanthocyanidins. The cold-pressing technique
enables the transfer of most primary and secondary metabolites found in the
original ripped and sound fruit, from the fruit to the juice through the fruit crush
at room temperatures, at a low speed. The extraction process generates almost no
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heat and preserves the juice's nutritional quality (Miguel, Dandlen, Antunes,
Neves & Martins, 2004). Another critical factor associated with the juice
nutritional value is the quality of storage conditions, mainly temperature and time
(Gholamreza, Kitipong, Supaart, 2019).

Nowadays, studying of phenolic compounds both as bulk matrix as well
as individually is of primary importance to researchers. Applying the liquid
chromatography separation technique enables identifying and quantifying
phenolic compounds. The major limitation is that the compound identification is
achieved only by retention time and UV spectra. In recent years, to overcome this
problem, applying liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) has taken ground for the proper characterization of
phenolic compounds in fruit juice.

In addition, noise reduction and sensitivity improvements are achieved by
exploiting multiple reactions monitoring (MRM) scan mode (Hossain, Rai,
Brunton, Martin-Diana & Barry-Ryan, 2010). This study aimed to evaluate the
phenolic composition of cold-pressed fruit juices and provide relevant
information on foods with high antioxidant content.

MATERIAL AND METHODS

Plant material and juice extraction

Quince (Cydonia oblonga Mill.) and sweet cherry (Prunus aviums L.)
fruits were harvested at an optimum ripeness according to the season. Fruit
coloring and peel were determining factors to the ripeness. The harvesting period
was July 2018 and October 2018 for sour cherry and quince, respectively. The
fruits were harvested at plantation orchards (40° 81’ N; 20° 74’ E), and (51° 99’
N; 20° 16" E) from Korca region with plain elevation 850 m above sea level.
Harvesting, transportation, preservation (in a controlled atmosphere and
temperature 0-20 °C) to the laboratory were performed on the same day.

In this study, the cold-pressing method was employed to produce sweet
cherry and quince juices. Overall, the cold extraction method was employed to 20
kg fruit of sweet cherry and quince, respectively. Juice extractions were
processed in duplicate for both fruits. Finally, 1000 mL fruit juice was preserved
in a dark bottle, 4°C, until laboratory analysis. According to the 2001/112/EC
Directive, the 'fruit juice' is obtained from the edible part of the ripped fruit
through an extrusion and served or marketed as unfermented fresh or preserved,
or fermentable liquid product (Directive 2012/12/EU, 2012).

Chemicals and reagents

Analyses were performed using analytical grade chemicals and reagents.
Methanol Sodium carbonate, Sodium nitrite, Aluminum chloride, Gallic Acid,
Folin-Ciocalteu reagent, and DPPH assay were obtained from Sigma Aldrich
Chemical Co. (Steiheim, Germany). Deionized water from Milli-Q, (Merck-
Millipore, Darmstadt, Germany) were used throughout the test analysis.
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Quantification of Total Phenolic Content

The modified Folin-Ciocalteu procedure was applied to determine Total
Phenolic Content (TPC) by Shimadzu UV-1280 UV-VIS spectrophotometry
(Ljekocevi¢ et al. 2019). Overall, the juice sample was filtered by a 0.45 um
Captiva filter. A sample aliquot (0.25 mL), appropriately diluted, and Gallic acid
standard solutions were mixed with 6 mL of deionized water. Further, Folin-
Ciocalteu reagent (1.25 mL) was added and gently mixed. After 5 minutes, a
volume of 1.0 mL of sodium carbonate (7.5%) was pipetted into the test tube and
further vortex. Analyses were performed in triplicate, and absorbance was
measured at 765 nm. The TPC was expressed as mg Gallic Acid Equivalent per
liter (mg GAE L™).

Quantification of Total Flavonoids Content

The total flavonoids were analyzed according to the colorimetric assay
proposed by Kim et al. (2003). A volume of 1.2 ml deionized water was pipetted
to the test tube with 0.3 ml of the fruit juice sample. Consecutively, were pipetted
a volume of 0.09 ml of 5% sodium nitrite, followed by 0.09 ml of AICI; solution
(10%). The test tube was incubated at a temperature of 25°C, for 6 minutes. A
volume of 1 ml of sodium hydroxide (1 M) was added to the mixture.
Immediately, the reaction mixture volume was made to 2.4 ml with deionized
water. The mixture was thoroughly vortexed, and absorbance was measured at
510 nm. The calibration curve was produced by using aqueous solutions of
known concentrations varied 0.05; 0.1; 0.2; 0.3, and 0.4 mg/cm®. The results were
expressed as g Catching equivalents (CEQ)/ L of juice sample.

Radical Scavenging Activity Determination

The scavenging activity assay method was compiled by Silva et al.
(2004). A sample volume of 0.2 ml (0.100; 0.050; 0.020; 0.005 and 0.001 mg mL"
1) mixed with DPPH solution (1.8 mL) (0.04 mg L™ in ethanol) incubated for 30
minutes in the darkroom. The absorbance measurements were performed at 517
nm. The calibration curve was prepared using Trolox (0.01, 0.025, 0.05, 0.075
and 0.1 mg mL™). Measurements were performed in triplicates. The scavenging
activity was calculated through the following equation:

DDPH scavenging activity (%) = 100 x (Ac — As)/Ac

where: A-the control absorbance, and As -sample absorbance. 1C50
calculated values denote the sample concentration required to decrease the
absorbance at 517 nm by 50%). Presentation of the DPPH values was expressed
as mg Trolox L™.

Solid-phase extraction

Vacuum device SPE Vacuum Manifold Baker SPE-12G using Oasis
HLB bce/200 um cartridges were employed for extraction. 5 mL of MeOH
followed by 5 mL of deionized water was applied for the cartridge conditioning.
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A fruit juice sample (5 mL) passed through the cartridge, washed with 2 mL of
water, and eluted with 2 mL of MeOH. Samples were collected and consecutively
analyzed by LC-MS/MS.

LC-MS/MS characterization of phenolic compounds

LC-MS/MS analysis was performed using the Accela 600 UHPLC
system connected to an LTQ OrbiTrap XL mass spectrometer (Thermo Fisher
Scientific, Bremen, Germany) in negative ionization mode (heated electrospray
ionization—HESI). The analytical column used for separation was Syncronis C18
(50 x 2.1 mm, 1.7 um particle size). The exact UHPLC conditions and MS
parameters have been reported (Vasi¢ et al., 2019). Xcalibur software (version
2.1, Thermo Fisher Scientific, Waltham, MA, USA) was used for instrument
control and data analysis. The molecule editor program, ChemDraw (version
12.0, Cambridge Soft, Cambridge, MA, USA), was used to draw the structures
and calculate the exact masses of compounds of interest. Tentative identification
of some compounds with no available standards was confirmed using previously
reported MS fragmentation data (Stojkovi¢ et al. 2020).

Phenolic compounds were identified by direct comparison with
commercial standards. The total amounts of each compound were evaluated by
calculation of the peak areas and are expressed as mg/kg. The limits of detection
(LOD) and quantification (LOQ) were calculated using standard deviations of the
responses (SD) and the slopes of the calibration curves (S) according to the
formulas: LOD = 3(SD/S) and LOQ = 10 (SD/S) (Kosti¢ et al. 2019).

RESULTS AND DISCUSSION
Total phenolics and flavonoids estimation

Edible fruits have historically held a place in the consumer’s diet. Sweet
cherries composition in phenolic compounds is distinguished among other fruits.
Their presence is essential and directly influences the fruit juice quality by
contributing into organoleptic characteristics, affecting the color, astringency, and
aroma. They are essential in preventing chronic diseases like cancer and
cardiovascular and neurodegenerative diseases. All these effects are attributed to
the antioxidant properties of these molecules. This study has quantified the
phenolic compound by the total phenolic content (TPC), total flavonoids content
(TFC), together with DPPH radical scavenging activity of fruit juices from sweet
cherry and quince fruits grown in Eastern region of Korca, Albania. The results
are shown in Table 1.

Total phenolic content measured by Folin-Ciocalteu method, gives an
estimate of different phenolic compounds including phenolic acids, flavonols and
others. The TPC values were compared with data from literature, (Prvulovic et
al., 2012; Tianyi et al., 2021). The TPC value from sweet cherry grown in Serbia
show similarity 76 = 4.85 mg GAE/100g (Prvulovic et al., 2012), and Australian
grown sweet cherry 0.87 + 0.09 mg GAE/g (Tianyi et al., 2021). Sweet cherry
comprises another important source of flavonoids.
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Table 1. Total phenolic, anthocyanin content and DPPH radical scavenging
activity of fruit juices.

L ohenoli Ll id DPPH radical
Fruit juice Total phenolic 1 Total flavonoi sl scavenging activity®
content®(mg GAE g™)  content® ( CEQ g™) (ICaso)
50%.
Sweet 0.60 % 0.04° 0.58 + 0.04° 10.92 + 0.24°
cherry
Quince 0.94 +0.02° 0.97 + 0.05° 5.78 +0.13¢

*The results are displayed as mean =+ standard deviation (n=3); *Ishows that
means in a row are different at significant level (p<0.05) using One-way analysis
of variance (ANOVA) and Tukey’s test® DPPH (IC50%) mg Trolox L*, GAE-
Gallic acid equivalent, CEQ-Catechin Equivalent.

De Sourza (2014) presented the TFC in sweet cherry grown in Brasil
(59.92 + 3.76 mg QE/100g. Tianyi et al (2021) presented data on TFC 0.31 +
0.05 mg QE/g and 0.47+ 0.01 mg QE/g. Variations in reported data are
influenced by a number of agro-climatic factors, such as cultivar, land latitude of
the orchards. Accordingly, the TPC and TFC of quince juice were about 1.5-fold,
higher compared with sweet cherry juice. In a study, Fattouch et al. (2007)
concluded that TPC range from 37 - 47 mg/g in quince pulp. Another study
showed TPC content 6.3, 2.5, and 0.4g/kg for quince peel, pulp, and seeds,
respectively (Magalhaes et al., 2009). In another study the TPC in Japanese
quince fruit ranged from 3906 to 4550 mgGAE/100 g (Urbanaviciute et al.,
2020).

Evaluation of anti-DPPH radical activity

The results of the anti-DPPH radical assay confirmed that the fruit juices
had significant antioxidant capacities. The results supported a correlation between
anti-DPPH radical activity and total phenolic content. As shown in Tab. 1, the
antioxidant properties of quince juice were ICsyy, 5.78, while the cherry juice
showed antioxidant capacity 1Csp, 10.92. Individual antioxidants do not exert
separately but in concert with other antioxidants (Strazzulo et al., 2007). Such
interactions can affect total antioxidant capacity, producing synergistic or
antagonistic effects (Niki & Noguchi, 2000). A study of quince fruit methanolic
extracts (pulp, peel, and seed) showed that peel extract presented the highest
antioxidant capacity. The IC s, values of quince pulp, peel, and jam extracts
were correlated with the caffeoylquinic acid's total content (Silva et al. 2004).
More recently, phytochemicals exerting anti-oxidative properties have taken the
focus.

LC-MS/MS phenolic compound identification and quantification
Thirty-one phenolic compounds were identified in both fruit juices
through UHPLC analysis including hydroxybenzoic acids (6): Dihydroxybenzoic
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acid hexoside, Protocatechuic acid, Dihydroxybenzoic acid hexosyl-pentoside, p-
Hydroxybenzoic acid, Ellagic acid, Vanillic acid; hydroxycinnamic acids (14):
Caffeoylquinic acid hexoside, 3-O-Caffeoylquinic acid, Caffeic acid hexoside, 3-
O-p-Coumaroylquinic acid, 4-O-Caffeoylquinic acid, 3-O-Feruoylquinic acid,
Caffeic acid, Coumaric acid hexoside, 5-O-Caffeoyl-quinic acid, 5-O-p-
Coumaroylquinic acid, Caffeoylshikimic acid, 4-O-Feruoylquinic acid, 4-O-p-
Coumaroylquinic acid, p-Coumaric acid; flavan-3-ols (2): Catechin and
Epicatechin; procyanidins (2): Procyanidin dimer B type isomer 1, and
Procyanidin dimer B type isomer 2; flavonols (6): Quercetin 3-O-(6"-rhamnosyl)
glucoside, Quercetin 3-O-glucoside, Kaempferol 3-O-(6"-rhamnosyl) glucoside,
Quercetin  3-O-pentoside, Quercetin  3-O-rhamnoside, and Quercetin; and
dihydrochalcone (1): Phloretin 2'-O-glucoside, with specific retention times
(Table 2). Each phenolic compound was identified based on the exact mass and
respective MS2, MS3 and MS4 fragments m/z. These findings were consulted
with Phenolic compounds Mass spectra databank.
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A number of these phenolics are found in olive oil and red wines (Topi, Guclu,
Kelebek & Selli, 2020). Among them, thirteen phenolic compounds were
quantified. Despite their species variation, apple juices comprise an essential
source of phenolic compounds (Soler, Soriano & Maiies, 2009). Grapefruit also
contains many phytochemicals, including twenty carotenoids, particularly beta-
carotene and lycopene, as well as 13 polyphenols, mostly naringin and narirutin
(McKay & Wilson, 2016). Besides vitamin C, citrus fruits are rich in flavanones
and carotenoids (Baghurst, 2003; Manners, 2007; Topi, 2020). Even their
fermented products, such as wines, are rich in phenolic compounds (Topi,
Kelebek, Guclu, & Selli, 2021).

5-O-caffeoylquinic acid was the main phenolic compound identified in
sweet cherry juice. Meanwhile important levels of protocatechuic and vanillic
acid from hydroxybenzoic acids group; and quercetin from flavonol group were
guantified. Sokot-Letovska et al. (2020) examined the fruit chemical composition
of 21 sour cherry cultivars in Poland and found neochlorogenic, chlorogenic, and
p-coumaric acids dominant in cherry fruit. Other publication identifies quercetin,
kaempferol, isorhamnetin rutinosides, and glucosides as dominant constituents in
sweet cherry cultivars (Levaj, Dragovi¢-Uzelac, Gani¢, Banovi¢ & Kovacevic,
2010; Cao, Jiang, Lin, Li & Sun, 2015). According to the literature, sour cherry
fruits contain glucose, fructose, sucrose, organic acids, and malic acid. Among
phenolic compounds, the main group is phenolic acids, with 5-caffeoylquinic, p-
coumaric, and 3-caffeoylquinic most relevant. Flavanols and flavonols are also
important phenolic groups present in cherry fruit (Sut, Dall'’Acqua, Poloniato,
Maggi, & Malagoli, 2019).

5-O-caffeoylquinic acid and vanillic acid were the main phenolic
compounds quantified in quince juice. In addition, significant amount of
quercetin and its glucosides (table 2) were present. In a study, Magalhaes and
colleagues (2009) evaluated the phenolic compounds’ profile of the quince fruit
(peel, pulp, and seeds) and showed that 5-O-caffeoylquinic acids were major
phenolic while seeds were rich in 6,8-di-C-glucosyl chrysoeriol. Similarly,
chlorogenic acid (5-O-caffeoylquinic acid, 37%) and rutin (36%) were primary
phenolics (Fattouch et al., 2007).

CONCLUSIONS

Phenolic compounds in quince and sweet cherry cold-pressed juice were
successfully estimated by liquid chromatography tandem mass spectrometry, as
well as spectrophotometry. Quince juice had the highest TPC and TFC values
compared to sweet cherry juice. Regarding to antioxidant scavenging activity was
fond that inverse value, with sweet cherry possessing higher anti-DPPH radical
activity comparing with quince juice. Phenolic acids were the main phenolic class
in both investigated fruit juices—with a significant correlation with total phenolic
content. According to LC-MS/MS4 analysis, a total of 31 phenolic compounds
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were identified including 6 hydroxybenzoic acids, 14 hydroxycinnamic acids, two
flavan-3-ols, six flavonols, and one dihydrochalcone.
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SUMMARY

Dam siltation has become a serious problem in arid and semi-arid countries
under climate variability, where soil erosion and siltation represent a major
challenge that face the industry of dams. In Morocco the policy of dam
construction is one of the main keys in sustainable development, but unlikely, the
dam siltation caused by soil erosion still present a big constraint. This study was
carried out in the sub-basin of Tillouguite upstream the Bin EI Ouidane dam in
the High Atlas, in the region of Beni Mellal Khenifra, Morocco. The study aims
to estimate the production of erosion material: soil losses, and the real soil losses
rate - sediment yield, in Bin El Ouidane dam, using a combination of IntErO
model - Intensity of Erosion and Outflow, GIS - Geographic information System
and RS - Remote sensing. The study requires data which are collected from
meteorological stations, soil data analysis, satellite images and observations
during field missions. As a result, the production of er05|on material in the
Tillouguite sub-basin is estimated at 10,015,354 m3yr™, the coefficient of the
deposit retentlon is estimated at 0.283, and the real soil losses rate is around
2,838,489 miyr™ leen that the specific real soil losses rate is estimated at
910.02 m’km yr' and based on Gavrilovic classification, the sub-basin of
Tellouguite is considered with a high potential of soil erosion risk, due to large
bare land, and the steep land slope in the sub basin - factors that affect the storage
capacity of Bin El Ouidane Dam. All the findings are a measurable indicators that
are inviting policy makers to initiate appropriate measures for the protection of
land degradation, all in line with the sustainable development policies in
Morocco.
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INTRODUCTION

Soil is a three-phase system that consists of solid particles, liquid, and gas,
but also species that create a dynamic and complex ecosystem and is among the
most precious resources to humans. On the other hand, soil erosion by water is
acknowledged as a primary concern in the degradation of soil quality and
functionality (Billi, & Spalevic, 2022; Saggau et al, 2022; Stefanidis et al., 2022;
Lense et al, 2022; Chalise et al, 2019; Spalevic et al, 2017; Borrelli et al., 2016;
Lal, 2014). The ever-growing availability of earth observation (EO) data and the
well-established use of geographic information systems (GIS) during the last
decades leads to the development of automated geospatial workflows for the
estimation and mapping soil losses (Dominici et al., 2021; Stefanidis et al.,
2021). Itis a major global soil degradation threat to land, freshwater, and oceans;
but also to the reservoirs constructed for agriculture production needs, energy,
and other water supply matters (Stefanidis & Stefanidis, 2012). The sustainable
reservoir management is rarther important for sustainable water resources
management due to reported trends in drought conditions to mountainous and
semi-mountainous areas (Stefanidis & Alexandridis, 2021; Myronidis et al.,
2012). This process of degradation has continued to grow as a problem over time,
with increasing sediment mobilization; decreasing reservoirs retention capacity
(Spalevic et al., 2020). For over a century the scientific community has been
addressing the processes governing soil erosion, the occurrence of accelerated
soil erosion, and its negative associated socio-environmental impacts (Bennett
and Chapline, 1928; Smith, 1914; Borrelli et al., 2021). Some researchers
demonstrated in their studies the effect of vegetation cover and lithology on the
detachment, mobilization and transport capacity of sediments (Khaledi Darvishan
et al., 2019; Spalevic et al., 2019; Behzadfar et al., 2018; Kavian et al., 2018;
Behzadfar et al.,, 2017; Behzadfar et al., 2014; Spalevic et al., 2013). Soil
degradation and decreased water resources negatively affect agricultural
production and have a negative impact on a country’s economy (Ouallali et al.,
2018). The United Nations Sustainable Development Goals (SDGs) acknowledge
the significance of soil resources for sustainable development and advocate their
protection in order to meet the ambitious goal of zero land degradation by 2030.
This task must be integrated evaluated under the context of climate change for
near and far future climate projections (Stefanidis et al., 2021). Our goal is to
contribute with our research to the local demand and needs in relation to the dam
siltation estimation of soil losses and reservoir sedimentation by using Global
Inventions for the future Local Interventions.

The dam siltation which results the storage capacity loss is a natural
phenomenon and depends on climatic conditions, relief, soil characters and land
use (Costea et al, 2022; Felix et al, 2021; Chalise & Kumar, 2020; Andjelkovic et
al, 2018). It is accelerated and intensified with human activity such as agricultural
practices, grazing and deforestation. In Morocco the dam siltation is still the
biggest problem and is facing the dam construction policies, including sustainable
development policy. This phenomenon requires costly investments to solve
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problems caused by siltation. Due to siltation, dams in Morocco lost 10% of their
storage capacities, where nearly 75 Mm?® of soil reaches reservoirs every year, and
some dams such as Khattabi, Dkhila, Sidi Driss, Sidi Said Maachou and Nakhla,
have already reached their maximum storage capacities because of the soil
erosion problem.

Some solutions, including forestation are implemented in order to decrease
the soil losses rate and reduce the nuisance of siltation on the storage capacity of
dams, but unlikely and despite more than six decades of research, sedimentation
is still probably the major problem faced by the dam industry.

The Bin EIl Ouidane dam is the third large dam in Morocco, with 1.5
Billion m® of the initial storage capacity, and is considered as important key in
energetic and agricultural national plans, where the dam produces almost 12% of
national hydroelectric energy production and irrigates the plain of Tadla,
including two irrigated perimeters of Bni Amir and Bni Moussa, with a total
surface of 105,500 ha (Karaoui et al., 2018).

The strategic importance of Bin El Ouidane dam brings the intention and
interest of researchers to siltation and soil erosion problem in the watershed of
Oued EI A bid upstream the Bin El Ouidane dam. The objective of the research
was identification of erosion critical areas based on soil erodibility, including
related geographical factors in the Tillouguite sub-basin, High Atlas, Morocco.

MATERIAL AND METHODS
Study area. Morocco, in Northern Africa, bordering the North Atlantic
Ocean and the Mediterranean Sea. The Position of this area is strategic with the
location along Strait of Gibraltar, and it is the only African country to have both
Atlantic and Mediterranean coastlines. This study was carried out in the sub-basin
of Tillouguite, with a total surface of 2954 km?, which forms alongside the sub-
basins the big watershed of Oued EL Abid with a surface of 6073 km? (Figure 1).
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Figure 1. Study area of the sub-basin of Tillouguite, Morocco.
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The region of Beni Mellal-khenifra is located between the High Atlas and
the plain of Tadla. The main river in Tillouguite sub-basin is Oued assif-Ahansal,
which aliments with the river of Oued EI Abid the Bin EI Ouidane Dam.

In term of geology, the sub-basin of Tillouguite is a part of High Atlas,
which is formed mainly of carbonate grounds, belonging to the Jurassic, which
gives it the character of having very high mountain ranges, where the elevation
varies from 791m to 3671m (Sabri et al., 2018; Sabri et al., 2019).

The average annual precipitation according to the four meteorological
stations is Ait Ouchen: 419.6 mm, TiziNisly: 453.0 mm, Zaouite Ahansal: 369.8
mm and Tellouguite: 395.3 mm. A semi-arid climate is observed in the sub-basin,
with 6 months of rainy season and 6 months of dry season, where over 90% of
annual precipitations is during the winter and spring seasons (Figure 2).
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Figure 2. Precipitations in sub-basin of Tillouguite, Morocco (period: 1991-2016)

The temperature data has obtained from 4 meteorological stations
measurements during 15 years, between 1991 and 2016. Where the maximum and
minimum temperature ranges observed in the watershed are 26 °C to 45 °C and -9
°C to 8 °C, respectively.

The sub-basin of Tillouguite is characterized by 6 types of land use,
including bare lands, which covers alongside pasture lands, the quasi totality of
the sub-basin, dense forests and sparse forests, which have known a high rate of
degradation in the last 20 years, and culture (Figure 3).

The soil map of Tillouguite sub-basin is generated based on the soil map of
Morocco (1: 1.500.000) by WIadimir Cavalla in 1950 who was in charge of the
mission on behalf the National Center for Scientific Research at the Center of
agronomic research of Morocco in 1950 (Figure 4).
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Method. With an increased abundance of observed data and the aim of
mapping spatially distributed soil erosion rates with a better understanding of
their mechanics (Cook, 1937), scientists are developing quantitative soil-erosion
prediction equations based on physical factors such as climate, soil
characteristics, vegetation type, and topography (Zingg, 1940) for a century.
Several mathematical models classified as empirical, conceptual, or process-
oriented have been developed to predict soil erosion processes at different spatial
and temporal scales (Merritt et al., 2003; Morgan and Nearing, 2011; Nearing,
2013). Batista et al. (2019) reported that today “there is no shortage of soil
erosion models, model applications, and model users' but there is still
acknowledge gap on the validity, quality, and reliability of the modelling
application results”.

Despite the significant progress made in model development and input
parameterization, output uncertainties persist due to the non-linear relationships
and thresholds at play between driving factors and the subsequent erosion
processes, as well as the difficulties of upscaling model findings from the local
scale to larger ones (Borrelli et al., 2021.; DeVente and Poesen, 2005).

Today, with the well-established use of geospatial technologies like
Geographic Information Systems (GIS), spatial interpolation techniques, and the
ever-growing range of environmental data; soil-erosion models play an
increasingly important role in the design and implementation of soil management
and conservation strategies (Panagos et al., 2015). The applications of soil
erosion models are growing (Auerswald et al., 2014), alongside the scale of their
application (Borrelli et al., 2017, Naipal et al., 2018). These models play an
important role as tools to support decision-makers in policy evaluations (Borrelli
et al., 2021; Olsson and Barbosa, 2019).

Accurate information on the existing land-use pattern and its spatial
distribution is a prerequisite for soil conservation planning and assessment of the
soil erosion rate. It is essential for the development of adequate erosion
prevention measures for sustainable management of land and water resources
(Thakur et al, 2018).

In this study we used the IntErO model, which is based on EPM- Erosion
Potential Model (Gavrilovic S., 1972). The EPM was created to estimate the
annual sediment yield and the transport of sediments based on physical, climate,
geological and hydrological characteristics of the river basin such as the
temperature, the mean annual rainfall, the soil use, the soil properties and some
other factors in the watershed scale, with arid and semi-arid climate, where it has
been used in Europe, Middle-Est, North-Africa, America, under arid and semi-
arid climate. In recent times the EPM is repeatedly applied in several watersheds
in the Mediterranean area, especially in the South East Europe - Balkan region
(Kostadinov et al., 2006; Tazioli, 2009; Dragicevic et al., 2017; Tavares et al.,
2019; Tosic et al, 2019.; Spalevic et al., 2020; Dragicevic et al., 2022), and also
in arid and semi-arid areas of the south-western USA (Gavrilovic Z., 1988).
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The method was based on the factors affecting erosion in a watershed,
which are dependent on the temperature, the mean annual rainfall, the soil use,
the geological properties, and some other factors in the watershed scale (Gholami
et al, 2013; Khaledi Darvishan et al., 2017).

The Intensity of Erosion and Outflow - IntErO program package was
developed to predict the runoff peak discharge, the intensity of soil erosion, and
the sediment yield in a variety of watershed forms. The model was tested in
different countries such as Bosnia & Herzegovina, Bulgaria, Croatia, Czech
Republic, Italy, Iran, Montenegro, Macedonia, Serbia, Slovenia, Morocco, Brazil
and Nepal, in arid and semi-arid climate (Mohammadi et al., 2021; Ouallali et al,
2018).

In this study we used IntErO model specifically, to estimate the soil losses
in the sub-basin of Tillouguite and sediment yield in the Bin EI Ouidane dam,
based on the following equations:

_ :,-"_3 .
W,=T,- H, -m™- - vZ°-F Equation 1
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— “lto :
T, = Jio + 0.1 Equation 2
Z=Y- X, (p+ 31,) Equation 3
Gy, =W, " R, Equation 4
I" B 0.5 -
R, = _lo-m— Equation 5

u .25 - (Lv-10)

where: W, = Annual erosion (m® km-? yr-'); T; = Coefficient of temperature
(dimensionless); Hy, = Mean annual rainfall (mm yr'); Z = Coefficient of erosion
(dimensionless); F = Basin area (km?); t, = Mean air temperature (°C yr''); Y =
Soil resistance to erosion (dimensionless); x, = Coefficient of soil use and
management (dimensionless); ¢ = Coefficient of visible erosion features
(dimensionless); ls; = Mean slope (%); Gy, = Sediment production (m* km™ yr™);
Ru = Coefficient of retention (dimensionless); O = Basin length (km); D =
Difference in basin elevation (m) and; Lv = Length of main stream (km).

Based on the data mentioned we obtained the data needed to run the IntErO
program package. The input data needed for modelling of soil erosion processes
and runoff are presented in the table below (Table 1).
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Table 1: Modelling inputs data for Tillouguite sub-basin, Morocco.

Inputs Symbol | Value Unit
River basin area F 2954 km?
The length of the watershed 0 457.84 | km
Natural length of the main watercourse Lv 154.12 | km
The shortest distance between the fountainhead and mouth Lm 99.23 km
The length of the main watercourse with tributaries zL 55594 | km
River basin length measured by a series of parallel lines Lb 120 km
The area of the bigger river basin part Fv 1603.45 | km?
The area of the smaller river basin part Fm 1350.55 | km?
Altitude of the first contour line h0 700 m
Equidistance Ah 110 m
The lowest river basin elevation Hmin | 650 m
The highest river basin elevation Hmax | 3226 m
A part of the basin with very permeable product from rocks fp 0.46

A part of the basin area consisted of medium permeable rocks fpp 0.22

A part of the basin consisted of poor water permeability rocks fo 0.32

A part of the river basin under forests fs 0.09

A part of the basin under grass, pastures and orchards ft 0.07

A part under bare land, plough-land and ground without grass fg 0.84

The volume of the torrent rain hb 165.5 mm
Average annual air temperature t0 16.8 °C
Average annual precipitation Hyr 450 mm
Types of soil products and related types Y 1.3
coefficient of the river basin planning Xa 0.84

Numeral equivalents of visible erosion process 0] 0.61

RESULTS AND DISCUSSION
After preparing the inputs required for IntErO model, the model was run

and came out with outputs data which is shown in Table 2.

Based on the results, we concluded that there is a possibility of the
appearance of large flood waves. The value of the coefficient G of 18.91 indicates
a very high density of the hydrographic network in the sub-basin. The value of
73.48% indicates the existence of steep slopes in the sub-basin. The value of the
Z coefficient of 1.695 indicates that the watershed belongs to category | of
destruction. The results indicate also that the force of the erosion process is

excessive in the sub-basin.
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Table 2: Modelling results for Tillouguite sub-basin, Morocco.
Results Symbol Value Unit
Coefficient of the river basin form A 0.54 -
Coefficient of the watershed development m 0.89 -
Average river basin width B 23.99 km
(A)symmetry of the river basin a 0.91 -
Density of the river network of the basin G 18.91 -
Coefficient of the river basin tortuousness K 1.88 -
Average river basin altitude Hsr 2223.58 m
Average elevation difference of the river basin D 1432.58 m
Average river basin decline Isr 73.48 %
The height of the local erosion base of the river basin Hleb 2908 m
Coefficient of the erosion energy of the basin's relief Er 123.86 -
Coefficient of the region's permeability S1 0.78 -
Coefficient of the vegetation cover S2 0.95 -
Water retention in inflow w 9363.25 m
Energetic potential of water flow during torrent rains | 2gDF*% | 3600.58 | mkms
Temperature coefficient of the region T 1.33
Coefficient of the river basin erosion V4 1.695
Production of erosion material in the river basin Wyr 1001535 | m?yrt
Coefficient of the deposit retention Ru 0.283
Real soil losses Gyr 2838489 | m’yr*
Real soil losses per km? Gyr (km?) | 910.02 | m*km?yr*

Bathymetric measurements at the Bin EI Ouidane dam have reported that

the sediment yield rate is 5 million m® per year. Where previous studies, in the
watershed of Oued El Abid using the USLE/RUSLE model (Wischmeier and
Smith, 1978; Williams, 1975; Renard, 1991), estimated the soil losses at
8.000.000 m® yr™* and the sediment yield at 5.200.000 m® yr™* (Sabri et al., 2016).
Being a spatially explicit model is the biggest advantage of the RUSLE
whereas the IntErO calculates sediment yield collectively for the whole basin.
Where the RUSLE model is more focused with the calculation of soil loss only,
the IntErO also computes maximum outflow from the river basin, asymmetry of
the river basin and coefficients of river basin form, watershed development, river
basin